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KAYCOMP 68000 
MICROPROCESSOR  *LOWCOST* 
TRAINER 
AND SINGLE 
BOARD 
COMPUTER 

USED 
BY SCHOOLS 
COLLEGES 81 
UNIVERSITIES 
• Full 8MHz 68000 Processor with 16 bit data bus. 
• Top-class monitor program Included on two 27128 Eproms. 
• Communicates via RS232 interface to terminal, BBC computer, 
P.C. computer etc. 

• Use as a Trainer, or as a stand-alone computer system. 
• Fast, powerful processing - ideal for real time control systems. 

STANDARD SYSTEM IN KIT FORM  £110.00 

STANDARD SYSTEM BUILT & TESTED  £169.00 

LINE BY LINE ASSEMBLER PROGRAM (IN EPROM)  £ 27.00 

POWER SUPPLY  £ 11.99 

KIT PRICE 

Ell OINC VAT 
*PERFECT FOR ROBOTICS 
APPLICATIONS REQUIRING 
POWER AND SPEED* 
• Dual U.A.R.T. allows simultaneous connection of printer and 
terminal. 

• Add-on options include: G64 Bus, 68230 P.I.T. 8k and 32K Ram 
upgrades, and line by line assesmbler. 

• Available from stock now- with support manual and full technical 
back up. 

68230 P.I.T. ADD ON OPTION 

664 BUS ADD-ON 

8K x 16 RAM UPGRADE 

32K 15 RAM UPGRADE 

OTHER OPTIONS, DATA PACKS, AND LITERATURE AVAILABLE - SEND FOR DETAILS. 

£ 11.97 

£ 5.49 

£ 9.24 

£ 28.00 

SOLE SUPPLIER - MAGENTA ELECTRONICS - UK 8c WORLDWIDE 

PE PROJECT KITS KITS INCLUDE CASES & PCB UNLESS STATED. 

AUGUST KITS - PHONE FOR PRICES 
SCOPE STORE JULY 87  £49.99 
SYNTHESISED A.F. GEN, JUN 87  39.98 
BRIGHT FUZZ MAY 87 
ULTRASONIC TAPE MEASURE Mar 87 less case 
VIDEO FADER Jan 87 
VIDEO ENHANCER Dec 86 

16.59 
06.21 
£13.28 
£2980 

CATALOGUE £1.00 
This ad shows just a fraction of our 
wide  range  of  Kits,  Tools, 
Components,  Books  Etc.  Our 
illustrated catalogue is a must for all 
electronics enthuasist. 
FREE  TO  SCHOOLS  ETC.  WHEN 
ORDERED ON LETTERHEAD 

NOTCHER EFFECTS UNIT May 86 
TTL LOGIC CHECKER May 86 
SOUND ACTIVATED SWITCH Apr 86 
SCRATCH & RUMBLE FILTER 
(Stereo) Apr 86  £18.89 
PHOTOGRAPHIC TRIGGER UNIT Apr 86  £35.68 
TEMPERATUREANLOGUE INTERFACE 
Apr 86  £43.87 
SPECTRUM HARDWARE RESTART ((Incased) 
Mar 86  £28.49 
AMSTRAD I/O Mar 86  £24.18 
FIBREOPTIC AUDIO LINK Mar 86  £2765 
FIBREOPTIC CABLE  80p/metre 
LOGIC PROBE Feb 86  £14.15 
COMPUTER MOVEMENT DETECTOR 
Feb 86  £1743 
SPECTRUM SPEECH SYNTH & 8-BIT PO PORT 
Jan 86  29.58 

PASSIVE INFRA-RED DETECTOR July 86 £38.46 
ECHO/REVERB UNIT July 86  £41.95 
THERMOCOUPLE INTERFACE FOR DVM Jun 86 

£15.98 
E31.46 
£20.95 
£41.55 

COMMODORE USER PORT EXPANDER 
Nov 85  £11.98 
TOUCH CONTROL PSU Oct 85  £31.22 
MODULATED SYNDRUM Oct 85  £29.24 
85232 TO CENTRONICS CONVERTER 
Sept 85  £49.44 
CAR BOOT ALARM Sept 85  £12.89 
COMPUTER ENVELOPE SHAPER Aug 85  24.39 
VOLTMETER MEMORY ADAPTOR July 85 £11.49 
STYLUS KEYBOARD FOR COM 64 Jun 85  £10.50 
SYNTHESISER INTERFACE FOR COM 64 
Jun 85  £1726 
AMSTRAD SYNTHESISER INTERFACE 
May 85  E27.90 
CYLINDER THERMOSTAT May 85  £23.95 
BBC POWER CONTROL INTERFACE Apr 85 £22.98 
GUITAR ACTIVE TONE CONTROL less case 
Sept 83 
PROGRAM CONDITIONER June 83 
AUTO TEST SET May 83 
WIPER DELAY Apr 83 less relay 
BATTERY TESTER Apr 83 

£14.36 
£22.40 
£41.54 
£9.89 
£15.90 

MAGENTA ELECTRONICS LTD 
135 Hunter Sheet 
Burton on Trent 
Staffs DE14 2ST. 
0283 65435 

Prices include VAT and £1.00 p&p to 
all orders offici3I orders welcome. 

SHOP NOW OPEN 
Callers welcome 9-5 MON-FRI 
Access/Visa Phone or Post. 
24 hour answerphone. 
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CONSTRUCTIONAL PROJECTS 
GUITAR TO SYNTH INTERFACE by Rober Penfold   12 
Don't let your guitar fret — it too can play an orchestra. 
Plug in, pluck on, and Halle-lujah! 

TEACHER LOCKER by Tim Pike   35 
Continuing the series of articles for G.C.S.E. students by 
decoding the logic behind a digitally gated lock. 

DUAL POWER SUPPLY by David Silvester   42 
Outputs at ±15V, up to 1.5A, foldback current limiting and 
cross linked stabilisation. Power for the coarse or fine 
workshop. 

EPROM PROGRAMMER by Malcolm Harvey   48 
Computer controlled 4K data transfer and checking via a 
single 8-bit port, aided by a multi-option menu and 
location selector. 

tJTAI 
- SYNTH 

REGULAR FEATURES 

SPECIAL FEATURES 
EDUCATIONALLY PRODUCTIVE a selection of reports   7 
Products, events and news of special interest to those on 
both sides of the classroom. 

PROGRAMMABLE LOGIC DEVICES by Chris Kelly   21 
PLDs turn design dreams into speedy hardware reality. 
Using conceptual logic, a computer and a device akin to 
an epronn, the technology offers other benefits as well. 

CLICK ELIMINATORS by the Prof   27 
Using circuits more broadly known as pulse blankers, 
unwanted noise can be filtered from radio receivers, 
scratched records, and other spiked sources. 

EDITORIAL — An Exclusive Technology?   9 

LEADING EDGE by Barry Fox — Brief Mapping Problems   8 

SPACEWATCH by Dr. Patrick Moore OBE — Extra-Solar Planets   46 

INDUSTRY NOTEBOOK by Tom lvall — Electronics in Democracy. 57 

MARKETPLACE — what's new, where and when   4 

TRACE CENTRE — the PCB track layout pages   32 

PCB SERVICE — professional PCBs for PE Projects   60 

PROJECT ASSEMBLY — a guide to easy building   61 

CHIPCHOP a technical logic research analyser   33 

READERS' LETTERS and a few answers   54 

BAZAAR — Readers' FREE advertising service   53 

POINTS ARISING   58 

ADVERTISERS' INDEX  62 

NEXT MONTH ... 
SAFETY POWER UNITS — MORE G.C.S.E. PROJECT IDEAS • 
SECURITY  ALARM  CONTROLLERS  • MIDI  EXPANDER  • 
SEMICONDUCTOR TECHNOLOGY • LASERS AND OPTICAL FIBRES 
• PROGRAMMABLE LOGIC DEVICES PART TWO • DC MOTORS PART 
THREE • ROBOTICS AND EDUCATION • 
AND OF COURSE our top line regular features, exciting experimental 
ideas, and all the latest product information from our advertisers. 

PE NOVEMBER 1987 ISSUE ON SALE FROM FRIDAY OCTOBER 2nd 

— DON'T MISS YOUR COPY — PLACE A REGULAR ORDER — 

IT'S STILL ONLY £1.25 

THE SCIENCE MAGAZINE FOR SERIOUS ELECTRONICS ENTHUSIASTS 
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NEWS AND MARKET PLACE 
" • • 

CATALOGUE CASEBOOK 

We have recently received details of the following 
catalogues and literature: 

Betronex are offering new colour technical liturature on their 
EE Designer PCB CAD system. Betronex (UK) Ltd, 1 Wells 
Yard, High Street, Ware, Herts, SG12 9AS. 

Cricklewood Electronics. 'Crickles the Cat' looks out again 
from the cover of the 10th edition mid 1987 catalogue. This 
well known cat offers hundreds of lower prices and new devices. 
Criddewood Electronics Ltd, 40 Cricklewood Broadway, 
London NW2 3ET. 

EOCS have sent their latest interesting and informative 
magazine. The Electronic Organ Constructors Society is an 
organisation well worth joining if you are interested in 
electronics and music. ECOS, 5 Gander Close, Hartcliffe, 
Bristol, BS13 9PN. 

Lux-Therm Products announce their new catalogue describing 
high intensity infrared heating modules and tools. Lux-Therm 
Products, Unit M, Portway Industrial Estate, Andover, Hants, 
SP10 3LU. 

M.S. Components. 1987 catalogue for OEM and Industrial 
Electronics distribution, incorporating the Steatite Group 
catalogue. M.S. Components Ltd, Zephyr House, Waring 
Street, West Norwood, London SE27 9LH. 

Walmore Communicator. Reviews of fibre optic technology 
and components from Walmore Electronics Ltd, Laser House, 
132-140 Goswell Road, London EC1B 1BX. 

Half-Price Stripper 

ELECTRONIC and 
Computer Workshop Ltd. 

(ECW) announces an extra 
special offer for the popular Bib 
No 9, professional-quality wire 
stripper. At less than half the 
recommended retail price, this is 
a unique opportunity to obtain a 
quality tool at an unrepeatable 
price, just £1.50 (one-off). 
Easy-to-use and with an 

attractive, sturdy design, the 
stripper is eminently suitable for 

all types of applications. Among 
its impressive features are a 
convenient finger-tip cam 
adjustment for common wire/ 
cable sizes, comfortable cushion-
grip handles, effective return 
spring and handle lock. 
ECW gives a volume discount 

for orders of 30 or more. 
Contact: Electronic & Computer 
Workshop Ltd Unit 1, Cromwell 
Centre Stepfield, Witham Essex 
CM8 3TH lel: (0376) 517413 

WHAT'S NEW 

Toko Triad 

TrTHREE CMOS LSI 1 integrated circuits, designed 
specifically for use in numerical 
control applications, are now 
available from Cirkit in 
economical plastic packages. 
Previous versions of the chips 
were available in ceramic 
packages only. 
These new Toko ICs, the 

KM3701AD function generator 
LSI and the KM3702D 
comparator LSI, are ideally 
suited for a variety of factory 
automation and industrial 
control applications.They can be 
used to control robotic systems, 
milling and drilling machine 
tools, step and repeat handlers, 
automatic loaders, process 
control and other types of 
product equipment. The 
KM3703D is a feed-back pulse 
generator for use with the 
KM3702D. 
The KM3701AD generates 
interpolation pulses for two axes 
of movement, according to 
instructions from a host CPU. It 
provides a smooth range of 
motion for a tooling head or 
robotics device by generating 
separate interpolation pulses 
with each feed pulse. In addition, 
the 1/2 control maintains 
constant tooling head speed.The 
KM3701AD provides the 
flexibility to control linear, 
circular, parabolic, logarithmic 
and exponential interpolations. 
The clock rate of the 

KM3701AD is 5Mhz (max.); the 
interpolation pulse distribution 
rate is 454.5 KPPS (linear 
interpolation at 5Mhz clock) and 
238.1 KPPS (circular 
interpolation at 5Mhz clock). 
Internal registers can be read at 

any time. 
With the addition of the 

KM3702D comparator LSI, the 
KM3701AD can be used to 
control DC servo motors. The 
KM3702D is a positional control 
CMOS LSI that provides 
optimum control of 
servomechanisms. It closes the 
positioning loop for a servo 
motor by counting the difference 
between command pulses and 
feedback pulses, and then 
generates a pattern for use by a 
D/A converter. When the number 
of input pulses is equal, the 
KM3702D provides a signal to 
stop the motor. The chip 
interfaces with any 8-bit CPU. 
The clock rate of the KM3702D 
is 1.5MHz (max.); the output 
pattern is 16 bits (max.); and the 
velocity of the output pattern is 
13.3 micro sec. at 1.5MHz clock. 
The Toko KM3703D monitors 

the direction of rotation of servo 
motors, as sensed by an encoder, 
and transmits the information to 
the KM3702D. This feedback 
signal is either a positive or 
negative pulse. It also features a 
feedback pulse multiplier for 
increased encoder resolution. 
Toko products include 

numerical control boards, 
miniature RF and IF filters, and 
semicoder devices. 
A special KM chip numerical 

control prototyping kit for 
two-axis control is also now 
available from Cirkit. It includes 
one KM3701D, two KM3702D 
ICs and two KM3703D ICs, as 
well as complete documentation. 

Cirkit Distribution Ltd. Park 
Lane Broxbourne Herts. 
EN10 7NQ. lel: (0992) 444111 
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NEWS AND MARKET PLACE 
• 

Cute Qwerty Mini-Vac 

AS a computer accessory, this 
little tool really has to be 

my pick of the month. 
About twice a year I 

laboriously strip apart my 
computer keyboard and clean it 
out. It is kept in the workshop 
surrounded by all the 
paraphenalia of an addicted 
electronics designer. Inevitably, 
it picks up the grit and grime that 
is somehow attracted to any well 
frequented den. Just as 
inevitably, the dust creeps in 
between the keys and the 
contacts beneath, eventually 
resulting in loss of typing 
accuracy as keys misconnect. 
All that could now be a thing 

of the past, thanks to a splendid 
little vacuum cleaner made by 
Microphax. It is a well made, 
compact and portable 
microcleaner called Mini-Vac. 
Unlike compressed air 

cleaners, which simply disperse 
the dust particles, Mini-Vac 
simply vacuums them safely 
away. It is supplied with a dust 
filtration bag and a range of 
interchangeable brushes and 
extension tubes for reaching into 
those awkward to get at corners. 
The basic model is supplied for 
use with a small nine volt battery, 

a PP3 for example. This simply 
slots into the main handle 
canister. rt will run just as 
happily from a normal mains 
operated 9V battery eliminator, 
such as those used with cassette 
recorders. 
Using Mini-Vac is simplicity 

itself. Just choose the attachment 
you want, push the button, and 
cleanliness re-appears. The bag 
has cleverly been give a velcro 
fixing at the rear so that it can 
readily be emptied. 
Fitting neatly into the palm of 

the hand, Mini-Vac is also ideal 
for cleaning photographic, video 
and audio equipment, and costs 
just £12.95 plus VAT. Microphax 
can also supply the optional 
mains adapter at a realistic price. 
Even the inside of my 

computer is now clean - 
something that I have never 
risked before for fear that dust 
particles might contain metallic 
fragments. If trapped between 
chip pins, these could cause 
more problems than any program 
bug. My clean machine certainly 
shows that Mini-Vac can reach 
parts other handi-cans can't. 
For further information 

contact: Microfax Ltd, 36 
Nuffield Way, Abingdon, Oxon, 
0X4 1TF. Tel: 0235 25695. 

COUNTDOWN 
If you are organising any electronic, computing, electrical, 
scientific or radio event, big or small, drop us a line. We shall 
be glad to include it here. 

PLEASE NOTE: Some events listed here may be trade only, 
or restricted to certain categories of visitor. Also, please check 
dates, times and other relevant details with the organisers before 
setting out as we cannot guarantee information accuracy. 

Autumn Course on The Art of Hi Fi. For 10 weeks from Sept 
28th 1987. Charles Keene College of Further Education, 
Leicester. 0533 516037. 

Sep 15. Outdoor Sound Propagation (I0A). Open University, 
Milton Keynes. 031-225-2143. 

Sep 15-18. Design Engineering Show. National Exhibition 
Centre, Birmingham. 01-891-5051. 

Sep 15-18. International Conference on Japanese Information 
in Science Technology and Commerce. University of Warwick. 
01-323-7924. 

Sep 21-24. Electronic Security and Surveillance  1987 
conference. Warwick University. 01-403 2351. 

Sep 23-27. Personal Computer World Show, Olympia. 0203 
470075. 

Oct 6-8. Internepcon Packaging Show. Metropole Convention 
Centre, Brighton. 01-891-5051. 

Oct 13-15. British Laboratory Week '87. Grand Hall, Olympia, 
London. 0799-26699. 

Oct 20-22. International Test & Transducer Exhibition. 
Wembley Conference Centre. 0822-4671. 

Oct 20-22. Testmex. Business Design Centre, Islington, 0799-
26699. 

Nov 3-5. Custom Electronics and Design Techniques Show. 
Heathrow Penta. 0799-26699. 

Nov 3-Dec 10. Research and Development Society Silver 
Jubilee Exhibition. The Design Centre. London. 01-235-6111. 

Nov 5-8. Reproduced Sound Conference - IOA. Windermere 
Hydro Hotel. 031-225-2143. 

Nov 19-20. Desktop Publishing. Cumberland Hotel, London. 
01-8712546. 

Mega Fluke 

E 1LUKE'S position as the 
world's largest multimeter 

manufacturer is confirmed with 
the announcement that the one 
millionth 70 series model has just 
come off the production line at 
the company's Seattle 
manufacturing facility. To mark 
the importance of the occasion, 
the millionth model was gold 
plated and presented to 
Chairman John Fluke Jnr. who 
will place it in Fluke's own 
museum in Seattle. 
The one million 70 Series 

multimeters are valued at over 
$130,000,000 (130 million 
dollars) and Fluke say that they 
have helped them consolidate 
their position as the world 
market leader for these basic 
tools, which are to the service 
engineer what a handsaw is to a 
carpenter. Today Fluke claims 
about 40% of the world's 
handheld multimeter business, 
largely due to the runaway 
success and innovation of the 70 
Series, now in very high volume 
automated production in Seattle. 
In addition to the 70 Series, 
Fluke manufacturers a number 
of other lines of handheld, 
benchtop and high-precision 
multimeters, with worldwide 
annual sales exceeding $100 
million for all. Other product 
lines built and marketed by the 
test, measurement and control 
maker include data acquistion 
equipment, electronic calibration 
instruments and systems, and 
digital testing and 
troubleshooting equipment. The 
Company's products are used 
primarily by commercial 
electronic manufacturers, 
military and government 
agencies, prime and sub-
contractors, and utilities in a 
variety of applications such as 
research and development, 
manufacturing, calibration, and 
service and plant maintenance. 

Contact: Fluke (GB) Ltd., 
Colonial VVay, Watford, Herts, 
WD2 4TT. Tel: 0923 40511. 

Widely Spoken 

rr HE first Fane co-axials, the 
CX12 and CX15 launched at 

the 1986 Frankfurt Fair, proved 
largely successful and have been 
eagerly specified by up-market 
systems producers such as 
Stephen Court, and by 
installation companies as far 
afield asThailand, New Zealand 
and U.S.A. The acclaim with 
which these handbuilt 
transducers have been greeted is 
such that the range has been 
enlarged by the introduction of 
10" and 18" models, the CX10 
and CX18, intended for wide 
range, high quality professional 
applications; and by three extra 
high power models intended 
primarily for stage usage, the 
CX12PA, CX15PA and CX18PA. 
The standard CX models feature 
low reasonance, urethane half 
roll cone termination and 
smoothly maintained response 
up to 20kHz. The PA. models 
incorporate a higher reasonance, 
double half roll suspension and 
increased magnetic flux to 
withstand sustained and rigorous 
stage usage .The 60°x40* integral 
high frequency constant 
directivity horn provides wide 
dispersion coupled with absence 
of colouration and distortion. 

Contact: Rine Acoustics Limited 
268 Bradford Road, Batley WF17 
5PW, West Yorkshire. 

New CB Frequencies 

GEOFFREYPattie, Minister 
of State for Industry and 

Information Technology, has 
announced that a launch date for 
a new Citizens' Band (CB) radio 
service on 26/7MHz, will be 
available from September 1987 
and is based on a 
recommendation by the 
Conference of European Posts 
and Telecommunications 
Administrations (CEPT). It will 
be available to all CB licence 
holders under the terms of the 
existing licence. 
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NEWS AND MARKET PLACE 
•:. 

CHIP COUNT! 
This month's list of new component details received — 
mainly chips, but other items may be included. 

BYV18 series. Schottky-barrier double rectifier diodes 
(ML). 

HB56A19A-B. 9M-bit DRAM module with fast access 

time and low power (HT). 

HM6208. High speed 256K-bit static RAM in 64K x 4 
memory configuration (HT). 

HM10484-10. One of four new very high speed 16K-bit 
ECL RAMs (HT). 

HM53051P. High performance 1M-bit Frame Memory 
store (HT). 

LM086ALN. 16 character x 2 line dot matrix LCD 
module with built-in LED backlight (HT). 

MAB8032AH. and MAB8052AH. NMOS 8-bit 'state of 
the art' microcontrollers (ML). 

NE-SA5204. High frequency wideband RF and data 
communications amplifier (ML). 

NE-SE5105A. 12 bit high speed precision comparator. 
Compatible with CMP-05 and RM4805 (ML). 

PLH8501-2. Programmable Macro Logic gate arrays in 
52-pin PLCC (ML). 

SAA1131-1136. Chip set for implementing PCM digital 
audio on VCRs (ML). 

SAA5250. Multistandard teletext CIDAC - CMOS 
Interface for Data Aquisition and Control (ML). 

SMIDs. MELF surface-mounted implosion diode range 
(ML). 

Super-Supply. Claimed to be the smoothest DC output 
regulator in the world (SG). 

Manufacturers and contact telephone numbers for 
further details. (HT) Hitachi, 0923 46488. (ML) 
Mullard, 01-580-6633. (SG) Sage Audio, 0274 568647. 

Sweltering Superconductors 

M ITSUBISHI Electric 
Corporation has 

successfully developed a ceramic 
superconductor that carries 
electric current of 112A/cm2 at 
liquid nitrogen temperature in a 
stable condition.The attainment 
of a current of more than 
100A/cm2 represents a great step 
toward commercialization. 
The newly-developed 

superconductor is barium-
yttrium-copper oxide made by an 
original synthesis and molding 
method and has superconduction 
transition starting temperature 
of 104K and perfect 
superconduction transition 
temperature of 95K, the world's 
top level critical temperature. 
In an experiment they 

succeeded in floating a disk 
made of this superconductor in 
room-temperature air by the 
Meissner Effect, cooling it with 
liquid nitrogen. In the past, 
liquid helium was used in such 
experiments, thus they have 
attained the world's first success 
using a superconductor under 
these conditions. 

Gas Pocket 

APOWERFUL soldering iron 
that can be carried in a top 

pocket, Portasol is completely 
portable, no larger than a felt-tip 
pen and offers a range of outputs 
from 10 to 60W. It is refilled from 
cigarette lighter butane gas 
containers, and is suitable for all 
types of precision soldering, with 
a choice of tip diameters — 
1.0mm, 2.4mm, 3.2mm or 
4.8mm. Maximum tip 
temperatures is 400°C. Safe and 
reliable, it runs for 
approximately one hour on a 
single refill. The clip-on cover 
has a built-in igniter and, when 
in position, allows the Portasol 
to be carried like a pen in a 
top-pocket. 
A powerful gas-operated 

heater gives a stable output that 
is superior to battery-operated 
portable types. This frees the 
user from having to work near a 
mains power point or bother 
with extension cables. 

Contact: Freetrade (TEP) Ltd, 
Moor Lane, Witton, Birmingham 
B6 7HH. Tel: 021 356 2582. 

Mini Music Mobilised 

BINATONE International 
Limited, the UK's largest 

privately owned consumer 
electronics company, has 
launched SOUNDPAC — a mini 
amplified speaker system 
designed for use with personal 
stereos. 
SOUNDPAC, with its stylish 

silver finish, is similar in size to 
a traditional audio cassette box 
and boasts the following features: 
built in stereo amplifier; full 
range dynamic speakers; power 
on/off LED indicator; extension 
connection cord; compatibility 
with personal stereos, portable 
radios and TVs etc; operation 
on 2 x R6 batteries. 
Gulu Lalvani, Chairman of 

Binatone International Limited, 

commented that they are very 
excited about this innovation 
since it satisfies a real consumer 
need for people who have 
personal stereos, increasing the 
versatility and value of the 
product by enabling the 
consumer to enjoy music 
anywhere, without the need for 
headphones. SOUNDPAC 
typifies the Binatone policy of 
giving the consumer real benefits 
at affordable prices and they are 
certain that this will be proven 
by the success of this unique 
product, which became available 
during May, priced at around 
12.99. 

Contact: Sue Morris, Morris 
Media, 26-40 Kensington High 
St, London W8. Tel: 01-938 2222 

Link Trainer 

THE Flight Electronics 68000 
training system can now be 

used either in stand-alone 
configuration, using a terminal 
as the control console, or in 
conjunction with a mini or 
mainframe as a target board. 
When attached to a mini or 

mainframe computer the FLT-
68k can be used as a target for 
68000 object code. The code may 
be generated by any cross-
assembler or compiler capable of 
downloading Motorola 'S' 
format files. A 'transparent 
mode' in the firmware allows a 
direct terminal to mainframe link 
for program generation. The 
download command then 
enables the object code to be 
loaded into the FLT-68k. The 
training system's debugging 
facilities may be used to run, 
test, or modify the program. 
Contact: Flight Electronics 
Limited, Ascupart Street, 
Southampton SO1 1LU. 

Sage Qualities 

age Audio have introduced 
L./two totally new highly 
advanced audio power 
amplifiers: the s̀uperamp' a 
bipolar amplifier so 
technologically advanced it 
out-performs even the very best 
MOSFET amplifier modules, 
and the 'supermos' a MOSFET 
amplifier which includes all the 
hi-tec features of the superamp 
but with a MOSFEToutput stage 
giving unprecedented speed and 
performance unmatched 
anywhere. 

The truly monolithic 
integrated construction includes 
a high efficiency heatsink, five 
simple connections, I/P, 0/P, 
+VE, —YE and OV with no 
external components necessary. 
The Sage Audio Superamp and 

Supermos modules are based 
around a completely new design 
incorporating all the most up to 
date technical features available 
anywhere in one (patent 
pending) unique amplifier. 

For fuller details contact: 
Sage Audio, Construction House, 
Whitley Street, Bingley, West 
Yorks, B16 4JH. Tel: 0274 568647. 
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EDUCATION NEWS AND MARKET PLACE 

Young Scientists Truimph 

Three young British scientists 
won major recognition in the 
19th European Philips 
Competition forYoung Scientists 
and Inventors held in Paris on 11 
June 1987. 
From a total of 27 entrants 

from 14 nations, Peter Badger 
aged 19 from West Bridgeford 
School, Nottingham, won an 
award of 14,000 FF (£1424) for 
his computerised device for 
improving table tennis skills. 
Placed third overall, Peter's 
invention was praised by the 
highly qualified scientific judges 
drawn from 7 countries for its 
thoroughness in design and its 
commercial potential. 
Youngest contestants of the 

competition, Andrew Sutton and 
Nicholas Porter both aged 14, of 
Aylestone School, Hereford, 
won Certificates of Distinction, 
worth 4,000 FF (£407) for their 
practical device to measure 

accurately extremely slow speeds 
of wire drawing in an annealing 
process, for Messrs Wiggins 
Alloys of Hereford. 
All British winners 

demonstrated a determination to 
put technology to work, and 
showed a mature grasp of 
practical application of their 
inventions. 
Such tenacity of purpose and 

eye for the practical does much 
to dispel criticism that the British 
have good ideas but do not put 
them to practical use. 
These three contestants were 

Philips UK finalists in the British 
Association Science and 
Technology Awards. 
For further information contact: 
Mr D.C. Whitter, UK Corporate 
Relations, Philips Electronics, 
Tel: 01 689 2166 ext 8229, or Mr 
A West, The British Association 
of Young Scientists, Tel: 01 734 
6010. 

London Calling 

The London Electronics 
College will be launching a new 
series of up-dated one year 
full-time BTEC National 
Certificate courses from 21st 
September 1987. 
The subject specialisms 

available will be: Electronic 
Equipment Servicing (TV, VCR 
and CCTV), Computing 
Technology (Microprocessors, 
Interfacing and Data Comms), 
Information Technology 
(Telecomms, Networks, Satellite 
IV and CD), Software 
Engineering (Assembler, 
BASIC, Pascal, Programming & 
CADCAM). 
These courses are particularly 

important for those wishing to 
update or re-train, either with 
Employer sponsorship (up to 
£1,000 ATS grant aid) or for 
those recently taking 
redundancy. 
The College is also a Managing 

Agency for the MSC JobTraining 
Scheme (JTS) and will recruit 
suitable applicants direct onto 
the new JTS. This programme 

involves periods of job training 
and work experience in industry; 
employers interested in taking 
trainees for 3 to 6 months should 
also contact the College. 
(Trainees will receive a full 
training allowance from the 
MSC) 
Other courses available 

include a two year full-time 
BTEC National Diploma and a 
one year full-time BTEC Higher 
National (Computing 
Technology, Control and 
Robotics). Short courses from 1 
to 3 weeks (VCR Servicing and 
Microcomputer Servicing) are 
also running. The EITB 
Certificate of Basic Technician 
training (Electronic Engineering 
Applications and Engineering 
Software Applications) may also 
be awarded. 

For details and prospectus please 
contact: M.D. Spalding B.Sc. 
M.Sc. PGCert.Ed. C.Eng. 
MIEE, Principal, The London 
Electronics College, Penywern 
Road, London SW5 9SU. 

Girl Thchnician 

The search is now on to find 
the 1987 Girl Technician 
Engineer of the Year, 
nominations for which are 
required by 5 October. 
Sponsored by The Caroline 

Haslett Memorial 'Bust and The 
Institution of Electronics 
Incorporated Engineers, The 
Girl Technician Engineer of the 
Year competition is now in its 
tenth year. 
The aim of thisAward — in the 

realisation that the engineering 
industry needs to attract more 
young people of the right calibre 
— is to focus attention on electical 
and electronic engineering as a 
worthwhile professional career 
for women. By selecting the 
most outstanding girl Technician 
Engineer — who will have 
successfully completed the 
necessary education and 
training, and have proved herself 
capable of holding a responsible 
job— it is hoped that she will, by 
her example, encourage more 
young girls to enter the electrical 
and electronic engineering 
profession. 
Past winners — all of whom 

were in their twenties — have 
ranged from a Development 
Project Leader to a Contracts 
Engineer and Assistant Test 
Manager; and came from the 
telecommunications, electrical 
consumer goods, electrical 
contracting, electricity supply, 
instrument, food processing and 
aerospace industries. 
Nominations for the 1987 

Award with its £250 prize, and for 
the Caroline Haslett Memorial 
Trust's Mary George Memorial 
Prize (£100) — to be awarded to 
the most promising younger 
entrant — must be received by no 
later than 5th October 1987. 
Copies of the Award 

nomination form and brochure 
are obtainable from: The 
Secretary, IEEIE, Savoy Hill 
House, Savoy Hill, London 
WC2R OBS. Tel: 01-836 3357 

Godiva Boards 

The Education Division of 
Cirkit has acquired exclusive 
rights to distribute  the Godiva 
range of modular printed circuit 
boards for use in Primary and 
Secondary schools by pupils in 
CDT, Science, Maths and 
Computer Studies. 
The boards have been 

designed, developed and tested 
by Coventry Education 
Authority Microelectronics 
Centre over a period of four 
years, during which time they 
have been used extensively 
within the Coventry TVEI 
programme. 
The principle of Godiva 

boards is to promote a systems 

approach to electronics, 
encouraging students to analyse, 
investigate and develop solutions 
to electronic control problems. 
Each module performs a single 
electronic function and although 
some are more complex than 
others, each has a specific 
purpose corresponding to one of 
the basic circuit blocks used in 
electronic systems today. 
Through understanding each 
function a novice can construct 
complex electronic systems 
without the need to understand 
the circuit theory in detail. 
The approach brings the 

exciting realms of electronics 
within the grasp of all pupils, 
obviating the need to study 
individual components and their 
characteristics, which has in the 
past often been a stumbling 
block for electronic teaching. 
Furthermore, it is more in line 
with the requirements of most 
examination syllabuses in which 
electronics plays a part. 
Godiva electronic modules 

introduce the subject through 
the simple classifications of 
input, process or output, whilst 
making clear the distinction 
between hard-wired electronic 
systems and computer processing 
software. 
Godiva Boards can be 

interwired to create a great 
variety of electronic systems, 
and actual control systems for 
students' working electro-
mechanical projects. Each 
module adheres to a 
predetermined electrical 
specification and is fully 
interchangeable with others in 
the range. Quality, long-term 
reliability and 'survivability' are 
key features of the products. 
LED indicators on all signal 

outputs provide a visual 
indication of the circuit in 
operation, and the physical 
layout allows digital outputs 
from two or more boards to be 
read as a single 8-bit byte. 
The boards can be laid out 

virtually in block diagram form 
using 2mm plug and lead sets to 
connect them, but once a 
working hookup is constructed 
they can be stacked to form a 
compact assembly. When 
stacked, the power supply rails 
are carried by the metal spacers 
between the boards, a technique 
which reduces the 'spaghetti 
factor' and thus the possibility of 
confusing power supply lines and 
signal inputs. 
Other modules to be 

introduced in the future will be 
an analogue-to-digital converter, 
EPROM programmer, stepper 
motor driver and dual liquid 
crystal display. 
For further information contact: 
Cirkit Distribution Ltd. Park 
Lane, Broxboume, Herts. EN10 
7NQ Tel: 0992 444111. 
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REGULAR FEATURE 

THE LEAlliING EDGE 
A dreadful waste all round 

Too often people in positions of power squander money and resources 
in ill-considered and under-informed decisions. 

pOL MCIANS,  captains of industry 
and union officials all have one thing 

in common — they are too busy with 
too many widely differing projects to be 
able to dig deep into any one of them. 
So they must rely on briefing sessions 
and documents provided by support 
staff. 
Sometimes they get good briefings 

and read them carefully. Sometimes not. 
The difference shows. 
Middle managers should not need 

briefings, because their job entails being 
closer to the grass roots. Sometimes the 
gap shows. 
Two incidents, one on either side of 

the political fence, highlight the perils 
of poor briefing. 
British Telecom recently announced 

its Video Map and Imaging System. 
VMIS is an interactive video system 
which displays Ordnance Survey maps 
on a video screen, along with computer 
graphics and data. BT says the system is 
ideal for industry, local authorities and 
emergency services — and costs only a 
third the price of competitive systems. 
VMIS was developed at BT's research 

laboratories. The control computer is a 
modified BT M6000 micro, which uses a 
32 bit Motorola processor. Up to 55,000 
maps are stored on each side of an 
optical videodisc, with indexing by 
postal address and grid reference. The 
computer uses these references to 
retrieve any map within a few seconds. 
Graphics can be stored on Winchesters 
to overlay the map pictures on screen, 
for instance to highlight the location of 
fire and police stations. 
The demonstration given of howVMIS 
can be used to guide ambulance crews 
to the scene of an accident was less than 
impressive. Instead of just sending out 
a radio call with the name of the street, 
and letting the crew use their taxi-type 
knowledge of the area, the computer 
operator  entered  map  references, 
patient names and moved cursors across 
the screen before calling out. 
"Poor chap would be dead by now" 

said one journalist who was watching. 
Although doubtless VMIS will be a 

boon to some, the quoted prices are 
likely to hang like a millstone round BT's 

neck. BT talks of a 2 gigabyte disc store 
for the graphics, but the quoted system 
price of £30,000 includes only a 170 
megabyte disc. 
In answer to questions for which the 

BT managers were all too clearly ill 
prepared, the price of the videodiscs was 
put at £250 each, with the map content 
tailored to an individual user's needs. IV 
engineers confirm that this is an absurdly 
uneconomical way of producing video-
discs. The paper maps must be photo-
graphed with a rostrum video camera 
and the images recorded on video tape 
from which the Philips disc factory at 
Blackburn makes a master disc. Saleable 
discs are then replicated by pressing 
from this master. 
BT promises a turn round time of 4-6 

weeks for tailored discs. Photographing 
maps is a tedious business and the Philips 
disc factory in Blackburn charges up to 
£3500 to make the master disc; each 
single-sided disc pressed from the master 
then costs up to £60. Prices only fall if 
many hundreds of discs are pressed and 
the factory is given several weeks to turn 
round the order. But BT has promised a 
total turnround of 4-6 weeks. Now, after 
collecting their thoughts, the BT people 
say that only so$e discs will be 
"bespoke". Others will be standard discs 
with the whole of the UK mapped.These 
will cost £250. 
But the price does not include the 

copyright fees payable to the govern-
ment Ordnance Survey. At the VMIS 
unveiling BT said it did not know how 
much OS would charge. But the next 
day OS told me that BT's customer will 
have to pay a royalty of £2.25 per map 
per year. Large scale coverage of the 
London area would need 6500 maps. So 
each disc would attract an annual licence 
fee of £14625. 
Now BT says that OS will charge a 

one-off fee of £510 for the standard disc 
and there would be no royalty even on 
bespoke discs. It all gets very confusing. 
The real surprise is that the division 

of BT selling VMIS was unaware that 
another division of BT was about to 
announce the purchase of another quite 
different, and incompatible, IV system 
for staff training. This is based on the 

BY BARRY FOX 

Videologic system which links any IBM 
PC clone to any professional videodisc 
player, running any type of optical video 
disc. Because of this flexibility the 
Videologic system has become a de facto 
standard in the IV industry. 
Because the VMIS people at BThadn't 

heard about Videologic they also didn't 
know that there already exists a map 
video disc which can be bought for use 
with the Videologic system. It's made by 
a firm  called Action  Information 
Management in Wiltshire. The AIM disc 
covers the whole of the UK and, with 
retrieval software and Ordnance Survey 
royalty, costs £7,200. Car rental firms 
already use the disc and Videologic inter-
active video system to help engineers 
find breakdowns. 
A few days after the VMIS launch, 

two unions called a press conference 
that, on its own way, was equally poorly 
prepared. 
It followed the decision by British 

Satellite Broadcasting, BSB, to buy its 
direct broadcasting satellites from the 
Hughes Aircraft Company instead of 
British Aerospace. Manufacturing union 
TASS and the technicians' union ACTT, 
were trying to save members' jobs by 
objecting to the foreign deal. 
But the unions' case was seriously 

undermined by wild accusations which 
they could not back up, and which 
showed surprising naivety over the 
technical problems facing the satellite 
industry. 
General Secretaries Ken Gill of TASS 

and Alan Sapper of the ACT!' claim that 
the deal struck between Hughes and 
with BSB, will give Hughes and its 
parent General Motors control over 
BSB's affairs and the programmes 
broadcast. But neither union has any 
evidence to offer in support. BSB denies 
that Hughes will get any equity or say 
in running of the company. "It is loan 
financing only" says BSB. 
British Aerospace has already lost one 

chance to supply satellite hardware. In 
March 1982 the Home Office gave the 
BBC a licence to start DBS in 1987, but 
said that the satellite must be bought 

CONTINUED ON PAGE 24 
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AN EXCLUSIVE TECHNOLOGY? 

EIECTRONICS is a technology that has always been well suited for amateur participation.  Since the introduction of the 
thermionic valve, and no doubt before that, home based 
experimentation has produced numerous inventive ideas. Aided 
by the various electronics magazines, the tradition has continued 
on through the introduction of transistors, integrated circuits, 
punched laminate and printed circuit boards. Although each 
generation of new devices has brought more sophistication, in 
general, the bulk of electronic technology has been available to 

amateurs, despite a time when some manufacturers denied 
hobbyists access to some areas of active devices. Fortunately 
that attitude died, and the value of hobbyist involvement was 
recognised for both its sales potential and its creative worth. 
However, an interesting situation is now developing with 

regard to a rapidly emerging technology, that of Surfce Mounted 
components. The advantages of SM technology are particularly 
significant for large commercial manufacturers, since the 
components are without legs or wires, and are soldered directly 
to the conductive tracking on printed circuit boards. Practically 

all groups of components are now being manufactured for 
surface mounting. Their nature drastically cuts down, and in 
many cases eliminates, the need for holes to be drilled or 
punched in PCBs. Obviously this reduces some processing costs, 
but in particular it also results in a marked decrease in component 
size. Consequently component packing density per board 
increases, and track lengths are shortened, so speeding signal 
transfer times. 
The interesting question though, is whether or not amateur 

inventiveness will be up to finding ways in which to use this new 
technology. The problem appears to be that of soldering the 
components without the use of sophisticated automatic 
equipment. Presently, this sort of equipment is highly expensive, 
and for the immediate future will probably remain outside the 
reach of any but the largest organisations. 
Although there is no doubt that components in standard 

legged packages will remain with us, there are already some 
components that are only manufactured for SM use. Whilst 
special sockets are made for some SM devices to be mounted 
on conventional PCBs, the SM-only trend will continue. 
One side effect for amateur constructors is that the prices of 

conventional parts may increase as more emphasis is placed on 
SM quantities by the main consumers, leaving only a relatively 
small market for some normal types. 
Amateurs have little control over this latter aspect, but 

regarding the use of SM parts, PE and other magazines may 
perhaps eventually be publishing SM-orientated constructional 
articles, though currently it seems impractical. However, the 
amateur electronics enthusisast is frequently full of bright ideas, 
so I look forward to seeing how inventiveness might cope with 
this apparently sophisticated assembly problem. 

THE EDITOR 
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EPSON 
EPSON LX-86  £199 (a) 
Optional Tractor Feed LX80/86  £20 (c) 
Sheet Feeder LX80/86  £49 (c) 
FX800  £319 (a) 
FX1000  £449 (a) 
EX800  £409 (a) 
L0800 (80 col)  £439 (a) 
L01000  £589 (a) 

TAXAN 
KP815 (160 cps)  £249 (a) 
KP915 (180 cps)  £369 (a) 

JUKI 
6100 (Daisy Wheel)  £259 (a) 

NATIONAL PANASONIC 
KX P1080(80 col)  £149 (a) 

01-208 1177 TECHNOMATIC LTD 01-208 1177 
BBC Computer & Econet Referral Centre 

AMB15 BBC MASTER £385 (a)  AME112 BBC MASTER Econet £315 (a) 
AMC06 Turbo (65C -02) Expansion Module  £99 (b) 

ADC08  512 Processor  2195 (b)  ADJ74  Advanced Ref Manual  £19.50 (c) 
ADF14  Rom Cartridge   El 3 (b)  ADF10  Econet Module  £41 (c) 
ADJ22  Ref Manual Part 1  £14 (c)  A0J23  Ref Manual Part II  £14 (0) 

BBC Master Dust Cover  £4.75 (d) 
BBC MASTER COMPACT 
A free packet of ten 35" DS discs with each Compact 
SYSTEM 1 128K Single 640K Drive and bundled software £385 (a) 
SYSTEM 2 System 1 with a 12" Hi Res RGB Monitor £469 (a) 
SYSTEM 3 System 1 with a 14" Med Res RGB Monitor £599 (a) 
Second Drive Kit £99 (c) Extension Cable for eat 5.25" drive £12.50 (d) 

View 30 User Guide £10 (d)  Viewsheet User Guide £10 (d) 
BBC Dust Cover £4.50 (d)  1770 MS Upgrade for Model B £43.50 (d) 
ADFS ROM for B with 1770 DFS & B Plus) £26 (d)  120S ROM £15 (d) 
ACORN Z80 2nd Processors £329 (a)  ACORN 6502 2nd Processor £173 (b) 
MULTIFORM Z80 2nd Processor £789 (b)  ACORN IEEE Interface £269 (a) 
TORCH Z80 2nd Processor ZEP 100  £229 (a) 
IMP 240: ZEP 100 with Technornatic PD800P dual drive with built-in monitor stand   £439 (a) 

META Version III - The only package available in the micro market that will 
assemble 27 different processors at the price offered. Supplied on two 16K 
rams and two discs and fully compatible with all BBC models. Please phone 
for comprehensive leaflet £145 (b). 

We stock the full range of ACORN hardware and firmware and a very wide range of other 
peripherals for the BBC. For detailed specifications and pricing please send for our leaflet. 

DISC DRIVES 
5.25" Single Drives 40/50 switchable: 
TS400 400K/640K  £114 (b) 
PS400 400K/640K with integral mains power supply  £129 (b) 
5.25" Dual Drives 40/80 switchable: 
T0800 800K/1280K  £199 (a) 
PD800 8001Q1280K with integral mains power supply  £229 (a) 
PDBOOP 800K/1280K with integral mains power supply and monitor stand  £249 (a) 
3.5" 80T DS Drives: 
TS351 Single 4001(/640K  £99 (b) 
PS351 Single 400K/640K with integral mains power supply  £119 (b) 
TD352 Dual 800101280K  £170 (b) 
PD352 Dual 800141280K with integral mains power supply  £187 (b) 
P0853 Combo Dual 5.25/3.5" drive with p.s.0  £229 (a) 

3M FLOPPY DISCS 
Industry Standard floppy discs with a lifetime guarantee. Discs in packs of 10 

51/4 " Discs  31/2" Discs 
40 T SS DD  £10.00(d)  40 T DS DD  £12.00(d)  80 T SS DD  £20.00(d) 
80 T SS DD  £14.50(d)  80 T DS DD  £15.50(d)  80 T DS DD  £25.00(d) 

PRINTERS & PLOTTERS 
STAR NL10 (Parallel Interface)  £239 (a) 
STAR NL10 (Serial Interface)  £279 (a) 
STAR Power Type  £229 (a) 

BROTHER HR20  £329 (a) 

COLOUR PRINTERS 

Dotprint Plus NLO Rom for 
Epson versions for FX, RX, MX 
and GLP (BBC only)   

PLOTTERS 
Hitachi 672  £459 (a) 
Graphics Workstation 
(A3 Plotter)  £599 (a) 

Plotmate A4SM  £450 (a) 

£28(d) 

Single Disc Cable £6 (d) 
10 Disc Library Case £1.80 (d) 
50 X 51/2 " Disc Lockable Box £9.00 (c) 

FLOPPICLENE DRIVEHEAD CLEANING KIT 
FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs 
ensures continued optimum performance of the drives. 51/4 " £12.50 (d) 

31/2" £14.00 (d) 

DRIVE ACCESSORIES 
Dual Disc Cable £8.50 (d) 
30 x 51/2" Disc Storage Box £6 (c) 
10(1 x 51/2 " Disc Lockable Box £13 (O. 

PRINTER ACCESSORIES 
We hold a wide range of printer attachments (sheet feeders, tractor feeds etc) 

in stock. Serial, parallel, IEEE and other interfaces also available. Ribbons 

available for all above plotters. Pens with a variety of tips and colours also 

available. Please phone for details and prices. 

Plain Fanfold Paper with extra fine perforation (Clean Edge): 
2000 sheets 9.5 X 11" E13(b) 2000 sheets 14.5' x 11" £ 8.50(b) 
Labels per 1000s: Single Row 3'," x 1 7/16" £5.25(d) Triple Row 2-7/16' x 1 7/16' £5.00(d) 

MONITORS 
RGB 14" 
1431 Std Res  £179(a) 
1451 Med Res  £225(a) 
1441 Hi Res  £365 (a) 

MICRO VITEC 14" RGB/PALJAudio 
1431AP Std Res  £199 (a) 
1451AP Std Res  £259 (a) 
All above monitors available in plastic or 
metal case. 

TAXAN SUPERVISION II 
12" - Hi Res with amber/green options. 
IBM compatible  £279 (a) 
Taxan Supervision III  £319 (a) 

MITSUBISHI 
XC1404 14" Med Res RGB, IBM & BBC 
compatible  £219 (a) 

MONOCHROME 
TAXAN 12" HI-RES 
KX1201G green screen  £90 (a) 
KX1203A amber screen  £95 (a) 

PHILIPS 12" HI-RES 
BM7502 green screen  £75 (a) 
BM7522 amber screen  £79 (a) 
8501 RGB Std Res  £139 (a) 

ACCESSORIES 
Microvitec Swivel Base  £20 (c) 
Taxan Mono Swivel Base with 
clock  £22 (c) 
Philips Swivel Base  £14 (c) 
BBC RGB Cable  £5 (d) 
Microvitec  £3.50 (d) 
Taxan £5 (d)  Monochrome £3.50 (d) 
Touchtec - 501  £239 (b) 

MODEMS 
All modems carry a full BT approval 

MIRACLE TECHNOLOGY WS Range 

WS4000 V21/23 (Hayes Compatible, 
Intelligent, Auto Dial/Auto Answer)  £149 (b) 

WS3000 V21/23 Professional As WS4000 
and with BELL standards and battery back up 
for memory  £245 (b) 

WS3000 V22 Professional As WS300 V21/23 
but with 1200 baud full duplex  £450 (a) 

WS3000 V22 bis Professional As V22 and 
2400 baud full duplex  £595 (a) 

WS3022 V22 Professional As WS3000 but 
with only 1200/1200  £350 (a) 

WS3024 V22 Professional As WS3000 but 
with only 2400/2400  £450 (b) 

WS2000 V21 N23 Manual Modem  £95 (b) 

DATA Cable for WS series/PC or XT  £10 (d) 

DATATALK Comms Package 
• If purchased with any of the above 
modems  *E70 (c) 

PACE Nightingale Modem V21/V23 
Manual  £75(b) 

(Offer limited to current stocks) 

RT256 3 PORT SWITCHOVER 
SERIAL INTERFACE 
3 input/1 output or 1 inpu03 output 
manual channel selection. Input/ 
output baud rates, independently 
selectable 7 5i58 bit, odd/even/none 
parity. Hardware or software 
handshake. 256K butler, mains 
powered  £375 (b) 

PB BUFFER 
internal buffer for most Epson 
printers. Easy to install. Inst. 
supplied. 
PB128 1281<  f99 (c) 

UVERASERS 
UV1T Eraser with built-in timer and mains indicator. 
Built-,in safety interlock to avoid accidental exposure 
to the harmful UV rays. 
It can handle up to 5 eproms at a time with an average 
erasing time of about 20 mins. f59 + f2 p&p. 
UV1 as above but without the timer. £47 + £2 p&p. 
For Industrial Users, we offer UV140 & UV 41 era-
sers with handling capacity 0) 14 eproms. UV141 has 
a built in timer. Both offer full built in safety features 
UV140 f69, UV141 £85, p&p £2.50. 

EXT SERIAL/PARALLEL 
CONVERTERS 

Mains powered converters 
Serial to Parallel 
Parallel to Serial   
Bidirectional Converter 

 £48 (c) 
£48(c) 
£105 (b) 

Serial Test Cable 
Serial Cable switchable at both ends 
allowing pin options to be re-routed or 
linked at either end - making it possible 
to produce almost any cable 
configuration on site. 
Available as M/M or M/F  £24.75 (d) 

Serial Mini Patch Box 
Allows an easy method to 
reconfigure pin functions 
without rewiring the cable 
assay. Jumpers can be used 
and reused.  £22 (d) 

Serial Mini Test 
Monitors RS232C and CCITT 
V24 Transmissions, 
indicating status with dual 
colour LEDs on 7 most 
significant lines. Connects in 
Line.  £22.50 (d) 

CONNECTOR SYSTEMS 

I.D. CONNECTORS 
(Spoodblock Type) 

No of  Header Recep-  Edge 
ways  Plug  .acle  Conn 
10  90p  115p  120p 
20  145p  125p  1959 
26  175p  160p  240p 
34  200p  1609  3209 
40  220p  1909  340p 
50  235p  2009  390p 

SOFTY 
This low cost intelligent eprom programmer can program 2716. 2516. 
2532. 2732, and with an adaptor, 2564 and 2764. Displays 512 byte 
page  on  TV  - has  a  serial  and  par-
allel I/O routines. Can be used as an emulator, cassette interface. 
Softy!!   £195.00(b) 
Adaptor  - for  -  2764/ 
2564 . ..    £25.00 

SPECIAL OFFER 
2764-25 £2.50 (d); 

27128-25 £2.75 (d); 

6264 LP-15 £2.80 (d); 

D CONNECTORS 
No of Ways 
9 15  25  37 

MALE: 
Ang Pins 120 180 230 350 
Solder  60  85 125 170 
IDC  175 275 325  - 
FEMALE: 
St Pin  100 140 210 380 
Ang Pins 160 210 275 440 
Solder  90 130 195 290 
(DC  195 325 375  - 
St Hood  90  95 100 120 
Screw . 130 150 175  - 
Lock • 

EDGE 
CONNECTORS 

2n 6-way (commodore) 
2x 10-way 
2o 12.way tvic 201 
20 18-way 
2 x 23-way (ZX81) 
20 25.way 
20 28-way (Spectrum) 
2o 36.way 
1 x 43 roan 
20 22.way 
2u 43.way 
x 77 way 
2 v 50 way(S100conr, 

01  0 156 
-  300p 

150p 
. -  3517/p 
-  140p 

175p  2209 
225p  220p 
2009  - 
2509  - 
260p  - 
190p  - 
395p  - 
4009  5911p 
6009  - 

AMPHENOL 
CONNECTORS 

36 way plug Centronics 
(solder 500p (IDC) 475p 
36 way skt Centronics 
(solder) 550p (IDC) 500p 
24 way plug IEEE (solder) 
475p ((DC) 475p 
24 way skt IEEE (solder) 
500p (IDC) 500p 
PCB Mtg Skt Ang Pin 
24 way 700p 36 way 750p 

10.way 
16.way 
20-way 
26.way 

RIBBON CABLE 
(greyirnetrej 
40p  34-way  160p 
60p  40-way  180p 
&Sp  50-way  200p 
120p  64-way  2909 

TEXTOOL ZIF 
SOCKETS  24-pin £7.50 
28-pin f9.10  40.pin f12.10 

EURO CONNECTORS 
DIN 41612  Plug  Skt 
2 x 32 way St Pin 
2 X 32 way Ang Pin 
3 X 32 way St Pin 
37< 32 way An Pin 
(DC Skt A + B 
(DC Skt A + C 

p zvsp 
275p 320p 
260p 300p 
375p 400p 
400p 
4000 

For 2 x 32 way please specify 
spacing (A + B, A + C). 

GENDER CHANGERS 
25 way D type 

Male to Male   £10 
Male to Female  £10 
Female to Female  £10 

DIL HEADERS 
Solder  IDC 

14 pin  40p  100p 
16 pin  50p  110p 
18 pin  60p  - 
20 pin  75p  - 
24 pin  100p  150p 
28 pin  160p  200p 
40 pin  200p  225p 

RS 232 JUMPERS 
125 way DI 

24' Single end Male 
24" Single end Female 
24" Female Female 
24" Male Male 
24" Male Female 

£5.00 
£5.25 
£10.00 
£9.50 
£9.50 

MISC CONNS 
21 pin Scart Connector 200p 
8 pin Video Connector  200p 

TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 9764 

DIL SWITCHES 
4-way  90p 6-way  105p 
8-way  120p  10-way 150p 

ATTENTION 
Al prices In this double page 
advertisement are subleet to 
change without notice. 

ALL PRICES EXCLUDE VAT 
Please add carriage 50p 
unless indicated as follows: 
(a) ES (b) 0.50 (c) £1.50 (d 

£1.00 

Using 'Prestel' type protocols. For information 
and orders - 24 hour service, 7 days a week 
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74 SERIES 

7400 
7401 

7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
7416 
7417 

74 22' 741 
7422 
7023 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7038 
7439 
7440 
7441 
74424 
74434 
7444 
7445 
7446.4 
74474 
7448 
7450 
7051 
7453 
7454 
7460 
7070 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
74834 
74844 
7485 
7486 
7489 
74904 
7491 
74924 
7493.6 
74. 
74954 
7496 
1491 
74100 
74/07 
74109 
74110 
74111 

74116 
74118 
74119 
74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 
74136 
74141 
74142 
74143 
74144 
74145 
74147 
74148 
74160 
741514 
74153 
74154 
74155 
74156 
74159 
74160 
74161 
74162 
74163 
74154 
74165 
74166 
74167 
74170 
74172 
74173 
74174 
74175 
74176 
74178 
74179 
74180 
74181 
74182 
74184 
741854 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74221 
74251 
70259 
74265 
74273 
74276 
74278 

0.30 
030 
0.30 
0.30 
0.36 
0.30 
0.40 
040 
0.30 
0.30 
0.30 
0.30 
0.30 
050 
0.70 
0.36 
0.40 
030 
0.60 
036 
036 
0.40 
010 
0.32 
0.43 
0.30 
0.35 
0.30 
0.30 
0.40 

0.40 
040 
0.60 
0.70 

1.00 
1.10 
0.70 
1.00 
1.00 
1.00 
0.36 
0.35 
0.38 
0.38 
0.55 
0.50 
0.45 
0.45 
0.50 
0.60 
0.45 
0.65 
110 
1.05 
125 
1.10 
0.42 
2.10 
0.55 
0.70 
0.70 
0.55 
1.10 

0.60 
0.80 
210 
1.90 

050 
0.75 

0.75 
0.55 
1.70 
1.10 
1.70 
110 
0.55 
0.70 
0.80 
0.65 
0.55 
055 
0.75 
0.70 
090 
2.50 
1.30 
2.70 
1.10 
1.70 
1.40 
1.75 
0.70 
0.80 
1.40 

0.80 
0.90 
2.25 
1.10 
060 
1.10 
1.10 
120 
1.10 
1.40 
4.00 
ZOO 
4.20 
1.40 
1.10 
1.05 
1.00 

1.50 
1.53 

100 
3.40 
1.40 
180 
110 
1.30 
130 
1.10 
1.15 
1.10 
0.60 
130 
1.10 
220 
220 
1.10 
1.00 
1.50 
0.80 
2.00 
1.40 
1.70 

74279  0.90 
74283  1.05 
74742  320 
74290  0.90 
74293  0.90 
74298  110 
74351  100 
743654  0.80 
743664  0.80 
743674  0.80 
74376  1.60 
74390  1.10 
74393  1.20 
74490  1.40 

7415 SERIES 

741000 
741501 
741502 
741503 
741504 
741505 
741508 
741509 
741510 
746.511 
741613 
741514 
741515 
741520 
741821 
741522 
741524 
741526 
741527 
701528 
741530 
741532 
741533 
741337 
741538 
741540 
701542 
741543 
741548 
741549 
741551 
741554 
741555 
74LS734 
7415744 
741575 
74L076.4 
741.578 
7415834 
741945 
740540 
741590 
74L592 
74L593 
74L59513 
744596 
7415107 

7415109 
7410112 
7441113 
7410114 
7415122 
741.5123 
7415125 

741.5125 
7415132 
744.5133 
74101313 
741.5138 
7413139 
741.0145 
7415147 
7415148 
745151 
7415152 
7415153 
74LS154 
7415155 
7415156 
7411157 
74L5158 
74151604 
74151614 
74151624 
74151630 
7415164 
74131554 
74L31684 
74LS168 
7415169 
7415170 
741.51734 
7411174 
741.5175 
7415181 
7413183 
7415190 
7415191 
7415192 
741.51944 
74151964 
7415196 
7415197 
7415221 
741.5240 

7415241 
7415242 
7415243 
7415244 
7415245 
7415247 
7415248 
7415249 
7415251 
7415263 
7415256 
741524574 
74152584 
7415259 
7415260 
7415266 

024 
0.24 
024 
024 
0.24 
024 
024 
0.24 
024 
024 
0.34 
0.50 
024 
024 
024 
024 
0.50 
026 
024 
0.24 
0.24 
0.24 
0.24 
024 
0.24 
0.24 
0.50 
1.50 
0.90 
1.00 
0.24 
0.24 
0.24 
0.30 
035 
045 
038 
0.42 
070 
0.75 
0.35 
018 
0.35 
0.54 
075 
010 
040 

0.40 
015 
0 45 
0.45 
0.70 
0.80 
1350 
050 
0.115 
0.56 
0.45 
055 
0.55 
0.95 
1.75 
1.40 

ass 
2.0,0 
0.85 
1.60 
056 
0.65 
0.50 

065 
0.76 
075 
0.75 
0.75 
1.10 
1.50 
1.10 
1.00 
1.40 
i.00 
0.75 
075 
2.93 
1.00 
0.75 
0.71 
0310 
075 
0.75 

0.60 
006 
0.80 
4.50 
080 
0.90 
0.90 
0.70 
0.90 
1.10 
1.10 
1.10 
0.75 
0.75 
010 
0.70 
070 
1.20 
0.75 
0.60 

7415273 
7415279 
7416280 
7415283 
7415290 
7416292 
7415293 

7415296 

741_5297 
7415298 
741_5299 
7415321 
74153224 
7415323 
741.5324 
7415348 

741_5352 
7415353 
7415356 
7416363 
7413364 
7415365 
741_5366 
7415367 
7415368 
741.5373 
745374 
7415375 
7415377 
7415378 
7415379 
74/5381 
7415385 
74/5390 
7415393 
74153954 
7415399 
7415445 
745466 
7015467 
7415490 
7415540 
7415541 
7415608 
7415610 
7415612 
7415624 
741.5626 
7415628 
7415629 
7405640 
74156401 
7415841 
7415642 
7415842.1 
7415643 
741_5643-1 
7415644 
7415645 
74156451 
7415668 
7415669 
7415670 
741.5682 
7415683 
7415684 
741.5687 
7415688 
7415783 

1.25 
070 
1.90 

0.80 
0.80 
14.00 
0.90 

1.40 
14.00 
1.00 
220 
3.70 

3.90 
3.00 
320 
2.00 
120 
120 
210 

1.80 
1.80 
0.50 
0.50 
052 
0.50 
0.70 
0.70 
0.75 
1.30 
0.95 
1.30 
4.50 
325 
0.60 
1.00 
1.00 
1.40 
1.90 
120 

120 
1.50 
1.00 
1.00 
7.00 
25.00 
moo 
3.50 
225 
225 
1.25 
2.00 
3.00 
1.50 
2.50 
3.00 
250 
3.00 
3.50 
2.00 
4.00 
010 
0.90 
1.70 
2.50 
3.00 
150 
3.50 
3.50 
16.00 

745 SERIES 

74500 
74502 
74504 
74505 
74508 
74510 
74511 
74520 
74522 
74.530 
Nan 
74537 
74538 
74540 
74551 
74564 
74574 
74586 
74586 
745112 
745113 
745114 
745124 
745132 
745133 
743138 
745139 
745140 
745151 
745153 
745157 
745156 
745163 
745189 
745174 
745175 
745186 
745189 
745194 
745195 
745196 
745200 
745201 
705225 
745240 
745241 
7452. 
745251 
745257 
745258 
745260 
745261 
743283 
745287 
745288 
745289 
746299 
745373 
745374 
745387 

0.50 
0.50 
0.50 
0.50 
050 

050 
0.75 
0.50 
050 
0.50 
060 
0.60 
0.60 
0.50 
0.60 
0.45 
0.70 
5.50 
1.00 
0.90 
120 
120 
3.00 
1.00 
0.80 
110 
1.03 
1.00 
1.50 
110 
2.00 
2.11) 
9.00 
5.50 
3.00 
3.20 
110 
1.80 
3.00 
3.00 
3.50 
410 
120 
5.20 
4.00 
4.00 
4.00 
2.50 
2.50 
2.50 
1.00 
IDO 

2.70 
225 
2.00 
2.25 
4.50 
4.00 
4.00 
2.25 

Special 
offer 
to 
PE 

readers 
only - 
10% off 
on 
all 
TTLS 
and 
CMOS 

744115 SERIES 

74 4500 

7441502 
7441504 
7441508 
7441510 
7441520 
7441532 
7441574 
74415138 
74415139 
74615244 
74415245 
74415573 
74615674 
74415580 

0.45 
0.45 
050 
0.50 
0.45 
065 
0.45 
0.70 
1.50 
1.50 
4.00 
4.75 
2.60 
410 
210 

4000 SERIES 

4000 
4001 
4002 
4006 
4007 
4008 
4009 
4010 
.11 
.12 
4013 
4014 
.15 
.15 
.17 
.18 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4031 
4032 
4033 
4030 
4034 
4035 
4036 
4037 

4038 
4040 
0001 
4042 
4043 
4044 
4045 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 
4054 
4055 
4056 
40E0 
4063 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 

0.20 
1724 
0.25 
0.70 
0.25 
0.60 
0.45 
060 
0.24 
025 
035 
0.60 

0.70 
034 
0.55 
0.60 
0.60 
010 
0.60 
0.70 
0.30 
0.40 
0.24 
0.90 
0.40 
0.00 
0.71 
0.35 
125 

1.00 
125 
2.50 
2.50 
0.70 
250 
1.10 
1.00 
0.60 
605 
0.50 
0.60 
060 
1.00 
0.60 
000 
0.55 
046 
035 
0.65 
060 
0.60 
0.80 
080 
0.65 
0.70 
005 
0.40 
230 
025 
0.24 
024 
024 
0.24 
024 
024 

4076 
4077 
4078 
4081 
4082 
4085 
4086 
4089 
4093 
4094 
4095 
4096 
4097 
4098 
4099 
4501 
4502 
4503 
4504 

4505 
4506 
4507 
4508 
4510 
4511 
4512 
4513 
4514 
4515 
4516 
4517 
4518 
4519 

::2201 
4522 
4526 
4527 
4528 
4529 
4531 
4532 
4534 

4538 
4539 
4541 
4543 
4551 
4553 
0555 
4556 
4557 
4560 
4566 

4568 
4569 
4572 
4583 

4580 
4585 
4724 
14411 
14412 
14416 
1.19 
14490 
14495 
145000 
14599 
22100 
22101 
22102 
40014 
00085 
40097 
40098 
40100 
40101 
40102 
40103 
40104 
40105 
40106 
40107 
40108 
40109 
40110 
40114 
40107 
40163 
40173 
40174 
40175 
40192 
40193 
40194 
40244 
40245 
40257 
40373 
40374 
106596 
80097 
Boas 

0,65 
025 

025 
024 
025 

0.60 
075 
120 

0.35 
0.90 
0.95 
090 
2.70 
0.75 
0.99 
0.30 
0.55 
036 
0.95 
360 
090 

0.35 
120 
0.55 
0.55 
0.55 
130 
1.10 
1.10 
0.55 
220 

0.48 
0.32 
060 
1.15 
0.80 
0.70 

0.80 
0.65 
160 
0.75 
065 
1813 
2.50 
0.75 
0.75 
0.90 
0.70 

1.00 
2.40 

0.36 
0.50 
2.10 

140 
1.40 
2.40 
1.70 
0.45 
090 
0.48 
0.60 
ISO 
7.50 
7.50 

100 
2.60 
4.20 
4.50 
6.50 
2.00 
3.50 
7.00 
7.00 

0.48 
120 
0.36 
0.40 

1.50 
1.25 
1.30 
2.00 
120 
1.50 
0,40 
055 
3.20 
0.80 
225 
225 
2.110 
1.00 
120 
100 

1.00 
1.00 
1.00 
1.00 
1.50 
1.50 
110 
1/0 
1.80 
0.75 
0.75 
0.75 

ADC0808 
AM791000 
69103 
AN-1-5050 
AY-3-1350 
47-3-8910 
47-3-8912 
CA30194 
CA3020 
C430284 
CA3046 
CA3059 
043000 
0.413080E 
CA3085 
CA3086 
CA3089E 
2.4309040 
0431306 
0431301 
CA3140E 
CA31401 
043148 
CA318DE 
CA3161E 
CA31132E 
2.031890 
CA3240E 
CA3280G 
87002 
DAC1408-8 
DAC0800 
04C0808 
05308 
H41365 
1CL7106 
1CL7611 
.18038 
COO 555 
1CM7556 
12.7120 
10130 
10131 
1.C7137 
1.1347 
1E351 
1E353 
1E355 
163565 
1E357 
1E398 
1.1410C1.71 
LM3014 
LM307 
1.16308CN 
154310 
10311 
10310 
10319 
110324 
1M3342 
I.M3352 
10336 
LM339 
LM393 

LM358P 
1.14377 
134380N-8 
LM380N 
1.0383 
LM384 
LM386N-1 

10387 
LM391 
1813925 
10393 
LM394CH 
151709 

LINEAR ICs 
11.90 
2500 
200 
1.00 
5.00 
4.90 
5.00 
1.00 
3.50 
1.10 
0.70 
325 
3.50 
0.70 
1.50 
0.60 
2.50 
3.75 

090 
1.30 
0.45 
1.00 
2.25 
1.50 
200 
0.00 
2.70 
ISO 
3.00 
6.00 
3.00 
100 
100 
3.00 
1.90 
6.75 
0.95 
4.01) 
0.90 
1.40 
3.00 
3.00 
3.50 
3.50 
120 
010 
0.80 
010 
1.10 
1.10 
4.00 
4.50 
0.311 
0.45 
0.75 
226 
0.00 
1.50 
110 
0.45 
1.15 
1.30 
1.60 

0.40 
0.60 
0.50 
3.00 
110 
1.50 
3.25 
210 
100 
170 
1.80 
1.10 

0.85 
4.00 
0.35 

LM710 
1111711 
1.14723 
I.M725CN 
160733 
I.M741 
1.117747 
110748 
101011 
LM1014 
LM1801 
1.141830 
1.1411871 
101872 
11441886 
LM1889 

11112917 
LM3302 

LM3900 
1513909 
LM3911 
1513914 
103916 
103915 
16013800 
M51513L 
56555166. 

M03712 
MC1310P 
1413 
MC 1468 
MC1495 
MC1496 
MC3340P 
MC3401 
1.11:3404 
MFIOCN 
M1(50240 
311.902 
511.922 
M.62214 

NE 529 
50531 
50544 
56555 
NO 556 
58564 
58565 
55500 
1116567 
NE 570 
NE571 
50592 
NE 5532P 
NE5533P 
NE 55344' 
565534 01 
OP-07EP 
PLL024 
1.4136 
904151 
604195 
604558 
550240 
5.96361 
51490 
59760139 
59760339 
5976115N 
5976489 
$976495 
S976660 
510256412 
SP8515 
TA7120 
147130 
147204 
147206 
TA7222 
TA7310 

5.48 
1.00 
0.80 
3.00 
.65 
0.72 
0.70 
030 
4.80 

1.50 
3.00 
2.60 
3.00 
3.00 

8.00 
4.50 
3.00 
0.90 
0.80 
1.40 
110 
3.50 

3.40 
3.40 
1.50 
230 
4.50 
2.00 
ISO 
0.75 
0.45 
3.00 
0.70 
2.00 
0.70 
0.115 
4.10 
9.00 
5.00 
4.00 
100 
2.20 
120 
1.90 
022 
0.60 
4.00 
120 
1.50 
810 
4.00 
3.00 
090 
1.50 
1.60 
120 
150 
3.50 
5.00 

0.55 
2.00 
110 
0.55 
9.00 
8.00 
3.00 
5.00 
5.00 
2.15 
4.00 
4.00 
120 

7.00 
7.50 
120 
1.40 
1.50 
090 
1.50 
1.50 

1B0231 

TBA800 
TBA810 
16420 
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CONSTRUCTIONAL PROJECT 

Much cheaper than a 
proprietary system, and 
an ideal way to use up 
those unwanted analogue 
synths, this interface uses 
a +5V gate signal to 
trigger a synth over at 
least three and a half 
octaves. 

Electric guitars remain very popular, 
but have perhaps given way slightly 

to keyboard instruments in recent years. 
One likely reason for this is the greater 
versatility of electronic keyboard instru-
ments. Obviously there are a great many 
effects units that can modify the sound 
produced by a guitar, but even with a 
dozen of these the range of sounds would 
probably not equal that of even one of 
the cheaper keyboard instruments. 
Perhaps the obvious answer to the 

problem is to have a synthesizer con-
trolled from the guitar in some way, 
rather than to buy numerous effects 
units. This is a much neater solution 
which enables the guitarist to obtain any 
electronic  keyboard  sound.  Unfor-
tunately, it tends to be a rather expensive 
way of doing things. Quite good results 
can be obtained using a simple unit such 
as 'Guitar Tracker' which was described 
in the June 1986 issue of PE, but a much 
wider range of sounds can be obtained 
by interfacing the guitar to a full 
analogue synthesizer. This is becoming 
an  attractive method as analogue 
synthesizers now seem to be widely 
regarded as out-of-date. Many guitarists 
will have access to an otherwise unused 
instrument, or secondhand (pre-used?) 
instruments can be obtained at surpris-
ingly low cost. 
This only leaves the problem of a 
suitable guitar to synthesizer interface, 
which is the purpose of this project. The 

GUITAR TO SYNTH 
INTERFACE 

BY ROBERT PENFOLD 

Turn your axe to ivory 

device covers several octaves, should 
handle any note that an ordinary (non-
bass) guitar can produce, and provides 
a standard 1 volt per octave logarithmic 
output. A gate signal is needed to drive 
the "gate in" or "trigger in" input of the 
synthesizer, and two gate outputs are 
provided. One of these simply provides 
a gate pulse while the input signal is 
above a certain threshold level. The 
other gives an output pulse which has a 
preset duration of between about 35ms 
and 750ms. The second gate output is 
very useful as many synthesizer sounds 
are dependent on a short gate pulse 
duration, and a very brief gate signal 

cannot be obtained reliably from the 
other gate output. 

SYSTEM OPERATION 

The block diagram of Fig.1 shows the 
general set up used in this interface. The 
top row of blocks are concerned with 
the generation of the output control 
voltage, while the lower row of blocks 
are primarily needed to generate the 
gate pulses (although these stages do 
play some part in reliably generating the 
right output voltage). 
Starting with the top row of blocks, 

the input signal is first fed to an amplifier 
where it is boosted to a high enough 

IN 
AMP,    TRIGGER    MONO    ELECT.  FILTER  LOG. 

SWITCH  I. HOLD  AMP. 

RECT.  4. 
TRIGGER 

SMOOTH  • 

L. E. D. 

\  I / 

0 

GATE 1 

MONO 

DURAT ION 

MONO 

GATE 2 

 0 

SHIFT 

GAIN 

Flg.l. Block diagram for the 
Guitar To Synth Interface. 
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GUITAR TO SYNTH 

level to drive the next stage properly. 
This is a trigger circuit which has a large 
amount of hysteresis. The latter is essen-
tial due to the unusual and ever changing 
waveform produced during the course 
of each guitar note. The hysteresis 
ensures that the output from the trigger 
circuit is a pulse waveform at the same 
frequency as the fundamental input 
frequency. 
The next stages form a simple fre-

quency to voltage converter, and the 
monostable multivibrator forms the 
basis of this section of the unit. The 
monostable is a retriggerable type, but 
it is preceded by a simple pulse shaper 
circuit which always provides brief 
trigger pulses, regardless of the mark-
space ratio of the output signal from the 
trigger circuit. The output pulse duration 
of the monstable can therefore be regar-
ded as fixed and independent of the 
input signal.The pulse frequency is equal 
to the frequency of the input signal. 

from the monostable to give a d.c. out-
put having a reasonably low ripple level. 
This part of the unit differs somewhat 
from the equivalent circuit in the 'Guitar 
Tracker' project, where a simple single 
stage passive filter was used, followed 
by a high input impedance buffer ampli-
fier. The latter gives a 'hold' action, so 
that the output voltage is maintained 
when the electronic switch is opened and 
the signal from the monstable is cut off. 
In this article a third offer (18dB per 

octave) active filter is used, but this is 
based on a buffer amplifier which has 
an extremely high input impedance so 
that it still gives a 'hold' action when the 
signal from the monostable is cut off. 
The advantage of the active filtering is 
that it enables the unit to respond rapidly 
to changes in the input frequency, but 
with a very low ripple level on the output 
voltage still being obtained. This ripple 
is not of great importance in itself, as it 
tends to have no noticeable effect on the 

(i.e. the voltage doubles for each octave 
increase of the input frequency). Some 
older synthesizers have control voltage 
inputs that are compatible with a linear 
input signal, but most instruments 
require a 1 volt per octave (logarithmic) 
control voltage. The output from the 
filter and hold circuit is therefore fed to 
a logarithmic amplifer which makes the 
necessary voltage conversion. In fact the 
output from this circuit requires some 
further processing, as it inverts the 
signal, and does not give a properly 
scaled output anyway. An inverting 
amplifier having gain and voltage shift 
controls is therefore used to process the 
output from the logarithmic amplifier 
and give a signal that drives the control 
voltage input of the synthesizer properly. 
The 'gate 1' output signal is generated 

by rectifying and smoothing some of the 
output from the input amplifier. This 
gives a d.c. output signal which is 
roughly proportional to the audio input 

Al 
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Flg.2. The  the interface. main circuit of 

Therefore, as the input frequency in-
creases, the monostable's output pulses 
become bunched closer and closer 
together, and the average output voltage 
increases. In fact there is a linear 
relationship between the input fre-
quency and the average output voltage. 
This section of the unit is actually very 
much the same as the circuit in the 
'Guitar Tracker' project referred to 
earlier, and this article should be 
consulted if more concise information 
on operation of the frequency to voltage 
converter is required. 
If we ignore the electronic switch for 

the moment, the next stage of the volt-
age to frequency converter is a lowpass 
filter. This simply smooths out the pulses 

output from the synthesizer. It can in-
directly produce a noticeable effect 
though, when the signal from the mono-
stable is disconnected by the electronic 
switch. The output voltage is then main-
tained at whatever level it happened to 
have at the instant the electronic switch 
was opened, and any ripple can result 
in the 'held' output voltage being slightly 
above or below the correct level. This is 
reflected in the note from the synthesizer 
being slightly off-tune. Active filtering 
enables the unit to respond to changes 
in the input frequency with suitable 
rapidity without having to compromise 
the pitch accuracy on 'held' notes. 
The output voltage from the filter and 

hold circuit has a linear characteristic 

level. This signal is fed to a trigger circuit 
which provides a high gate signal if the 
input signal is above a certain level. The 
output level from a guitar can be slightly 
erratic, and so this trigger circuit is given 
a certain amount of hysteresis so that 
problems with multiple gate pulses on 
each note are avoided. A 1.e.d. indica-
tor shows the signal level on the 'gate 1' 
output, which can be quite helpful, 
especially when initially setting up. 
This gate signal is fed to the inputs of 

two  non-retriggerable  monostable 
multivibrators. One has a fixed output 
duration and is used to drive the elec-
tronic switch, while the other has an 
adjustable pulse length and provides the 
'gate 2' output signal. 
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FIg.3. The gate pulse generator circuit. 
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At first sight the electronic switch and 
the 'hold' circuit might seem to be irre-
levant, since the guitar will normally 
provide a significant output level while 
it is being played. In practice there are 
a couple of problems if these circuits are 
omitted. One is simply that the synthe-
sizer will be capable of producing a wide 
variety of envelope shapes, including 
some with quite long release periods. 
With an envelope shape of this type 
there is a real danger of the note from 
the guitar ceasing before that from the 
synthesizer has fully decayed. With the 
'hold' circuit included this does not 
matter, since the output voltage will be 
maintained for a reasonable period of 
time regardless of whether or not the 
guitar is still providing a significant 
output level. 
The second problem is one of spurious 

output signals from the guitar while it is 
being played. Even an accomplished 
player is unlikely to play each note per-
fectly, instantly snapping from one note 
to the next. This does not tend to be 
noticeable on the direct output from the 
guitar, as any spurious signals are accep-
ted by the listener as ordinary and 
acceptable guitar sounds. The result on 
the output from the synthesizer can be 
slightly catastrophic though, with the 
pitch tending to jump all over the place 
during the transition from one note to 
the next. This gives an output signal that 
can be far from musical, and in an 
extreme case can be more reminiscent 
of cats in the night than a musical 
instrument. 
The system used here has the elec-

tronic switch closed briefly at the 
beginning of each new note. This gives 
the filter and hold circuit time to adjust 
to the new frequency, and it then holds 
this level until a new note is triggered. 
Any spurious 'buzzes' or other sounds 
in the intervening period will not affect 
the output voltage. This system does not 
absolutely guarantee a perfect output 
from the synthesizer, but in practice 
most problems seem to result from one 
note being damped prior to the start of 
the next one. This system eliminates the 
damping problem and seems to give very 
reliable results. It can only be defeated 
by some very inept fingering, or 

'machine gun' style playing which is 
simply beyond the tracking ability of the 
unit. 

CIRCUIT OPERATION 

Fig. 2 shows the main circuit diagram 
for the guitar to synthesizer interface, 
but the gate pulse generator circuit is 
shown separately in Fig. 3. 
The amplifier, trigger, and monostable 

stages are virtually identical to those in 
the 'Guitar Tracker' project, the only 
difference being thatVR1 has been made 
slightly higher in value so as to boost 
the maximum available gain. This gives 
a very wide gain adjustment range, and 
the circuit can be set up to work reliably 
with almost any guitar pick-up. There is 
actually another minor modification to 
the original circuit in that R10 has been 
made somewhat lower in value. This 
increases the maximum input frequency 
that the unit can handle. This frequency 
is the one where each output pulse lasts 
more than one input cycle. This results 
in the monostable only triggering on 
every other input cycle, and the average 
output voltage drops to only half the 
correct level. With the specified timing 
component values the circuit will oper-
ate properly with input frequencies of 
up to around 1.35kHz, which should be 
adequate in practice. 
A CMOS analogue switch acts as the 

electronic switch, and this works well in 
the  present  application  where  an 
extremely  high  'off'  resistance  is 
required. The switch is one of the four 
SPST types in a 4016BE package, and 
the other three switches are simply 
ignored. 
IC9 acts as the buffer amplifier in the 

filter and hold circuit, and this is a MOS 
input device which provides an input 
resistance of about 1.5 million megohms. 
This is high enough to ensure that the 
'held' output voltage is maintained 
accurately for at least a few seconds, 
which should be more than adequate in 
practice. The filter is really just a 
standard third order type, but the filter 
components have been given values that 
produce a very low cutoff frequency of 
only about 6Hz. The cutoff frequency 
has to be a compromise between fast 
response time and good smoothing of 

the d.c. output signal, and 6Hz seems 
to be about the optimum cutoff fre-
quency. Note that the CA3140E used for 
IC9 is a type that will operate properly 
without a negative supply, and that few 
other types have the correct characteris-
tics for correct operation in this circuit. 
The logarithmic amplifier is based on 

IC6 to IC8. In common with most cir-
cuits of this type, it relies on the forward 
transfer characteristic of a silicon diode 
to give the right input/output voltage 
conversion. When forward biased in the 
manner shown in Fig. 4, a silicon diode 
(or transistor base-emitter junction) 
produces an output voltage that is 
around 0.65 volts. Although circuits of 
this type are often used as low voltage 
regulators, the output voltage does in 
fact increase by about 60 millivolts per 
decade increase in the bias current. This 
is normally considered to be a flaw in 
the efficiency of the voltage regulator 
circuit, but it provides what is essentially 
the right kind of conversion for this 
application. However, in a practical cir-
cuit there are two problems to be over-
come. One is simply to boost the output 
voltage to give the required scaling and 
to remove the offset voltage. 

1ig.4. The basis of a lin.11og. converter 
is just a forward biased silicon diode. 

The other problem is more difficult to 
combat, and is severe temperature drift 
that occurs with the basic circuit. Cir-
cuits of the type shown in Fig. 4 are often 
used as temperature sensors, and give a 
reduction in output voltage of about 2 
to 3 millivolts per degree Celsius 
increase in temperature. The change in 
output voltage due to temperature drift 
is not very large, but voltage changes 
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are considerably amplified in this case, 
and without some form of temperature 
compensation this type of circuit is 
practically unusable. In this case a form 
of bridge circuit is used, with one section 
providing the voltage conversion and the 
other giving temperature compensation. 
The two transistors are part of the 
CA3046 integrated circuit which is a five 
transistor array. Having the two transis-
tors on the same chip gives more effec-
tive temperature compensation than 
using discrete transistors. 
IC5 acts as the inverting amplifier, and 

this has VR2 and VR3 as the shift and 
gain controls respectively. The general 
idea is to adjust VR2 for the correct 
output voltage with a low frequency 
input, and then to adjust VR3 for the 
right output potential with a much 
higher pitched input. By repeating this 
procedure a few times the unit can be 
made to track correctly over a wide 
range of notes. Even with the aid of 
temperature compensation and using 
stabilised supply rails, the unit cannot 
be guaranteed to be drift-free. VR2 and 
VR3 have consequently been made front 
panel controls rather than preset types 
so that the unit can easily be retrimmed 
from time to time if this should prove to 
be necessary. 
Turning now to Fig. 3 and the gate 

pulse generators, the amplified signal 
from IC1 is rectified and smoothed by 
D1, D2, and C12. The attack time of the 
smoothing circuit is very short, and 
although substantially longer, the decay 
time has also been kept fairly short 
(about 30ms). For the unit to operate 
properly it is essential that the voltage 
across C12 decays significantly during 
the brief pause between one note and 
the next, so that the electronic switch is 
reactivated on each new note. Failure of 
the unit to trigger on a new note will 
result in the old note voltage being held, 
as well as no new gate pulse being 
generated. IC10 is the trigger circuit, and 
is a standard operational amplifier type 
with hysteresis provided by R25. VR4 is 
the trigger sensitivity control, and this 
is adjusted to give optimum reliability. 
D3 is a 1.e.d. indicator which is switched 
on when the output of IC10 is high, and 
it is driven via emitter follower buffer 
amplifier TR1. IC10 is powered from a 
+12 volt supply, but most synthesizers 
require a +5 volt trigger pulse. R26 and 
R27 form an attenuator which reduces 
the output voltage to a suitable level. 
The two monostables are both based 

on CMOS 2 input NOR gates connected 
in a conventional non-retriggerable con-
figuration. IClla and IC1lb form the 
monostable which drives the electronic 
switch, and this circuit has a fixed output 
pulse duration of around 150ms. This 
circuit must provide a pulse length that 
is adequate to let the output voltage 
adjust to the correct level before the 
electronic switch is cut off, but it must 
also be short enough to guarantee that 

IC12  = uA79L12 

IC13  = uA78L12 
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kig.5. The circuit diagram for the mains power supply. 
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the pulse ceases before another note 
commences. A time of about 150ms 
seems about right for my playing, but a 
different pulse length can be used if 
necessary. The pulse duration is pro-
portional to the value of R29. 
IC11c and IC11d form the monostable 

that provides the alternative gate pulse 
signal. VR5 is the gate pulse duration 
control, while R31 and R32 are an 
attenuator which provide an output level 
that is compatible with standard 5 volt 
logic circuits. 

POWER SUPPLY 

The unit requires dual balanced 12 volt 
supplies which must be well smoothed 
and stabilised. Fig. 5 shows the circuit 
diagram of the mains power supply unit. 
The circuit uses two push-pull style 
full-wave rectifier and smoothing cir-
cuits; one to provide the negative supply 
and one to give the positive supply. 
Regulation of the negative and positive 
supply rails is provided by IC12 and IC13 
respectively. These are 100 milliamp 
types, and these are more than adequate 
as the current consumption from neither 
rail approaches anything like this figure. 

CONSTRUCTION 

Most of the components fit onto the 
two printed circuit boards. One board 
accommodates the main circuit (Fig. 6) 
while the other is for the power supply 
(Fig. 7). Construction starts with the 
boards, and the power supply board is 
very simple indeed. However, the two 
electrolytic capacitors must be reason-
ably compact printed circuit mounting 
types if they are to fit onto the board 
correctly. 
The main printed circuit board is very 

much more complex, and is less straight-
forward to build. The first point to keep 
in mind is that IC2, IC4, IC9, IC10, and 
IC11 are all MOS input devices, and that 
the normal anti-static handling precau-
tions should be observed when dealing 

with these components. I would recom-
mend the use of sockets for all eleven 
integrated circuits on the main board — 
MOS types or not. D1 and D2 are ger-
manium diodes, and these tend to be 
somewhat less hardy than the more 
familiar silicon variety. They are slightly 
more vulnerable to physical damage, but 
of greater importance, they are much 
more easily damaged by heat. I have not 
found it necessary to use a heatshunt 
when fitting germanium semiconduc-
tors, but the soldered joints should be 
completed with the soldering iron being 
kept in place for no longer than is really 
necessary. 
Several link wires are needed, and 22 

s.w.g. tinned copper wire is suitable for 
these, or trimmings from resistor lead-
outs can be used. If the capacitors are 
to fit onto the board neatly it is essential 
that they are of the correct types. The 
electrolytic capacitors are all radial 
(single-ended) components, and the 
polyester capacitors are 7.5 millimetre 
(0.3 inch) pitch printed circuit mounting 
components. At this stage only single-
sided pins are fitted to the boards at the 
positions where connections to off-
board components will eventually be 
made. 
The case I used is a metal instrument 
type having approximate outside dimen-
sions of 200 by 130 by 50 millimetres. 
This represents the smallest size of case 
that will house all the components with-
out having to resort to an imaginative 
layout in order to find space for every-
thing. The four sockets are mounted on 
the rear panel, and standard jack sockets 
are probably the most convenient type 
to use. However, you can obviously 
select any type that fits in well with your 
other equipment. The panel mounting 
fuseholder is also mounted on the rear 
panel, well towards the left hand end of 
the panel (as viewed from the rear). It 
is advisable to mount SK1 right at the 
other end of the panel so that the input 
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Fig.6. The Main 
Printed Circuit Board 

SK1 

' F' 

'E' c • 

' D'  • R12 

' C'  -• 
E 

SK2 

D3 
SK3 + - 

( E ) 

R24  
e-liti 1-• 

D2 1 C12 

(t-i ) E 

R22  D1 R23 
i -0 

RI R3 
+ 

C 1 
 0 

) C2 0 < E  

VR4 

C I 1 

1-1 

O NO 

•  • 

•  • 

T. R1 
e-U M-e  R26 
R25 

R6 
6 =-0 

4,-0=0-• 
6.3 R4 

R2  •-0: 0-• R11  I 
 -•  RI3 

 • 
R I 5 

R28 R27 

E  z: 

R29 

C13 

1-4 

C•3 

3 
3 
3 
3 

R7  R9 C5 

R30  •  
2. R32 

C14 
0-0:0210 
R31  j 

R 10 

R14  R16 
0-01121-0  0-CCED-• 

C7 
1•11: 

•  • 
•  a 

•  • 

•  a 

•  I. 

1-1 
C) 3 

3 

e-E1103-e.0-

R171  R18 

0  

•  

R2I 
e-CEILD-e 
C8 

5=3 
R204.  

3 

+  CIO 

R19 

' A' 

' B' 

S K4 

( E ) 

C15 

wiring is kept well away from the power 
supply wiring. An entrance hole for the 
mains lead is drilled alongside the fuse-
holder, and this hole should be fitted 
with a p.v.c. grommet to protect the 
cable. 
The controls and 1.e.d. indicator are 
mounted on the front panel, with Si well 
towards the right hand end of the panel 
and well separated from the other front 
panel mounted components. The two 
printed circuit boards are mounted on 
the base panel with the main board as 
far over to the left hand side of the unit 
as possible. This leaves sufficient space 
for the other board and Ti at the other 
end of the unit. Either spacers must be 
used over the mounting bolts for the 
boards or plastic stand-offs must be used 
to mount them. A soldertag fitted on 
one of Ti's mounting bolts provides a 
chassis connection point. 
The hard-wiring is fairly simple, but 

Fig. 8 should help to clarify any minor 

FS1 

12V 

Ti  ØV 

12V 

difficulties. The most likely cause of 
confusion is mains transformer Ti. Most 
mains transformers these days seem to 
have twin secondary windings instead of 
the centre tapped arrangement. How-
ever, these can be used as centre tapped 
types by bridging a '0' and '12' tag (to 
act as the centre tap), as shown in Fig. 8. 

TESTING 

With any project it is advisable to have 
a thorough check over the wiring prior 
to switching on, but this is even more 
important with a mains powered project 
such as the present one. SK1 connects 
to the guitar by way of a standard jack 
lead, and initially no connection to the 
synthesizer is needed. Start with VR1 
andVR4 at roughly mid settings. Playing 
notes on the guitar will probably cause 
D3 to flash on each time a note is played, 
but if not, try setting VR1 for a higher 
resistance (which gives increased gain). 
The ideal setting for VR1 is one which 
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Fig.7. Details of the power supply board. 
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gives sufficient gain for reliable trigger-
ing, but does not give so much gain as 
to produce unwanted triggering of the 
unit. Try VR4 at various settings as well, 
in an attempt to find the optimum set-
tings for these two presets. Setting VR4 
for a high level of sensitivity (the wiper 
well towards the earth end of the track) 
is unwise as the trigger circuit may have 
a reluctance to switch off between notes. 
At the other extreme, the trigger circuit 
may fail to operate, or it may be rather 
slow in doing so. 
When correct triggering of the unit is 

obtained, try connecting the control 
voltage output and one of the gate out-
puts to the relevant inputs of the synthe-
sizer. Remember that the synthesizer 
may not automatically switch over to 
automatic control, and that some 
manual switching might be needed in 
order to enable external control. The 
synthesizer's manual should give details 
of the correct switch settings where 
appropriate. Aligning the unit is quite 
simple, and it is a matter of first hitting 
a low note on the guitar and adjusting 
VR2 for the correct note from the 
synthesizer. Then play a much higher 
note and adjustVR3 for the correct pitch 
from the synthesizer. Repeat this proce-
dure a few times until the synthesizer is 
tracking the guitar properly. 
With most analogue synthesizers it is 
possible to switch the unit up or down 
by one octave, or even two octaves. A 
little experimentation might therefore 
be needed in order to find the right 
setting to give correct tracking over a 
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RESISTORS 

R1,2,4  4k7(3 off) 
R3,12,16,  100k (6 off) 
23,24,30 
R5,6  10k (2 off) 
R7  33k 
R8  27k 
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R10,13  68k (2 off) 
R11  2k2 
RI4,25  1M (2 off) 
R15,18,26,  lk (5 off) 
28,31 
R17 
R19,20,21 
R22 
R27,32 
R29 
All resistors 

47k 
1M8 (3 off) 
1k2 
470(2 off) 
2M2 
1/4 watt 5% carbon 

POTENTIO METERS 

VR1  1M sub-min hor preset 
VR2  10k lin 
VR3  100k lin 
VR4  22k sub-min hor preset 
VR5  2M2 lin 

CAPACITORS 

C1,2,15  100µ 16Vradial elect 
(3 off) 

C3,12  330n poly layer (2 off) 
C4,7  In poly layer (2 off) 
C5,6  10n poly layer (2 off) 
C8  47n poly layer 
C9  3n3 poly layer 
C10  33n poly layer 
C11  2µ2 63Vradial elect 
C13  100n poly layer 
C14  470n poly layer 
C16  470µ 25Vradial elect 
C17,18,20,21 100n ceramic (4 off) 
C19  1000µ 25 Vradial elect 

TR1 
D1,3 
D3 
D4,5,6,7 

SEMICONDUCTORS 

Id  1 LF353 
IC2,9,10 
IC3 
IC4 
IC5,6,8 
IC7 
IC11 
IC12 

CA3140E (3 off) 
L555 
4016BE 
uA741C (3 off) 
CA3046 
4011BE 
uA79L12 
(-12V 0.1A reg) 

IC13  uA78L12 
(+12V 0.1A reg) 
BC547 
0A91 (2 off) 
Red panel I.e.d. 
1N4002(4 off) 

MISCELLANEOUS 

SK1,2,3,4  Standard jack socket 
(4 off) 

Si  Rotary mains switch 
T1  12 — 0 — 12V 250mA 

mains transformer 
FS1  100mA 20mm 

anti-surge 
Metal instrument case about 200 X 50 
x 130mm, printed circuit boards (2 off), 
20mm panel mounting fuseholder, con-
trol knob (4 off), 8 pin DIL IC holder 
(8 off), 14 pin DIL IC holder (3 off), 
fixings, wire, solder, mains lead and 
plug. 
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wide frequency range. Of course, it is 
quite in order to have the synthesizer 
playing a different octave to the guitar, 
or with any offset you desire that is 
within the capabilities of the instrument. 

TRIGGER HAPPY 

Most synthesizers will trigger properly 
from the +5 volt gate signals. Some 
instruments require a +15 volt gate 
signal, but they are mostly +5 volt 
compatible as well. If necessary though, 
a higher output voltage can be obtained 
by removing R27 and R32, and replacing 
R26 and R31 with shorting links. Some 
synthesizers require a s̀hort-to-ground', 
gate signal, and these can be triggered 
by omitting R26, R27, R31, and R32, 
and using a driver circuit of the type 
shown in Fig. 9. A few synthesizers 
require a negative gate signal, and these 
could only be driven from the unit pro-
perly if a suitable voltage shifting circuit 
was added at each gate output. It should 
be possible to properly drive a synthe-
sizer having a linear control voltage 
characteristic if the logarithmic amplifier 
and inverter are omitted, and the control 
voltage is taken from pin 6 of IC9. How-
ever, in order to obtain usable results it 
would probably be necessary to add 
some processing in order to give a suit-
able output voltage range. 
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EU Fig.9. A short-to-ground output stage. 
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10  /25 
47  /16 
100 /16 
100 /63 
470 /25 

:07p  1000/16 

.015/400 

.022/400 

.033/400 

.047/400 

0.1 /250 

022/100 

0.33/100 

0.47/100 

0,58/100 

1 AF/100 

ELECTROLYTIC. 
20% RADIAL 
1µF /100 
2.2  /100 

3.3  /100 
4,7  /100 

10  /16 
10  /63 
22  /63 
33  /16 
47  /16 
100 /16 
100 /63 
220 /25 
330 /35 
470 /16 
470 /35 
1000/16 

:07p 

:07p 

:08p 

:08P 

:09p 

:10p 

:13p 

:15p 

:17p 

:20p 

:08p 
:08p 
:09p 
:09p 
:07p 
:08p 
:11p 

:09p 

:09P 
:11p 
:20p 
:19p 
:18p 
:19p 
:32p 
:25p 

:09p 
:12p 
:10p 
:11p 
:16p 
:31p 
:30p 
:31p 

PHOTOGRAPHS OF THE GUITAR 
TO SYNTH INTERFACE: 
ABOVE, THE REAR OF THE UNIT. 
BELOW, THE FRONT PANEL 

Sown LED's now In stock 
If you do not wish to order anything, just send us a S.A.E, at least 4 x 9 
inches for a copy of our free catalogue. 

Items Stocked 
Electrolytic capacitors by Dubilier Ceramics and Polyesters by Mullard. 

Semiconductors by RCA, Texas, Motorola, Toshiba etc. Bernard Babani 
Books and much more. 

ACCESSORIES. 
Audio generator, 20Hz to 20KHz Sine/Square op. 

Less than I% distortion. 
15 watt mains soldering Iron 
10m Solder reel 
VHS video cleaner 
20mm Chassis fusehdder 
PP 3 Battery (blue seal) 
PP 3 Connector 

Conductive storage box for static sensitive devices 
1 x 0.6 single cable available in Blk,B1u,Bm,G m, Red per M 
70 0.2 single cable available in Blk,B1u,Brn,Gm,Red per M 
2 core 3A mains oval white pM 
2 core 6A mains round white pM 
3 core 13A mains round black pM 

Mono jack plug red/black Heavy 
Stereo Jack black only  Heavy 
Jack socket mono plastic 
Jack socket stereo plastic 
XLR cable male metal shell 
XLR cable female metal shell 

XLR chassis female metal shell 
XLR chassis male metal shell 
OIL sockets 8 pin 70/14 pin 11p 16 pin 11p/24 pin 20p 
Mains plug unbreakable white 
Du raplug trailing socket single 

Duraplug 4-way socket with switch and Neon Rubber Coated. 
6A terminal block 
16A terminal block 

Mains eat lead 5 metres single 
Mains eat lead 5 metres 4-way 
Veroboard 10 stripes 024 holes 
Veroboard 24 stripes 050 holes 
DPST toggle switch 2500 1.2A 
Miniature pushbutton low volt 
Strobe light. Flash rate adjustable in veneered wooden cabinet 
TDK AD 90 cassette (90 minutes) 

ALL PRICES INCLUDE VAT AT 15 % 

ALL PRICES GUARANTEED 

add £1.00 carriage to all orders under £50 

add £1 .50 carriage to all orders under £50 

Catalogue 

sent with 

all orders 

£92:90. 
3:95. 

£ 0:85. 
E 4:29. 
E 0:46. 
£ 0:78. 
£ 0:08. 
E 1:99. 
£ 0:05. 
£ 0:05. 
0:14. 
0:22. 

£ 0:45. 
0:64, 

E 0:83. 
E 0:26. 
E 0:30. 
£ 1:35. 
£ 1:35. 

E 1:95. 
E 1:27, 

E 0:65. 
E 1:99, 
E 9:89. 
E 0:38. 
£ 0:54. 
£ 4:99. 
£12.58. 
0:45. 

• 1:69. 
0:65, 
0:26. 

019:99. 
£ 1:60. 

PriCOS beieved correct, 
however, all errors will be 

charged at the correct price. 
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AOMPUTER WAREHOUSE ilivAialT 
THE ALLADINS CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT 

HOT LINE DATA VASE 

DISTEL° P 
The ORIGINAL FREE OF CHARGE dial up data 
base. Buy, browse or place YOUR O WN AD for 
goods or services to sell. 1000's of stock items, 
spares and one off bargains. Updated daily. 
ON LINE NO W. CCITT, 8 bit word, no parity. 
For 300 baud modems call 01-679 1888 

For 1200-75 baud modems cal; 01-679 6183 

FREE Yoonuiyr mo,ni9to5r iftrobmec iotsmceosmapsuutepriE! RFoBr 

HIGH QUALITY* COLOUR • TV SET 
The fabulous TELEBOX an INVALUABLE MUST for the owner of 
ANY video monitor with a composite input colour or monochrome 
Made by a major UK Ca as a TOP QUALITY, stand alone UHF 
tuner and costing OVER £75 to manufacture this opportunity to 
give your monitor a DUAL FUNCTION must not be missed! The 
TELEBOX consists of a compact, stylish two tone charcoal 
moulded case containing ALL electronics tuner, power supply etc 
to simply plug in and convert your previously dedicated computer 
monitor into a HIGH QUALITY COLOUR' TV SET, giving a real 
benefit to ALL the family!! Don't worry if your monitor doesn't have 
sound- THE TELEBOX even has an integral 4 watt audio amplifier 
for driving an external speaker, PLUS an auxi liary Output for superb 
quality television sound via your headphones or HI Fl system etc 
Other features include: Compact dimensions of only 15.75" w x 
7.5" d x 3.5" h, latest technology, BRITISH manufacture fully - 
tuneable7 channel push button tuner, AutoAGC circuit SAWf liter, 
LED status indicator, fully isolated 240v AC power supply for total 
safety, Mains ON-OFF switch etc Many other uses 

LIMITED QUANTITY- DON'T MISS THIS OFFER!! 

ONLY. f29.95 OR f24.95 if purchased with ANY of our 
video monitors Supplied BRAND NEW with full instructions and 2 YEAR 
warranty. Post and packing £3.50 'When used with colour crt 

COLOUR & MONOCHROME 
MONITO SPECIALS 

'SYSTEM ALPHA' 14'' COLOUR MULTI INPUT MONITOR 
Made by the famous REDIFFUSION Co. for their own professional computer 
system this monitor has all the features to suit your immediate and future 
requirements Two video inputs RGB and PAL Composite Vide  ta allow direct 
connection to BBC/IBM and most other makes of micro computers or VCR's, 
including our very own TELEBOX An internal speaker and audio amp may be 
connected to computer or VCR for superior sound quality. Many other features 
PIL tube Matching BBC case colour, Major controls on front panel, Separate 
Contrast and Brightness - even in RGB mode Separate Colour and audio 
controls for Composite Video input BNC plug for composite input 15 way 'D' 
plug for RGB input modular construction etcetc. 

This Must Be ONE OF THE YEAR'S BEST BUYS. PC USER 
Supplied BRAND NEW and BOXED, complete with DATA and 90 day 
guarantee ONLY £159.00 as above'OR IBM PC Version £185.00 
15 Day 'EY skt £1.00, BNC skt 75p BBC interface cable £5.50 
DECCA 8018" COLOUR monitor. RGB input. 
Little or hardly used manufacturers surplus enables us to offer this special 
converted DECCA RGB Colour Video TV Monitor at a super low price of only 
£99.00, a price for a colour monitor as yet unheard of!! Our own interface 
safety modification and special 16" high definition PIL tube coupled with the 
DECCA 80 series TV chassis give 80 column definition and quality found only 
on monitors costing 3 TIMES OUR PRICE. The quality for the price has to be 
seen to be believed! Supplied complete and ready to plug direct to a BBC 
MICRO computer or any other system with a TTL RGB output Other features 
are: internal speaker, modular construction, auto degaussing circuit, attractive 
TEAK CASE, compact dimensions only 52cm W x 34 H x 24 D, 90 day 
guarantee Although used, units are supplied in EXCELLENT condition. 
ONLY £99.00 + Carriage. 
DECCA 80, 18" COLOUR monitor. Composite video input Same as above 
model but fitted with Composite Video input and audio amp for COMPUTER, 
VCR or AUDIO VISUAL use ONLY £99.00 + Carr. 
REDIFFUSION MARK 3, 20" COLOUR monitor. Fitted with standard 75 ohm 
composite video input and sound amp This large screen colour display is ideal 
for SCHOOLS, SHOPDS, DISCO'S CLUBS and other AUDIO VISUAL appli-
cations Supplied in AS NEW or little used condition ONLY £145.00 + Carr. 

BUDGET RANGE EX EQUIPMENT MONOCHROME video monitors. 
All units are fully cased and set for 240v standard working with composite video 
inputs Units are pre tested and set up for up to 80 column use. Even when 
MINOR screen burns exist - normal data displays are unaffected 30 day 
guarantee 
12" KGM 320-1 B/W bandwidth input, will display up to 132 x25 lines £32.95 
12" GREEN SCREEN version of KGM 320-1. Only £39.95 
9" KGM 324 GREEN SCREEN fully cased very compact unit Only £49.00 

Carriage and insurance on all monitors £10.00 

III41•1:71:7111114711filIi n 
GOULD 0F443 enclosed, compact switch mode supply with DC regulated 
outputs of +5v @ 5.5a, +12v @ 0.5a, -12v @0.1a and -23v @ 0.02a. Dim 18 x 
11 x 6 cm. 110 or 240v input BRAND NEW only £16.96 
GOULD G8-40A 5v 40 amp switch mode supply NEW £130.00 
AC-DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a 
rugged ALLOY chassis to continuously supply fully regulated DC outputs of +5v 
@ 3 amps, -5v @ 0.6 amps and +24v @ 5 amps. Short circuit and overvoltage 
protected. 100 or 240v AC input. Dim 28* 12.5 x 7 cm NEW £49.94 

Carriage on all PSU's £3.00 

Manufacturers BRAND NEW surplus 
DEC LA34 Uncoded keyboard with 67 quality gold plated switches on X-Y 
matrix- ideal micro conversions etc £24.95 
AMKEY MPNK-114 Superb word processor chassis keyboard on single PCB 
with 116 keys Many features such as On board Micra Single 5v rail full ASCII 
coded character set with 31 function keys, numeric keypad, cursor pad 
and 9600 baud SERIAL TTL ASCII OUTPUT! Less than half price 

Only £89.00 with data Carriage on Keyboards £3.50 

DON'T MISS THE CPM Deal 
OF the CENTURY 

The FABULOU CPM TATUNG PC2000 
Professional Business System 

A cancelled export order and months of negotiation enables us to offer this professional 
PC, CPM system, recently on sale at OVER £1400, at a SCOOP price just over the cost of 
the two internal disk drives!! Or less than the price of a dumb terminal!! 

Not a toy, the BIG BROTHER of the EINSTIEN computer, the DUAL PROCESSOR 
PC2000 comprises a modern stylish three piece system with ALL the necessities for the 
SMALL BUSINESS, INDUSTRIAL, EDUCATIONAL or HOBBYIST USER. Used with 
the THOUSANDS of proven, tested and available CPM software packages such as 
WORDSTAR, FAST, DBASE2 etc, the PC2000 specification, at our prices, CANNOT 
BE BEATEN!! 

The central processor plinth contains the 84K, Z80A processor, DUAL TEAC 55F WA' 
Double sided 40/80 track disk drives 11Mb per drive), PSU, 4K of memory mapped screen RAM, disk controller, RS232, 
CENTRONICS and system expansion ports, and if that's not enough a ready to plug into STANDARDS" DRIVE port for up to FOUR 
8" disk drives, either in double density or IBM format The ultra slim 92 key, detachable keyboard features 32 user definable keys, 
numeric keypad and text editing keys, even its own integral microprocessor which allows the main Z80A to devote ALL its time to 
USER programs, eliminating "lost character' problems found on other machines The attractive detachable 12" monitor combines 
a green, anti-glare etched screen, with full swivel and tilt movement for maximum user comfort Supplied BRAND NEW with CPM 
2.2, user manuals and full 90 day guarantee. Full data sheet and info on request  PC2000 Worderocessor System 

PC2000 System  PC2000 Business System with CPM  with CPM and T C FP25 daisywheel 
with CPM Etc.  and 'Ready to Run' FAST Sales and  printer 

COST OVER £1400  Purchase ledger, supports up to 
9000 Accounts, VAT etc. 
COST OVER £1700 

NOW only £799 
NO W only £499 MODEMS  
Carriage 8. Insurance £12.00 

PRESTEL - VIEWDATA - TELEX 
PLESSEY VUTEL, ultra compact unit slig. htly larger 
than a telephone features A STANDARD DTNIF 
TELEPHONE (tone dial) with 5" CRT monitor and 
integral modem etc for direct connection to PRESTEL, 
VIEWDATA etc. Designed to sell to the EXECUTIVE at 
over £600!1 Our price BRAND NEW AND BOXED at 
only £99.00 
DECCAFAX VP1 complete Professional PRESTEL 
system in slimline desk top unit containing Modem. 
Numeric keypad, CPU, PSU etc. Connects direct to 
standard RGB colour monitor. Many other features 
include: Printer output, Full keyboard input, Cassette 
port etc. BRAND NEW with DATA. A FRACTION OF 
COST only £55.00 
ALPHATANTEL. Very compact unit with integral FULL 
ALPHA NUMERIC keyboard. Just add a domestic TV 
receiver and you have a superb PRESTEL system and 
via PRESTEL the cheapest TELEX service to be 
found!! Many features: CENTRONICS Printer output, 
Memory dialling etc Supplied complete with data and 
DIY mod for RGB or Composite video outputs. AS 
NEW only £125.00 

Post and packing on all PRESTEL units £8.50 

EX-STOCK INTEGRATED CIRCUITS 
4164 200 ns D RAMS 9 for £11 4118 ns 
£1.50 2112 £10.00 2114 £2.50 2102 £2.00 
6118 £2.50 EPROMS 2718 £4.50 2732 £3.00 
2764 £4.95 27128 £5.50 6800 £2.50 6821 £1 
68A09 £8 6BB09 £10 8085A £5.50 8086 £15 
8088 £8 NEC765 £8 W02793 £28 8202A 
£22 8251 £7 8748 £15 Z80A DART £6.50 
Z80A CPU £2.00. Thousands of IC's EX STOCK 
send SAE for list. 

DISK DRIVES 
Japanese 51/4 " half height 80 track double sided disk 
drives by TEAC, CANON, TOSHIBA etc 
Sold as NEW with 90 day guarantee ONLY £85.00 
TEC FB-503 Double sided HH 40 TRK NEW £75.00 
SUGART SA400 SS FH 35 TRK £55.00 
SIEMENS FDD100 SS FH 40 TRK £85.00 
carriage on 51/4 " drives £5.50 
Brand NEW metal 51/4 " DISK CASES with internal PSU. 
DSKC1 for 2 HH or 1 FH drive  £29.95 +pp £4.00 
DSKC 2 for 1 HH drive  £22.95 +pp £3.50 
DKSC 3 As DSK1 LESS PSU  £12.95 +pp £2.50 
DSKC 4 As DSK2 LESS PSU  £10.95 +pp £2.00 
8" IBM format TESTED EX EQUIPMENT. 
SHUGART 800/801 SS  £175.00 +pp £8.50 
SHUGART 851 DS  £250.00 +pp £8.50 
TWIN SHUGART851' $ 2 Mb total capacity in smart case 
complete with PSU etc  £595.00 
MITSUBISHI M2894-838" DS 1 Mb equiv. to SHUGART 
SA850R. BRAND NEW at £275.00  +pp £8.50 
DYSAN 8" Alignment disk  £29.00 + pp £1.00 
Various disk drive PS1/ s Ex Stock SEE PSU section. 
HARD DISK DRIVES 
DRE/DIABLO Series 302.5 Mb front load  £525.00 
Exchangeable version £295.00. ME3029 PSU £95.00 
DIABLO 44/DRE4000A, B5+5 Mb from £750.00 
CDC HAWK 5 +5 Mb £795.00. CDC 978280  b R MO3 
etc  £2500.00. 
PERTEC 03422 5+5 Mb  £495.00 
RODIM E 51/4 " Winchesters ex-stock from £150 CALL 
Clearance Items- Sold as seen - No guarantee 
ICL 2314 BRAND NEW 14" Mb Removable pack hard 
disk drive, cost over £2000 with data  ONLY £99.00 
BASF 81728" 23Mb Winchesters  £199.00 
Unless stated all drives are refurbished with 90 day 
guarantee Many other drives and spares in stock- call 

sales office for details 

Join the communications revolution with our super 
range of DATA MODEMS, prices and specifications 
to suit all applications and budgets ...... 
BRAND NEW State of the art products 
DACOM DSL2123 Multi standard 300-300, 1200-75 
Auto answer etc  £288.00 
DACOM DSL2123A0 Auto dial, smart modem with 
multi standard AUTO SPEED detect and data buffer 
with flow control etc  £385.00 
DACOM DSL2123GT The CREAM of the intelligent 
modems,  auto  dial,  auto  call  index  buffer 
etc eta  £498.00 
Steebeck 5131212 V22 1200 baud FULL DUPLEX, 
sync or async, optional auto dial  £485.00 
TRANSDATA 307A Acoustic coupler 300 baud full 
duplex originate only, R5232 interface  £49.00 

Ex BRITISH TELECOM full spec, Carr, ruggedised, 
bargain offers Sold TESTED with data Will work on 
any MICRO or system with RS232 interface 
MODEM 13A 300 baud unit only 2" high fits under 
phone CALL mode only  £45.00_ 
MODEM 20-1. 75-1200 baud Compact unit for use 
as subscriber end to PRESTEL TELECOM GOLD, 
MICRONET etc  £39.95 +pp £6.50 
MODEM 20-2 1200-75 baud Same as 20-1 but for 
computer end  £85.00 +pp £6.50 
DATEL 2412. Made by SE Labs for BT this two part 
unit is for synchronous data links at 1200 or 2400 
baud using 2780/3780 protocol etc Many features 
include 2 or 4 wire working, self test, auto answer etc 
COST OVER £800. Our price ONLY £199 +pp £8.00 
DATEL 4800, RACAL MPS4800 baud modern, EX 
BT good working order, ONLY £295.00 +pp £8.00 

SPECIAL OFFER 
MODEM TG2393. Ex BT, up to 1200 baud, full 
duplex 4 wire or half duplex over 2 wire line ONLY 
£85.00 PER PAIR +pp £10.00 
For more information contact our Sales Office. 

SPECIAL BULK PURCHASE of these compact, high 
speed matrix printers. Built in Japan for the Hazeltine 
Corporation this unit. features quality construction 
giving 100cps bidirectional, full pin addressable 
graphics. 6 type fonts, up to 9.5- single sheet or 
tractor paper handling, RS232 and CENTRONICS 
parallel interface. Many other features BRAND NEW 
and Bo ma COST £420. Our price Only £199.00 

Dry Fit MAINTENANCE FREE by Sonnenschein 
& Yuasa 
A300 0719131512v 3Ah NEW  £13.95 
A300 07191312 6v 3Ah NEW  £9.95 
A300 07191202 6-0-6v 1.8Ah TESTED Ex 

Equip £5.99 

VDU TE MINALS 
Standard VDU data entry terminals 

at give away prices!! 
QUME OVT108. Current product, state of the art 
terminal with detachable keyboard, 12" Green screen, 
2 page RAM, TVI 925, Hazeltine, ADMSA emulations, 
software setup, 25 x 80, Clock, Swivel and tilt base, 
Printer port, Function keys etc. BRAND NEW and 
BOXED AT ALMOST HALF PRICE Only £425.00 
AJ510 - EX RENTAL, Z80 controlled, 15" green 
screen 24 x 80 display, graphics, cursor addressing, 
printer port etc. Very good condition TESTED complete 
with manual only £225.00 
ADDS 520 - Dumb terminal, used, 12" b/w screen 
R5232  interface  and  printer  port  TESTED. 
ONLY £125.00. Carriage on terminals £10.00 
100's of other terminals in stock. CALL for more details. 

D I P '.05 
All prices quoted are for U.K. Mainland, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00. 
Minimum Credit Card orderE/0.00. Minimum BONA FIDE account orders f rom Government Depts., Schools, Universities and 
established companiesE10.00. Where post and packing not indicated please ADD £1.00 + VAT. Warehouse open Mon-Fri 
9.30-5.30. Sat 10.30-5.30. We reserve the right to change prices and specifications without notice. Trade, Bulk and Export 

r r Tr) ri  f ra:  32 Biggin Way, Upper Norwood, London SE19 3XF 
-C1._ CI_ I IK Lii if 1-  Telephone 01-6794414 Telex 894502 Data 01-679 1888 1.IC 
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V iAMA 
V ICIKSI/V 
A 3I6mV 

,/,%4•? .0„ 

y4, 

34.95 

28-Range FET VOM. Perfect for electronics testing! 
10 megohms per volt DC sensitivity. Measures: 1000 volts 
DC in seven ranges and 1000 volts AC in five ranges. DC 
current to 10 amps, resistance to 100 megohms. Decibles: 
—20 to +62 dB. Fuse protected. Requires one 9v and one 
"C" battery. Measures: 71/16 x 51/2 x 23/4 ". 
22-220   £34.95 

2995 
g 43-Range Multitester. 50,000 ohms per volt DC 
sensitivity. Fuse and overload protected. Measures to 
1000 volts DC in 12 ranges and 1000 volts AC in 8 ranges. 
DC current to 10 amps, resistance to 20 megohms. 
Decibles: —20 tO +62 dB. Requires one 9v and one "AA" 
battery. Measures: 611 /16 x 47/a x 
22-214   £29.95 

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

  See Yellow Pages For Address Of Store Nearest You   

Tandy UK, Tandy Centre, Leamore Lane. Bloxwtch, Walsall. West Midlands. WS2 7P5 
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ii DESIGN FEATURE 

The logic of digital circuits 
surely implies that logic 
devices should help to form 
them. This is becoming a 
reality as the PROM principle 
is extended to simulate new 
circuit designs. 

PROGRAMMABLE 
LOGIC DEVICES 

PART ONE BY CHRIS KELLY 

When is a PROM not a PROM? When it's a PLD 

IMAGINE that you are a designer of digital circuits. Your design concept is 
on paper and you wish to see it as a 
working system as soon as possible. You 
reach for a small IC from a storage 
cabinet and place it in a socket on a 
device which looks like a PROM 
programmer. Within minutes you have 
entered the necessary details and the 
chip is silently programmed to become 
the physical reality of your design. 
Furthermore, when you progress to 

more advanced designs you sit at a 
personal computer running powerful 
logic design software. The system first 
verifies your design information by 
simulating its action, then at your 
command  downloads  details  to a 
programmer. 
The ICs you use are called Program-

mable Logic Devices or PLDs for short. 
They are not fantasy. They are with us 
now. (Fig.1 and Fig.2). 

Mg.!. PLD design procedure 

Programmable logic devices are set to 
make the same impact that micropro-
cessors made in the 1970s. PLDs are not 
new, they have evolved over the past 
decade. Now that teething problems of 
slow switching speed and high power 
consumption have been solved, their use 

Pig.2. Sources of PLD programming information 

is becoming  widespread  in many 
applications which have required boards 
full of logic or upon which a micro-
processor solution has been used as a 
sledgehammer. 
The range of applications is wide. New 
types of PLDs are being introduced by 
the manufacturers to increase their total 
programming capacity and flexibility. 
They are rapidly becoming the designer's 
dream of an uncommitted 'black box' 
waiting to be programmed to become 
the circuit the designer requires. 
And what if it needs modification as 

most prototypes do? Well, at the worst 
the PLD is discarded and a new one 
programmed. However, erasable PLDs 
are now available. Like EPROMs, 
simply expose to ultra-violet light and 
the device can be reprogrammed. 

THE CHOICE OF COMPONENTS 

Never before has the electronics 
designer had so many choices in the type 
of logic components used to construct 
circuit (Fig.3). 
Since  ICs  became  commercially, 

available small scale integrated (SSI) 
circuits such as the bipolar 7400 series 
and the CMOS 4000 series have been 
used  for  logic  gates  and  simple 
sequential  logic  circuits.  Later as 

integration increased to medium scale 
integration (MSI) more complex logic 
such  as  counters  and  arithmetic 
functions became available. These are 
cheap and easy to use and have been the 
staple diet of home constructors for 
many years. 
Full custom IC design is still out of 

the scope of most applications designers. 
Fully  specifying  the  function, 
architecture and layout of an integrated 
circuit for a specific application can be 
handled only by the largest companies 
and research organisations with the most 
advanced  equipment.  Full  custom 
design is very expensive and only 
justifiable for high volume manufacture 
or for military applications. 
An area of increased activity is that 

of semi-custom design. There are two 
main types. The first is the standard cell 
where a chip designer using an advanced 
computer workstation can call areas of 
previously designed ICs from a library 
and fit them together as desired. The 
finished design is then passed to a 'silicon 
foundry'  where  the  chips  are 
manufactured. 
The second type of semi-custom 

design is the uncommitted logic array or 
ULA. These comprise arrays of logic 
gates on  silicon chips which  are 
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PROGRAMMABLE LOGIC DEVICES 

INCREASED INT
EGRATION 

( PROM ) 

(STANDARD 
OGIC FAMILIE ) 

Fig.3. Logic IC types 

(FULL CUSTOM) 
DESIGN   

(STANDARD 
CELL  

(GATE ARRAY) 

(FPLFPL O 

( PAL) 
PROGRAMMABLE 
LOGIC DEVICES 

SEMI-CUSTOM 

010390 

manufactured in bulk by the chip 
manufacturer except for the final 
metalisation  layer  which  normally 
determines the functions of the gates and 
how the gates are connected. The 
customer specifies the  connections 
required and a number of ICs are 
completed with this final mask. 
Now this range of choice is widening 

to include many types of PLDs. Each of 
these will be described fully in due 
course,  but brief descriptions  are 
introduced here. 
Field programmable gate arrays, or 

FPGAs, are simply arrays of multiple 
input AND gates. Internal fusible links 
(Ni-chrome as with PROMS) can be 
blown or left intact such that the outputs 
are linked to the inputs through the 
AND gates. FPGAs can be used for 
applications such as random logic, 
address decoders, code detectors and 
fault monitors. 
A manufacturer called Monolithic 

Memories  Incorporated  developed 
programmable array logic devices or 
PALs,  which  have  an  array  of 
programmable AND gates followed by 
fixed input OR gates. Again these can 
be  used  for  random  logic,  code 

TRUE/ 
COMPLEMENT 10 BUFFERS 

•  1 1 1 

I I I  " PUT  AND  

il 

INPUTS 

C1911Ill 

FIXED CONNECTIONS 

PROGRAMMABLE 
CONNECTIONS 

INCREASED DESIGN FLEXIBILITY 

converters, etc. 
Other  manufacturers,  such  as 

Signetics/Mullard responded with their 
own types of PLDs, generally known as 
field programmable logic arrays, FPLAs 
or just PLAs for short. These have 
programmable  AND  arrays  and 
programmable OR arrays, sometimes 
with registers or bistable latches at the 
outputs. 
Finally we have perhaps the most 

advanced and flexible type of PLD 
which is the field programmable logic 
sequencer OR FPLS. These have pro-
grammable AND arrays, programmable 
OR arrays, internal state registers and 
external state registers all on one chip! 
As suggested by the name, FPLSs can 
be applied to sequential clocked logic 
functions such as synchronous up/down 
counters, shift registers, bidirectional 
data buffers, timing function generators, 
system controllers and synchronisers, 
priority encoders and an unlimited 
number of customised applications. 

ADVANTAGES OF PLDs 

There are a number of advantages with 
PLDs  over  standard  logic  ICs. 
Surprisingly, cost of the raw components 

FUSIBLE LINK 

is not one of them because they are still 
relatively expensive, probably more 
expensive than the combined cost of the 
standard chips replaced. 
However, with reduced design costs 

through quicker design time and simpli-
fied PCB design and construction, the 
PLDs become competitive. PLD circuits 
are more reliable because there are 
fewer soldered connections and for large 
systems less cooling may be required. 
An advantage which may not be 

immediately apparent is that of smaller 
stock inventory. A supply of 20 to 30 
PLD types could replace the functions 
of hundreds of SSI and LSI types. When 
a particular device is required, the 
appropriate PLD is programmed from 
one of a library of computer files stored 
on disk. 
The design using a PLD is more secure 

than with standard chips. Although data 
sheets give all the relevant details for 
programming, the actual programmed 
function is not easily identified without 
the design details. Copying of circuits is 
not as easy. Some PALs also have a 
'verification disable' function which 
means that copying is made even harder. 
The advantage of circuit security can 
also  be  a disadvantage  to  the 
maintenance technician. Whereas the 
functions of standard chips can be 
checked using logic probes and analysers 
against data-sheet information, the PLD 
remains  a  mystery  unless  its 
programmed functions are known. 

PLD NOTATION 

Each input to a PLD array is spilt into 
two paths by a true/complement buffer. 
These are shown in Fig.4. One path 
feeds the true logic state through fusible 
links to the array, e.g. logic 1 if logic 1 
is applied to the input. The other path 
is the complement or inversion of the 
input, e.g. logic 0 if logic 1 is applied to 
the input. 
The gates within PLDs can have many 

inputs, up to sixteen in some cases. If 
all the input lines were drawn from the 
arrays, the diagrams would become 

12 

12. H > 

fig.4. For simplicity PLD notation shows gates with multiple inputs as a single line 

 D-
&-INPUT AND 
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Fig.5. PLS103 field programmable gate array 

ridiculously overcrowded. So a single 
line is drawn from the array and each 
intersection has a programmable fuse 
link which can be left intact or blown as 
shown in Fig.4. 

A TYPICAL FPGA 

The PLS103 (shown in Fig.5) is a 
Mullard/Signetics field programmable 
gate array with 16 inputs and 9 outputs. 
Each input has a true/complement (T/ 

C) buffer which applies the true state of 
the input to one row of the array and 
the complement (or logical inverse) to 
another row. Each row from aT/C buffer 
can feed the signal down a line to a 
multiple input AND gate depending on 
whether the appropriate fuse link is left 
intact or blown. 
If all the lines connecting to the AND 

gate were shown, the diagram would 
become  excessively  overcrowded. 
Therefore only a single line is shown to 
the AND gate, crossing all the true and 
complement input lines. A cross indi-
cates that the appropriate fuse is intact, 

i.e. still electrically connected. The 
absences of a cross indicates that the fuse 
has been blown. 
Each output of the PIS103 can be 

programmed active-high (ie a non-
inverted output) or active-low (an 
inverted output) by the X fuses at the 
exclusive OR gates. Because of the 
inverting output buffers, a blown X fuse 
give a true Foutput and an intact X fuse 
gives the inverse. In this way the AND 
or NAND functions are achieved. 
The chip enable (CE) makes the 

output buffers active when CE is made 
logic 0. The outputs are high impedance 
when CE is made logic 1. 
Logic functions other than AND can 

be programmed into the FPGA. For 
example, as shown in Fig.6, the OR 
function is derived from DeMorgan's 
Law This simply states that if the 
individual inputs of a NAND gate are 
inverted, the overall function is OR, 
giving 

A.B.C. = AA-B-FC 

This is applicable to any number of 
inputs. So by taking the complement 
from the input buffer and programming 
the appropriate AND output to be 
inverted we achieve the equivalent of 
the OR. 
The NOR function is the OR followed 
by an inversion. This is the same as the 
AND  function  with  all  inputs 
individually inverted, giving 

A.B.C. = 

A PLS103 programmed to be a 
mixture of random logic is shown in 
Fig.7. Note that the AND outputs are 
fed round to inputs to a programmed 
OR to give the Boolean relationship: 

X =ABCD +ABCD +ABCD +ABCD 

The "fuse-map" for this application is 
shown in Fig.5. 

Outputs  F5 = A.B.C.D 
F6 = A.B.C.D 
F7 = A.B.C.D 
F8 = A.B.C.D 

The outputs F5 to F8 are fed back to 
inputs 112 to 115 where they are 
individually complemented and fuse X0 
is left intact giving 

X = F5. F6. F7. F8 = F5±F61+7±F8 

Fig.6. FPGA OR function 

xr.A.B.t.D +  C.D + "kb C.D 4- A. B C. 

IC 

11 
12 
13 
PLS 103 

112 
113 
111. 
115 

F5 
F5 
F7 
411. 

ICIJG 3941 

F5 A.  D 
F6 Z.F3.5.5 
F7  7. A.B.C.D 

F8 = A .B.0 . 

F1g.7. PLS 103 random logic 
application 
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FIxED AND ARRAY 

PROM as a PLD 

PROMS AS PLDS 

A programmable read only memory 
(PROM) as shown in Fig.8 is really a 
simple PLD. The internal structure can 
be considered as a fixed AND array 
which is normally used to address 
memory  locations,  followed  by  a 
programmable OR array which stores 
binary information by the fuses either 
blown or left intact. 
This fixed-AND/programmable-OR 

format can be used to program Boolean 
logic functions between the inputs and 
outputs.  By allocating the PROM 
address lines as variable inputs, and the 
data lines as individual outputs, a truth 
table can be compiled to specify the 
system conditions. 
Fig.9 and Table 1 show an example of 

a PROM programmed as a binary coded 
decimal (BCD) to seven segment display 
(SSD) decoder. 

F1g.9. PROM used as a BCD to SSD 
decoder 

PROGRAMMABLE OR ARRAY 

1.1  Mt  I ( 

X  X 

TTTTTTT. 
07  05  05  C, 03  07  01 00 

I 
0 I  e d c b o, 

OUTPUTS TO SEVEN SEGMENT DISPLAY 

2 

3 

5 

6 

7 

8 

9 

13 

12. 

15 

A3 A2 Al AO  g f ed c b a 

0 0 0 0 0  0 1 1 1 1 1 1 
1 0 0 0 1  0 0 0 0 1 1 0 
2 0 0 1 0  1 0 1 1 0 1 1 
3 0 0 1 1  1 0 0 1 1 1 1 
4 0 1 0 0  1 1 0 0 1 1 0 
5 0 1 0 1  1 1 0 0 1 1 0 
6 0 1 1 0  1 1 1 1 1 0 1 
7 0 1 1 1  0 0 0 0 1 1 1 
8 1 0 0 0  1 1 1 1 1 1 1 
9 1 0 0 1  1 1 0 1 1 1 1 

Table 1 Binary Coded Decimal to seven-
segment decoder. 

PROMs can be programmed only 
once, so the designer needs to be sure 
of his design before committing it 
permanently. For development work, 
EPROMs can also be used so that any 
modification could be achieved by 
erasing then re-programming the device. 
There are two main disadvantages 

with PROMs used as PLDs. First, large 
areas of the OR array may be unused, 
especially if a large number of inputs are 
required with only a few Boolean terms 
(the total OR array doubles for each 
additional  input/address  line). The 
second drawback is that PROMs and 
EPROMs are relatively slow. lial 

LEADING EDGE 
Continued from page 8 

from Unisat, a joint venture between 
British Telecom, British Aerospace and 
GEC Marconi. Unisat's price spiralled, 
the company's spokesman did a wonder-
ful job of alienating the press and the 
BBC opted out. 
When the Home Office told the IBA 

it could grant a 15 year franchise, there 
was no longer a buy-British obligation. 
In December 1986 the IBA gave the DBS 
franchise to BSB, a consortium of 
Amstrad, the Granada and Anglia TV 
groups, Pearson publishers and Virgin, 
with support from Independent Tele-
vision News. Since then BSB has been 
trying to raise £600 million. Perhaps 
smelling disaster, Amstrad backed out. 
The big problem is Astra. Societe 

Europeane des Satellites of Luxem-
bourg will launch a rival direct broad-
casting satellite called Astra 18 months 
ahead of BSB. Astra will have 16 
channels compared to BSB's three. Astra 
will broadcast with 45 watts of power, 
compared to BSB's 110 watts, but this is 
just strong enough to receive with dishes 
less than 90 cm in diameter. And dishes 
less than 90 cm need no local govern-
ment planning permission. 
Most worrying for BSB, Astra will be 

at 19 degrees East, whereas the UK slot 
for BSB is at 31 degrees West. Once 
viewers have pointed their aerials at 
Astra, they will not be able to receive 
BSB without a motor drive. 
BAe offered to let BSB defer payment 

of £30 million for 5 years. But BSB 
wanted £60 m. BAe, seeing the risk of 
a massive loss on an unsecured debt, 
said no. More important for BSB, BAe 
was unable to guarantee a launch rocket 
and insurance against the rocket failure 
and satellite loss. Hughes could, because 
the US company has a deal with 
McDonnell Douglas which guarantees a 
launch in autumn 1989 on a Delta rocket, 
with insurance against failures. 
Both Gill and Sapper admitted that 

they are not interested in success of the 
BSB venture unless BAe is involved. 
Sapper says he does not believe DBS 
will create jobs anyway, even for 
programme  pro-ducers.  "Only  the 
money markets want DBS" he says. 
"Holding technology and patents does 
not create jobs". Gill says he "couldn't 
care less about DBS if there is no 
industry involvement". 
Neither seemed interested in the jobs 

in Mullard that will come from making 
the chip set needed to receive the new 
format MAC signals which BSB will 
transmit. And although BAe will cer-
tainly lose design and assembly work, 
the  Stevenage  company's  "British" 
satellite would be 60% or 70% foreign 
anyway. The electronics and even some 
of the metalwork has to be bought in 
from abroad. Min 
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MULTIMETERS 

Affordable 

DM105  £21,50 
A meter to suit all pockets. 
including the one that holds the 
wallet! Full complement of 
ranges; 2V - 1W DC. 
200V-750V AC, 2rnA-2A DC 

current and 21c-2M resistance 
range. Basic accuracy 0.5%. 

Accuracy 
A comprehensive range of 
quality Multimeters at very 
competitive prices 

DIGITAL 
All models feature full ranges, 31/2  digit 

0.5 in LCD, low battery indication, auto 

zero and auto polarity, strong ABS 

casing, 10 Amp range (except DM105), 

overload protection. Prices fro m £21.50 

to £52.50. Battery, spare fuse, test leads 

and manual included with each model. 

ANALOGUE 
A choice of four meters with prices 

ranging fro m £5.50 to £21.00. All 

models include battery, test leads and 

manual. 
Please add 15% VAT to all 

prices and 70p for post and 

packing. 

Grid 
Cirkit Distribution Ltd. 

Accces 

Phone or write for full 
catalogue price f1.20 to 

Park Lane, Broxbourne, Herts EN10 
Telephone (0992) 444111. 

CCTV CAMERAS 
FROM ONLY 
£69.50 EACH 
PLUS CARRIAGE 

& VAT 

Crofton Electronics are now able to offer C.C.T.V. cameras from as little as £69.50 

+ VAT & carriage. These cameras have been refurbished to a high standard. The 
output is 1volt p-p. and will work with most video equipment. These cameras are 
powered from 240volt mains, and have a vidicon rack giving a focusing range 
from an inch or two to infinity. A standard 16mm lens is also supplied. The 
sensitivity is in the order of 10 lux which allows their use in the domestic 
environment. Pictures can be produced with only 2.5 lux but with a worse signal 
to noise ratio. Low light versions are available having sensitivities of 0.1 lux (half 
moonlight) at £350 + VAT and carriage. Many other lens are available from stock. 

A Mounting bush is standard. Many other cameras are available from stock both 
reconditioned and new, i.e. brand new mini 12volt camera at only £80 plus VAT 
and carriage, lens extra. Many other items of CCTV equipment such as monitors 
(both new and refurbished) switchers, panning units, housings, time and date 
generators are available from stock. We also supply camera and monitor tubes, 

as well as scanning yokes for a wide range of equipment. 

SPECIAL SPECIAL SPECIAL SPECIAL 
Currently on offer is a professional drive board and tube to make a superb 12" 
professional green panelled tube monitor at £23.50 inclusive. Would normally 
cost well over £200 +. Buy 10 off and they will only cost you f180.00 inclusive. 
Be sure to ask us to quote for any of your camera/monitor requirements - we will 

never be beaten on price. 

HURRY HURRY HURRY 
(Not many left. First come first served.) 

Brand New Time Date generators at a fraction of their original price. Only f132 
inclusive. Normal price £477. These generators are mains driven and accept normal 
composite video in. They produce video out with time/date/day/month/and year 
added to the signal in normal or reverse video. Adjustable positioning anywhere 
on the screen. Switchable character size also provided. A REAL MUST FOR 

SECURITY APPLICATIONS WHEN RECORDING. 

We also have a host of used items such as cooling fans power supplies at give 

away prices, so why not ask for a list? 

Send a 40p SAE for our complete range of catalogues. 

MOST MAJOR CREDIT CARDS ACCEPTED. 

CROFTON ELECTRONICS  05448 557 
'KINGSHILL', NEXTEND, LYONSHALL, HEREFORDSHIRE HR5 3HZ. 

ORDERS: RING (01) 567 8910 - 24 HRS. 

One of the best deterrents to a burglar is a guard 
dog and this new kit provides the barking without 
the bite! The kit when assembled can be connected 
to a doorbell, pressure mat or any other intruder 
detector and wit produce a random series of 
threatening barks making the would-be intruder 
think you have a guide dog and try his luck 
elsewhere. The kit is supplied complete with high 
quality PCB, mains transformer, all components and 
instructions The kit even includes a horn speaker 
which is essential to produce the loud sound 
required. The "dog" can be adjusted to produce 
barks ranging from a Terrier to an Alsatian and 
contains circuitry to produce a random series of 
barks giving a more realistic effect. Doer delay, fit 
one before you go on holiday and let our dog help 
you guard your home. 
XK125 Complete kit of parts  £21.95 

POWER STROBE KIT 

Designed to produce 
a high intensity light 
pulse at a variable 
frequency of 1 to 
15Hz, this kit also 
includes circuitry to 
trigger the light from 
an external voltage 
source  (eg  a 
loudspeaker) via an 
opto isolator 
Instructions are also supplied on modifying the unit 
for manual tnggering, as a slave flash in photographic 
applications or as a warning beacon in security 
applications The kit includes a high quality pcb, 
components, connectors, 5Ws strobe tube and full 
assembly instructions Supply 240V ac. Size: 
75x50x45. 
XK124 Stroboscope Kit   £12.50 

VERSATILE REMOTE 
CONTROL KIT 

This kit includes 
all components 
(+ transformer) 
to make a sensi-
tive IR receiver 
with 16 logic out-
puts (0-15V) which with suitable interface Cir-
cuitry (relays, triacs, etc - details supplied) 
can be used to switch up to 16 items of 
equipment on or off remotely. The outputs 
may be latched (to tha last received code) 
or momentary (on during transmission) by 
specifying the decoder IC and a 15V stabil-
ised supply is available to power external 
circuits. 
Supply: 240V AC or 15-24V DC at 10mA. 
Size (excluding transformer) 9 x 4 x 2 cons. 
The companion transmitter is the MK16 
which operates from a 9V PP3 battery and 
gives a range of up to 60ft. Two keyboards 
are available  MK9  (4-way)  and  MK10 
(16-way), depending on the number of out-
puts to be used. 
MK12 IR Receiver (incl. transformer) 

£14.85 
MK18 Transmitter   £7.50 
MK9 4-Way Keyboard   £2.00 
MK10 16-Way Keyboard   £5.95 
601 133 Box for Transmitter   £2.60 

DL1000K  This  value-for-money  4-way 
chaser features by-directional sequence 
and dimming. 1 kW per channel. . £17.50 
DLZ1000K - A lower cost urn-directional 
version of the above. Zero switching to 
reduce interference.   £9.85 
DLA/1 Optional opto input allowing audio 
'beat/light response   70p 
DL3000K -3-channel sound to light kit 
features zero voltage switching, automatic 
level control and built-in microphone. 1kW 
per channel.   £14.25 

The 018000K 

The DL80001( is an 8-way sequencer kit with built 
in opto-isolated sound to light input which comes 
complete with a pre-programmed EPROM contain-
ing EIGHTY-YES 80 different sequences includ-
ing standard flashing and chase routines. The KIT 
includes full instructions and all components (even 
the PCB connectors) and requires only a box and 
a control knob Incomplete. Other features include 
manual sequence speed adjustment, zero voltage 
switching. LED mimic lamps and sound to light 
LED and a 300W output per channel. And the best 
thing about it is the price,  ONLY £28.50. 

HIGH SECURITY LOCK KIT 
Deegned for use with 
our lock mechanism 
(701 150) this kit will 
operate from a 9V to 
15V supply drawing a 
standby current of only 

50uA. There are over 5000 possible 4-digit 
combinations and the sequence can be easily 
changed. To make things even more difficult for 
an unauthorised user an alarm can be sounded 
after 3 to 9 incorrect entries - selectable by 
means of a link. The alarm can sound for a few 
seconds to over 3 minutes during which time 
the keyboard is disabled preventing further 
entries. A latched or momentary output is 
available making the unit ideal for door locks, 
burglar alarms, car immobilisers, etc. A 
membrane keyboard or pushbutton switches 
may be used and a beep sounds when a key 
is depressed. Kit includes high quality PCB, all 
components, connectors, high power piezo 
buzzer and full assembly and user instructions. 

XK121  LOCK KIT   £15.95 
350 118  Set of keyboard Switches . £4.00 
KB125  12-Way Membrane Keyboard   

 £9.98 
701 150  Electric Lock Mechanism . £16.50 

HOME LIGHTING KITS 
These kits contain all necessary components 
and full instructions & are designed to replace 
a standard wall switch and control up to 300w. 
of lighting. 

TDR300K Remote Control Dimmer £16.45 
MK6  Transmitter for above  £4.95 
TD300K  Touchdimmer   £8.50 
75300K  Touchswitch   £8.50 
IDEAL  Extension kit for 2-way 

switching for TD300K   £2.70 
LD300K  Light dimmer   £4.35 

111 
IISA 

ELECTRONICS 
13 BOSTON RD. 
LONDON W7 3SJ 
Tel: 01 567 8910 

SEND 9" x 6" SAE & 50p FOR 
CATALOGUE OR CALL AT 
SHOP Mon-Fri 9-5 pm 
Saturday 10-4 pm 

ORDERING INFORMATION: 
ALL PRICES EXCLUDE VAT  t_ _ 

FREE P&P on orders over £20 (UK only), otherwise add 75p + VAT. 
Overseas P&P: Europe £2.75. Elsewhere £6.50. Send cheque/PO/ 

Barclaycard/Access No. with order. Giro No. 529314002. 

LOCAL AUTHORITY AND EXPORT ORDERS WELCOME 
GOODS BY RETURN SUBJECT TO AVAILABILITY 
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TEL 01-471 9338  i:;;;; viE wcom  TEL 01-471 9338 
Specialised Supplier of Digital Integrated Circuits , 

4000 SERIES 40660 021 4554B 1.96 741 520 0.18 7415161 0.48 7415373 0.55 744C74 0.31 744C375 062 704CT138  0.59 8203845  1036 
5 p 4067B 123 45556 035 741.921 0.18 746162 0.46 7415374 055 744175 035 744C390 0.60 744111351  0.57 45.5-8136  5% 

40008 013 40686 0.14 45568 0.38 041.522 0.16 7415163 046 7015375 015 704C76 0.35 744C393 0.60 744C1153  0.76 HCPL.2130  586 
4000U6 013 406908 0.14 45576 145 741514 0.66 745164 0.43 7415377 £90 744[77 045 7441423 0.92 74411154  120 HCPL-4100  192 
40010 013 407013 013 45580 0.99 74526 018 7415165 0.62 7415378 0.72 744185 033 7441533 081 74411157  0.59 HCP1.4.200  563 
400113 0.13 40710 0.13 45608 1.40 74527 0.18 7415166 0.67 745385 2.46 704C86 0.36 744C540 014 74411160  0.79 IC0/57318A  244 
40066 0.35 40728 013 45616 086 741 528 0.18 7415168 0.72 7415386 0.48 7441107 0.36 74111541 0.84 74411161  686 1.1C145406P  2.65 
400700 0.15 40738 0.15 45668 1.42 74130 0.18 7415169 0.65 7415390 0.50 74111109 036 744C573 084 744[1175  0,2 649619 39  2.35 
40088 0.38 407513 0.19 4569B 1.65 741530 0.18 7415170 0.79 7415393 0.45 7441112 0.36 744 1374 084 74411238  0.85 11072014C  512 
40098 024 40766 004 45726 035 741132 0.18 7415173 0.72 7415395 0,78 7441113 036 744C5851 1.12 74411238  015 
401013 0.24 40776 013 45806 176 741133 0.18 741174 039 7415396 /90 744[123 0.49 7411[595 0.99 74411240  0.95 
411110 0.13 40788 014 45818 120 744.537 016 7415175 042 7415398 1.60 7411C125 0.39 744C597 0.99 744[1241  0.95 DYNAMIC RAM 56 
40111.10 0.13 40816 0.13 458208 066 744.534 018 7448181 1.50 7415399 080 74141126 039 7441640 1.06 74411244  0.95 4164115  090 
40126 0.13 40820 014 45838 0.78 741540 020 7415183 153 7411490 019 744C132 042 7441643 1.05 74411245  132 4415-15  3.30 
40130 020 40858 0.39 45848 0.31 044.542 0.32 7415189 1.70 7415540 0.99 744C133 0.42 744C645 156 74411273  1.28 41464-11  3.32 
40146 0.34 40868 032 45858 042 74/547 056 7415190 0.55 7411541 099 744C137 0.68 7441646 2. 04 749C1373  0.99 3*412561.15  332 
40154 

40168 

034 

0/2 

40898 

40938 

060 

0.20 

45970 
45988 

161 
215 

74548 
74549 

0.56 
0.64 

7015191 
7415192 

012 

010 

7415614 

7415625 
339 
188 

7441139 

7440139 
0.42 

0.27 

74110648 

744C658 
106 

4.42 

74HCT374  0.99 

74HC7390  0.95 
40176 031 409413 0.46 45998 130 744.555 0.16 7411193 051 7415626 147 74110147 5.23 744[688 1.85 74411393  0.95 STATIC RAM 5V 
401813 0.31 40956 0.66 40101 088 74554 0.16 7415594 013 741_5627 445 744C151 0.42 744C4002 0.31 74411540  162 21141).30  556 
40198 0.31 409613 089 40102 121 741155 0.17 746195 0.52 7415628 2.47 744C153 042 74414017 0.59 74411541  1.77 2114 1).20  1.80 
40208 0.35 40978 1.25 40103 139 741573 028 745196 010 7415629 1.66 744C154 1.22 74414010 ass 744[1573  1/4 611611.12  120 
402113 0.31 40988 0.50 40104 1.04 741174 012 7415197 0.52 7415640 1.20 74110157 0.42 741114024 0.19 744C1574  111 611619-15  170 
40226 036 40998 045 40105 160 741 575 028 7415221 056 7411641 110 74110158 0.42 74HC4040 039 74411640  1.64 62648.15  240 
40238 0.16 450013 590 40106 038 74576 0/8 7411240 055 7411642 140 744C160 0.49 74414049 0.62 744[1643  1.54 00(592560.121  1320 
402308 0.16 45010 028 40107 0.56 744577 099 7415241 0.48 7415641 140 704C161 0.49 741[4050 0.62 7444.1646  2.09 
4024B 027 450281 0.38 40108 2.97 74578 030 7415241 0.55 7411645 1.40 7441162 0.49 7444.4051 152 EPROMS 
40258 0.13 45030 032 40109 0.74 744.583 0.45 7415243 0.60 7411668 0.99 744C163 0.49 744C4052 1.12 

MISC. St EEPROMS 
40268 

402713 

010 

029 

45040 
450513 

1.37 
115 

40110 
40114 

195 
1.95 

74585 

74586 

0.42 

0.30 

741_5244 

7411245 
0.49 
052 

741_5670 

7411673 

0.72 

3.40 
7441164 
744[165 

049 
0.81 

7411[4053 

7444.4060 

1.12 

038 COMPUTER IC 'S Device 56010 
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While error correction on 
up-to-date devices like 
Compact Discs can be quite 
spectacular, good old 
analogue vinyl has to search 
for lower-tech solutions. 

pULSE BLANKERS are in various types 
of equipment, but are perhaps most 

frequently encountered in up-market 
radio receivers. This mainly means 
communications receivers, but also 
some car radios and hi-fi f.m. tuners 
(where they are used to combat car 
ignition  noise).  Technically,  noise 
blanking in radio receivers tends to be 
relatively easy and is often quite 
effective. Special noise blanker chips for 
radio applications are available. Pulse 
blanking is something that can be 
applied to audio signals, but it tends to 
be much more difficult to apply at these 
much lower frequencies. It is also much 
more difficult to produce a glitch-free 
out put. This glitch problem is due to 
the generally longer blanking pulse 
durations needed in audio applications. 
What we are really talking here are 

the so called "click eliminators" used to 
process the output from conventional 
disc recordings. Most designs of this type 
successfully remove the noise pulses 
produced by scratches on the record, but 
the few milliseconds of blanked signal 
often results in an audible glitch. A gap 
of around 10 milliseconds or more is 
needed in order to produce a gap in the 
signal that is audible as such, which is 
about three times longer than the 
blanking  period  required  in  this 
application. The glitch sounds rather like 
a tape "drop-out" in a cassette tape 
system. Although swopping a "click" for 
a "drop-out" might seem like "out of the 
frying pan and into the fire", the "drop-
out" is quite definitely the lesser of the 
two evils. In fact the glitch is quite 
noticeable sometimes, but not apparent 
at all on the other occasions. This seems 
to depend on the nature of the 
programme signal, and exactly where in 
it the noise pulses occur. In general, the 
"clicks" are most noticeable during quiet 
passages, and it is during this that the 
blanking can be most effective. 

UP TO SCRATCH 

In this Experimental Electronics 
article we will take a look at the 
techniques  involved  in  "click 
elimminators",  with some practical 
circuits for you to try out. I will not claim 
that these circuits can transform a badly 
stratched record into one that has 
compact disc performance. What they 
can do is to render a badly scratched 
record worth listening to again. With 
many great recordings of the past never 

CLICK 
ELIMINATORS 

BY THE PROF 

Just scratching the surface 
likely to be reissued, if you have some 
prized but old and damaged disc 
recordings, a unit of this type offers a 
means of getting some more mileage 
from them. 
One point that has to be made at this 

stage is that these circuits are not 
intended to operate with the direct 
output from a cartridge. They must be 
fed from the pick-up by way of a suitable 
preamplifier, which should provide an 
output of around 2 volts peak from a 
resonable low source impedance. As 
countless circuits for preamplifiers of 
this type have been published over the 
years, a suitable design will not be 
considered here. 

results have only been worthwhile if a 
certain amount of treble cut has been 
introduced, and it would seem that with 
this simple type of blanker circuit some 
loss of audio quality has to be tolerated. 
The next two stages are an analogue 

gate and a "hold" circuit. The gate is 
momentarily switched off to block the 
noise spikes from the output, and the 
hold circuit maintains the output voltage 
while the signal path is blocked. This 
gives a blanking action of the type shown 
in Fig.2, where waveform (a) represents 
the input signal, and (b) is the resultant 
blanked output signal. Obviously the 
output signal deviates from the original 
(non-scratched) signal, but this short 

Fig.!. Block diagram for a basic noise blanker 

A basic  noise  blanker  is not 
particularly complex, and the arrange-
ment shown in Fig.1 is about the most 
simple scheme that will work. The top 
row of blocks are the signal handling 
stages, and the first of these is a lowpass 
filter. The purpose of this is to give a 
slight delay so that the blanking action 
can take prior to the landing edge of the 
"click" signal reaching a significant 
amplitude. This circuit can also be used 
to give a conventional scratch filter 
action. It is important to realise that 
scratch filters and blankers are very 
different in their methods of operation. 
A blanker is effectively cutting out the 
noise spikes caused by a bad scratch, 
whereas filters just provide simple top-
cut filtering (above about 7kHz). This 
filtering  is effective  against  small 
scratches which only generate high 
frequencies, but has little effect with 
severe scratches. These often produce 
frequencies well down into the middle 
audio range. This makes simple filtering 
an impractical way of counteracting 
them. Of course, it could be that the 
record is not infested with minor 
scratches and that the scratch filtering is 
not needed. With the circuits I have tried 

period of silence is a much more minor 
error than that obtained with the noise 
spikes left unprocessed. Although in 
Fig.2 the noise spikes are shown as 
having a peak amplitude not much in 
excess of the amplitude of the main 
signal, in practice the noise spikes will 
often be 20dB or more higher in level. 
In fact the difference can be as much as 
60dB or so if a bad scratch occurs during 
a quiet passage (which they normally 
do!). 
The gate must be switched to block 
the signal at the appropriate times, and 
this is the job of the highpass filter and 
the monostable. Some means of differ-
entiating between the noise spikes and 
the main signal is needed, and there is 
more than one valid approach to this 
problem. These mostly rely on the fact 
that the rise time of a noise spike is faster 
than that of a normal signal. Highpass 
filtering is an effective way of extracting 
the noise spikes, which tend to have 
strong high frequency components. 
Provided the pick-up and stylus are good 
quality types, strong signals above the 
upper limit of the audio range will be 
present, and it is these that are used to 
trigger the monostable. The monostable 
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FIg.2. Using a blanking action to remove noise spikes 

controls the duration of the blanking 
period, and this must be long enough to 
fully cover each burst of noise spikes. In 
practice  a duration of about 3.5 
milliseconds seems to be sufficient. 

BLANKING ON IT 

It is easy enough to knock-up a simple 
blanker of the type outlined in Fig.1, but 
the chances of it working well are very 
slight (probably nil)!  Under ideal 
conditions it could in fact work quite 
well, but in reality there is no point in 
banking on the signal always being co-
operative. The two principal problems 
are spurious triggering and always 
getting the unit to trigger before the 
noise spike has risen to a significant 
amplitude. 
Fig.3 shows the block diagram for my 

initial "click" eliminator design, which 
largely overcomes both problems. It 
resembles the original set up of Fig.1, 
but has obviously been expanded 
somewhat. The stages in the main signal 
path are actually much the same as 
before, but a buffer amplifier has been 
added at the input to ensure that the 
lowpass filter is driven from a suitably 
low source impedance. At the output 
some further lowpass filtering has been 
used, and this circuit also provides the 
"hold" function. 
The most important changes are in the 

control circuits for the analogue gate. 
The single highpass filter has been 
replaced by two filters plus a variable 

gain amplifier. Two stages of filtering 
(both third order types) gives good 
attenuation of audio frequency signals 
and helps to avoid spurious triggering 
when the volume of the main signal is 
high. The amplifier ensures that the 
circuit has adequate sensitivity, and the 
variable gain enables the sensitivity to 
be adjusted for optimum results. 
With the original arrangement the unit 

would trigger on either negative going 
noise spikes, or positive going types, but 
not both. Just which type would trigger 
the unit is dependent on the type of 
monostable used. If the leading edge of 
the noise signal happened to be of the 
wrong polarity, the gate would not block 
the signal until the initial half cycle of 
the noise signal had passed.The practical 
result of this would be that the unit 
would only be effective on about 50% 
of the "clicks" it processed. In the 
improved design the output from the 
second highpass filter is fed to a window 
discriminator. This detects when the 
signal strays outside certain voltage 
limits, and is activated by the signal 
going either positive or negative by more 
than a certain amount. The unit 
therefore responds equally fast to 
leading edges of either polarity. 
A simple pulse shaper is used at the 

output of the window discriminator to 
produce an output signal that will trigger 
the monostable reliably. In fact there are 
two monostables in this version of the 
unit, one of which drives the gate circuit, 

Fig.3. Block diagram for a practical "Click" Eliminator 

as before. The control input of the gate 
is driven via an inverter, otherwise the 
effect of the unit is to pass the "clicks" 
and block the main signal. 
The second monostable provides a 

longer output pulse of around a second 
in duration, and its output connects back 
to -the pulse shaper circuit. Its effect is 
to block any further blanking pulses for 
the duration of its output pulse. This is 
really just a safety measure in case the 
highpass filters should fail to prevent 
strong high frequency components in the 
main signal from activating the unit.This 
could potentially cause large sections of 
the programme material to be blanked 
out, although this could only occur in 
an  extreme  case.  The  additional 
monostable ensures that the unit can 
only be activated about once per second 
even under worse case conditions, which 
should prevent any severe corruption of 
the signal. 
There is a drawback in this system in 
that of two scratches following closely 
one after the other, the second one will 
not be processed. However, the pulse 
duration of the second monostable could 
be shortened slightly if necessary in 
order to accommodate this eventuality. 
There would be no difficulty in making 
its pulse duration adjustable, or in 
having several switched pulse lengths. 
An alternative system which can work 
very well is to have a sort of a.g.c. 
(automatic gain control) system. The 
idea here is to have the sensitivity of the 
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trigger circuit reduce somewhat at high 
input levels. Unwanted triggering did 
not seem to be a very great problem with 
this design, and I decided to settle for 
the simpler solution of the extra 
monostable. The a.g.c. approach would 
be an interesting one to follow up for 
anyone who would like to try developing 
the  circuit  for  the  ultimate  in 
performance. 

CIRCUITS 
The circuit of my initial "click" 

eliminator design is shown in Fig.4 (the 
signal processing stages) and Fig.5 
(control pulse generator stages). 
Taking the signal processing stages 

first, ICla is the input buffer stage and 
it provides an input impedance of about 
50k. This is followed by a conventional 
third order (18dB per octave) lowpass 
filter based on IC1b. This has a cutoff 
frequency of just over 7kHz. This is 
followed by the analogue gate, which is 
a CMOS bilateral switch. I tried both 
the 4016BE and the pin compatible 

+12V 

4066BE types, and there seems to be no 
significant difference between the two 
in this circuit. They are both quad SPST 
switches, but in this case only two 
switches are used: one as the gate (IC2a) 
and one as the inverter which drives the 
gate's control input (IC2b). The other 
two switches are just ignored, although 
in a stereo unit these could be used in 
the second stereo channel. Another third 
order lowpass filter having a 7kHz cutoff 
frequency is used at the output of the 
unit. This is based on a bifet operational 
amplifier (IC3) which has an extremely 
high input resistance of around one 
million megohms. Thus, during the 
blanking periods, the charges on the 
filter capacitors do not have a chance to 
degrade significantly, and the required 
"hold" action is provided. Due to the 
shortness of the blanking periods a high 
input resistance device is probably not 
essential for the IC3 position, but I felt 
it was best to play safe and use a f.e.t. 
input device here. 
IC4a acts as the buffer amplifier in 

the first highpass filter stage, which is 
another third order type. Its cutoff fre-
quency is at approximately 20kHz. IC4b 
is the voltage amplifier, and this is a 
simple non-inverting type. Its voltage 
gain can be varied from unity to about 
eleven times by means ofVR1. This stage 
is followed by another third order high-
pass filter having a 20kHz cutoff 
frequency. 
IC6a and IC6b act as the window 

discriminator, with D1, D2, and R21 act-
ing as a simple gate to combine their 
outputs. The output goes low when the 
input voltage strays outside the window 
limits. This negative going signal is 
coupled by C18 to the trigger inputs of 
two 555 monostable circuits (IC7 and 
IC8).  Both  devices  are  actually 
TLC555Ps, which are low power 555s. 
In this application it is not the lower 
current consumption of these devices 
that are of primary importance. The 
standard 555 tends to put noise spikes 
on the supply lines as it "crowbars" the 
supply on output transitions. In the 
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current context this could result in the 
circuit eliminating the "clicks" caused by 
scratches but inserting its own noise 
spikes from the monostables! Using low 
power 555s avoids this problem. 
IC8 generates the shorter pulse (about 

3.5 milliseconds) which is fed to the gate 
circuit. Its output also drives I.e.d. 
indicator D3, which therefore flashes 
briefly each time the unit is triggered. 
This feature is very useful when initially 
setting up and testing the unit. IC7 
generates the longer pulse, which is 
about 750 milliseconds in duration with 
the specified timing component values. 
The pulse duration can easily be 
changed, and it is proportional to the 
values of R23 and C20. The output from 
IC7 is used to drive common emitter 
switching transistor TR1. When switched 
on, TR1 holds the output of the window 
discriminator in the low state, prevent-
ing any negative transitions which could 
trigger ICS again. 

back it off any further than is really 
necessary though, as this could reduce 
the effectiveness of the unit. The 12 volt 
supply for the unit must be a very low 
noise type if good results are to be 
obtained. 
In use the unit certainly provides a 

very worthwhile improvement, and in 
many cases leaves little or no audible 
glitch. It seems to be less than 100% 
reliable though, and sometimes leaves a 
very noticeable "click" on the output 
signal. Just why some "clicks" should be 
effectively combatted while others are 
not detected in time is not entirely clear. 
Presumably some "click" signals have a 
relatively slow initial rise time so that 
they are not detected early enough. 
Lowering the cut-off frequency of the 
highpass filters or increasing the voltage 
gain of the amplifier stage would 
improve reliability in this respect, but 
would leave the unit more open to 
problems with spurious triggering. 

the risk of spurious triggering. When I 
first tried circuits of this type (which was 
over ten years ago) analogue delay line 
chips were quite expensive and there was 
plenty of incentive to find a successful 
circuit that did not require them. Things 
are very different these days, and 
"bucket brigade" chips, although not a 
matter of pence each, are not all that 
expensive. Certainly resorting to one of 
these will not vastly increase the overall 
cost of the unit. 
Fig.6 shows the circuit diagram for 

signal processing stages based on a delay 
line. This circuit is designed to replace 
the one of Fig.4 in the original design, 
and must be used in conjunction with 
the circuit of Fig.5 to produce a complete 
"click" eliminator unit. 
The delay line chip is the Hitachi 

MN3004 512 stage PMOS type (IC2). 
This is used with its matching MN3101 
clock chip (IC3). Apart from providing 
a two-phase clock signal, IC3 also 
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Fig.6. A delay line circuit for improved bandwidth 
and reliability 

RECORD RESULTS 
Before the unit will function properly 

VR2 must be given the correct setting. 
This control sets the quiescent bias level 
on the input signal to the window dis-
criminator, and this bias level must be 
at roughly the middle of the window 
voltage range. If VR2 is adjusted back-
wards and forwards around the middle 
of its adjustment range, it should be 
found that D3 flashes on asVR2 is taken 
past a certain setting. This setting is 
approximately the right one, but VR2 
can be fine tuned in use to optimise 
results. Ideally VR1 would be set at 
maximum sensitivity (maximum value), 
but if this is done the unit might be over-
sensitive, with frequent triggering. If this 
should be the case, VR1 must be backed-
off far enough to prevent frequent 
unwanted triggering of the unit. Do not 
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DELAY LINE 
Performance can be greatly improved 

by using an analogue ("bucket brigade") 
delay line in place of the lowpass filter 
of the original design. This brings two 
advantages. One is that the delay line 
can give the full audio bandwidth if 
desired, and the other is that it gives far 
greater reliability. Even a fairly short 
delay time of around 1 millisecond, 
which is easily achieved with even one 
of the smaller delay line chips, gives 
ample time for the gate control circuit 
to operate and cut off the signal. The 
gate is actually activated before the noise 
signal reaches it, rather than early on 
the wave front. Because it is unnecessary 
to detect the noise spikes very early on 
the initial half cycle, good results can be 
obtained using relatively low sensitivity 
in the pulse detector circuit. This reduces 
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provides a bias voltage needed by IC2. 
The clock frequency is quite high at 
around 100kHz, which gives a delay of 
only about 2.5 milliseconds. A high clock 
frequency has the advantage of placing 
lesser demands on the input and output 
filters, and it also enables a wider 
bandwidth to be obtained. A delay of 
around 2.5 milliseconds is actually 
somewhat more than is really needed in 
this application, and the clock frequency 
could be pushed even higher by reducing 
the values of R10, R11, and C7. How-
ever, trying to raise the clock frequency 
much above its current level could result 
in the circuit malfunctioning. Also, the 
MN3004 data sheet would seem to 
suggest that a higher clock frequency will 
significantly degrade distortion per-
formance. Note that R30 in Fig .6 might 
need to be made somewhat higher in 
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CLICK ELIMINATORS 

value (say about 470k) in order to 
elongate the blanking pulse. This 
compensates for the fact that the 
blanking pulse commences earlier, and 
could therefore finish before the end of 
the noise signal unless it is slightly 
lengthened. 
At the input of the unit there is a 

buffer stage and a third order lowpass 
filter, much as in the original design. 
However, the cutoff frequency of the 
filter has been made higher at around 
20kHz, and the circuit provides no 
significant top-cut filtering. Another 
third order filter having h 20kHz cutoff 
frequency is used at the output of the 
unit, and this removes the stepping on 
the output waveform. This circuit feeds 
into the gate circuit, which is identical 
to the one in the original design. The 
analogue gate is followed by the filter 
and hold circuit, which is again much 
the same as the original circuit, but the 
cutoff frequency has been raised to 
about 20kHz. 
Although noise reduction systems are 

often used with delay line circuits, there 
is no need for any processing of this type 
with the present design.With short delay 
times most delay line chips provide an 
excellent signal to noise ratio, and the 
MN3004 has a very respectable signal to 
noise ratio of around 80 to 90dB. It also 
offers low distortion levels that are 
generally below 1%. R1 and R2 could 
be replaced with a 220k preset potentio-
meter to enable the biasing to be 
adjusted for optimum distortion per-
formance, but the MN3004 provides so 
much "headroom" that there seems to 
be little advantage in doing this. 
Results with the delay line version of 

the blanker seem significantly improved, 
and the additional expense and com-
plexity of this version seem to be well 
justified. The unit always triggers in time 
and provides a proper blanking action. 

STEREO 
As described so far the blanker is only 

suitable for monophonic use. One way 
of obtaining stereo operation is to simply 
built up two units and to use one in each 
stereo channel. This is not the normal 
method with stereo blanker circuits, and 
it is more usual to blank both channels 
together. Separate signal processing 
stages are still needed, but this simplifies 
things slightly by enabling a single 
control pulse generator to be used. The 
control pulse generator circuit is well 
able to drive two gate circuits without 
the need for any buffering, but some 
form of mixer is needed at the input so 
that it can be fed with the signals from 
both channels. 
A simple two resistor passive mixer 

might do the job, but it would introduce 
losses that could degrade performance 
unless the gain of the voltage amplifier 
was increased to compensate for them. 
Better results can be obtained using an 
active mixer circuit that mixes the two 

signals in anti-phase. This might seem to 
be a good way of preventing the unit 
from working at all, with the noise 
signals tending to cancel out one another 
to give zero output. In practice things 
do not operate in this way. 
Taking the main signal first, some 

signals are predominantly in one channel 
or the other, and will be fed straight 
through to the output with little or no 
cancelling effect. Signals at the centre 
of the sound stage are produced by in-
phase signals at similar levels in both 
channels. These do tend to cancel out 
each other, giving a greatly reduced 
output level. This helps to attenuate the 
main signal and reduce the risk of un-
wanted triggering. The scratch signals 
will sometimes be predominantly in one 
channel, and will be fed through to the 
output having undergone little change. 
Scratch signals in both channels, so the 
theory has it, will be mainly out-of-phase 
and will add together at the mixer to 
give a stronger output signal. The effect 
of this type of mixing is therefore to 
attenuate the main signal, boost the 
scratch signal, and thus improve the 
discrimination between the two. 

Flg.7. The mixer circuit for stereo operation 

really sounds as if it has been newly 
pressed. This design is less than perfect, 
but it is at least as good as any other 
scratch blanker design I have heard in 
operation. 
Perhaps the best route for further 

development would be to try adding a 
zero crossing facility to the gating circuit. 
By having the gate switch on and off as 
the signal passes through the zero volt 
level the slight glitch as the gate switches 
back on could be avoided. The waveform 
diagram of Fig.2(b) shows what I mean. 
The "held" voltage is well negative of 
the zero volt level, but when the blank-
ing period ends the signal is at roughly 
the 0 volt level. The signal therefore 
switches abruptly from its "held" level 
to the current signal level. It is probably 
this rapid switching that generates the 
audible glitches. Sometimes the differ-
ence between the two signal levels will 
only be very small, giving no significant 
glitch. On other occasions the difference 
will be very large, giving a very notice-
able glitch. 
Zero point switching would avoid this 

switching transient altogether,  and 
should therefore provide consistently 

The simple circuit of Fig.7 gives the 
required anti-phase mixing action. This 
just consists of a summing mode mixer 
circuit with a unity gain inverting ampli-
fier added ahead of one input. VR1 is 
adjusted to minimise the output level 
from the circuit with a scratch-free input 
applied to the unit. 
The theory seems to be borne out in 

practice, and a stereo version of the unit 
incorporating this mixer seemed to work 
very well. 

DEVELOPMENTS 
While this scratch blanker seems to 
give a very worthwhile improvement 
when used with badly scratched records, 
it does still leave a slight audible glitch 
on most occasions. I suppose that in 
terms of dB of attenuation the improve-
ment is very large, but human hearing 
is very sensitive and any slight imperfec-
tions tend to be clearly audible. This 
makes it very difficult to process a 
scratched record to the point where it 

good results. There is a possible problem 
in that the blanking period could be 
extended to the point where a definite 
gap would be heard in the signal. This 
might be preferable to the scratch pulses, 
but could be avoided by having a "time-
out" facility which would not let the 
blanking pulse go beyond a certain dura-
tion. What might be a better way of 
tackling the switching would be to have 
the signal gated off immediately, as in 
the present design, but to then wait until 
the signal returned to this level again 
before ending the blanking pulse. This 
could give generally shorter blanking 
periods, but the "time-out" facility 
would still be required as occasionally 
the signal might not return to the "held" 
level for some considerable period of 
time! There is obviously plenty of scope 
for  experimentation  and  further 
development here, and I hope to return 
to this subject at a later date, perhaps 
with a full constructional project. 

Mil 
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TRACK CENTRE 

HOW TO USE THESE TRACKS 

FIRST MAKE 
TRANSPARENT COPY 
(We regret that we cannot supply 

transparent  copies  of  PCB  track 
layouts.) 

STUDIO COPY METHOD 

Ask local photographic studio to 
produce high contrast 1 to 1 positive 
transparency. 

HOME PHOTOGRAPHY 
METHOD 
Using  even,  bright  illumination, 

photograph track onto fine grain black 
and white negative film. Develop film 
for high contrast.  Photographically 

Some of the chips from this month's 
circuits have been chopped and their 
pins jumbled. Can you name the chips 
chosen? 

Also tell me which features or projects 
in this month's issue you found most 
interesting, and which you found least 
interesting — state as many as you like. 

Answers to the editorial office to arrive 
before the publication date of the next 
issue. The first three senders of the 
correct chip identity answers will receive 
12 month's free subscription to PE. 
Where there is ambiguity through chips 
having identical pin-outs, either answer 
is acceptable. 

First 50 entrants wil receive a valuable 
set of CMOS pin data references. 

Answer  and  another  CHIPCHOP 
puzzle next month. The Editor's decision 
is final. 

Follow the series and collect the data! 

enlarge image up to lifesize, and print 
onto high contrast lithographic cut film, 
such as Agfa Copyline HDU 3P Type 2. 
Develop in Agfa Litex G9OT litho 
developer, or similar. 

PHOTOCOPY METHOD 
Ask local photocopy shop to make a 

good contrast copy onto acetate film. 
(Some copiers are better than others — 
shop around.)Then touch up tracks with 
dense black ink, or photographic opaque 
ink. 

ISODRAFT METHOD 

Have a normal photocopy made, 
ensuring good dense black image. Spray 
ISOdraft Transparentiser onto copy in 
accordance with supplied instructions. 
ISOdraft is available from Cannon & 
Wrin, 68 High Street, Chislehurst, Kent. 
Tel: 01-476 0935. 

PAINSTAKING METHODS 

Draw image by hand onto clear film 
or drafting film using dense black ink. 
Draw direct onto copper surface of PCB 
fibreglass, using etch-resist inking pen. 
Use etch resist PCB tracks and pads, 
taping direct to copper surface, or onto 
drafting film. 

NEXT PRINT ONTO PCB 
Place  positive  transparency onto 

photosensitised copper clad fibre glass, 
cover with glass to ensure full contact. 
Expose to Ultraviolet light for several 
minutes (experiment to find correct time 
— depends on UV intensity). 
Develop PCB in Sodium Hydroxide 

(available from chemists) until clean 
track image is seen, wash in warm 
running water. Etch in hot Ferric 
Chloride, frequently withdrawing PCB 
to allow exposure to air. Wash PCB in 
running water, dry, and drill holes, 
normally using a lmm drill bit. 
(PCB materials and chemicals are 

available from several sources — study 
advertisements.) 

* CAUTION - ENSURE THAT UV 
LIGHT DOES NOT SHINE INTO YOUR 
EYES.  PROTECT  HANDS  WITH 
RUBBER GLOVES WHEN USING 
CHEMICALS. 

ALTERNATIVE METHOD 
Buy your PCB ready made through 

the PE PCB SERVICE, most are usiii 
available — see page 60. 

CHIPCHOP  PUZZLE NO 1 
TEST YOUR LOGICAL 

RESEARCH ABILITY AND 
WIN 12 MONTH'S 

SUBSCRIPTION TO PE 

C H I P C H OP  P UZ ZL E  1 

ALLOCATE THESE PIN FUNCTIONS AND NAME THE CHIPS 

-V,-V.-V.-Y,-Y,BAL,BAL.BALA,BALA,BALB,BALB,CLOCK,CPI,CP2 XTPL ,CTALI XTPL2 , 
CTRL3,CTPL4,CUPPENT LIMIT,CURRENT SENSE,DATR,DISCHARGE,ENABLE.FREQ COMP,COD. 

I143.I143R,IN3B,IN3C,IN4,HC.NC,NC,HC,NC,OUT,OUT.OUTI ,OUT2 ,0UT3.0UT4 ,OUTA.OUTA. 
OUTA.OUTR,OUTB,OUTD,OUTB.OUTB,OUTC,OUTC,OUTD.OXI.OX2,0X3.0'S.O1,02.03.04 ,05 , 
06,Q7,08.OS.RESET.STROBE,THRESHOLD.TRIG.V2,VC,VDD.VDD.YDD.VDD.VDD.VGGOUT ,VOUT 
VREF,YSS.VSS.VSS,VSS, 

Fi N S W EIR  T O  B I FIFI R V  C H OF'  P U Z Z L E  5 

FLOG LETOH OVARB ATLED MROFINU VAR-X OLIK EKIM EILRAHC ULU?: EEKNAY 
AHPLA, APAP REBMEVON TEILUJ AIDNI ARREIS ROTCIV FOIL, ONCE OEMOR 
TORTXOF YEKSIHW ORCIM, ILLIM ITNEC ICED. ACED OTCEH OLIK AGEM AGIG 
ARET .CEBEUG RACSO OGNAT OTTR OTMEF ACIP GNAW. SEXIFERP TINU .I.S 
TEBAHPLA CITENOHP - BACKWARDS. 

I asked our artist to draw a picture representing a brain teaser, 
but he must have misheard me! Ed 
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* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES  FRIENDLY 
SERVICE  LARGE S.A.E. 28p STAMP FOR CURRENT LLST (pp POWER  AMPLIFIER  MODULES 

Now enjoy a 
world-wide reputation for quality, reliability and performance at a realistic price. Four models 
available to suit the needs of the professional and hobby market. i.e., Industry. Leisure. 
Instrumental and Hi-Fi. etc. When comparing prices. NOTE all models in clude Toroidal  
power supply. Integral heat sink. Glass fibre P.C.B., and Drive circuns to power compatible 
Vu meter. Open and short circuit proof.  Supplied ready built and tested. 

OMP100 Mk II Bi-Polar Output power 11 0 
watts R.M.S. into 4 ohms, Frequency Res-
ponse 15Hz - 30KHz -3dB, T.H.D. 0.01%, 
S.N.R. -118dB, Sens. for Max. output 
500mV at 10K, Size 355 X 115 X 65mm. 
PRICE f33.99 + £3.00 P&P.   

MP P• WER AMPLIFIER Ms D UL 

0MP/MF100 Mos-Fet Output power 110 
watts R.M.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz -3dB, Damping Factor 
80, Slew Rate 45V/uS, T.H.D. Typical 
0.002%, Input Sensitivity 500mV, S.N.R. 
-125dB. Size 300 X 123 X 60mm. PRICE 
PRICE £39.99 + £3.00 P&P. 

OMP/MF200 Mos-Fet Output power ,200 
watts R.M.S. into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz -3dB, Damping Factor 
250, Slew Rate 50V/uS, T.H.D. Typical 
0.001%, Input Sensitivity 500mV, S.N.R. 
-130dB. Size 300 X 150X 100mm. PRICE 
PRICE f62.99 + f3.50 P&P. 

OMP/MF300 Mos-Fet Output power 300 
watts R. M.S. into 4 ohms, Frequency Res-
ponse 1Hz- 100KHz -3dB, Damping Factor 
350, Slew Rate 60V/uS, T.H.D. Typical 
0.0008%, Input Sensitivity 500mV, S.N.R. 
-130dB, Size 330 X 147 X 102mm. PRICE 
PRICE £79.99 + f4.50 P&P. 

NOTE: Mos-Fets are supplied as standard (100K Hz bandwidth & Input Sensitivity500mV). If required. 
PA version 150KHz bandwidth & Input Sensitivity 775mV) Order - Standard or PA 

Vu METER Compatible with our four amplifiers detailed above. A 
very accurate visual display employing 11 L F.D. diodes (7 green, 4 
red) plus an additional on/off indicator Sophisticated logic control 
circuits for very fast rise and decay times Tough moulded plastic 
case, with tinted acrylic front Size 84 •• 27 • 45mm. 
PRICE £e.50 + 50p P&P. 

1111" OMP LINNET LOUDSPEAKERS 
The very best in quality and value. Made specially to suit todays 
need for compactness with high sound output levels. Finished in 
hard wearing black vynide with protective corners, grille and carry 
handle. All models 8 ohms. Full range 45Hz - 20KHz. Size 20" X 
15" X 12". Watts R.M.S. per cabinet. Sensitivity 1W. lmtr. dB. 

OM P 1 2-1 0 0 Watts 100dB. Price £149.99 
per pair. 
OM P 12-2 0 0 Watts 102dB. Price f199.99 
per pair.  Delivery Securicor f 8 00 per pair 

BURGLAR ALARM  IDEAL for VVork-
shops, Factories, 
Offices, Home, 
etc. Supplied 
ready built. 

Better to be 'Alarmed' then terrified. 
Thandar's famous 'Minder' Burglar Alarm System. 
Superior microwave principle. Supplied as three units. 
complete  with  interconnection  cable.  FULLY 
GUARANTEED. 
Control Unit - Houses microwave radar unit, range 
up to 15 metres adjustable by sensitivity control 
Three position, key operated facia switch - off - test 
- armed. 30 second exit and entry delay. 
Indoor alarm - Electronic swept freq. siren 
104dB output. 
Outdoor Alarm - Electronic swept freq. siren. 98dB 
output. Housed in a tamper-proof heavy duty metal 
case. 
Both the control unit and outdoor alarm contain re-
chargeable •batteries which provide full protection 
during mains failure. Power requirement 200/260 Volt 
AC 50/60Hz. Expandable with door sensors, panic 
buttons etc. Complete with instructions 
SAVE /138.00 Usual Price f228.85 

BKE's PRICE f89.99 + £4.00 P&P 
Why buy a coi!ection of self•assembly boards' 

LOUDSPEAKERS 5" to 15" up to 400 WATTS R.M.S 
Cabinet Fixing in stock. Huge selection of McKenzie 
Loudspeakers available including Cabinet Plans. Large 
S.A.E. (28p) for free details. 
POWER RANGE 
8" 50 WATT R.M.S. Hi-Fi/Disco. 
20 oz magnet 1'6" ally voice coil Ground ally fixing escutcheon Res Freq 40Hz Freq Resp to 
6KHz Sens 92dB PRICED0.99Available with black grille £11 99 P&P £1.50 ea 
12" 100 WATT R.M.S. Hi-Fl/Disco 
50 oz magnet 2" ally voice coil Ground ally fixing escutcheon Die-cast chassis White cone Res 
Freq 
25Hz Freq .Resp to 4KHz Sens 95dB PRICE £2860 • £300 P&P ea 

McKENZIE 
12" 85 WATT R.M.S. C1285GP Lead Guitar/Keyboard/Disco. 
2" ally voice coil. Ally centre dome. Res. Freq. 45Hz. Freq. Resp. to 6.5KHz. Sens 98dB. 
PRICE £29.99 + E3.00 P&P ea. 
12" 85 WATT R.M.S. C1285TC P.A./Disco 2" ally voice coil. Twin cone. 
Res Freq. 45Hz. Freq. Resp. to 14KHz. PRICE £31.49 + £3.00 P&P ea. 
15" 150 WATT R.M.S. C15 Bass Guitar/Disco. 
3" ally voice coil. Die-cast chassis. Res. Freq. 40Hz. Freq. Resp. to 4KHz. PRICE £57.87 + £4.00 P&P ea. 
10 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A. 
2" voice coil. Res. Freq. 75Hz. Freq. Resp. to 7.5KHz. Sens. 99dB. PRICE £19.99 + £2.00 P&P. 
10" 200 WATT R.M.S. C10200GP Guitar/Keyboard/Disco. 
2" voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB, PRICE £44.76 + £3.00 P&P. 
15" 200 WATT R.M.S. C15200 High Power Bass. 
Res. Freq. 40Hz. Freq. Resp. to 5KHz. Sens. 101dB. PRICE £62.41 + £4.00 P&P. 
15 400 WATT R.M.S. C15400 High Power Bass. 
Res. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB. PRICE £89.52 + £4.00 P&P. 

WEM 
570 WATT R.M.S. Multiple Array Disco etc. 
1" voice coil. Res. Freq. 52Hz. Freq. Resp. to 5KHz. Sens. 89dB. PRICE £22.00 + £1.50 P&P. ea. 
8150 WATT R.M.S. Multiple Array Disco etc. 
1" voice coil. Res. Freq. 48Hz, Freq. Resp. to 5KHz. Sens. 92dB. PRICE £32.00 + £1.50 P&P ea. 
10" 300 WATT R.M.S. Disco/Sound re-enforcement etc. 
li" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICE £36.00 + £2.00 P&P ea. 
tr 300 WATT R.M.S. Disco/Sound re-enforcement etc. 
11" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 94dB. PRICE £47.00 + £3.00 P&P ea. 

SOONDLAB (Full Range Twin Cone) 
5" 60 WATT R.M.S. Hi-Fi/ Multiple Array Disco etc. 
1" voice coil. Res. Freq 63Hz Freq Resp to 20KHz Sens 86dB PRICE £9.99 • £100 P&P ea 
6'  60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 
1" voice coil Res Freq. 56Hz. Freq Resp to 20KHz. Sens 89dB PRICE f10.99. f 1.50 P&P ea. 
8" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 

voice coil. Res. Freq 38Hz Freq Resp to 20KHz. Sens. 89dB PRICE £12.99  £1 50 P&P ea 
10" 60 WATT R.M.S. Hi-Fi/Disco etc. 
11/4 " voice coil. Res Freq 35Hz. Freq. Resp to 15KHz. Sens 89dB. PRICE £16 49 + £2 00 P&P 

19  STEREO RACK AMPS 

Professional 19" cased Mos-Fet stereo 
amps. Used the World over in clubs, pubs, 
discos etc. With twin Vu meters, twin 
toroidal power supplies, XLR connections. 
MF600 Fan cooled. Three model (Ratings 
R M.S. into 4ohms). Input Sensiovity 775inv 
MF200 (100 + 100) W. £169.00  Securicor 
MF400 (200 + 200) W. £228.85  Delivery 
MF600 (300 + 300) W. £322.00  £1 0.0 0 

1 K- WATT 
SLIDE DIM MER 

* Control loads up 
I r  to 1Kw 

* Compact Size 
ay," x l" x 2,/2" 
* Easy snap in fix-
ing through panel/ 
cabinet cut out 
* Insulated plastic 
case 
* Full wave con-
trol using 8 amp 
triac 
• Confor ms to 

55800 
* Suitable for both resist-
ance and inductive loads. In-
numerable applications in 
industry, the home, and 
disco's, theatres etc. 

PRICE E13.99  75p P8,:i 

BSR P295 ELECTRONIC TURNTABLE 
* Electronic speed control 45 & 33' jr pm * Plus/ 
Minus variable pitch control * Belt driven * Alu-
minium platter with strobed rim • Cue lever * Anti-
skate (bias device)* Adjustable counter balance * 
Manual arm * Standard '6" cartrige fixings * 
Supplied complete with cut out template * D.C. 
Operation 9-14v D.C.  65mA 

Price £36.99 - £300 P&P. 

ADC 04 mag. cartridge for above Price £4.99 ea. P&P 50p 

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

TYPE 'A' (KSN2036A) 3" round with protective wire 
mesh. ideal for bookshelf and medium sized 1-11-fi 
speakers. Price £4.90 each + 40p P&P. 
TYPE 'B' (KSN1005A) 3'6" super horn. For general 
purpose speakers, disco and P.A. systems etc. Price 
£5.99 each + 40p P&P. 
TYPE 'C' (KSN6016A) 2" X 5" wide dispersion 
horn For quality Hi-fi systems and quality discos etc 
Price f6.99 each t 40p P&P 
TYPE 'D' (KSN1025A) 2"  6" wide dispersion 
horn. Upper frequency response retained extending 
down to mid range (2KHz). Suitable for high quality 
Hi-fi systems and quality discos. Price £9.99 each 
+ 40p P&P. 
TYPE 'E' (KSN1038A) 31/," horn tweeter with 
attractive silver finish trim. Suitable for Hi-fi monitor 
systems etc. Price 1'5.99 each + 40p P&P. 
LEVEL CONTROL Combines on a recessed mount-
ing plate, level control and cabinet input jack socket 
85 • 85 mm Price £3.99 • 40p P&P 

PAOJTIC 
HOBBY KITS. Proven designs including glass 
fibre printed circuit board and high quality 
components complete with instructions. 

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive 
microphone. Range 100/300 metres. 57 x 46 x 14mm (9 v011) 
Price: £8.62 - 75p P&P. 
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controlled 
professional performance. Range up to 3 miles 35 v 84 x 12mm 
112 volt) Price: f 14.49 + 75p P&P. 
SINGLE  CHANNEL.  RADIO  CONTROLLED  TRANSMITTER/ 
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation. 
Receiver output operates relay with 2amp/240 volt contacts. Ideal for 
many applications. Receiver 90 x 70 x 22mm (9/12 volt). Price: 
£17.82 Transmitter 80 x 50 % 15mm (9/12 volt). Pri m £11.29 
P&P + 75p each. S.A.E. for complete list. 

3 watt FM 
Transmitter 

POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL 
\ SA  ORDERS WELCOME. SCHOOLS, COLLEGES. GOVERNMENT 

-I BODIES, ETC PRICES INCLUSIVE OF V.A.T. SALES COUNTER 
- _, VISA/ACCESS/ C 0 D ACCEPTED 

STEREO  DISCO MIXER 
STEREO DISCO MIXER with 2 X 5 band L.& 
R graphic equalisers and twin 10 segment 
L.E.D. Vu Meters. Many outstanding features 
5 Inputs with individual faders providing a 
useful combination of the following: -
3 Turntables (Mug), 3 Mics, 4 Line plus Mic 
with talk over switch. Headphone Monitor. 
Pan Pot. L. & R. Master Output controls. Out-
put 775mV, Size 360 X 280 x 90mm. 

Price £134.99 - £300 P&P 

B. K. ELECTRONICS,,,,,, 
UNIT 5, COMET WAY, SOUTHEND-ON-SEA, 

ESSEX, SS2 6TR  TEL: 0702-527572 
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GCSE PROJECT 

TEACHER LOCKER 
BY TIM PIKE 

Even a simple design can give security 

The second of a series of articles aimed at giving Secondary School 
pupils ideas for GCSE projects in Electronics. 

FOR the second article in this series I 
have chosen to look at a range of 

designs  for  a simple  electronic 
combination lock. The principle of all 
such circuits is to combine a number of 
input switches so that only on particular 
combination of inputs will activate the 
final switching device. 
In a real security lock, the final 

transducer would be a solenoid lock or 
bolt, but in order to keep costs down, 
the circuits given here end with a simple 
mains relay. This is activated by a single 
transistor switch in order to protect the 
outputs of the logic devices which form 
the combinational part of the circuit. In 
block diagram form, all solutions will 
have common elements. (Fig.1). 

TRIPLE AND GATE 

One simple implementation of this 
idea is shown in Fig.2. The AND gate 
requires that all three inputs are held at 
logic 1 if the output is to be high. Only 
when the output of the gate is high will 
the transistor turn on and hence operate 
the relay. All other combinations of 
inputs to the gate produce a logic 0 
output (i.e. 'low' level) and hence do 
not turn on the transistor. 

MULTIPLE 
INPUT 
DEVICES 

10JG4.19 

COMBINATIONAL 
CIRCUITRY 
(LOGIC) 

The 4k7 resistors connected to the 
inputs of the gate are known as 'pull 
down' resistors. They ensure that the 

.11110— 
TRANSISTOR 
SWITCH 
(BUFFER) 

Block diagram of typical logic lock 

RELAY/ 
SOLENOID 
(OUTPUT) 

Tim Pike is Deputy Headmaster 
of the Ramsden School for Boys in 
Orpington, Kent. He has taught 
Electronics to 'A' level standard for 
thirteen years. Each year there are 
on  average  eight  'A'  level 
candidates,  twelve  À/0'  level 
candidates  and  sixty  GCSE 
(previously 16+ candidates. In all 
cases there are always some girls 
included in the groups from the 
neighbouring Ramsden School for 
Girls. This is Equal Opportunities 
in Action! 

inputs will be held at or near to OVunless 
a switch is pressed. 
It is clear that the function of the logic 

gate is central to the operation of this 
circuit. One way of improving the 
sophistication of the lock circuit (and 
therefore one way of making it more 
secure) is to change the logic function 
to one that is more complex. This 
requires a reasonable knowledge of how 
logic works, how it is represented and 
how to design around it. So what are the 
basic principles of logic? 

BINARY LOGIC 

At the heart of all work in logic is the 
assumption that we are dealing with a 
simple world in which inputs and outputs 
are either on or off. There are only these 
two possible states. This suits some 
devices very well indeed. For example, 
a simple switch is either on or off. There 
are no "in between" states. Although a 
lamp can be thought of as being in many 
different  states,  according  to  its 
brightness, it is convenient if we allow 
the lamp only two states as well. The 
same argument applies to transistors and 
all the other devices which we might use. 
By restricting our analysis to accept only 
one of two states we are defining an 
electrical  system  which  can  be 
represented  perfectly  by  binary 
numbers. 
The binary number system uses only 

the two digits 0 and 1. In the positive 
logic convention, binary 0 is used to 
represent the low logic level, the off state 
and therefore an electrical voltage close 
to zero volts. In the same way, binary 1 
is used to represent the high logic level, 
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the on state and a voltage significantly 
greater than zero volts, (e.g. +5V or 
+9V). In general the logic 0 level is held 
to be OV and the logic 1 is taken to be 
the positive supply voltage. 
It is very important in logic circuits 

that all voltages are either close to the 
logic 0 level or close to the logic 1 level. 
A voltage halfway between the two 
would not be clearly one or the other 
and could therefore lead to a breakdown 
of the system. 

LOGICAL OPERATIONS 

In arithmetic, there are the four basic 
operations, add, subtract, multiply and 
divide. All arithmetic functions are 
combinations of these four operations. 
In order to be able to write down 
complex operations in a short-hand 
form, symbols are used to represent the 
operations. 

ADD 
SUBTRACT 
MULTIPLY  X 
DIVIDE  ÷ (or/ ). 

In a similar way there are three basic 
logical operations. These are AND, OR 
and INVERT (or NOT). 
Other operations can be formed by 

combining two or more of these three. 

NAND is defined as AND 
followed by NOT. 
NOR  is defined  as  OR 
followed by NOT. 

These basic operations can be defined 
by looking at their truth tables. A truth 
table is a chart which gives every 
combination of the inputs to a logic 
system and, for each, its outcome. For 
convenience the combinations of inputs 
are always written in binary order 
starting with the combination of zeros. 
The operations AND and OR require at 
least two inputs. We will call these A and 
B. The output is represented by E 

TRUTH TABLE FOR OPERATION 
'AND' 

A B  F 

0 0  0  Only when both inputs 
0 1  0  (in general all inputs) are 
1 0  0  at logic 1 does the output 
1 1  1  become logic 1. 

TRUTH TABLE FOR OPERATION 
'OR' 

A B  F 

00  0 
01  1 
10  1 
1 1  1 

If any one or more 
input(s) is at logic 1 then 
the output is at logic 1. 

TRUTH TABLE FOR OPERATION 
'NOT' (or 'INVERT') 

A F The output is always the 

0 0  opposite state to the input. 

BOOLEAN ALGEBRA 

It is convenient to be able to write 
down logical expressions using symbols 
instead of words. Boolean algebra 
enables complex operations to be 
carried out on logical expressions using 
symbols just as normal algebra does on 
arithmetic expressions. All we need to 
worry about at the moment are the 
symbols for AND, OR and NOT 

The dot (.) means AND 
The plus sign (+) means OR 
The bar over a letter means NOT 

e.g. A.B.  A AND B 
A+B  A OR B 
A  NOTA 

CIRCUIT SYMBOLS 

Logic  functions  are  made  up of 
combinations of logical operations. 
Each operation is performed by a logic 
gate. We shall only be concerned with 
five types of gate, AND, OR, NAND. 
NOR and NOT 
Although there are a variety of circuit 

symbols in use, most designers still work 
with the system shown in Fig.3. 

: 

AND 

NAND 

NOR 

Fr  A. B 

Fr  A+B 

Fr  A. B 
(THE INVERSE OF AND) 

Fr  A+B 
(THE INVERSE OF OR) 

Fr  T 
(THE INVERSE OF A I 

NOT 

1.11104.211 

kig.3. Basic gates 

It is common for the gates AND, OR, 
NAND and NOR to have two, three or 
four inputs. You would choose the type 
to suit your needs in a particular circuit. 
Returning then to the circuit of Fig.2, 

one AND gate with three inputs is used 
to 'combine' the effects of the three 
switches 51, S2 and S3. It would not take 
a determined burglar long to work out 
that all three switches must be pressed 
in order to open the lock. If we are to 
disguise the operation of the circuit then 
we need a number of improvements. 

MORE SWITCHES 

If the number of switches is increased 
and some of them are 'dummy' switches 
then the chance of finding the right 
combination becomes much less. 

LATCHING ACTION 

With the circuit of Fig.2 as it stands, 
you would have to keep pressing the 
switches to keep the lock open. This is 
obviously not very convenient. Latching 
switches would not be a good idea 
because this would leave the lock open 
until someone else released all the 
switches. What we need is to latch the 
circuit after the switches have been 
pressed. There are several ways of doing 
this but the most attractive method for 
GCSE pupils is to exchange the 
transistor for a thyristor. 
The thyristor is a three terminal device 

which looks like a power transistor but 
operates like a controlled diode. In fact 
it is also known as a silicon controlled 
rectifier (SCR). (Fig.4). 

k  THE THREE TERMINALS ARE 
a CALLED THE ANODE (o),THE 

CATHODE fk) AND GATE Ig I. 

DJGI.22 

Fig.4. Symbolic thyristor 

The anode must be positive and the 
cathode negative if the thyristor is to 
conduct. Conduction will not occur 
however, until the gate is also taken 
slightly  positive  compared  to  the 
cathode. The three terminals work then 
in much the same way as the collector, 
emitter and base of an NPN transistor, 
but there is one important difference. 
Once conduction has started between 
anode and cathode, the gate connection 
can be removed without affecting the 
current path through the anode and 
cathode. 
Incorporating these two improve-

ments the circuit now becomes that of 
Fig.5. 
Switches S2, S5 and S7 must be 

pressed together to operate the lock. 
Switch S9 is included so that the thyristor 
can be reset after opening the lock. This 
switch is of the 'push to break' type. 

INHIBITORY INPUTS 

One weakness of the dummy switches 
used in Fig.5 is that pressing any of these 
has no effect and therefore does not 
prevent the lock from opening. In fact, 
provided the three switches S2, S5 and 
S7 are pressed together, any other 
switches can be pressed as well and the 
lock will still open. This is a security 
weakness because pressing all eight 
switches is one obvious ploy to try. The 
way to overcome this problem is to build 
into the logic circuitry one or more 
inhibitory inputs. These are inputs which 
must not be present if the lock is to open. 
In order to keep the logic reasonably 

simple, suppose that one of the positive 
inputs is made inhibitory. The logic 
system can now be represented by 
Fig.6A. 
We need one NOT gate as well as one 

AND gate. The integrated circuits 
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FIg.5. Improved logic lock 

(CHIPS) which contain the logic gates 
are almost always of one type only. 
(There are many other variations but we 
won't confuse you with that now). So, 
to produce one AND and one NOT 
would require two integrated circuits. 
This is very wasteful since only a small 
part of each would be used. One chip 
contains three triple input AND gates, 
the other chip contains six NOT gates. 
The solution to this problem is to 

convert both types of gate to a common 
type. The NAND gate is the obvious 
choice here for two reasons. Firstly 
because it is so similar to AND and 
secondly because we need the inverting 
action in order to produce the NOTgate. 
A NAND when inverted behaves as an 
AND gate. A NAND with all its inputs 
connected together behaves as a NOT 
gate. 
The system is then simply adapted to 
use only NAND gates as shown in 
Fig.6B. 

REQUIRED 
SWITCHES 

INHIBITORY 
SWITCH 

10.104.24.1 (A) 

gates and thereby ensure a form of 
sequential behaviour. 
In Fig.7 if input 1 is at logic 1 before 

input 2 then SCR1 will latch on and 
current will flow through R 1. This will 
take output 1 close to +9V. If then input 
2 is taken to logic 1, SCR2 will latch on 
and output 2 will also be close to +9V. 
These two high outputs then form the 
two required inputs to the logic circuitry. 
If input 2 goes high before input 1, SCR2 
cannot conduct because its anode is close 
to OV. Output 2 therefore remains at the 
low level. 
By latching the inhibitory input 

through a single thyristor, if this switch 
is pressed at any time before or between 
the two positive inputs the lock will fail 
to open. A reset switch is needed to 
unlatch  all  three  thyristors  by 
temporarily removing power from them. 
The circuit up to the end of the logic 
arrangement is shown in Fig.8. Switches 
S2 and S7 must be pressed in this order; 

TO 
THYRISTOR 

REQUIRED 
SWITCHES 

INHIBITORY 
SWITCH 

10.104251 

FIg.6. Two methods for introducing inhibitory switching 

-ED°-

Fig.7. Sequential latch 

switch S5 must not be pressed if the lock 
is to open; switches Si, S3, S4, S6 and 
S8 are 'dummy' switches. 

RESETTING 

In practice it may be found that direct 
connections from the cathodes of SCR1 
and SCR2 to the inputs of the logic gate 
might perhaps cause the cathode of the 
thyristor to remain at a high voltage even 
when the RESET switch is pressed. The 
simplest remedy is to connect a single 
IN4148 diode in between the thyristor 
cathode and the gate input, in forward 
conducting style. The loss of another 
0.7V in the forward direction does not 
affect the operation of the gate when the 
supply voltage in use is 9V. It is worth 
pointing out that if the circuit were to 
be re-designed to operate on a 5Vsupply 
(for instance because a TTL chip was to 
be used), then this solution would not 
allow the proper operation of the gate 
in the forward direction. The sum of 
voltage losses across the thyristors and 
the diode would take the logic 1 level 
below the threshold for TTL logic 1. 

(B) 

TO 
THYRISTOR 

SEQUENTIAL INPUTS 

Another improvement to the security 
of the device is obtained if the required 
switches have to be pressed in a certain 
order rather than held down all at once. 
Entering the numbers in a particular 
order means that the system must 
possess  some  form  of  memory. 
Dedicated logic devices which perform 
exactly this function are readily available 
from all large component retailers. Our 
purpose is not served, however, by using 
one of these devices. If instead we return 
to the latching circuit obtained by using 
the thyristor, we can latch the inputs 
before combining them through the logic 

St 

Lk7 

S9 . Gal• 
1-0  0 — 
S1. p. 
P-0  0 - --1\ A A -- ISCR 
53 .e l• 

1.10 t-0  0—• 

S4 

• 

g.f il.. 
I--0  O • 

S5  

,—,V V -- - -IrSCR 

IcA c<7 

111 E D 

TO FINAL 
SWITCH 11, S o--0 0 —....L .#  

S8 eli ii SCR CIRCUIT At 
'- 0  (:)..11 OUTPUT 

S7 
IN M I .  CEVICES 

=1 1.. 
1•••()  0--..... • 

S8 mt i• 

ID1G4271 
k k k ov 

F1g.8. Coded selective latching 
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ADDING AN ALARM 
One further possible improvement 

(and this is certainly optional) is to make 
more use of the "dummy" inputs. If any 
of these inputs is used to trigger an 
audible alarm after a few seconds and 
at the same time to disable the final relay 
circuit then the would-be "trial and 
error" burglar is strongly discouraged. 
Triggering an alarm through a simple 

transistor switching circuit is straight-
forward. We are using the same principle 
as that established in the first article in 
this series, theTeacherTimer Project last 
month. Using the same signal to prohibit 
operation  of  the  lock  is more 
sophisticated  and  should  only  be 
considered by the most confident GCSE 
students. Fig.9 shows the method 
adopted to sound the alarm. 

F1g.9. Alarm switching 

Notice again the use of a thyristor to 
latch the action of the switch. In practice 
all the dummy switches from the key pad 
would be connected in parallel so that 
any one of them (or more) would have 
the same effect. 
When the thyristor latches, current 

flows through the anode-cathode path 
and begins to charge the capacitor. After 
a short while the transistor turns on and 
sounds the alarm. It is difficult to 
produce a delay of more than a second 
or so unless a very large capacitor is 
used. The value of resistor R2 in Fig.9 
cannot exceed about 10k or else the 
transistor will not turn on fully when the 
thyristor latches. 

FURTHER PRACTICALITY 

There is however one further practical 
difficulty which would be hard to 
anticipate but does cause an annoyance. 
The active audible warning device 
(AWD) like most devices of this type is 
'intermittent' in operation. This means 
that it is actually switching on and off 
very fast. Although the transistor will 
cope with this behaviour, the thyristor 
which is holding the transistor on is not 
so happy. Once the gate current has been 
removed by releasing the switch which 
caused the alarm to sound, the thyristor 
needs a fairly stable minimal current in 

the anode-cathode path to remain 
latched on. The intermittent action of 
the AWD causes feedback of a similarly 
intermittent signal to the base of the 
transistor and hence to the thyristor. The 
result can be that the led is only half on, 
even though the relay will probably 
behave correctly. The answer to this 
problem is to include a steady load R12, 
in the collector circuit in parallel with 
the AWD. A 1k resistor works very well 
indeed. 

OPTIONAL EXTRA 

It would be perfectly acceptable to 
leave the design at this level of 
sophistication. For those of you who 
would like a further challenge we will 
now look to see how the operation of 
the alarm can be made to prevent the 
operation of the lock. 
When the alarm sounds, point X in the 
circuit of Fig.9 will suddenly drop to 
around OV. We need to use this change 
in the voltage at point X to stop the lock 
from opening. If you look back to Fig.9 
you will recall that we already have one 
inhibitory input. If we are to limit our 
design to one requiring only one 
integrated  circuit then  we  should 
combine this inhibitory input with all our 
'dummy' inhibitory inputs and treat 
them all as being the same. 
The system then looks like the block 
diagram of Fig.10. 

REQUIRED 
SWITCHES 

INHIBITORY 
SWITCHES 

SEQUENTIAL 
LATCHING 

CHOICE OF COMPONENTS 

The logic circuitry requires at least one 
NAND gate with three inputs. It is most 
convenient therefore to use one triple 
three-input package to fulfill both parts 
of the logic circuit. The choice between 
CMOS and TTL series is already made 
if we wish to operate on a +9V supply. 
TTL will only operate on a very stable 
+5Vsupply. Although we could generate 
this from the +9V battery voltage using 
a voltage regulator (e.g. 7805) there is 
no advantage in the extra circuitry and 
extra cost if CMOS will do just as well. 
The advantages of TTL over CMOS of 
faster switching and higher current 
output are not important in this circuit. 
The slight disadvantage of CMOS is that 
it is sensitive to static electricity which 
simply means that we must be very 
careful when handling the device. The 
most important precaution is to earth 
yourself whilst you are actually handling 
.the Type 4023B CMOS chip. It is also 
advisable not to wear nylon clothes, and 
to avoid standing on nylon carpets. Once 
the chip in the circuit it should come to 
no harm — at least not from static 
electricity! 
I would strongly recommend the use 

of a chip socket, which should lie 
soldered into the circuit board at the 
beginning of construction. The chip itself 
is not  inserted  until  all  other 
construction is complete and some basic 

10.104.291 

LATCH 

ALARM 

TRANSISTOR 
INVERTER 

As is often the case in electronics the 
addition of another feature actually 
brings with it a simplification of the 
overall circuit. We no longer need the 
thyristor latch for switch S5. Neither do 
we need the NOT gate to connect this 
input into the rest of the logic circuit. 
The transistor switch used to operate the 
alarm will also act as the necessary 
inverter. 

MONITORING THE OUTPUT 

In addition to the green led to indicate 
the unlock condition, a red led is 
incorporated  to indicate  the  lock 
condition. This also serves to monitor 
the state of the battery or power supply. 
A second transistor is used to invert the 
output of the first in order to drive the 
red led. The complete circuit incor-
porating all the features discussed is 
shown in Fig.11. 

 _Do ED— 

FIg.10. Block diagram of the final logic 

tests have been carried out. 
The chosen thyristor is the C106. This 

type is most commonly used in general 
practical  work  in GCSE  courses. 
Although it has provision for a heat sink, 
no such protection should be needed in 
this circuit because all currents are 
limited to 10mA or less. 
The switches Si to S8 could be 
individual low cost "push to make" 
switches. Alternatively, an inexpensive 
miniature data entry key pad with ten 
or twelve numbered switches may be 
preferred. Switch S9 is a simple "push 
to break" switch acting as a reset for the 
three thyristors. Switch S10 is the on/off 
switch for the power supply. A miniature 
SPST toggle is ideal. The relay used in 
the printed circuit design is a miniature 
SPDTtype rated at 10A at mains voltage. 
All other components are readily 

available standard types. 
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Fig.11. Complete circuit diagram of the Teacher Locker 

• 

  PC B. 2 

OV 

CONSTRUCTION AND TESTING 

As the final circuit design is quite 
complex by GCSE standards, I suggest 
that the fabrication of the circuit is 
divided into two parts. Two small printed 
circuits are easier to work with than one 
large one. Testing is also much simpler 
and each board can be thoroughly tested 
before the whole arrangement is put 
together. 

The two printed circuit designs are 
given in Fig.12.The most able candidates 
should be able to work out suitable 
designs for themselves and this should 
be encouraged. Alternatively, this circuit 
can be built quite satisfactorily onto 
copper stripboard. Make sure that you 
use the 0.1in matrix to fit the integrated 
circuit  requirements.  If the  latter 
method is chosen then it will be 

FIg.12. PCB layout and wiring (using push-make switches) 

necessary to "break" a number of tracks 
to accommodate the multi-pin devices 
and to save valuable space on the board. 
If you choose the printed circuit method 
and you use the designs given here then 
you should appreciate that both of these 
PCB designs have been arranged to fit 
snugly into an ABS project box. The 
boards should slide into place vertically 
between the grooves in opposite sides 
of the box. The dimensions of the boards 
are therefore crucial. Each board is 
shown having dimensions of 84mm by 
46mm. A suitable box will have external 
dimensions of 140mm x 90mm x 55mm. 
As well as simplifying the method of 

fixing the boards into the box, this 
technique also allows easy interconnec-
tion of the boards. 
Board "A" needs input connections 

from the switches and interconnections 
to the second board consisting of the 
three logic outputs plus the two power 
rails. The second board has been 
designed to be connected to the power 
source. A 9V battery (PP3 type) is ideal 
for this purpose. 
Ribbon cable makes a very neat job 

of the interconnections. If you buy the 
rainbow (i.e. multicoloured ribbon) of 
the 10 way type you can split off as many 
or as few ways as you need. It is 
sometimes possible to buy this cable by 
the foot (30cm!), and one foot would be 
plenty for this project. 
If you opt for the data entry keypad 

for your switch panel then again the 
ribbon cable comes in handy. The keypad 
plus the two other switches (S9 and S10) 
need to be mounted on the top surface 
of the box. 
If time permits it would be a good 

idea to test Board A and check that it 
works properly before commencing 
work on the second board. Beyond an 
initial visual inspection the tests in Table 
1 might be carried out on Board A. 
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TEST  CONDITION 
POINT 

EXPECTED 
READING 

Power rails  Power ON +9Vand OV. 

Switch Outputs  Switches pressed 

SI — 58 

+9Von each. 

Switch Output  Switch not pressed 

S9 

+9V 

SCRI Anode  Switch S9 not pressed +9V 

SCRI Cathode  Switch S2 not pressed OVapprox. 

SCRI Cathode  Switch S2 pressed +8.2Vapprox. 

SCR2Anode  Switch S2 pressed +8.2Vapprox. 

SCR2 Cathode  As for SCRI Cathode 

SCR2 Cathode  Switch S7 pressed 
after switch S2 

+7.4Vapprox. 

5CR3Anode  As for SCRI Anode 

SCR3 Cathode  SI or S3 etc. 
pressed 

+8.2Vapprox. 

TRI Base  SI or S3 etc. 
pressed. 

OVrising to 
0.7Vquickly. 

TRI Collector  SI or S3 etc. 

pressed 

+9Vfalling to 

OVapprox. 

uddenly 

lable 1. 'lists on Board A 

DIGITAL OR ANALOGUE? 

Although in essence this circuit is 
functioning as a digital device we are 
using a mixture of analogue and digital 
components.  Serious problems can 
occur when analogue meets digital or 
vice versa unless we are very careful with 
component values. 
The three thyristors are being used as 

latching switches (i.e. digital devices) 
but of course strictly speaking they are 
not purely digital. Each thyristor will 

TEST  CONDITION 
POINT 

EXPECTED 
READING 

Power rails  Power ON +9Vand OV. 

Inputs and outputs Outputs to agree 
of ICla and IC1b  with inputs. 

(i.e check correct 
logic function) 

All values either 
< + 2V(loieic 0) 
or > + 7V(logic 1) 

CollectorTr2  Base at OV +9Vapprox. 

Collector-In  Base at 9V OVapprox. 

CollectorT13  Base at OV +9V approx. 

Collector113  Base at 9V OVapprox. 

Relay contacts  Tr2 OFF N/O contacts open 
N/Coantacts closed 

Relay contacts  Tr2 ON N/O contacts closed 
N/C contacts open 

Diodes DI,D2,D3. Out of circuit Check correct 
function and 
polarity as 
necessary 

'Bible 2. lists for Board B 

drop a certain voltage between its anode 
and its cathode. Thyristor SCR2 is being 
used 'in cascade' with SCR1; that is to 
say that the anode of SCR2 is driven 
from the cathode of SCR1 (they are in 
series). If the cathode of SCR1 is below 
9V when the thyristor is conducting then 
the cathode of SCR2 will be lower still. 
These losses are very important since we 
are connecting the cathodes directly to 
the input of the logic gate (IC1a). If the 
losses become too great then the logic 
pattern will be lost. The actual voltage 
readings at the cathodes of the first two 
thyristors are crucial to the correct 
operation of the gates. When testing it 
will be important to log accurately what 
the readings are found to be. 
Moving onto the second printed 

circuit board we might now see the 
problem in reverse. Given the correct 
input values, the two logic gates should 
behave properly  and produce the 
expected outputs either close to +9V or 
close to OV. 
Since, however, we have chosen to use 

a CMOS device to produce the logic 
function, the current which we can draw 
from the output of IC1b is limited to 
around lmA. This current has to drive 
the base of transistor Tr2 sufficent to 
saturate the transistor. The saturation 
current is high because we are running 
both the green led and the relay coil from 
this transistor. The led requires around 
15mA  to  light  with  reasonable 
brightness. The relay coil requires 
around 35mA when working on a 9V 
supply. In total then the transistor must 
provide at least 50mA (15+35) in the 
collector circuit. A current gain of at least 
50 is therefore required. The choice of 
transistor for Tr2 is ideally one having a 
gain of around 100 to ensure that the 
output of IC1b is not overloaded. 
Board B can be tested independently 

of Board A if the power connections are 
made and the logic levels are connected 
directly to the inputs of ICla. Only when 
all three inputs are held at or near to 9V 
should the green led switch on and 
simultaneously the relay click over. The 
red led should be on before this condi-
tion is satisfied and should then go out 
as the green led comes on. If you have 
difficulties with this board then the tests 
of Table 2 might prove useful. 

CONCLUSION 

Some students of GCSE may feel that 
the final circuit as developed in this 
article is too demanding. It is certainly 
more complex than candidates would be 
expected to follow in a theory question 
set on an examination paper. There are 
however many simpler alternatives 
which we have explored along the way. 
Any of these (even something as simple 
as Fig.2) would be acceptable at the 
lower levels of the examination range. 
Teachers must play a crucial role in 
helping each student to be realistic about 
his or her abilities at the outset of the 

COMPONENTS 

RESISTORS 
R1,R2,R3  4k7 (3 off) 
R4 ,R5 ,R11,  1k (4 off) 
R12 
R6,R7,R8  10k (3 off) 
R9,R10  309R (2 off) 
All ± 5% 0.25w carbon 

CAPACITOR 
Cl  1000AF 

SEMICONDUCTORS 
Id  1 CMOS 4023B 
SCR1,  Thyristor type C106 (3 off) 
SCR2,SCR3 
Tr1,Tr2  Transistor type BC108 

(2 off) 
Tr3  Transistor type BFY51 
D1  Signal diode type 1N4148 
D2  LED—Green 0.2in 
D3  LED — Red 0.2in 
D4 ,D5  Rectified diodes in 4001 

(2 off) 

MISCELLANEOUS 
Sl-S8  Push-to-make switches 

(8 off or data entry 
keypad (see text) 

S9  Push-to-break switch 
S10 ,S11  Miniature toggle 

SPST(2 of) 
RLA1  SPDTpcb mounting mains 

relay 
AWD  Active audible warning 

device 
Battery  PP3 9Vbattery and clip, 

PCBs, box to suit, wire 
and solder etc. 

THE PCBs ARE AVAILABLE 
THROUGH THE PE PCB SERVICE. 
MAGENTA STOCK A COMPLETE 
KIT OF PARTS. 

project. The chosen circuit should 
stretch the ability of a student but be 
attainable by that student. I hope you 
have some fun with this fascinial 
topic. 
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BI-PAK BARGAINS 
No OW Description 

RESISTORS 
API  300 Assorted Resistors, mixed values and types ........... 
VP2  300 Carbon Resistors Yo-'4 watt. pre.formed, mixed 
VP3  200 Veer M. Carbon Resistors, mixed values ................. 
0P4  200 Vc-1 erect Resistors, mixed values and types.............  
VP16 
VP1121  1 Sub Resistance Box. 36 values Sohms-lKohms ............. -
VP140  50 Precision Resistors, 1% tolerance 
VP181  100 land 2 wan Resmors, assorted values ...  . ....--.. 

Price 

£1.00 
CLOS 
E1.00 
01.00 
E1.00 
£415 
E1.00 
E1.01) 

CA MCITORS 
VPS  200 Assorted Capacitors, all types 

E1.00 
UPS 
VP9 
VPIO 
VP11 
VP12 
UPI, 
VP15 
VPI46 
VP180 
VP182 
VP192 
VPI93 

40 Electrolytes, 47m1-150m1, mixed volts 
32 Electrolytics, 150mf-100m1, mixed volts  .  000 
20 0112000 MIn Layer Metal Caps  ,  600 
25 Solid Tantalum Caps, mixed values  £1.00 
25 Tentalum Bead Caps. assorted values ..  .  6.00 
4 1000u1 50v Electrolytics ..  000 
30 Min. Elecrolytics, mixed velu m .47m1-1000m1 &UN ..  6.00 
6 Sub Min. Electrolytice. 2 a 1000220013300ml ILVIfiv  600 

P.O 
No  City Deunpuon  Price 
74 SEMES SALE 'ROCK BOTTOM' MIXES 
VP123  50 Asst TIC IC's  ALL GATES  new & coded our mix 7400-7453 £900 
0P224  100 Asst  TTL  "ALI  GATES"  new  &  coded  our 

VP7413 
VP7440 
081470 

-mix 7400-7453 . 
4 1413 Dual Need S4,ntrsn Tngg,, 4-Input 

4 7470  And-gated  Posithed-edgetriggered 

0P7480  4 7480 Gated full Adder .  • 
VP7491  4 7481 161211 Random Aces,. meerrotnes 
081490  4 7493 Decade Counter 
0P7491  4 7491 &Mt Shift Register 
0P7492  4 7492 Divided by 12 Counter 
0P7493  4 7493 4-Bit Binary Counter 
0P7494  4 7494 4-83 Shift Register 
007495  4 14004.00 Shift Register .  • 
VP74111  4 74111 Dual J-K Master Slave. Flip-flop  ............... 
1/074141  4 74141 BCD - Decimal Decoder/Driver . 
VP74151  4 74151 1014 Data Sela000telMultrplexere 
11P74153  4 74153 Dual 4 line tot line Deta Selectors/Multiplexers 
VP74164  4 74164 &Bit Per 101 Output Seriel Shift Registers .. ................ 

B 1 15°, VAT AND £1.60 PER ORDER POSTAGE AND PACKING 

TER MSSe n d   i o ucrA  sH  orders WITHto BARCLAYCARD O Dept.p EPRE, S AMEBA IL-  A, DAY 

YE ACCEPTED. roEx D6 DESPA T CH,W ARE.   H A C CE SS,ER  T S .TEL, 0763 48851. GIRO 308 7006, 

.. 

5100 
6.00 
E1.00 
E1.00 
E1.00 
E100 
(1.00 
0.00 
E100 
01.00 
0.00 
E1.00 
01.00 
E100 

P.O 
No  Boy Desenreion  Price 

VP74167 
BP74174 
00741011 

VP74193  4 74193  Synchronous  Up0own  Dual  Clock  Counters. 

BPX6  1 TTL  Data  Book  74 Series,  including  'LSI. Complete with Pin  out 
Diagrams.  7400-74870.  TTL  Interchangeability  Guide.  Function 
Selection  Guide  and  Explanation  of  Function  Tables. 

.0004T 

P.O 
No  Eby Dm:notion  Price 
TOOLS 
00740  1 25 wan High Cluaguly Low Cost Soldering Iron 2400 00 long life Element 

VP247  I IS wan 'Lightweight' High Duality Low Cost Soldering Iron 2405 AC. 
1.7m lead 

0P248  1 High Suction Desoldering Pump, teflon norrle. Auto Eject Heavy duly 
return spring ..... 

VP249  1 High Quality Soldering Iron Stand. Cast iron base. Tip cleaning sponge. 000 
VP250  1 tong finger Grm, soldering aid. Heavy metal base. Serrated jaws with rev 

mearar action. Ideal for holding small components. Fully adjustable  0.00 
VP251  1 Multidester. Pocket size. 18 ranges. 10300 ohmsNDC '4000 ohmaNAC. 

Fuse and diode protection. Mirrored scale. Leads with 2mrn plugs. Bart & 
instructions inc.  050 

VP252  1 Mufti.tester & Transistor 105I00 20000 ohmsN. 19 ranges Audio output 
Test term. Fuse and Diode protection.Teelleads &Transistortest leads. Batt 
& Instructions. Mirrored male. Size 147 x 97 x 45 mm  £15.50 

VP253  1 Digital Multetester. 31/2 digit. Side switches for single-hand operation. 
High quality construction tough ABS body. Fully guaranteed. Overload 
protection. Input imped. 10Mohms. 19 ranges Incl. IOADC plus diode 8i 
transistor test Accuracy 0.8%. Complete with leads. Ban, and manual. 
Size 145 x 70 x 31 mm. 

00254  1 250 grams Etchent Granules IFerric  050 
VP255  1 Etching Pen. Etch resistant Spare tip. Blue  . E1.00 
00210  1 PCB Mini Drill. Operating voltage 5-14VDC  lmm twist &ill and collet for 

VP257  1 Peck oil Tree DnIll5 ii 5,2mm Ion PO4 Mini Stilt 
VP258 
VP259  1 PCB Holder. Fully adju MNe from 0.320mm wide and to any angle. 

Complete with iron stand and sponge. Strong metal construction with 

P.O 
No  Oty Dmaiption  Price 
MISCELIJJ4E005 
VP2230  6 Tab Hoards 36 way Paxeline  E1 00 
VP225  20 DIN Plugs, plastic 2-8 pin 180,240./360rmixed ............  1254 

Pak 
No  City Description 

VP 220 
VP227 
VP220 
VP229 
VP230 
VP231 
VP232 
VP233 
80734 
VP235 
VP236 
VP237 
VP238 
VP239 
00742 
VP241 
VP242 
VP243 
VP244 

0P245 

2 DIN Chassis Skts. metal 2-8 pin 180.240.36r4 mired  . 
DIN In-line Sias, plashc 241 p. 180,240.360. mixed  . . 
C15 Computer Cassette Tape, leadless 

Cassano Head Cleaner Tape. non abrasne. n case 
Cassette Head Cleaner Demagnetizer. Incase  .. 
Revolving Cassette Rack holds 32, smokey Perspex 
Demagnetizer Curved Probe 2480 
VHS Video Head Cleaner Cassette Wet type 

Price 

6.50 

6.00 
SOO 
01.93 
6.00 
0250 
0.00 
fACO 
14.00 
000 

Tri-colour LED's. Rectangular 5mm R.G.Y..  01.00 
High Poorer Pimp Electric Siren. Emits Earpiercing warbling sound. Ideal 
alarms. Whke plastic body with mounting bracket Power 120 DC 150mA. 
Output 100db (AI at 1m typ. Freq. 2.56Hz. Sve 57 x 42  37mm  0.00 

1 Automatic Lighting Switch. Photo electric, weatherproof. Switches lights or 
equipment 'ON' at dusk -OFF' at dawn. loads up to 30 at 240v AC. 
Sin 50. 6rnm 

600 
No  Oty Description  Peke 
SPEAKERS OFFER. Savo up 10 94% 
VPL001  1 6 x 4' Elliptical 8 ohms OW RMS Freq. Res 135-100004Hz General purpose 

£250 
VPL003  1 7 x 5' Elliptical 8 ohms 4W RMS Freq. Res, 9010000 He Soaker. 

VPL935 

VPL006 

1 8 x 5" Elliptical 8 ohms OW RMS Smirker. Freq. Res 45-15000 HE Gauss 
9000. Wide range Air suspension, sponge edge. Centre HF cone  6.50 

1 90 07 Elliptical 8 ohms 10W INS Speaker Freq. Res. 80.10000 Hs Gauss 

VPL018  1 21/4" Transducer Waterproof Speaker. Polyester film Diaphragm. Moisture 
res. 8 oh m 300mW RMS Freq. Res 20-20000  ....................................... £500 

VP10188  1 4' Round 8 ohms 1.2W MS Freq. Res. 190100 Ho Genets' purpose 

VPL022  1 5' Round 8 ohms 3W RMS Freq. Res. 90-9500 880. Car/Ganeral 
purpose Speaker. Gauss 7500. 133 x 42 rnm  . 0.00 

VPL025  1 51/2' Round 8 ohms 15W RMS Wide range speaker. Freq. Res. 
5015000 Hs Air suspension. Centre HF Cone  £200 

VPL025A 1 6" Round8ohms 5W RMS Freg.Res.70-2002Hz. General purposeSpeaker. 
•  Gauss 9000 
VPLO29  1 ir Round 8 ohms IOW RMS Freq. Has. 451600 He Wide Range Speaker. 

Use your credit card. Ring us on 0763 48851 NO W 

and get your order even faster. Goods nor mally 

sent 2nd Class Mail. 

Re me mber you must add VAT at 15°s to your order 

Total Postage add £1.50 per Total order. 

Berwick (ELECTRONICS) LTD. 

60 Woodg range Road, 

London E7 OQH. 

Telephone: 01-519 2438 

BE1 

BE2 

BE3 

BE4 

BE5 

BE6 

BE7 

BE8 

BE9 

0E10 

BE11 

BMB1 

BMB2 

BMB3 

BMB4 

BMB5 

BMB6 

BAB7 

BAB8 

BAB9 

BAB10 

KRT100 

51 W 

5741 

MC642 

AD12 

S1815 

S1340 

S13110 

ST503A 

KDT80 

H.28 

H.80 

MV311 

MD316 

JC7510 

BARGAIN PACKS 

5 Ass Rocker Switches push fit 

5 Ass Micro Switches 

12 Ass Slide Switches 

25 Ass Din/Coak Chassis Skts 

16 Ass Heat Sinks 

5 Ass Volume Controls 

100 Ass Electrolytic Caps. Axial 

100 Ass Electrolytic Caps. Radial 

60 Ass Feet Box/Cabinet 

25 Ass Control Knobs 

100 Ass, Resistors 

ABS BOXES BLACK OR W HITE 

77056037m m with lid 

95071,65mm with lid 

115x95x37mm with lid 

20701220077mm with lid 

145095055mm with lid 

22201522060m m with lid 

ALU MINIU M BOXES 

23/4"x51/4 "x1 W with lid 

4°04°01 1/2 " with lid 

4"x24/4"x1 1/2 " with lid 

4"051/4 "x1 1/2 " with lid 

Multi Tester 8 Ranges 

5PCS Min. Cutter/Plier set 

5PCS Min S/Driver set, metal handle 

6PCS Min S/Driver set, plastic handle 

12V Min PCB Power Drill 8-1.2mm 

240v 15w Soldering Iron 

2404 25w Soldering Iron 

Solder Iron Stand with Sponge 

Helping Hands (Soldering Assistor) 

Pick Up Tool (Small Component use) 

Small Craft Knife (Snap Ott Blade) 

Large Craft Knife (Snap Ott Blade) 

Mini Vice (Suction Base) Metal/Plastic 

Mini Hand Drill Brass/Plastic 

4PCS S/Steel Tweezer Set 

TOOLS 

Price 

inc VAT 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

1.20 

1.30 

1.55 

4.05 

2.15 

2.90 

1.10 

1.35 

1.10 

1.45 

5.75 

7.40 

1.17 

0.77 

5.32 

2.87 

2.81 

2.26 

1.99 

1.79 

0.40 

0.81 

1.00 

1.15 

3.70 

NRAA 

P03B 

398 

RECHARGEABLE BATTERIES/CHARGER 

NI CAD Reachargeable Battery AA Size 

NI CAD Rechargeable Battery C Size 
NI CAD Rechargeable Battery D Size 

NI CAD Rechargeable Battery PP3 Size 

NI CAD Universal Charger for above 

POWER SUPPUES 
8B LUX  3-12V DC Unregulated 

REG12  6-12V DC Regulated 

Price 

inc VAT 

1.02 

1.99 

2.10 

5.79 

6.50 

Price 

inc VAT 

267 

5 32 

4 1  Price 

inc VAT 

PO WER SUPPLIES 

053A  13 8V DC Stabilized 3A 

/For C B Use) 

18 00 

ACCESS/VISA CARD ORDER 

£10.00 MINIMUM VALUE 

A.ccess POSTAGE & PACKING 
PLEASE ADD 
FOR ONE ITEM £1.00 
FOR TWO OR MORE £1.50 

PERSONAL CALLERS 
WELCOME 
SHOP HOURS 
MON-SAT 9am-6pm 
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CONSTRUCTIONAL PROJECT 

DUAL POWER SUPPLY 
BY DAVID SILVESTER 

A versatile bench power supply with fold back current limiting 
Straight forward to build and adjust, this +/-15V power supply can 
handle op/amp circuits, but provide enough current for power loads. 

THE power supply to be described 
here has been designed to suit the 

following conditions: 
1) Outputs of +15V, —15V and ground, 
for safety ground is true earth. 

2) Output currents rated to 1.5A for 
high power applications. 

3) Foldback current limiting on both 
supplies. 

4) Cross linked voltage stabilisation, 
i.e. if one voltage drops due to 
current limiting the other follows. 
Such a supply is clearly capable of 

providing development capabilities. It is 
ideal for powering op-amp circuits, 
which only use very small currents, but 
since it also has a high current capability, 
the same +/— 15V supply voltages can 
drive power loads such as audio 
amplifiers. Although the circuit itself is 
capable of higher current output the 
limiting factors are the output rating of 
the transformer, the bridge rectifier and 
the capacitor system providing the 
unregulated voltage to the control 
circuit. 

THE AC SUPPLY 

The circuit of the unregulated AC to 
DC supply converter is shown in Fig.l. 
This is a simple reservoir capacitor 
system with a centre tapped transformer 
producing two equal outputs of about 
35V. A rule of thumb says that with 
2000µF per amp of output there will be 
an AC ripple of 3.5V on the unregulated 
DC output. For a little better stability, 
and since they are readily obtainable, 
4700/1F 63V electrolytic  can  type 
capacitors were chosen. 

The bridge rectifier needs to have a 
working voltage of at least 100V. Under 
operating  conditions  double  the 
maximum output, i.e. 70V, will appear 
across the non-conducting diodes in the 
bridge at the peak of the AC cycle. The 

current rating of the bridge is 2A and is 
adequately in excess of the current limit, 
which has been set at 1.5A. 
The transformer needs to be selected 

with some care. If too low a rating is 
chosen the circuit will not operate on 
current peaks as there will be insufficient 
voltage  differential  to  allow  the 
semiconductor  devices  to  control 
correctly. The second factor affecting the 
choice of transformer is the foldback 
current limiting system which we shall 
cover later. 
Referring to Fig.3, the current sense 

resistors of 2.2 ohms give a voltage drop 
of 3.3V in the current limiting condition. 
Thus  the  peak  output  from  the 
transformer must be greater than or 
equal to the sum of:-
1) Voltage drop of the  3.3V 

current sense resistor 
2) Voltage drop of darlington  1.2V 

transistor 
3) Voltage drop in IC  5.0V 
4) AC drop in reservoir  3.5V 

capacitor, min capacity 
must be used 

5) Drop in bridge rectifier,  1.2V 
2 diodes 

6) The final output voltage  15.0V 
and this amounts to 29.2V. Since a bridge 
rectifier circuit of the type shown 
produces  a DC  output  voltage 
approximately 1.41 times the nominal 
AC input, a transformer with a second-
ary of around 21V AC is required. A 
transformer will normally deliver its 

rated voltage when it is supplying its 
rated current, but under no load 
conditions the output will be somewhat 
higher, and for the transformer required 
here the regulation will be about 15%. 
A 22V 80W transformer was chosen has 
a regulation factor of about 15%, giving 
25.3V under  no  load  conditions, 
resulting in an output of 34.5V from the 
reservoir capacitors. 

POSITIVE REGULATOR 
The basic circuit of the voltage 
regulator is shown in Fig.2, and this is 
needed in two forms to control the two 
output lines. A stable reference is fed to 
the non-inverting input of the op amp 
and a portion of the output is fed to the 
inverting input. The transistor acts as a 
pass element. In normal operation the 
amplifier attempts to hold both input 
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POWER SUPPLY 

voltages at the same level, and if R a = Rb 

then the output will be twice the 
reference voltage. R, is a temperature 
stablising resistor chosen so that Rc 
R aRb/Ra + Rb and as far as the op amp 
is concerned,the reference and output 
feedback signals seem to come from 
equal impedances. 
Fig.3 shows the full circuit, and in 

which the positive regulator consists of 
IC1, R1 to R6, VR1 and Tn. Ignore C3 
at present  as this  only  provides 
frequency stability, and also ignore the 
transistor in IC3 which only acts during 
current limiting of the negative supply 
rail. R1 is equivalent to R in Fig.3. R5, 
R6 and VR1 provide the feedback, VR1 
being added to allow for adjustment of 
the output voltage when setting up the 
system. R2, R3 and R4 are concerned 
with the current limiting. 

FOLDBACK CURRENT 
LIMITING 

Foldback limiting is an interesting and 
rather complicated protection facility so 
let us consider it in some detail. Fig.4 

+34 5V 
•  • 

FROM CI  2A 

R1 

1k8 

EARTH IN 

FS1 

TR1 
TI P121 

-34.5V  FS2 

2A FROM C2 

ID-10383 

'Cl 
723 

TRc 

CONTROL 
0.13.1.1  INPUT 

CURRENT LIMIT RES STOP RL PEG 

(a) 
Fig.4. 

shows the simple limiter circuit normally 
used with the 723C, and the output that 
would be obtained in the limiting 
condition. If the current through R1 in 
Fig.4a is below that which will produce 
a voltage sufficient to turn on Trl, then 
the control signal will pass directly to 
the control transistor Trc and the output 
will be stabilised. If however the current 
drawn is sufficient to turn on the limiting 
transistor Trl, then Trc will be robbed of 
its drive, and the output voltage will fall 
at a constant current. The knee current 
and the short circuit current will be 

R2 220 

R3 

39011 

OUTPUT VOLTAG
E 

(b) 
KNEE LIMIT 

SHORT CIRCUIT / LIMIT 
OUTPUT CURRENT 

nearly identical under these limiting 
conditions. The transistor Trc will need 
to drop the power equivalent to the full 
unregulated DC supply times the short 
circuit current, and for transistor safety 
their heat sinks will need to be massive 
to cope with this overload power. If we 
can arrange for the current to fall beyond 
the knee we can save on transistor heat 
sinks as the power under limiting 
conditions will fall as the current falls, 
even though the voltage across the 
transistor rises. This is precisely the use 
of foldback current limiting. Fig.5 shows 

+15V 
OUTPUT 

10 

91 C3 

IC3 
4.N25 

R10 

2k2 

R4 

2k2 

3k3 

VR1 

1k 

R6 

3k 

R7 

2k2 

C4 = 

100p 

D4 
12V 

IC2 
741 
3 

06 

05.  
12V AIL  

7 

R19 

2k2 

C5 

R17 10k 

D3 

TR4 
BC 557 

R9 4k7 

TR 2 
TIP 126 

TR3 
BC 557 

I 
1  IC3 

4-N25 
-  - - - 

R11 

3900  t>R15 

4k7 

R12 220 

R13 

470.0 

2k2 
07 

Fig.3. Circuit diagram of complete power supply 

•  

R20 

2k2 

111 

EARTH 
OV  

R18 

1011 

-15V 
OUTPUT 
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POWER SUPPLY 

(a) 
IDJG3,361 

the circuit and output diagrams. From 
Fig.5b it can be seen why this is called 
foldback limiting. As Fig.5a shows, the 
circuit is more complicated, as is to be 
expected with the extra facility that it 
offers. 
Let us look at the circuit itself as 

shown in abbreviated form in Fig.5a and 
Fig.5b. At the point when the limiting 
transistor Tr2 begins to conduct and cut 
off the drive current, the voltage across 
its emitter/base junction will be 0.65V. 
Fig.5c shows the knee condition with an 
output voltage of 15V and a current of 
1.5A. The current sensing resistor of 2.2 
ohms is larger in value than that needed 
for a simple limiting system. Under just-
limiting conditions the output from the 
pass transistor Trl is 18.36V, the actual 
current limit is 1.53A and this voltage is 
split between the two resistors down to 
earth. The values are chosen to give 
15.65V at the base of the current limiting 
transistor, and the values calculated are 
390 ohms and 2.2k ohms. Under the 
knee condition the power transistor 
dissipates 23W. 
Now  look  at the  short circuit 

condition. In this case the output is at 
zero and the junction of the 390R and 
2k2 resistors is at 0.65V. This leads to 
transistor Trl output of 0.77V and a 
limited current of 350mA.The transistor 
power dissipation is about 10W; a 
considerable  saving over a power 
dissipation of 53W for a non-feedback 
system. 

NEGATIVE REGULATOR 

Having now established the regulated 
+15V supply our next consideration is 
to establish the —15V supply. If we 
choose a system where we measure the 
—15V against our established +15V then 
any fall in the +15Vrail will be reflected 
in the negative supply. Returning to 
Fig.2, the inputs to IC2 give us a suitable 
control voltage. One input is tied to 
earth via R14, which provides imped-
ance matching, as did R1 for IC1. R7, 
VR2 and R15 control the other input. 
If the two supplies are exactly 15V then 
the input voltage at IC2 Pin 3 will be 
exactly zero. VR2 is included to offset 
tolerance errors in R7 and R15. The 

KNEE 
LIMIT 

SHORT CIRCUIT 
LIMIT  OUTPUT I 

(b) 

supply for IC2 is derived from the input 
supply prior to the fuse FS1. Diodes D1, 
D2 protect the inputs of IC2 from over 
voltages, D3 protects Tr4 from positive 
voltages on its base, and D4 and D5 form 

COMPONENTS 

RESISTORS 
R1  1k8 
R2,12  > 2R2 watt wire wound 

(2 off) 
R3,11  309R (2 off) 
R4,8,10,  2k2 (5 off) 
14,16 
R5  3k3 
R6  3k0 
R7,9,15  4k7(3 off) 
R13  47R 
R17  10k 
R18  lOR 
R19,R20  2k2 (2 off) 
All resistors 1/4W 5% unless stated 

CAPACITORS 
C1,C2  4700µF63Velectrolytic 

can type (2 off) 
C3  470pF ceramic 
C4,C5  100µ16Velectrolytic 

(2 off) 

SEMICONDUCTORS 
'Cl 
IC2 
IC3 
Trl 
Tr2 
Tr3,Tr4 

D1,D2,D3 
D4,D5 
D6,D7 
REC1 

tz.A723C 
p,A741C (see text) 
4N25 opto-isolator 
TIP 121 
TIP 126 
BC557 or any 50V 
equivalent (2 off) 
1N4148 (3 off) 
12V400mWzener (2 off) 
LED (2 off) 
100V2A bridge rectifier 

POTENTIOMETERS 
VR1  1k 20 turn preset 
VR2  10 20 turn preset 

MISCELLANEOUS 
Transformer 80W 22V, PCB DPDT 
mains switch, case, 3 output sockets, 
2 PCB mounting fuse holders and 2 
amp fuses, panel mounting fuse 
holder and 1 amp fuse, 2 grommets, 
heatsink to suit, fixings and stand offs 
as required. 

15V  0-77V  2.211 

1-56A 

OV SHORT 350mA 

a zener stabilised supply for IC2. 
The rest of the —15V stabilising circuit 

is very simple. R9 tries to turn on the 
pass transistor Tr2 whilst Tr4 under the 
control to IC2 tries to turn it off. 
Equilibrium is achieved when both 
supply outputs are balanced and with 
the two inputs to IC2 equally at zero 
volts. 
IC2 can be practically any op-amp 

from an ordinary 741 to the latest JFET 
and MOSFET types providing that the 
pin configuration is compatible. 741Cs, 
LF351s and CA3140s have all been tried 
with identical results. 

NEGATIVE CURRENT LIMITING 
The current limiting for the negative 
supply is interesting in that it turns off 
the  positive  supply  voltage  and 
obviously the negative supply follows it. 
Like the positive supply, current limiting 
is of the foldback type. Any current 
sufficient to turn on Tr3 illuminates the 
LED in IC3. This is an opto-coupler in 
which the transistor is connected to IC1. 
By shorting pin 9 of IC1 to earth the 
output voltage can be reduced to zero. 
Now, as the negative output follows the 
positive output, if the voltage of the 
positive supply falls due to current 
limiting in the negative supply rail we 
obtain true current limiting in the 
negative rail, and additionally a fall in 
both supply rails if either rail is subjected 
to current limiting. 

CONSTRUCTION 
Construction is extremely simple as 

most of the circuitry is built on a single 
sided PCB (Fig.6). The two power 
transistors are mounted on a heat sink 
which is fitted to the back of the case. 
The power resistors need to be mounted 
on the PCB allowing a substantial gap 
between the bottom of the resistor and 
the top of the board as the heat from 
these could seriously damage the board. 
The transformer, bridge and reservoir 
capacitors are fitted directly to the case 
and hard wired with positive, negative 
and ground/earth wires passing to the 
PCB. The ground is connected directly 
to mains earth, and standard mains 
wiring safety rules must be observed. 
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Fig.6. Printed circuit board layout and connection details 

From the PCB the output goes to the 
front panel. Output line monitoring is 
by means of LEDs across each output. 
To align the system only two pots need 

to be set. VR1 is adjusted until the 
positive output is +15V with respect to 
ground, and following this VR2 is 
adjusted to set the negative output to 
—15V. As the negative supply follows the 
positive and any error in the positive 
supply will be reflected in the negative 
supply, VR1 must be set before VR2. 
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REGULAR FEATURE 

ERHAPS the most depressing news 
this month is that, of all accounts, 

there is now a serious proposal to sell 
off Herstmonceux Castle as time sharing 
flats. There now seems little doubt that 
the Royal Greenwhich Observatory will 
move to Cambridge — though Cambridge 
does not want it, and Sussex does not 
want to lose it. The thought-processes of 
bureaucrats do indeed defy all reason. 
On the credit side, the William Herschel 
Reflector at La Palma is performing 
well, and will be in full operation shortly; 
so too is another British venture, the 
James Clerk Maxwell Telescope on 
Mauna Kea in Hawaii, which is designed 
to study microwave radiations from 
space. 
The supernova in the Large Cloud of 

Magellan has faded markedly, and the 
main outburst is definitely over. (In fact, 
it was over 155,000 years ago, though 
we have only just observed it!). There is 
now no doubt that the blue supergiant 
really was the progenitor star, and this 
means that some of our cherished 

OUR REGULAR LOOK AT ASTRONOMY 

SPACEINIATCH 
BY DR PATRICK MOORE OBE 

The Royal Greenwich Observatory loses Herstmonceux to time share 
flats. But it is too early to start planning a holiday on another 
solar system. 

theories about the later stages of stellar 
evolution may have to be modified. 
There is, of course, a strong possibility 
that the star had already passed through 
a red giant stage. Whether it will produce 
a pulsar remains to be seen; within a few 
months we should know. 
Spectroscopic studies of the amounts 

of  two  elements,  thorium  and 
neodymium, in various stars have led 
Professor H. Butcher, of the Kapteyn 
Astronomical Institute in Holland, to 
suggest that the age of the universe (in 
its present form) is less than has been 
believed; he gives an upper limit of 
10,000 million years. However, evidence 
indicates that some objects known to us 
are further away than 10,000 million 
light-years, so that there is a major 
discrepancy; we must await the results 
of further research. 
Sadly, we must record the deaths of 

two  distinguished  astronomers. 
Professor  Bengt  Stromgren,  of 
Denmark, has died in Copenhagen at 
the age of 79. He spent much of his 

career in America, and was for some 
years  Director  of  the  Yerkes 
Observatory, near Chicago; he made 
major contributions to stellar and 
interstellar research. On 17 July Dr. 
David Brown died at the early age of 
59. Dr. Brown was renowned for his skill 
in optical working, and was the leader 
of the team at Grubb Parsons which was 
responsible for a whole succession of 
telescopes,  including  the  165-inch 
William Herschel mirror which has now 
been brought into use at La Palma. His 
early death is a sad loss to astronomy as 
well as to his many friends all over the 
world. 

EXTRA-SOLAR PLANETS? 

The search for planets of other stars 
is one of the most fascinating branches 
of research in modern astronomy. There 
seems little doubt that they exist — but 
providing positive proof is quite another 
matter. No telescope yet built is capable 
of showing even a large planet attending 
a relatively nearby star. However, P. van 

The Sky This Month 
BOTH the giant planets, Jupiter and Saturn, are on view this month. Saturn lies in Ophiuchus, the Serpent-
Bearer — which is not officially recognized as a Zodiacal 
constellation, but which does intrude into the Zodiac 
between Scorpius and Sagittarius. Saturn is half a 
magnitude fainter than it was at opposition in June, but 
it is still easy to recognise, and even in a small telescope 
it is a superb sight, because the ring-system is wide open. 
Look also for the main satellite, Titan, which is one of 
the most fascinating worlds in the Solar System; it has a 
dense atmosphere, made up largely of nitrogen, and we 
can only speculate as to the conditions below Titan's 
clouds. There may be a methane or ethane ocean! 
Jupiter,  in Pisces (the Fishes) is approaching 

opposition, and is a brilliant object for the greater part 
of the night; its magnitude is —2.8 — fully a magnitude 
brigher than Sirius, the most brilliant of stars. A modest 
telescope will show Jupiter's cloud belts, and also its four 
main satellites, the Galileans. This is also a good time 
to see whether any of the galilean satellites can be 
glimpsed with binoculars. Three of them (lo, Ganymede 
and Callisto) are larger than our Moon, and the other 
(Europa) not much smaller. The Voyager probes have 

shown that they are not like each other; Ganymede and 
Callisto are icy and cratered, Europa icy and smooth, 
and Jo red and volcanic. However, from Earth, they 
appear only as tiny disks. 
Of the other planets, Mercury is theoretically an 

evening object, but is so far south of the celestial equator 
that it is not likely to be a naked-eye object from Britain. 
Venus and Mars are on the far side of the Sun, and to 
all intents and purposes are out of view altogether. 
The Moon is full on 7 September, and new on the 

23rd. On the 23rd there will be an annular eclipse of the 
Sun — when the lining up is more or less exact, but the 
Moon appears smaller than the Sun in the sky, so that a 
ring of sunlight is left showing round the dark lunar disk. 
Unfortunately the eclipse will not be seen from Europe; 
you will have to go to Asia or Australasia — and it must 
be admitted that an annular eclipse if far less spectacular 
than a total eclipse, since the corona and prominences 
do not appear. 
There are no important meteor showers this month, 

and no naked-eye comets are expected — though, of 
course, one never knows! 
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SPACE WATCH 

Number. 3 

de Kamp and his colleagues at the 
Sproule Observatory in the United 
States have claimed that they have 
detected planets by astrometric methods --' 
— the perturbations caused in the proper 
motions of some stars, notably Barnard's 
Star, which is a faint red dwarf only 6 
light-years from us, and therefore the 
nearest star to the Solar Systems apart 
from those of the Alpha Centauri group. 
Also, the IRAS satellite detected infra-
red material associated with several 
stars, including Vega, Fomalhaut and 
Beta  Pictoris,  which  could  be 
interpreted as planet-forming. But van 
de Kamp's results have been challenged, 
and we have no proof at all that the 
infra-red excesses of Vega and the other 
IRAS targets indicate the presence of 
actual planets. 
Now, three Canadian astronomers — 

Bruce Campbell of the Dominion 
Astrophysical Observatory in British 
Columbia, and Gordon Walker and 

Stephenson Yang of the University in 
Vancouver — claim that they have found 
indications of planetary companions to 
'seven stars, most notably Epsilon 
Eridani and Gamma Cephei. What they 
have done is to measure the velocities 
at which these stars are approaching us, 
and to detect variations in these 
velocities which may be interpreted as 
due to perturbations by planetary 
companions. Epsilon Eridani has long 
been one of our favourite targets; along 
with Tau Ceti it is the nearest star which 
is reasonably like our Sun, and is single 
— though it is somewhat smaller and 
cooler, with a spectrum of type K. It was 
one of the targets for the famous project 
Ozma of more than a quarter of a 
century ago, when radio astronomers at 
Green Bank, Western Virginia, set out 
to see whether any rhythmical signals 
could be picked up from the system, 
though, not surprisingly, the results were 
negative. 

Gamma Cephei, or Alrai, is different; 
its distance is given as 52 light years, and 
it is about 9 times more luminous than 
the Sun. All the same, it is not an 
unreasonable candidate as a centre for 
a planetary system. 
How reliable are these results — and 

what do they really mean? If they do in 
fact indicate the presence of planets, 
then these planets must be much larger 
and more massive than the Earth, and 
probably more massive than Jupiter. It 
is fair to say that while the results are 
interesting, they are far from conclusive, 
and it would be most unwise to make 
any grandiose claims. We will — we hope 
— learn more with the launching of the 
Hubble Telescope, the 94-inch reflector 
which is scheduled to be put into a path 
round the Earth above the top of our 
inconvenient atmosphere; but just when 
this will happen must depend upon how 
quickly the American space programme 
can recover from the Challenger disaster. 

1E1 

Astronomy Now 
In this issue: 
THE WILLIAM HERSCHEL 
TELESCOPE by Prof. Alec Boksenberg 
and Dr. Paul Murdin 

THE VOLCANOES OF MARS 
by Dr. Peter Cattermole 

LUNAR SPEC'TROGRAPHY AT 
HERSTMONCEUX by Gerald North 

NOCTILUCENT CLOUDS 
by Neil Bone 

September/October 1987 

plus a host of regular features 
including: 

The Night Sky this Quarter 
Comet News 
Society News 
Book Reviews 

Newcomer's Guide this issue 
covers "The Moving Moon" 

News Notes will feature extensive 
coverage of the Supernova in the 
Large Cloud of Magellan, illustrated 
by the latest photographs. 

NO W ON SALE at all good newsagents — Price £1.25 
ISSUE NUMBER 3 ON SALE SEPTEMBER 15th 

COLLECTOR OMITTER BASE 

Electronic technology abounds on the 
London Underground, not least on 
ticket control methods. In particular, 
automatic ticket checking gates are now 
widely used at many station exits and 
entrances. It is no doubt expected that 
these will help cut down on ticket fraud 
and fare dodging. 
However, a dodgy interface link still 

remains, as I recently witnessed. At a 
station barely a full stop away from the 
Ed Office, ticket collectors are still used, 
but occasionally are absent. Some 
honest passengers coming out of the 
station then leave their used tickets, 
magnetic or otherwise, on the counter 
of the collector's desk. 
This honesty though, can lead to 

greater fraud. Coming out past the 
vacant counter the other morning, two 

people pushed passed me on their way 
in, grabbed a handful off the ticket pile, 
and disappeared down the escalator. 
Quite likely they and others do this 
whenever  possible,  enjoying  wide 
spread free travel. 
It seems that London Underground 

may have an emitter-collector junction 
problem — a semi-automated system that 
is far from foolproof, and all too user-
friendly.  Ed. 
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CONSTRUCTIONAL PROJECT 

SINGLE PORT EPROM 
PROGRAMMER 

BY MALCOLM HARVEY 

Fast flexible and useful — and possibly unique 

A versatile programmer, designed for the fast, low-power TMS 2532A EPROM and its compatibles. The 
PET Basic is readily adaptable for computers with similar data ports. 

OF the various computers to which I 
have access, I confess to a 

particular liking for a machine that is 
now over seven years old — the 
Commodore 3032. It has proved itself 
to be a good hardworking computer and, 
as a quick calculation, has probably 
processed in excess of 100 million million 
bytes. However, by current standards, 
its 32K memory is tiny and leaves little 
room for some operations, though it is 
remarkable  how  such  restrictions 
discipline programming techniques. 
So, this Christmas, feeling too overfed 

to be energetic, I decided that it was 
time that some of my resident code 
subroutines could probably be better 
placed by putting them into ROM, 
releasing 4K of RAM. (As I write this, 
I am conscious that some readers may 
well have machines with 512K, and be 
much amused at the thought of only 4K 
extra.) These routines include such 
essential operations as Sort, Search, 
DOS, Repeat Key and Date Validity — 
these ought to be standard facilities on 
all micros, especially Sort which in 
machine code can save hours. 

OFF THE MENU 
Anyway, having decided to move 4K 

from RAM to ROM, I started looking 
through  back  issues  of  various 
electronics magazines for a simple 
EPROM programmer. Whilst I do not 
claim to have looked through all, I was 
surprised to find that none really offered 
what I wanted. Some were highly 
sophisticted units allowing programming 
of every conceivable EPROM type, 
shape and size; others were already built 
in to dedicated systems; some were seen 
in which multiple ports were required to 
send address data, byte data, and 
handshake  signals  direct  from  a 
computer; and still more that would do 
the job for me if I didn't mind entering 
4K of data by hand as separate bits 
(imagine having entered 4K x 8 bits, only 
to make a mistake on the last one and 
having to erase and start again). 

It eventually became apparent that 
what I wanted, a computer controlled 
programmer using a single 8-bit parallel 
port, had probably not been published. 
(Possibly I shall now be inundated with 
letters telling me which magazines I 
overlooked). Consequently, it seemed 
that if I wanted this particular method, 
then probably other people did too, and 
so on the Sixth Day of Christmas I 
avoided the final shreds of the turkey, 
and did a bit of track laying. The 
resulting  PCB  is  herewith  now 
presented! 

BASIC ESSENTIALS 

Before setting to the PCB itself 
though, it is preferable to discuss the 
basic necessities a bit. The circuit has 
been designed to program a 4096 byte 
EPROM, specifically the TM52532A, 
though it is suitable for other EPROMS, 
as will be discussed later. EPROM, is 
short of course, for Erasable Program-
mable Read-Only Memory. The erasing 
can only be done by exposing the device 
to ultraviolet light, but the programming 
is done  electronically.  The  basic 

requirements are that the byte of data 
to be programmed is presented on one 
set of pins, and the address at which it 
is to be stored is presented at another 
set. Then a programming pulse is sent 
to another pin, and causes the data to 
be stored at the address specified. 
The data byte is 8 bits wide, and since 

the total number of addresses available 
is 4096, the address port is 12 bits wide 
(212 = 4096). Including control of the 
programming pulse, 21 pins have to be 
under simultaneous control. In order to 
control 21 lines from a computer output 
port having only 8 data bits and two 
handshake lines, there are two options 
open. One is to send three separate 
blocks of data, storing them as a 
registered set, and then sending the 
programming pulse. The other, and that 
used here, is to translate the parallel data 
into serial form, to use a clocked counter 
to control storage addresses, and then 
send the programming pulse. This may 
appear to require only 3 lines to control 
the full cycle, but in practise, the circuit 
actually uses all 8 data lines, plus a 
handshake line. 
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EPROM PROGRAMMER 

The sequence of control line levels can 
be read in the accompanying Basic 
section of the program listing. In essence 
though, the sequence is as follows. First 
reset the counter. Send eight separate 
data bits to a serial to parallel converter, 
clocking each bit through the converter 
as it arrives. After the eighth bit, open 
the converter so that the stored parallel 
byte is presented to the EPROM. Then 
send the high level programming pulse, 
close the converter, and send a clocking 
pulse to the counter, stepping it on by 
one place. 
An additional read back facility has 

been  provided  that  converts  the 
EPROM output into a serial form for 
feeding back to the computer on another 
line. This needs the 8-bit byte to be 
clocked through using a register storage 
pulse, and a series of eight stepping 
pulses. Thus nine control lines are 
needed. Here the serial to parallel 
converter is triggered by a handshake 
line, and the eight data lines carry the 
remaining signals. 

EPROM TMS2532A 

In order for the EPROM to store the 
data in a permanent form (until erased 
by UV light), a programming pulse well 
in excess of the 5V normal power line 
level has to be applied to the relevant 
pin. Known as the Vpp level, this can 
vary between EPROMS in terms of the 
pin to which it is applied, and the 
minimum voltage level that will allow 
storage. Usually EPROMs require the 
Vpp level to be at 25V, and for the pulse 
to last for at least 50 milliseconds. The 
TMS2532A has been designed to operate 
at a lower Vpp of 21V, which, though 
still not within the control of many semi-
conductor switches, can be readily 
controlled by an opto-isolator device. 
The TMS2532A also needs a minimum 

pulse duration of only 10 milliseconds 
and this improvement has the obvious 
advantage of speeding up the total 
programming time, cutting it from 
several minutes, to around 45 seconds. 
It is also interesting to note from the 
manufacturer's data sheet,  that if 
simultaneous  programming  and 
monitoring is performed, the controlling 
software or hardware program can 
determine the precise moment at which 
the EPROM accepts the required data, 
so potentially allowing Vpp pulse widths 
to be automatically tailored to absolute 
minimum durations. However, this unit 
and its controlling program have been 
designed  for  most  post-program 
checking, and so uses a consistent Vpp 
duration. This though can be varied from 
the computer prior to programming so 
that any pulse length can be set. 
Consequently the unit is equally suited 
to normal EPROMs requiring the longer 
50 millisecond pulses. Incidentally, the 
TMS2532A will also readily accept the 
longer pulse. 

FULL DESCRIPTION 

Let's run through the precise functions 
and operations. IC2 is a divide by 4096 
counter, having 12 output lines that 
together determine the EPROM address 
at which the required program data is to 
be stored. It is initially reset to zero by 
a high going level from computer line 
DA2. Then, during the programming 
sequence, the address is clocked up by 
one place each time line DA6 transitions 
from high to low. It is not possible to 
select random EPROM addresses, and 
they will occur in strict numerical 
sequence from 0 to 4095. It is however 
possible for, the computer program to 
step the counter through to a later 
address than zero before actually 
sending  data  to  the  EPROM, 
consequently sectional programming is 
possible, with the obvious advantage of 
allowing  a partially  programmed 
EPROM to have unused areas filled with 
fresh data. 

TMS2532A pin connections 

SERIAL TO PARALLEL 

IC1 is a tri-state serial to parallel 
converter. This means that its output can 
be held in a high impedance state until 
the chip is instructed to pass its stored 
data to them. The data is fed bit by bit 
along line DAO, and as each bit is sent, 
a clock pulse from the line ATN causes 
it to be stored in internal registers. On 
receipt of each positive going clock 
pulse, each of the eight internal registers 
passes its data to the next register in 
series. After eight clock pulses, the 
relevant levels of an 8-bit data byte are 
held in their separate registers. Since the 
outputs are in a high impedance state 
they have no affect upon the EPROM 
until they are enabled by data line DA1 
going high. 

VPP CONTROL 

Once the register outputs are open, 
the computer line DA5 is sent high, so 

causing TR1 to conduct. Its collector is 
in series with the current limiting resistor 
R3 and a LED inside IC5. The LED 
turns on and illuminates an optically 
sensitive transistor also within IC5. In 
response,  the  internal  transistor 
conducts the high voltage level from the 
power supply through to the EPROM 
Vpp pin. After a preset duration, the 
computer takes DA5 down again, so 
removing the Vpp level from the 
EPROM. By the end of this pulse, the 
data byte from IC1 will have been stored 
by the EPROM at the address dictated 
by the counter IC2. In the absence of 
the high level Vpp, a lower level of 
around 5V must be maintained on the 
EPROM control pin. This comes from 
the  5V line  via  D2,  with  R5 
supplementing the normal control and 
acting as a leakage path following the 
end of the pulse. 

PARALLEL TO SERIAL 

Once the required number of data 
bytes has been programmed into the 
EPROM,  the  computer  program 
commences checking that they have 
been correctly stored. During this 
sequence the Vpp level is held low by 
line DA5 and the serial to parallel 
converter IC1 is held with its outputs in 
a high impedance state. Counter IC2 is 
reset to zero, and then stepped if 
necessary to the required starting 
address. The data stored at the set 
address is now available on the bi-
directional lines that have previously 
been receiving information from IC1. 
Since IC1 is closed, it has no affect on 
these levels. To these lines is connected 
the parallel to serial converter IC3. 
Upon receipt of a high going pulse along 
line DA4, the internal registers of IC3 
accept the data byte, and store it when 
DA4 goes low again. 
Each time a positive going clock pulse 

from DA3 is received, the internal 
registers pass their data along in series 
from one to the next. The output of the 
eighth register is available at pin 3 via 
DA7, and at each step DA7 is read by 
the computer and the data temporarily 
stored in memory. At the end of eight 
steps,  the  memorised  answer  is 
compared with the number held in the 
memory area from which the data 
originated. If the match is successful, 
IC2 is stepped on by one place, and the 
sequence repeated. In the unlikely event 
of a mismatch, which would indicate 
incorrect operation of the EPROM 
programming, the computer aborts its 
routine and signals its dissatisfaction on 
the screen. If all EPROM and Memory 
data bytes match, the programming has 
been satisfactorily completed. 
Since this checking sequence can be 

stepped through rapidly, the rate is 
limited only by the speed at which the 
computer can process the controlling. 
With the machine code program listed, 
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and a computer clock speed of 1MHz, 
it takes less than 2 seconds, compared 
with around 45 seconds for the storage 
operation, as discussed above. 

POWER SUPPLY 

The unit can be supplied either from 
the optional mains to d.c. converter 
shown, consisting of Ti and the bridge 
rectifier, or it can be supplied by an 
existing d.c. unit. In either case, the d.c. 
level, which should be at least 2V above 
the final output voltage required, passed 
through IC6 and is partially fed back to 
it via IC8. VR1 controls the feedback 
and thus the output voltage, and should 
be set for the Vpp level required by the 
EPROM type used. A monitoring pin is 
incuded on the PCB to enable a 
voltmeter to be connected. VR1 offers 
a good margin of control and should be 
set as close as possible to the specified 
level, within less than half a volt either 
side. 
IC7 regulates the Vpp line down to 

the 5V level required by the rest of the 
circuit. Since even in its quiescent state 
the EPROM may well draw at least 
50mA, IC7 will probably set rather 
warm, but still remain within its thermal 
and current limitations, even if the 
circuit remains switched on for longer 
than the required programming and 
checking time. If you do think about 
connecting a heat sink to it (I have felt 
no need to), it can be bolted to the side 
of any metal case used. In no way should 
IC6 be bolted to the case, or connected 
to ground, or to IC7. 

If the optional mains supply is used, 
the transformer secondary winding 
should be selected to suit the final 
current and voltage required. The 
rectified d.c.  voltage for a given 
secondary will be approximately 1.41 
times the nominal a.c. voltage. Due to 
load and tolerance factors, a high level 
may usually be experienced, conse-
quently an 18V secondary with a current 
rating of about 100mA will probably be 
satisfactory. If an 18V transformer is not 
available a 0-9V 0-9V one could be used 
connecting the windings as shown in 
Fig.4, or a 9V-0-9V could be used, 
ignoring the central tapping. 
Note that the power supply must not 

be switched on with an EPROM in the 
socket until the computer program tells 
you to. Failure to observe this could 
cause spontaneous programming of 
random EPROM addresses. 

PRINTED CIRCUIT BOARD 
Provision has been made on the PCB 

for the rectifier and Cl to be included 
if the mains PSU is used. In this instance 
it is imperative that the transformer and 
all mains connections are kept in an 
enclosed box, and that the PCB should 
not be in the same box, unless you make 
absolutely sure that when inserting 
EPROMS, there is no chance of 

6-4* -41, 

CA 4.4/P ---.10 

014 

Fig.3. PCB details of the Eprom Programmer 
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touching mains connections. 
Wire links on the PCB can be made 

from single strands of connecting wire. 
The computer lead socket may be 
mounted directly to the PCB, cutting out 
a suitably shaped slot in the area 
provided. In my unit, a standard 24-way 
IDC socket was used. DIL sockets 
should be used for all ICs, and if a lot 
of EPROMs are to be programmed, it 
is suggested that the EPROM socket 
should be one of the Zero Insertion 
Force type (ZIF socket). These have a 
lever at one end that opens up the socket 
holes allowing easy insertion of the 
EPROM. However, since they are 
expensive, I suggest that an ordinary 24-
pin DIL socket is soldered into the PCB, 
and then the ZIF socket can be inserted 
into that, allowing it to be removed if 
required  for  another  circuit,  so 
minimising overall expense. 

COMPUTER PROGRAM 

The program has been written in PET 
Basic, but information is included in the 

program listing enabling it to be used 
with the Commodore C64 or the BBC. 
Data port connections for all three 
computers are shown in Fig. 4. Those of 
you who are knowledgeable in machine 
code will see that by substituting 
different control locations into the Basic 
assembler that is an integral part of the 
program, it can readily be translated for 
use with other machines having similar 
data port facilities. Also, the pulse 
length required for different types of 
EPROM can be set from the program. 
At the end of the listing, the primary 

control routines of the program are given 
in Basic, and this section can be used 
for making initial checks on the unit 
following assembly. It is recommended 
that this checking facility is used prior 
to putting the unit into active service. 
Once operation from Basic is known to 
be satisfactory, then make use of the 
machine code routines. Note though 
that when checking it is best to only 
program a few bits at a time, into 
consecutive sequences, to minimise 
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100 
110 
120 
130 
140 
150 
150 
'170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
350 
370 
320 
350 
400 
410 
420 
430 
440 
450 
450 
470 
480 
490 
500 
510 
520 
530 
540 
550 
550 
570 
580 
590 
100 
510 
520 
530 
640 
550 
650 
670 
COO 
590 
700 
710 
720 
7S0 
740 
750 
760 
77(1 
780 
790 
800 
310 
320 
SSO 
340 
350 
360 
370 
880 
390 
900 
310 
320 
930 
340 
350 
980 
970 
3S0 
390 
1300 REM 'BASIC' FOR READING BACK 
1010 OGSUB1040:FOR A=0 TO Y P0KEOUT.15:POKEOUT,0:B=0:FOR F=7 TO 0 STEP-I 
1020 C=PEEK(IN) AND 128:C=ABS(C7O):D=2tF:B=B OR (DSC) ,POKEOUT.S:POKEOUT.0:NEXT 
10S0 PRINTA:B:POKEOUT,54:POKEOUT.0:NEXT:G01.0350 
1040 POKEOUT.4-POKEOUT,0'REM RESET 
1050 IF XCDO THEN FOR a=1 TO X:POKEOUT.54 POKEOUT.0'NEXT:REM STEP FORWARD 
1360 RETURN 
1070 REM NOTE TO PET USERS 
1380 REM 'POKE53,94-POKE52.0:SY=24576'  :THESE FIGURES RELATE TO PET MEMORY TOP 
1390 REM ALTERNATIVE NUMBERS SHOULD BE ENTERED IF MACHINE IS NOT 32K OR IF 
1100 REM OTHER MACHINE CODE ROUTINES APE ALREADY LOADED. THE NEW NUMBERS ARE 
1110 PEM FOUND BY RUNNING THIS SHORT ROUTINE 
1120 A=PEEK(53)-2.POKE53.A:POKE52.0:3Y=A#255:PRINTA.SY 
11:0 REM C64 & BBC USERS NEED NOT WORRY FOR MACHINE CODE IS STORED IN AREAS 
1140 REM RESERVED SPECIALLY FOR USERS OWN CODE - THE PET HAS NO SUCH FACILITY. 
READY. 

PRINT" MPROM FROG 277 E249 14FEB67":PRINT: U$="1 -PET":REM 2-654 3-BBC 
PRINT:PRINT"SETTING UP" .00SUB440:REM MAKE CX1 = MACHINE IDENTITY AS ABOVE 
PRINT"n":PRINT:PRINT"+*SWITCH OFF POWER WrPRINT:PRINT"1 PROGRAM EPROM" 
PRINT:PRINT"2 VIEW EFROM":PRINT:FRI.HT"3 CHECK PROGRAM" -PRINT 
PRINT"4 ERAZURE CHECK" PRINT PRINT'S PROGRAM EPROM FROM EASIC":PRINT 
PRINT'S CHECK EPROM FROM BASIC-
PRINT:INPUT"WHICH";ZI•:=VAL( D.):IF:::10R:DETHEN160 
PRINT"n":PRINT PRINT PRINT"SWITCH ON POWER - THEN PRESS ANY KEY" PRINT 
GET2$ IF2$=""THEN180 
01426070200,280,250,340 ,920 ,920 
INPUT"EPROM PULSE LENGTH (10 OR 50)";PU-IFPU=10THENPU=0:6010220 
PU=40 
IFS .4.="S-LBC"THENPU=PU*2 
POKEPL.PU'REM THESE TIMING FACTORS MAY NEED CHANGING - SEE PUBLISHED TEXT 
GOSUB390:PRINT:FRINT"PROGRAMMING":SY5(5Y+54>:PRINT :PRINT"END PROGRAMMING" 
PRINT .FRINT"CWECK EPROM FROG":POKEOUT.4:POKEOUT.0:GOSUB410:SYS(SY+137) 
FI=FEEK(ZZ+1)#255+FEEK(.72)•IFA=OTHENPRINT:PRINT"OK END CHECKING":0070360 
PRINT:PRINT"*.* ERROR FROM MEMORY LOCATION "A:60T0350 
PRINT ,PRINT"VIEW EPROM":POKEOUT.4 POKEOUT ,0 
FORJ=0704095:SYS(SY):PRINTJ:PEEK(.72+1):GETZT :IFZS=""THEN300  
PRINT:PFiNT"HOLDING - CM] MENU  (BAR] CGNTINUE" 
GET.74:1FZ W"THEN310 
IFZ WM"THENI20 
NEXT:PF UT:PRINT"FINISHED":00T0360 
PRINT:PRIHT"CHECK EPROM ERA3URE":SYS(SY+185) A=PEEK(72+1).255+PEEK(7.) 
PRINT:FRINTA" BUTS CLEARED" 
PRINT PRINT"ANY KEY FOR MENU" 
GETZ4:IF21=""THEN370 
6010120 
POKEOUT,4:POKEOUT.0:PRINT ,INPUT"EPROM START ADDRESS";ES 
PRINT INPUT"MEMORY START";MS TRINT INPUT"MEMORY END".;ME 
H=INT(ES/255) L=ES-(H+255):FGKEMM+4.L:POKEMM+5.H:IFES>OTHENSYS(SY+219) 
H=INT(MS/256):L=MS-(H*255).:POKEMM ,L:POKEMM+1 ,H 
H=INT(ME/255):L=ME-(H+255):POKEMM+2 ,LTOKEMM+3.H :RETURN 
ONVAL(CXS)0070450.400,510 
PEN PET 
POKE53.94:POKE52.0 SY=24576:REM SEE NOTE AT VERY END 
51=59459 IN=59457:0UT=59471:DN=2051-1P=237:AT=59458 17=0 MM=733 0010530  
REM (54 
DRT=55579:IN=55577:OUT=IN:DN=251:UP=199:AT=55575:72=251 :MM=49408 
SY=49152 0010530 
REM BBC 
DRT=,!TE62:1N=&FE50:OUT=IN:111=14:UP=205 .AT=.!:FE5 77:=112:MM=115:SY=3329 
POKEDRT.127:POKEOUT,O:A=SY-1:A W"-PL=PEEK(MM+15)+SY 
14="EPR0M277" -FORB=MM+7TOMM+14:F4=At+CHR VREEK(B)):NEXT:IFAS=BSTHENRETURN 
FORB=1T08:POKEMM+5+BAAS UMIDI US.B>):N UT 
READA$:A=A+1:IFA A"THENPOKEA,VALCAS):00T0550 
IFLEFT5(AS,1)="Z"THENL=VAL(MID “At,2)):POKER.2.7+B:GOT0560 
IFLEFTS(AS,1)="M"THEND=MM+VAL(MIDt(AS.2)):001.0690 
IFA5= "CIUT"THENB=OUT:0010690 
IFAS="IN"THENB=IN 0010590 
IFA WATN"THENB=AT:GOT0590 
IFA4="JSR"TNENB=SY:0010590 
IFA$="UP"THENPOKEA,UP GOT0550 
IFFIT="DN"THENPOKEA,DN:GOT0550 
IFAt="Ft6"THENPOKEA.8:PL=A:POKEMM+15.A-SY:0010550 
IFA WEND"THENRETURN 
PRINT"PROBLEM = ";A$:STOP:REM IF ERROR CHANGE BS ABOVE TO DIFFERENT NAME 
REM OTHERWISE NEXT RUNNING WILL BYPASS MEMORY LOADING STAGE 
M=INT(B 255):L=B-(M*255):POKEA,L ,A=A+1:POKEA.M:60T0550 
DATAI6o,0,132,21,169.16,141,ouT,I4o.ouT,162 ,128 ,160.8.173.im.41 ,128 ,240 
DATA5,130.5,:i.139,Z1,138.24.106.170 ,169 ,8,141,0UT ,169. 0.1 41,0UT ,136, 208 
DATA227,169.84,141,OUT.140,0UT,96.162,4,202.1S9 ,M0.149 ,20,224,0,208,246  
DATA232.180.0,138,49-70,240.1.200 ,140.0UT.163.UP.141 ,ATN.1 69,DN,141, ATN 
DATA130,10,170,203.230.169,34.141 ,UUT ,162 ,PLS ,200.203.253. 202 .203,250 .140  
DATAOUT,169,64,14I,OUT.140.0UT,230.Z0,208.2.230 ,Z1 ,165 ,21 ,197, Z3,144,193  
DATA165,20,197,Z2,144.137.36.0.173 ,M0.133.22.173.M1 ,133,Z3.32 ,JSR ,160 .0 
DATA177-72,197.21,203,52.230-72.208.2.230-73 ,165.23.205.M3 ,144,232 .165, Z2 
DATA205,M2,144,225.169,0,133-70.133.Z1.96 ,160 ,0.132 ,22. 02, Z3,32, JSR. 165  
bATFL71,201,255.208.10.230,22.208,243 ,230.23.201 ,16.208 ,237 ,165 .Z2;133 .20  
DATA165,23,133.7:1,96,162.0,134,70 ,134-71.169.674.141 ,OUT.1 42,OUT ,230,2 :0 
DATA208.2.230,Z1.164.21.204.M5.144,237.164..70,204.M4.144.230,98,0 .0.END 

REM BBC GUIDE LINES 
.:EM THE BBC USES '?' IN FLACE OF 'PEEK' 
REM fECOMES "A=UP'. FOR 'PEEK' THE '?' 
REM THUS 'PEEK(Z2+1)' BECOMES '?(22+1). 
REM BECOMES 'CALL(SY)'. 'GET S' BECOMES 
REM NORMAL BBC PEOUIREMENTS FOR A SPACE 
REM OBSERVED. SYMBOL "n" BECOMES 'CLS' 

REM 'BASIC' EOUIV TO PROGRAM EPROM FROM 
ItiPUT"EPROM START RDDREss" 
INPUT"MAX PROGRAM LENGTH (LESS THAN 255)";Y:IF:=5THEN1010 
INPUT"EPROM PULSE LENGTH (10 OR 50)".PU'IFPU OI0THENPU=50 
IFCX$=")-BBC"THENPU=PU+2 
FEN THESE TIMING FACTORS MAY NEED CHANGING - SEE PUBLISHED TEXT 
00SUB1040:FOR A=0 TO Y PRINT A,-FOR B=0 TO 7:K=0:E=2tB:IF A AND E THEN K=1 
POKEOUT,K FGKEAT,UP:POKEAT.DN:11EXT B:POKEOUT.34:FOR C=I TO PU:NEXT 
ROKEOUT.:1:POKEOUT,54:POKEOUT ,O.NEXT:PRINT GOT0360  

AND -.POKE', THUS 'POKEA,UP' 
CAN BE SUBSTITUTED DIRECTLY 
'SYS' BECOMES 'CALL - 'SO - 'SYS(SY)' 
'Z5=INKEY$(0)'. WHEN TYPING IN 
BETWEEN"SOME STATEMENTS MUST BE 

ADDRESS X TO X + Y WITH 0 TO Y 

COMPONENTS . . . 

RESISTORS 
R1  3k 
R2  lk 
R3  270 
R4,R5,R6 10k (3 off) 
All resistors 1/4w 5% carbon 

CAPACITORS 
Cl  47µ 25Velectrolytic 
C2,C3  100n polyester (2 off) 

POTENTIOMETER 
VR1  250k skeleton 

SEMICONDUCTORS 
D1  LED 
D2  1N4148 
TR1  BC549 
Id  1 74HCT4094 
IC2  4040 
IC3  4021 
IC4  EPROM (see test) 
IC5  307-979 (opto-isolator) 
IC6  7815 
IC7  7805 
IC8  741 

MISCELLANEOUS 
Pcb clips (4 off), PCB277A, 6-pin i.c. 
socket, 8-pin i.c. socket, 16-pin i.c. 
socket (3 off), 24-pin i.c. socket. 

OPTIONAL (see test) 
24-pin ZIF socket, 1A 50V bridge 
rectifier, transformer, IDC socket. 

The PCB and kit of parts is available 
from Phonosonics — see advert. 

kig.4. Transformer and switching wiring 

PCB Pin 1 — Computer OV (GND) 
PCB Pin 2 — OV (spare) 
PCB Pin 6— Raw DC+ input 
(see text) 
PCB Pin 7 —Vpp test point 
PCB Pin 8 — Raw DC OV input 
(see text) 
PCB Pins DA0 to DA7, and ATN 
goto computer socket 

PROGRAM LISTING FOR THE EPROM PROGRAMMER (See Text) 
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ADDITIONAL CONNECTIONS ON PCB 
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using up EPROM space. The EPROM 
will of course need erasing before using 
it fully. 

OTHER EPROMS 

You are not restricted to using just the 
TMS2532A, other types can be used as 
long as their pin configurations are the 
same, and that the Vpp level and pulse 
duration are set according to the relevant 
data sheet requirements. 

WELL PAST CHRISTMAS! 

Several weeks have passed since 
putting the unit into operation (but as I 
write this it's still snowing!), and during 
this time I have not only relocated 4K 
of subroutines, but processed several 
EPROMs for other purposes and 
friends. In retrospect I don't know why 
I never made use of an EPROM 
programmer  before,  they  are 
remarkably useful, as I am sure you will 
find should you decide to build this one 
— which I hope you will. El 

UNIT BBC 
GND  GND 

DA7  PB7  20 4 $  b  19 

DA6  P86  18 4  •  •  17 

DA5  P85  16 -4111—.  •  •  15 

DA4  P84  14 -4 —*  •  13 

DA3  P83  12 4  •  •  II 

DA2  P132  10  •  9 

DAI  P131  8 4  •  •  7 

DAD  PBO  6  •  •  5 

ATN  CB2  4 4  •  •  3 

CBI  2 -411--.  •  •  1 

kig.5. User port connections 

UNIT C64 PET 

FLAG 2  CAI  B 

DA°  PBO  PAD -NI — C 

DA1  PBi  PAI 

DA2  P82  PA2  E 

DA3  PB3  PA3 -4111 — F 

DA4  P84  PA 4 -4 — H 

DA5  PB5  PA5 

DAD  P86  PAD  K 

0A7  P87  PA7  L  10 

ATN  PA2  CB2  M 

GND  GND  GND -011 — N 

r 
' PE BAZAAR 
I A free readers' advertising service 
Please publish the following small ad. FREE in the 
next available issue. I am not a dealer in electronics or 
associated equipment. I have read the rules. 

Signature   Date   

Please read the RULES then write your advertisement 
here — one word to each box. Add your name, address 
and/or phone no. 

COUPON VALID FOR POSTING WITHIN ONE 
MONTH OF COVER DATE, (One month later for 
overseas readers.) 

SEND  TO:  PE  BAZAAR,  PRACTICAL 
ELECTRONICS, INTRA HOUSE, 193 UXBRIDGE 

I ROAD, LONDON, W12 9RA. 
YOU MAY SEND A PHOTOCOPY OFTHIS FORM 

L 
PE BAZAAR 

M I NMI M I  M I M N 

RULES Maximum of 16 words plus address and/or 
phone no. Private advertisers only (trade or business 
ads, can be placed in our classified columns). Items related 
to  electronics  only.  No  computer  software.  PE 
cannot accept responsibility for the accuracy of ads. or 
for any transaction arising between readers as a result of 
a free ad. We reserve the right to refuse advertisements. 
Each ad. must be posted within one month of cover date. 
Ads will not appear (or be returned) if these rules are 
broken. 

Name & Address: 

!MI  I M  I M  I = I M  E M 

PCBs and electronic components for 
sale. Send sae for list. J. Norman, 25 
Milton Road, Corby, Northants, NN17 
2NY. 
Wanted. Keyboard for ZX81 computer 
or 40 keyboard to modify for same about 
£5. N. Clifft, 119 Caple Cresent, Port 
Mead, Swansea, SA5 5HV. 
Constructor selling surplus equipment 
and components. Send sae for list. R. W. 
Hearn, 10 Speedwell Close, Pakefield, 
Lowestoft, Suffolk, NR33 7DU. 
Partridge Joystick variable frequency 
antenna plus Joymatch aerial tuning 
unit. Brand new £45. PG. Jones, 228 
Gordon Avenue, Camberley, Surrey, 
GUIS 2NT. 

Wanted  for  48K  Spectrum  Opus 
Discovery, or RAM electronics music, 
or Disciple, or anything educational. 
Cash. I. Comiskey, 33D North Great 
Clarence Street, Flats, Dublin 1, Eire. 
Pantec Banana multimeter brand new 
unwanted gift, less than half price £12.50 
incl p&p. K. Grant, 3 Sandymount 
Avenue, Bognor Regis, W. Sussex, P022 
9ET. Tel 0243 823176. 
Fishertechnik robotics kit, 2 motor kits, 
electromechanics set, 2 basic sets plus 
accessories £75. Buyer collects. R. 
Banks, 52 Teesdale Road, Dartford, 
Kent, DA2 6LD. 
Wanted. VIC-20 modules and add-ons, 
also cheap serial interface printer. T.D. 
Fisher,  H̀ighfield',  Branthwaite, 
Workington, Cumbria, CA14 4TE. 0900 
66028. 

NIM 

Circuits and service data required for 
Sony Stereo amp TA-242 and cassette 
deck TC-K22. L.R. Atkins, 5 Grosvenor 
Court, 30 Clifton Road, Rugby, CV21 
3QE 

30+30 Amplifier. PE design, superb 
quality, fully built and tested. Surplus to 
requirements. Offers? R. Asher, Tel 
Nottingham (0602) 253916. 

I am a MSX computer owner looking for 
penfriends to swap new ideas on 
computing and electronics. Syed Shahid 
Raza, 599-20 F 1̀3' Area, Guilistan-E-
Mustafa, Karachi 38, Pakistan. 

Powertran SP2-200 power amplifier kit 
line-up and circuit details wanted for 
repairs. R. Perks, c/o Soltel, PO Box 
148, Honiara, The Soloman Islands, 
South West Pacific. 
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REGULAR FEATURE 

READERS' 
LETTERS 
SATELLITE TV 
PROSPECT'S 

Dear PE 
In response to your Leading 

Edge article on the above subject 
in the June issue I feel that I must 
write to you and clarify certain 
points that your readers may find 
misleading. 
The first point to note is that 

Satellite TV is here to stay and 
Richard Hooper's statement that 
he does not expect a market 
before 1995 either tells me that 
he has not done his market 
research or he has not read the 
newspapers. If he is correct 
please explain why the French 
and Germans are launching two 
direct broadcast satellites later 
this year, why Astra is launching 
a medium power satellite mid 
1988 and why the British Satellite 
Broadcasting Consortium is 
spending nine hundred million 
pounds and launching its DBS 
satellites in December 1989. All 
of these satellites are specifically 
designed for dish owners — not 
cable systems. Rather than the 
direct satellite market not taking 
off before 1995, I suggest that as 
the hardware cost for individual 
dish owners is now down to 
twenty pounds per month (based 
of a five year payout) it is the 
cable companies that will start 
feeling the squeeze as most of 
them are already charging more 
than this for a basic connection. 
Secondly, while it is true that 

you can spend up to two 
thousand pound for a system, it 
is generally only the enthusiast 
that will do so.The family owner 
that wishes to watch satelliteTV 
needs to pay a maximum of 
seven hundred and fifty pounds 
for a remote control system 
(installation and VAT included!) 
upgradable to a multi-satellite 
system for an additional four 
hundred pounds. If he is paying 
more than this I suggest he looks 
around. 
Third, Andy Birchall's 

statement that Premiere has to 
scramble is correct and I for one 
welcome his statement. Most 
satellite dealers recognise that 
without adequate programming 
there is no need to sell the 
hardware and without licence 
fees there will be no 
programming. Your statement, 
however, that the cost of 
decoders will be prohibitive is 
wrong — initially they will cost 

just forty pounds! Premiere also 
plans to move over to the Astra 
Satellite and the idea behind this 
is surely to broadcast to domestic 
dish owners — to charge a 
"prohibitive" fee for a decoder is 
surely not on. 
Finally, as far as licence fees 

are concerned it is only fair and 
right that the consumer pays 
them — two pounds thirty-six 
pence per week for a dedicated 
arts channel, news channel, 
seven hours of sport a day, one 
hundred and fifty plus films per 
month and a monthly TV guide 
seems good value to me! Even if 
I do not wish to watch these 
channels there are still a number 
of free English language channels 
and many foreign ones for me to 
watch. 

Bert Bridgman 
Finance Director 

Dorset Dish Satellite TV Ltd 
Parkstone, Dorset 

PARALLEL BARS 

Dear Sir, 
I have particularly appreciated 

the four or five recent articles 
dealing with such digital 
principles as A.D.A. conversion, 
synthesised frequency 
generation, signal processing, 
with the accompanying 
constructional items.To many of 
us older readers these articles are 
invaluable in helping us to catch 
up and understand the current 
approaches. 
The August article by the Prof 

was very clear and informative. 
Towards the end he mentioned 
polyphonic pianos and I am 
hoping that in a future article he 
will reveal the way in which 
polyphonic frequency generation 
and wave shaping are 
accomplished for sixteen parallel 
channels. 
There must be many of us, 

spurred on in the past by PE, 
who have built analogue organs 
of many varieties, and who 
would welcome a constructional 
article to enable us to rebuild 
them using digital techniques. 
Without such aid, I for one 
would not have the courage to 
start. 
Keep up the good work. 
W.A. Sawyer, Beaconsfield. 

How about some digital 
polyphony Prof? Exercise on 
parallel bars should keep you 
well keyed up. 

Ed. 

ANONYMOUSLY ANXIOUS 
One reader, who does not 

want his letter published, has 
written in to query my editorial 
about writing for PE (June 87). 
Although it has given him food 

for thought, he feels that my 
reference to authors supplying 
PCB track masters, and using 
CAD systems, is tantamount to 
putting our projects beyond the 
reach of interested amateurs. He 
agrees that PE should be 
educational and up to date in the 
feature articles, but wants the 
constructional articles to be 
within the reach of ordinary 
mortals. He believes that there 
is nothing to be lost by repeating 
earlier ideas, perhaps with more 
modern components or 
techniques, for the benefit of the 
next generation of amateurs, but 
wants us to keep the difficulty 
and cost down. Additionally, he 
says that the quality conditions 
placed on the submission of 
drawings and texts almost 
prohibits amateur authors from 
submitting papers for 
publication. 

I welcome constructive 
criticism of PE as much as I 
appreciate praise from the many 
readers who think we are an 
excellent magazine. Only through 
a good variety of views can we 
know that we are offering people 
what they want. 
It is not clear though, why my 

comments on PCB track masters 
and CAD drawings should have 
been taken as inappropriate to 
amateurs. The intention of 
publishing projects with PCB 
layouts is to simplify their 
construction, enabling more 
readers to reap the benefits and 
pleasures of the projects. Since 
PCBs are available through the 
PE PCB Service and through 
some advertisers, the assembly 
will inherently be more 
straightforward than if readers 
have to design their own layout, 
even though that can be 
interesting in its own right. As far 
as the authors are concerned, the 
design of a PCB layout for 
publication is not difficult, and 
should be within the capabilities 
of anyone who has sufficient 
electronics knowledge to have a 
project design accepted for 
publication. The availablity of 
suitable drafting materials is no 
problem since there are new 
sources. 
The CAD reference was not a 

statement that authors should use 

CAD, rather, that those who 
already possess or have access to 
such systems should feel free to 
use them for their articles and 
projects. If an author can only 
supply drawings done by hand, 
his or her work will just as readily 
be considered for publication. All 
that I ask is that hand drawn 
diagrams should be neat enough 
for our art department to be able 
to read them and produce their 
own artwork. Script-wise though 
I must insist on typed texts or 
computer printouts for all but the 
shortest of contributions. Hand 
written scripts are notoriously 
prone to being illegible, and our 
typesetters prefer to attain 
accuracy at the first setting! 
I agree with him that there is a 

role for selectively repeating 
earlier ideas in an updated form. 
While we wish to offer 
information about new 
technology and its benefits, we 
are also conscious of meeting the 
needs of newcomers to 
electronics. Some ideas are useful 
and interesting irrespective of era, 
and can be re-presented every 
once in a while, but using current 
techniques to achieve the desired 
function. 
PE intends to maintain a 

balance between simplicity and 
complexity, hi-tech and everyday-
tech, and continue to encourage 
interest in a fascinating subject. It 
has many aspects and through 
our authors, both professional 
and amateur, we wish to show 
you a reasonable cross-section. 

Ed. 

TYPL SETLING ARRERS 

Dear Ed, 
Referring to the letter from J. 

Duffill (Aug 87), I wish to say 
that I don't find the captions at 
all irritating, but neither are they 
as amusing as some of the 
inspired typesetting misprints, 
including such gems as t̀rickly 
charging' and ìmproved biasing 
with tipple rejection'. 
The only truly irritating 

feature of the magazine is the 
steadfast refusal of some authors 
(notably the Prof) to put arrows 
on their block diagrams, so that 
I get lost in a maze of unlabelled 
feedback loops. 

T.F. Jones, Stockport. 
Almost 'That's Life' award 

material! We are asking the 
typesetters to check the liquid 
contents of their font, and the 
Prof to refletch his amazing quill. 

Ed. 

IF YOU HAVE ANY COMMENTS, CRITICISMS 
OR SUGGESTIONS, WRITE AND LET US KNOW. 

WE ARE INTERESTED IN WHAT YOU 
THINK AND SAY. 
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that there is a real difference at Crick/ wood Electronics. 
That's why you should never be without the FREE CRICKLEW000 ELECTRONICS 
COMPONENTS CATALOGUE, for sheer variety, competitive prices and service 
from the U.K. 's number one 100% component shop. No gimmicks, no gadgets or 
computers. just components, millions of them, all easily available by mail order, 
calling or credit card telephone orders. Just pick up the phone (or a pen) to get your 

FREE copy now no SAE required I. You have nothing to lose. 

CRICKLE WOOD ELECTRONICS LIMITED 
40 Cricklevvood Broadway, London NW2 3ET 

Tel: 01.4500995/01 452 0161 
Telex: 91 4977 
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21 9 4501 
939  4502 
13p  0503 
199  4504 
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339 4510 
289 4511 
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35 P 4521 
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20 11 741503 
389 741504 

379 741305 
379 741508 
639 74/509 
52, 741510 
529 741511 
409 741.512 
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389  7415113 
309 7413114 
389 7415122 
909 7415123 
509 7415124 
409 7415125 
449 7415125 

40 9 7415132 
759 7415133 

VP 741.5136 
88 P 7415138 
1809 7415139 
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35p 
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349 
359 

359 
35p 

839 
120 

90 9 
32 9 
40 9 
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7415399 
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7415541 
7415642 
7415544 
7415645 
7415670 
7415674 
7415687 

60 9 6810  1509 75159 
55 9 6818  3809 75160 
50 11 6820  1409 75161 
50 17 6821  1409 75162 
50 0 6845  3109 75172 
92 9 6845  6209 75182 
30 9 6850  110p 75183 
350 93804  4009 75188 
OOP 801350  3009 75189 

VP  8155  3609 75195 

429 8156  3609 75322 
589  811595  1209 75324 
48 P 811596  1309 75325 

28 9 811597  1309 75346 
5ZP 811598  1309 75450 
417 9 8224  2709 75451 
1409 8226  2709 75452 
609 8228  2709 75453 
30 9 8243  2509 75454 

309 8250  8509 75480 
37 9 8087  11009 75491 

37 9 8251  3009 75492 
359 8253  3209 8726 
VP 8255  3109 8728 
55 P 8256  10009 8731 

55 9 8257  3509 8195 
58 9 8259  3609 9796  
50 17 8271  34009  8197 
459 8272  12009  8798 

MP 8279  4509 
155 17 8282  3009 
MP 8283  4009 
200 9 8284  4409 7905  

280 9 8287  360 P 7812 
870 9 8288  6509 
72 9 8748  11C419 
4009 8755  14009 

2709 A83-1015  2909 
4853600  5711p 
590256AL2  500p 
8804CPU  1809 

2009  280BCPU  5009 
3309 280ADMA  6509 
2009 2804910  230p 
2809 2808910  4809 
3009 280ACTC  2509 
2409 480B070  4809 
5509 2808510  6609 

2509 2800510-1  7009 
4009 4804510.2  7009 
3009 48040497  6609 
3009 745188  1759 
759 745189  2109 
1109 745201  2409 
1609 745287  1909 
2509 745288  1609 

3009 745289  1809 
4009 745387  2009 
9309 75107  809 
57119 75108  80 9 
1709 75109  1109 
1309 75110  809 
10509 75112  1409 
4609 75113  1059 

8609 75114  1309 
5309 75115  1309 
2109 75121  1259 
2209 75122  1259 
8009 75150  1109 

5009 75154  1109 
6009 75158  1409 
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2764 
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489 272 8525 
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32 9 6116 
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80 9 6502 
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429 65CO2 
55 P 6503 
VP 6520 
50 9 6522 
519 6530 

539 6532 
520 6545 
VP 6551 
529 6900 
589 4022 
559 6803 

55 P 6808 
589 8529 

200p  7815  35p 
4009  7818  359 

40 09  7824  359 
700 9 7935  359 
7209  7912  409 
100 9 7915  409 

100 9 7918  409 
60 9 7924  409 
SOP  78/05  28 9 
1859  78112  239 

1309  78/15  289 
3409  78818  289 

1559  78124  289 

145 9 79105  40 9 
459  79/12  459 
42 9 79115  84 
42 11 781880  1009 
659  782460  1009 

65 9 LM3098  1009 
1359  1103176  2209 
30 9 1.93171  11109 
60 9 893236  4209 
959  14e1723  409 
110 17 78114.50  5707 
330 17 7811058C  8009 
901/  78412K0  7009 
1159  78GUIC  1909 

90 9 79GU1C  2159 
1109  7943 100  6009 
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PLEASE 914090 US FOR TYPE NOT 
LISTED HERE AS WE APE HOLDING 
3000 ITEMS AND OUOTATIONS 

AK GIVEN 609 20846 OUANTITIES. 
Please send 70p PAP and VAT at 15X 
Govt. Colleges. etc Orders acc491•4 
OcoulioNs omen for Pope quanta.. 
Please allow  days for M.., 
AO brand new Components 
All valves are neve a. boxed 

GRANDATA LTD 
9 THE BROAD WAY, 
PRESTON ROAD, 

WEMBLEY, MIDDLESEX, 
ENGLAND 

Tom 01,101 MU • NA 
ielom No WA INA 16unn,111 

0909 99909, .9 s9991 9, 

TRAINEE  
RA DI O  
OFFICERS  
If you're leaving the Services within the next 12 months and 
wish to continue in the trade you have enjoyed then consider 

pursuing a career in Telecommunications as a 
RADIO OFFICER with GCHQ. After 
32 weeks special training you will be 
equipped to undertake a variety of 
specialist duties covering the whole of the 
spectrum from DC to light. 
We offer you: Job Security • Good 
Career prospects • Opportunities 
for Overseas Service • Attractive 
Salaries • and much more. 
To be eligible you must hold or hope 
to obtain an MRGC or HNC in a 
Telecommunications subject with on 
ability to read Morse at 20 wpm. 
Anyone with PMG, MPT or 2 years 
relevant radio operating experience 
is also eligible. 

The Civil Service is an equal opportunity employer. 

Salaries: Starting pay for trainees is age pointed to 21 years. For those aged 21 
or over entry will be at £6,572. After Training on RO will start at £9,758 rising by 5 
annual increments to £14,387 inclusive of shift and weekend working allowance. 

.......  Write or telephone for on application 

......... 

.......... "•  1311181... CH M 10:-

. .... : latapp 

I   THE RECRUITMENT OFFICE, GCHQ, ROOM A/1108 

a r Hi g  (())12 WE'PPHRZ  S(r4 V 
ig-I1E4,13'ENHAM, CLOS G1.525/1.1 

UNIVERSAL NICAD CHARGER 
Charges any combination of AA, PP3, C & D cells, up to 4 cells 
simultaneously. 

CDE PRICE   £5.95 each 

TECHNICAL NICAD CHARGER 
Charges any combination of AAA, AA, PP3, C & D cells, up to 23 cells 
from 1.2V to 12V simultaneously. Test meter facility, use charging socket 
to charge various special batteries, connecting clipper or universal type 
plug. 

CDE PRICE   £24.00 each 

NICADS 
AA size 

'C' cell 
'D' cell 
PP3 

£1.10 each  500 mAHr 
(90p each when ordered with any charger) 
£2.50 each  1.2  AHr 
£2.80 each  1.2  AHr 
£6.90 each  100 mAHr 

MINI-DRILL KIT WITH PRECISIONTOOLS BY MAXICRAFT 
Drill with selection of buffer heads, abrasive discs, polishers & drill bits, 
chucks & colletts. 42W, 1800 rpm, 9-16V, 1.5A. For model makers, 
engravers and electronics enthusiasts. 

CDE PRICE   £19.50 

TUNGSTEN CARBIDE DRILL BITS 
imm, ideal for glass fibre PCB's (Vs shanks). 
CDE PRICE   £1.20 each or £5.50 for 5 

PCB KIT 
Includes 4 pieces copper clad, 2 etch resist pens, 4 sheets transfers, 
plastic tray, tweezers, circuit etchant and instructions. 

CDE PRICE - complete kit   £5.25 

PCB BOOK 
How to design and make your own PCB's. 

CDE PRICE   £1.95 

ALL GOODS SUPPLIED BYCDE ARE FULLYGUARANTEED 
AGAINST DEFECT - FULL REFUND IF NOT SATISFIED. 

PLEASE ADD £.100 PER ORDER FOR POSTAND PACKING. 

CROYDON DISCOUNT ELECTRONICS (CDE) 
40 LO WER ADDISCOMBE ROAD, CROYDON, 

SURREY CRO 6AA TEL: 01-688 2950 
SHOP HOURS: Mon-Sat 10-5.30 (closed Weds.) 
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VARIABLE VOLTAGE TRANSFORMERS 

INPUT 220/240V AC 50/60 OUTPUT 0-260V 
200W0.1 amp max 619.50 p&p £3.00 (C25.88 inc VAT) 
0.5KVA 2.5 amp max 622.00  £3.75 1E29.60 inc VAT) 
1KVA 5 amp max £31.00  £4.25 (E40.54 inc VAT) 
210VA 10 amp max £45.00  £5.50 1E58.08 inc VAT) 
3KVA 15 amp max £59.00  £6.25 1E75.05 inc VAT) 
5KVA 25 amp max £105.00 
IOKVA 50amp max £190.00 
15KVA75 amp max £286.00 
Carriage on request 

3-PHASE W TRANSFORMERS  
Dual input 200-240V or 380-415V Star Connected 3KVA 
6KVA 10KVA available. Phone for etails. 
Comprehensive  range  of  TRANSFORMERS-LT-
ISOLATION & AUTO (110-240V Auto transfer either 
cased with American socket and mains lead or open 
frame type. Available for immediate delivery. 

UNTRAVIOLET BLACK liGHTFLUORESCENTTUBES 
40 40 watt £10.44 (E12.00 inc VAT) Caller only 
20 20 watt E7.44 + £1.25 p&p  109.99100 VAT) 
13in 10 wan £5.50 + 75p osip  (E7.19 inc VAT) 
12in 8 watt E4.50 + 75p p&p  N6.04 inc VAT) 
9in 6 wattE3.60 + 50p p&p  (E4.72 inc VAT) 
6in 4 watt E3.60 + 50p p&p  (E4.72 inc VAT) 

230V4C BALLASTICITfor either 61n, 9in or 12in tubes 
£5.50 + 55p p&p (E13.96 inc VAT) 
For 131n tubes £6.00 + 75p p&p 
1E775 inc VAT) 
400 WATT UV LAMP & BALLAST 
Complete £56.80 + £3.50 p&p 
1069.35 inc VAT) 
400 WAIT UV LAMP 
Only £28.00 + £2.50 p&p 1E35.08 inc VAT) 

175 WATT SELF BALLASTED BLACK LIGHT 
MERCURY BULBS Available with BC or ES 
fining £14.00 + £1.25 p&p 1E17.54 inc VAT) 

12 VOLT BILGE PUMPS 
Buy direct from the irnporters 
500 GPM 15ft head 3 amp 
£12.08 + £1.50 p&p 1E15.82 inc VAT) 
700 GPH 10ft head 3.5 amp 
£15.50 + £1.50 p&p 1E19.55 inc VAT) 
1750 GPH 150 head 9 amp 
£19.25 + £2.00 p&p 1E24.44 inc VAT) 

4 

EPROM ERASURE KIT 
Build your own EPROM ERASURE for a fraction of 
the price of a made-up unit kit of parts less case 
includes 12in 8 watt 2537 Angst Tube Ballast unit 
pair of hi-pin leads neon indicator on/off switch 
safety microswitch and circuit £13.60 + 75p p&p 
(E18.50 inc VAT) 

SANGAMO WESTON TIME Type 8251 
200/250i/AC 2 on/2 off every 24 hours 20 amp contract 
with override switch. Suitable for Immersion heaters 
4in Die x 3in high £9.50 + £1.50 p8ip (E12.65 inc VAT 
RAT. Also available with solar Dial Other lime Switch. 
available from stock. 

SUPER HY-LIGHT STROBE KIT 
Designed for Disco. Theetd ul users etc. 
Approx 16 joules. Adjustable speed £4500 + £2.00 
p&p (E54.05 inc VAT) 
Cpe and reflector £1700 + £2.00 p&p 1E21815 inc VAT) 
SAE for further details including  Hy-Light  and 
industrial Strobe Kits. 

WIDE RANGEOF XENON FLASHTUBES 
Write/Phone your enquires 

ROBOT ENTHUSIASTS 
ESCAP precision Swiss-made orpmiess rotor 6V DC 
Geared motor with 70-1 gearbox 6V DC-16rprn 3V DC-
8rpm. 
Amazing power no load current only 10 ma approx 
size 40 x 25mm Ex Equip tested and guaranteed ONLY 
£4.50 + 50p p&p 1E5.75 inc VAT) 
35.3 RPM GEARED MOTOR Torque 35151, 
reversible 115V AC inc start capacitor £14.00 + £2.00 
P&P 1E18.40 inc VAT) 
57RPM 240V 
Continuously rated reversible 60Iban Manufactured by 
DEC. New ideal for garage doom, curtains etc. Inc! 
capacitor. Only £18.00 + £2.00 p&p (E23.00 inc VAT) 

SOLID STATE Nif UNIT 
Input approx 230V AC, Output approx 15KV. Producing 
10mm spark. Built-in 10 sec timer. Easily modified for 
20 sec, 30 sec to continuous. Designed for boiler 
ignition. Dozens of uses in the field of physics and 
electronics. eg supplying neon or argon tubes etc. Price 
less case £8.50 + 0.00 p8rp 1E10.93 inc VAT) NMS 

COOLING FANS-BRAND NEW 
200/240y AC American Boxer 'Pewee' 7-bladed high 
efficiency cooling unit 80mm sq x 400nm deep 40cm 
approx 
American Boxer 'mini' 5-bladed 92min sq x 38mm 
deep 50cfm approx 
Either type at fraction of manufs price £8.00 + £1.00 
p&p 1E10.35 inc VAT) 
SMFI-CROUZET 'Mini' 115V AC 5-bladed 92rnm sq x 
25mm deep 400fm approx. Price £6.00 + £1.00 p&p 
(E8.05 inc VAT) 

EX-EQUIPMENT FANS 120mm sq x 38mrn deep in 
either 115V or 230V AC Tested and guaranteed Price 
£7.75 + M D p&p (€7.76 inc VAT) 

FROM STOCK AT PRICES THAT DEFY 
COMPETITION 

AC Geared Motors  C/F Blowers 
DC Motors Small  AC Capacitors 
Microswitches  Relays 
Solenoids AC & DC  Contactors 
Programme Timers  Synch Motors 

NMS = NEW MANUF SURPLUS 
RAT = RECONDITIONED AND TESTED 

Ample 
Perking Space SERVICE TRADING CO 

57 BRIDGMAN ROAD, CHISWICK, LONDON W4 588 

Monday/Friday  =  ACCOUNT CUSTOMERS MIN. ORDER £10 g o 9 Little Newport Street London WC2H 7JJ 
Tel 01-437 0576 

Showroom open  01-995 1560 

Personal caller only 
Open Saturdays 

AUDYIKTTS Pmdelon Co monsnRs 

The new PE 30 + 30 integrated Amplifier 
(featured Practical Electronics Feb-April 87) 
The PE 30 + 30 integrated amplifier is the first to benefit from Graham Nalty's research 
intoTemperature Generated Distortion in transistors. As a result it exhibits a smoothness 
and musicality normally only expected from expensive valve amplifiers. Advanced power 
supply electronics and the use of Holco precision resistors in critical positions reaffirm 
its ability to give greater musical pleasure from your records, CDs and tapes. Yet you 
can buy the complete kit from AUDIOKITS for under £160 to build it yourself. 

Complete Kits 
PE 30 + 30 standard 30W £1.54.00 
PE 30 + 30 standard with Extra 
Output ll'ansistors for 40W £162.50 
PE 30 + 30Audiophile improved version 
40W Output £350 

All parts ler PE 30 + 30 are available separately. 

Semi Conductors 
MC7818CT 
BC184C 
BC214C 
BC547C 
2SB737 
2SD786 
BD243C 
BD244C 

M/11015 
M111016 
2N4401 
2N4403 
MPSA06 
MPSA56 
OP2767 
MATO2FH 

70p 

12p 
UP 
Up 
75p 
75p 

BOP 
80p 

£6 
£5.50 
25p 
25p 
25p 
25p 
£8.25 

VISITAUDIOKTIS STAND 
ATTHE HI-FI SHOW 1987 

AT PENTA HOTEL, HEATHROW 
19th-20th SEPTEMBER 

Resistors 
100R, 2K2, 4K7 Bulk Foil £4.50 
68K, 220K Bulk Foil  £9 
IR, IW, Nalco H2  £1.15 
10R, Holco H8  70p 
I5R Holco H8  55p 
22R1-442K Holco H8  35p 
68IR 1W Holco H2  40p 
15R-470K VAV Metal Film  4p 
1R-470K V2WMetal Film  7p 

CAPACITORS 
SAE FOR LISTS 
MANY TYPES 

CLOSE TOLERANCE 
POLYSTYRENE ABOVE lOnF 

IN4148  413 
IN4002  Pp 
IN5401  15p 
25A 200V Bridge  £2.75 
35A 21:19V Bridge 
Motorola BYW62  £7 

Hardvaue 
Push Button Switch 
Silver Plated 
2 pole c/o  80p 
4 pole c/o  £1.20 
Button (Black)  25p 
Gold Plated Phono 
Chassis socket  £2 
TO3 Silicone 
Insulators  20p 
10-220 Silicone 
Insulators  L5p 

For details please send : x 4" SAE to 
AUDIOKITS, 6 MILL CLOSE, BORROWASH, 

DERBY DE7 3GU. TEL: 0332-674929. 

10-way 
16-way 
20-way 
26-way 
34-way 
40-way 

JUST LOOK AT THESE SPECIAL 
LOW PRICES!! 

STRIPBOARD 
Fully pierced copper clad boards, 1' prtch 
Trask.  Holes  PertNo  1+  10+ 
10  24  16.0100  .14  .13 
20  37  16.0101  .45  .35 
36  50  16.0102  .85  .90 
36  170  16.0103  120  2.30 
36  175  16 0104  3.80  2.90 

10114-
.11 
.33 
.57 
2.00 
2.70 

SOLDER 
hem  Pan No  1+  10+  100+ 
60/40 YAgReel  210103  4.70  3.50  300 

RIBBON CABLE 
Grey ribbon cable 05 pitch ay.° 

Part No 
19.0103 
19.0104 
19.0105 
19.0106 
19.0107 
19.0108 

1' 
.10 

tor  &xi 

.20  .09  .06 

.24  .10 
.11 
.16 
.18 

.32 

.44 

.52 

085 
.10 
.14 
.16 

NICAD BATTERIES 

Item 
AA 11.15v 5130mAk6 
C )1.25n1200104011 
D 11.25v 12D3mAll) 
Universal Charger 

Part No 
17.0100 
17.0101 
17.0102 
170103 

1+  10+ 
.90  .80 
2.00 
220 
5.00 

1.70 
1.75 
0.00 

100+ 
.72 
1.50 
1.60 
3.70 

DIL SOCKETS 
Low profile, dual wipe contacts; black polyester bodies 

PenNo  100+  1000+ 
flpin  20.0100  .022 
14pin  20.0101  .030 
topic  20.0103  .037 
113pin  20.0104  04 
20 pin  20.0106  .0713  044 
24 pin  20.0108  .002  nOv 
28pin  200107  .090  .065 
40p1n  20.0108  .14  COB 

D CONNECTORS 
hem  PartNo  1+  100+ 
9.way Plug  100100  313  .25 
9-way Socket  18.0101  .44  .33 
15-wey P109  16.0102  .39  29 
15.waySocket  18.0103  .49  .40 
25-way Plug  100104  .54  .33 
25-waySocket  110105  .63  .40 
9-wayCovers  100100  .80  .40 
15-way Covers  1002010  .65  .41 
16-wayCovers  18.0202  69  50 

10301 
.17 
.21 
.21 
.24 
.21 
.26 
.26 
.19 
.33 

CABLE TIES 
Nylon cable ties with a nomreleasable ratchet lock 
Leath  VAMII  Panto  100+  100e+ 
toomm  2.5mm  21.0100  .009  .005 
142mm  3.2mm  21.0101  .011  .009 
203mm  4.13mm  21.0102  .015  .012 

TEST EQUIPMENT 
Logi Prob TTL, CMOS picepune enlargement and sound 
4.10b DC 20mIlf  MOO ea. £790 10+ 
7054 Dogitsl Multirneter 31/4 digit 1% accuracy 10A 
5 DC volt ranges. SAC volt ranges. SAC current ranges: 6 resistance 
ranges 5 CAPACITANCE ranges complete with transistor test sockets 
and leads, battery, spare fuse  acde case  only 633.90 
208 Diode Multimeter 17 range 1% accuracy 10A complete 0th 
leads and case  only 619.00 

All prices exclude VAT 

Please add 80p postage and packing to any order 

Credit cards accepted on telephone orders, otherwise cheque, 
postal order or cash with order. 

Please allow up to 14 days for delivery, 

although we aim to despatch by return. 

SCS COMPONENTS 
218 PORTLAND ROAD, HOVE, SUSSEX BN3 5QT 

Telephone: 0273 770191 

LOW COST 
ELECTRONICS CAD 

IBM PC (and compatibles),R.M. NIMBUS, BBC MODEL B, B+ 
and MASTER, AMSTRAD CPC and SPECTRUM 48K. 

M E M 

TV IF AMPLIFIER 

ANALYSER land I compute the A.C. FREQUENCY RESPONSE of linear (analogue) 
circuits. GAIN and PHASE, INPUT IMPEDANCE, OUTPUT IMEDPANCE and GROUP 
DELAY (except Spectrum version) are calculated over any frequency range 
required. The programs are in use regularly for frequencies between 0.1Hz and 
1.2GHz. The effect on performance of MODIFICATIONS to both circuit and 
component values can be speedily evaluated. 

Circuits containing any combination of RESISTORS, CAPACITORS, INDUCTORS, 
TRANSFORMERS,  BIPOLAR  AND  FIELD  EFFECT  TRANSISTORS  and 
OPERATIONAL AMPLIFIERS can be simulated - up to 60 nodes and 180 components 
(IBM version). 

Ideal for the analysis of ACTIVE and PASSIVE FILTER CIRCUITS, AUDIO AMPUFIERS, 
LOUDSPEAKER CROSS-OVER NETWORKS, WIDE-BAND AMPLIFIERS, TUNED 
R.F. AMPLIFIERS, AERIAL MATCHING NETWORKS, TV I.F. and CHROMA FILTER 
CIRCUITS, LINEAR INTEGRATED CIRCUITS. etc. 

STABILITY CRITERIA AND OSCILLATOR CIRCUITS can be evaluated by "breaking 
the loop". Tabular output on Analyser I. Full graphical output, increased circuit size and 
active component library facilities on Analyser II. 

Check out your new designs in minutes rather than days. 

ANALYSER can greatly reduce or even eliminate the need to breadboard new designs. 
Full AFTER SALES SERVICE with TELEPHONE QUERY HOT LINE and FREE update 
service. Used by INDUSTRIAL GOVERNMENT and UNIVERSITY R & D 
DEPARTMENTS worldwide. IDEAL FOR TRAINING COURSES, VERY EASYTO USE. 
Prices from £20-E195. 

For further details on example computations please write or phone: 

NUMBER ONE SYSTEMS LTD, 
Ref PE Herding Way, Somersham Road, St Ives, Huntingdon, Cambs PE17 4WR 
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REGULAR FEATURE 

REPORT BY 
TOM IVALL 

•• 
1-"N URING the General Election earlier 

this year I wouldn't be surprised if 
a few readers of PE were triggered into 
thinking a bit about the Representation 
of the People (as the relevant Act is 
called) and wondering whether elec-
tronics has had any effect on this political 
process we call democracy. 
Clearly, television was highly effective 

in presenting the politicians, their 
personalities and electioneering activi-
ties, in a vivid way which could not have 
been matched by any other medium. But 
I don't think it helped anybody to think 
very clearly about the issues. You 
remembered the facial expressions, the 
tones of voice and body language but 
you didn't recall much of what the 
protagonists actually paid. Television 
certainly shows the busy surface pheno-
mena of electioneering and may have 
helped some politicians to persuade the 
voters one way or another, but I doubt 
if it is a fundamental influence in 
political decision-making. 
Much more significant, to my mind, 

is the interaction of computer techno-
logy with the processes of government. 
Because our governments are brought 
in by democratic elections this inter-
action also has a bearing on the pro-
cesses of representative democracy. 
Industrialised countries like Britain are 
run  by  large,  loosely-interlocking 
organizations.  Of these  the  most 
powerful are the government ministries 
operated by civil servants. The others 
are  semi-governmental  bodies  like 
national research laboratories and state-
owned industries. All these organisa-
tions rely on information to make 
decisions which affect the way the 
country is run. And nowadays this 
information is increasingly being stored 
and processed in computer systems, 
often linked together by data communi-
cation networks. 
So we have a considerable amount of 

computer equipment controlled by a 
relatively small number of officials. It is 
a powerful assembly of hardware, soft-
ware and specialised information with 
experts in charge. On the other hand, it 
is not all-powerful. A strike by computer 
staff can suddenly halt at least a part of 
it and throw the organisation concerned 
into confusion. 

INDUSTRY 
NOTEBOOK 
ELECTRONICS IN MODERN DEMOCRACY 
We have the technology to fully bring power to the people, but is such 
democracy really what we want, or what we need? 

In a democracy you might expect all 
this technical apparatus to be somehow 
under the control of the people, at least 
indirectly, through their representatives 
in Parliament. So it is — theoretically. 
But in practice the control is so indirect 
and tenuous as to be almost non-
existent. The will of the people seems to 
count for less and less as the officials in 
charge of the specialised information 
and of the systems handling it become 
increasingly  influential  in  political 
decision-making. 
In many countries the power of legis-

lative assemblies like our Parliament has 
been declining relative to the power of 
the executive. This has happened 
because of the increasingly technical 
decisions which a modern government 
has to make. Such decisions are often 
beyond the competence of the ordinary 
representative of the people like MPs, 
so they have to be made under the 
guidance of the technical experts in the 
permanent bureaucracy of the executive 
—our civil servants, for example. 
These bureaucrats always have better, 
more specialised information at their 
command than the legislators, and they 
keep it to themselves when it suits their 
purposes. The Irangate business in the 
USA just shows what unelected officials 
can get up to. 
The guidance given by specialist 

officials increasingly takes the form of 
the already prepared decision. This 
decision is the logical outcome of some 
technical conclusion or necessity which 
the legislators can't reasonably refuse to 
endorse. It's difficult for mere members 
of the public to contest the specialists' 
arguments because, without full infor-
mation, the truth of the premises can't 
be examined. 
Information technology has become 

something like the nervous system of the 
human body. Without their computer 
and data transmission systems the offi-
cials would now fail to keep control of 
their organisations. At the same time the 
very presence of such systems allows the 
organisations to grow larger and larger, 
in terms of the resources and people they 
command, without danger of falling 
apart. They are integrated and secure. 
And the heads of these power structures 
— not elected by the people but using 

the technical products of their work — 
make virtually secret decisions which 
can have profound effects on the way 
the whole country is governed. 
One way in which this dangerous 

imbalance of political power might be 
corrected is by the very technology that 
supports the power structures. I seem to 
remember that one of the fringe political 
parties in the recent General Election 
was recommending electronic voting for 
day-to-day democratic decision-making. 
Presumably this would be a way of 
speeding up a national referendum on a 
particular issue. Through data terminals 
attached to domestic telephones we now 
have the basis of the technology to put 
it into effect. 
The idea might work well for certain 

big national issues — say the question 
of capital punishment — where the 
collective wisdom and will of the public 
doesn't depend on a mass of detailed, 
highly specialised information. Taken to 
its logical conclusion, however, this 
principle would mean that our present 
system of Parliament and government 
would become redundant. Some might 
say this would be a good thing. But in 
practice I think we are all really quite 
glad to hand over the difficult business 
of running the country to a bunch of 
people who have offered to do it for us. 
On the other hand, there might be a 

case for rather more involvement of the 
public in direct decision-making than is 
typical of a national referendum. Here, 
the people would have to be given all 
the specialized information relevant to 
each issue that required a vote. 
Again, we do have the technology to 

make it possible — the interactive 
terminal connected through the tele-
phone or cable TV system to a distant 
computer or database. Examples in the 
UK are the Prestel viewdata service and 
schemes like electronic home shopping 
and banking. The user can call up 
required information from the database 
and display it on a monitor screen or 
printer. He/she then makes an appro-
priate  decision by typing on the 
keyboard. 
But whether our secretive bureau-

cracy would co-operate in this under-
mining of their powers is entirel 
another matter! 
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P.E. SERVICES 

BACK NUMBERS, COPIES AND BINDERS 
We can usually supply copies of back issue of PE up to three years 

old. These are £1.50 each including postage £2.00 for overseas readers). 
If we no longer have the issue needed, we will be pleased to send a 
photocopy of the article for the project that you want to build. These 
are £1.00 each per issue, including postage (£1.50 to overseas readers). 

We also have the latest binders available for PE, each holding twelve 
issues. Embossed in gold with the PE logo, they will make a handsome 
addition to your technical library as well as keeping your magazines in 
mint condition. They are available at only £5.95 inc. p&p. (Overseas 
readers please add £2.) 

REMEMBER SUBSCRIBING TO PE AVOIDS FUTURE DISAPPOINTMENT 

BOOKMARK 
The following books have recently been sent to us: 

Practical Design of Digital Circuits. Ian Kampel. Newnes 
Technical Books. £12.50. This book will help the reader with 
no previous knowledge of digital electronics in the practical 
aspects of digital design, only familiarity with basic electronic 
principles being assumed. The book should appeal particularly 
to engineers and enthusiasts wishing to expand their knowledge 
in practical rather than theoretical directions. 

Batteries for Cordless Appliances. Ralph J. Brodd. Research 
Studies Press. £24.95. Describes the construction, applicability, 
operation, characteristics and capabilities of batteries for a 
wide range of cordless appliances. The book covers buoys and 
beacons in costal waters; search and rescue beacon equipment; 
'amps, torches and flashlights, including those of specialised 
construction, for example on meteorological balloons; 
scientific apparatus such as oscilloscopes and portable tape 
recorders, and battery operated toys. 

25 Fun-to-Build Projects for Learning Electronics Theory. Tab 
Books. £6.35. This is a collection of projects that should make 
learning electronics theory incredibly easy and enjoyable. With 
its hands-on, here's how it's done approach, even the most 
elusive concepts of electronics and electricity can become easy 
to understand and apply. A good book of projects for the 

POINTS ARISING 
SCOPE STORE (JUL 87) 
Page 38 Fig.3; Polarity of D3 and D4 
should be reversed. C12 should go to 
junction of D1 and D2 — cut track from 
C12 to D1 then hardwire it to correct 
point. Page 41 parts list: C9 and C10 
should read 100µF 16V electrolytic. 
Omitted C11 is 100p ceramic plate. 

INFRA-RED TRANSCEIVERS 
(JUN 87) 
Fig.3,page 43,R7 goes to pin 11 of IC2. 

POLY WHATSIT PART TWO 
(JUN 87) 

Fig.2 page 35 — IC18 pin 1 goes to OV. 
IC18 pin 9 goes to pins 9 of IC10-IC12. 
The PCB is correct. There are minor 
apparent differences between the switch 
wiring in Fig.2 and Fig.5; Fig.5 is 
correct. These corrections do not affect 
the correct functioning of the unit. 

ZX SPECTRU M 1/0 PORT 
(JUN 87) 
IC3A and IC3B symbols should be OR 
gate symbols. 

beginning hobbyist and a supplementary text for school 
courses, though it should be noted that it was first published 
in the USA. 

Computer Graphics — A Programming Approach. Steven 
Harrington. McGraw-Hill. £23.95. This second edition of an 
introductory text on interactive computer graphics, presents 
the basic concepts of that field. It encourages a learn-by-doing 
attitude and provides guidance for developing a graphics 
system. It also includes suggestions for modifications and 
extension of the system, and gives relevent application 
problems. 

Microprocessors and Interfacing — Programming and Hardware. 
Douglas V. Hall. McGraw-Hill. £12.95. For the most part this 
book is based on a three-quarter series of microprocessor 
courses taught by the author and his colleagues. It is intended 
for students in electrical engineering technician training 
programs, and for people working in industry who want to 
upgrade their knowledge of microprocessors. 

Transistor Selector Guide. J.C.J. Ven. Babani. £4.95. Prepared 
using the latest computerised techniques, from a vast database 
of electronic component specifications, this unique guide offers 
a range of selection tables compiled so as to be of maximum 
use to all electronics engineers, designers and hobbyists. 

FIBRE-OPTIC DATA LINK PART 
TWO (OCT 86) 

The opening line should read: "TR3 is 
the phototransistor, and it is given a 
small forward bias by R9." 

PRO MENADER (DEC 86 to Feb 87) 

The capacitor across R9 on the PCB is 
C19 at 10µ 16V. C10 is 10µ 16V. R21 is 
4k7. R26 is 10K. 

PLUGGING POWER 

THERE have been problems in some 
office buildings in the United States 

where extensive use of modern electrical 
and  electronic  equipment  has 
overloaded the electrical conductors and 
delta-star transformers. It has also 
caused damage to electric motors. 
Although there are no such cases 
reported in the United Kingdom, there 
are two contributory factors which could 
lead to similar situations occurring here. 
Whilst individual 13A sockets can 

deliver 13A, building wiring may be 
rated so that the average load which can 
be carried is only 0.5A per socket. This 
can occur in buildings no more than 10 
or 20 years old. 

Modern  electronic  equipment 
frequently  has  peculiar  load 
characteristics such that the current in 
the neutral conductor of a three phase 
supply feeding individual single phase 
240V loads can greatly exceed the 
current in any one phase conductor. 

These same load characteristics can 
also cause increased current to flow in 
parts of motors and transformers. 
Where office premises are making 

extensive use of electrical/electronic 
office equipment it is advisable to have 
the  load currents, particularly the 
neutral current, checked by a chartered 
electrical engineer. 
From a statement issued by BEITA, 

The  Business  Equipment  and 
Information  Technology Association. 
Nothing should ever be taken for granted. 
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CLASSIFIEDS 

FULL-TIME 
TRAINING 
COURSES 

2 YEAR 
BTEC National Diploma (OND) 

ELECTRONICS AND 
COMMUNICATIONS 
ENGINEERING 

(TV Computers, Programming, IT) 

1 YEAR 
BTEC National Certificate (ONC) 
ELECTRONIC EQUIPMENT 

SERVICING 
(T( Video, CCTV) 

COMPUTING TECHNOLOGY 
(Microprocessors, Data Comms, Interfacing) 

INFORMATION TECHNOLOGY 
(Telecomms, Satellite TV, CD, Networks) 

SOFTWARE ENGINEERING 
(Assembler, BASIC, PASCAL, CADCAM) 

COURSE COMMENCES 
21st September 1987 

LONDON ELECTRONICS 

COLLEGE 

Dept: AA, 20 Penywem Road, 

London SW5 9SU. Tel: 01-373 8721 

Free Membership to a new national electronics club. For 
details and a free pack of components worth over £10 send 
only £1 p&p to Dept PE Woodside, Dowsett Lane, Ramsden 
Heath, Billericay, Essex CM11. 

P.E. INDEX 

The last 5 years of P.E. indexed by key-
word. Find all the articles referring to a 
particular device quickly. 
Listing of keyword index - over 4000 
references: £6.00 inc p.p. BBC computer 
disc inc. index, search & append pro-
grams: £6.00 inc p.p; state 40 or 80 track. 
G. Lockwood, Greenhill Lane, New Mill, 

Huddersfield HD7 7EP 

MANUFACTURERS OF METAL CASES 

Front panels professionally silk screen printed 

to your own design. 

Positive transparencies available for PCB track layout 

from April 87 issue. 

Please enclose £5.75 per Track for 2/3 day service. 

Send details of your requirements for a quotation. 

PAYNE ELECTROPRINT LTD 
Marcus Road, Dunkeswell, 
Honiton, Devon EX14 ORA. 

UNIQUE REPAIR DATA with CIRCS Video 
or Mono TV £10.50: CTV £12.95 
Sinclair Spectrum Repair/Service £5 

SERVICE SHEETS - Radios, Mono TV., 
Rec PL, Cas.R. £2.50 +/sae. 
CTV or any combi £3.50 +/sae 

Worlds largest stockist any equipment data/sae 
brings quotes/price list -or £3 for set of catalogues 

with £4 worth of vouchers 
PHONE 0698 88458 FOR FAST QUOTES 

TISPE 76 CHURCH ST, LARKHALL ML9 1HE 
LANARKSHIRE. 

Carbon Film Resistors ,AW E24 series 0510 to10M0  - 1p 
100 off per value - 75p  1000 off in even hundreds per value - £7 
Metal Film 1/4W 10R0 to IMO 5% 012 series - 2p 1% E24 series - 3p 
1/2Watt metal/carbon film E24 series 1R0 to 10M0 -  11/2 p 
1 Watt metal/carbon film E12 series 407 to 10M0 -  5p 
BC107/8/9 - 12p  00547/8/9 - 8p  8C182L  184L - 10p 
8FY50/51/52 -20p 253055 - 50p TIP31A,32A- 25p TIP,41,42, - 40p 

Tantalum head subminiature electrolytics (Mids/Volts) 
0.1/35, 0-22/35, 047/35, 13/16, 47/16 - 14p  4-7/35 - 15p 
2.2/35, 47/25, 10/5 - 15p  47/35, 6/8/16 - 16p  10/16,22/6 - 20p 
22/16 - 30p  33/10 - 30p  47/10 - 35p  100/6 - 40p 

Aluminium Electrolytics (Mids/Volts) 
1/50, 2.2/50, 47/25, 47/50 10/16, 10/25, 10/50 - 5p 22/16, 22/25 - 6p 
22/50, 47/16, 47/25, 47/50 - 6p  100/16, 100/25 - 7p  100/50 - 12p 
100/100 - 14p 220/16 - 18p 220/25,220/50 - 10p 470/16, 470/25 - 11p 
1000/25 - 18p  1000/35, 220/25 - 22p  4700/25 - 70p 

Miniature Polyester Capacitors 250V Wkg. Vertical Mounting 
.01, .015, .022, -033, .047, 060-. 4p 0,1 - 5p 015,22 - Op 047 - 8p 

Mylar Capacitors 100V Wkg. Vertical Mounting 012 Series 
1000p to 82000 - 3p  .01 to -068- 4p  0.15p  015, 022 - 6p 
Subminiature Ceramic Plate 100V Wkg. E12 Series Vertical Mounting 
2%, 1P8 to 47P - 3p  56P to 330P - 4p  10% 390P to 4700P - 4p 
Ceramic plate/disc E6 Series 50V 22P to .047 - 2p 

Polystyrene Capacitors 63V Wkg. E12 Series Axial Mounting 
10P to 820P - 3p  1000P 10 10,000 - 4p  12,000P - 5p 
1N 4148 - 2p  1 N4002 - 4p  1N5404 - 14p  WO1 bridge - 25p 
0A91 -Op  AA143 - 8p  W005 - 20p  1N4006 - 6p 
Zener diodes E24 series 3V3 to 33V 400mW - Op  1 watt - 12p 
LED's Red, Green & Yellow 3mm & 5mm - 10p  8mm - 35p 
20mm fuse 0.1A to 5A quick blow - 5p  Anti Surge - Bp 
High Speed drills Off mm, 1,0mm, 1-3mm, 1.5mm, 2mm - 25p 
Expo Reliant drilling machines 12V d.c. with improved 3-jaw chuck 6.50 
Nicads AA - 80p HP11- E2 PP3 - E4.20 Universal Chargers - E6.50 
Glass reed switches single pole make contacts-Bp  Magnets-12p 

VAT inclusive. Return postage 20p (free over ES). Lists free. 

THE C.R. SUPPLY CO., 
127 Chesterfield Road, 

Sheffield 58 ORN. Tel. 557771. 

THE SCIENTIRC WIRE COMPANY 
811 Forest Rood, London E17. Telephone 01-531 1568 

ENAMELLED COPPER WIRE 
SING  1 lb  8 oz  4 oz 
8 to 34  3.63  2.09  1.10 
35 to 39  3.82  2.31  1.27 
40 to 43  6.00  3.20  2.25 
44 to 47  8.67  5.80  3.49 
48  15.96  9.58  6.38 

SILVER PLATED COPPER WIRE 
14 to 30  10.10  5.20  2.93 

TINNED COPPER WIRE 
14 to 30  3.97  2.41  1.39  0.94 
Fluxcore 
Soider 5.90  3.25  1.82  0.94 
Post Free. 'Please add VAT,  at 15%. Orders under £3.00 add 50p 

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

2 oz 
0.88 
0.93 
1.61 
2.75 
3.69 

1.97 

OMNI ELECTRONICS 
stock a wide range of 
electronic components at 

174 Dalkeith Road 
Edinburgh EH16 5DX 
Tel: 031 667 2611 

situated midway between 
Commonwealth Pool 
and Cameron Toll 

d.c.electronics 
THE Source For All Your Component 

Requirements. 

ALL components are professional grade, 
brand new with manufacturers marking 

and gyarantee. 

SPECIAL BARGAINS - ONLY £1 EACH 

200 0.25 W resistors, mixed values 
(max 5 your choice) 

50  0.4 W resistors, mixed values 
max 5 your choice) 

40  1N4148 computer diodes 

30  1N4001 1A power diodes 
15  BC182L NPN transistors 
15  BC212L PNP transistors 
30  Ceramic plate caps - you specify 

value 
10  Electrolytic caps 47-470uF - you 

specify value 

Only our catalogue can tell the full story-
send SAE (9x6) for your FREE copy now. 

Dept. P. 34 The Platters, 
Rainham, Kant, ME8 ODJ. 

Mail order only, cash, PO or cheque with order. 

60p P&P. Prices tncl VAT. 

adam hall supplies Ltd 
The largest selection of flight case fittings 
and loudspeaker cabinet components in 
Europe. 

irm .1 [ An, 
COD 

Stockists & 

Distributors of 

CE CE L E ST ION 
THE l'IRSTNAMF IN ACOUSTICS 

A complete range of professional 
crossovers & filters. 

Unit G .The Cordwainers, Temple Farm Industrial Est.. 
Sutton Rd. Southend-on-Sea. Essex Tel: 107021 613922 

• Velleman Electronic Kits 
• Test Equipment & Tools 
• Instrument Cases 

(Mon-Sat. 9.30-5.30 Closed Thurs)  

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

TURN YOUR SURPLUS 
ICS transistors etc into cash, immedi-
ate settlement. WE also welcome the 
opportunity to quote for complete fac-
tory clearance. 
Contact  COLES-HARDING  &  Co, 
103 South Brink, Wisbech, Cambs. 

ESTABLISHED 15 YEARS 
Tel: 0945 584188 

SURPLUS/REDUNDANT ELECTRONIC 
COMPONENTS WANTED 

tics -Tuners -Transistors - Valves - Diodes 
etc. any quantity considered - immediate 
payment. 

ADM ELECTRONIC SUPPLIES 

Tel: 0827 873311 

SERVICES 

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

PRECISION ENGINEERING. Contact 
the experts for the precision machining of 
all metals and plastics. Top quality and 
accuracy guaranteed. Milling, turning, 
jig-boring. Prototypes or small production 
runs. Trade enquiries welcome. 
Newbound Engineering, 
Cannsdown House, Beaford, Winkleigh, 
Devon. Tel: 08053 422. 

PCB's. Cheap quotes for fine quality 
boards. Fast service. Send track layout, 
photocopy, or enquiry to: PCS, 290 
Stanstead Road, Hoddesdon, EN11 ORX. 

The most economical PCB service available. 
Professional quality boards dispatched within 
48 hours. Just send design and payment 

(6p per cm2 single sided, 12p per cm2 double sided). 
£1 postage and packing to Etch-Tech Boards, 
P.O.Box 17, Totton, Southampton SO4 3XB. 

MISCELLANEOUS 

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

READY-MADE 
P.C. BOARDS 
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 crossed and made 
payable to Infra Press. 
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 (OPEN 24 HOURS) 
Use your Access card and phone your order to 

0268 289923 
clearly stating your name and address, Access number, and 
order details. 
All orders receive priority attention, but allow 28 days for 

delivery in case a PCB is temporarily out of stock. 

WE CAN ONLY SUPPLY THE PCBS LISTED HERE 

CHECK LATEST ISSUE FOR 
PRICES BEFORE ORDERING 

PHOTOCOPIES OFTHE TEXTS MAY BE BOUGHT FROM THE 
EDITORIAL OFFICE AT f1.00 EACH PART (1.50 OVER-
SEAS), P&P INCLUSIVE. 
COMPONENTS ARE AVAILABLE FROM ADVERTISERS. 

MAY86 

NOTCHER EFFECTS - unusual harmonics. 
TTL LOGIC CHECKER-for 14 and 16 pin chips 
DF BEACON TIMER- accurate navigation aid. 
STE-BUS BACKPLANE - data and PSU routing 
socket board. 

107 
108 
109 

110 

£5.99 
£4.59 
£6.18 

£14.97 

JUN 86 
GUITAR TRACKER - transforms a guitar for 
sound synthesis. 111 £6.98 
THERMOCOUPLE INTERFACE - transforms a 
DVM into a thermometer. 112 £3.90 
PE HOBBY BUS - universal computer interface 113 £29.00 
BBC LIGHT PEN - inhibiting, enhancing and 
visual feedback. 114 £3.90 

JULY 86 
PASSIVE IR DETECTOR- burglar detection 115 £3.90 
200MHZ COUNTER - professional specification OOD £30.88 

SEP 86 
FIBRE-OPTIC LINK - computer comms. ODE £10.14 
PE HOBBY BUS - universal D-A and A-D unit. 120 £7.25 

OCT 86 
DRUM SYNTHESISER - variable dynamic 
sound triggered effects. 121 £7.67 
MAINS DELAY TIMER - selectable 15 to 
120 mins. Set of 2 PCBs. 122 £7.92 
MAINS DIMMER-touch control up to 400W. 123 £3.90 

NOV 86 
REMOTE JOYSTICK - infrared computer 
controller. Set of 2 PCBs. 124 £10.86 
BABY ALARM - through-the-mains transceiver. 125 £10.71 

PROTOTYPE SERVICE 
PCBs FROM YOUR OWN MASTERS - PHONE 0268 289923 

DEC 86 
VIDEO ENHANCER - manually adjustable 
video improvement. 126 £8.76 

JAN 87 

VIDEO FADER - simple inexpensive video mixer 127 £4.50 
VOICE SCRAMBLER - confidential trans. 128 £8.06 

FEB 87 

HI STAB - good variable workshop PSU 132 £8.79 

MAR 87 
4 CHANNEL ENHANCER - adapts stereo to 
4 channels 135 £4.60 
LIGHT PEN - uses fibre optics for high 
accuracy 136 £4.10 
PHONE REPEATER - extra bell interface 137 £3.90 
ULTRASONIC TAPE MEASURE - resolution 
to one centimetre 138 £9.50 

APR 87 

VIGILANTE CAR ALARM - keeps cars alert to 
intruders 139 £5.90 
INDUCTIVE LOOP TRANSCEIVER - remote 
control for models: 
...Transmitter 143 £3.90 
... Receiver 144 £3.90 

MAY 87 

BRIGHT FUZZ - Foot operated overdrive 145 £3.90 

JUN 87 
AUDIO SIGNAL GENERATOR - uses 
frequency synthesising techniques 146 £10.20 

JUL 87 

WORD GENERATOR - produces binary words 
of up to 16 bits 147 £13.42 
SCOPE STORE oscilloscope add-on data storage 148 £11.94 

AUG 87 

PSEUDO STEREO - mono to simulated stereo 149 £7.37 

SEP 87 

SPEECH PROCESSOR- clarifies transmitted 
speech quality 150 £5.86 
GCSE TIMER UNIT- versatile variable delay 
AWD and switching 151 £5.18 
FUNGEN - triple waveform signal generator 152/153 £9.69 
LIGHT CONTROLLER - delayed switching 154 £4.64 

THIS MONTH'S BOARDS 

OCT 87 

TEACHER LOCKER - digital lock control  155  £7.50 

POWER SUPPLY- stabilised ± 15V  156  £7.50 
GUITAR TO SYNTH - music interface  157A/B  £9.95 
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PROJECT ASSEMBLY GUIDE 

NICE AND EASY DOES IT 

BUILDING the projects published in PE is a lot easier 
than some of you perhaps might think. Especially 

when you use one of our professionally made printed 
circuit boards. 
It's almost like painting by numbers. All the PCBs 

are fully drilled, and basically all you need to do is slot 
in the components and carefully solder them to the PCB 
track pads. Their places are shown in the drawings 
published with the project. 

IDENTITIES 

Component identities are usually clearly marked on 
them. Even if they are colour coded, like some resistors 
and capacitors, their values are easily worked out from 
component colour code charts. From time to time we 
publish these charts, but if you don't already have one, 
send a 9in x 4in stamped and self-addressed envelope 
to the Editorial office asking for one. 

TOOLS 

For many projects you only need a few simple tools 
— Soldering iron between 15W and 25W, with a bevelled 
tip. Damp sponge for keeping the tip clean. Good 
multicore solder of 18swg or 22swg grade. Fine nose 
pliers for wire shaping. Adjustable spanner or heavy 
pliers for tightening nuts. Miniature screwdriver for 
adjusting preset controls. Small wire cutters for 
trimming component leads. Drill and selection of bits 
for drilling holes in boxes. Strong magnifying glass for 
checking joins in close up. It's also preferable to have 
a multimeter for setting and checking voltages. There 
are some very good low cost ones available through 
many of our advertisers, but get one that is rated at a 
minimum of 20,000 ohms per volt. Many projects do 
not require you to have a meter, but if you are serious 
about electronics, you really should have one. 

ASSEMBLING THE PCB 

Authors will sometimes offer their own advice on the 
order of assembly, but as a general guide, it is usually 
easier to assemble parts in order of size. Start though 
with the integrated circuit sockets. Please use them 
where possible, they make life much easier than if you 
solder the ICs themselves — with sockets you can just 
lift out an IC if you want. 
Then insert and solder in order of resistors, diodes, 
presets, small capacitors, other capacitors, and finally 
transistors. Clip off the excess component leads after 
you have soldered them. Now use a magnifying glass, 
ideally one that you can hold to your eye, and take a 
good look at the joins, checking that they are satisfac-
torily soldered, and that no solder has spread between 
the PCB tracks and other joins. Be really thorough with 
visual checking since errors like this are the most likely 
reason for a circuit not working first time. 

SOLDERING 

Bring the tip of the iron into contact with the 
component lead and the PCB solder pad, then bring 
the end of the solder into contact with all three, feeding 
it in as it melts. Once sufficient solder has melted to 
fully surround the pad and the lead, remove the solder, 
and then the iron. Now allow the join to cool before 
touching it, otherwise the solder may set unsatisfactorily. 
If it does move, just reheat the join once more. 

WIRING 

Connecting the PCB to the various panel controls is 
the final assembly stage. Do this just as methodically. 
following the published wiring diagram. You can connect 
the wires to the PCB in one of three ways. The best is 
to insert terminal pins into the connecting holes on the 
PCB, and then solder wires direct to them. Or, pass the 
end of the wire through the PCB hole, soldering it on 
the other side. Alternatively, the wire can be carefully 
soldered direct to the PCB tracking. In all cases first 
strip the plastic covering off the wire, twist the strands 
together, and apply solder to them to keep them secure. 

TESTING 

Now you are ready to test and use the project as 
described by the author. Components can occasionally 
fail, but these days it is extremely uncommon, and if 
you have followed the instructions, been careful with 
your joins, and bought the parts from a good supplier, 
you will have the enormous satisfaction of having built 
an interesting and working unit. It really can be easy if 
you do it with care. 

CHOOSE ONE NOW! 

The PE PCB Service list shows all the PCBs directly 
available through PE (though some designers sell their 
own PCBs for their PE projects — see kit suppliers 
adverts). Look down the list and see which title takes 
your fancy — there must be at least one that will interest 
you! You will probably already have the relevant issue 
of PE, but even if you don't we can still help you. 

BACK ISSUES 

We can usually supply copies of back issues of PE up 
to three years old. These are £1.50 each including 
postage (2.00 for overseas readers). If we no longer 
have the issue needed, we will be pleased to send a 
photocopy of the article for the project that you want 
to build. These are £1.00 each per issue, including 
postage (£1.50 to overseas readers). 

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

Electronics  n Radio, Audio 
and TV Servicing O 

Basic Electronic 
Engineering (City & Guilds) 0 

Radio Amateur Ucence 
Exam (City & Guilds) D 

Electrical Engineering Ej Car Mechanics 0 

Electrical Contracting/ 
installation 0 

Computer 
Programming D 

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

I . COOP   
t  AlnthiterrnezSasional Correspodence Schools, Dept EDS Al.AZ 312/314 High St, 

Sutton, Surrey SM1 SPA. Tel: 01-643 9568 or 041-221 2926 124 hrs). 
semis   rirSe 
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Xen-Electronics 
SPECIALISED ELECTIiONIC 
COMPONENT SUPPLIES 

FASTENERS - FERRITES - INDICATORS - RESISTORS 
CONNECTORS - FUSES - CAPACITORS - CABLE/WIRE 
CRYSTALS - SEMICONDUCTORS - PROJECTS/KITS 

Please phone or write for your free Stock listing to: 

Unit 4, Samuel Whites Estate, Bridge Road, Cowes, 
Isle of Wight P031 7LP - Telephone: (0983) 292847 

- - - Sorry no counter service - - - 

SEND NOW for our latest 100 page international 
elwctronics catalogue. 

Thousands of major and minor electronic components. 

Audio, hi-fi, stylish car radios, amps, kits, meterscopes, 
test gear, transistors, disco, hardware tools and 

computer bits. 

Send £1.00 (refundable with first order) to: 

SMITH ELECTRONICS 
157 CHAPEL STREET, LEIGH, 

LANCS WN7 2AL. Tel: (0942) 606674. 

INDEX TO ADVERTISERS 

Adam Hall Supplies   59 G.C.H.Q.   55 

A.D.M. Electronic Supplies  59 Grandata   55 

Astronomy Now   47 I.C.S.   61 

Airlink Transformers   62 London Electronics College 59 

Audiokits   56 Magenta Electronics   IFC 

Berwick Electronics   41 Maplin Electronics   OBC 

41 Number One Systems   56 

34 Omni   59 

18 Payne Electroprint Ltd   59 

  IBC Phonosonics   26 

25 Rockfort   62 

59 Scientific Wire Co.   59 

59 S.C.S.   56 

55 Service Trading Co.   56 

25 Smith Electronics   62 

Tandy   20 

Technomatic   10,11 

TK. Electronics   25 

Viewcom   26 

XEN-Electronics   62 

BiPak Components   

B.K. Electronics   

Bryants Acoustix   

Bull J. 

Circuit Holding   

Classified Ads   

Coles Harding   

Cricklewood Electronics   

Crofton Electronics   

Croydon Discount 
Electronics   55 

C.R. Supply Co.   59 

D.C. Electronics   59 

Display Electronics   19 

Duchy Electronics   62 

PLEASE MENTION 
PRACTICAL ELECTRONICS 

WHEN REPLYING 
TO ADVERTISEMENTS 

AFFORDABLE, EASY AND SIMPLE. 
Complete SATELLITE T.V. receiving system for f339.00 + VAT. 
1.2 metre system   £439.00 + VAT. 

Dishes: complete with stand & mount 
1 of  lOof 

0.9 m Spun aluminium   £55.00  £45.00 
1 of  lOof 

1 2 m Spun aluminium   £35.00  £65.00 

LNB Converter  1 of  lOof 
Swedish Microwave (NF 2.1 dB)   £1.29.00  09.00 

SATELLITE Stereo Receiver  1 of  10 of 
model Rockdale — TR12E   045.00  £129.00 

lot  10 of 
Polarotors unit   £40.00  00.00 

1 of  lOof 
Feed Horn ariel   £15.043  £12.00 

All prices exclusive of VAT & carriage. 
Please phone for a catalogue or visit our showroom for a demo. 
ROCKFORT PRODUCTS, 81 CHURCH ROAD, LONDON NW4 4DP. 
Tel: 01-203 0191. (Trading division of Vignesh Ltd.). 

Toroidal & E.I. 
Transformers 
As manufacturers we are able to offer a 
range of quality toroidal and laminated 
transformers at highly competitive prices 

Toroidal Mail Order Price List 
prices inclusive of VAT & Postage 
15va 7.95, 30va 9.18, 50va 10.16, 80va 11.36, 120va 12.07, 160va 14.20, 225va 
15.21, 300va 17.04, 500va 22.10, 625va 24.66, 750va 28.75, 1000va 44.82. 
Also available 1 k2, 1 k5, 2k, 2k5, 3k. Prices on request. 
Available from stock in the following voltages: 6-0-6, 9-0-9, 12-0-12, 15-0-15, 18-0-
18, 22-0-22, 25-0-25, 30-0-30, 35-0-35, 40-0-40, 45-0-45, 50-0-50, 110, 220, 240. 
Primary 240 volt. 

Quantity prices and delivery on request 

AIR 

LINK 

Air Link Transformers 
28 Bullfields, Sawbridgeworth, 

Herts. CM21 9D0 Tel: 0279 724425 

IC's  CONNECTORS  L.E.D's 

RESISTORS  CAPACITORS  DIODES 

RIBBON CABLE  etc. 
Send LARGE S.A.E. for Full Price List 

MEMORIES 

64K  £1.10p 
256K  £2.05p 

74LS132  39p 
74LS136  30p 
74LS138  35p 
74LS139  35p 
74LS157  30p 
74LS163  48p 
74LS165  55p 
74LS175  47p 
74LS241  55p 
74LS243  58p 
74LS245  70p 
74LS273  55p 
74LS293  35p 
74LS373  60p 
74LS374  55p 
74LS629  99p 
74136  63p 

75188  65p 
75189  65p , 

PIN HEADERS 

8 WAY  25p 
10 WAY  28p 
16 WAY  48p 
26 WAY  55p 
34 WAY  60p 
5O WAY  99p 

50 WAY  £1.75p 
(Shrouded) 

Z80 

Z80A CPU £2.25p 
Z80A PIO £2.25p 
Z80A CTC £2.50p 
Z80A S10 £3.50p 
Z80A DMA £3.80p, 

' 
EPROMS 

2532  £5.80p 
2564  £7.50p 
2764  £7.50p 

I.C's 

74LS00  15p 
74LS04  16p 
74LS08  15p 
74LS14  35p 
74LS32  15p 
74LS33  16p 
74LS74  25p 
74LS123  41p 

LC. SOCKETS 
14 PIN  gp 
16 PIN  9p 
18 PIN  10p 
20 PIN  12p 
24 PIN  16p 
28 PIN  17p 
40 PIN  25p 

CRYSTALS 

5MHz  80p 
5.0688  95p 
16MHz  £1.05p 

SWITCH MODE 
P.S.U. 

30w  £45.00 

Cheque or P 0 with Order 
Please add £1.00 p&p 

Free p&p with Orders over £20.00 

DUCHY ELECTRONICS 
3 DRUIDS ROAD 

POOL INDUSTRIAL ESTATE 
REDRUTH, CORNWALL, TR15 3EG 

Tel: 0209 212745 
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£1 BAKERS DOZEN PACKS 
Price per pack is £ 1 .00.• Order 12 you 
may choose another free. Items 
marked ish) are not new but 
guaranteed ok. 

1.  5 - 13 atop nm main junction boxes 
2.  5- 13 amp rim main sour boxes 
4.  5- surface mounting switches 5A 250V 
5.  3 - electrical switches, white flush mounting 
7.  4 - in flex line switches with neons 
9.  2 - mains transformers with 60 lA secondaries 
10. 2- mains transformers with 120 3A secondaries 
11. 1 - extension speaker cabinet for 63" speaker 
13. 12- glass reed switches 
17. 2- ultrasonic transmitter receivers with circuit 
19. 2 - light dependent resistors 
25. 4 - wafer switches - 6p2 way, 4p 3 way, 2p6 way, 2p 5 way, 1p 

12 way small one hold fixing and good length 3 spindle your choice 
28. 1 - 6 digit counter mains voltage 
30. 2 - Nicad battery chargers 
31. 1 - key switch with key 
33. 2 - aerosol cans af ICI Dry Lubricant 
34. 96 - 1 metre lengths colour-coded connecting wire 
39. 1 - long and medium wave tuner kit 
41. 8- rocker switch 10 amp mains SPST 
45. 1 - 24 hour time switch mains operated s.h.) 
49. 10 - neon valves - make good night lights 
50. 2- 120 DC or 240 AC, 3 CO relays 
51.  1 - 121/2 CO miniature relay very sensitive 
. 1 - 120 4 CO miniature relay 

54.  10 - rows of 32 gold plated IC sockets itotal 320 sockets) 
55.  1 - locking mechanism with 2 keys 
56.  1 - miniature uniseleclor with circuit for electric jigsaw puzzle 
60. 5 - ferrite rods 4" x 5/16" diameter aerials 
61. 4 - ferrite slab aerials with L & M wave coils 
63. 1 - Mullard thyristor trigger module 
66. 1 - magnetic brake - stops rotation instantly 
67. 1 - low pressure 3 level switch can be mouth operated 
69. 2 - 25 watt pots 8 ohm 
70. 2- 25 watt pots 1000 ohm 
71. 4 - wire wound pots - 18, 33, 50 and 100 ohm your choice 
77. 1 - time reminder adjustable 1-60 mins clockwork 
85. 1 - mains shaded pole motor 3" stack - 3 shaft 
89. 1 - mains motor with gear box 1 rev per 24 hours 
91. 2- mains motors with gear boa 16 rpm 
96.  1 - thermostat for fridge 
98. 1 - motorised stud switch Is.h.) 
101. 1 - 23 hours delay switch 
103. 1 - mains power supply unit - 60 DC 
104. 1 - mains power supply ma - 43V DC 
107. 1 - 5" speaker size radio cabinet with handle 
112. 1 - heating pad 200 watts mains 
114. 1 - 1W amplifier Mullard 1172 
115. 1 - wall mounting thermostat 240 
118. 1 - teak effect extension 5" speaker cabinet 
120. 2- p.c. boards with 2 amp full wave and 17 other recs 
121. 4 - push push wenches for table lamps etc. 
122. 10 - mos twin screened flex while p.v.c. outer 
124. 25 - clear plastic lenses 1 diameter 
127. 4 - pilot bulb lamp metal clip on type 
128. 10 - very fine drills for pcbs etc. 
129. 4 - extra thin screw drivers for instruments 
132. 2 - plastic boxes with windows, ideal for interrupted beam switch 
134. 10 - model aircraft motor - require no on/off switch, nrst spin to 

start 
137. 1- 6;" 4 ohm 10 watt speaker 
142. 10 - 4 BA spanners 1 end open, other end closed 
145. 2 - 4 reed relay kits 30 coil normally open or c/a if magnets added 
146. 20 - pilot bulbs 6.50.30 Philips 
154. 1 - 1211 drip proof relay - ideal for car jobs 
155. 3 - varicap push button tuners with knobs 
169. 4 - short wave air spaced trimmers 2-30f 
172. 10- 120 6W bulbs Philips m.e.s. 
178. 3 - oblong amber indicators with lilliputs 120 
180. 6 - round amber indicators with neons 240V 
181. 100- p.v.c grommets A hole size 
182. 1 - then wave tuning condenser 50 pf with  " spindle 
188. 1 - plastic box sloping metal front, 16 x 95mm average depth 

45mm 
193. 6 - 5 amp 3 pin flush sockets brown 
195. 5 - B.C. lampholders brown bakelae threaded entry 
196. 1 - in flex simmerstat for electric blanket soldering iron etc. 
197. 2 - thermostats, spindle setting - adjustable range for ovens etc. 
199. 1 - mains operated solenoid with plunger 1" travel 
200. 1 - 10 digit switch pad for telephones etc. 
201. 8 - computer keyboard switches with knobs, pcb or veto mounting 
206. 20 - mtres 80 ohm, standard type co-ax off white 
211. 1 - electric clock mains driven, always right time - not cased 
216. 1 - stereo pre-amp Mullard EP9001 
232. 2 - 12V solenoids, small with plunge/ 
236. 1 - mains transformer 90 1 amp secondary C core construction 
241. 1 - car door speaker very flat) 63" 15 ohm made far Radiomobile 
241. 2- speakers 6" o 4- 4 ohm 5 watt made for Radiomobile 
243. 2 - speakers 6" x 4" 16 ohm 5 watt made for Rathomobile 
244. 1 - mains motor with gear-box very small, toothed output 1 rpm 
245. 4 - standard We pots, 3 meg with dp switch 
249. 1 - 130 switched socket on double plate with fused spur 
266. 2 - mains transformers 90 3A secondary 
267. 1 - mains transformers 15V lA secondary p.c b mounting 
291. 1  ten turns 3 watt pot 3 spindle 100 ohm 
296. 3  car cigar lighter socket plugs 
300. 1  mains solenoid with plunger compact type 
301. 10  ceramic magnets Mullard 1" x 3/8 x 5/16 
303. 1  12 pole 3 way ceramic wave charge switch 
305. 1  tubular dynamic microphone with desk rest 
308. 1  T.V. turret tuner (black & white T.V.) 
310. 2  oven thermostats 
313. 5  sub miniature micro switches 
314. 1  12" 8 watt min fluorescent tube whrte 
316. 1  round pin kettle plug with moulded on lead 
411. 1 - 1Y2A magnetic trip saves repairing fuses 
453. 2 - 2W 60ohm miniature speaker or microphone 
454. 2 - 21/4 " Bohm miniature speaker or microphone 
457. 2 -small plastic cases, could hold desk mic, small extension 

speaker etc. 
463, 1 - mains relay 2 cJo 8A contacts with plastic dust cover 
464. 2 - tubes Holts plastic filler/sticker 
465. 3 - 5A 3 pin rubber/nylon plug tops 
466. 4 - common cathode, .7 segment displays .5" 
473. 1 - 5" speaker with built in tweeter, 4ohm, Radio mobile 

VENNER TI ME S WITCH 
Mains operated with 20 amp switch, one 
on and one off per 24 hrs. repeats daily 
automatically correcting for the 
lengthening or shortening day. An 
expensive time switch but you can have it 
for only £2.95 without case, metal case 
-£2.95, adaptor kit to convert this into 
a normal 24hr. time switch but with the 
added advantage of up to 12 on/offs per 
24hrs. This makes an ideal controller for 

Ea-Eledricity Beard,  the immersion heater. Price of adaptor kit 
Sesremesel 12 leeetbe.  is £2.30. 

SOUND TO LIGHT UNIT 

Complete kit of parts 0/a three channel sound to light unit 
controlling over 2000 watts of lighting. Use this at borne if you 
wish but it is plenty rugged enough for disco work. The unit is 
housed in an attractive two tone metal case and has controls for 
each channel, and a master on/off. The audio input and output are 
by I" sockets and three panel mounting fuse holders provide 
thyristor protection. A four pin plug and socket facilitate ease of 
connecting lamps. Special price is £14.95 in kit form. 

12 volt M OTOR BY S MITHS 
Made for use in cars, etc these are very  . 
powerful and easily reversible. Size 
3r long by 3" dia. They have a good 
length of I" spindle - 
1/10 hp £3.45 
1/8 hp E5.75. 1/6 hp E7.50 

25A ELECTRICAL PR OGRA M MER 
Learn in your sleep. Have radio playing and kettle 
boiling as you wake - switch on lights to ward 
off intruders - have a warn, house to come home 
to. You can do all these and more. By a famous 
maker with 25 amp on/off switch. A beautiful 
unit at E2.50 

THIS MONTH'S SNIP 
r floppy disk drive unit plug in and with all electronics. Japanese 
made, brand new. We supply data showing how this can be used 
with the BBC, Spectrum, Amstrad and other popular computers. 

Special price £2250 Data only  refundable if you purchase the 
drive. 

12V Battery Operated Siren or you can work this off a 2V 
transformer). Makes a shocking noise, will frighten away any 

intruder. Japanese made one 50p each, 2 for £1, ref BD106. 

American, storage soiled but unused and guaranteed perfect, only 
20p each, 5 for £1, ref BD221. 
Wonderful Breakdown Value - Hand Held Stereo Unit Contains 
two beautiful miniature moving coil loud speakers. These could 
also be used as micropohones, also contains many other useful 

parts including mini stereo amp, transistors, condensors, rocker 
switches etc etc. To use this as a personal amplifier simply add a 

stethoset only £1, ref 0029. 
Spit Motor Powerful mains operated induction motor with 
gearbox attached. Shaft has square hole which gives very easy 
coupling and quick release if required. Shaft speed 5rpm. Price 
£5, ref 5P54. 
Geared Motor. Very powerful. Has 2 inch stack. Fitted gearbox 
gives final speed of 60 r.p.m. Should be suitable with more gearing 
to operate garage door etc. Mains operated. £4.00 + £1 postage. 
Ref: 4P15 

Nickel Cadnium Rechargeable Battery. I) size. High 4 amp power 
capacity. £2 each. Ref: 23141 

20V -0 - 20V 1A Mains Transformer Upright mounting. Primary 
thermal cutout to interupt the supply if transformer overheats. 

Price £2, ref 2P138. 
4 Books for ft Book 1 describes the Mullard Unilex amplifier and 

gives details of a suitable cabinet. Book 2 describes several useful 
pieces of test equipment which could be quite easily constructed. 
Book 3 is electronic projects. Book 4 describes short wave receivers 
which can be easily constructed and is intended for mainly 
beginners. Our ref BD4130. 
Transformer in Waterproof Metal Case 24V 50 output. Ideal for 
garden lighting or to operate pond pump etc. Case has cable 
glands for mains in and low voltage output leads. Price £5 plus 
Et post, ref 5P88. 
Mains Relay With transparent plastic cover. Could be pcb or clip 
mounted, has single 8-10A c/o contact. Real bargain 2 for £1, ref 
8D486. 
Panel Meters Engraved vu, approximately 13/4 " square. Luminate 
these from behind and you will have a really super looking panel. 
Real bargain 2 for Et ref BD366. 

POWERFUL IONISER. 
Generates approx. 10 times more IONS than the ETI and 
similar circuits. VVill refresh your home, office, shop, work 
room etc. Makes you feel better and work harder - a 
complete mains operated kit, case included. 01.50 + £2 
P&P. 

TELEPH ONE BITS 
Master socket has surge arrestor - ringing condenser etc) and 
takes B.T. plug   £3.95 
Extension socket  £2.95 
Dual adaptors 12 from one socket)  £3.95 
Cord terminating with B.T. plug 3 metres  £2.95 
Kit for converting old entry terminal box to new B.T. master socket, 
complete with 4 COre cable, cable clips and 2 13T extension 
sockets   £11.50 
100 mtrs 4 core telephone cable   £13.50 

J & N BULL ELECTRICAL 
Dept PE, 250 PORTLAND ROAD, HOVE, 
BRIGHTON, SUSSEX BN3 5QT 

MAIL ORDER TERMS: Cash, P.O. or cheque with order. Orders under 
£20 add Et service charge. Monthly account oprders accepted from 
schools and public companies. Access & B/card orders accepted. 
Brighton 0273 734848 or 203500. 

£2 POUNDERS* 
2P2  rnourrtirq thermostat, hch precision with mercury swath and 

thermometer 
2P3 -Variable and reversible 8-12v peso for Riedel control 
2P4 -24 volt you with secrete channels for stereo 
2E43 -100W mains to 1150 autosransformer with voltage tappings 
2P8 -Mans motor with gear box and amiable speed selector Series wound so 

nets* for further speed control 
2P9 -Time and set switch. Boxed, glass haired and with knobs. Controls up to 

15 amps Ideal to program electric heaters 
2P10 -12 volt 5 amp mans transformer 
2P12 -Disk or Tape precision motor - has balanced rotor end is reversible 230s 

mins operated 1500 rpm 
2P14 -Mug Stop kit - when thrown emits piercing soured 
2P15 -Interrupted Beam kit for burglar alarms, courtiers, etc 
2P17 -2 rev pr minute mams driven motor, ideal to apace mirror ball 
2P18 -liquid/gas shut off valve mans solenoid operated 
2P19 -Disco switch-motor drives One more 10 amp change over micro swaches 

supplied ready for mans operation 
2P20 -20 metres extension lead. 2 one - ideal rrost Black and Decker garden 

tools etc. 
2P21 -10 watt amplifier, Mulled module reference 1173 
2P22 -Motor driven switch 20 secs on a off otter push 
2P28 -Counter remittable mans operated 3 digit 
2P27 -Goodman! Speaker flock round 8ohm 12 watt 
2P28 -Drill Pump - always useful couples to any make portable drill 
2P31 -4 rnetres 98 way interconnecting wire easy to strip 
2P32 -Not Wee amp meter - 43 round surface mounting 0-10A - old bin 

working and definitely a bit of history 
2P34 -Solenoid Air Valve mans operated 
2P38 -200 R.P.M Geared Mans Motor 1" stack quite powerful, definitely large 

mough to drive a rotating aerial or a tumbler for polishing stones etc 
2P43 -Small type blower or extractor far, mom inset so very compact, 2300 
2P48 -Our famous drill comrol kit complete and with prepared case 
2P49 -Fee Alarm break glass switch in heavy cast case 
2P51 -Stereo amplifier, 3w per channel 
2P55 -Mans mom, extra powerful has 13" stack and good length of spindle 
2P132 -1 per Goodmans 15 ohm speakers for llnilox 
2P84 -1 five bladed fan 63" with mans motor 
2P88 -1 2Kw tangential heater 1150 easily convertible for 2300 
2P67 -1 12v-0-12r 2 amp mans transformer 
2P88 -1 15v-0-15v 2 amp mains transformer 
2P69 -1 250v-0-250v 80 mA & 86.3v 5A mains transformer a. 50p post 
2P70 -1 E.M.I. tape motor two speed and reversible 
2P72 -1 115e Muffin fan 4"v 4" approx 
2P82 -9v-0-9v 2 amp mains transformer 
2P84 -Modem board wail press keys for telephone redialler 
25 -20v-0-20v 3A Mans transformer 
28 -Samaria 241e time switch 20 amp  h 
2P89 -120 mm . time switch with knob 
2P90 -90 min time switch with edgewne engraved controller 
2P94 -Telephone handset for BE home telephone circuit 
2P97 -mans transformer 240 2A upnght mounting 
2P98 -20m 4 core telephone cable, wive outer 
2P99 -500 hardened pin type staples for telephone cable 
2P101 -150 mains transformer 40 upright mounting 
2P105 -capillary type thermostat for air temperature with c/o watch 
2P107 - membrane keyboard, telephone type 
2P108 -morns motor with gear box giving 110rpm 
2P109 -5" wide black adhesive pan tape 33m, add fl post if not colisctins 
2P1231 - 25A rotary switch, surface mounting, cover engraved, 
high, medium, low, off 

2P1281 - 5A noise filter mains for computer or amplifier 
2P1341 -90 500mA psu, plugs into 13A socket 
2P1381 - mains transformer 20V-0-20V 1A 

OVER 400 GIFTS 
YOU CAN CHOOSE FROM 

There is a total of over 400 packs in 
our Baker's dozen range and you 
become entitled to a free gift with each 

dozen pounds you spend on these 
packs. 
A classified list of these packs and our latest 

"News Letter" will be enclosed with your goods, and 
you will automatically receive our next news letters. 

£5 POUNDERS'. 
5P1.  12 volt submersible pump complete with a tap and switch. an 

ideal caravan unit. 
5P2.  Sound to light kit complete in case suitable for up to 750 

watts. 
5P6.  12V alarm bell with heavy 6' gong. suitable for outside if 

protected from direct rainfall. Es GPO but in perfect order. 
5P12. Equipment cooling fan - mini snail type mains operated. 
5P13. Ping pong ball blower - or for any job that requires a powerful 

stream of air - ex computer Collect or add £2 post. 
5P15 -Unisdector 4 pole, 25 way 50 volt coil 
5P18 -motor driven water pump as fitted to many washing machines 
5P20 -2 kits, matchbox size,surveilancetransmitterand regular 

size FM receiver 
5P23 -miniature lappr. 23" wide) tangential blew heater, 1.2kw 
5P24 -3hp motor. ex computer, 2300, mans operation 1450mm feet collect 

add £3 post 
5115 -special effects lqhting swrtch Up to 6 channels of lamps can be on or off 

for varying time periods 
5P27 -Windt's player 120, has high quaky stereo emplifier 

5P34 -24V 50 toroidal mans transformer 
5P35 -modern bond from telephone auto dialler, complete wrth keypad and all 

IC: 
5P37 - 24 hour time switch. 2 on/offs and clockwork reserve, on 

Elec. Board loading up to 50A. Add ES post & packing. 
51,41 -5" extractor fan, rely quiet runner 1s.h.), grrtd 12 mths. 
51,45 -pack of 6 cooker clock wenches 
5P48 -telephone extension bell in black use, ex-GPO 
5P52 -mans transformer 260 100 upngM mounting, add f2 post 
5P54 -mans motor with gear box, final speed 5rpm 
5P58 -Amstrad stereo tuner FM end LAI old AM 
51,60 -DC Muffin type fan 18 to 270, only 3W 
5P61 -dnll pump mounted w here. coupled to mans motor 
5P82 -23kve tangential blow heater, add £1.50 post it not collecting 

5P72 1 - turntable, base size appr. 171/24 1/2 , suitable for VDU or 

similar 

5P81 1 - stepping motor, 48 steps 7.5', 10-140, bi-directional 
5P86 1 - 200W mains transformer with 2 100 1A secondaries 
5P88 1 - 240 50 mains transformer in waterproof case 

LIG HT C H ASER KIT m otor driven s witch 
bank with connection diagra m, used in 
connection with 4 sets of x mas lights 
m akes a very eye catching display for 
ho me, shop or disco, only £5 ref 5P56. 
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DIGITAL LCD 
THERMOMETERS! 

Dual Scale Thermometer 
A neat digital thermometer with internal and 
external sensors displaying °C or 'F. The 
external sensor is a waterproof probe (max. 
length 3m). Temperature range —5°C to 
50°C (internal), —20°C to 70°C (external). 
Includes a 12 hour clock. 
Order Code FD25C Price £9.95 

Pocket Thermometer 
A well made temperature meter displaying 
°C and a 12 hour clock. Temperature 
range —5°C to 50°C (internal), —20°C to 
70°C using external probe (max. length 
900mm). High and low temperatures can be 
set and an alarm sounds when these are 
reached. A set/lock switch prevents 
accidental resetting. 
Order Code FD26D Price £14.95 

Temperature Module 
Versatile thermometer module displays in °C or °F, 
includes a 12 hour clock and serial data output. 
Temperature range —5°C to 50°C (internal), 
—20°C to 70°C with external probe. Overall size 
68 x 35 x 23mm deep. Probe (max. length 3m) and 
bezel also available. 
Module Order Code FE33L Price £6.95 
Probe Order Code FE34M Price £2.50 
Bezel Order Code FE35Q Price 15p 

All prices include VAT. Please add 50p towards postage. 
Prices firm until 6th November 1987. Subject to availability. 
If order below £5.00, please add 50p handling. 

19,7 1011 .  40101.101111KIIII MIADMINIMOI , 

_ ELECTRONIC SUPPLIES LTD. 

Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) Sales: 554161, 
Enquiries: 552911; Trade sales: 554171, Trade enquiries: 552961. 

Shops 
Birmingham: Sutton New Road, Erdington, Birmingham. Telephone: 021 384 8411 
London: 159-161 King Street, Hammersmith W6. Telephone: 01 748 0926. 
Manchester: 8 Oxford Road. Telephone: 061 236 0281. 
Southampton: 46-48 Bevois Valley Road. Telephone: 0703225831. 
Southend-on-Sea: 282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702 554000. 
All shops except Manchester and Birmingham closed all day Monday. 

Pick up a copy of our 1987 
catalogue from any branch of 
W.H. Smith for just £1.50. 
Or to receive your copy by 
post just send £1.50 + 40p 
p 8i p to Mail Order address. 
If you live outside the 
U.K. please send £2.50 or 11 
International Reply Coupons. 


