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Here's why Electronics Workbench belongs on j 'our rest bench: 
Wires route themselves. Connections are always p rfect_ And the 
simulated components and test instruments work just lik the real 
thing. The instruments are indestructible and the parts bin holds 
an unlimited supply of each component. The result: thousands of 
electronics professionals and hobbyists save precious time and 
money. Over 90% would recommend it to their friends and 
colleagues. Electronics Workbench: the ideal affordabl tool to 
design and verify your analog and digital circuits before you 
breadboard. 
And now the best is even better - Electronics Workbench 
Version 3.0 is here. It simulates more and bigger circuits and 
sets the standard for ease of use. Guaranteed! 

e 

e 
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 new components include JFETs, MOSFETs, 
voltage -controlled and current -controlled sources 
and manual, time -delay, voltage -controlled and 
current -controlled switches 
real -world models for opamps, BJTs, JFETs. 
MOSFETs and diodes - over 100 models available 
MS-DOS version now supports up to 16 MB of 
RAM for simulation of bigger circuits 
new Microsoft® Windowsr® version available 
technical support now also available on 
CompuServe 

Analog Module includes: 

Features in Version 
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wn 
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Digital Module includes: 

,.ni 

Just £199! 

0 Electr cs 
\\ brkbench 

Design and Verify Cfrcuits. Fast. 

complete control over all component values 
ideal and real -world models for active 
components 
resistors, capacitors, inductors, transformers, 
relays, diodes, Zener diodes, LEDs, BJTs, 
opamps, bulbs, fuses, Ile' s, and MOSFETs 
manual, time -delay, voltage -controlled and 
current -controlled switches 
independent, voltage -controlled and current - 
controlled sources 
multimeter 
function generator (1 Hz to 1 GHz) 
dual -trace oscilloscope (1 Hz to 1 GHz) 
Bode plotter (1 mHz to 10 GHz) 
SPICE simulation of transient and steady-state 
response 

fast simulation of ideal components 
AND, OR, XOR, NOT, NAND and NOR gates 
RS, JK and D flip-flops 
LED probes, half -adders, switches and seven - 
segment displays 
word generator (16 eight -bit words) 
logic analyzer (eight -channel) 
logic converter (converts among gates, truth 
table and Boolean representations) 

Complement Your Test Bench 

Electronics 
Workbench; 

Call: (0203) 233216 
ROBINSON MARSHALL (EUROPE) LTD. 
Nadella Building, Progress Close, Leofric Business Park, 
Coventry CV3 2TF TEL: (0203) 233216 FAX: (0203) 233210 

*30 -day money -back guarantee 
Shipping charges- UK L499 All prices are plus V.AT 
All tradem rks are the property of their respective owners 
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In this issue of ETI, we have three 
great competitions for readers to 
enter. 

Win one of ten handy little digital 
thermometer and clock from Maplin. 

Win a complete set of Electronic 
Workbench circuit simulation soft- 
ware, worth over £240. 

Win one of six copies of Robert 
Penfold's new book 'Electronic 
Music and MIDI Projects'. 

Enter any one, or all three of them 
and test your luck and knowledge. 

Ever wondered if you could send 
data between two sites without using 
cables? Ken Ginn shows how, with a 
solid state laser beam. 

UPGRAD3Nlü Pfle 

dc cycle a. 

Circuit Simulation 
We look at how a personal computer 
can be used to simulate the behav- 
iour of either a linear or digital elec- 
tronic circuit, a great help to the 
designer and an excellent educa- 
tional tool. We also take a brief look 
at four popular software packages 
for the PC. 

The Experimenter's 
Computer 
Continuing our series on the experi- 
menter's FORTH computer, devel- 
oper Jim Spence shows how to add 
a versatile keypad and display to the 
basic system. 

PC Clinic 
The start of a new series showing 
readers how to repair, maintain, 
upgrade and build circuits for 
personal computers. In this issue we 
look at what is inside a PC, the tools 
needed and the bus signals. 

Passive Infra -red 
Intruder Alarm 
A PIR alarm is a great way of 
detecting intruders and this portable 
unit, designed by Robert Penfold, 
could be the ideal way to provide 
temporary protection in something 
like a caravan. 

An Alarm for an 
Alarm 
Ever wondered whether an intruder 
has triggered your PIR alarm? Ben 
Sullivan has developed an ingenious 
little device which will solve this and 
other similar monitoring problems. 

An Introduction 
to MIDI 
MIDI communications between elec- 
tronic musical instruments has now 
become a universally accepted stan- 
dard. In the first part of a new series, 
Robert Penfold shows us what MIDI 
is and just how it works. 

A bass pedal unit is a useful addition 
to any electronic music system - 

build this cheap and versatile unit, 
designed by Tom Scarff 

ELECTRONICS TODAY INTERNATIONAL 
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You have heard about SpiceAge for Windows 
being able to simulate all manner of useful 
conditions in a circuit. Now with OPAMP 
CREATOR, you can invent or model opamps, 
some ideal, others maybe large offsets and non- 
linerarities to check how your circuit behaves. 
OPAMP CREATOR works via DDE with Level 
3 (or higher) of SpiceAge for Windows to create 
a library circuit that conforms to your defini ig 

Sub C with solder tags 
1/3 AA with solder tags (philpsCTV 

Airpax A82903 -C large stepping motor 14v 7.5' step 
27ohm 68mm dia body 6.3mm shaft . ... £8.95 or 

Polyester capacitors box t 

0.9uí 250vdc 18p 
tuf 250vdc 20p ea 
2.2uf 250vdc (27.5mm pitch 

15p 1000+ 
3.301 100vdc 30p each, 20p 100+, 15p 1000+ luf 50v bipolar electrolytic axial leads 15p each, 

7.5p 100+ 
0.22uf 250v polyester axial leads ... 15p each, 7.5p 

100+ 
Polypropylene luf 400vdc (Wima MKP10) 27.5mm 
pitch 
32x292 100+ 
Philips alu 
33uí10 100+ 
Philips 63v , 15p 

1000+ 
Multilayer AVX ceramic capacitalors all 5mm pitch 
100v 
100pí, 150pf, 220pf,10,000pf (10n) 10p each, 5p 100+ 
3.5p 1000+ 

27ohm 2W, 68ohm 2W 25p each 15p each 100+ we 
have a range of 0.25w 0.5w 1 w and 2w solid carbon 
resistors please send SAE for list 

P 01) with 
h nnectors, 
s back and 

switch on the side (top for tower case) dims 212 
x 149 x 149mm excluding switch £26.00 each 
£138.00 for 6 

Disk drive boxes for 525 disk drive with room for 
a power supply light grey plastic 67x268x247mm 
£7.95 or £49.50 for 10 
Hand held ultrasonic remote control £3 95 

lay 30 x 10mm dia with 3 wire 
so work as a neon light 20p each 

for car alarms or lighters 75p each 

0 1h 

*0 
S 0 0 1.7m 
* Input Offset Voltage 
* Input Offset Current 

Input Bias Current = BOn 
* Input Resistance = 2.0M 

Output Resistance = 75.0 

Pin connections "V+", 'V--" . "In+" , 

R bias pl:in- p2:v- 
R in pl:in+ p2:in- 
A offset pl:in+ p2:in- 
VCCS gain -out:sense + 

R polet pl :Vint p2:v- v 
R pote2 pl:v+ p2:Vint v 
C slew pt 'Mint p2:sense v 
VCVS output -out'steer +oul'ouly + 

but because it exploits 
behaviour, it calculates 

All products advertised are new and unused unless 
otherwise stated 

wide ran 
Transistors 

Please add 
prices 

4F Linear 
s capacitors 

cluded in all 

Do you really need such an expensive opamp or were you just lucky when it worked that once? 

These are just some of the questions SpiceAge users are now finding out for themselves. For 
more information, contact Those Engineers, specialists in circuit simulation since 1982. 
Those Engineers Ltd, 31 Birkbeck Road, LONDON NW7 4BP. 
Tel 081-906 0155, FAX 081-906 0969 

..JL1.1 C ELM 

W 
SpiceAge Library Model Clearer - )(Untitled)) 

te: Elle Etlrn Search Parameters S Ire.. e , ndew 

pen Loop Bandwid 
pen Loop Gain 
lew Rote 
utput Current Limit 
(descent Current = 

r 

OpAnrp Cb6rscaensliea 

evlce geme 

Open loop gain 

Open loup bandyjdrh. H! 

$lev rate. Vie. 

Input bias current. M 

Input Marl current. M 

Inputldset voltage, rnV 

Inpul (esimence, MOhms 

Output resistance, Ohms 

Output current iìmit mfi 

4die scent cunenl dis 

Inventor toroidal Irsnatorrwa 225VA 10.5-0-105 
primary 3.260-285 secondary L29.65 
LEDs 3mm or 5mm red or green Op each 
yellow Hemel 
High Interne red. green or yellow 5rnm ....709 
each 
Cable We 1p each £5.95 ......per 1000 
fag 50 per 10,000 
High gullibly photo resist copper clad epoxy glass 
boards. 

Olmeiwiorw elope 
aided 

3x4 riches [1.00 
408 mchen £2.75 
65,2 Inches 
12x12 mene £12.25 

Rechaega le batten's 
AA (14P7) 500mAH 
AA lW IAH 
C2AH with solder legs 
MK with solder tags 
1/2AA rxn Solder lags 
MA (HP161 1e,mAH 
M 500mAH with sober Iage 
C(HP11I I.5AH 
OIHP2) 1.2AH 
PP3 6 4V t 10mAH 

L0.99 
4.1 75 
£3 60 
£495 
Cl 55 
Cl 75 
LI 55 
L2.20 
C2 60 
L4.95 
£2.50 
11.95 

Standard charger charges 4 M cerna In 5 hours 
der 4Cs or Os in 12-14 hours 1sPP3 (1.2.3 or 
4 cals may be charged are time) ... L5.95 
High power charger as above but charges the 
Cs and Oa In 5 hours AM Ca and Os muss be 
Gorged ln 2s e4. £1095 
Spectra Mho plower cheek la »Ambl R7 

v tômm dia 1 2v L1.45 
Stick Of 4 171mm x 16rnm doe with red IL black 
bade 4.65 L5.95 

Computer grade capaettor, with screw terminals 
390Wu12nv f250 

10v £1.95 69000uf 15v [2.95.1 W Wu1 /95 
7150. 

segment l ee9gment common airotle lab display 12mm ... 
Leos 

A050 low drop vol Sv regulator T£0 65 
741eage 0 5 
7912 and 791212v lA regulators ..-. £20,W pa 
100 

44 as 003 Ca variable regulator... . [1.95 
í1A4 ,W 
GaAs low )96 current 59573 ...112.95 
e ach 0 10íl.7. i . 
95200 Channel metier £0 45. 906593. 

ö. 95 per Para 100 
lieut,evertor C10.W per 100. treed 6748 
UHF LF35O 

5L952 UHF Landing) smeller 16 surface 
mo275m02q peduge Os te sheet 510p 
AM.6502 [1.25 each 906100, CO4W7Ua IOp 
1Wmp lgW 
5P3cli vgun l hnhajack plug and 
PP3 rin gives signal when pointed 50h2 £kkenrq light with output wave form chart .... 
01.95 

20C aconvertorout0 

to 
mode 125 th 

5v aWme out 3005 input 
detach 

output Mof 950 
Bala t.4dit20s pee ite5o-lc L£139 45 
Heur counter used 7 digit got ee th t.1 es 
OWEa7V keyboard (d key good quality ewncrw 
Met ü.W 

£20000 lore boo of 30 
ype .5mm lead pitch 
Beeena14P 00- 6p 1000- 
eh. 159100, 10g 1000- 
1 30p ceco, zop 1W, 

17mm use .... .., ?hp each 60O 
123 kerbs solid minium axial leads 
v & 2.2u140v . 409 each. 25p 
109 verge 22u1 amel .... 30p each 

SOOOI compreaoon trimmer 609 
con 370vao motor alari capeciter or L49.50í type 
containing no npecbst £515 orG0.5010, 10 
Welwyn W23 9W 120onm359 erieh 20p 100. 
660 ohm 2W morel film mentor 417 190., 2p 1000. 

meteors wry Solid carbon blo lowinductance beat for 
RF domaine 

P.0 400W SU lintel part 201035-0 
standard mot aboard and 5 disk drive co 
fan and main InM/pullel connectors on 

M1 DaOn ,semaa 

v rl 
7Hl/oao 

9pvs a 
1n0d0 01M.Svc 

b75a0llrearcy 

112 6 
AMO 272683 EEpprorss £2.50 each. 1.25 100 
DIP sweet 3PCO 12 pin (ERG SOC -3-0231 Benue, 
400 100. 

CV2466 gas re 
tenrenas will al 
or L7S0 par 100 
A23 12V battery 
050.00 per 100 

ge of CMOS TTL 74HC 7 

kits reenargable batterria 
loela ere always in stock 
£1.95 towards POP vat in 

]PG ELECTRONICS 
276-278 Chatsworth Road 

Chesterfield S40 2BH 
Access Visa Orders (0246) 211202 

Calton welcome 

g.O1GhTRLONi 

DESIGN AND BUILD 

FOR JUST £30 + VAT. 
 Op -amp type:UA741C 

= 6.00 
= 200k 
= 500k 
= 25m 

= 1Am 
= 20n 

parameters. The model synthesized is usually °°' . 
P -1;.;; -.j;;7 - 

as accurate as SPICE models (which may be used in level 7 or higher) 
SpiceAge's special polynomial programs to give account of non-linear 
typically 5 times faster. 

double 
sided 
£1.23 
£2.99 

LOOKING FOR A 
CAREER IN 

ELECTRONICS ? 
Logitron Ltd is a growing company 

specialising in the supply of electronic 
components to the computer repair 

industry. 
We currently have a vacancy for a person to 

provide technical support and to help 
source specialist electronic components 

from throughout the world. 

Specific technical qualifications are not 
necessary, however candidàtes must be 
familiar with the types and functions of 

general electronic components. 

Salary is negotiable. Send CVs to the address below, 
marked for the attention of Robert Stevenson. 

LOGITRON LTD 
42 Berrymede Road 
London W4 5JD 

ELECTRONICS TODAY INTERNATIONAL 
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EXPRESS COMPONENTS 

99 \ 

BULK PACKS p KITS 'N MODULES 
I,IQUIU LEVEL DETECTOR 

L 

r 

to 

that 
fiutire:ent 

1 

MAINS IONIZER KIT. Very useful 
kit that increases the flow of negative 
ions, helps clear cigarette smoke, dust, 
pollen etc. Helps reduce stress and 
respiratory problems £15 kit, £20 
built. 
COMBINATION LOCK. Electronic 
9 key combination lock suitable for 
alarms, cars,houses etc, easily program- 
mable Includesmains2Arelayo/p 9v 
operation. £10 kit, £14 built. 
VARIABLE POWER SUPPLY. 
Stabiized, short circuit protected. Gives 
3-30v DC at 2.5A, ideal for workshop 
or laboratory. £14 kit,£18 built 24VAC 
required. 
LEAD ACID CHARGER. Two auto- 
matic charging rates(fast and slow), 
visual indication of battery state Ideal 
for alarm systems,emergency lighting, 
battery projects etc £12 kit,£16 built 
PHONE LINE RECORDER.Device 
that connects to the 'phone line and 
activates a cassette recorder when the 
handset is lifted. Ideal for recording 
'phone conversations etc! £8 kit, £12 
built 
ROBOT VOICE. Turns your voice 
into a robot voice! answer the phone 
with a different voice! £9 kit, £13 
built. 
PILONE BUG DETECTOR. This de- 
vice will warn you if somebody is 

eavesdropping on your 'phone line. £6 

kit £9 built. 
PHONE BI!G Small bug powered by 
the telephone line Only transmits when 
the phone is used Popular surveil- 
lance product £8 kit, £12 built 

PREAMP MIXER. 3 channel input, 
independent level and tone controls 
Ideal for use with the hi power FM 
transmitters. £15 kit, £19 built 
TREMBLER ALARM Designed for 
bikes etc, adjustable sensitivity, preset 
alarm time, auto reset Could be adapted 
for all sorts of "borrowable" things £12 
kit,£16 built. 
ULTRASONIC RADAR A project 
that can be used as a movement detector 
in an enclosed space. Range about 10 

metres,12vDC. Good basis for 
car,shed,caravan alarm etc £14 kit, £19 
built 
PHONE CALL RELAY Very useful 
kit that incorporates a relay that oper- 
ates when the phone rings. Can be used 
to operate more bells, signalling lights 
etc. Good for noisy enviroments or if 
you have your headphones on! £10 kit, 
£14 built 
PORTABLE ALARM SYSTEM 
Small 9v alami system based on a mer- 
cury switch The alarm contitues to 
sound until disabled by the owner 
Buzzer included £11 kit £15 built 
800W MUSIC TO LIGIIT EFFECT. 
Add rhythm to your music with this 
simplesound to light kit £8 kit, £12 
buih. 
MOSQUITO REPELLER Modern 
s ay to keep the midges away! Runs for 

STROBE LIGIIT. Bright strobe light 
with an adjustable frequency of 1-60hz. 
(a lot faster than conventional strobes!) 
£16 kit, £20 built. 
4W FM TRANSMITTER 312F stages, 
audio preamp. 12-18vDC. Medium - 
powered bug £20 kit, £28 built 
3 CHANNEL LIGIIT CHASER 3x 
800w output, speed and direction con- 
trols, can be used with 12 led's (sup- 
plied) or T'RIACS for mains lights (also 
supplied) 9-15vDC £17 kit, £23 built 
25W FM TRANSMITTER 4 stage, a 
preamp will be required (Our preamp 
below is suitable) £79 built.(no kits) 
SOUND EFFECTS GENERATOR. 
Produces any thing from bird chips to 
sirens! add sounds to all sorts of things 
£9 kit £13 built 
FM/AM SCANNER Well not 
quite,you have to turn the knob yourself 
but you will hear things on this radio 
(even TV) that you would not hear on 
an ordinary radio! A receiver that cov- 
ers 50-160.111Z both AM and FM Built 
in 5w amplifier £15 kit, £20 built. 
CAR ALARM SYSTEM. Works on 
vibration and/or voltage drop from door 
etc being opened. Entry and exit delays 
plus adjustable slams duration Low cost 
protection! £12 kit, £16 built. 
15W FM TRANSMITTER. 4 stage, 
high powerbug You will needapreamp 
for this (see our preamp below which is 

ok) £69 built (no kits). 
1W FM TRANSMITTER. 2 stage in- 
cluding preamp and mic. Good general 
purpose bug. 8-30VDC 
£12 kit,£16 built 

about a month on one 
1 5v battery Frequency is 

set to drive away mosquitos etc £7 kit, 
£11 built. 
3 CHANNEL SOUND '1'O LIGHT 
Can be used anywhere as no connection 
is made to hi fi Separate sensitivity 
controls for each channel, 
1,200Wpowerhandling. Microphone 
includuxl. £14 kit, £19 built. 
MINI METAL DETECTOR. Detects 
pipes,wires etc up to 20cm deep Use- 
ful before you drill those holes! £8 kit, 
£12 built. 
0-5 MINUTE TIMER. Simple time 
switch adjustable from 0-5 mins,will 
switch 2A mains load 12v op Ideal for 
laboratory, photographic projects etc. 
£7 kit, £11 built. 
7 WATT III FI AMPLIFIER. Useful, 
powerful amplifier 20hz-15hz, 12- 
18vdc. Good for intercoms, audio sys- 
tems, car etc, £7 kit £11 built. 
INCAR SOUND TO LIGIIT. Put 
some atmosphere in your car with this 
kit Each channel has 6 led's that create 
a beautiful lighting effect! £10 kit, £14 
built 
VOX SWITCH This is a sound acti- 
vated switch, ideal for use on transmit- 
ters, CB's, tape recorders etc Adjust- 
able sensitivity, built in delay Mic in- 
put £7 kit, £11 built 

50 I/C's for £1.50 
Nice mix of chips at a bargain price! 

CERAMIC CAPACITOR PACK 
Good mixed pack of 100 capacitors 

for just £ 1.00 

ELECTROLYTIC PACK l 
100 small mixed electrolytic 

capacitors just £1.00 
ELECTROLYTIC PACK 2 

50 larger electrolytic mixed 
capacitors 

RESISTOR PACK NO 1 

250 low wattage resistors, ideal for 
most projects etc. Just £1 00 

RESISTOR PACK NO 2 

Hi wattage pack, good selection of 
mixed wattages and values 50 in all, 

bargain price just £1.00 

PRESET PACK 
Nice selection of 25 mixed preset 

pots for just another £1! 

RELAY PACK NO 1 

6 mixed relays for £1, thats just 17p 
each. 

CONNECTOR PACK 
10 different connectors, again for £1 

FUSE PACK NO 1 

40 mixed 20mm fuses, ideal for 
repairs etc, or just to stock up the 

spares box! Just £1 00 

FUSE PACK NO 2 
30 mixed 1.25" fuses again ideal for 

spares etc. Just £1.00 

WIRE PACK 
25 Metres of insulated wire for just 

£1 00, good for projects etc. 

SLEEVING PACK 
100 assorted pieces of sleeving for 

connectors etc. Yours for just £1.00 

DIODE PACK 
100 assorted diodes for just £1.00 

LED PACK 
20 light emitting diodes for £ l 00 

TRANSISTOR PACK 
50 mixed transistors, another bargain 

at £1 00 

BUZZER PACK 
10 things that make a noise for just 

£1 00! 

POT PACK 
10 pots for £1, (5 different types) a 

snip at £1 00 

DISPLAYS 
10 seven segment displays for 

£ 1 00 

ORDER 10 PACKS OR MORE 
AND CHOOSE ONE FREE 

PACKI l 

I FREE COMPONENT CATA- 
LOGUE WITH EVERY ORDER!! 

Useful item, can be used to detect 
fluid levels in watertanks, baths, ponds 
fishlanks etc. Could also be used as rain 
alarm with an easily constructed sen- 
sor. £5 kit, £9 built. 
FM TRANSMITTER Mini FMtrans- 
mitter 2 transistor, comes with FET 
minature mic and is tuneable from 63 to 
130MHZ. £7 kit, £11 built. 
FUNCTION GENERATOR Gener- 
ates sinusoidal, saw tooth and square 
waveforms from 20hz up to 20khz. Sepa- 
rate level controls for each waveform 
24vac £15 kit, £20 built 
5 WATT SIREN. Powerful siren kit 
with an impressive 5 watts output Ideal 
for alarms etc. £6 kit £10 built 
TELEPHONE AMPLIFIER Very 
sensitive amplifier which using a'phone 
pickup coil (supplied) will let you fol- 

low a telephone conversation will 
holding the handset to your ear! £11 kit 
£15 built. 

SWITCH PACK 
10 switches for just £1 00 

12v FLOURESCENT A useful kit 
will enable youth light large 
tubes from your car battery etc. 9v niai 
transformer required £8 kit, £12 built. 

KNOB PACK 
10 knobs for just £1.00 

REMEMBER! YOUR FREE COPY 
OF OUR CUT PRICE COMPO- 

NENTS CATALOGUE SENT 
WITII EVERY ORDERIII 

How to place your order 
By phone 0273 771156 
By FAX 0273 206875 
By Post...PO box 517 Hove Sussex BN3 5QZ 
Payment by ACCESS,VISA, CIIEQUE OR POSTAL ORDER. 

Cheques and postal orders should be payable to Express Components. 

ALL PRICES ARE SUBJECT TO 99p POST AND VAT. Some of our products 

may be unlicensable for use in the UK (particularly the FM transmitters ) 

www.americanradiohistory.com



Eli News 

High temperature 
superconducting wire 

for motor 
ture superconducting wire has been demonstrated by the 
Cleveland, Ohio based Reliance Electric Co. The alternating 
current motor, the superconducting coils of which rotate at 
1800 rpm, puts out 5hp, a significant step beyond an earlier 
prototype that had stationary coils and an output power of 
2hp. The 5hp motor has four racetrack shaped coils 
containing more than 670 metres of flexible copper oxide 

based wire that is superconducting at -196c.0 (liquid 
nitrogen temperature). 

The cols were supplied by American Superconducting Corp., 
Westborough, with support from the US Commerce Dept's 
Advanced Technology Programme. The Shp motor is an engi- 
neering prototype for larger synchronous motors (1000 to 
10,000hp) that may find use in industraJ and electric utility 
applications. 

Widespread use of such high temperature supercon- 
ducting coils in large industrial motors, could potentially save 
large amounts of energy, because superconductors carry 
current with no losses due to re-sistance. Superconducting 
coils will also allow the use of smaller motors in industry. 

New general purpose 
interface system 

From London based computer interface specialist 3D -Digital 
Design and Development Ltd, comes a compact GPIS 
- General Purpose Interface System. This GPIS is designed 
for use in data acquisition and control and features a four 
channel, 16 bit ADC and a four channel, 12 bit DAC. 
Connection to the host computer is via the Printer Port. 

The interactive menu driven software package, which is 
included with the unit, allows the user to perform a variety of 

output signals. These includ 
sampling rate, logging rate, 
calibration, upper rind lower 

The 3D GPIS is priced at 
50 and more details can 
obtained from 3D on 081 

Flatline speaker cable 
The Chord Company of Salisbury is well known as a 
producer of high quality, no nonsense interconnection 
systems for use in home entertainment systems and hi- 
fi. It has now extended its range of products with a revo- 
lutionary flat cable called Flatline, which should prove 
very popular in a wide range of applications. 

The cable was originally developed by NASA and is 
less than 1mm thick. It uses very high quality oxygen 
free copper strands surrounded in Teflon. This means 
that Flatline can be folded around corners, concealed 
under carpets, behind skirting board, or even under 
wallpaper. 

Because of the high quality copper used, this is a low 
loss' cable which means that long runs do not compro- 
mise sound quality. It is available in three styles, Flatline 
Gold (£8.50 MT), Flatline Twin (£15.50 MT) and a silver 
stranded version called Blue Heaven (£58.50 MT) 

For more information call the Chord Company on 
0722 331674. 

The first motor with rotating coils made from high tempera - 

Save Money with ETI 
and Bull Electrical 
Super Saver Card 

On the front cover of this issue of ETI you 
should find a special discount card which can be 
used to obtain a 10% discount on any items 
valued in total at £15 or more and purchased 
before 2nd of June 1994 from Bull Electrical of 
Hove, Sussex. See their ad on pages 4 and 5. 

This card has a one time use only and to claim 
your discount, the card should be should be sent 
with your order. Please note that this saver card 
has no redeemable value and can not be used in 
conjunction with any other promotion by Bull 
Electrical. Neither can it be used to obtain a 
discount from ETI or any other company apart 
from Bull Electrical. 

tasks on both the input and 
è 

limits and magnitude caret' 
(output) voltages. 

£3 

be 
886 3668. 
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AI 
transIN istor gives 

3V gain 
Tne°small US company, Nanodynamics 
Inc., has created an all silicon transistor in 

which a :single electron can produce 
enough gain for 3V output at room 
temperature. At the same time, the 
company has designed a pocket sized X 

ray lithography system for the transistors 
that it says could be built for under 
$1 million. 

According to its creator, the lithog- 
raphy system can squeeze billions of the 
company's so called nanotransistors on a 
chip with 0.1 micron design rules. 

Raphael Tzu, who collaborated with 
Nobel Laureate Leo Esaki on the devel- 
opment of superlattice structures nearly 

20 years ago, devised the transistor for 

Nanodynamics. Chia -Gee Wang, 
Nanodynamics' chief scientist. developed 
the X ray stepper. "The X-ray source by 
itself is worth pursuing. We have demon- 
strated a source that rivals synchrotron 
radiation in intensity and fits in a shirt 
pocket". Wang claimed. 

Two other X-ray options are already 
being pursued for pushing design rules 
down to 0.1 micron. One uses large and 
expensive synchrotron radiation sources 
to produce hard X-rays but synchrotrons 
are proving to be complex, power hungry 
and costly to develop and a production 
plant based on synchrotrons is projected 
to cost $2 billion. 

Wang's alternative step and repeat 
process is intended for a cluster manu- 
facturing approach and could operate 
below the 0.1 micron design rules. Rather 

than high -volume, linear manufacturing 
lines cranking out gigabit DRAMs, Wang 

envisages smaller production plants that 
could economically produce complex 
logic parts. 

The nanotransistor.itself, devised by 
Tzu at the University of North Carolina, is 
still in the research stage, although the 

basic effect has been demonstrated. 
Tzu's latest work extends the 

quantum well structure to silicon mate- 
rials, by building a new type of supertat- 
lice with silicon germanium and silicon 
dioxide layers. The fabrication break- 
through has been the ability to create a 
strained atomic layer of silicon dioxide 
molecules over a silicon germanium layer. 

While device researchers have discov- 
ered how to build quantum well devices 
in silicon germanium systems, the 
quantum confinement effect has been 
weak. Silicon dioxide forms a more effec- 
tive barrier, which enhances quantum 
confinement in silicon. 

Desktop supercomputer 
British company Parasys has launched a supercomputer capable of 
processing speeds in excess of 6400MIPs and 800MFLOPs peak perfor- 
mance, with upwards of 2Gb of RAM in a case that is little bigger than the 
average desktop PC and at a price which starts at just £17,400. 

This is, in fact, a massively parallel architecture system based upon the 
INMOS Transputer and can have up to 32 T9000 processors, each with up 

to 64MB of EDC memory. Each of these Transputers has four high speed 
communications links which are connected to C104 switches in the back- 

plane. The links run at 100Mbits per second in each direction and 
allow any processor to communicate directly with any other through 
the C104 switches. 

The provision of multiple switches allows for multiple independent 
communications paths and gives the potential for redundancy in the 

network. Each network is inherently dead -lock free, ensuring maximum 
flexibility. A fifth card provides the interface to an external local area 

network, other Transputer systems or a SPARC host, or provides a 

Transputer based workstation environment for stand alone development. 
For more information contact Parasys on 081 579 8683. 

SIL relays from 
Astralux 

A new line of SIL relays is being offered by 
Colchester based Astralux Dynamics. The 
relays offer high density in -line spacing, 
low profile for 0.5in board separation. 
Available in a standard 4 -pin package, 
with normally open contact configuration, 
the relays feature high input/output isola- 
tion to all points, stable contact resistance 
and fast operate and release times. 
Maximum initial contact resistance is 

150mohms, maximum switching is 100V 
DC, 0.5A, 10W, and the range offers coil 
voltages from 5 to 24V DC. 

For more information contact Astralux 
Dynamics on 0206 302571. 
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Competition 
Win a super Maplin digital thermometer and clock - we are 
giving away ten of them! 
Answer the following three simple questions (the answers 
are all somewhere in this Issue of EIT) and you could be the 
owner of one of these compact and useful little devices 
which are currently on sale in all Maplin shops. at £9.95 each. 

1 What polymer is used to make nanowires? 
a) poly (3-meythylthionyl) 
b) poly (3-benzylthiophene) 
c) poly.(3-methylthiophene) 

2 What is the temperature of liquid nitrogen? 
a) -212 C 

b) -196 C 

c) -193 C 

3 What is the standard speed of the ISA bus? 
a) 4MHz 
b) 8MHz 
c) 20MHz 

Write your answers clearly in block capitals on a postcard in 

the form of question number followed by your selection 
from the multiple choices. Don't forget to put your name 
and addre-s.s on the postcard, also in block capitals. 
All entries should be received by June 30th 1994 when a 
draw will be made from all replies with correct answers and 
the ten winners selected. 
Entries should be addressed to Maplin Competition, ETI, 
Argos House, Pry rndäty Way, Hemel Hempstead. tuts HP2 7ST. 

THe competition is open to all UK residents other than 
ernployess or their families of ASP and Maptin. The prizes 
are as stated and theres is no cash alternative. The editor's 
decision is final and no correspondence can be entered into. 

Single slot processor card 
lue Chip Technology has just announced a single slot PC card which features an 
extremely high level of integration. The board will fit into a standard PC AT ISA/VESA Local 
Bus expansion slot and is designed for use in building systems which do not use 

a standard motherboard. 
This board has a unique range of standard features, including a 

VESA local bus expansion slot, local bus video with GUI 
accelerator, on board solid state disk and periph- 
eral support. Current processor options range 
from 486SX 25MHz to 486DX2 66MHz, plus a 
P24T Pentium version. Processor performance 
is enhanced by on -board memory to 64MB 
DRAM and 256KB cache. The GUI accelerator 
supports video resolutions up to 1280 x 1024 
and comes with 1MB RAM, expandable to 2MB 
if required. 

Other standard features include an AMI BIOS 
with embedded set-up utility, on board solid 
state disk up to 512KB SRAM and 1MB FLASH, 
2 asynchronous 16550 serial ports with RS232 
and RS485, 1 bi-directional parallel port, PS/2 
mouse support, IDE and floppy controllers. A 
watchdog has also been included to provide on -board monitoring of processor integrity. 

For more information contact Blue Chip Technology on 0244 520222. 

Maplin device monitors 
time and temperature 

New from Maplin is an attractive, compact thermometer and 
clock with an outdoor temperature probe. The device has a 

clear LCD display which can show the temperature in either 
Centigrade or Farenheit and the display alternates between time 
and temperature readings at three second intervals. 

A small switch on the front of the unit selects either the 
indoor or outdoor temperature probe, which is attached to the 
module by 2m of white twin flex. Time settings and the C/F slide 
switch is on the back of the module. 

The unit has a flip -out stand on the back for desk or table 
top use, or it can be wall mounted using the matching wall 
bracket (supplied). The unit is finished in light grey. 

It uses a single G-13 type 1.55V battery and measures just 
68 x 52 x 16mm. It costs just £9.95 and is available from any 
Maplin shop or by mail order. The Maplin sales office can be 
contacted by ringing 0702 554161. 
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lIc. When comparing prices, NOTE that all m 
trine circuits lo power a compatible Vu metal 

THOUSANDS OF MODULI 

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W) 

MXF600 (300W + 300W) MXF900 (450W + 450W) 
ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 

FEATURES: *Independent power supplies with two toroidal transformers * Twin L.E.D. Vu meters * 
Leant controls * Illuminated on/off switch * XLR connectors * Standard 775mV inputs * Open and short circuit 
prod * Latest Mos-Fete for stress free power delivery Into virtually any load * High slew rate * Very low 
distortion* Aluminium cases * MXF600 & MXF900 Ian cooled with D.C. loudspeaker and thermal protection. 

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 

SIZES. MXF200 WI 9"xH3'"e" (2U)xD11" 
MXF400 W1 9"xH5',.." (3U)xD12" 
MXF600 W1 9"xH5',." (3U)xD13" 
MXF900 W1 9"xH5'4" (3U)xD14a'." 

PRICES:-MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 

honed 3 -Way Stereo Active Cross -Over, housed in a 19" x 1U case. Each channel has three level controls: 
ss, mid 6 top. The removable front lascia allows access to the programmable DIL switches to adjust the 
ms -over frequency: Bass -Mid 250/500/800Hz, Mid -Top 1.8/3/5KHz, all at 24dB per octave Bass invert switches 
each bass channel. Nominal 775mV input/output Fully compatible with OMP rack amplifier and modules. 

Price £117.44 + £5.00 P&P 

* ECHO & SOUND EFFECTS* 
STEREO DISCO MIXER with 2 x 7 band 
L I R graphic equalisers with bar graph 
LED Vu meters. MANY OUTSTANDING 
FEATURES:- including Echo with repeat & 
'peed control, DJ Mie with talk -over 
weach, 6 Channels with individual faders 
plus cross fade, Cue Headphone Monitor. 8 
Sound Effects. Useful combination of the 
Mowing inputs:- 3 turntables (mag), 3 
mica, 5 Line for CD, Tape, Video etc. 

Price £144.99 + £5.00 PAP SIZE: 482 x 240 x 120mm 

lei. the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an Improved 

bete units can be added to existing speaker systems of up to 100 watts (more it two are put in series. FREE 
D(PLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 

TYPE 'A' (KSN1036A) 3" round with protective wire mesh. Ideal for 
bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P. 
TYPE 'B' (KSN1005A) 3%" super horn for general purpose speakers, 

ry 
TYPE 
' disco and P.A. systems etc. Price £5.99 + 50p P&P. 

TYPE 'C' (KSN7016A) 2"x5" wide dispersion horn for quality Hi-Fi sys- 
tems and quality discos etc. Price £6.99 + 50p P&P. 
TYPE 'D' (KSN1025A) 2"x6" 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 + 50p P&P. 
TYPE 'E' (KSN1038A) 33" horn tweeter with attractive silver finish trim. 
Suitable for HI-FI monitor systems etc. Price £5.99 + 50p P&P. 
LEVEL CONTROL Combines, on a recessed mounting plate, level control 
and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P. 

h new range of quality loudspeakers, designed to lake advantage of the latest 
.pecker technology and enclosure designs Both models utilize studio quality 
12" cast aluminium loudspeakers with factory fitted grilles, wide dispersion 
enstant directivity horns, extruded aluminium corner protection and steel 
ell corners, complimented with heavy duty black covering The enclosures 
ire fitted as standard with top hats for optional loudspeaker stands 

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz 

MI FC 12-1OOWATTS (100dB) PRICE £159.00 PER PAIR 
lbl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR 

SPECIALIST CARRIER DEL. £12.50 PER PAIR 

OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery £6.00 per pair 

PRICES: 15OW 049.99 25019 099.99 
400W £109.95 P&P £2.00 EACH 

CAR STEREO BOOSTER AMPLIFIERS 
150 WATTS (75 + 75) Stereo, 150W 
Bridged Mono 
250 WATTS (125 + 125) Stereo, 250W 
Bridged Mono 
400 WATTS (200 + 200) Stereo, 400W 
Bridged Mono 
ALL POWERS INTO 4 OHMS 
Features: 
* Stereo, bridgable mono * Choice of 

yu 
controls * Remote on -of * Speaker & 

LL EMINENCE UNITS 8 OHMS IMPEDANCE 
" 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO. 
ES. FREI]. 72Hz, FRED. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 + £2.00 P&P 

PRICE 58.80 + f 1.00 PIP PHOTO: 9W FM TRANSMITTFA 

POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- 
LDUDSPEAK ERS -19 INCH STEREO RACK AMPLIFIERS BERVICE LARGE ULM 8A. 60 STAMPED FOR CATALOGUE* 

OMP MOS-FET POWER AMPLIFIERS 
HIGH POWER. TWO CHANNEL 19 INCH RACK 

THOUSANDS PURCHASED 
BY PROFESSIONAL USERS 

:' Il.1»>F-'117:IX.1ep:7N%.T31PlXa:G)-Y--E1'/a: 
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In POSTAL CHAROCS PER ORDER -t.00 MINIMUM. OFFICIAL 
ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLC. ETC. 
PRICES INCLUSIVE OF VAT. BALES COUNTER. VISA AND 

ACCESS ACCEPTED ET POST, PHONE OR FAX 

UNITS '1& 5 COMET WAY, SOUTHENO-ON-SEA, 
ESSEX. 552 STR. 

Tel.: 0702 - 527572 Fax.: 0702-420243 

SUPPLIED READY BUILT AND TESTED. 
rhese modules now enjoy a world-wide repulalion for quality, reliability and peronnance al a realielic price. Four 

,dele include toroidal power supply, integral heal sink, glass fibre P.C.B. and 
All models are open and short circuit proof. 

ES PURCHASED BY PROFESSIONAL USERS 
OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 45V/uS, 
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 123 x 60mm. 
PRICE £40.85 + £3.50 P&P 

OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor > 300, Slew Rate 50V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 155 x 100mm. 
PRICE £64.35 + £4.00 P&P 

OMP/MF 300 Mos-Fet Output power 300 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 60VIuS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 330 x 175 x 100mm. 
PRICE 281.75 + £5.00 P&P 

OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor > 300, Slew Rate 75V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-113 z7,3,- yak a:ätiu 
Second Anti -Thump Delay. Size 385 x 210 x 105mm. 
PRICE £132.85 + £5.00 P&P 

OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 
Factor > 300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti -Thump Delay. Size 422 x 300 x 125mm. 
PRICE £259.00 + £12.00 P&P 

NOTE: NOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 7OOKNz. 
PEC (PROFESSIONAL EOUI COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH SOKHe. ORDER STANDARD OR PIC. 

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH 
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E. 
(60p STAMPED) FOR COMPLETE LIST. 

McKenzie and Fane Loudspeakers are also available. 

O 100 WATT H.M.S. ME I O-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID. 
ES. FRED. 71Hz, FRED. RESP. TO 7KHz, SENS97dB. PRICE 033.74 + C2.50 P&P 
0" 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID. 
ES. FRED. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE 043.47 + C2.50 P&P 
2" 100 WATT R.M.S. ME12-1 OGLE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR. 
ES.FREO. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE 035.64 + C3.50 P&P 
2" 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE 
IONITOR. RES. FREO 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE 036.67 + C3.50 P&P 
2" 200 WATT R.M.S. ME72-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID. 
ES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE 046.71 + C3.50 P&P 
2" 300 WATT R.M.S ME7 2-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC. 
ES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE 070.19 + C3.50 P&P 
5" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR. 
ES. FREO. 46Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE 050.72 + £4.00 P&P 
5" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR. 
ES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE C73.34 + C4.00 P&P 

LL EARBENDER UNITS 8 OHMS (Except EBB -50 B EB10-50 which are dual Impedance lapped @ 4 4 8 ohm) 

" 5Owatt EB13-5O DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN -CAR. 
ES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE 08.90 + C2.00 P&P 
O" SOWATT EB70-50 DUAL IMPEDENCE, TAPPED 4/6 OHM BASS, HI-FI, IN -CAR. 
ES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE 013.65 + C2.50 P&P 
O" 1 OOWATT EB10-100 BASS, HI-FI, STUDIO. 
ES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB. PRICE 030.39 + C3.50 P&P 
2" 1oOWATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. 
ES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE 042.12 + £3.50 P&P 
ULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 
141" 6oWATT EB5-60TC (TWIN CONE) HI-FI, MULTI -ARRAY DISCO ETC. 
ES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. PRICE 09.99 + C1.50 P&P 

s" 60WATT EB6-60TC (TWIN CONE) HI-FI, MULTI -ARRAY DISCO ETC. 
ES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB. PRICE 010.99 + 1.50 P&P 
" 6OWATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC. 
ES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE 012.99 + C1.50 P&P 
O" 6oWATT EB70-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC. 
ES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE 016.49 + C2.00 PAP 

DVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
NTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 

COMPLETE WITH CIRCUIT AND INSTRUCTIONS 
TRANSMITTER 00.108MHz, VARICAP CONTROLLED PROFESSIONAL 

FORMANCE, RANGE UP TO 3 MILES, SIZE 38 z 123mm, SUPPLY 12V @ 0.5AMP. 

PRICE C14.85 + £1.00 PBP 

MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH 

Y SENS FET MIC, RANGE 100-300m, SIZE Si z 46mm, SUPPLY 9V BATTERY. 
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CHEQUE 
SVAT, : 

PLEASE ALLOW 7 10 DAYS POR DELIVERY ': 

BULL'S` 
8U11CTJK BOARD 

TOP QUALITY SPEAKERS Max b we Fl tNeNvons T 
these are 10 was 4R }ap maOe 3' round verte large 

sh,eeded magnets Good qua?y general purpose speaker 
E2 each REF: MAG2P4 or 4 fv CS REF: MAG6P2 
TWEETERS 2 memeter good oueo1y termer 1408 MK w 

AT KEY BOAR 
Just e small model 
will have to put 
MAG6P3 

2tOtAs ,n.leul 

LEC 
250 PORTLAND ROAD HOVE SU 

8N3 5QT 
MAIL ORDER TERMS: CASH PO OR 
WITH ORDER PLUS £3.00 POST PLU 

VILI 

VIEWDATA RETU RNS£6 made by Tandata, includes 1200 75 
modem, k/bd, RGB and comp o/p, printer port No PSU £6 MAG6P7 
IBM PC CASE AND PSU Ideal base for building your own PC 
Ex equipment but OK £14 00 each REF: MAG14P2 
SOLAR POWER LAB SPECIAL You get TWO 6'x6' 6v 
130mA solar cells, 4 LED's, wire, buzzer, switch plus 1 relay or 
motor Superb value kit just £5 99 REF: MAG6P8 
SOLID STATE RELAYS Will switch 25A mains Input 3 5-26v 
DC 57x43x21mm with terminal screws £3 99 REF MAG4P10 
300DPI A4 DTP MONITOR Brand new, TTUECL inputs, 15' 
landscape, 1200x1664 pixel complete with drcuit dlag to help you 
interface with your projects JUST £24 99 REF MAG25P1 
ULTRAMINI BUG MIC 6mmx35mm made by AKG, 5-12v 
electret condenser Cost£12 ea, Our?fourforE9 99 REF MAG10P2 
RGB/CGA/EGA/TTL COLOUR MONITORS 12' in good 
condition Back anodised metal case £99 each REF MAG99P1 
GX4000 GAMES MACHINES returns so ok for spares or 
repair £9 each (no games) REF MAG9P1 
C64 COMPUTERS Returns, so ok for spares etc £9 ref MAG9P2 
FUSELAGE LIGHTS 3 foot by 4' panel 118' thick with 3 panels 
that glow green when a voltage is applied Good fornightlights,front 
panels, signs,disco etc 50-100v per strip £25 ref MAG25P2 
ANSWER PHONES Returns with 2 faults, we give you the bits 
for 1 fault, you have to find the other yourself. BT Response 200's 
£18 ea REF MAG18P 1, BT Response400's E25 ea REF MAG25P3 
Suitable power supply £5 REF MAG5P12 
SWITCHED MODE PSU ex equip, 60w +5v @5A, -5v@ 5A, 
+12,42A, -12v@ 5A 120/220v cased 245x88x55mm IECinput 
socket £6 99 REF MAG7P1 
PLUG IN PSU 9V 200mA DC £2 99 each REF MAG3P9 
PLUG IN ACORN PSU 19v AC 14w , £2 99 REF MAG3P10 
POWER SUPPLY fully cased with mains and rip leads 17v DC 
900mA output Bargain price £599 ref MAG6P9 
ACORN ARCH INEDES PSU+5v @44A. on/offsw uncased, 
selectable mains input, 145x100x45mm £7 REF MAG7P2 
GEIGER COUNTER KIT Low cost professional twin tube, 
complete with PCB and components £29 REF MAG29P1 
SINCLAIR 0613' wheels complete with tube, tyre and cycle style 
bearing E6 ea REF MAG6P10 
AA NICAD PACK encapsulated pack of 8 PA nicad batteries 
(tagged) ex equip, 55x32x32mm E3 a pack REF MAG3P11 
13.8V 1.9A psu cased with leads Just £9 99 REF MAG1OP3 
360K 6.26 brand new half height floppy drives IBMcompafible 
industry standard Just £6.99 REF MAG7P3 
PPC MODEM CARDS These are high spec plug in cards made 
for the Amstrad laptop computers 2400 baud dial up unit complete 
with leads Clearance price is £5 REF: MAG5P1 
INFRA RED REMOTE CONTROLLERS Originally made for 
hi spec satellite equipment but perfect for all sorts of remote control 
projects Our clearance price is just £2 REF: MAG2 
TOWERS INTERNATIONAL TRANSISTOR GUIDE. A 
very useful book forfinding equivalent transistors, leadouts, specs 
etc 120 REF: MAG20P1 
SINCLAIR C6 MOTORS We have a few left without gearboxes 
These are 12vDC3,300 rpm 6'x4'. lie OPshaft E25 REF: MAG25 
UNIVERSAL SPEED CONTROLLER KIT Designed by us 
for the above motor but suitable for any 12v motor up to 30A 
Complete with PCB etc. A heat sink may be required £17 00 
REF: MAG17 
VIDEO SENDER U N IT. Transmits both audio and video signals 
from either a video camera, video recorder, TV or Computer etc to 
anystandardTVsetina 100' range! (tune TVtoa spare channel) 12v 
DC op Price is£15 REF: MAG15 12v psu is £5 extra REF: MAG5P2 
"FM CORDLESS MICROPHONE Small hand held unit with a 
500' rangel 2 transmit power levels Reqs PP3 9v battery Tuneable 
to any FM receiver Price is £15 REF: MAG15P1 
LOW COST WALKIE TALKIES Pai r of battery operated units 
with a range of about 200' Ideal for garden use or as an educational 
toy Price is £8 a pair REF: MAG 8P1 2 x PP3 req'd 
MINATURE RADIO TRANSCEIVERS A pair of welkie 
tallies with a range of up to 2 kilometres in open country Units 
measure22x52x155mm Completewithcasesandearpieces 2xPP3 
req'd £30 00 pair REF: MAG30. 
COMPOSITE VIDEO KIT. Converts composite video into 
separate H sync, V sync, and video 12v DC £8.00 REF: MAGBP2. 
LQ3600 PRINTER ASSEM BLIES Made by Amstrad they are 
entire mechanical printer assemblies including printhead, stepper 
motors etc etc Infect everything barthe case and electronics, a good 
stripper! E5 REF: MAG5P3 or 2 for £8 REF: MAGBP3 
SPEAK ERW IRE Brown 2 core 100foothankE2 REF MAG2P1 

LED PACK of 100 standard red 5m leds £5 REF MAG5P4 
JUG KETTLE ELEMENT good general purpose heating ele- 
ment (about 2kw) ideal for healing projects 2 for E3 REF: MAG3 

UNIVERSAL PC POWER SUPPLY complete with flyleads, 
switch, fan etc Two types available 150w at £15 REF:MAG15P2 
(23x23x23mm) and 200w at £20 REF: MAG20P3 (23x23x23mm) 
FM TRANSMITTER housed in a standard working 13Aadapter!! 

the bug runs directly off the mains so lasts foreved why pay £700? or 
price is £26 REF: MAG26 Transmits to any FM radio 
FM BUG KIT New design with PCB embedded coil for extra 
stability Works to any FM radio 9v battery req'd. £5 REF: MAG5P5 
' FM BUG BUILT AND TESTED superior design to kit 

4. 
1th 

above speaker) 2 for £2 REF: MAG2P5 or 4 for £3 REF: MAG3P4 
DS Made by Ap ricot these quality keyboards need 
cation to run on anyAT, theywodc perfectly b utyou 
up with 1 or 2 foreign keycaps! Price £6 REF: 

XT KEYBOARDS Mixed types, some returns, some good, some 
foreign etc but all good for spares! Price is £2 each REF:MAG2P6 
or 4 for £6 REF: MAG6P4 
PC CASES Again mixed types so you take a chance next one off 
the pile£12 REF:MAG12 ortwo the same for£20 REF: MAG20P4 
COMMODORE MICRODRIVE SYSTEM mini storage 
device for C64's 4 times faster than disc drives, 10 times faster 
than tapes Complete unit j ust £12 REF:MAG12P1 
SCHOOL STRIPPERS We have quite a few of the above 
urns which are 'returns as they are quite comprehensive units 
they could be used for other projectsetc Let us know how many you 
need at just 50p a unit (minimum 10). 

HEADPHONES 16P These are ex Virgin Atlantic You can have 
8 pairs for £2 REF: MAG2P8 
PROXSAITY SENSORS These are small PCB's with what lock 
like a source and sensor LED on one end and lots of components on 
the rest of the PCB. Completewith fly leads. Pack of 5E3 REF: MAG: 
3P5 or 20 for £8 REF: MAG8P4 
SNOOPERS EAR? Original made to dip over the earpiece of 
telephone to amplify the sound -it also works quite well on the cable 
running along the wall! Price is £5 REF: MAG5P7 
DOS PACKS Microsoft version 3 3 or higher complete with all 
manuals or price just £5 REF: MAG5PB Worth it just for the very 
comprehensive manual! 5.25' only. 
DOS PACK Microsoft version 5 Original software but no manu- 
als hence only £3 REF: MAG3P6 5 25' only 
FOREIGN DOS 3 3-German,French,italian etc £2 a pack with 
manual 5 25' only REF:MAG2P9 
CTM644COLOURMONfTOR MadetoworkwiththeCPC464 
home computer Standard RGB input so will work with other ma- 
chines Refurbished £59 00 REF:MAG59 
PIR DETECTOR Made by famous UK alarm manufacturer these 
are hi spec, long range internal units 12v operation Slight marks on 
case and unboxed (although brand new) £8 REF: MAG8P5 
WINDUP SOLAR POWERED RADIO AM/FM radio complete 
with hand charger and solar panel! £14 REF: MAG14P1 
COMMODORE 64 TAPE DRIVES Customer returns at £4 
REF: MAG4P9 Fullytested and working unflsareEl2 REF: MAG12P5 
COMPUTER TERMINALS complete with screen, keyboard 
and RS232 input/output Ex equipment Price is£27 REF: MAG27 

cables felted with a 13A plug on one end, cable the other Ideal for 
projects, low cost man ufacturingetc Pack oflOforE3REF: MAG3P8 
Pack of 100 £20 REF: MAG2OP5 

SURFACE MOUNT STRIPPER Originally made as some form 
of high frequency amplifier (main chip is a TSA55117 1 3GHz 
synthesiser) but good stripper value, an excellent way to play with 
surface mount components £1.00 REF: MAG1P1. 
M ICROW AVE TIMER Electronic timer with relay output suitable 
to make enlarger limer etc £4 REF: MAG4P4 
MOBILE CAR PHONE E6.99 Well almost! complete in car 
phone excluding the box of electronics normally hidden under seat 
Can be made to illuminate with 12v also has built in light sensor so 
displayonlyiltumirrates when dark. Totally convincing! REF: MAG6P6 
ALARM BEACONS Zenon strobe madeto mount onanexternal 
bell box but could be used for caravans etc 12v operation Just 
connect up and it flashes regularly) £5 REF: MAG5P 11 

FIRE ALARM CONTROL PANEL High quality metal cased 
alarm panel 350x165x80mm With key Comes With electronics but 
no information sale price 7 99 REF: MAG8P6 
SUPER SIZE HEATS INK Superb quality aluminium heatsink 
365 x 183 x 61 mm, 15 fins enable high heat dissipation No holes! 
sale price E5 99 REF: MAG6P11 
REMOTE CONTROL PCB These are receiver boards for 
garage door opening systems You may have another use? £4 ea 
REF: MAG4P5 
6"X1Y AMORPHOUS SOLAR PANEL 12v 155x310mm 
130mA Bargain price just £5 99 ea REF MAG6P12 
FIBRE OPTIC CABLE BUMPER PACK 10 metres for £499 
ref MAG5P13 ideal for experimenters! 30 m for£12 99 ref MAG 13P1 
LOPTX Line output transformers believed to be for hi res colour 
monitors but useful forgetting high voltages from low ones! £2 each 
REF: MAG2P12 bumper pack of 10 for £12 REF: MAG12P3 

SHOP OPEN 9-5.30 SIX 
DAYS A WEEK 

PORTABLE RADIATION DETECTOR 

£49.99 
A Hand held personal Gamma and X Ray detec- 
tor. This unit contains two Geiger Tubes, has a 4 

digit LCD display with a Piezo speaker, giving an 
audio visual indication. The unit detects high 
energy electromagnetic quanta with an energy 
from 30K eV to over 1.2M eV and a measuring 
range of 5-9999 UR/h or 10-99990 Nr/h. Supplied 
complete with handbook. 

REF: MAG50 

Euppirea to aetecnve agencies 9v battery req a £14 REF: MAG14 
TALKING COIN BOX STRIPPER originally made to retail at 
£79 each, these units are designed to convert and ordinary phone 
into a payphone The units have the locks missing and sometimes 
broken hinges However they can be adapted for their original use 
or used for something else?? Price is just £3 REF: MAG3P1 
100 WATTMOSFET PAIRSame spec as 2SK343and 2SJ413 
(8A,140v,100w) 1 N channel, 1 P channel, £3 a pair REF: MAG3P2 
VELCRO 1 metre length of each side 20mm wide (quid( way of 
firdng for temporary jobs etc) £2 REF: MAG2P3 
MAGNETIC AGITATORS Consisting of a cased mains motor 
with lead The motor has two mag netsfixed to a rotor that spin round 
inside There are also 2 plastic covered magnets supplied Madefor 
remotelystining liquids! you may have a use? £3 eachREF: MAG3P3 

100MHZ DUAL TRACE 
OSCILLOSCOPES 

JUST £259 
RING FOR DETAILS 

SOGAR POWER PANELS 
3FT X 1FT 10WATT GLASS PANELS 

14.5v/ 700mA 
NOW AVAILABLE BY MAIL ORDER 

£33.95 
(P W S £200 SPECIAL PACKAGING CHARGE) 

TOP QUALITY AMORPHOUS SILICON CELLS HAVE ALMOST A 
TIMELESS LIFESPAN WITH AN INFINITE NUMBER OF POSSIBLE 
APPLICATIONS, SOME OF WHICH MAY BE CAR BATTERY 
CHARGING, FOR USE ON BOATS OR CARAVANS, OR ANY- 
WHERE A PORTABLE 12V SUPPLY IS REQUIRED. REF: MAG34 

FREE SOFTWARE! 
Brand new, UNUSED top quality Famous brand 
licensed software discs. Available in 5.25" DSDD or 5.25" 
HD only You buy the disk and itcomes with free BRAND 
NEW UNUSED SOFTWARE. We are actually selling you the 
floppy disc for your own "MEGA CHEAP° storage facilities, 
if you happen to getsoftware that you want/need/like as 
well you get a "MEGA BARGAIN" tool 
DSDD PKT1042.99 REF: MAG3P7 PKT100 416.00 REF: MAG16 

£££££££WE BUY SURPLUS STOCK£££££££ 
TURN YOUR SURPLUS STOCK INTO CASH 

IMMEDIATE SETTLEMENT WE WILL ALSO QUOTE FOR 
COMPLETE FACTORY CLEARANCE 

1994 CATALOGUE. 
PLEASE SEND 45P , A4 SIZED SAE FOR YOUR FREE COPY 

',MOMMA GOODS ORDER PS 00 TRADE ORDERS FROM GOVERNMENT, SCHOOLS, 
UNI VEASITIFS, & LOCAL AUTHORITIES WELCOME ALL GOODS SUPPLIED SUBJECT TO 
OUR CONDITIONS OF SALE AND UNLESS OTHERWISE STATED GUARANTEED FOR 50 
DAYS RIGHTS RESERVED TO CHANGE PRICES ß SPECIFICATIONS WITHOUT PRIOR 
NOTICE ORDERS SUBJECT TO STOCK QUOTATIONS WILLINGLY GIVENFOR QUANTI- 
TIES HIGHER THAN THOSE STATED 

'SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK 

BULL E TRICAL 

MAINS CABLES These are black 2 metre mains 

MASSIVE 
WAREHOUSE CLEARANCE 

FANTASTIC £20.00 REDUCTION 
REFURBISHED PC BASE UNITS 
COMPLETE WITH KEYBOARD 

FROM ONLY £29.00 
AMSTRAD 1512 BASE UNITS 

GUARANTEED 
PERFECT WORKING ORDER. 

A LOW COST INTRODUCTION TO THE HOME COMPUTER MARKET 

AMSTRAD 1512SD 
1512 BASE UNIT, 5.25' FLOPPY DRIVE AND 
KEYBOARD. ALL YOU NEED IS A MONITOR AND 
POWER SUPPLY. WAS £49.00 

NOW ONLY £29.00 
REF MAG29 

AMSTRAD 1512DD 
1512 BASE UNIT AND KEYBOARD AND TWO 
5.25' 360K DRIVES . ALL YOU NEED IS A MONROR 
AND POWER SUPPLY WAS £59.00 

NOW ONLY £39.00 
RFF MAG30 
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component model is a mathematical formula 

for that specific component. 
If we look at the simplest forms of circuit 

we find that there are very few basic compo- 
nent types In a passive linear circuit there are 

resistors, capacitors and inductors and the 

variables we are measuring consist of voltage 

and current with respect to time. We can 

define each of these three basic components 

as a formula that involves the voltage and 

current variables and their change with 

respect to time. 

A simulated circuit thus consists of a 

number of such components joined together 

and the point where one component joins 

another is referred to as a 'node' The circuit 

solution calculates the voltage at each node in 

the circuit and each branch joining two nodes 

will have a current flowing through it. Note that 

variables like frequency are simply a relation- 

ship between voltage change and time. 

From these three basic component types 

we can build more complex components 

Thus, a switch can be modelled as a simple 

circuit consisting of two resistors, an infinitely 

large 'off' resistance and a very low 'on' resis- 

tance. If we wanted to turn it into a relay, we 

would simply add an inductor to our 'relay' 

circuit to model the energising coil. Of course, 

before we actually use this, or any other, 

component model we have to ensure that the 

actual resistance, inductance and capacitance 
values used correspond to those specified by 

the manufacturer of the device 

This same approach is used to build 

models of active devices, such as transistors, 

diodes, operational amplifiers, MOSFETs, 

JFETs, BJTs, etc. However, in most commer- 

cial electronic circuit simulation software it is 

unnecessary for the user to build such 

models, since they use component models 

based upon industry standard SPICE algo- 

rithms SPICE is an acronym for Simulation 

Program with Integrated Circuit Emphasis, a 

general purpose circuit simulation program 

developed at the University of California, 

Berkeley. Nearly all the current generation of 

linear circuit analysis programs are descended 

from SPICE. 

Digital circuit simulation is a lot simpler, since 

all we are interested in is logic states rather 

than voltages and current. This means that we 

can represent any component in a digital 

circuit as a simple truth table, rather than as a 

complex mathematical formula. However, in 

most other respects digital and linear circuit 

simulation is much the same. 

There are just four fundamental types of 

component which can be used to build any 

digital circuit - AND gates, OR gates, 

Exclusive OR gates, and Inverters, or NOT 

gates To this list we need to add buffers 

which ensure that pulses have the correct 

What about digital circuits? 

 

: 

With a fast modern PC it is 
now possible to simulate 
the behaviour of any linear 
or digital circuit, an 
invaluable aid for anyone 
interested in electronics, 
from the student to the 
designer. In this article we 
take a look at how it is done 

When we think of personal computers, we ll 

too often tend to think of them as being used 

for word-processing, for data bases or 

computer aided design We tend to forget that 

a computer is a general purpose machine, 

which can be used to emulate the behaviour 

of any other machine or mathematically 

describable system. The system being 

modelled could range from a simple bouncing 

rubber ball to the global weather system, or 

even the circuit of the processor performing 

the emulation 

Let's looks at a simple system, such as a 

bouncing rubber ball, a system where the 

height of the ball from the ground can, given a 

knowledge of the nature of the ball and the 

ground on which it is bouncing, be calculated 

with considerable precision for any given time. 

For a computer to do this, it is simply a matter 

of repeating a mathematical calculation over a 

successive number of small time periods, with 

the result of each calculation being used as 

the input for the next calculation The result is 

a linear sequence of position calculations 

plotted against time. It is a simple system, 

because there is only a need for one set of 

calculations per time period 

We can also use a computer to emulate 

the behaviour of a complex system, where a 

great many identical calculations are 

performed in any one time period. This could 

be a complex system, such as the combus- 

tion of fuel in an engine, or a model of the flow 

of heat generated by the components on a 

printed circuit board In order to model such 

system, what the computer does is divide the 

system up into a large number of small cells. 

Thus the three dimensional space that forms 

the combustion chamber would be divided 

into a large number of small three dimensional 

spaces, the physical state of each being 

defined by a mathematical equation Each 

small space has the same identical equation 

but with perhaps different input parameters to 

define initial temperature, closeness to 

chamber walls, etc. 

In order to simulate the system, the 

computer will need to perform that calculation 

for all of those small spaces within the system. 

But these thousands of different calculations 

are all part of a large system and the result of 

the calculation for one small space will affect 

the future calculations for that space and also 

for all neighbouring spaces In this way, a 

change in input variables, such as a change in 

temperature, in one part of the system will 

ripple through the system until it has affected 

èvery part. 

It is this type of computer modelling of a 

complex dynamic system that has revolu- 

ioniaed areas es diverse as weather fore- 

casting and d signing supersonic aircraft But 

as electrò i s engineers, we are primarily 

interested in using the computer to simulate a 

complex dyn mi syst m where it is not 

possible to ly divide the system up into a 

large number Of small but otherwise identical 

units. We want to be able to model a system 

where every unit is different and where the 

linkage between units is not necessarily a 

simple positional one 

This is not an easy computational task, but 

one which has become enormously important 

to the electronics industry. Indeed, it would be 

fair to say that without sophisticated computer 

simulation we would have very few of the elec- 

tronics devices which are common -place 

today. Consider the Pentium processor found 

in the most powerful PCs. It is a huge chip 

onto which is crammed an enormously 

complex circuit with over 3,100,000 transis- 

tors, designed and built with the aid of highly 

sophisticated simulation software. Can you 

imaging someone trying to breadboard a 

design with that number of components? 

Computer simulation of both digital and 

linear circuits lies at the very heart of modern 

electronics Without it, engineers could not 

handle the complexity of today's designs 

If we look at any electronic circuit then we 

discover that we can define it, in cybernetic 

terms, as being a 'black box' - a determinate 

system which exhibits a behaviour that can be 

expressed as a mathematical equation. 

Indeed, any circuit can be defined as a mathe- 

matical function, even one which produces a 

random output. 

The problem with this approach is that the 

more complex the circuit, the more complex 

the mathematical equation. Furthermore, 

every different circuit will require its own 

specific mathematical equation to model its 

behaviour and any change to it will necessitate 

the creation of a new equation These are all 

factors which make the use of a single equa- 

tion to model a whole circuit somewhat 

impractical. 

The solution is to break the circuit up into 

its constituent components and use relatively 

simple mathematical equations to model each 

component The way that the components are 

wired up then determines the interaction 

between them and therefore the behaviour of 

the entire circuit This approach makes it 

possible for the user to easily build, emulate 

and, if necessary, alter a computational model 

of any electronic circuit, using a collection of 

predefined component models, where each 
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Computer simulation as a 
design tool 

Into the future 

say that the future of electronics depends to a 

large degree on the development of comput- 
erised design tools of ever greater sophistica- 
tion. 

Already, design and simulation programs 

are being written which incorporate intelli- 

gence. These types will automatically perform 

a lot of low level design tasks and allow the 

designer to define the function and behaviour 

of a circuit at a much higher level than is 

possible today It is with tools like these that 

the next generations of electronic devices will 

be created. 

For the electronics engineer, whether 

amateur or professional, the availability of low 

cost circuit simulation and analysis software, 

particularly where it is integrated with 

schematics capture and PCB design, brings 
with it a great boost in productivity A design 

can now be completely tested and debugged 
in a matter of hours rather than days or 

weeks Breadboarding can be virtually elimi- 

nated, as well as the need for expensive test 

equipment By eliminating a lot of the tedious 
and frustrating aspects of circuit design, such 

software can free the designer to be more 

creative, surely a good thing! 

For more information about linear circuit 

analysis with a computer, a good starting 

point is a recently published book by Ian 

Sinclair, entitled 'PC Assisted Linear Circuit 

Analysis and Drawing', published by Newnes, 

ISBN 0 7506 1 662 8 

Further reading... 

Electronics Workbench 
This is a powerful and highly graphical soft- 
ware tool which allows the user to build and 
test. simulated analogue and digital circuits 
with the aid of a range of virtual instru- 

really two separate 
programs. one for digital circuits and one 
for linear circuits, both very easy to use and 
making full use of Windows. or a Windows 
type display. Circuits can easily be built 
using the mouse to obtain parts from a 
parts bin and then wire them up to other 
components, each component being 
assigned its own values. 

The analogue module has a library of 
SPICE compatible models that includes 
resistors, capacitors, inductors, trans- 
formers. diodes, Zener diodes, LEDs, BJTs, 
bulbs, fuses, JFETs, MOSFETs and 
switches. The library has both ideal and real 
world models and both AC and DC voltage 
and current sources are available. There is 

also a function generator for square, trian- 
gular, and sinusoidal waves. 

Linear circuits can make use of a 
number of virtual instruments (activated by 
clicking on an icon and then connecting up 
to the circuit using the mouse). These 
instruments Include a multimeter, ammeter 
and voltmeter, a dual trace oscilloscope and 
a Bode plotter. Transient and steady state 
analyses can also be performed on a circuit. 

The digital module allows the simulation 
of ideal logic and has a library of AND, OR, 

signal strength and pulse shape. In theory, 

one could build a computational model of any 

digital circuit, even a Pentium processor chip 

In fact most, digital integrated circuits are 

actually built from these simple logic gates, a 

typical example of which is the field program- 

mable logic arrays that are now so frequently 

used to replace discrete logic in many 

commercial products 

However, as with linear circuit simulation, 

the devices available to the user of a digital 

circuit simulation program are much more 

comprehensive than just a few gates. In a full 

blown simulation system, one will find libraries 

of nearly all the 74LS and 4000 series inte- 

grated circuit families, as well as some more 

complex ones such as memory chips, 

although I have yet to see a digital circuit 

simulation program which includes a model for 

any of the processor chips. These libraries of 

integrated circuits are in essence just truth 

tables, but in the more sophisticated 

programs they will also take account of propa- 

gation delays, thereby helping to ensure that 

timing for the design is correct 

As I have already stated, there are a large 

number of commercial circuit simulation 

programs on the market today. By far the 

largest number of these run on the PC and 

compatibles. However, before dashing out 

and buying any one of these programs, it is 

worth remembering that they are all computa- 

tionally very intensive and require a lot of semi- 

conductor memory. The bigger and more 

complex the circuit, the worse the problem. 

If you have a 286 with 640K of RAM you 

will be able to run quite a few of the simulation 

packages, but you will only be able to model 

small circuits with a half dozen or so compo- 
nents. In practice the minimum size machine 

for this sort of application is a 25MHz 386 with 

1MB of RAM and an EGA display, better still is 

a 66MHz 486DX with SVGA and 8MB of RAM! 

As far as the range of programs available, 

one cannot go far wrong with SPICE compat- 
ible packages. In this article we are including 

short reviews of four widely available pack- 

ages, although we are not necessarily saying 

that these are the best. In many ways, the 

choice is very much a matter of personal pref- 

erence and need. 

One of the most important benefits to be 

gained from using computer simulation of 

electronic circuits is as an educational tool. 

With a simulated circuit, it is possible to easily 

see how a particular design works and the 

student can see how voltages and waveforms 

change at each node and how changing 

component values will change these measure- 

Practical computer simulation 
of electronic circuits 

Computer simulation as an 
educational tool 

ments. All a lot easier than breadboarding and 

without the risk of damaging expensive 

components (schools' component budgets 

are often as little as £2 per student, per term). 

Of course the kind of simulation program 

used in an educational role will be different 

from that used in a more orthodox design 

capacity. For a start, it will need to have a 

highly graphical user interface which is easy to 

use and as intuitive as possible. It will also 

need to be highly integrated with full 

schematics layout incorporated as part of the 

simulation program. In addition it will need 

virtual instrumentation to enable the user to 

measure and view what is happening in the 

simulated circuit 

A typical example of this type of education- 

ally oriented simulation software is Electronics 

Workbench For more details on this product, 

see the accompanying review and if you 

would like a copy, why not enter our competi- 

tion at the end of this article and win yourself a 

copy? 

In the design environment, the great advan- 

tage of computerised circuit simulation is that 

it allows the circuit, or parts of it, to be tested 

prior to the breadboarding stage. This can 

substantially speed up the design process, 

since all the major design errors can be 

pinpointed at a much earlier stage. It is far 

easier and quicker to change a computer 
model than it is to change an actual circuit. 

Many commercial computer simulation 

packages are now being produced as part of 

an integrated suite of design programs 

running from schematic layout through to PCB 

design. In many cases, it is possible to cut out 

the traditional breadboarding stage and move 

directly from the computer simulated design to 

a prototype PCB. 

Of course, it must always be remembered 

that software simulation, particularly of linear 

circuits, requires certain compromises. The 

algorithms used to model a particular compo- 
nent may be very good, but they may not 

exactly model that component. This means 

that one always has to go through the hard- 

ware prototyping stage in order to verify that 

actual performance matches the performance 

predicted by the simulation. 

As I have already stated, the use of computers 

to -simulate the behaviour of both digital and 

linear circuits is of enormous importance to 

the electronics industry of today. This type of 

software has enabled designers to tackle 

tasks of greater and greater complexity. The 

type of program we have looked at in this 

article is relatively simple, when compared to 

that employed by the designers of complex 
integrated circuits and it is probably true to 
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XOR, NOT, NAND, and NOR gates, plus RS, 

JK, and D flip-flops. half adder, seven 
segment displays and voltmeter. Input to the 
circuit can be provided by a programmable 
virtual word generator (16 eight bit words) 
and output can to displayed on a virtual 
eight channel logic analyser, capable of both 
hexadecimal and graphical display. 

The digital module is also capable of 
performing logic conversion, gate, NAND gate, 
truth table and Boolean expression represen- 
tations. It can also perform logic simplification 
using the ()ulna McCluskey'met od. 

This is a fully integrate° design and simu- 
lation tool for, both digita,. 
and analogue circuits 
and. as such, is a great 

lein both 
ndows a i 

qurc u PC Al 
mpstlblr.., 

co -processor if available. The Windows 
version requires similar m,nimum hardware 
specifications, DOS 5.0 or higher and 
Wtrdows 3.0 or higher. The Macintosh 
version requires a Macintosh Plus or higher, 
2MB RAM, system 6 0r 7. 

Electronics Workbench costs £199. The 
supplementary units - Electronics 
Workbench 15 Circuits. costs £24.95 and 
Electronics Workbench: Practical Teaching 
Ideas costs £19.95 

Available from Robinson Marshall (Europe), 
17 Middle Entry, Tamwonh, Staffordshire. 
England B79 7NJ. Tel: 0827 66212 

sar 
Pulsar Professional. are advanced digital 
logic circuit simulation programs that 
completely eliminate many of the expen- 

._ sive and time consuming aspects of digit 

ponen 
expensive test equipment. Indeed, it is 

even possible to skip the breadboarding 
stage altogether and go straight from 

' design concept to PCB! 
The programs incorporate fully 

programmable signal sources (you can 
have 5C0 independ program- 
mabl generators in r simulatio 

,. a printable logic analyser display with 
zoom in capability, which can catch 
glitches down to 1 picosecond, plus a 

whole range of adjustable component 
models 

Circuits are defined as a netlist, which 

interact dttòr 

CAD 
In order to perfor the sim lation 
generators need be add d to t 

reateci 

been 
shows 

wavefo 

SpiceAge 
SpiceAge is a high power linear circuit simula- 
tion and analysis program which is available Ir 
versions which will run under Windows and 
under DOS. This is a full SPICE compatible 
program and comes with an extensive library 
of models including transistors, op -amps. 
thyristors, triacs, diodes, bridge rectifiers. 
transformers, logic gates and the ubiquitous 
555 timer. Additional models can easily be 
built by the user and any SPICE compatible 
model can also be utilised 

The circuit which is to be simulated is 

defined as a netlist, which can be entered 
directly using the programs' flexible circuit text 
editor, or automatically from the GESSICA 
schematics editor which is available as an 

additional program For larger circuits, input 
from GESSICA is preferable since circuit size is 

only limited by available RAM 

SpiceAge gives the user great flexibility 
witn presentation. The probe control panel 
g yes a choice of probe points and function, 
w'tn the output from the probe points being 
set up like a multi -trace oscilloscope. But a 

scope with a difference since it also allows one 
:o measure power, current, gain, phase angle, 
impedance and relative voltages with infinite 
CMR and input impedance Furthermore, 
there are no triggering problems and one can 
easily capture single events 

For the simulation, any number of program- 
mable voltage and/or current signal generators 
may be used. They may be programmed to 
emit step, impulse, triangular, sine or pulse 
trains All waveform parameters, including 
offset, slew rate and duty cycle are adjustable. 
Up to 20 user defined input signals are also 
available, each defined by its own ASCII text 
file. The file contains the time and voltage 

vertices of the waveform, with SpiceAge doing 
any interpolation automatically. SpiceAge is 

able to write outputs to file in the same format 
as that used for the input, which means that it 

is possible to chain the output of one circuit to 
the input of another, if required. 

A very wide range of different analyses 
can be performed on a circuit using 
SpiceAge, including frequency, DC, Transient 
and Fourier In every case, graphs can be 
displayed on screen or output to a printer 
with a wide range of different co-ordinate and 
axes options. 

SpiceAge requires a PC 286 or higher 
with the Windows version needing Windows 
3 0 or higher in standard or 386 mode, a 
mouse is required and a maths co -processor 
is recommended The program will require 
700KB of disk space. 

SpiceAge is a very sophisticated program 
and is available in a variety of different levels 
Thus, level 1 is a restricted introductory 
system and is available at £85.11 plus VAT, 
the most sophisticated version is Level 15 

which has all the SpiceAge functions plus a 

limited range of logic facilities and an addi- 
tional library of TTL gates, and costs £695 
plus VAT There is a special addition to 
SpiceAge which allows the modelling of op - 
amps, priced at £30 There are other levels 
available in between these two and a demo 
program is available for £5 

The schematics capture program GESSICA 
costs £195 and for all products from Those 
Engineers there are special educational 
discounts and multiple user licences. 

SpiceAge is produced by Those 
Engineers Ltd, 31 Birkbeck road, Mill Hill, 

London NW7 4BP. Tel: 081 906 0155. Fax: 
081 906 0969. 
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devices eid can simulate a circuit 
at over 1000 gate states per 
second on a 12MHz 286. Witn 
Pulsar, a circuit can have a 
mater um complexity of 1500 gate 
equivalents and in Pulse 
Professional. over 10,000 gate 
equivalents. The maximise number 
of simulated events is over 40.000 
gate state changes úi Pulsar and 
1,000,000 in Professional The 

L -- 

-- T- -- s 
timing resolution is one purser and 
ri over 250 hours. 

< circuit, thereby rnaking it fairly easy tc scentty 
logic errors and glitches. 

With Pulsar, it is possible to design and 
debug a digital circuit in a very short period 
and without the need for expensive test 
equipment. while because of the extensive 
library of components, the designer wit not 
encounter delays due to components not 
being available. 

Pulsar and Pulsar Professional include 
libraries for both 74LS and CMOS4000 serres 

Pulsar runs on any PC from 
an 8088 upwards and uses lust 
540K DOS memory. Pulsar 

Professional can simulate larger and more 
Complex circuits and thus requires up to 
16MB of memory and a 286 or later 
processor with EGAIVGA display mouse, 
hard disk and DOS 3.1 or dater. 

Pulsar is priced at £98 and Pulsar 
Professional at 195, the Pulsar 74HC and 
74HCT Libraries cost £48 each, They are 
available from Number One Systems Ltd., 
Harding Way, Somersham Road. St Ives, 
Cambs., PE17 4WR. Tel: 0480 461778. 

analysis programs that are d 
aspects of circuit design. Bo 
single component and witho 

nt 
m 

he expensive 
your designs 
equipment. 

Circuits are defined using a entered directly using An 
tive netlist editor or automaticai s capture and PCB CAD 
PC Professional. With Analyser up to 2000 components 
with the Professional version th 0.000 components and 

Analysis is at over 50 nodes per second on a 20MHz 386SX and the result can be plotted 
out to screen or printer in a variety of different graph forms. The graphs are generated in 
frequency response format, showing calculated points and a smooth high resolution curve 
drawn through them. Alternatively, a tabular listing of 100 points is available if required. The 
frequency axis can be linear or logarithmic and the displayed response can be shown either 
linearly or in dB. Impedance results may optionally be plotted in Smith chart form using an 
additional program called Z -Match II. 

Analyser Ill runs on any PC f 

Ill Professional can simulate Barg 

and a 286 or later processor, wi 
Analyser II 

costs £48, Z - 
Harding Way, 

upwards and 640K DOS memory. Anal 
complex circus us requires 2MB of memo 
display, mous isk and DOS 3.0 or later. 
r Ill Professional at £195, the Analyser 
available from Number One Systems 

ambs.. PE17 4WR. Tel: 0480 461778 
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£240 worth 
Electronics 

software 
to run on your PC 
All you have to do is answer the following 
questions and you will find the answer to 
all of them somewhere in thus cop/ of ETI. 

1 What is the analogue 
circuit simulation 
standard known as? 
a) ANSIM 
b) SPICE 
c) ACSS 

2 How many PCs have 
been sold around the 
world? 
a) 14 million 
b) 76 million 
c) 120 million 
d) 212 million 

What is the table of 
interconnections in a 
circuit simulation 
program known as? 
a) Complist 
b) Connectlist 
c) Netlist 

What are a PC's self 
test codes known as? 
a) POST 
b) STEST 
c) ERRORVAL 

To enter, put your answers on a post 
card in the form of question number 
followed by your selection from the 
multiple choice answers, please make 
sure that all answers and your name and 
address are printed as clearly as 
possible, preferably in block capitals. All 

entries should be received by June 30th 
1994, when the winner -will be drawn at 
random from all the correct entries. 

Competition entries should be 
addressed to: Electronics Workbench 
Competition, ETI Argus House, Boundary 
Way, Hemel Hempstead, Herbs. HP2 7ST. 

The competition is open to all UK resi- 
dents other than employees and tho,r 
families of ASP and Electronics 
Workbench. The prizes are as stated, 
there is no cash alternative. The editor's 
decision is final and no correspondence 
can be entered into. 

Workbench 

Analyser Ill 
Analyser Ill and the more sophisticated Analyser Ill Professional are advanced linear circuit 

esigned to eliminate many of t time consuming 
th programs allow you to test without soldering a 
ut the need for expensive test 

The Analyser Ill family is ideal for analysis of Filters, Amplifiers, Crossover Networks, 
Wideband Amplifiers, Aerial matching networks, Radio and TV IF amplifiers, Chroma Filters, 
Linear ICs, etc. 

Analyser Ill actually out -performs any test equipme , since its frequency range extends 
from 0.001 Hz to 10GHz. Analyser Ill's library contains odels of over 500 different devices 
and an additional library is available. The devices in the library include bipolar transistors, 
FETs, operational amplifiers, resistors, capacitors, transformers, inductors, etc. New models 
of both active and passive devices can easily be added by the user. 

netlist, which can be alyser's interac- 
ly from the schematic package, EASY - 
Ill, a circuit can have and 130 nodes, 

ese figures go up to 1 750 nodes. 

rom an 8088 
er and more 
th EGANGA 

I is priced at £98 and Analyse 
Match II costs £195. They are 
Somersham Road, St Ives, C 

uses just 
is and th 
e, hard d 

yser 
ry 

Ill Library 
Ltd., 

d) STC 
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P Eli 
ALL FOR JUST £395... 

53-55 Main St, Grassington, North Yorks. BD23 5AA. 

ri rA I-12111 el: rare II ri 
1 Crl % 1_ ]rll I. II 1` r 

PROPAK AR for DOS provides all the features you need to create complex PCB designs quickly 
and easily. Draw the circuit diagram using the powerful facilities of ISIS DESIGNER+ and then netlist 
into ARES AUTOROUTE for placement, autorouting and tidy up. Advanced real time design rule 
checks guarantee that the final PCB will correspond exactly with the schematic thus saving you from 
costly layout errors and time consuming debugging. 

Attractive, easy to use graphical interface. 
Object oriented schematic editor with automatic wire routing, 
dot placement and mouse driven place/edit/move/delete. 
Netlist generation for most popular CAD software 
Bill of Materials and Electrical Rules Check reports 
Two schemes for hierarchical design 
Automatic component annotation and packaging. 
Comprehensive device libraries and package libraries 
including both through hole and SMT parts 
User definable snap grids (imperial and metric) and Real 
Time Snap to deal with tricky SMT spacings. 
Manual route editing features include Auto Track Necking, 
Topological editing and Curved tracks. 
Autorouting for single, double and multi -layer boards. 
Non autorouting PROPAK is available for just £250 if you do 
not need or want the router 
Full connectivity and design rule checking. 
Power plane generator with thermal relief necking. 
Graphics support to 800x600 Super VGA. 
Output to dot matrix and laser printers, HP and Houston 
plotters, Postscript devices, Gerber and Excellon NC 
machines plus DXF and other DTP file formats. 

CADPAK ISIS ILLUSTRATOR 
Two Programs for the Price of One Schematic Drawing for Windows 

ISIS SUPERSKETCH 
A superb schematic drawing program 
for DOS offering Wire Autorouting, 
Auto Dot Placement, full component 
libraries, export to DTP and much more. 

Exceptionally easy and quick to use. For example, you 
can place a wire with just two mouse clicks - the wire 
autorouter does the rest. 

PCB II 

High performance yet easy to use manual PCB layout 
package. Many advanced features including curved tracks, 
auto track necking, DXF export, Gerber and NC file 
generation, Gerber viewing and more. 

Alan Chadwick writing in ETI (January 94) concluded... 
"At £79 I thought this was an excellent buy." 

e c s 

Running under Windows 3.1, ISIS ILLUSTRATOR lets 
you create presentation quality schematic drawings like 
you see in the magazines. Furthermore, when the 
drawing is done, transferring it to another document is 

just a matter of pasting it through the Clipboard. 

Now used by a number of prominent technical authors to 
illustrate their latest books and magazine articles. 

Call us today on 0756 753440 or fax 
0756 752857 for a demo pack - state 
DOS or Windows. Multi -copy and 
educational discounts available. 

WE HAVE MOVED - NOTE NEW ADDRESS Pnces exclude p&p (£5 fa U.K) and VAT 
All manufacturers' trademarks acknowledged 

I abcenLen 
E 1 c t r o n i 
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At last, a fully functional upgradeabl 
PCB CAD system to suit any budget. 
Substantial trade-in discounts are 
available against other "professiona 
PCB design packages ... 

... call now for detail 

Boa rdi Board 
Design Tool ry level 

Direct netlist link to BoardMaker2 PCB and schematic drafting 
Forward annotation with part values Easy and intuitive to use 
Full undo/redo facility (50 operations) Surface mount and metric support_._ 
Single -sheet, multi -paged and hierarchical designs 90, 45 and curved track corners 
Smooth scrolling Ground plane fill 
Intelligent wires (automatic junctions) Copper highlight and clearance checking 

Dynamic connectivity information 
Automatic on-line annotation 
Integrated on -the -fly liibraiy editor - 

Context sensitive editing 
Extensive component -based power control 
Back annotation from BoardMaker2 

II IIIIIIiIIIBII ll Illlllllllllllillllllllllllllll 

BoardMaker2 - Advanced level 
--Alf the features of BoârdMakerl + 

Full netlist support - BoardCapture, 
OrCad, Schema, Tango, CadStar and others 

Full Design Rule Checking 
both mechanical and electrical 

Top down modification from the schematic 
Component renumber with back annotation 
Report generator - Database ASCII, BOM 
Thermal power plane support with full DRC 

outer 
Gridless re-entrant autorouter 

Simultaneous muni -layer routing E2t SMD and analogue support 
Full interrupt, resume, pan 
and -zoom -while routing 

Output drivers - Included as standard 
Printers - 9 & 24 pin Dot matrix, 
HPLaserjet and PostScript 

Penplotters - HP, Graphtec & Houston 
Photoplotters - All Gerber 3X00 and 4X00 
Excellon NC Drill and 

Annotated drill drawings (BM2) 

Call, write or fax for more information 
or a full evaluation kit 

Tsien (UK) Limited 
Aylesby House 

Wenny Road, Chatteris 
Cahnnridge- 
PE16 6UT 

Tel (0354) 695959 
Fax (0354) 695957 
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The Experi 
Computer 

Vdd 

ONO 

menter's 

Keypad and Display 
In Part 3 of this project, Jim Spence 

shows how to construct and program a 
versatile display and keypad interface 
for the FORTH experimenters board 

ost applications 
require some 

form of input and 

microprocessor, they are still not 
particularly easy to drive. They come 
in various forms, 16 x 1 line, 20 x 2 line, 

etc. I have used several types from 
several sources and they all work in 

exactly the same way. 
This article describes how to use one of 

these displays and also a 16 button keypad. 
There is very little to construct as most of the 
work is carried out by software, but to save on 

Output lines, a decoder has been used to multiplex 
the keypad. 

RECOMMENDED VR VALUE = 10k - 20k 

Figure 1. Resistor divider derived LCD 
supply voltage 

ELECTRONICS 

output. One of the most 
useful forms of output device is 

the LCD display and these are 
now available at a very 
reasonable cost. Although they 
have their own built in 

obtained quite 
cheaply from several 

suppliers, starting at about £6. 
The display works from 5V, which can 

be obtained directly from the board. 

the LCD. The voltoage 
affects the contrast and 
viewing angle, and the 
best solution is to use a 

potentiometer between 
ground and vdd. 

It was found in 

practice, however, that a 

1K resistor between Vo 
and Vdd proved 
adequate in most cases. 

TODAY INTERNATIONAL 
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The display chosen as an example is a 20 x 2 line LCD 
display, but most of the LCD displays you can buy work in a 

similar way. They are capable of displaying all the ASCII 

character set and have their own microprocessors built in. 

They are, in fact, designed to interface almost directly to 
most 8 bit microprocessors, although, in this case, we will not 
be interfacing directly but via an output port. They can be 

LCD Display 
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Construction is very straight forward. There is no real need for a 

PCB as the IC and the four resistors can be mounted on a piece 
of Veroboard. If you use the Protolab keypad then the connector 
can also be mounted on this Veroboard. 

The whole unit was mounted in a sloping front box with the 
RS232 and power connectors protruding through holes made in 

the side. There is room on the front for the display, keypad and a 
bread board, while the two spare ports are taken to the front 
panel via an IDE connector socket. This acts as a mini bread 
board and power is also available here, providing not too much is 

taken. 
The FORTH board is held in place by the RS232 socket and 

small spacers attached to the bottom of the board keep it level. 

Figure 4 shows the front plate cutting details. 

The display will either accept commands or characters. This is 

controlled by the RS line which is connected to our D5. When low 
the display will expect commands, when high it will expect data. 
The E line (our D4) acts as a kind of clock. To write data or an 
instruction, this line (normally high) must be taken low and back to 
high again. 

To further complicate matters, an instruction or data consists 
of two writes, one for the high nibble and one for the low nibble. 
Some of the instruction set is shown in Table 2. 

The full code for driving the display is shown in Box 1 and 
is split for convenience into five sections as follows. 

Display module driver 20 x 2 lines, 4 bit mode 

Set up and utilities 

Table 1. Pin Functions 

Symbol 1.."D Function 

VSS - Module ground - provides supply 
and logic signal reference. 

Vdd input +5V power supply for controller and 
driver circuits. 

Vo Input LCD drive voltage- adjusts 
contrast 
and viewing angle. 

RS Input Register select signal 
0 = instruction register (write) busy 
flag/address counter (read) 
1 = data register (read/write) 

^NV input Data direction control 
0 = write to display module 
t = read from display module 

E Input Operation "enable" -activates the 
read or write function. 

DBO-Dß3 I/O Lower four bits of the tri -state 
hi- directional data bus. 
Data is read and written using these 
lines, only if using the 
8 -bit data transfer mode. 

DE?4-DR î I Upper four bits of the tri -state 
bi-directional data bus. These lines 
are used both in 8 -bit and 4 -bit 
data transfer modes. 

The positions of connections to the module may vary. 

Figure 2 shows the pin connections and Table 1 shows 
the function of each connection. 

Construction 

Driving the Display 

Section 1 

Connections 

hex 

0 constant dport \ port used for display 
variable emode \ display entry mode 
variable cds \ Cursor and display shift 

TODAY INTERNATIONAL 
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In addition to the character display, there is also an internal 
RAM which can be programmed to form your own unique 
characters. This RAM can be either read or written to. 

In order to save on output lines, this system will use 
the 4 bit mode of operation and will not read from the 
display. This means that lines DBO-DB3 will not be used 
and that the R/W line can be permanently tied to ground. 
We now only need 4 data lines, RS & E, which is six lines in 

total leaving 2 spare to drive the keypad. 

The complete circuit diagram in shown in Figure 2, which 
also shows the connection to the experimenter's board. The 
reason for using IC1 is to minimise on the use of output lines. 

This leaves an 8 bit input and an 8 bit output port free. 
The 20 x 2 line display has the connections as shown in 

the diagram. This is looking from the front of the display. 
Output port 0 is used to control the display and the keypad 
and the bottom half of input port 4 is used for the keypad 
input. 

Circuit 
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Figure 3. V eroboard layout for keypad circuit. 

Figure 2 Display and keypad circuit diagram 
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Sets the data length, number of 
lines and character length. 

S = 1: Accompanies display shift. 
5/C = 1 :Display shift 

variable cpos \ current display address 
variable linex \ line indicator 
variable pvalue \ current value of o/p port 

6 emode 1 

10 cds 1 

TABLE 2 

\ initial values 

Instruction Description 

RS DBE DB4 DB2 DB1 

Clear Display 0 0 0 0 0 Clears the display and returns the 
cursor to the home position 

Return Home 0 Returns the cursor to the home position. 

Entry mode Set Sets the cursor move direction and 
specifies whether or not to shift the 
display. Performed during data read and 
write 

Display ON/OF 
control Sets the display ON/OFF, Cursor, and 

blink. 
Cursor and 

display shift 1 RL Moves the cursor and shifts the display 

Function set 0 0 0 N 

Set the DDRAM 
address 0 1 Sets the Display data ram address 

Write data 
to display 1 0 

I/D = l:Increment (+1) 

I/D = 0: Decrement (-1) 

R/L = l:shift to the right. 
R/L = 0: Shift to the left. 
DL = 1: 8 bits 
N = 1:2 lines 
F = 1:5 x 10 dots 
BF = l:Internally operating 
OF = O:Can accept instruction 

create lbuff 14 allot \ line 1 buffer 20 char 

\ This gives including call and return a 1 ms 
delay 

: dell 
19 0 do loop 

\ This gives about 3ms delay including call 
and 

return 
: del3 

3 0 do dell loop 

This defines the variable constants and also two delay 
utilities. The delays are necessary because some of the 
commands to the display can take up to 10ms to complete. 
There is a status word generated on the display which can 
be read in order to determine if the display is ready to 
accept a command or letter. In this application, there is no 
means by which we can read the display and so a suitable 
delay must be introduced. In practice this method was 
found to be quite satisfactory. 

There are two variables, EMODE and CDS which must 
be initialised (have something put in them) before being 
used. The initialise word (later) uses these to set up the type 

R/W DB6 DB5 DB3 DBO 

0 0 0 0 1 

0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 1 I/D S 

0 0 0 0 0 0 1 D C B 

0 0 0 0 0 S/C 

0 DL F 

0 Add 

WriteData 

S/C = 0: Cursor move 

DL = 0: 4 bits 
N = 0: 1 line. 
F = 0: 5 x 7 dots 
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of display and how it will work according to the 'cursor 
display and shift' and the 'function set' commands. 

PVALUE works with the word DIP and is important in this 
application: Bits 0 to 5 of the output port are used for the 
display, and bits 6 and 7 are used for the keypad. For this 
reason we must write values to this port while still retaining 
the value of the data on lines 6 and 7. PVALUE stores the 
value of the port so this can be achieved. 

Section 2 
\ Raw data writes to relavant ports 
\ Sends byte b to port specified by dport but only 
to 

\ bits 0 to 5, leaves 6 and 7 alone 
: dip (b -) \ Display o/p port 

3f and \ mask bits 6 & 7 

pvalue c@ \ get copy of actual port 
contents 

c0 and \ mask bits 6 & 7 

or \ combine 
dup \ 2 values to be written 
dport p! \ o/p to port 
pvalue c! \ store in variable 

\ Write a 4 bit instruction to the display port 
inst4 ( b - ) \ Only lower nibble is 

sent 
dup dup \ copy because 2 writes are 

needed 
10 or dip \ write with E high 
Of and dip \ bring E low, this writes 
10 or dip \ leave E high for next write 

\ Write a 4bit data nibble to the display port 

Code 

1 
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Box 2 

1)\Write a 4 bit instruction to the display port 

2): inst4 ( b - )\ Only lower nibble is sent 

3)dup dup\ copy because 2 writes are needed 

4)10 or dip\ write with E high 

5)Of and dip \ bring E low, this writes 

6)10 or dip \ leave E high for next write 

7) ; 

Figure 4. Front panel cutting 
instructions 

: inst ( b - ) 

\ copy stack 

10 / \ divide by 16 to get top nibble 

inst4 \ send to instructions 

Of and \ mask off high nibble 

inst4 \ send to instructions 

\ Instructions and data are made up of two 4 bit 

first and then low. This sends byte b 

( b 
) 

\ copy stack 

\ divide by 16 to get top nibble 

\ send to instructions 

\ mask off high nibble 

\ send to instructions 

This is where the basic writing to the display is carried out. To 
write to the display (ignoring 4 bit mode for the moment) we 
need to place the required data on the port, take the E line low 
(D4) and then bring it high again. Take a look at INST4 in detail 
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writes 

\ high nibble 

dat 

dup 

0 / 

dat4 

Of and 

dat4 

. dat4 ( b - ) \ ...e _c,,_e _: sent 

dup dup \ copy because 2 ::rt=es _-e .. eded 

30 or dip \ write with E high 

Of and dip \ bring E low, this 

30 or dip \ leave E high for next wr==e 

\ Instructions and data are made up of _w: 4 bi 

writes 

\ high nibble first and then low. This sends byte b 

t 

Line numbers have been added for the purposes of explanation 
only. 

1) It is always a good idea to give a title and any necessary 
comments to the word before it is defined, this will act as a short 
reminder as to what the word does. 
2) The ':' (colon) and space defines the word INST4 and the ( b -- 

is a stack diagram. Because the stack is of such importance to 
FORTH words it is always a good idea to document this. It is 

carried out in the following way: 
The brackets are alternative comments in FORTH, i.e. anything 

surrounded by brackets will be ignored, and by convention we use 
the bracketed comment for the stack diagram. The diagram 
consists of three parts read from the left hand side. The far left is 

items on the stack before the word executes, the `--' is the word 
itself and the right of the '--' is the stack after the word executes. 
In this case, the b indicates that there should be a byte on the 
stack before the word executes and, after the word has executed, 
there will be nothing left on the stack. As an example, the word '+' 
(plus) would have the following stack diagram - (n1 n2 n3). A 
description of this would be that the word + takes two numbers 
from the stack, n1 & n2 adds them together and leaves the result 
n3 on the stack. 
3) The word DUP (duplicate) copies the top item on the stack. As 
this is executed twice the stack will containn 3 bytes of identical 
data after this line. 

4) This line simply puts (via DIP) the byte onto the output port, 
making sure bit D4 is high. The byte is or'd with 10hex before being 
written. 
5) E is now taken low with the same data on the port. This 
effectively writes the byte to the display. 
6) Puts E back to the high state. 
7) All words are defined between ':' and ';'. This line holds the 
terminating semicolon. 

DAT4 is the same as INST4 except it writes data because the RS 
line is held high when writing The display will accept 4 bit nibbles 
instead of 8 bit bytes. The high nibble must be sent followed by the 
low nibble. This is the job of words INST, for instruction, and DAT, 
for data. Notice that to get the low nibble the byte is divided by 16 
(10 hex). 
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\ deciaml 64 

\ reset cursor position 

\ indicate current line 

5 0 do dell loop 

lbuff 14 bounds 

do 

i c@ dat 

20 i c! 

loop 

line2 

\ clear display inst 

\ Delay 5 ms 

\ display all buffer on 

top line 

\ and clear buffer 

\ start on second line 

\ Primary back space function 

Section 3 
\ Basic display utilities 

\ Clear display and home cursor 

: clear ( - 
01 inst \ This is the clear display inst 

5 0 do dell loop \ Delay 5 ms 

0 cpos ! \ set cursor address to 0 

lbuff 14 20 fill \ put all spaces in buffers 
linex off \ current line 1 

Initialise the display after a reset 

( 

f 0 do dell loop \ delay for 15ms at start 
3 inst4 del3 \ repeat 3 times 

3 inst4 del3 

3 inst4 del3 

2 inst4 del3 \funotion set for 4 bit interface 

2c inst del3 \function set: 4bit, 2 line, 

Oe inst del3 \ display on, cursor on, 

01 inst del3 \ clear display 
cds @ 

inst del3 \ cursor display & shift 

emode @ 

inst del3 \ entry mode 

0 cpos ! \ set cursor address to 0 

clear 

5x10 dots 

ulive 

\ Sets the ddram address to that specified by b 
: setadds ( b - ) 

80 or \ set up address instruction 

inst \ send it 

\Go to xy, like setadds but with respect to 
\ we are on 

: gxy ( xy - ) 

linex @ 

if 

40 + setadds \ 64 decimal is next line 

else 

setadds 

endif 

\ Corsor to start of line 1 or 2 

: linel 

0 setadds 

0 cpos ! 

linex off 

( - ) 

\ reset cursor position 
\ indicate current line 

the line 

: line2 

40 setadds 

0 cpos ! 

linex on 

The most important word of this section is INIT. This word 
initialises the display and sets it to operate in 4 bit mode. The '3 
inst4 del3' statements set the display into the 8 bit mode. This is 

the default reset condition of the display at switch on. Don't forget 
that we are writing to the top nibble of the display. Referring to 
table two, writing 3 to the top nibble is the same as function set 
with DL high, which is the 8 bit mode. After '2 inst4' is executed, 
the instructions can go through the word INST which takes care 
of converting the byte into two nibble instructions. 

The other words either clear the display or put the cursor at a 
specific position along the display. You may notice that the 
addressing for the display is rather awkward, in that the first line 
goes from address 0 to 19 but the second line goes from 64 to 
83. This is because the chips driving the display are used in 

several formats, from single line by 80 characters to 1 line by 16 
and various combinations between. If you use a different display 
format, 2 line by 16 for example, then these addresses will need 
changing. 

Section 4 
\ Higher level display functions 

\ Display carrage return, moves display line up one 
\ and puts cursor on bottom line 

: dcr ( -- ) 

01 inst 
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Next _Month ... 
We will took at the code tor the keyboard 

\ Display back space, this also takes care of back 

spacing 

\ from the bottom line to the top line 

( ) 

\ this is line 2 

\ see if bs takes it to line 1 

\ 0 is first position 

\ move to line 1 

\ end of line 1 + 1 

\ cursor to end + 1 

\ do back space stuff 

\ simply back space 

( b - ) 

Od of dcr endof 

Oa of endof 

08 of dbs endof 

\ carrage return 

\ same as cr 

: demit ( b - ) 

cpos @ \ check line not full 

13 > \ 20 line display 

if 

dcr 

dati \ display character 

else 

dati 

endif 

\ Equivalent to the Forth word TYPE except this word 

\ out puts to the display device. 

: dtype ( addr n - ) 

bounds 

?do \ only do if there are some 

characters 

i c@ demit \ get character at address and 
send 

loop 

: (bs) ( - ) 

-1 cpos +! 

cpos @ gxy 

20 dat 

cpos @ gxy 

20 cpos @ lbuff + c! 

: cabs 

linex @ 

if 

cpos @ 

0= 

if 

linel 

14 setadds 

14 cpos ! 

(bs) 

else 

(bs) 

endif 

else 

(bs) 

endif 

\ decrement cursor 

\ move display cursor 

\ print space 

\ move it back again 

\ put space in buffer 

: (d") 

r> count 2dup + >r dtype 

\ Equivalent to the forth word ." except this word 
o/p to 

\ the display 

: d" ( console input ) 

22 \ place ASCII " on stack 
state @ \ can be used within words 

or directly 

if 

compile (d") \ compile address of (d") 

word \ fetch text string up to 
c@ \ get length of text string 
1+ allot \ move dictionary pointer 

ready for next word 
else 

word \ get the text 

count dtype \ display it 

endif 

immediate \ must be immediate 

Most of this section may be omitted if simply writing characters to 
the display is required. Some words look complicated because 
they take care of special characters such as back space. If a back 
space occurs at the beginning of the second line, then it needs to 
know this so the cursor may move to the end of the first line. 

The last three words of the section DTYPE, (D") and D" are 
straight equivalents to the FORTH words TYPE and .". Just a word 
about TYPE here. FORTH stores strings as counted strings, that is 

the length of the string is the first byte. For example, the string 
FRED would be stored as 04, 46, 52, 45, 44, the 04 being the 
count byte. TYPE will print out to the console the number of 
characters, n, at a specified address, adds. DTYPE will do the 
same but to the display rather than the console. 

dati 

case Section 5 
\ Useful words 

\ 1 space to display 
: dspace 

d" 

\ n spaces to display 
: dspaces ( n - ) 

0 ?do 

dspace 
loop 

\ Equivalent to the Forth (dot) to print n ers 
\ to the display 
: di. 

s>d 

swap over 
dabs 
<# #s sign #> 
dtype 

\ Equivalent to the forth word (.") except this word 
o/p to 

the display because it uses DTYPE 

;end 

These are simply useful words which make the display easier to 
work with. 

IC1 74ís139 
R1 1k 

R2 -R5 10k 
1 Liquid Crystal Display 20 x 2 lines (Greenweld) 
1 Protolab 16 way keypad 
4 10 way connectors 
1 Breadboard type AD -01 (Maplin) 
1 2 x 10 dil IDC socket 
1 Sloping front case, desk console, size 215 

x 130 x 78/47 (Maplin M1006) 
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\Writes b to display stores _: __. she buffer and increments 

\ caracter pointer 

: dat store ( b - ) 

dup dat \ display 

cpos @ lbuff + c! store in buffer 
1 cpos +! \ increment buffer 

\ Writes b to display and takes care of back spaces and 

CR 

dat store 

1 endcase 

\ places b as an ascii character to display, takes care 

of special 

\ characters and scroling. Equivalent to FORTH word EMIT 
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iliamr22 

0.68 

r 

II I,CARE 

ENOCAPS 

30VA 13010 6+6 250 
13011 9.9 

£12.21 13012 12+12 

13017 30+32 

50VA 0 6+6 

£13.84', 

23030 240 0 20 

£15.43 

33030 240 

120VA 43010 Erb 
43011 

£16.45 449212 

220 
43230 240 

0,33 

1609A 53011 9+9 

£19.21 

1000 

0.54 
050 
6.89 

300VA 73013 

73030 
220 
240 

1 

1 

36 
25 

MU 
£29.57 

83016 
83017 
83010 

83030 

25+25 10.00 

£32,64 

9301793018 

93026 
83025 
93033 
93042 
93028 
93029 
93030 

+5-3- 
40.40 
45145 
50+50 
55155 
110 

220 
240 

ROOM TRANSUITT 
sensitive miniature trans 
Dimensions. 20 x 20mm 

your telephone socket with t'e 
ransmiller has been concealed 

telephone transm 
Dimensions.- 30 x 

TELEPHO 
of any invasi 
Dinensions 

RF DETECTOR RFO1 
detector. Range between 1 

operation. Dimensions 70 

continual audio pulse. Can be I 

tracking at warning systems, D 

TELEPHONE 
to the telephone 
telephone call D 

UFIER TA5 Connected 
nit will arrplity both sides 
ions 25 x 52mn 

PROFESSIONAL SOUND TO LIGHT UNIT 
SK72 Custom bwtt for disco or Mime use Audio syy 
deeded into bass, mid and treble bands, with in9emal 

9.95 

19.75 

14.74 

31.50 

15.90 

34.95 

21.95 

42.75 

69.00 

21.95 

10.95 

21.93 

L95 

14.00 

25.00 

29.00 

85.00 

39,00 

59.00 

45.00 

95.00 

125.00 

145.00 

45.00 

45.00 

19.95 

44.95 

172 Caledonia 
Dept ET 

TRANSFORMERS from 

UK Distributor for 
Standard Toroidal Transformers 

107 types available from stock 
Sizes from 15VA to 625VA 

Dual 120v primaries allowing 110/120v 
or 220/240v operation 

INSULATION 

TYPE SERIES SEC 

NO. VOLTS 

225VA 63012 12+12 
63013 15+15 
63014 18+18 
63015 22+22 
63016 25+25 
63017 30+30 
63018 35+35 
63026 40+40 
63025 45+45 
63033 50+50 
63028 110 

63029 220 
63030 240 

£22.9473014 73015 
73016 
73017 
73018 
73026 
73025 45+45 3 33 
73033 
73028 
73029 

83026 
83025 
83033 
83042 
83028 
83029 

8C267 500VA 18+18V £32.64 
9T845 675VA 161V £38.06 

Prices include VAT and carriage 

Quantity prices 
available on request 

33IIIAJJ 13VFIVZ 
lJaT/4 v/ [«3= 

A SMALL SAMPLE OF OUR RANGE KT MODULE PROF 
FINISHEC 

ER RT7 An extremely 13.75 
miller with long battery life. 

MAINS TRANSMITTER MT4 Can be connected 31.50 
inside any equipment that is main powered 
Dimensions 35 x 20mm 

TELEPHONE TRANSMITTER TTS Small enough 17.50 
to conceal within a telephone. Will transmit both sides of 
a conversation (series connection) 
Dimensions: 10 x 20mm 

TELEPHONE SOCKET TRANSMITTER TSTS 

STEEL DISHED 
WASHER - Replace one within 

which at 

ROOM AND TELEPHONE TRANSMITTER RTT 
OUTER 
INSULATION 

Operates as a room transmitter, then switches to 
itter mode during telephone calls 
25mm 

AUTOMATIC TELEPHONE RECORDER 
SECONDARY 
WINDING 

NEOPRENE 
WASHERS 

SWITCH TRS2 Record telephone conversations with 
this interface unit and your own tape recorder. 
Dimensions: 36 x 50mm 

AUTOMATIC TELEPHONE RECORDER ATR1 
PRIMARY Adapt the tape recorder included to record telephone 
WINDING calls automatically. 

NE TAP ALERT TTA1 visual waning 
TYPE SERIES SEC RMS RMS ons of privacy on your telephone ine. 

NO. VOLTS CURRENT CURRENT 38 x 52mm 
15VA 03010 6+6 1 25 9 38 

£1 
03011 

03012 
9+9 
12+12 

0 83 
0 63 £21.04 

7 50 
6 25 

Highly sensitive hand-held 
0Mhz and 600Mhz Silent 

03013 15+15 0 50 511 x 50mm 
03014 18+18 0 42 4 50 

03015 22+22 0 34 3 75 CAMERA DETECTOR CD8 Detects hidden video 
03016 25+25 0 30 321 cameras (even miniature CCD models) 
03017 30+30 0 25 281 Dimensions: 63 x 38mm 

2 50 

1 66 2 25 RECORDING BRIEFCASE RBC1 Completely 
1 25 2 04 discreet recordings at a value for money price. 

13013 115+15 1 00 1 02 

13014 18+18 0 83 0 93 SHOTGUN MICROPHONE AMPLIFIER SMA 
13015 122+22 0 68 15+15 10.00 Ideal for surveillance. The amplifier wit pick up sounds 
13016 125+25 0 60 18+18 8.33 from a long distance. 

0 50 22+22 6 82 

2301 4.16 25+25 6 00 SIGNALLING TRANSMITTER SIGT Sends a 
23011 9+9 2.77 30+30 5 00 ntegrated into alarm, 
23012 12+12 2,08 35+35 4 28 imensions: 20 x 50mm 
23013 15+15 066 40+40 3 75 

23014 
23015 
23016 

18+18 
22+22 
25+25 

1.38 

1.13 
1.00 

50+50 
110 

3 00 

2 72 

AMP directly 
this u of a 

imens 

23017 30+30 0.83 
23028 110 0.45 
23029 220 0.22 nel 

33011 9+9 4 44 

30+30 
35+35 
40+40 

8 33 
714 
6 25 

microphone and spotlight option 
Dimensions 210 x 45mm 

33012 
33013 
33014 
33015 

12+12 
15+15 
18+18 
22+22 

3 33 
2 66 
2 22 

1 81 

45+45 
50+50 
55+55 
110 

5 55 
5 00 
4 54 
4 54 

MICRO METAL DETECTOR MMD Detect the 
presence of ferrous and various non-ferrous metals. 
Useful for all those DIY jobs. Dimensions: 40 x 25mm 

33016 25+25 1 60 220 2 27 

33017 30+30 1 33 240 2 08 

33028 110 0 72 10 41 

33029 220 0 36 8 92 
781 
6 94 

9+9 6 66 6 25 

12+12 500 5 68 

43013 15+15 4 00 5 68 

43014 18+18 3 33 2 84 

43015 22+22 2 72 260 
43016 
43017 

25+25 
30+30 

2 40 

2 00 13.8V DC POWER SUPPLY 
43018 
43027 

35+35 
20+20 

1 71 

3.00 
TRANSFORMERS 

43028 110 1.09 

43029 

53012 12+12 6 66 
53013 15+15 5 33 
53014 18+18 4 44 
53015 22+22 3 63 
53016 25+25 3 20 

53017 30+30 2 66 

53018 35+35 2 28 

53026 40+40 2 00 

53028 110 1 45 
53029 220 0 72 

53030 240 0 66 

Write, phone or fax for free Data Pack 

Jaytee Electronic Services 
Unit 171/172, John Wilson Business Park, 

Whitstable, Kent CT5 3RB. U.K. 
Tel: (0227) 265333 Fax: (0227) 265331 

45.50 

25.90 

31.50 

69.00 

89.00 

36.00 

34.89 

16.95 

32.49 

16.95 

Please add £2.00 P & P to all orders and 17.5% VAT on all U K orders 

For full catalogue please send two 1st class starrps or 2 IRC'S 

I 
on on 

- . 
15tlyi:icM eyi 

ä 1 
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74LS01 £0 14 
74LS02 £014 
74LS03 £0 14 
74LSO4 £0 14 
74LS05 £0 14 
74LS08 £0 14 
74LS09 £0 14 
74LS10 £0 14 
74LS107 £0 23 
74LS109 £0 21 
74LS11 £0 17 
74LS112 £0 21 
74LS113 £0 21 
74LS114 £0 21 
74LS12 £0 14 
74LS122 £0 31 
74LS123 £0 31 
74LS125 £0 21 
74LS126 £0 21 
74LS13 £0 14 
74LS132 £0 21 
74LS133 £0 18 
74LS136 £0 16 
74LS138 £0 24 
74LS139 £0 25 
74LS14 £0 25 
74LS145 £0 56 
74LS147 £1 26 
74LS148 £0 70 
74LS15 £014 
74LS151 £0 25 
74LS153 £0 25 
74LS154 £0 70 
74LS155 £0 25 
74LS156 £0 36 
74LS157 £0 25 
74LS158 £0 25 
74LS160 £0 32 
74LS161 £0 32 
74LS162 £0 32 
74LS163 £0 32 
74LS164 £0 26 
74LS165 £0 48 
74LS170 £0 30 
74LS173 £0 24 
74LS174 £0 24 
74LS175 £0 24 
74LS190 £0 25 
74LS191 £0 24 
74LS192 £0 42 
74L5193 £0 24 
74LS195 £0 24 
74LS196 £0 24 
74LS197 £0 24 
74LS20 £016 
74LS21 £0 14 
74LS22 £014 
74LS221 £0 40 
74LS240 £0 32 
74LS241 £0 32 
74LS242 £0 32 
74LS243 CO 32 
74LS244 £0 32 
74LS245 £0 36 
74LS247 £0 32 
74LS251 £0 24 
74LS257 £0 24 
74LS258 £0 24 
74LS26 £0 14 
74LS266 £0 14 
74LS27 £0 14 
74LS273 £0 32 
74LS279 £0 25 
74LS30 £014 
74LS32 £0 14 
74LS365 £0 21 
74LS367 £0 21 
74LS368 £0 21 
74LS37 £0 14 
74LS373 £0 32 
74LS374 £0 32 
74LS375 £0 34 
74LS377 £0 32 
74LS378 £0 62 
74LS38 £0 19 
74LS390 £0 25 
74LS393 £0 24 
74LS395 £0 26 
74LS399 £0 62 
74LS40 £014 
74LS42 £0 25 
74LS47 £0 72 
74LS51 £014 
74LS670 £0 69 
74LS73 £017 
74LS74 £0 25 
74LS75 £0 19 
74LS76 £0 25 
74LS83 £0 31 
74LS85 £0 35 
74LS66 £0 20 
74LS90 £0 23 
74LS92 £0 35 
74LS93 £0 25 

450V 

£015 
£018 

£048 

63V 100V 
£015 

£010 £010 
£010 £010 
£010 £010 
£012 £012 
£013 £017 
£016 £020 
£021 
£0 42 - 
£0 69 - 
£1 05 - 

Antex Soldering Irons 
M 12 Watt 
C 15Watt 
G 18Watt 
CS 17Watt 
XS 25 Watt 
ST4 Stand 
35Watt Gas Iron 
'Gastat Gas Iron 
Low Cost 15 Watt Iron 
Desolder Pump 
Antistatic Pump 
22SWG 0 5Kg Solder 
18SWG 0 5Kg Solder 
1 met 3 yds Solder 
Desolder Braid 

£1 08 

£068 
£0 62 

UV EXPOSURE UNIT 
PLASTIC DEVELOPING TRAY 
PHOTO RESIST AEROSOL SPRAY (100m1) 
FERRIC CHLORIDE CRYSTALS (05Kg) 
ETCH RESIST PEN 
PCB POLISHING BLOCK 

STRIPBOARD01 PITCH 
64mm x 25mm £0 27 
64mm x 95mm £0 90 
64mm x 431 mm f3.22 
95mm x 127mm £1.50 
95mm x 95mm £1 10 
95mmx431mm £4.80 
119mm x 454mm f6.20 

PHOTO RESIST BOARD 
(G Fibre) 

3"x4 
4'x6" 
4 x8 
6"x6 

£086 
£1 62 
£209 
£2 41 

1 pF-1 nF £0 06, 1n2 -2n7 £0 07, 
3n3 -4n7 f 0 12, 
10n8.12n£007 

Polystyrene 160V 5% 47pF toi0nF 
47p -2n2 £0 09, 2n7 -10n £0 12 

Plug 
9 Pin f0.29 

15 Pin £0.39 
15 Pm H D f0.81 
23 Pin £0.40 
25 Pin f0.48 

9 Way plastic cover 
15 Way plastic cover 
23 Way plastic cover 
25 Way plastic cover £0 36 

f67 
£1 35 
£390 
£2 45 
£0 72 
£1 84 

BREADBOARD 
61mm x60mm 
175mm x 42mm 
175mm x 67mm 
203mm x 75mm includes 
mounting plate & posts £7 36 

COPPER BOARD (G Fibre) 
100mm x 160mm £0 90 
110mm x 220mm £1 34 

PHOTO RESIST BOARD 
(Paper) 

3'x4 £067 
£1 24 

4 x8 £1 58 
8"x10 £463 

E3 30 
£3 74 
£556 

3amp 250v 6 4mm d mounting 
S PST Toggle 
SPDT Toggle 
SPOT CO Tog 
DPDT Toggle 
DPDT CO Toggle 
DPDT CO Toggle 
(biased) 
DPDT CO Toggle 

PCB Tact 6 x 6mm 

£0.58 
f060 
f0.64 
£0 68 
£076 

£1.20 

£1.20 
£0.15 

2W, 2P -6W, 
£0.78 
£2.70 
£0.25 
£0.28 
£0.63 
£025 

0 25W 5% CF Ell Series £0.60/100 PRESETS Enclosed Horz 
0 5W 5%CFE12 Series £0 95/100 or Vert 100R-1 MO015W 
025W 1% MF E24 Series f1 72/100 PRESETS Skeleton Horz 
POTS Log or Lin 4709 -1 MO 25mm or Vert 1009 -1 MO 0 1W 
dia025m shaft £042 

* PLEASE STATE VALUE REQUIRED * 

£015 

£0 11 

All prices exclude VAT 
Please add £1 25 carriage to all orders and VAT (17.5%) 

No minimum order charge 
Please send payment with your order 

Offical orders from schools & colleges welcome 
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ENAMELLED 
COPPER 

WIRE 

All 2oz Reels 

16 SWG 
18 SWG 
20 SWG 
22 SWG 
24 SWG 
26 SWG 
28 SWG 
30 SWG 
32 SWG 
34 SWG 
36 SWG 
38 SWG 
40 SWG 

5mm Green LED 
5mm Yellow LED 

14 SWG £0 63 5mm Orange LED 
3mm Red LED 
3mm Green LED 
3mm Yellow LED 
3mm Orange LED 
5mm Flashing Red 
5mm Flashing Gree, 
5mm Bi Colour 
5mm Tn Colour 
5mm Plastic Bezel 
3mm Plastic Bezel 
0 3' 7 Segment Disi 
common anode 
common cathode 

£0 67 
£0 67 
£0 72 
£0 76 
£0 80 
£0 89 
£0 91 

£0 93 
£0 93 
£0 99 
£1 04 
£1 10 
£1 22 

C186 
C204C 
C20613 
C207C 
C208 
C209A 
C212 
C212L 
C212LB 
C213 
C213LC 

£0 33 
£0 72 
£0 72 
£0 72 
£0 72 
£0 72 

BD534 
BD535 
BD536 
80646 
53648 
BD650 

£0 47 
£0 48 
£0 65 
£0 52 
£0 52 
£0 53 

CA311E 
CA324 
CA555 
CA7410E 
CA747CE 
CA3046 

£0 28 
£0 35 
£0 22 
£0 28 
£0.39 
£0 37 

f8 18 
f8 18 
£8 41 
f8 31 
£841 
£2 97 

£11 58 
£15 26 

£3 93 
£3 00 

BNC Solder Plug 50R 
BNC Solder Plug 75R 
BNC Crimp Plug 50R 
BNC Crimp Plug 75R 
BNC Solder Ski 
BNC Chassis Sid 
PL259 5 2mm 
PL259 11 mm 
RND UHF socket 
SOR UHF socket 

£0 93 
£0 96 
£068 
£068 

£080 

£0 68 
£0 45 

C214 f4 25 F Plug RG58 £030 
C214L £7 40 F Plug RG6 £0 27 
C237B f660 N Plug RGB £1 60 
C238C £0 62 N Socket RG8 f1 40 
C239C £0 87 BNC Crimp Pliers £17 44 
C251 
C252 
C261 B 

C2625 
C267B 
C307 £010 BF337 £036 LM386 £048 
C308 £010 8F355 £038 LM387 £1 60 
C327 £010 BF423 £013 LM392N £079 
C328 £010 61F451 £019 LM393N £0 28 
C337 £0 10 8F459 £0 29 LM748CN £0 31 
C338 £010 BF469 £036 LM1458 £026 
C414C £0 13 BFX29 £0 29 LM3900 £0 72 
C441 £040 BFX84 £031 LM3914 £270 
C461 £0 40 BFX85 £0 32 LM3915 f2 70 
C463 
C478 
C479 
C490 
C516 
C517 
C527 
C528 
C537 
C546C 
C547C 
C548C 
C549C 
C550C 
C556A 
C557C 
C558C 
C559C 
C560B 
C637 
C638 
C639 
C640 
CY70 
CY71 
CY72 
D135 
D136 
D137 
D138 
D139 
D140 £0.24 TIP132 £0.46 
0150C £0,82 TI P137 £0.46 
0165 
D166 

£0.42 
£0.35 

TIP142 
TIP147 

£1.08 
£1.12 2716 £4.46 

0187 £0.39 TI P2955 £0.63 2732 £4.84 

D442 £0 41 ZTX500 £0 16 514256-8 £5 61 

P010244 
TIC106D 
TIC116D 
TIC126D 

[0 30 W0051 54 50V 
£0 40 W02 1 5A 200V 
£066 BR323A200V 
£077 BR626A200V 

1004 10A 400V 

T2 Box 75 x 56 x 25mm 
T3 Box 75 x 51 o 25mm 
T4 Box 111 x 57 x 22mm 
M B 1 Box 79 e 61 x 40mm 
MB2 Box 100 x 76x 41mm 
MB3 Box 118e 98 x 45mm 
MB5 Box 150 x 100 x 60mm 

£082 BPin 
f0 82 14 Pin 
£0 98 16 Pin 
£1 44 18 Pin 

£1.56 20 Pin 

£1.82 24 Pin 

f 28 Pin 250 40 Pin 

pF 16V 25V 63V 100V 
0.47 - - £0.05 £0.07 

1 0 - - £0.05 £0.06 
2.2 - - £0.05 £0.06 
47 £0.05 £0.08 
10 £0.05 £0.05 £0.06 £0.08 
22 £0.05 £0.05 £0.09 - 
47 £0.06 £0.06 £0.11 - 
100 £0.06 £0.09 £0.11 - 
220 £0.09 £0.12 £0.31 - 
470 £0.15 £0.19 £0.57 - 
1000 £0.22 £0.29 - - 
2200 £0.37 £0.57 - 
4700 - £1.11 - - 

pF 

0 47 
10 
22 
47 
10 
22 
47 
100 
220 
470 
1000 
2200 
4700 

£0 19 
£0 20 
£0 36 
£0.64 
£1.39 

£0.07 
£0 11 
£0 15 
£0 15 
£0.16 
£0.19 
£0.22 

13 99 
12 99 
12 99 
14 50 
£540 
£3 75 
f3 80 
£4 78 

£1 81 
£1 95 
£248 
£248 
£2 33 
£248 
£2 71 
£271 

£2 71 
£2 71 
£2 71 
£3 88 
£3 02 
f3 02 
£3 02 
£6 32 
£3 02 
f6 59 

f9 20 
£1316 
£1515 
£19 69 
£11 84 
£1711 
£18 43 
f20 42 

£4 56 
£17 95 
f6 45 

f28 48 
f4 26 
£545 

Zener Diodes 2V7 -33V 
BZY88400Mw £008 
BZX851 3W £014 
1N4001 £0 06 
1N4002 £0 07 
1N4003 £0 07 
1N4004 £007 
1N4005 £007 
1N4006 £008 
1N4007 £0 08 
1N5400 £009 
1N5401 £009 
1N5402 £009 
1N5404 £011 
1N5406 £011 
1N5407 £014 
1N5408 £015 
1N914 £006 
1N916 £006 
1N4148 £0 05 
BY133 £013 
0A47 £0 28 
0A90 £0 07 
0A91 £010 
0A202 £0 27 
BA157 £010 
BA158 £010 
BA159 £010 
1 N4149 £0 06 
04200 £010 

PO/Cheques made payable to 
ESR Electronic Components VISA 
Access & Visa cards accepted 

16V 25V 

£0 09 
£0 12 
£0 09 

£010 £011 
£010 £013 
£013 £016 
£0 21 £0 24 
£033 £040 
£0 52 £0 64 
£090 - 
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r Data By 

® 

data transfer 

Send You 
Laser Beam 

In this fascinating project, Ken Gill shows how to link two computers and transfer 
data between them using no wires or cables, just a beam of infra -red light 

magine the problem faced by a business which has 

premises on either side of a busy road. On each side 

of the road, they have a PC but to use them efficiently, 

they need to be able to transfer data between them. So what is 

the solution? 
They could send someone across the road ten times a day 

with the floppy disk. Not the best idea, it is after all a very busy 
road. Alternatively they could use modems and the telephone 
network to link the two computers and transfer the data. A neat 
solution but also one which could run up serious phone bills. 

Of course one could take a do-it-yourself approach and string 

a cable across the road between the two buildings. But council 
road traffic departments take a rather dim view of anyone 
stringing pieces of cable across a road. So not worth trying unless 

you are BT or one of the electricity companies. 
The solution is, of course, a line of sight optical link. No cables, 

no modems, no repeated crossing of the road with a floppy disk, 

just send the data down a beam of light! 

10MEfPES 

Figure 1 showing 
overall idea of system 

Range of models should 
not be greater than 10m 

There should be no 
obstacles in the beam's 
way to cause reflections 

from one transmitter back 
to the adjacent receiver. 

This will cause an echo to 
occur and slow down the 

An Overview 
A simple alternative to a wire or fibre optic link from one piece of 

equipment to another over a short distance can be very useful if it 

overcomes the problems associated with both running a cable 
between the two pieces of equipment and protecting the cables 
from outside interference. In the above example we have the case 
of running a serial data link from one building to another over ten 
metres a part. If the cabling is run inside the building, then the 

-111. RXD 
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Main PCB, signal processor and power supply 

MAINS-> 

TXD 

RS232 

problem of cable protection has to be addressed, more so if the 
cable is to be run along the outside of a building and is exposed 
to all weathers. 

The system described here uses a similar principle to the one 
already used in the remote controllers, found with a number of 
domestic televisions and video recorders. With such systems, the 
remote control device is used to send special control codes to 
the television or video, which will then perform the relevant 
function. Press a specific button on the hand held controller and 
the channel will be changed or the sound volume lowered. 

This project uses an infra -red beam to send data continuously 
to and from either end of the system at the same time, i.e. full 

duplex. It thus provides a simple secure data link between two 
buildings with the minimum of installation. In terms of cost, this is 

a very economic way of sending data. To perform the same 
linkage using twin fibre optic cables would require cable totalling 
some forty metres in length. If we were to utilise polymer cables, 
then the component cost is very similar to the design described in 

this article, but what must be considered is the actual cost of 
cabling. Protecting such a cable, if surface mounted to a building, 
or indeed laid under ground is a problem and the alternative of 
having a cable strung above head height may be unsightly or 
impractical. Using copper cables to convey the same information 
over the same installation again runs into problems of running and 
protecting these delicate cables. 

Figure 2: Basic Block Diagram. 

IR LINK 10 METRE PATH 

RXD 4111- 
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\ 
i'.*>IF LIMITER 

+> , COMPARATOR 

/-P J/ 

1 
0 0 0 

Figure 4: Circuit diagram of power supply and 
interface circuitry 

BANDPASS FILTER DEMODULATOR INTEGRATOR 

GND Vout Ve 
Figure 3: Block diagram of Sharp IR receiver module/chip 

ELECTRONICS TODAY INTERNATIONAL 
27 

The cost of such a system is 

comparable with a conventional fibre 
optic system, when considering the 
cost of fibre optic cables over, in this 
example, a twenty metre run with 
forty metres of cable (one cable for 
transmit and one for the receive data 
path). The data rate, on the other 
hand, would without doubt be much 
higher through such a cable. The 
cost of protecting the fibre optic 
cable through a run in the ground 
would prove a problem and perhaps 
the most cost effective means of 
running a data cable would be the 
use of a copper cable. Here, the 
problems with such a long cable run 
will have its effect on the ultimate 
speed of the cable, necessitating 
perhaps the use of RS485 to cover 
this distance at higher speeds. The 
cost again has to be born to protect 
the cable. 

There is one set of equipment at each 
end the system. This comprises of a 
mains power supply and associated 
circuitry, and two remote heads, one 
head for the IR transmitter and 
optics, the second enclosing the IR 

receiver circuitry and optics. This 
makes for easy construction of the 
optical system, utilising mainly 1.5in 
plastic waste pipe and fittings to 
fabricate water tight enclosures which 
need to withstand the variations in 

weather. Additional metalwork is 

needed to make the supports for the 
optical assemblies, which is minimal. 
The power supplies and signal 
processing circuitry, including the 
serial equipment interface, are 
housed within a separate enclosure, 
making a total of three parts at each 
end of the system. Each end has to 
be duplicated, doubling the 
equipment, work and cost. 

Cost 

The Mechanical Side 
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Most IR systems use some form of modulated carrier (950nm) 
which is controlled to a degree, either switched on and off in 

the case of AM systems, or frequency modulated (FM) in 

How it Works 
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I 1 3 
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corn 

others. In this system, the simpler approach has 
been undertaken. The AM system has been 
adopted, which is adequate for the distance which 
this serial link is to cover. 

Considering the circuit diagram, we will look at 
the transmit path first. The RS232C serial data 
comes to the modem via the 9 pin D -type connector, 
through the transmit path to pin 5 of IC1. This is then 
inverted and passed on to IC2 pin 4 which is a gated 
astable oscillator running at 38 to 40kHz, the actual 
frequency being set by adjusting RV1. The running 
frequency of this oscillator is dependent on the IR 

receiving devices used in the system, but more 
about that later. The output from the astable is fed to 
a driver transistor TR2 which sends the data down a 
cable to the remote head, which houses the 
transmitting IR LED and driver circuitry. TR2 converts 
the TTL logic levels to 12V logic levels. The square 
wave, when enabled at pin 11 of IC2, is at a TTL 
level. This is accomplished with TR2 and gives a 

higher drive level to the remote transmitter head, 
which would be a 12V. The IR LED is pulsed at a 

current of just under 1 A through the FET TR2 (D( 

Figure 5: Circuit diagram of transmit and receiver heads 

C2 I 

220u 

TX HEAD 

NOTE: 
01 2N2222 
IC1 SHARP GP1U52X 

OR SHARP IS1U5 
REG1 78L05 

RX HEAD 

head) and current limiting resistors R4 and R5. Within the 
remote transmit head assembly, provisions are made to provide 
the transmitter assembly with it's own regulated supply in the 
head. It was thought best to isolate the supplies to each remote 
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SHARP CHIP 
(IS1160) 

Figure 6: Mounting details of IR receivers 

c b a 

Figure 7: Component placements 

TX HEAD BOARD RX HEAD BOARD 

Figure 8: Component placements, C2 of Tx head is placed on trackside of board 

head, albeit the transmit head or the receive head. The component dissipating any 
appreciable power is adequately heat sinked, with the 5V regulator in the transmit 
head. 

The receive head is housed in a similar enclosure to the one used in the 
transmitter. The circuitry within the head is powered and regulated on the receive 
PCB with an individual 5V regulator, in order to isolate the receiver's power supply. 
The received signal is picked up by the IR module (or chip) and processed in that 
device where the IR receiver is a complete system in it's own right, i.e. amplifier, 
limiter, band pass filter, demodulator, comparator and driver. The output from the 
device is in the form of an inverted pulse, i.e. TTL, which then passes on to an emitter 
follower TR1 (RX head). This then sends the received signal, inverted, to IC1 pin 2 

down the cable connecting the head and the main control circuitry, which then drives 
the TTL to RS 232C converter (IC1) and on to the connected equipment. In the 
prototypes case, this is a number of TNC's (Terminal Node Controllers, used for 
packet radio). 

TR1 is an LED driver which indicates the presence of received data and is 

connected to the received data line from the remote receiver head. TR1 is a junction 
FET and is a source follower that drives the RXD LED, LED2, the gate impedance of 
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Sharp I R module mounted on Rx P C. B. 

which is high, so it does not appreciably load the output from the 
IR receiver. LED2 will illuminate when there is no activity from the 
IR receiver module. It could be regarded as a NOT RXD (NOT 

Received Data) indicator. If power were to fail at the IR receiver, 
then the LED would extinguish, indicating a fault with the RX head. 
Transmitted Data (TXD) is indicated by LED1 which is driven from 
the Q output of 102, pin 10. 

IR Remote Control Receiver 
In the receiver head, provisions have 
been made to cater for one of two IR 

receivers. The prototype was developed 
around the Sharp GP1 U52X IR module, 
which runs at 40kHz and is currently 
available from Tandy. The alternative is 

the SiI U60, also manufactured by Sharp 
and available from RS Components, 
stock no 577-897. This runs at 38kHz. 
The difference in operating frequency of 
the two components is accounted for at 
each end of the IR link, where the 
frequency adjustment of the sub -carrier 
frequency of 38 or 40kHz is provided 
with RV1. Therefore, the IR modules can 
be bought from either one of two 
suppliers, but it would be wise to use 
the same type IR receiver modules at 
both ends of the system and not mix 
types. 

Next month... 
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MECHANICAL PARTS 

Power Supply and Interface Circuitry 
Resistors 

680R 
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R3 470R 
R4 27K 
R5 10K 
R6 270K 
R7 1K0 
R8 1K0 

Cl 4700pF 35v radial elect 
C2 2200pF 35v radial elect 
C3 47pF 25v radial elect 
C4 47pF 25v radial elect 
C5 100nF 63v metalised polyester 
C6 100nF 63v metalised polyester 
C7 220pF 100v monolithic ceramic 
C8 47pF 25v radial elect 

D1 5v1 500mW zener diode, BZY88C/5V1 

BR1 100V PIV 6A bridge rectifier 

TR1 2N3819 
TR2 2N2222 

REG1 L78S12CV 12V 2.5A TO220 regulator 
REG2 79L12 -12V 100mA TO92 regulator 

IC1 SN75155 
IC2 CD404T 

T1 12V, 12V secondary 30VA toroidal transformer, 
240V primary 

Neon mains indicator, DPDT mains switch, 250mA 20mm 
fuse and panel holder, 1.5A and 100mA 20mm fuses and 
printed circuit board mounting holders. Molex PCB plugs 
and sockets. 9 and 15 way D -type plugs and sockets and 
covers. Enclosure, wire, solder tags, mains filter optional. 
LEDs. PCB. Terminal pins (1.00mm) 

R1 10K 
R2 1K0 
R3 100R 
R4 6R8 
R5 6R8 

Cl 100nF 63v metalised polyester 
C2 220pF 16v radial elect. (mounted on rear of 
board, see photo) 

Capacitors 

Diode 

Rectifier 

Transistors 

Regulators 

Semiconductors 

Transformer 

Miscellaneous Components 

COMPONENT LISTING (ELECTRONIC) 

Remote Heads (TX head) 

Resistors 

Capacitors 

D1 1N4148 
D2 GaAs IR photo emitting diode, Maplin stock number 
KW66W 

TR1 2N2222 
TR2 BUZ10 

REG1 78LS05 5V 2.5A regulator 

Terminal pins (1.0mm), connecting cable (twin individually screened 
cable, Maplin stock number XS26D used in prototype). Cable 
glands. PCB 

R1 1K0 

Cl 100nF 63v metalised polyester 
C2 47pF 25v radial elect 

TR1 2N2222 

REG1 78L05, 5V 100mA TO92 regulator 

IC1 SHARP GP1 U52X IR receiver module (40kHz), available 
from Tandy, or SHARP SiI U60 (38kHz) available from RS 

Components, stock number 577-897 

Diodes 

Transistors 

Regulators 

Miscellaneous Components 

COMPONENT LISTING 

Remote Heads (RX head) 

Resistor 

Capacitors 

Transistor 

Regulator 

Semiconductor 

erminal pins (1.0mm), connecting cable (twin individually screened 
able, Maplin stock number XS26D used in prototype). Cable 
lands. PCB 

P
A
R
T
S
 
L
I
S
T
 

Miscellaneous Components 

R1 18K (all resistors are 0.6W metal film) 

Optical Assemblies 
3ft 1.5in PVC waste pipe 
PVC glue for waste pipe 
4 reducers, 1.5in to 1.25in 
4 blanking plugs 1.25in 
8 couplers 1.5 to 1.5in 
4 blanking plugs 1.5in 
4 cable glands 
Silicon rubber sealing compound or Evostik 
Lens, Maplin stock number FA95D 
8 1.5in pipe clamps. 
Metal sheet to fabricate head assembly 
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There is vastly more information than ever on frequency listing, particularly those 
by coastal stations, airfields and the emergency services. Also included for the 

This book includes all the information you need to put your Scanners into 
practice. 

O Scanners 3 - Putting Scanners into Practice. Ì 
ISBN 1 85486 1066 9 £9.95 
p&p + 10% minimum £1. U.K. only. Overseas + 20%. 
Telephone orders 0679 66905. 
I enclose my remittance of Please make cheque payable to Bailey 
Distribution and send to the address below Please charge my Mastercard/Visa 

Expiry Date. 

Name 

Address 

Signature 

and return to Bailey Distribution Ltd, Units la/1b Learoyd Road, Estate, New Romney, Kent. TN2e EMU. Please ensure that all cheques LRmace payauge to Bailey Distribution. 

E BUILD YOUR OWN PC 
, 

3 
, , , 

Using our low cost component parts or 
we can assemble for you for only £25 

386 MOTHERBOARDS I'LUrI'Y DISK DRIVES 
386SX-33MHz £72 3W 1.44Mb Floppy Disk Drive £33 
386DX-4OMHz 128K Cache £99 31/2" 1.44Mb Floppy with 5Y4' Frame £36 

51/4" 1.2Mb Floppy Disk Drive £35 
486 MOTHERBOARDS With VESA Local Bus 
2 Slots & Pentium P24T Socket. MONITOR 

£89 

into Practice 

, 

, 
, 
, 

, 
, 
, 
, 

Telephone (035 388) 325 
The Old School,nu Prickwillow, , Ely, Cambridgeshire, CB7 41.JN. 
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486DX2-66MHz EISA 

£89 
... £175 
.. £199 

... £640 

256k Cache £520 
DISPLAY CARDS 

£49 
£70 
£99 

s Acce1 1 MB £110 
s Accel 2MB £140 

£22 
£27 

Ltd 

with cables .. 

£12 
£12 , 
£16 
£20 , 

VL-Bus IDE Caching controller 4HD/2FD £129 
VL-Bus SCSI -2 IDE I/O card £125 , 

Deluxe Desktop Case (200W PSU) £55 
Mini Tower Case (200W PSU) £59 , 
Tower Case (250W PSU) £89 
MS-DOS 6.2 £39 , 
Windows 3.1 £35 , 

card .... 
, 

£129 
CD-ROM £165 
ROM .... £295 

, 
, 

bum 

Se 
4th revised and completely upda 
This new edition has seen the lar 
changes and additions to the poi 
rite. and contains everything you 

1st time Is a section on HF (short wave) bands. Together with actual frequency 
listings for these services, full British bandplans from 25 to 2000MHZ are given, 
including cordless and cellular telephones, private mobile radio, amateur radio. 
repeaters, beacons. satalltes, (amateur, military, communication, navigation ano 
weather. including COSMOS and NASA Space Shuttle Frequencies), 
Fully Illustrated throughout, including a comprehensive section featuring the 
actual scanners currently available. 

_. 
Post code,., 

Compi.t. doted. 
Moentti.td Road 

SYSTEMS 

488SX-25MHz 258k Cache 
488DX-33MHx ._.............. 258k Cache , 486DX-40MHz ................ 258k Cache 
486DX2-50MHz 258k Cache , 
488DX-50MHz 258k Cacho._.. , 486DX2-68MH1 256k Cache 
486DXa3MHzEISA ........ 258k Cache , 488DX-40MHz EISA.......... 258k Cache 
48130X2-50MHz EISA .... 258k Cache , 488DX-50MHz EISA 258k Cache 

C159 
£279 
£299 
£290 
£3139 

£399 
£399 
£420 
£425 
£480 

14- Mono VGA ...... 
14 SVGA Colour (Interlaced) (028mm) 
14' SVGA Colour (Non Intertaced)(028mm) 
17- h'gh Resolution (028mn) . 

MEMORY 
256K s 9 SALA 70ns . ........ £13 
1M x 9SImm 70es ..._....._. £38 
4M x 9 Sion 7om ........ .. ,..... .... ....... £125 

It:11t 

11111111111111 

ADD-ON CARDS 
I/O Card 2511 P/1 G 
IDE Card 2HD/2FD rents Cables 
IDE I/O Card 2HDI2F0/25/1 P/1 G 
VL-Sus IDE I/O card as above 

SCSI -2 card with software £8e 
Future Domain SCSI with cables £45 
Future Domain SCSI 2S/1P/1G with cables £50 
16 -bit Ethernet card (NE2100 oornpetlble) £59 

, HARD DISK DRIVES Oak 16-ßn SVGA Card 258k . ......... _............ £25 
Oak 18-Bß SVGA Card 512k £30 

OTHER ITEMS 
Microsoft Compatible Mouse £12 130MB IDE 18Tns £150 Oak 16 -Bit SVGA Card 1MB , 170MB IDE 15ms £159 VESA Local Bus SVGA 1MB 213MB IDE 15ms .... , 250MB IDE 12 ms 

£179 
£189 

VESA Local Bus SVGA 2MB 
VESA Local Bus 53 Window 330MB IDE 12m , 420M8 ........_.............. IDE 12ßn 

£229 
£380 

VESA Local Bus 53 Window 

540MB TOE 12ßr £430 , 1GB..... SCSh29ms_.... £699 KEYBOARDS CD ROM DRIVES 
Mitsuml CD-ROM Dive with mterlace , 2G4B....... - SCSI-210ms.... £980 102 Key Standard ..__......_. 
Panasonic CR -5628 Double speed Hard Dfsk Mounting Brackets .. £5 102 Key Deluxe 
Toshiba XM3401 D Speed SCSI CD - , Eurocour International 

Call for free catalogue or send cheque with order. 
Carriage £12.00 per order. All prices exclude 
VAT please add at current rate to total order. 

Sc 

Putting Scanners 

Putting scanners into practice a new edition by Peter Rouse. 

This is the ted edition of 
Scanners. gest ever 
number of nt of being a 
virtual rew need to know 
to put your scanner to better use. 

 ® 6 e ? $ t e . 
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2MB RAM 

`Enclose a copy of this advert with your order, 
and you can purchase PCB Designer for just 

£39.00 (all inclusive) 
This offer will n211y be available for a limited period 

FANTASTIC SAVINGS RLL PRICES INCLUDE VAT 

ON METER 

e 

1 LAU ono ouzmr 
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ono Ie 180.951 

NOW ONLY 95 
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MX190 
19 Rang* 3R Digit F SISWe 
AGM: voll (0 7%) 110.10 ADC 
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( e[t S1 í1495 

í69.9S 

89.95 

HEnRYU404On-124356450ndonW2.1ED 

-, 
Te1 : 0 35641011.2581831 

Fax: 071-124 0322 
AUDIO ELECTRON CS D150)5n15 for quantity and education ,,,q 

Cirkit, 
.9° 98&P // 

.. _ 

19C L'esig 
For Windows 3.x 
Requires MS Windows, 
286 or better, with 

Enquiries from educational establishments, and 
dealers, are most welcome 

22 Tavistock drive, Belmont, Hereford, HR2 7XN 
Phone (0432) 264 800, FAX (0432) 264 800 ®' vfs4 

Please Note: Since PCB designer is so easy to use, and to keep costs down, PCB Designer has an On -Line 

manual, in Windows Help format A tutorial is also supplied online 

AND MORE !!! 
METEX 4'h DIGIT DMM 
M4630 30 Range 46 Digli 
Display 17mm 0 05% Accuracy. 
Features: 5 range capacitance 
test 5 ohms ranges 10 20M 

Transistor and Diode Test 
Continuity -- -- - Data 

hold switch Volts 
AC/DC c 

Wilt leads, battery, instructions 

f59. 
TL34 33 Range 315 digit 
24mm Large Display 
Features: 5 
resistance ran e 

and transisto 
ran accuracy. 

current 10 20 Amp: 
ry and instructions 

NW 
£29 

Full details send for Instruments 
Info pack (SAE 36p UK) Ref: TG 

TEST METERS 
LCR Meter 3dDigl 7 Cap 6 

inductance 7 resistance ranges 

Capacitance Meter 3b Digit 
9 ranges 1 Bmm LCD display £69.95 

Digital Lux Meter 
3 ranges 3X digit LCD Data hold 

output terminal £68.95 
Sound Level Meter 

40 lo 120 db Two ranges £51.95 
Analogue Clamp Meter 

0/300 amps AC 5 ranges 0/750 
VAC 0/75v DC 0/200 K OHM £36.95 
Digital Clamp Meter 

3K Digit 11 ranges incl temperature 
Data hold etc £63.50 

AC/DC Current Clamp 
0/2000 amps AC/DC Iwo ronges for 

use with Dmm's £58.95 
Temperature Measurement 

Dual input 314 Digit °GW wtm 
thermocouple (XI) £45.95 

ENCH INSTRUMENTS 
Digital LED Capacitance autorange 
bench meter 0 1% £99.95 
LCR bridge £126.00 
7 Digit frequency 10HZ to 200MHZ 

5529.95 
/59,,00 

ALL PRICES INCLUDE VAT 

OPEN 6 DAYS A WEEK 

SUMMER 1993194 
CATALOGUE 

NEW EDITION! 

The new enlarged 
Catalogue is out now! 
included in this issue: 

> A further 16 extra pages 

> £200 worth discount vouchers 

> 100's new products 

> 256 pages, 26 sections, over 4000 products from 
some of the worlds finest manufactures and supplies 

Expanded entertainment section with in -car amps, 
speakers, crossovers and low cost disco equipment 

Further additions from Europe's leading kit 
manufacture - Velleman 

Published April 28th 1994 

Available from most large newsagents or direct from 
Cirkit 

> Send for your 
copy today! 

CIRKIT DISTRIBUTION LTD 
Park Lane Broxbourne Hertfordshire EN10 7N0 

Telephone (0992) 448899 Fax (0992) 471314 
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OSCILLOSCOPES 

SPECTRUM ANALYSERS 

MISCELLANEOUS 

Fluke 8840A Multimeter (IEEE) £300 
Fluke 515A Portable calibrator £500 
Fluke 8010A Digital multirneter £125 
Fluke 8922A True RMS voltmeter PO0. 
Fluke 95020 Current shunt POA 
Gay Milano FTMIC/FTM3C - FTM - Fast transient monitor £250 
General Rad 1658 LCR Digibridge £250 
General Rad 1621 Precision capacitance measurement system POA 
Hewlett Packard 1B0TR Display unit with 87558 swept. amp. an. £350 
Hewlett Packard 320013 VHF oscillator, 10-5000MHz £175 
Hewlett Packard 3325A Synthesizer/function generator £1500 
Hewlett Packard 3400A RMS voltmeter £150 
Hewlett Packard 3406A Broadband sampling voltmeter £175 
Hewlett Packard 3437A System voltmeter £350 
Hewlett Packard 3456A Digital voltmeter £650 
Hewlett Packard 3476 Digital multimeter £100 
Hewlett Packard 3478 Digital voltmeter. 4 wire system, IEEE £650 
Hewlett Packard 3702B/3705A/3710A/3716A Microwave link analyser£1500 
Hewlett Packard 3730A Down converter (with 3738A Or 3737A) £200 
Hewlett Packard 3760/3761 Data gen - error detector each £300 
Hewlett Packard 3762/3763 Data gen - error detector each £350 
Hewlett Packard 3777A Channel selector £250 

new - cost now £1500. 

MANY MORE ITEMS AVAILABLE - SEND LARGE S.A.E. FOR LIST 
OF EQUIPMENT ALL EOUIPMENT IS USED - WITH 30 DAYS 
GUARANTEE. PLEASE CHECK FOR AVAILABILITY BEFORE 

ORDERING - CARRIAGE & VAT TO BE ADDED TO ALL GOODS 

8 CAVANS WAY, 
BINLEY INDUSTRIAL ESTATE, 
COVENTRY CV3 2SF 
Tel: 0203 650702 
Fax: 0203 650773 
Mobile: 0860 400683 

(Premises situated close to Eastern -by-pass in Coventry with easy access 
to Ml, M6, M40, M42, M45 and M69) 

Gould 400 - 20MHz D.S.O. 100 Ms/s £1000 
Gould 4072 -100MHz D.S.O. 400 Ms/s £2000 
Gould 0S4000, 0S4200, 0S4020, 0S245 from £125 
Hewlett Packard 1740A, 1741A, 17744A, 100MHz dual ch from £350 
Hewlett Packard 182C - 100MHz 4 ch £350 
Hewlett Packard 1707A, 1707B - 75MHz 2ch from £275 
Hewlett Packard 1715A 200MHz with DMM Ch. £650 
Hewlett Packard 1745A 100MHz dual channel (+ DMM) £450 
Tektronix 2201 - 20MHz D.S.O. dual ch £675 
Tektronix 2246 100MHz-4 channel (as new) £995 
Tektronix 2215 60MHz dual trace £450 
Tektronix 2235 Dual trace 100MHz (portable) £800 
Tektronix 2335 Dual trace 100MHz (portable) £750 
Tektronix 2225 -50MHz dual ch £450 
Tektronix 465/465B -100MHz dual ch. from £350 
Tektronix 475 - 200MHz dual ch. £450 
Tektronix 468 -100MHz D.S.O. dual ch £850 
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch from £300 
Tektronix 7704 - 250MHz 4 ch from £650 
Tektronix 7834/7844 - 400MHz 4 ch from £750 
Tektronix 7904 - 500MHz from £850 
Phillips 3070 -100MHz 2+ 1 channel + cursors, as new £900 
Phillips 3206, 3211, 3212, 3217, 3226, 3240, 
3243, 3244, 3261, 3262 (2ch + 4 ch.) from £125 to £350 
Solartron Schlumberger CD1740 - 20MHz 4 ch 

Other scopes available too 
£250 

Ailtech 727 -20GHz £2200 
Advantest TR4131 -10KHz - 3 5GHz £4500 
Hewlett Packard 3580A - -5Hz-50KHz £1250 
Hewlett Packard 3585A - 20Hz - 40MHz (GPIB) £4250 
Hewlett Packard 8590A - 10KHz - 1.5GHz - (as new) £4500 
Hewlett Packard 182T with 8559A (10MHz - 21 GHz) £3750 
Hewlett Packard 141T with 8554B/8552B - (1250MHz) £1000 
Marconi 2370 - 110MHz £1250 
Hewlett Packard 4953 Protocol änalyser £2500 
Tektronix 7L18 with 7603 main frame 1.5 GHZ - 18GHZ £3500 
Texscan AL51A (4MHZ - 1GHZ) £1300 

Anritsu ML93B/ML92B Optical power meter with sensor £2000 
Anritsu ME538C Microwave system analyser (BX + Tx) £3500 
B&K 2511 + 1621 Vibration test set £2000 
B&K 2511 Vibration meter £1500 
B&K 2515 Vibration analyser £4500 
Datron 1061A Autocal digital multimeter (61/2 digits) £850 
Datron 1071 Autocal digital multimeter (71/2 DIGITS) £1150 
Daymarc 1735 Transistor tester/sorter (with all jigs) £5000 
Dranetz 305 Phase meter £250 
Dymar 1585 AF Power meter £175 
Dymar 2085 AF Power meter £200 
Farnell RB 1030-35 Electronic load 1Kw £450 
Farnell AMM/B Automatic modulation meter £150 
Farnell 2081 R/F Power meter POA 
Feedback TWG300 Test waveform generator £200 
Fischer Betascope 2040/2060 Coating thickness computer & non 
destructive coating measurement instrument & many jigs and extras 

all for £2000 

Hewlett Packard 3779A Primary multiplex analyser £800 
Hewlett Packard 400E/F AC voltmeter £150 
Hewlett Packard 4204A Oscillator 10Hz-1 MHz £250 
Hewlett Packard 435A Power meter (less sensor) £350 
Hewlett Packard 456A AC current probe POA 
Hewlett Packard 415E SWR meter £275 
Hewlett Packard 4193A Vector impedance meter £3500 
Hewlett Packard 5335A Universal counter with 1 EE £1400 
Hewlett Packard 5342A Microwave freq. count. 18GHz £1400 
Hewlett Packard 7402 Recorder with 17401A x 2 plug -ins £300 
Hewlett Packard 8005B Pulse generator £250 
Hewlett Packard 8011A Pulse gen. 0 1Hz-20MHz £500 
Hewlett Packard 8013B Pulse gen. 1 Hz-50MHz £750 
Hewlett Packard 8012B Pulse generator £750 
Hewlett packard 8406A Frequency comb. generator £500 
Hewlett Packard 8443A Tracking gen/counter with 'IEEE £450 
Hewlett Packard 84458 Automatic presetter £700 
Hewlett Packard 8601A 110MHz Gen/sweeper 110MHz £350 
Hewlett Packard 8620C Sweep oscillator mainframe £250 
Hewlett Packard 8750A Storage normaliser £400 
Hewlett Packard 938A Freq. doubler £250 
Keithley 197 20MHz with 'IEEE £400 
Lyons PG73N/PG75/PG2B/PG Pulse gnerator from £225 
Marconi 2019A 80KHz-1040MHz sig. gen. £1850 
Marconi 2432A 500MHz digital freq. meter £200 
Marconi 2337 Automatic dist. meter POA 
Marconi 2356 20MHz level oscillator £300 
Marconi 2306 Programmable interface £500 
Marconi 2610 True RMS voltmeter £900 
Marconi 2830 Multiplex tester £1250 
Marconi 2831 Channel access switch £500 
Marconi 6920 Power sensor £400 
Philips 5390 1GHz signal gen £1250 
Philips PM 5167 10MHz function gen. £400 
Philips 5190 LF synthesizer w/th G.P.I.B. £800 
Philips PM 5519 Colour TV pattern gen. £400 
Philips PM 2525 Multimeter WF 'IEEE £850 
Philips 5716 Pulse generator high freq. MOS £600 
Philips PM 5770 Pulse gen. - 1 MHz-100MHz £150 
Philips PM 6672 1GHz timer/counter WF 'IEEE £650 
Philips PM 8272 XYT chart recorder £500 
Photodyne 800 Fibre optic attenuator £350 
Projectina CH9345 Microscope £800 
Racal 9009 Modulation meter £225 
Racal Dana 202 Logic analyser + 68000 disassembler £250 
Racal Dana 9242D Programmable PSU 25V -2A £300 
Racal Dana 9246S Programmable PSU 25V -10A £400 
Racal Dana 3100 40-130MHz synthesiser £750 
Racal Dana 5002 Wideband level meter £650 
Racal Dana 5003 Digital m/meter £150 
Racal Dana 9000 Microprocessing timer/count 52MHz £550 
Racal Dana 9081 Synth sig. gen. 520MHz £550 
Racal Dana 9084 Synth. sig. gen. 104MHz £450 
Racal Dana 9087 1 3 GHz low noise sig. generator £2750 
Racal Dana 9303 True RMS/RF level meter £650 
Racal Dana 9341 LCR databridge £250 
Racal Dana 9500 Universal timer/counter 100MHz £200 
Racal Dana 9917 UHF frequency meter 560MHz £175 
Racal Dana 9919 UHF frequency meter 1GHz £275 
Rohde & Schwartz BN36711 Digital Q meter £400 
Rohde & Schwartz URV5 - 18 GHz R/F Millivolt -meter (with various 
probes) £1850 
Solartron Schlumb 1170 Freq. response analyser £250 
Tektronix TM503, SG503, PG506, TG501 Scope calibrator £2000 
Tektronix 834 Data comms analyser £500 
Tektronix TM5003 + AFG5101 arbitrary function generator £1750 
W&G SPM12 Level meter 200Hz-6MHz £500 
W&G PS12 level generator 200Hz-6MHHz £500 
W&G SPM60 Level meter 6KHz-18.6MHz £500 
W&G PS60 Level meter 6KHz-18.6MHz £500 
W&G SPM6 Level meter 6KHz-18.6MHz £250 
W&G PS6 Level generator 6KHz-18.6MHz £250 
W&G SPM6 Level meter 6KHz-18.6MHz £250 
Wavetek 157 Programmable waveform synthesier £300 
Wayne Kerr B424/N LCR Component meter set £200 
Wayne Kerr 4250 LCR meter (as new) £1000 
Wayne Kerr 642 Autobalance universal bridge £200 
Wayne Kerr B905 Automatic precision bridge £800 
Weller D801/D802 Desoldering station £175 
Weller D900 Desoldering station £150 
Wiltron 352 Low freq. differential input phase meter £350 
Hewlett Packard 8640B with OPT 001 £825 
Marconi 2022E (10KHZ - 1 01 GHZ) SIG GEN £1850 
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- Phoenix 5500A Telecoms analyser, ex demo. as 
new with 12 months calibration + 12 months guarantee fitted with V24 
interface A variety of interface options available - Ring/Fax for details. 
Navtel 9440 Protocol analyser, ex. demo. as new £8000 new - cost now 
£3500. Navtel 9410 PCB based protocol analyser ex demo. as new £3000 

SPECIAL OFFERS 
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In the first article in a new series on 
repairing, maintaining, and upgrading 
PCs, Nick Hampshire takes an initial 
look under the cover. 
makttainir g PCs..l idor the US Government has estimated that 
oveY250,000 few lobswill be created by the end of the decade 

t is just nce the IBM stated to pe 
on desktò the world a ould h$e reed 
that it was the beginning of a revolution. Today, there are an 
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estimated 120 million PCs in use around the world, over 8 million 

of them in the UK alone. 
All this represents an enormous world-wide investment in PC 

hardware and software. If one adds the cost of the PC to that of 
the various peripherals used, and the software packages run on 

it, then we are probably looking at a world-wide capital invest- 
ment of around £600 thousand million. In the UK alone we are 
probably looking at an investment of £40 billion. 

This is an enormous amount and one which. in terms of 

magnitude, is in the top ten product categories. It is not 
surprising, therefore, that software and hardware upgradeability 
is such an important factor in this industry. A state of the art 

Pentium system can still run the same software as the very first 
PC and you can still connect it to the same peripherals, the same 
printers and plug in the same adapter cards 

There is now a considerable market in upgrade components 
and spare parts. Users are starting to realise that you co not need 

to throw away the whole system in order to upgrade it. Adding 
more memory, a better video display, larger disk drives. even a 

new processor, is not difficult and can be lot cheaper than buying 
a whole new system. 

As a result of the continuing use of old systems and the 
increasing demand for upgrading such machines, it is hardly 
surprising that there has also been, in the last couple of years, an 

explosion in the demand for people capable of servicing and 

in servicing, upgrading, and maintaining PCs, That is a lot of 
jobs, and if one takes the same proportion of new jobs in relation 
to the number of installed PCs in the US, and apply it to the UK, 
then we should be looking at between 40 and 50,000 new jobs 
in this country. 

So, if you are a PC owner or user (and according to our 
reader surveys over 90% of ETI readers are) it can be well worth- 
while learning how to repair, trouble -shoot, maintain and upgrade 
PCs. With such a shortage of skilled people, most of us will have 
to resort to doing it ourselves, hence the reason for this series of 
articles in ET!. Of course, these articles may just persuade some 
readers to decide to take it up professionally! 

The series will provide readers with a sound introduction to 
the PC's hardware which will, in conjunction with other ETI 

projects, enable you to repair faulty systems, salvage old 
machines, build and design plug in boards, upgrade systems, 
build your own specification system using commercially available 
boards and cases and generally understand and find your way 
around the hardware of a PC. 

The way that the series has been designed means that it 

should appeal to everyone. Readers with little prior knowledge of 
electronics and computing will find plenty of interest and those 
with a good grounding in these subjects will find that the 
information given opens up new areas for experimentation. 
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efore ? ` to do any wee on a PC ' range o ould b; han a nu ' o fis o perform basic upgrading tasks is not extensive. but should not be skimped upon. Most of us at some time or another have improvised with tools, used a knife blade instead of a screwdriver, or a flat blade screwdriver to undo a Pozidrive screw, or a pair of pliers instead of a nut driver. Invariably, one damages the screw and If the improvised tool slips one can damage oneself, or worse still with electronic equipment, damage a PC board. Resist the temptation to improvise, the basic toolkit will cost less than £20 and can be used for other purposes as well as fiddling around inside PCs. One important point to note when choosing your toolkit is that all tools must be non-magnetic. This obviously precludes using some of the combination toolkits, since these often have a magnetic bit clutch. The reason for this is, of course, that there are many components within a PC which can be damaged by exposure to a magnetic field. 

Gripping and Retrieving 
The basic toolkit should also include a chip extractor and a chip inserter. Both are partic.J- 

larly useful for adding and removing memory chips, such as those used on memory expar- 
sion boards and can prevent a lot of problems with bent IC pins. If IC pins do become bem 

then a small pair of noedlenose pliers can be used to straighten them ou 
You will also find a pair of tweezers useful for retrieving small parts and removing jumper 

blocks. When screws and other components become lost deep in the interior of the system, 
such as under the motherboard, then a small flexible claw type parts grabber can save you 
having to completely disassemble the system. To prevent screws and other small compo- 

nents getting lost plastic container with snap on lid, 
5mm film contain invaluable component f the toolkit. 
an essential part asic toolkit a pair of wi cutters can 

soldering a low wat 
too much heat and 
heat damage, it is a 

ering iron is essen than about 25W, since higher wattage iro 
damage both the soldered and the board. To reduce the p 
a to use a clip -on absorb excess heat before it reaches the 

ve 

(a 
nated with very thin copper wire, into which the solder melted by the soldenng iron is drawn u 

. The other solution is to use a solder sucker, which uses a form of air pump to suck away the 
ich ever technique is used, be very careful not to apply too much heat and damage the board 

Screwdrivers and Nutdrivers 
Screwdrivers are one of the most important components of the basic toolkit and the range should include 
a small and medium Philips screwdriver and a small and medium flat blade screwdriver, while a useful 
addition is a medium flat blade screwdriver with a spring clutch, that will hold a screw onto the blade so that it can be easily inserted into a difficult location. These basic screwdrivers will undo most of the 
screws used in most systems, but if you are dealing with a Compaq, or Apple system, you will need a 
special sort of screwdriver called a Torx driver Without such a driver you will not be able to get into such 
systems and you will also find Torx screws used on components which are not meant to be user service- 
able, such as power supplies and disk drives Two sizes of Ton driver will be needed, a T10 and a T15. 

You will also meet a range of screws with six sided heads, such as the ones used to secure the case, 
or adapter cards In most cases, these are also slotted for Philips or flat blade screwdrivers, but some- 
times they are not and in such situations a nut driver is an invaluable aid. You will need a 1/4in driver to 
remove the case screws and a 3/16in driver to remove the adapter card screws. 

, a small a 
such as 3 er, is an o 

Though not of the b re 
be very useful, as is a wire stripper. 

Soldering and Unsoldering 
When repairing systems there will be many occasions where it will be necessary to replace a component which is 
soldered into one of the boards, or to repair a broken wire. You will need to be able to both solder and unsolder. For 

tage sold tial, nothing more ns generate 
can thus component being ossibility of 
good ide heatsink which will component 

For unsoldering, there are two commonly used techniques which are designed to remo the unwanted solder 
that links the component to the board. The cheapest solution is to use a desoldering braid woven tape of flux 
impreg 

sing capillary 
action) 

molten solder, 
but wh 

Dirt, Dust and Overheating 
Dirt and dust constitute an ever present enemy for electronic equipment of all kinds, but a particular hazard 

for computer equipment. Open up any machine which has been in use for a few years and you will find it full 
of the stuff. It is important to keep a machine relatively clean, since dust and dirt could easily damage compo- 
nents such as disk drives. A combination of dirt and oxidation can also cause problems with connectors of all 

sorts, leading to malfunction of the entire system or of certain components. 
Cleaning a system is therefore one of the first tasks in any repair/maintenance procedure. A small paint- 

brush is a first line of attack. However, there are a lot of very inaccessible places on a PC and an excellent 
way of removing dust from such places is to use a can of 

compressed air, often to be found in photography shops under the name Spraydust. 
For cleaning contacts and PCB edge connectors, a good tip is to rub a soft pencil eraser over the contact 

(make sure it is the soft type and not one of the rather abrasive ink erasers) This will help get rid of any thin 
film of oxidation that may be causing problems, then clean off the residue using isopropyl alcohol on a lint free 

cloth. Isopropyl alcohol can be obtained from a chemist and will dry off without leaving any moisture. 
On the subject of chemicals there is one further product which may prove very useful in tracking down an 

intermittent fault, caused by a chip, or any other component, getting too hot. This is a can of spray freezer - a 
small quantity squirted onto the suspect device will cool it down and, if the fault disappears for a while, then 

obviously you have a heat related problem with that component. 
WARNING - some of these chemicals are highly flammable and should not be used in confined spaces or 

near naked flames. Always read and obey the instructions on the container! 
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video adapter card, how much cache, 
m processor and co -processor - if any, the interrupt allocations a lot, lot more. 
Al d, therefore, is a special program which, when run in the syst will analyse it 
and, if required, produce a print-out of that analysis. 

There are quite a few programs of this sort on the market today, either as commercial products, 
as shareware, or as public domain software and a typical example is a program called InfoPlus. 

This was written by Andrew 
Rossmann, who released Version 1 56 
into the public domain on December 
30th 1992 Copies are available from 
Eli at a minimal cost - see the box at 
the bottom of this page 

All one has to do is load and run 
InfoPlus from the DOS prompt and 
then let the program do the rest. It 

takes just a few seconds for the 
program to analyse the system on 
which it is running and obtain informa- 
tion about all its hardware compo- 
nents over twenty pages of informa- 
tion in total. The pages output by 
InfoPlus are as follows: 

As can be seen, InfoPlus gives the user a pretty impressive collection of information about the 
system he or she is using, which can make an excellent starting point for solving a wide range of 
hardware related problems, ranging from IRO conflicts, to checking memory usage. 

By simply typing InfoPlus at the DOS prompt you will be able to display all the above informa- 
tion on the screen, one page at a time, but the program can also be more selective thanks to the 
use of a range of switches, which are as follows: 

Programs like InfoPlus are a valuable tool in fault diagnosis and in upgrading unknown systems. It 

is well worthwhile obtaining a copy 

esides a range of hand tools, a few 
pieces of test equipment can prove 
very useful in tracking down faults. A 

good quality digital voltmeter is an excellent 
investment and a suitable one can be 
obtained for between £30 and £50. It should 
be capable of measuring AC/DC voltages and 
currents as well as resistance. Such a meter 
can be used to check the power supply on 
the main boards, as well as the state of 
various bus lines (though for this purpose a 
simple logic probe is the best solution and we 
will be including a design for one in the next 
issue of ETI). 

Checking the power supply is well worth 
while, and should be the first thing which is 
done when attempting to repair any faulty 
system. Probably 80% of all system failures 
are power supply related and we will be 
looking at the power supply voltages and 
cables in the next article in this series. 

A much more serious piece of test equip- 
ment for the PC repairer, and only really worth 
investing in if you are going to repair a lot of 
machines, is a fully featured Power On Self 
Test diagnostic card and its associated soft- 
ware. Such a POST diagnostic card will simply 
plug into an ISA adapter card expansion slot. It 

is capable of examining every part of the 
system and precisely locating faulty compo- 
nents even though the system may have no 
functioning keyboard, display, or I/O ports. 

So long as the processor and BIOS ROM 
is functioning, then this card will read the 
power -up self test codes generated when the 
PC is first switched on. These codes will iden- 
tify any faulty parts of the circuitry and thus 
narrow down the search area. The card also 
includes voltmeter circuitry to check the state 
of the power supply lines and main processor 
control lines It also has a built in logic probe 
to make fault finding easier 

A typical example of such a card is that 
produced by Micro 2000. This card and the 
associated software form a very powerful 
diagnostic tool and we will be showing in 

some detail how it can be used, in future arti- 
cles in this series. 

If you would like more information about 
this diagnostic system, then contact Micro 
2000 Europe, P.O.Box 2000, Letchworth, 
Herts. SG6 1 UT. Tel: 0462 483483 
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1 System and ROM identification 
2 CPU identification 
3 RAM identification 
4 Memory block listing 
5 Video display type 
6 Video data 
7 Keyboard and mouse information 
8 Serial, parallel, and sound ports 
9 DOS information 
10 Multiplex programmes 

11 Environment variables 
12 Device drivers 
13 DOS drive information 
14 BIOS drive information 
15 Partition table listing 
16 Boot and DOS drive parameters 
17 CMOS data 
18 TSRs and drivers 
19 Alternate multiplex 
20 Memory managers 

AP autoprints all screens and asks 
for set-up 

AP:filename autoprints to a file or device 
B writes to screen using BIOS 
C uses normal colours 
D writes directly to screen memory 

F 

H 

M 
NP 
NV 

leaves 16550 FIFOs enabled 
displays the help screen 
uses monochrome colours 

specifies not to read partition table 
specifies not to perform VGA 
chipset detection 

ETI can supply copies of InfoPlus version 1.56 
to readers who require them. This is a public 
domain program so we are simply making a 

small charge, £6 inclusive of P&P, to cover the 
cost of the disk and the various handling 
charges. To get your copy, simply send a 

cheque or postal order for £6 made out to ASP, 
to: Reader Services, ASP, Boundary Way, 
Hemel Hempstead, Herts HP2 7ST. Please 
make sure that you quote order reference 

number E9406 D. 

ants 
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bay on a RC. A CD-ROM 

choice, Where regularly 

tart. Another increasingly common option, which is also used for data backup and as a supplement to the hard disk. is a magneto Dptical disk dnve. 

insideaPCs 

- . . . - . I 

el - 

- . . I . - I - _ . 

. . . . 
. . -. 

A standard AT motherboard, such as those found in most modern PCs, 

x 9in and an oversized AT at 12 x 14in, neither of which are widely used 

boards without having to get a new case and power supply 
which, for upgraders, is a very useful piece of standardisation. 

The layout of components on a motherboard is also fairly 

standard. This is because the standard case design dictates 
that the eight expansion slots are located at the rear left hand 

side of the board, where the openings for the expansion card 
rear panels are positioned. The power connectors are on the 

right hand side of the board, next to the power supply. Main 

system memory, today in the form of plug-in SIMMs, is usually 

located on the right hand side of the board. Connectors to the 

reset switch, speaker, power LED and keylock, turbo switch, 

and turbo LED are all located along the front of the board, 

while the keyboard connector is at the rear right hand corner, 

next to the hole in the case punched out for it. 

Motherboard 

Expansion Slots 
On a standard AT motherboard there are 8 ISA expansion 

slots, of which six are full 16 bit versions and two are 8 bit 

versions. However, on modern motherboards designed for 

486 processors, expect to find additional local bus connec- 
tors on at least two of the expansion slots. On high powered 
systems, look for one or two 32 bit EISA expansion sockets, 

which are much deeper than the standard ISA socket. 

On the older PCs, system memory consisted of an array of 
memory chips soldered into, or socket mounted onto, the 

motherboard. There could be anywhere between 512KB and 

1Mb of such memory. On this type of system, expanding 
memory above 1Mb invariably meant using a plug in memory 
card that fitted into one of the ISA expansion sockets. 

On more modern systems, the motherboard is usually 

designed to take up to 16Mb of memory, but most systems 

will only be sold with 2 or 4Mb of RAM and it will be up to 
the user to upgrade as desired. Upgrading the amount of 

Memory 

measures 8.5in by 13in. There is also a mini AT motherboard measuring 8.5 
Having a standard size motherboard means that one can upgrade mother - 

POWER SUPPLY 

ISA CARD BRACKETS 

7x AT BUS 

1/2 AT BOARD 

SIMM BlNK 

"11111,-.4110.7";%. `'' ® 
80486 CENTRAL PROCESSOR 

80837 MATHS COPROCESSOR 

GIBES 

There are a whole range of different data storage devices which can be fitted into a standard drive drive is an increasingly 
common choice, with the popularity of multimedia software. Tape streamers are another popular backing -up of data is impor - 
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memory on such systems is made easier by having memory chips 
mounted on small plug in printed circuit boards called SIMMs. Each SIMM usually contains 
1M x 9 bits of memory. Memory is 9 bits wide rather than the expected 8 bits, in order to allow error checking 
using bit 9. 

The technological advances in hard disk drive design has been almost as rapid as the developments in processor technology. The physical size of 
drives has decreased, their data capacity has increased enormously, and their access times have also increased. On old AT systems, 20 or 40Mb 
hard disks were standard, on today's 486 based systems, drives of 210 or 340Mb are increasingly common. 

Hard Disk Drive 

Other Data Storage Devices 
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bolts with a 1/4in 

adapter card end plates 

g usi niter the front plate, aii s integral with it. . 

The processor is fairly easily identifiable - it is large and square, with the newest generation of chips having as many as 238 pins. With so many tran- 

sistors packed onto such a small piece of silicon it is not surprising that processor chips use a lot of power and run very hot, about 850.0 in fact. 

This heat production means that processor chips are often fitted with large heatsinks or even equipped with a small fan that blows air over the chip 

to cool it down. Overheating of the processor chip is a common cause of processor failure and can easily occur if the fan is not working properly, if 

the case is left open, or if the system is used in a very hot environment. In such cases, the addition of a thermal warning device is a good idea and 

we will be showing how to build such a device in a couple of months' time. 

Most AT systems, from the 286 onwards, have had provision for adding a maths co -processor chip in order to improve processing speed in 

maths intensive operations. On most of the more powerful modem systems, such as the 486DX2, the co -processor is actually built into the 

processor chip, but there is an additional spare socket on such systems for upgrading the processor, by adding either a clock doubler chip or over- 

drive chip. More about these next month. 

Most systems usually have several different adapter cards. There will probably be a video controller card, which is used to generate the video display 

for output on the CRT monitor. Then there will probably be a disk controller card which is used to control the hard and floppy disk drives. Then, of 

Processor and Co -Processor 

Adapter Cards 

CD ROM 

BOARD 
51/4 DISKETTE 

NI 

3 1/2 DISKETTE 

HARD DISK 

SES FOR FULL LENGTH AT BOARDS/ 

means that a mini -tower based system could have two floppy disk drives, a CD-ROM drive, and an internal hard disk drive). A full tower system, on 

the other hand may, have as many as nine bays, of which four are hidden. This larger case is the type commonly used for server systems which will 

nave a lot of attached disk drives. 

Probably the most common type of case is not the tower system but the desktop. This has the same disk drive capacity as a mini -tower and is about 

me same size, except that it is laid horizontally instead of vertically. It takes up more desk top space, but usually has the CRT display mounted on top of it. 

Getting into a case is not that difficult, usually involving undoing between four and six hex headed nut driver. The bolts are 

ocated at the rear of the case and attach the outer cover to the main rear casing onto which the are attached. This outer 
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course, there will be an I/O card which will provide 

parallel and RS232 serial communications ports for 

attaching to printers, modems, etc. 

In the next couple of months we will be running a 

project in ETI to show you how to build and design your 

own adapter cards and this will be followed by a couple 

of super adapter card designs, including a very high 

speed analogue to digital converter that can be used as 

the basis for a range of data acquisition and virtual 

instrumentation projects. 

In most modern PCs, the power supply is a sealed unit 

with a power rating of 200W. The power input plug and 

the on/off switch are usually, though not always, part of 

the sealed unit. The power supply output is fully regu- 

lated and consists of four voltages: 

+5V at a current of 20A 
-5V at a current of 0.5A 
+12V at a current of 8A 
-12V at a current of 0.5A 

These power supplies are now mass produced and it is 

really not worth trying to repair a faulty one, it is far 

better and far safer to simply replace it with a new one. 

The case used in this diagram is a standard mini -tower 

designed to stand vertically, an orientation which has 

the advantage that it takes up only a small amount of 

desk top space. Slightly larger versions of this type of 

case are the midi -tower and the tower. The difference in 

these is the height of the unit and the number of bays it 

has in which disk drives can be located. So a mini will 

probably have four bays, of which one is hidden (this 

Power Supply 

Case 
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NON -COMPONENT SIDE 

GROUND Bi Ai I/O CHANNEL CHECK 
RESET B2 A2 D7 

+5V B3 A3 D6 

(IR09 ON AT) IRQ2 B4 A4 D5 

-5V B5 A5 D4 

DRQ2 B6 A6 D3 

-12V B7 A7 D2 

(OWS ON AT) RESERVED B8 A8 D1 

+12V B9 A9 DO 

GROUND B10 A10 I/O CHANNEL READY 
(SMEMW ON AT) MEMW B11 A11 AEN 

(SMEMR ON AT) MEMR B12 Al2 SA19 
B13 A13 SA18 
B14 A14 SA17 
B15 A15 SA16 
B16 A16 SA15 
B17 A17 SA14 
B18 Ai8 SA13 
B19 A19 SA12 

CLK B20 A20 SAii 
IRQ7 B21 A21 SA10 
IRQ6 B22 A22 SA9 
IRQ5 B23 A23 SA8 
IRQ4 B24 A24 SA7 
IRQ3 B25 A25 SA6 

DACK2 B26 A26 SA5 
T/C B27 A27 SA4 

BALE B28 A28 SA3 
+5V B29 A29 SA2 

OSC B30 A30 SA1 
GROUND B31 A31 SAO 

MEM CS16 D1 Cl SBHE 
I/O CS16 D2 C2 LA23 

IR010 D3 C3 LA22 
IRQ11 D4. C4 LA21 

IRQ12 D5 C5 SLAO 
IRQ13 D6 C6 LA19 
113014 D7 C7 LA18 

DACKO D8 C8 LA17 
DRQO D9 C9 MEMR 

DACK5 D10 Ci0 MEMW 
DRQ5 D11 Cii D8 

DACK6 D12 C12 D9 
DRQ6 D13 C13 D10 

DACK7 D14 C14 D11 

DRQ7 D15 C15 D12 
+5V D16 C16 D13 

MASTER D17 C17 D14 

GROUND D18 C18 D15 

+5V current 20A 
- 5V current 0.5A 
+12V current 8 A 
-12V current 0.5A 
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low 
IOR 

DACK3 
DRQ3 

DACK1 
DRQ1 

As can be seen from the two diagrams accompanying the text on this page the ISA bus edge connector has a total of 62 contacts, 31 on each side 
of the board The extension which forms the EISA bus has an extra 36 connections, 18 on each side of the board Together they form the standard 
connection between the PC motherboard and an adapter card, although not all adapter cards will use the EISA extension. 

The following is a description of the function of each of the 98 lines which make up the complete EISA bus. In the function description, 'I' signi- 
fies that the line is an input to the motherboard, 'O' that it is an output from the motherboard, 'I/O' that it is both an input and an output to and from 
the motherboard and, finally, "' indicates signals which, during normal processor operations, are outputs but may become inputs during a DMA 
cycle. All signals which are an active low are preceded by a minus sign, all others are active high Each line, whether input or output, is designed 
such that the equivalent of two LS TTL loads per expansion slot may be placed upon them 

The Bus 

ower supplies: 
The power used by any single expansion slot should not exceed 45W and total 
power consumption should not exceed the power supply's rating. All power 
supply lines are fully regulated and the current rating is for a standard 200W power 
supply. 

REAR 
OF 
PC 

able to 

e 

(REFRESH ON AT) DACKO 

COMPONENT SIDE 
1 , 

di. Jr, __ th PC rer,tsmi r :n user'i, ,vtxdc.t %tant to be 
,to, are ir'heir systems. ' acNu I/O 
cuitry to .a.r:: t the PC co equipment not ConsidzrediSy th i 

original system designers To make it possible to do this, they added an 
expansion bus to the PC motherboard so that additional circuitry could be 
easily plugged in 

On a standard PC you will find eight of these expansion slots, each 
with 31 connections on the front of the card and 31 more on the back, a 
total of 62 contacts These are 0.1 in apart are sued to carry all the neces- 
sary address, data and control lines, plus the various supply voltages 
which are needed to permit the main processor system to be extended 
with additional circuitry, ranging from a simple I/O port to a multi- 
processor system. 

This 62 line bus is found on all generations of PC However, in the 
history of the development of the PC it was soon realised that this bus 
had severe limitations when trying to use it with new generations of 
processor. It could only support 8 bit wide data transfer and memory 
addressing was limited to 1Mb. 

The limitations were overcome in the AT by expanding the original ISA 
bus oy adding another 36 lines to form the 16 bit Industry Standard 
Architecture. or ISA. bus If you look inside any AT system you will find 
that between four and six of the expansion slots have this bus extension 
socket. Witr, the EISA bus, data can be transferred in 16 bit wide format 
and up to 16Mb of memory can be directly addressed. 

With the development of processors capable of handling 32 bit wide 
data transfers, even the AT bus proved a limitation The problem was 
solved with the development of the Extended Industry Standard 
Architecture, or EISA, bus This uses a deeper connector than normal and 
has the extra bus connectors stacked one above the other, so that the 
actual connector size is no different to that of a 16 -bit ISA bus but has 
twice as many connections. Its use is limited to very high power systems 
and even then only one or two slots out of the eight will be capable of 
taking EISA cards. 

In the last couple of years, motherboards have been appearing with 
two or three EISA expansion slots having yet another expansion socket, 
making a total of three sockets per card This is to handle something 
known as a 'local bus' that is used to transfer data between adapter 
cards and the motherboard at very high speed (currently a massive 
132Mbits per second, although soon to be upgraded to 264Mbits per 
second) thereby freeing the bottleneck which has so limited processing 
speed There are two sorts of 'local bus' in use at the moment, the VESA 
bus and the PCI bus. We will be looking at these in greater detail in future 
issues of ETI. 

The diagram to the rightt shows the dimensions of a full size PC expan- 
sion card, however, most adapter cards do not need such a large area of 
printed circuit board and therefore the most commonly used cards are so 
called 'half cards'. The normal dimensions for such a 'half card' are 
shown by the dotted line Note that the card in this diagram has the edge 
connectors for a full 96 line AT slot - if the extension 
connectors are not required then the block of edge connectors towards 
the front of the PC will be unnecessary. 

Since the distance between each expansion slot on the motherboard is 

just 0.8in, the actual board with its mounted components cannot be any 
thicker than this Indeed, to allow air to be blown across the board and thus 
prevent hot spots from occurring, the maximum thickness of a card 
including board and components should not exceed 0.5in. 

Expansion Cards 
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Access 
DMA request lines (lines 1-3 only on the old PC) DRQ 0 has the highest priority and DRQ 7 the lowest On the orig 
final PC. DRQ 0 was used exclusively for memory refresh and was therefore generated on the motherboard. On the 
AT this refresh function was performed by circuitry independent of DMA thus allowing DRQO to be made available. It 

should be noted that, to confuse matters, some manufacturers label DRQO as DRQ4. An active level on a DRQ line 
must be maintained until the corresponding -DACK signal is asserted 
DMA acknowledge Although DRQO is not a bussed signal on the old PC, since it is dedicated to memory refresh and 
therefore generated by the mother board, the acknowledge signal is present on the I/O channel to indicate a refresh 
cycle. As with DRQ, some manufacturers refer to -DACKO as -DACK4. 
On the AT, this line replaces the -DACKO line on the PC and is used to signal memory refresh 
Terminal count Indicates that a DMA channel has reached terminal count. It is a pulsed signal 
Found on AT systems only. This line is used in conjunction with a DMA request line to take control of the bus. A 
processor of DMA controller on the I/O channel asserts a DMA request in cascade mode and receives a DMA acknowl 
edge. -Master may then be asserted causing the address, data and control lines to go tri -state. The device must then 
wait one clock period before driving the address and data bus and two cycles before doing a read or write. This signal 

ust not remain asserted for more than 15us or system memory could be lost due to lack of refresh. 
Signals 

-SMEMR (-MEMR on the PC)*Memory read Note the different name on the AT, System Memory Read, as -MEMR also exists on the AT. 
This signal instructs the memory device to put data onto the data bus. On the AT, this signal is only active if 

the read is from memory within the first 1Mb. Use of this signal on the AT obviates the need to decode 
address bits LA17-LA23 when working within the first Mb of memory address space 

-MEMR O AT only. Memory read It should be noted that this is not the same as -MEMR on the PC. It is similar to -SMEMR but is 

active for all read operations This signal will only be used for access to memory outside the first Mb of memory address space 
-SMEMW (-MEMW on the PC)* Memory write. Again a different name on the AT: System Memory Write. Note that -MEMW also exists on the AT. This 

signal instructs the memory device to store data from the data bus. Only active on ATs if the write is to memory within 
the first Mb of memory address space. Use of this signal on the AT obviates the need to decode address bits LA17- 
LA23 when working in the first Mb. 
AT only, Memory write. Not the same as -MEMW on the PC. Similar to SMEMW but active for all write operations and 
only used for access to memory outside the first Mb. 
I/O Read. Instructs the I/O device to read data from the data bus. 
I/O Write. Instructs the I/O device to write data to the data bus 
Reset Drive Generated during power -up Used to initialise devices in the I/O channel 
AT only. Memory 16 chip select. This signal informs the motherboard that memory transfer is 16 bits wide. Failure to assert 
this signal (as will be the case with PC boards) will result in the 16 bits being transferred as two 8 bit wide operations. 
AT only I/O 16 chip select. This signal informs the motherboard that the I/O transfer is 16 bits wide Failure to assert this 
signal (as will be the case with PC boards) will result in the 16 bits being transferred as two 8 bit wide operations. 

Interrupt request lines. In order of decreasing priority they are: 9,10,11,12,14,15,2,3,4,5,6,7 
(note that on old PC systems only IRO lines 2-7 were used and that IRQ2 is not used on AT 
systems) There is no hardware interrupt acknowledge signal, but since the 8259A interrupt 
controllers are used in edge triggered mode, there are no critical timing limitations. It is normal 
practice to keep the signal high and the pulse low to generate an interrupt. 
I/O channel check. This signal indicates a memory parity eror to the system board NMI is asserted as a 
result of this signal being active 

I/O channel ready. Should be pulled low to indicate 'not ready' by slow devices requiring additional wait states to be inserted 
It should be driven on detecting a valid address and a read or write signal and should be held for an integral number of clock 
cycles. There is no harm in using this signal to insert wait states already generated by the motherboard (or more usefully to 
increase the number of wait states). 
AT only. Zero wait state. Causes the automatic wait state generation of the motherboard (if :resent - see text on wait states) 
to be over -ridden To complete a 16 bit memory cycle without wait states, this signal is derived from an address decode and 
either the read or write signal. To reduce the wait states on an 8 bit memory cycle to 2, this signal should be made active one 
system clock after the read or write command. OWS should be driven with an open collector capable of sinking 20mA. 

nA ress Bus and Associated Signals. 
SAO-SA19 

#00 

of 5AL=. TÌ C,A, addr'' 
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"Li:: 
are geed when BALE: ,tli , iii[j eld on he fallu 

es or the bus ext '' on are red. Th;;;,,.. ri,:,... are 

The 
edge 

LA17-LA23 * 
only valid during BALE high as they are not latched on the falling edge and, consequently, they will have to be latched on board 
by any designs using them. 

AEN O Address enable. Differentiates between SAO -19 and LA17-23 being driven by the processor and being driven by a DMA device 
Only when a DMA controller has control of the address bus will this signal be asserted AEN should therefore be included in all 

decodes of the address bus. 
BALE O Address latch enable This is used on the system board to latch address bits SAO-SA19 To a device on the I/O channel, this 

signal may be used to detect the start of a processor or DMA cycle. 
SBHE * On the extension bus, this is the bus high enable line and it is use to indicate that the data transfer is to take place on bits SD8- 

15, in addition to the transfer on bits SDO-SD7 which is common on all cycles In other words, the use of a full 16 bit data bus 
Data Bus 
SDO-SD15 I/O Data lines 0 to 15 Line 0 Is the least significant. SBHE is used to indicate that the top half of the data bus is in use. 

Interrupts 
I R Q2, 3, 4, 5, 6, 7, 9,10,11,12,14,15 I 

-I/O CH CK I 

Direct Memory 
DRQ0,1,2,3,5,6,7 I 

-DACK0,1,2,3,5,6,7 O 

-Refresh O 
T/C O 
-Master I 

Control 

-MEMW 0 

-IOR 
-IOW 
Reset Dry O 
-MEM CS16 I 

-I/O CS16 I 

Wait states 
I/O CH RDY 

OWS 

Oscillators 
CLK O The system clock. The frequency depends upon the system. True PC clones have a frequency of 4 77MHz The original ATs were 

6MHz and many of the current generations of systems have clock rates of 33MHz and upwards. This signal has a 50% duty cycle. On 
the 286 processor, the input frequency is double the actual processor internal working frequency, the CLK signal is still the processor 
frequency (although actually in antiphase for reasons of compatibility with the PC) On more recent systems with a DX2 chip, the internal 
working frequency of the processor is twice that of the clock, thus a 486DX2-66 machine will have a processor running at 66MHz and a 
system clock running at 33MHz.We will be looking at clock speeds in much greater depth in the next issue of Ell 

OSC O Oscillator. A high speed clock with a frequency of 14.31818MHz. The frequency of this signal does not depend upon the 
processor clock speed and is not synchronous with it. 
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Next Month 
In the next issue of ETI we will be continuing this 

series by taking our first real look under the cover at 
the motherboard and power supply. We will also be 
taking a close look at the processor, with special 

emphasis on the PC's memory maps, interrupts, and 
direct memory access. 

(DOTTED 411E3. ELOh DEVKE 
E WWI' STATE REQUIRED) 

INPUT CLOCK 
TO PROCESSOR 

I/O CHANNEL) 

CLOCK 

I/O CH RDY 

ALE 

SAO-SA15 

/MEMW 

DO -D7 

CLOCK 

I/O CH RDY 

ALE 

SAO-SA15 

/MEMW 

DO -D7 

CLOCK 

I/O CH RDY 

ALE 

SAD-SA15 

/MEMW 

DO -D7 

the most important 

those actually observed. This is because 

The diagra d on this page should be sufficient for most 
purposes, since they give a clear indication of what happens on the 
various bus lines during a read or write operation. The timing is of 
course all synchronised by the system clock, although with high 
speed processors, data transfer on the ISA bus may not be able to 
take place at clock speed. There are several reasons for this, the 
most important of which is that the standard ISA bus is only 
designed to have a maximum data transfer rate of 8MHz on any one 
line, although some manufacturers have pushed this up to 12 or 
even 16MHz. With the EISA bus, the same constraints apply but, 
because data is being transferred as 32 -bit wide chunks, the effec- 
tive data transfer rate is doubled. 

Wait States 
Another factor which can slow down a fast processor is the fact that 
memory chips and I/O circuitry are often too slow for the processor. 
The processor will need to use one or more wait states to slow 

things down 
T2 73 74 whenever it is 

attempting to 
access any slow 
device. With 
modern very fast 
processors this 
can be a serious 
problem and 
prevent the 
processor 
achieving its 
maximum poten- 
tial throughput It 

is a problem 
which has led to 
the development 
of such tech- 
niques as primary 
and secondary 
memory caching 
(more about 
caching hardware 
in a future issue 
of ETI) 

A wait state is 

simply the addi- 
tion of one or 
more processor 
cycles into a 

standard read or 
write cycle, 
thereby length- 
ening the access 
time to the 
memory chip or 
I/O circuitry Most 
of the circuitry 
used in a modern 
PC is sufficiently 
fast that it can 
operate at 15 to 
20MHz without 
any need for wait 
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V LID ADD 

ID DATA 
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states. This is thanks to the enormous improvement in overall speed of 
most ICs With the original PC operating at 4.77MHz and the first ATs at 
6MHz the memory chips available at the time were so slow that they 
often needed one wait state. Indeed the original AT circuitry automati- 
cally inserts a wait state into all memory cycles. This was abandoned in 

more recent versions of the AT in favour of a link selectable automatic 
wait state generator, which can be set according to the available 
memory speed. 

An understanding of wait states is particularly important when 
designing any adapter card, particularly an I/O card On the original PC, 

one wait state was automatically added to all I/O cycles (this is the 
reason why some adapter cards which did include fast I/O devices and 
which were speed critical, were memory mapped rather than interfaced 
to the conventional I/O map. This is an important consideration when 
dealing with some of the older adapter cards). 

Since adapter cards will generally be expected to run on all systems, 
the generation of wait states is good way of ensuring this flexibility of 
use This can be done by including link selectable wait state circuitry in 

the adapter card This will not be necessary in applications where speed 
is not critical and where a couple of wait states can always be added. 

The circuit diagram at the bottom of this page shows a link selec- 
table wait state circuit, suitable for use on adapter cards (this circuit 
comes from IBM's Technical Reference Manual). It simply counts the 
clock cycles in order to generate between 0 and 8 wait states, sufficient 
for most applications and most processors Determining how many wait 
states will be needed will depend on the processor and the access time 
of the circuitry. If the access time is longer than the time during which 
the processor address and data lines are valid, then wait states will be 
needed, the number of wait states depending on how much longer. 
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CvC Chelmer Valve Company 

Audio valves with famous brand names of yesteryear such as MULLARD, MOV, GEC,RCA etc, are in 
very limited supply and their scarcity also makes them very expensive. 

We at Chelmer Valve Company however provide high quality alternatives to these old makes. We have 
over 30 years experience in the supply of electronic valves of all types and during this time have 
established close ties with factories and sources worldwide. 

For high fidelity use we further process valves from these souces using our specially developed 
facilities. After rigorous testing - including noise, hum, microphony, post burn -in selection and 
matching as needed - we offer this product as CVC PREMIUM valves. 

A selection of the more popular types are listed below. 

Price list & order form for CVC PREMIUM Audio Valves 

I \IT PRICE t1 I Y. TOTAL. PRICE UNIT PRICE QTY. TOTAL PRICE 

PRE--1\IP VALVES 
5.00 

CARRIED FORWARD.... 

ECM; 12AT7 RECTIFIERS 
ECC82/12AU7 4.00 
ECC83/12AX7 5.00 GZ32 430 

ECC85 4.00 GZ34/5AR4 5.00 

ECC88 5.00 5U4G 5.00 

EF86 4.00 5Y3GT 3.20 

E8ICC(GOLDPIN) 6.00 5Z4GT 3.50 

E82CC 6.00 SOCKETS 
E83CC 6.00 
E88CC 7.00 B9A(PCB) 1.60 
580F 9.00 B9A (CHASSIS) 1.60 
E83F 5.50 OCTAL (CHASSIS) 1.75 
6SL7GT 4.00 4 PIN (UX4) 3.00 
6SN7GT 430 4 PIN (FOR 21 I) 11.00 
6922 5.00 

MATCHING CHARGES* 
POST & PACKING (UK) 3.00 

TOTAL EXC. VAT 

VAT Ca )171/2% 
(UK & EEC) 

TOTAL TO PAY 

2A3 (4 PLNI 14.00 
2A3 (OCTAL) 14.00 

£ 
211 22.00 
300B 50.50 

'MATCHING, if required; state valve types & if PAIRS, 
QUADS or QCTETS - Allow £1.00 per valve for this service. 

8 I I A 950 
845 29.90 
EL34/6CA7 7.50 
EL84/6BQ5 4.00 Make CHEQUES payable to 

'CHELMER VALVE COMPANY or pay by 
ACCESS/MASTER CARD/VISA, give details: 

EL84/7189A 5.10 
KT66 9.20 
KT77 12.00 
KT88 12.50 

Expiry 
KT88 (GOLD Q) 18.50 
6L6GC 6.50 

Signature 

Name 

Address 

6L6WGC/5881 8.00 
6V6GT 5.00 
6146B 10.20 

6336A 38.00 
6550A 11,00 

6550A -S 13.50 
7581 A 11.00 

TOTAL CARRIED FORWARD Post Code 

Valve amplifiers sound better still with CVC PREMIUM valves! 

-J New London Road, Chelmsford, Essex CM2 ORG, England. Telephone 0245 355296/265865 or FAX. 0245 490064. 
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his intruder alarm is a self contained unit, which is 

intended for use where the cost of a 

comprehensive alarm system is not justified. It can 

Jd 

01 

is 

also be used as a back-up alarm to an extensive burglar alarm 

system. As it is small and self-contained, this unit could also be 

useful as a burglar deterrent for use in a boat or caravan. 

It operates using the passive infra -red detection system. In 

other words, it detects the body heat of anyone who passes in 

front of the sensor. The unit 'looks' down a narrow corridor and 

has a maximum range of about 3 metres. It does not require any 

special lenses, or any form of optical system. It has a built-in delay 

circuit which enables the user to get clear after switch -on without 

triggering the alarm, but once the unit is triggered, it immediately 

produces a warbling alarm signal. The unit is battery powered 

and, with a standby current consumption of only about 500 pA, 

each set of HP7 size batteries provides the equivalent to about 

one year of continuous operation. 

Passive infra -red alarms are based on special pyrosensors, 

which detect long wavelength infra red radiation. Normal infra- 

red opto -electronic devices operate at wavelengths of about 

850 to 950nm, which is only slightly beyond the visible red 

wavelengths. Body heat is at much longer wavelengths and 

pyrosensors have optimum sensitivity at wavelengths from 

about 1 to 20pm (1000 to 20000nm). 
Practical pyrosensors normally have two ceramic sensing 

elements connected in series, but out of phase. The sensing 

elements are not a form of photodiode or transistor, butare much 

more like Piezo-electric devices which form the basis of crystal 

microphones and pick-ups. They consist of a slice of a natural 

crystal or a synthetic ceramic material which has a metal 

electrode on each face. Twisting the device results in a small 

electrical charge being produced across the electrodes. Twisting 

in the opposite direction produces a charge of the opposite 

polarity. Pyrosensors are physically similar, but it is heat on one 

side of the device that results in an electrical charge being 

produced across the electrodes. 
Pyrosensors invariably have a built-in JFET source follower 

buffer stage (Figure 1). R2 is the source load resistor, which is not 

PassîvE 

Infra -re 

Intrude 

Alarm 

O 

Heat Of The Moment 

always an integral part of the sensor. R1 is the gate bias resistor, 

and this has a very high resistance which gives the amplifier a 

correspondingly high input impedance at low frequencies. X1 and 

X2 are the anti -phase pyro sensing elements. It might seem that 

the sensor would fail to work due to the anti -phase connection of 

the sensing elements. On the face of it, any output voltage 

produced by one 
element will be Figure 1: The circuit 

cancelled out by fora dual element 

an equal and pyro sensor 

opposite voltage 

from the other + 

sensor! 
To a large 

extent, this 
cancelling does 
occur, but only 

with changes in 

the background 
infra -red level. This 

is the main point of 

using dual sensing elements. The sensor as a whole is largely 

immune to variations in the background infra -red level, which 

helps to avoid false alarms. It has to be borne in mind that passive 

infra -red alarms are movement detectors. It is someone moving 

across the unit's field of view, and the change in the infra -red level 

that this produces, which is detected by the sensor. 

With a dual element sensor, one element receives the 

increased infra -red first, giving a change in output voltage from 

the sensor. Then the other element receives the infra -red signal 

and cancels out the original signal. Next, the infra -red moves past 

the first element, giving an output voltage due to the infra -red still 

received by the second element. This voltage has the opposite 

polarity to the original change in output potential. Finally, the infra- 

red moves away from the second element, and the output voltage 

retums to its normal standby level. Someone moving across the 

sensor's field of view therefore produces a double output pulse, 

with the pulses having opposite polarities. Compared to a single 

element, this gives double the peak -to -peak output level. 

The frequency response of a pyrosensor is, to say the least, a 

bit limited. The high frequency response is limited by the thermal 

inertia of the sensing elements, which are made from very thin 

pieces of ceramic material in order to minimise this problem. The 

low frequency end of the response is governed by R1, which 
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amplifiers. As the circuit must operate for long periods of time 
from ordinary 'dry' batteries, it is essential that the, overall current 
consumption is kept quite low. For this reason, TR1 and TR2 are 

operated at collector currents of only about 100 to 150pA. C4 
provides the low pass filtering. The values of C2 and C3 are quite 
high relative to the input impedances of the two amplifiers, but 
this is necessary in order to give a suitably extended low 
frequency response. 

IC2 is an operational amplifier which is used here as a voltage 
comparator. R7 and R8 set the non -inverting input at a little under 
one third of the supply voltage. The inverting input is driven direct 
from the output of TR2 and the bias voltage here is typically a little 

over half the supply voltage. Consequently, the output of IC2 is 

low under standby conditions. When the unit is activated, the 
voltage at TR2's collector will fall below the reference level on 
negative signal peaks, resulting in the output of IC2 pulsing high. 

IC2 is a low current operational amplifier which has a current 
consumption of only about 150pA. 

Figure 2. The passive I.R alarm block diagram 

The first pulse from IC2 sets the flip/flip formed from two of the 
NOR gates in IC3. The other two gates are unused, but their 
inputs are connected to the positive supply rail so that they are 

not left vulnerable to static charges. C5 and R9 provide a long 
reset pulse to the flip/flop at switch -on. This pulse lasts about 10 

seconds, and provides the unit with its exit delay feature. D1 aids 
rapid discharging of C5 at switch -off, so that a proper delay is 

provided when it is switched on again. 

The not Q output of the flip/flop (IC3 pin 3) controls the inhibit 
inputs of the I.f.o. and v.c.o. stages. The not Q output is normally 
high and it therefore inhibits both oscillators under standby 
conditions. It goes low when the unit is activated and switches on 

both oscillators. The v.c.o. is the oscillator section of a 4046BE 
micro -power phase locked loop (IC4). One of the phase 
comparators is used as an inverter which gives anti -phase 
outputs to drive LS1. This gives a high peak to peak voltage 
swing across LS1, which is a ceramic resonator. A ceramic 
resonator gives a high sound level from the limited drive current 
available from the standard CMOS outputs of IC4. An ordinary 
moving coil loudspeaker cannot be used with this circuit. Even 

high impedance types require far higher drive currents than IC4 

can provide. 
IC5 is used as the basis of the I.f.o., and this is another 

4046BE. In this case the v.c.o. is the only section of the device 
that is utilised. R12 and R15 provide a fixed bias voltage to the 
control input of the v.c.o. With the specified values for timing 
components R13 and C8, this gives an output frequency of about 
4Hz. 
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leaks away the charges produced by the sensing elements. This 

gives a typical frequency response which extends from about 
0.5Hz to 2Hz! In practice, this extremely limited frequency 
response is quite adequate, because someone activating the 
sensor will produce changes that give strong output signals within 
this band. 

Figure 1 shows the block diagram for the passive infra -red alarm. 

The changes in output voltage from the sensor will be generally 
be no more than a few millivolts peak to peak. A large amount of 

amplification is therefore needed in order to bring the signal up to 
a level that can reliably operate the subsequent stages of the 
circuit. In this case, two high gain amplifiers provide about 80dB 
of gain. A low pass filter severely restricts the high frequency 
response of the circuit, which helps to give a better signal to noise 
ratio. The loss of high frequency response is of no significance 

System Operation 

due to the very restricted bandwidth of 
the pyrosensor. 

The output of the second amplifier 
stage directly drives a level detector 
circuit. Under standby conditions, the 
output potential from the amplifier is too 
high to activate the level detector. 
However, when the unit is activated, the 
output voltage from the amplifier will go 
below the detection threshold of the 
level detector on negative signal peaks. 
The level detector then activates a 

latch, which in turn switches on the 
alarm generator. The latch ensures that 
the alarm continues to sound, even 

when the intruder has moved out of the 
sensor's field of view. A form of 
warbling alarm sound is produced by 

the alarm generator which consists of a 
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low frequency oscillator (I.f.o.) modulating a voltage controlled 
oscillator (v.c.o.). 

There is a slight problem with any unit of this type in that it 

tends to trigger at switch -on as the coupling capacitors take up 

their initial charges. Also, it is likely that the person who switches 
the unit on will trigger it as they move away. Both problems are 

overcome by having a delay circuit which holds the latch in the 
reset state for several seconds after the unit has been switched 
on. 

The circuit could also include a delay circuit to prevent the 
alarm from sounding as soon as the unit is triggered. This would 
enable someone entering the premises legitimately to switch off 
the unit before the alarm sounded. With a small self-contained 
alarm of this type it is probably better not to include this delay, but 

to instead deter intruders as soon as possible. The false alarm 

each time the unit is switched off will not disturb the neighbours, 

but it will serve as a check that the unit is functioning correctly 
and that the battery is still serviceable. The unit could also be 

equipped with a timer that would automatically switch off the 
alarm generator after a few minutes of operation. Again, .a small 
unit of this type is not going to annoy the neighbours and an 

automatic muting circuit is not really necessary. 

Refer to Figure 3 for the full circuit diagram. IC1 is the dual 

element pyrosensor and R1 is its discreet source load resistor. 
Both stages of the high gain amplifier are simple common emitter 

Circuit Operation 
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The output of IC5 drives the control input of 104 via the 

potential divider formed by R10 and R14. Although the output 

signal from IC5 is a squarewave, C9 provides filtering that gives a 

roughly triangular modulation signal. The v.c.o. is therefore swept 

smoothly over a range of frequencies rather than simply being 

switched between two frequencies. A swept tone generally gives 

a more effective output from a ceramic resonator than a simple 

two tone signal. The specified values should give a piercing alarm 

sound, but if desired the value of R1 1 can be selected to give 
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optimum results. 

IC3 to IC5 are CMOS integrated circuits which have 

insignificant current consumptions under standby conditions. The 

overall current consumption of the circuit is about 500pA under 

standby conditions and only increases by about 2mA or so when 

the alarm sounds. 

Figure 4 shows the component overlay for the printed circuit 

board. IC3, IC4 and IC5 are CMOS integrated circuits which 

require the usual anti -static handling precautions. In particular, 

use holders for these devices and do not fit them into their 

holders until the board and wiring have been completed. IC1 and 

IC2 contain JFETs rather than MOSFETs and therefore do not 

require anti -static handling precautions, but it is still a good idea 

to use a holder for IC2. 

Construction 

Figure 3. The passive infra -red alarm circuit. 

In order to fit into the component layout properly, the non - 

electrolytic capacitors must be printed circuit mounting types, 

having 7.5mm (0.3in) lead spacing. Fit single -sided solder pins at 

the six points where connections to off -board components will be 

made. 
The unit will fit into practically any medium size plastic or 

diecast aluminium box. In the interest of good security, it might 

seem to be best to use a tough diecast aluminium box and a key - 

switch for S1. In practice, the unit will always be easily silenced if 

the intruder is determined to do so, because the ceramic 

resonator is vulnerable to physical attack. With a unit of this type 

you are relying on the intruder being unnerved by the alarm going 

off and beating a hasty retreat. Trying to make the alarm bullet 

proof is probably not worthwhile! Therefore, an inexpensive case is 

adequate and S1 can be a miniature toggle switch, slider switch, 

or whatever. 
The printed circuit board is mounted on the rear panel of the 

case, using 6BA or metric M3 fixings. S1 and LS1 are mounted on 

the front panel. LS1 can be mounted on the rear surface of the 

front panel, but it will then be necessary to make a large, mounting 

hole, in addition to the two smaller mounting holes. It is easier to 

fix it onto the front surface of the panel, because it is then only 

necessary to make the two small mounting holes, plus another 

small hole to permit the lead out wires to pass through to the 

inside of the case. Most ceramic resonators require two 8BA or 

metric M2 fixing screws (plus nuts), which must be purchased 

separately. 
A hole must be drilled in the front panel, directly in front of IC1. 

This permits infra -red radiation to pass through to IC1 and also 

narrows ICI's angle of view. Without this narrowing of its 

response angle, the unit will have relatively low sensitivity. This is 

simply because someone moving in front of IC1 will tend to 

produce signals at extremely low frequencies which the unit 

cannot handle efficiently. A narrower angle ensures that someone 

moving in front of the sensor produces signals at frequencies 

where the circuit offers good sensitivity. This increases the range 

from approximately lm to about 3m. A hole having a diameter of 

about 5 to 10mm seems to give good results. 
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S1 B1+ B1- 

Wfelrt% fEk 

Resistors (0.25 watt 5% carbon film) 
47k 
4M7 

6M8 
2M2 
1M 

220k 
100k 
390k 

100p 10v radial elect 

The performance of a passive infra -red system can be 
massively boosted by the addition of a suitable lens but, 

unfortunately, lenses for this application seem to be unobtainable 
these days. Note that lenses sold for use with infra -red LEDs, 

etc., do not work well with pyrosensors and long wavelength 
infra -red signals. These lenses are not designed for use at long 
.wavelengths and, in most cases, they are almost totally opaque 
to long wavelength infra -red radiation. For a simple self-contained 
unit of this type, a range of about 3m should be perfectly 
adequate and a lens is not really necessary. 

If a piece of 'window' material is fixed behind the hole in the 
'rant panel it must be made from something that is reasonably 
transparent to long wavelength radiation. Material that is 

transparent to visible light is not necessarily transparent to long 
.vavelength infra -red (and vice versa). A little experimentation 
might be needed in order to find a suitable material, or the 
.window can simply be omitted. 

To complete the unit, the battery clip, on/off switch and 
ceramic resonator are connected to the printed circuit board. The 
resonator might have one red lead and one black one, but these 
simply indicate the phasing. The resonator can be connected 
either way round. 

In Use 
The alarm generator might operate briefly when the unit is 

switched on, but it should not latch in the on state. Passing in 

front of the unit after the hold -off period has expired should trigger 
the alarm and it should continue to operate until the unit is 

switched off. If the alarm tends to trigger itself after the hold -off 
period, try making R6 higher in value. 

When positioning the unit for normal use, bear in mind that it is 

most sensitive to some passing across its field of view. It is least 
sensitive to someone moving straight towards or away from the 
sensor. Also, bear in mind that the unit should be positioned 
horizontally and not on end. If it is used vertically the orientation of 
the twin sensing elements will not be correct and the maximum 
operating range will be significantly reduced. It is not a good idea 
to aim the unit towards a radiator or other heat source and it is 

probably best to have the unit partially concealed behind some 
books, ornaments, etc. 

R1 

R2, R12 

R3, R5 

R4 

R6 

R7, R15 

R8 

R9, R10 
R11, R13 
R14 

27k 
10k 

Capacitors 
01 

C2, C3 4p7 50v radial elect 
C4 100n polyester 
C5 47p 10v radial elect 
C6 10n polyester 
C7 10p 25v radial elect 
C8 470n polyester 
C9 220n polyester 

Semiconductors 
IC1 E100SV1 P.I.R detector 
IC2 LF441N 
IC3 4001 BE 

IC4 4046BE 
IC5 4046BE 
TRI BC549 
TR2 BC549 
D1 1N4148 

Miscellaneous 
LS1 cased ceramic resonator 
B1 6 x HP7 size cells in holder 
Si s.p.s.t mini toggle switch (see text) 

Case about 150 x 90 x 50mm, printed circuit board, 
battery clip (PP3 type), 8 pin d.i.l. IC holder, 14 pin d.i.l. IC 

holder, 16 pin d.i.l. IC holder (2 off), wire, solder, etc. 
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Hanno Prettner 
World Aerobatic Champion 
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Curtis Youngblood 
World Champion F3C Helicopters 

(sponsored by Northern Helicopters Ltd.) 

AA A .77! 
9.30am - 6Dm 

Calling all model 
enthusiasts and 
families.. 
Come one. Come all! 
Watch the incredible model 
aircraft displays and check out 
the model car racing, model 
railway displays and novelties 
on the boat pool. 
Wander around the numerous 
trade stands. There's 
something for everyone at 
Sandown... 

ipment Aircraft 
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extension lead, which could be connected between the PIR 

security light's plug and the ring -main outlet into which it had 
previously been connected. The unit needs to sense that 
current (about 2A, given the 500W rating of the bulb) is being 
drawn from the mains. For safety's sake, this should be 

accomplished without any direct 
connection between the mains 
wiring and the rest of the unit. 

This 'galvanic isolation' could 
be accomplished using an opto 
coupler, but that would need an 
auxiliary supply derived from the 
mains to operate the opto - 
coupler's internal LED, so another 
method was sought. The obvious 
solution was a current transformer, 
and this was the method chosen. 

However, it had to fit the 
transformer actually within a 13A 
ring -main type socket (as 

indicated on the circuit diagram, 
Figure 1) so that the primary 
winding could be formed by the 
neutral conductor of the mains 
lead itself. This necessitated an 

unorthodox design of current 
transformer. 

In a conventional current 

transformer has sufficient primary inductance for its reactance to 
be large, compared to the transformed burden impedance. The 
measurement circuit is thus insensitive to frequency. This type of 

trigge 
little 

ulllva 

recently installed a PIR(Passive Infra -Red) operated 
floodlight at the rear of his house, in response to a 

spate of local bdrglaries. The unit is installed at one 
side of the house behind the laundry room, which is 

separated from the lounge by the kitchen and hall. Consequently 

r ne currenr rransrormer s seconaary vorrage aue ro me zA 

Todification which would void the warranty. Hence the little 

=farm, activated by the PIR floodlight, which forms the subject of 
TS article was developed. 

transformer, a resistive secondary load (forming the meter circuit 
and called the `burden') is transformed down to an exceedingly 
small resistive load in series with the main circuit. The 

Want to know 
been red? 
interesting 

Ben S n 

apart from spending the 
evening sitting in the laundry 
room) there is no way of 
mowing whether the 500W 
tungsten halogen floodlight 
nas been activated or not. 

This would be handy to 
Know, not only in case of 

prowlers, but also to check 
I the alarm is triggered by 
animals, such as our large 

moggy or the occasional fox 
Nhich we have seen in the 
garden. 

One could, of course, 
Mre a mains operated bell in 

oarallel with the lamp, but 
its means bringing extra 
cads out through the 
neatherseal grommet on 

=^e outdoor unit, which 
-light leave it unsealed and 

any case would be a 

flowing in the primary, consists of alternate positive and 
negative spikes 
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current transformer, which may be designed to measure a current 

of hundreds or even thousands of amps, is designed to work in 

the 'constant current' domain, which is entirely the opposite of 

the usual 'constant voltage' regime that we are so used to in 

everyday life. Whereas the safe off-load condition for an ordinary 

transformer is with the secondary open circuit, the safe off-load 

condition for a large current transformer is with the secondary 

short circuited. The full rated primary current would cause a 

dangerously high voltage to appear across an open circuit 

secondary. 
A second type of current transformer operates into an open 

circuit secondary (or at least into a high resistance load) and 

therefore is designed with a much lower primary inductance. This 

type of current transformer is inherently frequency sensitive, the 

secondary voltage being proportional to the product of the 
number of primary turns and the number of secondary turns, and 

to the frequency. 
The transformer used in this project is a variant of this second 

type. The difference is that the core is inadequate for handling the 

peak magnetising force provided by the primary current, so the 

core is driven heavily into saturation on each half cycle of the 

current. Thus, the flux approximates a squarewave and the 

secondary voltage, being proportional to the rate of change of 

flux, consists of alternate positive and negative going spikes, as 

shown on previous page. 

When the lamp in the PIR floodlight is lit, the positive spikes of 
voltage out of the secondary of the current transformer turn on 

NPN transistor TR1, which discharges Cl and turns on PNP 

transistor TR2. The time constant Cl R2 is so long that Cl cannot 
recharge significantly between positive spikes, which occur every 

20ms. TR2 applies the battery voltage (assuming ON/OFF switch 
S1 is closed, of course) to the rest of the circuitry. 

The rest of the circuit consists of an astable multivibrator 

formed from a CD4069 hex inverter, driving a Piezo electric 

sounder. With the component values shown, the 'beep' rate is 

about three beeps every ten seconds. For a faster, possibly more 

urgent sounding rate, C2 may be reduced to 47n or even less. 

When the current drawn by the 500W floodlight ceases, TR1 

How it works. 

remains cut off, C1 charges back up to 9V, TR2 turns off and 

silence reigns once more. 

IMPORTANT NOTE: This project involves the wiring of mains 

plugs and sockets. Readers are advised that, if they are not 
100% competent in handling this, they should on no account 
undertake this task, or at the very least, should have their 
handiwork checked by a qualified person. 

The unit was constructed in a black plastic project box (see 

parts list) to the lid of which the 13A socket SK1 was bolted. The 
current transformer T1 was mounted inside SK1. T1 is wound on 

a ferrite ring core with an Al value of 4000nH/turn. However, the 

exact value of Al is academic, in this application it is only the 
saturation flux density which is important. 

The secondary consists of 36 turns of very fine enamelled 
copper wire, leaving most of the aperture free for the primary. This 

consists of four passes through the core of the neutral conductor 
of the three -core mains lead. The core will easily accommodate 
these, if a mains lead rated at not more than 3A is used. The ring 

core is plastic coated and thus completely free of sharp edges, so 

there is no danger of the insulation of either winding being 

penetrated. 
The ends of the secondary winding were passed through a 

hole in the socket and lid and connected to two solder pins on 

the circuit board, which itself was mounted on the inside of the lid, 

on the tails of two of the three screws with which the socket was 
attached. 

It is strongly recommended that IC1 be mounted in a 14 pin IC 

socket, rather than directly onto the circuit board. On completion 
of the circuit board, inspect all joints with an eyeglass and, if using 

copper strip board, look out especially for shorts between strips 
or due to incompletely cleared holes. 

The ON/OFF switch Si was mounted on the side of the box 
and the Piezo-sounder was mounted on one end, on the outside 
naturally. A scrap of strip board was inserted into one position of 

the box's internal guides, forming a battery compartment to retain 

the PP3 battery firmly in place. Take care when assembling the 

finished unit to avoid trapping any of the leads as the lid is fitted to 
the box. 

Construction 

T+ 

Figure 1. The circuit diagram of the PIR Activated Alarm 
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Testing 
There are no setting up adjustments, so if the unit has been R1 

assembled correctly, it should work first time. However, resist R2 100K 

the temptation to try it out Without the covers fitted to eitner R3 100K 

SK1 or PL1. The greater part of the circuitry can be tested R4 10M 

before ever connecting the unit to the mains. R5 10M 

With the battery fitted and S1 ON, short points A and B - the 

sounder should commence to beep. Remove the short. and Capacitors 
within a second or so the sound should cease - if not, suspec- Cl 
excessive leakage in Cl. 

A good component is essential here, its leakage will then be a 

microamp or less, far too little to turn on TR2. Barring wrong 

wiring, the only other possibility would be a faulty TR1 

Use 
The unit is simply inserted between the PIR unit's mains plug 

and the socket into which it was previously plugged. When the 

oodlight comes on, the unit will immediately commence to 

sound, The sound is fairly penetrating, without being too 

alarming and will probably be heard from another room even 

,vith the door shut, unless the TV is too loud. 

If it is felt that the unit would not be heard, it may be 

oonstructed in two separate parts. The circuitry to the right of the 

points A, B can be constructed in a separate box and the the rest 

as described above. Thin bell wire can be used for the run 

between the two units, with the wire permanently connected at 

one end, but, for convenience, via (say) a 3.5mm jack plug and 

socket at the other. The arrangement using separate units is 

oompletely safe, thanks to the isolation between the mains 

circuitry and the rest, provided by the current transformer. 

Note that if a heavy load such as a washing machine is 

supplied from an adjacent socket, when it switches the alarm 

may emit a slight hiccup, but it will only sound normally when the 

3IR unit's floodlight comes on. 
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Resistors 
1K 

10uF 

C2 100nF 

Semiconductors 
TR1 BC184 
TR2 BC214 
IC1 CD4069 

Sundry 
13A plug fitted with 3A fuse 

13A socket 
3A 3 core mains lead 

Small 'BIMBOX' (Electrovalue stock no. 2001) 

Battery connector lead 

Battery PP3 

Siemens ferrite ring core B64290-K38X38, (Electrovalue 

stock no. 2903838K) 
Piezo electronic sounder (Electrovalue stock no. DMP27S) 

Single pole ON/OFF switch 
14 pin IC socket 
Solder pins, as required 
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Post Code . 

TEKTRONIX 2235 Dual Trace 100MHZ Delay Sweep £800 
PHILIPS 3065 2+1 Channels 100MHZ Dual TB Delay 
Sweep 1700 
TEKTRONIX 475 Dual Trace 200MHZ Delay Sweep ....£550 
TEKTRONIX 465B Dual Trace 100MHZ Delay Sweep ....6500 
TEKTRONIX 465 Dual Trace 100MHZ Delay Sweep. ....£450 
TEKTRONIX 2215 Dual Trace 60MHZ Delay Sweep. ....£450 
TEKTRONIX 455 Dua £400 
HITACHI V650F Dual £400 
HAMEG 605 Dual Trace 60MHZ Delay f400 
PHILIPS PM3217 Dual Trace 50MHZ Delay Sweep £400 
IWATSU SSS5702 Dual Trace 20MHZ £225 
GOULD 001100 Dual Trace 30MHZ 1160 
GOULD 00300 Dual Trace 20MHZ 1200 
GOULD O0250B Dual Trace 15MHZ 0125 
TELEOUIPM Tr £200 
TEKTRONIX ce 02000 
TEKTRONIX e 1 ogee 
Storage ... 6450 
H.P. 1741A Dual Trace 100MHZ Delay Sweep Analogue 
Storage £450 

THIS IS JUST A SAMPLE - MANY OTHERS AVAILABLE 

MARCONI 2018 Synthesized AM/FM Sig Gen 
80KHz-520MHz £800 
RACAL 9081 Sig Gen 1 5 - 520MHz £600 
FARNELL PSG520H Synthesized Sig Gen 
100KHz - 520MHz E600 
WAVETEK 802 Pulse Generator 50MHz £300 
RACAL/DANA P25 Pulse Gen 1Hz-50MHz Dual Output £200 
H.P. 8011A Pulse Gen 01Hz-20 MHz Pos/Neg/Sym £200 
LYONS PG73N Pulse Gen 1 Hz - 20MHz PAF f150 
RACAL 9301A Iroe VMS Mlllivollmeter 10KHZ-1GHZ f300 
KIKUSUI LMV181A AC Millivoltmeler 
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MARCONI TF2331 Distortion Factor Meter 
20HZ-20KHZ 0 05% E150 
H.P. 331A Distortion meter 5HZ-600KHZ 01% 0100 
PHILIPS PM6309 Distortion Meter 001% £300 
H P 5341A Frequency Counter 50MHZ-4 5GHz £500 
RACAL 1998 Freq Counter 1 3GHz (GPIB 8 High Stab) E900 
RACAL/DANA 1991 Universal Counter/Timer 160MHz 9 

digit £800 
ROTEN 610 Calibrator AC/DG (1750 
WILTRON 560 Scaler Network Analyser wilh detectors £1000 
H P 5006 Signalure Analyser E150 
LINDOS LAI Mk28 Audio Analyser £500 
COS50R 108L OPI Cable Fault Locator £1500 
BICCOTEST T431M Cable Test Set £1000 
GAY MILANO Line Volalge Abalyser £500 

PHILIPS PM5193 Programmable synthesizer/Function 
Generator 0.1MHZ- 50MHZ IEEE -486. As new E1500 

H P 7470A Plotter 2 pen A4 HPIB E200 
DATRON 10616 - Multimeter 
61/2 digit True RMS AC/Current E1250 
DATRON 1065 - Multimeter 51/2 digit AC/DC/Ohms IEEE E600 
HEWLETT PACKARD 34906 Bench Multimeter 51/2 Agil 
AC/DC/Ohms E200 
PHILIPS PM2534 Multifunction DMM 61/2 digit 
GPIB/IEEE E450 
MARCONI Digital Frequency Meter 2430A 10Hz-100MHz E125 
MARCONI Digital Frequency Meter 24310 10Hz-200MHz E150 
MARCONI Universal Counter Timer 2437 DC-100MHz E175 
MARCONI Universal Counter Timer 2436 DC-520MHz 6225 
BLACK STAR Jupitor 500 Sine/sq/Tn 01 Hz - 500KHz . £70 
FEEDBACK FG6000 Sine/Sq/tri 0 01 Hz - 100KHz . £60 
THANDAR TG101 Func gen 0 02HZ-200KHZ 
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STEWART of READING 
110 WYKEHAM ROAD, READING, BERKS RG6 1PL 

Tel: 68041 Fax: (0734) 351696. Callers welcome Ham-5.30pm Mon -Fri (until 8pm Thun). 
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"Reader's Offer" for some miniature steel burrs. 
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Argun Specialist Exhibitions otter you yet another great deal with Hilton 
Hotels. If you require accommodation when visiting the Model Exhibition 
this year or simply just fancy a weekend break, why not stay at The Hilton 
National, Cobham, which is about to minutes drive away from Sandown 
Park. The hotel has free car parking so you can leave your car at the hotel 

returning yo 
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SYSTEM 

SYSTEM: 
SANDOWN PARK 

STEVENAGE 

Professional Sub -Contract Manufacturing & Suppliers to the 
Electronics Industry 
Do you have a requirement for any of the following services: 
PCB Assembly (Conventional Product Design/Consultation 
and Surface Mount) Full Procurement Service 
Wave & Hand Soldering PCB Test &'Burn in" Facilities 
Complete Equipment Enclosure Design & Manufacture 
Manufacture PCB Artwork Manufacture 
Device Programming from hand Circuits Drawn Professionally 
written shts or PC 31/2" disc Kit Procurement & Supply 
Cable Harness Assembly /loom Component Sales 
Manufacture Refurbishment a speciality 
Card Cage and Module Wiring Top Quality Work at Reasonable Rates 
Full Inspection 

Phone Tracey on (0438) 360406 or Fax details of your requirements to us 
on (0438) 352742 
EOT LTD, Cromer House, Caxton Way, STEVENAGE, HERTS, SG1 2DF 

and take the courtesy coach to the Model Exhibition, commencing at 9 30am 

and u at 1 pm or 6pm. 
T country retreat is in the heart of Surrey, and the Terrace 

Rest a fine and varied cuisine. For leisure: enjoy the all-weather 
tennis courts, squash courts, exercise room, indoor swimming pool and 

steam bath. 
THE PRICE: 

£36.80 each guest each night (Twin/Double room) including full English 

breakfast and VAT. £16.00 single room supplement Add £5 per person to 
the price if you require the courtesy coach for transfer to and from Sandown 
Park. 

HOW TO BOOK: 
Call reservations at the Hilton National, Cobham quoting the Sandown 
Model Show on 0932 864471 £10 deposit is required and you can give us 

your credit card number and expiry date 

ENJOY A MODEL STAY 
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Programs 24, 26, 32 pin EPROMS, EE - 
PROMS, FLASH and Emulators as 
standard, quickly, reliably and at low cost. 

Expandable to cover virtually any pro- 
grammable part including serial E2, PALS, 
GALS, EPLD's and microcontrollers 
from all manufacturers. 

DESIGN: Not a plug in card but connects to the PC 

serial or parallel port; it comes complete 
with powerful yet easy to control software, 
cable and manual. 

SUPPORT: UK design, manufacture and support. 
Same day dispatch, 12 month warranty. 
10 day money back guarantee. 

3 

1 " ASK FOR FREE 
INFORMATION 

PACK 

lP 
MOP ELECTRONICS Ltd. GERMANY 089-/4602071 

Park Road Centre, NORWAY 0702 17890 
Malmesbury, Wiltshire, SN16 OBX UK ITALY 02-92-10-3 554 
TEL. 0666 825146 FAX. 0666 825141 FRANCE (1) 69-30-13-79 

SWEDEN 08-735-5360 
ALSO FROM ELECTROSPEED UK 

ATTENTION ALL 
NORTH AMERICAN READERS! 

Did you know that you can order an 
annual subscription to this magazine 
direct from our official U.S. subscription 

representative? 

For more information and rates contact: 
Wise Owl Worldwide Publications, 

4314 West 238th Street, 
Torrance, CA 90505 
Tel: (310) 375 6258 
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MIDI E 
In the first part of a new series, Robert 

Penfold takes a close look at the MIDI musical 
instrument interface. 

software side of things is more awkward. Previous musical 
instrument interfaces only provided a means of playing notes 
on a slave instrument and in many cases did not even provide 
any control over the dynamics of each note. 

MIDI had to be able to cope with increasingly sophisticated 
instruments, having numerous features that could usefully be 
controlled via a master controller of some kind. MIDI enables 
notes to be switched on and off, but it also gives full control 
over the dynamics of each note, multi -channel polyphonic 
operation, pitch bending, and a whole range of facilities that 
are way beyond the old gate/CV interfaces. The coding of 
most MIDI messages is rigidly standardised so that, within 
reason, it is possible to connect together any two MIDI 

devices and get them to work together as a system. 
However, there are some general purpose messages that 

offer a degree of flexibility. Using these requires rather more 

care on the part of the user, since their effect (if any) will vary 

somewhat from one MIDI device to another. There is also a 

special category of MIDI message which enables 
manufacturers to implement any special features which can 
not be handled by the normal message types. This system 
includes a safeguard which ensures that devices ignore 
messages that they can not respond to properly. 

Quick Bytes 
With a serial interface, the bytes of data are sent one bit at a 

time until all eight bits have been transmitted. With an 

asynchronous system, there are only two connecting wires, 
the signal and earth leads, there is no third lead to provide 
some form of synchronisation signal. Obviously some form of 
synchronisation is essential if the receiving circuit is going to 
decode the incoming signals correctly. This problem is 

partially overcome by having the transmitting circuit send the 
data at a standard rate. If the receiving circuit samples the 
signal line at the same rate it will not miss bits, or read the 
same one twice. MIDI is transmitted at a rate of 31250 baud, 
which is substantially quicker than the highest standard rate 

used for normal RS232C interfaces. 
A serial system such as MIDI also relies on synchronisation 

signals being sent with each byte of data. MIDI uses the 
popular word format of one start bit, one stop bit and no 

parity bit. In other words, an extra bit is always added ahead 
of each set of eight bits. This simply indicates to the receiving 
device that a byte is about to be sent, and that after the 
appropriate delay it must start detecting the logic level on the 
signal line. The stop bit is not really a synchronisation signal 

and its purpose is simply to place a small gap between each 
byte so that the receiving circuit has time to deal with one byte 
before it has to start decoding the next one. Parity bits are 

used in a simple method of error checking, but this system is 

not implemented in MIDI. 

Choke 

(Musical 

existenc 
th, it was 
eventuali 

MIDI is now an everyday part of electronic music making and a 

comprehensive MIDI implementation is mandatory for any 

electronic instrument intended for serious music making. At 
least a basic understanding of MIDI is virtually essential for 
anyone wishing to exploit modern electronic musical 

instruments and there is a definite advantage in having an in- 

depth knowledge of the subject. 
In this series of articles, MIDI will be considered in some 

detail. Subjects to be covered include basic MIDI interface 
hardware, the MIDI messages and their coding, connecting 
everything up and practical aspects of using MIDI. We will also 

be examining the ways in which a MIDI system can be linked 

up with, and controlled by, a personal computer, and taking a 

look at a PC to MIDI interface. 
No previous knowledge of MIDI is presumed, but it is 

assumed that you are reasonably familiar with modern 
electronic musical instruments. Obviously at least a basic 
understanding of electronics is needed in order to understand 
the material that deals with _the hardware side of MIDI 

interfacing. 

Swapping Notes 
MIDI is simply a means of passing digital information from one 
musical instrument to another, or between any two pieces of 
equipment in an electronic music system. Probably in most 
cases a MIDI system is composed of a computer running 

sequencer software, plus one or more instruments. MIDI is also 

used with other items of hardware, such as audio mixers and 
lighting control units. 

It was clear to the MIDI designers that they needed to 
produce a system which was rigidly standardised so that the 
incompatibility problems which afflicted previous musical 
instrument interfaces would not be repeated. On the other 
hand, MIDI also had to be versatile enough to cope with rapid 

developments in the electronic music business. With hindsight, 
they would no doubt have done some things differently, but the 
system they devised was sufficiently versatile to stand the test 
of time. 

The basic hardware for a MIDI interface is just an 

asynchronous serial link operating at 31250 baud. The 
interfacing hardware is actually very similar to a computer 
RS232C port, but opto -isolators are used at all inputs to 
minimise problems with 'hum' loops. The opto -isolated inputs 
also help to prevent digital noise from finding its way into audio 
signal paths. The opto -isolation does not guarantee that 'hum' 
loops, etc., will not occur, but it does at least ensure that MIDI 

will not be the cause of any problems of this general type. 
Standardising the hardware is easy enough, but the 
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Choked Up 
The timing diagram of Figure 1 helps to explain the way in 

which a MIDI interface transfers data. It is the convention that 
the least significant bit (bit 0) is transmitted first and the móst 
significant bit (bit 7) is sent last. Although MIDI is quite fast by 

serial interface standards, it has to be borne in mind that it is 

slow by general electronic and computing standards. Data is 

sent at a rate of 31250 bits per second, but including the start 
and stop bit it requires ten bits for each complete byte of data. 
Furthermore, most MIDI messages consist of a group of two or 
three bytes. For example, it takes a three byte message to 
switch on a note and another three note message to switch it 

off again. 

With 30 bits per message this equates to a time of just 
under one millisecond. This is usually quite fast enough, but at 

times of high MIDI activity it can be inadequate. Controlling 
some functions via MIDI requires numerous messages to be 

sent in rapid succession. It is when using a profusion of these 
messages that problems with MIDI 'choke' are likely to occur. 

The effect of MIDI choke on the reproduced music is 

unpredictable. It is unlikely that the system will crash or simply 
grind to a halt, but the timing of notes may well suffer. It is 

even possible that notes will be omitted, or left switched on. 

Many sequencers now include a facility that combats MIDI 

choke by filtering out the messages of lesser importance at 

times of high MIDI activity. This generally means that 
something like pitch bending will be less smooth than it might 
otherwise have been, but no notes will be omitted, left 

switched on, or significantly delayed. 
A much higher data transfer rate could be achieved using 

some form of parallel interface, but there are practical 
difficulties with a parallel interface in this application. One of 
these is simply that relatively thick and expensive connecting 
cables would be needed. A more serious limitation is that 

OmA 

CURRENT 

5mA 

F r 
m ~ m 

O N tp r m F 

F m m m m m m m m o F 
(N N N 

TIME -* 
Figure 1. MIDI uses one start bit, 8 data bits, one stop bit 

and no parity. 

parallel data links tend to have relatively short maximum 
operating distances. A parallel printer port for example, should 
not be used with a cable more than 2m long. 

Serial interfaces provide much greater operating ranges but, 

due to the relatively high baud rate and low operating current, 
MIDI is only guaranteed to operate reliably over a maximum 
range 15m. However, this should be more than adequate for 
most purposes. In practice it would probably be possible to 
obtain good reliability over significantly greater ranges, provided 
rery high quality cables are used. 

RS232C serial interfaces have additional connecting wires 
,vhich are used to provide handshaking. In other words, they 
are used to control the flow of data from one device to another 
so that the sending device does not provide data at such a high 

"ate that the receiving device can not cope. MIDI does not use 
any handshake lines, and MIDI hardware must be designed to 
cope with a continuous stream of data. 

Figure 2 A system which uses the chain method of connection. 

Software handshaking is sometimes used with MIDI when 
large amounts of data must be 'dumped' from one unit to 
another. With this type of handshaking 'on' and 'off' codes 
sent via the normal signal lines are used to control the flow of 
data. However, this is a special case and is not the way in 

which MIDI normally functions. 

Right Connections 
These days, virtually all MIDI equipment has a full set of three 
MIDI sockets. It is not actually a requirement of the MIDI 

specification that all three sockets should be present and I 

suppose that, with some pieces of MIDI hardware, only one 
or two of the sockets are relevant. The three types of MIDI 

port are the IN, OUT and THRU varieties. As one would 
expect, a device transmits data on its OUT socket, and 
receives data on its IN socket. The THRU port is an output 
type and it simply provides an output signal that is an exact 
replica of the signal received at the IN socket. 

In its most basic form, a MIDI system consists of a master 
unit controlling a slave unit, with a single connecting cable. 

Figure 3 The star method of connecting the slave units 
to the controller. 
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Most practical MIDI systems actually consist of a master unit 

controlling several slave units. This easiest way of driving 

several slave devices from a single controller is to use the 
'chain' method of connection. This utilises THRU sockets to 

carry the signal from the master unit from one slave device to 
the next. Figure 2 shows this basic scheme of things. 

There are a couple of potential problems with the chain 
method of connection. One is simply that not every unit that 
has an IN socket has a THRU output as well. If only one slave 

unit lacks a THRU socket there is no problem and it is just a 

matter of placing that unit at the end of the chain. If two or 
more of the slave units lack a THRU socket it is impossible to 
wire up the system using the chain method. In the early days 
of MIDI, it was by no means uncommon for the THRU socket 
to be absent and even relatively recently it was not included on 
some keyboard instruments. Fortunately, all the MIDI devices 
manufactured in the last few years seem to be equipped with 
a full complement of MIDI ports. 

The second possible problem with the chain system is that 
the signal passes through an opto -isolator and a switching 
transistor on each journey from an IN socket to a THRU 

output. The switching transistor is unlikely to degrade the 

signal to a significant extent, but opto -isolators are rather slow 
by normal electronic standards. In fact, standard opto - 
isolators cannot successfully handle a MIDI signal. MIDI 

requires the use of high speed opto -isolators that are around 
one hundred times faster than inexpensive types such as the 
TIL111. 

Even using high speed opto -isolators there is some 
smearing of the signal as it passes through the system. With 
the chain method of connection the signal passes through 
several opto -isolators and there is a risk of significant smearing 
by the time the signal reaches the final unit in the chain. This 

smearing alters the timing of the signal and the timing is all- 

important to correct serial to parallel conversion at the slave 

units. This problem has become known as MIDI 'delay', and it 

could cause one or more units in the system to behave 
erratically. In practice, there should be no problem with MIDI 

delay, even with a dozen or more units chained together, 
provided that everything in the system uses opto -isolators 
which are up to the standard dictated by the MIDI 

specification. 
MIDI delay is sometimes described as being a significant 

delay through the system, causing units at the end of the chain 

to noticeably lag behind those near the beginning. This is quite 
definitely a myth and the delay through a chain of even a 

hundred MIDI devices should be less than a millisecond. The 
problem of MIDI delay is one that tends to be exaggerated and 

the likelihood of problems with the chain system is minimal. If 

some units in a chain system do not operate reliably, it is much 

more likely that the problem is due to a faulty lead than that 
the system is suffering a bad case of MIDI delay. 

Seeing Stars 
There is an alternative to the chain system in the form of the 

'star' system. With the star method of connection, each unit in 

the system is driven from a separate output on the master 
unit. This basic scheme of things is outlined in Figure 3. In 

practice it is not usually possible to implement the star system 
without some additional hardware, because it is unlikely that 
the master unit will have more than one or two MIDI OUT 
sockets. All that is needed is a THRU box, which is a simple 
and inexpensive device which provides several THRU outputs 
from a single input signal. It is just a matter of connecting the 
OUT socket of the master unit to the IN socket of the THRU 
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a) 31200baud 
b) 32500ba d 
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b) 10 

C) 12 
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Next Month.... 
Robert Penfold will be looking at 

the mysteries of 
MIDI coding. 

KEYBOARD CONTROLLER 

-e = ..s.cg a THRU box to facilitate the star 
method of connection. 

box and then driving each slave device c - a -2 -_- 
output of the THRU box. Figure 4 sho..s e __ __- _^s for 
a star system which incorporates a THO 

Deciding whether to use the cha,^ c sa - 
connection is an easy choice Unless - s _=s_ c e .o use 

the chain system for some reason. m has 

been tried and is giving proble^-s, et -e will 

be any advantage in using the sia- s s:e s s- :tee star 
method is likely to be the more c 

implement. 

Cables 
The standard connector to 

degree DIN type (also knov. 

180 
ce.A DIN 

connector). The cable is a ^ s_ e_ ec -.ce ..n,ch provides 
a 'straight' coupling between c 

connects to the screen, with c ^s 

Figure 5 shows the method cf 

Pain 2 

ca ing the signal. 
en used. In 

reality, many ready-made MID' ca. es see- .o provide 
connections between all five p rs T s s ^ci actually within 
the MIDI specification, but it shc.. d ^37 esu!: In any 

difficulties. Pins 2 and 3 are alwa.s -connected 
internally on MIDI units and any ex.e-a connections to them 
are therefore superfluous. 

Pin 2 is also left unconnected or MIDI input This is to 
maintain the isolation at each input 'P,r 2 is connected to 
ground on MIDI outputs and this hops To minimise the 

radiation of electrical noise by properly earthing the 

connecting cable's screen. 
The MIDI specification allows XLR connectors to be used 

instead of the normal DIN type. This is only permitted if the 
equipment manufacturer also makes available suitable DIN to 
XLR adaptors. XLR connectors are very high quality 

components, intended for use in top quality professional 
equipment. In practice they seem to be little used in MIDI 

equipment. 

Figure 5. A MIDI lead only provides connections between three pins 
of the five way sockets. 

NNER 
CONDUCTORS 

5 WAY DIN CON. 
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owadays, MIDI devices come in all shapes and 
forms and MIDI controllers range from standard 

keyboards to various trigger devices. 
While most MIDI triggers are controlled by hand, some 

people like to use their feet 
as well, allowing a guitarist or 
keyboard player to add bass 
or trigger drums or other 
MIDI sources, while simulta- 
neously playing their instru- 
ment by hand. 

A number of MIDI bass 
pedals have appeared on the 
market in the last few years 

but their price is in the 
hundreds of pounds range, 

so I decided to design and 

build my own bass pedal unit. 

Circuit Description 
The circuit is designed 
around the MIDI keyboard 
controller type E510 and 
Figure 2 shows its internal 
structure. The switch scan- 
ning frequency and the 
timing of the serial MIDI data 
are derived from an internal 
oscillator that operates with 
an external 4 MHz quartz 

MI DI BASS PE DAL 

Bass Pedal Unit 
Tom Scarff gets down to bassics with this MIDI pedal unit 

crystal, connected to pins 14 and 15. 

The complete circuit diagram of the bass pedal unit is shown in 

Figure 1 consisting of the MIDI controller IC4, MIDI out driver 
transistors 01, Q2 and Q3, the address decoders IC1, IC2 and 
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Fig. 1 Circuit diagram of the Midi Bass Pedal Unit 

IC3, and the power supply plus regulator IC5. 

The address bus consisting of 7 lines, AO to A6, allows the 
E510 to scan up to 128 individual switches. However, even 

though the bass pedal unit only requires one octave to be 

scanned, the other addresses should be fully decoded to 
prevent incorrect or spurious operation. 

While the switches are being scanned. the logic levels at BS 

and BE, pins 10 and 11 respectively, are monitored internally by 

the E510 to detect the operation and velocity of any switch 
being pressed. The time taken for the switch to operate is 

measured internally by the E510 and generates an appropriate 
velocity byte relative to how hard the key was pressed. With a 

clock frequency of 4MHz, the resolution is 2564 for the timing 
of the velocity byte. 

Input BE is connected to the rest contacts of the switches, 
while BS is connected to the normally open contacts of the 
changeover switches. The centre pole of a switch addressed by 
the E510 is made logic low via the decoder/demultiplexer ICs 

G2B G2A C B A 

IC9 

Y5 Y4 Y3 

NOTE: 
IC1,2,3 74LS138 
IC4 E510 
IC 78L05 
01,2,3 ZTX300 
D1 -D24 1N4148 
D25,26 1N4001 

and during scanning, when the centre pole is connected to the 
rest contact, the BE line is logic low. When the pole is switched 
to the normally open contact then BS goes logic low. In 

between the two contacts, both BE and BS are logic high via 

the pull-up resistors R1 and R2. 

The serial output from pin 9 is internally set up to operate at 

the correct MIDI baud rate of 31.25kHz and is made TTL 
compatible by using the pull-up resistor R3. The MIDI output is 

then buffered and inverted by transistor 01, before being fed to 
the two MIDI outputs via transistors Q2 and Q3. These two 
outputs allow the bass pedal unit to trigger two MIDI devices 
simultaneously even if they do not have a MIDI thru' socket. 

The E510 can operate on MIDI channels 1 or 2, depending 
on the logic level on CO (pin 12) provided by switch SW14. If 

CO is at logical 0, the E510 transmits on channel 1, if at logical 
1, it transmits on channel 2. The TST input is held high during 
normal operation. 
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Fig. 2 Component overlay for midi bass. 

The octave that is selected depends on the connections of the 

outputs from IC1 to the gate enable inputs G2A, B, of 102 and 

IC3. This allows selection of the particular octave to be triggered 
within a synthesiser module, as bass notes can sound better at 

different octaves on different machines. The various link options 
available are shown in Table 1. 

Octave Selection 

The power supply uses a standard centre tapped 6V -0V -6V 

transformer, T1, whose output is rectified by D25 and D26, 

smoothed by C3 and regulated by 105, to provide 5V at up to 
100mA, although the circuit only draws around 30mA. 

The metalwork consists of 1mm aluminium which is bent 
through 90 degrees twice, to form an inverted 'U' shape. The 

two end brackets are connected to it, via self tapping screws, 
to form the main cover over the bass pedal switches and 

enclose the PCB and transformer. The MIDI out socket(s), 
on/off switch, fuse and neon indicator are mounted in a suitable 
position on the rear of the enclosure. 

Details of the enclosure are shown in Figure 4 and the 
dimensions are designed to match the pedal unit available from 
Maplin. Holes need to be drilled in the enclosure, to match the 
bass pedal unit and, using self -tapping screws, the two units 

are joined together. The woodwork is nailed and glued together 
to form a suitable base to support the pedal unit and details are 

shown in Figure 4. 

Power Supply 

Mechanical Construction 
TABLE 1 Links for MIDI Octave Output 

Links from IC1 to G2A and B 

103 102 

YO Y1 

Y1 Y2 

Y2 Y3 

Y3 Y4 

Y4 Y5 

Y5 Y6 

Y6 Y7 

particular octave, so that for the octave C1 to C2 to be 

selected, Y3 and Y4 from 101 must be connected to the gate 
enables of I03 and IO2 respectively and their outputs from D1 

to D13 are connected to S1 to S13 respectively. 

MIDI Notes Octave Connect 

0 to 16 

8 to 24 CO to C1 D4 -D16 to S1 -S13 

16 to 32 

24 to 40 Cl to C2D1-D13 to S1 -S13 

32 to 48 C2 to C3D4-D16 to S1 -S13 

40 to 56 

48 to 64 C3 to C4D1-D13 to S1 -S13 
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Table 1 shows how various octaves can be selected, 

depending on the links from IC1. Note that, although the two 3 

to 8 decoders provide 16 outputs, only 13 are required for any 
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t OFF REAR PANEL 
22r.r Wood 

2 OFF SIDE PANELS 
22mn W000 

BASE PANEL 
6mm PLYWOOD 

NOTE: 
90 BEND DOTTED 

LINES THROUGH 96'1,5 

ALL DIMENSIONS IN mm 

Fig. 3 Metalwork for bass n t. 

50 

Electrical Construction 
The PCB can be mountec 3-7-e -e Cass pedal unit via self- 

tapping screws, through support pillars, or via 
adhesive PCB mounting pillars and then wired 

BRACKETS 
ALSIDE 

to the pedal change over switches, MIDI out 
sockets, channel 1 or 2 toggle switch and 6V - 

NOTE: 
FOLD EDGES AND OV-6V transformer secondary. Care should be 
DRILL HOLES TO taken with the mains supply so that no mains SUR METAL pp Y 

EDGES ARE 10mm connections on the fuse, on/off switch or 
APPROXIMATELY 

transformer primary are left exposed and the 

1 OFF 
earth lead should be connected to the metal 

METAL COVER chassis. 

Operation 
Actually playing the unit takes a little practise 
and I found that, by raising my ankle on a 

piece of wood in front of the pedals, the unit 
was easier to operate. The bass octave that 
sounds best depends on the MIDI device 
being operated, while the unit can also be 

used to trigger drum machines, but the drum patch may need 
to be set up internally to trigger the required drum sounds. 

Resistors IC5 78L05 
R1, 2, 3, 4, 12 K D1 to D24 IN4148 
R5, 6, 7 10k D25, 26 IN4001 
R8, 9, 10, 11 22 

Miscellaneous 
Capacitors Transformer 6V -0-6V; Fuse; DPDT switch; SPST switch; 5 -Pin 
C1, 2 22pF DIN (180); 16 -pin IC holders (4 OFF). 

C3 1000uF 
Buylines 

Semiconductors The foot -pedal is available from Maplin (order code XB18U) as is 

IC1, 2, 3 74LS138 IC4 E510 (order code KU41 U). The other components are avail- 
IC4 E510 able from many sources. 
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Find out how fast you're pedaling, with Bob Noyes' Cyclometer 

ow many times have you heard children 
boasting to their family and friends that 
they "were doing 60" down such and 

such a hill, when in fact 16 miles per 

hour would be nearer reality? Children, on the whole, 

do not have a sense of speed - hardly surprising 
really when many adults don't seem to be able to 

relate to 30 mph in a built up area either. Anyway I 

decided to build a bike speedo for my two boys so 

that they could see how fast they really were going. 

Simple, I thought - until the practicalities started to 

dawn. 

1. It had to be damn near bomb proof to survive my 

lads, so a strong moulded box would be required - 

Chobham armour was deemed too heavy. 

2. The display or method of showing the speed 
presented a problem. Moving coil meters are not 

designed to be treated in the same way as most 
children treat their bikes, so they were ruled out. This 

also kissed goodbye to the '555' mono that was 

going to be the heart of the electronics. 
A liquid crystal display was considered, as it is 

great at conserving energy because of its almost 
negligible power consumption, but on further 
inspection, the sheet of glass on the front of the 

display ruled it out on safety grounds. So that only left 

LEDs as a practical display medium, but to run the 

LEDs continuously would require a lot of power, so 

some means of battery conservation was needed - 

yet another problem. A very small, low power display 

could have been used but the difficulty of reading it 

while riding could distract the rider long enough to 

cause an accident, so this avenue was out too. 
The course chosen was this. When the cyclometer 

is in use, the display or LEDs would normally be 

blank and when a reading is required, a button is 

pressed, the display giving an instantaneous read 

out. The display blanks again when the button is 

released, thus conserving power. The button can be 

mounted on the cyclometer or on the handle bars of 

the bike, near to the hand grips. Because the speedo 
isn't required most of the time, this is no hardship. To 

give some idea of the LEDs' power consumption, for 

a display of 08 mph, 13 of the 14 segments of the 

two digits will be illuminated. At, say, 20mA per 

segment, the consumption is 13 x 20 = 260mA and 
even the lowest display consumption, 11 mph would 
require 80mA. Reducing the current in the display 
reduces the brilliance, which may cause the rider to 
take longer to read it in sunny conditions - this in turn 

could increase the risk of an accident, so economies 
in LED power consumption can be ruled out. As well 

as the display, the control and counting electronics 

Figure 1: Cyclometer circuit. 
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b) If more than one pulse per wheel revolution is required, another 
magnet can be added or several can be fitted at little expense. 
c) Reed switches and magnets are quite cheap and readily 
available. 

There is, however, one disadvantage in using reed switches and 
that is that they are prone to switch bounce when used in a 

counting circuit. One contact can produce a count of up to ten 
pulses, so a debounce circuit has been added between the reed 
switch and the counter. 

Figure 3: 
COMMON 16 1 a SEGMENT Rear of 

SEGMENT b nN 15 2 } SEGMENT 0.8" red 
SEGMENT g 14 3* O REMOVE LED 
SEGMENT c 13 4 e SEGMENT (common 

REMOVE 12 5. O REMOVE catmode). 
SEGMENT d O *11 6c O REMOVE 

10 

RN 
No 9 CUT OR BEND 

PINS SO THEY 
ARE OUT OF 
THE WAY 

Figure 2: Background 
Cyclometer Speed is defined as the rate at which 

PCB layout distance is covered, in our case keeping to 
the British imperial standard of miles per 
hour. There are 63,360 inches in 1 mile and 
in my case both boys' bikes have a 26in 
nominal wheel, but when measured it was 
actually nearer 25.2in. The circumference of 
a circle, or a wheel, is 2Pr so 2 x 3.142 x 

12.6 (radius = 1/2 diameter) = 79.2in wheel 
circumference. Number of revolutions per 
mile therefore is 63,360/79.2 = 800 

DISPLAY revs/mile. 
CONNECT TO OV 

In order to keepthe circuit simple, we do TO BLANK DISPLAY p 
(THROUGH NC DISPLAY not want to use complicated and expensive 
SWRCH) 

electronic techniques to alter the number of 
pulses to a set 1 second time period, it is far 
easier to alter the timing period to set the 
calibration. 

To read 20 on the cyclometer display at 20 
mph, the counter must read 20 pulses in the 
time period. At 20 mph, one mile takes 3 

minutes so the number of revs/minute = 800 
revs/mile divided by 3 = 266.66 revs/minute. 
Divide this by 60 to get 4.4 seconds. This 

means that the counter for 4.4 seconds 
should read 20 (the number of revolutions) in 

order to give a direct reading in mph. 
Although this would work, it assumes that 
you keep a steady speed for 4.4 seconds to 

give an accurate read out. This is a long period of time and if two 
magnets were used instead of one, two pulses would be received 
per wheel revolution, so the time period could be halved, but if 

three magnets were used, three pulses per rev would reduce the 
time period to 1.46 seconds. This is a far more practical timing 
period as the display can re -time the speed count approximately 
every 1/1/2 seconds. The three magnets should be placed as 

symmetrically as possible, i.e. 120 degrees apart, so the gaps 
between pulses are equal. This calculation is based on a 26in 
nominal wheel which actually measures 25.2in. 

Smaller wheels turn faster for the same speed than larger ones 
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require power supply to the =D all the time the 
cyclometer is on, so this is o:: _: - a o ice has a dynamo 
generator for the lighting s; s:eM . s :o. o be used as a kind of 
tacho, but most bikes do = fitted as standard and if 

they are fitted as an extra. , s o on the wheel which 
would cause an accuracy of:: eM as r. ail as being relatively 

expensive. So in the end. a =c activated by magnets has 

been chosen. There are se%e-a a:.an ages of this method of 
detection: 
a) There is no drive current reecec. only digital levels being 
switched. 

Il.t7't-IIIIIIt- 

n I:'.:[31c'f}1 
h1l+tI.'II:. :I 

alblflt[: I}r::Y:'- 

require power, but by using modem CMOS Cs.this can be kept 
to a minimum and is quite small cc -roared the display's 
requirements. 

3. Because of the heavy current cs aras :,s - excess of 1/4 

of an amp, the good old PP3 9\ ca -_r. s ..se --ne higher 
current PP9 is too large as well as -cc _ X c- s . e c . A batteries 
are the ones to use. If normal AA -c- c a -c -ac s cartenes are 

used, four are needed to proc.,c_ _ . 
_ 

. _ ec-argeable 
cells are used - and this is recc- - - .e a e - eeded as 

their nominal voltage is only 1 _ . 

Increasing the voltage by acc -_ e _ -= __ cc s not 
improve anything because a'- _-_ _=_ -_ as a -xed voltage 
drop, independent of current e a 

_ 
_- _ _ 

n_ -easing the 
voltage only increases the pc... _a=s, 77, d -upping 
resistors, R8 - R14, and redk.css e e 

If rechargeable batteries are .._ez 

type rather than the plug in -, - _ =a:: 

- --e unit. 

_-e solder tag 
- are required 

as these tend to corrode at 7-5- -a _ e exccsed to damp 
conditions - which may wel ce 7-, _ a_ e - _ -e c` a child's 
bike. There also needn't be a = _ ,e- _ 

_ _ 

_ 
e _- an: get lost. 

4. The choice of detectc-s ce -e_- - e =pe=ep s a challenging 
problem in itself. An optica ce _ _ _ _ _ _ c _ _ --2-23 but these 

REAR OF o.r RED LED 
COMMON CATHODE 

KEEP Ate. 
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but their circumference is smaller too. For an 18in diameter 

wheel, assuming it to be actually 18in, the circumference is still 

2Pr = 2 x 3.142 x 9 = 56.5in. Revs per mile is 56.5/63,360 = 

1121.4. Again at 20 mph and for a reading of 20 on the 

cyclometer, it takes 3 minutes to travel 1 mile so revs/minute = 

1121.4 divided by 3 = 373.8 revs/minute. To convert to 

revs/seconds divide 373.8 by 60 giving you 6.23 seconds. This is 

too long a time period, so by increasing the number of magnets 

to four, this timing period can be reduced to 1/4 = 6.23 divided 

by 4 = 1.55 seconds. Again the magnets should be mounted 

symmetrically, i.e. 90 degrees apart. 
The same principle is used to calculate the time of count for 

any size wheel. The ideal time period of count is around 1.5 

seconds in order to get a sensible and practical display. Too fast 

and the display appears to be constantly changing and is hard to 

read, too slow and the accuracy drops off as the speed is 

averaged out over a longer time. 

How It Works 
The sensor, or pick up, is a one pole, two way reed switch. As 

Figure 4: De -bounce 
circuit. 

the wheel revolves, the magnets which are tie wrapped to the 

spokes activate the switch while they pass it. The reed switch is 

securely fitted to the forks of the front wheel. 

The common of the switch (with no magnetic field present) 

makes contact with terminal B, but when a magnetic field is 

present (the magnet on the spoke passing the switch) the 

common breaks contact with B and makes contact with A. 

However, these contacts have a nasty knack of bouncing when 

directly connected to a counter, creating an error - one touch of 

the contacts can produce a count of up to ten. To prevent this 

error, they are connected to a debounce circuit, which takes the 

form of two cross coupled NAND gates, connected up as a latch. 

This requires a transition of the low (the common on the reed 

switch) from B to A and back to B again, to produce a pulse on 

the output. It does not matter how many times the common 
makes and breaks with A (the bounce effect), so long as it does 

not touch B and again, when the common makes with B it can 

bounce several times, so long as it doesn't touch A in between. 
This type of debounce circuit is used in many critical pulse count 

applications. 
Now the clean pulses are generated at IC1 pin 10. The leading 

TO FUSE THEN 
+VE OF BATTERY 

SWITCH SHOWN 
FROM REAR 

Figure 5: 
Power 
switch 
connections. 

edge of the pulse is generated on the first touch of the common 
on A and the trailing edge generated on the first touch of the 

common back on B. These clean pulses are fed directly into the 

counter IC2 pin 12. IC2 is actually a three decade counter - 

hundreds, tens and units - but we are only using the two least 

significant decades, or tens and units. It is still far easier to use 

this chip, rather than two conventional counter ICs like 4029s, or 
even a two decade counter like 4518. The great advantage of the 
CMOS 4553 is that the output is 'multiplexed', which means it 

only requires one seven segment decoder IC, the 4511. 
Multiplexing basically means time sharing (not a dirty word in 

electronics). 
Normally, two decades of a BCD counter require eight data 

output lines - 1, 2, 4, 8 for the units and 1, 2, 4, 8 for the tens. 

These are then taken as two groups of four, or two seven 

segment decoder ICs. In the case of the 4553, only one set of 

data outputs are required. These contain the information for all 

three decades. This is done by multiplexing - 1, 2, 4, 8 outputs 
pin 9, 7, 6, 5 respectively, first give the information applicable to 

one decade for a fraction of a second. This is accompanied by a 

decade drive signal which, via a transistor, turns on the 

appropriate display. The information on the BCD outputs is 

changed to the next decade and the decade drive signal, 

originally turned on, turns off and the next display is turned on, 

again via an external transistor. Finally, the third set of information 

for the third decade is outputted on the data lines and the second 
decade drive signal removed, the third being energised again via a 

transistor. This continuously repeats itself very quickly. All three 

decades appear to be on at the same time, because the human 

eye reacts much more slowly than the multiplexing speed. In our 
case we are not using the third decade but the principle of 

operation remains the same. 

The 4553 is responsible for synchronising the turning on of the 

decade at the correct time, as well as outputting the data. This, 

with the three decade capacity and such features as 'disable' and 

'latch enable', makes this a very useful IC, albeit a little more 

expensive than the average CMOS IC. 

Because only one 4511 seven segment decoder is used to 

control two decades, its 'latch enable' cannot be used as this 

would freeze its output and both tens and units would show the 

same frozen number. This is of no consequence because the 

4553 has its own latch enable pin 10. This is normally held high 

by IC1 pin 3 holding the output of the last count cycle, but at the 

Figure 6: NiCad battery 
connections. 
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end of the present count cycle 7 -="z c2se 
applied. This low pulse transfers :e _ _ a- c _ -e count 
cycle into the latch or memer. e -ac. _ -e 77 _-t- _ ce :f the IC 

to be reset via C4, R6, D1 an: ter --e -e _`:.vises in 

the count cycle time period .'.- on :a e :a _-a__ a -e speed 
in mph. This cycle of count. la -c- ere: - -_ -at_ _ _ . a. and over 
again. The counting is never see- -_ _ -e orevious 
count cycle, stored as a number -_ _-_ _ : ad when 
the `display' button is pressed 

information to the LED disp a. 

pulling down BI with a resis-c- 
open contacts, was chose- s: _ 

brought out of the box and 
fuse is incorporated on the :c - _ _ - 

when using rechargeable cala -e- - 

available owing to their ex:reM= . - 

The LEDs used are 0.81naroe 

- -7: rather than 

- ^ _ a - aith normally 
- __=,e need not be 

Ke's frame. A 
- : a a- . ripply, because 

_ _..rents are 

e-= re, stance. 
- -ems. This is in 

order for the display to be -sac er s._ -- :css ole, so as to 
distract the rider as little as .7.c-- _ - - -_ get the greatest 
contrast from the display ' a = - - _ 

_ -o7 _-s. a red filter is 

used. This blots out anytr c,a_: _ _ and only shows 
the illuminated segments. - a -e: - - , = mounted inside the 
box, produces a pocke: r..- _ - - _ :tan , a when left out in 

the rain, so the filter is cone:: -: --= _ de c` the front panel 

using neat instrument : _--_ _ cots. Care must be 
taken not to mount the : _ - _ 

_ 
- -_ ne edge of the filter or 

over -tighten them as - = a -dency to crack or 
chip, and the overlap c--_ - - c^t panel should be 
glued, using a glue tha: a. - me plastic. The `power 
switch' used is chosen :--- a _: _ 

_ 
::ver can be obtained 

for it to keep out damp-ess - - s - , _ ^portant as contacts 

_:: s on when exposed to 
a,. button is of the 

switching power are yen. o 

dampness, due to elec--c 

normally closed contact e - - _- -e r: itch is not a waterproof 
type but as it only swiitcn_s eg.g. - e.e 75's is not too important. 
However, a waterproc' o -e _sed rf desired, but must be of 
the normally closed cc -:a_- T. 

The rechargeable ea -a -e_ a = s: ocred together as per 
diagram (make sure yc..-Se me s: per tag type). Great care 
should be taken that re so: e.: during soldering is not 
allowed to reduce the -a._ a-:- e -end them, as their cases are 

the negative contact a -c _a:^ m -e s 1.2V different from the next 
one. To help with this. sma :a .,:card strips are placed between 
the batteries. The bare -es :, 3 not be charged until they are 

soldered, so if a short ...as t: occur, any damage is limited. The 
five batteries should be :necked and charged as a block. It is 

recommended that a charger s bought, because it is going to be 

In order to blank the dise a, 

input' to the 4511 pin 4 Is he = 

closed contacts on a 'displa; 
pressed, BI is pulled high b} 

Figure 7: home made 
NiCad battery charger. 

used hundreds of times during the life of the speedo. Buying also 
ensures safety, as the charger is a mains unit and strict safety 
precautions should be taken. A diagram is given of a suitable 
charger, but no constructional details are given. 

The charger should be capable of charging the batteries as a 

block and normally comes with a 2.1mm plug. If the output is 

switchable, as many are these days, the selection should be 4-6 
cells as against 6-8. The output of the charger will need to be 
tested with regard to polarity. There seems to be no standard - 

some are wired with the positive in the 
centre, others wired with the negative 
in the centre and some are switched. I 

have used the positive in the centre, 
so some of you may need to have the 
plug either altered or changed to suit. 
Always alter the plug 2.1mm (charger 
type), do not take the charger apart. 
Do not use the rapid 1 hour type 
chargers, which can cause the 
batteries to heat up and come loose in 

their pack. No harm will come to the 
charger or the batteries if the polarity is 

incorrect, because of the protection 
diode D2, but incorrect polarity will not charge the batteries. 

Once the batteries have been charged and the output checked 
to be 6V or above, they can be taped together - again great care 
being taken that they are not allowed to short to one another or to 
anything else. When the PCB is built and about to be tested, it is 

recommended that a bench power supply current, limited to 

HOLE CUT TO SIZE FOR DISPLAY 

RUBBER SW 
COVER 

BOTTOM OF THE BOX (LID) 

BOLTS MUST 
MISS LEDS 

1 

BATTERIES MOUNTED ON SHELF 
MADE FROM PIECE OF PCB AND 
MOUNTED ON SPACERS FROM 
BOTTOM OF BOX 

TAPE ONTO SHELF TO STOP 
BATTERIES FROM MOVING IN USE 

Figure 8: Cyclometer assembly. 

500mA is used, as some of the tracks on the board are quite thin 
and in the event of a fault could burn up if large currents are 

available. The Cyclometer should be fully tested on the bench 
using the power supply before the rechargeables are connected. 

When on the bench, the reed switch sensor can be replaced by 
a one pole two way press switch (break before make). This 
enables a reading to be obtained on the bench without trying to 
get the bike in the workshop. Pressing and releasing the switch 
will generate pulses, which are counted in the same way as the 
pulses from the reed switch. They do not appear on the display 
as the switch is pressed because of the 'latch enable' but should 
appear at the end of the count cycle as a number. VR1 can be 

set accurately if a scope is available, by monitoring pulses on pin 

3 as calculated earlier. If a scope is not available, a logic probe set 
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COMMON 

BIKE O -- 
CHASSIS 

0 

i}- 
NOTE: 
1 BATTERIES CAN ONLY 

BE CHARGED WHEN 
CYCLOMETER IS SWITCHED 
TO OFF/CHARGE 

2 THE DISPLAY PRESS SWITCH 
CAN BE MOUNTED ON THE 
CYCLOMETER BOX OR 

DIRECTLY ONTO THE 
HANDLEBARS 

CHARGE L ON 

COMMON 

-OA DISPLAY 

B 
CYCLOMETER 

PCB 

IA 
SLOW BL 

T5x1.2VI 
RECHAR 

T 

to 'pulse' rather than normal can be used - although not as 

accurate, the adjustment is made to VR1 to produce a bleep at 

the intervals calculated earlier. 

Because the Cyclometer, when fitted, may well get left out in 

the rain, the box it's mounted in should at least be shower proof. 

To this end, the lid of the box is mounted underneath and the 

conventional bottom of the box is used as the top. This means 

that if the junction of the lid and the box leaks slightly, the circuit 
board is held well above any dampness and if any wet does get in 

it cannot fill the box up. The PCB and battery support board are 

mounted on suitable pillars, off the base of the box as in the 

diagram. 
Another consideration is the increasing problem of theft from 

bikes. Although the Cyclometer is useless without the sensor and 

magnets, this does not seem to stop the light fingered from taking 
anything not securely fastened down. So, two thin aluminium 
brackets have been made to hold the Cyclometer to the 

handlebars, tape being used to prevent the brackets from 
scratching them. These two brackets are securely bolted to the 

bottom of the Cyclometer box and to get inside the Cyclometer 
or to remove it, the four bolts securing the lid must be undone. 
These, when supplied, are 4 slot headed 3mm counter sunk 
bolts. Two of these are replaced with cross headed 3mm bolts so 

it now requires two screwdrivers to remove it. This should 

discourage most from trying to steal it. 

The cable to the sensor (reed switch) should be screened 
stereo cable, with the screen going to the common on the reed 

switch, as well as being used as the earthing point where the OV 

is connected to the chassis of the bike frame. This should help 

prevent stray pick up from radio signals and the like from affecting 

the accuracy during use. The cable should enter the case at the 

A 

B NC 

REED 
SWITCH 

bottom, near the lowest point. To prevent seepage of dampness, 
the cable can be sealed with glue from a glue gun. The case of 
the reed switch is normally glass, but this is so small there is no 

safety problem in the case of an accident. The contacts of the 

reed switch are individually sleeved to prevent them from shorting, 
as the contacts A and B are very close together. Do not try and 
bend the leads out of the reed switch, as they will cause the glass 

to break. Solder a wire to the lead sleeve and bend the wire, not 
the lead out of the switch. The whole assembly, reed switch and 

sleeved wires are encased in a heat shrink sleeve, to help protect 
the switch as well as add strength to the whole assembly. The top 
of the heatshrink sleeve is glued together, again to prevent rain 

from getting into the switch. Great care should be taken that the 
brakes of the bike are not interfered with or fouled in any way by 
the wiring or mounting of the reed switch assembly. As every bike 

is different, no specific instructions can be given, but the diagram 
shows how my sensor is mounted and may be useful for other 
types of bike. As well as upsetting the brakes, the other danger is 

causing the front wheel to jam. To prevent this, the magnets are 

short bar types held firmly on to the spokes by two tie wraps, plus 

a dab of glue from a glue gun over the tie wrap to prevent it 

coming loose. 

The magnets are mounted on the spokes, next to the rim of the 
wheel. The reason for this is that when the wheel revolves there is 

a centrifugal force which tries to throw the magnets outward from 
the centre towards the rim. If the magnets are already touching 
the rim, they cannot travel any further. Also, at the rim the spokes 
are all in the centre giving the most room between them and the 
forks of the frame. This gives more clearance and a greater safety 
margin. The magnets should be tried out with the sensor before 
fitting, to get some idea of their reliable range acting on the reed 

SCREENED CABLE - OV TO SCREEN 

CHARGING SKT 
CENTRE PIN +VE 
(SEE TEXT) 1 

1N4002 

-1101- 

NO 

NC 

+VE 

POWER 

OW 

4A 
GEABLE 

C 

DISPLAY NC 
PRESS SWITCH 
MAY BE MOUNTED 
ON BOX OR ON 
THE HANDLEBARS 

Figure 9: Cyclometer inter connections. 
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TR1, TR2 BC307 or BC178 

D1 IN4148 
D2 IN4002 
IC1 CMOS 4093 
IC2 CMOS 4553 
IC3 CMOS 4511 
VR1 1 MEG POT 

2 x 0.8in common cathode LED displays, 
Electromail 588-960 1 x box, Maplin LH61 R 

1 x 2.1 mm charger socket, Maplin FT96E 
1 x power switch, two pole, 2 way, Maplin FH04E 
1 x press switch N/C contacts 
5 x AA solder tag recharge batteries, Electromail 591-051 
1 x reed switch, one pole, 2 way, Maplin FX69A 
Magnets (see text for quantity), Maplin FX72P Screen 
stereo cable 
Tie wraps 
Spacers to suit 
Scrap PCB for battery shelf 
Aluminium for brackets 
Cover for switch, Maplin JR79L 

TRANSISTORS 

DIODES 

MISCELLANEOUS 

Figure 11: Reed switch and mounting. 

Figure 10: Reed switch assembly. 
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SOLDER AIS SLEEVE 
DO war BEM MORE 
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HEAT SifIN!( 
SLEEVE 

SOLDER APC SLEEVE 

EARTH POINT 

POSITION THE REED SWITCH 
SO THE MAGNETS ACT ON IT 
A SMALL CLICK CAN BE HEARD 
WHEN THE SWITCH CHANGES 
STATE 

C2 220pF 

C3100uF 

C4 220pF 
C5100uF 

DISC 16V 
RADIAL 16V MIN 

DISC 16V 
RADIAL 16V MIN 

ELECTRONICS TODAY INTERNATIONAL 
67 

E 

HCTé: EARTH WIRE 
C9NEG7Ei) TO 
FRirtc OF BIKE 

TYRE 

BRAKE 

MAGNET MELD BY TWO 
TIE WRAPS GLUE GUN 
GLUE TO STOP WRAPS 
FROM COMING LOOSE 

1 

switch. 
If any youngsters are fitting these magnets, a responsible adult 

should check the installation before the bike is taken on the road. 
Before anyone takes it on the road, the bike should be turned 
upside down. The front wheel can then be spun. slowly at first 
then gradually increasing the speed, to check that everything is 

clear and working. Remember the cy ciorreter must be switched 
on and the display button must be or, -.,.ad in order to illuminate 
the display. 

So far, the calibration has onhv bee -ocre meoretically by 
calculation and VR1 adjusted to the - ayar-'cure. This can be 
checked against a car's speedo For sa _.sires, this should 
be done somewhere where the b ice rar se paced alongside the 
car, never follow the bike in a car - 'r o e ncer comes off. 

Although not as accurate, another xeoc ,'.^o d be to time a 

known distance at as constant a s as ssble, for instance, 
at 15 mph on the Cyclometer, yo.. s'c'jer ice four minutes to 
travel one mile. The further the ds=a.ce 7- the error, 

assuming the speed is kept corn - er said than done. This 
method can be employed well a.. a! terr- ears although the 
distance can be measured by a ca- rr --c: .foe beforehand. 
Adjustment can then be made to . _c r-cr7;".e the accuracy. 
Decreasing the resistance shorter~ -e pre wed and hence 
reduces the reading, increasing the assoance r' VR1 increases 
the time period and hence the rears_ 

In my case, my kids have con -oared -ar srce the 
Cyclometer has been fitted, the, s ice orr - JO as fast as they 
used to - they can't do 60 mp" a-. -acre. 

R® saMrrCrr 

CABLE TO CYCLOMETER 

REED SWITCH HELD BY TWO 
LARGE TIE WRAPS 

SCREENED 
CABLE 

R1, R2, R3, R7 10K 
R4 27K 
R5, R6 100K 
R8, 9, 10, 11, 12, 13, 14 47n 

Cl 4p7 TANT 16V 

RESISTORS 

CAPACITORS 
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ELECTRONIC TEST f MEASURING INSTRUMENTS 
Unit Four, Forte S Main Road, Barnham, Bognor Regis, 

West Sussex. P022 EB T 44 102243 545111/2 Fax + 44) 0243 542457 

Access 

We have what is probably the largest 
range of Service Information available 

anywhere. 
From the Earliest Valve Wireless to 

the Latest Video Recorders. 
Colour Televisions, Test Gear, Audio, 

Computers, Amateur Radio in fact 
practically anything. 

Originals or Photostats as available. 

Also available. Our FREE catalogue 
detailing Hundreds of Technical Books 

and Repair Guides available. 

Send 2 x 1st class stamps for your copy 
TODAY. 

47A High Street, 
Chinnor, 

Oxfordshire, 
OX9 4DJ 

351694. Fax: 0844 352554 

PROGRESSIVE RADIO 

87/93 Dale Street 
Tel: 051 236 0982 051 236 0154 

47 Whitechapel 
Tel: 051 236 5489 

Liverpool 2 

'THE ELECTRONICS SPECIALISTS' 

Open: Tues -Sat 9.30-5.30 

TURN YOUR SURPLUS 
TRANSISTORS, ICS ETC INTO 

CASH immediate settlement 
We also welcome the 

opportunity to quote for 
complete factory clearance 

Contact 

COLES-HARDING & CO. 
Unit 58, Queens Road, Wisbech, 

Cambs PE13 7PG 
BUYERS OF SURPLUS INVENTORY 

ESTABLISHED OVER 15 YEARS 
Tel: 0945 584188 
Fax: 0945 475216 
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analysis, QSO logging, 
steering, SCIENTIFIC, 
PROGRAMMING, 

SOURCE CODE, DATA, EDUCATIONAL, WINDOWS, 
BUSINESS and lots more 

Write, phone or fax today for your free 124 page printed 
catalogue 

ELECTRONIC PLANS, laser 
designs, solar and wind generators, 
high voltage teslas, surveillance 
devices, pyrotechnics and com- 
puter graphics tablet. 150 projects. 
For catalogue. SAE to Plancentre 
Publications, Unit 7, Old Wharf 
Industrial Estate, Dymock Road, 
Ledbury, Herefordshire, HR82HS. 

EPROM, PLDs + Microcontrollers 
copied or programmed we supply 
devices/convert discrete logic to 
PLDs PO Box 1561 Bath 0225 
444467 
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FOR SALE 

Eca 
THE TRANSMITTER PEOPLE 

4 WATT PPO FM BROADCAST (Built) 
TRANSMITTER: with Low Pass Filter 
Modulation 5KHz Wide Band 
Range up to 4.2 miles 
Supply 10-16 Volts AC/DC 
Current 250mA 
Audio Input 1OOmV (ADJ) 
Frequency Range 88-108MHz FM 
Stability +1- 20KHz 
Size W 70mm. D 90mm, H. 50mm. 
MANY USER CONTROLS Price: £23.50 

7 WATT PPO FM BROADCAST (Built) 
TRANSMITTER: Higre- r._- .e 's on of above 
Transmitter 7 miles range . Price: £52.50 

KIT: 3 WATT TRANSMITTER 80.108MHz 
Coil Tank Controlled _ _ - es range. 
Supply 12V dc at 0.5 a-_s .. Price: £12.50 

ALL PRICßRICL1IDE VAT 
PLEASE ADD £1 P&P PATIENT WITH ORDERS TO: 

DELCIA ELECTRONICS, 
14 ST. MERYL PARK, GLEN ROAD, 

BELFAST, BT11 8FY. 
Tel: (0232) 611995 24 Hour Turn Around 

Please send 2 :1st Wes stamps for our catalogue 

COMPONENT'S - COMPONENT'S - COMPONENT'S 

LEICESTER LE3 9FF 

Falcâé DIY SPEAK 

International 
M DESIGNS 
EF Construct 

Also Group/Disco Units 
CROSSOVER NETWORKS - 

$ Passive Components, 
Polypropylene Caps 

AMATEUR PUBLICATIONS 

ADD6tA5 

COURSES 

uy, sell and reps 
Generators. Fire 

drum Analyser, 

KITS 

Bishop SIenIWJ, 

* WIDE RANGE ALWAYS IN STOCK 
* SURPLUS COMPONENTS ALWAYS IN STOCK 
* SPEAKERS BY SOUND LAB AND R.C.L. 
* SOUND LAB IN -CAR BOOSTERS 
* LARGE RANGE OF ACCESSORIES IN STOCK 
* LARGE RANGE OF CONNECTORS IN STOCK 
* FM - TRANSMITTER - ROOM OR TELEPHONE 
* THERE IS LOTS LOTS MORE IN STOCK 

AUDIO 

COMPELEC 
1994 BARGAIN UST 

THE ELECTRONIC ESSENTIAL MILLIONS OF 
COMPONENTS AT UNBEATABLE PRICES 

FOR A FREE COPY PHONE, FAX OR WRITE 
(TRADE ONLY) 
COMPELEC, 

14 CONSTABLE ROAD, ST IVES, 
HUNTINGDON, CAMBS. PE17 6EQ 

0480 300819 
WE ALSO PURCHASE ALL TYPES OF 

ELECTRONIC COMPONENTS. LISTS TO 
ABOVE 

SWC SCIENTIFIC 
WIRE COMPANY 

ENAMELLED COPPER WIRE 
TINNED WIRE SILVER 
PLATED COPPER WIRE 
SOLDER EUREKA WIRE 
NICKEL CHROME WIRE. 
BRASS WIRE LI TZ WIRE 
BIFILAR WIRE MANGANIN 
WIRE TEFZEL WIRE NICKEL 
SAE BRINGS LIST 18 RAVEN 
RD LONDON E18 1HW 
FAX 081 559 1114 

FARNELL STABLISED P.S.U. 
30V-1 Amp. Sig Gen. IC's, 
components, weller iron. 
Heathkit digital trainer. 
Cambridge Learning Adven- 
tures in courses. Dozens of 
books all new. Hobbyist must 
sell. Tel: 0443 423761. 

LEN COOKE 
ENTERPRISES 

For the best value in Used 
Electronic Test Instruments 

We b i r Oscilloscopes, 
Signal quency Counters, 

Spe , Power Meters, 
Logic Testers etc 

Spare Parts available for most Tektronix 
Scopes 

Tel/Fax: 081 864 5551 
MobIle: 0831 630820 

Mail Order Address: 179 Northolt 
Road, Harrow, Middx. HA2 OLY. 

We engineer what we buy, we support 
what we sell. 

HEATHKIT U.K. Spares and 
service centre / educational 
products distributor. Cedar 
Electronics, 12 Isbourne Way, 
Winchcombe, Cheltenham, GL5 
5NS Tel: (0242) 602402. 

SURVEILLANCE KITS 
MRT1 MICRO TRANSMITTER, 25mm x 20mm including 
sensitive mic , tuneable 80-115MHz 500M range Kit £4 95 
Assembled £9 95 

MTT1 TELEPHONE TRANSMITTER 35mm x 10mm, 
powered from line, discreetly transmits all conversations 
500M range, 80-120MHz Kit £695 Assembled £11 95 

All prices include p&p Send 2x2nd class stamps for 
catalogue Cheques/P 0 s payable to: 

EXCELL PRODUCTS (Dept ETI) 
Unit 14, Sunningdale, 
's Herls CM23 2PA 

TO ADVERTISE IN ETI 
CLASSIFIED CALL 0442 66551 

Please give us a call on our 

HOTLINE 0533 - 515944 
ELEY ELECTRONICS LTD 

100-104 BEATRICE ROAD 

SURPLUS 
COMPONENTS 
WANTED 

it COMPLETE CLEARANCE 
S BEST PRICES PAID 
* PCB BOARDS POPULATED 

CONTACT 
D.T.S. SERVICES 
Tel: (0602) 208955 
or Fax: (0602) 4845319 

Send for our FREE price list PL22: 
All we ask for is a large S.A.E. 

36p stamp or $2 bill U.S. overseass 
(Europe - 3 reply coupons) 

SYSTE (Total Kits): 
Focal, K or. Seas. etc. 

DRIVE UNITS FOCAL, KEF, Audax, 
Coles, Peerless, Seas, Siare, Elac Metal 

Dome, Scanpeak, etc 

Active 
Accessories. 

BACK ISSUES: 
Speaker Builder, Audio Amateur & Glass 

Audio, US Cookbook + books 
Full details from 

FALCON ELECTRONICS 
(Dept E.T.I.) Tabor House, Mulbarton, 

Norfolk NR14 OJT (0508) 78272 
(Proprietors: Falcon Acoustics Ltd ) 

NEWMARKET 
TRANSFORMERS LTD 

Mail Order Transformer 
Specialists 

Toroidal and Laminated 
Transformers, 3VA to 1 kVA. 
Fast delivery. Competitive 

prices. Quality guaranteed 
Phone: Michael Dornan on 0638 

662989 for Immediate Quote 

FAX YOUR ADVERT ON 0442 66998 

Start training now with the specialists for 
the following courses. Send for our 
brochure - without obligation or 

Telephone us on 0626 779398 ETI 3/94 

Name Telecomms 
Tech C&G 2710 

Radio Amateur 
Licence C&G 

Micro- 
processor 

Introduction to 
Television 

Radio & Telecommunications Correspondence School 
12 Moor View Drive, Teignmouth, Devon TQ14 9UN 

NEW VHF MICROTRANSMITTER 
KIT tuneable 70-115MHz, 500 
metre range, sensitive electret 
microphone, high quality PCB, 
SPECIAL OFFER complete kit 
ONLY £5.95 assembled and 
ready to use £9.95 inclusive P&P. 
3 Watt FM transmitter kit £15.95. 
Credit card orders Telephone: 
021 486 3092, Fax: 021 411 2355. 
Cheques/PO's to: C.E.C.(Dept 
ETI), 515a Bristol Road, 
Birmingham, B29 6AU. Send 2 
x 1st Class stamps for details of 
these and other kits. 
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We continue our series on repairing, maintaining and upgrading PCs and 
Ken Gill will be concluding his article on sending data on a laser beam, 
showing how to set up the system. Jim Spence will conclude the 
Experimenter's computer keypad and display with a look at the software 
needed to implement the keypad, while we will also be continuing our 
series on MIDI musical instruments. 

For computer users, Robert Penfold will show how to build a RS232 
break out box for solving all those difficult cable configuration problems. 
Terry Balbyrnie will show how to build a handy little light meter for video 
cameras, and Bob Noyes has an interesting project to stop your children 
spending all their time playing computer games. In addition, we will be 
starting a new series of simple projects for the beginner with a logic probe 
designed by Robert Penfold. 

The main feature next month will be looking at smart cards, what they 
are, how they work and whether they will replace the cash in your pocket. 
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changed over the last few days. In the past, 
I had always had a gut feeling that the next 
generation of engineers would be able to 
continue the tradition for innovation that 
has for so long been something which we in 

Britain could be proud of. Now, I know that 
that gut feeling was not only correct but 
understated. 

This change was brought about by 
talking to the finalists at the recent Young 
Electronics Designer Award. 

If these young people, their ages 
ranging from 13 to 23, are at all representa- 
tive of the next generation of engineers, 
then both they and the people of this 
country in general, could be in for an 

exciting future Rarely have I encountered a 

group of people who were so enthusiastic, 
and knowledgeable about their chosen 
subject. 

It went further than just knowing about 
electronics, these were designers and inno- 
vators in the best sense. They had all devel- 
oped products to meet specific needs, they 
had thought carefully about how their 
creations would be used, the people who 
would use them and the markets they 
would sell to. They had thought about the 
questions raised by production and had 
optimised their designs for cheap and easy 
manufacture. 

These are all attitudes which we need to 
foster if high technology industry in the UK is 

to survive and prosper. There is little doubt 
that we have had extraordinary success in 

developing new ideas, indeed the number of 
new ideas that were initially conceived in this 
country during the last fifty years is enor- 
mous and equalled only by the US. 

The trouble is that we have, by and 
large, failed to turn ideas into commercial 
products We have been beaten commer- 
cially by the undoubted skill of Japanese or 

German production engineers, who seem 
able to see a new device as a commercial 
product, as well as a great idea. These 
engineers can see a product from the point 
of view of the customer and tailor it to suit 

their needs. They can see a product from 
the point of view of costs and profit, then 
design it to be produced as cheaply as 

possible. 
If we are to beat the Japanese and 

Germans, .and I firmly believe we in this 
country can, then we need to go even 
further. We need to produce engineers who 
combine the traditional creativity of British 

engineers with the commercial orientation of 
our competitors Such a combination would 
be unbeatable and if the young people I met 
last week were at all representative, then we 
may have a new generation of engineers 
with just that winning combination. 

Another encouraging aspect highlighted 
by the group of finalists was the fact that 
about one third of them were girls. I have 
always considered it to be wrong that both 
electronics and computing are such solidly 
male dominated activities. In theory, they 
are subjects which should be equally as 

attractive to girls as they are to boys. 
Of course, we all know the source of the 

problem lies in tradition within the educa- 
tional system and within society in general 
Engineering was not something done by 
girls. Come to that, given the rather nega- 
tive attitude to engineering in this country, 
engineering was not considered a proper 
occupation for 'nice people' of either sex 

Far better to be a secretary, a civil servant, 
a bank manager, or an estate agent! The 'nice 
people' in society considered these clean, 

socially acceptable jobs, unlike engineers who 
had dirt under their finger nails and talked 

about 'boring' things. 
That is the real problem, the reason why 

there are so few girls in engineering and 
why engineering has such a low social 
status. We have allowed ourselves to be 
given a sense of inferiority by a lot of igno- 
rant, snobbish people and what is worse, 
we have allowed the future of this country 
to be dictated by such people. 

It is time that we as engineers regained 
our self respect, it is time that we made the 
rest of society realise that without us they 
would have nothing. Every material comfort 
that society values so much was made 
possible by the work of engineers 
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Smallest telephone transmuter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

range 

SUMA 
DESIGNS 

DEPT. ETI 
THE WORKSHOPS, 95 MAIN ROAD, 

BAXTERLEY. NEAR ATHERSTONE, 
WARWICKSHIRE CV9 2LE 

VISITORS STRICTLY BY APPOINTMENT ONLY 

447=71---I 

Tel/Fax: 
0827 714476 

SCRX Subcarna äacini 'aa9itler 
Scramblec : -_ - - - - -_ . De monitored without the SCDM decoder 
connectec - _ - - - . - - 9V operation 1000m range .122.95 
SCLX Subwms mormurer 

 

' eta -m-1 

t 
Ger-_ -e SU MA Kits available only direct from Suma Designs. Beware inferior imitations! 

UTLX Ultra -miniature Telephone Transmitter 

1000m range £13 45 

stage for greater stability and range 
oration, 1500m range £15 45 

ange and performance Size 20mm x 

£16 45 

c.v standby current Variable sensitivity 
m 9V operation 1000m range £19 45 

-term monitoring Size 30mm x 35mm 
£19 45 

£23 95 

idio output to 
£22 95 

Switches tar 
5mm x 32mr 

£13 4 

*** Specials *** 
DLTX/DLII Bride :man MO 
Remote n-77.--1., 3-i7c o2ur home or garden, outside lights, alarms, paging 
system e à -a1 VHF transmitter with digital encoder and receiver 
unit vet,- :rem a e Pia : _m'__ momentary or alternate, 8 -way dii switches on both 
boards se , r r en :^ sen. ty code TX size 45mm x 45mm. RX size 35mm x 
90mm 57- ?, i _2: _y to 200m 
Complete a 1-17,3_,- trz £50.95 
Indivr .7_ £19 95 Indivb _ £3795 

148X-1 11 -Fl Ilimmr 
Not tm~ i ,nce but a great idea! Connects to the headphone output 
of yoc; zr C a -c -ransmits Hi-Fi quality to a nearby radio. Listen to your 
favuu.x a*oemne-1a tiiz the house, garden, in the bath or in the garage and 
you do- - 

- -w 7 wet- to DJ's choice and boring waffle. Size 27mm x 60mm 
9V op acr - £20 95 

All conversation transmitted Powered from line 500m range £15 95 

TLX700 Micro -miniature Telephone Transmitter 
Best-selling telephone transmitter Being 20mm x 20mm it is easier to assemble than 
UTLX Connects to line (anywhere) and switches on and off with phone use All 
conversations transmitted Powered from line 1000m range £13 45 

STLX High-performance Telephone Transmitter 
High performance transmitter with buffered output stage providing excellent stability 
and performance Connects to line (anywhere) and switches on and off with phone use 
All conversations transmitted. Powered from line Size 22mm x 22mm 
1500m range £16 45 

TKX900 Signalling/Tracking Transmitter 
Transmits a continous stream of audio pulses with variable tone and rate Ideal for 
signalling or tracking purposes High power output giving range up to 3000m Size 
25mm x 63mm 9V operation £22 95 

CD400 Pocket Bug Detector/Locator 
LED and piezo bleeper pulse slowly, rate of pulse and pitch of tome increase as you 
approach signal Gain control allows pinpointing of source Size 45mm x 54mm 9V 
operation £30 95 

CD600 Professional Bug Detector/Locator 
Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc Size 70mm x 100mm 9V operation £50 95 

OTX180 Crystal Controlled Room Transmitter 
Narrow band FM transmitter for the ultimate in privacy Operates on 180 MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catalogue) Size 
29mm x 67mm 9V operation 1000m 4'4n 9.5 

OLX180 Crystal Controlled Telephone Transmitter 
As per u i A iou out connects to teiepnone line to monitor ootn sloes or conversat- 
tions. ; 0mm x 67mm 9V operation 1000m range £40 95 

QSX1611 Line Powered Crystal Controlled Phone Transmitter 
As per OLX180 but draws power requirements from line No batteries required Size 
32mm t 37mm Range 500m £35 95 

QRX181I Crystal Controlled FM Receiver 
For monitoring any of the '0' range transmitters High sensitivity unit All RF section 
suppliei as a pre -built and aligned module ready to connect on board so no difficulty 
setting up Outpt to headphones 60mm x 75mm 9V operation £60 95 

A build-up service is available on all our kits if required. 
UK customers please send cheques, POs or registered cash Please add 
£1 50 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send sterling bank draft and add £5 00 per 
order for shipment Credit card orders welcomed on 0827 714476 

OUR LATEST CATALOGUE CONTAINING MANY MORE NEW 

SURVEILLANCE KITS NOW AVAILABLE. SEND TWO FIRST 
CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 

_ 

e equipment is amateur, professional or you are just fascinated by this unique area of 
- the bill. We have been designing electronic surveillance equipment for over 12 years 

._ e,e very well tried, tested and proven and come complete with full instructions, circuit 
- quality components including fibreglass PCB. Unless otherwise stated all transmitters 

_- ordinary VHF FM radio. 

requires ST.=' :: - - - _ -s _2mm x 37mm 1000m rang 

SCDM Subcarar IDercagar bur nir IZA.X 

Connects --. - - : _ _ - and provides decoded al 

headphone- - -- _ - - - - - -. _aeration 

ATR2 Mlcre Sn 'w aram limI leterface 
Connects _a - ^.ere) and cassette recorder 
automat _a - - _,versations recorded Size 1 

Powerec 
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FULL COLOUR GUIDE TO ELECTRONIC PRODUCTS 
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BS 5750 
Part 2 1987 

Level B: 

Quality Assurance 
RS12750 

Over 700 colour packed pages with hundreds 
of brand New Products at Super Low Prices, 

on sale now, only £2.95. 
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t 

9 

Available from all branches of WHSMITH, selected branches of 
ReM`o« in Scotland ONLY, and Maplin stores nationwide. 

The Maplin Electronics 1994 Catalogue - UNIQUELY DIFFERENT! 
Southern Africa customers please contact Maplin (South Africa) Telephone (024) 51-5124 www.americanradiohistory.com


