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P.E. PROJECT KITS  MAGENTA 
Full kits include pcb's, hardware, cases (unless 
stated otherwise), IC sockets, wire, nuts & bolts. 

Article reprints extra 70p each. 
THIS MONTH'S KITS - 

S.A.E. OR PHONE FOR PRICES 

PASSIVE INFRA-RED DECTOR July 86 
£36.63 

ECHO/REVERB UNIT July 86  £39.95 
NOTCHER EFFECTS UNIT May 86  £29.98 
TTL LOGIC CHECKER May 86  £19.95 
SOUNDACTIVATEDSWITCHApr 86  £39.57 
SCRATCH 8, RUMBLE FILTER (Stereo) 
Apr 86  £17.99 

DIGITAL CAPACITANCE 
METER 

A superb instrument with a five digit 0.5 inch LEO 
display giving direct readout of pF, nF and uF from I pF 
to 1,000uF 
Exceptional& easy to use. A crystal timebase 
eliminates setting up procedures. 
Ideal for schools, labs, end industry as well as 
electronics enthusiasts from beginners to experts 
Complete kit - including PCB, case, all components 
and hardware, £35.98. Reprints of article 70p 

PHOTOGRAPHIC TRIGGER UNIT Apr 86 £33.98 
TEMPERATURE/ANALOGUE INTERFACE Apr 
86  £41.78 
SPECTRUM HARDWARE RESTART Oracasedi Mar 
86  £27.14 
AMSTRAD I/O. Mae 86  f23.03 
FIBREOPTIC AUDIO LINK Mar 86  £26.34 
FIBREOPTIC CABLE  80p/metre. 
LOGIC PROBE Feb 86  £13.48 
COMPUTER MOVEMENT DETECTOR Feb 86 

£16.60 
SPECTRUM SPEECH SYNTH 8 8-BIT I/O PORT 
Jan 86  £28.19 
HIGH PERFORMANCE STEPPING MOTOR DRIVER 
Dec 85  f20.98 
EXTRAS: Transformer £5.98, Case £2.95, BBC lead 
plug £1.98, Motor-1035 £14.50 
COMMODORE USER PORT EXPANDER Nov 85 

E10.91 
MODEL RAILWAY TRACK CONTROL Nov 85 

£41.04 
'SQUINT' ROBOT EYES Noy 85  £8.68 

TOUCH CONTROL PSU Oct 85  £28.38 
MODULATED SYNDRUM Oct 85  £26.58 
GENERAL PURPOSE ROBOT INTERFACE, hilly 
populated board Sept/Oct 85  £74.99 
R5232 TO CENTRONICS CONVERTER 
Sept 85  £44.95 
CAR BOOT ALARM Sept 85  £11.72 
COMPUTER ENVELOPE SHAPER Aug 85 f22.19 
VOLTMETER MEMORY ADAPTOR July 85 flail! 
STYLUS KEYBOARD FOR COM U Jun 85 (9.55 
SYNTHESISER INTERFACE FOR COM 84 Jun 85 

£15.89 
AMSTRAD SYNTHESISER INTERFACE May 85 

£25.38 
CYLINDER THERMOSTAT May 85  £21.77 
BBC POWER CONTROL INTERFACE Apr 85 

£20.99 
GUITAR ACTIVE TONE CONTROL less case Sept 83 

£1191 
PROGRAM CONDITIONER June 83  £18.67 
AUTO TEST SET May 83  £34.62 
WIPER DELAY Apr 83 less relay  £8.24 
BATTERY TESTER Apr 83  £13.25 

EDUCATIONAL SETS 

ADVENTURES 
WITH 

ELECTRONICS 
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, inter-
com, timer, etc. Helps you learn about elec-
tronic components and how circuits work 
Component pack includes an S-Dec bread-
board and all the components for the 
projects. 
Adventures with Electronics £3.58. Compo-
nent pack £20.98 less battery. 

HIGH PERFORMANCE 
STEPPING MOTOR DRIVER 

As featured in December issue 

Kit including PCB, I.C. & All Parts f20.98 
Transformer 30V 18VA £5.98 extra 
Case (houses PCB only) £2.95 extra 

Lead & Connector for BBC Computer £1.98 
Motor - 1035 £14.50 

TEA1012 also available separately f6.88. Oata £1.00 

STEPPER MOTOR 

BBC TO 1035 STEPPER MOTOR INTERFACE KIT £13.99 PCB, 
driver IC, components, connectors and leads included Demonstration 
software, listings, circuit diagram, pch layout and construction details 
given Requires unregulated 12Vdc power supply. 
INTERFACE KIT (ref PE) £13.99. 
OPTIONAL POWER SUPPLY PARTS £4.67. 
1035 STEPPER MOTOR 48 Steps. 12V £14.50. 

DC MOTOR SETS 
MOTOR - GEARBOX ASSEMBLIES 1.5V-4.5V. 
Miniature precision made. Complete with quality electric motors. Variable 
reduction ratios. Long 3mm dia output shafts. 
Small unit - type MGS (3-2200rpm)  £3.49 
Large sod - type MGL (2-115Orpm)  £3.98 

PULLEY WHEELS - metal 3mm bore 
10mm dia 
20mm dia 
30mm 
METAL COLLAR with screw - 3mm bore 
FLEXIBLE SPRING COUPLING 3mm L31mm 
FLEXIBLE METAL COUPLING 3mm 

FISCHERTECHNIK CIC MOTOR SETS 
SMALL TYPE 187  f9.85 
LARGE TYPE 185  £9.90 

DC MOTOR 1 5V-4.5V RPM 4,400-8,700 
Shaft dia 2mm LlOmm. Body 29x38mm 
DC MOTOR TYPE - 0C28  £1.98 

FLEXIBLE STEEL SPRING DRIVING BELT  47p 
12" long. Joins to itself or 2 or more can be joined where long lengths are 
needed 

£1.75 
£1.84 
£199 
24p 
68p 

£2.98 

PE HOBBYbus 
Kit including double sided p c h excluding DIN sockets £49.98. 
OIN 41612 a+c sockets £2.20 each or 10 for f18. 

BBC HEART RATE 
BBC Heart Rata Monitor-
Reedy Built £35.99 

Practise relaxation or monitor fitness with this plug-in heart rate monitor. 
Connects directly to the BBC computer. Programs give continuous heart 
rate displays, bar charts, graphs etc. Supplied with sensor, software & 
instnictions - ready to plug in and use. 

v v 

************************** 

* MICROPROCESSOR TRAINER 68000 *  •  AND SINGLE BOARD COMPUTER 
A new single board training and evaluation syste m for the 16-bit 68000 Series 
Microprocessor. A standard working syste m in kit form costs just £99.00 including 

VAT. Programs are developed and written with the aid of an on-board monitor 
progra m. The syste m is progra m med and run via an RS232 link fro m either a standard 

terminal or a BBC Co mputer progra m med to act as a terminal (we can supply the 

necessary software). Optional extras include a line by line asse mbler, a peripheral I/O 

port and timer, and a G64 bus interface. Full sets of technical literature, progra m ming 

information and manufacturers' data sheets are available to accompany the syste m. 

A VAILABLE FR O M STOCK NO W 
PHONE OR W RITE FOR FULL DETAILS REF PE9 

68705 MICROCONTROLLER 
TRAINER 
A stand-alone unit with hexadecimal keyboard and 9-digit 
seven-segment display Uses a control oriented 68705 
microprocessor with a comprehensive mondor system. A 
bank of 8 LEDs and switches allows I/O control programs 
to be run before connecting to 'real' external comas An 
A/D-0/A board is also available along with full support 
literature. An excellent introduction to machine code 
programming right down to 'bit level. Used in many 
educational establishments. A complete system costs 
under £50 
AN in stock -Phone or wtite for details PE9 

68000 COMPONENTS 
68000 P8  £21.20 
68230 P8 
68681 
64 pin IC socket 
6116 (250n) 
6264 (250n) 
27128 EPROM 
MC1488 
MC1489 

£6.99 
f9.60 
98p 

f1.99 
£3.99 
f3.88 
56p 
59p 

***** ** ** ** * ** * ** * ** * ** * ** * 

DRY BATTERY CHARGER 

AS FEATURED IN RE. 

We have produced a full kit of parts to build the Dry Battery 
Charger featured in the August issue of RE. 

This is a designer approved full kit of parts complete with 
Case, PCB, and a set of four special top quality Battery 

Holders. 

The metal case lid swings open so that the batteries are 
fully enclosed during charging for complete safety. 

Any number of batteries (up 10 41 can be charged at a time. 

The kit is supplied in 3 versions for AA cells, C cells, or D 
cells. These differ only in the type of battery holders and 

charging resistors supplied. 

Conversion kits are available to change between types 

DY BATTERY CHARGER KITS 

AA cells -£30.78 
C cells -£32.41 
D cells -£33.55 

VERKON DC-DC CONVERTORS 

These compact efficient voltage converters allow one or two 
NICAD or ALKALINE cells to be used as the power source 
for circuits requiring 6, 9, 12, 14 or 20 volts. The economy 
and reliability gains that come from this arrangement are 
excellent -just compare the cost of a single NICAD cell with 
that of a NICAD PP3. This is only part of the story - we have 
a full leaflet which shows how to calculate the savings which 
can be made. Just send a stamped addressed envelope for 
more information, performance curves etc. 

VERKON DC-DC CONVERTERS 

V6  - 6 volts from 1 Nicd or Alk-Mn -£728 
V9a  - 9 volts f rom 1 Nicd  -£7.28 
V12  - 12v from 1 Alk-Mn  -£728 
Vt12  14v from 2 x Nicd  -f8.63 
Vt18  20v from 2 x Nicd  -£8.63 

CATALOGUE 
Brief details of each kit, book contents, and illustrations and 
descriptions of our range of tools and components are all 
included. 
Robotics and Computing section included. 
Our advert shows lust a selection of our products. 
Up to date price list enclosed. Official orders welcome. 

Catalogue & Price List - Send £1 in stamps etc or add £1 
to your order. 
Price list only 9x4 SAE. 
Catalogue tree to schools/colleges requested on official 

letterhead. 

SHOP NOW OPEN 
CALLERS WELCOME 

MAGENTA ELECTRONICS LTD. 
PE9, 136 HUNTER ST., 
BURTON-ON-TRENT 
STAFFS, DE14 2ST. 
0283 65435 Mon-Fri 9-5. 
Shop Hours 9-5 Mon-Fri 
ADD BOP P&P TO ALL ORDERS. 
PRICES INCLUDE VAT. 
SAE ALL ENQUIRIES. 
OFFICIAL ORDERS WELCOME. 

Access/Barclaycard (Visa) by 
phone or post 
24 hr Antwarphone for credit card orders. 

OVERSEAS Permut musi be string 
IRISH REPUBLIC and REPO UK PRICES 
EUROPE UK PRICES plus 10% 
ELSEWHERE wrri. fa quote 
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BINDERS 
PRINTED CIRCUIT 
BOARDS   
SUBSCRIPTIONS 
We now have the latest binders available for PE. They can 
hold twelve issues of Practical Electronics. Embossed in 
gold with the PE logo, they will make a handsome addition 
to your technical library as well as keeping your 
magazines in mint condition. They are available from our 
editorial offices at only £5.95 inc. p&p. (Overseas readers 
please add £2.) 

r-PE PCB ORDER FORM 
Please supply the p.c.b.(s) listed on the enclosed form. 
Remittances should be sent to: PE PCB Service, 
Practical Electronics, Practical Electronics Maga-
zines, 16 Garway Road, London, W2 4NH. Cheques 
should be crossed and made payable to Intrapress. 
Printed circuit boards for certain PE constructional 
projects are now available from the PE PCB Service, 
see list. They are fully drilled and roller tinned. All 
prices include VAT and postage and packing. Add £2 
per board for overseas airmail. 

M E I 

Board description Code Qty Price 

Name & Address: 

DON'T MISS A VITAL COPY! 
Ever been in the middle of a project only to 
find the next issue sold out? An annual 
subscription to PRACTICAL 
ELECTRONICS solves the problem. 

Wherever you live you'll receive a 
copy regularly each month. It's the 
quick, practical way to solve delivery 
problems. 

SUBSCRIPTION  rpRACTICAL 
RATES 

U.K. 
Overseas 

.500 ELECTRONICS 
£18.00 

COMPLETE 
AND POST 
THIS 

ORDER FORM 
TODAY! 

Annual Subscription Rates 
U.K.  £15.00 
Overseas  £18.00 
Students: Deduct £1 and quote 
Student Number 

Complete this form and 
post it, with payment 
to: Practical Electronics 
Subscription Dept. 
Competition House, 
Farndon Rd., 
Market Harborough, 

d, Leicester LE16 9NR.  Signature   

POST COPIES TO 

NAME   

SUBSCRIPTION 
ORDER FORM 

ADDRESS   

 POST CODE 

I enclose my cheque/PO payable to Intrapress for 

£   
Please Note: Subscriptions cannot be ordered by phone 
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PE SERVICES 

SECOND CHANCES! 

MULTIMETER OFFER  
The response to our multimeter offer, last month, 
exceeded all expectatiGns. As a result, we have ordered 
a new batch from our suppliers and are able to repeat 
our offer. To receive your pocket multimeter (featured in 
PE last month), simply fill in the form below and enclose 
a cheque for £25.95 inc. p&p and VAT, made payable to 
Intapress. (Overseas orders, please add £2.) 

NOTEXCL USIVE I 
TO BE MISSED! 

POCKET DMM OFFER 
AVAILABLE ONLY TO PE READERS 

PE COMMENT 

pm4f, 

r e : 7 Z 1  i 

T nnim  c 

1 018  

11 

iiimmizzmaime  
c..., .... 
J.,. 
„.....„ , E....,....--... 
°'..........,  ::: ' .... ". . ......... 0..  ...  ,,„ .......... 
."""'"'"'•  f.-'7....r7r.  .." 
t........,  Mrc'..4.,""' .........  ,„ ....., ,,............  .. , ..4% 4.... 

.a.  ......:„. g;•.•....., ,-..., 

1 

I 

i3 O  POCKET DMM ORDER FORM  PE ', 
Please send me   Digital multimeters at the special price of only  I 

1 4  1C/  £25.95 each including VAT and p&p. I enclose a cheque/postal order for  1 

I O n 1 0  £  made payable to lntrapress. I 

I 

I  No  1 
Date   I 

( 
1 * ^  Signature   

Name  (Mr, Mrs, Miss) I 

I  I 

I 

Address   

I 

Postcode  Telephone    I 

I  o  `%0  ( i • 1 •4 1  I 

I  A ',<• 4  o + I 

POST TO:  BAYS WATER, LONDON W2 4NH. 

I  PE MULTIMETER OFFER 
16 GAR WAY ROAD,  I 

I 
L   -I 

BACK ISSUES 
Back issues are available from our editorial office at only 
£1.50 inc. p&p. It is, unfortunately, impossible to continue 
with our photocopying service — as it is at the moment. 
Administration of this service is very time-consuming and 
uneconomical. However, should a back issue be out of 
stock we may be able to photocopy selected articles up 
to three years old. The answer is, of course — get a 
subscription — it wil avoid these problems in the future. 
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BUILD A COMPLETE SATELLITE 
TV SYSTEM FOR 

AROUND £250! 

DON'T MISS YOUR 
NOVEMBER COPY OF 
PRACTICAL ELECTRONICS 

YES IT'S TRUE! YOU CAN BUILD A 
COMPLETE SYSTEM INCLUDING DISH 
RECEIVER FOR AROUND £250 

I.R. GAMES CONTROLLER 
- It gives you the freedom of 
control and it's compatible with 
most home-micro joystick ports! 

WIRELESS BABY 
ALARM 

PUTS YOUR MIND AT REST WHEN 
YOUR BABY'S AT REST 

EXPERIMENTAL ELECTRONICS 
— CLASS CONSCIOUS AMPLIFIERS 

PLUS LOTS OF FEATURES AND 
ALL OUR REGULARS 
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ROBOTICS REVIEW— SKETCH 

ROBOTS IN THE FUTURE 
BY BERRY-ANNE BILLINGSLEY 

The shape of things to come 

Perhaps, when it comes to robots, we are expecting the wrong thing. 
What is a robot? The PE Robotics Preview has the answer? 

rrmiE robot butler walked up to the 
1 flashing intercom light. 
"Yes sir?" it asked brightly. The voice 

from the bedroom replied, 
"Coming right up, sir." 
Robuttle returned stiffly to the sink 

and ran the hot tap. It tested the water 
with a temperature-sensitive middle 
finger and then nodded its cybernetic 
head. Humming cheerfully, the robot 
filled the saucepan exactly half full. 
Laser lights sprouted from its eyes and 

it scanned the contents of the fridge until 
its polyplastic hand gripped the egg box. 
"Only two eggs left. Must put out a 
note", it muttered and dropped them 
carefully into the pan. 
"And while they cook, I've just time 

to make the toast", it smiled. 
Is that your picture of the breakfast 

machine of tomorrow? Don't throw your 
alarm clock away just yet. Robotics still 
has a very long way to go. Just consider 
the complicated decisions involved in 
taking an egg from the box — assuming 
the robot grabbed the egg box out of the 
fridge and not a slab of cheese. 

First, the box must be held facing the 
right way. Next our android must battle 
with the closing tabs, which often prove 
too much for the able fingered human. 
Then it must check each cup for an egg, 
and if its aim is slightly off you could be 
looking forward to scrambled egg box 
on toast. 
Holding an egg is a tricky business 

unless you own a million yen gripper. 
And by the time his binary brain has 
worked out the correct approach to the 
bottom of the saucepan, breakfast will 
have hatched. 
A couple of car advertisements have 

capitalised on the robot dexterity of 
some very flashy welding machines. 
They look extremely advanced, but just 
how intelligent are they? It is relatively 
easy to programme a robot arm to 
perform an elaborate sequence of 
graceful pirouettes — as long as it need 
only do the same thing every time. 
The  sequence  is built  up  of 
individually programmed moves — for 
example: 

A = "up three units, left one unit, 
welder on" 
B = "down four units, right three 
units, up eight units, welder off" 
C = "Goto base" 
D = "C + A + B  2A + C" 

Give the robot a practice at a low 
speed to check for any errors and then 
let it rip — which is exactly what it will 
do if the car is not precisely on its mark. 
These automated welders could be 
described as an up-to-date version of the 
old musical-box clock-work dolls. 

But at least in the car factory, the 
robot is trying to make a contribution. 
We haven't seen a cybernetic hair of his 
micro-processor head when it comes to 
the household drudgery. In fact the 
nearest relative to an android in the 
kitchen is the washing machine! 
Don't discriminate against washing 

machines just because they are squat and 
dumpy! They are at least as intelligent 
as a welding robot. You inform your 
machine that you have filled its stomach 
with your best woollies and it works out 
the temperature. 
And if you tell it lies, can you really 

blame the trusting metal soul for 
pulverising your cardigan? 
But you are right — the washing 

machine does not fit the description of 
a robot. Now a cybernetic coat stand 
who tilts, "Have a nice day", as it takes 
your umbrella (and carefully puts it on 
a hanger) — that's a robot. 
Perhaps we are expecting 

the wrong shape of machine 
from our technological 
boffins. And perhaps 
that is why we have 
seen so little progress. 
If all we want is a 
boiled egg in bed, then 
technology could 
already provide the 
service. But it won't 
look like a butler. 

How does this new scenario grab you? 
The man touched button A on his 
bedside control and in the kitchen, 
"Easyboil" switched on its receptor. 
"Egg", said the man and then louder, 

"EGG!" 
The boiler, a box the size of a cereal 
packet, filled one of its tins with water 
from the mains. The element soon 
pepped it up to boiling and the 
thermostat then regulated the water to a 
steady bubble. One egg plopped out of 
the cooled tube into the tin. Exactly two 
and a half minutes later, the container 
drained and the egg dropped neatly into 
a disposable egg cup. 
There was a subtle hum as the service 
lift wafted up to the bedroom and a thud 
as it jerked to a stop. 
Fred, sitting comfortably in bed with 

his teaspoon at the ready, whisked his 
egg from the lift. "This is the life", he 
grinned contentedly. 
It isn't such a romantic picture as the 

chummy android, but it would cost very 
much less, besides being possible now. 
Do today's engineers need ,a prod in the 
right direction? 
But  I must  admit, 

"Robuttle" certainly has 
the  edge  when  Fred 
realises he has run out of 
salt! 
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Pack 
No. 
VP100 
VP2 
VP3 
VP4 
VP5 
VP6 
VP8 
3/P9 
VPIO 
VPII 
VP12 
VP13 
VP14 
VP15 
VP% 
VPI7 
VP18 
VPI9 
W20 
VP2I 
vP22 
VP23 
VP24 
VP25 
VP26 
VP27 
VP28 
VP% 
W313 
VPal 
VP% 
VP% 
VP34 
VP35 
VP36 
VP37 
VP% 
VP39 
VP40 
VP4I 
VP42 
VP43 
VP44 
VP45 
3/P46 
VP47 
VP48 
VP49 
VP50 
VP5I 
VP52 

KIT AND PCB SERVICE 
AUDIO EFFECTS 

Blow Box  SET 214  124.83 
Flanger  SET 153  £23.95 
Frequency Changer  SET 172  £40.06 
Frequency Doubler  SET 98  £10.80 
Fuzz (Smooth)  SET 209F  £15.08 
Guitar Modulo  SET 196  119.06 
Guitar Overdrive  SET 56  £23.54 
Hand Clapper  SET 197  122.19 
Multi-Processor  SET 189  £53.53 
Revert - Stereo  SET 203  132.04 
Rhythm Generator  SET 240  154.49 
Ring Mod (Simple)  SET 179  £19.40 
Storm Effects  SET 154  £18.10 
Tom-Tom Synth  SET 190  114.87 
Tremolo  SET 136  111.12 
Vibrato  SET 137  123.55 
Wah (Auto & Manual)  SET 140  118.86 
Wah (Triggered)  SET 58  114.34 

CONTROLLERS 
Bass Boost 
Compander 
Envelope Shaper 
Fader (Voice Op) 
Graphic Equaliser 
Guitar To Synth 
Headphone Amp Mono 
Headphone Amp Stereo 
Hum Cut 
Microphone Pre-amp 
Mixer 4 channel Mono Simple 
Mock Stereo 
Sustain 
Tone Control 
Treble Boost 
Vocoder 
Vodalek Robot Voice 

Metronome 
Roger (2-Gong) 
Roger (Single) 
Sirens (Drum Trig) 
Sirens (Multi) 
Voice Op Switch 

SET 1386 
SET 238 
SET 174 
SET 167 
SET 217 
SET 173 
SET 156M 
SET 156S 
SET 141 
SET 144 
SET 256 
SET 213 
SET 222 
SET 139 
SET 138T 
SET 152 
SET 155 

OTHERS 
SET 143 
SET 126 
SET 127 
SET 199 
SET 151 
SET 123 

19.12 
£18.49 
120.70 
117.72 
120.83 
135.91 
113.57 
122.15 
112.31 
110.43 
115.49 
119.87 
120.81 
115.51 
19.12 
172.15 
113.81 

116.85 
112.13 
19.41 
119.25 
116.66 
115.91 

Boxed 

129.33 
£28.45 
145.56 
115.30 
119.58 
123.56 
129.04 
126.69 
£61.33 
£36.54 
f59.99 
123.90 
123.60 
£19.37 
115.62 
129.05 
124.36 
118.84 

113.62 
122.99 
£25.20 
122.22 
f25.33 
141.41 
£18.07 
126.65 
116.81 
114.93 
£19.99 
£24.37 
125.31 
121.01 
113.62 
179.95 
118.31 

121.35 
£16.63 
113.91 
123.75 
121.16 
120.41 

SEEtE 40 * 

All Et * 1111, fit 

PE & EE KITS 
Unbound  Boxed 

Chorus Flange, (PE')  SET 235  164.49  159.89 
Cybenrox (FE')  SET 228  139.26  144.76 
Disco Light Control (PE')  SET 245F  £57.00  £62.50 
Echo-Reverb (PE')  SET 218  £52.16  £57.66 
Mixer 4ch Mono (PE')  SET 2291r1  £44.45  f49.95 
Mixer 4th Stereo (PE)  SET 229S  182.15  169.95 

Noise Gets (PE')  SET 227  £22.11  £26.61 
Phaser (PE')  SET 226  £36.86  142.36 
Reverb - Mono (EP')  SET 232  £22.85  127.35 
Ring Modulator (PE')  SET 231  £40.08  £45.58 
Signal Gen (PE')  SET 233  141.46  146.96 
Thunder & Lightning (PE')  SET 250T  126.00  129.50 
Wind & Rain Storm (PE')  SET 250W  £26.00  £29.50 

• . Kit as Published 

COMPUTER PROJECTS 
'Scope Simulator )PE) 
Dig Delay & Mcs (PE') 
Mini Sampler (PE') 
Rhythm Gen (Computer) 
Synth To Computer 
Chip tester - 24 pin )PE) 
Chip tester - 16 pin (PE') 
Mini Music Tuner (EE') 

SET 247  139.00  144.50 
SET 234  1162.00 1198.50 
SET 246  £69.50  £75.00 
SET 185  129.14  £34.64 
SET 184  121.65  £26.15 
SET 258F  £35.80  £39.30 
SET 258S  129.00  £32.50 
SET 259  £19.00  £22.50 

FOOT PEDALS 
Linkafex Chorus 
linkafex Delay 
Linkafex Equaliser 
Linkaf ex F longer 
Linked no Fuzz 
Linkafex Modulo 
Linkafex Overdrive 
Linked ex Phaser 
Linkafex Sustain 

SET 204  137.26  142.96 
SET 206  136.39  £42.09 
SET 216  £19.73  £25.43 
SET 207  129.22  £34.92 
SET 2091  £17.54  £23.24 
SET 211  £19.71  125.41 
SET 215  £19.43  £25.13 
SET 205  128.68  134.38 
SET 223  120.77  £26.47 

GEIGER COUNTERS 
PE Geiger, audio & meter output -Unit 264 
with heavy duty box as published 
with normal black steel box 
without box 

EE Simple Geiger, audio only output -Unit 265 
with stall box £49.50 Unobxed 147.00 

PCB SERVICE 
Chorus Flanges (Jan 85) PCBS 235A-8 
Dig Delay-MCS (June 85) PCBS 234A-E 
Disco Light (Dec 85) PCBS 245A-8 
Echo-Revert (Sap 84) PCBS 218A-8 
Mini Sampler (Jun 85) PCBS 234A-8 
Mixer (Jan 86) PCB 229A 
Noise Gate (May 85) PCB 227A 
Maser (Oct 84) PCBS 226A-B 
Ring Mod (Dee 84) PCB 231A 
Scope Sind (Dec 85) PCB 247A 
Signal Gen (Feb 85) P113 2338 
Stone Effects (Jun 86) PCB 250A 
Geiger counter (PE Aug 86) 
Chip tester (Aug 86) 

169.50 
£59.50 
155.00 

(SET)  £9.06 
(SET)  £29.60 
(SET)  £7.17 
(SET)  £8.14 
(SET)  £11.00 
(EACH)  £3.10 

14.35 
(SET)  £7.44 

15.27 
13.33 
f4.63 

(EACH)  £6.07 
1413 
01.55 

PARTS & CATALOGUE 
Boxes - Linkafex Rotust Diecast, SET 23419 inch steel ro;k, others 
Black Steel & Aluminium. All kits include PC8s, parts, instructions. 
Free wire & solder with boxed sets. Further details in Catalogue of 
over 70 kits - Send 9 x 4 S.A.E. (Overseas Catalogue send £1.00 or 
5 IRIS). 

ORDERS & POST 
Mail order, CWO, CHO, PO, Access, Viso Details correct at press, 
E&OE. Add 15% VAT. Add P&P - unboxed kits £1.00 each, SET 234 
f3.50. Other boxed kits £1.50 each. PCBS add 70p total regardless 
of qty. Insurance 50p per £50. Overseas P&P in catalogue. 

Text photocopies - DDL-MCS £1.50, others 50p each. Send loge 
stamped envelope. 

, PHONOSONICS, DEPT.PE60 
8 FINUCANE DRIVE, ORPINGTON, 

KENT BR5 4ED 

Tel ORPINGTON 37821 

(STD 0689, LONDON 66) 

BI-PAK BARGAINS 
VALUE PACKS 

at/ DescrOdon  Price 
300  Assorted Resistors mixed values & types ...  ... £1.00 
300  Carbon Resistors 1/4-1/2 watt pre-formed, need...  .. £10.00 
200  door MM. Carbon Resistors mixed values 
200  1/2-1 not Resistors mixed values 8 types  £1.00 
200  Assorted Capacitors all types  £1.00 
200  Ceramic Caps Miniature mixed values  £1.00 
100  Mixed Ceramic Disc. 680-.015p_ ..I  £1.03 
100  Assorted polyester/PalysfWeno CaPfl  £1.00 
60  C280 Cap, metal foil, mixed values .  .. £1.00 
50  Electrolytics, all sons ..  .. £1.00 
40  Electrolytics, 47m1-150rn1. mixed volts .  .  £1.03 
30  Electrolytics, 150ml-1000ml, mixed voltS .   
50 Silver Mica Caps mixed values .  .. £1.00 
25  .01/250v Min. Layer Metal Caps .  .. £1.00 
50 %rewound Res mixed not values  .. £1.03 
50  Metres PVC Smite  Strand Wire, mixed cols .  .. f1.00 
30  Metres PVC Multi Strand %re mixed cols  .. £1.00 
40  Metres PVC Single/Multi Strand Wee........ -......................£1.00  
6 Rocker Switches. 2a 240v ...  •  .. £1.00 
to Assorted Switches, slidet rush  etc  ..11.00 
200  Sq. Inches lotal Copper Clad Board  ..£1.00 
10 40mm Slider Pots. 1000 lin  .. £1.1:0 
10 .I25 Clear showing red 1,E09............ -............................£t.00  
10 Mixed shape and colours LECrs .  . £1.00 
15 Small .I25"Red LEDS  . £1.00 
15 Large .2' Red LEDS  . £1.00 
10 Rectangular 7 Red LEDS  . £1.00 
30  Assorted volts Zeners 250rrm-2w .. 
10 Assorted volts Lsners 10*, coded -  . £1.00. 
10 5a SCR's 1066 50-400v, coded ..  . £1.00 
20 3a SCR's TO66 up to 400v, coded  
200  Si Diodes like IN4148  . £1.00 
200  Sil. Diodes like 0A20094X13/16 ..... 
50  ta IN4050 Diodes all good, uncoded 
100  Sq. Inches total Copper Fibre-Glass Board  . £1.00 
8 Black Pointer Knobs %V Std .  . £1.00 
100  ........  . 
MO  Oil. trans PNP pledc coded Tale  . £3.00 
40  TTL 1.C.'s all new gates - F1p Rap - MS1. Data ..  £4.00 
40  CMOS 1.C.'s ell new, inc. data .  £4.03 
10 Black HeatnnIcs, fit 10-3 and 7P220. Drilled . 
4 Power-Fin Heatsinks. 2 x 10-3, Ox 10-66 .  £1.00 
15 Asst Heatsinks, TO-1-3-5-18-220  £1-00 
50  BC107/8 NPN Transistors. Good unooded . 
50  8C1779 PNP Transistors. Good uncoded ..  £1.00 
10 Sil. Power Trans. Similar 2N305e Uncoded  £1.00 
5 Pairs NPN/PNP Plastic Power Truss Data, 4a ..  £1.00 
30  Asst. Si Rect, 1a-10a. Mned volts 
60  NPN Si Switching Trans. TO-18 and TO-92  £1.03 
60  POP Sit Swriching Trans. TO-18 and 10-92  £1.00 
is Asst. Audio Plugs. Pbono-Din-Jacit etc  £1.50 

Pack 
No, 

VP53 
VP54 
VP55 
VP56 
VP57 
VP58 
V1759 
VP60 
VP8I 
vP83 
VP84 
VP85 
VP86 
VP87 
VP138 
VP% 
VF95 
VP% 
VP97 
VP99 
VP103 
VP102 
VP103 
VP104 
VP107 
VP108 
VP112 
VPII3 
VP114 
VP115 
VP116 
VPI28 
nor 30 
VP13I 
VP132 
VP133 
VP134 
VP135 
VP136 
VPI37 
VPI30 
VPI39 
VP140 
VP141 
VP142 
VP143 
VPI44 
VPI45 
VPI46 
VP147 
VP148 
VP150 

BI-PAK 

Qty  Description  Price 
15 Asst. Audio Sockets. Photo-Din-Jack, etc .  .. £1.50 
20 Asst. 1.C. Dil Sockets. 8-40 Pin  132.50 
10 I.Cts 4116 Memorys ......  . £2.00 
100 Semiconductors from around the world. Mixed .  £4.00 
25 Opto Special pack. Assorted Super Value ............. ......  £5.00 
10 Hybrid LED Colour displays .„....  ..  E4.00 
20 Asst. 1.C.'s, linear, etc Blooded . ........  ......  £2.00 
100 All sorts Transistors. NPN/PNP  .......  . CIA 

%chant and Drill Kit PCB Inc MIN, transfers etc £1 50 
Electronic Buzzer, 6y 25M0 ...........  ..  . £0.95 
Electronic Buzzer, 9v 25MA ..  .......  . Ee95 
Electronic Buzzer, I2v 25MA ..„  ,L090 
lECASBOTY '86 Component and Semiccaluclor Pack  . £8.00 
Telephone Pick-up Coil with 3.5mm Jack Plug ..  . £1.25 
Pitlow Speaker with3.5mrn Jack Plug  . £1.45 
2m Metncanches Tape  . £1.00 
Small Plastic Vice, with suction base .  . £1.75 
Signal Injector, push button operation  . £2.50 
Logic ProbefTester. Supply 4.5v 18. OIL, TTL, CMOS  £10.50 
Universal Tester with ceramic buzzer .  . £5.00 
Electrical Circuit Taster for care electrical, TV 
13 Piece Tcol Set Screwdrivers, piers etc  . £7.50 
6 Piece 'Stanley" Screwdriver Set Flat 8 Crosspcinl .  . £3.50 
Ratchet Screwdriver Set it blades Real Value .  £1.75 
Pew buzzer, miniature 12v  . .......  £1.25 
Peon buzzer miniature 240v ..  . .......  £1.25 
Sub Resistance Box 36 values 5ohnts-1Kohm .......  . £4.75 
Coax Antenna Sivrtch, 2 any  ...........  . 04.50 
Coax Antenna Switch, 3 way .  .....  . £4.75 

.13.0.50 

. E3 0 

-ii 
. Et% 

RED 7 Seg. CC 14mmx75mm FND3% ifiiiiiiiii-- . MOO 
GREEN 7 Seg. CA .6' LDP XAN6520 LED Display .  £2.00 
RED 7 Seg. CC .6" LDP XAN6940 LED Display  £2.00 
RED Overflow r 3xCA 94CC 6630/50 LED Display  £2.00 
GREEN Overflow .57 CA XAN6530 LED Display ..............„.. . MOO 
RED7SegCA3XNl304tLED0ep9y  O X 
DUAL RE 7 Seg. CA DL527 DPR  D '  f2.00 
DUAL REDO Seg. CA 5L727 DPR LED Display .  £2.00 

20 Assorted LED Disdays - our mix, with data ..  £5.00 
I Pick-up Toot spring loaded  £1.75 
50 Precision Resistors 2-1% Tpl  •  £1.00 
40 1144002 Si L Reds la 12W, preformed pitch  £1.00 
4 40A Power Rectifiers, silicon, TP48 300 00  £1.00 
5 0YI87 12KV Sit Diodes in carriers, 2.5MA .  £1.00 
4 100K Lin Multitum Pots ideal van cap, tra mp................ 
10 Assorted Pots, inc. dual 8 switched types ..  £1.00 
25 Solid Tantalum Cap, mixed values ..  £1.00 
I For Opto Coupled Modules  £0.60 
30 Presets, horizontal and verlicat mixed values  £1.00 
20 BC1838 Sil. Trans NPN 313v 200mA Hfe240+ ................ 7092 100 

Pack 
No.  Qty  Description  Price 

VP151  25 13C1710 Oil. Trans. NPN 45v 100mA life240+ ----------------1092 £1.00 
VP152  15 11S90 Si Trans. NPN 40v 400m4 Hle103+ -------------------1062 £1.00 
VP153  15 T1S91 Sil. Trans. POP 40v 400mA Hfe100+  ...... .. . TO92 £1.00 
VP154  15 MPS456 Sit Trans. POP 80v 800mA 111e50+ .  . 7092 £1.00 
VP155  20 0F595 Sil. Trans NPN egy1 BF184 H.F.  . 7092 £1.00 
VP156  20 8E495 Sil. Trans. NPN eqvt. 8E173 H.F.  . TO92 £1.00 
VP157  15 TIX500 senes Sil. Trans PNP dastic  . E1.00 
VP158  15 ZTX107 Sit Trans NPN emq. BC107. Plastic  . C1.00 
VP159  15 2TX108 Si Trans. NPN men. 8C106 plastic  . E1.00 
VP161  25 8C183L Sil. Trans NPN 30v 200mA  ..7092 £1.00 
VP162  5 5JE5451 Oil Power Trans NPN 80v 45 Hfe20+ .. 
0P163  2 RPM/POP pairs Oil Power Trans like SJE5451  . E1.00 
VP164  4 290289 Sil. Power Trans. NPN 40v 440 7A li6e30+ ...  . E1.00 
VP165  6 8E733 NPN Sil Trans. 80v 5411M50-200 .  . 7039 £1.00 
VP166  5 81034 RPM Sil. Trans 12W 54 Hfe50-200......................T039  £1.00 
VPI67  1 BUY69C NPN 003 VCB 500 104 120e Hle15+ ....:..  ....... E1.00 
VP168  10 8C478 eciA. BCy71 POP Sil. Trans.  . 1018 £1.00 
VP169  10 B5S21 pest. 8C394 NPN Sit Trans. 8ily 50mA.................10t8  £1.00 
VP170  10 Assorted Power Trans NPNPNP coded 8 data  . E1.00 
VPI71  10 BF355 NPN TO-39 Si Trans. met. 8E258 225v 100mA .  . E1.00 
VP172  10 SM1502 POP T039 Sit Trans 12W 12WsA Hfe100+  . E1.00 
VP173  150 On-soldered SR Trans. Inca boards. lOmm leads, good ............£1.00 
VP174  5 OIL Switches 1 8 2 way slide. 6 way SPST. Asst .......................£1.50 
VP175  20 LES and MES Bulbs, assorted volts  £1.00 
VP176  30 Fuses 2505m 8 1%• Glass, assorted values  .... E1.00 
VP177  1 Pack Assorted Hardware, nuts. bolts, etc  E1.00 
VP178  5 Asst Battery Holders 8 Clip, PP39,4AD etc  E1.00 
VP179  3 Pairs Croc. Clip, insulated 2 small, 1 large set .......................£1.06 
VP180  25 Tantalum Bead Caps assorted values  £1.00 
VP181  100 1 and 2 wad Resistors, assorted values ............................£1.50 
VPI82  4 10000 2W Electroiyfics .  £1.00 
VP183  12 Phono Pols. Sockets and Connectors, 1o1 each ............ £1.00 

BI-PAK BOOK BARGAINS 1986  "NO VAT' 
BPX1  4 Different popular books on Electronics Projects. Hours of 

interesting reading and construction. Normal Retail £8.00. 
Bi-Pak Special Offer £13.00 

BPX2 IC Projects Book, including IC Eqvts. Book. Digital, CMOS 
and Op Amos 8 TTL Data Book. Normal Retail £8.50. Bi-Pak 
Special Offer £4.00 

BPX3 3 Computer Books on Programming - Micro Processors - 
2X81 etc. Normal Retail £8.00. Bi-Pak Special Offer £2.50 

BPX4  1 International Transistor Equivalents Guide, Babani Pub. 
Latest edition BP85. Plus "FREE" with Bi-Pak's compliments. 
10 popular Sil. Trans, valued over £1.00. Bi-Pak Special Offer 
E2.95 

BPX5  1 IC 555 Projects Book (Timer) 167 pages, over 50 project 
circuits to build and Data, etc., on IC555 Timers. Plus "FREE" 
with Bi-Pake compliments, 4 x IC555, valued at £1.20. Bi-Pak 
Special Offer £2.50 

PLEASE NOTE ''NO VAT' ON BOOKS 

Send your orders to Dept PE BI-PAK PO BOX 6 WARE HEFTS 

TERMS CASH WITH ORDER. SAME DAY DESPATCH. ACCESS 
BARCLAYCARD ALSO ACCEPTED TEL 0763-48851 GIRO 388 7006 
ADD 15, VAT AND £1 .00 PER ORDER POSTAGE AND PACKING 

Use your credil card Ring us on 0763-48851 NOVI 

and get your order even taster  Goods normally 

sent 2n0 Class Mail 

Remember you must add VAT at 15  lo your order 

Total Postage add £1 00 per Total order 
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W ORKCELL COMPONENTS 

indexing table 
expandable conveyor 
sensors gauges 

etc 

.• 

SERPENT I, II 
• r  2Kg at 400 or 650mm 
arc — 

UK's WIDEST 
Range of low cost 

robotic & FMS equipment 

16Cybern ic 
IApplications 

West Portway Ind. Est. 
Andover, Hants 

SP10 3PE 

NAIAD 

water hydraulic/ 

DC servo/ 
pneumatic 

500 gm 
at 500mm 
with 
see through 
perspex 

cylinders 

RETAIL • MAIL ORDER 
TRADE • EXPORT • 
EDUCATION 

HEflRY '5 
CATALOGUE 

r hi E 
DISCOUNT 
VOUCHERS 
(Total value £4.00) 

• Ill E n R YS 
AUDIO ELECTROAICS CATALOGUE 

.t.4 11 

rig 1ft 
i l-0  

DISCOUNT '': 
VOI1CHERS.' 

COMPONENTS • INSTRU MENTS • EMNP MENT 

AUDIO/ VIDEO • COMPUTER • COMAIUNICATIONS-1 

ACCESSORIES • TOOLS • SECURITY 
IDOCITIOM • IININ4 • . 0. . • IXIOPT• En. IMO man .ore 

rea:77 $31*3.0.BY 112 4BY RRielleg 

OPEN 6 OM'S A 

jrI 
Wfi- . 

14 VISIT  Moax 
C1.00 

COMPONENTS 
SEMICONS • CONNECTORS • TEST 
AND MEASURING INSTRUMENTS 
CABLES • TOOLS • BOARDS • BOXES 
AUDIO AND PA EQUIPMENT • SECURITY 
AND COMMUNICATIONS • TV-VIDEO 
HI-Fl • COMPUTER ACCESSORIES 
PLUS - PLENTY OF BARGAINS  

POST 
TODAY 

SEND LARGE S.A.E. (min 12" x 9" with 
46p stamp UK) - (Overseas send 
Et 00 with address) Price £1.00 to callers 

FREE ON WRITTEN REQUEST TO ALL TRAINING 
AND EDUCATIONAL ESTABLISHMENTS  (ref PE) 

QUANTITY DISCOUNTS AVAILABLE 

HEIIRY'S AUDIO ELECTRONCS 
404 Edgware Road, London W2 1ED. 
Sales office: 01— 2581831 
OPEN 6 DAYS AWEEK —ALL WELCOME  I MM1 

SECURITY Systems, Modules, Accessories 

COMPLETE 
SECURITY 
SYSTEMS 
START FROM 

CA 1250 £19.95 + VAT 
CONTROL 
UNIT 

US 5063 £13.95 , VAT  IR 1470 
DIGITAL ULTRASONIC  CK 5063 £37.00+ VAT £25.61 +VAT 
MOVEMENT DETECTOR  SELF CONTAINED ULTRASONIC ALARM KIT 50 FOOT I.R. 

Shown above is a small sample of our comprehensive range which includes:  BEAM 

Magnetic contacts * Vibration switches * Bell boxes  SYSTEM 
* P.A. switches * Cable * Door & window locks etc. etc. 

Send for full 
details or come 
to our Showroom 

and see the 
units on 

demonstration. 
Monday to Friday 

9am to 5pm 
Closed Wednesday 
Saturday 9am to 1 pm 

Add 15 % VAT to ell procos 
B E ft M a n /I / ft  Dept PE60  Add 75p port and pocking to all orders 

FROM THE SECURITY SPECIALISTS itimmMP LT  Princes Risborough. 

51 Poppy Road. 

INDEX TO ADVERTISERS 

Adam Hall Supplies  61 

Advanced Security Products  62 

Barrie Electronics   35 

BiPak Components   59 

B.K. Electronics   63 

Cambridge Learning   4 

Cricklewood Electronics   35 

Crotech Instruments   52 

Croydon Disco   28 

Cybernetic Applications   60 

C.R. Supply Co.   62 

d.c. Electronics   62 

Electromail   12 

E.S.R. Components  61 

Grandata   35 

Greenweld Electronics   4 

Henries Audio   60 

Hogg Laboratories   8 

ICS lntertext   62 

London Electronics College   62 

D. Bucks HP17 9DB  E ! you , curs=  

Order by telephone or pool nerd 

Tel( (084 441 6326 

Magenta Electronics   IFC 

Maplin Electronics   OBC 

Omega  61 

P.C. W.   28 

P.L.S.   62 

Phonosonics (Becker)   59 

Radio Component Specialists 61 

Riscomp   35,60 

Scientific Wire Co.   62 

Tandy   3 

Technomatic   6,7 

T.K. Electronics   8 
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PRACTICAL ELECTRONICS 
ADVERTISING DEPT. 

SERVICES 

HEATIIKIT U.K. SPARES AND SERVICE CENTRE. Cedar Elec-
tronics, Unit 12, Station Drive, Bredon, Tewkesbury, 
Glos. Tel. (0684) 73127. 

ELECTRONIC DESIGN SERVICES, EPROM programming 
(2708-27512), PAL programming from Masters or Fuse Plots 
Also PAL Design Services from Text, Boolean Expressions, 
etc. U.E.D. Ltd., Castlebellingham, Co. Louth, Ireland.Tel: 
042-72127. 

SERVICE MANUALS. - Television, Audio, Video, Vintage, 
Test, etc. SAE enquiries: MAURITRON (PE), 8 Cherry 
Tree Road, Chinnor, Oxon. 

COMPONENTS 

Transformers and Power Supplies at very low prices. 
Manufacturers surplus and end of production runs. 
All English Made. Send S.A.E. for list. 
Titan Transformers, Central Hall, Duncombe Street, 
Grimsby, DN32 7EG 

CLEARING LABORATORY, scopes, generators, P.S.U.'s, bridges, 
analysers, meters, recorders etc. Tel. 0403-76236. 

PANEL METERS, transformers, test equipment, sirens, 
tools, microphones, service aids. Send Ll for new fully 
illustrated  170  page  catalogue.  M.  Dziubas,  158 
Bradshawgate, Bolton, Lancs. 

OMEGA ELECTRONICS 
SPECIALISTS IN COMPUTER IC'S 

NEW LATEST AND FASTEST 
MEMORY AND CMOS DEVICES   

COMPUTER IC 5  EPROM 5v CMOS 25ons 

DRAM 5v NMOS 15ons  27C64 81(x8  700p 
4164  64Kx1  120p  27C256 32Kx8  1200p 
41256  256Kx1  350p 

280 CPU & INTRF. 
4416  16Kx4  200p 

280  CPU  180p 
41464  641(x4  4.90p 

280  PIO  200p 
SRAM 5v CMOS 15ons  280 - CTC  200p 
6116  2Kx8  180p  280  SIO  500p 
6264  81(x8  325p  280  DART  580p 

cmo5 
4000  1Sp  4028  32p  4052  37p  4094  48p 
4001  1Sp  4029  38p  4053  37p  4095  70p 

4002  15p  4030  20p  4054  609  4098  50p 
4006  45p  4031  90p  4055  60p  4099  60p 
4007  15p  4032  130p  4056  60p  4501  40p 

4008  40p  4033  125p  4060  45p  4502  50p 
4009  29,  4034  99p  4063  75p  4503  38p 

4010  32p  4035  47p  4066  24p  4508  90p 
4011  15p  4036  225p  4067  130p  4510  38p 
4012  15p  4037  105p  4068  15p  4511  49p 
4313  25p  4038  75p  4069  15p  4512  45p 
4014  35p  4039  265p  4070  15p  4514  75p 

401 6  35p  4040  38p  4071  15p  4515  80p 

4016  19p  4041  52p  4072  15p  4516  40p 
4017  31p  4042  30p  4073  15p  4517  199p 

4318  33p  4043  38p  4075  15p  4520  40p 
4319  28p  4044  38p  4076  45p  4525  80p 
4020  35p  4045  105p  4077  15p  4527  500 

4021  40p  4046  48p  4078  15p  4528  42p 
4022  38p  4047  45p  4081  15p  4532  60p 

4023  15p  4048  29p  4082  15p  4555  48p 
4024  28p  4049  18p  4085  40p  4556  49p 
4025  15p  4050  20p  4086  35p  4584  35p 
8026  89p  4051  380  4089  80p  4585  42p 

4027  28p  4093  23p 

EMI 
746/COO  24p  7464051  24p  74HC157 56p  748C241  85p 

7411CO2  24p  7411C74  45p  74HC158 Slip  74HC242  85p 

7411C04 25p  740086  45p  74140161 75p  7411C244 85p 
7411C08 24p  741 40107 35p  74/1C164 110p  74HC245 95p 
7411C10  24p  74140109 40p  74HC165 65p  74140257 55p 
7411C11 24p  74140123 50p  74HC166 60p  74140259 75p 
7411C14 50p  74HC132 65p  74HC173 66p  74HC273 90p 
7414020 24p  741.401313 52p  74140174 60p  7411C373  90p 
74HC27  24p  74HC139 52p  7411C175 70p  74140374 65p 
74HC32 36p  74HC153 52p  74140240 99p  74140640 100p 
748C42  50p 

ANY IC SUPPLIED - IF IT EXISTS WE WILL SUPPLY IT. 
ORDERS OVER £25 p&p FREE + 15% VAT 

OTHER WISE ADD 50p p&p + 15% VAT 
QUOTATIONS FOR QUANTITY ON REQUEST. 

OMEGA ELECTRONICS 
189 BEVERLEY DRIVE, EDGWARE, MIDDLESEX HA8 5NL 

01-952 4802 
MAIL ORDER ONLY. 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

BENCH POWER SUPPLY 
Stabilised output. 5-9-12 & 15v at 1 amp. 

Overload protected. £22.95 
DUAL POWER SUPPLY 
Fully regulated and current limited. Metered 
voltage and current. 0-25v, 1 amp. £69.50 
LOGIC PROBE 
Switched for TTL or CMOS. £17.95 
INFRA-RED REMOTE CONTROL 
High security. Numerous applications, switching 

house and car alarms, garage doors, car locks, 

etc. £26. 
Prices include p&p. All products carry a 12 mth 

guarantee. Trade enquiries welcome. 

Phasor Circuits, 12 Kendall Road, Leicester, 
LE4 7GP. Tel: (0533) 830953. 

EPROM 27128 £2.45 RAM 6264 
25 way D plug £1.02 25 way skt 
25 way D plastic shell 
Centronics 36 pin plug 
DIN plugs 5, 6, 7 pin (5 oft) 
BBC printer lead 
DISKS, 80 track, DS 5.25" (10 off)  £6.10 
LED's 5mm red, gm, amber (10 off)  £1.00 

All prices inc. P & P, please add VAT @15% 

T-systems Ltd Tel: 0689 22196 
The Signal Cabin, 61 High Street 
Orpington, Kent, BR6 OJF 

22.70 

21.40 

£1.07 

£3.10 

£1.00 
£6.20 

VERKON DC/DC CONVERTERS 

For better use of dry batteries 
as featured in this issue of P.E. 

Send large s.a.e. for data and prices to: 

J. BILES ENG., 
120 Castle Lane, Solihull. 
West Midlands B92 8RN 

ESR ELECTRONIC 
CO MPONENTS 

• Full range of components 
• Motors & Servos 
• Robot Arms & Interfaces 
• Velleman Electronic Kits 

Send for New Catalogue 60p inc. P&P 

13A Station Rd, Cullercoats, North Shields, 
Tyne & Wear NE30 4PQ  Tel. 091 251 4363 

CABINET FITTINGS 
Fretcloths. Coverings. Handles Castors 
Flight Case Locks & Parts. Jacks. XLRs 

Bulgins. Reverb Trays P & N mic Stands 

ASS Glassfildre Horns 
CELESTION POWER 
Speakers 

Send 

30p cheque 
P0 for illustrated 

catalogue Adam Hall (PE Supplies), 
Unit G, Canton Court, Grainger Road, 

Southend-on-Sea. 

To advertise on this pages 
TEL (01) 727 7010 

* BAKER 
GROUP PA. 
AMPURERS 

150 watt Amplifier, 
150 watt Output, 
150+150 watt 
150 watt P.A. 
60 watt Mobile 
MIKES Dual 
Reverb Unit 
Electronic Echo 
30 WATT COMB! 
Switch, Black 
AMPLIFIER 
watts Mono 
DISCO CONSOLE 
Ditto Powered 
300 watt £410. 
DISCO MIXER. 
tape, 1 mono 
outlet, slider 
Tape output 
DELUXE STEREO 
LED. V.U. 
switchable inputs 
Headphone 
As above but 
2 headphone 
DELUXE MIXER 
Photo, Microphone, 
Mono, Treble 

FAMOUS 
SIZE POWER 
INCH WATTS 
Mem  10 
5in  10 
51/2in  60 
51/2in  25 
Vhin  60 
Vhin  25 
Shin  15 
61/2in  35 
Whin  30 
8in  20 
8in  40 
8in  60 
Sin  60 
Bin  60 
10in  30 
10in  50 
10in  15 
10i0  50 
10in  60 
In  300 
12i0  - 30 
12in  45 
121n  80 
12in  75 
12in  120 
121  100 
12i0  120 
12i0  200 
12i0  300 
1308  10 
1511  100  130,16 
15in  100  40,80,16 
15in  250  8 
18i0  230  8 

MID RANGE. 
41/2in  100 
4½/in  80 
5i0  15 
5in  50 
9'4in  50 
10i1  100 

PA. CABINETS 
WITH SPEAKERS 
200 WATT COMPACT 
300 WATT 
T WEETER HORNBOXES 
WATERPROOF 
£25; 40 watt 
MOTOROLA 
100 watts. No 
METAL SPEAKER 
£5.50; 18in E7.50. 

* 
DISCO 
post £2 

4 input. All purpose illustrated  £99 
Slave 500 my. Input 4+ 8+ 16 ohm. Outputs £80 

Stereo, 300 watt Mono Slave 500 my. Inputs £145 
Vocal, 8 inputs. High/Low Mixer Echo Socket £149 
240vAC and 12v DC.4-8-16 ohm+100v line £89 

Imp £20, Floor Stand £13, Boom Stand £22, PP £2. 
for Microphone or Musical Instruments £35 PP ft 
Machine for mic/guitar £85. Deluxe £35 PP ft 
12 ins Speaker Treble Bass, Treble Boost 

Vinyl Finish, Carrying Handle £95 PP £5. 
20+20 watts suitable for small PA mike guitar or 40 
2 inputs, 2 outputs. Wooden case £85 PPE5. 

Twin Decks, mixer pre amp £145. Carr £10. 
120 watt £199; or Complete Disco 120 watts £299. 
Carr £30. 
240V, 4 stereo channels, 2 magnetic, 2 ceramic/ 
mic channel, twin vu. meters, headphone monitor 
controls, panel or desk mounting, matt black facia. 
facility. £59. Microphone version Ea PP Et 

DISCO MIXER/EQUAUSER as above plus 
displays 5 band graphic equaliser, left/right fader, 

for phone/line, mike/line rillek 
Monitor, Mike Talkover Switch L 1 G  PP £2 
3 deck inputs, 4 line/aux inputs, 2 mic inputs, 
monitors £145. 
DESK. 8 Channels, built-in echo £250 PP ES. 

Line Inputs, VU. Meters, Stereo/ 
Bass & Slider Volume Controls. 
LOUDSPEAKERS - SPECIAL PRICES 

OHMS  (PHYSICAL SIZE IS NOMINAL MAX FRAME DIMENSION' 
IMP  MAKER  APPLICATION  PRICE  POST 
8  Audau  KM Woofer  00  f I 
aor 8  P8,6.0  Cantadjo  06  El 

Sound Lab Hi Fi Twin Cone Full Range  £10  El 
Audio  BainrineConeWoofer  E10.50  El 
Sound Lab Hi Fi Twin Cone Full Range  £1250  CI 
&Wax  Woofer, Hi R  C7.50  fl 

0115  EN11  Woofer, Hi R  £6.50  El 
&Wm  Blond . ConeWoofer  E17.50  El 
Goodman, Twin Cone Hi n  £8.50  El 
Far East  Twin Cone Hi Fl Foot Range  E5.95  El 
Audi.  Hi Fi Woofer &marine Cone  01850  f2 
Sound Lab Hi R Twin Cone Full Range  £14 
Goodman, PAS Hi Fi Woofer  El4  E2 
Goodman, Guitar PAWoofer  £16  £1 

or 8  Far East  BassWoofer Hi Fi  £14  £2 
SEAS  BassWooler Hi Fi  E11  £2 
Rigonda  General Purpose  £5  f 1 

01 16  Baker  Disco Guitar FA  £20  £2 
Sound Lab Twin Cone Full Range  £21  £2 
WEM  Wonder Guitar PA  £42  0 

or 8 or 16  Baker  Twin Cone Full Range  £18  £2 
or 8 or 16  Baker  Disco Guitar PA  £18  £1 

Baker  BassWoofer  £25  £2 
40,80,16  Baker  Disco Guitar PA  £12  £2 
80,16  Goodman. (Pato Guitar PA  CM  E2 
8  non  PA -  E39  £2 
80,16  Baker  Disco Guitar PA  E32  E1 
8  006  PA Disco Guitar  069  E3 
8  mai  Woofer  CM  E3 
3  EMI (450/  Hi FiwithTweeter  ES  El 

Baker  Disco Guitar PA  £39  £3 
Ho H  Disco + Group  E49.50  £3  • 
Goodman, Disco . Group  C/4  E3 
Goodman, Demo o Group  E137  C4 

POWER RATINGS ARE WITH CROSSOVER 
Seas  Hi R Cone  £14.50  El 
Mar  Hi Fr Dome  (12.50  Cl 
EMI  Hi Fi Cone  £45.50  El 
Far Eam  Hi R Dome  £8.50  El 
ARM Flaired Horn  £12  El 
Baker  Hi R D•sco PA  E25  E2 

(empty) Single 12 £38; Double 12 £44. Carr. 00 
45W £56; 75W EGO; 90W £80; 150W £88. 
SYSTEM £165; 400 watt £165. Carr £10. 

MID-N-TOP SYSTEM Complete £125. Carr 02. 
200 wan £32. PP £2. 

HORN SPEAKERS 8 ohms, 25 watt £22; 30 watt 
£33; 20W plus 100 volt line £38. Post £2. 
PIEZO ELECTRIC HORN TWEETER, 3in square £6 
crossover required 4-8-16 ohm, 7 x 33/4in £10. 

GRILLES 8in £3; 10in 0150; 12in £4.50; 15in 
Post 50p ea. 

R.C.S. DISCO LIGHTING EQUIPMENT 
READY BUILT DELUXE 4 CHANNEL 4,000 WATT sound chaser 
-1- speed + 4 programs £69; deluxe model 16 Prog. £89. PP E2. 
PARTY UGHT 4 coloured Flood Lamps Flashing to Music. Self-
contained Sound to Light 410 x 1960 115 mm £34.95. PP £2. 

FULL STOCK OF COMPONENTS, PLUGS, LEADS, ETC. 
MAINS TRANSFORMERS  Price  Post 
250 0.250V 80mA 63V 3-5A 6.3V 1A  £7.00  £2 
350-0-350V 250mA 6.3V 6A CT£14 shrouded  £16  £2 
220V 25mA 6V 1 Amp £3.00 220V45mA 6V2 Amp  £4.00  El 
LOWVOLTAGE MAINS TRANSFORMERS £5.50 each post paid 
9V, 3A, 12V, 3A; 16V, 2A, 20V, 1A, 30V, 13/4A,, 30V, 5A + 17-0-17V, 
2A; 35V, 2A, 20-40-60V, 1A; 12-0-12V, 2A; 20-20-20V, 1A; 50V, 2A. 
LOW VOLTAGE TAPPED OUTPUTS AVAILABLE 
1 amp 6, 8,10,12, 16,18,20, 24, 30.36,40,48, 60 volts  £3.00  £2 
Ditto 2 amp £2.50  3 amp E12.50 
31-26-0-26-31 Volt 6 amp  £14.00  £2 

MINI MULTI TESTER £8.50 post 50p 
Pocket size instrument. AC/DC volts. 15-150-500-1000. 
DC current 0-150mA Resistance 0 WOK 1000 o.p.v. 
De-luxe Range Doubler Meter, 50,000 o.p.v. 7 8 5 x 
2in. Resistance 0/20 rneg in 5 ranges. Current 50mA 
to 10A. Volts 0-251000v DC, 10v/1000v AC. £25.00 PP 
Cl. 

PANEL METERS 50µA, 100uA, 5006A, 1mA, 5mA, 100mA, 
500mA, 
1 amp, 2 amp, 5 amp, 25 volt, VU TA x 2 x 1 %in. £5.50 post 50p. 

PROJECT CASES. 
4 x 21/2 x 2'/.in 
11 x 6o 3in 
ALUMINIUM 
6 x 4i0 65p; 
14 x 3in 85p; 
ALUMINIUM 
4 X 21/2 02in£1.35; 
3 £3.40; 120 

Black vinyl Covered Steel Top, Ali Base 
£3.00; 6 x 4 x Wzin £4.00; 8 x 5 x 2 in £4.50; 

£6.00; 113/4 x 6o Sin £10.00; 15 x 8 x 4i0 £13.50. 
PANELS 18 s.w.g. 12 x 12in £2.00; 14 x 9 in. £2.00; 
12 x Bin £1.50; 10 x .7i5 £1.10; 8 x 6 in £1.00; 
12 x 5in £1.00; 16 x 10in £2.35; 16 x 6in £1.50. 
BOXES. MANY OTHER SIZES IN STOCK 

3828 lin £1.15; 6 x 4 x 2i0 £2.00; 8060 
So 3in £4.00; 68 4 x 3in £2.50; 100 7 a3 in £3.40. _  
ELECTROLYTICS 
75p 270400V ..... ...... £2 32-32500V ... .......... ... £2 
45p 8 f 8 450V ..... ... 85p 32+32350V ......... ..... 85p 
75p 20+20 350V .... 75p 80-40020350V ....... 95p 

DECKS P&P £2. 
Model Cartridge Price 
240V  Magnetic £30 
240V Ceramic  £22 
BSR  Ceramic  Ent 

in stock. Phone for details. 
VENEERED PLINTH space for small amplifier. 
Garrard 18'/,in x 141/4in x 4in. £5. Post £2. 

HIGH VOLTAGE 
20500V . ......   
32350V   
41350V   

RECORD PLAYER 
Make  Drive 
BSR Single Belt 
BSR Single Rim 
AUTOCHANGER 
Many others 
DECCA TEAK 
Board cut for 

RADIO 

337 
' ACCESS!  SURREY, 

COMPONENT SPECIALISTS 

WHITEHORSE ROAD, CROYDON 
U.K.  Tel: 01-684 1665  I 

VISA 
65p Minimum. Callers Welcome. 1 
Closed Wednesday. Full Lists large s.a.e. 

Post 
7 days delivery. 
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M AKE THE RIGHT CONNECTI ON EVERY TI ME 

WIT H  d.c.electronics 
Insulation Displacement Connectors 

No. of  Socket  Header  Header  Edge  Cable 
Ways  Sb  R/A  Conn  Grey,ft 
10  92p  81p  84p  129p  15p 
14  102p  92p  97p  21p 
16  110p  125p  105p  177p  24p 
20  120p  135p  118p  220p  30p 

26  145p  150p  138p  270p  39p 
34  181p  185p  175p  340p  51p 
40  196p  220p  194p  388p  60p 
50  225p  235p  222p  440p  74p 
60  256p  258p _  254p  524p  89p 
Full range of connectors and components - SAE. for catalogues 

QUANTITY DISCOUNTS AVAILABLE 

CABLES ASSEMBLED TO YOUR SPECIFICATION 
cLc.electronics 

34 The PLATTERS, RAANHAM, KENT ME8 
Mail order only, cash, PO or cheque with order. 60p P&P. Prices inci VAT 

FULL-TIME 
TRAINING 
COURSES 

2 YEAR 
B-TEC National Diploma (OND) 

ELECTRONICS & 
COMMUNICATIONS ENGINEERING 

(Television & Computing) 

15 MONTHS 
B-TEC National Certificate (ONC) 

ELECTRONIC EQUIPMENT SERVICING 
(Television & Video) 

15 MONTHS 
B-TEC National Certificate (ONC) 
COMPUTING TECHNOLOGY 

9 MONTHS 
B-TEC Higher National Certificate (HNC) 

COMPUTING TECHNOLOGY 
& ROBOTICS 

HIGH PERCENTAGE OF COLLEGE BASED 
PRACTICAL WORK 

SHORT COURSES WITH PREVIOUS 
KNOWLEDGE 

NO EXTRA CHARGES FOR OVERSEAS 
STUDENTS 

Prospectus from: 

LONDON ELECTRONICS 
COLLEGE 

Dept: AA, 20 Penywern Road, 
London SW5 9SU. Tel: 01-373 8721 

MAKE YOUR INTERESTS PAY! 
More than 8 million students throughout the world have found it worth their while! An 
ICS home-study course can help you get a better job, make more money and have more 
tun out of life! ICS has over 90 years experience in home-study courses and is the largest 
correspondence school in the world. You learn at your own pace, when and where you 
want under the guidance of expert 'personal - tutors. Find out how we can help YOU 
Post or phone today for your FREE information pack on the course of your choice (tick 
one box only). 

Electronics n 
'—' 

Radio, Audio 
and TV Servicing E 

Basic Electronic 
Engineering (City & Guilds) 0 

Radio Amateur Licence 
Exam (City & Guilds) lil 

Electrical Engineering D Car Mechanics El 
Electrical Contracting/ 
Installation El 

Computer 
Programming El 

GCE over 40 '0' and 'A' level subjects C1 

Name 

Address 

THE SCIENTIFIC WIRE COMPANY 
811 Forest Road, London E17, Telephone 01-531 1568 

ENAMELLED COPPER IMRE 
SIAIG  lib  8 oz  40z  2 oz 
8 to 34  3.63  2.09  1.10  0.88 
35 to 39  3.82  2.31  1.27  0.93 
40 to 43  6.00  3.20  2.25  1.61 
44 to 47  8.67  5.80  3.49  2.75 
48  15.96  9.58  6.38  3.69 

SILVER PLATED COPPER WIRE 
14 to 30  9.09  5.20  2.93  1.97 

TINNED COPPER WIRE 
14 to 30  3.97  2.41  1.39  0.94 
Fluxcore 
Solder  5.90  3.25  1.82  0.94 
Prices include P&P VAT. Orders under £2 add 20p. 

SAE for list of copper and resistance wire. 
Dealer enquiries welcome. 

P Code 

International Correspondence Schools, Dept EDS106, 312/314 High St 
Sutton, Surrey SW 1PR. Tel' 01-643 9568 or 041-221 2926 124 hrs) 

Carhm Fem Resisters ),TiV E24 senes 0-5111 to 10810  - 1p 
100 off per value - 15,  1000 off in wan hurifrads per robe - f7 
Metal Fen  1080 to IMO 5% E12 sows - 2p 1% E24 sees - 3p 
B007/8/9 - 12p B13541/8/9 - Ip 81:557/8/9/ - 110 80821., 1841.- 10p 
50150/51/52 - 20p 2142055- 50p TF31A, 328 - 25g TW 41,42, - 40p 

Tantalum Med suài56u electrelytiss (Mfds/Voled 
0.1/35, 0-22/35, 0-47/35, 13/16, 4.7/16 - 14p  4-1/35 - 14 
2-2/35, 47/25, 10/6 - 15p  4-7/35, 6-8/16 - 16p  10/16, 22/6 - 20p 

Manion Eled61tarics18141/Ve6ts) 
1/50, 2-2/50, 4-1/25, 4-1/50,10/16, 10/25,10/58 - 4 22/16, n/25 - 4 
22/50, 47/16, 47/25, 47/50 - 6p 100/16, 100/25 - 7p 100/50 - 12p 
100/100 - 14 220/16 - 180 220/20, 220/50 - 10p 410/16.470/25 - 11p 
1000/25 - 25p  1000/35, 2200/25 - 22p  4700/25 - 70p 

Milers Polyester Capeskin 2508 mg. Vertical Meriting 
-01, 415, -022, -033, -047, -068 - 4  -5, 3.15,22- 6, 0-47 - 

WIN Capacitors 1008 WIrg. Vertical Marti" E12 Swiss 
10013p to 82929 - 3}  -01 to -068 - 49  0.1 - 4  0-15.0-22-6, 
Ssimisieen Ceramic Fire 1008 Mtg. E12 Series Venial Moreau 
2% 1P8 to 47P - 3p  MP to 330P - 40  10% 393P to 4700P - 4 

Polystyrees Caperton 636 1444. E12 Series Purl Meer* 
1OF to 820P - 3p  10 1W to 10,000F - 4p  12,000P - No 
1N4148 - 2p 144002 -  1NN306 - 60 1M5404 - 14 WO1 bridge - 
25p  0891 - so 
Zener cliccles E24 seines 3V3 to 33V 44313mW - 4  1 watt - 12p 
E fEs Red, Green 8 Yellow ken & 5rem - 10p  &ern - 35p 
20mrn luse 0-14 to 54 pck bkte - 5p  5F AM Sage - 8p 

HO Speed M dells 0-teen, 10mrn, 1.3nrn, 1-Seen, 2rnm -25, 
Ex Reliant  ilne machines 125 d c with irrixtrasd 3-iaw Child f6.50 
Muds AA - 80p 4'1 1 - (2 PP3 - (4.20 Onstrsai Chargers - [6.50 
Glass real switches sangle pole make contacts -6,  Magnets - 12p 

VAT nceisive Rears postage 20p Om one £5) Lists free 

T HE C. R. S UPPLY C O., 
127 Ciesterfield Read., 

Slither S8 URN. Tr. 557771. 

PROMs—EPROMs—PALs 
ANY PROGRAMMABLE IC SUPPLIED OR BLOWN 

PRICES Ilecludiest Programm40 
2 7 16-42.85 2 73 —f 3.10 

2764 —E2.60 27 1 28—E3.85 etc 
BIPOLAR PROMS from £1.50 
0.9 82S123, 18S030, 74S288 
PALS. PLDs etc. from £4.05 
89 825153, 16L8, EP300 

Full design and prototyping service 
Any quantity programmed—SAE or phone for details, 
P.L.S.. 16 Wordsworth Drive, Cheam, Surrey, 

SM3 8HF—Phone 01-644 8095 

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS 

Please insert the advertise ment below in the next availble issue of Practical Electronics for   

insertions. I enclose Cheque/P.O. for E   
(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Practical Electronics) 

The prepaid rate for classified advertise ments is 20 pence 

NAME   per word (mini mum 12 words), box number £1.00 extra. 

Semi-display setting £8 per single colu mn centimetre 

ADDRESS   (minimum 2.5 cms). All cheques, postal orders, etc. to be 

made payable to lntrapress and crossed. Treasury notes 

  should always be sent registered post. Advertisements, 

together with remittance, should be sent to Practical 

Electronics, 16 Garway Road, London W 2 4NH. Tel. 
(0322) 521069. 

Published on lit Friday of cach month by lntrapress, 16 Conway Road, London W2. Typesetting, artwork and film by Gilfillan Ltd., and printed in England by McCorquodale Magazines Ltd., Andover, Hants. Distributed 
by Seymour Prcss 01-773 4444. PRACTICAL ELECTRONICS is sold subject to the following conditions, namely that it shall not, without the written consent of the Publishers first having been given, be lent, resold, hired 
out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out or otherwise disposed of in a mutilated condition or in any 
unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 
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PROJECTS TO BUILD 
IR COMMUNICATOR by The Prof. 
The first in our series of experimental projects 
investigates the techniques and applications 
of infra-red light for communication purposes. 

HOBBY BUS DtoA/AtoD by Ray Stuart 
From the author of the popular Bytebox project 
comes a universal analogue board for the PE 
Hobby Bus. Simply plug it in, drive it from 
any computer and talk to the real world — and 
listen! 

FIBRE OPTIC DATA LINK by R.A. Penfold 
An extremely useful computer add-on project 
which can reduce program crashes due to mains 
borne interference and RFI. (Part Two — next month). 

18 

12 

38 

A true modern 

SPECIAL FEATURES 
SHOESTRING CAD-CAM by R.A. Penfold 
Following on from our in-depth look at CAE, this month 
we take a close look at the CAD-CAM software packages 
available to the hobbyist (and professional). It will 
make a welcome change to Space Invaders and the like. 

DC CONTROL OF ANALOGUE SIGNALS by L. Sage 
Despite the ever increasing use of digital 
electronics in audio systems, analogue control 
is still extremely important and widely used. 
This article is full of useful circuits and ideas for d.c. control. 

FAMILIAR FAMILY FUNCTIONS by R. A. Penfold 
Many of the projects featured in PE employ standard 
TTL, LS or CMOS devices. However, over the last few years, 

many more logic families have been introduced which are faster, more efficient 
and even cheaper. This article lead you through the 'logic jungle'. 

THE FEATHERLESS WOODPECKER by Simon Battman 
day mystery story about possibly the most powerful radio transmitter in the universe which 

operates behind the Iron Curtain — but why? 

24 

32 

44 

48 

REGULAR FEATURES 
ROBOTICS REVIE W by Nigel Clarke 
A close look at the use of robotics in education and industry 
THE LEADING EDGE by Barry Fox 
Our regular look at electronic technology 

EXPERIMENTAL ELECTRONICS by The Prof 
This is the first in our new series dealing with 
the less common aspects of electronic design. This 
month we look at IR communication. 
SPACEWATCH by Dr. Patrick Moore OBE 
The astronomy page plus the sky this month. This month 
— powerful magnetic fields — and more! 

INDUSTRY NOTEBOOK by Nexus 
Facts and figures from the world of electronics 

23 

17 

18 

36 

50 

NE WS REVIE WS AND VIE WS 
NEWS AND MARKET PLACE 
Whats New, Whats happening and Whats to come in 
the world of Hobby and Industrial electronics. 

COMMENT 
A personal point of view 

POCKET MULTIMETER REVIEW and special offer 
One of the smallest digital multimeters available 
is offered to PE readers at an exclusive discount price. 

THE SCIENCE MAGAZINE FOR SERIOUS ELECTRONICS ENTHUSIASTS 

8 

31 

10, 43 
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740101E1 

7400 
7401 
7402 
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 
7439 
7440 
7441 
7442A 
74436 
7444 
7445 
74466 
74476 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
74836 
74846 
7485 
7486 
7489 
74906 
7491 
74926 
74936 
7494 

74956 
7496 
7497 
74100 
74107 
74109 
74110 
74111 
74116 
74118 
74119 

74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 
74136 
74141 
74142 
74143 
74144 
74145 
74147 
74148 
74150 
741516 
74153 
74154 
74155 
74156 
74157 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74167 
74170 
74172 
74173 
74174 
74175 
74176 
74178 
74179 
74180 

30p: 
30p 
30p 
309 
369 
30p 
40p 
409 
309 
30p 
309 
359 
3013 
50p 
70p 
36p 
40p 
309 
609 
389 
36p 
409 
40p 
40p 
43p 
30p 
36p 
30p 
309 
40p 
40p 
40p 
90p 
70p 
1009 
110p 
100p 
100p 
100p 
120p 
36p 
3Sp 
360 
38p 
559 
50p 
559 

55 0 
509 
130p 
459 
65p 
1009 
1059 
1259 
11 59 
42p 
2109 
550 
70p 
70p 
5Sp 
1109 
60p 
80p 
21 59 
1509 
50p 
759 
75p 
55p 
17 59 
1109 
170p 

100p 
559 
70p 
80p 
eSp 
SSp 
5Sp 
759 
70p 
90p 
250p 
2109 
2109 
11 59 
1709 
14 59 
1759 
70p 
809 
14 09 
80p 
100p 
80p 
1759 
1109 
SOp 
1109 
1109 
120p 
1109 
14 59 
400p 

2009 
420p 
14 59 
1109 
105p 
100p 
15062 
150p 
100p 

74181 
74182 
74184 
74185A 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74221 
74251 
74259 
74265 
74273 
74276 
74278 
74279 
74283 
74285 
74290 
74293 
74298 
74351 
743654 
74366A 
7436A 
74367A 
743686 
74376 
74390 
74393 
74490 

34 59 
140p 
1000 
1909 
130p 
1309 
1109 

11Sp 
110p 
SOp 
130p 
1109 
2209 
220p 
110p 
100p 
150p 
3130p 
2009 
1409 
170p 
90p 
105p 
3209 
90p 
90p 
180p 
2009 
50p 
130p 
80p 
130p 
70p 
1609 
11 59 
1129 
140p 

7415 SERIES 

74LSOO 
74LSO1 
741502 
741503 
741504 
74LSO5 
74LSO8 
74L SOS 
74LS10 
74LS11 
74L0 12 
74LS13 
74LS14 
74LS15 
74LS20 
741_521 
74LS22 
74LS24 
741526 
741527 
74LS28 
741530 
741532 
74LS33 
74LS37 
741538 
741540 
74LS42 
741543 
741547 
741548 
741549 
741551 
741_554 
741555 
7415736 

74LS74A 
741575 
7415766 
741583A 
74LS85 
741586 
741590 
741591 
74LS92 
14L803 
74159513 
741_596 
7415107 
7415 109 
7415112 
7415113 
7415114 
7415122 
7415123 
7415124/ 

621/140p 
7415125 
7415126 
7415132 
7415133 
7415 136 
7415138 

24p 
249 
249 
249 
249 
249 
249 
249 
249 
24p 
249 
349 
50p 
089 
249 
249 
24p 
50p 
249 
249 
249 
249 
24p 
249 
249 
249 
249 
50p 
15 59 
130p 
90p 
100p 
249 
249 
249 
309 

35p 
45p 
369 
709 
759 

35p 
41343 
90p 
559 
54p 
75p 

90p 
409 
409 
45p 
459 
459 
70p 
80p 

50p 
50p 
650 
50p 
459 
55p 

7415139  55p 
7415145  959 
7415147  17 59 
7415148  140p 
7415151  850 
7415152  200p 

7415153  sop 
7415154  1130p 
7415155  65p 
7415156  SOp 
7415157  509 
7415158  OSp 
74151604  75p 
7415161A  75p 

74151626  75p 
74151636  75p 
7415164  7Sp 
7415165A  1109 
7415166A  16 59 
7415168  13 59 
7415169  100p 
7415170  '14 59 
7415173A  100p 
7415174  75p 
7415175  739 
7415181  2009 
7415183  11100 
7415190  75p 
7415191  7Sp 
7415192  90p 
7415193  SOp 
74151946  75p 
74151956  759 
7415196  SOp 
7415197  90p 
7415221  90p 
7415240  SOp 
7415241  80p 
741.5242  Np 
7415243  lop 
7415244  SOp 
7415245  110p 
7415247  1109 
7415248  110p 
7415249  110p 
7415251  75p 
7415253  7Sp 
7415256  909 
74L0257A  70p 
7415258A  70p 
7410259  1209 

7415261  12 09 
7415266  600 
74L5273  1259 
7415279  70p 
7415280  1909 
7415283  6101 
7415290  90p 
7415292  9009 
7415293  80p 
7410295  1409 
7415297  £9 
7415298  100p 
7415299  2209 
7415321  37 09 
7415323  300p 
7415324  3209 
74LS348  200p 
7415352  1200 
7415353  1209 
7415356  21 59 
7415363  180p 
7415364  180p 
7415365  50p 
7415366  50p 
7415367  50p 
74153686  50p 
7415373  909 
741S374  90p 
7415375  759 
7415377  1313p 
7415378  959 
7415379  1309 
7415381  4509 
7415385  3259 
7415390  60p 
7415393  11313p 
7415395A  100p 
7415399  140p 

745445  100p 

7415465  120p 
7415467  1209 
7415490  150p 
7415540  100p 
74155,11  100p 
7415608  700p 
7415610  19009 
7415612  10009 
7415624  350p 
741.5626  2259 
7415628  2259 
7415629  1259 
7415640  20 09 
74LS640-1 

30 09 
7415641  150p 
7415642-1 

3009 
7415643  250p 
741_5643-1 

30 09 
7415644  350p 
7415645  20 59 
74LS645-1 

400p 
7415668  90p 
7415669  90p 
7415670  17 59 
7415682  250p 
7415684  350p 
7415687  35 59 
7415688  350p 
7415783  £21 

748 SERIES 

74500 
74502 
74504 
74505 

50p 
SOp 
SOp 
SOp 

74508 
74510 
74511 
74520 
74522 
74530 
74S32 
74037 
74038 
74040 
74051 
74564 
74574 
74085 
74586 
745112 
745113 
745114 
740.124 
745132 
745133 
745138 
745138 
745139 
745140 
745151 
745153 
745157 
745158 
745163 
745169 
745174 
745175 
745188 
745189 
745194 
74S195 
745196 
740200 
745201 
745225 
745240 
745241 
745244 
745251 
745257 
745258 
745260 
745261 
745283 
74S287 
740288 
745289 
745299 
745373 
745374 
745387 

4000 SERIES 

4000 
4001 
4002 
4006 
4007 

4008 
4009 
4010 
4011 
4012 
4013 
4014 
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 
4504 
4055 
4056 
4059 
4060 

509 4063 
sop 4066 

760 4067 
Sop 4068 
00p 4069 

SOp 4070 
600 4071 
600 4072 
60p 4073 

500 4075 
489 4076 
4$5, 4077 
70p 4078 
300p 4081 
1000 4082 
150p 4085 
120p 4086 
120p 4089 
300p 4093 
1000 4094 
sop 4095 
10 09 4096 
110p 4097 
11110p 4098 
1000 4099 
150p 4501 
10 59 4502 
20 09 4503 
20 09 4504 
3000 4505 
&sop 4506 

300p 4507/4030 

32 09  350 
11100 4508  1209 
190p 4510  559 
30 59 4511  SSp 
3000 4512  SOp 
350p 4513  150p 
45 09 4514  110p 
3209 4515  110p 
5200 4516  55 P 
400p 4517  2200 
4000 4518  469 
soOp 4519  359 
2500 4520  600 
2500 4521  1159 

2500 4522  50P 
100p 4526  TOp 
300p 4527  900 
27 09 4528  SOp 
2260 4529  1000 
2000 4531  75p 
2259 4532  65g 
550p 4534  3600 
400p 4536  250p 
4000 4538  7Sp 
2259 4539  7Sp 

4541  90p 
4543  7Dp 
4551  10 09 
4553  240p 

20p 4555  36 13 
24p 4556  50 13 
259 4557  240p 
700 4560  1400 
259 4566  140p 
80p 4568  24 59 
450 4569  1709 
60p 4572  45p 
249 4583  SOp 
259 4584  459 
360 4585  600 
gOp 4724  1509 
70p 14411  750p 
36p 14412  750p 
509  4416  3009 

6017 14419  299p 

60p 14490  420p 
Sop 14495  450p 
809 14500  650p 
70p 14599  200p 
30p 22100  350p 
460 22101  7000 
240 22102  7000 
90p 40014/4584 
40p 40106 
60p 
75p 40085 
35p 40097 
1259 40098 
1000 40100 
12 09 40101 
260p 40102 
700 40103 
70p 40104 
1109 40105 
100p 40106 
250p 40107 
60p 40108 
550 40109 
50p 40110 
60p 40114 
SOp 40147 
10 09 40163 
60p 40173/4067 
600  1200 
SOp 40174  100p 
36p 40175  100p 
35p 40192  100p 
850 40244  150p 
600 40245  150p 
600 40257  1900 
900 40373  1900 
909 40374  160p 
55p 80C95  750 

400p 00097 76 P 
7  801098  7Sp 

46p 
12139 
389 
40p 
1509 
1259 
13 09 
200p 
120p 
1509 
459 
059 
32 59 
20p 
2259 
2259 
280p 
100p 

115p 
409 
230p 
259 
249 
249 
249 
249 
249 
249 
6Sp 
2Sp 
259 
249 
259 
659 
759 
12 09 
35p 
90p 
909 
90p 
2709 
75p 
90p 
369 
559 
369 
95p 
360p 
90p 

AD7581 
ADC0806 
41479100C 
4241 95 
AY-1-5050 
AY-3-1350 
AY-3-8910 
AY-3-8912 
CA30194 
0430284 
063040 
CA3069 
CA30,30 
CA3080E 
CA30136 
CA30139E 
CA3090A0 
CA3130E 
0431 301 
CA3140E 
G431401 
0.43180E 
043161E 
043182E 
0.431896 
0432406 
CA3250G 
07002 
D401401341 
DAC0000 
DAC0608 
00308 
14413613 
ICL7106 
IC L7611 
1017000 
ICL713130 
ICL8038 
I01412168 
ICM7117 
ICM7555 
01.17556 
LC7110 
LC7130 
LC7137 
1E347 
1E351 
1E363 
1E355 
LF35135 
1E357 
LM10C 
LA43014 
LM.307 
1.51308CN 
LM310 
114311 
114310 
114319 
151324 
114334Z 
LM3352 
11.1336 
LM339 
114300 
11.13589 
LM377 
11.13805-8 
LM380 
11.4313145 
LM382 
L14383 
M384 
114386N-1 
114387 
LM389 
04391 
443025 

LINEAR ICs 

£1.1 11. 893 
114301401 

111159, LM709 
£25  LM710 

320 59  LM711 
1009  LM723 
450p 13.4725C14 
450p 114733 
S  op 11.1741 
1009 114747 
1109 1M748 
7op 1141011 
325p LM1014 
sop 11.41801 
759 LM1630 
110p 1141871 
21 59 LM1872 
375p LM1886 
110p 11.41889 
130p LM2917 
409 LIA3302 
100p LM3900 
90p 1143009 
200p 1143011 
0089 1543914 
2759 1413015 

1143916 
2759 11413800 
ti 14815131 

300p 1.4515161 
30012 1483712 
3009 MC1310P 
3009 1401413 
1109 1401458 
1175p 14014951 
116p 1.4014136 
aoop 14C33409 
2569 1403401 
4009 1403103 
£22 MF1004 
no, M650240 
pois 14650398 
140p 141920 
300p  411 921 
ssop 141402214 
ssop NE531 
120p 065.54 
pop NE555 
90, 5E556 
Sop 56064 
1109 148565 
1059 06.566 
45* 56587 
Sop  96570 
459 56571 
759  56592 
225p 5655329 
sop 0E55339 
1309 146553349 
180p  565534149 
48, 09-07E9 
lIsp  911014 
130p 904136 
180p  804151 
lOp  00.0558 
130p 056613 
50p  54.41900 
300p  SFF96364 
150p SL490 
1509  S5760335 
1709  S976469 
10013  5576495 
325  SP025641.2 
220  TA7120 
1009 T47130 
7711p  747204 
1110p  TA7205 
1109  147222 
110p 047310 

2639 
400p 
36p 
lip 
100p 
1109 

400p 
Sop 
296 
709 
30p 
4109 
1509 
3009 
21109 
3009 
30119 
5559 
45013 
3009 
90p 
SOp 
100p 
180p 
150p 
340p 
340p 
509 
2219 
450p 
2659 
150p 
75p 
489 
sow 
789 
2559 
70p 
Olp 
400p 
91:C9 
71409 
5009 
4009 
9241p 
1909 
1309 
209 
00p 
4009 
120p 
1509 
1239 
4009 
1009 
9043 
1500 
1800 
1209 
1509 
SCCIp 
SOOp 
559 
20013 
550 
220p 
£16 
0009 
3C0p 
300p 
400p 
4069 
7929 
120p 
1409 
150p 
90p 
1509 
1 509 

T5A231  120p 
1B4800  10p 
704810  110p 
TBA820  00p 
TBA820M  759 
104920  2059 
18A960  22sp 
209100  5000 
104940  1759 
1041010  2259 
11341022  400p 
1041024  1109 
10411706  30313 
1542002  3259 
TI342003  150p 
1042004  2409 
T0A2006  3209 
1D42020  3310p 
1542030  250p 
1542593  500p 
1043810  750p 
1047000  350p 
7E41002  703p 
71061CP  40p 
11062 
11064  110p 
71071  40p 
11072  70p 
11074  1109 
11061  359 
11082  56p 
11063  75p 
11064  1009 
71094  5009 
71170  50p 
84759  3209 
042240  150p 
UAA170  1759 
1)00448014  seOp 
81020034  7Sp 
5152004.1  7sp 
U1N20643  290p 
0152802  1909 
016421303  lisp 
ULN2804  190p 
090576  27Sp 
UPG592H  2059 
UPC1156H  300p 
89011868  5000 
50210  41309 
892206  4130p 
892207  375p 
582211  575p 
062216  675p 
502240  120p 
094409  190p 
214414  lOp 
0944199  1759 
2514236  130p 
251424E  130p 
094425613  350p 
214428E  300p 
Z5427E  6009 
Z8426E  450p 
094029E8  2250 
151447E  £11.509 
amok  300p 
214450E  l509 
25459CP  30/313 
2141034E  1009 
73e11340E  9309 
75613-01  £13 
Z5A234E  950p 

1802CE  650p 
2650A  106 09 8279  £11 
6502  4009 8282  300p 
6602.4  45001 8284  400p 
65CO2A  11 s I 82"  3409 
6800  2009 
6802  ......_ 138275588  E DA  "°195 

15439901  £14 
6809 9E  ...49  NOP 11459901  500p 
680   VI TM59902 500p 
6886100L  E C1102 T148i. 59988114 E1  ELS 
68   
68000,,  De  2801TIO  240p 

Z804P10  war 
8035  3509 soop 8039  ZBOBPICI 

42012 ZBOCTC  2509 
80C39  700p 280ACTC  2769 
8080A  4209 280BCTC  500p 
8085A  300p 28006R1  550p 

TZ80ADART 70:34 

80it6 
80 85A  900p  .54500    

622  11459901  5009 
9005  17 509 11459902  500p 
187:S19980  rot : z Z800M6 700p 
8748  tie 280ADMA  1569 

804510-071/2 

TMS9995  £12  700p 
Z8013/0 P10  5009 

Z80  250 9 2808CTC  5009 
Z80A  290p 2800801  000p 
Z800  550p ENceically  pm-
280CPOOS 7500 grarnmable and 
(CBIOS Z60)  erasable PROMS 

2816-30  £15 
9306  4509 

SUPPORT 
DEVICES 

2651 
3242 
3245 
6520 
6522 
6522A 
6632 
6551 
6821 
681321 
6829 
6840 
6E0340 
6850 
68E150 
6852 
6854 
68054 
6875 
8154 
8155 
8156 
8205 
8211 
8216 
8224 
8226 
8228 
8243 
5250 
82514 
8253C-5 

COMPUTER COMPONENTS 
CHARACTER 

CPU  607581  £15  811595  140p  GENERATORS 
6DC0805  11205  811596  1409 
4418285158180 360,3  881111_597  LI; R03-32513 
688  821  8.   

IC  85013 AM15152538 MP  .881_25120  30012   
30013 

LOp  9636 
AM261531  06374974 AP  1:401 Ay  2.  

4/47261532 12°P  903821 25E8  5,50 p 740922  
120p  214426613  3505 0 .2  7°C9n  
Li  ZN427E  5009 

56 050-031-V  Z1442868 
25419E  2109 

600,3  25447E 

350p 
350p  W°P  :Co:411 

GOME1116 

140p 
1509 
lOop   50 

2509  202loOp  2221111a02 
flIp  0:78,11; 

.0p6op  421111,4-3151  200p4.4,110p  244141,7 15 300P  

4759 4532-20  2509 
8609  4811349-3 300p 
9900 5101:  3709 
SlOp  5514  4509 
. 9 .   5509 
6849 6116P-3  35op 
5609 611619-3  4009 

06 "  6264-15  10 " 32 768 KHz 7509 626419-15  3408 

E PRO Ms 

C12 2532525: 2::-5.  
35  

0002. 1532-30 
450 9 2564 
3500 2708 

5 %9 227711 65 6-3 5'  
0109 2732 
SlOp  310.90p  227277 E3,2 

£1250 27C134-25 
375 9 27128-25 
50013 27028-30 

316°  m 90 p 1272 5526 0  716 
260p 
mop 
O00p 
5009 CR15027  Ci 
6509 0815037  £12 
3410p 001654.5 
3809 EF9364  CO 
225p EF9365  £25 
2009 E19366  655 
1600 EF9367  £311 
300p M06845  650p 
425p 14C6845SP 
550p  65013 
2609 0006847  6509 
950p 5FF96364  ES 
32543 
35op 

82554C-5 
320p 

8256  £10 
8257C-5 400p 
825 90-5  4009 
8275  cas 

CRT 
CONTROLLER 

150p 
5500 1J1.212013,3 
4.50p 8152601 
5509 1.1152803 
£11  1.1152604 
4809 75107 
SSOp 75108 
SSOp 75109 
4509 75110 
0009 76112 
£7  75113 
2509 75114 
2E40 75,12215 

75121 
. 0 15 
5£5 11755.11111:050P 
.09 7.54 5: 75  

75182 

81771/39808272 

775450 
5:  7 

7  1 
7.45452 

75460 
114599113  £15 75491 
11459926  £10 75492 
11459929  £10 8726 

8128 
5195 
8196 
88197 
1. 

0148131 
DP8304 
053691 
058830 
058831 
058832 
DS8833 
058835 
058636 
058838 
MC1468 
MC1489 
MC3446 
1403450 
MC3470 
MC3480 
MC34151_ 
MC3486 
5403487 
1404824 
MC4044 
14014411 
MC14412 
61.212601 
111520044 

INTERFACE 
Ms 

A0558CJ  7759 
AD561J  £20 

MEMORIES 

UC  850 9 

KEYBOARD 
ENCODER. 

11559 
5000 
600p 

BALIO RATE 
060514450611 

740p 
8809 
7609 

4009 23:10 21 . 
4009 AY-3-1015P 

"XP 
soop 67-5-10139   
400p  300p 
25s,, 00M8017  XCIp 
soop 1516402  4809 

UHF 
MODULATORS 
Wirt LiiiF 2780 
/4632 UHF  4549 
Sound & Vielon 

100,3 
789 6810  260p 190 KHz  4000 

745189  2258 1 ao. „ SlOp 
75p 745201  350p  41 N.. 
214,  745289  2259 18732  
190p  93415 
1509  931_422 
190p 93425 
009 

1209 
90p 
1609 
12013 
1409 
14091 28122 
la*P 24510 
140 0 185 030 
12058 1854030 
120p 
220p 
1100p 
2509 
4009 
303p 
90p 
Sop 
8013 
150p 
50p 
50p 
50p 
70p 
70p 
1509 
11543 
65p 
8269 
1269 
1209 
1209 
1200 
1209 

745188 
745287 
745288 
745387 
82523 
825123 

2.00 
0500 245760 

4013p 
2509 
nap 
200, 
1110p 
2259 
1609 
2259 
150,3 
150, 

DISC 
CONTRO LLER 

ICS 

7564 
6843 
8271 
8272 

17'; J  1 
FD1791 
100793 

F01797 W02793 

W02797 

W1'0'214913 

IA 
5V 
6V 
18V 
128 
15V 
18V 
24V 
5V 
8V 
12V 
15V 

VOLTAGE REGULATORS 

100mA 
100mA 
100mA 
10011 66 

FIXED PLASTIC 

+80 
7805 
7806 
7808 
7812 
7815 
7818 
7824 
78105 
78108 
78112 
78115 

45p 
50p 
50p 
459 
50p 
50p 
50p 
359 
30p 
30p 
309 

+80 
7905  50p 
7906  50p 
7908  50p 
7912  50p 
7915  50p 
7918  50p 
7924  50p 
79105  450 

79112  50p 
79115  50p 

OTHER REGULATORS 

Flood Regulstors 
LM309K 
LM323K 
78H05KC 
78H12 

Variable Regulators 
LM305AH 
LM3177 
LM317K 

LM3377 
LM3507 
LM396K 
LM723N 
78HGKC 
79HGKC 
78GUIC 
79GUIC 
Switching Regulators 
ICL7660 
SG3524 
TL494 
TL497 
78S40 

TEcHNONIATic LTD 

1A 5V 
3A 5V 
5A 5V 
5A 12V 

TO-220 
TO3 
3A+ VAR 

5A+ VAR 
10A+VAR 

5A+ VAR 
5A+VAR 
1A+ VAR 
1A+ VAR 

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 lED 
SHOPS AT: 17 BURNLEY ROAD. LONDON NWIO 

(Tel; 01 208 1177 ) Telex; 92280C, 
305 EDGWARE ROAD. LONDON W2 

140p 
250p 

575p 
750p 

250p 
150p 
240p 
225p 

4009 
£15 
50p 

650 
67Sp 
22Sp 
2509 

250p 
3009 
30 09 

3009 
2509 

MC6818P  400p 
M M58174AN 

990p 
MS M5832RS 

35 09 

SAA5020 

SAA5030 

SAA5041 

SAA517150 

600p 

700p 

£16 

900/2 

£10 
CO 
€48 
£12 
£13 
GEO 
£20 
£20 
£25 
£21 
£21 
£15 
£12 

2.882 
3.121402 
10.004492 
3.2713 
3.5795 
4.00 
4.194 
4.43 
4.808 
4.9152 
5.000 
6.00 
17.734 
1.00 
7.168 
8.00 
8.8137 
10.50 
10.70 
11.00 
12.00 
14.00 
14.316 
14.756 
15.00 
16.00 
18.00 
18.432 
19.969 
20.00 
24.00 
48.000 
116 
9501000 

Turned Pin Low 

Profile Sockets 

8 pin  25p 
14 pin  30p 

16 pin  35p 

18 pin  40p 

20 pin  45p 

2259 
2059 
2CCIp 
25119 
2509 
1759 
17513 
150p 
10139 
1409 
15013 
1009 
250p 
2009 
150p 
1409 
200p 
1509 
175p 
150p 
175p 
2509 
150p 
30013 
150p 
1759 
160p 
2509 
200p 
2009 
1709 
1509 
150p 
1159 
150p 
1759 
250p 
£12 

? p51  SOp 
24 pin  55p 

28 pin  65p 

40 pin  90p 

LOW PROFILE SOCKETS BY TEXAS 
8 pin 
14 pin 
16 pin 
18 pin 
20 pin 

39p  22 pin 
10p  24 pin 

11p  28 pin 
169  40 pin 
159 

22p 
249 
26p 
30p 

WIRE WRAP SOCKETS BY TEXAS 

8 pin 
14 pin 
16 pin 
18 pin 
20 pin 

OPTO-ELECTRONICS 

END357 
MA578/01_704 
MA571/01_707 
MAN3640 
TIL32 
TIL31A 
TIL100 

100p 
100p 
100p 
1109 
75p 
12 59 
90 • 

MAN4640 
MAN6610 
NSB5881 
TIL311 

MAN8910 

71178 
TI181 
SFH305 

2009 
20 59 
5709 
6509 

1209 

75p 
1200 
1000 

359  22 pin 
30p  24 pin 
42p  28 pin 

50p  40 pin 
609 

DRIVER 

9368 

759 
159 

100p 
1309 

COUNTERS 

74C925  6509 
74C926  650p 
740928  550p 
2241040  570p 

OPTO-ISOLATORS 
11074  130p  1111 19 
MCT26  100p  711112 
MC52400  190p  1I1113 
M0C3020  150p  TI1116 
11074  220p  165137 

LEDS 
TIL209 Red 
TI1211 Green 
TI1212 Yellow 
TIL220 Red 
TI1212 Green 
TIL226 Yellow 

Bar Arrays 
Red (10) 
Green (10) 

RECT. LEDS 
Red, Green, Yellow 

70p 
70p 
70p 
3110p 
17 

12p 
15p 
20p 
15p 
18p 
22p 

225p 
225p 

30p 

'Please note all 
prices are subject 
to change without 

notice.' 

We also stock a large 
range of Transistors, 
Diodes, Bridge Recti-
fiers, Triacs, Thyristors 
and  Zeners.  Please 
call for details. 

PLEASE ADD 50p p&p & 15% VAT 
(Export: no VAT, p&p at Cost) 

Orders from Government Depts. &Colleges etc. welcome. 
C61:21:1:1 33 

145.4 Detailed Price List on request. 
Stock items are normally by return of post. 
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Save L'13 On This Micronta 
43-Range Multitester.... £116.95 For 1 

Act now and save £13.00 on one of 
our best testers! Single knob 
function switch makes range 
selection a snap. 50,000 ohms per 
volt. DC volts: 0-250 mV, 2.5-10-50-
250-1000 at 50 Ic.0.1V; 0-125 mV, 1.25-
5-25-125-500 at 25k11N, AC volts: 0-
10-50-250-1000 at 10 kii/V; 0-5-25-125-
500 at 5 k1/V. DC current: 0-50 mA, 
5-50-5P0mA, 10A at 501(12N, 0-25 mA, 
2.5-25-250 mA, 5A at 25 141/V. 
Resistance: Rx1, Rx10, Rx100, 
Rx1000, Rx10,000 St(10 ohms centre 
scale). Decibels: —20 to +62 in 8 
ranges. Accuracy: ±3% DC, ±4% 
AC. Size: 611 /16 x 47/8 x 2". With 
leads and instructions. Requires 
one "AA" and one 9v battery. 
22-204   £16.95 
Normal Price £29.95 

50 150 
240  75 

f 

5 m cr-110o c'04° 
RANGE DOUBLER  AOD 

22- 204C  
.AAC,4 1,./2  

,  •  A40// 

For The Best In High Quality Electronics 
Over 300 Tandy Stores And Dealerships Nationwide. 

  See Yellow Pages For Address Of Store Nearest You   
Tandy Corporation (Branch UK), Tandy Centre, Leamore Lane, Bloxwich, Walsall, WS2 7PS 
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TECHNOLOGY 

VOLUME 22 No. 9 
SEPTEMBER 1986 
ISSN 0032-6372 

Editor: Richard Barron 
Consultant 
Editor—Electronics: 
R. A. Penfold 

Consultant 
Editor—Computing: 
Nick Hampshire 

Editorial Assistant: 
Mary-Ann Hubers 

Advertisement Manager: 
Alfred Tonge 

Publisher: Angelo Zgorelec 

Readers' Enquiries 
All editorial correspondence 
should be addressed to the editor 
and any letters requiring a reply 
should be accompanied by a 
stamped addressed envelope. 
Please address editorial corre-
spondence to: Practical Electron-
ics, 16 Garway Rd., London W2 
4NH. Tel. 01-727 7010 
We regret that lengthy technical 
enquiries cannot be answered over 
the phone. 

Advertisements 
All correspondence relating to ad-
vertisements, including classified 
ads, should be addressed to: The 
advertisement manager, Practi-
cal Electronics, 25 Glenhurst 
Avenue, Bexley, Kent DA5 3HQ. 
Tel. (0322) 521069. 

PE Services 
Practical Electronics offers a wide 
range of services to readers includ-
ing: p.c.b.s, books, subscriptions, 
back numbers, and software list-
ings. However, due to increased 
administration costs we can no 
longer provide photocopies of arti-
cles over three years old. Also the 
availability of back numbers is 
rapidly declining. 
In order to avoid disappoint-

ments, in the future, we suggest 
that you take out a subscription. 
Not only will you avoid missing an 
issue but you will also save money 
and in most cases receive your 
copy before it is in the local 
newsagents. 
PE EDITORIAL TEL. 01-727 7010 
ADVERTISE MENT DEPT 
TEL. (0322) 521069 

MY BIT AT THE BEGINNING 

Over the last couple of months I have been taking a close look 
at the results of our 1986 readers' survey. These results, together 
with the many readers' letters which have come in to our editorial 
office, have enabled me to formulate plans for the future of PE 
to suit your needs. 
From your comments, it seems that we are not doing too many 

things wrong but there are one or two slight changes which need 
to be made. By popular demand, next month, we are re-
introducing printed p.c.b. designs for constructional projects as 
many readers are now producing their own p.c.b.s. With our 
better quality paper which was introduced in the April issue, 
p.c.b. manufacture from published designs should prove to be 
much more satisfactory. We will of course continue with our 

p.c.b. service. 
Whilst continuing with an excellent range of constructional 

projects, we have lots of interesting and informative features in 
the pipeline. It seems that with our increasing attention to 
science and technology, we are attracting many readers who 
build fewer projects but are nevertheless interested in our hobby. 

I would like to take this opportunity to thank all those who 
returned completed surveys, and especially those responsible 
for the following answers. 

Q. How much do you spend on components for your hobby each 
year? A. Over f5,000. 

Q. How long have you been interested in electronics? A. 74 
years. 

Q. Which newspaper do you read regularly? A. Breakfast Time 
TV 

The winner of our competition was Mr Richard Paul Horsley of 
Sheffield, who guessed the exact number of replies to our survey. 
A cheque for f50 is on its way. Those of you who guessed three 
million were way off. 

DID YOU KNOW 

There are now over 12,000 One-To-One electronic mail 
subscribers in the UK alone. 

1986 will see the first ever decline in the output of Japanese 
VCRs (Benn Electronics). 

One of our readers claims to spend [5,000 per year on electronic 
components. 

OUR OCTOBER 1986 ISSUE WILL BE ON SALE FRIDAY, SEPTEMBER 5th, 1986 (see page 31) 

0 lntrapress 1986. Copyright in all drawings, photographs and articles published in PRACTICAL ELECTRONICS is fully pro-
tected, and reproduction or imitations in whole or part are expressly forbidden. All reasonable precautions are taken by 

PRACTICAL ELECTRONICS to ensure that the advice and data given to readers is reliable. We cannot, however, guarantee it, 
and we cannot accept legal responsibility for it. Prices quoted are those current as we go to press. 
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NEWS AND MARKET PLACE 

WHAT'S NEW . . 
Noise . . . 
m ost electronic devices and 

projects have either sound 
or light outputs. They wouldn't 
be any fun otherwise! For 
audible tones for supervisory or 
alarm signals, a range of four 
piezoelectric transducers are 
now available from Quantelec. 
The range includes p.c.b. 

mounting and free standing 
versions, all of which can operate 
with voltages up to 30Vpk-to-pk. 
Depending on the device, 
operating frequencies are in the 
range, 2 to 6KHz. 

Multimeter Chip 

Lascar Electronics, which 
specialises in digital displays, 

has just announced the 
availability of an extremely 
compact 41/2 digit liquid crystal 
display multimeter. It takes the 
form of a 28-pin d.i.l. package 
which may be plagged directly 
into a suitable d.i.l. socket. It 
comes complete with 1/8 DIN 
snap-in bezel for panel 
mounting. 
The meter features auto-zero, 

auto polarity, programmable 
decimal point and 200mV f.s.d. 
To set it up for a particular 
function, on-card links are made 
available for quick programming. 

Sophisticated Hobbyists 

Orr' now produces a high-
tech soldering station for the 

hobbyist — at a competitive price 
level (84 inc VAT and P&P). 
They say the recommended 
retail price is £112.The soldering 
station can be purchased direct 

Why? 

GCAnow stocks Bussman type 
FNQ fibre tube fuses for 

immediate delivery. Why they 
have to get our attention by 
putting them on a US dollar bill, 
I don't know. The fuses are 
quoted as being 'high reliability' 
types, so maybe they are 
comparing them to the reliability 
of the US dollar. Anyway, it 
makes an interesting photo. 

Whoops — Dropped It 

Kaise Ltd., a UK distributor 
of Eagle International 

Products, now has two 'drop-
proof' multimeters in its range of 
test equipment. The two meters 
are said to be able to withstand 
a drop of one metre. Kaise does 
not claim that it can prevent the 
meters from being dropped and 
the guarantee does not apply to 
meters dropped 101cm. 

by cheque or selected credit 
cards. 
Oryx says "the term 'amateur' 

is always used in conjunction 
with hobby type activity yet, in 
truth, most hobby electronics are 
very sophisticate , calling for a 
high degree of lgineering 
skill". Hear h r! 

• 

DURACELL 
IN1604 6061 SO 

PFC For PCs 

There are many units now on 
the market designed to 

protect personal computers from 
mains-borne interference such as 
transients, but the new MicroStar 
power conditioning unit from 
Powerline can also reduce power 
consumption. 
Power consumption is 

achieved by power factor 
correction (PFC).The Microstar 
is said to improve the power 
factor on most switched-mode or 
linear computer power supplies 
from 0.7 to almost unity. This 
should reduce peak stresses and 
heat dissipation within the PC's 
power supply. 

CATALOGUE CASE BOOK 
During the last month we have received the following 
catalogues, information sheets and bulletins: 

A range of price sheets from Crofton Electronics covering a 
wide range of Electronic components and TV Equipment. 
Details from: Crofton Electronics, 35 Grosvenor Road, 
Twickenham, Middlesex. Tel: 01-891 1923. 

Outline details of a range of RF1 suppression chokes is now 
available from: Shaffner EMC Ltd., Headley Park Area 10. 
Headley Road East, Woodley, Reading, Berks. Tel. (0734) 
697179. 

The Bussman range of international fuseholders are detailed 
in a new shortform catalogue from: GCA Electronics Ltd., 
Unit 2, Great Haseley, Oxfordshire. Tel: (08446) 8861. 

Semiconductor products range catalogue from: Iskra Ltd., 
Redlands, Coulsdon, Surrey. Tel: 01-668 7141. 
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NE WS AND MARKET PLACE 

WHAT'S NEW . . 

POINTS ARISING 

FIBRE OPTIC DATA LINK 

Sorry, this project could not be included in the August 
Issue due to lack of space. 

SBC PART 2 

The SBC will be concluded in next month's issue. There 
will be no constructional details as others 
arecompatibility problems with the design. 

Children And Even Infants 
Can Be Supplied 
Frazer-Nash is teaming up with 
Ogle Design to produce 

human-surrogate dummies for 
quantitive assessment of likely 
bodily discomfort or damage 
under controlled test conditions. 
They are fitted with various 
electronic sensors which can 
faithfully record the effects on 
human organs such as the heart-
lung complex, under collision or 
crash conditions. The dummies 
have realistic skeletons and 
correctly proportioned body 
weight. Normally adult size 
dummies are supplied but 
children and even infants are 
available. 

Tape Twist 

'Gentlemen' in the City have 
never had any real trust in 

each other, something which has 
become more apparent in recent 
times. It is now common practice 
to record all dealings and 
transactions which take place 
over the phone. Dictaphone, a 
company which specialises in 
dictating and recording 
machines, has made further 
additions to its Veritrac range of 
products. Veritrac machines are 
able to record radio and 
telephone conversations on a 
tape track together with the date 
and time. They can now record 
up to 60 channels. 

Scope for Savings 

Aportable oscilloscope for 
less than f150 + VATis now 

available from Semiconductor 
Supplies Ltd. It has a three inch 
screen and vertical sensitivity of 
10mV/6mm division. Their 
press-release announcing the 
product said "It is particularly 
suitable for observing the 
waveform of electronic signals". 
Gosh — that's unusual! 

• 

Big Brother Is 
Watching You 
Or maybe listening. Brother, 

the electronic equipment 
manufacturer, has just put a 
complete electronic mail starter 
kit on the market. It looks like a 
portable electronic typewriter or 
personal computer, but is 
designed purely for electronic 
mail purposes. It features 
integral modem, I.c.d. and 
keyboard, and comes complete 
with a One-To-One electronic 
mail box, individual password 
and identity number. 

Nutcracker 
rr horn EMI calls its latest 8-bit 
microprocessor hardware 

debugging tool the Nutcracker. 
The Nutcracker is designed for 
system development, board 
production and engineering 
maintenance applications. 
Test sequences can be 

programmed and stored in 
non-volatile memory cartridges 
for ATE applications. Tests are 
selected via main option keys on 

NEWS . . . 

Micro Training 

Anew programmable control-
ler training system from U 

Electronics, the PC2000, has 
been specifically designed for 
trainee technicians. It features 
easy access to the internal 
microprocessor boards and I/O 
modules as well as a range of 
standard features expected on a 
system of this nature. 
Unlike some systems, backup 

is provided in the form of 4-day 
training courses intended for 
lecturing and training staff. 

the front panel. Connection to 
the target system is made via a 
universal 40-pin lead which plugs 
into the vacant position left by 
the microprocessor of the system 
under test. 
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NEWS AND MARKET PLACE 

WHAT'S HAPPENING . . . 

A closer look at what is happening in the electronics 
world plus what present developments might bring in 
the future?   

POCKET BARGAIN 

Atruly pocketable digital multimeter has 
just been launched in the UK by AB 

European Marketing Division. Not much 
bigger than a credit card, it is the smallest 
test instrument, of its kind, that! have seen. 
Measuring only 108mm x 54mm x 8mm it 
weighs a mere 80gms and comes complete 
with its own plastic wallet, permanently 
attached test probes and operating 
instructions. 
It is manufactured in Japan to the highest 

standards, unlike some similar products from 
the same part of the world. In fact to fall in 
line withAB's policy it had to pass stringent 
tests in a BS9000/CECC approved test house. 
It passed with flying colours and showed good 
performance in extreme conditions unlikely 
to be experienced in practical use. Another 
pocket multimeter tested in the same test 
house failed. AB decided not to market it. 
The DM1000 offers auto-ranging for all 
functions including d.c. voltage, a.c. voltage 
and ohms ranges. In addition, a continuity 
and diode test facility is included. The 
complete specification is shown in our special 
offer on page 43. 
Until I actually saw the product, first hand, 

I had certain reservations about the 
manufacturer's claims regarding the 
ruggedness and quality. These were, however, 
soon dispelled. Despite its size, it looks and 
performs well and passed my personal 
'clumsy me' test. 
Perhaps, more than anything else, the 

attraction of this meter is its portability. It 
really does just slip into your pocket, ready 
for use at any time. Operation could not be 
simpler — there is just one dial which selects 
any range and acts as an on/off switch. The 
probes do not have to be plugged in and 
should the wrong range be selected, an 
internal protection circuit takes good care of 
the problem. 
Admittedly, at a recommended price of 

£24.60 plus VAT and p&p, other electronic 
multimeters offer more facilities for less 
money. However, as I have already said, its 
quality, ease of use, compactness and 
portability make it an ideal general purpose 
multimeter for anyone involved in radio, 
computers, TV or general electronics. 
See our special offer, page 43. 

Welcome Development In Education 

Anew British School Technology Centre 
was opened at Carlton, Bedfordshire in 

June. The Centre's purpose is to encourage 
the teaching of technology in schools, a 
welcome development in light of the recent 
release of statistics showing a decline in the 
number of science graduates going into the 
teaching profession. 

One of the main functions of the Centre, 
which comprises training facilities, 
laboratories and residential blocks for 
teachers, is converting buses into mobile high 
technology teaching centres for local 
authorities. 
The Carlton complex is British School 

Technology's second centre. It also operates 
from a site at Trent Polytechnic. BST was 
created in 1984 to support the teaching of 
technology in schools. It receives funds from 
the Department of Trade and Industry and 
the Manpower Services Commission. "It is 
this unique partnership between government, 
industry and education that gives BST its 
strength and relevance," said the Secretary 
of State for Trade and Industry, Paul 
Channon, who opened the facility. 
BST hopes to be self-financing by next 

year. It currently generates a large proportion 
of its own income. In addition to supplying 
mobile technology units (one-third of local 
education authorities have purchased or 
ordered units), BST offers training courses 
for technicians, a consultancy service for 
technological equipment for schools and 
local education authorities and help with 
developing curriculums.  • 
In the two years of its existence, 85 per 

cent of local education authorities have used 
its service. By the end of this year, BST 
hopes to have retrained 7,000 teachers. 
BST's expansion is an encouraging 

development, which will hopefully open up 
the world of technology to youngsters and 
produce some much-needed scientists and 
technicians for Britain. 

Oxfam Needs Bright Sparks 

Oxfam is looking for volunteers with elec-
trical and electronic skills to check 

electrical goods donated to its shops. The 
agency raised over £51 million for Third 
WorldAid last year. A large part of that came 
from Oxfam's 750 shops, run by 25,000 
volunteers. 
But they reckon they lose hundreds of 

pounds of potential income because of a lack 
of volunteers who can properly check 
electrical goods that are donated for sale. If 
you fit the bill and want to devote some of 
your time and skills to this worthwhile cause, 
contact FayeWark, Oxfam Freepost, London 
N12 9BR or ring 01-446 6888. 

fAm Optic Orders 
British Telecom International has already 
received orders worth £4,000,000 for its 

transatlantic optical fibre cable services on 
the planned TAT-8 link. 
TAT-8 will be the eighth underwater 
telecommunications link between Europe 
and North America and the first transatlantic 
cable to employ optical fibre technology in 
which digital signals are carried as pulses of 
light along hair-thin strands of glass. 
The US$35 million cable will be able to 
carry up to 40,000 simultaneous telephone 
calls, trebling the capacity of all the existing 
transatlantic cable links. In addition to 
telephone calls, the cable will transmit data, 
text, fax, graphics and video. 
TAT-8 is scheduled to come into service in 
June, 1988. 
"The prompt response demonstrates the 
intensifying need for companies to plan the 
right mix of international communications 
services well in advance," 
said Mike Ford, Chief Executive of British 
Telecom International's 
Business Division. 
British Airways, Barclays Bank and Mobil 

are among the companies who have placed 
orders. 
"High-capacity, high-reliability transatlantic 
links will help us to improve all our customer 
service functions," 
said Jeff Maynard, British Airways' 
telecommunications general manager. 

Let's Fly A Kite 

The kitemark found on a wide range of 
goods in the high street celebrates its 60th 

birthday this year. Kitemarked and safety 
marked products indicate that goods are 
manufactured to certain quality and safety 
standards. However, it also means that the 
goods are manufactured to the BS 5750 
quality system standard accepted by BSI.To 
highlight this, two new certification labels 
will appear on products which clearly state 
that they are certified products. 
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NEWS AND MARKET PLACE 

WHAT'S TO COME . . 
Belated Optical Awards 

Three Dutch scientists were among 11 
1 recipients of the Rank Prize Funds 
Awards recently presented in London. The 
three researchers, Dr P. Kramer, Mr G. 
Bouwhuis and Dr K. Compaan, all employees 
of Philips, were belatedly recognized for their 
research during the seventies which laid the 
basis for the optical recording and reading of 
information on a disc. 
It was at the Philips research laboratories 

in Eindhoven that the three award-winners 
first devised the technique for recording 
image and sound signals on a disc in such a 
way that the information could be read 
without contact using laser light. 
This led to developments in three different 

areas of application. Research was first 
devoted to the recording and reading of video 
images. The video disc (now known as 
LaseeVision) first made its appearance in a 
public demonstration in 1972. 
In the mid-seventies, the importance of the 

opto-electronic system for a new audio 
medium was recognized. Using the same 
technology it was made possible to record 
sixty minutes of music on a small disc, with 
the digital coding resulting in a very high 
quality sound. Compact discs have taken off 
in a dramatic way since their introduction on 
the market in 1983. 
The original research of the three award-
winners has led to a third application — the 
recording of digit information for the 
electronic office, offering tremendous 
possibilities for date and document 
registration. 
In his speech of thanks Dr Kramer said, 

"Ideas like an optical disc need a proper 
environment to grow: a large multi-
disciplinary research organisation, expertise 
in a number of technological areas and a spirit 
of entrepreneurship, both technical and 
commercial. One needs also perseverence and some luck, because 
gambling is unavoidable. We did not need so much perseverence, because 
it was a nice, friendly and con verging subject. And we had some luck." 
The Rank Funds were established in 1972 by the late Lord Rank. 
Since then awards have been presented to individual scientists who 
have achieved significant breakthroughs in the fields of opto-electronics 
and human and animal nutrition. 

It's Just A Fluke 

The new model 37 digital multimeter from Fluke is now available for 
around £190. It is designed to bridge the gap between versatile 

bench models and inexpensive but useful portables. This is achieved 
through keeping the circuitry compact, and including a built-in 
compartment for test lead, battery and tools. 
As would be expected from a modern microprocessor based bench 

meter, a variety of functions are available which make it a very useful 
service tool. The I.c.d. digital display also incorporates a psuedo-
analogue bar graph which is intended to simplify peaking or nulling 
operations. 
Other useful facilities include max. and min. readings, touch-hold 

mode which captures readings and relative mode which only displays 
'difference' readings. 

di al 

BS 

CERTIFIED PRODUCT 

Manufactured under a BS 5750 Quality System 
accepted by BSI 

A CERTIFIED PRODUCT 

Manufactured under a BS 5750 Quality System 
  accepted by BSI 

FIRM CONTACT 

• 

Details of products, services and companies mentioned in News and 

Market Place can be obtained from the following sources: 

Greenwood Electronics, Portman Road, Reading RG3 1NE. 

Brother Computer Peripheral Division, Jones & Brother, Shepley St. Guide 
Bridge, Audenshaw, Manchester M34 6JD. 

Powerline Electronics Ltd., 5 Nimrod Way, Elgar Road, Reading RG2 OEB 

L. J. Electronics, Francis Way, Bowthorpe Industrial Estate, Norwich NR59JA. 

Frazer-Nash Electronics Ltd., Randalls Way, Leatherhead, Surrey KT22 7TX. 

GCA Electronics Ltd., Unit 2, Gt. Haseley Trading Estate, Gt. Haseley, Oxon 
OX9 7PE 

Thorn EMI Instruments Ltd., Archcliffe Road, Dover, Kent CT17 9EN. 

Semiconductor Supplies International Ltd., Dawson House, 128/130 Carshalton 
Road, Sutton, Surrey SM1 4RS. 

Eagle International, Unit 5, Royal London Estate, 29/35 North Acton Road, 
London NW10 6PE. 

Quantelec Limited, 46 Market Square, Witney, Oxon 0X8 6AL. 

Dictaphone Company Ltd., Regent Square House,The Parade, Leamington Spa, 
Warwickshire CV32 4NL. 

Lascar Electronics Ltd., Module House ,Whiteparish , Salisb ury, Wilts SP5 2SJ . 

Department of Trade and Industry, 1 Victoria Street, London SW1H OET. 

Oxfam, 724 High Road, Finchley, London N12 9QD. 

Philips Electronic and Associated Industries Ltd., Arundel Great Court, 
8 Arundel Street, London WC2R 3DT. 

British Telecom, British Telecom Centre, Floor A3, 81 Newgate Street, London 
EC1A 7AJ. 

AB European Marketing, Forest Farm Industrial Estate, Whitchurch, Cardiff 
CF4 7YS. 

CO UNTD OWN 
If you are organising any electrical, computing, 

electronic, radio or scientific event, big or small, drop 
us a line. We shall be glad to include it here. Address 
details to Countdown, Practical Electronics, 16 Garway 
Road, London W2 4NH. 
NOTE: some exhibitions detailed here are trade only. 
Please check details and dates before setting out, as we 
cannot guarantee the accuracy of the information 
presented here. 

Milan Fair. Sept 4-8. Milan. (Trade only) 
20th SIM-HI-FI-IVES, Sept 4-8, Milan. (A) 
International Video and Consumer Electronics Show, Sept 4-8, 
Milan. 
Farnborough International 1986, Sept 5-7, Farnborough. (B) 
British Laboratory Week, Sept 23-25, Olympia. (C) 
ITAME, Sept 23-25. (C) 
Test and Transducer, Oct 28-30, Wembley Conference Centre. 
(E) 
Audio '86, Nov 12-15, Olympia 2. 
Instrumentation '87, Feb 25/26, Harrogate Exhibition Centre, 
March 25/26, Bristol, Crest Hotel. 

(A) Segreteria Generale: 20149 Milano. IT 02/4815541. 
(B) Society of British Aerospace Companies Ltd. e 01-839 
3231. 
(C) Evan Steadman. e 0799 26699. 
(D) Imperial College. e 01-589 5111. 
(E) Trident International Exhibitions Ltd. e (0822) 4671. 
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CONSTRUCTIONAL PROJECT 

HOBBY BUS A/D & 
D/A BOARD 

BY RAY STUART 

The first add-on for the PE Hobby Bus provides both 
A to D and D to A facilities at a fairly low cost. The scope for 
experimentation, with this project, is enormous. 

THERE are many occasions when, in 
order to communicate with real 

devices, computer systems have to deal 
with analogue values. For example, 
temperature  is  measured  on  a 
continuously variable scale rather than 
in discrete digital steps. 
However, computers can respond to 

such signals by means of analogue to 
digital  and  digital  to  analogue 
converters.  These  devices  cannot 
produce infinitely variable signals but 
approximate  by  producing  signals 
consisting of a number of small steps. 
The system presented here is compatible 
with the Practical Electronics Hobby 
Bus and as such is designed to interface 
to 8-bit computer; and microprocessors. 
Thus the system presented here converts 
analogue signals to 28 or 256 steps and 
vice versa. 
The system converts both digital 

signals to analogue, and analogue signals 
to digital with an accuracy of better than 
0.5% of full scale. In this design the 
range of the analogue to digital con-
verter is 0 to 5 volts and that of the digital 

REF 1+1 

NOTE:SWITCHES CONTROLLED BY 
SUCCESSIVE APPROXIMATION 
REGISTER. 

- 
Es 

• 

LEVELS 
2 70 7 

020142 

Ng. 1. Switch tree 

51 

52 

LEVEL I 

to analogue converter is 0 to 2.55 volts. 
These figures represent resolutions of 20 
millivolts and 10 millivolts respectively. 
In many applications it is necessary to 
measure and control more than one 
variable. To this end this design allows 
the host system to measure 16 analogue 
input voltages and produce 2 analogue 
output voltages. 

ANALOGUE TO DIGITAL 
CONVERSION 
There are many techniques that are 
used to convert analogue signals to 
digital representation. The successive 
approximation method, in common with 
many others, contains a digital to 
analogue converter whose output is 
compared with the analogue signal to be 
measured. The usual method is to set 
the digital to analogue converter with its 
input, and hence output, to zero and 
then increase it until the comparator 
detects that it is just higher than the 
analogue value being measured. The 
digital value supplied to the digital to 
analogue converter is then proportional 
to the input analogue value. This time 
taken by this type of conversion is 
dependent on the magnitude of the 
analogue signal; the smaller the signal 
the quicker the conversion. 
In  contrast,  the  successive 

approximation method always takes the 
same conversion time irrespective of the 
magnitude of the analogue signal. The 
technique relies on a chain of 256 
resistors and a number of semiconductor 
switches, called a resistor ladder switch 
tree, as shown in Fig. 1. By suitably 
selecting the combination of switches, 
any one of the 256 reference voltages 
generated by the resistor chain can be 
selected. 
Let us now consider the algorithm 

used for this method of conversion. SW1 
and SW2 are used to select the upper or 
lower half of the resistor ladder voltage 
range. Thus the first step in the 
conversion technique is to determine if 
the input analogue signal is in the upper 
or lower half of the resistor chain range. 

IN 4 E 

IN 

IN 6 E 

IN? E. 

IN 8 E 

INS E 

IN 10 E 

IN II E 

IN 12 ff 

N13 E 

IN V. 

IN 15 'ff 

CONV DESt 
IN S 13 

E.. 
MULTIPLEXER 

START E. 
VCC E 

COMPARATOR 

REF 1+1 

GND 

4 =1. 

40 IN 3 

IN 2 

31 IN 1 

gAr,iNt8 LON 

M A000 

E ADO 1 

Z. A00 2 

ADO 3 

g REF I-1 

CLOCK 

010143 

Fig. 2. ADC 0817 

Ekr A6'Ll• 

Thus half the possible values are 
eliminated in one step. Let us assume 
that it has been determined that the 
value lies in the lower half. The second 
step splits this into two further ranges 
and this process is repeated until the 
final value is determined. 

It can be seen that there have to be 
eight switch levels in order to be able to 
select any one of the 256 reference 
voltages. Thus the switch pattern is the 
binary representation of the input 
analogue voltage, and the conversion 
time is the same whatever the value the 
input analogue voltage. 
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ANALOGUE TO DIGITAL 
CONVERTER CIRCUIT 
As stated above, the design presented 

here allows 16 analogue voltages to be 
converted with a resolution of 20 milli-
volts. There are several methods that 
could be used to implement such a 
system, one could use 16 separate 
analogue to digital converters working 
in parallel. Although such a system could 
be  used  to provide  fast  parallel 
conversion, it would be expensive and 
require an excessively large circuit 
board. 
An alternative solution is to have one 

analogue to digital converter and have 
a switching system to determine which 
of the 16 inputs is to be converted. It 
would be possible to use an ordinary 
rotary switch or 16 relays to provide the 
switching. The rotary switch would not 
allow automatic switching and the relay 
method would be bulky, require drivers 
and  increase  power  supply 
requirements. An alternative, and more 
elegant, solution is to use semiconductor 
switches which consume little power, 
occupy small volume and are readily 
available. 
As is often the case, if there is a 

sufficiently large requirement for a 
particular device, one manufacturer or 
another will produce it. In this case 
National Semiconductor comes to the 
rescue with its ADC0817. Not only does 
it use the successive approximation 
conversion technique described above, 
but also includes a 16 channel analogue 
switch within a 40 pin package. 

ADC0817 
The pinout of the ADC0817 is shown 

in Fig. 2 and its block diagram in 
Fig. 3. It can be seen that even though 
this is a fairly complex device, it can be 
divided  into  a number of easily 
understood sectors. 
The sixteen analogue inputs are con-

nected to the 16-channel analogue 
multiplexer. The  input selected is 
determined by the output of the 
multiplexer address latch and decode 

Fig. 4. AD 558 pin-out 
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Mg. 3. Block diagram of ADC 0817 
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END OF 
CONVERSION 

OUTPUT 
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Do 

Di 

D2 

03 
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05 

circuitry. The required channel number 
is written into this section, via ADDO to 
ADD3, by the host system before the 
analogue to digital conversion process is 
started. Data is allowed into the latch 
only when the ALE input is high, and 
stored when ALE is low. The system 
allows more than 16 channels to be 
implemented by means of the expansion 
control input. This is used to switch off 
the analogue multiplexer so that other 
multiplexers can be included in a system. 
However, for the purpose of this project 
it is assumed that 16 channels will be 
adequate for most applications. 

Now that an analogue channel has 
been selected, the signal can be passed 
to the analogue to digital converter 
section of the device. The multiplexer 
output  and comparator input  use 
separate pins so that the conditioning 
circuit can be inserted between the two 
sections should it be necessary. 

The  successive  approximation 
conversion  technique  has  been 
described above, and it will be noted 
that the various parts required are all 
present within the ADC0817. The 256R 
resistor ladder is configured such that its 
two ends are unconnected and made 
available to the user. These are labelled 
REF(+) and REF( — ). This allows the 
conversion range to be determined by 
the user to suit a particular application. 
For  example,  if the  REF( — ) is 
connected to say, 1V and REF( + ) to 2V, 
then the conversion range would be 1 to 
2 volts 

Control of the conversion technique 
is undertaken  by  the  successive 
approximation register. This determines 
which switches within the switch tree are 
selected by referring to the comparator's 
output. This system will only carry out 
a conversion  when  required. The 
START input is used to inform the 
ADC0817 that a conversion is required. 
When a conversion has been completed 
the ADC0817 generates an end of 
conversion signal. The host system could 

CE  Do DI 02 03 01. 0S  06 07 

ifffif  
CONTROL 

LOGIC 
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CONTROL 
AMP 
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OUTPUT 
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VOUT (SEN SE) 

VouT (SELECT I 

Ng. 5. AD 558 Block diagram 
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use this as an interrupt or it could poll 
as required. 
The result of the conversion is stored 
as an 8-bit data word in the output latch 
buffer with tri-state outputs. These are 
controlled by the OUTPUT ENABLE 
input. This arrangement allows the 
device to be connected directly to the 
data bus of a host computer or 
microprocessor as a memory mapped 
device. 

DIGITAL TO ANALOGUE 
CONVERTER 
Having discussed the analogue to 

digital converter, now let us consider the 
digital to analogue converter. The device 
chosen for this project is the Analogue 
Devices AD558. The pin connections for 
this are shown in Fig. 4 and the block 
diagram in Fig. 5. 
Data representing the required output 

voltage is applied to the device's latch 
inputs, DO to D7, from the host system's 
data bus. However, this can only be 
achieved when both the CE and CS 
inputs are low The actual conversion 
technique employed by this device is the 
R-2R method. This was described in the 
MAY1986 BBC Microforum. In the case 
of the AD558 the reference voltage is 
generated by an internal band gap 
reference. An output amplifier is also 
contained within the AD558 together 
with three resistors. By utilising these 
resistors in various ways, and by 
providing suitable power supplies, the 
device can be made to cover various 
voltage ranges. 

PE HOBBY BUS D/A & AID 
BOARD 
The two devices described above are 
used in the design of the PE Hobby Bus 
D/A and AID board. One ADC0817 and 
two AD558s are used to provide 16 
analogue inputs and 2 analogue outputs. 
The ADC0817 is configured to cover the 
range 0-5 volts while the AD558s cover 
the range 0-2.55 volts. The full circuit 
diagram is shown in Fig. 6. It will be 
noted that in addition to the main 
devices, only two additional chips are 
required. 
A 74LS138 is used to generate the five 

on board select lines required to control 
the board's operation. It uses only two 

Table 1. Select line functions 

read or 
Address write  function 

00  write  latch ADC0817 
analogue multi-
plexer address 

01  write  start ADC0817 
conversion 

02  write  load AD558 No.1 

03  write  load AD558 No.2 

00  read  read ADC0817 
output 
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of the Hobby Bus address lines, Ao and 
A1, the R/W line and the board select 
line. Four of these on board select lines 
are write only, whilst the fifth is read 
only. To achieve five select lines while 
only utilising two address lines, the 
address lines are gated together with the 
R/W line by the 74LS138. In fact two 
select lines, one read and one write, 
occupy the same address. The actual 
functions for these select lines are 
detailed in Table 1. The board select line 
is used to enable the board when the 
appropriate bus slot is selected. 

In this design the ADC0817 is 
configured to convert input voltages in 
the range 0 to 5 volts. To achieve this 
REF(+) is connected to Vcc and REF(*) 
to Gnd, and the output of the analogue 
multiplexer is connected directly to the 
comparator's input. The lower four data 
bus lines are used to indicate to the 
analogue multiplexer the required input, 
and in conjunction with the upper four 
address lines, transferring data to and 
from  the  host  computer  or 
microprocessor. 

The ADC0817 requires a clock input 
of about 500KHz to allow it to function. 
As the circuitry is designed to operate 
in conjunction with a range of single 
board  microprocessor  and  home 
microcomputers it cannot be assumed 
that a clock of this frequency will be 
available. A 555 is therefore included on 
the board so that operation is not 
dependent on the host system. It will be 
noted that the normal 555 multivibrator 
circuit, which uses two timing resistors, 
has been replaced by this circuit which 
uses only one. This has the advantage of 
providing an output waveform with 
equal mark-space ratio as well as only 
using one resistor. 

BOARD CONSTRUCTION 
The circuit has been designed on a 
standard Hobby Bus Eurocard sized (100 
x 160 mm) printed circuit board. The 
component layout is shown in Fig 7. It 
can be seen that the printed circuit board 
is single sided thus making the cost of 
the board cheaper than a double sided 
version. In addition, provision is made 
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to  allow  the  ADC0817's  end  of 
conversion signal to be connected to the 
bus's  interrupt  line  if  required. 
Connection to the Hobby bus is achieved 
by means of a 64 way DIN 41612 
connector using pins A and C. The 
analogue  inputs  and  outputs  are 
connected by means of a 25 way D-series 
connector at the opposite end of the 
board. The functions of this connector 
are detailed in Table 2. 

A/C CONVERTER 

SELECT 
ANALOGUE 
CHANNEL 

0101i. 

START 
CONVERSION 

READ 
DATA 

(a) 

0/A CONVERTER ) 

SELECT 
D/A 

REQUIRED 

CONVERT REQUIRED 
VOLTAGE TO 
HEX VALUE 

WRITE DATA 
TO SELECTED 

D/A 

Mg. 8. Software flow chart 

(b) 

Construction is straightforward and 
should present no problems to most 
constructors. However, care should be 
taken to ensure that the chips are 
inserted the correct way round, and it is 
recommended that IC sockets are used. 
Link Li should be inserted if the end of 
conversion signal is to be used as a 
system interrupt. 

SOFTWARE 
The Hobby bus is designed so that it 

is compatible with a range of home 
computers  and  single  board 
microprocessors. Thus, as all these could 
have different operation systems and 
interface memory maps, it is not possible 
to  give  detailed  software  listings. 
However, it is possible to present 
software flow charts that can be used as 
the basis of a programme for any system. 
These are shown in Fig. 8, one for the 
analogue to digital converter and the 
other for the digital to analogue 
converter. 
First let us consider the analogue to 

digital converter flowchart shown in 
Fig 8A. The first operation that has to 
be undertaken is to select the analogue 
channel to be measured. Let us assume 
that the channel required is number 8. 
If the controlling device is a home 
conputer the channel can be selected by 
the following statement: 

POKE &XX00,&08 

Table  2. 25-way D-type connector 
functions 

Pin Function 

1  OUTPUT2 
2  GND 
3  GND 
4  GND 
5  GND 
6  INPUT2 
7  INPUT4 
8  INPUT6 
9  INPUT8 
10  INPUT10 
11  INPUT12 
12  INPUT14 
13  INPUT16 
14  GND 
15  GND 
16  GND 
17  GND 
18  INPUT1 
19  INPUT3 
20  INPUTS 
21  INPUT7 
22  INPUT9 
23  INPUT11 
24  INPUT13 
25  INPUT15 
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The value of XX will depend on the 
interface address of the computer used, 
and will be found by reference to that 
computer's user manual. 
Once the required analogue input has 

been selected, the conversion process 
can be started by POKE &XX01,&00. 
The  actual value  POKEd is not 
important as it is not used by the system, 
&00 is used for convenience only. There 
are two methods by which end of 
conversion can be detected, depending 
on the user's requirements. The most 
efficient method is to use the end of 
conversion signal to interrupt the host 
system. However, if for whatever reason 
this is not possible, all that one need do 
is to introduce a delay long enough to 
allow conversion to be completed. When 
end of conversion is detected by 
whichever method is used, the data can 
be read using the statement PEEK 
&XX00. As the data range of &00 to 
&FF represents a voltage range of 0 volts 
to 5 volts the actual voltage is easily 
determined by using VOLTS = DATA 
* 5/128. 
Setting the output voltages of the two 

digital to analogue converters is even 
simpler. All that is necessary is to convert 
the required voltage, which will be 
within the range 0 to 2.55 volts to its 
digital  representation,  i.e.  &00 
represents 0 volts and &FF represents 

2.55 volts. Once this data has been 
established it is written into the 
appropriate AD558 as follows. 

For  AD558  number  1 : POKE 
& XX02 , DATA or 

for  AD558  number  2 : POKE 
&XX03,DATA 

TYPICAL APPLICATION 
Now that the circuit has been 

described let us consider a typical 
application. One of the most common 
measurements  made  is  that  of 
temperature for which there is a wide 
range of transducers available. There is, 
however, one type of transducer that is 
particularly relevant, the AD590 semi-
conductor temperature transducer. 
The AD590 is an integrated tempera-
ture transducer which produces an 
output current proportional to absolute 
temperature. This current is set during 
manufacture to 1 microamp per deg K. 
All that is required to produce a signal 
acceptable to the ADC0817 is two 
resistors in series with the AD590 as 
shown in Fig. 9. The variable resistor 
allows the system to be calibrated. 
Crushed ice can be used to set 0 deg C 
and boiling water to set 100 deg C. The 
actual voltage generated by the AD590 
is determined by using the following 
formula. 

Ng. 9. Temperature circuit 

Voltage = R x Deg K x 10-6 

Where R = Total resistance. 
Remember that 0 deg C = —273 deg 

K. Thus the AD590 generates 0 volts at 
—273 deg C, R x 273 x 10-6 volts at 0 
deg C and R x 373 x le volts at 100 
deg C. The use of an AD590 simply 
illustrates just one of many parameters 
that can be measured by using suitable 
transducers. 
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EPROM programmer for 
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REGULAR FEATURE 

THE LEADING EDGE 
BY BARRY FOX 

Crime-busters and grid references 

THERE is some interesting technology 
and politics behind BritishTelecom's 

plan to curb crime by putting 1500 UHF 
radio beacons on top of lamp posts in 
the London area by the end of the year. 
The BT crimebuster is called Pinpoint 
and it is intended primarily to let high 
risk vehicles, like mail vans and security 
trucks, tell a control centre where they 
are at all times. Pinpoint could one day 
be used in private cars to help their 
drivers navigate unfamiliar routes. It 
builds on a system unveiled earlier this 
year by Plessey. Although everyone is 
being very tactful about what they say, 
it is clear that BT has solved technical 
problems which made the Plessey system 
unreliable in city centres. 
The backbone of Pinpoint is the 

network of BT radio beacons. They will 
continually transmit grid  reference 
signals, and so give passing vehicles with 
matching receivers a fix on their 
location. The vehicles will then transmit 
an identifying signal back to a base 
station which logs and displays their 
exact position on a city map.This, claims 
BT, will let security firms and the Post 
Office postal vans keep a continuous 
check on their fleet of mobiles and alert 
the police if there is a robbery, hi-jack 
or deviation from the pre-planned route. 

In January when 
Plessey  was  em-
broiled in a takeover 
bid by GEC, the 
company generated a 
welter of well-timed 
publicity for PACE (Plessey Adaptive 
Compass Equipment), a car navigation 
system. It relied on a compass, motion 
sensor and computer which matched the 
car's estimated position with a map 
stored in a digital memory. When Plessey 
demonstrated Pace, the cost was put at 
only £500. The compass must recalibrate _ 
itself to compensate for stray magnetic 
fields. Pace worked well on country 
lanes,  which  is  where  Plessey 
demonstrated the system mainly to non-
technical motoring journalists. They 
missed the significance of the rural 
demo, far from magnetic distractions, 
and duly wrote about how wonderfully 
Pace worked. When quizzed Plessey 
later admitted to me that the system did 
not work properly in city traffic and had 
"problems" on city roads. The compass 
was disturbed so that the computer had 
trouble matching the car's position with 
its map. Philips had experienced exactly 

Plans to cu 
lamp-posts 
every few s 

the same problem with CARIN (Car 
Information and Navigation) which 
stores the maps as digital code on 
compact disc. Philips plans to use 
location signals from satellites to keep 
Carin on track. The Plessey compass 
must be regularly recalibrated. 
Enter BT, who will solve the compass 

problem by the sledgehammer tech-
nique of erecting UHF radio beacons 
every 2 km. These will transmit their own 
grid reference positions to any Pinpoint 
receiver passing within 100 metres. The 
system continually tells the compasses 
where they are. When the system was 
announced in the spring BT had erected 
only 30 beacons and was testing the 
system with 2 security vans. But BT says 
it hopes to install the rest by the end of 
the year. 
Accuracy of 50 metres is claimed, with 

a position update every few seconds. But 
on the demonstration system markers on 
screen moved in jumps of up to 1 
kilometre road distance. This, says BT, 
is because the system displays the last 
positively known position to foil robbers 
who rip out the vehicle aerial. The 
position signal from the demonstration 
vehicle is digital and it was lost or 
corrupted as the vehicle drove under 
Holborn viaduct. The dot on the screen 

rb crime using 1500 UHF radio beacons on London 
giving an accuracy of 50 metres and position update 
econds — for security and mail vans. 

map cannot move until reliable signals 
come through again. 

Commercial  success  or  failure 
depends on BT's ability to prevent 
hardened criminals from trying to defeat 
Pinpoint by jamming the beacons and 
confusing the compass with hit and run 
electronics. BTis confident that Pinpoint 
will keep on working and give the police 
an alarm and fix which is accurate to 50 
metres within 15 seconds. 

BT hopes the police, VIP escorts, 
courier services, taxis and eventually the 
general public will use Pinpoint. BT 
claims success with its trials with two 
security vans and 30 beacons, but will 
not identify the customer who it says is 
satisfied. Also although BT promises to 
cover the whole of the UK with beacons, 
and so protect vehicles outside the 
London area, this promise can only be 
honoured if the London service makes 

money. So Pinpoint is a chicken and egg 
technology. The cost of saturating the 
UK's 0.25 million square kilometres with 
grid reference radio signals will surely 
be prohibitive, even on BT's current 
level of profits! 
Encryption of -the radio signals is only 

one of several defences which Pinpoint 
uses against hi-tech bandits; it prevents 
them commandeering a beacon and put-
ting out false position signals to fool the 
control centre. The beacons are all 
battery-powered to safeguard the service 
against mains failure. BT acknowledges 
that it would be easy to identify the 
transmission frequency used by the 
beacons, and transmit a jamming signal, 
but thinks it can cope by identifying the 
location of the jammer. Likewise BT 
thinks it can cope with the havoc in the 
onboard compass which would be 
caused if a hijacker with a large lump of 
metal or magnet parked alongside the 
security  vehicle.  'Time  will  tell. 
Significantly Plessey has gone very quiet 
on Pace. Anyone who believed those 
press reports early this year about low 
cost navigation for private cars is in for 
a long and probably disappointing wait. 

Pinpoint is not cheap. The transceiver 
in each vehicle will cost £1000 and each 

central  control 
station, with a Digital 
PDP-11  mini-
computer, will cost up 
to flm depending on 
the complexity and 

number of vehicles to be controlled. 
Erecting 1500 beacons to cover the M25 
ring will cost Lim. Because BT cannot 
claim a patent monopoly on the system 
it is unable to prevent other firms selling 
similar hardware to work with the BT 
beacons.  So  BT  will  charge  a 
subscription of around £100 a year per 
vehicle using the beacons. "Pirate" 
vehicles, with non-BT hardware, will 
not be able to take advantage of the 
beacons because their signals  are 
encrypted. It's all a very far cry from 
Plessey's £500. Extending the system 
outside London will be even more 
expensive, despite the fact that beacon 
spacing can spread to 15 km. 
The Pinpoint system shown to the 

press by BT was still clearly a prototype. 
On one occasion the vehicle being 
tracked appeared to have jumped over 
a built-up area. 

Ell 
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NE W SERIES 

ELECTRONIC 
EXPERIMENTATION 

BY THE PROF. 

When the hobby of electronics is mentioned probably most people 
think in terms of building electronic gadgets, but there are more facets 
to the hobby than just soldering components onto a printed circuit 
board. One aspect which has been largely overlooked in recent years 
is that of experimenting with the more unusual types of project, seeing 
just what they can and can't do, and freely adapting and changing them 
in an attempt to improve their perform-ance or to customise them to 
the constructor's individual requirements.   

The purpose of this new series is to 
provide circuits and ideas of interest 

to those who like to experiment with 
electronic devices. By the nature of 
things the topics covered will be diverse 
and difficult to categorize, but the main 
factor they will have in common is that 
they will be interesting and have good 
'play value', with practical application 
being of only secondary importance. 
Another factor is that the circuits 
described will not" require large double-
sided printed circuit boards, and they 
will be the type of thing that can easily 
be breadboarded or put together on a 
piece of stripboard. Printed circuit 
boards are ideal for permitting finalised 
designs to be easily copied by others, 
but they are restrictive as far as experi-
mentation is concerned, and no printed 
circuit designs will be provided for the 
circuits. On the other hand, the designs 
that are described will all have been tried 
and tested, and will represent a sound 
starting point but not necessarily the 
final word. 

INFRA-RED AUDIO 
Although radio links are the only 

common form of 'wireless' communica-
tions, there are in fact a number of 
alternatives available. One of the better 
known  of these  is the  so-called 
modulated light telephone, and this 
consists basically of a torch at the 
transmitter with the brightness of the 
bulb modulated by the audio input 
signal. The receiver consists of a 
photocell circuit driving an audio 
amplifier. This gives far from hi-fi results, 
but it is adequate for voice communica-
tions, and a range of 20 to 40 metres can 
usually be achieved without too much 
difficulty. 
This design is a more up to date version 
of a modulated light beam communi-
cator, and it differs from the standard 
approach principally in that it uses infra-

id PR DAMP  , 

MIC. 

AUDIO 

POWER 
AMP 

I PE20614 I 

MIC. GAIN 

AMP 

VOLUME PHASE 
LOCK ED 
LOOP 

V CO HBUFFER  IR LED 

HSCHMITT 
TRIGGER 

Fig. 1. IR Communicator block diagram 

AMP 
TUNED 

AMP 
PHOTO - 

TRANSISTOR 

red light. There is no significant output 
from the transmitter in the visible light 
part of the spectrum, and consequently 
there is no obvious link between the 
transmitter and the receiver. It has to be 
admitted that communications via an 
infra-red link is not a particularly new 
idea, and systems for military use have 
been in existence for at least twenty 
years, but there has been little coverage 
of  this  subject  in  electronics 
publications. For the military the lack 
of any connecting wires, no obvious 
signs of a communications link, and its 
tap-proof  nature  have  obvious 

attractions, and the same properties give 
such a system considerable appeal for 
private users as well. 
The system described here achieves a 

range of at least 40 metres using an 
inexpensive optical system. The range of 
any communications system using light 
transmission is as dependent on the 
optics as it is on the electronics, in much 
the same way that the range of a radio 
link is largely dependent on the aerials 
used. Alignment of the optics is quite 
critical and the equipment needs to be 
carefully set up and maintained in 
alignment. This, is a rather inconvenient 
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aspect of infra-red communications, but 
it is this directivity that enables a useful 
range to be obtained as well as ensuring 
privacy. 

SYSTEM OPERATION 
Ordinary modulated light telephone 

systems are limited to simple AM 
operation due to the low maximum 
switching speed of a torch bulb. With an 
infra-red system using an 1.e.d. as the 
transmitting element, frequencies of 
50kHz or more can be accommodated, 
making a simple FM system feasible. An 
FM system has the advantages of 
rendering non-linearity in the photocells 
unimportant,  and  greatly  reducing 
problems with noise from mains lighting 
or other infra-red sources. 
Fig. 1 shows the block diagram for 

one transceiver unit. Starting with the 
transmitter, which is the less involved of 
the two sections, the signal from the 
microphone is at a very low level of no 
more than about 1 millivolt RMS. It is 
therefore amplified by a two stage 
amplifier before being applied to the 
modulator. A microphone gain control 
enables the modulation level to be 
adjusted. The microphone is a low 
impedance (200 or 600 ohm) dynamic 
type, and a press-to-talk dynamic type 
is ideal. It would be quite possible to 
switch the loudspeaker at the receiver 
to operate as a sort of crude microphone, 

80 rpm —.-

PHOTOTRANSISTOR 

rnm 

7 

)   
LENS 

Mg. 2 Simple optical system 

LENS 

IR LED 

ficient drive for the infra-red 1.e . d . which 
is consequently driven by a buffer stage 
that has a very low output impedance. 

Turning to the receiver section, the 
infra-red detector is an ordinary photo-
transistor. Although phototransistors 
tend to be thought of as only suitable 
for visible light applications, in common 
with many other types of opto device 
they mostly have a peak response in the 
infra-red part of the light spectrum. 

As the output from the detector circuit 
is likely to be extremely small, being in 
the microvolt range rather than a matter 
of millivolts, a great deal of amplifica-
tion is needed ahead of the demodulator. 
This is provided by a tuned amplifier 
followed by a two stage broadband 
amplifier. The tuned amplifier does not 
have a very sharp response, but it gives 
sufficient attenuation at low frequencies 

to largely eliminate problems with mains 
loop type. This consists of a phase 
detector, a lowpass filter, and a VCO. 
The circuit is arranged so that the phase 
detector (via the lowpass filter) provides 
a control voltage-to the VCO, and this 
voltage is dependent on the phase and 
frequency difference between the input 
signal and the output of the VCO. The 
result of this is that the VCO is locked 
onto the same frequency as the input 
signal, and in-phase with it. In this case 
it is not the output signal of the VCO 
that is of interest, but the control 
voltage. This rises and falls in sympathy 
with the variations in input frequency, 
converting these changes back to the 
original audio signal. 
The demodulated audio signal is fed 

via a volume control to an audio output 
stage  which  in  turn  drives  the 
loudspeaker. 
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fig. 3 Transmitter circuit diagram 

as in many intercom designs, but this 
would give extremely poor audio quality 
and the use of a proper microphone is 
infinitely preferable. 
The modulator is just a voltage 

controlled oscillator (VCO) with the 
audio signal coupled to the control 
input. The output frequency of the 
particular VCO used here, unlike most 
types, rises as the control voltage 
decreases, and falls as it increases. This 
is of no practical importance though, and 
it simply results in an inversion of the 
signal through the system, which gives 
no audible change. The VCO has insuf-

lighting and other infra-red noise 
sources.  The  attenuation  at high 
frequencies helps to avoid problems with 
instability. 
The amplifier is followed by a Schmitt 

Trigger which gives a squarewave output 
to drive the demodulator. With only 
background noise from the amplifier 
there will normally be insufficient signal 
to drive the trigger circuit, which 
consequently provides no output signal. 
This gives a sort of crude squelch system, 
with a low noise level from the circuit 
under no-signal conditions. 
The demodulator is a phase locked 

OPTICS 

Most opto devices have simple built-in 
lenses, but for operation over fairly long 
ranges these are totally inadequate. On 
the other hand, a quite fundamental 
optical system of the type shown in 
Fig. 2 is all that is required. The light 
output from the LED is focussed into a 
narrow beam by a plano-convex lens. 
Things are somewhat idealised in Figure 
1, and in practice the beam will spread 
out somewhat and will not be perfectly 
focussed. This reduces the range of the 
system, but makes optical alignment 
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very much easier. A second piano convex 
lens, at the receiver this time, collects 
up the infra-red radiation from the 
transmitter over a comparatively large 
area, and concentrates the collected 
energy onto the phototransistor. The 
distance between each photo device and 
its lens should be roughly equal to the 
focal length of the lens which is 
approximately 80 millimetres in this 
case. The optical quality of the lenses is 
of little importance, and inexpensive 
plastic types are perfectly satisfactory. 

TRANSMITTER CIRCUIT 
Fig. 3 shows the full circuit diagram 

of the transmitter. TR1 acts as the micro-
phone preamplifier, and it operates as a 
common emitter amplifier. The output 
fromTR1 is coupled to a second common 
emitter stage (TR2) by way of gain 
control VR1. The VCO is based on a 555 
timer device (ICI) which offers quite 
good performance at low cost. The 
circuit is a standard 555 astable type, 
with the centre frequency adjustable by 
means of VR2. This is adjusted to tune 
the transmitter to the centre of the 
receiver's passband. 
Normally the circuit oscillates by 

continuously charging timing capacitor 
C6 to two thirds of the supply voltage 
and then discharging it to one third of 
the  supply  potential.  The  upper 
threshold voltage can be varied by an 
external voltage applied to pin 5, and 
raising the threshold voltage results in 
C6 taking longer to charge and dis-
charge, giving a reduction in operating 
frequency.  Reducing the threshold 
voltage  has  the  opposite  effect. 
Therefore, by simply coupling the audio 
signal to pin 5 of ICI the required 
frequency modulation is produced. 
Frequencies above about 3kH are not 
needed for voice communications, and 
C7 is used to provide roll-off above this 

frequency. This gives a slightly improved 
signal to noise ratio and avoids problems 
with  high  frequencies  causing 
overmodulation. 
ICI has a fairly high drive current 

capability, but the LED current can be 
set more reliably if an output amplifier 
is used. In this case the amplifier is TR3 
which operates as a common emitter 
switching transistor. R10 sets the 1.e.d. 
current at over 100 milliamps, but the 
average 1.e.d. current is only about 60 
milliamps. The current consumption of 
the circuit as a whole is somewhat higher 
at around 80 milliamps. This is low 
enough to permit battery operation, but 
a fairly high capacity 9 volt type (such 
as six HP7 cells in a holder) is needed, 
and the use of Nicad rechargeable cells 
is preferable. 
Si is the transmit/receive switch, and 

it merely switches the supply to the 
transmitter or receiver circuit,  as 
required. If a PTT microphone is used 
Si can be the PTT switch. Otherwise Si 
can be a separate SPDTminiature toggle 
type. 

RECEIVER CIRCUIT 
The receiver is slightly more complex 
than the transmitter, as can be seen from 
the circuit diagram of Fig. 4. 
TR4 is the phototransistor, and here 
its collector to emitter leakage provides 
a sort of light dependent resistor action. 
Note that no connection is made to the 
base terminal of TR4. 
The tuned amplifier has TR5 as a 

common emitter amplifier with Li and 
C11 acting as the tuned circuit load. The 
resonant frequency is fixed and is 
approximately 50kHz. The output from 
TR5 is coupled to a second common 
emitter amplifier which is based onTR6. 
This has its input impedance boosted 
somewhat by emitter resistor R16 so that 
it does not load the tuned circuit very 

heavily. The tuned circuit still has a fairly 
broad  response  though,  which  is 
essential as the carrier deviation can be 
quite large. TR7 is a third common 
emitter amplifier, and D2 prevents this 
from being overloaded when a strong 
signal is received. 
IC2 acts as the Schmitt Trigger. Both 

its inputs are biased to the output 
potential of TR7, but a decoupling 
network (R19 — C15) is included in the 
path to the inverting input. This results 
in the high frequency output signal of 
TR7 being coupled to the non-inverting 
input but not to the inverting input. The 
output of IC2 produces a clipped version 
of the input signal, and R21 introduces 
hysteresis which gives the circuit a 
simple squelch action. 
The phase locked loop demodulator 

is built around IC3 which is a CMOS 
4046BE type. This has C16 and R22 as 
the timing components in the VCO, and 
R25 plus C17 as the lowpass filter. The 
demodulated audio signal is taken from 
the lowpass filter via an integral source 
follower buffer stage which has R23 as 
its discrete load resistor. R26 and C19 
form a simple lowpass filter which helps 
to give an improved signal to noise ratio, 
and VR3 is the volume control. From 
here the signal is coupled to a simple 
audio power amplifier based on IC4 
which is a TBA820M. This gives an 
output power of only about 100mWRMS 
into LS1, but this is perfectly adequate 
for the present application. 

CONSTRUCTION 
There is no real difficulty with 
construction from the electrical point of 
view, but bear in mind that the receiver 
circuit includes a high gain amplifier, and 
reasonable precautions to avoid stray 
feedback and consequent instability 
should be taken when designing the 
component layout. 
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Mechanically things are slightly less 
straightforward as there are the optics 
to contend with. It is not essential to 
produce anything particularly elaborate 
here, and the lenses (a separate one for 
each photocell) can be glued in place 
over 30mm diameter cutouts in the case. 
The photocells must be mounted behind 
the lenses, and for optimum results they 
should be 80mm behind the lenses. This 
is the focal distance of the lenses, and a 
few millimetres error either way does 
not seem to drastically affect perform-
ance. The easiest way of arranging things 
is to mount the photocells on the circuit 
board with suitable spacing so that they 
can be brought into the correct position 
by mounting the board in the right place. 
For alignment purposes it should be 
possible to move the cells slightly up and 
down and from side to side. Ideally some 
form of mechanical mechanism to 
provide precise adjustment in two planes 
would be provided, but unless you have 
suitable workshop facilities this will be 
impractical. A more simple solution is to 
leave the leadout wires fairly long so that 
the cells can be carefully manoeuvred 
into precisely the correct position. 

ADJUSTMENT AND USE 
With RV2 at each unit set at a mid-

setting the system should work to some 
extent at short ranges. However, both 
the transmitter and the receiver are very 
directional, and the system will almost 
certainly fail to operate at all unless the 
optical alignment is reasonably accurate. 
Each unit can be roughly aligned by first 
removing the lid and then looking onto 
the lenses from directly in front of the 
unit at a distance of about one metre. 
You should see a magnified image of 
each photocell in the middle of its 
respective lens, and the photocells must 
be repositioned slightly if necessary. 
In order to align the unit electrically, 

turn one of the units slightly off-aim so 
as to give a weak signal at each receiver 
and a low signal to noise ratio through 
the system in both directions. RV2 in 
each unit is then adjusted to obtain the 
lowest possible noise level through the 
system. It should perhaps be explained 
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that with an FM system, up to a point, 
the signal to noise ratio improves as the 
strength of the received signal is 
increased. When adjusting the system 
optically or electrically it is therefore a 
matter of trying to obtain the lowest 
possible background noise level. 
Optical alignment of a one way system 
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is not too difficult, as the receiver can 
be used as a signal detector to determine 
the precise direction of the beam from 
the transmitter so that any necessary 
corrections to the aim can be made. With 
the receiver placed within the beam its 
orientation is adjusted to optimize 
results. With a two way system things are 
a little more difficult since adjusting the 
aim of a unit to peak reception will result 
in the aim of the transmitting side of the 
unit being upset. Probably the easiest 
way of doing things is to make up the 
simple circuit of Fig. 5 which acts as a 
beam detector (the 1.e.d. will light up 
when D1 is within the infra-red beam). 
This enables each transmitter to be 
aimed accurately at the other unit with 
a minimum of trial and error. The 
position of each phototransistor is then 
adjusted to optimize results, being 
careful not to move either unit while 
these adjustments are being made. 

IMPROVEMENTS 
There  is plenty  of  scope  for 

experimentation with a system such as 
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this. One possible way of improving 
range is to feed the transmitting 1.e.d. 
with short pulses rather than a more or 
less squarewave signal. This enables a 
very high 1.e.d. current to be used, but 
with a mark-space ratio of around 1 to 
10 the average 1.e.d. current can still be 
kept within the limitations of the TIL38. 
This method does have attendant 
problems though, one of which is the 
reduction in output at the fundamental 
frequency and increased output at 
harmonics. In order to take advantage 
of the power in the short pulses the 
amplifier at the receiver must have an 
adequate bandwidth, and must there-
fore be a broadband type rather than 
tuned. Some pulse shaping might also 
be needed ahead of the phase locked 
loop in order to obtain good results, or 
an alternative type such as a monostable 
might work better. 
There is probably most scope for 
experimentation with the optics. One 
obvious addition would be an infra-red 
filter ahead of the phototransistor. This 
would eliminate any noise caused by 
visible light sources, and could give 
greatly improved performance under 
marginal operating conditions. The 
transmitter could be given increased 
output by using a longer focal length lens 
of greater diameter.  Similarly, the 
receiver could be made more sensitive 

by using a larger lens. A larger lens at 
the receiver might produce an image size 
larger than the phototransistor, and 
better results might then be obtained 
using a TIL100 or similar large area 
(infra-red) photodiode. The lenses do 
not need to be high quality types, and 
both double and plano convex types are 
suitable. Lenses from large magnifying 
glasses have suitable characteristics and 
are not excessively expensive. With the 

right optical system a range of a few 
hundred metres should be possible. 
What would probably represent the 
most useful addition of all would be 
some form of simple sight on each unit 
to permit quick and easy realignment of 
the system. A sight would be especially 
useful if an improved optical system is 
devised, as the more efficient the optics 
are made, the more directional the 
system becomes. 
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REGULAR FEATURE 

ROBOTICS REVIEW 
BY NIGEL CLARKE 

Robot Heroes remote in the USA 

ABOUT three years ago when the 
concept of personal robots began 

to seep over the Atlantic from the US 
and people first realised that robots did 
not have to be large industrial machines 
which helped to make cars, there was 
one product which stood out from the 
rest. 
Like the others which were first on 

the market, the RB5X and Androbot's 
Topo, it was American and met people's 
expectations of what a small mobile 
robot should look like — usually 
something similar to Star Wars' R2D2. 
Unlike the others, however, it withstood 
closer inspection and managed to avoid 
the criticism that it was merely a rich 
person's toy. 
The main reason was that Hero 1 from 

Heathkit did not attempt to create a 
market but was supplied in response to 
demand from education for a machine 
which could help in learning about 
robotics. It was therefore much more 
complex and although more expensive 
it sold well and has continued to do so. 
Since it was launched in Britain by 

Maplin Electronic Supplies of Essex, 
small improvements have been made but 
there has been no new product launch 
partly because there has been no 
competition. It did attempt to expand 
the market by introducing its own 
personal robot, marketed in the States 
as a mechanical friend and watchdog 
with embarrassing pictures of it enjoying 
a drink in a bar, but it only served to 
confirm the experience of Topo and 
RB5X. It failed to gain any general 
appeal and sales have been slow. 

There is now, however, an upgraded 
version called Hero 2000. It has been 
available in the States for some time but 
that version could be radio-controlled 
using a frequency which is illegal in 
Britain. The feature has been removed 
and Maplin is importing the machine. 
It has also the capabilities of the - 

earlier Hero with movement, an arm, 
speech and the ability to detect light, 
sound and motion. It comes in a kit and 
forms part of an educational course. 
It is much more powerful though. It 

has a 16 bit 8088 central procesor with 
64K ROM and 24K RAM, expandable 
to 576K and a disk drive option, against 
a 6808 processor with 8K ROM and 4K 
RAM. Hero 2000's central processor 
interfaces with 11 8K processors which 
control the functions. 
The new robot is driven around by a 
two wheel drive system, an improve-

This is the last in our regular series of Robotics Reviews as we know 
them. The subject of Robotics will, however, be covered in our news 
pages and special features in the future. 

ment on the single wheel system of Hero 
1, and the arm is now a much more 
important part of the machine.The Hero 
1 arm had four degrees of freedom, one 
of which was provided by the swivelling 
head to which the arm was attached, the 
others being a shoulder and wrist pivot 
and rotate, plus a simple gripper. The 
main limb could be extended. The 2000 
is more similar to the traditional 
articulated arm with five degrees of 
freedom being shoulder, elbow, wrist 
pivot and rotate and the swivelling body 
of the robot to which the arm is attached. 
The gripper has a touch sensor which 
can adjust the gripping force. It can lift 
llb which is much the same as the older 
machine when  the  arm was  not 
extended.  At  full  extension  the 
maximum load was cut by half. 

The movements for 2000 are driven 
by eight closed loop servos compared 
with steppers for the older machine. 
The speech system has also been 

expanded from its 28 in-built phrases 
and the possibility of inputting about 750 
words to what the makers claim is an 
almost unlimited vocabulary with direct 
text-to-speech conversion for easier 
programming. The synthesiser also can 
produce four octaves of music and sound 
effects. 
In addition the 2000 has 2 RS232 

ports, configured for terminal and 
printer, a cassette port to allow storing 
and loading of programs and the option 
of adding 12 circuit cards to expand its 
capabilities. The ROM contains a 
number of items including special robot 
commands  and  demonstration  and 
diagnostic routines. The robot also has 
16 functions, eight of which are user-
definable. 
The cost for all this is about £2,200 

plus VAT for the kit. Maplin intends 
selling a ready-built version but has yet 
to set the price. Hero 1 now sells for 
about £1,200 in kit and £2,200 ready-
built, both with VAT extra. 
As with Hero 1 the 2000 is aimed at 

the education market and there are two 
specially-written courses to complete the 
package. For almost £100 each they are 
entitled  Intelligent  Machines  and 

Electronics for Automation. The makers 
also say it will be of interest to the home 
enthusiasts who have worked their way 
through hi-fl and computing and are 
looking for a new challenge. 
If you are worried that the image of 

robots is not cuddly enough, Axlon of 
the States has the answer — Petsters. The 
electronic furry toys last year gave the 
company a successful first year with 
rapid growth and they are now available 
over here. 
To  quote  the  company's  blurb: 

"Petster was the world's first electronic 
pet. It has high quality plush fur, eyes 
that light up and a microprocessor mind 
of its own." 
Petster looks like a toy cat and is said 

to obey spoken orders to move forward 
and back, turn right or left or just make 
a sound. Petster deluxe, a bigger cat, 

has 69 programs, with bump and sound 
sensors. In the same range there is 
Petster Puppy which moves in response 
to handclaps. 
The cuddly mechanicals are being 

distributed here by Tomy which is 
already well known for its own range of 
toy robots and Petsters are only one 
group of furry electronic toys from Axlon 
which the company is bringing to our 
shops — A.G. Bear, with grandparents 
and a baby, is a range of teddy bears 
which can respond in their own language 
when spoken to. The reply is a distorted 
version of what has been said to it 
achieved by converting the original 
analogue speech into digital signals and 
then back to analogue. 
There is also a set of glove puppets 

which speak when their mouths are 
opened, a light sensor activating the 
speech chip. El 
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SPECIAL FEATURE 

SHOESTRING CAD/CAM 
BY R. A. PENFOLD 

You have a computer — use it! 

Over 80% of PE readers own personal computers. If you have not got round to making add-ons and 
peripherals but are interested in electronics, you now have a chance to use your computer for a practical 
purpose (not Space Invaders). Cheap electronic software packages are available for drawing, designing 
and p.c.b. mask manufacture. 

A  FEW years ago an article on 
CAD/CAM  for  home 

microcomputer owners would have had 
to be extremely short, since there was 
little or no software for CAD/CAM 
applications that would run on any home 
computer. In fact until fairly recently 
systems of this type were only based on 
mainframe or (more usually) mini 
computers. 

Microcomputers have 
gradually  become 
more sophisticated and 
a lot of ingenuity has 
been  put  into 
stretching  their 
capabilities. As a result 
of this there is an 
increasing amount of 
CAD/CAM  software 
becoming available for 
use  with  micro-
computers, including a 
certain amount for the 
more  popular  up-
market  home  com-
puters such as the BBC 
and Amstrad machines. 
It  is  still  quite 
expensive to set up a 
simple CAD/CAM system even if you 
already have suitable hardware since 
most of the programs are well beyond 
games software prices. This makes CAD/ 
CAM a more attractive proposition to 
small scale  commercial  users and 
educational establishments than  to 
electronics hobbyists, but if prices 
continue to fall it could be that before 
too long simple CAD/CAM setups will 
become really affordable. 
In this article we will take a look at 

inexpensive CAD/CAM in general, and 
some  representative  programs  in 
particular. CAD and CAM are perhaps 
not familiar terms to everyone involved 

in computing, but CAD stands for 
'computer  aided design',  or it is 
sometimes used to mean 'computer 
aided drawing'. In fact CAD is largely to 
do with drawing, since much design 
work involves the production of detailed 
diagrams and drawings. However, some 
CAD systems are only to do with design 
and are in no way involved with drawing. 

For  example,  a system  for  the 
production of circuit diagrams is a CAD 
system in either sense, but one which 
mathematically  models  electronic 
circuits and predicts their performance is 
CAD only in the design sense. 
CAM stands for 'computer aided 

manufacture'. There is again some 
overlap here in that anything which 
contributes towards the production of a 
final product could be considered to be 
CAM equipment. In order to genuinely 
qualify as CAM equipment though, the 
system must contribute in a fairly direct 
way towards the manufacture of a 
finished product. A system which 

produces circuit diagrams would not 
really come under the heading of CAM 
equipment, but one which aids the 
production of printed circuit boards and 
generates accurate drawings from which 
the boards can be manufactured quite 
definitely does. As we will see shortly, 
these examples are all true examples of 
the type of thing that can now be 

undertaken with the 
aid of a home micro. 

SYMBOLISM 
On  searching  for 

drawing  programs 
specifically  intended 
for use in electronics, 
apart  from  printed 
circuit design packages 
only one came to light, 
and this is the Lintronic 
program for the BBC 
model B from Linear 
Graphics Ltd. In order 
to be of any real value 
a drawing  program 
must  provide  some 
means  of  providing 
hard copy, and this 

generally means printing out on a dot 
matrix printer, or plotting on a plotter. 
Most low cost drawing programs are 
intended for use with a dot matrix 
printer, and in some cases optional 
plotter driver software is available. The 
Lintronic is an exception and it will only 
provide hard copy in conjunction with 
one  of Linear  Graphics  Plotmate 
plotters. In common with most CAD/ 
CAM  software  Lintronic  is only 
available on disc. Cassette software 
would not really be very practical in such 
complex applications where there is 
generally a menu program which loads 
other programs, depending on which 
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function is chosen (drawing, plotting, 
printing, or whatever). 

On booting Lintronic the user is 
presented with the usual menu which, 
includes options to create or edit a circuit 
file or a label file. Having separate disc 
files for drawings and labels is an unusual 
feature of Lintronic, but it is a system 
that is quite easy to get on with in 
practice. If the circuit file option is 
selected the user is presented with a 
screen that has an off-centre cross and 
a large rectangular cursor. Down the 
right hand side of the screen is a series 
of circuit symbols, and these are just a 
few of the large set of BS3939 based 
characters. The up and down cursor keys 
used with SHIFT scroll the character set 
which can be regarded as a continuous 
loop, rather like a film strip being drawn 
past a window down the side of the 
screen. The character at the centre of 
the window is shown in inverse video, 
and this character is drawn at the cursor 
position if the return key is operated. 
This method of selecting characters is 

very easy to learn, but it can be quite 
time consuming to find the character you 
require. No chart to help find the 
quickest direction to the required 
character  is  provided  in  the 
documentation, but it would not be 
difficult to sketch one out. Fast scrolling 
can be achieved by pressing CONTROL 
and one of the cursor keys, and pressing 
ESCAPE causes the set to rapidly scroll 
to  the  position  where  the  most 
commonly used characters (resistors and 
capacitors) are displayed, but it can still 
take several seconds to find the required 
symbol. Things are not helped by the 
fact that each symbol has to be repeated 
two or four times so that it is available 
in any required orientation. 

The cursor is moved around the screen 
using the four cursor keys, with symbols 
being placed where required. Various 
lines (including junctions and cross-
overs) are available as symbols, but lines 
can also be drawn by pressing TAB plus 
one of the cursor keys. This can provide 
a quick way of joining components, as 
well as providing a means of producing 
rectangles  to  represent  integrated 
circuits. An important feature of any 
drawing system is some means of 
deleting errors, and with its symbol 
system  of  drawing,  things  are 
particularly easy with Lintronic. Simply 
pressing the spacebar erases any symbol 
at the current cursor position, or 
pressing RETURN causes the currently 
selected symbol to replace any previous 
one. This is different to most drawing 
packages where drawing over any 
existing lines or symbols does not erase 
them. 

The  large  cross  on  the  screen 
represents the 'page' boundaries, and 
there are four pages. Breaking a drawing 
down into pages is quite a common ploy, 
and it is a way of overcoming the limita-

Ng. 1. Line Amp circuit drawn using the Lintronic demo program. As can be 
seen, the quality is very good. This is reduced on a photocopier however. 

1 

tions of having a drawing that cnnsists 
of just a single screenful. Even with a 
computer  that  offers  quite 'high 
resolution graphics the real resolution is 
not very good, and complex drawing can 
not be accurately represented on a single 
screen display. Up market systems based 
on mini-computers use a monitor that is 
more like a giant oscilloscope than an 
ordinary monitor, and drawings are 
plotted onto the screen rather like 
producing  lissajous  figures  on  an 
oscilloscope. Anyone who has seen 
circles and other shapes produced on an 
oscilloscope, and circles produced using 
computer high resolution graphics and 
a scanning monitor will be under no 
illusions as to which offers the best 
results.  Unfortunately,  the plotting 
system is well beyond microcomputer 
capabilities, and the paging system 
offers a simple alternative. 
With Lintronic, taking the cursor close 

to a page boundary takes you into the 

Outer Sleeve — 

Window For He•iid 

adjacent page with the screen being 
automatically redrawn. Each page is 
made somewhat less than a screenful so 
that part of each adjacent page is shown 
on the screen, and it is easy to carry the 
drawing across the boundaries. The 
obvious drawback of a paging system is 
that the entire drawing can not be 
properly viewed at once, but this is a 
compromise tht has to be accepted with 
• any micro CAD system. 
The program includes simple but 

useful editing features which enable 
columns or rows in the drawing that 
contain no symbols to be closed up, or 
the drawing can be opened out to 
produce vacant rows or columns so that 
stages can be inserted into the diagram. 
This enables the drawing to be easily 
compacted if you start to run out of 
space, or anything that is overlooked to 
be inserted without a lot of deletion and 
redrawing. 
Drawings have to be saved to disc 

LABEL 

Locating N ots.,11Q 

• 4-

Write Enable 
Notch 

Index Window 
And 

Index Hole 

Ng. 2. The DR Draw demo using a dot matrix printer. Its quite good but 
complicated drawings wouldn't be so readable. 
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before they can be plotted, and this is a 
feature which seems to be common to 
practically all drawing programs. It is 
due to drawing and plotting or printing 
being carried out by what are really 
separate and fairly complex programs, 
unlike a word processor where printing 
out is accomplished by what is often little 
more than a minor routine in the main 
program. 
With Lintronic there is an additional 

complication in that the labels (if used) 
have to be added and saved on a separate 
disc file before plotting a drawing. When 
the labelling option is selected, the 
whole of the specified drawing is drawn 
on the screen, albeit in rather low 
resolution form. Text can then be added 
in various widths and heights, with a 
choice of four orientations, and either 
upright or with three slant options. Small 
text sizes are not clearly readable on the 
screen, and so the text is displayed at 
the top of the screen. When a label has 
been entered correctly it is placed on the 
drawing by pressing RETURN, and a 
further operation of RETURN confirms 
it, or SPACE deletes it. 
At only £19.50 (excluding VAT) 

Lintronic is very much at the bottom end 
of the CAD/CAM price range. It 
certainly represents good value for 
money, but it lacks versatility and some 
circuit diagrams could be beyond the 
capabilities of its symbol library, even if 
some ingenuity is exercised. Large 
circuits can n9t be handled as a single 
drawing, but most complex circuit 
diagrams can be broken down into 
convenient sections, and are often drawn 
in this form anyway. The main weakness 
of Lintronic is that it will only operate 
with a Plotmate plotter. 

RUBBER BANDING 
A lot of general drawing programs are 

not intended for technical drawing and 
are really painting programs. Those that 
are intended for technical illustrations 
fall into two main groups; simple 
drawing programs that enable good 
quality results to be obtained but require 
everything to be entered line by line, 
and sophisticated programs that have 
library facilities. DR Draw is a good 
example of a general drawing package, 
and it is suitable for any computer which 
runs under the CP/M 3 operating system 
and can handle the G̀SX' graphics 
extension. I used this program on an 
Amstrad CPC6128 with additional disc 
drive. 

This is an example of a menu driven 
program where the desired options are 
selected by placing the cursor under the 
appropriate heading at the top of the 
screen and then pressing the spacebar. 
In fact most menu options are followed 
by sub-menus. This type of program is 
really intended for mouse control, but 
it works reasonably well (if a little 
slowly) using the cursor keys, and the 

program can be configured for control 
using a joystick. 
A detailed description of DR Draw 

would be out of place here, but we will 
take a brief look at some of its more 
representative features. Line drawing is 
very simple and it is just a matter of 
picking the start point and then selecting 
the finishing point. When moving the 
cursor away from the starting point a 
line is drawn from that point to the 
current cursor position; a feature which, 
for obvious reasons, is termed 'rubber 
banding'. Various line types are available 
in addition to the default style of solid 
lines. A 'snap' facility is included, and 
this is where the cursor jumps to points 
on a grid rather than moving pixel by 
pixel. This makes drawing much faster 
and easier when high definition is not 
required, but the cursor can be moved 
in between snap points if greater 
precision is required. The grid of dots 
can be displayed on screen, or not, as 
desired. 

echn 1DIRECT1 

part of the drawing. If you are used to 
the  rapid  vertical  and  horizontal 
scrolling of a word processor the panning 
facility of drawing programs tend to be 
something of a disappointment, being 
very  slow  and  cumbersome  by 
comparison. 
Text can be entered in the machine 
font, or a variety of alternative styles 
(fonts) are available. There is a SCALE 
function which can be used to enlarge 
or shrink text strings, and this can also 
be used on other elements of the 
drawing. In fact non-text elements can 
have their vertical and horizontal scaling 
altered by different amounts so that a 
square can be made into an oblong, and 
circles can be squashed into elipses. 
MOVE and COPY are two powerful 

editing commands Which have largely 
self explanatory names. MOVE enables 
part of the drawing to be selected and 
moved to any desired area on the 
drawing. COPY enables the selected 
drawing element to be copied and then 

r t r a w 

R 

Is  of the wiring to the 

4.2 Lines; 320 Curves; 5'5 Chars 
ZOOM OFF: Window: 1,2  Scale: 1.0 
Levels: W 1 2 3 4 5 6 7 Colour MME 

Photo 1. A typical screen showing the Technomatic software. 

Circles can be drawn simply by picking 
the centre and any point on the 
circumference. Arcs require three points 
to be selected (the centre, start, and 
finish). Polygons can be drawn by 
selecting the corners, and enclosed 
shapes can be filled in a variety of fill 
styles (but not all printers and plotters 
support the full range of fill or line 
styles). 
DR Draw does not use a system of 

paging, but has the alternative of pan 
and zoom. The zoom facility enables a 
small area of the screen to be selected 
and displayed at the full screen size so 
that fine detail can be added to the 
drawing. The pan facility enables the 
zoom window to be moved vertically, 
horizontally, or diagonally to another 

placed on the drawing in any desired 
position. COPY differs from MOVE in 
that it leaves the original drawing 
element intact, and as many copies as 
desired can be placed on the drawing. 
In some ways DR Draw is a little slow 

and awkward in operation, and it gives 
the  impression  that  the Amstrad 
CPC6128 is barely up to the task of 
running it. At a VAT inclusive price of 
£49.95 it represents exceptional value 
for money since it has many advanced 
features and includes driving software 
for printers and Hewlett Packard or 
compatible plotters. 

LIBRARIES 
Much drawing work involves the use 

of elements which have to be drawn time 
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and time again, and such things as circuit 
diagram and printed circuit component 
layouts obviously fall into this category. 
With most general drawing packages 
each symbol has to be redrawn each time 
it is needed. With more advanced 
drawing programs it is possible to have 
libraries of symbols which can be loaded 
from disc and merged into a drawing. 
These symbols are often called 'icons' 
or 'macros', and are analogous to rub-on 
transfers or stencilling in conventional 
drafting. A library of symbols is the basis 
of the Lintronic program, but with 
general CAD packages there is the 
versatility of being able to define 
whatever icons are required, and all the 
normal  drawing facilities are  also 
available. 

The  Novacad  program  from 
Technomatic is one which supports this 
facility. This program will run on the 
BBC B, B + , B+128, and Master 128 
machines, and there are two versions; 
one for keyboard control, and one for 
mouse or trackerball control. 
There are usually some restrictions on 

the size of icons, but Novacad is very 
good in this respect in that icons can 
have up to 500 lines, and a maximum of 
1000 icons or 60k of data (whichever 
limit is reached first) can be stored on 
each library disc. Icons can be called up 
by pressing function key 0 and then 
giving the appropriate name, or they can 
be assigned to partcular function keys 
and then called up just by pressing the 
appropriate key. Once called up an icon 
can be rotated, mirror imaged, moved, 
and changed in scale before finally being 
left in place. The program includes a 
form of copy facility, and this can be 
used to copy an icon or any element of 
the drawing and repeat it on the drawing 
as often as desired. 
Novacad  has  other  interesting 

features, including the use of a 4 wide 
by 5 high page system which enables 
quite large and complex drawings to be 
produced, although if hard copy is to be 
produced by a printer it must be a wide 
carriage type having a condensed mode 
in order to accommodate all twenty 
pages. There is a utility which enables 
the whole drawing to be viewed on-
screen, but obviously in only a very low 
resolution form, and text characters for 
example, just appear as single pixel dots. 

Another advanced feature of Novacad 
is its ability to handle layers. Up to eight 
layers can be used, and the main purpose 
of this facility is to match layers of the 
drawing with different pens of a multi-
pen plotter. This enables multi-coloured 
drawings to be produced, and (or) 
different parts of the drawing can be 
plotted  using  pens  of  different 
thicknesses. 
Hard copy can be produced on a 

printer  having  Epson  compatible 
graphics using the built-in printer driver, 
or to a range of plotters with the optional 
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Fig. 3. The NovaCad demo drawing using a dot matrix printer gives excellent 
results. As can be seen, fairly complicated drawings can be produced. 

plotter utility program. The most simple 
drawing programs provide hard copy 
using a screen dump which is very quick 
and easy, but gives a drawing of only 
equal resolution to the screen display. 
More sophisticated drawing programs 
such as Novacad have to store the 
drawing in a form which offers higher 
resolution than a single screen display. 
This is not normally done in the form of 
a giant memory mapped display, but in 
the form of a plotting file. In other 
words, a line drawn from point A to point 
B would be stored in memory and on 
disc in a simple coded form as a line 
from co-ordinate set A to co-ordinate set 
B. For this reason you can not simply 
fill the screen with lines and text 
characters, and there is a limit to the 
number of lines and text characters that 
a drawing can have. 

A drawback of this system is that it 
tends to result in redrawing on-screen 
being rather slow, particularly in the case 
of circles and arcs where the program 
takes the basic data and then calculates 
pixel by pixel what to plot on the screen. 
It does give data in a form that is 
convenient for producing hard copy on 
a plotter, but not where output is to be 
via a printer. Simple Novacad drawing 
can be directly output to a printer, but 
drawings which occupy more than one 
page must first be processed and stored 

on disc as a printer file, and then printed 
out from this. Production of the printer 
file seems to be a rather slow business 
(I thought for a while that the computer 
had crashed when I first tried out this 
facility), but by graphics standards things 
are quite rapid when it comes to the 
actual printing out. I must confess to 
being a little disappointed at the drawing 
quality using a dot matrix printer, and 
this applies to other drawing programs 
I have tried and not just Novacad. Much 
higher quality output would probably be 
obtained using double or quad density 
modes, but few drawing programs seem 
to support these. 

PLOTTING 
Even an inexpensive plotter will 

provide much higher quality results than 
a dot matrix printer, and excellent results 
can be obained from Novacad. The 
plotter program is ready configured for 
use with the Epson H180, Hitachi 672, 
and Penman plotters, and it has the 
unusual feature of enabling the user to 
configurate it for use with other plotters. 
The programs described in this article 
are all supplied with good documenta-
tion apart from the Novacad plotter 
utility with its three badly photocopied 
sheets of instructions. These give little 
help to anyone trying to configure the 
program themselves, but with a lot of 
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trial and error and a little trigonometry 
we did eventually get the program fully 
operational with a Plotmate A4M plotter 
set to its Watanabe emulation mode. 
The  plotter  utility  is  very 

straightforward in use, and it gives 
considerable control over the size of the 
drawing, enabling small drawings to be 
brought up to the full paper size, or large 
drawings to be condensed if desired. 

The Novacad package is not without 
one or two weaknesses, such as a single 
text size and slow operating speed with 
large drawings, but it also has some 
powerful and attractive features. At VAT 
inclusive prices of £90.85 for Novacad 
(£113.85  for the mouse/trackerball 
compatible version) and £32.78 for the 
plotter utility this software is certainly 
not overpriced. 

PCB DESIGN 
With printed circuit boards tending to 
become ever more complex and intricate 
it is probably in this area of electronics 
that CAD/CAM has the most to offer. 
There are quite sophisticated systems for 
the IBM PC etc. which offer facilities 
such as auto-tracking, and have prices 
of around £10,000 just for the software. 
Perhaps of more relevance to this article 
there are low cost but very useful systems 
for the expanded BBC machine or the 
Master 128. 
Simple  printed  circuit  design 

prograixis  have  many  features  in 
common  with  ordinary  drawing 
programs, but there are two essential 
differences. One is simply that rather 
than drawing circles and lines, drawings 
are built up from tracks and pads of 
various sizes. The second and very 
important difference is that the hard 
copy is at an accurate 1:1, 2:1, or 4:1 
scale so that it can be used for the 
production of boards. 

Photo 3. A home-CAD set-up. 

Photo 2. P.c.b. design in action. 

The  PCBCAD  program  from 
Micronova was probably the first low • 
cost printed circuit design program. It 
will run on a BBC model B with the 
6502 second processor, or in a somewhat 
limited fashion using an Aries orWatford 
RAM extension. It supports a wide 
range of track and pad sizes, and the 
four colour screen display enables 
double-sided boards to be produced. 
Boards of up to two feet square can be 
accommodated with pads and tracks 
being positioned on a 0.025 inch grid. 
The more relevant limitation is 5000 
'structures' (pads, and tracks) if the 6502 
second processor is used, but only about 
900 using an Aries or Watford RAM 
card. Output is produced on an Epson 
or Epson graphics compatible printer. 

This has the advantage of low cost, and 
many owners of BBC systems probably 
already have a suitable printer. It has 
the disadvantage that only accurate 2:1 
or 4:1 camera ready artwork can be 
produced, and the 1:1 output is not 
adequate for the direct production of a 
prototype board. 
PCBCAD costs £139.00 plus VAT, 

which may seem expensive, but is 
peanuts by printed circuit design 
software standards. A demonstration 
program is available for £5.00 plus VAT. 

REAL CAM 
Lintrack is a recent rival to PCBCAD, 

and it has a number of attractive 
features. It provides hard copy via one 
of the Plotmate range of plotters, and 
this enables accurate drawings at 1:1 to 
be produced in addition to 2:1 and 4:1 
drawings. The plotmate plotters can be 
fitted with technical pens via an adaptor, 
and this gives lines of adequate density 
on drafting film for the direct production 
of boards using photo-resist copper 
laminate and an ultraviolet lightbox. In 
fact I found it possible to plot simple 
designs straight onto copper laminate 
board using an overhead transparency 
pen (which has an oil based ink that 
works well as etch resist). Quite 
definitely CAM rather than CAD. 
The four colour screen display and 
multilayer capability enables double-
sided boards to be designed, and the 
maximum size is 10.23 by 10.23 inches 
with 0.01 inch resolution. Up to 8192 
structures can be included on each 
drawing, and the program permits 
simple labelling and component outlines 
to be included as well as a limited but 
useful range of pad sizes and track 
widths. The program is controlled by 
menu selection using the cursor keys, 
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and learning to drive it is very quick and 
easy. The manual is only some 30 pages 
in length, but with drawing programs a 
large manual is as likely to indicate that 
the program is difficult to use than that 
it  is  comprehensive  and  well 
documented. 

Probably the most attractive feature 
of Lintrack is its powerful editing 
facilities. It has a library facility, and is 
supplied with a library disc which 
includes DIL clusters and various types 
of connector. The user can add to the 
library which is not restricted to simple 
DIL clusters and the like, but can 
contain predesigned circuit blocks if 
desired. Library objects can be moved, 
rotated, and duplicated before being 
'dropped' into position. When designing 
my first board using Lintrack I produced 
it as two separate boards. The second of 
these was turned through 180 degrees 
and moved to the top of the screen, after 
which the first board was loaded into the 
drawing, moved into position back-to-
back with the other board, and then 
merged with it by adding the necessary 
interconnections. 
The editing facilities can also be used 

on existing parts of the drawing. An 
adjustable rectangle on the screen can 
be used to select all the objects within 
its boundaries, or the user can go 
through them one by one, selecting each 
one for inclusion in the group edit or 
leaving it out, as desired. Items for group 
editing can be selected one at a time 
using the cursor if preferred. These 
editing facilities enable unwanted gaps 
in the drawing to be easily closed up, or 
space to be opened up for any 
components that need to be squeezed in 
— the type of thing that is difficult and 
time  consuming with  conventional 
drawing methods. The editing, and the 
program in general for that matter, 
operates at an impressively fast speed. 

Displaying the whole drawing on 
screen gives rather poor resolution 
making checking difficult. Zoom ratios 
of 2, 4, and 8 to 1 are available, but 
except for very small boards these will 
not display the entire board at once. The 
plotting part of the program has 
provision for producing a quick outline 
plot for checking purposes, and I found 
spotting and correcting errors very easy 
with the aid of this. My first board was 
error-free and worked first time, and 
Lintrack is certainly a piece of software 
that  can  be  wholeheartedly 
recommended. 
Although Lintrack is easily the most 

expensive of the programs covered in 
this article at a price of £250.00 plus VAT, 
there are programs for the IBM PC and 
compatibles at three to four times this 
price which seem to offer little more for 
the extra outlay, and seem to be inferior 
in some respects. Bear in mind though, 
that ideally a BBC Master 128 or B+128 

computer plus twin drives is needed to 
run the program, but it can be run on 
upgraded model B and B plus computers 
with a single disc drive. Another point 
to keep in mind is that the program will 
only provide hard copy on a Plotmote 
plotter. A demonstration program is 
available for £12.50 plus VAT, and this 
is apparently the full program but with 
a limit of 500 structures (which seems a 
bit generous and makes it the bargain 
of the century for anyone who produces 
lots of small to medium size boards). 

performance of complex networks of 
components  connected  in  any 
configuration the designer chooses is 
quite another matter, and is something 
that has been very much the domain of 
mini computers in the past. I therefore 
approached Analyser II with some 
scepticism half expecting it either to 
show some weaknesses on difficult 
circuits, or to take about a week to 
produce each set of results. 
For such a complex and technical 

program it is certainly very easy to use, 

Fig. 4 A Lintrack p.c.b. design shown here slightly less than actual size. 

MODELLING 
A company called Number One 

Systems produced an excellent low cost 
drawing program for the BBC model B 
and a dot matrix printer, but their main 
claim  to fame  is their Analyser 
programs. The particular version I have 
used is Analyser II for the BBC model 
B (a faster and more advanced version 
is available for the IBM PC and 
compatibles). The purpose of Analyser 
II is to mathematically model a circuit 
and predict its performance at various 
frequencies. It is not a so called expert 
system, and it will not design a lkHZ 
third order lowpass filter (or whatever) 
for you, but it will test a design you have 
created. Amendments can be made to 
the circuit which can then be rechecked, 
and this process can be repeated until 
the circuit is finally perfected and proved 
without ever having built it. Well that is 
the theory anyway. A program of this 
type also lends itself well to modelling 
maximum and minimum real circuit 
values so that worst case effects of 
component tolerance can be predicted. 
Mathematical modelling of logic 

circuits is not too difficult, and various 
types of filter and amplifier can be 
modelled  using  the  appropriate 
formulas. Accurately predicting the AC 

and the on-screen prompts and menus 
ensure that only occasional reference to 
the manual is needed. The components 
that can be modelled are resistors, 
capacitors,  inductors,  bipolar 
transistors,  field  effect  transistors, 
operational  amplifiers,  and 
transformers, which seems to cover most 
eventualities. With the active devices 
there are six default devices of each 
kind, but the parameters can be altered 
so that any desired types can be 
modelled. Circuits having up to 100 
components and 27 nodes (component 
junctions) can be handled. 
Circuits are easily entered into the 

program, and the first step is to draw 
the circuit, including type numbers, 
values, and numbers from 0 upwards for 
the nodes. Fig. 1 shows a twin T filter 
circuit which I used for an initial test. 
The circuit is entered as a table which 
gives the identification number of each 
component, the nodes to which it 
connects, and its value. The circuit is 
unfussy about the form values take, and 
as an example, 3k3 could also be entered 
as 3300, 3.3E3, 0.0033M, or M0033. 
Once all this information has been given, 
entry of the circuit is terminated by 
designating the nodes which act as the 
input, output, and ground. As this is an 
AC analysis program it makes no DC 
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checks, and it is up to the circuit designer 
to ensure that proper biasing is provided 
where necessary. For AC signals there is 
assumed to be zero impedance across 
the supply rails, and any components 
which connect to the non-earthy supply 
rail should be connected to the earth 
node for analysis purposes. 

In order to analyse a circuit the start 
and finish frequencies must be given, 
and either logarithmic or linear scaling 
is selected. Up to 45 steps are available, 
which will not be sufficient in all cases. 
However, by breaking the response 
down into narrow frequency bands and 
analysing  them  separately  this 
shortcoming is easily overcome. The 
circuit normally plots gain and phase 
response, but it can also be set to show 
input impedance, output impedance, 
and group delay. Results are first shown 
in tabular form, and then a simple graph 
display can be produced if required (Fig. 
2). Both tables and graphs can be 
dumped to a dot matrix printer if 
required. 
Results with the program are certainly 

impressive. The response of the T notch 
filter was plotted accurately, and on 
modifying the circuit to put the filter in 
the feedback loop of an operational • 
amplifier the correct bandpass response 
was reproduced. In fact a variety of 
circuit types were tried with no errors 

coming to light. Checking the results of 
Analyser II against real circuits and test 
results will produce discrepancies, but 
even using close tolerance components, 
any discrepancy can be largely attributed 
to the real circuit and not any lack of 
accuracy in the program. Although 
results may not seem to be produced 
lightning fast, with each step typically 
taking a second or two, considering the 
complexity of the calculations involved 
this is actually surprisingly fast. 
Analyser II is certainly an excellent 

program which anyone involved in the 
design of analogue circuits should find 
extremely helpful. At £149.50 for the 
BBC version and £224.25 for the IBM 
version it is quite expensive though, and 
the lower cost Analyser I program would 
probably be of more interest to most 
potential users. This can handle fewer 
components and only provides tabular 
output. Versions for the Spectrum 48k, 
BBC model B (cassette and disc) and 
IBM PC are available at prices from 
£23.00 to £74.75. 

CONCLUSION 
In this article it has only been possible 

to take a brief look at some representa-
tive CAD/CAM software, but this 
should be sufficient to give a good idea 
of the types of application that can be 
handled. It is still early days as far as 

Flg. 5 Lintrack p.c.b. 2:1 ratio. 

micro  CAD/CAM  software  is 
concerned, and it is an area of computing 
which has not received the same degree 
of effort as say business or games 
software. As time passes the software 
and hardware will probably both become 
more sophisticated and less expensive, 
but even as things stand there is a 
significant amount of reasonably priced 
software and equipment available, and 
simple  CAD/CAM  systems  are 
genuinely useful and not just toys. El 

LOW COST C.A.D. 
ATTENTION ALL ELECTRONICS CIRCUIT DESIGNERS!! 
IBM PC (and compatibles) BBC MODEL B, B+ and MASTER, 

AMSTRAD CPC and SPECTRUM 48K 
ANALYSER I and II compute the AC. FREQUENCY RESPONSE of linear (analogue) circuits. GAIN and 
PHASE, INPUT IMPEDANCE, OUTPUT IMPEDANCE and GROUP DELAY (except Spectrum version) are 
calculated over any frequency range required. The programs are in use regularly for frequences between 
0.1Hz to 1.2GHz. The effects on performance of MODIFACATIONS to both circuit and component values 
can be speedily evaluated. 
Circuits containing any combination of RESISTORS, CAPACITORS, INDUCTORS, TRANSFORMERS, 
BIOPOLAR AND FIELD TRANSISTORS and OPERATIONAL AMPLIFIERS can be simulated - up to 60 
nodes and 180 components (IBM version). 
Ideal for the analysis of ACTIVE and PASSIVE FILTER CIRCUITS, AUDIO AMPLIFIERS, LOUDSPEAKER 
CROSS-OVER NETWORKS, WIDE-BAND AMPLIFIERS, TUNED R.F. AMPLIRIERS, AERIAL MATCHING 
NETWORKS, TV I.F. and CHROMA FILTER CIRCUITS, LINEAR INTEGRATED CIRCUITS etc. STABILITY 
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on Analyser II. 
Check out your new designs in minutes rather than days. 
ANALYSER can greatly reduce or even eliminate the need to breadboard new designs. 
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TRAINING COURSES, VERY EASY TO USE. Prices from £20 to £195. 

LOW COST COMPUTER DRAUGHTING 
On the BBC Model B, B+ 

DRAWER I enables drawings to be created and modified, quickly, easily and with the minimum of hardware. 
All of the major program elements are written in machine code giving exceptional speed of operation. 
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displayed on screen.  1_1_1_1 _1 
• Input from analogue joystick, mouse or  _  
trackerball. . 
• Output to standard dot matrix printer.  
' Price from £45 excl. VAT.  .......  1 , 

Minimum Hardware Required: BBC Model B. Single or Duel 5.25" Disc Drive-40 or 80 track. T.V. or monitor. 
Games joystick, Mouse or Trackerball. Dot matrix Printer (Epson 80 series or Epson compatible- BBC Default 
Mode. 

Full AFTER SALES SERVICE with TELEPHONE QUERY HOT LINE and FREE update service. 

For illustrated leaflets and ordering information Ouse write or phone 

NUMBER ONE SYSTEMS LIMITED 
Ref: PE Crown Street, St. Ives, Huntingdon, 
Carnbs PE17 4EB. Tel: 0480 61778. 
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COMMENT . . . 
Women in Science — The Screwdriver Versus the Knitting Needle 

GIRLS are happier studying needle-
work while boys prefer to learn 

engineering. I am forced to agree and I 
am a female student about to read 
Physics at university. 
The discomfort endured by any girl 

fighting her way into a career in science 
is more than enough to put most of us 
off. And I am not simply referring to the 
way the women's toilets are miles from 
the labs in most polytechnics. 
No, I am thinking of the everyday 

brainwashing inflicted on the fairer sex 
to preserve our delicate dishwashing 
hands from the filth of a car engine. 
Which reminds me — how many tele-
vision advertisements have you seen 
where a man cleans dishes or frets over 
the stains on his wife's unboilable cotton 
shirt? But the really frightening fact is 
that when we do see some chap bent 
over the sink, we think it is an unusual 
gimmick. 
What would be your reaction to a 

civilization where children are brought 
up for their future jobs, where electric 
shock treatment forces them to hate any 
alternative careers? This is our future as 
foretold by Aldous Huxley in his book 
Brave New World. People are even 
trained to take pride in their position in 
society. Mankind is reduced to a flock 
of conditioned sheep. 

But today's methods of teaching 
children to relish their future roles are 
much subtler and just as effective. 
Consider the words of praise showered 
on little Tommy when he hammered his 
first toy nail. They were almost as warm 
as the àaah's' when his sister presented 
'Cindy' decked in her finest togs. 
In true Huxley style, children are tied 

by  their clothes into fashions of 
behaviour. Next time you see a five-year-
old girl strutting along in imitation court 

shoes, a flouncy skirt and heavy 
earrings, try to picture her wielding a 
spanner one day. What is more, a girl 
must be specklessly clean to look 
appealing, while if a boy manages to 
smother himself in dirt, his Mum only 
laughs "Oh isn't he a cheeky rascal". 
The really ironic twist, however, is that 
the girl insisted on buying those shoes 
and she pestered for a 'Cindy' doll for 
weeks.  Once  again,  a television 
advertisement was probably to blame. 
The child saw the doll cradled in the 

arms of a meticulously groomed little 
starlet who was obviously excessively 
happy. So the advert is not just selling 
dolls, it is hammering the idea that 
happy little girls spend their day wearing 
beautiful clothes and showering Cindy. 
Perhaps the next advert showed two 

lads in dungarees lying on the floor and 
racing wind-up robots. Since children 
aged five watch an average of two to 
three hours television every day, the 
psychological enforcement from this 
source must be at least as effective as 
Huxley's electric shock. 
The female scientist faces an uphill 

struggle. After a bad start, the prospects 
only get worse.  If there  is any 
mechanical bent left in her, school will 
straighten it out. According to an Open 
University programme on education, 
teachers spend far more time with the 
males in the class than the females. 
Perhaps the females make less noise.The 
surprising result was that even when this 
was pointed out and teachers were told 
specifically to spend more time with girls 
than boys, they STILL focussed on the 
males. Why? Does this put forward a 
case for single sex science lessons? 
It is perhaps not so surprising, 

therefore, that two thirds of the 
successful Oxbridge candidates are men. 

Indeed I am amazed the fraction is not 
higher. The figures are a lot more sexist 
if you consider the subjects under-
graduates are reading. Imperial College 
in London offers only science degrees. 
The ratio of men to women is eleven to 
one, which is exciting for the women at 
Imperial, but does not say much for our 
entry into technology. 

Does this reflect a natural tendency 
by boys towards science and girls 
towards the arts? Psychological research 
shows that there is no difference 
between male and female reactions to 
science problems until the age of 
thirteen; and that any difference that 
ever develops is probably due to training 
since an inherent difference would surely 
show up much earlier. 
Suddenly a call has gone out for more 

women scientists. The people already 
working in technology — which is another 
way of saying 'men' — are advertising for 
the female touch. 
What a hypocritical plea! 
Any woman who has enough deter-

mination to qualify herself for a career 
in engineering despite her education, 
needs  no  patronising  words  of 
encouragement.  By  attacking  the 
problem when the damage has already 
been done, men can rest assured that 
their supremacy in science is not 
threatened. But at the same time, justice 
is seen to be done and women are 
apparently given a chance. 
And because so few women come 

forward, the men sit comfortably in front 
of their computers and sigh, "they 
obviously prefer needlework." 

BERRY-ANNE 
BILLINGSLEY. 

NEXT MONTH IN PE: 
HOBBY BUS UNIVERSAL EPROM PROGRAMMER 
TV ENTERTAINMENT - SATELLITES AND VIDEO 

CONTROLLING THE MAINS 
FILTERS IN ELECTRONIC DESIGN 

PLUS ALL OUR REGULARS AND LOTS MORE! 
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DC CONTROL OF 
ANALOGUE SIGNALS 

L. SAGE 

Useful techniques and circuit ideas 

Despite the increased use of digital integrated circuits in analogue audio 
devices, d.c. control is still widely used and has hundreds of 
applications. 

CONTROL of an analogue signal has 
traditionally been by way of a 

standard potentiometer, whether this be 
an audio volume control, tone control, 
or a more complex control such as is 
used on a mixing desk or a music 
synthesiser. 
An increasingly common requirement 

in today's Hi-Tech electronics systems is 
d.c. or remote control of analogue 
signals. The earliest and most common 
application of analogue signal control 
using a,fl.c. control potential is of course 
in the domestic TV receiver. This 
requirement came about due to the 
market needs for remote control TVs. 
Since the TV market is so vast, 

semiconductor  manufacturers  were 
quite happy to invest large sums of 
money  generating  dedicated  i.c.s 
particularly for this purpose. Most of 
these i.c.s however contain a lot more 
than just the d.c. control circuits and in 
some cases about half of a modern TV. 
Only  relatively  recently  have 
manufacturers released useful i.c.s for 
the general electronics industry. It is not 
the purpose of this article to explain 
these i.c.s and their uses — most of their 
information can be obtained from the 
manufacturers' data sheets. This article 
is mainly concerned with demonstrating 
that for many cases simple d.c. control 
can be achieved using standard, low 
cost,  easily  obtainable,  discrete 
components. 

Fig. 1. Diode control 

Fig. 2. Characteristics 

Nowadays, with even the simplest of 
electronic gadgets, a microprocessor is 
often at the heart of the system and this 
often needs to control external analogue 
signals. It is also undesirable to route 
audio signals around in the same box as 
a micro due to the chances of picking 
up spurious digital noise. 
Using a d.c. voltage to control the 

signals' parameters allows the designer 
to position the controls where he wishes 
on the front panel. 
The most difficult problem of d.c. 

controlling a signal is that of distortion. 
The signal itself to be controlled is a 
varying signal and hence will have a 
tendency to modulate the control 
voltage and then in turn modulate itself. 
Fig. 1 shows a very simple method of 

gain control using a diode as a variable 
resistor. It may seem strange to apply 
the audio signal directly across a diode 

in this manner as one would imagine the 
diode to simply clip off one half cycle. 
This is true for large signals, however, if 
the signal level is kept at a fairly low 
amplitude, typically less than about 
10mV RMS, then the diode acts as a 
fairly linear resistor. Fig. 2 shows this, 
and it's clear that varying the diode's 
current will cause a change in the slope 
of the V/I characteristics and therefore 
a change in its forward resistance. The 
value of the diode's forward resistance 
is approximately 25/If where If is the 
diode's forward current in milliamps. 

The distortion generated by this 
circuit is surprisingly low at around 0.2% 
and the amount of attenuation is 
determined by the ratio of R1 to the 
diode's  forward  resistance.  Typical 
attenuation levels range from Odb with 
zero control current to better than 
—50db dependent upon the control 
current and the value of Rl. Varying the 
control potential will vary the current 
through the diodes and hence alter their 
forward resistance. 

The actual amount of distortion pro-
duced is very dependent upon the signal 
amplitude and is predominantly 2nd 
harmonic in nature. If a larger signal 
than 10mV RMS is to be controlled, then 
two diodes may be used as in Fig. 3. This 
circuit gives some measure of distortion 
cancellation allowing a signal of up to 
40mV RMS to be controlled with less 
than 0.2% THD this time predominantly 
3rd harmonic. As a matter of interest a 
50% reduction in signal amplitude 
causes a 5 fold reduction in distortion. 

Fig. 3. Distortion cancellation 
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Still further reduction in distortion 
and greater signal handling can be 
achieved by using two diodes in series 
in place of each diode as in Fig. 4. This 
circuit will accept up to 80mV RMS and 
there's no reason why this technique 
cannot be extended further by adding 
more diodes. 

SERIES TYPE 
ATTENUATORS 
The circuits so far described are all 
shunt attenuators, however a series type 
attenuator can be built and a common 
type is shown in Fig. 5. Again this circuit 
will only work satisfactorily with low 
levels of signal at around 10mV. Since 

Fig. 4. Further cancellation 

both diodes act as variable resistors, 
there is a different level of signal 
amplitude across each diode and hence 
the distortion cancelling properties are 
not as good as in the shunt type. 
Fig. 6 shows an alternative series 

circuit, one which I prefer as the signal 
level across each diode is equal and 
therefore distortion cancellation occurs. 
It's  now worth  looking  at the 

advantages and disadvantages of the 
series versus the shunt type. 

Fig. 5. Series attenuator 

The shunt type has the greatest signal 
handling capability provided the signal 
across the diodes is kept below the levels 
described earlier. This is because the 
input signal during attenuation appears 
across R1 and only the output signal 
appears across the diodes. The polarity 
of the shunt attenuator is positive ie, an 
increase in control voltage will cause an 
increase in signal attenuation. The shunt 
type however does have only a limited 
amount of attenuation capability and 

Fig. 6. Preferred circuit 

greater attenuation can only be had by 
cascading two or more stages. 
The series type on the other hand has 

a relatively  poor  signal  handling 
capability. At high levels of attenuation 
the input signal appears across the series 
diodes.Therefore unless the input is kept 
below the previously described levels, 
distortion will be produced. It does 
however have the capability of a much 
greater level of attenuation typically 
better than 80db and has a negative 
polarity ie,  increasing the control 
voltage reduces the attenuation. 

1.70n 

DJG 135 

desirable aspects of each circuit. The 
signal is first attenuated by the shunt 
circuit with its good signal handling 
properties and then it meets the series 
type at a much reduced level. The series 
circuit then provides the level of 
attenuation  without  any  overload 
problems. 
Fig. 8 shows a simple d.c. controlled 

tone control. This circuit will provide up 
to 12db of bass boost and 15db treble 
cut dependent upon the d.c. control 
voltages. The input will accept audio at 
around 300mV RMS, the output level 
being around 80mV. The amount of bass 
boost provided is dependent upon the 
relative values of R1 and R2 and the 
turnover frequency dependent upon the 
time constant of R1 + R3 and C3. The 
treble turnover frequency is dependent 
upon the time constant of C5 and R3. 
Fig. 9 shows how the diode attenuator 

circuit can be used as an amplitude 
modulator and so produce at a very low 
cost the well known T̀remelo effect'. Ti 
is connected as a phase shift oscillator 
and generates a low frequency sinewave, 
this is then impressed upon the d.c. 
control voltage to modulate the audio 
signal. 

Fig. 7. Combined short and series circuit 

0 12V DC 
CONTROL 
INPUT 

12V 

The polarity can however be reversed 
as shown in Fig. 7 which also shows how 
the properties of a shunt type can be 
combined with those of a series type to 
produce an attenuator with all the 

INPUT 
300mV 
RMS 

DJG 136 

Fig. 8. D.C. 
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controlled tune control 

Those keen eyed constructors may 
have noticed that the phase shift 
oscillator has four time constants instead 
of the usual three. This has the added 
advantage that four time constants each 

OUTPUT 

OV 
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Fig. 9. Amplitude modulator 

contributing only 45 degrees phase shift 
give less overall attenuation than the 
more usual three at 60 degrees. TR1 
therefore does not have to supply as 
much gain and hence it is much easier 
to control its gain more accurately. 
The circuit shown in Fig. 10 is of the 

familiar 'All Pass' filter or constant 
amplitude variable phase filter. It is used 
in several different musical effects units 
ie the P̀hasor' and also the F̀langer'. 
The phasor unit consists of two stages 
cascaded and hence gives a maximum 
phase shift of 360 degrees. The flanger 
unit, however, consists of at least six 
stages cascaded and sometimes even 
more. The effect of this phase shifted 
signal when added to the original signal 
is to produce a series of alternate signal 
additions and cancellations across the 
frequency spectrun). This circuit is often 
called a comb filter due to the comb-like 
frequency response. 

The main problem with each of these 
circuits is that to produce the required 
sound effects the phase shift has to be 
variable under user control. With six or 
more stages it is impractical to have a 
six gang pot and therefore d.c. control 
is essential. One or two circuits have 
been published in magazines in the past 
and the most common method of 
adjustment appears to be by way of Light 
dependent resistors (I.d.r.$) in place of 
R1 and 1.e.d.s placed close to them. The 
control voltage is used to drive the I.e .d.s 
and therefore vary the 1.d.r.s resistance. 
1.d.r.s are quite expensive and it's often 

INSERT 
AS MANY 
STAGES 
HERE AS 
REQUIRED 
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Fig. 11. Alternative to 

thought a rather clumsy way of providing 
control. 
Some commercial units use FETs to 

act as the variable resistor element, 
these too are relatively expensive 
although less than 1.d.r.s but due to the 

Fig. 10. 'All Pass' filter 

very large spread in gate potential, these 
FETs must be selected to match their 
characteristics closely. 

Fig. 11 shows how the shunt diode 
attenuator of Fig. 3 can be used as a 
very cost effective alternative to 1.d.r.s 
or FETs. The diodes, unlike FETs, do 
not have to be matched and as many 
stages as one wishes can be cascaded. 

The drive current to the diodes is quite 
small, just a few tens of micro-amps, 
therefore they can easily be driven 
directly from an op-amp connected as 
either a sinewave phase shift oscillator 
or as in Fig. 12 as a linear ramp 
generator. 

Fig. 12. Linear ramp generator 

It should also be pointed out that the 
purpose of C2 in Fig. 1 is to decouple 
audio such that both diodes see the input 
signal equally. Therefore it should not 
be made unnecessarily large otherwise 
it will tend also to decouple changes in 
the control voltage. El 

OMEGA ELECTRONICS 
SPECIALISTS IN COMPUTER IC'S 

NEW LATEST AND FASTEST 
MEMORY AND CMOS DEVICES 

COMPUTER IC S  EPROM 5v CMOS 250ns 

DRAM 5v HMOS 15ons  27C64  8Kx8  700p 

4164  64Kx 1  120p  27C256 32Kx8  1200p 

41256  256Kx1  350p 
280 CPU & INTRF. 

4416  16Kx4  200p 
280  CPU  180p 

41464  64Kx4  490p 
280  PIO  200p 

SRAM 5v CMOS 15ons  280  CTC  200p 

6116  2Kx8  180p  280  SIO  500p 

6264  8Kx8  325p  280  DART  580p 

CMOS 

coo  15p  4028  32p  4052  37p  4094  48p 
4001  15p  4029  38p  4053  371/  4095  70P 
4002  15p  4030  20p  4054  60P  4098  50p 
4006  45p  4031  90p  4055  6011 4099  1109 
4007  15p  4032  80p  4056  60p  4501  40p 
4008  40p  4033  125p  4060  45p  4502  50p 
4009  29p  4034  99p  4063  7Sp  4503  3$p 
4010  32p  4035  47p  4066  24p  4508  90p 
4011  15p  4036  225p  4067  130p  4510  38p 
4012  15p  4037  105p  4068  15p  4511  49p 
4013  25p  4038  75p  4069  15p  4512  45p 
4014  35p  4039  265p  4070  15p  4514  7Sp 
4015  35p  4040  3$p  4071  15p  4515  80p 
4016  111p  4041  52p  4072  15p  4516  40p 
4017  31p  4042  30p  4073  15p  4517  199p 
4018  33p  4043  3ep  4075  15p  4520  40p 
4019  20p  4044  3$e  4076  45p  4525  60p 
4020  36p  4045  105p  4077  15p  4527  50p 
4021  40p  4046  410  4078  1Sp  4528  42p 
4022  311p  4047  45p  4081  15p  4532  60p 
4023  15p  4048  29p  4082  15p  4555  4$p 
4024  21p  4049  11Ip  4085  40p  4556  49p 
4025  15p  4050  211p  4086  35p  4584  35p 
4026  Sep  4051  311p  4089  80p  4585  42p 
4027  211p  4093  23p 

74HC 

746C00 24p  744C51  24p  74HC157 56p  744C241 85p 
7411CO2 24p  744C74  45p  746C158 56p  74HC242 85p 
74HC04 25p  744C86  45p  7411C161 75p  744C244 85p 
744C08 24p  744C107 35p  746C164 60p  746C245 95p 
744C10 24p  744C109 40p  746C165 65p  746C257 55p 
744C11 24p  744C123 50p  749C166 60p  74HC259 75p 
744C14 50p  744C132 65p  7411C173 60p  746C273 90p 
744C20 24p  744C138 52p  74HC174 611p  74HC373 90p 
74HC27 24p  744C139 52p  7411C175 70p  744C374 85p 
74HC32 36p  744C153 52p  744C240 99p  744C640 100p 
74HC42 50p 

ANY IC SUPPUED — IF IT EXISTS WE WILL SUPPLY IT. 

ORDERS OVER £25 p&p FREE + 15% VAT 

OTHER WISE ADD 50p p&p + 15% VAT 

QUOTATIONS FOR QUANTITY ON REQUEST. 

OMEGA ELECTRONICS 
189 BEVERLEY DRIVE, EDG WARE, MIDDLESEX HA8 5NL 

01-952 4802 

MAIL ORDER ONLY. 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 
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KIT AND PCB SERVICE 
AUDIO EFFECTS 

Unboxed  Boxed 

Blow Box  SET 214  £24.83  f29.33 
Flanger  SET 153  f23.95  £28.45 
Frequency Changer  SET 172  £40.06  £45.56 
Frequency Doubler  SET 98  £10.80  115.30 
Fuzz (Smooth)  SET 209F  £15.08  £19.58 
Guitar Modulo  SET 196  f19.06  f23.56 
Guitar Overdrive  SET 56  £23.54  £29.04 
Hand Clapper  SET 197  f22.19  £26.69 
Multi-Processor  SET 189  £53.53  £61.33 
Reverb - Stereo  SET 203  f32.04  f36.54 
Rhythm Generator  SET 240  £54.49  £59.99 
Ring Mod (Simple)  SET 179  £19.40  £23.90 
Storm Effects  SET 154  £18.10  f23.60 
Tom-Tom Synth  SET 190  f14.87  £19.37 
Tremolo  SET 136  £11.12  £15.62 
Vibrato  SET 137  f23.55  f29.05 
Wah (Auto & Manual)  SET 140  £18.86  £24.36 
Wah (Triggered)  SET 58  f14.34  f18.84 

CONTROLLERS 
Bass Boost 
Compander 
Envelope Shaper 
Fader (Voice Op) 
Graphic Equaliser 
Guitar To Synth 
Headphone Amp Mono 
Headphone Amp Stereo 
Hum Cut 
Microphone Pre-amp 
Mixer 4 channel Mono Simple 
Mock Stereo 
Sustain 
Tone Control 
Treble Boost 
Vocoder 
Vodalek Robot Voice 

Metronome 
Roger (2-Gong) 
Roger (Single) 
Sirens (Drum Trig) 
Sirens (Multi) 
Voice Op Switch 

SET 13813 
SET 238 
SET 174 
SET 167 
SET 217 
SET 173 
SET 156M 
SET 156S 
SET 141 
SET 144 
SET 256 
SET 213 
SET 222 
SET 139 
SET 1381 
SET 152 
SET 155 

OTHERS 
SET 143 
SET 126 
SET 127 
SET 199 
SET 151 
SET 123 

f9.12 
£18.49 
f20.70 
£17.72 
f20.83 
f35.91 
£13.57 
£22.15 
£12.31 
£10.43 
615.49 
£19.87 
£20.81 
f15.51 
f9.12 
f72.15 
£13.81 

f16.85 
£12.13 
£9.41 
£19.25 
£16.66 
£15.91 

E13.62 
f22.99 
£25.20 
£22.22 
f25.33 
f41.41 
E18.07 
£26.65 
£16.81 
£14.93 
£19.99 
£24.37 
£25.31 
f21.01 
£13.62 
£79.95 
£18.31 

f21.35 
£16.63 
£13.91 
f23.75 
£21.16 
£20.41 

...40 • • • 4111,41 • 

PE & EE KITS 

Chorus Flanger (PE') 
Cybervox (EE'l 
Disco Light Control 
Echo-Reyerb (PE') 
Mixer 4ch Mono (PE') 
Mixer 4ch Stereo (PE') 
Noise Gate (PE') 
Phaser (PE') 
Reverb - Mono (EE') 
Ring Modulator (PE') 
Signal Gen (PE') 
Thunder & Lightning (PE') 
Wind & Rain Storm (PE') 

• = Kit as Published 

Unboxed  Boxed 

SET 235  f54.49  £59.99 
SET 228  £39.26  £44.76 
SET 245F  £57.00  £02.50 
SET 218  £52.16  f57.66 
SET 229M  £44.45  £49.95 
SET 229S  f82.15  f89.95 
SET 227  £22.11  £26.61 
SET 226  £36.86  £42.36 
SET 232  f22.85  £27.35 
SET 231  £40.08  £45.58 
SET 233  £41.46  f46.96 
SET 2501  f26.00  f29.50 
SET 250W  £26.00  f29.50 

COMPUTER PROJECTS 
'Scope Simulator (PE') 
Dig Delay & Men (PE') 
Mini Sampler (PP) 
Rhythm Gen (Computer) 
Synth To Computer 
Chip tester- 24 pin (PE') 
Chip tester- 16 pin (PE') 
Mini Music Tuner (EE) 

SET 247  £39.00  £44.50 
SET 234  f162.00 £198.50 
SET 246  f69.50  £75.00 
SET 185  £29.14  £34.64 
SET 184  £21.65  f26.15 
SET 258F  £35.80  f39.30 
SET 258S  f29.00  f32.50 
SET 259  £19.00  £22.50 

FOOT PEDALS 
Linkafex Chums 
Linkafex Delay 
Linkafex Equaliser 
Linkafex Flanger 
Linkafex Fuzz 
Linkafex Modulo 
Linkafex Overdrive 
Linkafex Phaser 
Linkafex Sustain 

SET 204  £37.26  f42.96 
SET 206  f36.39  f42.09 
SET 216  £19.73  f25.43 
SET 207  £29.22  £34.92 
SET 2091  £17.54  £23.24 
SET 211  £19.71  f25.41 
SET 215  £19.43  f25.13 
SET 205  £28.68  £34.38 
SET 223  f20.77  £26.47 

GEIGER COUNTERS 
PE Geiger, audio & meter output-Unit 264 
with heavy duty box as published 
with normal black steel box 
without box 

EE Simple Geiger, audio only output-Unit 265 
with steel box f49.50. Unobxed £47.00 

PCB SERVICE 
Chorus Flanger (Jan 85) PCBS 235A-B 
Dig Oelay-MCS (June 85) PCBS 234A-E 
Disco Light (Dec 85) PCBS 245A-B 
Echo-Reverb (Sep 84) PCBS 218A-B 
Mini Sampler (Jun 85) PCBS 2344-B 
Mixer (Jan 86) PCB 229A 
Noise Gate (May 85) PCB 2274 
Phaser (Oct 84) PCBS 226A-B 
Ring Mod (Dec 84) PCB 231A 
Scope Simul (Dec 85) PCB 2474 
Signal Gen (Feb 85) PCB 233A 
Storm Effects (Jun 86) PCB 2504 
Geiger counter (PE Aug 86) 
Chip tester (Aug 86) 

f69.50 
£59.50 
f55.00 

(SET)  f9.06 
(SET)  f29.50 
(SET)  £7.17 
(SET)  f8.14 
(SET)  £11.00 
(EACH)  f3.10 

f4.35 
(SET)  f7.44 

f5.27 
£3.33 
f4.53 

(EACH)  f6.07 
f4.53 
£6.55 

PARTS & CATALOGUE 
Boxes - Linkaf no Robust Diecast, SET 234 19 inch steel rack, others 
Black Steel & Aluminium. All kits include PCBs, parts, instructions. 
Free wire & solder with boxed sets. Further details in Catalogue of 
over 70 kits - Send Ox 4 S.A.E. (Overseas Catalogue send £1.00 or 
5 IRCS). 

ORDERS & POST 
Mail order, CWO, CHO, PO, Access, Visa. Details correct at press, 
E&OE. Add 15% VAT. Add P&P - unboxed kits f 1.00 each, SET 234 
£3.50. Other boxed kits £1.50 each. PCBS add 70p total regardless 
of qty. Insurance 50p per £50. Overseas P&P in catalogue. 

Text photocopies - DOL-MCS £1.50, others 50p each. Send large 
stamped envelope. 

PHONOSONICS, DEPT PE610 
8 FINUCANE DRIVE, ORPINGTON, 

KENT BR5 4ED 
Tel ORPINGTON 37821 
(STD 0689, LONDON 66) 

ENGINEERING TECHNICIANS 
COMMUNICATIONS AND ELECTRONICS 
A Planned Career in Technology in the Cotswolds 

Starting Pay Package up to £11,760 

• VACANCIES at Engineering Technician level. 
• CHALLENGING WORK in the field of technical 
support of highly sophisticated communications and 
computer systems. 
• STRUCTURED TRAINING programme for new 
entrants. 
• OPPORTUNITIES for gaining experience in a 
wide variety of technical roles. 

• EXTENSIVE ENGINEERING FACILITIES 
• CAREER PLANNING aided by regular assessments 
of performance. 
• ADVANCEMENT opportunities on the basis of 
proven ability. 
• OVERSEAS service (voluntary). 
• FLEXIBLE working hours with up to six weeks leave. 
• RELOCATION EXPENSES in most cases. 

Applicants should normally possess a BTEC Ordinary National 
Certificate/Diploma or higher qualification in Telecommunications, 
Electronics or similar discipline; or an acceptable equivalent 
qualification. An aggregate of at least 4 years relevant training and 
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experience is required; registration with the Engineering Council as an 
Engineering Technician (Eng. Tech) would be an advantage. 

SALARY SCALE: £7,525- £10,213 (under review) plus a special pay 
addition of £1,550 p.a. at all points on the salary scale. 

INTERESTED? Then send for full details and application form to the 
address below, quoting Ref: T/945/86 

aCHQ' /   THE. RECRUITMENT OFFICE, GCHQ ;ROOM A/1108 
CR TE R'FI ZI)N1ES(4T42). :,3(2:4111F3ENHAM, G LOS G152 5A.1 
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REGULAR FEATURE 

SPACEWATCH 
BY DR PATRICK MOORE OBE 

The RGO threat remains 

Powerful magnetic fields generated by super-pressurized water and 
ammonia? Zenithal Hourly Rate about 75? Are Kogler's Comet and 
Swift-Tuttle one and the same? .  Read on! 

W ORK on the new William Herschel 
Telescope at La Palma continues 

to make good progress, though obvi-
ously the uncertainty surrounding the 
future of the Royal Greenwich Observa-
tory is casting a shadow over all 
activities. Opposition to moving the 
RGO (and, in effect, destroying it) is 
growing quickly, but the threat remains. 
Further findings about the green 

planet Uranus have been reported as a 
result of the Voyager 2 mission last 
January. It now seems that the powerful 
magnetic field may well be generated by 
a super-pressurized ocean of water and 
ammonia lying below the Uranian 
atmosphere and above the molten core. 
The atmosphere itself consists mainly of 

hydrogen and helium; the average 
temperature is —219 degrees Centigrade, 
and the day side of Uranus radiates a 
large  amount of ultra-violet light, 
making up what has now been called an 
èlectroglow'. It has also been found that 
the polar and equatorial temperatures 
of the planet are much the same, though 
at present the tilt is pole-on toward the 
Sun. 
Voyager 2 is on its way to a rendevous 

with Neptune in August 1989, and seems 
to be in good shape. Meanwhile Giotto, 
having survived its encounter with 
Halley's Comet, is on a path which will 
bring it back to the neighbourhood of 
the Earth in July 1990. Some of the 
experiments are still functional (though 

at the moment they are switched off), 
and it may even be possible to send 
Giotto on to a rendevous with the 
periodical comet Grigg-Skjellerup in 
1992, though much depends upon how 
badly the main equipment is damaged. 
• 

THE PERSEIDS — AND 
COMET SWIFT-TUTTLE 
August is the main 'meteor month' of 

the year. We are passing through the 
annual Perseid shower, and a good 
display always occurs. The ZHR or 
Zenithal Hourly Rate is usually about 
75,  though  admittedly  this  varies 
somewhat from year to year. (The ZHR 
is the number of meteors which would 
be expected to be seen per hour by an 
observer under ideal conditions, with 
the radiant at the zenith; in practice, the 
observed rate is always less than the 
ZHR, because ideal conditions are 
never attained.) The shower begins 
around July 23 and goes on until August 

The Sky This Month 
FTER the unusual events of the past few months, we 
are now returning to what may be termed 'normal'. 

Both the inner planets are well displayed. Mercury is on 
view in the morning sky, before sunrise, in the middle 
part of August. Greatest elongation (19 degrees) occurs 
on the 11th, and the maximum magnitude will be —0.2, 
brighter than any star apart from Sirius (not counting 
Canopus, which never rises over Britain). Telescopically, 
Mercury will then appear as a tiny half-moon, though 
no details on its surface will be seen. It is always finding 
this quick-moving, elusive little world — but never sweep 
for it with binoculars or a telescope unless the Sun is 
completely below the horizon. 
Venus reaches its greatest eastern elongation (46 

degrees) on August 27 The magnitude is almost —4, and 
one can understand why the ancients named Venus after 
the Goddess of Beauty! It is interesting to watch the phase 
telescopically; during evening elongations the moment 
of dichotomy (half-phase) always occurs before greatest 
elongation — an effect whith, years ago, I named the 
SchrOter Effect, since it was first noticed by J. E. SchrOter 
almost two centuries ago. No definite markings will be 
observable on Venus; all we can see is the top of the 
cloudy, corrosive atmosphere. Mars, in Sagittarius, is 
still very bright, though its magnitude drops to —1.8 by 
the end of the month; Jupiter is coming up toward 
opposition, on the borders of Pisces and Aquarius, and 
is visible for much of the night; Saturn is still to be seen 
in the south-west after sunset, and the ring system is still 
wide open. Altogether this is a good month for planets 
—and you can also add Uranus (in Ophiuchus) and 
Neptune (in Sagittarius) if you have optical aid. 

The Moon is new on August 5, and full on the 19th. 
There are no eclipses this month. 
The so-called 'Summer Triangle' (Vega in Lyra, Deneb 

in Cygnus, and Altair in Aquila) continues to dominate 
the evening sky, though of course not even Vega can rival 
the brilliance of Mars or Jupiter, to say nothing of Venus. 
Ursa Major, the Great Bear, is fairly low in the north-west, 
with Cassiopeia in the north-east; Arcturus has almost 
set in the west, and Capella is so low down that it may 
not be seen (remember that Capella and Vega lie on 
opposite sides of the pole, and at about the same distance 
from it). The lovely star-clouds of Sagittarius are still to 
be seen low in the south-west; it is a pity that from our 
latitudes they are never seen to advantage. The Square 
of Pegasus has now risen, and occupies the south-eastern 
aspect; its four main stars are quite unmistakable, even 
though they are not particularly brilliant. Leading away 
from Pegasus is the line of stars marking Andromeda. 
Indeed, one of the stars in the Square, Alpheratz, is now 
included in Andromeda, as Alpha Andromeda., this 
seems illogical, since it so clearly belongs to the Pegasus 
pattern, and was formerly known as Delta Pegasi. 
Late at night look for Fomalhaut in Piscus Australis 

(the Southern Fish). Two of the Pegasus stars — those to 
the 'right' in the Square — point to it. Formalhaut is the 
southernmost of the first-magnitude stars to rise in 
Britain, but it is always low down, and from North 
Scotland it is difficult to see at all. It is one of our closer 
neighbours, and has been found to be associated with 
cool material, emitting infra-red radiation, which may 
or may not indicate the presence of a planetary system. 
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SPACE WATCH 

20, with a maximum on the night of 
August 12-13. This year the Moon will 
not be too obtrusive, though it will 
interfere badly with the latest stages of 
the shower. 
Despite modern radar work, there is 

still plenty of scope for the visual 
observer. Counts and magnitude esti-
mates, as well as tracks, are always of 
value, and there is a great need for more 
meteor spectra.  Photographing the 
spectra of meteors is always a hit-or-miss 
affair, because one can never forecast 
just when or where a meteor will appear; 
but the amateur who wants to make a 
real contribution, and can build the 
necessary equipment, can play a major 
role. 

Many meteor showers are associated 
with comets. (This includes Halley's 
Comet, which has now passed beyond 
the range of amateurs; the 'Halley 
showers' are the Orionids and the Eta 
Aquarids.) The case of the Perseids is 
even more intriguing. We know the 
parent comet — Swift-Tuttle — but we do 
not know where it is now! 
It was discovered on July 16, 1862, by 

the famous comet-hunter Lewis Swift, 
but at first he confused it with another 
comet which he had observed earlier. 
On July 19 it was found independently 
by Horace Tuttle, so that the names of 

both discoverers are now attached to it. 
It came to perihelion on August 23, and 
was reasonably bright; the nucleus was 
s about magnitude 4, and there was a 10-
degree tail. Subsequently it brightened 
to magnitude 2, and there was great 
activity in both the nucleus and the tail; 
by September the tail length had 
attained 30 degrees. Thereafter the 
comet faded, and was last recorded on 
October 31. 
The period was worked out to be 

between 120 and 125 years. Then, in 
1866, G.V. Schiaparelli (perhaps best 
remembered for his observations of the 
non-existent canals on Mars) announced 
that the comet was responsible for the 
Perseid meteor shower. This was the first 
time that a comet/meteor association 
had been definitely established, but 
there is no doubt about it. 

THE COMET IS 
STILL MISSING 
In 1889 G. Hayn, of Gottingen, 

computed an orbit for the comet giving 
a period of 119.6 years. In 1873 Brian 
Marsden, at Harvard, made a new 
calculation and found a period of 119.98 
years, in which case the next perihelion 
date would be September 17, 1998. 
Searches were made well ahead of time, 

but the comet failed to put in an 
appearance, and at the present moment 
it is still missing. 
Why should this be so? At its 1862 

return it was bright, and showed no signs 
of imminent disruption; also it was quite 
well observed. Either it has come and 
gone unseen, or else the calculated 
period is wrong. 

ARE THEY ONE AND 
THE SAME 

Looking back in the comet catalogues, 
Marsden pointed out that the orbit of 
Swift-Tuttle was very much the same as 
that of Kogler's Comet of 1737, which 
was described as looking 'larger than 
Jupiter'. If Kogler's Comet and Swift-
Tuttle are really one and the same, we 
arrive at a period not of 120 years, but 
125, indicating the next perihelion in 
1987. Obviously this is very uncertain, 
partly because we cannot be sure that 
the two really are identical, and partly 
because  Kogler's  Comet  was  not 
followed at all accurately. All the same, 
it is an intriguing possibility; and this 
year and next, observers will be on the 
alert to see whether the Perseids are 
going to be unusually rich and whether 
there is any sign of the elusive Swift-
Tuttle. 

DON'T MISS A VITAL COPY! 
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CONSTRUCTIONAL PROJECT 

FIBRE-OPTIC DATA LINK 
BY R. A. PENFOLD 

Not quite the Omega of Optics but an impressive 
implementation of computer communication 

Computer crashes caused by mains-borne interference in connect-
ing cables can be totally eradicated using this design. In addition, 
EMI and RFI is non-existent. Apart from these obvious advantages, 
a fibre-optic link offers a much neater solution to computer 
communications. Bet your mate hasn't got one. 

A SYSTEM to provide a high quality 
r-V audio link via fibre-optic cable was 
described in the March 1986 issue of 
Practical Electronics, and this article 
features what is really a digital version 
of the original design. It is for use with 
standard RS232C and RS423 serial 
ports, and it can handle baud rates of 
up to 9600 baud. In fact a quick test at 
19200 baud (the highest standard baud 
rate) seemed to give perfectly good 
results, but the system has not been 
extensively tested at this rate. The 
prototype equipment has been used 
with a maximum cable length of 20 
metres, but a range of substantially 
more than this should be possible, 
especially if a very high quality cable is 
used. 
As described here the system only 

provides simplex (one way) operation 
with no handshake lines being imple-
mented. However, for full duplex oper-
ation it would merely be necessary to 
have a transmitter and receiver at each 
end of the sysem, with a twin fibre-
optic cable being used to provide cross-
coupling. By adding more transmitters 
and receivers it would be possible to 
implement handshaking, but serial sys-
tems which operate over anything 
other than very short distances are 
normally arranged so that the receiving 
equipment can keep up with data 
streams from the transmitter, and 
handshaking is unnecessary (as in mo-
dem communications for instance). 
As with the original fibre optic link 

design, it is doubtful if the system has 
any great advantage over using ordi-
nary connecting cables. It does have 
complete immunity to electrical inter-
ference picked up in the connecting 
cable, and there is also no radio fre-
quency interference radiated from the 
cable. Probably the main point in its 
favour though, is its interest value, and 
it represents a practical introduction to 
a subject that has received largely 
theoretical treatment in the past. 

LOWPASS 
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BUFFER 

_1 VOL ACE 
OUT  REF  ,C. 

COMPARATOR 

DJG096 

INPUT ELECTRONIC 
SWITCH 

OJG095 

VCO BUFFER 

Fig. 1. Transmitter schematic 

LOWPASS 
FILTER 

Fig. 2. Receiver schematic diagram 

SYSTE M OPERATION 

There are two basic approaches to 
the transmission of serial data, 
whether the cable is of the optical or 
the wire variety. The most simple 
system is a straightforward d.c. con-
nection. In a fibre optic context this 
involves a light source at one end of the 
cables and a detector/trigger at the 
other. Under stand-by conditions the 
output of the trigger circuit is low, but 
when the light source is activated it is 
triggered to the high state. Such a set-
up is very simple, but it requires a high 
degree of efficiency in order to obtain a 
strong enough signal to drive the re-
ceiver circuit reliably. Suitable com-
ponents are now becoming available to 
amateur and other small quantity us-
ers, but are still rather expensive. 

COMPARATOR TRIGGER 

PHOTOCELL 

a  

LED 

AMPLIFIER 

The alternative system is a tone 
encoding/decoding type, as used in 
telephone modems. This is more com-
plex, but it has the advantage of treat-
ing the receiving photocell as an a.c. 
signal source and very low level signals 
can be amplified to a usable level 
without any drift problems. This gives 
greater range than a d.c. system for a 
given pair of opto devices, but at the 
expense of reduced maximum baud 
rate. This reduction in baud rate is due 
to the carrier tones having to be sub-
stantially higher than the maximum 
switching frequency, and the maxi-
mum frequency that the system can 
handle is therefore much les than that 
which the photocells can handle. 
In this design a tone encoding/de-

coding system has been adopted, and 
this enables the circuits to be based on 
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FIBRE-OPTIC DATA LINK 

relatively inexpensive opto devices. 
Baud rates of several megabaud, or 
even several hundred kilobaud, are 
beyond the capabilities of the equip-
ment, but this was not considered to be 
of any great significance since few 
home computers are guaranteed to 
operate at even 19200 baud, and some 
do not support the higher standard 
baud rates at all. 
The transmitter is by far the less 

involved of the two units, and as can be 
seen from the block diagram of Fig. 1 it 
consists of just three main stages. The 
carrier signal is generated by the vol-
tage controlled oscillator (VCO), and a 
buffer stage enables it to drive the 
transmitting 1.e.d. at the fairly high 
current required in this application. 
An electronic switch at the input of the 
circuit is driven by the serial input 
signal, and this just switches the VCO 
between two operating frequencies 
(about 30kHz and 50kHz). 
The receiver block diagram appears 

in Fig. 2. The photocell is a silicon 
phototransistor which, for the present 
application, gives a good compromise 
between sensitivity and switching 
speed. The output signal is only likely 
to be in the region of a few millivolts 
peak to peak, and an amplifier is used 
to boost this by about 40dB (100 
times). A trigger circuit is used to 
provide a squarewave output to drive 
the demodulator circuit. 

3 
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99 4M7 
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910 

i.k7 

41. 
TR4 
Boogc 

913 lk 
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CA31400 
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2p2 

Fig. 3. Transmitter circuit diagram 

It is the control voltage that is 
required in this case, since it switches 
between two potentials as the input 
signal switches between its two carrier 
frequencies. A buffer stage is used to 
ensure that there is no significant 
loading of the control voltage, and a 
second lowpass filter then removes 
most of the ripple content on the 
signal. The first lowpass filter provides 
only a relatively low level of smoothing 
as it must enable the VCO to rapidly 
track the input signal with minimal 
overshoot. The smoothed output vol-
tage is only a few hundred millivolts 
peak to peak in amplitude, and this is 
boosted to normal RS232C levels 
(about plus and minus 12 volts) by a 

emitter switching transistor which 
drivesl.e.d. D2 at a current of about 80 
milliamps. The output waveform of 
IC1 is roughly square, and this gives an 
average 1.e.d. current of about 80 mil-
liamps. The choice of I.e.d. is crucial in 
this application where high efficiency 
is essential if the system is to function 
at all. Using standard 1.e.d.s the link 
would almost certainly fail to operate 
even over short distances. The speci-
fiedl.e.d. is a "superbright" type which 
uses a combination of high efficiency 
and a lens which provides a narrow 
angle of view (plus and minus fifteen 
degrees). The typical light output at a 
current of 20 milliamps is 250mcd, 
which compares with about 2mcd for a 
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Fig. 4. Receiver circuit diagram 
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A phase locked loop demodulator is 
used, and this has the familiar phase 
comparator, lowpass filter, and VCO. 
The phase comparator and lowpass 
filter produce an output voltage which 
is dependent on the relative frequency 
and phase of the input signal and the 
output of the VCO. With the VCO at a 
higher frequency, or leading-in phase, 
this voltage falls—with the VCO at the 
lower frequency, or lagging-in phase, it 
rises. As this potential acts as the 
control voltage for the VCO a negative 
feedback action results in the VCO 
being locked onto and in phase with 
the same frequency as the input signal. 

voltage comparator circuit. The refer-
ence voltage is adjustable, and to give 
an undistorted output waveform it 
must be set midway between the vol-
tage limits of the input signal. 

TRANSMITTER AND 
RECEIVER CIRCUIT 
The full circuit diagram of the trans-

mitter unit appears in Fig. 3. 
The VCO is based on IC1 which is a 

4046BE CMOS phase locked loop. In 
this case only the VCO section of the 
device is utilized and the other sections 
are totally ignored. TR2 is a common 

standard 5 millimetre diameter I.e.d. 
When the input signal is negative, 

TR1 is cut off and R3 plus R5 bias the 
control input of IC1 to half the supply 
voltage. This gives an output frequency 
of approximately 50kHz. TR1  is 
switched on when the input signal is 
positive, effectively shunting R4 across 
R5 so that the control voltage is re-
duced, and the output frequency is 
shifted down to about 30kHz or so. 
Although significantly more com-

plex than the transmitter, the receiver 
circuit (Fig. 4) is nevertheless reasona-
bly simple. 

Continued Next Month 
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PE SERVICES 

P.C. BOARDS 
Printed circuit boards for certain PE constructional projects 
are now available from the PE PCB Service, see list. They 
are fully drilled and roller tinned. All prices include VAT 
and postage and packing. Add  1 per board for overseas 
airmail. Remittances should be sent to: PE PCB Service, 
Practical Electronics, Practical Electronics Magazines, 16 
Garway Road, London, W2 4NH. Cheques should be crossed 
and made payable to Intrapress. 
Please note that when ordering it is important to give 

project title, order code and the quantity. Please print name 
and address in Block Capitals. Do not send any other 
correspondence with your order. 
Readers are advised to check with prices appearing in the 

current issue before ordering. 
NOTE: Please allow 28 days for delivery. We can only supply 
boards listed here. 

TELEPHONE ORDERS (24-HOUR 
SERVICE) 
You can now order your printed circuit boards by tele-
phone, quoting your Access credit number. The number to 
ring is: 0268 710722. In stock items will be despatched 
within 24 hours of receipt of order. If you ring out of office 
hours, please state your order, credit card number and 
address clearly, as the order is recorded on an answering 
machine. 

PROJECT TITLE ORDER 
CODE 

COST 

MAR '84 
Spectrum Autosave 430-01 £2.90 

JUNE '84 
Cross Hatch Generator 406-01 £3.52 

JULY '84 
Simple Logic Analyser I 407-01 £7.73 
EPROM 9uplicator 407-02 £3.74 
Alarm System 407-03 £3.19 
Oscilloscope Calibrator 407-04 £4.23 

AUG '84 
Comm. 64 RS232C Interface 408-0 I £3.02 
Field Measurement 408-02 £3.19 

408-03 £2.90 
Simple Logic Analyser II 408-05 £2.93 

SEPT '84 
Parallel to Serial Converter 409-01 £2.92 
Through the Mains Controller 409-02 £2.90 

" 409-03 £2.90 

OCT '84 
Logic Probe 410-01 £2.90 

NOV '84 
Computer DFM Adaptor 411-01 £2.90 

DEC '84 
Ni-Cad Charger 412-01 £2.90 

JAN '85 
Outrider Car Computer (Set of 2) 501-01 £9.10 

FEB '85 
Modular Audio Power System 
Pt-I: Power Amp Board 502-01 £4.19 

Spectrum DAC/ADC Board 502-02 £3.69 

MAR '85 
Modular Audio Power System 
Pt-2: Pre-Amp/Line Driver 503-0 I £5.00 

Main Board 503-02 £5.12 
Heart Beat Monitor-Main Circuit Board 503-03 £8.90 

-Detector 503-04 £6.62 
Low Cost Speech Synthesiser 503-05 £3.42 

Power Control Interface 504-01 £3.36 
Disc Drive PSU 504-02 £6.54 
Modular Audio Power System APRIL '85 
Pt-3: Test Signal Source 504-09 £4.20 

Power Supply 504-10 £4.17 

Amstrad Synthesiser Interface 
Rugby Clock Pt-2 

PI 

"  MAY '85 

" 
,, 

505-01 
504-03 
504-04 
504-05 
504-06 
504-07 
504-08 

£4.23 
£24.22 
£9.06 
£5.12 
£9.54 
£5.40 
£10.24 

CBM64 Music Keyboard 
Keyboard  JUNE '85 506-02 £4.55 
Main PCB 506-03 £3.50 

MTX 8 Channel A to D 
'85 507-01 £3.92 JULY Voltmeter Memory Adaptor 506-01 £3.28 

AUGUST '85 
Envelope Shaper 508-01 £3.73 

SEPT '85 
Car Boot Alarm 509-0 I £2.90 
R5232 To Centronics Converter 509-03 £4.95 

OCT '85 
Touch Control PSU 001 £3.17 
Exp. with Robots (double-sided) 004 £16.91 
Modulated Syndrum 005 £3.80 

CBM User Port Expander 006 £3.93 
Model Railway Track Control 010 £5.44 
*Bytebox: ROM Board (double-sided) 002 £12.75 
ZIF Socket 003 £2.90 
RAM Board  NOV '85 007 £4.95 
Battery Backed RAM 008 £3.74 
EPROM Board 009 £2.93 
*Special Price-Complete set of 

5 boards 00A £23.00 

DEC '85 
Model Railway  Rec Board-A 016 £3.90 
Track Control  Rec Board-B 017 £4.86 

Rec Board-B Ext 018 £3.93 
Test Load 019 £2.90 

Exp. with Robots 022 £3.71 
Spectrum Speech  JAN '86 
Synth & 8-Bit I/O Port 
(double-sided) 023 £6.49 

Burglar Alarm 
Main Board 020 £4.97 
Bell Driver  FEB '86 021 £2.90 

Logic Probe 024 £4.20 
Computer Movement Detector 509-02 £3.20 

Clock Timer 027 £6.38 
Fibre Optic Audio Link 
Transmitter  MAR '86 025 £2.99 
Receiver 026 £3.23 
Set of two boards 00B £5.87 

Hardware Restart (double-sided) 508-02 £6.98 

Temperature/Analogue Interface 101 £3.30 
Sound Activated Switch 102 £5.30 
Photographic Trigger Unit 
Transmitter  APRIL '86 103 £3.45 
Receiver 104 £4.03 
Set of two boards 00C £6.63 

IEEE1000 PSU 105 £4.62 
Scratch and Rumble Filter 106 £4.51 

Notcher Effects Unit 107 £5.16 
Logic Checker  MAY '86 108 £4.09 
D.F. Beacon Timer 109 £5.31 
STEbus Backplane 110 £10.90 

Guitar Tracker 111 £5.92 
Thermocouple Interface 112 £2.90 
PE Hobby Board  JUNE '86 113 £22.81 
BBC Light-pen 114 £2.90 

JULY' 86 
Passive IR Detector 115 £3.54 
200MHz counter 
Main board 116 £16.26 
Display board 117 £12.35 
Set of two boards OOD £25.88 

SEPT' 86 
Fibre Optic Data Link 
Transmitter 118 £4.32 
Receiver 119 £5.24 
Set of two boards 00E  - £8.46 
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PE SERVICES 

r-PE PCB ORDER FORM 
Please supply the p.c.b.(s) listed on the enclosed form. 
Remittances should be sent to: PE PCB Service, 
Practical Electronics, Practical Electronics Maga-
zines, 16 Garway Road, London, W2 4NH. Cheques 
should be crossed and made payable to Intrapress. 
Printed circuit boards for certain PE constructional 
projects are now available from the PE PCB Service, 
see list. They are fully drilled and roller tinned. All 
prices include VAT and postage and packing. Add £2 
per board for overseas airmail. 

PE BAZAAR 
A free readers' advertising service 
Please publish the following small ad. FREE in the 
next available issue. I am not a dealer in electronics or 
associated equipment. I have read the rules. I enclose 
a cut-out valid date corner. 

Signature  Date   

Please read the RULES then write your advertisement 
here-one word to each box. Add your name, address 
and/or phone no. 

COUPON VALID FOR POSTING BEFORE 
7 MAY, 1986 (One month later for overseas readers.) 

SEND  TO:  PE  BAZAAR,  PRACTICAL 
ELECTRONICS, 16 GARWAY ROAD, LONDON, 

I U2  

Board description Code Qty Price 

Name & Address: 

RULES Maximum of 16 words plus address and/or 
phone no. Private advertisers only (trade or business 
ads. can be placed in our classified columns). Items 
related to electronics only. No computer software. PE 
cannot accept responsibility for the accuracy of ads. or 
for any transaction arising between readers as a result of 
a free ad. We reserve the right to refuse advertisements. 
Each ad. must be accompanied by a cut-out valid "date 
corner". Ads. will not appear (or be returned) if these 
rules are broken. 

Name & Address: 

4NH.  

PE BAZAAR 

Magazines RE. 1972-1980, 1983. E.T.I. 
1974-1980,  1983.  Offers? Will sell 
complete years or multiples. B.C. 
Jackson, 85 Maple Grove, Whitby, 
Ellesmere Port, S. Wirral LGG 2PF Tel: 
051 355 9579. 
Soldering Iron, Weller TCP 24 Volt with 
power unit PU3D, unused, as new. 
£37.50 inc. postage. Tel: 0865 779855 
(Oxford). 
Offers  for help in finding disk 
interface  ZX81,  inexpensive.  User 
contact very welcome, offer utilities to 
you. Motte, 16 Quai de Biestebroeck 
1070 BXL, Belgium. 
FT101 H.F. SSB TX/RX with 160M and 
fan, £250. Boonton 0-Meter, £25. 
Miniature valves S.A.E. list. D.C. 
Chapman, 6 Pickhurst Green, Hayes, 
Bromley, BR2 70T. .Tel: 01 462-2178. 
Advance Jl/A AF generator 15Hz - 
50KHz,  recently  serviced  and 
calibrated, £30. Mr S.G. Retter, 33 
Albion Road, Silery, Loughborough, 
Leics. Tel: 0664 69234. 
150W switch mode PSU +5V@13-6A, 
+12V@1.5A,  -12V@0-ZA, 
+12V@1.0A, +24V@1-7A, working, 
£29.  S. Cramp, 68 Heath Drive, 
Chelmsford, Essex CM2 9HF. Tel: 0245 
59027. 

HP5004A signature analyzer, £650 ono, 
also electronic telex running microsoft 
basic, much data, realistic offers to R.J. 
Hobbs, 14 Gannon Road, Worthing 
BN11 2DT. Tel: 0903 35167 (evenings). 
Elektor Junior Computer - book 1 and 
book 2. Offers wanted - new condition. 
E.G.  Priestly,  EB.I.S.,  6 Lynden 
Avenue, Windhill, Shipley, West Yorks 
BD18 1HE Tel: Bradford 593382. 
Any ZX81 sellers? Max. paid £10 + p&p. 
Must be in working order. Hank, 59 
Taverners Road, Peterborough, Cambs 
PE1 2JP. 
Archer TV aerial, cost £35 as new, sell 
for  £19.50.  Wm.  Gilbert,  105 
Underwood Road, High Wycombe, 
Bucks HP13 6YA. Tel: HW 448976. 
Wanted Texas I.C. SN 95517N. Ring 
Bert, 021 459 8714. Mr H. Hill, 203 
Shannon  Road,  Kings  Norton, 
Birmingham B38 9JY. 
Help! Can someone make me a phone 
that starts a tape recorder when it's 
lifted. Details. H. Elliot, 22 Silver St., 
Durham City. Tel: 0385 46800. 
Various electronic magazines - from 
1960s to 1980s. Projects galore. A.C. 
Tyrrell, 87 Culvers Avenue, Carshalton, 
Surrey. Tel: 01 669-2443 with offers after 
6 p.m. 



PE SERVICES 

BOOK SERVICE 
DIGITAL IC EQUIVALENTS  BPI40 
AND PIN CONNECTIONS 
A. Michaels 
Shows equivalents and pin connections of a popular user-orient-
ated selection of European. American and Japanese digital ICs. 
Also includes detads of packaging. families, functions, manufac-
turer and country of ongin. 
0 85934 115 1  256 pages  1985  £4.95 

LINEAR IC EQUIVALENTS  BPI41 
AND PIN CONNECTIONS 
A. Michaels 
Shows equivalents and pin connections of a popular user-orient-
ated selection of European. American and Japanese linear ICs. 
Also includes details of functions, manufacturer, and country of 
origin. 
0 85934 116X  320 pages  1985  £4.95 

INTERNATIONAL DIODE  BP108 
EQUIVALENTS GUIDE 
A. Michaels 
Designed to help the user in finding possible substitutes for a 
large user-orientated selection of the many different types of 
semiconductor diodes that are available. Besides simple rectifier 
diodes, also included are zener diodes. LEDs, diacs, triacs, thy-
ristors. OCIs, photo and display diodes. Also wherever possible, 
material type, function or type of diode, and country of origM are 
shown. 
0 85934 08.3 X  144 pages  1982  £2.25 

INTERNATIONAL TRANsibrOK  BP85 
EQUIVALENTS GUIDE 
A. Michaels 
Helps the reader to find possible substitutes for a popular user-
mientated selection of European. American and Japanese transis-
tors. Also shows material type, polarity, manufacturer and use. 
0 85934 060 0  320 pages  1981  £2.95 

ELECTRONIC SCIENCE PROJECTS  BP104 
0. Bishop 
These projects range in complexity from a simple colour tem-
perature meter to an infra-red laser. There are novelties such as 
the electronic clock regulated by a resonating spring, and the 
oscilloscope with solid-state display. There are scientific measur-
ing instruments such as a pH meter and an electro-cardiometer. 
All projects have a strong scientific flavour. They way they work, 
and how to build and use them are fully explained. 
08.5934 079 1  144  Pages  1982  £2.25 

PRACTICAL ELECTRONICS  BP53 
CALCULATIONS AND FORMULAE 

Written not for the family bookshelf but for the electronics enthu-
siast's workshop bench. Its airn is to bridge the gap between 
complicated technical theory, and "cut-and-tried" methods which 
may bring success in design but leave the experimenter unful-
filled. 

0 900162 708"  256 pages  1979  £2.95 

ESSENTIAL THEORY FOR THE  228 
ELECTRONICS HOBBYIST 
G. T. Rubaroe, T.Eng.(C.E.I. 
The object of this book is to supply the hobbyist with a back-
ground knowledge tailored to meet his or her specific require-
ments and the author has brought together the relevant material 
and presented it in a readable manner with minimum recourse to 
mathematics. 
Many formulae having a practical bearing are presented in this 

boat and purpose-designed examples are employed to illustrate 
their applications. 
0 900162 69 4  128 pages  1977  £2.50 

HOW TO DESIGN ELECTRONIC PROJECTS  BP127 
R. A. Penfold 
There is a lot of information available on various circuit building 
blocks in catalogues, books, magazines, etc., but there is little 
information that helps the amateur user to integrate building 
blocks into practical projects. The aim of this book is to help the 
reader to put together projects from standard circuit blocks with 
a minimum of trial and error, but without resorting to any ad-
vanced mathematics. 

0 85934 102 X  128 pages  1983  £225' 

PRACTICAL ELECTRONIC  BP117 
BUILDING BLOCKS- BOOK 1 

PRACTICAL ELECTRONIC  BP118 
BUILDING BLOCKS-BOOK 2 

R. A. Penfold 

BOOK 1 contains: Oscillators - sinewave, triangular, square-
wave, sawtooth, and pulse waveform generators operating at 
audio frequencies, including simple voltage-controlled types, L-C 
and crystal RF oscillators. Timers - simple monostable circuits 
using ICs, the 555 and 7555 devices. etc. Also precision long 
timers using the ZN1034E. Miscellaneous - noise generators, 
rectifiers, comparators and triggers, etc. 
BOOK 2 contains: Amplifiers - low level discrete and op-amp 

circuits, voltage and buffer amplifiers including DC types. Also 
low-noise audio and voltage controlled amplifiers. Filters - high-
pass. low-pass, 6, 12. and 24 dB per octave types. Also voltage 
controlled filters. Miscellaneous - IC power amplifiers, mixers, 
voltage and current regulators. etc. 
Book 1: 0 85934 092 9 128 pages  1983  £1.95 
Book 2: 0 85934 093 7 112 pages  1983  £1.95 

POPULAR ELECTRONIC CIRCUITS-BOOK 1  BP80 
R. A. Penfold 
Contains a wide range of circuits which are accompanied by a 
short text giving a brief introduction, circuit description and any 
special notes on construction and setting-up that may be neces-

0 85934 055 4  160 pages  1980  £I.95 

POPULAR ELECTRONIC CIRCUITS-BOOK 2  BP98 
R. A. Penfold 
Again, provides a wide range of designs for electronic enthusiasts 
who are capable of producing working projects from just a circuit 
diagram without the aid of detailed constructional information. 
However, where relevant, any special setting-up procedures are 
described. 
0 85934 073 2  16 0 Pages  1982  £2.25 

IC 555 PROJECTS  8P44 

Every so often a device appears that is so useful that one won-
ders how life went on before without it. The 555 timer is such a 
device. Included in this book are basic and general circuits, 
motorcar and model railway circuits, alarms and noise-makers as 
well as a section on the 556, 558 and 559 timers. 
0 85934 047 3  176 pages  revised edition 1982  £2.50 

POWER SUPPLY PROJECTS  BP76 
R. A. Penfold 
Mains power supplies are an essential part of- many electronic 
projects. 
The purpose of this book is to give a number of power supply 

designs, including simple unstabilised types, axed-voltage regu-
lated types, and variable-voltage stabilised designs, the latter 
being primarily intended for use as bench supplies for the elec-
tronics workshop. The designs provided are all low-voltage types 
for semiconductor circuits. 
0 900162 96 I  96 pages  1980  £2.50 

ELECTRONIC MUSIC PROJECTS  BP74 
R. A. Penfold 
Provides the constructor with a number of practical circuits for 
the less complex items of electronic music equipment, including 
such things as fuzz box, waa-waa pedal, sustain unit, reverbera-
tion and phaser units, tremelo generator, etc. 
The text is divided into four chapters as follows: Chapter 1, 

Guitar Effects Units: Chapter 2, General Effects Units; Chapter 
3, Sound Generator Projects; Chapter 4, Accessories. 
0 900162 94 5  112 pages  1980  £2.50 

MORE ADVANCED  BP174 
ELECTRONIC MUSIC PROJECTS 
R. A. Penfold 
Intended to complement the first book (BP74) by carrying on 
where it left off and providing a range of slightly more advanced 
and complex projects. Included are popular effects units such as 
Banger. phaser, mini-chorus and ring-modulator units. Some 
useful percussion synthesisers are also described and together 
these provide a comprehensive range of effects including drum, 
cymbal and gong-type sounds. 
0 85934 148 8  128 pages  1986  £2.95 

A PRACTICAL INTRODUCTION TO  BP123 
MICROPROCESSORS 
R. A. Penfold 
Provides an introduction which includes a very simple micro-
processor circuit which can actually be constructed no that the 
reader can experiment and gain practical experience. 
0 85934 098 8  96 pages  1984  £1.95 

MICRO INTERFACING CIRCUITS - Book 1  BP130 
MICRO INTERFACING CIRCUITS- Book 2  BP131 
R. A. Penfold 
Both books include practical circuits together with details of the 
circuit operation and useful background information. Any special 
constructional points are covered but PCB layouts and other 
detailed constructional information are not included. 
BOOK 1 is mainly concerned with getting signals wand out of 

the computer. 
BOOK 2 deals primarily with circuits for practical applica-

tions. 
Book I: 0 85934 105 4 112 pages  1984  £2.25 
Book 2: 0 85934 106 2 112 pages  1984  £2.25 

AN INTRODUCTION TO  BP170 
COMPUTER PERIPHERALS 
J. W. Penfold 
Covers such items as monitors, printers, disc drives, cassette 
recorders. modems, etc.. explaining what they are, how to use 
them and the various types and standards. Helps you to make 
sure that the peripherals you buy will work with your computer 
and with each other. 
0 85934 144 5  80 pages  1985  £2.50 

EASY ADD-ON PROJECTS FOR  BP124 
SPECTRUM, ZX8I & ACE 
0. Bishop 
Describes how to build a number of electronic projects which you 
can use with your Spectrum. ZX81 or Jupiter Ace microcompu-
ter. The projects include a Pulse Detector. Picture Digitiser, 
Five-key Pad, Model Controller, Bleeper, Lamp Flasher, Light 
Pen, Magnetic Catch. Lap Sensor, Photo-flash, Games Control 
and six more projects that make up a Weather Station. All are 
fairly simple and inexpensive to construct. 
0 85934 099 6  192 pages  1983  £2.75 

EASY ADD-ON PROJECTS FOR THE  BP171 
AMSTRAD CPC 464, 664, 6128 AND MSX COMPUTERS 
0. Bishop 
The projects of books BP124 and BP134 adapted for use with the 
Amstrad CPC 464, 664, 6128 and the MSX range of machines. 
Again the Address Decoder is constructed as a separate item that 
can be used with any of the projects. 
0 85934 145 3  196 pages  1986  - £2.95 

EASY ADD-ON PROJECTS FOR  BP134 
COMMODORE 64, VIC-20, BBC MICRO 
AND ACORN ELECTRON 
0, Bishop 
Similar in style to BP124 except, of course, many of the projects 
have been modified, where necessary, to operate with the differ-
ent machines. 
0 85934 109 7  208 pages  1985  £2.95 

A 2-80 WORKSHOP MANUAL  BP112 

This book is intended for people who wish to progress beyond 
the. stage of BASIC programming to topics such as machine code 
and assembly language programming, or need hardware details of 
a Z-80 based computer. 
0 85934 087 2  192 pages  1983  £2.75 

AN INTRODUCTION TO  BP177 
COMPUTER COMMUNICATIONS 
R. A. Penfold 
Provides details of the various types of modem and their suitabil-
ity for specific applications, plus details of connecting various 
computers to modems, and modems to the telephone system. 
Also information on common networking systems and RTTY. 
0 85934 151 8  96 pages  1986  £2.95 

PRACTICAL COMPUTER EXPERIMENTS  BP78 
E. A. Parr, B.Sc.. C.Eng., M.I.E.E. 
This book aims to fill in the background to the microprocessor by 
constructing typical computer circuits in discreet logic 

0 900162 98 8  96Page5 1980  £1.75 

r-PE BOOK ORDER FORM 
Please supply the book(s) listed on the enclosed form. 
Remittances should be sent to: PE Book Service, 
Practical Electronics, Practical Electronics Maga-
zines, 16 Garway Road, London, W2 4NH. Cheques 
should be crossed and made payable to Intrapress. 
The books offered by the PE Book Service are a 
selection chosen to offer variety and are not neces-
sarily recommended or endorsed by PE editorial 
staff From time to time, the book list will be changed 
and new titles added as they become available. 
Please allow 28 days for delivery 

Book description Code Qty Price 

Post and packaging 50p (overseas £1) 

Name & Address: 
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EXCLUSIVE! 

NOT TO BE MISSED! 

POCKET DMM OFFER 
AVAILABLE ONLY TO PE READERS 

PE COMMENT 
It is not often, in the life of a poor 
news writer, that a new product really 
takes his fancy. This one did. When 
the press release, about this pocket 
DMM,  came  into  the  office,  I 
immediately got on the phone to AB 
European Marketing to get more 
information and a couple of days later 
I got a surprise — they sent me one 
to play with. 
As can be seen from the write up 

in the news pages, I was, to say the 
least, impressed. Not wanting to keep 
it to myself, I got on to the phone to 
them, again, and was able to organise 
this exclusive special offer to PE 
readers. At only £20.95 plus VAT and 
p&p, this represents a saving of over 
£3.50 on the recommended price. A 
real pocket money bargain! 

I 

I  tS1  4 ,  4  A L /  ,  okil  

I 

I 
7 ( 7 4 4 A Z<  4 I  

0, 
1  44;$1 tS' L 

• Pocket size personal multimeter. 
• Measures voltage, resistance and 
continuity/diode check. 

• Reliable, accurate and easy to use. 

Measuring Ranges (23°C +5°C) 

Function Range Accuracy 

DC V 
2000. V 
20.00 V 
200.0 V 
450  V 

±10.7% rdg +4') 
±11.3% rdg +4') 
±11.3% rdg +4') 
±11.3% rdg +4') 

AC V 
2.000 V 
20.00 V 
200.0 V 
450  V 

±12.3% rdg +8') 
±12.3% rdg +8') 
±12.3% rdg +8') 
±12.3% rdg +8') 

OHM 
2.000 K4 
20 00. KO 
200.0 KG 
2000 KG 

±12.0% rdg +4') 
±(2.0% rdg +4') 
±12.0% rdg +4') 
±(2.0% rdg +4) 

CONTINUITY TEST Response: Abt. 1msec 

Zero offset Less than 2' 

'Maximum error reading of last digit. 

• AC VOLTS : 40 to 500 Hz 
• INPUT IMPEDANCE : 12 Meg ohms approx at 2 V range 

11 Meg ohms approx for other V ranges 
• OPEN CIRCUIT VOLTAGE  Less than 0.45 V at OHM range 

Approx. 1.5 Vat Continuity test 
range 

Specifications 

Operating 
Display 

Range selection 
Overrange indication 
Polarity 
Low battery warning 

Sampling rate 
Operating temperature 

Storage temperature 
Power supply 
Power consumption 
Voltage 

Dimensions 
Weight 

Dual slope integration 
3.5-digit LCD 10mm high, 
max. 1999 
Full autoranging type 
MSB "1" blinks 
Auto-polarity with "—" sign 
"B" mark lights up less than 
1.25V 
2 times/second 
18° to 28°C < 80% RH 
(accuracy assured) 
010 40*C <80% RH 
—20°C to 60'C <70% RH 
2 x 1.5V (LR-44 button cell) 
3 mV 
AC 1.5KV/1 mm. 
(between terminal and case) 
108 X 54 x 8mm 
70g approx. 
(including batteries and vinyl 
case) 

POCKET D M M  ORDER FORM PE 
Please send me   Digital multimeters at the special price of only 

£25.95 each including VAT and p&p. I enclose a cheque/postal order for 

made payable to Intrapress. 

Signature Date 

Name (Mr, Mrs, Miss) 

Address 

Postcode Telephone 

POST TO: PE MULTIMETER OFFER 

16 GAR WAY ROAD, 
BAYS WATER, LONDON W2 4NH. 
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SPECIAL FEATURE 

FAMILIAR FAMILY 
FUNCTIONS 

BY R.A. PENFOLD 

Bigger, better, more efficient and more powerful — 
the fast facts of FAST and FACT 

Most of the projects published in PE employ LS TTL or standard 
CMOS. There are new alternatives which should be looked at more 
closely.   

LOOKING through some of the larger 
electronic component catalogues, 

one can hardly fail to notice the steady 
increase  in the  number of logic 
integrated circuits available. This is due 
in part to the introduction of new devices 
to satisfy the demand for even bigger 
and better components, but in the main 
it is due to the infusion of new families 
of logic device. In the early days of logic 
integrated circuits there were various 
types on offer, including RTL (resistor— 
transistor logic), DTL (diode—transistor 
logic), and TTL (transistor—transistor 
logic) types. It was theTTL variety which 
quickly camel° dominate the scene, and 
despite the advent of a range of CMOS 
devices with their certain advantages, 
TTL devices still overshadow the 
competition.  However, the original 
devices, although still in widespread use, 
have taken something of a backseat with 
various 'improved' versions vying to take 
over. 
The original TTL family, although in 
most respects better than its initial rivals, 
was not without its shortcomings, and 
was not popular with all users (myself 
included). The main problem with these 
devices is their power requirements. A 
supply voltage range of 4.75V to 5.25 
volts is not too restrictive for equipment 
which is to be mains powered, but is 
awkward for circuits that are intended 
for battery operation. Not that battery 
power for TTL based circuits is a very 
practical proposition anyway, with the 
more simple devices consuming a supply 
current of about 20 milliamps, and the 
more complex types requiring around 
100 milliamps and operating quite warm. 
Even a quite modest circuit would run 
all but the largest of batteries flat within 
a few hours, and a complex circuit would 
require a large mains power supply 
capable of delivering several amps. 
There  are  other,  more  minor 
problems, such as a lack of immunity to 
noise spikes on the supply rails and the 
consequent need for judicious use of 

supply decoupling capacitors, but it was 
probably the supply requirements above 
all else which alienated many circuit 
designers to standardTTL logic devices. 

IMPROVEMENTS 
Although the internal circuits of many 

integrated circuits are never published 
by the manufacturers, those of mostTTL 
devices are freely available, and Fig. 1 
shows the circuit diagram for one gate 
of the 7400 quad 2 input NAND device. 
TTL circuits can look rather strange to 
the uninitiated due to the common use 
of multiple emitter transistors, but 
operation of the circuit is actually quite 
straightforward. With either or both of 
the emitters taken low, TR1 is biased 
hard into conduction by R1, resulting in 
its collector going to a low voltage and 
cutting off TR2. R2 then biases TR3 into 
conduction, but with no significant 
emitter current in TR2, TR4 is cut off. 
TR3 therefore pulls the outut terminal 
high. With the inputs both taken high, 
TR1 effectively becomes a forward 
biased diode and R1 now biasesTR2 into 
conduction. This results in a change of 
roles withTR3 becoming cut off andTR4 
being biased into conduction. 

Ng. 1. 7400 gate 

Mg. 2. Schottky addition 

Although the output stage (known as 
a 'totem pole' type) does not consume 
large amounts of current when at either 
logic state, unlike some of the early 
rivals to TTL devices, the current 
consumption is still quite high due to the 
less than modest requirements of the 
input and driver stages. Also, during the 
transition of the output from one state 
to the other, both output transistors 
become switched on momentarily. This 
significantly  increases  the  current 
consumption  with  high  output 
frequencies, which is something that 
seems to be common to practically all 
types of logic device. 

Obviously the currents in aTTL device 
can be reduced by modifying circuit 
values, and a low power series of devices 
(74L**) were produced. These never 
achieved  widespread  acceptance 
though, presumably due to the greatly 
reduced maximum operating frequency 
that inevitably resulted from the lower 
operating currents. The reduction in 
maximum operating frequency was more 
severe than one might have expected, 
with the 74L00 operating at frequencies 
of up to just 3 MHz, which compares 
with 35MHz for the standard TTL 
equivalent. This reduction in maximum 
operating  frequency  was  roughly 
matched by the decrease in current 
consumption. 

The 74S** series of devices have been 
more  successful,  without  ever 
threatening to take over from the 
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standard type. The 'S' stands for 
'Schottky', and refers to a special type 
of diode added to some of the transistors 
in the circuit. Fig. 2(a) shows the method 
of connection. The two characteristics 
which make Schottky diodes so suitable 
for this application are their fast 
operating  speed  and  low forward 
conduction threshold voltage of only 
about 0.2 volts or less. The purpose of 
the added diode is to prevent the 
transistor from becoming biased into 
saturation. Biasing a transistor into 
saturation  gives  a relatively  slow 
switching speed due to problems with 
charge storage that give a delayed 
switch-off. Much improved results are 
obtained if the base current is regulated 
so that it is only just sufficient to take 
the collector down to a valid logic 0 level. 
This is achieved by the Schottky diode, 
as it taps off the base current through 
the collector of the transistor if the 
transistor is driven to the point where 
its collector starts to fall below about 0.4 
to 0.5 volts. High operating speed in the 
diode is essential as it must tap off the 
excess base current before the transistor 
starts  to  saturate,  and  the  low 
conduction threshold voltage is essential 
as an ordinary silicon type would never 
become forward biased if used in this 
way. 

Note that a Schottky diode is normally 
given the special circuit symbol shown 
in Fig. 2(b), and that the diode and 
,transistor combination are normally 
given the modified transistor circuit 
symbol of Fig. 2(c) rather than being 
shown as separate components. 

LS DEVICES 
Standard Schottky devices achieve a 

significantly higher operating speed than 
standard TTL types, with the 74S00 
having a maximum operating frequency 
of 125MHz as opposed to the 35MHz of 
the 7400. This increase in operating 
speed is accompanied by a small increase 
in supply current though. What most 
users require is an operating speed that 
is comparable to the standard TTL 
family, but with substantially reduced 
supply current. This is precisely what the 
74L5** series of lower power Schottky 
integrated circuits provide, and it is not 
surprising that these have become very 
popular. In fact they have become the 
new 'standard' type, largely taking over 
from ordinary TTL devices in new 
designs. 
Fig. 3 shows the circuit diagram of a 

low power Schottky 2 input NAND gate, 
and this has obvious similarities to the 
standard TTL circuit of Fig. 1, but it also 
has substantial differences. In particular, 

VE 

INPUT 

INPUT 

2 

VE 

IPE203MI 

Ng. 3. LS NAND 

the multi-emitter input transistor has 
been replaced by steering diodes, and in 
this respect the circuit is more like the 
old DTL circuits than conventional TTL 
types.  The  maximum  operating 
frequency of the 74LS00 is somewhat 
higher than that of the 7400 at some 
45MHz, but this is achieved at only 

Table 1. Main characteristics of popular logic families (CMOS parameters are for a 5 volt supply to permit easy comparison with 
other families) 

Standard  Standard 
LS TTL  ALS TTL  S TTL  HC CMOS  HCT CMOS 

TTL  CMOS 
FACT  FAST 

Supply 
Voltage 

5 ± 5%  3 to18 5 ± 5%  5 ± 10%  5 ± 5%  2 to 6 5 ± 10%  2 to 6  5 ± 5%  Volts 

DC 
Fanout 

ao  1 20  20  50  10 10  60  33 
LSTTL 
Inputs 

Minimum 
'High' Input 

2  3.5 2  2  2  3.15 2 3.15  2  Volts 

Maximum 
'Low' Input 

0.8  1.5 0.8  0.8 0.8  0.9 0.8  1.35  0.8  Volts 

Minimum 
'High' Output 

2.4  4.95 2.7  2.7 2.7  Vcc- 0.1 Vcc -0.1  Vcc - 0.1  2.7  Volts 

Maximum 
'Low' Output 

0.4  0.05 0.5  0.5 0.5  0.1 0.1  0.1  0.5  Volts 

DC Noise 

Margin (low) 
0.3  1.45 0.3  0.4  0.8 1.25  0.3  Volts 

DC Noise 
Margin (high) 

0.7  1.45 0.7  0.7  1.25 1.25  0.7  Volts 

Input Current 
(low) 

40  0.3 20  20  1 1 1  20 

Input Current 
(high) 

-1600  0.3 -400  -200  -2000  -1 -1  -600  /AA 

Output Current 

(high) 
-0.4  -2.1 -0.4  -0.4  -4 -4  -24  -1  mA 

Output Current 
(low) 

16  0.44 8  8  20  +4 +  +24  20  mA 

Temperature 
Range 

0 to 70  -40 to +85  0 to 70  0 to 70  0 to 70  -40 to +85 -40 to +85  -40 to + 85  0 to 70  °C 

Typical Max. 

Clock Frequency 
35  5 40  70  125  40 40  125  125  MHz 
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about  one  fifth  of  the  current 
consumption. 

There are further Schottky logic 
families in the form of the advanced 
(74AS**) and advanced low power 
(74ALS**) types. The advanced type 
have a current consumption which is 
virtually identical to the standard 
Schottky devices, but the operating 
speed is increased slightly, giving a 
maximum operating frequency of about 
200MHz for the 74AS00 for example. 
The advanced low power type are 
perhaps of more interest to most users, 
giving a slight increase in operating 
speed over the 74LS** range (60MHz 
maximum for the 74ALS00) at typically 
little more than half the current 
consumption.  Although  this  range 
looked set to oust the 74LS** range at 
onetime, there are alternative improved 
devices coming along which seem to 
have halted the challenge. 

C MOS 
The logic families considered so far 

are all based on the original 74** line-up, 
and in most cases a design intended for 
the standard TTL range would work just 
as well using equivalents from one of the 
other ranges, with perhaps a few minor 
modifications  being  required.  The 
original CMOS range of devices was a 
different concept, with a totally different 
_range of devices which in some instances 
(such as the analogue switches) had no 
equivalent at all in the 74** range. Where 
there are comparable devices, such as 
the 7400 and 4011, these usually have 
totally dissimilar pinout configuration. 

What  makes CMOS  devices  so 
different from TTL types in use is their 
power supply requirements. The original 
'M series devices have a supply voltage 
range of 3 to 15 volts, but these are now 
obsolete and have been replaced by the 
'B' type devices with their wider 
operating range of 3 to 18 volts. CMOS 
devices have much better immunity to 
noise spikes on the supply rails, and the 
liberal sprinkling of 100n ceramic 
decoupling capacitors to be found on 
most -rm based units are unnecessary 
with CMOS designs. Probably the factor 
which most helped CMOS devices to 
gain popularity is their low current 
consumption.  In fact only minute 
leakage currents are consumed under 
quiescent conditions, but significant 
currents are drawn when devices are 
operating.  In  fact  the  current 
consumption is comparable to that of 
some TTL types when CMOS devices 
are run continuously at high speed. 
However, there are few practical designs 
where all the logic elements run 
continuously at a high frequency, and a 
CMOS design typically requires only a 
fraction of the supply current of a TTL 
equivalent.  Another  important 
characteristic  of CMOS  integrated 

circuits is their extremely high input 
resistance of around a million megohms. 
CMOS devices are based on insulation 

gate MOSFETs, and Fig. 4 shows the 
circuit diagram for a basic 2 input NAND 
gate. The FETs are enhancement mode 
types, and not depletion mode devices 
(like the more familiar junction gate fets 
such as the 2N3819). They are thus 
similar to bipolar transistors in that they 
are normally switched off and require a 
forward bias to bring them into 
conduction, but they have the very high 
input resistance associated with field 
effect devices. 
The circuit is very simple in operation, 

and with either or both inputs taken low, 
TR3 and (or) TR4 will be cut off. On 
the other hand, TR1 and (or) TR2 will 
be switched hard on, and the output is 
taken high. With both inputs high TR1 
and TR2 are turned off, while TR3 and 
TR4 are switched on, taking the output 
low. The important point to note here is 
that there is never any path of 
conduction through the circuit, with 
there always being at least one transistor 
switched off and blocking the path, and 
it is this that gives the negligible 
quiescent  current  consumption. 
Unfortunately, during the transition 
from one output state to the other, there 
is a brief period when all the transistors 
conduct to some extent, producing a 
small pulse of supply current. It is for 
this reason that the current consumption 
increases at high operating frequencies, 
with high frequencies giving a large 
number of current pulses in a given 
period of time. 
Practical  CMOS  devices  have 

protection diodes added at the input to 
reduce the risk of damage due to static 
charges. Most devices also have buffered 
outputs so that the output drive 
capability is independent of the input 
states. This is not the case with 
unbuffered types, and with the circuit of 
Fig. 4 for example, the high state output 
current capability is higher with both 
inputs low (and both TR1 and TR2 
switched on); than it is with only one 
input taken low (and only TR1 or TR2 
switched on). The buffered types have a 
'BE' suffix, while unbuffered devices 
have 'UBE' as the suffix. The 'UBE' 
types have the advantage of lower 
propagation delay (the delay between 
the output responding to a change in , 
input states) and are also preferable for 
some analogue applications. Few 'UBE' 
types are readily available, and in most 
cases there is no choice but to use the 
'BE' variety. 

HIGH SPEED CMOS 
For all their undoubted advantages, 

there is one major flaw with the standard 
CMOS family in the form of their 
relatively low operating speed. This 
varies from one device to another, and 
is also supply voltage dependent, but for 

simple gates is about 5MHz with 5 volt 
operation, improving to about two or 
three times this figure with 15 volt 
operation. Some of the more complex 
types can operate at no more than about 
2.5MHz with a 5 volt supply. 
It would clearly be very useful to have 

devices with the advantages of CMOS 
power consumption levels plus the 
operating speed of TTL types. The first 
attempts at a cross between CMOS and 
TTL types were actually just standard 
CMOS circuits but having identical 
pinouts to a TTL device. Thus the 74C90 
was a standard CMOS decade counter 
with the same pinouts as the popular 
7490 TTL component. This was really 
just a matter of making it easier for 
circuit designers who were only familiar 
with 'TTL devices to use CMOS types, 
and the 74C** range were not technically 
more advanced than the ordinary 40** 
range. 
More  recently there have been 

developments in CMOS technology 
which have resulted in components that 
rival the TTL families in terms of 
operating speed, but which retain some 
of the advantages of CMOS types. The 
best known of these new families is the 
high speed CMOS (74HC**) series. 
Some of these are pin compatible with 
the 74** range, such as the 74HC154 
which is equivalent to the 74154. Others 
are pin compatible with the standard 
CMOS range, such as the 74HC4514 
which is equivalent to the 4514BE. 
The  new  74HC**  devices  are 

produced using a existing technology, 
rather than radical new technology. The 
improvement in performance is never-
theless quite substantial, with the 
74HC00 having a maximum operating 
frequency of 60MHz with a 5 volt supply. 
The supply voltage range is much 
reduced in comparison to standard 
CMOS types, but at 2 to 6 volts it is 
obviously far less restrictive than forTTL 
types. Good supply noise immunity is 
retained, as is the very high input 
resistance  associated  with  CMOS 
circuits. However, whereas standard 
CMOS devices have only a limited 
output current drive capability, and can 
prove troublesome if mixed with TTL 
types, 74HC** devices have the same 
drive capability as 74LS** types. They 
also have a standardised output stage 
which gives identical rise and fall times, 
optimizing high frequency performance. 
Being  basically  ordinary  CMOS 
integrated circuits, the 74HC** range 
includes equivalents for the more 
unusual CMOS types such as the 
4046BE phase locked loop and the 
analogue switches. 
There are two variations on the basic 
high speed CMOS range, the 74HCU** 
and 74HCTfamilies. The HCU types are 
unbuffered, and are equivalents to the 
standard unbuffered CMOS range. Both 
the unbuffered types are primarily 
intended for use in oscillators and other 
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Mg. 4. 2-Input NAND 

linear circuits. The HCT type have input 
switching levels that are compatible with 
the 74LS** range, whereas the HC 
family have  normal CMOS input 
switching threshold voltages. The HC 
devices are intended for new designs, 
but the HCT type are aimed more at 
users who wish to obtain lower current 
consumption in existing designs, and 
where a mixture of high speed CMOS 
andTTL components are to be used.The 
74HCT** series has a 4.5 to 5.5 volt 
supply operating range, which is far 
more restricted than that for other. 
CMOS types, but is still more flexible 
than for most TTL families. They also 
have inferior noise immunity when 
compared with the 74HC** family. 

FACT NOT FICTION 
What  probably  represents  the 

ultimate  in  current  logic  device 
technology are the FACT (Fairchild 
Advanced CMOS Technology) devices. 
Whereas the high speed CMOS family 
was designed as a superior replacement 
for low power Schottky devices, the 
FACT family was designed to be a rival 
to  advanced  low power Schottky 
devices. Current consumption is much 
the same as for high speed CMOS 
components, but the operating speed is 
comparable to 74ALS** devices. For 
example,  the  maximum  operating 
frequency for flip/flops is typically 
125MHz, and the 74ACTOO gate has a 
maximum propagation delay of 8ns. 
There are actually two FACT logic 
families, the 74ACT** series and the 

74AC** series, which have TTL and 
CMOS  input  switching  levels 
respectively. Both 'AC' and 'ACT' types 
operate over a 2 to 6 volt supply voltage 
range. We are unlikely to see anything 
offering significantly better overall 
performance than the FACT range in 
the near future. 

EMITTER COUPLED 
LOGIC 
Emitter coupled logic (ECL) is one of 

the least well known logic families, but 
is actually the fastest type. However, this 
speed is achieved at the expense of a 
relatively high current consumption, and 
emitter coupled devices also require 
dual supply rails. Coupled with their 
relatively high cost, this makes them 
only a worthwhile proposition where out 
and  out  speed  is of paramount 
importance.  Emitter  coupled  logic 
devices are based on the simple circuit 
shown in Fig. 5. 
TR1 and TR2 operate as common 

collector  (emitter  follower)  and 
common base stages respectively. When 
the input is taken high, TR1 is switched 
on but TR2 is reverse biased and 
becomes cut off. Taking the input low 
has the opposite effect, with TR1 
becoming reverse biased and cut off and 
TR2 being biased into conduction. The 
high switching speed is aided by the fact 
that both amplifiers operate in a mode 
where no inversion of the signal occurs 
(unlike the common emitter mode), and 
neither device is ever driven into 
saturation. This simple arrangement can 
be extended to produce gates, flip/flops, 
etc., and from these basic building 
blocks quite complex devices can be 
produced. The switching speed is very 
impressive, with flip/flops operating at 
frequencies of up to 150 to 1200MHz 
(depending on which ECL family is 
used. There  are  no  direct  ECL 
equivalents to the 74** and 40** series, 
and with twin supplies being required 
this would not be possible. They have 
MC10***, MC10H***, and MC16** 
type numbers (the latter being the 
fastest). 

Fig. 5. ECL design 

OTHER TYPES 
Although we have considered a 

number of logic families so far, the list 
is not yet complete. One of the better 
known improvedTTL families is the high 
speed type (74H**), which is a fast non-
Schottky range of devices. These have a 
similar speed to the H̀C' type, but 
without their low power consumption 
and other advantages. There is another 
high speed logic family in the form of 
the FAST (Fast Advanced SchottkyTTL) 
range, which have 74F** type numbers. 
This is an improved 74S** range which 
achieves a 30% increase in speed, but 
with only about one quarter of the 
current consumption. 
It should perhaps be pointed out that 

all the 74**** families are available as 
54**** versions. The types having a '54' 
suffix are military specification devices 
which  have  a wider  operating 
temperature range, and are not available 
through normal retail outlets. 

CONCLUSION 
Having a wide range of logic devices 

to choose from is in many ways a good 
thing, but it can result in a lot of 
confusion as to which family is best for 
a given application. In general, ordinary 
CMOS types are best where low current 
consumption is important but high 
operating speed is not. The 74LS** range 
is generally the best type where modest 
current consumption and a fairly high 
operating speed are needed. The 74HC* 
* and 74HCT** families are attractive 
propositions offering both high speed 
and low power operation, but they are 
still much more expensive than the 
ordinary 74LS** equivalents, and are 
not really worthwhile unless the extra 
speed and power economy is really 
needed. It is possible to use a mixture 
of various types, with high speed devices 
only being used in circuit positions that 
warrant them, but some care has to be 
exercised to ensure that all devices are 
all compatible with the types they are 
driving, and that fan-out ratings are not 
exceeded. The accompanying tables give 
brief details of the main characteristics 
of several popular logic families, and 
should help in this respect. Mil 
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SPECIAL FEATURES 

THE FEATHERLESS 
WOODPECKER 

BY SIMON BATTMAN 

High energy pulses from Riga — a mystery story! 

Mind control from the Soviet Union? Can the Schumann Resonance 
effect be used as the ultimate weapon? We still have no answers to the 
questions surrounding the most powerful transmitter on earth! 

FOR a decade or so, amateur radio 
buffs have been aggravated by 

mysterious interference. Triangulation 

has shown these high energy pulses to 

come from Riga, in the North Western 
part of the Soviet Union. According to 

shortwave listeners, these infuriating 

broadcasts sound like a hammer. They 
have nicknamed them Woodpecker. 

The frequencies used by international 

shortwave  broadcasts  generally  lie 

between 4.5 and 30 megahertz. Most 
radio stations are grouped into bands of 

frequencies between ttiese two limits. In 

wavelength terms, these are normally 11, 
13,16, 19, 25, 31, 41, 49 and 60 metres. 

On the other hand, most aircraft and 
radio enthusiasts use a significantly 

lower range, of between 1.6 and 4.4 
megahertz. For AM transmissions this 

can be lower still. 
Our story has its origins back in early 

1976, when heavy interference was first 
detected in both Europe and North 

America.  Disturbances  occurred 

between 3 and 30 megahertz. In some 

cases the effects were so great, that 

international communications on certain 

specific frequencies were blacked out for 

periods ranging from a few minutes to 

several hours. 
It wasn't  long  before  Western 

monitoring groups discovered that the 

offending signals emanated from behind 

the Iron Curtain. Protests rained on in 

Moscow from Britain, United States, 

Canada and several other countries. At 
first, the diplomatic niceties seemed to 

have little effect.'Then suddenly, towards 
the end of 1976, the Soviets admitted 

they were conducting experiments likely 

to cause substantial interference. 

As one might expect, the Soviet 

government did not reveal the nature of 

their tests, though they did agree to 

reduce broadcasts to shorter periods of 

time. 

MIND CONTROL? 
The lower the frequency of a radio 

wave, the longer its wavelength. Upon 

examination, waves oscillating at just a 

few hertz can be shown to have a 

wavelength the same size as planet 

earth. Any wave which fits exactly 
around our global home would set up a 

massive  resonance,  and  would, 

therefore, be able to travel great 

distances. This is called the Schumann 

Resonance — the frequency at which the 

earth resonates with electrical energy. 

Some time ago it was reported that 

the  Soviets  had  bombarded  the 

American embassy with high energy 

microwaves. These reports claimed that 
embassy personnel were taken ill as a 

direct result of the bombardment. Some 

have even declared that people died 

from the effects, while others say the 

transmissions were attempts at mind 

control. Were the early Woodpecker 
experiments a prelude to the microwave 

assaults? 
In all probability, those of us outside 

government circles will never know the 

answer. Although mind control does 
seem a bit unlikely, it is worth noting 

that the Schumann Resonance itself is 

well within the frequency range of 

human brain waves. Food for thought 

perhaps! 

WOODPECKER TODAY 
Woodpecker is still transmitting today 

in starts and stops. There appears to be 

no specific pattern to any of the 

transmissions, which usually last about 

half an hour. During this time the 
frequency changes — probably in order 

to make use of the maximum frequency 

and  shortest  possible  wavelength, 

depending on reception conditions. But 

even this is by no means certain. 

Transmissions tend to occur around 7 

megahertz, which easily interferes with 

amateurs on 40 metres. It is, however, 

still received at 20 megahertz, as in the 

past. 

Woodpecker is without doubt, the 

most powerful broadcaster on earth. It 
seems to be a number of transmitters, 

each turning out an average of 50 

megawatts.  The  Woodpecker  can 

generate a constant power across a 

bandwidth up to 200 kilohertz. To put 

this into perspective, the BBC's most 

powerful radio operates at a miserly 

1/250th of Woodpecker's. 
It is possible to operate in the 

Woodpecker band, by making use of 

muting  circuits.  These  work  by 

transmitting and receiving the gaps 

between the high energy pulsations. 

Unfortunately, as with most clever 

solutions, there is a draw-back. If 

Woodpecker decides (as it often does) 
to transmit on a continuous waveform, 

then muting circuits are about as much 

use to the radio ham as a car would be 

to a gold fish. All communications within 

the targeted band would be wiped out. 

SPECULATIONS 
It is well known that the Soviets and 

their allies spend millions each year 

trying to prevent Western broadcasts 
from reaching their people. It is quite 

possible that Woodpecker is just part of 

their jamming network, though it does 

seem like an awful lot of work for such 

punitive rewards. So, are there any other 
uses for such a powerful source of radio 

energy? 
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THE FEATHERLESS WOODPECKER 

If the politicians ever feel compelled 

to press the dreaded red button, normal 

radio communications during a nuclear 

war would become garbled because of 

the intense ionizing radiation. Given 

that the bulk of the world's nuclear 

weapons are on submarines, how would 

a country keep in touch with its 

doomsday fleet? 
One possible way of doing so would 

be to build radios which operate at very 
low frequencies, of perhaps just a few 

hertz. Such low frequencies tend to be 

almost totally resistant to ionizing 

interference, and would certainly reach 

nuclear subs buried deep in the world's 

oceans. 

Many moons ago, the United States 

instigated such a proposal called Project 

Sanguine — an antenna, one million 

metres long, which for obvious logistical 
reasons would be looped. 

A number of people have suggested 

that Woodpecker is just another version 

of Project Sanguine. This may well be 

the case, but unless the Soviets have 

It is possible that Woodpecker is merely 
an effort by the Soviets to prevent Western 
broadcasts reaching the USSR. 
Alternatively it could be far more devious 
— an attempt at world-wide mind control? 

been experimenting with a new fangle-

dangle  modulation  effect,  the 

frequencies would be very low, and not 

in megahertz like Woodpecker. So once 

again we find ourselves back at the 
proverbial square one — speculating on 

the unknown. 

NOT WHAT THEY SEEM 
Apparently when Woodpecker is off 

the  air,  Soviet  radio  operators 

materialize, claiming to be amateurs. 

They  ask Western  radio  buffs  if 

Woodpecker is being received, and 

request details of time, frequency 

reception points and signal strength to 

be sent to a post box in Moscow 

There are just two other anomalies in 

the Woodpecker story. First, for so called 

amateurs the Soviets seem to be using 

some high calibre equipment, with 

power ratings of 10 Kilowatts or more. 

In  most  countries  amateurs  are 

restricted to just 400 Watts. 

Secondly, they speak remarkably good 

English, and yet, never seem interested 

in the normal run of the mill chit-chat 

usually exchanged between amateurs. 

After they have discovered how well 

their signals are being received, they ni 

off into obscurity. 

Leningrad 

What are they up to? 

Any ideas? 

U S S R 
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REGULAR FEATURE 

INDUSTRY NOTEBOOK 
BY NEXUS 

News from the electronics world 

Further big mergers in the American electronics industry, capital-
ism for protection and fighting the IBM threat. Also late prizes 
for accidental audio designers!   

SPERRY AND BURROUGHS 

AFTER RCA and General Electric 
two more big American electronics 

firms have agreed to merge — Sperry and 
Burroughs. At the time of writing Sperry 
Corporation has agreed to be acquired 
by Burroughs Corporation for $4.8 
billion (about £3.2 billion). The deal was 
fixed in classical bargaining style. After 
initial discussions Burroughs offered $75 
per share. Sperry walked away in 
disgust, saying it wanted $80. Finally 
they shook hands over $76.50 per share. 
What is this all about? Mainly 

computers. First of all there is the 
current recession in the US computer 
manufacturing  industry  (see  July 
Notebook).  Sperry  is vulnerable 
because a large proportion of its total 
electronics turnover of $5.69 billion is 
contributed by its computer business, 
namely $4.2 billion. In addition the 
company sustained a huge loss of $233 
million on a failed farm equipment 
business, bringing its net profit for the 
1985/86 business year down by as much 
as 84% to $46.8 million (from $286.7 
million in the previous year). 

FROM THE BEGINNING 
Burroughs, of course, has been in 

computers from the very beginning.This 
was a natural development from its 
pioneering work in mechanical business 
machines. It was founded in 1886 as the 
American Arithmometer Company by 
WS. Burroughs, a Rochester, NewYork, 
bank clerk. He was always in poor health 
and got thoroughly wearied of adding 
up figures by mental arithmetic day after 
day. He invented and patented an adding 
and recording machine, and this was 
eventually manufactured, becoming the 
company's first product. 
In the first half of the 20th century 

much  more  advanced,  electro-
mechanical accounting machines were 
produced. Then in the second half of the 
century the firm — like other business 
machine manufacturers — went into 
electronic computers. 

So Burroughs, like Sperry, has been 
affected by the US computer recession. 
But perhaps more important for both 
companies is the permanent, looming 
threat of giant IBM. All computer firms 
find it difficult to compete with the 
world-wide presence, huge financial 
resources and economies of scale 
achieved by IBM. It therefore makes 
good sense for two smaller companies 
like Burroughs and Sperry to merge in 
order to compete more effectively. 
Both of them have had subsidiaries in 

the UK for many decades, so the new 
combine will not seem exactly a stranger 
to these shores. 

JOINT VENTURE 
Capitalism is all about competition, 

and mergers only take place for mutual 
protection in its jungle environment. 
But companies in the free market 
economy also get together for co-
operation on a limited basis, if it suits 
their books, while retaining their basic 
independence. This is known as the joint 
venture. A typical case is when company 
A has a particular manufacturing 
expertise while company B has ready 
access to a market where Ms products 
have  not  previously  managed  to 
penetrate. 
A recent example is a new firm,Taiwan 

Semiconductor  Manufacturing 
Company Ltd set up in the Republic of 
China (Taiwan). It aims to produce large 
volumes of low-cost VLSI devices at high 
yields. The country's government holds 
48.3% of the equity while Philips of the 
Netherlands has a further 27.5%. The 
remainder of the shares are being made 
available to local Taiwanese firms. 
Here the government wants to 

strengthen the semiconductor base of 
the Republic's information technology 
industry, while Philips wants better 
access to markets in the Far East. The 
low labour costs offered by Taiwan are, 
of course, well known to the European 
electronics industry. 

In the UK a joint venture company 
called BT&DTechnologies Ltd has been 
set up by British Telecom and Du Pont, 
makers of chemical, electronic and other 
materials. The new firm will develop, 
manufacture and market optoelectronic 
devices  for  optical  fibre 
telecommunications  and  other 
applications. It is owned equally by the 
two partners. 
Meanwhile, in Saudi Arabia, a 

consortium of five US companies led by 
Boeing,  the  Boeing  Industrial 
Technology Group, is starting various 
high-tech joint ventures with local Saudi 
organizations. These include advanced 
electronics,  computers  and  digital 
telecommunications. Westinghouse, ITI' 
and Computer Sciences Corporation are 
the principal electronics firms and are 
committed for a ten-year period. Not 
surprisingly, there is a strong political 
and military element in all this. 

PRIZES FOR THE PITS 
The compact disc has been the saviour 

of the  ailing gramophone  record 
industry, so it's not surprising that its 
originators have now been given a nice 
pat on the back. I say 'now' because 
when the new technique of digital 
encoding using pits and laser reading was 
introduced it was intended for video 
discs, and, as everyone knows, these did 
not prove outstandingly successful in the 
electronics entertainment market. But 
the CD has redeemed all this and now 
the video disc has found a limited outlet 
in professional applications and the 
general recording principle as a digital 
data storage medium for the electronic 
office. 
The three Philips researchers respon-

sible for this development, Dr P. 
Kramer, Mr G. Bouwhuis and Dr K. 
Compaan, have received awards from 
the Rank Prize Funds for their work. 
These awards were established in 1972 
by the late Lord Rank, the well known 
industrialist. Since then they have been 
presented  to scientists who  have 
achieved important breakthroughs in 
optoelectronics and in human and 
animal nutrition. Sir John Davies, 
chairman of the trustees of the Prize 
Funds, made the presentations to the 
Philips men at a ceremony in the Royal 
Institution, London. 
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REGULAR FEATURE 

INGENUITY UNLIMITED 
A selection of readers' ideas 

BIKE ALAR M KIT 

Don't mess with Jack Plug! 

T HIS circuit was designed as a sim-
ple but effective secondary securi-

ty device for bicycles, the primary 
device being a lock-up chain. This is an 
alarm which will come into play if 
tampering is practised on the chain. 
The circuit utilises a handful of 

readily available and cheap compo-
nents, and is very compact when as-
sembled. The main components are 
TR1, D1 and, of course, WD 1. 
TR 1 makes up an electronic switch, 

which is dependent on the jack socket 
being either 0/C or S/C. When the jack 
plug is present in the socket, it makes 
continuity between the base and 
supply, holding the base high and 
keeping the transistor hard on. When 
this is so, the alarm is unarmed. To 

9-12y 

PL1  SK I 

VIE=D 
TERMINALS 
SOLDERED 
TOGETHER 

arm, the jack plug must break the 
base/collector circuit, turning TR1 
hard off. When this occurs, the main 
available voltage is developed across 
R2 and a voltage is present at the 
anode of CSR1. It is triggered, and 
passes a current to WD1 so firing the 
alarm. It will conduct continuously, 
until the jack plug is replaced to the 
circuit, in which case the supply will be 
disabled. The jack socket is then left in 
place, until arming is required, once 
again. 
The circuit may be located in the 

bicycle frame, and depending on the 
triggering transducer used, can have 
little or no wiring protruding from the 
frame. 
Suggested transducers may be Mer-

cury switches, reed switches, etc. 
Alan Crawford, 

Herts. 
TRIGGER 
TERMINALS 

TR1 
KI N 

95 

Ik 

R3  RL 

2k2  4.k7 

CSR1 

Fig. 1. Bike alarm circuit diagram 

WD1 
9-12V 
PIEZO 
SOUNDER 

PULSE DETECTOR 

It doesn't miss a thing 

W HILE  working on and testing 
computer interface circuits, it is 

often necessary to check for pulses 
lasting only a fraction of a micro-
second. Even with an oscilloscope it is 
still hard to pick out the pulse you are 
interested in. Using just five compo-
nents and a scrap of Veroboard, I came 
up with this pulse detector circuit. 
The heart of the circuit is IC1 a quad 

NAND gate 74LS00. Two gates are 
wired as a flip-flop. This detects the 
incoming pulse and changes state ac-
cordingly. The 1.e.d. is not driven 
directly from the flip-flop output be-
cause this would slow down its opera-
tion and the pulse might be missed. 
The remaining gate on the i.c. is used if 

necessary to invert the pulse so the 
detector can detect active high or ac-
tive low pulses. It is manually reset and 
draws its power from the circuit under 
test. 

+5V 

S. Ling, 
Scotland. 

Fig. 3. Dimmer control 

LIGHT SENSITIVE DI M MER 
CONTROL 

You couldn't get a dimmer idea 

IWAS looking at the various tech-niques of light dimmer control cir-
cuits and in particular the use of the 
relaxation oscillator (u.j.t.). This parti-
cular device allows a variety of add-ons 
to be included in the circuit for varying 
the brightness of the lamp. 
Using a light sensitive resistor 

(ORP 12) the light bulb can be adjusted 
in brightness depending on the light 
sensitivity of this device. If it is used to 
measure the light entering a room from 
outside, the lamp can be controlled 
accordingly. 
Another feature which could be in-

cluded is a temperature sensitive de-
vice placed near the lamp. If the 
temperature exceeds a preset level then 
the lamp can be dimmed using the 
same feedback technique. 
A thermistor with a positive tem-

perature coefficient should be used. 
C. B. Herbert, 

Bristol. 

HAVE A GO! 

Send your circuit ideas to our 
editorial office. 

INPUT 

ov 

ID• . 
52 

IC2o  DPDT 

LOW' 

016092 

Fig. 2. Pulse detector circuit diagram 

IC 1 
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IC lb  IC id 
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IC1= 74L500 
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Di. 209 

R1 

220 
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FREE CATALOGUE 
DON'T CHASE AROUND 

FOR ANOTHER SEQUENCER 
This 8-way sequencer kit with built in opto-isolated sound to light input 
comes complete with a pre-programmed EPROM containing EIGHTY 

e  -YES 801 different sequences Including standard flashing and chase 
routines. The KIT includes full instructions and all components (even 

JO  the PCB connectors) and requires only a box and control knob to 
complete. Other features include manual sequence speed adjustment, 
zero voltage switching. LED mimic lamps and sound to light LED and a 
300 W output per channel. 
And the best thing about it is the price ONLY £28.50 

VERSATILE REMOTE CONTROL KIT 
This kit includes all components to make a sensitive IA receiver with 16 logic outputs (0-15V) which 
with suitable interface circuitry (relays, triacs, etc-details supplied) can be used to switch up to 16 
items of equipment on or off remotely. The outputs may be latched (to the last received code) or 
momentary (on during transmission) by specifying the decoder IC and a 15V stabilised supply is 
available to power external circuits. 
Supply: 240V AC or 15-24V DC at 10mA.  Size (excluding transmitter) 9 a 4 x 2crns. 
The companion transminer is the MK 18 which operates from a 9V PP3 battery and gives a range of up 
to 60f1. Two keyboards are available MK9 (4-way) and MK 10 (16-way), depending on the number of 
outputs to be used. 
MK 12 IA Receiver  £1 3.50 
MK 18 Transmitter  £6.80 
MK9 4-way Keyboard  £1.90 
MK 10 16-way Keyboard  £5.40 
601 133 Box for Transmitter  £2.60 

HOME LIGHTING KITS  HOME CONTROL CENTRE 

These kits contain all necessary corn- 
ponents and full instructions & are de- 
signed to replace a standard wall switch 
and control up to 300 W of lighting 
TDR300K Remote Control 

... £14.95  / 

Dimmer  .... 
MK6  Transmitter for 

above  £4.50 
TD300K Touchdimmer f 7.75 
TS300K Touchswitch  £7.75 
TDE/K  Extension kiffor 2-way 
switching for TD300K  £2.50 

o 
X ' 

This kit enables you to control up to 16 
different appliances by means of coded 
pulses in the mains wiring which may be 
decoded by special receivers anywhere 
in the house. The transmitter may be 
controlled manually or by the computer 

- interface enabling your favourite micro 
 to make your coffee in the morning, 
switch lights anywhere in the house, or 
your electric blanket in your bedroom. 
Just think of the possibilities - and no 

wiring) 
This kit comprises a transmitter with 
pre-drilled box and two receivers. 
XKI12  £42.00 
Additional receivers 
XK111  £10.00 

ELE C T R O NI C LO C K KI T 

With hundreds of uses in doors, gar-
ages, car anti-theft devices, electronic 
equipment, etc. Only the correct easily 
changed four-digit code will open it) 
Requires a 5V to 15V DC supply. Output 
750mA. Fits into standard electrical wall 
box. Complete kit (excl. front panel) 
XK101  £11.50 
Electronic lock mechanism for use with 

the above kit. 70150  £14.95 

.14@,...., ... 

DVM/ULTRA SE N SI TI VE 

T HE R M O ME TE R KI T 

Based on the ICL 7126 and a 3i digit 
liquid crystal display, this kit will form 
the basis of a digital multimeter only a 
few additional resistors and switches 
are required - details supplied), or a 
sensitive digital thermometer (-50 T to 
+150 T) reading 0-1'. The kit has a 
sensitivity of 200mV for a full-scale 
reading automatic polarity and overload 
indication. Typical battery life of 2 years 
(PP3).  £15.50 

DISCO LIGHTING KITS 
DL1000K - This value-for-money 4-way 
chaser features bi-directional sequence 
and dim ming. Ik W per channel.£15.95 
DLZ1000K - A lower cost uni-direc-
tional  version  of  the  above.  Zero 
switching to reduce interference. £8.95 
Optional  opto  input  allowing  audio 
'beat'ilight response (DLA/ I)  70p 
DL3000K - 3-channel sound to light kit 
features zero voltage switching, auto-

level  and built-in micro-

TE M PE R A T U RE 

C O N T R OLLE R 

matic  control 
phone. 1k W per channel.  £12.95 

STA  S 
741 Op-Amp  6 for 90p 
555 Timer  6 for 90p 

556 Timer  2 for 70p 

Uses "burst-fire" technique to maintain 
temperature to within 0.5 C. Ideal for 
photography, incubators, wine-making, 
etc. Max load 3k W (240V AC). Temp 
range up to 90 T  £6.50 

ELECTRONICS 
13 BOSTON 

I I LONDON 01-567 89 10 
ORDERING INFORMATION: 

SEND 9"x6" S.A.E. 
OR CALL AT SHOP 

RD  MON-FRI 9-5pm 
W7 3SJ SATURDAY 10-4pm 

EXCLUDE VAT  E ZI a m  ALL PRICES 
FREE P&P on orders over £20 (UK only), otherwise add 
75p + VAT. Overseas P&P: Europe £2.75. Elsewhere 
£6.50. Send cheque/PO/Barclaycard/Access No. 

with order. Giro No. 529314002. 
LOCAL AUTHORITY AND EXPORT ORDERS WELCOME 
GOODS BY RETURN SUBJECT TO AVAILABILITY 
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4034  PCP  4999  29 P 7415151 32p 8284-15 250p  3 
4035  45P 4556  314 

4036  ,- 7412153 40p 6502  300p 747 s  '1'14 683 -1391  '' 4116 75P 7451  10p HA-13813WR  160p 728000 
4164  110p 7454  25p 13:11M 

741 ,  .,,39 P HA-1392  230p TA-7193P 25p 1{4-1396  220  TA-7137P 

160p TA-7120 

411  TA-7146P  400p 

P  -  404 200p 

11; 
83p 

4038 
7410157 30p 6840  314 77.-5  70p LA-1352  240p TA-7201 

85p TA-1203  200p 709  4583  pep 7410154 90p 6802  220p 7'1,75 

4039 

4037 

41340  36p 
IMP 4585  42.p 
48P 4584  30 

7410158 33P 6250  110p 7 -0  909 LA-1201 

120p TA-7204 
140p TA-7205  44 84 

. 7410155 41p 6809  600p ,7ro1 
7410156 47p 6821  140p '412 

4041  38p 
4042  30p I MIE M 7412160 Up 008 ,  4 0  

0  t  744890  

80854  320P 7492 

6  28p LA-3301  
30p LA-1365 
40p LA-3350  120p TA-1210  200p 120p TA-I22280  120p 

4043 15p 7410162 44 ,,„  .  35P  '4'-12%  200p TA-7809 
115p TA-7310P  100p 

27d: 

4044 
4045  74 741201  15p 7410163 46p .14,  3.4 7493 

741000 

8156  364 7495  44 LA-4050 

It: 1-1111/  140p 144550 144 TBA1200  45p 
184395  60p 4046  45p 77M 002 I5P 7410164 43p 

11; 741004 
n L 3 15P 7412165 66p 8224  270p 7497  80p 183-4051  160; 1134398 

100p 
60p 

4047 4048  15p 7412166 74p 8226  270p 14107  30p LA-4100  120p 164520 
100p 100p MA530 4049  lei 741205  IP 7410168 92p 8228  274 74111  52p LA-4101 

4051 
4052 
4053  37P 7744I1 
4054  53 

20p I rot 1 P 

37: 741010 

15 : 7410175 42P 8253  340 0 771444117 
;V 7410174 39; 8251 

14  77t 1M  np 80;45,33 20500p 74114 

30 50Pp 77441122  40p 114-4125  

85p LA-410206  940p 79A040 
04 144112 

20p I-1 4dti 44°5P LA-4220  250p TBA560 
210p TBA150 

26   

70p TBA800  100p 
100p 
100p 

60p 
35p 

4050 

4055  4 741013  24 7,213? t!P 8255  364 74132  42PP LLA-4420  120p MA8102 
120p 108820  75p 

4056  62p 741 94 ?.° 7410192 54 8022t61,AA 1230100pp .4400  190p TBA920  100p 
55p LA-4422  140p T98950  100p 

4060  44  77221  130p TBA990  100p 
4066  20p 741022  IP 77 29.31  8259  374  77441 :1 45p LA-4480 

100p 
4863  52 P 741021  170p TC4800 

130p TC4270 
200p 
40p 

4067  130p  18: 7410195 52p 8271  4400 P 74153 45p 10-4401  

70p LA-4430 

180p TC4940 
4068  13p 741026  15p 7410196 62p 8272  1300p 74155 7410197 52p 8279  650p 74151  45p 14-5112  120p 1001170  100p 741024  3Bp 

4069  13p 741027  15p 7410221 56p 8282  404 74160  50p P164.6 Add 58p see VAT .1 11%. Dart Celle's, 
4070  1311 741028  15p 7410240 55p 8283  400p 74164  50p  six. orders seespesd 
4E171  14 741030  14 7410241 55P 8284  500p 74167  34  Choetotless "we for tarp Worthies 

4072  13P 741032  I2p  wSertv Cempseset, 
Sam Ow Oespstek 

7410242 55p 8208  1505 74173  500  AI lin 
4073  13P 741033  17p 7410243  60 p 0740  24 ,30 Pn 74174  70p  OU1 veins me see sad bend 

.„„ 4075  13P 741537  15p 7412244  50p  „„,,,„„• 74175  64 Pin tot Bra AM NNW. We .ea 3900 a....4076  44 741038  17p 7410245 50p "'"""""""P 74176  45p 

4077  13p 741840 16  Z804C111180p 74 .0 
4078  1311 74LS42  p 32p 7410249 50p 1410247 50p Z8OBCPU 500p 74182  g; GRAN DATA LTD. 
4081  13p 741547  56p 7410249 92p 7804844  858 P 74192  40p 9 & 12 THE BROADWAY. PRESTON ROAD 

4085  Up 741051  16p 7410253 50p Z808P10 600p 74197  45p Telephone: 01-904 2093 8 904 1115/6 
ENGLAND 4082  13p 741048  54 7410251 30p 180 AP10 250 p 74196  40p  WEMBLEY . MIDDLESEX.  

4086  32p 741054  16p 7410258 60P 180ACTC250p 74393  70p  1elex: 932885 Summit 

COMPUTER 
IC S 

TRAINEE 
RADIO OFFICERS 

THE START OF SOMETHING NEW 

If you are leaving College and planning a career in modern 
communications or if your present job lacks interest and challenge . . 

why not join us in GCHQ? We are recruiting 

RADIO OFFICERS 
who after initial training will become members of an organisation that is 
in the  forefront of communications technology.  Government 
Communications Headquarters can offer you a satisfying and rewarding 
career in the wide field of communications. Training involves a 32 week 
course (38 weeks if you come straight from Nautical College) which will 
fit you for appointment to RADIO OFFICER. 

Not only will you find the work as an R 0 extremely interesting but there 
are also good prospects for promotion opportunities for overseas travel 
and a good salary. Add to this the security of working for an important 
Government Department and you could really have the start of something 
new. 

The basic requirement for the job is two years' radio operating experience 
or hold a PMG, MPT or MRGC or be about to obtain a MRGC. 

Registered disabled people are welcome to apply. 

Salaries start at £5,817 at age 19 to £6,920 at age 25 and over during the 
training and then £7,954 at 19 to £10,162 at 25 and over as a Radio Officer. 
Increments then follow annually to £13,777 inclusive of shift and week-end 
working allowances. 

For full details and application form 'phone 0242 32912/3 or write to: 

Recruit ment Office, Govern ment Co m munications Headquarters, 
Oakley, Priors Road, Cheltenha m, 

Gloucestershire, GL52 5AJ. 
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MAKE YOUR INTERESTS PAY! 

PRACTICAL 

ELECTRONICS 

CLASSIFIED 

ADVERTISING 
TEL: (01) 727 7010 

FULL-TIME 
TRAINING 
COURSES 

2 YEAR 
B-TEC National Diploma (OND) 

ELECTRONICS & 
COMMUNICATIONS ENGINEERING 

(Television & Computing) 

15 MONTHS 
B-TEC National Certificate (ONC) 

ELECTRONIC EQUIPMENT SERVICING 
(Television & Video) 

15 MONTHS 
B-1EC National Certificate (ONC) 
COMPUTING TECHNOLOGY 

9 MONTHS 
B-TEC Higher National Certificate (HNC) 

COMPUTING TECHNOLOGY 
& ROBOTICS 

HIGH PERCENTAGE OF COLLEGE BASED 
PRACTICAL WORK 

SHORT COURSES WITH PREVIOUS 
KNOWLEDGE 

NO EXTRA CHARGES FOR OVERSEAS 
STUDENTS 

Prospectus from: 

LONDON ELECTRONICS 
COLLEGE 

Dept: AA, 20 Penywern Road, 
London SW5 9SU. Tel: 01-373 8721 

More than 8 million students throughout the world have found it worth their while! An 
ICS home-study course can help you get a better job, make more money and have more 
fun out of life! ICS has over 90 years experience in home-study courses and is the largest 
correspondence school in the world. You learn at your own pace, when and where you 
want under the guidance of expert 'personal tutors. Find out how we can help YOU. 
Post or phone today for your FREE information pack on the course of your choice (tick 
One box only). 

Electronics 
n 
'-' 

Radio, Audio 
and TV Servicing El 

Basic Electronic 
Engineering (City & Guilds) 0 

Radio Amateur Licence 
Exa m (City & Guilds) 0 

Electrical Engineering n Car Mechanics 0 
Electrical Contracting/ 
Installation 0 

Co mputer 
Progra m ming 0 

GCE over 40 '0' and 'A' level subjects 0 
Name 

Address 
International Correspondence Schools, Dept E0S96, 312/314 High St., 
Sutton, Surrey SM1 1PR. Tel 01-643 9568 or 041-221 2926 (24 hrs). 

P Code 

THE SCIENTIFIC WIRE COMPANY 
811 Forest Road London E17. Telephone 01-631 1588 

ENAMELLED COPPER WIRE 
SWG  lib  8 oz  4 oz  2 oz 
8 to 34  3.63  2.09  1.10  0.88 
35 to 39  3.82  2.31  1.27  0.93 
40 to 43  6.00  3.20  2.25  1.61 
44 to 47  8.67  5.80  3.49  2.75 
48  15.96  9.58  6.38  3.69 

SILVER PLATED COPPER WIRE 
14 to 30  9.09  5.20  2.93  1.97 

TINNED COPPER WIRE 
14 to 30  3.97  2.41  1.39  0.94 
Fluxcore 
Solder  5.90  3.25  1.82  0.94 
Prices include P&P VAT. Orders under £2 add 20p. 

SAE for list of copper and resistance wire. 
Dealer enquiries welcome. 

Gabon Fin Needs 1W £24 saes 0-518 to 18E 
00 off par vake - 75p  - 1  1p 

1003 oft el ran hundred par yea - fl 
Metal Fin IW 1080 to IMO 5% El2 SIM - 4 1% E24 SIM - 4 
8C107/8/9 - t2 13C541/13/9 - 4 8C557/13/9/ - Op 8C182t. 841.-1 14 
BEY50/51/52 - 20p 21l565 - 54 TF3IA, 32A - 25p 1F 41.42,- 40p 

Taelshem Wed seleiliseire ebelseleties 
0-1/35, 0-22/35, 047/35, 3-3/16, 4.7/16 - 14p  4-7/35 - 14 
2-2/35, 4-7/25, 10/6 - 15p  4-1/35,5-8/16 -lIp  10/16, n16- 20p 
Alerisire Eleettilyties 1111M/Velbi 
1/50, 2-2/50,4-7/25, 4-7/50,10/16, 10/25, 10/50 - bp 22/16, 22/25 - so 
22/50, 47/16, 47/25, 47/50 - 4  100/16, 100/25 - 4  100/50 - 12 
100/100 -14 220/16 -14 220/25, 220/50 - 10p 410/16,470/25 - lip 
1000/25 - 25p  1000/35, 2200/25 - 24  4100/25 - 74 

Maietwe Polyester Capatiten 2509 WIte. Venial Muriel 
-01, -015, 422, 433, -047, -068 - 4 0.1 - 5p 815, -22 - lo 047 - Op 

lityier Gametal 1009 Mee. Vertical Moolig El2 Series 
1000p to 8200p - 3p  -01 to -068 -  81 -5p  815, 0.22 - 

Saraimistre Ceramic Pleb 1009 W. E12 Series Venial Meweig 
2% 1P8 to 47P - 3p  56P to 330P - 4  10% 390P ta 47£11' - 4 

Polyayrosie Capacitors 639 Velra. E12 Series Arial Illesaiel 
10' to 820P - 4  1000P to 1 0,000P - 48  12,000P - 4 
1744148 - 2p 194002 - 4p 1144006 -Op 1/6404 - lIp W01 tn.* - 
25p  0A91 - 
Zara &ass E24 mem 3V3 to 33V 400mW - Op  1w65 -12 
L Effs Fed, Gran & Yellow lineS Sean - 10p  &rrn - 35p 
20mrn fuse 0-IA to 5A cud tany - bp  5fAntSugu-Op 
HO Speed dells 0-8ern, 1-0nen, 1-3arn, I-5rnm, 2nrn - 25p 
Evo Read Mlino median 120 ric rah rya* 3-Fre chuck DI M 
Muds AA - 84 ifl 1 - f2 PP3 - f4.20  Chirps - [1.50 
Glass reed seethes irgle pole maul contacts - 4  Meg*: - 

VAT ncittsoe Firm postage 200 (free ear £5) Lots Ins 

THE C.R. SUPPLY CO., 
127 Dieseerfield Reel., 

Sieffiele Si IRS. TN. 557771. 

PROMs-EPROMs-PALs 
ANY PROGRAMMABLE IC SUPPLIED 08 BLOWN . 

PRICES thigholirig Prvirisprimig) 
2 7 1 6-E2.85 2732-C3.10 

2764-C2.80 27128-£3.85 etc 
BIPOLAR PROMS from £1.50 
g. 82S123, 18S030, 74S288 
PALS. PLDs etc. from £4.05 
89 82S153, 16L8, EP300 

Full design end prototyping service 
Any quantity programmed-SAE or phone for details. 
P.L.S., 18 Wordsworth Drive, Cheam, Surrey, 

SM3 8HF-Phone 01-844 8095 

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS 

Please insert the advertise ment below in the next availble issue of Practical Electronics for   

insertions. (enclose Cheque/P.O. for E   

(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Practical Electronics) 

The prepaid rate for classified advertisements is 20 pence 

NAME   per word (mini mu m 12 words), box nu mber £1.00 extra. 

Semi-display setting £8 per single colu mn centi metre 
ADDRESS   (minimu m 2.5 cms). All cheques, postal orders, etc. to be 

made payable to Intrapress and crossed. Treasury notes 

  should always be sent registered post. Advertisements, 

together with remittance, should be sent to Practical 

Electronics, 16 Garway Road, London W 2 4NH. Tel. 

(0322) 521069. 
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PRACTICAL ELECTRONICS 
ADVERTISING DEPT. 

SERVICES 

PCBs and Silk Screening. Complete service, any quantity, 
very fast, very reasonable. (Not PTH.) MarCh Design. 
Braintree (0376) 48425. 

HEATHKIT U.K. SPARES AND SERVICE CENTRE. Cedar Elec-
tronics, Unit 12, Station Drive, Bredon, Tewkesbury, 
Glos. Tel. (0684) 73127. 

ELECTRONIC DESIGN SERVICES, EPROM programming 
(2708-27512), PAL programming from Masters or Fuse Plots. 
Also PAL Design Services from Text, Boolean Expressions, 

etc. U.E.D. Ltd., Castlebellingham, Co. Louth, Ireland.Tel: 
042-72127. 

SERVICE SHEETS 

SERVICE MANUALS. — Television, Audio, Video, Vintage, 
Test, etc. SAE enquiries: MAURITRON (PE), 8 Cherry 

Tree Road, Chinnor, Oxon. 

BELLS TELEVISION SERVICES for service sheets of Radio, TV, 
etc £1.50 plus SAE. Colour TV Service Manuals on request. 
SAE with enquiries to B.T.S., 190 Kings Road, Harrogate, 

N. Yorkshire. Tel. (0423) 55885. 

COMPONENTS 

CLEARING LABORATORY, scopes, generators, P.S.U.'s, bridges, 
analysers, meters, recorders etc. Tel. 0403-76236. 

INDEX TO ADVERTISERS 

Adam Hall Supplies Ltd   54 

Advanced Security 
Products Ltd   61 

B.K. Electronics   IBC 

Cricklewood Electronics   16 

Crodar   16 

Cybernetic Applications   30 

Decon 54   54 

Grandata   52 

G.C.H.Q.   35,52 

ICS   53 

London Electronics College 53 

Magenta Electronics   IFC 

Maplin Electronics   OBC 

Number One Systems  30 

Omega  53 

Phonosonics (Becker)   35 

Tandy  6 

Tech nomatic  4 & 5 

T.K. Electronics   52 

TURN YOUR SURPLUS capacitors, transistors, etc into cash. 
Contact COLES HARDING & CO., 103 South Brink, 
Wisbech, Cambs. Tel. 0945 584188. Immediate settlement. 

SOUND OPERATED SWITCHES, simple diagrams only £1.00 
inc., or with p.c.b. £2.50. Low cost components available. 
Also simple light operated switches, diagram £1.00 or with 
p.c.b. £2.00. Post inclusive. Handy for auto use, automatic 
lighting, etc, useful beginners projects from HERRING-
TON, 63 Homefarm Road, Hanwell, London W7 I NL. 

HIGH QUALITY ENCLOSURE Suitable for Power Supply/ 
Battery Charger Projects • Internal dimensions W-195mm 

0-130mm H-09mm • Mild steel construction -Textured paint 
finish (black lid/white bas) • Ventilation louvers • Supplied 
with self adhesive feet. Price: £6.50 incl. p&p. vat. M.R. 
Electronics, Avondale Workshops, Kingswood, Bristol, BSI3 
IQH. Tel: 0272 603871. 

ENORMOUS BULK of copper clad boards surplus to our 
requirements for sale. SAE enquiries to: Roscar Photo-
electronics,  "Roscar  House"  — Trewarmett, Tintagel, 

Cornwall. 

HOBBYLIST clearing workshop. Components, hardware, 
multimeter. P.S.U., books, loads of magazines, £180. Time 
Mitchell, 38 Beechwood Ave., Brighton, East Sussex. Tel: 

0273 504555 evenings. 

PANEL METERS, transformers, test equipment, sirens, 

tools, microphones, service aids. Send £1 for new fully 
illustrated  170  page  catalogue.  M.  Dziubas,  158 
Bradshawgate. Bolton, Lancs. 

VERKON DC/DC CONVERTERS 
For better use of dry batteries 

as featured in this issue of P.E. 

Send large s.a.e..for data and prices to: 

J. BILES ENG., 
120 Castle Lane. Solihull, 

West Midlands B92 8RN 

PART-TIME WORK available from September to teach basic 
Electronics, Radio & TV and Microelectronics. Please apply 
Box No.103, Practical Electronics,.  16 Garway Road, 
London W2 4NH. 

PE 
CLASSIFIED 

CABINET FITTINGS 
Fretcloths. Coverings, Handles. Castors 

Flight Case Locks & Parts. Jacks. XLRs 

Bulgins. Reverb Trays. P & N mic Stands. 

ASS Glassfibre Horns. 

CELESTION PO WER 

Speakers 

Send 

30p cheque , 

PO for illustrated 

catalogue Adam Hall (PE Supplies). 

Unit G. Carlton Court, Grainger Road, 

Southend-on-Sea. 

To advertise on this pages 
TEL (01) 727 7010 

POLIFIX  BLOCK _FREE 

„.. ... s., ,,.. 
% - 

.  . , 
\ 

Unique abrasive block 
for perfect totally clean 
surface on copper clad 
board, PCB tracks, 
contacts, any metal 
surface. Cleans, keys 
surfaces prior to etch 
resist application or 
plating — ultrafine non 
metallic abrasive block. 

THIS IS AN INCENTIVE FOR YOU 
TO PRINT YOUR NAME AND 
ADDRESS BELOW AND 
FREEPOST — YOU WILL 
RECEIVE: 

1. A complimentary Seno 
Polifix Block. 
2. An illustrated 
brochure of ten unique 
aids to design and 
production applicable to 
both the D.I.Y. enthusiast 
as well as to design/ 
production engineers 

POST TODAY 

PLEASE PRINT 

Decon Laboratories Ltd. FREEPOST 
Con way St., Hove, E. Sussex BN3 2ZZ 
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avr) POWER  AMPLIFIER  MODULES 
O MP P WER AMPLIFIER M • DU Now enjoy a 
world-wide reputation for quality, reliability and performance at a realistic price. Four models 
available to suit the needs of the professional and hobby market. i.e., Industry, Leisure. 
Instrumental and Hi-Fi. etc, When comparing prices, NOTE all models include Toroidal 
power supply, Integral heat sink, Glass fibre P.C.B. ; and Drive circuits to power compatible 
Vu meter. Open and short circuit proof.  Supplied ready built and tested. 

O MP100 Mk II Bi-Polar Output power 110 
watts R. M.S. into 4 oh ms, Frequency Res-
ponse 15Hz - 30KHz  T.H.D. 0.01 %, 
S.N.R. -118dB, Sens. for Max. output 
500mV at 10K, Size 355 X 115 X 65 m m. 
PRICE £33.99 4- £3.00 P&P. 

O MP/ MF100 Mos-Fet Output power 110 
watts R. M.S. into 4 oh ms, Frequency Res-
ponse 1Hz - 100KHz -3dB, Da mping Factor 
80, Slew Rate 45V/uS, T.H.D. Typical 
0.002 %, Input Sensitivity 500 mV, S.N.R. 
-125dB. Size 300 X 123 X 60m m. PRICE 
PRICE £39.99 + £3.00 P&P. 

O MP/ MF200 Mos-Fet Output power 200 
watts R M S into 4 oh ms, Frequency Res-
ponse 1Hz - 100KHz -3dB, Damping Factor 
250, Slew Rate 50V/uS, T.H.D. Typical 
0.001 %, Input Sensitivity 500 mV, S.N.R. 
-130dB. Size 300 X 1502< 100m m. PRICE 
PRICE £62.99 + £3.50 P&P. 

O MP/ MF300 Mos-Fet Output power 300 
watts R. M.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz -3dB, Damping Factor 
350, Slew Rate 60V/uS, T.H.D. Typical 

". 0.0008%, Input Sensitivity 500mV, S.N.R. 
-130d8, Size 330 2< 147>< 102 m m. PRICE 

PRICE £79.99 + £4.50 P&P. 

NOTE: Mos-Fets are suppbed as standard (10004z bandwidth & Input Sensitivity 500mVI. ((required, 
PA version (50K Hz bandwidth & Input Sensitivity 775mV) Order - Standard or P.A 

Vu METER Compatible with our lour amplaiers detailed above. A 
very accurate visual display employing 11 L F.D. diodes 17 green, 4 
red) plus an additional on/off indicator. Sophisticated logic control 
circuits for very fast rise and decay times. Tough moulded plastic 
case, with tinted acrylic front. Size 84 X 27 X 45mm. 
PRICE £8.50 + 50p P&P. 

LOU DSPE AKER S 5" to 15" up to 400 W ATTS R. M.S. 

Cabinet Fixing in stock. Huge selection of M cKenzie 

Loudspeakers available including Cabinet Plans. Large 

S. A.E. (28p) for free details. 

POWER RANGE 
8" 50 WATT R.M.S. Hi-Fi/Disco. 
20 oz magnet  ally voice coil. Ground ally fixing escutcheon. Res. Freq. 40Hz Freq. Resp. to 
6KHz. Sens, 92dB. PRICEI10 99Available with black grille £11.99 P&P ft .50 ea. 
12" 100 WATT R.M.S. Hi- Fl/Disco 
50 oz. magnet. 2" ally voice coil. Ground ally fixing escutcheon. Die.cast chassis White cone Res 
Freq. 
25Hz Freq Resp to 4KHz Sens 95dB PRICE £2880 - £300 P&P ea 

McKENZIE 
12" 85 WATT R.M.S. C1285GP Lead Guitar/Keyboard/Disco. 
2" ally voice coil. Ally centre dome. Res. Freq. 45Hz. Freq. Resp. to 6.5KHz. Sens. 98dB. 
PRICE £29.99 + £3.00 P&P ea. 
12" 85 WATT R.M.S. C1285TC P.A./Disco r ally voice coil. Twin cone. 
Res. Freq. 45Hz. Freq. Rasp. to 14KHz. PRICE £31.49 + £3.00 P&P ea. 
15" 150 WATT R.M.S. C15 Bass Guitar/Disco. 
3" ally voice coil. Die-cast chassis. Res. Freq. 40Hz. Freq. Rasp. to 4KHz. PRICE £57.87 + £4.00 P&P ea. 
10 60 vvArr R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A. 
2" voice coil. Res. Freq. 75Hz. Freq. Resp. to 7-5KHz. Sens. 99dB. PRICE £19.99 + £2.00 P&P. 
10" 200 WATT R.M.S. C10200GP Guitar/Keyboard/Disco. 
2" voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB. PRICE £44.76 + £3.00 P&P. 
15" 200 WATT R.M.S. C15200 High Power Bass. 
Res. Freq. 40Hz. Freq. Resp. to 5KHz. Sens. 101dB. PRICE £62.41 + £4.00 P&P. 
15" 400 WATT R.M.S. C15400 High Power Bass. 
Res. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB. PRICE £89.52 + £4.00 P&P. 

WEM 
5" 70 WATT R.M.S. Multiple Array Disco etc. 
1" voice coil. Res. Freq. 52Hz. Freq. Resp. to 5KHz. Sens. 89d13. PRICE £22.00 + £1.50 P&P. ea. 
8" 150 WATT R.M.S. Multiple Array Disco etc. 
1" voice coil. Res. Freq. 48Hz. Freq. Resp. to 5KHz. Sens. 92dB. PRICE 02.00 + £1.50 P&P ea. 
10" 300 WATT R.M.S. Disco/Sound re-enforcement etc. 
1}" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICE £36.00 + £2.00 P&P ea. 
12" 300 WATT R.M.S. Disco/Sound re-enforcement etc. 
li" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz Sens. 94dB PRICE £47.00 + £3.00 P&P ea. 

SOUNDLAB (Full Range Twin Cone) 
5" 60 WATT R.M.S. Hi-Fl/Multiple Array Disco etc. 
1" voice coil Res Freq 63Hz Freq Resp to 20KHz Sens 86d8 PRICE £9.99 « £1 00 P&P ea. 
61/2" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 
1" voice coil Res Freq 56Hz Freq Resp to 20KHz Sens 89d8 PRICE/1099f £1 50 P&P ea 
8 60 WATT R.M.S. Hi-Ft/Multiple Array Disco etc. 
12," voice coil Res. Freq 38Hz Freq Resp to 20KHz Sens. 89d8 PRICE £12.99 + £1 50 P&P ea 

1Q" 60 WATT R.M.S. Hi-Fl/Disco etc. 
11/2 " voice cod Res Freq 35Hz Freq Resp tot 5KHz Sens 89d8 PRICE £1649 • £2 00 P&P 

1  PRICES INCLUDE V. A.T. * PR O MPT DELIVERIES * FRIEN DLY 

SERVICE * LARGE S.A.E. 28p STA MP FOR  CURRENT LI ST   

BURGLAR ALARM 
Better to be 'Alarmed' then terrified 
Thandar's famous 'Mirider BurglarAlarm System. 
Superior microwave principle. Supplied as three units. 
complete  with  interconnection  cable.  FULLY 
GUARANTEED. 
Control Unit - Houses microwave radar unit, range 
up to 15 metres adjustable by sensitivity control 
Three position, key operated facia switch - off - test 
- armed. 30 second exit and entry delay. 
Indoor alarm -  Electronic swept freq. siren. 
104dB output. 
Outdoor Alarm - Electronic swept freq. siren. 98dB 
output. Housed in a tamper-proof heavy duty metal 
case. 
Both the control unit and outdoor alarm contain re-
chargeable batteries which provide full protection 
during mains failure. Power requirement 200/260 Volt 
AC 50/60Hz. Expandable with door sensors, panic 
buttons etc Complete with instructions 
S AVE f 13 ,OO Usual Price £226.85 

BKE's PRI CE £89.99 + £4.00 P&P 
111/1'  Why buy a coi!action of self-assembly boards, 

IDEAL for Work-
shops, Factories, 
Offices, Ho me, 
etc. Supplied 
ready built. 

OMP LINNET LOUDSPEAKERS 
The very best in quality and value. Made specially to suit todays 
need for compactness with high sound output leVels. Finished in 
hard wearing black vynide with protective corners, grille and carry 
handle. All models 8 ohms. Full range 45Hz - 20KHz. Size 20" X 
15" X 12". Watts R.M.S. per cabinet. Sensitivity 1W. 1 mtr. dB. 

O MP 12-1 00 W atts 100dB. Price f 149.99 

per pair. 

O M P 12-200 W atts 102dB. Price f199.99 
per pair.  Delivery: Securicor £800 per pair 

pa 19" STEREO RACK AMPS-1 

Professional  19" cased M os-Fet stereo 

amps. Used the W orld over in clubs, pubs, 

discos etc.  With  twin Vu  meters,  twin 

toroidal po wer supplies, XLR connections. 

M F600 Fan cooled. Three m odels (Ratings 
R. M.S. into 4oh ms). Input Sensitivity 775inV 

M F200 (1 00 + 100) W. £169.00 Securicor 

M F400 (200 + 200) W. £228.85  Delivery 

M F600 (300 + 300) W. £299.99  £10.00 
 A 

BSR P295 ELECTRONIC TURNTABLE 
* Electronic speed control 45 &  r p.m *Plus 
Minus variable pitch control * Belt driven * Alu-
minium platter with strobed rim * Cue lever * Anti' 
skate (bias device)* Adjustable counter balance * 
Manual arm * Standard '6" cartrige fixings * 
Supplied complete with cut out template * D.C. 
Operation 9-14v D.C.  65mA 

Price £36.99 - £3 00 P&P. 

ADC Q4 mag cartridge for above Price £4.99 ea 

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

TYPE 'A' (K5N2036A) 3" round with protective wire 
mesh, ideal for bookshelf and medium sized Hi-fi 
speakers. Price £4.90 each + 40p P&P. 
TYPE 'Er (KSN1005A) 3y2" super horn. For general 
purpose speakers, disco and PA systems etc. Price 
£5.99 each + 40p P&P. 
TYPE 'C' (KSN6016A) 2" X 5" wide dispersion 
horn For quality Hi-fi systems and quality discos etc 
Price f6.99 each ± 40p P&P 
TYPE 'D' (KSN1025A) 2" X 6" wide dispersion 
horn. Upper frequency response retained extending 
down to mid range (2KHz). Suitable for high quality 
Hi-fi systems and quality discos. Price £9.99 each 
+ 40p P&P. 
TYPE 'E' (KSN1038A) 334," horn tweeter with 
attractive silver finish trim Suitable for Hi-fi monitor 
systems etc. Price £5.99 each x 40p P&P 
LEVEL CONTROL Combines on a recessed mount-
ing plate, level control and cabinet input lack socket 
85 • 85 mrn Price f3.99 • 40p P&P 

1 K -WATT 

SLI DE DI M MER 
* Control loads up 
to 1Kw 
* Compact Size 
4%" > 1" > 2 

V fL41% VT/1/1 W. W-
ing through panel/ 
cabinet cut out 
* Insulated plastic 
case 
* Full wave con-
trol using 8 amp 
triac 
* Confor ms to 

BS800 
* Suitable for both resist-
ance and inductive loads. In-
numerable applications in 
industry, the home, and 
disco's, theatres etc 

PRICE £13.99 • 75p P&P 

TYPE 
A 

• 

TYPE 

TYPE C  • 

YPF D 

PAOTI K. 
HOBBY KITS. Proven designs including glass 
fibre printed circuit board and high quality 
• co rn ponents co mplete with instructions. 

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive 
microphone. Range 100/300 metres. 57 x 46 x 14mm 19 volt) 
Price: f 8.62 + 75p P&P 
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controNed 
professional performance. Range up to 3 miles 35 x 84 x 12mm 
112 voitl Price: f 14.49+ 75P P&P. 
SINGLE  CHANNEL  RADIO  CONTROLLED  TRANSMITTER/ 
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation. 
Receiver output operates relay with 28mp/240 volt contacts. Ideal for 
many applications. Receiver 90 x 70 X 22mm (9/12 volt). Price: 
£17.82 Transmitter 80 x 50 x 15mm (9/12 volt). Price: £11.29 
P&P + 75p each. S.A.E. for complete list. 

3 watt FM 
T ansmitter 

POSTAL CHARGES PER ORDER £1 00 minimum. OFFICIAL 
ORDERS WELCO ME, SCHOOLS, COLLEGES, GOVERNMENT 
BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER 
VISA/ACCESS/C.O.D. ACCEPTED. 

STEREO DISCO MIXER 
STEREO DISCO MIXER with 2 X 5 band L.& 
R. graphic equalisers and twin 10 segment 
L.E.D. Vu Meters. Many outstanding features 
5 Inputs with individual faders providing a 
useful combination of the following:-
3 Turntables (Magi. 3 Mics. 4 Line plus Mic 
with talk over switch. Headphone Monitor. 
Pan Pot. L. & R. Master Output controls. Out-
put 775mV Size 360 X 280)< 90mm. 

Price £1 34 .99 -£300 P&P 

AAA)! 
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B. K. ELECTRONICS.,, PE 

UNIT 5, COMET WAY, SOUTHEND-ON-SEA, 
ESSEX. SS2 6TR TEL: 0702-527572 

PRACTICAL ELECTRONICS  SEPTE MBER 1986 55 
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Lowest possible prices? 
Top quality components? 
Fast reliable service? 
Large range? 

-Amor 

Pick up a copy of our new 1986 catalogue from most 
branches* of W.H. Smith for just £1.45. 
Or post this coupon now, to receive your copy by post for just 
£1.45 + 40p p & p. If you live outside the U.K. send £2.50 or 
11 International Reply Coupons. I enclose £1.85. 

Name   

Address   

Some branches are now out of stock. 

Mo w  
PE/9/86 

mapiin 
l'41 Z" 

We've cracked it. 

MAPLIN ELECTRONIC SUPPLIES LTD. 
Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. 
Telephone: Southend (0702) 554161 

SHOPS 
• BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292 
• LONDON 159-161 King Street, Hammersmith, W6. 
Telephone: 01-748 0926. 
• MANCHESTER 8 Oxford Road, Tel: 061-2360281. 
• SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831. 
• SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex. 
Telephone: 0702-554000 
Shops closed all day Monday. 


