


Here at Tandy we stock a large selection of parts for the hobbyist and professional alike. Whether you are repairing a 
computer or building your first electronic project your needs can be catered for all under the same roof. · 

Tandy has a range of lamps and assemblies; ICs, diodes, regulators, displays, transistors, relays, enclosures, power 
connectors, in fact anything and everything you could ever need for repairs and projects. 

Our range of adapters and connectors is second to none, and our after sales service is something in which you can trust. 

So, whether you are building an alarm system, repairing a radio or just wiring a plug, Tandy is the place for parts! 

t 
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Use "as-is", or add simple circuits to control an LED. 
fan, heater, buuer. -40 to +50'C, -40 to + 122'F 
range. Requires "AA" battery. With probe cord, data. 
277·123 ......... . .................................. £14.95 

MECHANICAL COUNTER 

Extra rugged device with many uses. Advances one 
count with a 12 VDC pulse. Manual pushbutton 
reset. With leads and data. 
277·222 .................................................... £10.99 

COUNTING MODULE 

Counts up to 99.999. Advanced by external switch 
closure or digital circuit. Count rate up to 7 Hz. 
12. 7mm LCD display. Requires "AA" battery. 
277-302. ........ . .................................... £12.95 

MINI AUDIO AMPLIFIER 

High gain IC design, use as a test bench amplifier. 
Ideal for computer voice/music synthesis. On/off 
volume control. 3.5mm earphone and input sockets. 
Requires 9v battery. 277·1 008 .... £9.99 

DIGITAL LOGIC PROBE 

Colour-coded LEDs indicate high, low or pulsed logic states (up to l 0 MHz). Simultaneous tone output 
frees your eyes for fast testing. Switches for pulse or normal modes. Input: lOOK ohms. Minimum 
detectable pulse width: 50 ns. Operates from 4 to 15 VDC. Instructions included With 91 .4cm leads. 
22·303 ································································································································ £15.95 

lnterTAN U.K. Ltd., Tandy Centre, Leamore Lane, Walsall, 

COMPUTER 
JOYSTICKS 

~Joystick For Tandy/IBM. Features smooth­
tracking stick and high-speed auto-firing. With 
15 and 5-PIN connections. 270·9207 ... £16.95 
[ill Jet Fighter style Competition Joystick. 
Features two "fire" buttons plus auto-fire control. 
270·1701 ............................................. £7.99 
[9 Super·Deluxe Competition Joystick. 
Features large contoured handle and two firing 
buttons. 270·1703 ................................ £9.99 
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NEXT MONTH 
POINTING THE WAY 

Our main constructional project will 
show you how to use magnetic 
sensors to produce a digital 
electronic compass. it's 
microprocessor controlled and can 
be used independently or with an 
existing mechanical compass. We 
also explain how you can achieve 
synchronisation in circuits where 
accurate timing is of vital 
importance. Practical computer 
input-output interfacing will also be 
featured. (The Fault Finding article 
previously intended for this month is 
being rescheduled for a later issue). 

And: 
Watch out for our announcement 
about exciting new changes planned 
for PE March 1991! 

* DON'T MISS YOUR COPY OF OUR 
FEBRUARY 1991 ISSUE 

* ON SALE FROM THURSDAY 
JANUARY 4TH 

PE TAKES TECHNOLOGY 

FURTHER- BE PART OF IT! 

*** 

PRACTICAL ELECTRONICS 
VOL 27 NO 1 JANUARY 1991 

LOW COST CAR ALARM by Kevin Browne ........................................................... 12 
Offers many of the facilities featured in top manufactured models and yet is easy to 
build and install with the minimum of wiring. 

MICROCONTROLLING THE ROBOT CAR- PART TWO by Alan Pickard ............ 27 
Examining more of the hardware and software aspects, with suggestions for future 
developments, including infra-red links. 

BIKE COMPUTER- PART THREE by John Becker ............................................... 35 
Final testing and mounting, answering a few queries, and on to using the main board 
as an independent 6502 microcontroller. 

LCD REV COUNTER by John Becker ................................................................... .43 
Designed as an answer to a reader's query, this counter has multiple input ratios and 
may be set for different sampling rates. 

SPECIAL FEATURES 

PRIVATE RADIO PAGING by John Lord ................................................................ 21 
The Senior Product Manager of Philips Communications and Security increases our 
awareness of a lesser known but vital communications system. 

NICAM STEREO TV by lan Poole ........................................................................... 24 
With tv stereo sound increasingly available nationwide, we explain how the signal is 
superimposed without overloading the transmission spectrum. 

HOME-BASE by lan Burley ..................................................................................... 32 
Caller-ID announces itself to the UK and the Beeb reveals a technique that could 
offer near-HDTV quality without making your set obsolete. 

LASERS- PART THREE by Mike Sanders ............................................................. 38 
Concluding the series by examining the industrial applications for lasers, from 
holography to cutting and welding. 

BASIC ELECTRONICS- PART THIRTEEN by Owen Bishop ............................... .48 
Time is of the essence with this month's 'know-how' feature, particularly with regard 
to frequency in audio and other analogue circuits. 

HISTORY OF TECHNOLOGY- AMBROSE FLEMING by lan Poole ..................... 52 
Arguably the father of modern electronics, Fleming invented the thermionic valve and 
made great advances in the efficiency of measuring instruments. 

REGULAR FEATURES 
EDITORIAL by John Seeker- ................................................................................... 9 
LEADING EDGE by Barry Fox - Querying Phone Base ........................................... 8 
SPACEWATCH by Dr Patrick Moore- No great attractor ..................................... .47 
INDUSTRY NOTEBOOK by Tom lvall- Man and mips ........................................... 57 
TRACK FEEDBACK- Readers' letters, and a few answers .................................... 31 
WINNING READERS- the latest winners of our Loyalty Bonus ............................. 53 

NEWS AND MARKETPLACE - what's new in electronics ....................................... 4 
SPECIAL SUBS OFFER - FREE binders for PE subscribers ................................. 1 0 
PCB SERVICE- professional PCBs for PE Projects ............................................... 52 
ARMCHAIR BOOKSHOP- haven for practical bookworms .................................... 58 
ADVERTISERS' INDEX - locating favourite stockists ........................................... 62 
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Our browse through recently 
received literature 

Cirkit's Winter 1990/91 catalogue costs £1.~0 and is_ 
worth every penny of it to anyone who has any tnterest m 
electronics, which of course you all have! There arc t~early 
200 A4 pages bound with a glo~sy cover. AI~ categon es are 
well illustrated and cover prachcaiJy every ttem you could 
need in pursuance of your hobby. or even your trade for 
that matler. Amongst the categoric~ are b~lleries, books, . 
components, computers, crystals, ftlters, mductors (the latter 
is an exceptionally good range). kits. modules, 
semiconductors, test gear, tools, _transformers, a!'d Jt?UCh 
more besides. Of the many new Jtems to found m this latest 

T osbiba is involved in imcnsive 
promotional activity to support the 

launch or two new Nicam tvs with Dol by 
Surround. The two deluxe additions to 
Toshiba's TIT AN range are tl1e V66cm (28 
inch) 2805DB (shown in the photo) and the 
V59cm (25 mch) 250508. l11e company 
believes that the sets are the [iist volume tv 
products on the UK market 10 feature 
Dol by Surround decoders as well as Nicam 
digital stereo. 

At around £799lhe 280508 features 
Toshiba's new Super C3 screen. offering 
improved comra.~t levels and a spec ial 
antistatic coating to reduce dust bui Id-up on 
tlte tube face, ensuring a clearer picture. 
Other features include: computer controlled 
digital chassis; Teletext with Fastest: two 
2l-pin SCART sockets; no signal power 
off: on-screen display: on/off timer; 
selectable picture. blue back comrol and S­
VHS input. (Also featured in the picture is 
Toshiba's V61 OB Nicam video recorder and 
the company's latest 15 inch ponable.1 

As part of the major promotional 
launch package Toshiba has produced a 
~-pecial demonstration video cassette. 
"Every Night at the Movies". presented by 
Channel4's movie buff. Tony Slauery. The 
tape gives a lively explanation of Dolby 
Surround (the domestic version of 
cinematic Dol by Stereo). it uses scenes 
from hil films including Dirty Dancing and 
Buster 10 help dealers show how Dolby 
Surround can create 'cinema sound' ru 
home. 

TOP GEAR 
A highlight of the Maplin 1991 

catalogue is the new mnge of car 
radio/casseue players and in-car speakers. 
Flush mounting and superb styling combi n~ 
with digital pi I synthesiser tuning syslems 
and 30-slation au10matic memory systems 
to make the Prosound range hard 10 beat for 
both quality and value. 

Top of the range is the high-quality 
au1o-reverse car slereo which incorporates a 
wide selection of features. A 
microprocessor comrolled pi I symhesised 
receiver provides I 8 preset memories for 
fm band, and six each for mw and lw 
bands. A comprehensive led display shows 
tuned frequency. operating modes and a 
digilal clock. The model will find and store 
1he six strongest stations. and also features 
local(distam seleclion. 

For more information on this model 
and others in the range~ Maplin's 
1991 catalogue, or contact any of 
Map !in's nationwide shops. Their head 
office is at PO Box 3, Rayleigh, Essex, 
SS6 SLR, tcl 0701 554161. 

catalogue, the full-spec battery powered scope stands out 
as a valuable asset for many workshops, as do the low cost 
bench power supplies with led readou_ts. I ~no_w from 
personal experience what a good servtce Cirktt provtde and 
recommencf the company and their catalogue to you all. 
CirkitDistribution, Park Lane, Broxbourne, Herts. ENlO 
7NQ. Tel 0992 444111. 

JPR Electronics have intro~uced thcmselv_cs ~o me by 
sending their 1990/91 electromc component distnbuuon 
catalogue. There is an amazingly full selection of most 
types of electronic products packed into over 80 A4 pages. 
The ranoes include batteries and boxes, connectors, pcb 
making equipment and m~terials, passive comp<?nents such 
as capacitors and pots, a~ttve components fro~ 1cs to 
transistors, plus test.eqmpment an~ other sl!ch Items of value 
to any hobbyist. Thts catalogue will be of mterest to.!hose 
in education as well since schools and colleges are offered 
automatic account facilities. T~e coml?any al~o offer a trade 
counter service. JPR Elcctromcs, Umt M, Kmgsway 
lndustrial estate. Kingsway, Luton, Beds, LUl lLP. Tel 0582 
410055. 

Tandy, of course, are a house~old name and it is always 
interestino to browse through then· latest c~talogue. One of 
the areat benefits that Tandy have to offer IS that not only do 
they stock a range of electronic components of in.terest to the 
occasional constructor. but they also have extensrve ranges 
of consumer electronic products. Tandy claim to b~ The­
Technoloay Store, and their unique range of audio. vtde~ 
and speci~l is.e d electronic products and accessones cer!an~ly 
justifies their claim. And you pro~mbly don't need rerntn_dmg 
that Tandy have their own extenstv~ hne of PC compatible 
micr~compJ!le_rs, from lap top to high powered busmess 
machmes. Ntp mto you local Taody store (there are oyer 
500 around the country) and pick up your copy of thetr 
interesting catalogue. 
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Fl ELD TESTING 
Y ou'll probably recall that in PE 

May 90 we highlighted the 
possible health problems that may 
an~e from prolonged exposure 10 
ccnain electromagnetic fields. Rapid 
Technology have told u~ that they 
have onrroduced their EleclrO 
Magnetic Gauge in response 10 

public concern about the subject. 
The company believe, that this 

low cost product has a special 
'4uality of life' mrribute and has 
environmenwl/soci ~ l implications as 
a 'green' product. The device is the 
subject of a pmcm appl ication. 

Elecrro Magnetic Gauge 5015 

has been produced in response to n 
need for a low cost. ~tandardised 
device. capable of being used by 
non-tcchmcal people for measuring 
the low frequency electromagnetic 
mdiation produced by most home, 
office. industrial equipment and 
wiring. 

The unit is priced at £98.00 
inclusive. though it may be hired at a 
rare of £28.00 for 30 days. 

For· more information contact 
Rapid Technology, 3 Tremainc 
Road, Ancr ley, London, SE20 
7UA. Tcl: 081-659 8220. 

MICROWAVE SAFETY 

W e receive 3 fair number of 
l~ttcr.. from people who are 

concerned nbout checking their 
microwave ovens for escaping 
rudimion. Ouo· basic advice is that if 
you bcloevc you have a microwave 
safety problem then you should 
con~ull an ex pen. Ho"evcr. if you 

feel that }OU have the ability to 
a~~ess the problem, then the new 
microwave leakage detector from 
Alpha cou Id interest you. 

Alpha say t h<~t the LOLck model 
TEK .500 is simple to use and that it 
is supplied wi th derailed operating 
instructions. lt meets BS5175 
requirements relating to the Safety of 
Commercial Electrical Appliances 
usmg Microwave Energy for Heating 
Food~tuffs and is suitable for 
detecting exposure levels as 
'pccified by the NRPB (National 
Radiological Protection Board). 

Thi\ new tester is a hand held 
battery operated dev ice featuring 
both visual and audible warn ing 
devices and self test. Simple visual 
indication of Ready, Safe and Danger 
is via a scric~ of coloured leds 
together with an audible warning 
when leveb !Ire above the safety 
!omit. Measuring just 150 x 64 x 
30mm. thts near compact unit is full) 
guaranteed and 'upplied ready for 
use. Detailed instructions for 
carrying out user-orientated 
micmwa\'e leakage rests are 
inclu<.lc:d. The price i~ £129.50 plus 
vat. 

For more information contact 
Alpha Electronics Ltd. Unit 5, 
Linstock Trading Estate, Wigan 
Road, Athcrton, Manchester, M29 
OQA. 
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If you are organising any event to do w1th 
olectron1cs. big or small, drop us a l1no . 

Please note : Some event~ li~ted here may be trade or restricted 
category onl). Also. we cannot guarantee information accuracy. so 
check details with t:be organisers before ~cuing out. 

Dcc 9. SATRO (Science And Technology Regional Organisation) 
4th annual ~hO\\ for computer and science enthusiasts. Aberdeen 
Music Hall. 0224 273161. 

1991 

Mar 19-21. Nepcon Europe and Electronics International (formerly 
British Electronics Week). NEC. Birmingham. 0799 26699. 

April 17-18. Laboratory Manchester. Windsor Hall. G-Mex Centre. 
Manchester. 0799 26699. 

May 15-16. Laboratory Scotland. Scotti~h Exhibition Centre. 
Glasgow. 0799 26699. 

lEE fAR.\D\Y IJ.Crl RI:S 1'1'10~'11 

Presented by the Universities of Bath and Sussex. 

1990: Dec 4 Coventry. Dec 12 Ipswich. 

1991 · Jan 15 Exeter. Jan 22 S\.\ansea. Jan 29 Sout:hampton. Feb 5-7 
London. Feb 12 Hanley. Stoke-on-Trent. Feb 27 Nottingham. Mar 6 
Sheffield. \1ar 13-14 Bath. 

For free tickets and further inform:uion contact (enclosing SAE) The 
J-araday Officer. lEE, Michael Faraday House, Six H ills Way. 
Stcvenage, Herts. SG I 2A Y. 

MICROPROCTSSOR I R·\1\li\di C'OL RSES 

In conJunction with Colchester ln~titute. Fltght Electronic~ i~ 
offering a range of intensive four-day nucroprocessor course~. 
Contact: Suzanne Kittow, Flight Electronics Ltd. Fltght House, 
At;eupan Su-cet. Southampton SOl ILU. Tcl: 0703 22721. 

Newsworthy news of your new product 
could be on these pages - send us details 
and preferably a photograph. 

\ 
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LOW COST 
SM-PSUS 
S kynet Electronic has announced 

the launch of the low cost, high 
quality, 65W, SNP3l6 series of 
switched mode power supplies for 
applications ranging from 
workstations and cad/cam equipment 
to videos. office automation and 
PCs. 

The low noise, 1 OOVac to 260Vac 
psus incorporate overvoltage 
protection on output one as well as 
power foldback protection, rated at 
l 50°/c load, on all outputs. Eight 
models comprise the range enabling 
users to specifically select output 
voltages from -SV to +24V over a 
range of rated current loads and 
output tolerances. 

Skynet is a major manufacturer 
of switched mode power supplies 
and boasts the widest universal input 
psu selection available to industry. It 
also manufactures mosfet and 

PLASMA 
REVERSING 
W e were interested to receive 

the next news item, not 
because has any direct relevance for 
you as hobbyists are likely to want to 
use. but because it gives another 
insight into what goes in the world of 
semiconductor manufacturing. 

The press release concerns 
plasma etching. and brought to our 
attention the EDPS 2000 machine. 

Reactive !an Etching (RIE) with 
plasma is one of the most widely 
used techniques in the manufacture 
of integrated circuits. It enables chip 
manufacturers to etch successive 
dielectric layers on ics with a high 
degree of accuracy. 

But when it comes to reversing 
the process -to analyse decapsulated 
components for circuit failure or for 
reverse engineering - test 
laboratories run up against a major 
difficulty. There is no simple way of 
determining the exact thickness of 
the etched layer or the etching speed. 
Now the French company I.R.I.S. 
has developed an end-point detection 
system which allows the monitoring 
of the etching process for each layer 
with far greater precision than 
before. Based on the laser 
interferometry principle, the EDPS 
2000 automatically halts the etching 
process as soon as a new layer is 
detected. 

EDPS 2000's laser heam is 
adjusted so that the angle between 
the chip and the beam is maintained 
at a constant 9011 thereby reducing 
diffraction and reflection interference 
and improving the signal. The beam 
itself is extremely narrow (from l 0 
to 100 microns) and can be focussed 
on a very small area. The system also 
employs some sophisticated software 
routines which analyse the 
interferometric signal in terms of six 
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specific requirements. 
For more information contact 

Vicki Grummit at Skynet 
Electronic Co Ltd, 17c London 
Street, Basingstoke, Hants, RG21 
1NT. Tel: 0256 810810. 

ditferent parameters. 
Thanks to these techniques. the 

new machine gives the manufacturer 
precise etching control of 
decapsulated components with an 
85% success rate. 

For more information contact 
Veronique Lefevre, WTR UK, Colne 
House, Highbridge Estate. Oxford 
Road, Uxbridge, UB8 l UL. Tel: 
0895 70646. 

SURFACE 
MEMORY 
C reating large capacity memory 

arrays in a small space has 
become even easier with the 
introduction by Impulse of drams at 
the 4-megabit level. 

The HM5l4XXX series 
manufactured by Hitachi comprises 
versions organised as 5 l2K x 8 bits, 
5l2K x 9 bits, 256K x 16 bits and 
256K x 18 bits. These organisations 
are designed to meet the requirements 
of microprocessor-based systems with 
the minimum of interface logic, the 
additional bits providing for parity. 

Like other 4-megabit drams from 
Hitachi, this series is available in a 
number of speed options down to 
70ns. Power is from a single standard 
SV supply, and for the 7 -ns parts, 
power requirements are modest at 
605mW (active). reducing to only 
11 m W on standby. 

For further information contact 
Roy Taylor at Impulse Electronics, 
Hammond House, Caterham, 
Surrey, CR3 6XG. Tel: 0883 346433. 

CHIP COUNT 
NEW VOLTAGE REFERENCES 

Three new Advanced Linear voltage references from Texas Instruments 
have been designed to provide a versatile range of precision references to 
meet performance requirements at low power. 

The LTl004 is an improved replacement to the popular LMl85. Using a 
bandgap reference to provide high accuracy and excellent temperature 
stability, the 2.5V version is accurate to +-20m V. and the l.2V version to+-
4mV. The LTl004 also operates at only lOuA reference current, making an 
ideal choice for portable and battery powered applications. such as hand-held 
meters and test instruments. 

The LTl009 is precision-trimmed 2.5V shunt regulator. accurate to+-
5mV at 25 C. Although the device itself needs no adjustment. a third 
terminal is provided to allow for adjustment of up to +-5'/c to compensate for 
any system errors. It can operate over a wide range of reference currents 
from 400uA up to 20mA if necessary. The LTl009 can be used as a reference 
for an 8-bit adc or dac, or in test instruments and control systems. 

The TL43lA adjustable precision shunt regulator is an improved version 
of the TL431. It can be adjusted to provide an output voltage in the range 
2.5V to 36 V to an accuracy of l %. The TL43l A has a typical output 
impedance of 0.2 ohms, and an active output circuitry for a very fast turn-on 
characteristic. It is an excellent alternative to expensive zener diodes in many 
applications. 

BIGGER RESISTOR NETWORKS 

Beckman Industrial have introduced 18-pin and 20-pin dil thick-film 
resistor networks into their range. Models 888 and 887 respectively were 
developed to provide a standard package for speciality circuit applications 
using isolated, bussed or dual termination resistor configurations. 

The standard resistance range is 22 ohms to 2M2, with a tolerance of 2% 
or 5% depending on the configuration, and the power rating per package is 
up to 2.5 watts. 

Beck man are Britain's largest manufacturer of resistor networks. They 
also produce a wide range of capacitor, combined resistor/capacitor and 
diode networks in dil, sil and sm style packages. 

FOUR NEW HCMOS 

Four new types have been added to Philips' high speed cm os 
(HCMOS) range. The functions are: serial in-out, static shift 
register, crystal oscillator, and a buffer/line driver. 

HCMOS devices bring together the features of earlier cmos 
devices with those of low power Schottky ttl. The result is a unique 
combination of low power consumption, high immunity to input 
noise, a wide operating temperature range, together with high speed 
and an excellent drive capability. 

The 74HC/HCT595 is a tri-state 8-bit serial-in/serial-out shift 
register with output latches. 

74HC/HCT7731 is functionally compatible with the HEF4731, 
though not pin-compatible. Its advantages are its greater speed and 
the fact that it can be switched in the circulation mode. Typical 
Applications include data storage and delay lines. 

Crystal oscillator 74HC/HCT6323A features a built-in ripple 
counter. It is tri-state and is for use from 2 to 50MHz. 

Octal buffer/line driver 74HC/HCT7245 is similar to the well 
known 74HC/HCT245 but features Schmitt trigger action on all 
inputs to maintain signal integrity. 

SOURCE DATA 

Beckman Industrial Ltd, Astec Building, High Street, 
Wollaston, Stourbridge, West Midlands, DY8 4PG. Tel: 0384 
442393. 

Philips Components Ltd, Mullard House, Torrington Place, 
London WC lE 7HD. Tel: 071-580 6633. 

Texas Instruments, Manton Lane, Bedford, MK41 7PA. 0234 
223000. 
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''YOU NEVER 
KNEW THERE 

WAS SO 
MUCH IN IT" 
e AVAILABLE FROM LARGER 

NEWSAGENTS OR DIRECT FROM CIRKIT 
e £10 WORTH OF DISCOUNT VOUCHERS 
e LOW COST MULTIMETERS 
e MANY NEW PRODUCTS 

Please supply: 

D Winter '90/91 Catalogue@ £1.60 

D 
Winter '90/91 Catalogue and subscription to the 
next two Issues @ £5.00 

I enclose Cheque/Postal Order for 

Please debit my Access/Visa card for 

STR11006 £5.80 
L81405 STR40090 £3.65 
LB1416 STR50103A £3.50 
M5106P STR5011S £4.89 
M5152l STR54041 £5.50 
M521BL STR58041 £5.00 

£5.50 M50115 TA7070 £1.15 
£2.ZO M50120 TA7130 £0.70 
£2.85 M51164 TA7205 £0.89 
£2.20 M51172 TA7282 £2.48 
£1.10 M54543L TA7604 £2.35 
£1.60 M54886 TBA120S r:tl.40 
£1.40 STA401 TBA120P £0.40 

AN6248 £2.00 STA441 TBA120U llJ.48 
AN6306 £8.17 STK0029 TBABOO £0.45 
AN6360 £2.60 STK0040 TBA520 £1.00 
AN6673 £2.25 STK0049 TBA540 £0.85 
AN6876 £1.50 S!K0050 . TCA650 £2.85 
AN7120 £1.25 STK0060 TCA830 £0.70 
AN7140 £4.00 STKOOBO £6.00 TCA900 £1.00 
AN7143 £2.45 STK043 £9.00 TDA440 £1.85 
AN7168 £2.50 STK080 £6.20 TOA1002 £1.85 
AN7220 £2.85 STK082 £6.10 TDA1011 £1.00 
AN7310 £0.90 STK084 !:7.00 TDA1012 £1.05 
AN7320 £1.60 STKOS6 £9.00 TDA1010A £1.00 
AN7417 £2.38 S!K435 £4.50 TOA1015 £1.05 
BA308 £1.30 STK437 £5.50 TDA1028 £2.08 
BA515 £3.15 STK439 £5.50 TOA10:?9 £2.40 
8A532 £1.30 STK441 £7.20 TDA1035T £1.20 
BA658 £3.60 SIK457 £5.50 TDA1037 £1.80 
BA1355 £1.50 STK459 £5.35 TOA1044 £2.20 
BA350U £2.10 STK46i £6.50 TOA1047 £3.60 
BA3707 £2.00 STK465 t7.85 TOA1054M £1.82 
BA5102 £2.30 STK563 £4.15 TDA1059 £0.80 
BA5402 £2.50 SIK1070 £10.00 TDA1060 £1.75 
BA5408 £2.00 STK2025 £7.30 TOA107:? £2:.10 
8A6109 £1.75 STK2028 £5.85 TDA1085 £3.80 
BA6124 £2.45 STK2145 £10.00 TDA1170 £0.89 
BA6209 £2.80 5TK2230 £5.15 TDA1190 £0.95 
HA1124 £1.45 S!K2140 £9.00 TDA1270 £1.85 
HA1137 £1.50 5TK2250 £6.00 TDA1410 £2.00 
HA1196 £1.50 STK3041 £5.00 TOA1515A £2.35 
HA1377 £1.80 STK3042 £5.10 TDA1908 £0.90 
HA1392 £2.25 STK4024(2) £7.95 TOA1412 llJ.90 
HA11221 £2.00 STK4026 £6.00 TDA2002 £0.75 
HA11225 £1.60 STK4121(2) £7.00 TDA2V04 £0.90 
HA11235 £1.55 STK4121 £6.5{} TOA2005 £0.90 
HA11423 £2.00 STK4773 £9.60 TOA2006 £0.70 
HA11714 £3.80 STK4803 £8.00 TDA2D09 £1.85 
HA11715 £2.10 STK4833 £9.10 TDA2030 £0.85 
HA12017 £1.18 STK4843 £7.80 TDA1161 £5.00 
HA13001 £1.85 STK4653 £9.25 TDA2270 1:2.65 
HA13002 £2.80 S!K5314 £6.10 TOA1310 !ll.70 
LA1201 £0.70 STK5325 £6.00 TDA2540 £1.00 
LA1245 £1.75 STK5331 £3.95 TDA?577 £1.75 
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JVC•'FER SONY ON10FF SWITCH WITH 470UFiSOV £0.40 
3V22. 23iHR7600 £2.70 
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SANYO 7815 ' £0.33 7908 £0 35 , IN4007 05p IN5408 
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I . ACCESS AND VISA ACCEPTED 

7 



[]

wrote recently about the mess that is 
British Telecom 's Electronic Yellow 
Pages (PE Nov 90), how the EYP "Help 

Line" turned out to be an answeri_ng machine. 
No-one ever got back on the message I left 

even after pieces T wrote had appeared in print. 
EYP looks effectively dead in lhe water and I 
can only hope that lhe consultants and staff 
who have now wasted several miWon pounds 
of BT shareholders money on this project are 
asked to explain themselves. 

CHARGED ENQUIRES -

In tbe meantime British Telecom has 
announced that in April it will reduce local 
telephone call charges by 4.5%, but pay for the 
cut by charging subscribers 43.5p whenever 
they use Directory Enquiries. We have known 
for a long time that th is was coming, and that 
the announcement was waiting on the 
readiness of BT's plans to offer electronic 
versions of DQ (as it's known in the telccoms 
trade). One version is a telephone database, 
like EYP, the other a cd-rom. The DQ 

Ill 

I 
::~~~: 

I 

approved search software, which de-encrypts 
the numbers_ This accounts for a short delay 
between the appearance of names and 
numbers. BT's software refuses to hunt for 
anything, unless a name is entered first. If too 
vague an address is entered in an attempt to 
trawl large volumes of numbers, the system 
stops searching. 

BT believes that it would be easier for a 
hacker to key all 17 million entries from the 
paper directories into a PC database than de­
encrypt the numbers from ttle cd-rom_ The 
usual way to arrive at this conclusion is to 
offer hackers a prize if they can Find a way to 
beat the system. 

BT acknowledges that it will have to 
completely re-think the pricing structure for 
Phone Disc when Philips launches domestic 
CD-Interactive players which will cost only 
around £500 or £600 and will play cd-rom 
~scs. This. creat~s the possibility of sell ing 
dtrectory dtscs dtrect to the public. And this 
would save BT the costs of printing paper 
directories, around £30 million year. 

Until then BT suggests that people who 
search for between 20 and 300 numbers a 

QUERYING PHONE BASE 
announcement was brought forward a week 
after press leaks embarrassed BT. Nimbus, 
who were pressing the cd-rom discs, had to 
rush through an order of 300 to meet the new 
deadline. 

Phone Base gives direct access to BT's DQ 
database in Sheffield by telephone line and 
modem. Phone Disc stores all 17 million 
telephone numbers from 99 paper directories 
on a single 12cm disc which is searched by a 
Personal Computer equipped with suitable rom 
drive and software extensions to lhe operating 
system. 

Both these ele..:tronic systems are very 
expensive. It costs a.round 26p in ea 11 charges 
to search a number by Phone Base_ BT charges 
£2,200 for a year's supply of four updated cd­
roms, even though it now costs less than £1 to 
press a cd. Also there are very real practical 
difficulties in setting up Phone Base to work 
with a conventional PC. The difficulties mav 
deter all but skilled computer buffs. -

RESTRICTED INFORMATION 

At the official unveiling BT's management 
appeared badly informed on the technology. 
BT's man in charge of the new projects 
venture, Andy Green, General Mana!!er 
Network Services, said the cd-rom could -be 
placed on a "'cd· reader costing a couple of 
hundred pound". When I queried this, his staff 
corrected him; cd-rom drives cost around £500 
or £600 pounds. 

When asked, both Green and his boss, Mike 
Ben, BT's Vice Chairman and Managino­
Director, admitted they had never actually tried 
using Electronic Yellow Pages. "It's a different 
decision," they explained. 
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BY BARRY FOX 
Winner of the UK 

Technology Press Award 

BT's Phone Base 
allows direct public 
access to directory 

data, but are the 
security measures 

hacker-proof? 
It really is very worrying to see the decision 

makers at the top of an organisation as big and 
powerful as BT so ignorant of the technology 
which pays thejr salaries. Apart from anything 
else it devalues the answers given to obvious 
questions, like why are the new electronic 
services so expensive. 

Bett and Green say the very high cost pays 
for the security which BT has bad to build in to 
guard against reverse searching eg to stop 
people getting an address and name from a 
telephone number or collating lists of 
telephone numbers for a whole village or city 
street. Reverse searching represents an 
intrusion on privacy and a security risk for 
terrorist targets_ 

A J 2 cm cd-rom can hold 600 MBytes of 
data. BT's directory database contains 17 
million names, addresses and telephone 
numbers, which in raw state represents 1.7 
Gbytes. BT compresses the code by stripping 
out redundant data and at the same time 
encrypts it so that hackers cannot retrieve 
information from the disc without using BT's 

week will find it cheapest to use the Phone 
Base system, with PC and modem_ Reverse 
searching and trawling is also barred on Phone 
Base. 

FLAWED 

BT was forced to suspend Phone Base 
temporarily just three weeks after launching it 
as a trial service. The flaw in Phone Base was 
that BT's computer in Sheffield stores the full 
name and address of all ex-directory numbers. 
This meant that anyone knowing roughly 
where someone with an ex-directory number 
lives, could systematically key in the name of 
all streets in the area until the Phone Base 
computer matches names and street. Although 
Phone Base refused to give the telephone 
number, it displayed the ex-directory 
subscriber 's address. 

Now Phone Base is back in business, 
supposedly safer. 

BT's admission that it let the Phone Base 
trials continue even after it knew of the 
security loophole inevitably calls into question 
the promised security of Phone Disc. 

Les MacaiJister, Project Manager for Phone 
Disc, has previously refused to talk publicly 
about security measures_ But under pressure 
from the Phone Base disclosure he now 
pledges that there is no ex -directory 
information on the disc. So not even the 
cleverest computer hacker can retrieve 
information from a disc if it has never been put 
on the disc. 

Only time, and the inevitable attention of 
hackers, will tell whether this confidence is 
justified. 

Ill 
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0 uring its 26 years, PE has 
published many hundreds of 
projects, perhaps even thou­

sands; I've never counted. They have 
come from many sources, from 
designers in industry, from advertiser's 
technical staff, from the staff of PE, 
and of course from readers. 

Interestingly, as PE developed, a 
new breed of designers specialising in 
projects for hobbyist electronics mag­
azines emerged. Many were keen 
amateurs who, encouraged by PE, 
found their expertise in both electron­
ics and writing had developed to a 
point nearing professionalism. Several 
of our regular contributors started like 
this. PE always has been a breeding 
ground for tomorrow's electronic 
experts, who were inspired by having 
been encouraged to first build some­
thing electronic. 

Yet, from time to time, I find that 
there are those who do not under­
stand why anyone should want to con­
struct electronic circuits on a hobbyist 
basis. Often the questioner believes 
that there are so many electronic 
products which one can cheaply buy 
ready made that there is no point in 
trying to make one's own. Whilst it's 
true you can often buy rather than 
build, those who question the validity 
of diy electronics miss the central 
points. The reasons for doing elec­
tronics on the diy level are for the sat­
isfaction of achieving something for 
oneself, for the benefits of learning 
from it, and for encouraging an inter­
est in electronics. Although I accept 
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that hands-on experience is not the 
only cause for interest in electronics, it 
is a major factor in developing that 
interest further. 

The projects we publish in PE 
serve these central roles. At the sim­
plest level, readers can build a pub­
lished design idea just as a project 
which performs its intended function. 
Many ·readers do build the project 
exactly as published, as the 1989 sur­
vey proved. That survey, though, also 
confirmed that many readers build 
variations of the project, modified to 
suit their own needs. Many, for exam­
ple, ignore the published pcb and 
either design their own board or build 
the circuit on Veroboard. Other read-· 
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ers select specific parts from a variety 
of projects and combine them to pro­
duce something entirely different in 
nature. Others treat the projects as a 
source of inspiration, having their 
imagination fired by one author's solu­
tion to a problem and seeing if they 
can arrive at their own answer in 
another way. Some readers tell me 
they just enjoy reading circuit dia­
grams! But whatever your reasons, 
projects are a vital part of any diy 
electronics magazine's contents. Any 
such magazine which ignores the. 
necessity for catering to the construc­
tionally-minded reader is in peril of 
extinction. 

Let me assure you, however, that 
although you will soon be seeing 
some exciting changes to PE, we shall 
continue to keep you well supplied 
with interesting, useful and original 
projects. Indeed, it's to this area that I 
shall be giving my future attention. I've 
decided to take a break from the day­
to-day excitement of editing the entire 
contents of PE. So I'm stepping side­
ways and passing the editorial chair 
over to Kenn Garroch. He will have 
the overall responsibility and fun of 
entertaining and informing you, start­
ing next month. But I'm not deserting 
you: I'm going to concentrate specifi­
cally on projects, as Projects Editor. 
Hopefully, I'll also find more time to do 
what I love best, experimenting with 
electronics. 

Best wishes to all of you. 

JOHN BECKER 
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COMPUTER ICS 
BOC31 MICRO .................................................................. £2 
P8749H MICRO ............................................................ : .. £5 
BBC MICRO PARTS 
SN76489AN ...................................................................... £3 
VIDEO ULA 201647 ........................................ £1Dea 10+ £8 
6645CRT .......................................................................... £5 
6522 PIA ........................................................................... £3 
DM88LS120 ................................................................. £4.50 
AY?r-1015D UART ....................................................... £2.50 
8086 processor ex-equipment .......................................... £2 
USED41256-15 ........................................................... £1.50 
USED 4164·15 ex-equipmen1 ............................................. £1 
9x41256·15SIMM MODULE NEW ............................... £10 
8 x4164 SIP MODULE NEW ............................................ £8 
HD 146818 CLOCK IC ...................................................... £2 
2864 EEPROM ................................................................ £3 
27128A 250nS EPROM USED ...................... £2 NEW £2.30 
FLOPPY DISC CONTROLLER CHIPS 1772 ............. £16 ea 
68000-8 PROCESSOR NEW ............................................ £5 
HD63484-8 ......................................................................... £5 
ALL USI':D !':PROMS I':RASI':D AND BLANK CHECKED 
CAN BE PROGRAMMI':D IF DESIRED. 
2716-45 USED ...................................................... £2 100/£1 
2732-45 USED ...................................................... £2 100/£1 
2764·30 USED ................................................. £2 100/£1.60 
27C256-30 USED ............................................................. £2 
27C512 USED (ALSO 27512) ..................................... £3.00 
1702 EPROM EX EQPT ................................................... £5 
2114 EX EQPT 60p4116 EX EOPT ................................ 70p 
6264-128k static ram ................................................... £3.00 
62256-12 32K static Ram ............................................ £7.00 
2532 EPROM USED ......................................................... £2 
4416 RAM .................................................................... £3.00 
USED4416-15RAM ......................................................... £2 
USED41464·15 ................................................................ £5 

REGULATORS 
LM317T PLASTIC T0220 variable ...................................... £1 
LM317 METAL ............................................................ £2.20 
7812 METAL 12V lA ............ . ........................ £1 
7805/12115/24V plastic ....•.. 3Sp 100+20p 1000+ 1Sp 
7905/12115/24 plastic .................. 3Sp 100+20p 1000+ 15p 
CA3085 T099 variable reg ........................................... 21£1 
LM338 SA VARIABLE ....... .. . .. . .................................... £1 

CRYSTAL OSCILLATOR 
1.8342 £1 eac:ll 1M,1.8432M,4M,16M ............................... £1.50each 

CRYSTALS 
2.'nl.lll/4.0001.4ll/4.91~z2cu.!z49.504MHz,8M,16.588M __ £1...., 
TRANSISTORS 
BCI07, BCY70 PREFORMED LEADS 

full spec ............................................. £1 £4/100 £30/1000 
BC557, ~B. BC238C, BC308B ................ 301£1 £3.SOIOO 

POWER TRANSISTORS 
N POWER FET IRF531 ........................................................... 3'£1 
P POWER FET IRF531 ........................................................... 21£1 
2SCI520 sim BF259 ........................................ 3/£1 I 00/£22 
TIPI41/2£1 eaTIP11211ZS/42B .................................... 21£1 
TIP35B TIP35C ......................................................... E1.SO 
SE9301 IOOV 10A DARL. SIM TIP121 ............................ 2/£1 
2N3055 EX EQPT TESTED ........ . ................ 4/£1 
PLASTIC 3055 OR 2955 equiv SOp .......................... I 00/£35 
2N3773 NPN 25A 160V £1.80 ................................. 10/£11 

QUARTZ HALOGEN LAMPS 
A1/21624V150WATTS ............................................ £2.25 
HI 12V SOW (CAR SPOT) . .. . . . . ... . ............................ £1.SO 
14 WAY ZIF SICT ........................................................................ .£1 
TEXTOOL single In line 32 way. Cn be ganged (coupling supplied) 
for use with any dual In line devices. . ....................................... 21£2 
28 WAYTEXTOOL ZIF SOCKET EX NEW EQUIPMENT .... ~.50 

CAPACITORS COMPUTER GRADE 
3300uF 350V SIC SAFCO FELSIC 037 ................. £S(£1,SO) 
2200uF 160V SIC SAFCO FELSIC C035 ............. £4(£1.201 
24.000uF 50V ................................................................... £3 (1.30) 

TURNS COUNTING DIALS autor0.2S'shaft 
10 tum dial21 mm dia. fits 3mm spindle ............................. £2 
10 tum digital dial (3 digits) for 3mm or 6mm shaft ........ £3.10 

l.tlscEkLa~;&ousindle ········· ··· ·· £4 

MAINS ADAPTOR 9V DC 200mA ......................................... £1.25 
SLOPING FRONT PLASTIC CASE 225 x 215 x 78mm 
76mm WITH All FRONT PANEL 200 x 130mm .................... £3.30 
HUMIDITY SWITCH ADJUSTABLE .................. . ..... £~ 
WIRE ENDED FUSES 0.25A ........................................ 30/£1 
NEW ULTRASONIC TRANSDUCERS 40kHz ......... £2/pair 
12 CORE CABLE 7.0.2mm OVERALL SCREEN ............. 70p/METRE 
01" AMP LMIOCLN ....................................................... £2,110 
BNC 50 OHM SCREENED CHASSIS SOCKET ......... 3/£1 
BNC TO CR0C CUPS LEAD 1 metre .. ........... ........... £1 

LEMAG EARTH LEAKAGE TRIP 35A 30mA 1rlp .................... £9.00 
C~~b"fA~ CFHASSIS 213 pin SOCKET ................................... 21£1 

I • LOPPY DISCS D/S 720K ..... : ................... 50p 10/£4 
TQ-220 HEAT SINK aim AS 403--182 .................... 1 O/E2.SO 

• SMALL MICROWAVE DIODES AEI DCI028A ............... 2/£1 

D.I.L :;WITCHES 10 WAY £1 8 WAY 80p 4/5/6 WAY ... SOp 
180 volt I watt ZENERS also 12v & 75v . . . 20/£1 
vN1 OLM 60v 'hA Sohm T0-92 mosfet .... . 4/£1 I 00/£20 
MIN GLASS NEONS ............................. . ........... 10/£1 
MINIATURE CO-AX FREE PLUG RS 456-071 ............... 2/£1 
MINIATURE CO-AX FREE SKT. RS 456·273 . . ...... 2/£1.SO 
OIL REED RELAY 2 POLE n/o CONTACTS ...................... £1 
PCB WITH 2N2646 UNIJUNCTION with 12v 4 POLE RELAY £1 
400m 0.5w thick film resistors (yes four hundred megohms) 4/£1 
STRAIN GAUGES 40 ohm Foil type polyester backed balco grid 
alloy .......................................................... E1.SO ee10+ £1 
ELECTRET MICROPHONE INSERT ............... £0.10 
linear Hall effect IC Micro Switch no 613 SS4 sim AS 304·267 
.................................................................. £2.SO 100+ £1.50 
HALL EFFECT IC UGS3040 + MAGNET .......................... £1 
OSCILLOSCOPE PROBE SWITCHED X1 X10 ............... £10 
CHEAP PHONO PLUGS ............................ 100/£21000/£18 
1 pole 12 way rotary switch .............................................. 4/£1 
AUDIO !CS LM380 LM386 ............. £1 • LM324 ............... .4/£1 
555 TIMER 5/£1 741 OP AMP .................. . ........ 51£1 
ZN414 AM RADIO CHIP ................ . ........................... SOp 
COAX PLUGS nice ones ................................................. 4/£1 
COAX BACK TO BACK JOINERS . .......... . ....... 3/£1 
4 x 4 MEMBRANE KEYBOARD ................................... £1.SO 
15.000uF 40V . ............. ............ . ........... £2.SO 1£1.25) 
INDUCTOR 20uH {SA ...... 5/£1 
1.25" PANEL FUSEHOLDERS .. 3/£1 
CHROMED STEEL HINGES 14.5 xI" OPEN .. £1 eeeh 
12v 1.2w small wire ended lamps fit AUDI VW TR7 SAAB 
VOLVO . ......................................... . ........... 10/£1 
12V MES LAMPS . . .... 10/£1 
STEREO CASSETTE HEAD ............................................ £2 
MONO CASS.HEAD £1 ERASE HEAD ...................... SOp 
THERMAL CUTOUTS 50 77 85 12o•c ....................... £1 ee 
THERMAL FUSE 121"C 240V ISA 220"C ........ 5/£1 
TRANSISTOR MOUNTING PADS T0-51TO·I8 ........ £3/1000 
T0-3 TRANSISTOR COVERS . . ............. 10/£1 
STICK ON CABINET FEET ......................... 301£1 
PCBPINSFITO.I"VERO ........................... 200/£1 
T0-220 micas + bushes ...... . ....................... 1 0150p I 00/£2 
T0-3 micas + bushes .......................................... 151£1 
PTFE m in screened cable .. .. . . ............................ I Omi£1 
Large heat shrink sleeving pack ........................................ £2 
CERAMIC FILTERS6M/9M/10.7M .................. SOp 100/£20 

ltoC chassis plug rfi filter I OA . . ........ £3 
Potentiomenters short spindles values 2k5 I Ok 25k I m 
2M51in ............................. . ............................. 5/£1 
500k hn 500k log .................... . .... 4/£1 
40Khz ULTRASONIC TRANSDUCERS EX-EQPT NO DATA 

OMRON 12V G2V DILRELAY 2 POLE CHANGEDVER .............. 21£1 
SCART CONNECTOR ...................................................................... £1 
BZV48CI2 WIRE ENDED 12V ?WAIT ZENER 17K STOCK ....... 51£1 
3MISCOTCHFLEX 50 WAY ROUND JACKETED FLAT CABLE 3659/50 
(50 WAY IDC RIBBON WITH FOIL AND BRAID SCREENS. ROUND 
SECTION WITH BLACK PVC OUTER) £1.METRE. 1 00' REEL ..... £65 
FANS 240V 120mm ................................................................ £& (1.50) 
(OTHER VOLTAGEJSIZES USUALLY AVAILABLE) 
MOULDED INDUCTOR 470UH SIZE OF 1W RES ....................... 8/£1 

DIODES AND RECTIFIERS 
1N4148 ................................................................ 100/£1.50 
I N4004/SD4 I A 300V ...... .. .... ...... ... .. I 00/£3 
1N5401 3A 100V .................................................... 10/£1 
BA 158 I A 400V fast recovery . . . . . . . . . . ...... . .. .. I 00/£3 
BA 159 I A 1 OOOV fast recovery .. .. . . ...... ..... I 00/£4 
120V 35A STUD ...... . ...... SSp 
BY127 1200V 1.2A . . . . . . .. . . . ...... I 0/£1 
BY254 800V 3A ..... . ........ at£1 
BY255 1300V 3A .. .. . ... .. . . . .. . . . . .. ..... . .............. 6/£1 
6A 100V SIMILAR MR751 ... 4/£1 
1 A BOOV BRIDCE RECTIFIER . . .. 4/£1 
4A 100V BRIDGE ....... . ............................... 3/£1 
6A I OOV BRIDGE . . ....... 21£1 
BA 200V BRIDGE ............ . ... 2/£1.35 
IOA200VBRIDGE. .. ............... . ...... 1:1.SO 
25A 200V BRIDGE £2 ....... .... I Oi£18 
25A 400V BRIDGE £2.50 . ............ .. ...... 10/£22 

SCRS 
PULSE TRANSFORMERS I: I +I .. . . . . . . . . ........ £1.25 
2P4M EQUIV CIOSD . ........ ........................ . 3/£1 
MCR72-6 I OA 600V SCR ..... ......... .. ..... ............ . ........ £1 
35A 600V STUD SCR . .. . ........ ............ . ..... £2 
TICVI 06D 800mA 400V SCR ......... 3/£1 I 00/£15 
MEU21 P.ROG. UNIJUNCTION ................................... 3/£1 

TRIACS ......................... DIACS 4/£1 
BT 137·600 8A T0.220 ............................................................ 21£1 
BT138-600 12A T0-220 ............................................................ 70p 
MEU21 PROG. UN !JUNCTION ................................................ 31£1 
NEC TRIAC AC08F 8A 600V T0220 ......................... 5/£2 100/£30 
TXAL225 BA 400V SmA GATE 2/ ................................... £1 1 00/£35 
3TA08-400 8A 400V 5mA GATE I SOL TAB ................................ £1 
CA3059 0 VOLTAGE SWITCH ........................................... £1 each 

CONNECTORS 
D251DC SOCKET FUJITSU ........................................... £2 
34 way card edge IDC CONNECTOR (disk drive type) £1.25 
CENTRONICS 36 WAY IDC PLUG ........................... £2.SO 
CENTRONICS 36 WAY IDC SKT ............................... £4,00 
BBC TO CENTRONICS PRINTER LEAD I.SM .......... £3.00 
CENTRONICS 36 WAY PLUG SOLDER TYPE ............... £4 
USED CENTRONICS 36W PLUG+SKT .......................... £3 

USED D CONNECTORS price per pair 
D910p, Dl5 £1.10, D25 £2, D37 £2, D50£3.SOcovers IOpn. 

WIRE WOUND RESISTORS 
W21 or si m 2.5W 10 of one value ......................................... £1 
RIO ORIS OR22 2RO 4R7 SRO 5R6 8R2 IOR 12R ISR 18R 20R 
22R 27R 33R 47R 56R 62R 91 R 120R 180R 390R 430R 470R 
680R 820R910R 1KI51K21KSIK8 2K42K7 3K33KO SKO 

- .................................................. 4 FOR£1 
W22 or sim 6W 7 OF ONE VALUE .................................... £1 
R47 RS21 RO IR51R8 3R36R89RII2R20R 24R 27R 33RSIR 
56R 62R68R IOOR 120R 180R 220R390R560R620R910R IKO 
I K2 I K5 I K8 2K2 2K7 3K3 3K9 4K7 8K2 I Ok ISK 16K 20K 
W23 or sim 9W S of one value .............................................. £1 
R22 R4 7 I RO I RI SSR 62R I OOR 120R 180R 220R 300R 390R 
680R IKO IK55K110K 
W24 or sim 12W 4 OF ONE VALUE .................................... £1 
RSO 2R09RI 18R22R 27R 56R 68R 75R82R IOOR ISOR 180R 
200R 220R 270R 400R 620R I KO SK8 8K2 1 OK 15K 

PHOTO DEVICES 
SLOTTED OPTO-SWITCH OPCOA OPB815 ... £1.30 
2N5777 .......................................................................... SOp 
TIL81 PHOTO TRANSISTOR .......................................... £1 
TIL38 INFRA RED LED .. .. ...... ... . ...... 51£1 
4N25. OP12252 OPTO ISOLATOR .............................. SOp 
PHOTO DIODE SOp .... .. . . ......................... 61£2 
MEL 12 (PHOTO DARLINGTON BASE nic) ................... SOp 
4 DIGIT LED 7 SEG. DL4nO ...................................................... El 
LEDs REu 3 or Smm 121£1 ....................................... 100/£5 
LEDs GREEN OR YELLOW 101£1 ..................... 100/CS.SO 
LEOS ASSORTED RDiGNIYW + INFRA/RED ........ 200/£5 
FLASHING RED OR GREEN LED Smm SOp ......... 1001£40 

HI BRIGHTNESS LEDS COX24 RED ..................................... 51£1 

STC NTC BEAD THERMISTOR$ 
G22 220R. G13 1K, G23 2K, G24 20K, G54 50K, G25 200K, RES 
@ 20"C DIRECTLY HEATED TYPE ....................................... £1 ea 
FS228W NTC BEAD INSIDE END OF 1" GLASS PROBE 
@ 200C 200R ........................................................................ £1 aa 
A13 DIRECTLY HEATED BEAD THERMISTOR 1k I'lL ld•l for 
audio Wlan Bridge O.CIIIator .............................................. £2 •• 
CERMET MUL Tl TURN PRESETS o/4" 
I OR 20R I OOR 200R 250R SOOR 2K 2K2 2K5 SK 1 OK 4 7K 
SOK I OOK 200K SOOK 2M2 ................................. SOp eeeh 

ICSOCKETS 
6 pin 15/£1 8 pin 12/£114/16 pin 10/£1 18/20 pin 7/£1, 
22124/28 pin 4/£1 40 pin 30p 

SOLID STATE RELAYS 
40A 250V AC SOLID STATE RELAYS .......................... £18 

POL YESTER/POLYCARB CAPS 
lOOn, 220n, 63v 5nm ................................................ 201£1 100/£3 
1 n/3n3/5n6/8n2/l On I% 63v I Omm ................. ..... .... I 00/£8 
10nil5n/22ni33n/47n/68n IOmm rad ................... 100/£3.SO 
lOOn 250v radiaiiOmm ............................................. 100/£3 
1 OOn 600v sprague axial I 0/£1 ......................... 1 00/£81£11 
2u2160v RAD 22mm. 2u2100V RAD 15mm .................... 1001£10 
10ni33ni47n250vacxraled 15mm ............................ 10/£1 
470n 250v ac x rated rad .............................................. 4/£1 
I U 600V MIXED DI.ELECTRIC ................................ SOp ee. 
luO IOOv RAD 15mm, 1UO 22mm RAD .............................. .£111100 
2U2 250V PMT CAPS. STOCK 6K .................................... £20/100 

RF BITS 
MINIATURE CO·AX 500 URM95 ................................... 100m'£12 
TRIMMER CAPS ALL .................................................. 4/IOp 
SMALL 5pf 2 pin mounting 5mm centres 
SMALL MULLAAD 21o 22pF ....................................... 4/SOp 
SMALL MULLARD 5 to SOpF ...................................... 4/SOp 
larger type grey 2 to 25pF black 15 to 90pf 
TRANSISTORS 2N4427 ................................................ SOp 
FEED THAU CERAMIC CAPS 1000pF ....................... 10/£1 
MICROWAVE X BAND GUNN OSCILLATOR 9 TO 11 GHz EX­
EQUIPMENT (DOPPLER SHIFT MICROWAVE MODULE) ... £9.50 

MINIATURE RELAYS sui<ablelorRF 
5 volt coil I pole changeover ........................................... £1 
5 volt coil 2 pole changeover .. £1 
12 volt coil I pole changeover .......................................... £1 

MONOLITHIC CERAMIC CAPICITORS 
IOn 50v 2.5mm ...... . ............................... 100/£4.10 
I OOn 50v 2.5mm or 5mm . ... .. ................................ .... I 00/£5 
I OOn ax short leads . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . .. . ... .. . . I 00/£3 
100n ax long Ieeds .. . .......... .. ........ . ........... .. 100/£5 
lOOn 50v dil package 0.3" rad ........... £10/100 

STEPPER MOTORS 

KEYTRONICS 
7.5 DEGREES PER STEP 2 12volt windings ............................. £4 

MAIL ORDER ONLY 
MIN CASH ORDER £3.00 OFFICIAL ORDERS WELCOME 

UNIVERSITIES COLLEGES SCHOOLS GOVT. DEPARTMENTS 
MIN. ACCOUNT ORDER £10.00 TEL. 0279·505543 

FAX. 0279·757656 
POBOX634 

BISHOPS STORTFORD 
HERTFORDSHIRE CM23 2RX 

P&P AS SHOWN I Ill BRACKETS (HEAVY) ITEMS 
65p OTHERWISE (LIGHT) ITEMS 

ADD 15% VAT TO TOTAL 
ELECTRONIC COMPONENTS 

BOUGHT FOR CASH 



lihis project is concerned with the 
construction, and fitting, of a reliable 
car alarm system. It offers many of 

the facilities of the top manufactured models -
but, at less than a fifth of the cost. The alarm 
system is easy to install, with a minimum of 
additional wiring. It is suitable for any type of 
car. 

FACILITIES 

* Alann detection, using existing interior 
light switches. 

* Variable entry delay period. 
* No minimum exit delay (system anned 

by closing last door) 
* Automatic timeout and resetting. 
* Break glass detection. 
* Addition of a visual deterrent. 

The alarm controller main printed circuit board assembly. 

* Alarm sensing, immune to wind or traf­
fic vibration. 

* Concealed switch or ignition key con­
trol. 

SYSTEM DESCRIPTION 

The full alarm system consists of three 
separate parts, the alann control unit, the 
shock sensing unit and the visual deterrent. 
(See Fig.l ). The function of each unit is 
outlined below: 

Kevin Browne•s 
multiple circuitry 
offers increased 

security for any car. 
And it's easy to build 

and install. 

car ignition (allowing the system to be 
switched on automatically when ever the 
ignition key is removed) or by a small switch 
carefully concealed within the car. 

Terminal number 5 in Fig.2 is the input for 
the fonner control method. This terminal 
requires 12 volts to be applied to it to inhibit 
the alarm system. R3 and D5 drop this voltage 
to 5 volts, which is then applied to the reset 
inputs of the two latches IC3a and IC3b 
preventing them changing from a reset state. 

The second inhibit input (terminal 6) 

LOW-COST CAR ALARM 
Alarm control unit 
As the name suggests, this unit is 

responsible for overall control of the alarm 
system. It detects the alann conditions from 
either the car doors or the shock sensing unit, 
sounds the alarm and automatically resets it 
after a period of time. It also controls the 
entry and exit delay sequences. This unit may 
be fitted on its own to provide a basic alann 
system, or with either, or both, of the 
following units to provide a full security 
system. 

Shock sensing control 
The unit is responsible for detecting a 

forced entry to the car, a smashed window, or 
a damaged lock for example. It works by 
detecting the shock vibrations which are set 
up in the metal shell of the car by any sudden 

Fig. 1. Alarm 
system block 
diagram. 

VISUAL 
DffiRRENT 

or violent action. When a shock is detected, 
an alann signal is sent to the control unit, to 
trigger the alarm. 

Visual deterrent. 
This part of the unit is provided more for 

its looks than its actions. It is designed to look 
like an expensive ultrasonic alann unit, and a 
flashing led draws attention to it, especially at 
night. It should be mounted prominently, on 
the dashboard of the car - to maximise its 
effect. 

CONTROL OPERATION 

The operation of the alarm control unit is 
split into a number of different functions: 

1. System on/off control 
The alarm can be controlled either by the 

ALARM CONTROL 
SHOCK SENSOR 

CONTROL 

ALARM 
FROM CAR 
DOOR SWITCH 

PIEZO 
TRANSDUCER 

SYSTEM ON/OFF SWITCH 
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requires a zero volts condition to inhibit the 
alarm. This input is inverted by ICla, again to 
provide a 5 volt logic signal to the reset 
inputs. 

2. Alarm detection 
Two alarm detection inputs are provided to 

the alarm control unit. One of the inputs 
(terminal 1) requires a OV condition to trigger 
the alarm. This input will be wired to the 
courtesy light door switches of the car, to 
trigger the alarm whenever a door is opened. 
The second alarm input (terminal 2) is 
nonnally connected to OV. It is the removal of 
this condition which triggers the alarm. This 
tenninal will be wired to the alarm output of 
the shock sensing unit. 

The presence of an alarm condition (OV) at 
terminal 1 will cause the output of IC2c to go 
high. This will set the alarm latch (IC3b), 
subsequently sounding the alarm. If the circuit 
is triggered from the second alarm input 
(terminal 2), the removal of the OV condition 
allows R2 to pull up the input of IClb, the 
output of which, via D7, applies a OV 
condition to the alann lead. This will set the 
alarm latch (IC3b) via Ic2c. 

3. Enabling the alarm system 
The sequence for enabling the car alarm is 

as follows: First, open the car door, then, 
switch on the alarm system. Get out of the car 
and finally, close the doors. The action of 
closing the last door enables the alarm system. 
Should any door be opened again, the alarm 
will be triggered (after the entry delay period 
has expired). 

PRACTICAL ELECTRONICS JANUARY 1991 
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Fig. 2. Circuit diagram of the alarm controller. 
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Below: Figs. 3 and 4. Component and track layouts for 
the alarm controller pcb 

The action of opening the car door applies an 
alarm condition to terminal I of the alarm 
control, since at this stage the system is still 
inhibited, with a logic 1 on the reset lead. 
Latches IC3a and IC3b remain reset. When the 
alarm system is switched on, the logic I is 
removed from the reset lead .. This has no effect 
at this stage. Closing the last car door removes 
the alarm condition from terminal 1. This allows 
the latch IC3a to set (from the output of IC2a). 
C2, via R6, slowly discharges. This holds one 
input of IC2c high for approximately 500ms 
after the car door has been closed in order to 
prevent any contact bounce in the door switches 
from setting the latch IC3b prematurely. The 
alarm system is now armed. 

4. Triggering the alarm 
An alarm condition subsequently being 

detected from either terminal I or terminal 2 
will (via IC2c) set latch IC:ib, the output of 
which will slowly charge C4 by way of R9 and 
VRI. This provides for an entry delay period, 
variable between one and 20 seconds (set by 
VRI). At the end of this period the output of 
ICle goes low, causing the output of ICld to go 
high. This removes the reset condition from the 
timer (IC4) allowing it to oscillate at 
approximately lHz. This, in turn, operates the 
relay, sounding the car horn in short bursts. 

5. Alarm timing and auto reset 
As soon as the alarm starts to sound, C3 (via 

R7 and R8) slowly discharges. This takes 
approximately 100 seconds. At the end of this 
period the output of IC!f will go high, applying 
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a 5 volt reset level to both latches (IC3a and 
IC3b), silencing the alarm. 

If an alarm condition is still present at this 
stage, IC2a will prevent latch IC3a from being 
set. The circuit will remain in this 'lockout' state 
until the alarm condition is removed. 

When the alarm condition is removed, IC2a 
will set latch IC3a, returning the circuit to its 
original pre-alarm state. Any further alarm 
conditions will retrigger the circuit as normal. 

6. Disarming the alarm 
Switching the alarm system off at any stage 

will apply a logic 1 to the reset lead, and this 
will clear both latches and disable the alarm. 

CONTROL UNIT 
CONSTRUCTION 

The assembly of the main control pcb (Figs. 
3 and 4) presents no real problems. The smaller 
components should be fitted first, however, 
leaving until last the ics. It is recommended that 
these are soldered direct to the pcb, as the alarm 
unit can be subjected to severe vibration when 
fitted to the car and it is possible that the ics may 
become dislodged from the sockets. Great care 
should be exercised to use the minimum of heat, 

ALARM CONTROL 

RESISTORS 
Rl,R2,R4,R7,R9 
R3,R5 
R6 
RS 
RIO,Rll 
R12 
VRl 

2k2 (5oft) 
!Ok (2oft) 
lOOk 
180k 
270k (2oft) 
4k7 
220k sub-miniature 
preset 

SEMICONDUCTORS 
Dl-D4,D6-DIO IN914 or IN4148 (9 off) 
DS OA91 
Dll 1N4001 
TRl BCI08 
ICI 40106 hex schmitt 

IC2 

IC3 

IC4 

ICS 

CAPACITORS 
C1,C5 

C2,C6,C8 

C3,C7 

C4 

MISCELLANEOUS 

trigger 
4001 quad 2 i/p 
NOR gate. 
4043 quad NOR 
r/s latch. 
TLCSSSC cmos 
timer 
uA78L05 +5V 
IOOmA regulator 

lOOn disc 
ceramic (2 oft) 
l!ilOOV 
electrolytic (3 oft) 
470!135V 
electrolytic (2oft) 
100!125V 
electrolytic 

Relay flat 12V (eg, Maplin HYiOW), fuse 
20mm IOOmA. fuse clips (2 off), voltage 
dependent resistor (VDR) 60V (eg, 
Electrovalue S07K60), box to suit, 2 amp 
connector (6-way), 0.25 inch spacers 
(4 off), 6BA nuts and bolts, (4 off), rubber 
grommet 0.5 inch, spst subminiature toggle 
switch, connecting wire and connectors, (car 
accessory shops). 
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Fig. 5 (Top). Earth wired horn system. 
Fig. 6. Battery wired horn system. 

and a soldering iron with an earthed tip should 
be used, as all the chips are cmos and subject to 
possible static damage. 

Four lengths of stranded wire should be 
soldered to points 1,2,5 and 6 for connection to 
the terminal strip. The connections to points 
A,B,C and D (Figs. 5 and 6) and the fitting of 
the delay are dependent upon the type of car 
horn fitted to your car. Most cars are fitted with 
a single wire horn system which uses the car 
body as a common return. The connections to 
A,B,C and D for this type of horn circuit are 
shown in Fig.5. Some cars, on the other hand, 
have a two wire horn system, with a permanent 
battery connected to one side of the horn(s). In 
this case use the connections as shown in Fig.6. 
In both cases, the wire used to connect the 
battery supply and the relay contact to the 
terminal strip, and also the earth wire to the pcb, 
should be of sufficiently heavy duty to carry 

/ &BA / 
BCD< LID NUTS & BOLTS 

c 

D 

* 
A 

B 

c 

D 

TERMINAL 
r--<>--+---0 3 {BATTERY) 

VDR 

L---o--+---0 4 {RELAY) 

WIRE LINK IEMTH) 

around 10 amps. 
The pcb should be loosely mounted inside 

the lid of the box as shown in Fig. 7, using four 
6BA nuts and bolts with 0.25 inch spacers. The 
terminal strip is mounted as shown, and is best 
held in place with suitable glue. Connect the 
wiring between the pcb and the terminal strip as 
shown in Fig.S. 

~ 

MAIN CONTROL TESTING 

With the aid of a bench power supply, set to 
12 volts, connect up the battery and earth 
supplies of the alarm unit. Also connect 
terminal 2 to OV. Set VR1 to minimum, and 
switch on the power. In its quiescent state the 
circuit should only take two to three milliamps. 
If the relay starts to operate tap a OV condition 
briefly to terminal 6 to reset the circuit. 

0 
0 

5 

3 

2 

0 

Fig. 7. 
Alarm control pcb 
mounting. 

Fig. 8. Alarm 
control pcb 
wiring. 
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Fig. 9. Alarm control box. 

35mm 35mm 
I• •i 

MOTORING PROJECT 

--1121--r-____ ,,mmr'-----, 

_ ---- t12mm 

any output pulses being generated when held 
low. 

Terminal 4 of the shock sensing unit is an 
inhibit input and is wired to the car door 
switches. This is to allow the shock of 
closing a door to dissipate before activating 
the detection circuit. The delay period is 
produced by the slow discharge of C4 via 
Rll and Rl2. This takes about two seconds. ~1 i?"A~~ 

-- ----0--------0---t- The alarm output of the unit is from TR4, 
which is normally in the 'on' state. Terminal 
5 of the unit is therefore at 0 volts. When an 
alarm condition is detected, TR4 is turned off 
momentarily. This is detected by the alarm 
control unit, and acted on accordingly. 

First, with a meter, check the 5 volt supply 
from the regulator (IC5). Next, with a short 
length of wire apply a OV condition briefly to 
terminal 1. Almost immediately the relay 
should start to operate and release at 
approximately l Hz. A quick tap with a OV 
condition to terminal 6 should reset the circuit. 
Again trigger the alarm from terminal 1, this 
time apply a + 12V reset pulse to terminal 5. 
The circuit should again reset. Trigger the alarm 
for a third time, but leave the alarm condition 
on. Don't reset the circuit, but leave it for 
approximately 100 seconds, after which the 
circuit should automatically reset. Now remove 
the alarm condition. As a final check, repeat 
each of the above tests, but this time trigger the 
alarm with a brief disconnection of terminal 2. 

If desired at this stage, the alarm delay (set 
by VRl) may be given a rough setting. A delay 
of around 10 seconds between triggering an 
alarm and the relay first operating is usually 
sufficient, but this can be finally set after 
installation in the car. 

MAIN CONTROL FINAL 
ASSEMBLY 

Once the circuit has been tested and is 
working satisfactorily, the pcb should be 
removed from the mountings and give a coat of 

FS1 

02 

1Nt..1t..8 
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(non-conducting) lacquer or varnish on both 
sides, to provide protection against damp. When 
the pcb is dry, re-mount and tighten the screws, 
using either locktight or shakeproof washers to 
ensure that they remain secure. 

Cut a slot in one end of the base of the box 
as shown in Fig.9 to accommodate a large 
rubber grommet. Also drill two holes in the 
base, to allow the box to be secured to the car 
with self tapping screws. 

SHOCK SENSING 
OPERATION 

When a window in a car is broken, or 
when a lock is forced, a series of shock 
waves are set up in the shell of the car. These 
waves can be detected by a piezo transducer 
attached firmly to any part of the car's shell. 
The resulting signal is amplified by TRl and 
TR2, (Fig.lO) with VRl setting the overall 
gain, and thus the sensitivity of the circuit. 
This signal is then rectified by TR3 and 
presented to one input of ICld. The 
combination of ICld, IClc and C3 acts as a 
pulse stretching circuit, lengthening the very 
short pulses produced by TR3 into pulses of 
approximately 500ms duration. The second 
input ofiClc is used as an inhibit, preventing 

LED l is provided as a testing aid for 
setting up the shock sensing unit. 

SHOCK SENSOR 
CONSTRUCTION 

The assembly of this pcb (Figs. 11 and 
12) presents no problems, I again soldered 
ICl directly to the pcb, but use a socket if 
you'd prefer, since this unit will be mounted 
inside the car. Connect short lengths of 
stranded wire to the six points on the pcb for 
connection to the terminal strip. Mount the 
pcb inside the box, along with the terminal 
strip. Solder a length of screened wire to the 
piezo transducer; about a yard is sufficient. 
The central conductor should be soldered to 
the central electrode of the transducer and the 
screen of the cable (suitably sleeved) to the 
brass base (see Fig.13). Caution should be 
exercised to use the minimum of heat 
necessary for the shortest possible time 
otherwise the silvered coating of the piezo's 
electrodes will be permanently damaged. 

Drill two holes in the side of the box, 
large enough to accommodate two small 
rubber grommets - one for entry of the 
screened transducer cable and one for the 
connecting cable to the main alarm control 
unit. 

LED1 

re 1 t..093 

Fig. 10. Shock sensing unit 
circuit diagram. 
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Figs. 11 and 12. Shock sensor pcb component and track layouts. 

Shock sensor mounting in car. 

. SHQCK SENSOR 

RESISTORS 

lM 

Fig. 13. Transducer connections. 

SHOCK SENSOR TESTING 

Fit a wire link between terminals 5 and 6, 
and connect the transducer to terminals 2 and 3 
(screen to 3). Carefully attach the transducer to 
the bench using a length of insulating tape. 
Connect up a bench PSU, set to 12 volts, to 
terminals I and 2. Set the sensitivity control of 
VRl to midway. The led should be lit. Gently 
tap the bench close to the transducer - the led 
should flick off for short periods of time. Now 
apply a 0 volt condition to terminal 4; this time 

tapping the bench should have no effect on the 
led which should remain lit. 

VISUAL DETERRENT UNIT 

The operation of this circuit (Fig.l4) is very 
simple indeed. ICI is connected as an astable 
multivibrator, R6, R7 and Cl set the frequency 
and periodicity to give about a 500ms flash of 
the led every three seconds or so. D4 is 
included to enable ICl to give a shorter 'on' 
than 'off' period, something not normally 
possible with a 555 timer ic. 

The two input terminals 2 and 3 provide for 
a + 12V or a OV inhibit condition in order to 
switch the flashing led off, when the alarm 
system is deactivated. 

VISUAL DETERRENT 
CONSTRUCTION 

The assembly of this pcb is the easiest yet 
(Figs. 15 and 16), with only a dozen or so RI 

R2-R4,R6-R8 
RS 

47k (6 off) 
6k8 Fig. 14. Visual deterrent unit circuit diagram. 

R9 
RlO,R12 
Rll 
R13 
VRl 

lk2 
2k2 (2 off) 
150k 
lOOk 
47k subminiature 
preset 

SEMICONDUCTORS 

Dl,D2 
LED 
TR1-TR4 
ICI 

CAPACITORS 

Cl-C4 

IN914 or IN4148 (2 off) 
5mm Red 
BC108 (4 off) 
4903 quad 2 i/p 
NAND Schmitt 

lOJl electrolytic ( 4 off) 

MISCELLANEOUS 

Box to suit, piezo transducer (eg, 
Maplin QY13P), fuse 20mm lOOmA, fuse 
clips (2 off), 2 amp connector (6-way), 
connecting cable, screened cable. 
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R4 

47k 

4 

IC1 
555( 
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components to mount. The led is not mounted 
on the pcb, so connect two lengths of stranded 
wire to the pcb for connection to the led. Also 
connect wires to points I to 4 for connection to 
the terminal block. 

Holes should be cut in the front of the box 
as shown in Fig. I 7. It is worth spending some 
time doing this, as appearance is the most 
important part of this unit. The easiest way I 
found of making the large holes, was to drill a 
0.25 inch hole, then ream out the hole to the 
required size, either with a purpose-made tool 
or with a small half round file. Once you are 
satisfied with the holes, stick two pieces of 
aluminium mesh (for example, the type 
supplied with glass fibre kits to repair rust 
holes in car bodywork) over the inside of the 
large holes to give the appearance of a pair of 
ultrasonic transducers peeping through. Add a 
further hole in one side of the box, complete 
with grommet for the connecting cable. Mount 
the pcb in the bottom of the box, using two 
small countersunk nuts and bolts. Connect up 
the termmal strip which should also be stuck in 
the bottom of the box. Clip the led in the centre 
hole and connect to the pcb. 

VISUAL DETERRENT 

RESISTORS 
RI 
R2-R4,R7 
R5 
R6 

4k7 
47k (4 off) 
lk2 
2M7 

SEMICONDUCTORS 
Dl-D4 
LED 
TRI,TR2 
ICI 

CAPACITOR 

IN9!4 or !:-<4148 (4oft) 
5mm red 
BC I 08 (2 oft) 
TLC555C cmos timer 

Cl IOJ.l50V Electrolytic 

MISCELLANEOUS 
box to suit, fuse 20mm I OOmA, fuse clips 

(2 off), led clip, aluminium mesh, connecting 
cable. 
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Figs. 15 to 17. Visual 
deterrent pcb track and 
component layouts, plus 
box details, 

VISUAL DETERRENT TESTING 

Connect a 12 volt supply to terminals 1 and 
4. The led should flash about once every two to 
three seconds. Apply a OV condition to 
terminal 2, the led should remain off. Remove 
this condition, then apply 12V to terminal 3; 
the led should again stop flashing and remain 
off. 

FITTING THE ALARM SYSTEM 

At this stage it is worth spending some time 
considering the various connections required to 
the car's electrical system and at what point a 
suitable connection can be made. It is useful to 
have access to a circuit diagram of the electrical 
system, which should give the colour coding of 
the various wires making identification easier. 
For making the actual connections to the 
existing wiring, I used the 'Scotchlock' type 
connectors which are avaiable from any car 

accessory shop. These are small blue plastic 
devices which slip over an existing wire. A 
quick squeeze with a pair of pliers forces a small 
metal blade through the insulation of the old and 
new wires to complete the connection. 

Secure the alarm control unit box to the car 
using a couple of self-tapping screws. The site 
chosen for this should be convenient for most of 
the interconnecting wiring. I mounted mine 
inside the engine compartment, but it could 
equally as well be mounted under the dashboard. 
Connect the earth wire from the alarm control 
unit (terminal 1). 

The wire to terminal 3 should be connected 
to a permanent 12 volt battery supply. This wire, 
along with the wire to terminal 4, should be a 
heavy duty 10 amp wire. For safety reasons, an 
in-line fuse holder containing a 10 amp fuse 
should be fitted in this wire at a convenient 
point. It is advisable to leave the fuse 
disconnected until all the other wiring is 
complete. 

Next, identify the wiring from the horn 
button to the car's horn(s). This is the 
connection point for terminal 4. Leave this wire 
disconnected until after testing the alarm 
installation, to avoid disturbing the peace! 

yYire . number 5 is optional and may be 
omttted tf not required. This circuit allows the 
alarm system to be controlled by the ignition 
key of the car. To use this facility, the concealed 
switch should be left enabled, control of the 
alarm system is now made dependent on the 
ignition key. Identify a wire from the ignition 
switch which is only live once the key is turned 
to the auxiliary or first step position. This wire 
should be connected to terminal 5. 

Finally fit the alarm inhibit switch. This is a 
subminiature toggle switch, mounted out of 
sight, yet convenient to operate. Two lengths of 
wtre should be attached to the switch, one 
connected to the metal bodywork of the car 
using a small bolt ring and self-tapping screw, 

~----~-----x----0---~1-----, 
~ SWITCHES INTERIOR +12V .I 

Fig.18. 
Wiring 
the 
alarm 
control 
unit. 

~ LIGHT 

----------~ % 

NOTE 1 

-- -)(-- --~1---
+12V 

4 0.~~N~O~T~E~Z----------------- HORN 
BUTTON 

ALARM 
CONTROLLER 

-=::;::.t::D------ -x-----~------
~CAR HORN 

SQ-~~N~O~TE~3----------------- IGNITION 'AUX' 
POSITION SWITCH 

ALARM ...... 11-INHIBIT ---X-----o o-- ---
SWITCH 
.liiiiiiiiil. NOTES: 

60..~----------...Q • 1 ONLY PROVIDE THIS WIRE 
IF SHOCK SENSING CONTROL 

---tf--------l UNIT IS NOT FITIED 
KEY: % 2 USE 101\MP RATED WIRE 

NOTE 2 -----NEW WIRING 3 THIS CONNECTION IS 
----- EXISTING CAR OPTIONAL I SEE TEXT) 

WIRING 
X CONNECTION POINT 
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o-+-------tt----------1-~4 
3 

0 

5 
SHOCK 

Qo SENSING 
UNIT 

ALARM 
CONTROL 

ALARM 
CONTROL 

' SCREEN/ r--t--o ~ ~ 
4c-XfJt'f '---------

Visual deterrent mounting. 

the other run to the alarm control unit and 
terminated on terminal 6. 

Secure the lid of the alarm control unit and 
replace the in-line fuse. 

TESTING THE INSTALLATION 

At this stage it is a good idea to test the installation 
so far. Close all the car doors, except one, and turn on 
the alann system by what ever means you have 
chosen. Close the last car door and listen to the alann 
control unit. Nothing should happen. Open a door, and 
after the delay period (which was roughly set during 
the initial testing) the alann relay should be heard 
operating and releasing. Switching off the alann 
should stop the relay operating. At this stage, It IS 

advisable to fine tune the delay period, experimenting 
with the time taken to open the door and switch off the 
alann. Within reason, the shorter the delay period the 
better. 

If it is intended to fit the rest of the alann system 
the wiring to the horn should be left disconnected at 
this stage, otherwise connect the horn up now. 

FITTING THE SHOCK SENSOR 

The piezo transducer which is used to detect shock 
waves in the car is best fitted as near central as 
possible. I fitted mine centrally beneath the rear seat 
of the car. The brass base of the transducer should be 
stuck finnly to the metal framework of the car using a 
small amount of epoxy resin type glue. Ensure that the 
transducer is not in a position where it could be 
crushed by the seat when it is replaced. Cover the 
transducer with a small area of foam rubber to provide 
sound insulation. Temporarily place the shock control 
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unit nearby and connect up the screened cable. 
The next task is to run a 4-wire connecting cable 

between the shock sensing unit and the alann control 
unit. Disconnect the power from the main alann 
control unit by removing the in-line fuse, remove the 
temporary wire connected to tenninal 2 of the alann 
control and discard. Connect up the 4-wue connectmg 
cable as shown in Fig.19, remembering to pass the 
cable through the sealing grommet first. Where two 
wires are in the same tenninal it may be advisable to 
twist them together and solder them for security. The 
earth connection should be made to the same earth 
point as the alann control, again using a bolt ring. On 
the shock sensor connect all wiring as shown m the 
diagram, except for the wire to tenninal 5. Instead 
connect a temporary strap between tenninals 5 and 6. 

Secure the lid of the alann control unit and 
reconnect the power. 

TESTING THE SHOCK 
SENSOR 

Place the shock sensing unit in a position where it 
can be seen from outside the car, and close all 
windows and doors. The red led on the unit should be 
lit. By thumping various parts of the car it should be 
possible to make the led flick off briefly. Adjust the 
sensitivity control until hefty thumps will flick the led 
but accidentally brushing against the car should have 
no effect on it. Spend some time experimenting with 
various settings to ensure satisfactory operation. 

Once you are satisfied with the sensitivity 

1 

2 

3 

~4-
VISUAL 

'4-WIRt 

DETERRENT 
UNIT 

CABLE 

Figs. 19 and 20. Wiring the shoc.k 
sensing and visual deterrent umts. 

settings, disconnect the temporary strap between 
tenninals 5 and 6 and connect up the remaining wire. 
A check should now be made to ensure a hefty thump 
will trigger the alann system, after of course the entry 
delay period has expired. 

Finally secure the shock sensing unit to the car in 
a convenient position. 

VISUAL DETERRENT FITTING 

Fitting the visual deterrent unit is easy. First, run 
a 4-wire connecting cable between the visual 
deterrent and the alann control unit, and tenninate it 
at both ends as shown in Fig.20. Remember to 
remove the in-line fuse from the alann control unit 
before making any connections. Mount the visual 
deterrent until centrally on the dashboard with the 
'ultrasonic' detectors pointing into the car. The unit 
is best held in place with a small piece of double­
sided tape. 

TESTING THE INSTALLATION 

If you have not already done so, connect up the 
car horn to the system. Switch on the alann and close 
the car doors. If all is well the visual deterrent led 
should flash every two to three seconds. Trigger the 
alann by opening a door. After the entry delay 
period, the horn should sound in short bursts. Switch 
off the alann system and the horn should cease 
immediately. 
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51 B POPPY ROAD 
PRINCES RISBOROUGH 
BUCKS HP17 9DB 
TEL: (084 44) 6326 FAX: (084 44) 7102 

Callers by 
appointment 

only 

Add VAT + £1.50 on al! orders Export add 10% "="' -
MODULES AND EQUIPMENT 

FULLY BUlL T AND TESTED F P . t & A I" t" . ALL UNITS SUPPLIED WITH Or rOJeC S pp IC3 IOnS 1n: COMPREHENSIVEINSTRUCTIONS 

*AUDIO* SECURITY* INDUSTRIAL* DIGITAL VOLTMETERS 
** SECURITY ** **AUDIO** 

MINIATURE PASSIVE INFRA-RED SENSOR-RP33 AL 12580-125W POWER AMPLIFIER 
Switchable Dual range, detects intruders up to 6 or 12 metres 

This advanced sensor operates by detecting the body 
heat of an intruder moving within the detection field. 

Slow ambient changes such as radiators, etc. are 
ignored. Easily installed in a room or hallway. Providing 

reliable operation from a 12V supply. it is ideal for use 

-

with the CA 1382 or equivalent high qualitycontrolunit. 
Size80x60x 40mm Supplied w1th full mstruct1ons. 

Ouant1ty d1scounts start at 3 un1ts 

1 ,-~ DIGITAL ULTRASONIC DETECTOR-US 5063 
:wt~ Crystal c. ontrolled movement detection m·o.dul8 operating 

' at 50kHz with an effective range up to 20ft. Suitable for 
operat1on in household or vehicle secunty systems. 12V 

operation and built-in timing makes 1t suitable for a 
wide range of applications. 

Easily Installed ADVANCED CONTROL UNIT -CA 1382 

Automatic Loop Test & Switch On* Automatic Siren 
Re-Set* Audible Entry/Ex!! Warning Buzzer* Two 

Separate Loop Inputs + 24-hr Circuits * 
Easily Installed, Full Instructions Supplied. 

This advanced control panel provides effective and 
reliable control for all security installations, yet its 

operation is sheer simplicity for all members of the 
family, and is supplied with two keys. Housed in a steel 

case with an attractive moulded front panel, it compares 
with units costing tw1ce the price 

LOW-COST CONTROL UNIT -CA 1250 
This tried and tested control unit provides the finest 

value for money in control systems, with many 
thousands protecting houses all over the country. 
A suitable steel enclosure is available separately. 

The unit offers the following features: Built-in electronic 

-

siren. drives two loudspeakers incorporating exit & 
entry delays *Anti-tamper and panic faCility* Screw 
connector for ease of installation, etc. etc. 

FULL RANGE OF SECURITY ACCESSORIES STOCKED PROVIDING 
EVERYTHING YOU NEED TO PROTECT YOUR HOME 

,., 'tli ,, '''•'5iv' ?ti w ;'v''' .x•J! f., 
DVM 456 HIGH PERFORMANCE 
3% DIGIT PANEL METER 

Sensitivity 
Accuracy 
Input Impedance 
Supply Voltage 
DimenSIOns 

0-± 1.999V 
Within 0 I r I digit 
lOOM ohm 
8V-12V 

-DVM 356 VERSATILE 
3-DIGIT PANEL METER 

95.5x55x llmm 

This exciting new module provides a 
large, bright digital read-out with an 

accuracy within 0.1%. lt incorporates a 
built-in regulator which allows it to be 

used from an unregulated supply of 
between 8V-12V. Full over-load 

protection is included and the unit is 
supplied with a mounting bezel and 

filter, together with full application 
instructions showing how to extend its 

range and measure resistance, current 
and temperature. 

DT10 TEMPERATURE MEASUREMENT MODULE 
A s1mple. though effective module wh1ch when 

constructed prov1des a linear output of 10mVrC 
over the temperature range · 10 to + 100°C 

£3.95 +VAT 
PS209 DUAL POWER SUPPLY 

Fully built mams power supply prov1d1ng two 9V 
outputs of up to 250mA each Su1table for use w1th 

e1ther DVM modules and other equipment 

£6.65 +VAT 

The DVM 356 is a low-cost module offering 
3-digit performance with an FSD of + 999mV and 

A rugged, high powered module that is ideal for 
use in discos & P.A. Systems where powers of up 
to 125W, 4 ohms are required. The heavy duty 
output transistors ensure stable and reliable 
performance. lt is currently supplied to a large 
number of equipment manufacturers where 
reliability and performance are the main 
considerations, whilst for others its low price is the 
major factor. Operating from a supply voltage of " 
40-80V into loads from 4-16 ohms. 

AL 5070-ULTRA LOW DISTORTION 
SOW AMPLIFIER 
Provides sound reproduction of the highest quality with 
distortion levels below 0.02%, this module offers 
superlative performance in all types of audio equipment. 
Full over-load protection is incorporated ensuring ~~~~ 
reliability of the highest order. Supplied with its own • 
heat smk, it opertes from a 40V-65V supply rail into . 
loads of 8-16 ohms. 

AL 2550-COMPACT LOW-COST 25W AMPLIFIER 
One of our most popular audio modules with tens of • 
thousands insta. lied. Ideal for domestic applications ;·· , / 
where low distortion and compact size are ~~~ 
the prime requirements. Used with supply • 
rails of 20V-50V into loads of 8-15 ohms. , 

AL 1030-RUGGED 10W AMPLIFIER ~ 
This low cost unit provides a powerfui10Woutput making it . ' 
ideal for all medium power applications requiring quality . ·' · 
reproduction with rugged performance. Repre- ~~~ 
senting excellent value for money it operates ' .. 
from a supply of 18V-30V into loads of 8-16 ohms. . 

MM 100-BUDGET 3-INPUT MIXER 

SOFT INFRA-RED BEAM-IR1470 f!lliR 
The IR 1470 consists of a separate transmitter -
and rece1ver prov1d1ng a beam of up to 50ft 
which, when interrupted, operates a relay in the receiver which 
in turn may be used to control external equipment. The system 
reqUires 65mA from a 12V supply. Size: (each unit) 82 x 52 x 

TIMER SWITCH & POWER SUPPLY -DP3570 
The DP3570 consists of an adjustable t1mer switch and 12V 
stabilised power supply designed to provide swi · of loads 
up to 4A at 240V A.C. for a preset time between 
10 secs and 6 m ins, the timed period being Initia­
ted by the normally open or normally closed inputs. 

GENERAL PURPOSE ULTRASONIC 
MOVEMENT DETECTOR US4012 
This module uses ultrasonic techniques to detect movement at 
distances up to 5 metres with an operating range of 60' Supply 
voltage 10-14V (12mA). Size: 147 x 52.5 x 15mm. 

STABILISED SUPPLY & SWITCHING UNIT -PS1265 
The PS1265 provides stabilised 12V output for current levels up to 700mA. Addition­

ally it incorporates a high 
- 99mV. Supplied with a -
comprehensive Data Sheet. : 
No bezel available 

ATTRACTIVE DISCOUNTS 

AVAILABLE FOR QUANTITY USERS 

impedance input for switching ~~~ 
loads up to 1 kW at 240V , • 
without timing 
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74 SEAl 
7400 
7401 
7402 
7403 0.18 74LS04 

74LS05 
74LS08 
74LS09 
74LS10 
74LS11 
74LS12 
74LS13 
74LS14 
74LS15 
74LS20 
74LS21 
74LS22 
74LS24 
74LS26 
74LS27 
74LS28 
74LS30 
74LS32 
74LS33 
74LS37 
74LS38 
74LS40 
74LS42 
74LS47 
74LS48 
74LS51 
74LS54 
74LS55 
74LS73A 
74LS74A 
74LS75 
74LS76A 
74LS78 
74LS83A 
74LS85 
74LS86 
74LS90 
74LS91 
74LS92 
74LS93 
74LS958 
74LS96 
74LS107 
74LS109 
74LS112 
74LS113 
74LS114 
74LS122 
74LS123 
74LS124 
74LS125 
74LS126 
74LS132 
74LS133 
74LS136 
74LS138 
74LS139 
74LS145 
74LS147 
74LS148 
74LS151 
74LS152 
74LS153 
74LS154 
74LS155 
74LS156 
74LS157 
74LS158 
74LS160A 
74LS161A 
74LS162A 
74LS163A 
74LS164 
74LS165A 
74LS166A 

7404 0.23 
7405 0.14 
7406 0.30 
7407 0.30 
7408 0.23 
7409 0.30 
7410 0.13 
7411 0.30 
7412 0.30 
7413 0.27 

0.28 
7416 0.33 
7417 0.30 
7420 0.20 
7421 0.60 
7422 0.36 
7423 0.36 
7425 0.13 
7426 0.20 
7427 0.18 
7428 0.43 
7430 0.22 
7432 0.27 
7433 0.30 
7437 0.24 
7438 0.40 

0.40 
0.90 
0.70 
1.00 

7444 1.10 
7445 0.70 
7446A 1.00 
7447A 1.00 
7448 1.00 
7450 0.36 
7451 0.16 
7453 0.38 
7454 0.38 
7460 0.55 
7470 0.27 
7472 0.30 
7473 0.23 

0.40 
0.30 
0.23 

7480 0.65 
7481 1.80 
7483A 1.05 
7484A 1.25 
7485 0.70 
7486 0.26 
7489 2.10 
7490 0.33 
7491 0.70 
7492A 0.42 
7493A 0.55 
7494 1.10 
7495A 0.60 
7496 0.80 
7497 2.90 
74100 1.90 
74107 0.30 
74109 0.75 

0.75 
74111 0.55 
74116 0.82 
74118 1.10 

74119 1.70 
74120 1.00 
74121 0.66 
74122 0.70 
74123 0.16 
74125 0.37 
74126 0.42 
74128 
74132 
74136 
74141 
74142 
74144 
74143 
74145 
74147 
74148 
74150 
74151A 
74153 
74154 
74155 
74156 
74157 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74167 
74170 

74172 
74173 
74174 
74175 
74176 
74178 
74179 
74180 
74181 
74182 
74184 
74185A 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74221 
74251 
74259 
74265 
74273 
74276 
74278 
74279 
74283 
74285 
74290 
742.93 
74298 
74351 
74365A 
74366A 
74367A 
74368A 
74376 
74390 
74393 
74490 

0.55 74LS168 
0.75 74LS169 
0.70 74LS170 
0.90 74LS173A 
2.50 74LS174 
2.70 74LS175 
2.70 74LS181 
1.10 74LS183 

74LS190 
1.40 74LS191 
1.75 74LS192 
0.38 74LS193 
0.80 74LS194A 
1.40 74LS195A 
0.80 74LS196 
0.90 74LS197 
0.43 74LS221 
2.25 74LS240 
0.47 74LS241 
0.80 74LS242 
1.10 74LS243 
o.ao 74LS244 
0.48 74LS245 
1.10 74LS247 
1.40 74LS248 
4.00 74LS249 
2.00 74LS251 
4.20 74LS253 
1.40 74LS256 
0.58 74LS257A 
0.53 74LS258A 
1.00 74LS259 
1.50 74LS260 
1.50 74LS261 
1.00 74LS266 
3.40 74LS273 
1.82 74LS275 
2.50 74LS279 
2.50 74LS280 
1.30 74LS283 
1.30 74LS290 
1.10 74LS292 
1.03 74LS293 
1.10 74LS295 
0.80 74LS297 
1.30 74LS298 
1.10 74LS299 
2.20 74LS231 
2.20 74LS323 
1.10 74LS324 
1.00 74LS348 
1.50 74LS352 
0.80 74LS353 
2.00 74LS356 
1.43 74LS363 
1.70 74LS364 
0.73 74LS365 
0.68 74LS366 
3.20 74LS367 
0.90 74LS368 
0.90 74LS373 
1.22 74LS374 
2.00 74LS375 
0.80 74LS377 
0.80 74LS378 
0.80 74LS379 
0.70 74LS381 
1.60 74LS390 
1.10 74LS393 
1.20 74LS395A 
1.40 74LS399 

0.10 74LS541 
0.10 74LS508 
0.10 74LS510 
0.12 74LS512 
0.10 74LS524 
0.10 74LS526 
0.10 74LS528 
0.18 74LS529 
0.22 74LS640 
0.12 74LS640·1 
0.12 74LS541 
0.12 74LS542 
0.12 74LS542-2 
0.33 74LS543 
0.12 74LS543·1 
0.12 74LS544 
0.12 74LS545 
0.12 74LS545-1 
0.13 74LS568 
0.13 74LS669 
0.14 74LS570 
0.13 74LS582 
0.13 74LS584 
0.23 74LS587 
0.50 74LS588 
0.46 74C923 
0.11 74C925 

21.56 
21.56 

2.10 
2.18 
2.18 
0.93 
0.84 
3.00 
0.86 
0.82 
3.00 
0.84 
2.48 
0.84 
0.86 
1.28 
0.83 
0.56 
0.60 

1.71 
2.42 
1.70 
4.33 
9.28 

4568 

4569 
4572 
4583 
4584 
4585 

14411 
14412 
14416 
14419 
14490 
14495 
14500 
14599 
22100 
22101 
22102 
40014 
40085 
40097 
40098 
40100 

0.11 
0.13 
0.30 
0.18 

40101 

~~mmBim!!l 40102 40103 
40104 
40105 0.21 4000 

0.24 400" 
0.42 4002 
0.37 4006 
0.24 4007 
0.22 4008 
0.24 4009 
0.50 4010 
0.29 4011 
0.24 4012 
0.75 4013 
0.46 4014 
0.25 4015 
0.25 
0.25 4017 
0.25 4018 
0.25 4019 
0.33 4020 
0.33 402' 
1.40 4022 
0.30 4023 
0.28 4024 
0.28 4025 
0.28 4026 
0.28 4027 
0.26 4028 
0.26 4029 
0.62 4030 
0.86 4031 
0.72 4032 
0.25 4033 
2.00 4034 
0.28 4035 
0.76 4036 
0.34 4037 
0.34 4038 
0.20 4039 
0.25 4040 
0.40 4041 
0.40 4042 
0.40 4043 
0.38 4044 
0.34 4045 
0.48 
1.50 
0.58 
0.53 
0.66 
0.60 
0.28 
0.30 
1.48 
1.58 
0.44 
0.41 
0.39 
0.39 
0.43 
0.43 
0.43 
0.40 
0.43 
0.43 
0.40 
0.4"1 
0.48 
0.38 
0.38 
0.38 
0.38 
0.68 4085 
0.22 4086 
0.34 4089 
0.50 4093 
0.34 4094 
0.36 4095 
0.48 4096 
0.28 4097 
1.20 4098 
0.20 4099 
0.42 4501 
1.25 4502 
0.31 4503 
0.86 4504 
0.49 4505 
0.24 4506 

14.00 450714030 
0.24 4508 
0.38 4510 

14.00 4511 
0.63 4512 
1.18 4513 
5.62 4514 
1.78 4515 
2.20 4516 
1.18 4517 
0.78 4518 
1.88 4519 
2.10 4520 
1.38 4521 
1.38 4522 
0.24 4526 
0.28 4527 
0.26 4528 
0.28 4529 
0.42 4531 
0.42 4532 

0.4 4534 
4536 
4538 
4539 
4541 
4543 
4551 
4553 

40106 
40107 

40109 
40110 
40114 
40147 
40163 
40173 
40174 
40175 
40192 
40193 
40194 
40244 
40245 
40257 
40373 
40374 
80C95 0.75 
80C97 0.75 

LM348 
LM349CH 

0.10 
0.10 
0.11 
0.31 
0.11 
0.32 
0.18 
0.18 
0.11 
0.11 
0.17 
0.29 
0.32 
0.16 
0.26 
0.27 
0.25 
0.30 
0.33 
0.33 
0.11 
0.22 
0.11 
0.58 
0.16 
0.26 
0.31 
0.15 
0.86 
0.49 
0.57 
0.73 
0.39 
1.76 
0.72 
0.43 
1.76 

1-------1 t~;~~p 
NEW 
LOW 

PRICES 
ON 
TTU 

CMOS 
4000SERIES 

LM380N·8 
LM380N 
LM381N 
LM382 
LM384 
LM386N·1 
LM387 
LM391 
LM392N 
LM393 
LM394CH 
LM709 
LM710 
LM711 
LM723 

,~m~m· LM725CN 
11111 LM733 

0.45 6V 
0.16 av 
0.11 12V 
0.11 15V 
0.11 18V 
0.11 24V 
0.11 
0.11 
0.11 
0.39 
0.11 
0.11 
0.10 
0.11 
0.33 
0.30 
0.72 
0.16 
0.41 
0.55 
0.86 
1.23 
0.47 
0.39 

5V 78LOS 
6V 78L06 
av 78L08 

LM309K 1.40 
LM323K 2.50 
78HOSKC 
SA5V 5.75 
78H12 7.50 

LM305AH 2.50 

LM741 

4.50 
5.00 
1.00 
1.10 
1.07 
2.22 
3.50 
0.95 
0.60 
2.50 
3.75 
1.00 
1.20 
0.45 
1.00 
2.25 
1.50 
2.00 
6.00 
2.70 
1.45 
6.00 
3.00 
3.00 
3.00 
2.32 
1.90 
6.85 
1.90 
4.38 
2.30 
5.56 
0.90 
1.30 
3.00 
3.00 
3.50 
0.88 
0.33 
1.52 
0.64 
1.50 
8.51 
0.20 
0.45 
0.75 
0.30 
1.25 
1.50 
0.35 
1.15 
1.30 
1.60 
0.40 
0.60 
3.50 
0.32 
2.00 
1.50 
0.90 
3.00 
2.00 
3.25 
1.20 
2.40 
2.65 
1.10 
0.35 
4.50 
0.48 
1.00 
1.00 
0.50 
4.00 
0.65 
0.20 

LM2917 
LM3302 
LM3900 
LM3909N 
LM3911 
LM3914 
LM3915 
LM3916 
LM13600 
M51513l 
M515t6l 
MB3712 
MC1310 
MC1413 
MC1458 
MC1495L 
MC1496 
MC3340 
MC3401 
MC3403 
MF10CN 
MK50240 
Ml920 
Ml922 
MM622tA 
NE531 
NE555 
NE556 
NE564 
NE565 
NE566 
NE567V 
NE570 
NE571 
NE592 
NE5532P 
NE5533P 
NE5534P 
NE5534AP 
OP07EA 
Pll02A 
RC4136 
RC4151 
RC4195 
RC4558 

SN76033N 
SN76660 
SP0256AL 
TA7130 
TA7204 
TA7205 
TA7222 
TA7310 
TBA231 
TBA800 

TBA920 
TBA950 
TC9109 
TCA940 
TDAtOtO 
TDA1024 
TDA1170S 
TDA2002 
TDA2003 

3.50 
3.40 
3.40 
1.50 
2.30 
4.50 
2.00 
1.50 
0.75 
0.45 
3.00 
0.70 
2.00 
0.70 
0.65 
4.00 
9.00 
5.00 
4.00 
3.00 
1.20 
0.10 
0.30 
1.79 
1.00 
1.00 
2.00 
2.85 
3.00 
0.70 
1.50 
1.80 
1.20 
1.50 
3.50 
5.00 
0.80 
2.00 
1.50 
0.75 
9.00 
2.70 
3.00 
1.20 
7.00 
1.40 
1.50 
0.90 
1.50 

9p 
1Sp 

60p 
70p 
90p 
75p 
95p 

TL074 
TL081 
TL082 
TL083 
TL084 
TL094 
UA759 
UA2240 
UCN5801A 
ULN2003A 
ULN2004A 
ULN2068 
ULN2802 
ULN2803 
ULN2804 
UPC575 
UPC592H 
UPC1156H 
UPC1185H 
XA210 
XA2206 
XR2207 

XR2240 
ZN404 
ZN414 
ZN419P 
ZN423E 
ZN424E 
ZN425EB 
ZN426EB 
ZN427EB 
ZN428EB 
ZN429EB 
ZN447E 
ZN448 
ZN449E 
ZN450E 
ZN459CP 
ZN1034E 
ZN1040 
ZNA134H 
ZNA234E 

0.85 
0.35 
0.40 
0.75 
0.86 
2.00 
3.20 
1.30 
6.00 
0.75 
0.75 

80287-8 
80287·10 
8088 
8741 
8748 
Z80 
ZBOA 
Z80B 
70008 7.50 
(Z80 CMOS) 

12.00 
8.00 
8.00 
3.50 
3.00 28l22 
4.60 24810 
4.80 188030 
4-80 18SA030 

;:~~ 748188 
3.75 748287 
6.00 748288 
1.80 748387 
3.00 82823 

2.50 ~!8~2S~12~3--ii4111ill 6.50 828129 
8.00 
5.00 
8.50 
4.15 
3.80 
2.00 
2.40 
1.60 

P.O.A 
4.25 
5.50 
2.60 
8.54 
3.25 
3.38 
3.20 
8.00 
4.00 
4.00 

29.00 
4.80 
3.00 
4.00 
4.60 
3.80 

21.50 
POA 

15.00 

NEW 

LOW 

PRICES 

ON 

TTL 
& 

CMOS 

3.50 
1.20 
1.20 

25.00 
6.00 

V 28.00 
6.00 
3.50 
3.50 
1.40 
1.50 
1.50 
2.25 
1.50 
2.25 
0.60 
0.60 
2.50 
4.50 
4.75 
8.50 
2.25 
2.25 
5.50 
5.50 

16.00 
7.50 
7.50 
0.75 
0.90 
0.90 
1.20 
0.90 
1.60 
1.20 
1.40 
1.40 
1.40 
1.40 
1.20 
1.20 
1.20 
2.20 
5.00 
6.50 
7.50 
4.00 
1.50 
0.60 
0.60 
1.50 
0.50 
0.50 
0.70 
0.70 
1.50 
0.65 
0.65 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.40 
1.40 
1.40 
1.40 
4.50 
3.00 
1.60 
1.60 
1.90 
9.50 

6.00 
7.00 

NEW LOW PRICES 
ON TTL!CMOS 4000 SERIES/REGULATORS 
DRAMS 
4164- 12 
4164-15 
41256- 10 
41256- 12 
41256- 15 
41464- 12 
1MB RAM- 8 
1MB RAM -10 
256K X 4 

1.00 
0.90 
2.50 
2.00 
1.70 
3.50 
6.00 
6.00 
6.00 

SIPS 
256K x 9- 10 
256K X 9- 8 

SRAMS 
6264LP- 12 
62256- 12 
2732 
2764 
27128 - 12.5V 
27128- 21V 
27256 
27512 

15.00 
16.00 

3.00 
7.00 
3.50 
2.80 
3.00 
4.00 
4.50 
6.00 



UNDERSTANDING 
PRIVATE RADIO 

PAGING 

RADIO FEATURE 

John Lord, Senior Product Manager, 
Philips Communications and Security, 

improves our awareness of the nature and 
uses of a radio paging system about which 

the general public is largely unaware. 

The Philips pager pictured above features a 16-digit liquid 
crystal display with nine memories and 512 character 
capacity. An on-board time clock time-stamps time-stamps 
all messages received. 

[] 

n the past few years we have seen a 
massive increase in the use of radio paging 
as an aid to locating people on the move. 

At the forefront of this expanding market 
have been the national paging systems operated 
by British Telecom, Mercury, Racal, Intercity, 
Aircall, etc. There is another sector of the 
market, however, which plays a very prominent 
role but about which many people know very 
little - it's called private radio paging. 

THE CONCEPT 

The concept is simple - with national or 
public systems the user rents or purchases a 
pager and pays a fixed monthly charge for 
airtime - which may be part of the rental. The 
infrastructure is owned by the service provider 
who has a national paging licence. 

With a private system, however, the user has 
total control of all the equipment - including 
input terminals and transmitters - which he owns 
or rents. A typical private paging system would 
consist of a control desk, a telephone interface 
to a PABX or Key system, transmitter and 
aerial. 

Private paging systems have been in 
existence for over 30 years. They were first used 
in hospitals, but are now commonplace 
throughout all business sectors and have quickly 
become more sophisticated in their design and 
capabilities. 

As a result we have seen a steady growth in 
the market at a rate of 8-10% per year, with 
around 2,000 new systems being installed 
during 1989 with some 32,000 pagers. 

CATEGORIES 

The systems are divided into two basic 
categories - those where the paging is restricted 
solely to the user's premises, and those which 
allow paging over a specified range based on the 
topography of the area, the location and power 
of the transmitters, and the receiver sensitivity. 

A variety of frequency bands is available for 
private paging ranging from 26 MHz to 460 
MHz. 

For paging within the confines of a site, the 
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26 MHz (formally 27 MHz) and 49 MHz bands 
are generally used. (49 MHz was permitted for 
paging use by the Department of Trade when 
Band I television was closed). Both bands allow 
paging with data, ie, a simple number or plain 
text message. Speech is not permitted except in 
hospitals in the event of an emergency. 

Hospitals also have three exclusive channels 
in the 31 MHz band on which paging with data 
and speech is allowed. 

Private systems which allow paging outside 
the parameters of a user's site operate on the vhf 
153 MHz and uhf 454 MHz frequency bands. 
The vhf 153 MHz band is shared with public 
systems. There are three companies that have 
exclusive channels for private paging over this 

This compact transceiver for the 'man 
protection' system incorporates a 'zero­
movement sensor' -if a person fails to 
move and reset the unit within a specified 
period of time, an alarm is automatically 
triggered at a control centre. lt also 
functions as a digital paging system and 
offers two-way speech facilities plus the 
possibility to receive coded messages on 
an led. 

band - Motorola, Multitone and Philips. A 
common channel is also available to other 
suppliers. 

Systems required for speech make use of the 
uhf frequency band. For paging away from the 
users premises the 454 MHz band is used, and 
for systems used within a site the 459 MHz 
band. Two-way speech is available with cross 
band working between 459 MHz from base to 
transceiver and 161 MHz from transceiver to 
base. 

This latter category of paging is known as 
Local Communications and permits the use of 
talkthrough from mobile to mobile, as well as 
allowing calls to be made from mobile to 
telephone handset. It even allows calls to be 
made into the public switched telephone 
network - although this facility puts the paging 
system into the cordless telephone category and 
can tie up a system for long periods. It is 
therefore not generally favoured in paging 
circles because it degrades the system's 
efficiency. 

LICENCES AND FACILITIES 

Private paging system users are required to 
have a licence - unlike national paging systems 
where the network provider pays the licence fee. 
The cost of these licences varies between £25 
and £75 for local systems to £250 per base 
station for local wide area paging systems. 

Advances in technology have meant that 
private paging systems can now provide 
facilities which are not available to public 
system users in terms of interfacing capability, 
operating frequency and the range of pagers 
available. 

For example, a typical private paging 
supplier would have pagers which offer tone 
only, tone with speech, tone with speech and 
numeric display, tone with speech and 
alphanumeric display, two way speech with and 
without display, and two way speech with dial­
out. 

Many of these pagers offered with a private 
system can be designed to meet BASEEFA or 
CENELEC standards for intrinsic safety as well 
as providing vibrating and printer options. 

A public system, on the other hand, would 
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Paging control desks such as the Philips DP6000 have a wide range of facilities 
which offer flexibility in system design. These include a facility which enables 
calls to be relayed through one or more operators, or independent access to 
special users, e.g. security personnel or emergency teams. Receivers can be 
paged individually, in groups, or all at once. 

typically otTer a range of three receiver types -
tone only (which could be linked to a voice 
bank), numeric and alphanumeric. 

SYSTEM ACCESS 

Means of access to private systems are as 
varied as the receiver range. Control desks, 
telephone couplers, intercom couplers, alann 
couplers and computer couplers are all common 
methods of generating calls. 

This variety is particularly advantageous in 
environments such as industry where we are 
experiencing a high degree of automation with 
fewer staff employed to operate machinery. By 
connecting machines to a paging system either 
by simple alarm contacts or into the computer 
controlling the machines - a paging call can be 
programmed to activate if a fault occurs on the 
system, for example. 

Different messages can be relayed to 
different people giving them a variety of 
instructions within a matter of seconds. This 
minimises the downtime and any potential 
losses which a company might otherwise have 
experienced. 

SITE TRIALS 

When a private system is specified, the user 
defines exactly what coverage he requires and 
most suppliers will undertake a site trial before 
producing a detailed plan showing the signal 
coverage. Any dead spots are highlighted to the 
user who can decide whether or not they are 
acceptable. If they are not, the aerial can be 
relocated, or additional transmitters used to give 
the required coverage. 

With a public system the coverage and 
reception area depend on the service provider 
selected - one service provider, for example. 
may provide better coverage of a particular area 
than another. 

BENEFITS 

One of the major benefits of the private 
system over public systems is the time saving 
factor. It only takes a few seconds for a call 
being sent over a private system to reach its 
recipient. With public systems the time between 
a message being sent and received varies with 
the service provider and the time of day the call 
is being made - this can vary from a few seconds 
to several minutes. 

There are a number of facilities offered by 
private systems which are beneficial to users in 
a wide range of environments. 

They commonly use storage and absence 
racks where units can be placed when they are 
not in use. As well as re-charging the units, an 
absence signal is sent to the caller, whether the 
call has originated from a control desk or 
telephone coupler. 

In some applications the control equipment 
will automatically refer to a look-up table when 
the absence signal is received, and call a 
substitute pagcr. More sophisticated systems are 
programmed to continually check the storage 
racks and display a list of those pagers on a 
computer screen. 

CALL LOGGING 

An increasing requirement on the larger 
private paging systems is call logging. This 
provides the user with information on which 
pagers have been called, what message has been 
sent, the time and date of the call, whether the 
pager was in the storage rack, and whether it 
was a group call. Such systems normally use 
personal computers with an interface, and the 
data is stored on hard disk for future analysis. 
This facility enables the user to operate the 
paging system more efficiently, and can even be 
used to assess staff workloads. 

DEVELOPMENTS 

The development potential of private paging 
systems appears almost limitless. They do not 
suffer from the same airtime constraints as 
public systems and offer features such as 
immediate transmission and speech with data 
which provide more scope for future 
development. 

In the past few years we have seen the 
emergence of a private paging network where 
two or more sites can be linked either by private 
wire or data lines. This enables a call transmitted 
at one site to be broadcast automatically to other 
sites linked to the same system. 

A 'man protection' system is already 
available whereby a security guard or 
maintenance person is automatically checked at 
frequent intervals for a manual or automatic 
confirmation that all is well. 

If a pager remains in a static position for a 
specified period of time, a local alarm sounds on 
the pager which will automatically cease if the 
pager is moved. If it remains static for an even 
longer period, the control unit is alerted as well 
as the local alarm on the pager. This can be reset 
by pressing a button on the pager whilst moving 
it, or it can be cancelled from the control 
console. If it is not reset, the alarm tone on the 
pager will provide an audio signal for search 
parties. Systems are also being developed which 
will indicate to central control the exact location 
of the alarm. 

COSTS , 

The cost of private systems start from around 
£500 for a tone-only transcoder, (integrated 
desk, transmitter) with a range of about 100 
metres and three to four paging units. Systems 
required for multi-site use with a multi-access 
capability and hundreds of pagers and/or 
transceivers can cost several thousand pounds. 

The price of individual pagers varies from 
about £120 for tone-only, £180-£250 for 
numeric/alphanumeric units and £450-£600 for 
two-way speech pagers with 
numeric/alphanumeric displays. 

The big price advantage of private over 
public systems is in airtime cost savings. 
Because they are not charged for airtime, users 
of private systems can quite easily recover their 
costs in about eighteen months, whereas users of 
public systems always have a monthly rental 
charge to pay for airtime. 

Everyone in today's competitive 
environment is conscious of the need to increase 
the operational efficiency of their organisations 
and to save money. 

Even the simplest paging systems make a 
major contribution towards this increased 
efficiency and also significantly reduce costs in 
the form of telephone bills. They enable people 
to be contacted quickly when there is a call for 
example - so they do not need to return the call 
later on. And it does not take many saved 
call-back charges to pay for a pager! ID 

Philips Scientific Communications and 
Security Division are at Cromwell Road, 
Cambridge, CBl 3HE. Tel 0223 248191. 
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BoardMaker l is a powerful software tool 
which provides a convenient and professional 
method of drawing your schematics and 
designing your printed circuit boards, in one 
remarkably easy to use package. Engineers 
worldwide have discovered that it provides an 
unparalleled price performance advantage 
over other PC- based systems. 

BoardMaker l is exceptionally easy to use - its 
sensible user interface allows you to use the 
cursor keys, mouse or direct keyboard 
commands to start designing a PCB or 
schematic within about half an hour of 
opening the box. 

HIGHLIGHTS 

Hardware: 

• IBM PC, XT, AT or 100% compatible. 
• MSDOS3.x. 
• 640K bytes system memory. 
• HGA CGA, MCGA, EGA or VGA display. 
• Microsoft or compatible mouse recommended. 

Capabilities : 

• Integrated PCB and schematic editor. 
• 8 tracking layers, 2 silk screen layers. 
• Maximum board or schematic size - 17 x 17 

inches. 
• 2000 components per layout. Symbols can be 

moved, rotated, repeated and mirrored. 
• User definable symbol and macro library facilities 

including a symbol library editor. 
• Graphical library browse facility. 
• Design rule checking (DRC)- checks the 

clearances between items on the board. 
• Real-time DRC display- when placing tracks you 

can see a continuous graphical display of the 
design rules set. 

• Placement grid - Separate visible and snap grid -
7 placement grids in the range 2 thou to 0. 1 inch. 

• Auto via - vias are automatically placed when 
you switch layers - layer pairs can be assigned by 
the user. 

• Blocks groups of tracks, pads, symbols and text 
can be block manipulated using repeat, move, 
rotate and mirroring commands. Connectivity 
can be maintained if required. 

• SMD- full surface mount components and 
facilities are catered for, including the use of the 
same SMD library symbols on both sides of the 
board. 

• Circles - Arcs and circles up to the maximum 
board size can be drawn. These can be used to 
generate rounded track corners. 

• Ground plane support- areas of copper can be 
filled to provide a ground plane or large copper 
area. This will automatically flow around any 
existing tracks and pads respecting design rules. 

Output drivers : 

• Dot matrix printer. 
• Compensated laser printer. 
• PostScript output. 
• Penplotter driver (HPGL or DMPL). 
• Photoplot (Gerber) output. 
• NC (ASCII Excellon) drill output. 
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Produce clear, professional schematics for 
inclusion in your technical documentation. 
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Despite its quality and performance, 
BoardMaker l only costs £95.00 + 

.,~!r~.~rl,~Nr\li::&;;6}1;;:1,?!,"•''••·'>"· £5.00pp + VAT. Combine this with the 
l 00% buy back discount if you upgrade 

to BoardMaker 2 or BoardRouter and your investment 
in Tsien products is assured. 

Don't take our word for it. Call us today for a 
FI?EE demonstration disk and judge for 
yourself. 

~ 
tsien 

Tsien (UK) Limited 
Cambridge Research Laboratories 
181A Huntingdon Road 
Cambridge CB3 ODJ 
T el 0223 277777 
Fax 0223 277747 

All trade marks acknowledged 
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NI CAM 
STEREO TV 

lan Poole takes time out from 
researching technology history to 

report on technology now, 
explaining how stereo sound is 

superimposed on a tv signal 
without overloading the spectrum. 

tereo radio has been with us for 
years. Now stereo tv is making a big 
impact on the domestic market. This 

can be seen by the fact it is impossible to go 
into an electrical store selling televisions 
these days without noticing that Nicam stereo 
has arrived. After remote control and teletext, 
steroe tv is the next major development. 

WHAT IS NICAM 

Nicam stands for Near Instantaneous 
Companded Audio Multiplex. Essentially it is 
a method of digitally encoding an audio 
signal onto a radio signal - in this case a 
television signal. Being digital it offers the 
possibility of transmitting very high quality 
sound. However, if standard techniques were 
used then it would take up too much 
bandwidth. It should be remembered that this 
extra signal has to be transmitted in addition 
to the standard analogue audio signal. It also 
has to be fitted onto the overall television 
signal without increasing its bandwidth so 
that the existing signal is impaired, or so that 
it makes the signal spread over onto the next 
channel to any appreciable degree. 

The additional audio is added in a very 
sophisticated way by reducing the data rate, 
which in turn is achieved by keeping the 
amount of information sent to an absolute 
minimum. Essentially, this is done by using a 
form of compansion, or compression and 
expansion. In addition to this, the digital 
signal is encoded onto the overall television 
signal so that it causes virtually no 
degradation to the existing signal. 

SOME SPECIFICATIONS 

is at the top of the hearing range of many 
people and above that of many others. Any 
higher limit would not give any real benefits 
and would use up valuable spectrum space. 

The other limitation is that the dynamic 
range of signal, or the ratio of the loudest to 
the quietest signal, is limited to about 85dB. 
This is thought to be quite acceptable for 
television transmtsswn as levels are 
controlled anyway so that the sound stays at a 
suitable level for easy listening for most of the 
time. 

HOW IT WORKS 

The first stage in generating a Nicam 
television signal is to generate the digital 
signal. This is done by the use of an analogue 
to digital converter. The instantaneous level of 
the incoming audio signal is measured or 
sampled at a rate well above the highest 
frequency which will be heard, as shown in 
Fig.l. This level is then converted into a 
digital signal which is then sent. This process 
is repeated and a digital representation of the 
signal is built up by the successive samples 
which have been made of the signal. 

The sampling rate which is used for Nicam 
is 32kHz. This is not as high as that used for 
compact discs, but it is adequate for the top 
frequency limit of 15kHz. Also each sample is 
a 14-bit representation of the instantaneous 
voltage level it measured. It is the number of 
bits which limits the resolution or dynamic 
range of the signal and the 14-bit sample 

/AUDIO WAVEFORM 

gives the dynamic range of just under 85dB. 
Unfortunately, a signal consisting of two 

channels of data at 32kHz and each 
containing 14 bits still gives a data rate which 
is far to high to accommodate on the 
television signal. To overcome this a way of 
compressing the signal is used. This relies 
heavily on modem day integrated circuit 
technology in order to do this, and it works 
very well. 

Essentially the signal has to be reduced so 
that it contains only 10 bits of data whilst still 
having the dynamic range of a 14-bit signal. 
This is done by only using those bits in the 
sample which are needed. During the periods 
of loud signals the least significant bits 
become less important, and during the times 
when the signals are quiet the most significant 
bits carry no information. With this idea in 
mind, the Nicam system selects one of five 
ranges to coincide with the signal level of the 
time. This range selection is done in groups of 
32 samples because it is assumed that the 
overall level of the signal will not change 
much faster than this. As this is done at one 
millisecond intervals it is performed nearly 
instantaneously and this gives rise to the near 
instantaneous part of the Nicam name. 

Then, according to the range which has 
been chosen, only the necessary bits are sent. 
Having done this it is also necessary to send 
information about which range has been 
selected to the receiver. This is done by 
encoding this information into the parity bits 
of the data. 

Before investigating how Nicam works in 
any detail it is worth looking to see some of 
the specifications that it meets because these 
have a direct bering on the way some ideas 
are implemented. 

/POINTS AT WHICH SAMPLES ARE TAKEN 

I 
Fig.1. 
Sampling 
an audio 
signal. 

The main specification of note is the 
frequency response. A limit of 15kHz has 
been chosen. This is the same as that of the 
vhf fm broadcasts and over the years it has 
been found to be quite satisfactory. This limit 
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Fig. 2. Spectrum of an existing tv signal. Fig. 5. Spectrum of a tv signal with Nicam digital sound 

Channel Vision Sound 
No Carrier Carrier 

Frequency Frequency 

21 471.25 477.25 
22 479.25 485.25 
23 487.25 493.25 
24 495.25 501.25 
25 503.25 509.25 
26 511.25 517.25 
27 519.25 525.25 
28 527.25 533.25 
29 535.25 541.25 
30 543.25 549.25 
31 551.25 557.25 
32 559.25 565.25 
33 567.25 573.25 
34 575.25 581.25 
39 615.25 621.25 
40 623.25 629.25 
41 631.25 637.25 
42 639.25 645.25 
43 647.25 653.25 
44 655.25 661.25 
45 663.25 669.25 
46 671.25 677.25 
47 679.25 685.25 
48 687.25 693.25 
49 695.25 701.25 
50 703.25 709.25 
51 711.25 717.25 
52 719.25 725.25 
53 727.25 733.25 
54 735.25 741.25 
55 743.25 749.25 
56 751.25 757.25 
57 759.25 765.25 
58 767.25 773.25 
59 775.25 781.25 
60 783.25 789.25 
61 791.25 797.25 
62 799.25 805.25 
63 807.25 813.25 
64 815.25 821.25 
65 823.25 829.25 
66 831.25 837.25 
67 839.25 845.25 
68 847.25 853.25 

All frequencies are in MHz 

Fig. 3. UHF Television Channels and 
Frequencies. 
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NOISE 

One of the problems in reducing the 
number of bits which carry the audio signal is 
that the noise level rises. This is caused by a 
process known as quantization noise. 
Basically it results from the fact that the 
conversions between the digital and analogue 
signals cannot exactly reproduce the original 
signal. It is found that the more bits that are 
used to carry the signal the better the 
representation and the lower the noise. 

With the way the Nicam system works, 
masking off the lower bits for louder signals, 
the level of noise actually rises with louder 
signals. To a large degree the level of noise is 
masked by the louder signal and it is not too 
much of a problem. Even so to reduce the 
effects of noise, on both the louder and 
quieter signals, the higher frequency signals 
are pre-emphasised before they are encoded. 
Similarly, the high frequency signals are 
reduced in level in the receiver. By doing this 
noise in the high frequency portion of the 
audio spectrum (where it is most noticeable) 
is reduced to a level where it is not a problem. 

TRANSMITTING THE SIGNAL 

Having generated the digital signal the 
next stage in the process is to encode it onto 
the television signal. This is not as easy as it 
might seem at first sight. Fig.2 shows the 
spectrum of a standard television signal. It 

Fig. 4. Four signals with the same 
frequency but phase changes of 90°. 

occupies an 8 MHz channel which fits in with 
the channel allocations shown in Fig.3. As 
can be seen, there is very little space left to fit 
in the Nicam signal. This has to be included 
on top of the standard audio signal in order to 
maintain compatibility for televisions using 
the conventional system. 

The actual way in which the signal is 
modulated onto the carrier is quite 
complicated. First of all the digital audio is 
scrambled to give a noise-like signal, however 
there is a control word to allow it to be 
unscrambled in the receiver. The reason for 
scrambling the audio is so that it causes less 
interference. A television signal occupying a 
wide bandwidth can tolerate a fair degree of 
interference on a narrow band of frequencies, 
especially if it appears as noise. 

Once this has been done the digital signal 
is modulated onto a 6.552 MHz carrier using 
a technique known as differential quadrature 
phase shift keying or DQPSK. This form of 
modulation is quite often used for modulating 
data onto a radio frequency carrier, and 
essentially it operates by phase modulating 
the carrier in increments of 90 degrees 
depending upon the different states of the data 
to be transmitted, as shown in Fig.4. 

Once the DQPSK modulated carrier at 
6.552 MHz has been generated it is in turn 
modulated onto the main television carrier to 
give the final signal as shown in Fig.5. 

Finally the television receiver has the job 
of performing the reverse operations to all of 
those used in the transmission. First it strips 
off the 6.552 MHz DQPSK modulated carrier 
and regenerates the digital data. Then it has to 
descramble the data using the control word. 
Next it sorts out the two different channels 
and decompresses the digital audio. Finally, it 
is passed through digital to analogue 
converters to regenerate the two channels of 
audio. 

PROS AND CONS 

Some people doubt whether stereo tv is 
worth all the trouble. Purists argue that to 
enjoy proper stereo the speakers should be 
placed reasonably well apart so that a proper 
stereo image can be created. In the case of a 
television the two speakers can only be placed 
a small distance apart if the sound image is to 
follow the picture. Often this distance will 
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only be a matter of about two feet or so. 
Whether this distance would be sufficient to 
give a worthwhile improvement in sound is a 
matter for debate. Alternatively, some 
televisions have detachable speakers to create 
a much better stereo image. However, this can 
give a larger than life image. 

Inspite of this argument it cannot be denied 
that stereo can add a further depth to the 
sound, and an added impact to the material 
which is being transmitted. In addition to this 
it can improve the quality of the sound which 
is being received. In fact in the past television 
sound has always been thought of as the poor 
partner to the vhf fm sound broadcasts. Now 
with the introduction of Nicam digital sound 
the possibilities of sound improvement are 

vast, making hifi tv a reality now. 
However, the final decision has to be made 

by anyone buying a tv. Is the added cost worth 
the extra benefit? And, do we really need 
stereo tv? But all these arguments have been 
heard in the past with every new development 
from radio itself to television, and from stereo 
records to stereo radio. In fact in a few years 
we will probably look back on the old system, 
see all its shortfalls and wonder what all the 
debate was about. 

The photos of Nicam equipment in this 
feature were kindly supplied by Ferguson 
and Toshiba respectively. 

UPGRADE OR BUILD 
YOUR OWN IBM COMPATIBLE 

timers. 

TEST 
INSTRUMENTS 

MOTHERBOARDS KEYBOARDS 
CPU 
286·12 
286-12 
386 SX 
386-25 
386-33 

RAM 
Ok 
1Mb 
Ok 
Ok 
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L/SPEED 
16Mhz 
16Mhz 
19Mhz 
33Mhz 
54Mhz 

PRICE 
£105 
£165 
£2.85 
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£850 
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AMSTRAD 1640/1512 
PS2 + COMPAQ 

FLOPPY DRIVES 

£35 
£59 
£75 

GRAPHIC CARDS 360k 
1.2M 

5.25 
5.25 
3.5 
3.5 

£55 
£59 
£55 
£59 

VGA 256k 16 BIT £75 720k 
SUPER VGA 512K 16BIT £95 1.44 

ADD-IN CARDS 
Floppy Hard Disc Controller 
1/0 Card for XT /AT 

BOOKS 
Bu1ld your own 80286 IBM Camp-Pilgrim 
PC Upgrade Book Smith 

£59 
£28 

£16.30 
£11.85 

M: 0 il •I •1 f>jiJ •1 ;I i'4 fM 
ST 225 20Mb 68MS 5.25" Half Height £145 
ST 251 40Mb 28MS 5.25" Half Height £240 
IDE hard diSC 40Mb 28MS 3.5" Half Height £219 
Dual Drive Cable Set £10 

Wnte, Phone or Fax for a FREE Catalogue 
All prices exclude 15% VAT (Carriage by Post) 

MANY OTHER PERIPHERALS AVAILABLE 

PANRIX 
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IIIow that a simple robot has been 
produced and a system of on-board 
intelligence provided, consideration 

can be given to some more advanced software 
and also some hardware extensions. 

In its current form, Microbe 3(4) can be 
controlled via the BBC micro or in conjunction 
with the BBC with autonomous control via the 
Nikam. 

Machine code programs can be written and 
debugged on the 'mother ship' and then 
implemented in ram or eprom. This provides a 
fairly flexible control system and also 
introduces the concepts involved with cpu to 
cpu communications. 

The techniques discussed so far could be 
utilised on an alternative 6502 microcontroller 
arrangement, or even a different cpu. It would 
be possible to store machine code programs for 
say, a Z80 cpu as hex files in BBC ram. 

ROBOTICS FEATURE 

Part two. 
Alan Pickard 

attends to more 
hardware and 

software aspects, 
giving greater 

automatic control 
to the Microbe 

robot car. 

USING THE MICRO­
CONTROLLER 

The Nikam 6502 microcontroller operates 
as follows (in conjunction with the BBC 
Micro). 

The Basic Terminal program is loaded into 
ram in the usual way (kept on disk for 
convenience). This provides direct 
communication between the two machines, 
with the BBC micro in the role of vdu. 

Running the program produces an 
exclamation mark on the cleared screen, 
which provides the system prompt (return to 
Basic at any time is achieved by pressing 
TAB). 

Once in Nikam mode, the usual system 
commands are provided, eg, M for memory 
examination, G for running programs, etc. By 

MICROCONTROLLING 
THE ROBOT CAR 

OF20 CA OA INITIALISATION 
OF22 35 
OF23 C4 00 

OF25 31 
OF26 C4 FF SETTING OF 
OF28 C9 23 DIRECTION REGISTER 
OF2A C4 01 LOADING BINARY 
OF2C C9 21 FOR 'FORWARD' 

OF2E C4 FF TIME DELAY 
OF30 8F FF 
OF32 C4 FF 
OF34 SF FF 
OF36 C4 00 LOADING OF BINARY 
OF38 C9 21 VALUE FOR 'STOP' 
OF3A 9C F8 JUMP TO START 
Listing 3. 8060 test program 

1500 A9 7F LDA£&7F 
1502 8D 62 FE STA&FE62 
1505 A9 05 LDA£&05 
1507 8D 60 FE STA&FE60 
150A 20 1B 15 JSR &151B 
150D A9 OF LDA£&0F 
150F 8D 60 FE STA&FE60 
1512 20 1B 15 JSR &151B 
1515 A9 05 LDA£&05 
1517 8D 60 FE STA&FE60 
151A 60 RTS 
!SIB AO FF LDY£&FF 
1510 A2 FF .LOOP! LDX £&FF 
151F CA .LOOP2DEX 
1520 DO FD BNELOOP2 
1522 88 DEY 
1523 DO F8 BNELOOPl 
1525 60 RTS 

Listing 4. Assembled 6502 machine 
code 
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(Experimental work was carried out with an 
8060 cpu, but there were difficulties with both 
hardware and software interfacing. A sample 
8060 machine code program listing in shown 
however, in Listing 3). 

As mentioned earlier, Microbe 5 is equipped 
with up to 14 lines of ijo or 16 lines (including 
PBO and PB7) without communication with the 
BBC. 

In this concluding article, particular attention 
will be given to the hardware and software 
aspects of the robot vehicle Microbe (4), which 
has now progressed from a simple motor/wheel 
arrangement driven by the BBC Micro cassette 
motor switching circuit to a steerable, collision 
detecting vehicle controlled by the user port. In 
its final form it is a '14-bit' vehicle with on­
board intelligence capable of being controlled 
by the BBC Micro or its own 6502-based 
microcontroller. 

MACHINE CODE 
PROGRAMS 

As mentioned in the previous article, a 
simple program can be written in 6502 code to 
enable to robot to go forward for a short period 
and then stop. (See Fig. 5). 

Such a program can be input via the BBC 
assembler and then tried out in the usual way. 

This basic program can be extended to 
provide the same function as the FSRS test 
program previously written in Basic. 

All of the test modules from the full menu­
driven Basic program can be converted in this 
way to machine code modules, but without the 
frills of screen display, sound effects, etc, 
(initially anyway!). 

Before embarking on this conversion 
exercise, it is useful to try out the 'FS' program 
using the microcontroller. 

use of the memory command a 2K block of 
(Nikam) ram can be displayed on the screen. 

At a convenient point, perhaps before 
running TERMINAL, 'FS' can be loaded and 
run. This should be assigned to memory 
&4000 (BBC) onwards for conversion (see 
amended listing, lines 40, 110, 140). Once 
run, the assembled code then resides at &4000 
- &4025. 

The Fast Loader program (which also 
contains the Terminal program) is then itself 

Fig. 5. Flow 
chart for 
forward-stop 
(FS) sequence. 
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loaded and run. This program provides the 
vdu mode and also downloads the contents of 
BBC ram from &4000 to &47FF (2K), thus 
transferring the FS program already in 
memory (BBC ram). Thus data is transferred 
from the same point in the memory map of 
both machines. 

Although the identical section of memory is 
used in this case, the 6522 VIA ports reside at 
address locations which are different to the 
BBC micro. (See Fig. 6). 

BBC port B Nikam port 
A 

Data direction &FE62 &8003 
register 

Data register &FE60 &8001 

Fig. 6. Memory map differences 
(6552 via). 

Thus these addresses must be altered if 
programs have been used for BBC control. 

Memory to memory transfer can be checked 
by using the Nikam memory command, and the 
FS program should be found occupying the 
first 25H bytes of Nikam ram. The transferred 
program can then be run using 40000, 
providing the appropriate connections are made 
between controller and Microbe 4! 

Full operating instructions and circuit 
diagrams are included in the Nikam Technical 
Manual. See also last month's block diagram 
details. 

Once the Nikam system has been tested, it 
is then simply a case of systematically 
converting the Basic test program modules to 
6502 machine code, using the BBC assembler 
with appropriate address modifications as 
required, or writing them from scratch if not 
required in Basic form. The BBC Micro is, 

10 REMFS 
40 P%=&4000 
SO CLS 
60 [ 
70 LDA£&7F 
80 STA &FE62 
90 LDA£&05 
100 STA &FE60 
110 JSR &401B 
120 LDA£&0F 
130 STA &FE60 
140 JSR &401B 
150 LDA£&05 
160 STA &FE60 
170 LDY£&FF 
180 .LOOP! LDX £&FF 
190 .LOOP2 DEX 
200 BNE LOOP2 
210 DEY 
220 BNE LOOP! 
230 RTS 
240 ] 
4000 A9 7F LDA£&7F 

BBC 
MICRO 

Fig. 7. Alternative connection between two micros via infra-red link. 
Fig. 8 (below). Block diagram of infra-red system (data link) 

INPUT 

however, a useful facility for testing the 
programs (and indicating errors!) during 
development. 

6502 assembly language and direct machine 
code programming are subjects in themselves 
and beyond the scope of this series, but with 
practice some useful programs can be 
produced. 

The 6522 VIA provides a hardware time 
delay facility via its built in timer/counter 
registers. A sixteen bit latch is used to store a 
number which can be loaded into the counter 
and then continually decremented. 

FURTHE-R HARDWARE 
DEVELOPMENTS 

As Microbe 4 can deal with a total of 14 
inputs or outputs, additional leds, collision 
switches, etc, can be fitted. 

AID conversion is easily achieved with the 
BBC micro, but additional a/d circuitry would 

4002 8D 62 FE STA&FE62 
4005 A9 05 LDA£&05 
4007 8D 60 FE STA&FE60 
400A 20 1B 40 JSR &401B 
400D A9 OF LDA£&0F 
400F 8D 60 FE STA&FE60 
4012 20 IB 40 JSR &401B 
4015 A9 05 LDA£&05 
4017 8D 60 FE STA&FE60 
401A 60 RTS 
401B AO FF LDY£&FF 
401D A2 FF .LOOP! LDX £&FF 
401F CA . LOOP2DEX 
4020 DO FD BNELOOP2 
4022 88 DEY 
4023 DO F8 BNELOOPl 
4025 60 RTS 

RECEIVER ANO 
FILTER CIRCUIT OUTPUT 

need to be fitted to Microbe 4 as the Nikam has 
only digital inputs. It is not desirable to 
introduce further wires (ie, for connection to 
BBC Analogue In), as the existing set up 
requires only three wires (TX, RX and ground) 
to link with the BBC Micro. These can 
ultimately be replaced by two infra-red 
channels. Thus with on board voltage supplies, 
ie, 4.8V NiCad for motherboard/cpu board, 
10/11 volts to control board and suitable motor 
supplies (eg 6V), Microbe 4 can be physically 
separated from the 'mother ship' and from 
mains derived power supplies. 

INFRA-RED LINKS 

Two types of infra-red link could be used for 
robotic vehicle control. A simple transmitter and 
receiver could be used to trigger or de-activate 
the robot ('panic mode') by disabling or 
enabling its power supplies. This control 
function could be activated from the keyboard. 

A suitable system uses a transmitter based on 
a 555 timer and a 741 opamp circuit for the 
receiver. 

A more sophisticated application would be 
the replacement of the RS423 transmit channel 
(TX and GND) by two infra-red transmitter and 
receiver pairs. This would have to be suitable for 
use as a data link. 

The data link detailed in Figs. 3 and 4 uses a 
555 timer for the transmitter and receiver is 
based on a NE567 phase locked loop tone 
decoder. 

. CONCLUSION . 

Listing 5. Simple forward-stop program, including machine code for transfer to 
Nikam memory. 

This article concludes the series on 
experimental robotics at the point where a 
reasonably sophisticated system has been 
achieved, from both a micro-electronics and 
electronics point of view and also the associated 
software. 
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ROBOTICS FEATURE 

A system including all of the features 
discussed would enable the experimenter to 
design (or program) a hardware specification 
using straightforward relay switching, led 
driving, inclusion of a two-tone oscillator and 
some simple sensing devices in the form of 

10 REMFSRS 
40 P%=&4000 
so CLS 
60 [ 
70 LDA£&7F 
80 STA&FE62 
90 LDA£&05 
100 STA&FE60 
110 JSR&4022 
120 LDA£&0F 
130 STA&FE60 
140 JSR &4022 
!50 LDA£&05 
160 STA&FE60 
170 JSR &4022 
180 LDA£&00 
190 STA&FE60 
200 .DELAY LDY £&FF 
210 .LOOP I LDX £&FF 
220 .LOOP2DEX 
230 BNELOOP2 
240 DEY 
250 BNELOOPl 
260 RTS 
270 ] 

microswitches. This system could then be 
controlled by BBC Basic or by 6502 assembly 
language programs. The importance of hardware 
and software 'matching up' will be realised, and 
for example how a choice between hardware or 
software can sometimes be made, eg, swapping 
motor/switch wires or altering binary codes in a 
program. 

The use of machine code and its implications 
can be demonstrated when utilising a separate 
microcontroller and requirements for cpu to cpu 

4000 A9 7F LDA£&7F 
4002 8D 62 FE STA&FE62 
4005 A9 05 LDA£&05 
4007 8D 60 FE STA&FE60 
400A 20 22 40 JSR &4022 
400D A9 OF LDA£&0F 
400F 8D 60 FE STA&FE60 
4012 20 22 40 JSR&4022 
4015 A9 os LDA£&05 
4017 8D 60 FE STA&FE60 
401A 20 22 40 JSR &4022 
4010 A9 00 LDA£&00 
401F 8D 60 FE STA&FE60 
4022 AO FF .DELAY LDY £&FF 
4024 A2 FF .LOOP1 LDX £&FF 
4026 CA .LOOP2DEX 
4027 DO FD BNELOOP2 
4029 88 DEY 
402A DO F8 BNELOOPl 
402C 60 RTS 

Listing 6. Forward-reverse motion loop program and machine code. 

ELECTRONICS 

(or ram to ram) communication understood. 
Various other electronics systems can be 

introduced, eg, infra-red link a/d, d/a. 
Many improvements could be made to such a 

system whose design itself is completely re­
programmable. For example, the vehicle could 
be upgraded to one with stepper motors,· 
positional control, light sensing, gas sensing, 
sound sensing, speech synthesis, etc. Software 
can be easily tailored for these requirements 
using the advanced software facilities of the 
BBC Micro, eg, BBC Basic procedures 
operating system routines, 6502 assembler. 

An upgraded monitor rom can be obtained 
from Nikam Electronics which includes some 
minor improvements. Driver software is also 
included for an eprom programmer which is 
available as a bare board or complete. 

, ADDRESSES 

Nikam Electronics Ltd, West End Gardens, 
Fairford, Glos, GL 7 4JB. (This address 
supercedes that quoted in PE December 1990.) 

Infra-red link - simple version - available 
from: Ambit International, 200 North Service 
Road, Brentwood, Essex CM14 4SG. 

The author would be very pleased to receive 
feedback on readers' experiments and 
developments in this area. He may be contacted 
at 34 Queen's Walk, Thombury, Bristol, Avon, 
BS12 1ST. 

90'S DECADE COMPONENT 
CATALOGUE 

e ONE OF THE LARGEST RANGES OF COMPONENTS IN THE UK 

e FAST AND EFFICIENT SAME DAY PERSONAL SERVICE 

eVERY COMPETIDVE PRICE; QUANTITY DISCOUNTS AVAILABLE 

e DISCOUNT VOUCHERS INCLUDED 

e NO MINIMUM ORDER 

CRICKLEWOOD SUPPLY MOST OF THE COMPONENTS FOR P.E. 
PROJECTS. 13,000 STOCKLINES (MANY UNOBTAINABLE 
ELSEWHERE) PLEASE PHONE US FOR YOUR SPECIFIC NEEDS. 

FILL IN THE COUPON AND POST IT TO RECEIVE YOUR 
FREE CRICKLEWOOD ELECTRONICS CATALOGUE AND 
VOUCHERS WHICH YOU CAN USE AGAINST YOUR NEXT 
PURCHASE. 

Cricklewood Electronics Ltd 
40 CRICKLEWOOD BROADWAY, WNDON, Nm 3ET 
Tel: 081-450 0995/452 0161 
Fax: 081-208 1441 Telex: 914977 
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TELEPHONE ORDERS OUR 

CRICKLEWOOD ELECTRONICS 
COMPONENTS CATALOGUES 

PLEASE SEND ............ COPIES OF THE 
FREE CRICKLEWOOD ELECTRONICS 
CATALOGUE TO: 

NAME ... 

ADDRESS. 

Remittance enclosed £ .. 
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EASY-PC PCB and SCHEMATIC CAD 

For Super Schematics .... 

..... and Perfect PCB's 

Use Award Winning EASY-PC 

BRITISH 

DESIGN 
AWARD 

1989 

• Runs on:­
PC/XT/AT/386/486 
with CGA EGA VGA. 

• Design:-
Single sided, Double 
sided and Multilayer 
boards. 

• Provides Surface 
Mount support. 

• Standard output 
includes Dot Matrix 
printer, Laser Printer, 
Pen Plotter, 
Photo-plotter and 
N.C. Drill. 

• Superbly EASY to use. 

• Over 5000 
installations in 
over 50 countries 
worldwide. 

• Over 500 
installations in 
Universities, 
Colleges etc. 

(Oct 90) 

NEW VERSION - LASER PRINTER SUPPORT! 
Write ,'Phone or Fax for full details:- I 
Number One Systems Ltd. The CAD Specialists 
REF: PE, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND. 
Telephone: 0480 61778 (6 lines) Fax: 0480 494042 ACCESS, AMEX, MASTERCARD, VISA Welcome. 

The CAD Specialists 



READERS' LETTERS 

TACHOS 

Dear Ed, 
Congratulations on the on­

going excellence of PE! 
Having read PE for a number of 

years now, as an interested 'low 
level' hobbyist, I never thought that 
I would have need of having to 
write to you for help and 
information, but despite my own 
efforts I am now forced to do so. 

My cry for help relates to a 
project I would like to attempt for 
use in conjunction with my other 
hobby, aero modelling, and my 
desire to build a handheld 
tachometer with led for use 'in the 
field'. 

In the past I have used strobe 
systems for bench checking of 
engine rpm. This is all well and 
good, but not very suitable for use 
outside, and with concealed ducted 
fans it is almost impossible. So a 
hand-held tacho thinks I! 

Having investigated all sources, 
the belief seems to be that the 
LM2917 frequency to voltage 
converter is the ideal beast, linked 
to a light level sensor circuit. 
However, my problem arises in the 
area of the led display: requirement 
for a 5-segment led and matched 
driver; the possible need for a bed 
counter between the LM2917 and 
the display; requirement to be able 
to divide the output by various 
factors between I and 8 to take 
account of the blade configurations 
or different designs for fan 
assembly. 

Before I go mad and scrap the 
whole idea, maybe you could offer 
some guidance or at least tell me 
where I can obtain applicational 
data sheets for the LM2917. 

As a matter of interest, the 
whole subject of lcds is bothering 
me, and I would be grateful for any 
in-depth systems books and or 
articles which you might be able to 
suggest. 

Jeff Dandy, Walton, Liverpool. 

First, the source information: 
data sheetsfm· the LM2917 can he 
obtained from Electromail, (their 
data sheet number 4901 ), PO Box 
33, Corby. Northants. NN17 9EL, 
tel 0536 204555. 

I reviewed two books during 
1990 which might interest you: 101 
Optoelectrical Projects (Tab Books 
-April), Electronic Display Devices 
(John Wiley & Sons- Sept), your 
local bookshop or library should be 
able to get them for you. There was 
also my article Intelligent LCD 
Modules published in May-June 
which discusses the LCM570 
device and its operations. 

It is not clear, though, why you 
think you need to convert the tacho 
pulses to a voltage in order to use 
the data. All you seem to he after is 
a frequency counter, so why not 
keep the data digital and then read 
out on a di[?ital unit? For example, 

TRACK 
FEEDBACK 

there are several handheld digital 
meters available cheaply which can 
f?ive a .frequency readout. Build the 
sensor you describe, then .feed its 
pulses into the meter. Alternatively, 
buy a frequency counter module 
such as that which I described in 
my Frequency Counter and 
Generator project of PE Sept 89. 
Or. build the module I've been 
inspired to desi[?n (by your letter) 
.for this month's issue! 

Ed. 

DATA BASING PE 

Dear John, 
I am sure you and your readers 

will be interested to know that one 
of our BAEC members is going to 
set up a computer database 
containing details of project articles 
published in the main amateur 
electronic periodicals in recent 
years. 

The idea is that any BAEC 
member who wants to know where 
he can find an article about, say, a 
long period timer, or a car battery 
charger or anything else, he could 
be given references to such articles 
in the periodicals. It would then be 
possible for him to get hold of back 
numbers from the publishers or 
from libraries, or from other BAEC 
members and so get the information 
he wanted. 

Herbert Howard, British 
Amateur Electronics Club, 41 
Thingwall Park, Fishponds, 
Bristol, BS16 2AJ. 

What a good idea, and another 
excellent reason .for people to join 
the BAEC' 

Ed. 

BARS DETECTOR 

Dear Sir, 
Some years ago PE was able to 

help me by supplying information 
on building a differential thermostat 
to control a solar heating system. I 
am pleased to say that the system 
has worked perfectly ever since. I 
now have another problem on 
which I hope you can help: I would 
like to build a form of metal 
detector that will locate the bars in 
a cavity brick wall. Do you have 
any information? 

Colin Statham, Sheffield. 

Our master index shows that the 
most recent articles we have 

published relating to this are 
Robert Penfold's Metal Detector 
articles of July and October 1988, 
back issues of which are available 
.from us at £1.75 each (overseas 
£2.25) includinf? post. 

Ed. 

CAT AMONGST THE 
PIGEONS 

Dear Sir, 
I am a pigeon fancier who is 

having trouble with cats. 
Consequently, the birds are not 
performing to their full potential. 

I am informed that it is possible 
to deter cats from the vicinity of the 
pigeon loft with ultrasonic sound 
waves without affecting the birds. 
Has PE ever published an 
ultrasonic cat repeller? 

There is a definite need for such 
an instrument. The cat is the bane 
of all bird keepers and such a 
device would be welcomed by all 
who keep birds in outside aviaries. 

N. Rowney, Wyken, Coventry. 

No, PE has not covered this 
obviously vital matter, hut I know a 
man who has! PAL Electronic 
Systems Ltd have a wide range of 
devices .for deterring all sorts of 
creatures, includin[? birds. rats and 
moles. The company is at PO Box 
7, Oadby Industrial Estate, 
Leicester, LE2 4YE. Tel 0533 
713361. 

Curiously, a near neighbour's 
problem is just the opposite. Their 
cat is terrified by pif?eons, and 
other large birds such as magpies 
and rooks, retreating urgently .from 
the garden at the merest hint of 
wing flaps! 

Ed. 

YOUTHFUL 

Dear Ed, 
We have an Electronics and 

Radio Club for Youth he~e in 
Thanet, which has been going for a 
number of years with Dr Ken Smith 
who works in the University, as our 
leader. The average age of 
members is 13 years, and though 
some people say Youth is not 
interested in Radio and Electronics, 
that is certainly not so with our 
band of young people! So here is a 
report about the new session and 
what the boys want to get done. 

The main project this term will 
be everyone building RDF (radio 
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direction finder) receivers for Club 
outings to "find the hidden 
transmitter". Also, as quite a lot of 
old members passed the RAE (and 
GCE/GCSE) from the Clubwork 
over the years, some of us will 
study that Course this year. Others 
are interested in the new RSGB 
'novice' licence. 

Some of us went with Ken on a 
week's Youth Hostels cycle tour 
around the New Forest, Isle of 
Wight (yes, we do that too). We 
visited the "Wireless Museum" at 
Arreton Manor, and were most 
impressed with the interesting 
things there. Our Leader is so keen 
on collecting and giving talks on 
Old Wirelesses. We can see why 
now! 

We also like writing on the word 
processor, (like I'm doing now 
writing to you). We write a 
magazine/newsletter called the 
TECnician. 

We don't think many 13 year 
olds will read PE, but what is 
important is the older people 
(teachers, uncles, etc) who do. 
Please ask them to think about 
running a similar club, persuading 
other young persons to become as 
interested as we are. Our members 
are very keen, and help to run the 
Club. It is very democratic and we 
have a Members committee who 
run things. 

Ross Collins, Ramsgate, Kent. 

1 am delighted to have heard 
from you about your interestin[? 
activities and hope that many more 
people, whether Youth or Olders 
will follow suit. 

Ed. 

ORIGINALS 

Dear Mr Becker, 
With reference to the letter in 

PE October 90 from Joe Hill 
regarding Sargrove: I have six 
UA55 Sargrove(funsram tubes in 
mint condition and one with heater 
failure which would be suitable for 
display purposes, together with 
three lenses for the same, one with 
original resistors, also an original 
leaflet on their use. Collectors items 
all of them, and I'm open to offers! 

I am constructing your Scope 
Expander (Aug-Sept 90). It's a 
beautiful design - I congratulate 
you. I am, however, having 
difficulty in obtaining the 
74HC251. I can get the LS version, 
though. Can you suggest a source 
of supply? 

H.W. Howlett, New Maiden, 
Surrey. 

I have passed your Sargrove 
comments on to foe Hill. The 
74HC251 can be bouf?htfrom 
Electromail, tel 0536 204555. 
Thanks for your kind letter. 

Ed. 
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FIBRE OPTIC TRIALS 

A British Telecom lead research group has 
unveiled its plans for what you might describe 
as the cable tv system of the 21st century. Up to 
400 Bishop's Stortford homes and business in 
Hertfordshire are being connected up to fibre 
optic cables in order to assess two versatile 
communications systems which will offer 
multi-channel television, phone and videotex 
transmission. BT claims the trial will be the 
world's first practical demonstration of the next 
century's network standards. 

Participating sites will be able to receive up 
to 18 television channels, including satellite tv, 
and conventional phone calls via fibre optic 
cables. The first phase of the trial will see 
existing copper wire phone cables maintained 
until the fibre optic system has been fully 
tested. It's expected that these will be retained 
as an emergency backup even after the switch 
over to optic fibre cables. 

The two rival systems being evaluated are 
TPON (telephony over passive optical 
networks) from Fulcrum Communications and 
BIDS (broadband integrated distributed star) 
which is the work of both Fulcrum and GPT. 

Cable tv as we know it today almost 
universally relies on ordinary screened wires 
with a relatively limited bandwidth. They 
normally only transmit tv channels though 
some of the more advanced systems have 
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HOME-BASE 
lan Burley reports that Bishop 
Stortford is on the fibre optic 

map and that a form of Caller-ID 
has arrived in the UK. He's also 

found that HDTV, CD·I and 
Telepoint are making progress, 
and that Casio's digital diary is 

in time for Christmas. 

primitive two-way communications built in, 
though not usually a phone line. The 
advantages of an optical fibre digital link are 
many, including far fewer cables being piped 
into your premises yet carrying many more 
services and with the prospect of interactivity 
through videotex and don't forget the bonus of 
noise free phones. 

UK CALLER ID 

Over the past few months I have been 
keeping an eye on Caller ID in the States. This 
is a facility available to a small but growing 
number of American telephone users which 
enables the identity of an incoming caller to be 
revealed before the recipient answers the 
phone. A Caller ID add-on box or specially 
adapted phone will have an led display to show 
the phone number of the caller as the phone 
rings. You can do all sorts of things with this 
information - ignore the call, switch it to an 
answering machine, log the number to return 
the call without re-dialling, or even forward the 
number to the police if the caller is suspected 
of being an undesirable. Caller ID is a function 
of some digital exchanges and is totally 
automatic. The user pays a premium to his or 
her phone company as well as having to go out 
and buy a Caller ID phone or adapter box. 

M.B.C. Communications in Maidstone, 
Kent, has come up with a device which it also 
refers to as a Caller ID unit. Unfortunately 
(depending on your point of view- Caller ID is 
under fire in the US as being anti-social) -
Caller ID is not enabled on any UK digital 
exchanges and there are no firm plans to 
introduce it. So how does M.B.C. manage such 
a marvellous sounding feat with its Caller ID 
unit? Quite simply the caller must cooperate 
and punch up his or her number in response to 
the M.B.C. unit answering the phone itself with 
a synthesised voice prompt. The obvious 
disadvantage here is that you have to rely on 
the caller keying in their number honestly. 
Another problem is that the caller must have a 
DTMF (tone dial) phone in order to enter the 
number which will then be displayed on an led 
for the recipient to peruse. 

After being aware of the advantages of the 

fully automatic system available in the States 
it's rather too easy to be initially unenthusiastic 
about M.B.C. 's comparatively primitive device, 
however I can see that plenty of people would 
find it useful. In its present form the unit 
features a three-digit security code for callers 
familiar to the recipient, the call times are 
logged and there is a sensitive microphone 
which can be used by the owner to listen for 
any activity in his or her house remotely - ideal 
for keeping an ear on the children if you're 
away for the evening for example. 
Unfortunately the latter feature will probably 
have to be removed if the unit is to be BABT 
approved for use in the UK. Until Caller ID 
proper arrives in the UK, I can see that M.B.C. 
will probably do a lot of business with their 
next best solution. The M.B.C. Caller ID unit 
costs £155 including vat. For more details, 
contact M.B.C. on 0622-691 666. 

BEES REVEALS PAL HDTV 

The advent of commercially available high 
definition television (HDTV) is slowly getting 
closer, however, there is a whole host of serious 
problems to be overcome before we will see its 
widespread adoption. One of these problems is 
that if existing terrestrial television broadcast 
transmitters are to be used to distribute HDTV, 
a way of compressing all the picture 
information into the available transmitter 
bandwidth will have to be devised. Otherwise, 
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CONSUMER FEATURE 

Left to right: Conventional 625-line PAL, 1250-line enhanced PAL, 1250-line HDTV. 
HDTV broadcasts might be restricted to high 
powered satellite transmission. After all, an 
HDTV picture has over four times the 
resolution of a conventional tv picture ( 1250 
horizontal lines compared with 625 lines and 
slightly more than double the horizontal 
dimension). Another problem is that a full 
HDTV system would render everybody's old 
625 line tv sets obsolete overnight. 

Now the BBC's engineering department 
has come up with a possible solution to the 
problem. Under development in conjunction 
with another research group in Germany is an 
"enhanced" PAL standard which would offer 
1250 line, wide screen, near-HDTV pictures 
to those with suitably equipped television 
receivers. Enhanced PAL would remain 
compatible with old 625 line PAL tv sets and 
it would be broadcast with existing tv 
transmitter equipment. 

As you can see by the three sample 
photographs the intermediate enhanced PAL 
screen which the BBC has accomplished is 
considerably superior to the existing 625 line 
system, if not quite comparable with the 
"straight" HDTV picture you would obtain 
with a satellite-based broadcast, for example. 

The trickery involved in squeezing the 
necessary picture information colour, 
luminance and picture detail into the 
broadcast signal is extremely complex. For 
example, some localised movement - a bird 
on the wing for example - is actually 
transmitted in a lower resolution. But as the 
subject is moving, the eye won't be sensitive 
to the missing detail. Inbetweening techniques 
are also employed - where intermediate 
images are digitally created to fill in some 
frames of movement. 

Enhanced PAL is a nice sounding 
compromise but there have been no firm 
proposals for its adoption yet. Development 
work is still continuing, but it's encouraging 
to know that many of the benefits of HDTV 
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will be available to all without sacrificing 
compatibility with the existing tv system. 

CD-I PROGRESS 

Interactive Compact Disc or CD-I has 
taken a couple of notable steps forward in its 
long development journey with the 
announcement of a new generation of CD-I 
players aimed at professional and institutional 
markets. There's also news that Maxwell 
Communications is in serious negotiations 
with Philips to establish a joint CD-I 
multimedia software publishing venture. 

CD-I is an extension of music cd 
technology which incorporates high quality 
still and motion picture video as well as 
computer graphics and data files in a format 
which can be conveniently accessed in an 
"interactive" manner by the user. CD-I will let 
you access information on conventional 
looking 5 inch cds much in the manner that 

you can loop up data from computer 
databases except that not only can you access 
text files but also pictures, audio and video 
and link them all up logically. 

CD-I will be ideal for interactive training 
and education. The proposed Maxwell and 
Philips deal underlines this. A new company 
to be formed by the two firms, Maxwell Multi 
Media, will produce and sell self-teach 
language courses for the home, school and 
office. But that's hopefully only the tip of an 
iceberg which could be as big as the audio cd 
market today. Home entertainment and 
personal productivity software on CD-I discs 
could take off in 1992 when the first domestic 
CD-I players will go on sale in Europe. 
Americans and Japanese get their domestic 
players a little earlier next year. 

Meanwhile, Philips has announced two 
new CD-I players, the CDI 601 and 602 
(which has a 3.5 inch floppy disc. At around 
£1,500 neither of these players arc exactly 
home-affordable, but they're not meant to be. 

The new Philips CD-I 601 player - designed for professional and institutional 
markets. 
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Flagship of Casio's range of digital 
diaries, the new SF-9500 64kB Digital 
Diary with IC Card expansion and 
moving keys. 

They are heavy-duty units designed for 
professional use. However, they are the first 
all-in-one CD-I units to be made available to 
customers other than development houses and 
considerably cheaper than their bulky 
forebears - they provide a hint at what will 
eventually become available for the domestic 
market. An important part of the new 
machines' specification is the ability to be 
conveniently upgraded to full screen motion 
video capability, the Motoroia chips for which 
are in the final stages of production 
development. 

CASIO D.IGITAL DIARY 

Just in time for Christmas, Casio's 
latest pocket digital diary the SF-9500 
has reached these shores. The unit is a 
development of the SF-8000 which was 
Casio's first really useful pocket organiser 
simply because it had proper raised keys 
with a decent movement. Earlier models 
had to make do with a Sinclair ZX81 
(remember those?) flat plastic membrane 
keyboard. 

With your SF-9500 you have a full 
function calculator, you can store 
business card details, telephone numbers 
and addresses, there's an appointments 
schedular and alarm, a world time clock, 
a password protected information storage 
option and you can slot in a range of 
optional IC-cards like spelling checkers 
and a thesaurus. On top of all that you can 
link two SF-9500s together via a special 
cable and even link up to a PC. 

The new SF-9500 has a revised 
keyboard layout with the shift, search, 
combine and other important keys more 
logically grouped and there is the facility 
to memory card expand the SF-9500 to 
128K storage. At £189.95 I wouldn't say 
no to one of these falling down the 
proverbial chimney this Christmas. 

TELEPOINT PRICES 
SLASHED 

The tiny Forum Telepoint phone produced by 
Shaye Communications has had £70 knocked off· 
its price to just under £100 plus vat. This answers 
one of the main criticisms of Telepoint services .. 
For a cheap alternative to cellular phones, 
Telepoint hardware was surprisingly expensive and 
not surprisingly very few have been sold to date. 
Further good news is that Shaye has also reduced 
the price of its personal base station and you can 
now buy a Forum phone, base station, rechargeable 
battery and recharger for £249.95 including vat. 
That's a saving of £140. 

Regular readers might recall that I promised 
myself a Telepoint pr:one once the price for a 
phone and base station dropped below £200. It's 
not quite there yet, but I am now sorely tempted. 
However, there are still a couple of points to 
consider. The Forum phone can only talk to the 
Mercury Call point and BT Phonepoint networks. If 
inter-system roaming becomes possible eventually, 
you will need to upgrade to a CA! (common air 
interface) compatible hand-set to benefit. The 
prices are just for the hardware - it still costs about 
£25 to register and you will pay £8 a month on top 
of any call charges. 

The question now is how will the other two 
operators, BYPS Rabbit and Ferranti Zonephone 
respond to Shaye's aggressive new pricing and will 
it be enough to save Telepoint? Watch this space! 

VARIABLE VOLTAGE TRANSFORMERS WIDE RANGE OF XENON FLASHTUBES 
Write/Phone your enquiries 

INPUT 220/240V AC 50/60 OUTPUT 0-260V 
Price P&P 

O.SKVA 2 5 amp max £:29.00£3.75 (£37 65 ~ne VAT) 

EXTENSIVE RANGE OF DIFFERENT TYPES OF 
GEARED MOTORS AVAILABLE FROM STOCK 

WASHING MACHINE WATER PUMP 

ELECTRO~IC COMPONENTS MAIL ORDER COMPANY. 
1 KVA 5 amp ma;c; £37.40£4.25 (£47 90 me VAT) 
2KVA 10 amp max £54.00£5.48 (£68 40 ~ne VAT) 

Brand new 240V AC fan cooled can be used for a vanety 
of pwposes Inlets J1.-'11ns Outle\1 inch Price including 
p&p and VAT- (10 95 or 2 for £20 including p&p and 
VAT. 

1 Gl PJ (()) 
·- g " . . JS A'Vi\JLABl.B tTUYY. 

•

ntery to win an ultraviolet exposure Unit Value£ 200. 
Have you send For your copy yet '? 

Electronic Components 
at the right prices. 

e FAST SERVICE 

e LOW PRICES 

e LARGE DISCOUNTS 
Competition ends 

0.5'' ORANGE DUAL LED DISPLAY 

Value £ 2.00 absolutely free ! ! ! 
Simply complete and return the order form below and we will send your free gift. 

PLEASE SEND A COPY OF THE A & G ELECTRONICS CATALOGUE 
AT £1.00 (REFUNDABLE WITH MY FIRST ORDER) AND MY FREE 
GIFT TO: 
NAME ........................................................... . 
ADDRESS ........................................................ . 

I HAVE ENCLOSED £ .... Tick box to enter the cotnpctition. D 
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A & G ELECTRONICS LTD. 
Free Post ,100 Park Avenue , 
London E 6 2BR. (No St.1mp R«Juilcdl 

TEL : 081-552 2386 Fax : 081 - 519 3419. 

3KVA 15 amp max £71.50£6.24 (£89 40 me VAT) 
5KVA 25 amp max £126.50 (Carriage on request) 

VOLTAGE CHANGING 
TRANSFORMER 

metal case 
p&p (39.50 

COMPREHENSIVE RANGE OF TRANSFORMERS-LT­
ISOLATION & AUTO 1110-240V Auto transfer e1ther 

SUPER HY-LIGHT STROBE KIT 
Designed for Disco, Theatrical users etc. 

lead or open 

Approx 16 JOules. AdJUStable speed (48.00 + £2 00 p&p 
(£57.50 tnc. VAT) 

Cui! and r11flector £22.00 • 
SAE lor further detatls 
industrtal Strobe Ktts 

((2750 tncVAT) 
Hy-l1ght and 

12V DC 20 RPM 
REVERSIBLE MOTOR 

SWISS preCISIOn built Ideal for rObOtiCS S1ze· length 
1nc shaft 90nlm Dwmeter front f1xing 38mm 
square Currently advert1sed by well known sup­
plier at £27 00 plus p&p & VAT Our Price £14.95 
inc. p&p & VAT 

GIANT BLOWER EXTRACTOR UNIT 
Twin output centnfuga! blower l HP 240V AC motor, 
output approx 3800 c.f.m. Size: Length 100cm; Height 
27cm; Depth 26cm, F1xing plate 106x33cm Price 
£125 ' VAT Ex warehouse 

TOR IN CENTRIFUGAL BLOWER 
230V JL 2.80(1 RPM (l ~.;mp 130mrn d•Jnwtcr 

150mm 

Crouzet 11 5V/230V A.C heavy duty 1 RPM motor 
AntJclockwtse 821015 S1ze 68mm diameter "-
55mm long 6mm d1ameter •: 20mm long. Price 
inc. VAT & 40 

RHEOSTAT 
SOW 2ohm 
VAT & p&p 

MICROSWITCH 

ceran11c power rheostat. Price tnc 

Pye 15amp changeover lever m1croswitch, type 5171 
Brand new Pr1ce 5 iur (6 90 inc. VAT & p&p 

NMS -- NEW MANUF SURPLUS 
R&T- RECQl\IDlTIONEG AND TESTED 

SERVICE TRADING CO 
57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB 

081·995 1560 
ACCOUNT CUSTOMERS MIN ORDER C10 
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TEST SWITCH 

As discussed in part one, the computer has 
been programmed to make calculations just once 
per second, effectively being put into suspended 
animation between bursts of activity. During 
these quiet periods, time and wheel rotation are 
constantly monitored so that nothing is 
overlooked. I have, though, allowed for the unit 
to be put into continuous run mode for testing 
purposes. 

Look back to Fig.9: a test switch is shown. In 
the open position (as shown), the unit is in the 
power saver burst-mode. If the switch is closed, 
or a wire is soldered between IC8b pin and +SV, 
the action of IC8a cannot affect IC8b. 
Consequently, the computer will immediately 
start another round of calculations once the 
previous batch has been completed. The timing 
factors will of course no longer be related to one 
second intervals, but the triggering from the 
wheel's magnetic sensor will otherwise be 
correctly processed. You can if you prefer, 
couple in a SV pulse generator to the computer 
instead of the magnetic sensor during test 
procedures. (Using a pulse generator during 
program development I had the unit showing 
that my bike was thought to be travelling at 
several hundred mph. Mind boggling!) 

SENSOR MOUNTING 

The end section of the power saver pcb 
(Fig.1 0 in part one) should be neatly cut off. This 
holds the sensor ic and a couple of resistors and 

LEISURE PROJECT 

Bike wheel rotation sensor mounting. 

Part three. John 
Becker concludes 

the project and 
describes the use 
of the independent 

6502 
microcontroller. 

bike, I brought the wires from the battery and 
magnetic sensor module along the bike frame, 
using cable ties to secure them. They were then 
terminated on a DIN plug, plugging into an 
equivalent socket on the side of the computer 
(you can see this in the cover photo of PE Nov). 
I am unable to offer a fully satisfactory solution 
to the possible problem of rain getting into the 
unit. Covering or removing it seems a reasonable 
method should you insist on going out in all 
weathers (I'm not that fanatical!). 

ALARM 

The alarm function is turned on by pressing 
the '#' key. This causes a message to be set on 
screen line 1: "ALARM ON". From then on, 
until a code number is entered from the keypad, 
the processor will look out for any wheel rotation 
or incorrect use of the keys. If such behaviour is 
detected, IC3 pin 8 (PA6) goes low, so sending 
the output of IC6d high. This can be used to 
directly drive a low current audible warning 
device, or a higher powered one via TRl (as in 
Fig. 1 3.). No provision has been made on the pcb 
for TRl. This can be hard wired to the awd, or 
mounted on a tiny bit of Veroboard. The alarm 
will continue sounding until either the correct 
code is keyed in, the battery runs out, or a 
would-be thief unsportingly disconnects the 
battery' However, a thief caught by surprise 
when the alarm sounds will hopefully be 
sufficiently taken aback that he overlooks such 
options. Detection of the correct coding is very 
simple and no elaborate security measures have 
been taken. Providing that sooner or later the 

BIKE COMPUTER 
is mounted on the rear forks of the bike inside a 
suitable enclosure. My own enclosure and the 
magnet needed to trigger the sensor ic came 
from the same source. I bought the type of 
magnetic detector that is used with burglar alarm 
systems (specifically the RS/Electromail 
proximity detector 333-192). It consisted of two 
miniature plastic 'cases', one holding a magnet 
and the other a reed switch. I removed and 
discarded the reed switch and inserted the bike 
sensor pcb instead. Wires of a suitable length 
were brought out through a hole in the case. 

Although the reed switch is theoretically 
capable of sensing the wheel's rotation, there is a 
limit to the number of times it will open and 
close before failing, typically around 100,000 for 
the security alarm type. A 27 inch bike wheel 
rotates around 750 times over one mile, and 
small wheels rotate even more, so you can see 
that the travelling lifetime of this type of reed 
switch would be only around 100 miles or so. 
Other reed switches with a greater lifetime of up 
to I 0 million operations are available, though the 
typical required proximity to the magnet is 
around 7mm to 16mm, a distance which might 
be hard to maintain on a bike. 

To mount the magnet, two strips of fibreglass 
were cut to a length long enough to span 
between two adjacent bike wheel spokes. To one 
of them I screwed the magnet housing. The two 
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strips were then placed on opposite sides of the 
spokes and bolted together at their ends (see the 
photograph). The sensor housing was then 
secured to the rear vertical fork using two cable 
ties. The sensor's position was ultimately 
adjusted so that the rotation of the magnet on the 
wheel activated it cleanly. A non-conducting 
waterproof compound of some sort could be 
used to prevent water getting into the housing. 

MOUNTING THE UNIT 

To secure the computer, I originally used 
Velcro glued to the handlebars and to the base of 
the unit. As I am sure you know, two bits of 
Velcro couple together when brought into 
contact. This provides a fairly secure fixing 
when riding on smooth surfaces and allows the 
computer to be detached for security reasons. 
However, much of my cycling is done on rough 
terrain and I found that Velcro did not respond 
too well to hard-hit pot-holes! I now use a tough 
rubber strap around the unit and handlebars with 
a piece of sponge rubber underneath the box. 

Another possible method would be to screw a 
spring clip to the base of the unit, allowing it to 
be clipped to the handlebars. Alternatively, you 
may be able to think of a way to mount it on the 
headlight bracket. 

To allow removal of the computer from the 

correct sequence of four digits is keyed in the 
alarm will be switched off. 

UPDATE 

A few points have arisen since going to press 
with parts one and two: 

If you are using a 1 N4001 to drop the psu 
voltage, a 22J.lF 16V electrolytic capacitor should 
be connected between the positive side of the diode 
and the OV line. 

In Fig. 9, C9 should go to IC7a pin 13, not to 
pin 12. 

In part two, the Basic program line 330 should 
say "LINE 720" not "LINE 730", and line 340 
should say "LINE 728" not "LINE 738". 

Fig. 13. Alternative method for driving 
an awd. 
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MEASUREMENTS 

You should also be beware of what diameter 
value you tell the Basic program to base its 
calculations upon. A bike's quoted wheel 
diameter does not take into account the 
thickness of the inflated tyres. The actual 
diameter when measured could be at least one 
inch greater. To confuse the matter further, the 
diameter will decrease when you ride the bike 
since the tyres will be flattened slightly by your 
weight (especially if you forget to pump 
them!). I too overlooked this obvious fact but 
have now told the computer that my wheel 
diameter is 27.5 inches instead of the 
manufacturer-quoted 27 inches. Adding the 
extra half inch seems a reasonable 
compromise. 

Following a lengthy cycle trip out and back 
along the same route I discovered a 
discrepancy between the readings obtained for 
both parts of the trip. Outwards the journey 
was mostly uphill, on the return it was mostly 
down hill, resulting in different top and average 
speeds. Examination of the problem showed 
that the readings from the faster trip were 

UNIT 
ADDRESS 

$2Ei0a 

$2091 

$:20ta2 

$21iilii3 

$21ii0"! 

$2005 

$2006 

$2007 

$2008 

$201a9 

$2a0A 

$20tilB 

$2llllC 

$2000 

$200E 

$200F 

REGISTER 
~jUt1BER RS3 

a a 

1 lii 

2 0 

3 lii 

"! lii 

5 0 

6 0 

7 0 

8 1 

9 1 

10 1 

11 1 

12 1 

13 1 

1'1 1 

15 1 

RS COOING 
RS2 RS1 RSEi 

0 0 0 

0 lii 1 

0 1 0 

lii 1 1 

I 0 0 

I 0 1 

1 1 lii 

l l l 

e e e 

e e 1 

0 1 e 

0 1 1 

1 0 e 

l 0 1 

1 l 0 

l 1 1 

incorrect. The reason was found to be due to Table 1. Addressing the 65C22 registers. 

REGISTER/DESCRIPTION 
WRITE <R/iJ = U READ <:R/W = H) 

OUTPUT REGISTER B INPUT REGISTER B 

OUTPUT REGISTER R WPIJT REGISTER R 

DATA DIRECTION REGISTER B 

DATA O!RECTIOt~ REGISTER A 

T1 LOll-ORDER LATCHES T1 LOt~-ORDER COUNTER 

T1 H IGH-ORDER COUNTER 

T1 LOU-ORDER LATCHES 

T1 HIGH-ORDER LATCHES 

T2 LOI<-ORDER LATCHES T2 LOW-ORDER COUNTER 

T2 HIGH-ORDER COUNTER 

SHIFT REGISTER 

AUXILIARY COt~TROL REGISTER 

PERIPHERAL CONTROL REGISTER 

WTERRIJPT FLAG REGISTER 

INTERRUPT ENABLE REGISTER 

OIJTPIJT REGISTER B+ WPIJT REGISTER B<> 

rJOTE: • SAME AS REGISTER I EXCEPT NO HAriDSHAKE 

-------------------------------------------------------------
REGISTER 12 j7jsjs14Jslzl tlliil 

I 
I 

I 

I I I 
CB2 CONTROL CA2 COtHROL 

7 6 5 OPERATION 3 2 I OPERATIOt~ 

0 0 0 WPIJT t~EGAT!UE ACTI\!E EDGE 0 0 0 INPUT t~EGAT!\!E ACTI\!E EDGE 

0 0 I INDEPENDENT INTERRUPT e 0 1 INDEPENDENT INTERRUPT 
INPUT NEGATI \!E EDGE ItiPUT NEGAT IUE EDGE 

0 t 0 INPUT POS ITIUE ACTIVE EDGE 0 I 0 INPUT POSITIVE ACTIVE EDGE 

0 1 I INDEPENDENT INTERRUPT 0 I I INDEPENDENT INTERRUPT 
INPUT POS IT I\!E ACT! UE EDGE INPUT POSIT!\IE ACTIIJE EDGE 

1 0 0 HANDSHAKE OUTPUT 1 0 0 HANDSHAKE OUTPUT 

1 e 1 PULSE OUTPUT I lii I PULSE OUTPUT 

l 1 0 LOI~ OUTPUT 1 I 0 LOW OUTPUT 

1 1 t HIGH OUTPUT 1 I I HIGH OUTPUT 

CB1 HHERRUPT CONTROL - '--- CBI INTERRUPT CONTROL 

0 = NEGATIVE ACT!L~ EDGE 1 = POSITIVE ACTIVE EDGE 

Table 2. Peripheral control register addressing. 

the inclusion of Rll, R13 and C12, which had 
been designed in to inhibit the chance of the 
magnetic sensor producing erroneous double­
pulses. The damping effect was too great to 
keep up with the higher speeds I was reaching. 
Removing all three components and replacing 
Rl2 with a link wire cured the problem. 

MISCELLANY 

In the paragraph before POWER SUPPLY 
on page 24 last month, I erroneously referred to 
reprogramming the eeprom. I should have said 
that if you are using a lithium battery-backed 
memory chip and have an eeprom programmer 
then you might consider programming the 
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memory to hold zeroes in all locations, so 
resetting it once you have finished checking­
out the Bike Computer. 

In Fig. 6 of part one, CB2 is shown going to 
+5V though the link is not shown on the pcb 
layout. Since the 65C22 has internal pull-up 
resistors an external link is not necessary on 
this pin, though you may make one if you wish. 

A reader queried the rate at which the 
current-speed readout appears to change. This 
is due to my having written an averaging 
subroutine into the speed calculating routine. 
The speed shown is the average of the last ten 
calculations (taken over 10 seconds, of course), 
allowing a speed reading to be seen even when 
the wheel is turning at less than one revolution 
per second. 

INDEPENDENT -
MICROCONTROLLER 

The microcontroller board may be used as an 
independent module for controlling other 
functions, using an eeprom/eprom programmed 
with your own code. 

The programming code necessary for making 
use of the power saver board in other situations 
is too complex to discuss and you should 
consider using it only if you are an experienced 
programmer. In brief, with the Bike program, 
PAS is sent high at the end of each full sequence. 
This causes the power saver to stop the clock 
feeding to the 65C02. The power saver then 
waits until PB7 goes high at the end of a timed 
period programmed into the 65C22 timer 
registers. On receipt of the signal, the clock 
signal is again permitted to go to the 65C02, 
whereupon the sequence repeats. 

To dispense with the power saver board, you 
just replace it by a link wire between I CS a pin I 0 
and the eprom OE/CE input pins 18 and 20, and 
with another link wire between the clock 
generator IC5b pin 8 and the 65C02 clock input 
(phi-zero) pin 37. The other connections shown 
as going to the power saver board are ignored. 

LOCATIONS 

The board has been designed so that the 
eprom lives at hex locations $4000-47FF, the 
memory at $0000-07FF, and the VIA at $2000-
200F. 

The microprocessor needs to have clear 
access to one block of the memory for its 
internal housekeeping routines, but you are free 
to use all other locations to either side of that 
block for your own purposes. The restricted 
block is between $0100 and $01FF, ie memory 
Page l. You thus have the all-important Page 
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Zero ($0000-00FF) at your command, plus 
$0200-07FF. REGISTER 11 

LEISURE PROJECT 

171slsl413121 1 lol LATCH ENABLE/DISABLE 
Table I shows the VIA register address 

locations related to the $2000-200F block. You 
will need to refer to your 6522/65C22 data sheet 
to make full use of the registers, though the ones 
you will normally only be interested in are 
$2000-2003, although I have included tables 2 
and 3 covering registers 11 and 12. 

T1 Tl MER CDrHROL 

_I ~ 
I__ PA I ~ ; DISABLE I 

PB 
; ErlABLE LATCHHJG 

SHIFT REGISTER CDrlTROL 

There is a choice of two input/output registers 
you can use for external communication, ports A 
and B. For many applications they can be 
regarded as identical, though experienced 
programmers will know that there are useful 
differences beneficial to some more sophisticated 
control options. 

' 

7 

0 

il 

1 

1 

8 OPERATJDrl 

il Tl J1ED HHERRUPT 
EACH Tlf1E T1 IS 
LOADED 

1 CDrlTJ flUOUS 
lf.ITERRUPTS 

0 Tlt1ED HJTERRUPT 
EACH TIME T1 IS 
LOADED 

1 COflTI fJUOUS 
lfHERRUPTS 

PB7 4 2 

DISABLED il il 

il 0 

0 1 

0 1 
ONE SHOT 
OUTPUT 1 il 

1 0 
SQUARE 
WAIJE 1 1 
OUTPUT 

1 1 

2 OPERATJOrl 

il DISABLED 

1 SHIFT lfl UJ•lDER CDrHROL or T2 

il SHIFT lfJ UfJDER CONTROL or Ji)2 

1 SHIFT H.l UflDER CDrHROL OF o:r CLK 

0 SHIFT OUT FREE RUrlfHNG AT T2 RATE 

1 SHIFT OUT UMDER COrlTROL or T2 

il SHIFT OUT UNDER CONTROL or !1'2 

1 SHIFT OUT UrJDER COI1TROL OF En CLK 

Before using either of the ports the relevant 
data direction register (DDR) must be set to 
nominate the ports as inputs or outputs. Any of 
the eight pins on each of the ports can be set as 
inputs or outputs. Poking the DDR with zeroes 
at specific bit locations sets the equivalent bit of 
the port as an input, poking a 1 sets it as an 
output. 

T2 TIJ1ER COfHROL -

5 OPERATJ Ol•l 
Table 3. Auxilliary control 

0 Tlt1ED INTERRUPT register addressing. 
1 COUfJT oom.1 ~nTH 

PULSES ON PB8 

Suppose you want to set port A so that the 
first four bits are outputs and the second four 
are inputs: The bit order is regarded as running 
from left to right, from bit 7 to bit 0. Bits 7-4 
are set to zeroes, thus 0000, and bits 3-0 are set 
to ls, thus 1111. The resulting code is thus 
00001111, which translated into decimal is 15, 
or OF in hex. Port A's DDR is at $2003, so you 
would poke that location with $OF, enabling you 
then to write to or read from port A whose 
register is at $2001. Alternatively, you could 
poke $OF to DDR B at $2002, and then read 
from or write to port B at $2000. Note that, 

unhke the ports of some computers, the 6522 
VIA uses the same register for both input and 
output. 

about 10 days of readmg and expenmentmg. 
You do, though, need to concentrate far more on 
your logic than with Basic, and to be prepared 
for programs to be far less tolerant of errors: if 
you are working directly with a computer 
always Save any new code prior to running it! If 
you don't already know about machine code 
programming, do learn it, it really opens up a 
whole new world of electronic possibilities.~~~ 

Regrettably, I now have to refer you to 
books on 6502 and 6522 programming for more 
information. However, let me say that in many 
ways machine code programming is as easy and 
fun to learn as Basic. I originally taught myself 
over the Christmas holidays some years ago, 

WE HAVE THE WIDEST CHOICE OF USED 
OSCILLOSCOPES IN THE COUNTRY 

TEKTRONIX 2445 Four Trace 150MHz Dual TB £1200 
TEKTRONIX 2245A Four Trace 100MHz Dual TB £1000 

TEKTRONIX 2235 Dual Trace 1000MHz Delay Sweep £650 
TEKTAONIX 2215 Dual Trace 60MHz. Delay Sweep £450 
TEKTAON!X 475 Dual Trace 200MHz Delay Sweep £550 
TEKTRONIX 465 Dual Trace 100MHz Delay Sweep £450 

H.P. 17228 Dual Trace 275MHz Delay Sweep 5 Funclion LED D1splay 
forAeaiTimeMeasurement £750 
HP 1740A Dual Trace 100MHz Delay Sweep Tng £350 
PHIUPS PM3217 Dual Trace SOMHz Delay Sweep £400 
TELEOUIPMENT 0775 Dual Trace 50MHz Delay Sweep £250 
GOULD 053000 Dual Trace 40MHZ Delay Sweep TV Tng £250 
GOULD 051100 Dual Trace 30MHz TV Tng £180 
GOULD OS300 Dual Trace 20MHz £250 
GOULD 052508 Dual Trace 15MHz TV Trrg £160 
COSSOR CDU150 Dual Trace 35MHz Delay Sweep from £100-£150 
SE LABSSM111 Dual Trace 18MHz £130 
TEKTRONIX 2210 D1g1tal Storage Dual Trace 50MHz (20MS/s 
Samplmg Rate} As New £1150 
GOULD 4035 D1g1tal Storage Dual Trace 20NHz £750 
GOULD 084020 D1g1tal Storage Dual Trace 10MHz £450 
GOULD 054000 DIQI!al Storage Dual Trace 1 OMHZ £300 
THIS IS JUST A SAMPLE- MANY OTHERS AVAILABLE 

H.P. 8112A Programmable Pulse Generator 50MHz £1500 
BRADLEY Oscotloscope Cahlxator 192 w1!h Cal Cart £800 
DATRON 1061 Auto Cal DMM True RMS etc. £650 
SOLAR TA ON 7075 OVM up to 7+ 1/2 d1g1t AC;RMS/DC/OHM £700 
A&S SW0$4 (Sweep Gen wtlh display) 0 1-1 OOOMHz £750 
MARCONI TF2008 AMI FM 1 OKHz·51 OMHz Sig Gen £450 
MARCONI TF2015 AM/FM 10·520MHz Sig Gen w1th TF2171 £400 
MARCONI TF2015 Wl!h Synchron1ser TF2171 £250 
V TF2016 AM/FM 10KHz-120MHz S•g Gen w1th TF2173 £350 
MARCONI TF2016 without Synchron1ser TF2173 £i 75 
MARCONI TF2356/2357 Level Osc!Meter 20MHz ... the pa1r £950 
H.P 8620C Sweeper Mam Frame (Piug-ms available) £1000 
LEADER LVS5851A Vectorscope £600 

TEKTAONIX 491 SPEC ANALYSER 1.5·12 4GHz from £1000·£1400 

SYSTAON OONNER 1702 S1gGen 100HZ·1GHz [950 

POLARAD S.g Gen 11059 0 8·2 4GHz £500 

POLARAD S1g Gen 11068 1 8·4 GHZ £500 

POLARAD S1g Gen 1207A 3.7·8.4GHz £500 

POLARAD Srg Gen 1207A Wltt11509 Freq Doubler E750 

POLARAD 819 Gen 1208A 6.95·11GHz £500 

POLARAD S1g Gen 1280A Wlli' 1510 Freq Doubler £750 

TEKTRONIX TM504 Wllh PG50f.'SG503!TG501 £2250 
RACAL STORE 1408 14 Channel Magnetic Tape Recorder £2000 
RACAL 9081 SyntheSISed 819 Gen 5·520MHz £650 
RACAL 9009 Mod Meter 10MHz·1 5GHz £350 
RACAL 9301 RMS Voltmeter 10KHz·1.5GHz £250 
TIME 2004 DC Voltage Standard 0.005% £450 
SOlARTRON 7150 Digital Mult1meter 6+112 d•g1t £300 
AVO Valve Characteristic Meter VCM163 from £250.£350 
FEAROGAAPH RTS2 Recorder Test Set !1011 £200 

TELEQUIPMENT CT71 Curve Tracer £250 
MARCONI TF2700 Unoversal LCR Bndge Ballery from £125 
MARCONI TF2337A Automatic D1slorl10n Meter 400Hz/1KHz £100 
MARCONI MOD Meters TF2300, TF2300B: TF2303 !mm £100 
MARCONI TF2603 RF Mllllvolmeler 50KHz-1 5GHz. £75 
MARCONI TF2430 Dig1tal Freq Counter 1 OHz·SOMHz £60 
MARCONI TF1152/1 RF Power Meter 500MHz 10!25W 50ohm £25 
MAACONITF893A AF Power Meter 20Hz·35KHz 20mW·1 OW £20 
RACAL 9915 Freq Counter 10-520MHz Crystal Oven £i 50 
FARNELL PSU H30/100 0·30V 0·100A £750 
UNINTERRUPTED Power Supply type RBS·AC. 500VA £150 

AVO 8· MULTIMETERS 

GOOD WORKING ORDER- PHYSICALLY NOT BRILLIANT 

SUPPLIED WITH BATIERIES & LEADS ONLY £30 

ALL OTHER MODELS AVAILABLE 

LEADER LMV186A Two Ch MVmeter5Hz 500KHz,1mV300V £100 
KIKUSUI AVM23 AC Voltmeter Dual Ch 10HZ-500KHz £75 
300uV-100V 
Solartron 7045 Mult1meter 4+ 1/2 d!Qil 30 ranges Auto1Man £95 
FARNELL Pulse Gen System 1 Hz-1 OMHz Smgle/Oouble £40 
LOGIC PROBE type 33000A TIUCMOS (P&P £3) £10 
Large range at BENCH POWER SUPPLIES available from £40 
X-V PLOTTERS Vanous Models from £25-£400 

SOME BRUEL + KJOER EQUIPMENT ALWAYS AVAILABLE 

PLEASE ENQUIRE 

LEVELL TM3B AC M1crovoltmeter 1 HZ-3MHZ. SUV·SOOV £60 
LEVELL TM3A AC MJ!IIvoltmeter 1 Hz.3MHz 5uV-500V £40 
LEVELL Oscillator TG152 3Hz-300KHz Sme/Sq !rom£55 
LEVELL OSCillator TG150M 1 5HZ· 150KHz Sme Wave £20 
LEVELL Decade Osc TFBSA 0 2Hz-1 22MHz Low d1st from £35 

NEW EQUIPMENT 
HAMEG OSCILLOSCOPE HM1005 Tnple Face 100MHz 
DelayT1mebase £792 
HAMEG OSCILLOSCOPE HM604 Duel Trace 60MHz 
Delay Sweep £610 
HAMEG OSCILLOSCOPE HM203 7 Duel Trace20MHz 
ComponentTester £338 
HAMEG OSCILLOSCOPE HM205 3 Duel Trace 20MH.z 
01gotaiStorage £610 
All other models available- all oscilloscopes supplied wi1h 2 probes 

BLACK STAR EQUIPMENT (P&P all units £5) 
APOLLO 10 1 OOMHZ Ra11o Per1od Time interval etc £222 
APOLLO 100 100MHz {As abovew1th more functions) £295 
METEOR 100 FREQUENCY COUNTER 100Mhz £109 
METEOR BOO FREQUENCY COUNTER 600MHz £135 
METOER 1000FREQUENCYCOUNTER 1GHz £178 
JUPITOR 500 FUNCTION GEN 0.1Hz·500KHz Sme Sq In £110 
ORlON COLOUR BAR GENERATOR Pal TV Video £209 
All other Black Star Equipment ava1lable 

HUNG CHANG DMM 7030 3 d1g1t Hand held 28 ranges 
includmg 10 amp ACDCO i%ACC (P&P) £4 £39 50 
As above DMM601 00 25% £33.50 

THURLBY PL320MD Tw1ce 30V 2A Quad Mod D1g1tal £200 Carry1ng cases for above £300ea 

OSCILLOSCOPE PROBES Switched X1X10{P&P £3) £11 

This is a very small sample of stock. SAE or telephone for LIST of OVER 700 ITEMS. Please check availability before ordering. 

CARRAIGE all units £16. VAT to be added to total of goods and carriage. 

STEW ART OF READING 
110 WYKHAM ROAD, READING, BERKS RG61PL 

Tel: 0734 68041 Fax: 0734 351696 
Callers welcome 9am to 5.30pm MON-FRI (UNTILSpm THURS) 

·~oo 
NATIONAL 
COLLEGE OF 
TECHNOLOGY 

Packaged Short 
Courses 

The National College of Technology (NCT Ltd) offers a range of 
packaged short courses in analogue electronics, digital 
electronics & fibres, optoelectronics & programmable logic 
controllers for study at home or at work. The advantages are that 
you may, 

- commence at any time 
- work at your own pace 
-have a tutor (optional) 

and there is no travelling involved. BTEC certificates are 
available subject to the conditions of the award. These highly 
popular packed courses contain workbooks, a cassette tape, 
circuit board and components necessary to provide both 
theoretical and practical training. 

Whether you are a newcomer to electronics or have some 
experience and simply need updating, there is probably a 
packaged short course ready for you. Write or telephone for 
details, quoting Practical Electronics, to: 

NCT Ltd, Bicester Hall 
5 London Road, Bicester 

OxonOX67BU 
or telephone (0296) 613067 Ext. 202 



iihe industrial application of lasers has 
been in welding, cutting, drilling, 
machining, surface hardening and 

scribing. The materials worked on include 
metal, wood, plastic, paper, cloth and jewels. 

In medicine the laser has been used in eye 
surgery. The ability to focus to a small spot size 
leaves only a small scar. 

Perhaps the most enthusiastic application of 
lasers has been in telecommunications. The 
widespread use of semiconductor devices plus 
digital techniques has kept the cost of 
communications low to the public. It is just as 
well that the need to communicate quickly and 
widely has been matched by the pace of 
technology. 

Lasers are also used in the entertainment 
industry to create holograms and for security 
marking credit cards. 

Some of the techniques used in each of the 
above areas will be explored briefly. 

HOLOGRAPHY 

The first papers on holography were 
published in 1948 by Dennis Gabor. Between 

Spindler and Hoyer's frequency stabilised HeNe laser ZL 150. One important area of 
application is in interformetric measurement technology. lt can also be used as a highly 
accurate frequency standard. 

LASERS 
1948 and 1960 nothing much happened since an 
intense source of light with good coherence was 
not available. The first hologram was produced 
in the 1960s at the University of Michigan's 
Institute of Science and Technology by Emmett 
Leith and Juris Upatnieks. 

The word hologram comes from the Greek 
word holos meaning whole or complete and 
gram meaning graphic or written. Therefore the 
world hologram is used to describe the whole 
picture or three dimensional images. 

In ordinary photography the image is 
described by the electric field intensity 
amplitude of the light, whereas in holography, a 
reference beam and object beam are used to 
record both phase and amplitude. A hologram is 
therefore a complete record. 

Continuous wave lasers like helium - neon, 

Fig. 1. Holography 
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lasers. 
argon and krypton are used. Fig.! shows that 
both beams are spread by lenses and the object 
beam is reflected off a mirror, then off the object 
and onto a photographic plate. The reference 
beam is also reflected off a mirror and then 
directly onto the photographic plate. 

The pinholes placed in front of the lenses act 

Fig. 2. Alignment 

as filters to remove optical noise owing to the 
light scattering by particles of dust. 

INTERFEROMETRY 

Interference fringes can be created using 
lasers to measure velocity, displacement and 
surface variations. A reference and reflected ray 
is used. The alternative method of checking a 
surface without a laser is to have the test surface 
in intimate contact with the new surface. Using 
lasers, the two surfaces can be quite far apart 
since the laser is coherent over a long distance. 

ALIGNMENT 

In the building industry it is necessary to 
ensure that walls and ceilings are perpendicular 
to each other and lasers can be used as in Fig.2. 
When the beam is off centre, the position 
indicators will show this as left or right of the 
centre mark. 

VERTICAL 
INDICATOR 

V
~ 

BEAM 
EXPANDER 

HORIZONTAL 
INDICATOR 
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A beam expander is used to increase the 
diameter of the beam if alignment is required 
over long distances. The expander also reduces 
divergence of the beam and the hazard to eyes. 

PRINTING 

Lasers can be used to produce metal printing 
plates by burning away the surrounding metal so 
that the required alphabets stand out. All this 
can be carried out remotely from a computer 
terminal. 

EYE SURGERY 

Lasers are now widely used in 
opthalmoscopes for eye surgery. Regrettably do­
it-yourself kits are not available to those who 
have been on the beer the previous night and 
required their eyeballs spot welded back on! 

Previously a xenon arc lamp was used and 
left a 800 llm scar. Compared to this, the small 
spot size of the laser leaves only a 50!lm scar. 
The scar is a blind spot on the retina therefore it 
is important to keep this area to a minimum. 

Using lasers, energy of one Joule for 300 !lS 
is sufficient and the eye does not need 
anaesthetic or clamping. A wavelength of 6943 
Angstroms is used and passes through the front 
of the eye without absorption. 

With the xenon arc lamp, anaesthetic was 
required and the eye had to be clamped since a 
long exposure to the light was required. 

Fig.3 shows a sketch of the human eye. If the 
retina becomes detached or tears, the vitreous 
humour gets behind the retina. This results in 
further detachment or tearing, leading 
eventually to total blindness. 

Fig. 3. The eye. 

LENS 

RETINA 

MACHINING 

Machining with the aid of lasers employs a 
laser to heat the material ahead of the cutting 
tool. This increases the machinability of 
ceramics and superalloys. The advantage is that 
the force required from the cutting tool is then 
reduced which reduces the wear on the tool. A 
smoother cut is also obtained at a higher cutting 
speed. 

MARKING 

The carbon dioxide or neodymium-YAG 
lasers are used to mark materials. The object of 
marking may be security and identification as in 
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placing serial numbers, or prestige and 
advertising as in inscribing logos. 

By pulsing the laser, a small quantity of the 
material can be evaporated from glass, wood, 
plastic, paper, metal, etc. The main advantage of 
lasers is that there is no mechanical contact and 
marking can be carried out even through a 
transparent enclosure by focusing on the object 
within. 

By using a laser with an average power of 
8W and pulsing at 1kHz, oxidised aluminium 
can be cleaned, leaving a bright surface. Even 
transparent materials like acrylic can be marked 
by using an absorbent material on the part or in 
the part. A neodymium-YAG laser could be 
used, employing Q switching and providing an 
average power of lOW. Most modem systems 
use an average of SOW for such applications. 

Industrial application of lasers could be 
divided into low and high power. The low power 
applications being alignment, holography and 
interferometry. The high power applications are 
in cutting, welding, machining, marking, heating 
and surface hardening. 

Important aspects of the laser beam are its 
wavelength, mode and size of spot. For 
continuous wave lasers, the output power and 
speed at which the beam traverses the workpiece 
are significant. 

In pulsed systems, the peak power, energy 
per pulse, length of pulse and the shape of the 
pulse are all important parameters. These will 
help decide the quality of the finished article. 
For instance, spikes in a beam will affect the 
quality of drilled holes. 

HEATING AND SURFACE 
HARDENING 

In order to evaporate part of a material, 
energy of the order of l Q6W per square 
centimetre is required. In between the vapour 
front and the solid material, there is a liquid 
front. (Fig. 4 ). 

By contrast, in order to harden the surface of 
a material a defocussed beam from a carbon 
dioxide laser of output greater than !kW is 
applied. No external cooling is applied to the 
material, cooling being conduction of heat into 
the rest of the material. 

Hardening with the use of lasers is no 
different from hardening by any other process. 
The temperature at the surface is raised about the 
Martensitic transformation temperature but not 
above the melting point. When the surface is 
allowed to cool, the rate of cooling exceeds 

Fig. 4. Heating. 
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Fig. 5. Surface hardening 

1 000°C per second. 
The advantage of using lasers for hardening 

is that the depth of hardening can be kept 
shallow in thin materials so that other desirable 
properties such as durability in the bulk material 
can be retained. In some instances the hardness 
can be induced in a lower cost material. Also, 
with lasers, small areas can be hardened without 
affecting the surroundings. 

The main disadvantage of using lasers for 
hardening is that the coverage rate is low so the 
process is unsuitable for large volume production 
or where the area to be treated is large. Also the 
high reflectance of metals means wasted energy 
and absorptive coatings must be used. 

The absorption coefficient for uncoated iron 
and steel is 10% to 40%. Coating the metal raises 
the absorption to around 60% to 80%. The 
correct thickness of coating is required. If the 
coating is too thin, it is removed too quickly. If it 
is too thick then too much energy is wasted. 
Therefore if the thickness of coating is just right, 
maximum energy is coupled into the metal. 

Common coatings are graphite, black paint 
and zinc phosphate. A common industrial 
coating is Lubrite (manganese phosphate) and is 
useful at lower power up to !kW. A thick coat of 
black paint is suitable for higher power around 
5kW. 

To prevent the coating from catching fire and 
the metal from oxidising, an inert gas should be 
used near the work area. If the gas is blown 
across the work area, the laser optics are also 
kept clean of smoke and spattering paint. In 
practice, for economic reasons, air is used 
instead of an inert gas. 

Although carbon dioxide lasers are used for 
surface hardening, the beam itself is unsuitable 
because the cross-section is not regular, and 
therefore the power density is not uniform. 
Gaussian (single, inverted, half sine wave) and 
low order modes are not suitable because the 
peak is too high even if there are no 
irregularities. 

Single high order modes are better, (Fig.5), 
because the power density is better at the edges 
of the beam and the heat loss is also 
compensated. But it is difficult to maintail) a 
good quality higher order mode over extended 
periods. 

It is impossible to obtain contoured (parallels, 
spirals, etc) tracks when the beam is not 
symmetrical. Two tricks can be employed. The 
beam may be rotated or rocked, (Fig.6), using 
lenses or mirrors. 
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Fig. 6. Producing uniform tracks 

Alternatively the beam may be moved 
linearly but the optics made sophisticated 
enough to adjust the cross section. The Spawr 
Optical Company produced a mirror with thirty­
two segments to provide such a correction. 
Another method uses hollow copper tubes which 
are highly polished. The beam enters at one end 
of the tube and the corrected beam leaves by the 
other. 

DRILLING 

The neodymium laser is used to drill holes in 
ruby jewels for the watch industry. Since the 
laser can focus down to about 1 Onm, any size of 
hole can be drilled, down to a minimum size of 
lOnm. By contrast, metal drill bits can drill 
holes down to 250nm only. One of the main 
limitations of metal bits being the drill pressing 
the bit again3t the work piece, which results in a 
broken drill bit. The laser has no such limitation. 

WELDING 

In the micro-electronics industry it may be 
necessary to solder wires inside a glass 
enclosure and, whereas a soldering iron would 
be useless, lasers can be employed quite easily. 
Similarly, in areas where heat from a soldering 
iron would be a hazard to neighbouring 
components, a laser can be usefully employed. 

In general the advantages of using a laser for 
welding are: 

1 Greater speed than other techniques 
2 Possible to weld in inaccessible areas 
3 Minimum heat generated in welding area 
4 Narrow weld seam 
5 Easy to weld metals which are difficult to 

weld by other processes, particularly dissimilar 
metals 

6 Good strength weld seams 
7 Easy to automate the process 
The main disadvantages are the high capital 

cost of lasers though this is offset by a good 
weld and low maintenance cost to the 
machinery. In hardenable materials, hard welds 
are a problem since it could lead to cracking due 
to rapid cooling. 

Both continuous wave as well as pulse 
welding can be used and each has its 
applications. 

CONTINUOUS WAVE 
WELDING 

Continuous wave welding employs carbon 
dioxide lasers around 500W. Between 300W and 

500W a phenomenon called keyholing begins. 
Melting is predominantly due to conducting up 
to lkW and keyholing above lkW. 

The pressure of the vapour on the molten 
material becomes sufficient to push the molten 
metal away to form a hole, (Fig.7). When the 
beam has passed, the molten metal flows back. 
The normal weld depth is about lmm but the 
keyholing phenomenon allows weld depths of 
several centimetres. 

An interesting thing happens when a 5kW 
laser and 2.5kW laser are used to produce a 
5.5mm deep weld. With the 2.5kW laser, the 
metal was too hot to touch after it had been 
welded. Using the 5kW at twice the traversing 
speed of the 2.5kW laser, the metal could be 
touched immediately after welding. 

The welding efficiency is defined as the ratio 
of energy to melt the material to the total energy 
supplied to the laser. 

A cover gas is usually employed coaxial with 
the beam by means of a trailing cup, (Fig.8). 
The common gases used are helium, argon and 
nitrogen. Argon is the best cover against 
oxidisation because of its high atomic mass. 

BEAM ,......,.___, 
I I I 
I I I 

MOLTEN ,,,_DIRECTION 
METAL--... 1 1 1 OF TRAVEL 

------~ 

Fig. 7. Keyholing. 

However, this very advantage results in a 
disadvantage since the gas interacts with the 
metal vapour plasma causing more laser energy 
to be lost in the plasma than with helium for 
instance. This results in metal penetration depths 
which are lower with nitrogen and argon than 
with helium. 

Nevertheless, the overall advantage of a 
cover gas in preventing oxidisation and 
atmospheric pollution outweigh the 
disadvantages, and the cover gas is introduced 
both before and after the weld as in Fig.8. A 
cover gas is particularly essential for oxidisable 
materials like aluminium. 

The cover gas also protects the laser optics 
from grit. If, in the welding process, the metal is 
penetrated completely, a cover gas is required 
for the underside as well. 

Fig. 8. Trailing cup. 

J ''L I I 
I 

I I .,_HELIUM 
I 
I' I 

HELIUM_. ,:, 
't 

PULSE WELDING 

Most pulse welding is done with 
neodymium-YAG and neodymium-glass lasers. 
The neodymium-glass laser is used for low 
repetition spot welding of small parts like wires 
to terminals in electronic circuits. The 
neodymium-YAG is more suitable for high 
speed spot welding. 

Although the carbon dioxide laser can be 
used for spot welding of small parts as in 
microwelds, it is more often used for welding 
larger parts. Multi-kilowatt lasers emitting 
pulses of a few tenths of a second can achieve 
spot welds of several millimetres in diameter 
and up to a few millimetres deep. 

CUTTING 

Since gas lasers are more monochromatic 
than solid lasers they provide more power. 
Carbon dioxide lasers can cut aluminium for a 
third of the cost of conventional methods in the 
aircraft industry. The cover gas used is oxygen, 
with oxidisable materials, which not only bums 
the swarf but improves the cutting speed, 
(Fig.9). 

Fig. 9. Cutting oxidisable materials. 

SHEET METAL 

Industrial laser cutting is by both continuous 
wave and pulsed carbon dioxide lasers as well 
as high repetition neodymium-YAG lasers. 
Pulsed laser cutting plays a large part in the 
manufacture of aircraft engine parts. Both 
carbon dioxide and neodymium-YAG lasers are 
used for cutting and drilling turbine blades as 
well as combustion parts for the engine. 

Superalloy materials like Waspalloy and 
Hastalloy-X are difficult to machine and the 
conventional methods of cutting and drilling 
them were by electrochemical machining 
(ECM) and electrical discharge machining 
(EDM). 

A laser of low average power may not have 
sufficient energy for cutting but when pulsed 
may do the job quite adequately. For instance 
thick film resistors may be cut with a 
neodymium-YAG laser with a continuous 
power of only a few watts. When pulsed at a 
high repetition rate, not only is the thick film 
cut, but the laser power can be controlled to 
vary the resistance of the material being cut. 

There are other good reasons for using 
pulsed lasers. Microcracking at the cut edges 
can be reduced by reducing the heat affected 
zone by suing pulsed lasers. 
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Fig. 10. Cross section of kerf. 

In general the advantages of laser cutting 
are: 

1. Absence of tool contact with the 
material 

2. Ability to reach areas inaccessible to 
mechanical tools 

3. Easily cut low machinability materials 
like superalloys 

4. Easily automated process 
5. Higher cutting speed than mechanical 

tools 
6. Narrow cut (kert) 
7. Small heat affected zone 

The main disadvantage is the high capital 
cost. For instance three dimensional 
contouring costs, not three times the cost of a 
basic laser, but ten times the basic cost. 

The cross section of a kerf is shown in 
Fig.lO. When cutting metal the beam is 
usually focused at the surface but for 
materials that are thick and non metallic, best 
results are obtained when the beam is focused 
below the surface. 

Straight sided cuts can be achieved in thick 
materials because of the light guiding 
properties of the sides which cause multiple 
reflections. 

MANUFACTURE OF 
SEMICONDUCTOR LASERS 

The old method of growing laser crystals was 
to diffuse donor and acceptor impurities into a 
substrate, which was really the old method of 
manufacturing transistors. 

The present method of growing laser crystals 
is the same as the modern method of 
manufacturing transistors, which is liquid phase 
epitaxy. In this process aluminium and gallium 
are placed in a crucible with a piece of gallium 
arsenide on top. 

The gallium arsenide is called the source 
crystal and if the temperature is raised to 800°C, 
part of the source crystal dissolves into the 
aluminium and gallium. A weight is placed on 
top of the source crystal to assist this process. 

The temperature is then dropped to 980°C 
which upsets the concentration of the melt and a 
film of gallium aluminium arsenide is deposited 
on the source crystal. Using this process layers 
of gallium aluminium arsenide and gallium 
arsenide are built up to give the required 
semiconductor. 

SUMMARY 

Lasers operate in the ultraviolet to infrared 
(0.1 !liD to 1000!-Lm) and have enormous 
bandwidths compared to radio frequency 
carriers. Lasers can be operated continuous 
wave or pulsed providing energies from 
microwatts to kilowatts. 

Lasers display a high degree of chromaticity 
compared to ordinary light sources. This is 
because of their good spatial and temporal 
coherence. The types of laser discussed were the 
helium-neon, ruby, carbon dioxide, dye, 
neodymium-YAG and semiconductor lasers to 
work on materials like metal, wood, plastic, 
paper, cloth and jewels. 

Lasers operate by stimulated emission as 
two, three or four level systems, the wavelength 
of light emitted depending on the length of the 
forbidden gap between valence and conduction 
bands. This gap can be altered slightly by 

doping the host material. 
The process of raising electrons to the higher 

energy levels is called population inversion and 
three !eye! systems require more energy than 
four level systems since the whole population 
needs to be inverted. Methods of pumping to 
achieve population inversion include gas 
discharge and physical collision of atoms. 

Carbon monoxide lasers are much more 
efficient than carbon dioxide but since they are 
toxic and corrosive, they are not used in high 
power applications. 

Various applications of lasers were explored 
which included cutting, welding, drilling, 
scribing, marking, spectroscopy, 
photochemistry, pollution detection and control, 
holography, eye surgery, alignment, 
interferometry, surface hardening, machining, 
entertainment, communications. 

For time keeping the ammonia maser has 
been replaced by rubidium and caesium atomic 
clocks. 

Methods of producing short, high energy 
pulses include Q switching, cavity dumping and 
mode locking. The methods of interruption are 
rotating mirrors and mechanical choppers, 
acoustic optic modulators and Pockels and Kerr 
cells. 

The semiconductor laser was examined in 
detail to reveal how large optical cavities with 
stripe geometry act as waveguides. It was noted 
that the light emitting diode has a linear 
characteristic whereas the laser has a non-linear 
characteristic. 

Modes were explained and the techniques of 
producing single frequencies by coupled 
cavities, frequency selective feedback, injection 
locking and controlling the geometry were 
examined. Finally the manufacture of 
semiconductor lasers was explained. 

There is no doubt that lasers will continue to 
be refined and used even more widely in the 
21st century. Methods of providing purer 
frequencies at higher output powers will be 
pursued vigorously by researchers. 

Spindler and Hoyer UK Ltd, who kindly 
supplied the photos for this series. are at 14 
Tonbridge Chambers, Pembury Road, Tonbridge, 
Kent TN9 2HZ. Tel 0732 770800. 

TUTORKIT MICROELECTRONICS TUTORS 
Logic Tutors Prices from 

OP Amp Tutors 
I.C. Patchboards 
GCSE Units 
Computer Interfaces 

TUTORKIT PRODUCTS 
(Div of Limrose Electronics Ltd) 
Llay Industrial Estate 
Wrexham, Clwyd, U.K. 
LL 12 OTU. Tel 0978 852285 Overseas distributors wanted 

PRACTICAL ELECTRONICS JANUARY 1991 

*used by hundreds of schools 
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802 

809 

BD13 

BD22 
8030 

BD32 

BD42 

BD45 

BD49 

8056 

BD67 

ONE POUND PACKS 
All packs are £1 each Note the figure on the extreme left of the 
pack ref number and the next figure is the quantity of items in the 
pacK, finally a short description. 

5 13A spurs provide a fused outlet to a ring main where 
devices such as a clock must not be swttched off. 
2 6V fA mains transformers upright mounting wtth fixing 
clamps. 
12 30 watt reed swttches, tt's surprising what you can make 
with these -burglar alarms, secret swttches, relay, etc., etc. 
2 25 watt loudspeaker two untt crossovers. 
2 Nicad constant current chargers adapt to charge almost 
any nicad battery. 
2 Humid!y swttches, as the air becomes damper the 
membrane stretches and operates a microswttch. 
5 13A rocker swttch three tags so on/off, or change over wtth 
centre off. 
1 24hr time swttch, ex-Eiectrictty Board, automatically adjust 
tor lengthening and shortening day, original cost £40 each. 
5 Neon valves, wtth series resistor, these make good night 
lights. 
1 Mini uniselector, one use is for an electric Jigsaw puzzle, 
we give circu! diagram for this. One pulse into motor, moves 
sw!ch through one pole. 
1 Suck or blow operated pressure sw!ch, or tt can be 
operated by any low pressure variation such as water level in 
water tanks. 

BD103A 1 6V 750mA power supply, nicely cased w!h mains input 
and 6V output leads. 

BD120 

BD128 

BD132 

BD134 

BD137 
BD139 

BD148 

B0149 

BD180 
B0193 

B0199 

8D201 

BD211 

BD221 

8D252 

B0259 

BD263 

BD268 

B0305 
BD653 

2 Stripper boards, each contains a 400V 2A bridge rectrrier 
and 14 other diodes and rectrriers as well as dozens ot 
condensers, etc. 
10 Very fine drills for pcb boards etc. Normal cost about SOp 
each. 
2 Plastic boxes approx 3in cube w!h square hole through top 
so ideal for interrupted beam switch. 
10 Motors tor model aeroplanes, spin to start so needs no 
SWITCh. 

6.5" 4 Ohm speaker, 10 Watt rating 
6 Microphone inserts- magnetic 400 ohm also act as 
speakers. 
4 Reed relay krts, you get 16 reed swrtches and 4 coil sets 
VJith notes on making c/o relays and ot1er gadgets. 
6 Safety cover for 13A sockets -prevent those inquisiTive 
little fingers getting nasty shocks. 
6 Neon indicators in panel mounting holders with lens. 
6 5 amp 3 pin flush mounting sockets make a low cost disco 
panel. 
1 Mains solenoid, very powertul, has 1 n pull or could push IT 
modiTied. 
8 Keyboard sw!ches- made for computers but have many 
other applications. 
1 Electric clock, mains operated, put tr.is in a box and you 
need never be late. 
5 12V alarms, make a noise about as loud as a car horn. 
Slightly soiled but OK. 
1 Panostat, controls output of boiling r<>g from simmer up 
boil. 
50 Leads wtth push-on 1i4in tags- a must for hook-ups-
mains connections etc. 
2 Oblong push switches for bell or chimes, these can mains 
up to 5 amps so could be foot sw!ch IT fitted into pattress. 
1 Mini 1 watt amp for record player. WRI also change speed 
of record player motor. 
1 Tubular dynamic mic w!h optional table rest. 
2 Miniature driver transformers. Ref. LT44, 20k to fk centre 
tapped. 

BD548 2 3.5V relays each w!h 2 pairs changeover contacts. 
BD667 2 4.7 uf non-polarised block capaciTors, pcb mounting. 
There are over 1,000 items in our One Pound Pack List \f you want a 
complete copy please request this when ordering. 
GEIGER COUNTER KIT includes tube, PCB and all components to make 
a 9V counter £39. Ref 39p1 
PERSONAL STEREOS Again customer returns but complete and w!h 
stereo head phones a bargain at only £3.00 each. Our ref 3P83. 
MAINS OPERATED MICROWAVE CONTROL PANEL with Touch 
sw!ches. This unrt has a 4 digtt display w!h a bu:tt in clock and 2 relay 
outputs - one for power and 1 for pulsed power level. Could be used for 
all sorts of timer control applications. Only £6.00. Our ref 6P18. 
EQUIPMENT WALL MOUNT Muiiangle for speakers etc. £3 each ref 
3P72. 
SUB-MIN TOGGLE SWITCH Body size Smm x 4mm x 7mm SBDT w!h 
chrome dolly fixing nuts. 3 for £1. Order ref BD649. 
COPPER CLAD PANEL for making PCB. Size approx 12in long x 8.5in 
wide. Double-sided on fibreglass middle which is quite thick (about 
1/16in) so this would support quite heavy components and could even 
form a chassis to hold a mains transformer, etc. Price £1 each. Our ref 
BD683. 
MAINS FANS Brand new, snail type. Approx. 6" x 4" approx. 70W only 
£5.00. Ref. 5P166. 
REAL POWER AMPLIFIER for your car, it has 150 watts output 
Frequency response 20hz to 20Khz and signal to noise ratio better than 
60dB. Has buil in short circu! protection and adjustable input level to su! 
your existing car stereo, so needs no pre-amp. Works into speakers ref. 
30P7 described below. A real bargain at only £57.50. Order ref: 57P1. 

POWERFUL IONISER 
Generates approx. 10 times more IONS than the ET1 and similar 
circutts. Will refresh your home, office, workroom etc. Makes you feel 
better and work harder- a complete mains operated ktt, case included 
£18.00 + £2 p&p. Our ref 18P2. 

REAL POWER CAR SPEAKERS. Stereo pair output 100W each. 4-0hm 
impedence and consisting of 6.5in woofer, 2in mid range and tin tweeter. 
Ideal to work w!h the amplrrier described above. Price per pair £30.00. 
Order ref: 30P7. 
VIDEO TAPES These are three hour tapes of superior quality, made 
under licence from the famous JVC Company. Offered at only £3 each. 
Our ref 3P63. Or 5 for £11. Our ref 11P3. Or for the really big user 10 for 
£20. Our ref 20P20. 
ELECTRONIC SPACESHIP. Sound and 1mpact controlled, responds to 
claps and shouts and reverses when it hits anything. Kits with really 
detailed instructions. Ideal present for budding young electrician. A 
youngster should be able to assemble but you may have to help wtth the 
soldering of the components on the pcb. Complete kit £10. Our ref. 
10P81. 
COMPOSITE VIDEO KITS. These convert compostte video into separate 
H sync, V sync and video. Price £8.00. Our ref 8P39. 

12" HIGH RESOLUTION MONITOR Amber screen, beautifully 
cased for free standing, needs only a 12v 1.5 amp supply. 
Technical data IS on its way but we understand these are TTL 
input. Brand new in makers' cartons. Price: £22.00 
Order ref: 22P2. 

3.5in FLOPPY DRIVES We still have two models in stock: Single sided, 
80 track, by Chinon. This is in the manufacturers metal case wih leads 
and IDC connectors. Price £40, reference 40P1. Also a double sided, 80 
track, by NEC. This is uncased. Price £60, reference 60P2. Both are 
brand new. Insured delivery £3 on each or both. 
YUASHA LEAD ACID BATTERIES 6V lOA. Superb Value at only £9.00 
REF 9PRH or 2 for £15.00 ref 15P37. 
VERY POWERFUL 12 VOLT MOTORS. 1/3rd Horsepower. Made to drive 
the Sinclair C5 electric car but adaptable to power a go-kart, a mower, a rail 
car, model railway, etc. Brand new. Price £20 + £2 postage. Our ref. 20P22. 

SINCLAIR C5 WHEELS. Set of 4 wheels wih inner tubes and tyres. 2 
13" dia. front wheels and 2 16" dia. rear wheels. Brand new, £6 each, 
13" Ref 6P10, 16" Ref 16P11. 

C5 GEARED MOTOR, 800 RPM. £40.00. 
ELECTRONIC SPEED CONTROL KIT Suitable for controlling our 
powertul12v motors. Price £17.00. Ref. 17P3 (heatsink required). 
ORGAN MASTER is a three octave musical keyboard. lt is beautifully 
made, has full size (piano size) keys, has gold plated contacts and is 
complete wtth ribbon caole and edge connector. Can be used w!h many 
computers, request information sheet. Brand new, on!y £15 p!us £3 
postage. Our ref 15Pt5. 

PHILIPS LAStR 
This is helium-neon and has a power rating of 2mW. Completely safe 
as long as you do not look directly into the beam when eye damage 
could resui. Brand new, full spec. £35 plus £3 insured delivery. Mains 
operated power supply for this tube gives 8kv striking and 1.25kv at 
5mA running. Complete ktt wtth case £15 

SOLDtR 
22-fwg 60/40 resin cored solder 1/2 kg reel Top qualiy. £4.00 
Ref 4P70 

HIGH RESOLUTION MONITOR. 9in black and wh!e, used Philips tube 
M24/306W. Made up in a lacquered frame and has open sides. Made for 
use wih OPD computer but suiable for most others. Brand new. £20 plus 
£5 post Our ref 20P26. 
12 VOLT BRUSHLESS FAN. Japanese made. The popular square shape 
(4.5in x 4.5in x 1.75in). The electronically run fans not only consume very 
liTtle current but also they do not cause interterence as the brush type 
motors do. Ideal for cooling computers, etc., or for a caravan. £8 each. 
Our ref 8P26. 
MINI MONO AMP on p.c.b. size 4in x 21n (app.) 
Fitted Volume control and a hole for a tone control should you require it. 
The amplifier has three transistors and we estimate the output to be 3W 
rms. More technical data will be included wih amp. Brand new, pertect 
condttion, offered at the very low price of £1.15 each, or 13 for £12.00. 
JOYSTICKS for BBC, Atari, Dragon Commodore, etc. All £5.00 each. All 
brand new, state which required. 
SUB-M IN PUSH SWITCHES Not much bigger than a plastic transistor 
but double pole PCB mounting. 3 for £1.00. Our ref BD688. 
AA CELLS Probably the most popular of the rechargeable NICAD types. 
4 for £4.00. Our ref. 4P44. 
20 WATT 4 OHM SPEAKER W!h bull in tweeter. Really well made untt 
which has the power and the quality for hiTi 6.5in dia. Price £5.00. Our ref: 
5P155 or 10 for £40.00 ref. 40P7. 
MINI RADIO MODULE Only 2in square wtth ferr!e aerial and solid dia 
tuner wrth own knob. lt is superhet and operates from a PP3 battery and 
would drive a crystal headphone. Price £1.00. Our ref. BD716. 
BULGIN MAINS PLUG AND SOCKET The old and faithful 3 pin with 
screw terminals. The plug is panel mounted and the socket is cable 
mounted. 2 pairs for £1.00 or 4 plugs or 4 sockets for £1.00. Our ref. 
POPULAR ITEMS -MANY NEW THIS MONTHBD715, BD715P, or 
BD715S. 

POPULAR ITEMS- MANY NEW THIS MONTH 
MICROPHONE Low cost hand held dynamic microphone with on/off 
switch in handle. Lead terminates in 1 3.5mm and 1.25mm plug. Only 
£1.00. Ref. BD711. 
MOSFETS FOR POWER AMPLIFIERS AND HIGH CURRENT DEVICES 
140v tOOwatt pair made by HlachL Also available in H pack Ref 2SJ99 
and 2SK343 £4.00 a pair. Ref 4P5t 
TIME AND TEMPERATURE LCD MODULE A 12 hour clock a Celsius 
and FahrenheiT thermometer a too hot alarm and a too cold alarm. Approx 

50x20mm wtth 12.7mm digtts. Requires fAA battery and a few swttches. 
Comes wrrh full data and diagram. Price £9.00. Our ref. 9P5. 
REMOTE TEMPERATURE PROBE FOR ABOVE. £3.00. Our ref. 3P60. 
25 WATT STEREO AMPLIFIER IC STK043. With the addition of a 
handful of components you can build a 25 watt stereo amplrr1er. Suppned 
wtth a circu! diagram. £4.00 REF 4P69. 
600 WATT AIR OR LIQUID MAINS HEATER Small coil heater made for 
heating air or liquids. Will not corrode, lasts for years. Coil size 3in x 2in 
mounted on a metal plate for easy fixing. 4in dia. Price £3.00. Ref. 3P78 
or 4 for £t0.0. Our ref. 10P76. 
EX-EQUIPMENT SWITCHED MODE POWER SUPPLIES Various makes 
and specs but generally +·5, +· 12V ideal bench supply. Only £8.00. Our 
ref 8P36. 
ACORN DATA RECORDER Made for the Electron or BBC computer but 
suttable for others. Includes mains adaptor. leads and book. £12.00. Ref 
12Pt5. 
NEW PIR SENSORS Infra red movement sensors will swlch up to 10001'1 
mains, UK made, 12 month manufacturers warranty, 15-20m range wlh a 
0- 10min timer, adjustable wall bracket. Only £25.00. Ref 25P16. 
MAINS FANS BOmm square silent mains fans ideal for equipment cooling 
where space is at a premium. They give qutte a good draught and use 
about 12 watts. £9.00 ref 9P10. 
10 MEMORY PUSHBUTTON TELEPHONES These are customer returns 
and sold as seen. They are complete and may need slight attention. Price 
£6.00 Ref 6P16 or 2 for £10.00 Ref 10P77 BT approved. 
MINIATURE DOT MATRIX PRINTERS. These are 24 column 5v and 
similar to the one sold by Radio Spares for £46.00. You can have one for 
£10 ref 10P92. 
MYLAR CONE SPEAKERS. These 85mm square 35ohm 2 watt 
speakers are ideal for outside use as they are virtually waterproof. £1.00 
each ref BD903 
BBC JOYSTICK INTERFACE Converts a BBC joystick port to an Atari 
type port Price £2.00. Our ref. 2P261. 
TELEPHONE EXTENSION ~EAD 5m phone extension lead wtth plug on 
one end, socket on the other. White. Price £3.00. Our ref. 3P70 or 10 
leads for only £19.00! Ref. t9P2. 
LCD DISPLAY 4.5in digits supplied with connection data £3.00. Ref. 
3P77 or 5 for £10. Ref. 10P78. 
CROSS OVER NETWORK 8 Ohm 3 way for tweeter midrange and 
woofer nicely cased wlh connections marked. Only £2.00. Our ref. 2P255 
or 10 for £15.00. Ref. 15P32. 
BASE STATION MICROPHONE Top quality uni-directional electret 
condenser mic 600r impedence senslivtty 16-18KHz - 68db buil in chime 
complete wrrh mic stand bracket £15.00. Ref. 15P28. 
MICROPHONE STAND Very heavy chromed mic stand, magnetic base 
4in high. £3.00 if ordered with above mic. Our ref. 3P80. 
SOLAR POWERED NICAD CHARGER 4 Nicad AA battery charger. 
Charges 4 batteries in 8 hours. Price £6.00. Our ref. 6P3. 
MAINS SCLDERING IRON "rice £3.00. Our ref. 3P65 
SOLDERING IRON STAND Price £3.00. Our ref. 3P66. 
CAR IONIZER KIT Improve the air in your car, clears smoke and helps 
prevent fatigue. Case req. Price £12 00. Our ref. 12P8 
NEW FM BUG KIT New design w!h PCB embedded cod 9v operatK>1 
Priced at £5.00. Our ref. 5P158. 
NEW PANEL METERS 50UA movement wih three different scales that 
are brought nto view wtth a lever. Price only £3.00. Ref. 3P81 
STROBE LIGHTS Fi a standard edison screw light fitting 240V 40 min 
flash rate available in yellow, green. Complete with socket. Price £10 
each. Ref. tOP80 (state colour required). 
METAL PROJECT BOX Ideal for battery charger, power supply etc 
Sprayed grey size Sin x 4in x 4.5in. Louvred for ventilation. Price £3.00 
Ref. 3P75. 
TV SOUND DECODER Nicely cased, mains powered w!h S chaflfl€1s 
Will drive a small speaker directly or could be fed into HiFi system etc. 
£12.00 each. Ret 12P22. 
2KV 500 WATT MAINS TRANSFORMER Suitable for high 
vo~ageexperiments or as a spare for a microwave oven etc. £10.00 Ref 
10P93. 
STC SWITCHED MODE POWER SUPPLY 220V or 110V operation 
giving 5V at 2A+24 at 0.25A +f2 at 0.15A and +90V at 0.4A. £12.00 
each, Ref 12P27. 
PC STYLE CASES 18" x 18" x 6" Complete wlh fan and grill illuminated 
power swttch and IEC filered power input plug. Priced at only £15.00, Ref 
15P38. 
PC POWER SUPPLIES Brand new wtth in-buii fan and power swich on 
the back +5-5+ 12 -12 150 Watt made by Aztec £25.00 each, Ref 25P18. 
BOSCHERT SWITCHED MODE POWER SUPPLIES +5 at 15A, + 12 at 
2A +24 at 2A 220V or 110V 1nput. Brand new and guaranteed. Retarl 
price is £180! Ours £20. Ref 20P30. 
BUSH RADIO MIDI SFEAKERS Pair of 4 ohm nicely cased 
loudspeakers approx 14" hgh complete wtth speaker leads and plugs. 
Price for a pair is £5.00. Ref. 5P141 
MAGNETIC CARD READ:ORS These units contain a magnetic card 
reader, TWO matrix printer assemblies, electronic counter, motors, 
speaker, lots of optical sensors and lots of electronics components. 
£12.00 each. Ref. 12P28. 
MODEMS Brand new units made by GEC they appear to be dial up, 
microprocessor controlled, auto answer, auto speed sensing, mains 
powered and cased. We do not have any data on these units so we are 
unable to offer any assistance with these untts. £16.00 each. Ref. 16P6. 
AZTEC SWITCHED MODE POWER SUPPLIES Cased power supplies 
wih on/off switch and IEC input plug. Case size 180mm x 135mm x 
65mm. 220V in. 5V at 3.75A, + 12V at 1.5A, -t2V at 0.4A. £12.00 each. 
REF 12P30 
PERSONAL STEREOS WITH FM RADIOS Customer returned unis wlh 
stereo cassette, FM Radio andstereo headphone. £6. REF 6P34 

BULL tLtCTRICAL 
Dept. PE 250 PORTLAND ROAD, HOVE, 

BRIGHTON, SUSSEX BN3 50l 
MAIL ORDER TERMS: Cash, PO or cheque wtth order. Please add £2.50 
service charge. Monthly account orders accepted from schools and pubic 
companies. Access and B/Card orders accepted - minimum £5. Phone 
(0273) 203500.Fax: (0273) 20377. 

1990 CATALOGUE NOW AVAILABLE. PLEASE SEND 6" X 9" SAE 
FOR FREE COPY! 



eader Jeff Dandy wrote to me 
recently asking if I could offer 
advice on a small problem he had. 

His letter is quoted on this month's Track 
Feedback page. To summarise, he is as much 
interested in aeromodelling as he is in 
electronics, and wanted to build a tachometer 
that responds to the rotations of multi-bladed 
fans concealed within his models. He had 
figured out how he could shine a light through 
the fan duct and then use a light sensor at the 
other end to produce pulses as each blade cuts 
through the light beam. However, Jeff needed 
advice on converting the pulses to an 
equivalent engine rev count shown digitally 
on a liquid crystal display. He was also 
interested in knowing a bit more about lcds. 

As chance would have it, I was at that time 
designing a circuit which used an led and a 
counter chip for its readout display. It was a 
simple matter to slightly modify my circuit by 
adding a few chips to produce a circuit to suit 
Jeff, especially since I now use Easy-PC pcb 
cad software. For the benefit of the rest of 
you, the following is that circuit. 
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Inspired by a 
reader•s query John 

Seeker offers a 
simple solution to 
keeping count of 

multi-bladed 
revolutions and 

other chopped-up 
data sources. 

was until only a few years ago expressed as 
cycles-per-second (cps). Let's assume, therefore, 
that Jeff's fan has only one blade (unlikely, but 
I'll come to multiple blades in moment). What Fig. 2. 4-digit led module pinouts. 

(! --

LCD REV COUNTER 
FREQUENCY CONVERSION 

Jeff had thought of converting the pulses to an 
analogue voltage and then to convert that to a 
form suitable for outputting to an led. That's 
certainly one way in which it could be done. But 
there is simpler technique that makes direct use 
of the pulses without an intermediate frequency 
to voltage conversion stage. 

Consider what it is that defines frequency: it's 
the number of complete cycles that occurs within 
a given period of time, conventionally taken as 
one second. Indeed, although we now use the 
term Hertz (Hz) as the unit of frequency, the unit 

we need to know is the number of times the blade 
shuts off the light during one second. Basically, 
the answer is simple: use a timer which allows 
pulses to be counted only for exactly one second. 
Then read out the counter status on an led. 

In reality, we probably need to constantly 
sample the bladed pulses, so allowing for 
variations in rotation speed to be repeatedly 
monitored. It is preferable, too, that the display 
should only show the final count at the end of 
each timed period and not to show the 
intermediate count values. The control logic 
sequence then becomes: reset the counter to zero, 
start counter, stop counter, update readout 
display, reset and repeat. 

Hi!!iK 

Although we can go out and buy units which 
have the necessary circuitry for direct frequency 
display, our object here is to design our own 
circuit. I make one concession to embedded 
circuit sophistication, though, by using a chip 
which acts both as the counter and as the display 
driver. That chip is the ICM7224 which can 
control a four and half digit led. It is shown as 
IC4 in Fig.!. 

The chip has three inputs which concern us 
here, Count, Store and Reset. With Reset held 
high, IC4 will successively count each pulse 
received on its Count input. The count status 
will be seen incrementing on the led display 
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Fig. 3.1cd 
driver­
counter 
type 
ICM7224. 

only if the Store input is held low. If it's held 
high, the count will proceed within IC4, but will 
not be seen on the led, which will continue to 
show the count reached when Store was last 
high. The counter is reset by taking Reset low. 

The oscillator formed around the Schmitt 
trigger inverter ICla sets the basic timing 
period. The oscillator's frequency is governed 
by the values of Cl, and the total value of VRI 
and RI in series. For this circuit, the sampling 
rate is set for 1Hz. Each time the output of ICla 
goes high a pulse is sent across the network of 
C2, R2 and Dl to the next inverter IC I b. Its 
negative-going output causes IC4 to transfer its 

Fig. 4. PCB component and track layouts. 

count data to its output latches, which in turn 
cause the led to display the equivalent count 
number. Immediately the pulse ends, so the 
count data remains latched, irrespective of any 
further count pulses being received. 

When the pulse ends, with IClb's output 
returning high, a positive-going pulse is 
generated across the network C3, R3 and D2. 
This is inverted by the two parallel inverters 
IClc and ICld, causing IC4 to be held reset for 
the duration of this second pulse. Once the pulse 
ends, so IC4 will start counting again, from zero. 
The sequence thus causes the led display to 
show the number of count pulses received 
during each period. 

Dl and D2 prevent the pulse forming 
network from producing negative voltages. IClc 
and ICld are used in parallel in order to provide 
the necessary current required by IC4's Reset 
input. 

PULSE DIVISION 

The circuit so far behaves simply as a 
frequency counter, for use with any source 
producing 5V pulses, whether it is a singled 
blade prop rotation detector, or other pulse 
producer. However, Jeff says that his props can 
have varying numbers of blades and that he 
wants to know the rate at which the engine is 
rotating irrespective of the number of blades it 
has. No problem! Just divide the input pulses by 
the same number as the blade count: two blades, 
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divide by two; seven blades, divide by seven: 
255 blades, divide by 255. 

In fact I've restricted the division number to 
128, using a 7-stage ripple counter IC2 plus a 
NAND gate and inverter to perform the division. 
IC2 counts the incoming pulses from the pulse 
source. Its outputs can be switch-selected by any 
or all of SI-SS and routed to the NAND gate 
IC3. Each time IC3 detects the selected binary 
number, its output goes low causing ICle's 
output to go high, so resetting IC2. This same 
output is the pulse source seen by IC4's Count 
input, which consequently only responds to the 
divided pulse rate. All that's needed is to switch 
S 1-SS to the binary number corresponding to the 
number of engine blades and you then have an 
engine rotation counter. S 1 selected on its own 
causes the pulses to bypass the input counter. 
With all switches off, no pulses reach IC4. 

HZ AND RPM 

Some of you will now be saying that engine 
speed should be expressed as revs per minute 
(rpm) not Hertz. Ok, three options then: 
mentally multiply the counter's readout by 60; 
extend the oscillator period to one cycle per 
minute; shorten the oscillator period to l/6th of 
a second and mentally multiply the counter 
display by ten. 

When setting the oscillator rate, remember 
that IC4 will only count following the ending of 
the Reset pulse, and that the display latches are 
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open for the duration of the Store pulse. You can 
experiment with different values for C2, C3, R2 
and R3 in order to reduce the pulse widths to 
their minimum acceptable lengths. 

The pcb for this circuit does not allow for all 
functions of the ICM7224 to be implemented. 
For other applications control options are 
available for blanking leading zeroes of any 
display number; for inhibiting the count; for 
controlling the 'half digit' of a suitable display; 
for chaining one or more 7224s together; for 
varying the led's backplane frequency. The pin 
outs are shown in Fig. 3. The full use of a 7224 
is beyond the scope of this article, but I'll 
comment on Inhibit and Leading Zero: 

To allow the counter to count, Inhibit must 
be held high, as it is in this circuit. Taking it low 
(to OV) stops the counter. Leading zeros are 
displayed in this circuit since Zero In is held 
low, eg with a 4-digit led the number 62 will be 
displayed as 0062. Taking it high (to +5V) 
blanks all leading zeros, thus 62 will appear as 
62. 

LIQUID CRYSTALS 

It may well come as a surprise to you to 
know that liquid crystals were discovered as 
far back as 1888, by the Austrian biologist 
F.Reinitzer. However, it was not until 1963 
that Williams in the USA published the first 
paper on the electro-optic effect of liquid 
crystals. Then, in 1968 Heilmeier and others 
in the USA published details of DS (dynamic 
scattering) and GH (guest-host) type lcds. 
Details the TN (twisted nematic) technique 
were published by Schadt and others in 
Switzerland in 1971. The first commercial 
lcds became available around 1975. 

Whereas most substances change from 
solid to liquid states at a single melting point 
temperature, liquid crystals have two 
transition temperatures. They become an 
opaque liquid at the first temperature, and then 
at the second temperature become a fully 
transparent liquid. Within the temperature 
range, the orientation of the molecules causes 
them to behave as a light polariser. The angle 
of polarisation can be modified by the 
application of a small electric field. If you 
have ever played with two polarising filters 
you will know that by changing their relative 
orientations you can vary the amount of light 
that is allowed to pass through, from 
maximum to nil. In an led, a filter of a fixed 
polarisation is placed in front of the liquid 
crystal, orientated in phase with the crystal's 
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polarisation so that light passes through. When 
a small electric field is applied to the liquid, its 
polarisation phase shifts through 90 degrees, 
so preventing the light from the first filter 
from being passed through. By switching the 
electric field on and off, the crystal appears to 
change from dark to light. In most lcds, a 
second polariser and a reflecting rear surface 
is included so that light falling on the device 
passes through the polarisers, is reflected back 
and again passes through the polarisers before 
reaching our eyes, so enhancing the clarity of 
the display and enabling us to view it from 
above. 

In manufacture, the patterns are created by 
etching a matrix of fine wires into the glass 
surface. These form half of the electrode pair 
required to electrically drive the display. Each 
segment of the pattern is wired independently 
to permit external control of its field. The 
second electrode, though, is common to all 
segments and is controlled via a single 
external connection. It is commonly known as 
the backplane (BP). 

Although it may seem that an led could be 
driven by switching a de voltage on and off 
across the electrodes, in reality, this technique 
could cause the device to fail. For satisfactory 
operation it needs to be driven by a highly 
symmetrical squarewave, usually running at 
between 32Hz and 60Hz. If the oscillator rate 
is less than 30Hz, the display will be seen to 
flicker. If the rate is greater than 60Hz, image 
'ghosting' becomes apparent due to the 
response time of liquid crystal and the 
capacitive effect between segments causing 
them to remain partially active even when 
their control voltage has been removed. Above 
100Hz, current consumption begins to 
increase. Since the ICM7224 has its own built 
in oscillator set within the desired range, you 
do not normally need to concern yourself with 
the control frequency. 

ASSEMBLY 

Provision has been made on the pcb for the 
S l-S8 to be dual-in-line switches. Ordinary 
single pole toggle switches may be used instead, 
mounted directly to the front panel of a box. 
Resistors R4-Rll are eight resistors in a single 
module. Alternatively, you could use individual 
resistors mounted vertically. Dil ic sockets 
should be used for all ics. Since it is unlikely 
that you will be able to obtain a dil socket of the 
right size for the led, I suggest that you use a 

DATA CO>UJECTI OfJ 

PASSJIJRTION LAYERS 

PLA3TI C SEAL 

Fig. 6. Typical 
led structure. 

--
COMPONENTS 

RESISTORS 

Rl-R3 
RMl 

VRl 

lOOk (3 off) 
1 OOk x 8-resistor module (or 
8 x lOOk resistors- R4-Rll) 
220k horizontal skeleton 
preset 

CAPACITORS 

Cl 
C2-C4 

22)1 16V electrolytic 
1 OOn polyester (3 off) 

SEMICONDUCTORS 

Dl,D2 
I Cl 

IC2 
IC3 
IC4 

lN4148 (2 off) 
4584 hex Schmitt trigger 
inverter 
4024 7 -stage ripple counter 
4048 8-input NAND gate 
ICM7224 led driver-counter 

MISCELLANEOUS 

4-digit led module, eg RS 589-272 or 
similar, printed circuit board, 14-pin dil ic 
sockets (3 off), 16-pin dil ic socket, 40-pin 
dil ic sockets (2 off), 8-way dil spst switch 
module (or 8 individual spst switches). 

standard 40-pin dil socket, cutting it into two 
halves, mounting each half separately. Although 
I quote the RS/Electromail code for the led 
module, similar versions are available from 
many suppliers, but check that the pin 
configuration is the same. 

You will need to be extremely precise with 
your soldering of the pcb. Many of the fine 
tracks run between the led and ic pins, and there 
is a danger that careless soldering could cause 
shorts between pins and adjacent tracks. You 
should use a fine tipped iron and fine gauge 
solder. If solder bridging occurs, reapply the 
iron and draw the solder away from the area. I 
have occasionally found that this does not 
always completely clear the problem and that I 
have to use a sharp pointed knife to carefully 
cut and scrape through the solder bridge. In 
extreme circumstances you could alternatively 
cut through the tracks to either side of the 
problem, then remake the connections using 
link wires. Ill 
Fig. 7. Jeff Dandy's opto detector 
circuit. Any npn opto-transistor can 
probably be substituted and optimum 
values for the preset found by 
experimenting. 
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hen Voyager 2 sent back images of 
Triton, Neptune's major satellite, it 
was found - to everyone's surprise 

-that part of the surface was covered with pink 
nitrogen 'snow', and that there were active 
geysers. New studies have confirmed that the 
geysers do indeed erupt. Dark polymers collect 
below the metre-thick surface layer of nitrogen 
ice; when sunlight percolates through, and 
warms the dark material by a greenhouse 
effect, the temperature rise of around four 
degrees increases the pressure by a factor of 
I 0. The result is an eruption which may send a 
plume up to a height of at least eight 
kilometres. The surface temperature of Triton 
is -233 degrees C, and it is emphatically not the 
sort of world which would be expected to show 
activity - and yet the geysers seem certainly to 
exist. 

Pictures coming in from the Hubble Space 
Telescope show that excellent results can still 
be obtained, despite the fault in the main 
mirror. A spectacular view of Saturn has been 
received, and the clearest-ever image of Pluto 
and its satellite Charon. Images of active 
galaxies are also excellent, and Europe's Faint 
Object Camera has been studying the strange 
star R Aquarii, which is highly explosive. It is 
what is termed a symbiotic star, made up of a 
white dwarf with a nearby companion. The 
Hubble picture shows the 'core' of the system, 
with linear filamentary features emanating 
from it- clearly composed of plasma due to an 
explosion; this plasma emerges in streams 
twisted by the force of the outburst, and 
channelled upward and outward by strong 
magnetic fields. The material can be traced out 
to 2500 astronomical units from the core. 

Meanwhile, Earth-based astronomers at the 
La Silla Observatory in Chile have identified 
what is thought to be the furthest known 
normal galaxy, G 0102-190. Its existence had 
been inferred from the presence of absorption 
lines in the spectrum of a quasar which is much 
further away - in the background, so to speak. 
G 0102-190 seems to be at a distance of at least 
10,000 million light-years; its luminosity is 
around twice that of our own Galaxy. 

ASTRONOMY FEATURE 

SPACE 

WATCH 
BY DR PATRICK MOORE CBE 

The IRAS satellite has 
improved our 

knowledge about our 
Galaxy's motion 

through space, and 
the Great Attractor 

theory has had to be 
rejected. 

NO GREAT ATTRACTOR! 

In 1983 IRAS, the Infra-Red Astronomical 
Satellite, was launched successfully, and 
operated for most of the year. At a wavelength 
of 60 microns, over 80,000 galaxies were 
detected, most of them spirals. New studies of 
these. IRAS galaxies have enabled 

astronomers at Queen Mary and Westfield 
College to make a very important discovery 
connected with the motion of our Galaxy in 
space. 

Our Galaxy is a member of a Local Group, 
of which other members include the 
Andromeda Spiral, the Triangulum Spiral and 
the two Magellanic Clouds. It has long been 
known that there is a background radiation 
pervading the observable universe, indicating 
an overall temperature of 3 degrees above 
absolute zero and almost certainly the 
remnant of the Big Bang which took place at 
the moment of creation, between 15,000 
million and 20,000 million years ago. 
Observations, confirmed by the COBE 
satellite launched last year, have shown that 
our Galaxy, together with the rest of the Local 
Group, is moving through this background 
radiation at a velocity of 600 kilometres per 
second, and it has been assumed that we are 
being pulled upon by a huge concentration of 
matter hidden behind the Milky Way the so­
called Great Attractor. 

However, the survey of IRAS galaxies has 
made it possible to work out the amount of 
the pull exerted upon us by the dozen or so 
large clusters of galaxies in the region 
examined, which extends out to 2,000 million 
light-years. Remarkably, the net direction in 
which these galaxies are pulling us agrees 
very well with the direction actually observed. 
Therefore, we can explain the motion of the 
Local Group through the microwave 
background without any need for a super­
massive object, and there is no longer a case 
for the Great Attractor: it does not exist. 

Certainly there ~at deal about the 
distribution of galaxies and clusters of 
galaxies which we do not know, and we may 
hope for important results from future 
satellites such as ISO, the Infra-red Space 
Observatory, due to be launched in 1993. But 
at least we are making progress - even if 
some astronomers will feel rather sad at the 
rejection of the intriguing Great Attractor! 

Ill 

THE DECEM ER SKY 
S ··. 

I • . - .. 
__ _.eve:rat of the bright planets are on view at the end of this year. 

, which reaches opposition early next month, rises 
midnight, and is a brilliant object in Cancer; any small 

telescope will show its yellowish disk, its cloud belts and its four 
major satellites. Mars, only just past opposition, is visible for most of 
the night; it remains in the area of Taurus (the Bull), roughly 
between the two lovely starclusters of the Hyades, round Aldebaran, 
and the Pleiades. Saturn has been almost lost in the evening twilight, 
and Mercury is too close to the Sun to be seen, but by the end of 
December the glorious planet Venus will be an evening object, even 
though it is a long way south of the celestial equator and will be seen 
only briefly after sunset. No doubt it will give rise to the usual 
speculations that it may have been the Star of Bethlehem, but this is 
quite out of the question; Venus is a familiar object, and if the Wise 
Men had been deceived by it they would hardly have been very wise! 

There are no eclipses this month, but there are two meteor 
showers: the Geminids, which reach their maximum on December 
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14, and the Ursids, which peak on the 21st. The Geminids are much 
the more plentiful of the two, and should be favourably seen this 
year, because the Moon will be out of the way. The Moon is at last 
quarter on December 9, new on the 17th, at first quarter on the 25th 
and full on the 31st. It was also full on December 2, so that this 
calendar month has two full moons. 

Orlon is now on view after dark, and will dominate the night sky 
right through until the spring. From the Hunter's Belt, you can find 
Sirius and Aldebaran; Aldebaran is orange-red, but is at present far 
inferior to Mars, which is in the same part of the sky. Capella, in 
Auriga (the Charioteer) is near the zenith or overhead point; Ursa 
Major (the Great Bear) is rather low in the north-east, with theW of 
Cassiopeia high in the north-west. The Square of Pegasus is still on 
view, sinking toward the western horizon. When the sky is really 
dark, look for the Milky Way, which stretches right across the sky; 
unfortunately city-dwellers never seen it to advantage, because of the 
increasing amount of light pollution. 
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iihe feature common to this month's 
circuits is that the prime factor in their 
operation is time. This makes a change, 

since we usually ignore the time element. From 
the practical viewpoint, we consider that the 
action of a circuit takes place instantaneously, 
even though there are obviously delays of the 
order of nanoseconds whenever the state of the 
circuit changes. In essentially time-dependent 
circuits, changes usually occur at slower rates, 
and the exact rate of change is generally 
significant. 

CAPACITORS 

One of the most commonly used components 
for introducing the time element into a circuit is 
the capacitor. As explained in Part 3 (PE, March 
1990), a capacitor is a device for storing electric 
charge. Connected in a suitable circuit, a 
capacitor can be made to charge or discharge at 
a precisely controlled rate. This is how we 
introduce the time element. In Part 3 we 
investigated the charging rate when a current 
flows from a steady voltage source, through a 
resistor, into a capacitor (Fig. 1). This 
combination of resistor and capacitor is referred 
to as an RC network. Starting with the capacitor 
discharged, the voltage across the capacitor rises 
rapidly at first, the rate gradually decreasing as 
the capacitor becomes fully charged. The time 

Part 13. 
Owen Bishop 

discusses time and 
frequency, with 

particular regard to 
audio and other 

analogue circuits. 
taken to charge is directly proportional to the 
resistance R and the capacitance C. We define 
the time constant of the RC network as the 
product of R and C: 

t=RC 
In this equation, t is in seconds, R is in ohms 

and C is in farads. 
Theory shows that t is the time in which a 

discharged capacitor in a circuit such as that in 
Fig. 1, charges to 63% of the input voltage. 
When a fully-charged capacitor is discharged, t 
is the time taken for the voltage to fall to 37% of 
the input voltage (Fig 2). 

When a current passes through a resistor 
(Fig. 3) a voltage develops across it, according 
to the 'Ohm's Law' equation, V= IR. Similarly, 

when a capacitor is charging or discharging, 
there is a voltage across it. In this way it has the 
same effect in the circuit as a resistor, except 
that the voltage varies with time. 

EFFECT OF ALTERNATING 
VOLTAGE 

Since charging does not occur 
instantaneously, but proceeds at a predetermined 
rate, it is interesting to look at what happens 
when the voltage applied to the network is itself 
regularly changing, or alternating. In Fig. 4 we 
show the RC network connected across an 
alternating voltage source. The source could be 
the output from an audio signal generator, 
producing a sine-wave signal at, say, 1000Hz. 
To fully explain what happens we should treat 
the subject mathematically, but here we will 
attempt to describe the effects with the 
minimum of mathematics. 

Although no current actually flows through 
it, a capacitor has the ability to control the 
amount of current flowing in a circuit. As 
explained above, it acts like a varying resistor. 
Fig. 5 repeats the voltage curve of Fig. 1 and 
also shows the current flowing to the capacitor 
as it charges. At first, the current is high, but it 
gradually dwindles to zero as the capacitor 
becomes fully charged. In Fig. 5, the 'resistance' 
is increasing with time. If an alternating voltage 
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Fig. 1 (above) Charging a capacitor. 
Fig. 2 (below) Charging and discharging curves for 
an RC network. 
Fig. 3 (above centre). Voltages across the resistor 
and capacitor in an RC network. 
Fig. 4 (right) Applying an AC signal to an RC 
network. 
Fig. 5 (far right). Voltage and current in a charging 
capacitor. 
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is applied to a capacitor so that, before the 
capacitor is fully charged, it begins to discharge 
again, the current flowing in or out of the 
capacitor alternates too. Here we skip the 
mathematics and show only the result (Fig. 6). 
An increase of current flowing into the capacitor 
leads to an increase in voltage. The current 
varies with the same frequency as the voltage 
but it is out of phase. 

ROOT MEAN SQUARE 

It is of interest to know the average current 
flowing into or out of the capacitor. We 
approximate to this by noting the current at 
regular intervals during a single cycle and 
averaging the readings. (Fig. 7). The first two 
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Fig. 6. Changes in 
voltage across the 
capacitor when an 
alternating current is 
supplied to an RC 
network. 
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OR 
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+ 
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Fig. 7 (below). 
Calculating the 
average current. 

3 
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columns of Table 1 show the results. Since 
current flows both ways and the waveform is 
symmetrical, the average current is zero. This is 
not a useful answer! A better way of reckoning 
the average current is first to square it, which 
gets rid of the minus signs, then to work out the 
mean of the squares and take the square root of 
this. This gives us the root mean square current, 
often known as the rms current. We can do the 
same thing with the varying voltage and obtain 
calculation, since there is a fixed relationship 
between rms current and the peak current: 

rms current = I = Ipeak/.Y2 
Similarly, rms voltage = V = Vpeak/.Y2 

REACTANCE 

As Fig. 6 shows, the ratio between 
voltage and current varies from instant to 

Table 1: Calculating rms current 
Given peak current = 3A 
Time current 
0 0 
1 1.5 
2 2.6 
3 3.0 
4 2.6 
5 1.5 
6 0 
7 -1.5 
8 -2.6 

current2 
0 

2.25 
6.76 
9.00 
6.76 
2.25 

TIME 

instant. However, the ratio of their rms 
values has a fixed value. For example, the 
rms voltage VR across the resistor R and the 
rms current through it simply obey Ohm's 
Law: 

VR= I.R 

There is a similar 'law' for the capacitor, 
governing the rms voltage VC across it and 
the rms current flowing to or from it: 

VC= I.Xc 

By comparing the two equations it is seen 
that Xc in the second equation corresponds 
to resistance in the first equation. Xc is 
known as the reactance of the capacitor. It 
acts like a resistance in reducing current, and 
it has the same unit as resistance, the ohm. 
But there is an important difference between 
reactance and resistance. Reactance depends 
on frequency but resistance does not. This is 
understandable since, if a capacitor takes 
time to charge and discharge, then the flow 
of current must be affected by the rate at 
which the applied voltage is alternating. 

The reactance of a capacitor C is given by 
the equation: 

XC= _1_ 
27t fC 

where f is the frequency of the alternating 
voltage. This equation shows that impedance 

11 
! ,&~* 
1'\.J 

VJN=AC 
FROM 

TAPE PLAYER 

R1 

15k 

Fig. 8. RC filter for investigation 1. 

FILTERS 

One way of making use of the reactance 
of capacitors is in filter circuits. These are 
circuits designed to accept an alternating 
signal (usually an audio signal) consisting of 
many mixed frequencies but to reduce the 
strength of the frequencies of a given range. 
One type of filter consists simply capacitor 
and a resistor, and we refer to this as an RC 
filter. The investigation demonstrates the 
effect of such a filter. 

Investigation 1 -RC Filter 
The source of mixed audio frequencies is 

a tape player loaded with a music tape. 
Instead of plugging the earphone directly 
into the earphone output, we interpose a filter 
consisting of a capacitor Cl and a resistor 
R l , as in Fig 8. There is a second resistor R2 
used to by-pass Cl, and a flying lead to 
connect the earphone either to Cl or R2 (Fig. 
9). 

In all audio demonstrations this month, 
begin with the volume of the tape player 
turned fully down, to avoid a sudden loud 
sound through the earphone. 

Start the tape, connect the earphone to R2, 
then turn up the volume. This is the 
unfiltered sound, as normally heard from the 

Fig. 9. Breadboard RC filter for 
investigation 1. 

Cl 

R2 
:15k 

9 -3.0 
10 -2.6 

0 
2.25 
6.76 
9.00 
6.76 
2.25 

is high when frequency is r-------:-::-::-:::-:::-= 

11 -1.5 
Total 0 Total 54.04 

Average 0 Average 4.50 
rms current= .Y4.50 = 2.12 A 
(peak/.Y2 = 3!-Y2 = 2.12) 
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low and is low when 
frequency is high. In other 
words, the capacitor acts 
as a frequency-dependent 
resistor. 
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Figs. 10 and 11. 
RC filter circuit 
and layout for 
Investigation 2. 

R1 

tape player, though the effect of the resistors 
means that you need to turn up the volume a 
little more than usual. 

Now move the flying lead to connect the 
earphone to the capacitor. This brings the 
filter into action. What do you notice about 
the quality of the sound? 

Investigation 2 -Another RC filter 
This is like the previous filter except that 

C 1 and R 1 are interchanged, and have 
different values (Figs 10 and 11 ). 

Begin without the wire link in place, so 
that the capacitor is not connected into the 
circuit. Start the tape, then turn up the 
volume. This is the unfiltered sound. 

Insert the link to bring the capacitor into 
the circuit. This brings the filter into action. 
What do you notice about the quality of the 
sound? 

Fig. 12. The RC high-pass filter as a 
potential divider. 
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HIGH PASS AND LOW PASS 

The filter in Investigation l is an example 
of a high-pass filter. When the filter is in 
circuit, the sound loses its lower (bass) 
frequencies, leaving the higher (treble) 
frequencies relatively unaffected. The 
explanation of this is illustrated by Fig. 12. In 
Fig. 12a we have the signal being sent to a 
potential divider (see part 2, February 1990). 
Since RI and R2 are equal in value, the voltage 
across RI is always half the input voltage. The 
signal going to the earphone has the same 
waveform as the input, but only half the 
amplitude. This is why you needed to turn up 
the volume. 

In Fig. 12b the impedance of Cl is 
represented by a resistance so, in effect, we 
again have a potential divider. The important 
difference is that the resistance of the upper 
'resistor' depends on frequency. For high 
frequency, the impedance of Cl is low. For 
example, for a signal of 1kHz the impedance is 
Xc = l/(2 1t x 1000 x 10 x 10-9) = 15915 = 16k 
(approx). 

Since Rl has approximately the same 
resistance, the amplitude of a 1kHz signal is 
reduced approximately to half. As we increase 
the frequency above 1kHz, Xc falls further and 

further below 16k. For example, at I OkHz it is 
only 1.6k. Thus the amplitude of the signal 
increases as frequency increases. Treble notes 
are passed on to the earphone with virtually no 
reduction in amplitude. Conversely, at low 
frequencies Xc is more than 16k. At 1OOHz, 
for example, it is 160k. The output of the 
potential divider falls. Bass notes are removed 
by the filter and are not heard in the earphone. 
We summarise the action of this filter by 
describing it as a high-pass filter. 

The action of the filter of Investigation 2 is 
the inverse of this. (Fig. 13). At high 
frequency, the low impedance of Cl means 
that the output from the filter is low in 
amplitude. But low frequencies are relatively 
unaffected. This is a low-pass filter. One point 
to mention in passing is that, in both 
investigations, the earphone itself acts as a 
high resistance. You may have noticed in 
Investigation 1 that removing RI from the 
circuit makes no detectable difference to its 
action. The filter in fact consists of Cl and the 
resistance of the earphone, which is relatively 
high for a crystal earphone. Having a relatively 
small resistor Rl in parallel with this makes 
little difference to the potential-divider. 

FILTER CHARACTERISTICS 

Before we can describe these. we must 
discuss the meaning of the term decibel. The 
decibel (symbol, dB) is a way of describing the 
ratio between two quantities. In connection 
with filters we use it for describing the ratio 
between two voltages, the input and output 
voltages at any given frequency. Given Vin and 
Vout, we calculate the ration like this: 

n = 20 x log10 (Vout/Vin) 
For example, if Vin is 1 OV and Vout is 7V, 

then n = 20 x log10(7!10) = 20 x 0.1549 = 3dB. 
Fig 14 shows the characteristic of a low­

pass filter. The vertical line represents the 
frequency at which Vout is 70% of Vin. In 
terms of decibels, n = -3dB or, in words, Vout 
is 3dB down on Vin. This is known as the half­
power point, since a drop of 3dB in voltage 
reduces the power to half. The frequency at 
this point is given by f = l/27tRC. 

Continued next month 

Fig. 13. The RC low-pass filter as a potential divider. 
Fig. 14. Graph showing characteristics of a low-pass filter. 
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EPROM PROGRAMMERS 
MODEL 200- £295 (other models from £195) 

elncludes MSDOS driver software, serial 
cable, comprehensive manual, 32 pin 
ZIF socket and universal object file 
editor/converter. 

e Programs virtually all EPROM devices 
currently available including micro­
controllers (nearly 600!). 

e Emulation capability with our E512 or 
the Greenwich Instrument emulators. 

e Easy to set up- not a plug in board. 
e 12 Month Guarantee. Money back if 

not completely satisfied. 
e Designed, manufactured and supported 

in the UK. 

ZSADAPTER 
FOR MODEL 200 

e Programs Zilog and SGS parts 
e All Security Functions Programmable 

£75 
Increasingly popular 8 bit microcomputer avail­
able in CMOS versions. 

8 PIN SERIAL EEPROM ADAPTER 
FOR MODEL 200 

e Reads & programs over 50 devices 
e 12C (M8571. X2402). 9306. 2506 etc. 

£75 
As used for security devices in many car radios, 
mobile radios, cellular phones & security 
systems. 

PlC 16C5x ADAPTER 
FOR MODEL 200 

e Available for DIL or SOIC parts 
e Manufacturer approved algorithms 

From£75 
The 16C5417 is a range of low cost, low power, 
high speed microcontrollers ideally suited to 
low or high volume developments 

Adapters available also include 
e 8748/41 family £75 
e 8751 family £75 
e 40 pin EPROMs up to 4 Mbit £75 
e 63701/5 from £75 
e 32 pin PLCC EPROMs £85 
• 647180 £125 
Other families in development- please enquire. 

We also sell Bipolar and Gang Programmers, EPROM Emulators and 
Erasers and a universal cross-assembler for IBM PCs and compatibles. 

Write or phone today for Free Information Pack 
Tel: (0666) 825146 Fax: (0666) 825141 

r~ MQP ELECTRONICS, PARK ROAD CENTRE 
~ MALMESBURY, WILTSHIRE, SN16 OBX UK 

.. Norwegian customers please contact: 
~ Digitron A/S, Phone number: 071-45 890 

Norway Fax number: 071-45 453 

Happy Memories 

Please call for prices of other chips, same chips but different speeds, 
quantity discounts etc. Second-hand (Pulled) chips available for many of 

the above devices at substantially lower cost. Call for availability and 
price of these and other items. 

We always have a large quantity of new and used computers for sale; 
printers, disk-drives, add-on boards, monitors etc: Please ask for our price 
lists or call with your requirements as stock changes so frequently the list 

is never up to date! 

Please add 50p post & packing to orders under £15. VAT to be added to 
total. Credit card orders by 'phone or mail welcome. Plc, Government & 

Educational orders welcome for minimum invoice value of £15 net. 

(no stamp needed unless first-class required) 

PRACTICAL ELECTRONICS JANUARY !991 

PROFESSIONAL 
QUALITY KITS 

EQUIPMENT 
Whether your requirement for surveillance 
equipment is amateur, professional or you are just 
fascinated by this unique area of electronics 
SUMA DESIGNS has a kit to fit the bill. We have 
been designing electronic surveillance equipment 
for over 12 years and you can be sure that all of 
our kits are very well tried, tested and proven and 
come complete with full instructions, circuit 
diagrams, assembly details and all high quality 
components including fibreglass PCB. Unless 
otherwise stated all transmitters are tuneable and 
can be received on an ordinary VHF FM radio. 

UTX Ultra-miniature Room Transmitter. Smallest room transmitter kit in the world! Incredible 10mm 
x 20mm including mic. 3-12V operation. SOOm range ................................. .£15.95 

MTX Micro-miniature Room Transmitter. Best~selling micro-miniature room transmitter. Just 17mm 
x 17mrn including mic. 3-12V operation. 1000m range... . ............. £12.95 

STX High Performance Room Transmitter. High performance transmitter with a buffered output stage for 
greater stability and range. 22mm x 22mm including mic. 6-12V operation. 1500m range ..................... .£14.95 

VT500 High-Power Room Transmitter. Powerful 250mW output providing excellent range and 
performance. Size 20mm x 40mm. 9-12V operation. 3000m range... . .............................. £15.95 

VXT Voice Activated Room Transmitter. Triggers only when sounds are detected. Very low 
standby current, variable sensitivity and delay with led indicator. Size 20mm x 67min. 9V 
operation, !DOOm range... . .............................. £18.95 

QTX180 Crystal Controlled Room Transmitter. Narrow band F1v1 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 20mm x 67mm. 9V operation. 1000m range.. . .............................. £39.95 

SCRX Subcarrier Scrambled Room Transmitter. Scrambled output from this transmitter cannot 
be monitored without the SCDM decoder connected to receiver. Size 20mm x 67mm, 9V 
operation, 1000m range... . ........... £21.95 

SCDM Subcarrier Decoder Unit for SCRX. Connects to receiver earphone socket and provides 
decoded audio output to headphones. Size 32mm x 70mm. 9-12V operation ....................... £21.95 

HVX400 Mains Powered Room Transmitter. Connects directly to 240V AC supply for long term 
monitoring. Size 30mm x 35mm. SOOm range.. .. .................................................................. £18.95 

ATR2 Micro Size Telephone Recording Interface. Connects between telephone line (anywhere) 
and cassette recorder. Switches tape automatically as phone is used. All conversations recorded. 
Size 16rnm x 32mm. Powered from line.. . ....... £12.95 

UTLX Ultra-Miniature Telephone Transmitter. Smallest telephone transmitter kit available. 
Incredible size of 10mm x 20mm! Connects to line (anywhere) and switches on and off with 
phone use. All conversation transmitted. Powered from line. SOOm range ........................... £14.95 

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. lOOOm range .. £12.95 

STLX High-Performance Telephone Transmitter. High power 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. 
1500m range.. . ........ £15.95 

TKX900 Signalling/Tracking Transmitter. Transmits a continuous 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... . .............................. £21.95 

CD600 Professional Bug Detedor/Locator. Multicolour readout of signal strength with variahle 
rate bleeper and variable sensitivity used to detect and locate hidden transmitters. Switch to 
AUDIO CONFIRM mode to distinguish between localised bug transmission and normal 
legitimate signals such as pagers, cellular, taxis etc. Size 70mm x lOOmm. 9V operation .... £49.95 

*** SPECIAL *** 
DLTX/DLRX Radio Control Switch. Remote control anything around your home or 
garden, outside lights, alarms, paging ~ystem etc. System consists of a small VHF 
transmitter with digital encoder and receiver unit with decoder and relay output, 
momentary or alternate, 8-way dil switches on both boards set your unique security 
code. TX size 45mm x 45mm, RX size 35mm x 90mm. Both 9V operation. Range up to 
ZOOm. Complete System (2 kits) ........................ . .......................... £49.95 
Individual Transmitter DLTX ........ £18.95 
Individual Receiver DLRX.. . ...... £36.95 

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 ZZP STAMPS OR OVERSEAS SEND TWO JRCS. 

SUMA DESIGNS 
The Workshops 
95 Main Road, Baxterley, 

4D'f' Tel: 0827 714476 
1...:::.:.::.:.:..1 

Nr. Atherstone, Warwickshire CV9 2LE 
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[J t has been suggested that Fleming is the 
father of modem electronics. Whether 
this is true or not is a matter for 

discussion. What is certain is that through his 
invention of the diode valve for radio 
applications he made a tremendous advance 
and made the foundations for many future 
discoveries and inventions. 

Inspite of his contributions to electronics 
Fleming is little known these days. To most 
people the name Fleming is synonymous with 
penicillin and its inventor Alexander Fleming. 
yet inspite of this Ambrose Fleming was a 
truly remarkable man. His experience covered 
the fields of small signal electronics and radio 
to the large electrical machines. To all of 
these fields he gave inventions and 
innovation. 

EDUCATION 

John Ambrose Fleming was born on 29th 
November 1849 and was the eldest of seven 
children born to a Congregational minister. 
He spent the first seven years of his life in 
Lancaster, and then moved to Kentish Town 
in the North of London. 

At the age of ten the young Ambrose 
started his formal education at a private 

Photograph by courtesy of the 
Institution of Electrical Engineers. 

Edison's discoveries was a bulb with a second 
element which allowed current to flow in only 
one direction across the two elements. In an 
uncharacteristic error Edison could not think 
of a use for it and used it purely to 
demonstrate the effect he called the Edison 
effect. 

Fleming's long term aim was to return to 
London where he wanted to be a professor at 
one of the larger institutions. At the time there 
were no positions in the new and developing 
science of electrical engineering. Instead the 
nearest subject was physics. However 
Fleming was invited to give a series of 
lectures on electrical engineering at 
University College London which is part of 
London University. Then in 1885 he was 
asked to set up a new department for electrical 
engineering for which he would be professor. 
This was the first department of its sort in the 
country and it reflected the forward thinking 
of the College. 

Fleming greatly enjoyed his time at UCL. 
He was able to spend time lecturing, he was 
able to undertake his research and in addition 
to this he was in London where he wanted to 
be. 

In the first years at UCL much of his time 
was devoted to work on various aspects of ac 
machines. He became a leading authority on 

AMBROSE FLEMING 
school. Then in 1864 he moved to University 
College School on Gower Street in London 
where he excelled in mathematics. He was a 
bright and intelligent child and went on from 
here to University College itself to study 
Physics and Mathematics. However, after two 
years he was forced to leave to earn some 
money. Nevertheless he planned to return 
once he had earned enough to finish his 
course. First of all he worked at a ship 
building company, but he did not like this job 
at all and soon left to take up a post as a clerk 
on the stock exchange. This job suited him 
particularly well. He finished early in the day 
and this enabled him to continue his studies in 
the evening. Despite this he still managed to 
graduate with a first class degree. 

Having completed his course he started 
teaching. However, Fleming felt he was not 
reaching his potential and he decided to 
further himself by undertaking more studies. 
This he did when he entered the Royal School 
of Mines to study Chemistry. Again he had to 
break his course to earn his living and so in 
1874 he found himself teaching at 
Cheltenham College as a science master. This 
post was in many ways to shape the rest of 
Fleming's career. It was whilst he was 
teaching here that he came across some of 
Maxwell's work. It fascinated him and he 
decided to further his studies in this direction. 

In 1877 Fleming started at Cambridge. 
Here he studied Electricity and Magnetism 
with a particular bias towards Maxwell's new 
equations. Although he was not directly under 
Maxwell he came across him quite frequently 
and attended many of his lectures. In fact it is 
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As well as inventing 
the thermionic valve, 
Fleming made great 

advances in the 
efficiency of measuring 
instruments. lan Poole 

reports. 
said that Maxwell had a very dry style of 
presentation and Fleming was one of the very 
few people who could follow him. Then in 
1880 Fleming took his D.Sc. and a year later 
he was elected a Fellow by his college. 

CAREER DEVELOPS 

At Cambridge Fleming was quite 
successful. He became a demonstrator, but 
like many of his previous posts this did not 
last for long because he was chosen as the 
Professor of Mathematics and Physics at an 
institution which is now Nottingham 
University. Again this appointment did not 
last for long as Fleming became a consultant 
at the Edison Telephone Company. Here 
Fleming came across many of the inventions 
from Edison in the States. At one time he 
even visited Edison's Laboratory in the States 
and it is likely that he saw many of some of 
the experiments with evacuated bulbs. One of 

ac transformers and he wrote a book on the 
subject as well as presenting several papers at 
the Institution of Electrical Engineers. 

Another area of his research was devoted 
to improving the accuracy of ac 
measurements. At the time ac measurements 
could not be made at all accurately as they 
had to be made with comparatively crude 
instruments. Fleming's work enabled him to 
achieve accuracies of around 0.25% which 
was a tremendous improvement over anything 
that was previously achievable. 

OSCILLATION VALVE · 

In 1899 Fleming became a consultant to 
the Marconi Company in addition to his 
duties at UCL. At this time Marconi was 
making his first long distance transmissions. 
In view of his previous contact with Maxwell, 
Fleming was particularly interested in the new 
radio developments which were taking place. 
In fact Fleming became quite absorbed in the 
subject. He even designed the transmitter 
which made the first transatlantic 
transmission. 

Fleming recognised that the major problem 
preventing vast improvements being made 
was that of detecting the signals themselves. 
In these early days the coherer was the best 
form of detector and it was very insensitive. It 
was with this in mind that Fleming wondered 
about the possibility of using a bulb and the 
Edison effect to rectify the radio waves. 
Having previously performed some 
experiments using these bulbs he was quickly 
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able to set the idea to his assistant who duly 
implemented the experiment and found it to 
work. It then took less than a month for the 
patent of what he called his "oscillation 
valve" to be filed. This he did on 18th 
November 1904 when a friend saw him 
walking along Gower Street towards the 
Patent Office oblivious of all around him. 

COMPETITION 

The invention of the diode was a 
revolutionary idea. Unfortunately it had very 
little impact because in the States ideas were 
overtaking him. In less than two years the de 
Forest Wireless Company produced the eat's 
whisker, a very crude form of semiconductor 
rectifier which consisted of a thin wire 
positioned on a lump of suitable material 
(even coal) to produce a point contact 
rectifier. This was far more convenient than 
PJeming's diode and it soon caught on. 

The de Forest Company also investigated 
various aspects of valve technology. In 1906 
they introduced a device called an Auction. It 
used the same basic thermionic technology as 
Fleming's diode, but a third electrode had 
been added. This they called a grid because of 
the nature of its construction. Yet this triode 
was only used for detection of signals, it took 
another four years before it was used as an 
amplifier. 

The Audion caused a great deal of 
comment in the scientific and legal 
community, whether it was an infringement of 
Fleming's original patent. However at no time 

did Fleming claim the idea of introducing the 
third element was his. In fact he wished he 
had thought of it himself. All he claimed was 
the idea of using the rectifying action of the 
valve. Unfortunately the matter was 
eventually settled in favour of de Forest. 

RETIREMENT 

Fleming stayed at University College until 
1926 when he retired at the age of 77. He 
moved out of London to the quiet seaside 
town of Sidmouth in Devon. Then two years 
after his retirement Fleming was knighted in 
honour of the great advances he had made for 
the whole field of electrical and electronic 
engineering. 

Inspite of the fact that he was retired, 
Fleming still took an active interest in many 
new developments in the electronics world. 
For fifteen years he was president of the 
Television Society, often travelling to London 
for their meetings. He was also a supporter of 

Baird in his fight to have his television system 
adopted. 

Fleming still had time for many interests 
outside his work. He had a keen interest in 
photography and loved walking. He was also 
a devout Christian, and he often preached at 
various churches as well as once being asked 
to at St Martin's in the Fields. However he did 
not like socialising and he never liked being 
in the public eye. 

With his advancing age Fleming became 
increasingly deaf, however he remained active 
until his death on 18th April 1945 at the great 
age of 95. During his life he had battled 
against lack of funds, yet he had managed to 
succeed in giving himself a first rate 
education. He had also helped electrical 
engineering advance in terms of improving 
efficiency as well as enabling more accurate 
measurements to be made. But it is without 
doubt that he will be remembered as the 
person who invented electronic thermionic 
valves. 

The photo shows 
three early 
Fleming diode 
valves, and was 
kindly supplied by 
the Marconi Co Ltd 
for PE's Jan 65 
issue 

Rewarding Loyalty 
we·ve hit the popularity jackpot 
with our Reader Loyalty Bonus 
scheme. 

What an amazing response! 
And the five loyal readers who also hit the jackpot with our October 
issue are: 

D. Pinnegar of East Grinstead who has his £1 50 refunded for his purchase 
from Bull Electrical. 

K. Patel of Watford receives £74.50 for buying goods from Maplin. 

J.A.L. Gibbs of Macclesfield is a customer of Cirkit and receives £38.97. 

P. Taylor of London SW6 traded with Litesold Developments and has 
£ 1 9.7 5 refunded. 

A. Jones of Northampton was keen to pursue his project through the 
PE PCB Service and receives back£ 11.50. 

You too could be loyally rewarded - see page 61 ! 
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CLASSIFIEDS 

PRACTICAL ELECTRONICS CLASSIFIED 
Reach thousands of serious electronic and computer enthusiasts. Advertise in PE Classified 

pages: Rates 20p (plus 3p VAT) per word or £8.50 per single column cm (plus VAT). All 
classified advertisements must be pre-paid. Send your copy with the remittance (payable to Intra 

Press or payment by Visa or Access accepted) to: Practical Electronics, Intra House, 193 
Uxbridge Road, London W12 9RA. Tel: 081-743-8888. Fax: 081-743-3062 

LET PE WORK FOR YOU! 

EDUCATION 

BTEC NATIONAL DIPLOMA 
Electronics and 

Communications 
Engineering 

(TV, Computers, Programming, IT) 

1 YEAR 
BTEC NATIONAL CERTIFICATE 
1.Eiectronic Equipment Servicing 

(TV, Video, CCTV) 
2.Computing Technology 

(Microprocessors, DataComms, Interfacing) 
3.1nformation Technology 

(Telecomms, SatelliteTV, Networks) 
4. Software Engineering 

(Assembler, BASIC, Pascal, CADCAM) 
*Those eligible can apply for E.T. grant support* 

* An egual opportunities programme * 
COURSES COMMENCE 

Monday 7th January 1991 

LOI~DON ELECTROI\II CS 
COLLEGE 

Dept: AA, 20 Penywern Road, 
London SW5 9SU. Tel: 071-373 8721 

Start training now for 
the following courses. 

0 Telecomms Tech C&G 271 
D Radio Amateur Licence C&G 
D Microprocessor 
D Introduction to Television 

Send for our brochure - without obligation or 
telephone us on 06267 79398 (Ref PEl/91) 
Name ..................................................... . 
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Radio & Telecommunications 
Correspondence School, 

12 Moor View Drive, Teignmouth, 
Devon TQ14 9UN 

RETAILERS 

EDINBURGH 

I OMNI 
stock a wide range of 

electronic com~onents at 
174 Dalkeit Road 

Edinbu~h EH16 5DX 
Tel: 0 1 667 2611 
Open Mon-Fri 9am-6pm 

Sat. 9am-5am 
NEW CATALOGUE OUT SOON 
Price is just £1.50 

Contact Omni Electronics 
now for details 

OPENING OFFERS 
LEDS {good selection best prices.) 
20- Red std/min or mise £1.00 
20- Green std/min or mise £1.25 
20 -Amber std £1 .50 
20- Pink or green or yellow rectangular £1.75 
20 - Red right angle £1 .50 

RH1 all above 100 pieces £6.50 

10-555 Timers £1.35 
10-741 op-amps £1.35 
20 each off IN4001/4/5/6/4148 1 OOpcs - £2.25 
10 BC 1078 TRANS.NPNGP. 85p 
10 BC307 TRANS.PNPGP. 50p 

RH2 all above 70 pieces £6.45 

mount1ng cl1ps 2p each 

RH3. ELECTROLYTICS PACK: 10- 0.47/SOv, 5-3.3150, 5-4.7/25v, 5-
84/50,4-10116.4-10/50,4-22/16,3-47/16.3-47/40,10-100/6.3.5-
100/63.5-100/26. 2-220!25, 5-220/16 (AXIAL). 2-47/10. 2-470/25, 2-
1000/10 (worth £6 at leas1) £3.75 

RESISTORS E12 E24 5% 1/4 watt. 1 Op per 15 pes any value 

P & P 75p. Over £20 free- all new- VAT included. Free list. 

RUSKIN HALL ELECTRONICS, 
190 Dentons Green Lane, St. Helens, 

Merseyside, WA10 9RH. 

DOES YOUR ELECTRONIC 
EQUIPMENT LOOK NON-
PROFESSIONAL? 
DO YOU LACK A QUALITY FINISH? 

Achieve that professional look by using 
printed front panels, sub-frames, outer 
cases, etc. from a company that has its 
own metalwork division and offers a 
wide range of metal work at affordable 
prices. 

For full details send a large SAE to: 

A C PARTRIDGE L TD, 
Metalwork Division, 
Unit D, 318 High Road, 
Benfleet, Essex SS? 5HB 

I 

LONDON "WEST 

TECHNOMATIC LTD 
Please see our display 

advertisement in this issue 
for more details! 

LONDON "WEST 

Large Selection of 
Kits 

& Other Goodies 
from 

TK Electronics, 
13 Boston Road, 

LONDON W7 3SJ 
Tel: 08"1-567-89"10 

MANCHESTER 

THE ELECTRONICS SHOP 

We stock a large range of electronic components, 
test equipmenl1telep~one accessorieskcomputer 

accessones, microphones, spea ers, 
discolighting, mixers, meters, styllf, so call in and 

have a look around. 
29 Hanging Ditch, Manchester M4 3ES 

Telephone: 061-834-1185 

SOUTH SEA 

ELECTRONIC COMPONENTS 
EVERYTHING FOR YOUR NEXT PROJECT 

THE BIGGEST DISPLAY IN THE SOUTH 
IS AT 

FRASER ELECTRONICS 

42 ELM GROVE * SOUTHSEA * HANTS 
Telephone: 0705-815584 

Barclaycard Access 
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COMPONENTS 

CAMBRIDGE COMPUTER SCIENCE UMITED 
3.5" 720K Diskette Drives. NEW in Stock .. 

1 OM Byte Wrnchesters, used, 3 months Wty .. 
5.25" Disk Drives, 80 Tk, DSDD ... 

5.25" drive cases, room for dnve, PSU & fan .. 

5.25" D1sk Dnves, 80 Tk, DSDD Used, No Wty .. 
(Tire £15.00 drives are sold on a stnct!y "as is" basis) 

.. .... £39.00 each 

...... £42.00 each 
. .... £34.00 each 
..... £1 0.00 each 
..... £10.00 each 

5.25" D1sks, DSDD, 48tpi boxes of 1 0... . ......... £3.00/box 

40W PSU SV 3.75A, 12V 1 .5A-12V 0.4A cased with on/off switch £1 0.00 

each 

Bare switch mode PSU SV 25A, 12V 2A-12V 0.1 A .. 

Gould PSU 0-30V@ SA Limited quant1ty only at... 

. ....... £7.00 each 

....... £45.00 each 

Single Data lead (BBC Micro to Disk Drive).... . .............. £2.00 each 

Dual Data lead (BBC Micro to 2 Dtsk Drives)... . ....... £4.00 each 

Power lead (BBC Micro to Disk Dnve).. . ....... £2.00 each 

Dual power lead (BBC Micro to 2 Disk Drives) .. 

68000 CPUs (The first orders get 1 OMHz chips) ... 

8086 CPU chips .. 

Z80A CPU, CTC, PiO £1.20 each; DMA £2.00 ... 

.. ...... £4.00 each 

. ...... £3.50 each 

........ £2.00 each 

.. ....... £4.50 all 4 

7 4LS TTL, pick and mix, buy 1 0 or more for.. . ....... £0 .1 2 each 

Types available: '00 '02 '04 '08 '1 0 '11 '12 '13 '15 '20 '21 '26 '27 '30 '32 '33 

'37 '38 '42 '74 '83 '85 '86 '96 '107 '109 '122 '132 '138 '139 '145 '151 '153 

'157 '158 '160 '162 '165 '174 '191 '193 '240 '253 '257 '260 '298 '353 '365 

'373 '390 '399 '670 
2764 EPROMS (Ex-equipment).. . ....... £1 .00 each 

27128 EPROMS (Ex-equtpment) .. .. .................. £1 .20 each or £5.00/5 

27128 EPROMS. . ..... £2.50 each 

27C256-25 EPROMS.. . .... £3.50 each 
256K Byte DRAM Modules, removed from equipment.. £6.00 each 

6116 2K Byte SRAM. . ... £1.10 each 

6264-12 8K Byte SRAM.. . .... £3.80 each 

62256-10 32KByte SRAM.. .. ............................. £5.00 each 

65256 32K Byte rams ... 

8K Byte NV ram chips £3.00 each .. 

20 pin dillow profile IC sockets £0.50!10 ... 

40 pin dillow profile IC sockets £0.60/10. 
DEC LS/11/23 CPU cards used but working ... 

.... £4.00 each 

.. .. £1 0.00 four 

. ....... £4 00/100 
£5 00/tOO 

. ..... £50.00 each 
CPU cards (Newbrain) Z80 CPU, 3 EpROMS & 60 +mostly 74LS ICs 

£2.00 each 
LCD graphics module 240 by 64 pixel with dnver chps 

...... £13.00 each 
Circuit tester, finds faults in TIL & CMOS logic circuits. inc leads.£8.00 each 

Keyboard, 100 keys on board LCD & micro i/f.. ... £8.00 each 

Metal project boxes drilled & painted but unused 28 x 32.5 x Scm £5.00 each 

Toroidal mains transformer, 12V 4A & 0.4A, 12-0-12.1A & 2A, 9-0-9.2A 

£4.00/1 £6.00/2£8.00/3 
Video Tapes, E180 VHS .. 
Smoke detectors, small size .. 

. ....... £2.50 each 

. ....... £7.00 each 
Smoke detectors, large with escape light and pause feature .. 

.... £13.00 each 

Prices include postage. 
Add 50P (plus VAT) to orders below E5.00 
All items new unless stated. Add 15% VAT to all prices. 
Send an SAE lor our latest list or lor more inlo. 
Dept PE, 37 4 Milton Road, Cambridge, CB4 1 SU 

CATALOGUE £1.00 + 25P&P 

Resistor Pack 85 different El2 values+ zero ohm link total content 
1000 resis10rs .. . ............ £8.95 
LEDs 3mm or Smm red/green ........................ 6p each. Yellow 11 peach, 
Cable ties I peach £5.95/1,000 £49.50 per !0,000 
Stepping motor 4 phase 12V 7.5' step 50 ohms 
SAA I 027 stepping motor driver chip 
FM Transmitter kit good quality ~ound 
High quality photo resist copper clad epoxy glass boarrls 
Dimensions single sided double sided 
3x4 inches £0.95 £1.07 
4x8 inches £ 2.40 £2.68 
6xl2 inches £5.37 
12xl2 inches £10.66 

Special Offers 

........... £8.95 
........ £3.95 

........... £8.60 

Computer Grade Capacito" with screw tenninals 38000~f 20V ... £2.50 
8700~f JOY £1.95, 68000~f l5V £2.95, IOOOO~f 16Y... . .......... £1.50 
7 segment Cummon anode led display !2mm ............. £0.45 
LM2931AT5.0 Low drop out 5Y regulator T0220 package ............ £0.85 
BS250 P channel MOSFET £0.45, BC559 transistor ........ .£3.95 per 100 
74LS05 hex invertor £10.00 per 100, used 8748 Microcontroller ... £3.50 
Stereo LW/MW/FM Tuner pre-amp assembly complete with volume/tone 
controls and tuning scale Brand new in maker's carton .£6.95, faulty £3.50 
Circuit etc. for above £0.50. 
Hour counter (used) 7 digit mains 240V AC 50Hz.. . ........... .£1.45 
LCD display 16 digit 7x5 dots dot matrix .. . ............ £2.50 
Qwerty keyboard 58 key good quality switches new . . ............ £5.00 
Qwerty keyboard with serial output no data ................................. £5_00 

Wide range of CMOS ITL 74HC 74F Linear transistors kits 
capacitors, resistors tools etc always in stock. 
Please add 95p towards P&P- VAT Included 

JPG Electronics 276 . 278 Chatsworth Road 
Chesterfield S40 2BH 

Access/Visa orders (0246) 211202. Callers welcome 

PRACTICAL ELECTRONICS JANUARY 1991 

COMPONENTS 

Manufacturers Original Spares 
Available for many makes of TV, Video & audio Equipment. Also 
Sinclair, Amstrad, Commordore & Atari Computers. Write (Encl. SAE 
please) or Phone for a 'Price and Availability' on your requirements . 

6510 CPU (C64/C) ........ £9.87 
Commodore 6526 CIA (C64/C/C128) ... £10.86 
8580 R5 (C64 C) ....... £13.98 
Custom 8701 CLK. GEN.(C64/C128) ...... £7.56 
906114 PLAM (C64/C) ..... £5.73 
Chips 901225 CHA. ROM (C64/C) . £ 6.37 
901226 SAS. ROM (C64/C) .. £ 9.21 

6C001E ULA (Spec. 48KI+) .... £15.99 
Sinclair 7C001 ULA (Spec 1281<1+2) ...... £1699 
& UM1233 MODULATOR (Spec. & QL) .. £4.75 
Amstrad Orig~nal Serv1ce Manual {CPC464+Monitors) . .£ 8.49 
Spares Original Service Manual (PCW8256/8512) ..... £13.59 
PEG1A(84pin)@ £42.72 TEA2000@ £4.04 MAb8049(Ql)@ £5.96 
MAIL ORDER ONLY. For catalogue/lists please send 44p 
stamps/cheq. 
etc. please add 95p (UK) P&P to above orders TEL: 0452 26883 
MARAPET (PEL) 1 Hornbeam Mews, Gloucester GL2 OUE 

Carbon Film Resistors 1/4W E24 series o.51A to 10MO 1p 
i 00 op per value • 75p 1000 off 111 even hundreds per value - £7 

Metal Film 1/4W 10RO to ~MO 5% E12 series- 2p 1% E24 senes- 3p 
112Watt metal/carbon film E24 series lRO to lOMO · 1 112p 

1 Watt metal/carbon f1lm E12 senes4R7to 10MO -Sp 
BC107/8/9- 12p BC547/8t9- 8p BC182L 184L -lOp 
BFYS0/51152- 20p 2N3055 ·Sop T1P31A.32A · 25p TIP, 41,42 40p 

Tantalum bead subminiature electrolytlcs (Mids/Volts) 
0-1135 0.22/35 047/35. 33116· 4.7/35 15p 
2 2/35 4 7125 t015-15p 
20p 33/10-30p 47.10- 35p 

'6p 
100/6-40p 

Aluminium Electrolytics (Mids!Volts) 
1150, 2.2/50. 4.7125.4 7150. 10116, 10/25. 10/50- Sp 
47116.47125,47150. 6p 100/16, 100/25- ?p 100/50- 12p 
220/25,220150 ·tOp 470116, 470125-llp 1000/25 -18p 
4700125-?0p 

109/16.2216 20p221t6 

Miniature Polyester Capacitors 250V Wkg. Vertical Mounting 
01, 015, .022, 033. 047, .068- 4p 01 · 5p 0.15, 22- 6p 0 47 · Sp 

Mylar Capacitors 100V Wkg. Vertical Mounting E12 Series 
1000p to 8200p · 3p 01 to .068 · 4p 0.1- Sp 0.15, 0.22 · 6p 

Subminiature Ceramic Plate 100V Wkg. E12 Series Vertical 
Mounting 
2% !PS to 47P · 3p 56P to 330P- 4p 10% 390P to 4700P- 4p 

Ceramic plate/disc E6 5eries sov 22P to .04 7 - 2p 

Polystyrene Capacitors 63V Wkg. E12 Series Axial Mounting 
lOP to 820P - 3p 1 COOP to 10,000 - 4p 12.000P - Sp 1 N4148 - 2p 1 N4002 · 4p 1 N5404 

14p W01 bnedge- 25p O.A91 · 6pAA143 • 8p WOOS- 20p 1N4006 • 6p 

Zener diodes E24 senes 3V3 to 33V 400mW- Bp 1 watt- 12p 
L E.o·s Red. Green & Yellow 3mm & smm- 10p 8mm. 36p 
20mm fuse 0.1A to SAqu1ck blow- 5p Ant1 Surge- 8p 

High Speed dnlls O.Bmm, 1.0mm, t 3mm, 1.5mm, 2mm- 30p 
Expo ReiJant drilling machmes 12Vd.c. wrth rmproved 3-Jaw chuck £7 00 
Nrcads AA - SOp HP11 - £2 PP3 - £4 20 Un1versla Chargers - £6.50 

Glass reed switches smgle pole make contacts - Bp Magnets - 12p 

VAT mclus1ve Return postage 28P (free over £5). Lists free 

THE C.R. SUPPL V CO. 
127 Chesterfield Road, 

Sheffield SS ORN. 
Tel: 557771 

I~ ~0~~ AD%UI~tMtNI 
A II~HI ~~UHlm 

STRETCH OUT 
IN THE lJISP1~A V PAGES OF PE! 

PHONE DAVID BONNER FOR DETAILS ON 081-743-8888 

111 CJEnSL f~tw .. 
FOR ELECTRONICS COMPONENTS 

TEST EQUIPMENT REPAIRS IBM PC 
ACCESSORIES 

AT DISCOUNT PRICES 

LET US SOURCE THAT DIFFICULT TO FIND 
COMPONENT FOR YOUR KIT OR PROJECT­

SEND FOR DETAILS OF ALL OUR SERVICES. 

APPT. 2, NO.S MERION GARDENS, 
COLWYN BAY, CLWYD, NORTH WALES 

LL29 7PR 

TEL: 0492 533083 FAX: 0492 534716 

CLASSIFIEDS 

COMPONENTS 

Winter Bargains From SARM Digital 
LEDS 3 and 5mm Red, Yellow and Green Pkt of 5 40p 
Diodes 1 N4 1 48 Pkt of 10 20p 1 N91 4 Pkt of 1 0 30p 
Zener Diodes 8ZX55C 2.7V to 30.0V 5p each 
BZX85C 4.7V to 75.0V 7p each 

Veroboard 2939 £0.96, 2958 £1 .05, 3939 £1.00 

Right angle D-Piugs 9-way £0.59, 1 5-way £0.80, 25-way 
£0.98, 37-way £1.37. D-Sockets 9-way £0.73, 15-way 
£0.89, 25-way £1 .06, 37-way £1.90 

Metal Film Resistors O.SW 1% 
Presets 0.1 SW Horiz or Vert 

All values 2p each 
All values top each 

Add 15% VAT to all prices. Post /Packaging £1.00 

1991 CATALOGUE OUT NOW CONTAINS OOO's OF 
COMPONENTS INCLUDING SMD £1.80 (NO VAT) 

Cheques or PO's made payable to: SARM DIGITAL, 
13 PEARLE STREET, MACCLESFIELD, CHESHIRE, 

SKto 2Al 
MAIL ORDER ONLY, PROP N. FARRAR 

COMPONENT PACKS • COMPUTER PARTS 

Processor Chips, CMOS devices, logic chips, 
transistors, caps, switches, (all packs £1) 

memory expansion boards (AT com)/display 
adaptors (AT camp) • SAE for lists 

LANGHAM SOFTWARE 
Shaftesbury Centre 

Percy Street 
Swindon SN2 2AZ 

TEL (0793) 514055 (day) 
(0793) 491048 (night) 
FAX (0793) 512477 

TEST EQUIPMENT 

Cooke International 
DO YOU WANT USED SCOPES, SIGNAL 

GENERATORS, POWER SUPPLIES, 
POWER METERS, DVM's, OSCILLATORS, 

ATTENUATORS, TEST EQUIPMENT. 
Contact: Cooke International, Unit 4, 

Fordingbridge Site, Main Road, Barnham, 
Bognor Regis, West Sussex P022 OEB 
Tel: 0243 545111 - Fax:0243 542457 

Wide range of items available. Send for lists. 

NEW COMPACT TEST GEAR DOES MUCH, 
COSTS LITTLE. 

Our NEW Micro-Lab instruments are ideal for tests, repairs 

and experiments, and they're GREAT VALUE. 

P37 SIGNAL TRACER+RF,AF probes; Find Faults Fast. 
P38 OSCILLATOR 5Hz-20Hz 0-2V. 50 Ohm. 4 waveforms. 
P40 DISTORTION ANALYSER tor P41. 6 frequencies. 
P41 MILLIVOLTMETER 10Hz-2MHz 1mV-100V. 6 ranges. 

P37: £44.50 + £3 p&p +VAT= £54.62 
P38,40,41: £64.95 + £3 p&p +VAT= £78.14 each 

Accessories: PP9 Batteries: £2.90 inc p&p & VAT 
BNC to Croc-clip cable: £3.50 inc p&p & VAT 
Reg Mains PSU replaces PP9: £18.91 inc p&p & VAT 

COLEBOURN ELECTRONICS 
Dept. PE, 20 Folly Lane, ST. Albans, Herts. AL3 5JT 
9x4 SAE or Tel. 0727 44785 for more details 
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CLASSIFIED$ 

SURVEILLANCE 

Simpson•s­
Manufacturing 
Manufacturers of chips 
and security products 

Rocket Trading Centre 
Broadgreen 

Liverpool L 14 3NZ 
051 220 9328 

Surveillance devices, lasers, Tesla 
coils, scramblers, ultrasonic and 
many more, over 150 designs. 
Send SAE to: Plancentre, Old 
Wharf, Dynock Road, Ledbury 
HR8 2HS for free list. 

NEW VHF 
MICROTRANSMITTER KIT, 
tuneable 80-135 MHz, 500 metre 
range, sensitive electret 
microphone, high quality PCB. 
SPECIAL OFFER complete kit 
ONLY £5.95, assembled and 
ready to use £9.95 post free. 
Access orders telephone 021 411 

1821. Cheques/ P.O.'s to: 
Quantek Electronics Ltd, (Dept 
P.E.), 45a Station Road, 
Northfield, Birmingham, B313TE 

Circuit Diagram +Instructions for 
a 25 Watt FM Broadcast 
Transmitter Cheques/POs £3.50 
to AM Enterprises 44 Altyre Way 
Beckenham, Kent BR3 3HA 

"Invention Development & 
Innovation Ltd" can help 
commercialise your idea -
telephone Cambridge (0223) 
892789 

Kits, Plans, Assembled Units, 
Surveillance Microtransmitters, 
Phone Recording Switches, 
Trackers, Defence/Protection 
Circuits, Plus much more. Send 2 
x 22p stamps for lists, or 
telephone 05436 76477 24hrs. 
Everything for the budding 007. 
ACE(PE). 53 Woodland Way, 
Burntwood, Staffs. WS7 SUP. 

Car or house alarm module/PSU 
assembled. Many applications, 
easy to wire. £4 including 
postage. COLLECTRIC, 8 
Davenham A venue, Birkenhead, 
L432LW. 

SURPLUS 

TURN ·youR SURPLUS 
!CS transistors etc into cash, immediate 

settlement. WE welcome the opportunity to 
quote for complete factory clearance. 

Contact: 
COLES-HARDING & CO., 
1 03 South Brink, Wisbech, Cambs. 

ESTABLISHED 15 YEARS 
Tel: 0945 584188- Fax: 0945 588844 

SURPLUS/REDUNDANT ELECTRONICS 
COMPONENTS WANTED 

ICs- Tuners- Transistors- Valves- Diodes etc- any quantity 
considered -immediate payment. 

ADM ELECTRONICS SUPPLIES 
Tel 0827 873311 Fax: 0827 874835 

Dataman 53 Eprom Programmer, 
Samsonite case, power supply, 
manuel and leads. Will program 
most Eproms. Fully portable. 
G.W.O. £325 o.n.o. Write to Mr. 
G.A. Hope, 72 Picket Close, 
Fordingbridge, Hants. SP61JY. 

Organ component clearout, SAE 
for list please. Fred Wright, 29 
Saint Andrews, Houghton-Le­
Spring, Tyne and Wear, DH4 
SNT. 

Old Solartron Oscilloscope. Dual 
trace, good working order. £100 
o.n.o. Tel: (0224) 636108. 

£3.22 

£4.83 

£6.44 

£8.05 

£9.66 

£11.27 

I 
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I 
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hy d. on 't we hear any more computer 
atrocity stories these days? 

Is it because computer systems 
are now better behaved and don't produce so 
many embarrassing gaffes and cock-ups? Or is it 
because the computer is no longer perceived as 
a mysterious, looming threat, to be exorcised by 
telling jokes and stories about it? 

Certainly, with home computers and PCs all 
over the place, the creature has become 
domesticated and is now about as threatening as 
the average washing machine. Familiarity has 
bred acceptance. 

If this is so, and the computer atrocity story 
is a thing of the past. I am rather sorry. We 
should always maintain a healthy disrespect for 
the products of our own technology. 

In themselves computers are only bits of 
metal and plastic. But when activated by 
software and used in various systems - for 
administration, commerce, law-enforcement and 
so on - they take on the properties of the 
purposeful human mind. And however benign 
these systems are intended to be, they are 
applying influences to us through mentally 
directed infonnation. 

In the simplest instance, a computer prints 

*~~®f?: 

11"1 

u\:1 () ~r i~i 1.5 t~{=~ ~t, lilll 
:11!1 

world and bow we act towards it. 

DETERMINISTIC SLAVERY 

As this column noted in the June 1989 issue, 
our increasing use of such information 
processing systems has given rise to a new 
socio-economic indicator to measure our 
'consumption' of their output. It's not based on 
the straightforward bits, and bits per second, of 
infonnarion theory but - because these systems 
commonly use software-programmed digital 
processing - on mips (million instructions per 
second) as a measure of processing power. So 
our 'consumption' is reckoned in 'mips per 
capita'. 

All these systems introduce special 
constraints into the man-world exchange 
process - typically constraints of time, space, 
power, bandwidth and signal/noise ratio. Thus 
in using such information systems we have to 
submit to the mechanistic disciplines imposed 
by these constraints. So, although we may think 
w~ are big, clever guys with all this processing 
power at our command, to the extent that we arc 
dependent on deterministic systems we are in 

MAN AND MIPS 
out a bill which comes through your letter-box. 
You react to it psychologically - for example "I 
am a debtor and must pay this bill promptly" or 
"J don't want to pay this bill and intend to 
ignore it for a while." The mind that devised the 
system that printed out the bill is not personally 
involved and doesn't even know of your 
existence. But through the infonnation 
conveyed, and the responsive activity of your 
own mind, you are certainly involved on a 
personal level. 

MANACLES 

So it's through our own psychological 
responses that we are influenced by information 
systems. The poet William Blake had an insight 
about this two centuries ago when he wrote that 
chilling phrase: 'The mind-forg'd manacles". If 
we feel restricted or oppressed by information it 
is through the reactions of our own minds to the 
messages we read from it. 

The remedy, as I've suggested, is a healthy 
disrespect. If you are in a situation where you 
feel intimidated by some impressive boss man 
behind a huge desk, try imagining him sitting in 
the lavatory with his trousers down. 
Intimidating systems can be handled mentally 
in an equivalent way, though the imaginative 
technique may be different for each individual. 

Norbert Wiener, the American 
mathematician and father of cybernetics. once 
wrote that information is "the content of what is 
exchanged with the outer world as we adjust to 
it." This notion is rather like the concept of 
temperature infommion flowing round a 
control system comprising a thermostat and an 
oven. 

Similarly. the anthropologist Gregory 
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By Tom lvall 

We should always 
maintain a healthy 
disrespect for the 

products of our own 
technology, or risk 
impoverishing our 

humanity. 
Bateson has proposed that what we call 'mind' 
is the process of information transfer within 
closed loops -not only the neural loops within 
the brain and central nervous system but those 
which pass through the larger system of man 
functioning in an environment. Thus, when you 
are soldering, your 'mind loop' controlling the 
iron includes the bit and the globule of molten 
solder on the circuit board. 

Electronics and information technology arc 
getting increasingly involved in this man-world 
exchange process. Beyond the telephone and 
broadcasting, more and more new information 
systems are becoming part of our environment. 
Home banking and shopping, fax, programmed 
learning, radio paging, electronic mail, 
videoconferencing, library infonnation 
retrieval, electronic tagging of persons, are just 
a few that come immediately to mind. To an 
increasing extent they mediate how we see the 

fact becoming their slaves. It's rather like the 
ingenious servants manipulating the master who 
all the time thinks he is in complete control. 

I'm not .concerned here with the deliberate 
use of infonnation systems for social control or 
oppression. But even in a fairly benign and 
open society, say a liberal democracy, there 
could be subtle influences at work on us. We 
have to consider how our participation in these 
systems could be modifying our central beliefs 
of what a human being should be. Are our 
values being changed? Not by some sinister 
scheme to manipulate us, but simply by our 
being in constant contact with the logical, the 
mechanistic and the functional: the good being 
identified with what works. 

Where William Blake spoke for the late 18th 
century, another poet, T.S. Eliot, was moved to 
express similar concerns in our own century. 

In his long poem The Rock, for example, you 
find the following lines: 

"Where is the life we ha1•e lost in living? 
Where is the wisdom we have lost in 

knowledge? 
Where is the knowledge we have lost in 

information?" 
T.S. Eliot earned his living for some years 

by working in a bank. 
The ecology movement has now made us 

aware that man cannot go on ravaging the 
biosphere without in the end impoverishing 
himself. We may soon need another movement 
to teach us that man cannot go on making 
himself even more of a slave to deterministic 
systems - from clocks and factory machines in 
the 19th century to information systems in the 
20th - without impoverishing his own 
humanity. 
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PRACTICAL ELECTRONICS 

8001< SERVICE 
Here is your Editor's choice of books he 

tliinks will be of interest to 
electronics and 

computer enthusiasts 

Mini-Matrix Board Projects. 
R.A.Penfold. 112 pages. £2.50. Order 
Code BP99 
Shows a selection of 20 useful and inleresling circuits that 

can be built on a mini-matrix board of 24 holes by 10 copper 

strips in size- an ideal book for early experimenters. 

From Atoms to Amperes. 
F.A.Wilson. 160 pages. £3.50. 
Order Code BP254. 
For the absolute be~inncr, clearly explaining the 

fundamentals behind the whole subjcc1 of electricity and 

electronics. 

Electronic Projects for Beginners. 
F.G.Rayer. 128 pages. £1.95. 
Order Code BP48 
Specially for the newcomer to electronics who is lookin,g for a 

book containing a wide range of easily made projects. Some 

circuits need no soldering and many others show actual 

component and wiring layouts. 

Electronics Build and Learn 
R.A.Penfold. 128 Pages. £5,95. Order 
Code PC 101 
Combining theory and practice, the book describes a circuit 

demonstrator unit that is used in subsequent chapters to 

introduce C'ommon electronic components and circuil 

concepts. complete wilh pfacUcal cxpcrinH.:nts. 

Practical Electronic Building Blocks 
R.A.Penfold. There are two books -
Book 1 : 128 pages. £1.95. 
Order Code BP117 
Book 2 : 112 pages. £1.95. 
Order Code BP118 
Book 1 is about oscillators and gives circuits for a wide 
range, including sine. trianp;Je. square. sawtooth and pulse 
waveforms and numerous others from voltage controlled to 
customised ic types. 
Book 2 looks at amplifiers. ranging from low level discrete 
and opamp types to ic power amps. A selection of mixers. 
fillers and regulators is inducted. 

30 Solderless Breadboard Projects 
R.A.Penfold. Two books each of 160 
pages. Book 1 : £2.95. Order Code 
BP107. Book 2: £2.25. Order Code 
BP113. 
Each project is designed for building on a Vcrobloc 
breadboard and is accompanied by a dcsciiption. circuit and 
lavout diagrams and relevant constructional notes. Many of 
the components are common to SC\'Cral projects. Boo.k 1 
covns linear device-s, and Book 2 covers cmos logic chips. 

Beginners Guide to Building 
Electronic Projects R.A.Penfold. 112 
pages. £1.95. Order Code BP 227 
Shows the- complete beginner how to tackle the practical side 
of electronics and includes simple constructional projects. 

Satellite TV Installation Guide- 2nd edition John Breeds. £11.95. Order 
Code STVl 
Full of vital information for any competent diyer who wishes to install a satellilc tv antenna and obtain optimum 
reception quality. 

An Introduction to Satellite Television 
F.A.Wilson. 112 pages. £5.95. Order Code BP195 
Infonnative answers to many of the questions about this communications revolution. The infonnation is presented 
on two levels, one aimed at the complete beginner, the other at professional engineers and serious amateur 

enthusiasts. 

' more to what you can do with a meter than meets the 
eye. The book covers the basics of what you can do 

analogue and digital meters and discusses component 
and ctrcu!t tesl!ng. 

Test Equipment Construction 
R.A. Penfold £2.95. 
Order Code BP248 
Describes in detail how to construct some simple and 

I inoexpensive, but extremely useful, pieces of test equipment. 

Oscilloscopes 2nd Edition 
I.Hickman. £12.95. Order Code NT3 
Subtitled 'How to Use Them, How They Work' the book is 
illustrated with diagrams and photographs and is essential 
reading for any one who wants to know about scopes, from 
first principles to practical applications. 

How to Get Your Electronic Projects 
Working. 
R.A.Penfold. 96 pages. £2.50. 
Order Code BP110. 
Essential reading for anyone who wants first-time success 
project assembly. Covers tracing mechanical faults as well 
testing for failures of active and passive components of 
types. 

Introducing Digital Audio 
I.Sinclair. 112 pages. £5.95. 
Order Code PC102 

non-mathematical introduction to the ne-w digital 
technology, discussing the plinciples and methods involved in 
cte\ircs such as cct, ctat and sampling. 

Electronic Music Projects 
R.A.Penfold. 112 pages. £2.50. Order 
Code BP74 
24 practical construclional projects covering fuzz, wah. 
sustain, rcvC'rb, phasing, trC'molo etc. The text is split into 
four sections covering guitar, general, sound generation and 
accessory proJects. 

More Advanced Electronic Music 
Projects 
R.A.Penfold. 96 pages. £2.95. 
Order Code BP174 
Complementing £3P74 by covering more advanced and 
complex proJects including flanging. chon1s, ling modulation, 
plus a selection of drum. cymbal and gong circuits. 

Computer Music Projects 
112 pages. £2.95. Order 

Code BP173 
Shows how home computers can produce electronic 
and covers scqucncing, analogue and Midi interfacing, di,C,ital 
delay lines and sound generators. 

Practical Midi Handbook 
R.A.Penfold. 160 pages. £5.95. 
Order Code PC103 

practical how" to-do-it book for musicians and enthusiasts 
who want to exploit the capabilities of Midi. Covers 
keyboards. drums, scqucncers, effects, mixers. guitars, and 
computer music software. 

Midi Projects 
R.A.Penfold. 112 pages. £2.95. 
Code BP182 
Practical details of intC'rfacing many popular home computers 

Midi systems, and also covering Midi interfacin,g 
analogue' and percussion synths. 

Electronic Synthesiser Construction. 
R.A.Penfold. 112 pages. £2.95. Order 
Code BP185. 
Even relative beg-inners should find the monophonic 
syntllesiser describccl here within thrir capabilities il the 
book is thoroughly read. lndi\idual aspects of the synth are­
dealt with separately ami pcb designs arc shown for the main 
modules. 



Concise Introduction to MS-DOS. 
Kantaris. 64 pages. £2.95. 

Code BP232 

and J.W. Penfold. 80 pages. 
50. Order Code BP170 

such items as monitors. printers, disc driYes. 

modems. etc. explainin~ what they arc and how to 

Digital Logic Gates and 
I an R. Sin clair. 192 

Order Code PC 105 

nh·nrl111~tinn to 6800/6802 
1Mi1Cr4()DJ:ocesl>or Systems 

• ou.uv:•vu and T .J. Terrell. 238 
£10.95. Order Code NT9 

practical experimental work that wm assist in 

lm1rlerst;mriiiM the 6800/6802 microprocessor. with 

the speed of 68000 based machines such as the 

ICcmm:wdore Amiga, Atari STrange. Apple Mackintosh. etc. 

Electronic Science Projects. 
Owen Bishop. 144 pages. £2.95. Order 
Code BP104 
A bumper bundle of experimental projects ranging in 
complexity and including a colour temperature meter, 
electronic clock, a solid state (kd display) srope. an infra-red 
laser. a fascinating circuit for measuring the earth's clcctrlcal 
field strength. and many more. 

Electronic Security Devices 
R.A.Penfold. 112 pages. £2.50. BP56 
Full of ideas for kecping your vnluabks safC'. The circuits 
include designs for light, infra-red. ultrasonic. gas. smoke. 
Oood. door and baby sensors. 

More Advanced Electronic Security 
Projects. R.A.Penfold. 112 pages. 
£2.95. Order Code BP190 
Follows on from where BP56 lea\'E'S off and describe's a 
number of more up-to-date and sophisticated projects. such 
as pyro-st>nsors. infra-rC'd and doppler-shift detection. fibrC'­

optic loops. and many others. 

Electronic Projects for Cars and 
Boats. 
R.A.Penfold. 96 pages. £1.95. 

Getting the Most from Your Printer 
J.W.Penfold. 96 pages. £2.95. 
Order Code BP181 
How to use the features found on most dot-matrix printers 
from programs and popular wordproccssors, showing 
C'Xamplcs of what must be typC'd to achicve a given effect. 

Micro Interfacing Circuits 
R.A.Penfold. Two books, each of 112 
pages. 
Book 1 : £2.25.0rder Code BP130. 
Book 2: £2.75. Order Code BP131 
Both books include practical circuits and useful background 
information though pcb layouts are not included. Book 1 
mainly covers computer input-output techniques. Book 2 
deals primarily with practical application cirruits. 

An Introduction to 6502 Machine 
Code. 
R.A. and R.W. Penfold. 112 pages. 
£2.95. Order Code BP147 
Covers the main principles or machine code programming on 
6502-based machines such as the Vic-20. Orie-l I Atmos, 
Electron. IJBC and Commodore 64. It assumes no pre\·ious 
knowledge of microprocessors or machine code and gi\'es 
illustrati\·c programming examples. 

A Z-80 Workshop Manual . 
E.A.Parr. 192 pages. £3.95. 
Order Code BP112 
A book for those who already know Basic but wish to 
machine code and assembJ~r language programming on 
based computers. 

Practical Digital Electronics 
Handbook 
M.Tooley. 208 pages. £6.95. 
Order Code PC 104 
Nine constructional projects introduce di~ital circuits, lo~ic 
gates. timers. microprocessors. memory and interface 
circuits - an essential book for anyone interested in 
dc>vicC's. 

Order Code BP94 
15 fairly simple projects that can be used with a car and/or 
boat. Stripboard constructional details are included, as are 
explanations of the circuit theory. 

Power Supply Projects 
R.A.Penfold. 96 pages. £2.50. 
Order Code BP76 
A selection of power supply designs. including simple 
unstabilised, fixed voltage regulated and variable voltage 
stabilised. ni-cad charger, voltage step-up, and inverter. 

More Advanced Power Supply Projects 
R.A.Penfold. 96 pages. £2.95. 
Order Code BP192 
Covers more advanced topics than BP76 and includes 
precision supplies. switch mode and computer controlled 
supplies. plus a selection of miscellaneous circuits. 

Popular Electronic Circuits. 
R.A.Penfold. 160 pages. £2.95. Order 
Code BP80 
Containing a wide range of circuit designs for experienced 
constructors who are capable of producing working projects 
direct Ji·om a circuit diagram \\ithout specific constructional 
details. 

JB5l1!i\Wi Radio and Electronics 
Engineer's Pocket Book- 18th 
Edition. Keith Brindley. 325 
pages. £9.95. Order Code NT 11 
An invaluable compendium of facts, figures and 
formulae and is indispensable to the designer, 
student, service engineer and all others interested in 
radio and electronics. 

JB5l1!i\Wi Microprocessor Pocket 
Book. Steve Money. 252 pages. 
£9.95. Order Code NT 12 
Provides a wlde selection of Information which will be 
of general use to anyone Involved In developing, 
designing or servicing, or who Just wants to leam 
more about microprocessor systems. 

JB5l1!i\Wi Computer Engineer's 
Pocket Book - 2nd Edition. 
Michael Tooley. 224 pages. 
£9.95. Order Code NT 13 
An Invaluable compendium of facts, figures, circuits 
and data Indispensable to designers, students, 
service. engineers and all others interested in 
computer and microcomputer systems. 

OpAmps 
B.Dance. £7.95. 
Order CodeNT2 
Subtitled Their Ptinclples and Applications' this interesting 
book is written in a simple non-mathematical style and 
provides a source of practical circuits that use both 
commonplace and more sophisticated opamps. 

Electronic Hobbyists Handbook 
R.A.Penfold. 96 pages. £4.95. Order 
Code BP233 
Provides a source of useful information that the amateur 
enthusiast is likely to need for day-to-day pursuance of 
hobby electronics. 

Newnes Electronics Pocket Book 
I.E.Parr. £9.95. 
Order Code NTIO 
Presents all aspects of modern electronics in a readable 
and largely non-mathematical style, and is a good source of 
valuable information for enthusiasts and professional 
engineers alike. 

Key Techniques for Circuit Design 
G.C. Loveday. £6.95. 
Order Code BM 101 
Tackles the problems of designing circuits from scratch, 
introducing the concept of target specifications, the design 
sequence, device selection, rules of thumb, and useful 
equivalent circuits. 

HOWTOORDER 
State your order code and your name 
and address clearly. Enclose a cheque, 
PO or international money order (add 
SOp postage per book- £1.00 for 
overseas surface mail), and send to: 
PE Book Service 
Intra House 
193 Uxbridge Road 
London W12 9RA 

Books are normally delivered within 
1 0 days but please allow 28 days for 
delivery. 



PE PCB SERVICE 
IT IS EASY TO BUILD 

PRACTICAL ELECTRONICS PROJECTS! 
Simplify your project assembly · use a ready-made printed circuit 
board. All are fully drilled and roller tinned. Just slot in the components 
as shown in the project texts , and solder them. PCBs are the 
professional route to project perfection. 

MAIL ORDERING 
Select the boards you want, and send your order to: 

PE PCB SERVICE, PRACTICAL ELECTRONICS, 193 UXBRIDGE 
ROAD, LONDON W12 9RA. 

Prices include VAT and postage and packing. Add £2 per board for 
overseas airmail. Cheques should be made payable to Intra Press 
(Payments by Access and Visa also accepted). Quote the project name 
and PCB Code Number, and print your name and address in Block 
Capitals. Do not send any other correspondence with your order. 

TELEPHONE ORDERS 
Use your Access or Visa card and phone your order to 081-743-8888 
clearly stating your name and address, card number and order details. 
All orders receive priority attention. Many PCBs are held in stock, so 
they are dispatched within a few days, but please still allow 28 days 
for delivery in case a PCB is temporarily out of stock. 

We can only supply the PCBs IIS1ed here! Please always check the 
latest issue of PE before ordering. 

We can also supply the photocopies of the text at £1 .50 for each 
project part inclusive of postage and packing (overseas £2.00). 

Please note that we do not supply components · they can be ordered 
from our advertisers! 

MAR SS 
APPLIANCE TIMER 166AIB £938 

~ 
LIGHT METAL EFFECTS 169 £7.10 
JUNE SS 
AMSTRAD ROM EXPANSION 173 £12.60 
MAINS MODEM 174 £4.90 
AUG88 
SPEAKING CLOCK 176 £16.75 
SEPT86 
BBC MULTIPLEXER 177 £4.50 

~ 
METAL DETECTOR 178 £6.50 
DEC88 
PANNING MIXER 181 £7.80 

MAR89 
CAMERA SHUTIER TIMER 187 £9.95 

APR89 
PC MULTIPORT 188AIB £20.55 

MAY89 
KIRLIAN CAMERA 189AIC £10.50 

JUNE89 
DELUXE METRONOME 198 £10.95 

JULY89 
PROJECTOR SYNCHRONISER 190A £9.50 

SEP89 
FREQUENCY COUNTER-GENERATOR 194AIB £12.50 

~ 
HOME SECURITY CONTROLLER 196NC £19.50 

DEC89 
VIDEO AGC STABILISER 199 £6.50 

ECHO STATION 200NB £11 .50 

MINI METRONOME 201 £5.90 

JAH.J!Q. 
BARGRAPH TACHOMETER 202 £5.90 
EEPROM PROGRAMMER (KEYBOARD VER) 203 £14.50 

~ 
EEPROM PROGRAMMER (SWITCH VERSION) 204 £4.90 

MODEM 205 £11.50 

MOCK STEREO 206 £4.90 

MAR90 
RADIO CLOCK (TUNER AND PULSE) 207 £6.50 
APR90 
RADIO CLOCK (DISPLAY DECODER) 208 £13.50 

PC/INTERFACE 209 £5.90 
MAY90 
EPROM POLY·PROG (MAIN PCB) 210 £8.50 

JUNE90 
EPROM POL Y-PROG (TOP PCB) 211 £7.50 
MESSAGE MAKER 212 £9.50 
BAUD RATE CONVERTER 213 £4.90 
INTERMITIENT WIPER 214 £3.90 

CIRCUIT BREAKER 215 £4.90 

.!!.!LY~Q 

MORSE DECODER 216 £9.50 
AU..G....9.Q 
SCOPE EXPANDER 217 £9.50 

VOLTAGE PROBE 218 £5.80 

AF OCTAVE MEASURER: 
FILTER DRIVE 219 £6.60 
ANALOGUE FILTER 220 £7.35 

SEP90 
AF OCTAVE MEASURER 

AMPLIFIER 221 £7.35 

SWITCHED FILTER 222 £7.35 
SWITCHED FILTER DRIVE 223 £7.35 

TELE-SCOPE- MAIN PCB 224 £ 11 .50 

OCT90 
TELE-SCOPE - SIGNAL PCB 225 £4.90 

TV INTERFACE 226 £4.90 

CHIPTESTER 227 £11.50 

NOV90 
BIKE COMPUTER - MAIN PCB 228 £9.50 

- POWER SAVER 229 £4.90 

Jlf..C...90 
8748 PROGRAMMING ADAPTOR 230NB £6.50 

JAtil1 
CAR ALARM 231A-C £13.50 

LCD REV COUNTER 232 £6.50 

PE PCBs are the professional route 
to project perfection! 
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£££££££££££££££ READER LOYALTY BONUS ££££££££££££££££ I 
Practical Electronics is giving away 

up to £2,000 

£££££££££££££££ 

to its readers! 

You may have missed out on our 
big Christmas give-away, but 

there's still plenty of chances to 
grab some loot. 

We're offering to refund 1 0 readers of 
Practical Electronics up to £200.00 for 

purchases made from. advertisers in 
this issue of PE. 

The rules are simple: 
Buy any product from any advertiser and we will 

refund you all or part of the cost, up to a maximum 
value of £ ISO, or £200 if you are a subscriber. 

All you have to do is complete and cut the coupon 
below and send it to us. Then if you are one of the 
lucky readers drawn out of the bag on January the 
the 7th, we will refund your money upon proof of 

purchase. 

Needless to say, this is one offer 
you really can't afford to refuse! 

Buy any product 
from any of our 

advertisers! 

r--------------------------------------------------, 1 Send to: PE Reader Loyalty Bonus, January 1990, 
: Intra Press, 193 Uxbridge Road, London W12 9RA 
I 
:1 purchased .............................................................................. price .................. . 

:~~;~~-~-~~.:::::::::: :.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::: :::::::::::: 
:Address: ........... ...................................... ............................................................ . . 
:rown: ............................................. Postcode: ................................................... . 

~a:;:.:;-£?!"·~- !rAM A SUBSCRIBER 0 
Complete and return this coupon as soon as possible. The winners will be 

1 <Jnnounced in the March issue of PE. 
L--------------------------------------------------~ 

READER LOYALTY BONUS ££££££££££££££££ I 



~-Inferak 1 
SINGLE BOARD COMPUTER 

"SBC-1" 

A computer doesn't have to look lrke you'd expect a computer to look. 
1t doesn't have to have a keyboard and a screen and floppy disks and 
so on. 

The SBC-1 has the bare mmimum of chips a ZBO computer can have 
and still be a computer. A 4 MHz Z80-CPU Chip, an EPROM chip (up 
to 32K), a statrc RAM chip (up to 32K) and a pair of 8255A 110 (input 
output) chrps grving 48 mdrvrdual lines to waggle up and down. There 
are one or two addit1onal "glue" crnps included, but these are s1mple 
"74LS" or "HC" parts. 

A star feature rs that no specral or custom chrps (ie PALs, ULAs, ASICs 
etc) are used- and thus there are no secrets. The ZSOA rs the fastest 
and best established of all the 8-bit mtcroprocessors - possibly the 
cheapest too! 

Although no senal interface rs rncluded, it rs easy for a ZSOA to waggle 
one bit up or down at the appropnate rate the cost is a few pence 
worth of code rn the program: why buy hardware when sottware wrll do? 

Applrcatrons already rdentifred rnclude: Magnetic Card reader, mmr 
printer interface, pnnter buffer, pLsh button keypad, LCD alphanumeric 
panelrnterface, 40-zone security rnterface for auto sending of security 
alarms, code converter (eg IBM PC keyboard codes to regular ASCII), 
real time clock (wrth plug rn module), automatrc horticultural rrngatron 
controller. 

By disabling the on-board ZSOA-CPU thrs card will plug into our lnterak 
1 CP/M Plus drsk-based development system, so if you don·t fancy 
hand-assemblrng ZBO machrne coce you don't have to' 

The idea rs (if you are a manufacturer) you buy just one development 
system and then turn out the cheap SBC-1 systems by the hundred. If 
you are really lazy we can wnte the program for you and assemble the 
SBC-1 cards so you can get on w1th manufactunng your product, leavm 
all your control problems to us. 

Greenbank ______ _. 

For more details write or phone us: 
Greenbank Electronics, Dept PE1 , 460 New Chester Road, Rock 
Ferry, Birkenhead, Merseyside. L42 2AE. Tel: 051·645 3391. 

ADVERTISERS INDEX 
A+G Electronics 34 Limrose 41 
ADM Electronics 56 London Electr. College 54 
AGS 5 Lys Electronics 46 
Autona Ltd 19 Maplin Electronics OBC 
BK Electronics IBC Marapet 55 
Cambridge Comp Sci. 55 MOP Electronics 51 
CES NW 55 Nat. College Tech. 37 
Cirkit Distribution 7 NR Bardwell 46 
Colebourn Electronics 55 Number One Systems 30 
Coles Harding 56 Omni Electronics 54 
Cooke International 55 Panrix Electronics 26 
CR Supply Co. 55 Partridge Electronics 54 
Cricklewood Electronics 29 Radio+ Telecom Sch. 54 
Fraser Electronics 54 Ruskin Hall 54 
Greenbank Electronics 62 Sarm Digital 55 
Happy Memories 51 Service Trading Co. 34 
Henry's Audio Electr. 26 Simpsons Manufacturing 56 
lnt. Correspondence Sch. 46 Stewart of Reading 37 
JtN Bull Electrical 42 Suma Designs 51 
J. Vincent Tech. Books 46 Tandy IFC 
JJ Components 7 Technomatic 20 
JPG Electronics 55 The Electronics Shop 54 
Keytronics 11 TK Electronics 62 
Langham Software 55 Tsien (UK) 23 

62 

PROGRAMMABLE ELECTRONIC LOCK KIT 
Keys could be a thing of 
the past with this new high 
security lock. Secure doors 
to sheds. garages, even 
your home or prevent the 
unauthorised use of 
computers, burglar alarms 
or cars. One 4-digit 
sequence will open the lock 
while incorrect entries will 
sound an alarm. The 
number of incorrect entries 
allowed before the alarm is 
triggered is selected by 

·~ ~ LOCKIC 

__...-:: 

~ 
you. Further entries will be ignored for a time also set by you. Only the correct 
sequence will open the lock and switch off the alarm. The sequence may easily 
be changed by entering a special number and code on the supplied keyboard. K1t 
includes: keyboard, alarm buzzer, high quality PCB and all electronic components 
Supply: 5 -15V d.c. Will drive our Latch Mechanism (701150@ £16.50) or relay 
directly 

XK131 ........................................... £19.95 

DLBOOOK B·way sequencer kit with built· 
rn opto-isolated sound to light rnput Only 
requires a box and control knob to com· 
plete £39.95 
DL1000K 4-way chaser features bi­
directional sequence and dimmrng I kW 
per channel £23.95 
XK139 Uni·direct1onal version ol the 
above. Zero switching to reduce in­
terlerence £12.95 
DLA/1 (for DL & DLZ1000K) Optional op­
to input allowrng audio 'beat'/light 
response 95p 
OL3000K 3·channel sound to lrght krt. 
zero voltage swilchrng, automatic level 
control and built-in mrc. 1 kW per 
channel. £19.55 

POWER STROBE KIT 
~rod. uces an mtense / 
light pulse at a ~~.7 
va. nable lrequency ol 
!to t5Hz Includes <'" ~ 
high quality PCB . ./" 
components. connec· 
tors, 5Ws strobe tube and assembly rn· 
structlons Supply 240V ac SIZe 
80 X 50 X 45. 
XK124 STROBOSCOPE KIT. 

power 300W (not 1\uorescentsl 
XK132... . ........ £19.95 

IR TRANSMITTER KIT 

Des1gnedforusewith. 
the XK132 and comes 
completo With a pre 
drilled box. A PP3 9 

~0 :~. ~- ~-'· ~ ~ -~~ .. i-~ .. ~ ~ :~~-~~. 

transformer supplied The MK 18 r11q1res a 
9 V battery and keyboard. Great I or 
controlltng ltghts, TVs, garage doors etc 
MK12 IR Rece1ver... . ................ £19.55 
MK18 Transmrtter... .. ...... £8.95 
MK9 4- Way Keyboard .... 
MK10 16 Way Keyboard .. 

601 133 Bol[ for transmitter. .. 

TB ELECTRONICS 
13 BOSTON RD. LONDON W7 3SJ 
TEL: 01·567 8910. 11jiiiiiij1 ~ 1 

FAX: 01-566 1916 ~ I VISA I 

ORDERING INFORMATION: 
All prices include VAT. Free P & P on orders over £60 (UK only), 
otherwise add £1.15. Overseas P & P: Europe £3.50, Elsewhere £10. 
Send cheque/PO!Visa/Access No. with order. Giro No. 529314002 

LOCAL AUTHORITY AND EXPORT ORDERS WELCOME 
GOODS BY RETURN SUBJECT TO AVAILABILITY 

PRACTICAL ELECTRONICS JANUARY 1991 



Le1sure. Instrumental and H1·F1 etc When companng pr.ces, NOTE all models mclude Toro1dal power supply. Integral heat smk 

Glass hbre P C B and On-..e Clrculls lo power compa\1ble Vu meter Open and short CirCUli proof 

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 

I 

OM PI 00 Mk 11 Bi-Polar Output power 110 watts 
R.M.S. into 4 ohms, Frequency Response 15Hz -
30KHz -3dB. T.H.O. 0.01 %, S.N.R. -118dB, Sens. for 
Max. output 500mV at lOK, Size 355 x 115x65mm. 
PRICE£33.99 + £3.00 P&P. 

NEW SERIES 11 MOS-FET MODULES 

OMP/MF 100 Mos-Fet Output power 110 wans R.M.S. 
1nto 4 ohms. Frequency Response 1Hz - 1OOKHz 
·3d B. Damp1ng Factor, >300. Slew Rate 45V uS. 

T.HO. Typ1cal 0.002%, lnpu1 SensitiVIty SOOmV, S.N.R. 
125dB. S1ze 300 x 123 x 60mm. 

PRICE £39.99 + £3.00 P&P. 

OMP/MF200 Mos-Fet Output power 200 watts R.M.S. 
1nto 4 ohms, Frequency Response"1Hz- 100KHz 

3dB. Damping Factor >300. Slew Rate 50V uS. 
T.H.D. Typ1cal 0.001%, Input Sensltlvity500mV, S.N.R 
-130dB. Size 300 x 155 x 1 OOmm. 
PRICE £62.99 + £3.50 P&P. 

OMP/MF300 Mos-Fet Output power 300 watts R.M.S. 
1nto 4 ohms. Frequency Response 1Hz - 1OOKHz 
-3dB. Oamp1ng Factor >300. Slew Rate 60V uS. 
T.H.D. Typ1cal 0 0008%. Input Sensitivity 500mV, 
S N.R. -130d6. S1ze 330 X 175 X 100mm. 
PRICE £79.99 + £4.50 P&P. 

NOTE:- MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS STANDARD INPUT SENS 500mV BAND WIDTH 100KHz 
INPUT SENS 775mV BAND WIDTH 50KHz ORDER STANDARD OR PEC 

Vu METER Compat1ble w1th our !our amphf1ers detailed above A very accurate v1sual 
d1splay employ1ng 11 LE D d1odes (7 green 4 red) plus an addrtronal on off 1ndrcator 
Soph1st1cated log re control ctrcu1ts for very fast nse and decay trmes Tough moulded plast1c 
case. w1th t1nted acryliC front SIZe 84 • 27 x 45mm 
PRICE £8.50 + 50p P&P. 

LOUDSPEAKERS 
LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE­
QUENCY BULLETS AND HORNS, LARGE S.A.E. (30p 
STAMPED) FOR COMPLETE LIST. 

McKENZIE:- INSTRUMENTS, P.A., DISCO, ETC. 
ALL McKENZIE UNITS 8 OHMS IMPEDENCE 
8" 100 WATT C8100GPM GEN PURPOSE, LEAD GUITAR. EXCELLENT MID. DISCO 
RES. FREQ. 80Hz FREQ. RESP. TO 14KHz SENS. 99dB PRICE £28.59 + £2.00 P&P. 
10" 100 WATT C10100GP GUITAR. VOICE. ORGAN, KEYBOARD. DISCO. EXCELLENT MID 
RES. FREQ. 70Hz FREQ. RESP. TO 6KHz SENS. 1 OOdB PRICE £34.70 + £2.50 P&P. 
10" 200 WATT C10200GP GUITAR. KEYBOARD, DISCO. EXCELLENT HIGH POWER MID 
RES, FREQ. 45Hz FREQ. RESP. TO 7KHz SENS. 1 03dB PRICE £47.48 + £2.50 P&P. 
12" 100 WATT C12100GP HIGH POWER GEN. PURPOSE. LEAD GUITAR, DISCO 
RES. FREO. 45Hz FREO. RESP. T0 7KHz SENS. 9BdB PRICE£36.66 + £3.50 P&P. 
12" 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE RESPONSE. P A. VOICE, DISCO 
RES. FREQ. 45Hz FREQ. RESP. TO 14KHz SENS. 1 OOdB PRICE £37.63 + £3.50 P&P. 
12" 200 WATT C12200B HIGH POWER BA~o. KEYBOARDS. DISCO, P A 
RES. FREQ. 40Hz FREQ. RESP. T0 7KHz SENS. 100d8 PRICE £64.17 + £3.50 P&P. 
12" 300 WATT C12300GP HIGH POWER B>.SS LEAD GUITAR. KEYBOARDS. DISCO. ETC 
RES. FREO. 45Hz FREQ. RESP. TOSKHz SENS, 100d8 PRICE£85.79 + £3.50 P&P. 
15" 100 WATT C15100BS BASS GUITAR, LOW FREQUENCY. P A. DISCO 
RES. FREQ. 40Hz FREQ RESP. TO 5KHz SENS. 98dB PRICE £53.70 + £4.00 P&P. 
15" 200 WATT C15200BS VERY HIGH POWER BASS 
RES. FREO. 40Hz FREQ. RESP. TO 4KHz SENS. 99dB PRICE £73.26 + £4.00 P&P. 
15" 250 WATT C15250BS VERY HIGH POWER BASS 
RES. FREQ. 40Hz FREQ RESP. T0 4KHz SENS. 99dB PRICE£80.53 + £4.50 P&P. 
15" 400 WATT C15400BS VER'v HIGH POWER LOW FREQUENCY BASS 
RES. FREQ. 40Hz FREO. RESP, T0 4KHz SENS 102dB PRICE£94.12 + £4.50 P&P. 
18" 400 WATT C18404BS EXTREMELY HIGH POWER. LOW FREQUENCY BASS 
RES. FREQ, 27Hz FREQ. RESP. T0 3KHz SENS. 99dB PRICE£167.85 + £5.00 P&P. 

EARBENDERS:- HI-FI, STUDIO, IN-CAR, ETC. 

ALL EARBENDER UNITS 8 OHMS EXCEPT EB8-50 AND EBI0-50 DUAL 4 AND 8 OHM. 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND 
8" 50 WATT E:BS-50 DUAL IMPEDENCE, TAPPED 4 8 OHM BASS, Hl·FI. IN-CAR 
RES. FREO. 40Hz FREQ. RESP. T0 7KHz SENS. 97d8 PRICE£8.90 + £2.00 P&P. 
10" 50 WATT EB10-50 DUAL IMPEDENCE TAPPED 4 B OHM BASS. HI-FI. IN-CAR 
RES. FREO. 40HZ FREO. RESP. T0 5KHz SENS. 99d8 PRICE£12.00 + £2.50 P&P. 
10" 100 WATT EB10-100 BASS. HI·FI. STUDIO 
RES. FREQ. 35Hz FREQ, RESP. TO 3KHz SENS. 96dB PRICE£27.50 + £3.50 P&P. 
12" 60 WATT EB12-60 BASS. HI-FI. STUDIO 
RES. FREO. 28Hz FREO. RESP. TO 3KHz SENS. 92dB PRICE £21.00 + £3.00 P&P. 
12" 100 WATT EB12-100 BASS. STUDIO. Hi·FI, EXCELLENT DISCO 
RES. FREO. 26Hz FREO. RESP. TO 3KHz SENS. 93dB PRICE £32.00 + £3.50 P&P. 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 
5'1< 60 WATT EB5-60TC (TWIN CONE) HI-FI. MULTI-ARRAY DISCO ETC 
RES. FREO. 63Hz FREO. RESP. T0 20KHz SENS. 92dB PRICE£9.99 + £1.50 P&P. 
6'/i' 60 WATT EB6-60TC (TWIN CONE) Hl.fl. MULTI-ARRAY DISCO ETC 
RES, FREO. 38Hz FREQ, RESP, T0 20KHz SENS. 94d8 PRICE£10.99 + £1.50 P&P. 
8" 60 WATT EB8-60TC (TWIN CONI') HI-FI. MULTI-ARRAY DISCO ETC 
RES. FREO. 40Hz FREO. RESP. TO 18KHz SENS. 89d8 PRICE£12.99 + £1.50 P&P. 
10" 60 WATT EB10-60TC (TWIN CONE) HI·FI, MULTI-ARRAY DISCO ETC 
RES. FREQ. 35Hz FREQ. RESP, TO 12KHz SENS. 86dB PRICE£16.49 + £2.00 P&P. 

TRANSMITTER HOBBY KITS 
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 

COMPLETE WITH CIRCUIT AND INSTRUCTIONS 

3W FM TRANSMITIER 80·108MHz VARICAP CONTROLLED PROFESSIONAL PER· 
FORMANCE. RANGE UP TO 3 MILES. SIZE 38 • 123mm. SUPPLY 12V " 0 SAMP 

PRICE £14.49 + £1.00 P&P 
FM MICRO TRANSMITIER !BUG) 100·108MHz VARICAP TUNED COMPLETE WITH 
VERY SENS FET MIC RANGE '00·300m SIZE 56 • 46mm SUPPLY 9V BATI PRICE 

£8.62 + £1.00 P&P 

3 watt FM 
Transmitter 

POSTAL C~ARGES PER ORDER [I DO MINIMUM OFFICIAl ORDERS WELCOME FROM 
SC,OOLS COLLEGES GOVT BODIES ETC PRICES INCLUSIVE OF v A' SALES COUNTER 

VISA ACCESS ACCEPTED BY POST PHONE OR FAX 

* MANUAL ARM * STEEL CHASSIS * ELECTRONIC SPEED CON· 
TROL 33 & 45 * VARI PITCH CONTROL * HIGH TORQUE SERVO 
DRIVEN DC MOTOR* TRANSIT SCREWS* 12 DIECASTPlJ\TTER.* 
NEON STROBE * CALIBRATED BAL WEIGHT * REMOVABLE HEAD 
SHELL * CARTRIDGE FIXINGS * CUE LEVER * POWER 220 240V 
50 60Hz * 390 · 305~~ * SUPPLIED WITH MOUNTING CUT-OUT 
TEMPLATE 

PRICE £59.99 + £3.50 P&P. 

STANTON AL500 GOLDRING G850 
PRICE £16.99 + 50p P&P PRICE £6.99 + 50p P&P 

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

THOUSANDS PURCHASED 

BY PROFESSIONAL USERS 

NEW MXF SERIES OF POWER AMPLIFIERS 
THREE MODELS:- MXF200 (100w + 100w) 

MXF400 (200w + 200w) MXF600 (300w + 300w) 
All power rat1ngs R.M.S. 1nto 4 ohms. 

FEATURES: * Independent power supplies w1thtwo Toro1dal Transformers* Twm LED Vu meters* Rotary 
1ndended level controls* lllum1nated on oH sw1tch * XLR connectors* Standard 775mV 1nputs *Open and short 
ctrcu1t proof * Latest Mos-Fets for stress free power del1very mto VIrtually any load * H1gh slew rate * Very low 
d1stort1on * Alum1n1um cases* MXF600 Fan Coolec w1th DC Loudspeaker and Thermal Protection 

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 
SIZES:- MXF 200 W19' /H3'/i' (2U),D11 

MXF 400 W19"xH5'!.'' (3U),D12" 
MXF 600 W19"xH5>f, .. (3U)xD13" 

MXF200 £171.35 
PRICES: MXF400 £228.85 

MXF600 £322.00 
SECURICOR DELIVERY £12.00 EACH 

OMP LINNET LOUDSPEAKERS 
THE VERY BEST IN QUALITY AND VALUE 

MADE ESPECIALL V TO SUIT 
TODAYS NEED FOR COM· 
PACTNESS WITH HIGH OUTPUT 
SOUND LEVFLS FINISHED IN 
HARDWEARING BLACK VYNIOf 
WITH PROTECTIVE CORNERS 
GRILLE AND CARR'tiNG HANDLE 
INCORPORATES 12" DRIVER PLUS 
HIGH FREQ HORN FOR FULL 
FREQ RANGE 45Hz·20KHz BOTH 
MODELS 8 OHM SIZE H1 8 'N15 
. 012 

CHOICE OF TWO MODELS 

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 

OMP 12-100 (100W lOOdB) PRICE £159.99 PER PAIR 

OMP 12-200 (200W 102dB) PRICE £209.99 PER PAIR 

OMP SLIDE DIMMER 
1 K WATT & 2.5K WATT 

CONTROLS l OAOS UP TO 1 KW & :? 5KW 
SUIT AA! F FOR RFStSTIVF AND INOUC 
T\VF I OADS BLACK ANODISFO CASf 
RFADtt Y FlUSH MOUNTFD THROUGH 
PANFI CABINFT CUT·OUTS ADVANCED 
FEATURES INCLUDE -

* F Uti 6'1mm SI IOF 
TRAVFi 

* NFON 

MONITOR IN\JICATOR 

* FlASH OVFRRIOF 
AUTTON 
*HIGH & tOW I FVFI 
PRFSFTS 

* FUllY SUPPRFSSFO 
TO AS 800 

SIZES·-
1KW H1?8 · W40 · 055mm 
? SKW H 1 ?8, IN76 079mm 

PRICES:- 1 K WATT E15.99 
SECUAICOR DEL.:- £12.00 PER PAI!it 2.5K WATT £~4.99 +SOp P&P 

----~----------~ PIEZO ELECTRIC TWEETERS·MOTOROLA 
PIEZO ELECTRIC TWEETERS - MOTOROLA 
Jotn the Prezo revolutton The low dynamrc mass (no vo1ce coil) of a Ptezo tweeter produces an 1mproved trans1ent 
response w1th a lower dtstort1on level than ordmary dynam1c tweeters As a crossover is not requ1red these untts can 
be added to extst1ng speaker systems ol up to 100 walls (more rl2 pulrn serres) FREE EXPLANATORY LEAFLETS 

SUPPLIED WITH EACH TWEETER. 'TYPE 'A' (KSN2036A) 3· round With protectiVe Wire 
mesh. tdeal for bookshelf and medtum srzed Ht·ft 
speakers. Price £4.90 each + SOp P&P 
TYPE 'B' (KSN1005a) 3' _; super horn For general 
purpose speakers. drsco and P A. systems etc Price 
£5.00 each + SOp P&P 
TYPE ·c· (KSN6016A) z·" Sw1de d1spers1on horn For 
qual1ty H1-l1 systems and quality d1scos etc. Price £6.99 
each + SOp P&P. 
TYPE 'D' (KSN1 025A) 2" x 6 w1de drspers1on horn. 
Upper frequency response retatned extend1ng down to 
m1d range (2KHz) Su1table for h1gh qualrty Hi-f1 systems 
and quality diScos. Price £9.99 each + SOp P&P. 
TYPE 'E' (KSN1038A) 33;, .. horn tweeter w1th attractive 
stlver fm1sh tnm. Suttable for Ht-fl monrtor systems etc 
Price £5.99 each + SOp P&P 
LEVEL CONTROL Combrnes on a recessed mountrng 
plate. level control and cab1net tnput Jack socket 
85 x 8Smm Price £3.99 + SOp P&P 

STEREO DISCO MIXER wrth 2 " 5 band L & R 
graphtc equalisers and twm ~0 segment L.E.D 
Vu Meters. Many outstanding features Slnputs 
w1th tnd1v1dual faders prov1ding a useful com­
binatton of the followmg:-
3. Turntables (Mag). 3 M1cs. 4 L1ne 1nclud1ng CD 
plus M re w1th talk over sw1tch Headphone Mont· 
tor Pan Pot L & R. Master Output controls. 
Output 77SmV S•ze 360 x 280 x 90mm Supply 
220-240v 

Price £134.99 ·- £4.00 P&P 

8. K. ELECTRON/CS Dept PE 
UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR 

TEL: 0702-527572 FAX: 0702-420243 



Does yours pass the screen test? 
We believe ours doff! 
Precision laboratory oscilloscopes. Triple-trace 20MHz 3 channels-3 trace. XY mode allows Lissa]ous patterns 
to be produced and phase shift measured. 150mm rectangular CAT has internal graticule to eliminate parallax 
error. 20nsfdiv swe'ep rate makes fast signals observable. Stable triggering of both channels even with 
different frequeooes is easy to achieve and a TV sync separator allows measurement of video signals. 
Algebraic operation allows the sum or difference of channel ! and 2 to be displayed. 50mV/div output from CH 
1 available to drive external instrument e.g. frequency counter. Also available, 40MHz triple trace oscilloscope. 
Similar to the model described above but with 12kV tube that is super bright even at the highest frequencies. 
This inslfument also has a delayed sweep hme base to provide magnified waveforms and 
accurate time interval measurements. 

TOA 10 (20MHz Triple Scope) ... - ............... _. ~ .................... _ ... _....... £334.95 
TOB10 (40MHz Triple Scope)... . ................................. . ·- ·····-··· £54 9.95 

TEST EQUIPMENT - Choose from the extensive range featured in our new 580 page 
Electronics Catalogue Available in all our shops or from WHS~OTH for £2.25 or £2.75 
by mail. No carriage charge if ordering Catalogue only. 

CREDIT CARD HOTLINE 

20Mtiz 

40MHz 

0702 554161 
$/~ELECTRONICS 

P.O. BOX 3, RAYLEIGH, ESSEX, SS6 SLR. 
All items subject to availability, all Items will be on sale in our shops in 
Birmingham. Bristol. Leeds. Hammersmith, Edgware, Manchester, Notlingham, 
Nowcastle-upon-Tyne, Reading, Southampton and Southend-on-Sea. 
Add Carriage 75p. ALL PRICES INCLUDE VAT. 


