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Portable All-Band World Receiver 
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Realistic DX-440. Tune into international news, views and entertainment from all over the 
world! This exciting "Voice Of The World" receiver features PLL synthesized circuitry which locks 
onto exact frequency so you can enjoy drift-free reception from around the globe. Receives FM 
stereo and full AM (150-29,999 KHz) including longwave, mediumwave and SW bands. Simply 
punch in any frequency with the direct-entry keys or use the 9-station memory for even faster 
access! Features automatic and manual scanning modes to locate any station on the air. With 
built-in monaural speaker, LCD quartz clock with timer, telescoping aerial and headphone 
socket. Requires 2 "AA" and 6 "C" batteries or AC/DC adapter. 
20-221   £149.95 

Tand 
Tunes You Into A World Of Better Listening 

Over 400 Tandy Stores And Dealers Nationwide. 

  Prices may vary at Dealers. Offers subject to availability.   

Tandy, Tandy Centre, Leamore Lane, Bloxwich, Walsall, West Midlands, WS2 7PS. 
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CONSTRUCTIONAL PROJECTS 
LIGHT METAL EFFECTS by Robert Penfold   12 
You don't need to be a weight watching musical heavy to 
ring modulations from this toned-up music modifying 
module. 

WEATHER CENTRE — PART TWO by John Becker   25 
This month Ed helps to keep your feet dry by providing 
an automatic indoor monitor for the weather detecting 
circuits. 

INGENUITY UNLIMITED by Enthusiastic Readers   30 
More novel circuit ideas to keep your brains and hands 
active — a Spectrum Hardware Restart and Rom Select 
circuit, a High Reliability Pulse Feeder, and a Stereo 
Grannyphone Interface. 

TEACHER COUNTER by Tim Pike   40 
Logic plays an eventful part in any digital counting circuit 
and Boolean gates open up golden opportunies for GCSE 
students. 

SPECIAL FEATURES 

APRIL 1988 

SATELLITES — PART TWO by Mike Sanders   19 
Revealing how Spade work broadens the signalling scope 
for satellites carrying irregular communications, and how 
Intelsat V benefits from multiple capacity. 

BIO-CHROMATIC ELECTRONICS by Zola McMalcolm   34 
Interdisciplinary cooperation plays an ever growing role, 
particularly in the development of cellular memory 
devices that may represent the route to intelligent 
computers. 

SEMICONDUCTORS — PART FIVE by Andrew Armstrong   48 
Armed with a strong desire to share his enthusiasm 
Andrew looks at what he believes to be the most 
interesting area of discrete semiconductors — power 
mosfets. 

REGULAR FEATURES 
EDITORIAL — Weather watching   9 

LEADING EDGE by Barry Fox — Favourite track selection   8 

SPACEWATCH by Dr. Patrick Moore — The way to Mars?   46 

INDUSTRY NOTEBOOK by Tom Iva!' —The twenty-year shake-out. 57 

READERS' LETTER — and a few answers   39 

PRODUCT FEATURES 
MARKETPLACE — what's new, where and when   4 

ARMCHAIR BOOKSHOP — books to increase your knowledge   53 

BOOKMARK — reviews of newly published books   38 

PCB SERVICE — professional PCBs for PE Projects   60 

TRACK CENTRE — the PCB track layout page   32 

BAZAAR — Readers' FREE advertising service   581 

ADVERTISERS' INDEX   62 

NEXT MONTH ... 
SPRING HAS SPRUNG AND SO HAVE WE TO BRING YOU — 

MAINS MODEM • SPEECH PROCESSING 'INTELSAT VI AND BEYOND 
• DAT — THE REALITIES • MOSFET APPLICATIONS • CONSUMER 
ELECTRONICS REPORT • AND OTHER TOP LINE FEATURES WILL 
BLOSSOM FORTH. 

DON'T LET THE GRASS GROW UNDER YOUR FEET 
BY MISSING THE PE MAY 1988 ISSUE 
ON SALE FROM FRIDAY APRIL 8TH 
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We have recently received the following catalogues and 
literature: 

Sansui, who are a subsidiary of the Hi Fi Markets Group, have 
issued a booklet, 'The Sansui Collection', detailing their 
consumer audio-video products. These include amplifiers, 
tuners, equalisers, cd players, cassette decks, speakers, 
turntables, and a range of video equipment. Sansui Electronics 
UK Ltd, Axis 4, Rhodes Way, Watford, Herts, WD2 4YW. 0923 
228584. 

Versactec have published a new free brochure called 
'Electrostatic Plotting — the choice in wide format graphics 
output'. Its intention is to help users select the most suitable 
electrostatic printer-plotter by providing information on colour 
and monochrome plotting widths. Versatec Electronics Ltd, 5 
Oxford Road, Newbury, Berks, RG13 1QD. 0635 517200. 

Audiokits  have  announced  their  most  comprehensive 
component notes and catalogue of audio quality capacitors for 
constructors, service engineers and audio manufacturers. 
Coded ACN12, the notes are available free to the trade, but 
are priced at £4 (incl post) to non-trade constructors. Audiokits 
Precision Components, 6 Mill Close, Borrowash, Derby, DE7 
3GU. 0332 674929. 

Volex have released a colourful promotional brochure outlining 
their product range of electrical accessories, including plugs, 
sockets, cables and wiring harnesses. Their products appear to 
be more relevent to the trade, but anyone interested should 
contact Volex Group plc, Volex House, Lissadel Street, Salford, 
M6 6AP. 061 736 5822. 

STC's 8-page full colour brochure outlines the widest selection 
of cells and batteries offered by any electronics distributor in 
the UK. It is available fromThe Battery Group, STC Electronic 
Services, Edinburgh Way, Harlow Essex, CM20 2DF. 0279 
626777. 

EXCLUSIVE! 
IN THE NEXT 
ISSUE OF PE 

LATEST on the US Elec-
tronics and Technology scene 
with a special report from 

THE CONSUMER ELECTRONICS 
SHOW IN LAS VEGAS 
BY DR WAYNE GREEN 

Well known US Author, Publisher (Founder of over 
50 Computer Technology Magazines including 
Byte, MicroComputing, and 73) and currently 
Vice-Presidential Candidate. 

READ IT IN THE MAY ISSUE! 

WHAT'S NEW 

Hand Held Boxes 

FT‘vo electronic case ranges, 
1 designed exclusively for 
development and production of 
hand-held portables have been 
launched by West Hyde, the 
Aylesbury based enclosures 
company. The growing market 
for pocket sized, hand-held 
equipment has led to the 
development of two extremely 
versatile ranges from one of the 
UK's leading enclosures 
companies. Named Tinos and 
Elos, these low-cost (from £1.44) 
cases are available in a total of 
nine different sizes and in a light 
grey and black abs. 
The Tinos range have on one 

side a textured finish to provide 
a firmer grip, also a battery 
compartment for PP3 9V 
batteries and rounded corners 
throughout. One model in the 
range even has a moulded pocket 
clip. 
The Elos, while being the 

more general purpose range and 
without a battery compartment, 
carries as standard moulded pads 
to provide a base for a pcb and 
sub-chassis mounting. 
All case sizes are now available 

ex-stock. 
Contact: West Hyde 

Developments Ltd, 9-10 Park 
Street Industrial Estate, 
Aylesbury, Bucks, HP20 lET. 
Tel: (0296) 20441. 

Solder Feeder 

rlThle-ProductionTools Ltd, the 
1 Westcliff-on-Sea soldering 
specialists are now marketing a 
new Swedish solder feeder 
device. 
The feeder can be attached to 

any pencil iron and the feed tube 
adjusted to ensure that the 
solder is fed directly on to the 
soldering tip. Solder is wound on 
to a cassette, which is attached 
to the reverse end of the device, 
and is then fed by advancing a 
knurled wheel with the index 
finger. It is suitable for left or 
right hand use. 
The solder feeder is a useful 

third hand when objects have to 
be held in position while 
soldering; it also alleviates 
problems caused by operators 
continually handling high lead 
content solder. The price is £10 
plus VAT. 
Contact:Tele-ProductionTools 

Ltd, Stiron House, Electric 
Avenue, Westcliff-on-Sea, Essex 
SSO 9NW. Tel: 0702 352719. 

Big Brother Speaks 

November the 5th 1987 saw 
the launch of a new addition 

to the JBL Control Series 
loudspeaker range. The Control 
5 is the new big brother to the 
well established Control One 
system that has been massively 
successful in many market areas. 
The JBL Control 5 is 

immediately available and 
measures a very compact 15 x 10 
x 9 inches. It is capable of 
handling 175W with usable 
output down to 50Hz. With this 
power handling, each Control 5 
can generate over 114dB SPL 
(1m). 
The drive units have been 

specifically developed for this 
project.The HFis a pure titanium 
driver which has added 
protection built into the dividing 
network to minimise damage 
caused by overdriving and errant 
amplification. The bass driver 
has been designed for low 
distortion performance even at 
very high levels. 
The Control Five is designed 

with ease and flexibility of 
installation as a primary feature, 
and a pair of them cost just £279 
including VAT. 
Contact: Harman (Audio) UK 

Ltd, Mill Street, Slough, Berks 
SL2 5DD. Tel: 0753 76911. 
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NEWS AND MARKET PLACE 

Homesca mer 

Elerguson are launching two 
1 new products to help protect 
you and your home under their 
Homescan banner. 
Increasingly, the public is 

concerned about that which 
Crime Prevention Officers call 
"Access Control", that is, 
monitoring exactly who comes 
into the home and why. Security 
consciousness is on the increase 
— and this is welcomed by the 
authorities. In the last six years 
consumer spending on security 
has rinse from £84 million to £175 
million. 
Ferguson is introducing two 

access control systems, both of 
which can be easily installed, in 
a couple of hours, by anyone 
competent in diy. 
One system, the FHS1 

comprises a video camera and 
control unit, which are capable 
of operating in total darkness. 
The camera is mounted by the 

front door and the picture of the 
caller is fed through to a 
designated channel on a domestic 
television which gives one-way 
audio visual communication. By 
wiring the control through the 
doorbell system, an audible 

alarm will interrupt any tv 
programme being watched to 
inform the viewer to switch to 
the appropriate channel to see 
and hear the caller. 
The other system, the FHS2, 

comprises a video camera 
mounted in a unit including a bell 
push, microphone and speaker, 
and a separate dedicated video 
monitor/control unit, both with 
wall-mount brackets. Once 
again, the camera can work in 
total darkness and also offers 
two-way audio communication, 
(a useful benefit for the blind and 
disabled). An electric door lock 
can be released by pressing a 
button on the monitor unit after 
the visitor has identified himself, 
.and a led indicator shows when 
the door is open, or unlocked. 
Tkvo cameras can be linked up 

to the video monitor to give 
access control at the front and 
back doors or one can be used 
indoors for baby minding. 
The FHS1 costs around £449, 
and the FHS2 about £749. 

Contact: Anne Waterman, 
Ferguson Ltd, Cambridge 
House, Great Cambridge Road, 
Enfield, Middx. EN1 1ND. 

Digit Control 

HOW would you like to be 
able to control ALL your 

heating, lighting, machinery, air 
conditioning, in fact anything 
that depends on electrical energy 
from one mobile control point? 
An expensive pipe dream? Not 
anymore. Anew mains signalling 
system has been launched at a 
cost that should bring easy 
energy saving and security within 
the reach of even the smallest 
business. 
The Emlux MS System, as it is 

called, uses state-of-the-art 
electronics throughout, but is 
designed to operate in a 
straightforward, uncomplicated 
way and brings ultra modern 
energy management techniques 
under finger tip control. 
The command signals are 
transmitted along existing 
standard 240 volt supply cables 
which means that the costly and 
often inconvenient installation 
of dedicated wiring is avoided. In 

fact, installation couldn't be 
simpler since all that is necessary 
is the plugging in of the command 
module to a standard 13 amp 
socket. The most junior 
employee can operate the 
system, since the touch of a 
button is all that is needed to set 
it into motion. Inclusion of the 
proven Emlux patented Filter as 
an integral part of the system 
ensures that all commands 
generated are contained within 
the premises. 
The basic starter pack, which 

comprises one console, four 
slave modules (2 plug-in, 2 
wire-in) and one filter, sells for 
less than £300. Extra slaves can 
be supplied at about £35 each. In 
addition to the basic MS 
controller, a programmable 
clock controller is available to 
provide automatic control. 
Contact: Emlux Ltd, Industrial 

Estate, Black Bourton Road, 
Carterton, Oxford, 0X8 3EZ. 
Tel: 0993 841574. 

COUNTDOWN 
If you are organising any event to do with electronics, big or 
small, drop us a line — we shall be glad to include i t here. 

NOTE: Some events listed here may be trade or restricted 
category only. Also, we cannot guarantee information accuracy, 
so check details with the organisers before setting out. 

Regular courses for R.A.E., and also for Morse. Grafton Radio 
Society, Elizabeth Garrett Anderson School, Riseing Hill 
Street, London Ni. 

Regular weekly courses for Radio Amateurs Exam (C8G 765). 
Tuesdays 7.30 to 9.30. Hendon College, Corner Mead, 
Grahame Park, Colindale, London NW8 5RA. Tel: 01-200 
8300. 

Mar 20. Pontefract and District Amateur Radio Society annual 
components fair and boot sale. Carlton Community Centre, 
Carlton, Pontefract. 0977 43101. (Good luck you enterprising 
lads! Ed.) 

Mar 22-24. Internepcon Production Show and Conference, 
plus Electro Optics and Laser UK. National Exhibition Centre. 
Birmingham. 

Mar  29-30.  Instrumentation  Harrowgate. Trade  only. 
Harrowgate Exhibition Centre, Harrowgate, N. Yorks. 0822 
4671. 

Apr 12-14. Scottish Computer Show. Scottish Exhibition 
Centre. Glasgow. 

Apr  13-14.  Laboratory  Cambridge.  Kelsey  Kerridge, 
Cambridge. 0799 26699. 

Apr 26-28. British Electronics Week 88. Olympia. 079926699. 

Frame Foam W ybar Electronics have 
introduced cut-to-size 

conductive foam for its range of 
printed circuit board assembly 
holders. The foam can be 
supplied with new units or 
retrofitted to existing units 
enabling the safe handling of 
static sensitive components. 
Pull spare parts, such as 

springs, bearings, clips and 
additional rails are also available 
from stock. 
Contact: Wybar Electronics, 

Unit M, Portway Industrial 
Estate, Andover SP10 3LU. Tel: 
0264 51347/8. 

Damp Heat 

Q olex, the sole UK representa-
tive for the Soar range of test 

and measuring equipment, has 
recently launched the HT-150 
multifunction module that 
measures temperature and 
humidity simultaneously. 
The unit is ideal for panel 

mounting and has a high 
resolution, °C or °F selectable, 
large liquid crystal display. In 
addition to the basic functions, it 
provides a hi-lo alarm, max-min 

record and discomfort index 
display functions. Simultaneous 
data signal outputs of both 
temperature and humidity allow 
the unit to be used in connection 
with external devices such as 
controllers and printers. 
External long probes up to 

100m maximum for remote 
control of both humidity and 
temperature are available as an 
optional extra for various kinds 
of applications. 
Contact: Solex International, 

95 Main Street, Broughton 
Astley, Leicestershire LE9 6RD. 
Tel: 0455 283486. 
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NEWS AND MARKET PLACE 

Boxing Clever 

Encore Enclosures are 
marketing an enclosure 

system developed as a result of a 
suggestion from a lecturer at 
Bath University for a make-it-
yourself, easy-to-assemble box 
since one of the most difficult 
tasks of a student project is to 
find an enclosure which is 
inexpensive, the correct size and 
looks professional. 
Encore supply plastic sheets 

and sections, together with 
construction details, which can 
be used to make any particular 
design. The individual pieces 
occupy little space, an advantage 
if stocked for future 
requirements. 
The system is relatively 

forgiving of mistakes in 

construction as all the raw edges 
are covered up and a generous 
tolerance allowed for the fitting. 
To change the position of a 
misplaced cutout, at worst you 
only have to change one panel. 
The more complex the structure, 
the greater the financial 
advantages. 
For the faint-hearted, or those 

who have more important things 
to do with their time, Encore 
now offer to build to anyone's 
enclosure design (even an 
one-off) at prices below what 
they would probably pay for a 
standard enclosure. 

Contact: Encore Enclosures, 
Unit 3,Willand Industrial Estate, 
Cullompton, Devon EX15 2()W. 
Tel: 0884 820955. 

Young Electronic Engineers 
Awarded 

paul Dagley-Morris (left) and 
Roger Lucas (right), two 

sixteen-year-old pupils at 
Cheltenham College, are seen 
with their animal trauma meter, 
which gained them and the 
school third place in this year's 
Young Engineers for Britain 
competition, sponsored by the 
National Engineering Council. 
Although the trauma meter is 

designed for measuring shock-in 
animals, 'patient' Dusty seems in 
relaxed mood here. In the centre 
is Vet Mike Daley, whose practice 
gave encouragement and support 
to the two young electronic 
engineers in the design of this 
device, the first of its type. 
Contact: PRB Public Relations 

and Marketing Ltd, 3 Wolseley 
Terrace, Cheltenham GL50 
1TH. Tel: 0242 510760. 

Young Radio Amateur Awards 

Anybody under the age of 18 
who has made waves in the 

world of amateur radio should 
enter the Young Amateur of the 
Year Award now 
The award, sponsored by the 

Department of Trade and 
Industry as part of the 75th 
anniversary celebrations of the 
Radio Society of Great Britain, 
is designed to increase awareness 
of amateur radio amongst young 
people and highlight the skills 
and benefits that participation in 
this unique activity can bring. 
The £250 prize will be awarded 

to the person judged to have 
made an individual contribution 
of outstanding merit (between 1 
April 1987 and 31 March 1988) 
in any area of amateur radio.This 
might include technical 
innovation, exceptional 
operating skills, success in 
promoting amateur radio to a 
wider audience, the fostering of 
international goodwill, social 
work for the handicapped or 
emergency communications. It is 
hoped that the prizegiving will 
take place at the RSGB's national 
convention in July 1988. 
The winner will also spend a 

day with the Department's 
Radiocommunications Division 

learning at first-hand about the 
varied work of the Department 
in the radio field. 
The award is open to any 

resident (who need not be a 
current holder of the Amateur 
Radio Licence) of the UK, the 
Channel Islands or the Isle of 
Man who has not reached his or 
her 18th birthday by the closing 
date. 
Applications or nominations 

must be sent to The Secretary, 
RSGB,Lambda House, 
Cranborne Road, Potters Bar, 
EN6 3JE. The closing date is 31 
March 1988. 

Bristol Maplinised 

M aplin Electronics, have 
announced the opening of 

their latest shop, situated close 
to Bristol city centre, at 302 
Gloucester Road, Telephone 
0272 232014. 
In formerly opening the new 

shop, Brian Lodge, Director of 
the Department of Industry 
South-West Region, said that 
many local electronic enthusiasts 
would welcome the arrival of a 
new Maplin store in Bristol, as 
many youngsters find positions 
in local companies which are 
heavily involved in electronics. 
Brian Lodge congratulated 
Maplin on the range of products 
on show together with the highly 
professional appearance of the 
store. He hoped that Maplin 
would continue to source as 
much material as possible from 
UK-based manufacturers. He 
wished all concerned every 
success. 

Kent Cider Flows 

KentVerifluxVTC flowmeters 
are being used for metering 

cider and apple juice transfer to 
road tankers at Symonds' plant 
in Stoke Lacey. The signal output 
from the flowmeters is taken to 
a local display unit to show the 
quantity of cider transferred. As 
this can amount to approximately 
25,000 litres per load, it is 
essential to have accurate 
flowmetering. 
Pasteurisation in the process 

plant is monitored and controlled 
by Kent instruments, circular 
chart recorders and control 
units, while conductivity cells 
allow the monitoring of caustic 
concentrations during cleaning 
processes and electrodes are 
used in the laboratory for sample 
analysis. 
Symonds' have been producing 

premium quality ciders since 
1727. The plant at Stoke Lacey, 
Herefordshire, has been 
dramatically expanded and 
modernised over the last three 
years and is now one of the 
largest and most modern cider 
production units in Europe. The 
company specialises in producing 
high quality ciders and perry and 
combines the latest production 
technology with traditional 
methods. 
Successful operation of the 

processing plant depends on the 
quality of the Kent 
instrumentation used. 
Contact: Kent Industrial 

Measurements Ltd, Oldends 
Lane, Stonehouse, 
Gloucestershire GL10 3TA. Tel: 
(045 382) 6661. 

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

83C43. 8-bit microcontroller with 4K bytes of ram, 128 
bytes of rom and an on-chip lcd driver supporting four 
backplanes at a maximum driving capacity of 96 
segments. (ML) 

FXD580 series of Ferroxdure materials for permanent 
magnets in dc motors. The FXD500 has typical 
remanence and coercivity values of 385mTand 360kAm 
respectively. The FXD520 has equivalent values of 
425mT and 260kAm. (ML). 

HA19213NT. Low power monolithic 7-bit flash ADC. 
Typical power dissipation 250m W, conversion rate 30 
msps. (HT). 

LM282XF. LCD 640 x 400 dot display with built in cold 
fluorescent  lamp  backlighting,  offering  increased 
lifetime and superior visual performance. (HT). 

PLC473. The first Mullard erasable pld. Manufactured 
in cmos, it features uv erasability and demands much 
less power than its bipolar equivalents. (ML). 

Manufacturers, and contact telephone numbers: 

(HT) Hitachi Electronic Components UK Ltd, 21 Upton 
Road, Watford, Hells, W D1 7TB. 0923 246488. 
(ML) Mullard Ltd, Mullard House, Torrington Place, 
London WC1E 7HD. 01 580 6633. 
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NEWS AND MARKET PLACE 

Snap, No Crackle Dowty's SNAP (sustained 
necessary applied pressure) 

has now been successfully 
evaluated to meet environmental 
classifications and provides gas 
tight contact between conductors 
on rigid circuit boards and tape 
cable or custom designed flexible 
circuits. 
The new design has a number 

of advantages over conventional 
IDC and permits its use in many 
applications at lower cost. The 
combination of SNAP and 
production runs of pcbs provides 
a material cost saving since the 
mounting site does not require 
through-hole plating or mating 
connectors. It also has a greater 
intrinsic reliability than IDC due 
to its single interface between 
flex and rigid circuit. IDC would 
require three interfaces to make 
an equivalent connection. 
The SNAP system is available 

as a single unit capable of 20 or 
40 connection lines per 25 mm. 
Contact: Dowty Interconnect, 

Knaves Beech Business Centre, 
Loudwater, High Wycombe, 
Bucks HP10 9UT, Tel: 0628 
810810. 

CD-ROMPS On 

ritain's leading compact 
disc manufacturer, Nimbus 

Records, has completed the first 
commercial production of a 
cd-rom. The disc, commissioned 
by Clarinet Systems Limited for 
distribution to the international 
oil community, features a digital 
cartographic database of the 
world. It marks yet another first 
for Nimbus in technological 
achievement. 
With the capacity to store up 

to 200,000 pages of text or 1,500 
floppy discs, cd-rom (compact 
disc read only memory) is the 
latest means of storing vast 
amounts of data on a world 
standard optical storage medium. 
The cd-rom manufactured by 

Nimbus holds 550 Mbytes of 
mapping data and runs on a PC 

linked to a plotter. While three 
scales and two projections are 
published on the disc, the 
software allows the user to zoom 
in and out with a choice of 26 
projections. 
The software supplied by 

Clarinet means that the user can 
distinguish specific geographical 
regions, cities or landmarks, 
highlighted by a colour display of 
distinctive boundaries and 
geographical features. Using a 
large scale or PC plotter, a full 
colour plot can then be 
displayed. Stephen Scholefield 
of Clarinet commented on the 
production of the disc: "Nimbus 
offered us a very quick 
turnaround time combined with 
extremely fast and efficient 
service." 
Emil Dudek, cd-rom manager 

at Nimbus said that they are 
delighted to have reached the 
position where they can now 
offer a complete cd-rom 
manufacturing service. While 
this first disc is a combination of 
text and graphics, the versatility 
of cd-rom in other areas of 
storage such as audio-visual data 
is not being overlooked. Nimbus 
are committed to technological 
development and are determined 
to forge ahead with exciting new 
applications of compact disc. 
Contact: Emil Dudek, Nimbus 

Records. Tel: (0600) 890 682. 

Cool Sip-Zip 

Tf you are using integrated 
'circuits encased in single or 
zig-zag in-line plastic packages, 
then you will be interested to 
learn about Thermalloy's latest 
6380 Series heatsinks which are 
designed for both sip and zip, 
providing heat dissipation up to 
the 10-15W range. 
The series is fitted with 

standard solderable roll pins, but 
users can also specify these with 
stand-off shoulders. There are 
several labour saving mounting 
options. The heatsinks can be 
screw mounted, using the 
pre-drilled device tab, or 
supplied with self-clinching 
fasteners or threaded studs. The 
T0220 case style devices is also 
available with a slotted hole 
pattern for mounting with a 
secondary clip. 
Contact: MCP Electronics 

Ltd, 26-32 Rosemont Road, 
Alperton ,Wembley, Middx HAO 
40Y. Tel: 01 902 1191. 

Firelight 

photain Controls are now 
manufacturing a new smoke 

detection unit which operates on 
the light scattering principle. 
The unit comprises a white 

circular plastic housing which is 
normally fitted on the ceiling and 
contains an infra red light source 
which is pulsed and thereby 
produces a beam of invisible 
light. When smoke enters the 
unit through the special inlet 
holes the smoke scatters the 
beam which is then reflected on 
to the photocell. The photocell 
passes this information to an  , 
evaluation circuit within the unit 
which measures the amount of 
light received and compares it to 
a reference.The unit is triggered 
into an alarm state when the 
amount of smoke, which is in 
direct proportion to the amount 
of light falling on the photocell, 
exceeds a pre-set level. 
The unit operates over a 

voltage range of 10-30V dc and 
any number of detectors can be 
wired in parallel across the same 
supply lines. 
The price complete with plug 

in base is £36.00. Trade and 
quantity discounts available. 
Contact: Photain Controls 

Ltd, Ford Aerodrome, Arundel, 
West Sussex, BN18 OBE. Tel: 
0903 721531. 

Snow Track 

Skiers unfortunate enough to be buried by an avalanche 
may no longer be dependent 
upon rescue teams using tracker 
dogs and long metal probes. A 
Swiss firm , Asulab SA, has filed 
a European patent application 
(EP 0 172 445) for a radio 
activated location indicator 
device. 
The proposed solution is for 

everyone at risk to wear a 
bracelet, like a watch strap, in 
which is a passive transceiver. It 
has an aerial made of metal foil, 
but needs neither batteries nor a 

conventional transmitter. Search 
signals transmitted by the rescue 
team are strong enough to 
generate a current in the 
bracelet. The current passes 
through a non-linear circuit 
which halves or doubles the 
frequency and rebroadcasts it 
through the foil aerial. The 
rescuers listen for signal echoes 
at the different frequency and 
determine the exact source of the 
signal with a directional aerial. 
Because the bracelet is passive it 
works automatically, and without 
the problem of lost battery 
power. 

Track Pack 

Lintrack PC, a low cost but 
professional pcb design. 

package for IBM PCs and 
compatibles is now available 
from Linear Graphics Ltd. 
It costs £160 plus VAT, but 

offers many features that are 
normally only offered on very 
much more expensive packages. 
Components can be placed using 
a 10 thou grid on double-sided 
boards up to 19 ins x 20 ins 
allowing maximum flexibility. 
The user is provided with 

powerful editing features that 
allow any group of items (each 
item is a pad or section of track) 

to be selected from throughout 
the layout and to be relocated, 
rotated, duplicated or erased. 
User may also create their own 
library items speeding up the 
design process. 
Lintrack PC offers 

comprehensive screen viewing, 
all layers or any one layer for 
selective editing, plus four levels 
of magnification. The package 
comes complete with a pre-
defined library of dil outlines, 
connectors, transistors and pad 
layouts. 
Contact: Linear Graphics Ltd, 

28 Purdeys Way, Rochford, Essex 
SS4 1NE. Tel: 0702 541663/4/5. 

PRACTICAL ELECTRONICS APRIL 1988 7 



REGULAR FEATURE 

LEADING EDGE 
By Barry Fox—Winner of the 1987 UK Technology Press Award 

FAVOURITE CD TRACKS 
Philips CD players use eproms that allow permanent track selections to 
be stored in non-volatile memory. 

There is interesting technology inside 
the new Philips cd players with fts 

(favourite track selection). To re-cap 
briefly, fts means what it says. You can 
select your favourite tracks on a compact 
disc, and ignore the ones you don't like. 
On existing players you have to 

program the player with your selection 
every time you play a disc. With fts you 
can keep the selection stored in the 
player so that whenever the disc is 
loaded, the same selection of tracks is 
played and ignored. The player is able 
to recognise a disc and automatically 
recall the matching menu of hates and 
favourites for that disc. So far only 
Philips players have fts, because the 
technology is proprietory. 
Around 97% of the digital bits 

streaming off an audio compact disc are 
used for stereo sound; the other 3% are 
used for "sub codes" which have nothing 
to do with music. There are eight 
separate subcode channels. The first 
two, known as P and Q, are used to 
control the player — eg tell it when music 
tracks begin and end .The other six (R-W) 
can be used for graphics and text 
displayed on a tv screen. 
To make a brief detour from fts, the cd 
graphics system is already used in Japan 
for karaoke; that's a musical backing 
track for drunks in bars to singalong 
with, while watching the song lyrics 
come up on screen. There is a choice of 
16 colours per picture with a total 
"palette" choice of 4096 colours. The sub 
code data comes off disc at around 60 
kilobits per second and of this around 45 
kilobits/second are available for text and 
graphics. This is enough to give one fresh 
picture every two seconds, of resolution 
288X192 pixels. 
The disc coding follows a world 
standard but the decoder must match 
local tv standard, ie one disc will play 
anywhere in the world but a PAL 
decoder and tv are needed for Europe 
and an NTSC decoder and tv for US/ 
Japan. This means there is slight shape 
distortion, ie a circle looks a bit oval, but 
it hardly matters for karaoke lyrics. So 
far only NTSC decoders are available. 
So British pubs are still safe from 
karaoke. 
Most cd audio players now have a 
microprocessor which the user can 

...•.•.•. 

program to search for selected PQ codes. 
This is how the player can skip between 
tracks, with the order in which they are 
played bearing no relation to the order in 
which they are recorded on the disc. But 
the memory is volatile.. When another 
disc is programmed, the last track 
selection is lost. 
Philips fts uses a non-volatile memory 

which holds instructions even when the 
mains is switched off. The player 
automatically recognises any disc on 
which it holds instructions, and calls up 
the right menu from its memory. 
Although it is possible to identify a 
compact disc by coding its title or 
catalogue number into the digital sub-
code stream, record companies seldom 
bother to do this. So the fts player must 
use another trick to identify a disc. It 
compares the number of musical tracks 
with their length. Philips reckon there is 
only a one in a billion chance of two 
discs  having  exactly  the  same 
characteristic. So as soon as a record is 
loaded into the player, the fts circuit 
scans its contents, then scans its memory 
and if there are two matching entries it 
plays only those tracks on the disc which 
the owner previously chose. 
The memory lasts for ever, unless the 

owner chooses to erase or change an 
entry. The menus are not lost when the 
player is switched off or even unplugged 
from the mains. This clever trick is done 
with eeproms. 
Electrically erasable programmable 

read only memory is a technology, 
similar to the eproms (eraseable proms) 
used in portable computers, like the 
Psion Organiser. 
Prom is a matrix of memory cells with 

silicon junctions or gates which can be 
opened and closed by an electrical signal 
to create a digital pattern of ones and 
zeroes. When the memory is new, all the 
juntions are switched in the same 
direction. To store data a control 
computer sends the memory chip a 
stream  of electrical  pulses  which 
progressively  switch  some  of the 
junctions by forcing electrons to cross a 
silicon semiconductor barrier. Once 
switched  the  junctions  then  stay 
switched. The pattern of switching 
conveys the data. Each chunk of data 
stored in the chip is labelled so that it 

can either be recalled for display on 
screen or erased. 
Once switched, the gates of an eprom 

stay switched, until the whole memory 
matrix is saturated in ultraviolet light at 
a frequency of around 2537 Angstrom, 
for around 20 minutes. This drives the 
electrons back to their natural state and 
clears the entire memory. The uv content 
in daylight, or from a domestic tanning 
lamp, is not strong enough to do the job 
unless concentrated into a very narrow 
beam. With eeprom, as used for fts and 
(pre-set controls in radio and tv tuners) 
the data is erased electrically, rather than 
with uv light. 
The memory capacity of the eeprom 
in the Philips fts players is 2049 bytes, 
of which 2045 bytes are available for use. 
Each entry for a disc consists of an eight 
byte header which identifies the disc by 
length of music programme. The user 
selection for the disc takes up between 
one and five bytes per track, depending 
on whether times and index points are 
stored as well as track numbers. A 
maximum  of  20  bytes  can  be 
programmed per track. 
Obviously the number of discs on 

which  information  can  be  stored 
depends on how much information is 
stored for each disc. It takes 13 bytes of 
memory to identify the running order 
for five tracks — less bytes for less tracks, 
and more bytes for more tracks. So total 
storage capacity can be over 150 discs 
with information on five tracks each; or 
around 80 if begin and end times are 
also stored; or something in between if 
the amount of information varies from 
disc to disc. 
When data is erased from eeprom, the 

wiped cells can be used again to store 
fresh data. This is not the case with 
eprom; the memory cells are "eaten 
away" like gorgonzola cheese as data is 
erased from them. The erase command 
simply puts a "flag" on some of the labels 
which tells the control computer that a 
chunk of data is no longer needed. The 
switch junctions remained switched. 
With an eprom you can end up with no 
data stored, but no memory capacity 
left.The eprom chip then has to be wiped 
clean and rejuvenated with uv light. 
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WEATHER WATCHING 

nne of the many benefits brought about by satellites is that of 
improved weather monitoring on a scale unimaginable 

during the last century. 
Widescale weather monitoring really began in the 1840s when 

electric telegraphs came into use in a storm warning network 
across the USA. About the same time daily weather maps 
became available both in the USA and in England. By the 1850s 
Europe had a rudimentary weather monitoring network centred 
on the Paris Observatory which received reports along links made 
available by the newly formed International Telegraphic Union. 
International weather bulletins had become available by the 
1860s and in the 1870s the World Meteorological Organisation 
was founded in Vienna. 
Over the next hundred years, as technology advanced so radio 

telegraphy, land and sea cable links followed bringing wider 
globe spanning observations, facilitated by the cooperation of 
the ITU and WMO. 
By the 1960s the WMO recognised the necessity for long range 

planning as well as forecasting and created a World Weather 
Watch programme. Currently, 158 WMO member countries and 
territories participate in the WWW and have at their command 
data from over ten thousand weather monitoring stations across 
the globe. The monitors include those on land, at sea, on aircraft 
and weather balloons, and since 1959 on satellites as well. 
Vanguard II was the first weather satellite to be launched, 

though Tiros IX was the first satellite to produce full-planet 
photographs, in 1965. Today over 300 earth stations across the 
globe collect the data from eight principal satellites in polar and 
geostationary orbit, and more satellites are planned. 
Some of the world's most powerful computers analyse the 

data and make long term forecasts. Full perfection has not yet 
been achieved (don't we know it!) and may remain unachievable 
for many years due to the complexity of airflow mathematics 
and current shortage of monitoring stations. But, as the 
technology improves so too will the accuracy, allowing 
appropriate action to be taken to minimise potential disasters. 
Many benefits are already gained from the ability to monitor 

and predict weather conditions. Travel safety, harvest protection, 
flood and drought prediction are just some of the obvious areas 
influenced by increased forecast accuracy. Other aspects of 
society have benefited too, for example, satisfactory forecasting 
results in better scheduling of power generation to meet weather 
dependent demand, so minimising operational costs. Airlines 
benefit from lower fuel costs when flights can be routed round 
adverse weather conditions. Environmental polution monitoring 
and control can also gain from knowledge of atmospheric 
movements. And naturally, military defense and offense tactics 
are influenced by sophisticated analysis of forthcoming weather 
trends. 
SF writers often predict that weather control will one day come 

about, though the practicalities and benefits of this are highly 
debatable. And I'm not sure that it would be fully appreciated — 
what would we have to talk about? 

THE EDITOR 

OUR MAY 1988 ISSUE WILL BE ON SALE FRIDAY, APRIL 8th 1988 (see page 2) 
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it, and we cannot accept legal responsibility for it. Prices quoted are those current as we go to press. All material is 
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01-208 1177 T I. CH NOMATIC LTD 01-208 1177 
BBC Computer & Econet Referral Centre 

AMB15 BBC MASTER £348 
AMC06 Turbo (65C -02) Expansion Module 

ADC08  512 Processor  £195(b( 
ADF14  Rom Cartridge  £13(D) 
A0J22  Ref Manual Part  £14)c) 

A0J24  Advanced Ref Manual 
ADF10  Econet Module 
ADJ23  Ref Manual Part II 
BBC Master Dust Cover 

BBC MASTER COMPACT 
A free packet of ten 3 5 DS discs with each Compact 
SYSTEM 1 1286 Single 6406 Once and bundled software £385 (a) 
SYSTEM 2 System 1 with a 12 Hi Res ROB Monitor £469 (a) 
SYSTEM 3 System 1 with a 14 Med Res RGB Monitor £599 (a) 
Second Drum Kit £99 (c) Extension Cable Or ext 5 25 drive £125014) 

View 30 User Guide £10 (d) 
BBC Dust Cover £4.50 (d) 
ADFS ROM (lor B with 1770 DFS & B Plus) £26 (d) 
ACORN Z80 2nd Processors £329 (a) 
MULTIFORM Z80 2nd Processor £289 (6) 
TORCH ZOO 2nd Processor ZEP 100 
TZDP 240 ZEP 100 with Technornatic P0800P dual drive with built-, 

AMB12 BBC MASTER Econet £315 (a) 
£99 (b) 

£19.50 (c) 
£41 (c) 
14(C) 

4.75 Kb 

Viewsheet User Guide £10 (d) 
1770 DFS Upgrade for Model B £43.50 (d) 

1 2 OS ROM 05 (d) 
ACORN 6502 204 Processor £173 (b) 

ACORN IEEE Interface £269 (a) 
£229 (a) 

n 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 
roms 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: 
TD800 800K/1280K  £199 (a) 
P0800 800K/1280K with integral mains power supply  £229 (a) 
PD800P 8001Q1280K with integral mains power supply and monitor stand  £249 (a) 
3.5" 80T DS Drives: 
TS351 Single 4001Q640K   £99 (b) 
PS351 Single 400K/640K with integral mains power supply  £119 (b) 
TD352 Dual 800K/1280K   £170 (b) 
P0352 Dual 8001Q1280K with integral mains power supply  £187 (b) 
P0853 Combo Dual 525/3 5" drive with p s u  £229 (a) 

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

51/4" Discs  3,4 Discs 
40 TSSDD  E10.00 (d)  40 T DS DD  £12.00 (d)  80 T SS DD  £20.00(d) 
80 T SS DD  £14.50 (d)  801 DS DD  £15.50 (d)  80 T DS DD  £25.00 (d) 

PRINTERS & PLOTTERS 
EPSON  STAR NLIO (Parallel Interface)   £209 let 
EPSON LX86   £189 141  STAR NLIO (Serial Interface)   £279 (e) 
Optional Tractor Feed LX80/86  £20 (c)  STAR Power Type   £229 (4) 

Sheet Feeder LX80/86  £49 (el 
FX800  £319(a)  BROTHER HR20   £329 (a) 

FX1000  E449 la) 
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 P1080180 col)  £149 (a) 

COLOUR PRINTERS 

Dotprint Plus NLO Rom for 
Epson versions for FX. RX, MX 

and OLP IBBC 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  5' '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  5' 2" Disc Storage Box £6 (c) 
100 ,/ 5'2" Disc Lockable Box £13 (c) 

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' £13(b) 2000 sheets 14.5" X 11" f18.50(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/PAL/Audio 
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   £319(a) 

MITSUBISHI 
XC1404 14' Med Res RGB, IBM 8 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 -S01   £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/V23 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 •  *£70 (c) 

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

(Offer limited to current stocks) 

8T2563 PORT SWITCHOVER 
SERIAL INTERFACE 
3 input/1 output or 1 1np0t/3 output 
manual channel selection Input/ 
output baud rates, independently 
selectable 7 bit/8 brt odd/even/none 
parity Hardware or software 
handshake 2566 buffer. mains 
powered  £375 (b) 

PB BUFFER 
Internal buffer for most Epson 
printers Easy to instal Ins: 
supplied 
PB128 128K     C99 (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 5eproms at a time withan average 
erasing time of about 20 mins £59 + £2 p&p. 
Uvl as above but without the timer £47 + £2 p&p. 
For Industrial Users we offer UV140 8 UV 41 era-
sers with handling capacity of14eproms UV141 has 
a built in timer Both offer full built in safety eatures 
UV140 £69, UV141 £85, p&p £2.50. 

EXT SERIAL/PARALLEL 
CONVERTERS 

Mains powered converters 
Serial to Parallel  £48 (c) 
Parallel to Serial  £48 (c) 
Bidirectional Converter  £105 (b) 

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

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

Serial Mini Test 
Monitors R5232C 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 
(Spe•dblock Type) 

No of  Header Recep  Edge 

ways   10  P11'44  Cone 

20  145p  125p  195p 
26  175p  150p  240p 
34  200p  160p  320p 
40  220p  190p  340p 
50  235p  200p  390p 

SOFTY II 
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-
ed& it() routines Can be used as an emulator, cassette interface 
Softy ii  £195.00(b) 
Adaptor  for 2764/ 
2564 £25.00 

SPECIAL OFFER 
2764-25 £3.00 (d); 
27128-25 £4.80 (d); 
6264LP-15 £2.80 (d); 

D CONNECTORS 
No Of ways 

9  15  25  37 
MALE: 
Ang Pins 120 180 
Solder  60  85 
IDC  175 275 
FEMALE: 
St Pin  100  140 
Ang Pins 160 210 
Solder  90 130 
IDC  195 325 
St Hood  90  95 
Screw . 130 150 
LOCK -

230 350 
125 170 
325 

210 380 
275 440 
195 290 
375  - 
100 120 
175  - 

EDGE 
CONNECTORS 

2 x 6-way (commodore) 
2 x 10 way 
2 x 12 way ivic 201 
20 18 way 
2 x 23 way (IX811 
20 25 way 
7028 way (Spectrum, 
20 36 way 
x 43 way 
20 22 way 
2 x 43 way 
1 r 77 way 
2050 way(S100conni 

0  0'56 
-  300p 

150p 
. - 

175p 
225p 
200p 
250p 
260p 
90p 
395p 
400p 
600p 

35-0-"p 
140p 
220p 
220p 

504:p 

AMPHENOL 

CONNECTORS 
36 way plug Centronics 
(solder 500p (UDC) 475p 
36 way skt Centronics 
(solder) 550p (IOC) 500p 
24 way plug IEEE (solder) 
475p (IDC) 475p 
24 way ski 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 
(grey ,rnetrel 
40p  34-way  180p 
60p  40-way  180p 
Op  50-way  200p 
120p  64-way  280p 

TEXTOOL ZIF 
SOCKETS  24-pin £7.50 
28-pin £9.10  40.pin Cl2:10 

EURO CONNECTORS 
DIN 41612 
2 X 32 way St Pin 
2 x 32 way Ang Pin 
3 x 32 way St Pin 
3 x 32 way An Pin 
IDC Skt A + B 
ipc Skt A + C 

Plug  Skt 
230p 275p 
275p 320p 
260p 300p 
375p 400p 
400p 
4009 

For 2 Si 32 way please specify 
Spacing (A  B, A + Cl. 

GENDER CHANGERS 
25 way D type 

Male to Male 
Male to Female 
Female to Female 

£10 
£10 
£10 

DIL HEADERS 
Solder  (DC 

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 

ES .00 
C5.25 
£10.00 
£9.50 
E9.50 

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 1509 

ATTENTION 
All prices in this double page 
advertisement are subject to 
change without notice. 

ALL PRICES EXCLUDE VAT 
Please add ca rnage 50p 

unless indicated as folows: 
(a) £8 (b) £2.50 (c) ELS° (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  030 

7401  030 
7402  030 

7403  005 
7404  038 
7405  030 
7406  0. 
7.7  046 

7008  0 30 

7409  0 30 

7010  030 

7011  0 30 
7012  0 30 

7413  090 

7014  0 70 

7416  0.36 
7017  0 40 

7420  0.30 
7421  060 

7422  036 

7423  046 

7425  040 
7426  044 

7427  032 
7428  0.43 

7430  035 
7432  036 

7433  030 
7037  0 30 

7438  044 

7439  040 
7040  0.40 

7.1  0 90 

70024  0 70 
. 3A  1 00 

74.  1 10 

7.5  0 70 

74464  700 
7.74  1 00 

7008  700 
7450  036 

7451  035 

7053  038 
7454  036 
7460  055 

7470  0.50 

7472  015 
7473  0.45 

7474  060 
7475  060 
7476  045 

7480  0.65 
7481  110 

74634  1.05 
74804  125 

7485  1.10 
7486  042 

7489  263 
74904  055 
7491  0.70 

70924  0.70 

74934  0.55 
7494  1.10 

74954  060 

7496  0.80 
7497  210 
74100  1.90 
70107  0.50 

74109  0/5 
74110  0.75 

74111  0.55 

74116  110 
74118  1.10 

74119  120 
74120  IX 

70121  055 
74122  070 

74123  080 
70125  065 
74126  065 

74128  656 

74132  075 
74136  610 

74141  090 

74142  2.50 
74143  110 

701 .  2 70 

74146  710 
70147  1.70 

74148  1.40 
74150  775 

741514  070 

74153  080 
74154  740 

74155  0193 
74156  090 

74159  225 
74160  1 10 

74161  0.60 
74162  110 

74163  1.10 

74164  120 
74165  770 

74166  180 
74167  404 
74170  2 PO 

74172  4.20 
74173  1 40 

74174  1 10 
74175  1 OS 

74176  I 00 

74178  150 

70179  150 
74180  100 

74181  240 
74182  1.40 

74184  TOO 
74185A  1.110 

74190  120 
74191  130 

74192  1.10 
74193  1.15 

74194  1.10 

74195  010 
74196  1.30 

74197  1.10 

74198  220 
70199  220 

74221  710 
74251  1.00 

74259  1.50 

74265  080 
74273  2.00 

74276  1.40 

74278  1.70 

74279  094 

74283  705 
70742  3 20 

74290  090 
74293  090 

74298  780 

74351  240 
743654  0.50 
743664  060 

743674  080 

74376  960 
74390  770 

74393  720 

74090  044 

7415 SERIES 

74500 
741501 

741502 

74L 503 
74500 

741505 
701508 

741509 
741510 

741511 

741513 
701514 

701515 

741620 
741521 

741522 

741524 
741576 

741527 

701528 
701530 
74532 

74L533 

70L537 

741538 
74L 540 

741542 
741543 

74548 
701549 
741551 

741554 

741655 
7415734 

7415744 

741575 

74( 5764 
741578 

7415834 

74585 
741586 

74 590 
741592 

741593 

741595E1 
74(596 

74(5107 

0 24 

0 20 

024 
024 

0 24 
024 

0 24 

0 24 

024 
0 24 

0 14 
0 50 

0 24 
024 

0 24 
024 

054 

0 26 
024 

0 24 
0 24 

0 24 
024 

0 24 

0 24 
024 

0 50 

1 50 
0 90 

1 00 
024 

0 24 

0 24 
0 30 
0 35 

045 

034 
0 42 
090 

075 

044 
0 35 

036 
0 54 

0 75 
0 90 

0 40 

7415109  044 

7415112  045 

7415113  045 
7415114  045 

7415122  070 

7415123  080 
7415125  054 

7415126  094 

7415132  965 
7415133  055 
7415136  045 

7415138  056 

7415139  056 
7415145  096 

7015147  815 
7415148  944 

7415151  065 

7415152  2% 
745153  065 

7415154  164 

7415155  DOS 

7405156  065 
7415157  060 

7015158  065 

74151604  055 

7415161A  016 
74151624  075 

74151634  015 
7415164  076 
74151654  780 

74151664  850 

7416168  734 

7415169  700 
7415170  104 

74151734  908 
7415174  on 

7415175  075 

7415181  206 
7415183  790 
7415190  415 

7415191  sn 
7015192  066 

74151944  075 

74151954  075 
7415196  080 

7415197  0 SO 

7415221  098 
7415240  080 
7415241  080 

7415242  090 
7415243  090 

7415244  010 

7415245  0.90 
745247  1 10 

7415248  1.10 
7415249  710 

7415251  075 

7415253  On 
7415256  0.90 

741524574  0.70 

74152584  070 
7415259  920 

7415260  0.73 

7415266  010 

7415273  1.25 
7415779  070 

7415280  190 
7415283  010 

7415290  0.80 

7415292  8400 

7415293  000 
7415295  1.48 

7415797  14 00 
7416298  7% 

7415299  120 
7415321  470 

74153224  190 

7015323  306 

7415324  920 
7415308  2.00 

7415352  720 

7415353  1.20 
7415356  290 
7415363  784 

7415364  110 
7415365  050 
7415366  0.50 

7415367  052 
7415368  664 

7415373  0.70 

7415374  070 

7415375  015 
7415377  730 

7415378  095 

7415379  130 

7415381  450 
7416385  125 

7415390  060 
7415393  804 

74153954  1.00 
7415399  1.40 

7415445  1.60 

7415465  120 
7415467  1.20 
7405490  150 

7415540  100 
7415541  100 

7415608  TOO 
7415610  25 % 

7415612  2504 

7415614  150 

7415626  /25 
7415628  226 
7415629  1.25 

7415640  /00 
741564131  000 
7415601  150 

7415442  254 

7415642.1  300 

7415643  /50 
7415643-1  300 

7415644  150 
7415645  206 

74156461  400 
7415668  0.90 

7415669  0.90 

7415670  1.70 

7415682  250 
7015693  3.00 

7415654  3.50 
7415587  3.50 

7415688  3.50 

7415783  1100 

74S SERIES 

74500 

74502 

74504 
74505 
74508 

74510 

74511 
74520 

74522 

74530 
74532 

70537 
74638 

70540 
74551 

74564 
74574 

74585 

74586 
745112 

745113 
745114 

705124 

745132 

745133 
745138 
745139 

745140 

745151 
745153 

745157 

745158 
745163 

745169 
745174 
745175 

745188 

705189 
745194 

745195 

7451 . 

745 .0 
705201 

745225 
745240 

745241 
705244 

745251 

745257 
705258 

745260 
745261 

745283 
745287 

745288 

745269 
7452. 

745373 
745374 

745387 

058 

454 
0 50 

060 
0 50 

0 50 
075 

0 50 

0 50 

060 
0 60 

0 60 

0 60 

0 50 
094 

0 45 

0 70 

5 50 
100 
0 90 

1.20 
1.20 

3.00 

1 00 

0.60 
764 
1.80 

1.03 

750 

1.50 

200 
2 00 

3 00 
5 50 

3.00 

3.20 

1.80 

780 
300 
3.00 

350 
4.50 

3.20 
5.20 

4.00 

4 00 

4.00 
2_50 
2.50 

2.50 
1.00 

100 

170 

2.25 

200 

225 

4.50 
400 

4.00 

225 

Special 
offer 
to 
PE 

readers 
only - 
10% off 
on 
all 
TTLS 
and 
CMOS 

74 ALS SERIES 

7. 500 

7441502 

7. 500 
744 508 
744 510 

7.1520 
7.1532 

7441574 

7.15138 
74415139 
7.15244 

7.15245 

74415573 
74415574 

7.15580 

045 

045 

050 
050 

045 
045 

04S 

070 

150 

150 
400 
475 

260 

4.50 

260 

4000 SERIES 

4000 
4001 

4002 

4006 

4007 

4008 
4009 

4010 
4011 

4012 
4013 
4014 

0015 
4016 

4017 

4018 
. 9 

4020 
4021 

4022 

0023 
4024 

4025 

4026 

4028 
4029 

4030 
4031  1.25 

4032  1.00 

4033  125 

.034  25(1 
4034  210 

4035  070 
4036  254 

4037  3.10 
.38  7% 

4040  066 
4001  0 55 

4042  054 

4043  060 
4044  0 60 

4045  700 

4046  060 
4007  0 60 

4048  065 

4049  036 
4050  005 
4051  065 

4052  0 60 

4053  060 
40 .  0 80 

4055  080 
0056  086 
4060  070 
4063  065 

4066  0 40 

4067  230 

4068  025 
4069  0.24 

4070  024 
4071  0.24 

4072  024 

4073  0.24 

4075  0.21 

0 20 

024 

025 
010 

0.25 
0 60 

045 
360 

0 24 

025 
0 36 

0 60 
076 

036 

0 SS 
060 

0 60 

000 
0 60 

0 70 

030 
0 48 

24 

0% 
644 

0 60 
0.75 

0.35 

4076  0.65 
4077 

4018  025 
4081  024 
4082  0.25 

4085  060 

4086  075 

.89  1 20 
4093  035 
4094  0% 

4095  4095 0.95 
5% 

4097  200 

4096  0 75 
4099  099 

4501  036 

4502  0.55 

4503  336 
4504  0 95 

4450,0 5  360 , 
090 

4507  0.35 
4508  120 

4510  0.55 

0511  0.55 
4512  0.55 

4513  755 
4514  1.10 

4515  1.10 
4516  055 

4517  2 20 

4518  040 
4519  032 

4520  060 
4521  1 15 

4522  060 

4526  070 
4527  060 

4528  065 
4529  100 

4531  075 

4532  0.65 
4634  3.80 
4536  256 

2538  075 
4539  0.75 

0541  094 

4543  070 
4551  I 00 

4553  240 
4555  036 

4556  0 50 

4557  2.40 

4560  740 

4566  740 
4568  2 40 
4569  170 

4572  0 45 

4583  040 

0584  040 
4585  0.60 
4724  1.50 

14411  750 

14412  750 
14416  100 

14419  2.60 

14490  4.20 
14495  4.50 

145000  650 

145.  2.00 

22100  350 
22101  7.00 

22102  7.00 
00010  0.40 

10085  120 
40097  010 
40098  040 

40100  1.50 
40101 

40102 

40103 
00100 

40105 

40106 

00107 
40108 

00109 

40110 
40114 

40107 
40163 

40173 

40174 
40175 

40192 

40193 
401 . 

40244 

40245 
40257 

40373 
00374 

80[95 
80597 

BOC98 

125 

1.30 
2310 

120 
ISO 
oat 

055 
320 
060 

225 

215 

280 
1.00 
120 

100 
100 

100 

100 
100 

150 
160 

180 
150 

180 

075 

075 

075 

LINEAR ICs 
ADC0808  1110 

46179100C  25.00 
45103  200 

45.1 5050  1.00 

49.11350  508 
41-3.8910  490 

471.8912  5.00 

CA30194  1 00 

243020  850 
5A30284  110 

C43046  070 

544059  325 

CA3060  350 

C430806  010 
CA3085  150 

C43086  0.60 

CA3089E  250 
C4309040  3.75 

C43130E  0.90 

C431301  130 

CA3140E  045 
C431407  705 
544745  225 

CA3160E  150 

CA3161E  2% 

CA3162E  608 

C431139E  270 
C432400  154 

5442805  300 
07002  600 

04514081  360 
0A00800  300 

0400508  100 
00308  3.00 

841366  1.90 

ICL7106  6.75 

IC17611  095 

1518038  400 
15M7555  0.90 

1CM7556  1.40 
1C7120  304 

007130  3.00 

1C7131  3.50 
1C7137  3.50 

16347  1.20 

1E351  0.60 

1E353  090 

16355  030 
0F3566  710 

18357  700 

1E398  400 
LMIOCLII  450 

LM301A  030 
LM307  005 

1M308CN  0.75 
151310  2.25 

1M311  0.60 
150378  150 

151319  110 
1M324  046 
1513342  1.15 

1M3352  110 
150336  110 

LA4339  000 

151348  010 
1M358P  0.50 

L50377  3.00 
1M3809.8  150 

1113809  1.50 

1M383  325 
1151384  220 
1M38674.1  100 

161387  2.70 

L11391  1.80 
1613926  1.10 

LM393  0.85 
LM394C4  4.00 

150709  035 

140772  0.4/ 

111711  1.00 

LM723  060 

LM725CN  200 
150733  0.66 

151741  022 
1147747  070 
111748  0.30 

1111011  4.80 
L111014  150 

1M1801  300 

LM1830  250 

1MIE171  300 
05011372  3.00 

LM18136  650 

1M1889  150 
1M2917  300 

1143302  0.90 

11543900  0.80 

1113909  1.40 
1543911  160 
LM3914  3.50 

1513915  3.40 
1M3916  3.40 

LM13600  150 

54515131  230 
50515161  4.50 

M63712  200 

MC1310P  1.50 
1413  075 

MC1458  045 

MC1495  3.00 

MC1496  078 
MC3340P  200 

MC3401  070 

MC3404  .65 
MFIOCN  4.10 

50550240  600 
511902  500 

541922  4% 

505062214  300 

50529  2.20 

50537  1.20 
58544  790 

NE555  072 

NE556  010 
56564  400 

56665  728 
5E566  150 

56567  1.26 

58570  100 
58571  300 

55592  0.90 
9555327  1.50 

14E5533P  1.60 

9E5534P  1.20 
9E5534AP  1.50 

OP.07EP  350 

P11024  500 
1154136  1155 

8C4151  200 
8C4196  150 

RC4558  055 
550240  9.00 

SF696364  8.00 
51490  300 

59760135  5.00 

59760335  5.00 
5976115N  2.15 

5576489  4.00 
5976495  400 
5N76660  1.20 

SP025641.2  700 
598515  750 
147120  725 
147130  148 

147204  ISO 

1A7205  090 
147222  850 

717310  1.50 

TBA231  120 

1134800  0.80 
T85810  0.90 

TBA20  0.60 

TE3482051  075 
084920  /00 

TBA950  /25 

TC9I09  606 

TC4270  150 
15A940  1.75 

TDA1070  2.25 
1041022  4.50 

1041020  1.10 
50411705  3.00 

11342002  125 
1042003  1.90 

7042004  2.40 
1042006  120 

TE142030  /50 

T042593  5% 

T0A7653  7.00 
1043560  750 

TDA3810  750 

10A7000  350 
1EA1002  700 

T1061CP  0.40 

11 042  064 
11064  090 
11071  040 

11072  0.70 
11074  970 

TL13131  0.15 

TL062  0.55 
TL0133  an 

110134  1.00 
11094  200 

114305  1.20 
04759  120 

U42240  120 

0565601A  100 
51520014  0.75 

U152002.4  0.76 

01920034  075 
01520044  an 

0152068  290 

1.152802  190 

1.152803  888 
1/L52804  130 

050575  2.75 
05059211  200 
050115614  300 

UPCI1850  5.00 
05210  400 
X522D6  4.50 

052207  3.75 
882211  5.76 

8112216  6.75 

852249  120 

09404  1.00 
09414  0.80 

29419P  175 

294236  120 
754246  1.30 

2542588  3.50 

25426E6  3.00 
25421E8  100 

2114408  4.50 

21142968  2.25 

294478  9.00 

2114481  7.50 
294496  200 

211450E  7.50 
2N459CP  308 
03110345  2.00 

0541040  6.60 
Z16413411  23.00 

75A2346  9.50 

VOLTAGE REGULATORS 

IA FIXED VOLTAGE MASTIC 99220 

• VE  VE 

507805 

6V 7806 
60 7808 

121,7812 
1507815 

7501876 

240 7824 

50 78105 
6V 78106 

8V 78108 

12578112 
15078115 

049  7905 

050  7906 
050  7908 

045  7912 

050  7915 

050  7918 
0 50  7924 

IA FIXED VOLTAGE PLASTIC 7092 

030 
0 30 

0 30 
030 

0 30 

5V 79105 

12V 79112 

15V79115 

OTHER REGULATORS 

FIXED REGULATORS 
183098  IA 50 

LM3231(  34 5V 
17800560  5A 5V 

VARIABLE REGULATORS 
161305.411 

1113177  T0.270 

1503175  103 
LM337T 
LM3507 

1117239 

SWOCHING REGULATORS 
1CL7660 

553524 
T14194 

T1497 
79540 

954195 

TFA :IINOM ATIC LTD 

1.40 

3.54 
7.60 

2.59 
1.20 

2.40 
221 
4.00 

8.50 

10 
300 
3 00 

2 25 

2 SO 

150 

NI A II. ORDERS TO: 17 BURNLEY ROAD. LONDON NW10 iD 
SHOPS AT: 17 BURNLEY ROAD. LONDON NW10 

Tcl: Di -208 1 1 77 I Telcv 02280C Fel: 01-723 0233 
305 EDGWARE ROAD. LONDON W2 

0.60 
050 
050 

050 

0.50 
50 

0.50 

045 

0 50 

850 

COMPUTER COMPONENTS 
CPUs 

18025E  6.50 

26504  9050 

6502  CSO 

65CO2.2MHz 

12.00 

65024  650 
65028  600 
6800  050 

6802  350 

6809  650 
68096  10 00 

08809  10.00 
58809E  12.00 

68000 ,3  36 00 

8035  054 

80C35  600 
8039  420 

80539  704 

80804  950 

80854  304 
805854  750 

8086  22.00 
8087-5  6120 

8087.8  6160 
8088  77.54 

8741  15 00 

8749  10.00 
15851601  7200 

1H59980  1454 

TMS9995 
V20 8 

V30 8  1200 
280  2 50 

ZBOA  2.90 

0808  550 
0805  7.50 

S UPP ORT 

DE VI CES 

2651  1100 
3242  8.00 

3245  4.50 
6520  000 
6522  356 

6522A  5 50 
6532  080 

65514  5.04 

6821  1.60 

68821  250 

6840  275 

65640  600 
6850  1.80 

68850  250 
6852  ISO 

6854  650 
68854  8.06 

8154  850 

8155  310 
8156  310 

8205  226 

8212  208 
8216  760 

8220  POA 
8226  4.25 

8228  650 

8237  6 50 

8243  2 60 

8250  12.00 
62574  3.25 

82535.5  355 
82554C-5  120 
8256 ,  1100 

825/C.5 1 5100 

825 05.5  400 

8275  29 00 
82795.5  488 
8282  000 

8284  4 
828/  3 

828130 

8755.  16 

OTHERS 

68825 
EIPW2 I 

(53812 

05760 
05761 

550205 
111318 

TILBI 

3 00 
380 

1/0 

1/0 
1 20 

I® 

120 
110 

DISPL AYS 

7551351  1.00 

6640500 T11370 

1.00 
860507711729 

1.00 

04571 01707 

1 00 

8A53640  776 

MAN ..  2 00 

115154500  14.30 

1M59901  504 
15459902  508 

1M59910  74.00 

Z801,10  250 
213040770  175 

ZBOCTC  250 

Z8OACTC  275 
7800467  6.50 

ZBOADART  7.00 

280050A  7.00 

08040544  750 

0904510 0 29 

7.00 
28013P10  5% 

1804P10  5.86 

2808C7C  500 

280130450  600 

M E M ORIES 

[P5 0 Ms 

2716-45  4.50 

2732-45  150 

2764-25  3.20 
27C64  550 
27128-25  410 

27C256  750 

27512  9.00 

27513  18.00 

27[128  550 
27256  550 

RS232 

84A4232  7.50 

CRT 

C ONTR OLLER 

1515037  7290 

CR16545  900 
659360  600 

EF9365  32 00 

EF9366  32 00 
2114-3  1.00  EF9367  36 00 

4116-2  1.50  E69369  12 % 
4/04.15  1.50  mC68.45  650 
41256-15  3.50  505613455, 560 

41464.15  350  .c6847  660 

4416  300  5E696364  690 

5101-3  500  1859228  7000 
61161P-I5  2.80 

62256  950 

6810  2.50 

PROMS 

213122  400 

746188  780 

705287  225 
745268  1 
745387  225 

82523  7.56 

825123  7.50 
825129  7.75 

IB M A MSTR A 

UP GR A DES 

6087.5  6120 

80677  E760 
80281 5  f160 

702877  5260 

7008710  6320 

0 125' 

INTERF ACE ICs 

A050808  10 % 
405612  20 00 

AM25510  350 

45425152521 
3 50 

AM25152538 

3 SO 

40261531  120 
450261532  120 

A5079100C  25 00 
0M8131  600 
0078304 

053691 
058830 

058831 

05(5332 

068833 

DS8836 
058836 
D7002 
MC 1440 

MC1489 
MC 3.6 

MC3459 
MC 63470 

MC 3480 

MC3486 
MC3087 

NIC4024 

MC40. 
MC6883 

MC 74471 

MC14417 
75107 

75108 

75109 
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MUSIC PROJECT 

between this design and a conventional 
one is that the pitch of the oscillator is 
not set at some preset level, but 
automatically adjusted to match the 
input frequency. In other words, if the 
oscillator is set a fifth higher than the 
input at one input frequency, then it will 
automatically adjust its pitch on other 
notes so that it remains a fifth higher. 

SYSTEMS OPERATION 
The block diagram of Fig.1 shows the 

general arrangement used in the unit, 
and helps to explain the way in which it 
functions. The unit has similarities with 
the "Guitar Tracker" project described 
in PE June 1986, and it is a development 
of that project. 

...,............ ....................... LIGHT METAL EFFECTS ............ .............: 
BY ROBERT PENFOLD 

Lord of the rings? 
• Inspired by the former PE "Guitar Tracker", this project uses a vco and vca to produce a ring 
modulated sound which can be adjusted to follow the guitar's input at a chosen musical interval. 

probably most people who are "into" 
I- electronic music will be familiar with 
ring modulation, and its use in the 
production of metallic sounds (bells, 
gongs, etc.). A metal effects pedal is 
really just a ring modulator plus a built-
in oscillator which is used to modulate 
the input signal. By setting the oscillator 
at a pitch which is a suitable musical 
interval from the input note, some quite 
harmonious  metal  sounds  can  be 
obtained. Unfortunately, a change in the 
input note will change the musical 
interval separating the two tones, and it 
may or may not produce a pleasant 
sounding output signal. For this reason 
the metal effect is generally used in 
moderation, or by those of more 
extreme musical tastes. 
This unit was designed to overcome 

the rather hit and miss nature of the 
effect generated by a conventional ring 
modulator unit, and to give consistent 
results over a wide range of pitches. If 
you get a pleasant effect on one note 
from your guitar, then all the other notes 
should give more or less the same effect. 
What would I describe as a light metal 
effect rather than a heavy one. On the 
other hand, if you like the unharmonious 
sounds that can be produced by ring 
modulation, then the unit can be 
adjusted to give an equally discordant 
effect on every note (very heavy metal? 
—For a lead guitar perhaps? Ed.) 
It operates in what is basically the 

same manner as a conventional metal 
pedal. The input signal is ring modulated 
by an oscillator, and the resultant signal 
is mixed with the unprocessed signal at 
the desired strength. The difference 

Ng 1. Block diagram for 
the light metal effects 
unit. 

The input signal is taken to a buffer 
amplifier, and then to a voltage amplifier 
stage which ensures there is a high 
enough  signal  level  to drive the 
subsequent stages properly. Some of the 
output from the amplifier is fed to a 
mixer stage and from here to the output 
socket. The output from the amplifier 
also drives a trigger circuit, and the 
roughly squarewave output signal from 
this circuit is split two ways. The first 
route is to one input of the ring 
modulator, where the signal is mixed 
with the signal from a vco (voltage 
controlled oscillator.). 
The second route is to the input of a 

monostable multivibrator, and this acts 
as the basis of a simple frequency to 
voltage converter. The output pulse 
duration of the monostable is set by a 
CR timing circuit, and so the average 
output voltage depends on the number 
of times the monostable is triggered in 
a given period of time. The greater the 
number of times it is triggered, the 
higher the average output voltage. This 
may seem like a rather crude system of 
frequency to voltage conversion, which 
I suppose it is, but actually gives 
extremely good linearity. The output 
from the monstable is smoothed by an 
active lowpass filter to give a dc signal 
to control the vco The operating 
frequency of the vco is therefore moved 
up and down in sympathy with the pitch 
of the input signal. 
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LIGHT METAL 

There is a slight problem with this 
basic system in that it only provides a 
control voltage to the vco while an input 
signal at a reasonable level is present. 
Noises from the guitar if the fingering 
and playing is anything less than perfect 
can also give problems. To overcome 
these difficulties an electronic switch is 
used to connect the monostable to the 
lowpass filter for only a fraction of a 
second at the beginning of each new 
note. While this does not absolutely 
guarantee perfect results every time, it 
greatly  reduces  the  risk  of  any 
mistracking. The lowpass filter is based 
on an ultra-high input impedance 
amplifier, and it therefore acts as a 
"hold" circuit which maintains the 
control voltage to the vco during the 
periods when the electronic switch is cut 
off. 

to the mixer stage at the output, but this 
would not give entirely satisfactory 
results. The main problem is with 
breakthrough of the vco at the output 
of the ring modulator, but there is also 
a secondary problem in that the 
modulated signal is at a constant level, 
and does not vary in level in the same 
way as the input signal. 
Both problems are overcome by 

feeding the ring modulated signal to the 
mixer by way of a vca (voltage controlled 
amplifier). This is driven from the output 
of the smoothing and recitifier circuit via 
a buffer amplifier. The amplitude of the 
ring modulated signal therefore varies 
in sympathy with the strength of the 
input signal. 
The basic action of the ring modulator 

is to generate sum and difference 
frequencies from the input frequencies. 

two or three dimensional in nature, and 
it is this that gives them the strong output 
at non-harmonic frequencies. They are 
effectively resonating at two or more 
frequencies, and interacting in a way that 
I suppose is roughly analogous to ring 
modulation. 

THE CIRCUIT 

Fig.2 shows the circuit diagram for the 
input, frequency to voltage conversion, 
and vco stages, while the rest of the 
circuit is shown in Fig.3. 
I will not dwell on the operation of 

the circuit of Fig.2 here, since it is much 
as the equivalent stages in the "Guitar 
Tracker" project referred to earlier. 
Details of the way in which it functions 
can be found in this earlier article. 
Turning our attention to Fig.3, IC7a 
acts as the basis of the ring modulator 
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Fig 2. The input, hold and vco circuits. 

44V 

IV 

The control signal for the switch is 
obtained  by  first  rectifying  and 
smoothing some of the output from the 
amplifier stage, so as to obtain a dc signal 
at a voltage which is proportional to the 
amplitude of the input signal. This dc 
signal is fed to a trigger circuit which is 
adjusted so that its output only triggers 
to the high state at the beginning of each 
note, when the signal from the guitar is 
at or close to its peak level. This gives a 
brief pulse which is used to trigger a 
monostable, and this circuit provides a 
gate pulse of suitable duration to the 
electronic switch. 
This set up gives an oscillator which 

tracks up and down, following changes 
in the input frequency, and it ring 
modulates the vco's output with the 
input signal. The output from the ring 
modulator could simply be fed through 

As a simple example, with the two inputs 
fed with frequencies at 400Hz and 600Hz 
the output frequencies would be lkHz 
(400Hz plus 600Hz = 1000Hz or lkHz) 
and 200Hz (600Hz — 400Hz = 200Hz). 
In theory the input signals are balanced 
out and do not appear at the output, 
although with practical circuits there is 
usually significant breakthrough of at 
least one of the signals, and at least slight 
breakthrough of both. The sounds that 
result from this form of modulation are 
metallic in character due to the output 
containing  strong  signals  at non-
harmonically related frequencies. 
Most western instruments use strings or 
similar vibrators that are essentially one-
dimensional, and this gives very little 
output at frequencies other than the 
fundamental and it harmonics. Metal 
instruments such as gongs and bells are 

and this is one section of an LM13600N 
dual  operational  transconductance 
amplifier (ota). The signal from the vco 
is coupled to both the inverting input 
and the output of the ota, and this 
balances  out  the  signal  which 
consequently fails to appear at the 
output. The amplified guitar signal is fed 
to the control input of IC7a. It therefore 
varies the gain of this amplifier, giving 
only minor breakthrough at the output. 
This varying of the gain affects the 
cancelling of the vco signal at the output 
of the circuit, and provides the complex 
mixing needed to generate the sum and 
difference signals while suppressing the 
input signals. VR4 is adjusted to 
minimise breakthrough of the input 
signals at the output. The output is 
buffered by a built-in Darlington Pair 
emitter follower in IC7a. 
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Fig 3. Circuit for the modulator, vca, trigger and mixer stages. 
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The other section of IC7 is utilised as 

the vca, and this is a conventional ota 

type. The  amplified guitar signal is 

rectified and smoothed by D1, D2 and 

C12, and then fed to the control input 

of ICla via buffer amplifier T R2. The 

envelope shaped output signal fro m 

IC7b is fed via level control V R5 to a 

conventional  su m ming  mode  mixer 

circuit. Here it is co mbined with the 

amplified guitar signal in a standard 

su m ming mode mixer and then fed 

through to output socket SK2. 

IC10 acts as the trigger circuit which 

is fed fro m the rectifier and smoothing 

stages. This is a si mple operational 

amplifier type with the trigger level 

controlled using V R6 and a substantial 

amount of hysteresis provided by R46. 

The monostable is based on two of the 

cmos N OR gates in IC11, and it is a 

positive edge triggered, non-triggerable 

type. Note that the other two gates of 

IC11 are left unused, and their inputs 

are simply tied to the positive rail. Apart 

fro m driving the analogue gate, the 

output of the monostable also drives led 

indicator D3. This indicator is not much 

value in normal use, but it is helpful 

when initially testing and setting up the 

unit. 

The unit is powered fro m a 9 volt 

battery, but the supply to the monostable 

in the voltage to frequency converter 

must be well stablised to avoid drift in 

the vco as the battery voltage falls due 

to ageing. The supply for the monostable 

is therefore derived through a 5 volt 

monolithic voltage regulator (IC9). The 

current consu mption of the circuit is 

fairly high at around 20 to 25 millia mps, 

and the use of a mediu m or high capacity 

battery is reco m mended. I use six HP7 

size cells in a plastic holder. 

CONSTRUCTION 
Refer to Fig.4 for details of the printed 

circuit board. Several of the integrated 

circuits are mos types (IC2, IC4, IC5, 

IC10 and IC11) and require the normal 

anti-static handling precautions to be 

observed. It is probably best to use 

sockets for all the dil integrated circuits, 

mos types or not. Take care not to over-

heat D1 and D2 when soldering the m 

into circuit as these are germaniu m 

devices. As such they are much more 

vulnerable to heat da mage than are the 

more familiar silicon variety. A heat-

shunt should not be necessary, but do 

not apply the iron to the joints for any 

longer than is really necessary. 

Although an L M13600N is specified 

for IC7, so me suppliers only see m to 

stock the virtually identical L M13700N. 

Either device should function properly 

in the IC7 position of this circuit. If the 
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components are to fit onto the board 
easily it is essential to use modern 
miniature components, especially the 
capacitors  which,  with  the  only 
exception of C6, should be printed 
circuit mounting types. 
I used a metal instrument case about 

200 millimetres wide as the case for this 
project. The length of the printed circuit 
board and the need for a fairly large 
battery preclude the use of a case very 
much smaller than this. The controls, 
sockets, and led indicator are mounted 
in a row along the front panel, preferably 
in an arrangement which matches up 
well with the positioning of their 
connection points on the printed circuit 
board.  SK1  should  certainly  be 
positioned close to its connections points 
on the board, or a screened lead should 
be used here. The printed circuit board 
should be positioned well towards the 
front of the case so as to leave sufficient 
space for the battery at the rear of the 
unit. Of course, the board must be 
mounted on stand-offs to keep the 
connections on the underside of the 
board well clear of the metal case. 
On my prototype the on/off switch is 

a set of normally open contacts on the 
input socket (SK1). The unit is therefore 
switched on when the guitar lead is 
plugged into SKI., and switched off again 
when it is unplugged. This is quite 
common with effects units, and reduces 
the risk of the unit being accidentally 
left switched on. Presumably jack 
sockets will be used as the input and 
output connectors, and a socket of this 
type having a set of normally open 
contacts would not seem to be available. 
However, types with dpdt contacts are 
obtainable, and two contacts from one 
of these can be used to give the required 
switching action. Of course, it is quite 
in order to use an ordinary on/off switch 
such as a miniature spst toggle switch if 
preferred. The wiring to SK1 and the 
controls is shown in Fig.5 (which must 
be used in conjuction with Fig.4), and 
it is assumed here that a combined input 
socket and on/off switch are used. 

Fig 5. Control wiring 

COMPONENTS 

RESISTORS 
R1,R2,R4, 
R23,R24,R27, 
R30,R38 
R3 ,R11,R12, 
R18,R43,R45 
R5,R6,R13, 
R14,R28,R29, 
R31,R35,R40, 
R41 
R7 
R8 
R9,R34,R42 
R10 
R15 
R16,R17,R19, 
R44 
R20,R21,R22 
R25,R26,R32, 
R33 
R36,R48 
R37 
R39 
R46 
R47 

4k7 (8 off) 

KM (6 off) 

10k (10 off) 

33k 
27k 
18k (3 off) 
68k 
15k 
47k (4 off) 

1M (3 off) 
470R (4 off) 

1k (2 off) 
56k 
6k8 
560k 
2M2 

POTENTIOMETERS 
VR1 
VR2 
VR3 
VR4 
VR5 
VR6 

CAPACITORS 
Cl,C2 

C3 
C4 
C5 
C6 
C7 
C8 
C9 
00 
C11 
C12 
C13,C14 

C15,C16 

C17,C18 
C19 

1M sub-min hor preset 
100k lin 
10k sub-min hor preset 
47k sub-min hor preset 
10k log 
22k sub-min hor preset 

100µ 10Vradial 
elect (2 off) 
330n polyester layer 
in polyester layer 
10n polyester layer 
470p polystyrene 
3n3 polyester layer 
47n polyester layer 
33n polyester layer 
470µ 10Vradial elect 
4µ7 63Vradial elect 
470n polyester layer 
2µ2 63Vradial elect 
(2 off) 
10µ 25Vradial elect 
(2 off) 
100n ceramic (2 off) 
100n polyester layer 

SEMICONDUCTORS 
'Cl 
IC2,IC5,IC10 
IC3 
IC4 
IC6 
IC7 

IC8 
IC9 
IC11 
TR1,TR2 
D1,D2 
D3 

L1F353 
CA3140E (3 off) 
TLC555P 
4016BE or 4066BE 
LM358 
LM13600N or 
LM13700N 
AA741C 
µA78L05 
4001BE 
BC549 (2 off) 
0A91 (2 off) 
Red panel led 

ADJUSTMENT 

There are four presets to be set up 
correctly before the unit is ready for use. 
VR1 must be adjusted to give a level of 
gain from the voltage amplifier that gives 
reliable triggering of the unit. It is a 
matter of using the lowest sensitivity 
(clockwise adjustment gives decreased 
sensitivity) that gives reliable triggering 
of the unit. Higher gain is undesirable 
as it could result in the signal being 
clipped at the output of IC1b, and it 
could also lead to spurious triggering of 
the unit. 
VR3 is the offset null control for IC5, 
and it is adjusted to optimise tracking 
accuracy at low frequencies. The output 
tone from the vco needs to be monitored 
in order to do this, and something as 
basic as wiring a crystal earphone 
between IC6 pin 1 and the negative 
supply rail will suffice. It is a matter of 
first adjusting VR2 to match the vco 
frequency to the input frequency when 
using a high input frequency (ie about 
lkHz). Then, using a much lower 
frequency (around 100Hz), adjust VR3 
to match the pitch of the vco to the input 
note. Repeat this procedure a few times 
to get the tracking as accurate as 
possible. In this application very precise 
tracking is not really essential, and the 
setting of VR3 does not seem to be very 
critical. 
The effect obtained varies somewhat 

with the setting of VR4. Although its 
main  purpose  is  to  minimise 
breakthrough of the vco and input 
signals, you can settle for any setting 
that gives an effect you like. 
Initially VR6 should be set at about 

half maximum resistance, and the unit 
will probably work quite well at this 
setting.  However, it is worthwhile 
experimenting with VR6 at slightly 
different settings, and readjusting VR1 
to compensate, in order to find a 
combination that gives optimum results. 
The  unit  produces  some  good 

"thicker" sounds, but to my ears anyway, 
it is at its best with VR5 set for a 

MISCELLANEOUS 
Si  Part of SK1 
SK1  Standard jack with 

dpdt contacts 
SK2  Standard jack socket 
B1  9 volt (eg 6 x HP7 in 

holder) 
Instrument case about 203 x 127 x 51mm, 
printed circuit board, battery connector, 
8 pin dil ic holder (7 off), 14 pin dil holder 
(2 off) control knob (2 off), wire, solder, 
etc. 

• CONSTRUCTOR'S NOTE: 
The PE PCB Service can supply the 
printed circuit board. 
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LIGHT METAL 

moderate amount of ring modulation. 
Remember that the signal from the 
modulator contains little output at the 
guitar frequency. Using a large amount 
of modulation you may find that the 
output notes are not the same as the 
ones you play on the guitar. As it stands 
the unit does not have any in/out 
switching. This could easily be added 
though, and all that is needed is a switch 
in series with C13 to cut the signal path 
of the modulation, or a switch to connect 
pin 16 of IC7 to earth and cut off the 
vca. An external foot-switch might be 
the best type of switch to use. = 

(0983) 292847 Xen-Electronics (0983) 292847 
Just a sample of stock. Ask for items not listed Super Project Kit Bargains 

LC. Sockets 3trdd , did I.C. Sockets 101vF 35V  06 Resistors 280 Based ControNer Board 
Low Cost ' Red  .13 Low Cosi 106F 63V  06 Carbon Fdrn 

4001513 12 Green  .13 6 Way 22µF 1000  .21 0.25 Wall  5% This super little micro board using the ver y power ful Z80A CPU runn ing  at 
4001U8 
4011513 

.12 

.12 
Orange  21 
Yellow  .13 

.05 
8 Way  07 
14 w05 

100µF 100  .06 
1000F 160  .06 

III To 10M11 
.02each 4Mhz has all the necessary hardware to control menial to the most complex 

4011 
4017 
4028 
4040 
4053 

.12 

.31 
29 
.38 
37 

.11 
16 Way  .13  
18 Way  15 .  
20 Way  .1, 
22 Way  .18 
24 Way 

100µF 25V  .07 
1000F 350  .08 
1002F 50V  .19 

1000F  630  .21  
2200F 10V  .06 

. 05 Watt  5% 
10f1 To 10Mfl 

.04 each 
tasks. The PTH PCB measuring only 107 x 118 comprises 2K EPROM (Empty), 
2k static RAM 16 input lines using two 74LS244 and 16 output lines using two 
74LS373. The port connec tions are via four  10W pin strips, eac h hav ing  eight Fixed Voltage 

Regulators 
4066 .19 +5V IA  •36  

.20  

28 Way 330oF 16V  .19 Thermistor data lines, one ground and either NMI, INT, WAIT or RESET. A must for the 
4081 .12 +8V 158  •68  

.23 
40 Way 470µF 160  .25 Bead INTCI 

Z8OACPU 1.85 +120 1.58  .36 

.33  
4700F 50V  .40 Gm47268 small application. 

Z804PIO 1.68 +150 IA  36 4700F 630  .63 (4.74f1)  1.95 
7217191 4.00 +240 1A  .68 10000F 100  .23 Order as:- Z80A-CTRUK Kit Form   £20.45 
64021PL 
555 

7.30 
.41 

-501*  .39 
-12V IA  210 

• =11111 . 
6 Way  .12 

10000F 16V  27 
22008F 16V  .45 Z80A-CTRUB Built and Tested   £24.95 

558 3.30  -15V IA  .39 8 Way  .16 Z84C-CTRUK Cmos Kit Form   £26.95 
741 
LM3806 

.25 
1.87 

-241/ 14  39  
+50 0.14  .28 

14 Way  ,29  
16 Way  .32 

113 =3 21:1 M 

4.7µF 630  .06 
Potentiometers 
PCB Mount 

Z84C-CTRL/B Cmos Built and Tested   £31.45 
T083810 5.56 +8V 0.18  .28 16  Way  -36  108F 350  11 Cannel Top Ad, 
TL074CF 
5G36266 

51 
369 

+120 0.18  .28 
+150 0.18 

20 Way  AO 
22 Way  .44 

47oF 25V  .10 
1008F 25V 10011  •30  RS232 to Centronics Converter 

S03526d  15 e 
.36 

-5V 0.18  30 24 Way  " 
.18 

1615  30 

SL486DP 
SL4900P 

1.08 
1.08 

-120 0.18  30 
0.1A 

28 Way  .56 
40 Way  60 

4708F 100  22 
1000oF 10V .31  5601  '3°  

1041I  .50 
This handy little interface is ideal for running parallel printers from a serial port, 

ML9280P 1.06 
-15V  .30 

20411  50 the low cost way out of buying expensive parallel ports for your computer. 

Modes 

Mi n = = .11 

Metalised 
Polyester 

5/  7.6""'  e" "  

100611  :5,0, 
200K0 Originally designed for the Sinclair QL and Northstar Dimension in mind. The 

PCB measuring 60 x 62 comprises of the 6402 UART, Baud rate generator 164001 
66  

Connectors 
0 T„e Solder 

164002 
194003 

05 
05 

BC107  .16 
acme  21 9W Skt  AA 

3.31rF 400V  .08 
0.018F 1000 and all necessary logic, comes complete with wire and ribbon cable and 36W 

164004 05  8C109C 9W  .38 
.08 

0.022,.F 630  .08 centronics plug. (For "D" Type connector and hoods see selection on left. 
194005 
164007 

05 

66  

.19 
6c182  .05 
BC2I2 

,_PI.9 
9W  vvar  As ,-, 
15W Skt  00  

0.0478F 1000  .08 
018F630  .08 Sinclair QL SER1 Plug available extra (4, £1.68 order as 900-71052F) 

165401 .12 
.05 

6C54613 15W Plug  .53  0.158F 63V  .17 
195406 

14  
.o4 

6C556A 15W Cover  107 033µF 63V  .33 Order as:- RS232-8/K Kit Form   £18.40 

2ener Diodes 

.04 
B0233  A2 
806758 

25W Skt  00  
25W Plug  .53 

0.47µF 63V  .17 RS232-81B Built and Tested   £23.90 
2W 4W .05 

.32 
606764  .32 25W Cover  • 1 16 0,-

501.4W 05 BFY51  .54 _.,   Distance Measuring Instrument 
705.4W .06 BF259  58 10pF 631/  .05 
9V1 4W 
100.4W 

06 
.06 

8S650 
IRF520  .49 

1,61 
Capacitors 

Radial 1,..0 
100pF 500  .06  
150pF 500 

An invaluable handy instrument ideal for quickly measuring rooms no bigger 
110.4W 05 I9F840  4.10 

112 J  .57 
M11:835410  1 44 

.05 
220pF 500  .05 
0.01pF 25/500  .05 

than 50 feet sq. The ultransonic processing PTH PCB measuring only 77 x 
85 has all the necessary components to output the distance in four digit BCD 

2.20F 500  .06 
2.2,L  . F 63V 11 L.E.D 's 

5rnin 4..i TIP121  .34  
. TIP  34  

TIP31C  30 

4.7µF 530  .06 
33µF 16V  04 
47µF 100  .06 

0.01µF IkV  .27 

0.022 µF 63 V  .10   
0.470F 500  .12 
0.1 0F 25V 

(multiplexed) reflecting either feet meters or yards selectable by a three position 
switch. The kit comes complete with Parabolic reflector and transducer. 

Red 
Green 

. 13 

.12 

Orange 
Yellow 

21 TIP32 C  .30 
262646  1.18 

47 ,̀ F 250  .06 

47µF 35V  018 

.06 
0.1µ.F 500  .07 Available extra is a liquid crystal display board measuring 51 x 101 which can .15 

263055  .47 470F 63V  .08 
470F 1000  .17 be wired to the BCD output to the above board directly to display the distance 

in 0.5 inch high digits. 

Mail or Telephone Orders Only Please To: Dept PE12 Order as:- U0M126/K Kit Form   £24.95 
Samuel Whites Estate, B idge Road, Cowes, Isle of Wight, P031 7LP, U0M126/B Built and Tested   £34.95 

and 15% 
Please Add £1 For 1st class Post and Packaging, 

VAT to Total Stoc Listing available soon. Please send SAE to be 
LCDM4/K LCD Kit Form   £14.30 

put on the mail list. LCDM4/B LCD Built and Tested   £16.95 

BACK NUMBERS, COPIES AND BINDERS 

EaCTRONICS 
tra4HEM 

M E N 
wp)CESSOA 
PLINGEN 
SIG.GEN 

AND 11041 
sagmaLLEft 

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 
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£1 BAKERS DOZEN PACKS 
Price per pack is £1.00.• Order 12 you 
may choose another free. Items marked 
(el) are not new but guaranteed-ok. 

1-513 amp ring main junction boxes 
2-513 amp ring main spur boxes 
5-3 flush electrical switches 
7- 4in flex line switches with neons 
8-280 watt brass cased elements 
9-2 mains transformers with 6V 1A secondaries 
10-2 mains transformers with 12V %A secondaries 
11 -1 extension speaker cabinet for VA" speaker 
12-5 octal bases for relays or valves 
13 - 12 glass reed switches 
14-4 OCP 70 photo transistors 
16-4 tape heads, 2 record, 2 erase 
17-1 ultrasonic transmitter and 1 ditto receiver 
18 - 2 15000 mfd computer grade electrolytics 
19-2 light dependent resistors 
20-5 different micro switches 
21-2 mains interference suppressors 
22-2 3 watt crossover units 2 way 
23-1 40 watt 3 way crossover unit 
28- 1 6 digit counter mains voltage 
20-2 Nicad battery chargers 
31 -1 key switch with key 
32-2 humidity switches 
34-96 x I metre lengths colour-coded connecting wires 
36-2 air spaced 2 gang tuning condensers 
37-2 solid diaelectric 2 gang tuning condensers 
20 - 10 compression trimmers 
41 -6 Rocker Switches 10 amp mains SPST 
43-5 Rocker Switches 10 amp SPDT Centre Off 
44-4 Rocker Switches 10 amp DPDT 
45- 1 24 hour time switch mains operated s.h.) 
46- 1 6 hour clock timeswitch 
48-2 6V operated reed switch relays 
49 - 10 neon valves - make good night lights 
50 - 2 x 12V DC or 24V AC, 4 CO relays 
51 -1 x 12V 2C 0 very sensitive relay 
52-1 12V 4C relay 
55-1 locking mechanism with 2 keys 
56- Miniature Uniselector with circuit for electric jigsaw 
57-5 Dolls' House switches 
60-5 ferrite rods 4" x 5/16' diameter aerials 
61 -4 ferrite slab aerials with Lb M wave coils 
62- 4 200 ohm earpieces 
63-1 Mullard thyristor trigger module 
64 - 10 assorted knobs % spindles 
66-5 different themostats, mainly bi metal 
66- Magnetic brake - stops rotation instantly 
67- Low pressure 3 level switch 
69 - 2 25 watt pots 8 ohm 
70-2 20 watt pots 1000 ohm 
71 -4 wire wound pots -18. 32. 50 and 100 ohm 
73 - 4 3 watt wire wound pots 50 ohm 
77-1 time reminder adjustable 1-60 miss 
78 - 5.5 amp stud rectifiers 400V 
85-1 mains shaded pole motor %" stack - % shaft 
86 - 2 5" ali fan blades fit %" shaft 
87 - 2 3" plastic fan blades fit 3/4 " shaft 
88-Mains motor suitable for above blades 
00-1 mains motor with gearbox 1 rev per 24 hours 
91 -2 mains motors with gearbox 16 rpm 
93 - 4 11 pin moulded bases for relays 
94-5 B7G valve bases 
96-4 skirted B9A valve bases 
96-1 thermostat for fridge 
00-1 motorised stud switch (s.h.1 
101 -1 2% hours delay switch 
103 -1 6v mains power supply unit 
104 - 1 4%V mains power supply unit 
105- 1 5 pin flex plug and panel socket 
107 - 1 5" speaker size radio cabinet with handle 
109- 103/4 " spindle type volume controls 
110 - 10 slider type volume controls 
112 - 1 heating pad 200 watts mains 
114 - 1 1W amplifier Mallard 1172 
115 - 1 Wall mounting thermostat 24V 
118 - 1 Teak effect extension 5" speaker cabinet 
170 - 2 p.c.b. with 2 amp full wave and 17 other recs 
123- 10 mtrs twin screened flex white p.v.c. outer 
132 - 2 plastic boxes with windows, ideal for interrupted 

beam switch etc 
155-3 varicap push button tuners with knobs 
100-1 plastic box, sloping metal front, 16 x 95mm, average 

depth 45mm 
243 - 2 speakers' 6" <4" 15 ohm 5 watt made for Radiomobile 
266 - 2 mains transformer 9V 'h A secondary split primary so 

OK also for 115V 
330 -2 6V 0.6V mains transformer .3a p.c.b. mounting 
350 - 40 double pole leaf switches 
365 - I 7uf 660V 50hz metal cased condenser 
453 -2 2'!. in 60 ohm loudspeakers 
454 - 2 2%in 8 ohm loudspeakers 
463 - 1 mains operated relay with 2 sets c/o contacts 
464 -2 packets resin filler/sealer with cures 
445-3 5A round 3 pin plugs will fit item 193 
466 - 4 7 segment led. displays 
470 - 4 pc boards for stripping, lots of valuable parts 
498 - 4 1000uf 25V axial electrolytic capacitors 
504 -1 Audax PM 8" speaker 15 ohm 5 watt rating 
515 - 100 48A 11/2" cheesehead plated screws and 100 4BA nuts 
541 - 1 pair stereo tape head as in cassette recorder/players 
546 -1 bridge rectifier 603V international rectifier ref 35B100 
548 -2 battery operated relays 13-60 each with 5A c/o contacts 

2 pairs 
553 -2 lithium 3V batteries (everlasting shelf life) 

5 AMP BATTERY CHARGER KIT. ALL PARTS INCLUDING CASE 
ONLY f5.00 BUT ADD £1.00 P&P 

OVER 400 GIFTS 
YOU CAN CHOOSE FROM 

There ins total of over 400 packs in our Baker's 
dozen range and you become entitled ton free 
gift with each dozen packs. 
A classified list of these packs and our latest 

"Newsletter" will be enclosed with your goods, and you 
will automatically receive our next news later 

THIS MONTHS SNIP 

31/2  FLOPPY DISC DRIVES, made by the Chinon Company 
of J an. Beautifully made and probably the most compact 
device of its kind as it weighs only 600g and measures only 
104mm wide, 162mm deep and has a height of only 32mm, 
other features are high precision head position - single push 
loading and eject - direct drive brushless motor - Shugart 
compatible interface - standard connections - 
interchangeable with most other 31/2  and 51/2  drives. Brand 
new with copy of makers manual. Offered this month at 
£213.50 post and VAT included 

CASE- adaptable for 3" or 3 %" FDD, has room for power supply 
components price only £4 includes circuit of PSU. Our Ref 4P8. 

POWER SUPPLY FOR FDD- 5V and 12v voltage 
regulated outputs, complete kit of parts will fit into case 4P8 price £8 or 
with case £11. 

MULLARD UNILEX AMPLIFIERS 
We are probably the only firm in the country with these now in 
stock. Although only four watts per channel, these give superb 
reproduction. We now offer the 4 Mallard modules - i.e. Mains 
power unit lEP91:021 Pre amp module (EP9301) and two amplifier 
modules (EP9000) all for £6.00 plus f/ postage. For prices of 
modules bought separately see TWO POUNDERS. 

CAR STARTER/CHARGER KIT 
Flat Battery! Don't worry you will start your car in a few minutes with 
this unit - 250 watt transformer 20 amp rectifiers, case and all parts with 
data case 07.50 post U. 

MINI MONO AMP on p.c.b. size 4.. 2" (app.) 
Fitted volume control and a hole for a tone control 
should you require it. The amplifier has 
three transistors and we estimate 
the output lobe 3W rms. 
More technical data will be 
included with the amp. Brand new, 
perfect condition, offered at the very 
low price of 0.15 each, or £13 for £12.00 

LIGHT BOX 
This when completed measures approximately 15" x 14". The light 
source is the Philips fluorescent 'W' tube. Above the light a sheet 
of fibreglass and through this should be sufficient light to enable 
you to follow the circuit on fibreglass PCBs. Price for the 
complete kit, that is the box, choke, starter, tube and switch, and 
fibreglass is £5 plus £2 post, order ref 5P69. 

TANGENTIAL HEATERS 
We again have very good stocks of these quiet runnng instant 
heat units. They require only a simple case, or could easily be 
fitted into the bottom of a kitchen unit or book case etc. At 
present we have stocks of 1.2kw. 2kw, 2.5kw, and 3kw. Prices are 
£5 each for the first 3, and E6.95 for the 3k. Add post £1.50 per 
heater if not collecting. 
CONTROL SWITCH enabling full heat, half heat or cold blow, 
with connection diagram, 50p for 2kw, 75p for 3kw. 

FANS ft BLOWERS 
5" E5+E1.25 post. 6" £6 + 0.50 post 
4" o4' Muffin equipment cooling fan 115V £2.00 
4" x4' Muffin equipment cooling fan 230/240V 13.00 
9" Extractor or blower 115V supplied with 230 to 115V adaptor 
3.50 + £2 post. 
All above are ex computers but guaranteed 12 months. 
10" v3" Tangential Blower. New. Very quiet - supplied with 230 to 
115V adaptor on use two in series to give long blow £2.00 + £1.50 
poster £4.00 +C2.00 post for two 

9" MONITOR 
Ideal to work with computer or video camera uses Philips 
black and white tube ref M24/306W. Which tube is implosion 
and X-Ray radiation protected. VDU is brand new and has a 
time base and EHT circuitry. Requires only a 16V dc supply 
to set it going. It's made up in a lacquered metal framework 
but has open sides so should be cased. The VDU comes 
complete with circuit diagram and has been line tested and 
has our six months guarantee. Offered at a lot less than 
some firms are asking for the tube alone, only £16 plus ES 
post. 

LOW COST OSCILLOSCOPE- kit to convert our 9" 
monitor into an oscilloscope with switched time bases to allow very high 
and very low frequency waveforms lobe observed and measured. Signal 
amplitudes from as low as 10mV and as high as I kV can easily be 
observed and measured. Ideal for servicing, also for investigating TV, 
radio and audio circuits. 
Kit containing all the parts for the conversion and the power supply to 
operate from mains £25 our ref 25P3. 

TELEPHONE LEAD 
3 mtrs long terminating one end with new BT, flat plug and the 
other end with 0 correctly coloured coded wires to fit to phone or 
appliance. Replaces the lead on old phone making it suitable for 
new BT socket. Price El ref B0562 or 3 for £2 ref 2P164. 

COMPACT FLOPPY DISC DRIVE EME-101 
The EME.101 drives a 3" disc of the new standard which 
despite its small size provides a capacity of 500k per disc, 
which is equivalent to the 31/2 " and 5%" discs. We supply the 
Operators Manual and other information showing how to 
use this with popular computers, BBC, Spectrum, Amstrad 
etc. All at a special snip price of E27.50 including post and 
VAT. Data available separately £2, refundable if you purchase 
the drive. 

POWERFUL IONISER 
Generates approx. 10 times more IONS than the ETI and 
similar circuits. Will refresh your home, office, shop, work 
room etc. Makes you feel better and work harder - a 
complete mains operated kit, case included. £11.50+ 0 POP. 

J Et N BULL ELECTRICAL 
Dept. E.E., 250 PORTLAND ROAD, HOVE, 

BRIGHTON, SUSSEX BN3 5QT 
MAIL ORDER TERMS: Cash, P.O. or cheque with order. Orders 
under £20 add CI service charge. Monthly account orders 
accepted from schools and public companies. Access Et B/card 
orders accepted. Brighton (0273)734648 or 203500. 

NEW ITEMS 
So me of the many described in our current list 

which you will receive with your parcel. 

ASTECT.S.U. Switch mode type so very compact Norma1230V input. Has 
3 outputs:- +5V at 3.5 amps, +12V a11.5 amps and -5V 01 0.3 amps. 
Should be ideal to drive floppy disc units. Regular price around £30, our 
price only £10 although brand new and unused. Order our ref 10P34. 

POWERFUL 12V MOTOR was intended for the Sinclair electric car. Rated 
approx Ih hp. Our price only £15.00. Ref. 15P8. 

BURGLAR ALARM BELL On. gong - oh to fix outside if sheltered from 
rain. Mains operated £8.00. Ref. 8P2. 
12V battery operated £8.00. Ref. 8P2A 

24140UR 11MESWITCH 16AC/0 contacts, up to 6 on-offs per day. Nicely 
cased for wall-mounting. Price £8.00. Ref. 8P6. 

CAPICITOR BARGAIN Axial ended 4700 at at 25V. Superior Jap make, 
normally 50p each, you get 4 for £1.00 Ref. 613, 
AGAIN AVAILABLE - 12' mini fluorescent tubes - Price £1 each. Ref. 

POWER PACK OR AMPLIFIER CASE - Size approx 10" x 81/4" x 43/4 " 
plated steel - with ample perforations for cooling. Front panel has on/off 
switch and E.E.C. mains inlet plug with built in RF filter -undoubtedly a very 
fine case which would cost at least £50 from regular sources, our price is 
£5 each and £3 post. Ref. 5P111, 

MINIATURE BCD THUMB WHEEL SWRCH - Mat black edge switch 
engraved white on balck - gold plated, make before break contacts - size 
approx. 25mm high 8mm wide 20mm deep - made by the famous Cherry 
Company and designed for easy stacking - Price £1 each. Ref. B0601. 

EDGE METER - miniature, whole size approxx 37mm x 13mm ua fsd - 
centre zero scaled 0 to -10 and 010 +10. Price £1 each. Ref. 130602. 

CLEANING FLUID-Extra good quality - intended for video and tape heads 
-regular price £1.50 per spray can-our Price- 2 cans for £1. Ref. 80604. 

DONTFREEZE UPI -We have had the strongest winds for over 200 years 
and who knows we may be in for the coldest winter, no if you have not 
already protected your water pipes you should do so now-our heating wire 
wound around the pipes will do this and will cost only about 50p per week 
to run - 15 metres (minimum length to connect to 230/2400 mains). Price 
£5. Our Ref. 5P 109. 

PIEZO ELECTRIC FAN an unusual fan, more like the one used by Madame 
Butter)ly, than the conventional type, it does not rotate. The air movement 
is caused by two vibradng arms. It is American made, mains operated, very 
economical and cause's no interference. So it is ideal for computer and 
instrument cooling. Price is only £1 each. Ref 50605. 

SPRING LOADEDTESTPROOS- heavy duty, made by the famous Bulgin 
company. Very good quality. Price four for £1. Re). B0597. 
CURLY LEAD four core, standard replacement for telephone handset, 
extends to nearly two metres. Price £1. each. Ref. 50599. 

TELEPHONE BELLS - these will work oft our standard mains through a 
transformer, but to sound exactly like a telephone, they then must be fed 
with 25 hz 500. So with these bells we give a circuit for a suitable power 
supply. Price 2 bells for £1. Ref. B0600. 

ULTRASENSMVE POCKET MULT1METF_R -4k ohms per volt -11 ranges 
-cany one of these and so be always ready to test ac/dc volts to 1000, DC 
milliams and have an ohms range for circuit testing -will eam its cost in no 
time. Price only £7. Ref. 7P2. 

BLOW YOUR ROOF OFF - 140 watt speaker systems-new type you must 
not hide! they have golden cones and golden surrounds and look rally 
"Bootiful" 12' Woofer, Midrange and Tweeter and comes with a crossover 
at a special introductory price of £49, carnage paid. Two sets for £95 caniage 
paid. 140w Woofer only £35 carnage paid. 

31/2 & 51/4 FLOPPY DISC DRIVES now in stock all am new and made by 
famous Epson company. All are double sided drives with storage capacity 
oft meg byte. They have standard connections and are fully compatible 
with conventional systems. Both are small size and light weight. Price - 
either model is £57.50 plus £3 post. Prise includes copy operating data. 

APPLIANCE THERMOSTATS - spindle adjust type suitable for convector 
heaters or similar price 2 for £1. Ref. 130582. 

COMPUTERS 

Big consignment of computers expected various makes and 
numbers, write or phone for details. 

NOVEL NIGHT LIGHT - plugs into a 13A socket. Gives out a surprising 
amount of light, certainly enough to navigate along passages at night or 
to keep a nervous child happy. Very low consumption, probably not 
enough to move the meter. Price El. Ref. BD563. 
CASE WITH 13A PRONGS - togs into 13A socket, nice size and 
suitable for plenty of projects such as car battery trickle charger, speed 
controller, time switch, night light, noisesuppressor, dimmers etc. 
Price -2 for El. Ref. 8D565 
SPEAKER EXTENSION CABLE - twin 0.7mm conductors so you can 
have long runs with minimum sound loss and for telephone extensions or 
burglar alarms, bells, intercoms etc. 250m coil only £3 plus Cl post. Ref. 
3P28. 
ALPHA-NUMERIC KEYBOARD - this keyboard has 73 keys with 
contactless capacitance switches giving long trouble free life and no 
contact bounce. The keys are arranged in two groups, the main area 
field is a QWERTY array and on the right is a 15 key number pad, board 
size is approx. 13" o4 - brand new but offered at only a fraction of its 
cost namely f3, plus CI post. Ref. 3P27. 
TELEPHONE EXTENSIONS - it is now legal for you to undertake the 
wiring of telephone extensions. For this we can supply 4 core telephone 
cable, 100m coil E11.50. Extension BT sockets £2.95. Packet of 500 plastic 
headed staples E2. Dual adaptor for taking two appliances from one 
socket £3.95. Leads with 13.1. Plug for changing old phones. 3 for E2. 
MODULAR SWITCH - Panel mounting highest quaky and ideal where 
extra special front panel appearance is required, can be illuminated if 
required d.p.d.t. and latching. Price -2 for Et. Ref. 80607. 
WIRE BARGAIN - 500 metres 0.7mm solid copper tinned and p.v.c. 
covered. Only E3 + Et post. Ref. 3P31 - that's well under 1p per metre, 
and this wire is ideal for push on connections. 
INTERRUPTED BEAM KIT - this kit enables you to make a switch that 
will trigger when a steady beam of infra-red or ordinary fight is broken. 
Main components - relay, photo transistor, resistors and caps etc. 
Circuit diagram but no case. Price £2. Ref. 2P15. 
3-30V VARIABLE VOLTAGE POWER SUPPLY UNIT - with I amp 
DC output. Intended for use on the bench for experimenters, students, 
inventors, service engineers etc. This is probably the most important 
piece of equipment you can own. (After a multi range test meter). It 
gives a variable output from 3-30 volts and has an automatic short circuit 
and overload protection, which operates at 1.1 amp approximately. 
Other features are very low ripple output, atypical ripple is 3mV pk-pk, 
ImV rms. Mounted in a metal fronted plastic case, this has a voltmeter 
on the front panel in addition to the output control knob and the output 
terminals. Price for complete kit with full instructions i5 f15, Ref. 15P7. 
TRANSMITTER SURVEILLANCE (BUG) - tiny, easily hidden, but 
which will enable conversation to be picked up with FM radio. Can be 
housed in a matchbox, all electronic parts and circuit. Price CZ Ref. 2P52. 
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Half 
List Price 6V 16 Ah 

Sealed Batteries 
A sealed, maintenance free, lead acid gel battery, the 
EP6160 is manufactured by Elpower and delivers a massive 
6 volt 16Ah capacity from a package measuring only 210 x 
140 x 70mm. Useful for many standby or portable 
applications, the EP6160 is suitable for deep cycling use 
and is chargeable from a constant voltage source. 

BRAND NEW   £15 P&P 
£3.00 

Easy 
Power DC-DC 

Converters 
Measuring only 85 x 70 x 20nun the GSR407 converter 
delivers 7 Volts at 4 Amps from an input range of 8-48 
Volts DC. The use of modern switclunode circuitry enables 
an efficiency of 75% and the unit is protected against short 
circuit and over-temperature. Simple to use, the GSR407 is 
offered with data sheet, and full application information is 
available. 
BRAND NEW  £10 

Price 
Breakthrough! 68000 

Processors 
The Signetics SCN68000 C8164 is an 8MHz 68000 cpu in a 
64 pin Ceramic DIL package. Due to its advanced design 
features the 6800 has become an industry standard in true 
16 bit processing. A scoop purchase enables us to offer this 
popular device at the unbelievable price of 

MASSIVE STOCKS  £5 £1.00 P&P 
MUST BE CLEARED    

SIEMENS V30141 300 WATT OPEN FRAME 
SV/ITCHMODE 
A high reliability multirail supply carrying 
aluminium chassis the V30141 accepts 110 
* 5V/35A * 12V/3A * 24V/3.2A * -12V/0.2A 

All units burned in and tested 
Offered BRAND NEW & boxed 
Overall size 390 x 225 x 70mm 

SUPER SAVINGS ON SWITCHMODES 
UL and CSA approvals. Built on a rugged 
or 220Vac input and delivers five outputs: 
* - 5V/2A 

REDUCED  + VAT 
TO CLEAR only  E3u + £2 P&P 

£20 only  GRESHAM LION SWITCHMODE 
+£2 P&P  TRIPLE RAIL SUPPLIES 

Top quality power supplies onginally manufactured for a major OEM. Three outputs on 0.156 
moles connector -5V at 6 Amps * 12V at 4.7F Amps - '12V at 0.5 Amps. Semi enclosed in 
an attractive black enclosure,m the units are supplied BRAND NEW with data. Input 240 Vac 
on switched IEC sin. 

Mitsibushi disk drives model 4853.  n each 
80 track double-sided, double density  E 6li inc VAT P&P £3 

DECEMBER SPECIAL OFFERS 
BBC DISK INTERFACE leads, 34 way speed-bloc socket to 
34 way connector. Available in single or twin drive 
configurations. 
SINGLE DRIVE .  . £1.50 TWIN DRIVE . . . £2.50 
UM 1286 modulators • High quality UHF modulcators for 
interface of computer and video 75 Ohm sources to TV sets. 
Data supplied. 
BARGAIN PRICE  £4.00 

ELMA INSTRUMENT CASES - Supplied in kit form, these 
attractive and easy to assemble enclosures are finished in 
Pacific Blue and will accept either Eurocards or modular 
components. 
Size 317 x 140 x 240mm ONLY  £10.00 
NEC MC5808 DBS Local Oscillator Module 10GHz ECS 
frequency, 50ohrn o/p   £15.00 
LITHIUM CELLS, Matsushita BR 2325, 3V, 23 x 3mm . £1.50 

PAPST Fans - Type 4850 120mm low noise axial fans 240V 
Brand New  £7.00 
SPRITE FANS- 80umn low noise axial fans high performance. 
240V NEW  £6.00 
FADERS - Metal body construction. 
10K Lin 60mm Mono  £0.60 
10 K Lin 45mm Mono centre stop  £0.60 
100K Lin 45mm Ster centre stop   £1.00 

Semiconductors Switchmode Power Supplies 
Part No.  Mfr  Description  Price 

DAC80-CBI-V  B Br  12 Bit D-A Converter   £4.00 
K1135A  Mota  Dual Baud Rate Gen   £2.00 
AY-3-1270  G.I.  Temperature Controller   £2.00 
LD271  Siem  I-Red Emitter  950nm   £0.10 
BPX81-IV  Siem  Phototransistor  850tun   £0.10 
DL1416  Nat  Intelligent 4 Chr Ascii Display   £6.00 
MAB8031AH-12P  Sig  8 Bit Microcontroller   £3.95 
LM350K  Mota  Adj: 3A Regulator TO3   £2.00 
I115815-4N  Nat  16 Bit I/O + 256 Bit RAM   £6.00 
D8755A  hit  VO Port + EPROM   £7.00 
80188  AND  8 Bit High integration CPU  £20.00 
2N6282  RCA  20A Dartington • House coded   £0.50 

Quantity discounts available on all the above lines. 

GOULD MG5-20, 5V at 20A   £20.00 
GOULD MG5-40, 5V at 40A   £35.00 
GOULD MG5-60, 5V at 60A   £45.00 
GOULD 5MG5-5, 5V at 5A  £15.00 
ASTEC Power supplies 65 watt, brand new, 110/240V input, outputs +5V at 6 amps, +12V at 
2.1 amps, +12 at 1.5 amps, -12 at 250 Ma. Size 196mm x 96mm x 45mm.   Price £20.00 
POWER GENERAL 4100. 5V at 20A. ±12V at 1A. -5V at 1A.  plus £.2.00 p&p 
Supplied brand new & boxed with data sheet   £25.00 
LAMBDA LWT-1B. 5V at 1A. ±12V at 1A. Brand new miniature FET switcher, 
size 110 x 50 c 35mm Only   £15.00 
FARNELL N200. 5V at 30A. ± 12 V at 5A. Few only   £35.00 
Other switchers always in stock. Please phone for sales or technical information on our 
wide range. 
FARNELL G30. 5V at 5A or 15V at 2A, two versions   £20.00 

Rechargeable Batteries Linear Power Supplies 
A range of YUASA maintenance free rechargeable Lead Acid batteries having many 
applications in portable and standby situations. Suitable for cyclic and standby use the 
sealed construction ensures long life and no electrolyte leakage. All batteries are brand 
new and available ex-stock at highly competitive prices. 
*6 Volt  lAh   £5.50  *12 Volt 1.2Ah   £10.00 
*6 Volt 1.2Ah   £7.25  "12 Volt 1.9Ah   £13.00 
*6 Volt 2.6Ah   £8.00  '12 Volt 2.6Ah   £15.00 

*12 Volt 6AH  £20.00 all prices +P&P 

ELPAC SOLV 30. 12V at 4A Open frame supply. 
Brand new and boxed with data sheets   £15.00 
ADVANCE PMG5-5. 5V at 5A   £20.00 
ADVANCE PMG12-1.2. ±12V at 1.2A   £25.00 
ADVANCE PMGD15-1.2. +15V at 1.2A   £25.00 
ADVANCE PMA47. Variable 0-15V at 3A   £20.00 
ADVANCE PMA 48. Variable 0-30V at 3A   £25.00 
COUTANT ESM15. 5V at 15A. +12V at 1.5A. 12/24V at 2A   £40.00 

CAPACITORS Motors 

2jd 250 Vac Filmcap ACT Polycarbonate   £1.00 
100/350V Erie KB411CT   £1.00  470/250V Mull 0.52   £0.80 
2200/16V Rad. Panasonic   £0.25  2200/63V ITT KS1OA   £1.00 
2200/200V Mallory CGS  £2.00  3300/50V Marcon CGF   £0.50 
4700/16V Ax.Mull 032   £0.25  4700/25V Mull 050   £0.50 
4700/63V Procond 542   £1.10  10000/16V Rad Nich   £0.30 

We carry a full range of Ceramic, Poylester, Polystyrene, Tantalum, Electrolytic, Variable 
and Trimmer capacitors. 

SANYO 103-606-2 Stepper. 2 Phase 4 pole 6V 3A   £10.00 
SHINKOH 20PMA055 Stepper. 1 Phase 3 pole 28V 1.3A   £10.00 
PHILIPS CONTROLS B82959 Stepper. 2 Phase 4 pole. 
14Vdc Step Angle 7.5 Deg. 27.5 Ohms/Coil   £10.00 
MATSUSHITA MN 15R2C 12V Cassette Motor + regulator   £3.00 
BERGER-LAHR RDM 50/8G 12 Volt Stepper Motors. 
3mm shaft. 230mA/370 per winding. Brand new stock. Only   £6.00 
MOORE and REED 11M5152 11V 4phase Stepper with Portescap 80:1 reduction 
gearbox. Brand new   £10.00 
DC and AC motors always in stock. 

Industrial Timers Bargain 

A range of high reliability electromechanical timers by IZUMI DENKO. All units 240 Vac 
and have 5A contact sets RTMSP2N-Octal base, 2 contact sets, start on power-up, power 
off reset. 0-6sec, 0-2105ec, 0-28hr. 

RTUM2N - 72mm square panel mount. Screw terminals. Specs as above. 0-35sec, 0-70sec, 
0-210sec, 0-7min, 0-35min, 0-210min. 
RTMSP3B - as above but separate clutch and motor connections. Reset on Power-off 
0-12sec, 0-355ec, 0-210sec, 0-28hr. 
Application sheets available. All timers only   £10.00 

BREADBOARDS - exciting new range of solderless proto-typing boards at affordable 
prices. 
Budget Series - 100 Tie Points - £1.70. 640 Tie Points - £5.00. 840 Tie Points - £6.50. 
Pro-Series: 400 Tie Points - £4.20. 630 Tie Points - £7.90. 1660 Tie Points - £17.80. 
PANEL METERS 600mm x 45mm. Cutout 38mm. Attractive Black/Clear plastic construction. 
Available 50µA, 1004A, lmA, 1A, 5A, 10A. Brand new and boxed. Only £6.00 each 
DRILLS - Pcb drills 12 Volt Pin chuck type - £6.95. 4mm adjust chuck - £7.25. 
MAINS DRILLS - high power 4mm chuck - £24.75. Drill kits - 12V drill + bits - £28.50. 
SIRENS - 12 volt Ear Piercing 115dB output. Small £9.50. Large £11.50. Ideal Car Alarms, etc. 
FERRIC CHLORIDE - Circuit etchant Granules. Approx 250g. Only £1.65 bag, 

£££££  WE BUY COMPONENTS FOR CASH  £££££ 
We also buy good working TEST EQUIPMENT, POWER SUPPLIES, COMPUTER 
EQUIPMENT, PERIPHERALS and other hardware. 

. . . stop press. . . SOLAR PANELS 
12 ins x 13 ins 12 Volt 200mA output in British sunlight. 
Bargain price . . . BRAND NEW £15.00 +A £2.00 P&P 

Fuselodge Ltd. 
[BARCLAYCARD 

267 ACTON LANE 
CHISWICK, LONDON W4 SDD 

Telephone: 01-994 6275 

Terms of business 
Cheque/PO with order. Mail Order - 
phone for details of p&p charges for 
your order. 
Callers Welcome. 
Shop Hours: 9.00-5.30pm. 
6 days a week 

PLEASE ADD 15% VAT TO 
ALL PRICES 

NEW LINES 
DIE CAST BOXES. Now available, a range of25 types of Aluminium Die cast enclosures 
in standard, and some non standard sizes. Ex-stock at highly competitive prices. 
ABS PLASTIC INSTRUMENT CASES. Featuring brushed all front and rear panels and 
flame retardant ABS construction, these two part enclosures give any project a 
professional appearance. Available in Pacific Blue and Pale Jasmine. 
TYPE ABC. 92 x 185 x 35nun   £3.95  TYPE CBU. 153 x 178 x 51nun   £5.95 
TYPE BBU. 133 x 133 x 51nun   £4.35  TYPE DBU. 203 x 178 x 63mm  £6.35 

Please Note. This advertisement represents a fraction of our current stock. It 
would be impossible to list our vast range of electronic components and 
equipment. As a broaciline distributor we have comprehensive stock of 
semiconductors (linear, logic, memory, LSI and discretes) resistors, capacitors, 
switches, opto-electronic products, connectors, potentiometers, fuses, cable, 
lamps, and new products are constantly arriving. Our technical and sales staff 
are always available to handle your enquiry. 
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COMMUNICATIONS FEATURE 
:.! 

SATELLITES 
PART TWO BY MIKE SANDERS 

INTELSAT V DOUBLES ITS MONEY 
The pressures on comms satellite capacity is increasing steadily. Several 
ways of routing a greater number of signals have been worked out, 
including on-demand assignment, multiple accessing, higher-frequency 
bandwidths and carrier repolarisation. 

Single channel per carrier, pulse code modulation, multiple access, demand 
assignment (spade) operations were 
begun in 1974 by twenty earth stations. 
Let us take the definition a bit at a 

time. Single channel per carrier does not 
mean only one speech channel but a 
whole lot ranging from 24 to 960 
channels. One of these 'lots' then 
constitutes a channel on the satellite 
link. The term channel often refers to 
different bandwidths and is an often 
abused word. Carriers with speech 
channel capacities ranging from 24 to 
960 will have bandwidths of 2.5MHz, 
5MHz,  7.5MHz,  10MHz,  20MHz, 
25MHz, 35MHz. It can be seen that the 
largest, 35MHz, occupies a whole 
transponder of 36MHz. 
Pulse code modulation refers to the 

well known pcm technique of converting 
analogue signals into digital signals. 
Multiple access means that more than 
one earth station can access the satellite 
as for a frequency division multiplexed 
system. The interesting bit is the demand 
assignment and an earth station is 
assigned a carrier only when it actually 
wants to transmit and not on a 
permanent basis. 

SPADE WORK 
So what is the attraction of spade 

operation? If an earth station can access 
a satellite only when it has a message to 
transmit, then small countries with light 
traffic do not have to tie up satellite 
capacity as with pre-assigned fdm. 
However, spade equipment is expensive 
and operates as follows. 
All the signalling information (routing 

digits, duration of call etc) is separated 
from the message (speech or data) at the 
earth station terrestrial interface unit 
(tiu) before transmission. This signalling 
information is then conveyed over 
common  signalling  channels  (csc) 
between up to 50 earth stations. These 
signalling channels are not assigned by 
demand but open all the time. This is 
because no breaks can be tolerated in 
the csc links, since the telephone 
exchanges must know how to route the 
call even before the speech arrives. Also, 
csc operating at 128 kbit/s is used by each 
earth station to keep in touch with the 
controlling earth station. 
At the terrestrial interface unit, the 

speech is also converted to digital form 
by pcm. At the earth station both 

received speech and signalling are 
converted back to analogue form since, 
at the present time, terrestrial networks 
are mainly analogue. 
At the heart of spade operation is a 

demand  assignment  signalling  and 
switching  equipment  (dass)  which 
controls the setting up of calls. One earth 
station must act as control and transmit 
a reference burst. All other stations then 
transmit their bursts in an allotted time 
window in relation to the reference burst 
(Fig.1.) 

01,1 

T ME SLOTS 
= 11 

Hg 1. Spade operation 

6;5 

Each time a request is received for a 
call, the relevant dass selects a pair of 
transmit/receive carriers and informs the 
distant earth station. Such communi-
cation is carried out via the csc, Fig.2. 
Also, all dass units are aware of which 
carriers are free at any given moment. 
In addition dass can log the duration of 
a call as well as any faults occurring. 
Let us see how many spade channels 

a transponder can support. We have seen 
how a 4KHz speech channel when 
frequency modulated occupies 45KHz of 
bandwidth.  Therefore  a 36  MHz 
transponder will accommodate 800 
speech channels. If these channels were 
in  continuous  operation,  the 
transponder would be able to supply the 
power requirement of only half this 
number, ie 400 channels. But a speech 
channel is in use for only 40% of the 
time: only one party speaks plus gaps in 
conversation, therefore the transponder 
can manage 800 channels. 

SINGLE CHANNEL CARRIER 

Four years after spade operations 
started, there was such a heavy demand 
for data circuits building up, that single 
channel  per  carrier  (scpc)  was 
introduced. There are several small 
countries with only half a dozen circuits 
to the UK, four of which could be speech 
and two data circuits. 
Scpc is essentially the same as spade, 

except that the link is pre-assigned and 
available for use whenever the customer 
desires. Just as with spade, the carrier 
is switched on whenever there is a voice 
transmission, and to avoid losing the 
leading edge of the spoken word, a delay 
line is used, Fig.3.This delays the speech 
for a few milliseconds while the carriers 
are enabled. 
For data at 48kbit/s, 50kbit/s and 

56kbit/s there is no point in switching 
the carriers on and off and therefore the 

VOICE 
DETECTOR 

DELAY  CARRIER 

T T 
IER.ENABLED   .z, 

Fig 3. Speech detector 
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speech detector is disabled. Lower data 
speeds of 1.2kbit/s, 2.4kbit/s and 4.8kbit/s 
can be multiplexed to give a higher 
speed. There are also intermediate rates 
of 9.6kbit/s and 19.2kbit/s for facsimile 
as well as data transmission. 
An increasing use of transponders for 

data transmission means that each 
transponder can handle fewer than 800 
channels,  or  the  power  of each 
transponder must be increased. If there 
is a heavy demand for scpc, four 
transponders on Intelsat IV an IVA can 
be switched from global to spot beam 
by ground telemetry. This is the kind of 
remote control that will be built 
increasingly into future satellites. 
The greater the number of carriers, 

the more the frequency deviation has to 
be reduced. In an fdm system using 10 
to 20 carriers, a frequency deviation of 
around 80kHz is good enough. But when 
there could be as many as 800 carriers 
on each transponder when used for scpc, 
then the frequency deviation of the 
carriers must be reduced to 250Hz to 
prevent one carrier interfering with its 
neighbours. 

ERROR CHECKING 
We have seen from Fig.l. how one 

station acts as a control and transmits a 
reference signal. This reference signal or 
pilot is used by the other earth stations 
for gain as well as frequency control. 
Then each station transmits its own burst 
in its given time window. Apart from 
containing  the  message  being 
transmitted, each burst contains header 
information like station identification 
and synchronisation words. 
As scpc was bascially set up to cope 

with the increased transmission of data, 
we cannot leave the topic before 
considering  some  means  of error 
correction. Forward error correction 
(fec) is obtained by converting the bit 
stream into three paths say a, b, c as in 
Fig.4. Parity can be even or odd. Parity 
is said to be even when the sum of all 
the digits including the parity bit is even. 
Similarly, odd parity can be generated. 

a 

I NCOMI NG 
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Ng 4. Forward error correction 

Once the parity mode has been 
decided then any deviation from this is 
an error and the receiver can request a 
retransmission. The above method of 
taking three streams and converting to 
four is called rate 3/4 encoding and 
provides a bit error rate (ber) of 1 in 107 
which is desirable for data transmission. 
Rate 7/8 encoding is also used and the 
principle is the same as the above, ie 
one parity stream is provided for seven 
data streams. 

Mg 5. Phase shift keying 

Now that we have generated four bit 
streams some means must be found of 
transmitting them. Quadrature phase 
shift keying, qpsk or 4psk, is a popular 
method for doing this and 8psk is used 
for the 7/8 encoder. A simple explanation 
of phase shift keying is shown in Fig.5, 
where an analogue waveform is coded 
to represent a digital stream. Any change 
in binary digits from 1 to 0 or vice versa 
is represented by a phase shift of the 
analogue wave. 
In the same way, the phase of the 

carrier is shifted in qpsk so that one can 
tell  which  bit  stream  is being 
transmitted. Two 2-phase modulators are 
used as shown in Fig.6a and the 46MHz 
carrier is used to alter phase as shown 
in the phasor diagram of Fig.6b. 

INTELSAT V 
After Intelsat IV, came ... you've 

guessed it, Intelsat V and these are the 
current  breed  of  communications 
satellite. Intelsat V was launched in 1980 
with a shape slightly different from 
earlier satellites,  Fig.7.  Instead of 
housing the solar cells on the cylindrical 
body, they were placed on flat panels. 
Intelsat V has double the capacity of 

Intelsat IVA, ie 25,000 voice channels 
compared to 11,000 for Intelsat IVA. 
What is more, satellite capacities have 
more or less kept pace with the 
transatlantic (tat) cables with around 400 
channels in 1968, followed by 3000 
channels in 1969 and 8000 channels in 
1977. Two channels, that is transmit and 
receive, equal one circuit. 

Each time a new generation of 
satellite goes for greater capacity there 
are two problems to be overcome: the 
search for bandwidth and the power to 
operate this bandwidth. IntelsatVsolved 
the problem of increased bandwidth by 
operating in the 14/11GHz range as well 
as in the 6/4GHz. In addition each of 
these carriers can be re-used if polarised. 
Increased power is obtained by placing 
the solar cells on large flat panels since 
placing them on a cylindrical shape puts 
half of them in the dark. 

MULTIPLE CAPACITY 
But to return to polarisation, an 

electromagnetic wave travelling in a 
waveguide consists of an electric field 
perpendicular to a magnetic field, Fig.8. 
Placing a sheet of dielectric material 
within the waveguide changes the 
direction of the field so that the electric 
field is now vertical and the magnetic 
field  horizontal. These  are  called 
horizontal and vertical polarisations and 
straight away we have doubled the 
capacity of a single carrier. 
But that is not all; we can also polarise 

a waveform in a circular fashion 
providing  either  clockwise  or 
anticlockwise fields called right hand 
circular (rhc) and left hand circular (lhc), 
Fig.9. So using the same carrier with 
both  linear  as  well  as  circular 
polarisations has quadrupled the traffic 
carrying capacity. 
There must be 30dB separation 
between polarisations in order to 

20 PRACTICAL ELECTRONICS APRIL 1988 



SATELLITES 

Fig 8. Electromagnetic fields 

Fig 9. Circular polarisation 

prevent beams from interfering with 
each other and there are four types of 
beam. A global beam, as its name 
implies, covers whatever area of the 
earth is visible, a spot beam concentrates 
on areas of high traffic, and zone and 
hemispheric beams cover slightly larger 
areas as shown in Fig.10. 
The combinations of frequency and 
polarisation is shown in Table 1. 
In order to produce the complex 

patterns shown in Fig.10, the aerial 
reflector has 88 feeds, Fig.11a. But many 
feeds would block the reflector so an 
offset feed is used as in Fig.11b. The 
reflectors have less room for movement 
compared to the global horns and all are 
steered by ground command. 
The gain of each type of beam is stated 
as if the beam were being radiated in all 
directions, eg a light bulb. These gains 
are 35 dBi for the spot beam, 23dBi for 
the zone beam and 17dBi for the global 
beam (i = isotropic radiator). 

CIRCUIT MULTIPLICATION 

We have seen how a satellite is put 
under pressure to provide power during 

BEAM 

Global 

East Hemi 

West Hemi 

East Zone 

West Zone 

East Spot 

West Spot 

TABLE I 

lal 

TRANSMIT  RECEIVE 
FREQUENCY  POLARISATION  POLARISATION 

6/4 GHz  RHC  LHC 

6/4 GHz  RHC  LHC 

6/4 GHz  RHC  LHC 

6/4 GHz  LHC  RHC 

6/4 GHz  LHC  RHC 

14/11 GHz  Linear  Linear 

14/11 GHz  Linear  Linear 

Hg 11. 
(a) Front feed 

(b)  (b) Offset feed 
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Fig 10. Intelsat V coverage. Left to right: Indian Ocean, Atlantic, Pacific. 
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data transmission compared to speech 
transmission. However, administrations 
who have paid for satellite capacity tend 
to use that capacity to the maximum. In 
a speech circuit only one channel is 
utilised since only one person speaks at 
any one time and taking pauses into 
account, the usage of each circuit (two 
channels) is only about 40%. Therefore 
using circuit multiplication equipment 
the usage of a satellite link can be easily 
doubled. Such equipment already exists 
and puts further demands on satellite 
power. 
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Fig 12. 1414 GHz conversion 
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Fig 13. 614 GHz conversion 
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The transponders on Intelsat V have 
double the bandwidth of Intelsat IV 
transponders, ie 72MHz compared to 
36MHz. Since signals are received at the 
satellite at both 14GHz, and 6GHz, 
these are converted to 4GHz to keep 
matters  simple  and  assist  signal 
processing. 
Each of the spot beams at 14GHz has 

two receivers (working and a standby). 
The receiver consists of a germanium 
tunnel diode coupled into a Schottky-
diode mixer, fed by a crystal oscillator, 
Fig.12. This is followed by a 5-stage 
preamplifier  and  5-stage  driver 
amplifier. 
The 6GHz is treated in much the same 

fashion, Fig.13, with amplification via a 
4-stage amplifier employing bipolar 
silicon transistors. After the mixer, the 
4GHz goes through a 4-stage preampli-
fier and a 5-stage driver amplifier, giving 
a total gain of 51dB. There is a gain 
adjustment of 7.5dB which can be 
switched in or out from earth. So the 
telemetry commands are not only for 
altering the position of the satellite and 
wiggling the aerial dishes but also for 
switching between transponders and 
altering the gains slightly. At 11GHz, 
waveguide switches are used but at 
4GHz coax switches are adequate. 

RECEIVERS 

There are five receivers to cater for 
the global beam, the east and west 
hemispheric beams, the east and west 
zone beams. All these are on the 6/4 
GHz path and there are six standby 
receivers. As in Fig.12 and 13 each 
receiver is a low noise amplifier, mixer 
and several stages of amplification. The 
6/4 GHz path uses separate aerials for 
the transmit and receive directions but 
the same aerial for transmit and receive 
on the 14/11 GHz path. 
After the receiver, the signal is 

filtered. We have seen how the guard 
band was cut down from 70% to 10% in 
designing Intelsat IV. With even more 
circuits on Intelsat V there is a need to 
keep guard bands to the minimum. 
There are 60 filters made of graphite 
fibre reinforced plastic (gfrp). This 
material is lighter than invar which was 
used in earlier filter design. The Q of a 
filter is a figure of merit, the larger the 
Q, the sharper the filter, Fig.14. The Q 
of such filters is typically 10,000 and the 
filtering is so good that there is no need 
to divert the odd channels to a separate 

Fig 14. High and low Q filters 

Intelsat V. Photo reproduced by kind permission of British Telecommunications plc 

aerial from the even channels. The latter 
tactic was employed on Intelsat IV in 
order to relax the limits on filter design. 

TRANSMISSION 

Having received the signal and 
processed it as described above, the 
satellite now prepares to transmit. All 
4GHz signals destined for 4GHz paths 
are •at the correct frequency, but those 
4GHz signals destined for 11GHz paths 
are up-converted. 
The final amplification for spot and 

global beams is via travelling wave tubes 
(twts)  providing  8.5W  for  the 
hemispheric beams and 4.5W for the 
zone beams (both at 4GHz). At 11GHz 
(spot beam) the power is 10W. Global 
and spot beams have one standby twt 
for every one in use and the other beams 
have two standby for every three in 
service. 
The aerial tower and dishes are made 

of gfrp. This material, in addition to 
being light, is stronger than other alloys 
used in aviation. Also, gfrp has a low 
temperature  coefficient,  ie  the 
expansion with temperature increase is 
low. This is a useful feature since the 
difference in temperature between the 
sunny side and the dark side of a satellite 
is easily a couple of hundred degrees 
celsius. The aerials are folded before 
launch and deployed only when the 
satellite has reached its final orbital 
position. 

STABILISING 

We have seen how previous satellites 
were stablilised by an internal spinning. 
Intelsat V also has a wheel spinning at 
3500 rpm, and a standby wheel, each 

weighing 15kg. The main difference is 
that Intelsat V is stabilised in all three 
planes: pitch, roll and yaw, Fig.15. 

Electric motors act on the momentum 
wheel to control the pitch. Gas jets are 
fired to control roll and yaw For this 
purpose 12kg of hydrazine will last seven 
years. Every couple of months a little 
hydrazine is broken down into nitrogen, 
ammonia and hydrogen by passing it 
through a catalyst. This three-axis 
stability results in a craft pointing 
accuracy of ±0.1 degrees. 
The 27 transponders on Intelsat V 

require about 800W of power. This is 
provided  by  two  nickel  cadmium 
batteries. Each battery is made up of 28 
nickel  cadmium  cells  capable  of 
supplying 34 ampere-hours each when 
fully charged. When new, the solar cells 
can supply 1.54 kWof power but towards 
the end of their lives they can supply 
only 1.16kW which is still sufficient to 
power the transponders. EU 

Next month Mike Sanders looks at 
Intelsat VI, aerials, and the future of 
satellites. And don't forget—the winner 
of the PE satellite TV system will be 
announced. 
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AOMPUTER WAREHOUSE Rea 
THE ALLADINS CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT 

4-, 

NOT LINE DA TA USE 

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

For 1200-75 baud modems call 01-679 6183 

FREE  Yoonulyr.mo9n.i9topr iftrobmec iotsmceosmapsutuepr!E! For 

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 Co 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 QUAL M( 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 integral4 watt audio amplifier 
for driving an external speaker, PLUS an auxiliary 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" b latest technology, BRITISH manufacture, fully 
tuneable7 channel push button tuner, Auto AGC circuit SAW filter, 
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' £29.95 OR £24.95 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 6 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 Video, allow direct 
connection to BBC/IBM and most other makes of micro computers or VCR& 
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' 
plug for RGB input, modular construction etcetc 

This Must Be ONE OF THE YEARS 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 TY 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 0! 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, DISCOS, 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 

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, Z./30A processor, DUAL TEAC 55F 51/4 " 

Double sided 40/80 track disk drives (1Mb 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" disKdrives, either in double density or IBM format The ultra slim 92 key, detachable keyboarcHeatures 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, elimi nat ing " 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 System  PC2000 Business System with CPM 
with CPM Etc.  and 'Ready to Run' FAST Sales and 

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

NOW only £399 

PC2000 Wordprocessor System 
with CPM and TEC FP25 daisywheel 

printer 

NOW only £799 

NOW only  £499 MODEMS 
Carriage 8 Insurance £12.00 

f SURPLUS SPECIALS ON 
1PRESTEL - VIEWDATA - TELEX 

I T4:1•1'174:1F11111471114t1F1 
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 £18.95 
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 x 12.5 x 7 cm NEW £49.94 

Carriage on all PSU's £3.00 

0. i:4411 1 1:01  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 Micro, Single 5v rail full ASCII 
coded character set with 31 function keys, numeric keypad cursor pad 
and 9600 baud SERIAL TTL ASCII OUTPU11! Less than half price 

Only £89.00 with data Carriage on Keyboards £3.50 

r: F T' L.S .  

PLESSEY VUTEL, ultra compact unit, slightly larger 
than a telephone features A STANDARD DTMF  
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!! 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  4116  ns 
£1.50 2112 £10.00 211 4 £2.50 2102 £2.00 
6118 £2.50 EPROMS 2-716 £4.50 2732 £3.00 
2764 £4.95 27128 £5.50 6800 £2.50  6821  £1 
68A09 £8 6E1809 £10 '8085A £5.50 8086  £15  
8088 £8 NEC765 £8 WD2793  £28  8202 A 
£22 8251 £7 8748 015 180A DART £6.50  
Z80A CPU £2.00. Thousands of IC's EX STOCK 
send SAE for list. 

DISK DRIVES 
Japanese  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 FD0100 SS FH 40 TRK £65.00  
carriage on 51/4 " drives £5.50 
Brand NEW metal 51/4 " DISK CASES with internal PSU. 
DSKC1 for 2 HH or 1 Fl-tdrive  £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's2 Mb total capacity in smart case, 
complete with PSU etc.  £595.00 
MITSUBISHI M2894-838" DS 1 Mb equiv. to SHUGART 
SA WOR. BRAND NEW at £275.00  +pp £8.50  
DYSAN 8" Alignment disk  £29.00 + pp £1.00 
Various disk drive PSI./ 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 HAWK5+5 Mb£795.00. CDC 978280  Mb RM03  
etc  £2500.00. 
PERTEC D3422 5+5 Mb  £495 .00  
RODIME 51/4 " Winchesters ex-stock from £180  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 D5L2123 Multi standard 300-300,  1200-75  
Aireto 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 etc  £498.00  
Steebeck SB1212 V22 1200 baud FULL DUPLEX 
sync or async optional auto dial  £485.00  
TRANSDATA 307A Acoustic coupler 300  baud full 
duplex, originate only, RS232 interface £49.00 

Ex BRITISH TELECOM full spec CCITT 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 modem, 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. ON LY  
£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, R5232 and CENTRONICS 
parallel interface. Many other features. BRAND NEW 
and Bona COST £420. Our price Only £199.00 

Dry Fit MAINTENANCE FREE by Son nenschein  
& Yuasa. 
A300 07191315 12v 3Ah NEW  £13.95  
A30007191312 6v 3Ah NEW  £9.95  
A30007191202 6-0-6v 1.8Ah TESTED Ex 

Equip £5.99 

VDU TE MINALS 
Standard VDU data entry terminals 

at give away prices!! 
OUME OVT108. Current product. state of the  art  
terminal with detachable keyboard, 12 " Green screen,  
2 page RAM, TVI 925, Hazeltine, ADM SA 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  
A..1510 - EX RENTAL, Z80  controlled, 15" green 
screen 24 x 80 display, graphics, cursor addressin g 
printer port etc. Very good condition TESTED complete 
with manual only £225.00 
ADDS 520 - Dumb terminal, used, 12 " b/w screen  
RS232  interface  and  printer  port.  TESTED. 
ONLY £125.00. Carriage on terminals £10 .00  
100's of other terminals in stock. CALL. for more details. 

All prices quoted are for U.K. Mainland, paid cash wi th order in Pounds Sterling PLUS VAT. Minimum order valueE .0'. 
Minimum Credit Card orderE/0.00 . Minimum BONA FIDE  account  orders  from  Government  Depts.,  Schools,  Universities  and  
established companiesE20.00. 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 

L. L. L. L. I IS. Telephone 01-679 4414 Telex 894502  Data 01-679  1888 * I 
ri crrn  f /-1:  32 Biggin Way, Upper Norwood, London  SE19  3XF  



STAN WILLETTS 
DEPT RE., 37 High St, West Bromwich, West Midlands B70 6PB 

Tel. 021 553 0186 

Radio, Television, Electronic Components, Aerials, TVs, Amplifiers, Videos, Multitesters, Intercoms. 

TRADE ENQUIRIES INVITED 

V2000 VIDEO FILMS Brand New & Boxed (VCC180 & VCC240) 3 
for £10 (our choice)   P&P £1.50 

GRUNDIG INFRA-RED REMOTE CONTROL SYSTEM VIF-K1 
consist remote control TRANSMITTER TPV 355 and the remote 
control RECEIVER VIF-E1 complete with battery. BRAND NE W 
and Boxed  £4-99p P&P £2 
VIE-El Infra Red receiver only Boxed in ten's   £9-99 £3-50 

VIF-K1 

GRUNDIG 440 REMOTE CONTROL (cable) 8 metres 10 core cable. 
Brand New & Boxed   £1-99 P&P £1-99 

GRUNDIG 2+4 SUPER (Stereo Panels) CROMA, SERVO. DFT. 
VIDEO Stereo/Ton Motorboard. Scanning Board. All   £4.95 

each P&P £1 

POWERPACK   £19.95 P&P £3 

SCANNING BOX  £7 P&P £1 

TUNA (Stereo)   £9.95 P&P £1 

HEAD ASSESMBLY COMPLETE WITH HEADS  £25 P&P £4 

GRUNDIG CFB190 camera lead (7 metres) 6 core cable brand 
new & boxed   £1-95 

GRUNDIG TELEVISION battery lead 41/2 metres with car cigarette 
lighter plug. 
Brand new  75p P&P 50p 

• 

PANEL METERS construction moving iron (other types in stock) 
AMMETERS 10-450 v approx. 25 AMP & 40 AMP AC or DC. £2-00 
P&P £1-50 (other sizes) 
92mm x 92mm 400/5 amp   £2-00 
Plain scale   £2-00 
All meters brand new & boxed P&P £1-50 

GRUNDIG 2 & 4 SUPER STEREO VIDEO RECORDERS 
£79.50 & £89-50 

Callers only. Demonstrations a pleasure. 

DATEX  20/64  DATA  RECORDER  suitable  for  use  with 
COMMODORE VIC 20 & VIC 64 all tested working in original 
boxes (Manufacturers returns)   £9-99, faulty £5-99 P&P £2 

UNIVERSAL NI-CAD BATTERY CHARGER, 
CHARGES 4x HP2-11-7 & 1 PP3 brand new 
boxed   £4-95 P&P £2 
RECHARGEABLE BATTERIES HP7-85p, HP11 
£1-69, HP2 £1-99 P&P 20p each. 

"SHEAFFER" GOLD ELECTRO PLATED BALLPOINT SRP £32 our 
price brand new & boxed   £12-99 P&P 50p 
PAPER MATE "DYNASTY" BALLPOINT SRP £15 our pricce brand 
new & boxed  £7-99 P&P 50p 

CHRONO ALARM LCD WATCH full makers 12 
months guarantee brand new & boxed   £2-99 
P&P 50p 

A/C mains Adaptor input 240v, Output 3-4 5-6-75-9-
12 V D/C 300 M/A £4-99 P&P 50p 750 M/A £6-99, 
P&P £1 
CAR POWER SUPPLY 12v D/C to 3-4, 5-6-7.5-9-12V 
DC 800 M/A   £3-99 P&P 50p 
DESOLDERING PUMP all metal body TEFLON 
NOZZLE 20 (dial X195 m/m   £2-99 P&P 50p 
SOLDER 18 SWG 3-core (BS219) 60/40 1/2 KG reel 
  £7-99 P&P £1 
VHS VIDEO RECORDERS FERGUSON 43 FUNCTION 
with full remote control £195 many others in stock 
from £79 please ring. 

WE ARE INTERESTED 
IN PURCHASING ALL TYPES OF STOCK 

PLEASE RING STAN OR BOB 
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METEOROLOGY PROJECT 

EXPERIMENTAL 
WEATHER CENTRE 

PART TWO BY JOHN BECKER 

SOLVING THE MISTRAL 
In part 2 of PE's multiple meteorological metering, all our efforts are in 
vane, as we get the wind in our sails and convert breezes into binary. 

IN last month's article six simple circuits were  described  for  monitoring 
temperature, light levels, rain, soil 
moisture and wind speed and direction. 
All are capable of being monitored by 
a voltmeter via a switch and individual 
connecting leads. 
In part two this month an automatic 

control circuit will be described that will 
multiplex the control and reduce the 
connecting lead count to just three 
wires. 

AUTOMATIC CONTROL 
So far we have described the six 

detectors, and shown that they can be 
monitored directly by a manually 
operated switch. I shall now describe the 
circuitry that will put the monitoring 
under full automatic control. At the 
same time the number of connection 
leads can be cut down from eight to just 
three. Two of these are the power lines, 
and one is the data line common to all 
detectors. A block diagram is shown in 
Fig.16. 

MULTIPLEXING 
In order to monitor six remote circuits 

along a single data line, some form of 
coding is needed to determine which 
circuit is being monitored at any 
particular moment. There are several 
options from which one could choose. 
In these days of digital control for 
practically everything, binary coded 

CLOCK 

data processing techniques are probably 
the most obvious method. However, I 
decided instead to explore and exploit a 
simiple frequency controlled analogue 
multiplexing method in conjunction with 
a clocked gate circuit. 
Basically, this involves sending a 

frequency modulated pulse from the 
control unit down the line to a 
demodulator. This extracts the pulse 
which then steps a counter on by one 
place.  Each  counter  condition  is 
regarded as the address of a particular 
analogue gate connected to the detector 
to be monitored. When the gate is open 
the detector output voltage level passes 
through the gate, back along the line to 
the controller, where it can be moni-
tored. Monitoring can be made directly 
by a voltmeter, or alternatively sent to 
a computer via an analogue to digital 
converter. 
Inevitably, the circuit has to be a little 

more complex than this as several other 
factors have to be allowed for. The 
principal one is that of synchronising the 
signals in some way so that we know 
which detector is being monitored. The 
second is to ensure that the frequency 
pulses are not processed and displayed 
as monitor levels. 

PULSE MODULATION 
At the control end we first need two 

oscillators. One generates a high fre-
quency carrier signal, and the other is a 
low frequency clock that switches the hf 

on and off the line. 
In Fig.17, both oscillators are derived 

from similar circuits in which the 
different frequencies are set by the 
component values selected. The hf 
oscillator is formed around IC8d and 
IC8e. The frequency is determined by 
C13 and the total resistance of R57 and 
VR7. The latter presets the carrier 
frequency to match the needs of a 
demodulator at the detector end. 
The clock generator is formed around 

IC8a and IC8b, with its time constant 
set by R53 and C12, running at one pulse 
every two or three seconds. The output 
is buffered by IC8c, which also serves 
as a gate that can be manually switched 
off by Si to hold the multiplexed gate 
open to a particular detector for closer 
examination. 
The clock is fed to the decade counter 

IC9, six outputs of which are coupled to 
leds. These visually indicate which state 
the count is at, and thus which detector 
is being monitored. We shall presently 
see how synchronisation is achieved. 
The clock is also fed via S2 to IC8f 

which gates the hf frequency on and off, 
a high clock output inhibiting it. The 
pulsed hf signal is smoothed slightly by 
R59 and C14, and then, via R60 and 
C15, goes out along the data line to the 
detector unit. There it is passed to a filter 
consisting of IC1c and its associated 
components. This filter is set to only 
respond to the hf clock frequency, from 
which it extracts the clock pulse. The 

CONTROL & MONITOR I  DETECTOR UNIT 
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Fig 16. Block diagram for the detectors, control and monitor circuits 
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Fig 17. Circuit diagram for the automatic control and monitor functions of the weather centre. 
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band pass range is predetermined by the 
values of C7 and C8, but the optimum 
response is controllable by varying the 
carrier frequency by means of VR7. 
The filter output passes via D9 to C10 

and the comparator IC1d. Between 
them D9 and C10 provide an envelope 
duration control to minimise the risk of 
the following stage being triggered by 
short duration interference from other 
circuit operations. As the charge on C10 
rises above the comparator threshold 
level set by R49 and R50, the compara-
tor trips and its high going output sends 
a clock pulse to the address counter IC6. 

MULTIPLEXED GATE 
IC6 is a binary ripple counter the first 

three outputs of which provide the code 
that controls the multiplexed gate IC5. 
This has eight inputs and one output. 
Each input can be switched individually 
through to the output in response to a 
particular binary address code. One 
input is not used and so is grounded. Six 
of the others are connected respectively 
to the outputs of the detector circuits, 
G1 to 06. The address counter thus 
selects which detector is to be put on 
line. 
Since IC5 is an analogue gate, the 

voltage level from the selected detector 
passes through the gate output to the 
data line via R40. This resistor prevents 
IC5 from being adversely affected by the 
clocked hf pulse. Although R40 is con-
nected to IC1c, the filter will not be 
affected by the detector voltage levels. 

ANALOGUE EXTRACTOR 
Once the clocked hf pulse has ceased, 

the detected dc level passes back along 
the data line to the analogue data 
extractor around IC10a and IC10b. The 
extractor has been oblivious to the hf 
pulse due to the simple hf filter 
consisting of R62 and C16. The dc data 
voltage though, goes through the buffer 
IC10a, to charge up C17 via D13. The 
latter two also help to filter out any 
residual hf signal interference; IC10b 
buffers the stored dc voltage and makes 
it available for monitoring by a meter or 
an analogue to digital converter. 
The meter may be any external dc volt-
meter, or the meter shown. This is a 
100µA meter, the current through which 
is set by R64 and VR8, the latter adjust-
ing the current for full scale meter 
deflection when IC10b has its highest 
output level. D14 simply protects the 
meter against incorrect setting of VR8. 

SYNCHRONISATION 
So that we know which detector is 

being monitored, synchronisation of the 
status counter IC9 and the address 
counter IC6 is required. Another hf 
oscillator is the source for this sync 
signal, and its output is gated onto the 
data line every eighth clock pulse. 

The oscillator is formed around IC4a 
and IC4b, with a frequency set by C4 
and tunable by VR6. The output fre-
quency is outside the pass band of the 
filter IC1c, and so is ignored by it. 
Similarly, the filtering around IC10a and 
IC10b eliminates it from the analogue 
data monitor circuits. 
Instead, it passes to a sync pulse 

extractor filter around IC10c and IC10d. 
Needless to say perhaps, this filter is 
tuned to ignore the hf clock pulses. Its 
pass band is set to allow the sync pulse 
frequency through D15 to charge up 
C20, and on to the comparator IC10d. 
Once the sync pulse has been recog-
nised, IC10d triggers upwards, sending 
a reset pulse to the status counter IC9 
via R73. The pulse is also available for 
sending back to a monitoring computer 
via R74. Since the psu on this part of 
the circuitry has both positive and 
negative lines, the negative going 
content of the pulse is removed by D16 
and D17. 
As IC9 is automatically reset on each 

cycle, the leds LP6 to LP11 indicate 
which detector is currently being 
monitored and displayed on the meter. 
'the sampling rate is slow enough for 
e:asy observation of the levels and the 
loids. Si allows the cycle to be halted for 
closer examination of a particular 
function detector output. 

POWER SUPPLY 
Although the detector circuits can 

quite readily be run from a battery, it is 
more convenient to have the whole 
system operated from a mains power 
supply. There are three requirements 
here; a split level of ±5V to power the 
monitor circuits, and at least +5V for 
the detectors. The latter could run from 
a higher psu level, but circuit control is 
made easier by keeping the detector and 
monitor positive supplies at similar 
levels. 
The length of the cable going from the 
control unit to the detector unit out in 
the garden somewhere requires that 

jo)6631.] 

(DETECTOR 
CIRCUITS) 
IC7 

1N1.005 

Fig 18. Mains driven power supply 

stabilisation of the detector supply 
should be at the detector end. Fairly high 
currents are drawn by the detector, 
largely because of the consumption by 
the leds. A long length of cable will of 
course introduce a significant resistance 
factor into it. With the currents drawn 
this resistance could cause fluctuations 
in the supply level at the end of the cable. 
Consequently, the detector has been 
given its own rectification and stabilisa-
tion circuit. 
In Fig.18, transformer Ti is common 

to both detector and monitor units. The 
second and third wires of the three core 
cable going out to the garden carry the 
ground line, and the raw 9V ac from Ti. 
In Fig.17, D10 and C11 rectify and 
smooth the power, then IC7 regulates it 
down to +5V. Back at the control end, 
+5V is produced via IC11 and the 
associated components, and —5V is 
rectified and regulated by D19 and D20. 
Basically only IC10 needs the —5Vlevel, 
and as it draws very little current, full 
stabilisation by a separate regulator is 
not necessary. 

PRINTED CIRCUIT BOARDS 
There are two pcb designs, Figs. 19 

and 20, which as well as containing the 
main detector and control circuits 
respectively, have additional sections on 
them that are removed and used separ-
ately. On the detector pcb in Fig.19, the 
rain probe tracking should be removed, 
and this will be mounted outside the box. 
The control pcb in Fig.20 in part three 
additionally holds the little sub-assembly 
boards for status, wind speed and 
direction leds. These too should be 
removed, and trimmed accordingly. 
If the detectors are to be used with a 

manually switched meter, IC4 to IC7 and 
their associated components should be 
omitted, as should the components 
associated with IC1c and IC1d. Connec-
tions to the meter switch are then made 
at points G1 to G6 marked on the pcb 
layout diagram, omitting the link wires 
shown at those points. The battery con-

4-5V 
(CONTROL 
CIRCUITS) 

OV 

—5V TO IC10 
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Fig 19. Detector printed circuit board 

nections are made with +V at arrow 6 
and OV (battery negative) at arrow 8. 
The three sub-assembly sections on the 
control board will need to be made 
separately, either as shown, or on 
Veroboard. 
The control pcb in Fig.20 also has IC12 

and associated components on it. This is 
the D-A converter needed for the 
optional computer control to be des-
cribed next month. It may be omitted if 
you do not intend to use a computer. 

COMPUTER CONTROL 

So far we have progressed from simple 
direct meter monitoring of the detectors 
in part  one,  through  to remote 
monitoring via automatic control cir-
cuitry in part two. We can now look at 
how simply the unit can be put under 
computer control. 
Although the example I shall give was 

destined for control by the Commodore 
Pet computer, the circuitry is suitable for 
use with any computer having an 8-bit 
control port, such as a Centronics, 

IEEE488 or User port. The progam list-
ing is directly usable with the Pet, and 
additional information is given for 
modifying it for use with the Commo-
dore C64 or the BBC-B. While neither 
PE nor I can offer information on 
converting the program for use with 
other machines, it should not be difficult 
to make the necessary changes in con-
junction with your own machine's hand-
book. Principally, it is the address codes 
for the port control that will need 
changing. 
All that the computer needs to do is 

to send out a trigger pulse on one of its 
port lines, read back a binary number 
from the analogue to digital converter 
about to be described, and then display 
the data on the screen. The display can 
simply take the form of decimal 
numbers,  relating to the detected 
voltages monitored. It could also be 
made more sophisticated in a fashion 
similar to my own display. A third option 
is also open to exploitation — that of 
writing in correction factors to compen-
sate for non-linearity in the detectors. 

WEATHER — DETECTORS 

RESISTORS 
R1,R29  1k (2 off) 
R2,R3 ,R5, 
R7-R11,R22, 
R24-R26, 
R30-R35  100k (18 off) 
R4,R13,R15,R17, 
R20,R28  10k (6 off) 
R6  270 
R12,R14,R16, 
R18,R19  10k (5 off) 
R21,R23  4k7 (2 off) 
R27  47k 
All resistors 1/4W 5% carbon film 

CAPACITORS 
Cl 
C2,C3 

100n polyester 
22µ 16V electrolytic 
(2 off) 

POTENTIOMETERS 
VR1,VR2  100k skeleton (2 off) 
VR3  25k skeleton 
VR4  10k skeleton 
VR5  500 skeleton 

SEMICONDUCTORS 
D1,D5-D8  IR-detectors (5 off) 
D2-D4  1N4148 (3 off) 
TR1  BC549 
IC1,1C2  324 (2 off) 
1C3  4069 
LDR1  ORP12 
LP1-LP5  Red led 

MISCELLANEOUS 
14-pin ic socket (3 off), pcb 275A. 

CONSTRUCTOR'S NOTE 
Kits of electronic components and the 
printed circuit boards are available from 
Phonosonics (see advert). 

Performing such corrections in software 
is much cheaper than using precision 
designed circuits; a point that Robert 
Penfold makes in his Real World Inter-
facing articles in February and March 
this year. 
First, we switch out the clock genera-

tor IC8a-c, in Fig.17 last month, and 
connect IC9 and the hf gate to one 
computer line. S2 does this, and I chose 
to use the ATN line of the computer to 
send the trigger pulse at regular 
intervals. The multiplexed control for 
the detectors does not care where the 
control signal originates, so the trigger 
and data return routines still continue 
as before. 

FRONTAL SYSTEM 
Part three next month will continue 

the computer control description and 
illustrate how the detector and control 
units are housed. Derek, our artist has 
also done some nice drawings of the final 
mechanical details, and the gantry on 
which the detectors are mounted. Till 
then, keep warm and dry. 
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BURGLAR ALARM 
CONTROLLERS 

DETECTORS DETER DELINQUENTS 

MULTIZONE CONTROL 
(PE) SET280  £22.77 
Two entry-zones, anti-tamper loop, personal attack, 
entry-exit timing, timed duration, automatic resetting, 
latching LED monitors. 

SINGLE ZONE CONTROL 
(PE) SET279  £9.32 
With timed duration control and latching LED monitor. 

Both units can be used with any standard detection 
devices, such as contact or magnetic switches, 
pressure pads, tremblers, ultrasonics, infrared etc, and 
will activate standard bells, strobes or sirens. 

CHIP TESTER (PE) SET258F  £39.30 
Computer controlled logic and chip analyser 

CHORUS-FLANGER (PE) SET235 £59.99 
Mono-stereo. Superb dual-mode effects. 

CYBERVOX (EE) SET228  £44.76 
Amazing robot type voice unit, with ring-modulator and 
reverb. 

DISCO-LIGHTS (PE) SET245F  £62.50 
3 chan sound to light, chasers, auto level. 

ECHO-REVERB (PE) SET218  £57.66 
Mono-stereo. 200m5 echo, lengthy reverb, switchable 
multitracking. 

FFECTS 
ER AND 
TY KITS 

LEADING AUTHOR 

EPROM PROGRAMMER 
(PE) SET277 
Computer controlled unit for 41< Eproms. 

EVENT COUNTER (PE) SET278 £31.50 
4-digit display counting for any logic source. 

MICRO-CHAT (PE) SET276  £64.50 
Computer controlled speech synthesiser. 

MICRO-SCOPE (PE) SET247  £44.50 
Turns a computer into an oscilloscope. 

MICRO-TUNER (PE) SET257  £55.32 
Computer controlled, tuning aid and freq counter. 

MORSE DECODER (EE) SET269 £22.16 
Computer controlled morse code-decoder. 

POLYVVHATSIT! (PE) SET252  £122.69 
Amazing effects unit, echo, reverb, double tracking, phasing, 
flanging, looping, pitch change, REVERSE tracking! 8K 
memory. 

REVERB (EE) SET232  £27.35 
Mono, with revert to 4 secs, echo to 60ms. 

RING MODULATOR (PE) SET231 £45.58 
Fabulous effects generation, with ALC and VCO. 

STORMS! (PE)  £29.50 each unit 
Raw nature under panel control! Wind & Rain SET250W. 
Thunder & Lightning SET250T. 

*COMPUTER KITS 
The software listing published with the computer kit projects 
are for use with C64, PET and BBC computers. 

MANY MORE KITS IN CATALOGUE 
KITS include PCBs and instructions. Further details in 
catalogue. PCBs also available separately. 
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LOW COST 
GEIGER 

COUNTERS DETECTORS 

NUCLEAR FREE ZONES? 
CHECK THEM OUT - 
GET A GEIGER 

Detectors for environmental and geological monitoring. 

The PE Geiger was shown on BBC TV "Take Nobody's 
Word For It" programme 

METERED GEIGER (PE MK2) 
Built-in probe, speaker, meter, digital output. Detector 
tube options - ZP 1310 for normal sensitivity. ZP1320 
for extrasensitivity. 

Kit-form - SET 264 - (ZP1310) £59.50, (ZP1320) 
£79.50 

GEIGER-MITE SET271 £39.50 
Miniature geiger with ZP1310 tube, LED displays 
radiation impacts. Socket for headphones or digital 
monitoring. 

W EATHER 
CENTRE 

DETAILS IN 
CATALOGUE 

Send SAE for detailed catalogue, and with all enquiries (overseas 
send £1.00 or 5 I.R.C.'s). Add 15% VAT. Add P&P - Sets over 
£50 add £2.50. Others add £1.50. Overseas P&P in catalogue. 
Text photocopies - Geigers 264 8 272 £1.50 each, others 50p, 
plus 50p post or large SAE. Insurance 50p per £50. MAIL ORDER, 
CWO, CHO, PO, ACCESS VISA. Telephone orders: Mon-Fri, 9am 
- 6pm. 0689 37821. (Usually answering machine). 

PHONOSONICS, DEPT PE84, 8 FINUCANE DRIVE, ORPINGTON, KENT, BR5 4ED. MAIL ORDER 
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The Virtuoso Power Amplifier 
Build this superb high performance amplifier 

Full circuit description in 
Electronics Today International April-June 1988 
Complete kits or all parts available from Audiokits 
100 watts stereo, 150-250 watts bridged mono 

also available in larger black case 

AUDIOKITS  CAPACITOR SALES 

1-9 10-24 25-99  100+ 

Polyester, Polycarbonate, etc. 
2n2  6300  10p  6p  5p  4p 
33s  5%  25p  15p  12p  10p 
470  5%  25p  15p  12p  10p 
100n  5%  25p  15p  12p  10p 
220n  15p  15p  10p  Op 
470n  20p  20p  12p  8p 
1p,  35p  30p  25p  20p 
4.7p  £1.00  80p  60p  50p 
1.530  400V  50p  40p  30p  20p 
10µ  MKC £3.60 £3.00 £2.50  £2.00 

MN VOLTAGE 63V 

1-9 10-24 25-99 100+ 

Bectrolytics axial 
10µ  400  15p  10p  Op  6p 
radial 
4047,1030  63V  10p  6p  5p  4p 
33µ  63V  10p  6p  5p  4p 
4730  63V  12p  Op  6p  5p 
100µ  63V  25p  20p  15p  12p 
220µ  63V  50p  40p  30p  25p 
33030  40V  40p  35p  20p  15p 
470p.  63V  70p  45p  35p  25p 
1000A  40V  75p  65p  40p  30p 
100030  63V £1.40 £1.00  80p  60p 

P&P 50p for orders up to £10.00. 

send 9" x 6" SAE for full range of 
COMPONENTS & KITS to 

MILL CLOSE, BORROWASH, DERBY DE7 3GU. 
TEL. 0332-674929 

Please 
AUDIOKITS 
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040 4006 
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20 9 0099 
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33 9 4510 
280 4515 
35 9 4512 

34 9 4513 

36 9 4514 

13 9 4515 

15 9 4516 
139 4517 
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1209  745112 

319  741.5113 

309  7415114 

389  7415122 
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OP 74/5132 

75 0 7416133 
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38 9 7415147 
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80 9 7415151 
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INGENUITY UNLIMITED 

"INGENUITY 
UNLIMITED" 

A selection of novel ideas 
BY ENTHUSIASTIC READERS 

Spectrum Hardware Restart/ 
ROM Select 

THE original Spectrum 'Hardware Re-
start' circuit by R. Macfarlane, 

published in the March 1986 issue of PE, 
provided a simple means of breaking 
into Spectrum program loops when the 
Break key has been disabled. This is 
particularly useful when developing 
Machine Code routines, since if the 
program enters a loop without an exit, 
the only other recourse is to pull the 
plug and reload the software. However, 
I found that the original circuit as 
published  could  not  be  used  in 
conjunction with rom based software, of 
the 'plug on the back' variety. 
I have particularly useful machine 

code assembler which is supplied in an 
eprom, and simply plugs 'onto the rear 
port of the Spectrum. It overrides the 
Basic rom by tying the Spectrum romcs 
line high. If this rom cartridge is used 
along with the Restart circuit, the 
Restart cannot momentarily disable the 
assembler rom as requiied, and a state 
of contention arises on the buses. 

This modified version of the original 
design overcomes this problem, and 
offers other advantages. This circuit 
takes the Basic 'rpm and any other 

auxiliary roms such as an assembler, and 
incorporates them into the Restart 
circuit, whilst providing a panel mounted 
switch to select the operating system 
required. Looking at the circuit diagram, 
and comparing, it to the original, the 
Restart  timing  part  is essentially 
unchanged — a few gate alterations were 
made to incorporate the new features, 
and to reduce the package count. The 
main new feature is the inclusion of IC9 
and IC10 on the board. IC9 is the Basic 
rom itself, as supplied with every Sinclair 
Spectrum.  In most machines, this 
appears to be in a socket anyway, but if 
soldered in, a little desolder wick will 
ease removal without damaging the 
delicate pcb tracks (though it will 
probably negate any guarantee. Ed). 
IC10 is a 16k byte rom containing the 

alternative software, the assembler for 
instance,  taken  from  the  plug-on 
module. IC11 is the original Restart 
prom, as described in the article. The 
idea is that all the circuitry shown is on 
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INGENUITY UNLIMITED 

a new circuit board mounted above the 
main Spectrum board using pillars. 
Obviously, this will not fit into the 
original Sinclair casing, but then most 
serious Spectrum users seem to have 
rehoused their machines in larger 'real 
keyboard' cases anyway! The numbered 
connections to the right of the circuit 
correspond to the pin numbers of the 
Basic rom socket in the Spectrum itself. 
If a ribbon cable, terminated in a 28 pin 
dil header plugged into the Spectrum 
rom socket, is used to form these inter-
connections, only two other wires need 
to be used to complete wiring up, these 
being M1 and reset, made directly to the 
Spectrum's Z80 or alternatively to the 
edge connector. Of course a rear 
mounting edge connector arrangement 
could be used for all of the bus 
connections, as in the original article, 
but using the dil header proves to be 
very neat and reliable. 
Switch S3 acts as a selector for the 

rom software. To select a rom, its 
appropriate output enable pin, pin 22, 
must be driven active low. This occurs 
when the Spectrum makes pin 22 (RD 
strobe) and pin 27 (romcs) of its rom 
socket both active low, checked via IC8b, 
and when S3 transfers this signal via 
IC8a or IC8c to one of the roms, whilst 
disabling the other. Address line A3 of 
the Restart prom is derived also from 
S3, and this allows the Restart addresses 
in IC11 to be individually selected for 
each rom, similar to switch bank S3 in 
the original design 
Extra logic, in the form of IC7, 

provides a further feature. If S3 is a 
break-before-make switch, the output of 
IC7c flicks low momentarily each time 
the switch is altered, since its inputs both 
go high during the transition. This, via 
IC7a and IC6, produces a system reset 
pulse, to ensure that when the selected 
rom is changed, the newly enabled 
software starts executing at its reset 
vector. Note also that D1 has been added 
to ensure the reliability of an automatic 
reset at power-up, even if the supply is 
only momentarily interrupted. 
Finally, if desired, the circuit can be 

simply expanded to cater for as many 
extra roms as needed, by expanding S3 
and providing more versions of IC8c, 
and adding more inputs to IC7c. 

G. Durant, Cambridge. 

High Reliability Pulse Feeder 

THE author was recently asked to 
produce a distribution system which 

had to distribute four feeds of 2 MHz rf 
carrier over long 7511 coaxial lines. The 
signals were 8V P-P with fast rise and 
fall edges of 50ns. A feature of the system 
was that it had to be highly reliable. 
It was decided that the distribution 

amps would operate in parallel for 

; DISC 5k6  

BC109 

INPUT  100n 

10011 

330n 

A 

"L  100n 
DISC 

BuG3r4 

increased reliability , and that two wired-
OR power supplies should be used. Both 
these features would enable "no break" 
maintenance checks to be undertaken. 
If one of the coax lines were to become 

faulty, i.e. short or open circuit, this 
situation must not affect the remaining 
feeds. 

130136 

1511 

+12V 

00n 

-OUTPUTS 

Fig 2. 

...-180rnA 
12V 

An output port to port isolation of 20 
db was required and the amplifier had 
to be easy to construct and use only 
easily available devices. 
Fig 1 shows the general arrangement, 

and Fig 2 shows the circuit of the 
distribution amplifier. 

A.B. Bradshaw, Sandy. 
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TRACK CENTRE 

PCB TRACK 
PATTERNS 

0 

Weather Centre: detectors (less than life size: space between 
IC pins is 0.1 inches). 
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JOIN UP WITH LITESOLD 
Professional Soldering Equipment at Special Mail-Order Prices. 

EC50 Mains Electronic Iron. 
f29.99 

Features spike-free, solid state 

proportional electronic temperature 
control inside the handle. Adjustable 
2800 to 400°C. Burn-proof 3-wire 
mains lead. Fitted 3.2mm Long-Life 
bit. 1.6, 2.4 and 4.7mm available. 240v a.c. 

SK18 Soldering Kit. £16.70 
Build or repair any electronic project. 
1C18 240v 18w iron with 3.2, 2.4, 
and 1.6mm bits. Pack of 18 swg 
flux-cored 60140 solder. Tweezers. 
3 soldering aids. Reel of De-Solder 
braid. In PVC presentation wallet. 

_ irzaloyo  

ADAMIN Miniature Iron £7.69 

 --114;;;••• 

nylon handle with finger grip. 
Interchangeable bits available 1.2, 
1.6, 2.4, 3.4 and 4.7mm. Fitted with 

Possibly smallest mains iron in the  2.4mm. 240v 12w (12v available). 
world. Ideal for fine work. Slim  Presentation wallet. 

'U Series Lightweight Irons. 12w £7.68 
High efficiency irons for all 
electronic hobby work. Non-roll 
handles with finger guards.  18w £7.74 
Stainless steel element shafts. Screw- model, 12w, 2.4mm bit. LC 18 Model, 
connected elements. Slip-on bits  18w, 3.2mm bit. 240v Std - 12v 
available from 1.6 to 4.7mm. LA12  available. Presentation wallet.   

Soldering Iron 
Stands 3&4  ( /IC-01-

E6.06 
I 

No.5 
£6.28 

Designed specially for LITESOLD irons. 
Heavy, solid-plastic base with non-slip pads. 
Won't tip over, holds iron safely. With wiping 
sponge and location for spare (hot) bits. 
No 5 stand for EC50 iron No 4 stand 
for ADAMIN miniature Iron No 3 stand 
for LA12 and 1C18 Irons. 

Replacement Bits 
For all above irons. Non-stick 
designs, machined from special 
copper alloy, with Inconel retaining 
rings. Two types - Chromium plated 
with copper face (for economy and 
ease of use) and Iron plated with 

Pre-tinned face (Long Life). State tip 
size, iron and type. 

EC50 
Adamin 12 and 
LA12    
LC1B    

Copper  LIL 
-  £1.92 

£1.06 £1.90 
£2.09 £1.20 

Yellow f1.38 Green £1.44 

Blue £1.50  per Reel 

For simple, safe and effective 
de-soldering of all types of joint, 
using a standard soldering iron. 
Handy colour-coded packs of 1.5 
metres in 3 widths: Yellow - 1.5mm, 
Green - 2mm, Blue - 3mm. 

De-Solder Pumps £7.71 
High Quality version of increasingly 
popular type of tool. Precision made 
anodised aluminium body, plunger 
guard and high-seal piston. Easy 

Tool 
Sets 

4    

thumb operation. Automatic solder 
ejection. Conductive PTFE nozzle - 
no static problems. 

Top quality Japanese metric hardened and tempered 
tools. Swivel-top chrome plated brass handles. 
Fitted plastic cases. 113 set - 6 miniature 
screwdrivers 0.9 to 3.5mm 0.60 

305 set 2 crosspoint and 3 hex wrenches 
1.5 to 2.5mm £2.56 
228 set 20 piece combination: 
5 open, 5 skt spanners, 2 crosspoint, 3 hex 

and 3 plain drivers, scriber, handlelholder £8.46 

Microcutters. £5.39 Light weight hardened and 
precision ground. Flush cutting. Screw joint, return 
spring, cushion-grip handles. Safety wire-retaining clip. 

Soldering Aids.  Set of 3 £4.22 
Scraper/Knife, HookIProbe, 
BrushIFork. 3 useful double ended 
aids to solderingldesolderingl 

 -) ==.. assembly. In plastic wallet. 

ADAMIN Electric Stylus. £16.71 
Writes like a ballpoint in Gold, Silver, Copper or 6 
colours, on card, plastics, leather etc. Personalise 
wallets, bags, albums, books, 

models ... Operates at 4.5v from its own plug/ 
transformer - totally safe. Supplied with coloured foils. 

SEND FOR OUR ORDER FORM TODAY 

AND JOIN UP WITH THE PROFESSIONALS 

Prices include p&p and VAT. Send order with Cheque PO Ring for Access,Visa sales, or ask for order forms. 

LIGHT SOLDERING DEVELOPMENTS LTD. DEPT. PE 
97-99 GLOUCESTER ROAD, CROYDON CRO 2DN. 01 689 0574 

ClOose tite costs  tcitt,11 tot 
fov O S 81, GO OOttf,t0S • 

50p* _&SseAn Ed  order 

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

ELECTRONIC GUARD 
DOG KIT 

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 will produce a random series of 
threatening barks making the would-be intruder think 
you have a guard 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 hom 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. Don't delay, Stone before you go on 
holiday and let our dog help you guard your home. 
01(125 Complete Idt of parte   £24.00 

POWER STROBE KIT 

Designed to produce 
a high intensity light 
pulse at a variable 
frequency of 1 to 
15F1x, 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 triggering, as a slave flash in photographic 
applications or as a warning beacon in security 
applications. The kit includes a high quality pcb, 
components, connectors, 5W5 strobe tube and full 
assembly instructions. Supply: 240V ac. Size: 
75050045, 
01024 Stroboscope Kit   

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 the 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 a 2 cms. 
The companion transmitter is the MK18 
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. 
MK12IR Receiver (incl. transformer) £16.30 

£7.50 
£2.20 
£6.55 
£2.60 

MK18 Transmitter 
tAK9 4-Way Keyboard   
MK10 16-Way Keyboard   
601 133 Box for Transmitter 

SUPER-SENSITIVE 
FM MICROBUG 

.[..lk eC TOOT  AdO• M_ C tt 

M OM OAI N  la . <W I I_ ITV 

4 •LIF  ORR  ' Yl̂2:7 

Highly sensitive FM transmitter measuring 
only 45 x 25 x 15mm, including the built-in 
microphone.  Frequency  88-100MHz 
enabling reception on a standard domestic 
FM  radio.  Range  approximately  300m 
depending on terrain. Powered by 9V PP3 
(7mA). Its small size and highly sensitive 

electret microphone makes it ideal for 
surveillance, baby alarm, etc. 
INTRODUCTORY PRICE  £5.50 

MICROPROCESSOR TIMER KIT 

Designed to con-
trol 4 outputs inde-
pendently  switch-
ing on and off at 
present times over a' 
7-day cycle. LED 

display of time and 
day,  easily parogrammed via 20 way 
keyboard. Ideal for cnetral heating control 
including  different  switching  time  for 
weekends. Battery back-up circuit. Includes 

box 18 time settings. 
CT6000K   £47.20 
XK114 Relay kit for CT6000 includes PCB 
connectors and one relay. Will accept up to 
4 relays 3A/240V Go contacts   ££4.30 

701 115 Additional relays   £1.80 

DISCO LIGHTING KITS 

131.1000K  This  value-for-money  4-way 
chaser features by-directional sequence and 
dimming. 1kW per channel   £19.25 

01.21000K - A lower cost uni-directional 
version of the above. Zero switching to 
reduce interference   £10.80 
DLA/1 Optional opto input allowing audio 
'beat7light response  77p 
DL3000K - 3-channel sound to light kit 
features zero voltage switching, automatic 
level control and built-in microphone. 1 kW 
per channel.   £15.60 

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 to complete. 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 £31.50. 

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

TDR300K Remote Control Dimmer £18.00 
MK6  Transmitter for above ....  £5.10 
TD300K  Touchdimmer   £9.30 
TS300K  Touchswitch   £9.30 
IDEA(  Extension kit for 2-way 

switching for TD300K  £2.95 
LD3001(  Light dimmer   £4.75 

TN ELECTRONICS 
13 BOSTON RD. 

LONDON W 7 3SJ 

Tel: 01 567 8910 
ORDERING INFORMATION: 

ALL PRICES EXCLUDE VAT 
VISA 

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

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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INVESTIGATIVE FEATURE 

BIO-CHROMATIC 
ELECTRONICS 

BY ZOLA McMALCOLM 

BIOLOGICALLY BASED OPTO ELECTRONICS BROADENS 
INTELLIGENT COMPUTING HORIZONS 

The ability of some photo-sensitive plant substances to undergo a chemical colour change on exposure to 
high-intensity sunlight is providing clues which mayleadeventuallytogenuinelyorganic,self-replicating data 
storage matrices. 

SPEED,  density and reliability are among the keywords paramount in 
laboratories researching into new and 
better  ways  of  manufacturing 
semiconductors.  With  each  new 
generation of silicon based device, the 
requirements of industry, commerce and 
the military, far from being satisfied, are 
tantalised by the prospect of taking 
technology yet another step forward. 
Thus, since the introduction of the 

humble  transistor,  increasingly 
sophisticated semiconductors have been 
regularly  appearing,  including  the 
recently introduced and revolutionary 
transputers. 
Each generation of device has come 

into existence through the unstinting 
efforts of research scientists, pressure 
from prospective end users, and the 
incentives of reaping large financial 
rewards. Indeed the field of electronics 
is an exemplary illustration of the old 
saying that Necessity is the Mother of 
Invention. 
Some of the inventions are more 

precisely logical extensions of existing 
technology. Others have required the 
use of new materials, expensively and 
painstakingly researched. Additionally 
the achievements of other technologies 
and diciplines have also had their impact 
upon the ability to manufacture faster 
and smaller semiconductors. 

DISCIPLINARY INTEGRATION 

One  notable  example  of 
interdisciplinary  application  is the 
availability  of  higher  definition 
photographic emulsions suitable for 
circuit imaging. As many photographers 
will  be  aware,  the  structure  of 
photosensitive emulsions can lead to 
'graininess', through clumping of the 
chemical compounds. The human eye 
usually ignores the coarse appearance of 
a photographic image, but in electronics 
grain size and image sharpness become 
significant when components and signal 
paths are printed photographically, and 
even graded grains may be too coarse. 
Chemistry has played an important 

part in the increased sophistication of 
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photographic emulsions and in the 
production  of  new  semiconductor 
materials.  Allied  disciplines  have 
enabled advances in crystalography and 
diffusion techniques to be applied to the 
growth  of precision  semiconductor 
structures. Through these techniques, 
complex  integrated  systems  have 
become  commonplace,  with 
capabilities, speeds and reliabilities that 
were only dreamed of a few years ago. 
Much to the benefit of electronic 

miniaturisation, another technology has 
also been put to good use — lasers. About 
the same time that integrated circuits 
were being introduced, lasers were in 
the process of becoming fact rather than 
science fiction. Strangely, at the time 
they appeared to be a product without 
a purpose. I recall that either New 
Scientist or Science Journal, or probably 
both, speculated heavily about the 
functions to which these remarkable 
devices could be put. Now, over two 
decades on, we are probably complacent 
about their benefits to society at large, 
from use in medicine, entertainment, 
industry,  defense,  data  storage, 
communications, as well as electronic 
component manufacture. In the latter 
application,  the  precision  imaging 
techniques are capable of literally 
cutting components and signal paths into 
specially prepared mineral compounds 
of materials like silicon, germanium, 
gallium, arsenic and so on. 

SPECTRAL PHASE 
DISCRIMINATOR 

Hg 1. Flow path for 
Bio-Chromatic data 
processor 

INFANT TECHNOLOGY 

Although not widely publicised in the 
popular press, a new technology is now 
in the early stages of making its impact 
felt on the electronic manufacturing 
scene. It is very much in its infancy, and 
there is much yet to be researched and 
achieved. While premature speculation 
should be regarded with caution, the 
techniques being developed may lead to 
achieving truly intelligent computers by 
methods radically different from those 
being examined in other spheres. 
Several well established disciplines 

have been brought together for the 
research project in which I am currently 
involved at an investigative science 
laboratory  in  Kent.  While  the 
laboratory's primary interest is in 
electron theory applications, the fields 
ot solar reactive chemistry, regenerative 
microbiology,  and  epi-polycryptic 
communication systems are heavily 
featured on the research curriculum. 

SOLAR REACTIVE CHEMISTRY 
Solar reactive chemistry was probably 

first studied in depth during the early 
nineteenth century in experiments that 
ultimately led to the invention of 
photography. Although it was eventually 
found  that  silver-iodide  was  the 
substance  that  showed  the  best 
chromatic  change  in response  to 
exposure to light, numerous other 
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substances, such as albumen and starch 
were also given close attention. Both 
substances were readily available in the 
form of eggs and potatoes. The latter's 
reaction to light will be well known to 
anyone who has forgotten to keep 
peeled potatoes covered. Many other 
biological  examples  are  readily 
observable around us, including the 
reaction of foliage to light, resulting in 
pigmentation  changes  through 
production  of  substances  like 
chlorophyl. 
-My own interest in photochemical 
reactions  started  after  a lengthy 
sunbathing session when I painfully 
observed that even human tissue can be 
Changed in hue by exposure to sunlight. 
It was also noted that areas are 
selectively affected, depending on the 
exposure duration and intensity. 
- Following this simple observation, 
ana repeating the researches of the 
nineteenth century, I began examining 
the reaction of other substances, in 
particular the way that various plant 
structures behaved differently to light 
stimulii. Further research showed that 
different light wavelengths created 
different chromatic changes. Though 
many were permanent, some changes 
could be reversed by exposure to the 
inverse end of the colour spectrum. It 
was also of interest that, to a certain 
extent, the areas affected could be 
Moderately  well  controlled  by 
rudimentary focusing of the light source. 

LASER CONTROL 
With the advent of lasers, it was found 
that the precision focusing and opto-
frequency control techniques were 
capable of initiating chromatic changes 
to individual cells, leaving surrounding 
cells  unaffected.  Using  different 
biological sources as the experimental 
specimens, it was found that some were 
faster to react than others. One species 
of plant was particularly rapid in 
response, showing a reversible reaction 
time of only a few milliseconds. This was 
one of the hybrid varieties of the fox-
glove family, Digitalis-Multiflora. 

Wild digitalis multiflora 

It then became apparent that a 
biological  substance  had  been 
synthesised that, in conjunction with the 
precision of laser technology, could be 
reversibly used as a programmable data 
store. The logic state would be 
determined by the colour of the cell, and 

could  readily  be  assessed  using 
miniature chromatic sensitive opto-
detectors.  Although  photographic 
emulsions can store optically coded 
data, the process is basically non-
reversible and incapable of reprogramm-
ing. Within this plant though, there 
appeared to be a highly reactive bio-
chromatic substance that could be 
rapidly reprogrammed. It was however, 
subject to data loss as the plant decayed. 

BREAKTHROUGH 
A breakthrough came when discussing 

the problem with a colleague at the 
laboratory  who  was  involved  in 
micropropagation  techniques  for 
horticultural applications. I explained 
the reluctance of the samples to stay 
unwilted for more than a few days and 
asked if there was a method of 
preserving Digitalis, in the same way 
that some other flower species can be 
dried and preserved. He suggested that 
there might be, by crossing Digitalis-
Multiflora with Surillious Preposterosa, 
a Moroccan desert plant well suited to 
longevity in arid conditions. 

Cultivated surillious preeosterosa 

Specimens of this plant were acquired 
and crossed with Digitalis. Ultimately 
the seeds were collected and sown. The 
resulting hybrids werethen analysed for 
their ability to respond to laser beam 
programming. 
The results surpassed expectations, 
with not only the permanence of the 
recorded  data  being  considerably 
extended before natural decay set in, but 
also a ten-fold increase in the recording 
response rate was experienced, sub-
sequent chemical and spectral analysis 
of this hybrid showed arsenic hydroxide 
and minute traces of lithium Stearate 
coming from Digitalis, and silicon 
dioxide from Surillious. It appeared to 
be the combination of these that was 
responsible for the reaction rate. 

FORTNIGHT AT F8 
Over the next several months, eight 

successive 'F' generations of the hybrid 
were produced in accordance with 
accepted horticultural practice, selecting 
the best from each generation and using 
them as the parents for the next. To 
speed growth and stabilise a 100% 
arsenic-silicon alignment (ASA 100) 
within  each  generation,  bi-diurnal 

Fig 2. Cellular chromoplasts. (Left) from 
Digitalis. (Right) from Surillious. 

microwave progagation techniques at 
the nano-angstrom level were rigidily 
enforced. The ASA 100 exposure factor 
was determined computationally and for 
each generation up to F8 it, was found 
to be around a fortnight. 
Using the F8 hybrid we took 

advantage of the rapidly developing 
technology of micro-biological propa-
gation, in which selected plant cells are 
cloned. This involves the plant with the 
best chosen characteristics having cells 
removed from a growth nodule, and 
growing them in a precisely for mulated 
culture medium. Since the clones obtain 
their entire nutrient from this medium, 
it has to consist of a standard growth 
hormone pluS the base elements found 
in the natural plant, in this case lithium 
(Li), arsenic (As), and silicon (Si). 
Earlier tests had shown that slight 
impurities of chrome and nickel (Cr and 
Ni) could enhance the colour mono-
tonacity and durability of the opto-
cellular response. Using an inert heavy 
duty polycellular hydro-carbonic (H20-
C3) gel base, the nutrients and required 
proportions of each element were 
added, and the cells implanted. The 
culture plates were then put into a 
centrifuge rotating at 5G. 

BINARY EXPANSION 
Normally cloned poly-cells will grow 

according to the genetic codes inherent 
in the original plant. This usually results 
in the total replication of the original. 
However, using an artificial gravity of 
5G, the cellular multiplication direction 
is inhibited. Consequently, the growth 
develo n as a geometricically precise 
disc. Giowth was permitteit until the 
horizontal cell count was 232.'Due to the 
5G factor, the growth stopped vertically 
at the 128th cell. Somewhat to our 
surprise, it was then folind that the 

Pig 3. Poly-cell fet junction 
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Fig 4. Typical 8-bit binary chromoplast 
structure. Darkened areas are at Logic 1. 

dendrites of the outer cells were several 
microns thicker than the inner ones and 
all had a high proportion of nickel in 
them. However, this was an advantage 
since the rigidity of the growth was such 
that it was capable of being supported 
in a normal optical frame using polarised 
stress sensors to maintain uniformity. 

DOUBLE DENSITY PLOTTING 

Subjecting this bio-structure to pulsed 
laser beams, the expected reversible 
colour changes were found to occur as 
in the original experiments, though at a 
greatly enhanced reaction rate. It was 
noticed, though, that some cells did not 
respond as predicted; either they failed 
to react at all, or they had a density twice 
that of the majority. In case this was due 
to slight inaccuracies in the supporting 
frame and its sensors, the sample was 
repositioned, and the sensors checked 
and reset. A similar unevenness was 
experienced. After several attempts at 
repositioning and resetting, it became 
obvious that there was a correlation 
between the cells affected, and the 
polarity of the sensors. 
It  became  obvious  that  the 

chromaticity of the opto-reaction was 
being affected by induced currents 
generated in the nickel based dentrites 
by the stress sensors, in a piezo-electric 
fashion. This was being modified further 
by the presence of the silicon compounds 
in the cell structure. The effect was that 
those cells of a neutral electrical polarity 
responded normally, those having a 
negative potential across them failed to 
respond,  while  those  of  positive 
potential responded by doubling their 
density change. In other words, the 
cellular structure had a tri-state mode of 
operation  and  possessed  the 
characteristics  of  a sophisticated 
semiconductor. 

BOOLEAN ANALYSIS 

The logical next step was taken. 
Individual connections were made to a 
small group of cells so that a tri-
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Mg 5. Typical cross-section of 
programmed poly-layer structure. 

dimensional matrix was produced. These 
were connected to three buffered 32-bit 
RS332 computer ports, and Boolean 
logic levels systematically applied in 
conjunction with synchronously clocked 
laser pulses. Cell density data was 
collected via ektachromatic transducers 
and the results conformed to the 
predicted truth tables. 
The implications were profound. We 

had produced a bio-electronic tri-state 
laser programmable data store. Digitalis 
Multiflora had been hybridised to 
become Digitalis Electronicus! 

ARSENIC 
HYDROXIDE 

have the opportunity to benefit further 
from  exploitation  of  this  natural 
phenomonon. However, as this research 
saga shows, it is only through the ready 
interchange of technological knowledge 
between disciplines, irrespective of their 
disparity,  that  material  advances 
beneficial to society in general can be 
achieved.  The  success  of  our 
collaborative investigations is a classic 
example of the application of knowledge 
from two such disciplines. Electro-
horticulture may well prove to be the 
most significant growth product of this 

SILICON SPILICULES 

CHROMATIC-NICKEL POLY-CELLS 

Mg 6. Enlarged cross-section of multiplexed epidermic structure 

LITHIUM 
STE AR ATE 

INTERSTITIAL 
MEMBRANES 

ULTRA HIGH SPEED 

A further surprise was yet to be 
revealed. When checking the complete 
clone growths for data conversion time, 
it was found that an additional gating 
factor existed, and depended on the 
respective laser wavelength phases. This 
resulted in data transfer rates as fast as 
0.5 femto-seconds. A major advance in 
the  search  for  even  faster  data 
processing devices had thus additionally 
been achieved. The importance of high 
speed processing is that it is one of the 
vital  parameters  required  for the 
ultimate  production  of  intelligent 
computers. Consequently, it is believed 
that our researches and achievements 
represent a significant step towards man-
made systems that will one day match, 
and probably surpass the abilities of the 
human brain. 
The problem of eventual data decay 

has not yet been fully overcome, but the 
current generation of devices has 
extended refresh cycle times of around 
17 weeks at 20°C and 33% humidity. 
since the data refresh routine only 
requires the addition of two drops of any 
standard hydroponic culture solution per 
device, and can readily be put under 
capillary irrigation control, this rate is 
insignificant under normal operating 
conditions. It should also be noted that, 
as with eprom devices, exposure to uv 
light has to be avoided. As part of the 
continuing research program we are also 
investigating the possibility of cloning 
fully pre-programmed devices for mass 
production in large scale culture trays. 

COOPERATIVE SOCIETY 

The effects of vegetative chromaticism 
have been observable for countless 
generations, and they are essential to 
universal ecological stability. We now 

century,  profoundly  enhancing  the 
socio-economic benefits of applied 
technology. It has only come about 
though, through interdisciplinary co-
operation. 
While it is unwise to definitively 

predict the outcome of full commercial 
distribution of Digitalis Electronicus 
based devices, one possible side effect 
is that home computers may well 
eventually be retailed by garden centres 
as well as high street electrical stores. 
With further research and innovation it 
also may be practical for sophisticated 
systems to be grown in back gardens. 
Should such advances be made perhaps 
one day the Chelsea Flower show and 
the All Electronics Exhibition may 
become a combined event. Undoubtably 
relevant magazines would also undergo 
significant changes, possibly combining 
their resources, resulting in such titles 
as Practical Gardening Electronics: the 
horti -science magazine for serious floral 
electronics and vegetative computing 
enthusiasts. 
For those wishing to grow Digitalis 

Electronicus, the -Clonal growth culture 
formula is Cr39 05 H7 Ni17 C5 Sii Li4 As. 
All enquiries should be made in writing 
to Rekceb-Rotide Research Labora-
tories, 8 Finucane Drive, Orpini a, 
Kent, BR5 4ED. 

Zola McMalcolm with F5 generation 
hybrid digitalis multiflora 
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IBrainwave  
monitor 

rj BETA — Concentration, 1111 ALPHA — Relaxation, rl THETA — Imagination, 
problem solving, active  pleasure, tranquility  creativity hynagogic 
Thought.  positive feelings.  imagery 

This unique project will allow you to hear your own brainwaves! Through a simple training 
program you can learn to control them and achieve peak performance in all situations. It will 
revolutionise your life! 
The approved parts set contains: two PCBs; all components, including three PMi precision 
amplifiers; shielded box for screening the bio-amplitier; attractive instrument case with tilting 
feet; controls, switches, knobs, plugs, sockets; leads and brass electrodes, full instructions for 
assembly and use. 
Parts are available separately. We also have a range of accessories, professional electrodes, 
books, etc. Please send a stamped, self-addressed envelope if you just want the lists. 
Otherwise, an SAE + £2 will bring you lists, construction details and further information. 

THE ALPHA 
PLAN 
Can you really train your 
mind to think more 
effectively? Can you really 
excel at things you're 

'no good at'? 
The Alpha Plan has all 
the answers! 

£2.50 (no VAT) 

SILVER SOLUTION 

Just wipe on with a cloth to plate 
PCB tracks, connectors, wire, 
component leads, coins or 
hosehold ornaments with a layer 
of pure silver. It must be magic! 
LARGE BOTTLE (150m1) 
SILVER SOLUTION £11.20 + VAT! 

OWER 
CONDITIONER 

As featured in ETI, January 1988. The 
approved parts set contains PCB, 
case, toroidal cores, class X and Y 
capacitors, VDRs, ICs, transistors, 
LEDs, all components, and full 
instructions. 

Parts are available separately. 
Please send a stamped, 
self-addressed envelope 
if you want the lists. 
Otherwise, an SAE + £1 
will bring you lists, 
construction details 
and further 
information. 

014V ",,Vtoefi 

CO Ti'vc s set 

?P'  

• For those who will only be satisfied with the best 

• Use with Hi-Fi, computers, radios, TV sets to eliminate 
mains-borne interference 

• 10 LED logarithmic display shows the amount of interference 
removed 

• Massive filter section with thirteen capacitors and two current-
balanced inductors 

• Bank of six VDRs to remove transients and spikes 

• Suppresses common mode and differential mode interference 

Complete Parts Sets for ETI Projects 
MAINS 
CONTROLLER 
FEATURED IN ETI, 
JANUARY 1987 

Have you ever wondered what 
people do with all 'how computer 
interlaces, 'Put your computer 
in control,' say the ads 'The 
Spectrabeeb has eight TTL 
outputs ' What on earth can 
you control with a TTL output? 
A torch bulb? 
The ETI Mains Controller is a logic to mains interface 

which allows you to control loads or up to 500W from your 
computer or logic circuits. An onto-coupler gives isolation of 
at least 2,500V. so the controller can be connected to 
experimental circuits, computers and control projects in 
complete safety. Follow your computer interlace wan a mains 
controller and you're really in business with automatic 
control! 
The mains controller connects directly to most TTL 

families without external components, and can be driven by 
CMOS with the addition ol a transistor and two resistors 

(supplied). 
Your mains controller pans set contains high quality roller 

tinned PCB; MOC3021 opto-coupley power mac with 
healsink. mounting hardware and neatsink compound; at 
components, including snubber components for switching 
inductive loads transistor and resistors tor CMOS interlace: 
lull instructon 

MAINS CONTROLLER PARTS 

SET £6.20 VAT 

KNIGHT RAIDER 
FEATURED IN ETI, JULY 1987 

The ultimate in lighting enacts for your Lamborghini. Maser. BMW 
tor any other car. tor lhat maned Picture this eight powedul lights m 
line along the front and eight along mo rear You flock a wt. on Me 
dashboard control box and a point ol light moves lazily Irom left to 
right leaving a comet s lad behind it Elio the switch again and Me 
pqnt of light becomes char. bouncing baCkWrirdS and lonvards 

are dome 
The Knight Raider can be fined to any car in makes an excellent fog 
lohn) 04 WIth low powered bulbs it can turn any chit, s Pedal car or 
bicycle into a spectacular TV•age toy, 
The control box pans set cons'sis ol case, switches. LEDs. PCB 
components. hardware and instructons The sequence beard 
includes PCB. ICs. power FETs components, hardware and 
instructons 

KNIGHT RAIDER CONTROL BOX ONLY 
£6.90 VAT! 
KNIGHT RAIDER SEQUENCE BOARD ONLY 
£13.90 *VAT, 

MATCHBOX 
AMPLIFIER 
FEATURED IN ETI, 
APRIL 1986 
No Ordinary amplifiers, 
these. When our first 
customers took an 
interest. it was for the 
diminutive size (both 
modules will fit inc 
matchbox!). the total disregard for power supplies and 
speaker impedances, and the impressive power output 
from these little amplifiers. When they re-ordered, 0 was 
for the sound quality. 

Two amplifier modules were described, both based on 
the powerful L165V IC. The single IC version will deliver 
over 20 Watts with a suitable speaker and power supply 
The bridge version can provide up to 50W! Although the 
specified supply voltage and speaker impedance must be 
used lo achieve maximum power both modules are quite 
happy to work from any voltage between 12V and 320, and 
will accommodate any type of speaker The bridge version 
is ideal for giving a boost to car Hi-Fi systems, driving two 
0 Ohm speakers in parallel on each channel for best effect. 

Both designer-approved parts sets consist of a roller 
tinned plinted circuit board and all com ponents The 
L165V ICs are also available individually with a free mini 
data sheet giving specifications and suggested circuits. 

SINGLE IC 'MATCHBOX  BRIDGE  L1650 IC. 
AMPLIFIER SET  AMPLIFIER SET  with data 
120W into 4 Onms)  150W into 8 Ohms! 
£6.50 + VAT  £8.90+ VAT £3.90+ VAT 

POWERFUL AIR 
IONISER 
FEATURED IN ETI, 
JULY 1986 

Ions have been described 
as 'vitamins of the air' by 
the health magazines, 
and have been credited 
with everything from  ' 
curing hay lever and - 
asthma to improving concentration and putting an end 
to insomnia. Although some of the claims may be 
exaggerated. there is no doubt that ionised air is much 
cleaner and purer and seems much more invigorating 
than 'dead' air 

The DIRECT ION ioniser caused a great deal of 
excitement when it appeared as a constructional project 
in ETI. At last, an ioniser that was comparable with 
(better than?) commercial products, was reliable, good 
to build. .. and f vol Apart from the senous applications. 
some of the suggested expenments were outrageous! 

We can supply a matched set of parts, fully 
approved by the designer, to build this unique protect. 
The set includes a roller tinned pnnted circuit board. 
66 components. case, mains lead, and even the pans 
for the tester According to one customer. the set costs 
'about a third of the price of the individual components' 
What more can we say? 

DIRECT ION PARTS SET  Instructions 
WITH BLACK CASE £11.50  VAT  are 
WITH W HITE CASE £11.50 + VAT  included 

AD7541 Precision 120sit multiplying DAC  £1.20 + VAT 
LM3524 Switch mode regulator IC  £0.80. VAT 
CF585 Calculator IC  V .00 + VAT 
LM339 Goad comparator IC  3 for £1.00. VAT 
MC1458 Dual op-amp  3 for Et .00 + VAT 

At ICs supplied with FREE DATA. 
Pricey apply only while stocks last.' 

Prices shown are exclusive of VAT, so please 
add 15% to the order total. UK postage is 70p 
on any order. Carriage and insurance for 
overseas orders £4.50. Please allow up to 
14 days for delivery. 

LM2917 
EXPERIMENTER SET 
Consists of LM2917 IC, special phnted circuit board and 
detailed instructions with data and circuits for eight 
different protects to build. Can be used to expenment 
with the circuits in the 'Neel Great Little IC' feature 
(ETI, December 1986). 

LM2917 Experimenter Set  £5.80 . VAT 

RUGGED 
PLASTIC CASE 
Suitable tor mains conditioner 

and mains controller. 

° NI- T U.65 *VAT 

MAIN= kairc 

LEDs  a 
Green rectangular LEDs 
for bar-graph displays. 
50 for £3.50  500 for £25 
100 for £6  1000 for £45 

DIGITAL AND AUDIO EQUIPMENT  LEDs 
Assorted 3mm LEDs: red, green, yellow and 

orange. 2501 each (100 LEDs) for £6.80 

D WC ORS 
SALES DEPT. 
ROOM 108 
FOUNDERS HOUSE 
REDBROOK 
MONMOUTH 

LI MI T E D GWENT 
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BOOKMARK 

Another selection of newly published books to while away the 
rainy days. 

Audio Amplifier Fault-Finding Chart. C.E. Miller. Babani 
BP120. 95p. ISBN 0-85934-095-3. This is not a book, but a 
chart that has been designed to help the reader approach fault 
finding in audio amplifiers in a systematic and logical way. It 
claims to also assist in the repair of equipment, and this it does 
to the extent that some items, such as fuses or faulty mechanical 
parts, can be located and replaced by the non-technical. More 
technical aspects of amplifier problems though, like electronic 
component checking, needs far more data than this chart has 
room to provide. Nonetheless, at 95p, many will find it a useful 
guideline. 

BBC Basic86 On The Amstrad PCs and IBM Compatibles. Book 
1 — Language. N. Kanaris and K. Thompson. Babani BP243. 
£3.95. ISBN 0-85934-188-7. The book is specifically designed 
for use with the above titled computers that can run BBC86. 
The latter is the structured language that many users of the 
BBC computer will have come to know. Statements in this 
language are introduced and explained with the help of simple 
programs. This is intended to enable the user to build up a 
considerable library of programs and procedures, which in turn 
could become the building blocks of advanced programming 
techniques. As a programmer who taught himself the art 
through reading books and experimenting, your Ed recognises 
that any like-minded person will eagerly acquire practically 
any book on the subject. However, my reaction to this one is 
'so what's new?'. Paging through, I feel that I've seen it all 
before, and more comprehensively done. 

Electronic Hobbyists Handbook. R. Penfold. Babani BP233. 
£4.95. ISBN 0-85934-178-X. We have come to expect well 
written and informative books from Robert Penfold, and this 
one is no exception. It offers a source of easily located 
information that many electronics enthusiasts may often need. 
It covers colour codes, characteristics and pin outs of many 
popular semiconductors, and illustrates many simple circuits. 
It also contains other useful data, such as circuit symbols, 
interface details, amateur and CB frequency allocations. 

An Introduction to the Amstrad PCs. R.A. and J.W. Penfold. 
Babani BP197. £5.95. ISBN 0-85934-172-0. Specifically written 
for the PC1512 and PC1640, this book is aimed at those who 
have little or no previous knowledge of computing, and shows 
that using a business computer is a lot less difficult than many 
people may imagine. 

The Robot Builder's Bonanza: 99 Inexpensive Robotics Projects. 
G. McComb. Tab Books. £12.00. ISBN 0-8306-2800-2. In over 
300 pages, the book shows how you can build and combine 
the various parts that make up a robot, and to create your 
own original, custom designed, personal robot. If you love 
using your hands and your brain, you will find much pleasure 
from this book of mechanics and electronic circuits. It also 
gives a list of tools and equipment, a logic interfacing guide, 
and a drill bit and bolt chart. Beware that the addresses given 
for mechanical parts sources are all in the USA, though it 
seems likely that equivalent UK suppliers will exist. 

An  Introduction  to Control  and  Measurement  with 
Microcomputers. R.L. Dalglish. Cambridge University Press. 
£15.00. ISBN 0-521-31771-1. The book is intended to be a 
complete introduction to microcomputers and their application 
to control and data acquisition, and attempts to simply and 
clearly describe how microprocessors work and the basic 
architecture of a microcomputer. Since the book is based on 
courses given by the author for undergraduates, professional 
scientists and engineers, it is not so well suited for the early 
beginner, nor should it be regarded as a constructional guide. 

44 Power Supplies for Your Electronic Projects. R.J. Traister 
and J.L. Mayo. Tab Books. £12.85. ISBN 0-8306-2922-X. The 
book claims to be a 'treasury of high- and low-voltage power 
supplies for all types of electronics applications'. As interesting 
as the book is, I feel that it does not live up to this claim, and 
I am aware of quite a few other types of power supply that I 
believe should have been included. I am also concerned that 
transformer-less mains operated supplies are recommended 
without, in my opinion, sufficient warnings about the potential 
safety hazards entailed. Aside from these niggles, the book 
does have some very useful information on power supply theory 
and applications that will be beneficial to many constructors. 

State of Solid State. Tab Books. £7.75. ISBN 0-8306-2733-2. 
Written by the editors of the American magazine Radio-
Electronics and comprises a selection of their articles published 
between 1982 and 1985. They include semiconductor theory, 
information on various solid state devices, and projects that 
use them. Some aspects of electronic technology may not 
change, but others are in a constant state of improvement; 
consequently I feel that articles going back to 1982 may only 
be of historic interest. There is the additional danger that some 
of the specified components may be unobtainable to UK 
readers, either because they have now become obsolete, or 
because the quoted suppliers are in the USA. The fact that 
original dates of publication for the articles are not given, and 
the use of statements within the text like "...catalogue is a new 
(1983) edition..." give me some cause for concern. 

Solid-State Electronics Theory with Experiments. M.J. 
Sanfilippo. Tab Books. £13.20. ISBN 0-8306-2926-2. This book 
should be of interest to those who want to know more about 
the hows and whys of semiconductor devices. It ranges from 
the basic concepts, through diodes, transistors, and opamps 
through to initial considerations of integrated circuit 
technology. It is well filled with drawings, but keeps formulae 
to a minimum. Experiments are included and are designed to 
complement the topics. Although the book originates from the 
USA, its appeal will be far more international. 

An Introduction to 8086/88 Assembly Language Programming 
for Engineers. N.M. Morris. McGraw-Hill. £12.95. ISBN 0-007-
084173-X. In addition to dealing with the principles of 
programming, this book also provides a range of carefully 
designed programs, introducing readers to the arithmetic and 
text handling capacities of the chip.The programs are presented 
in a 'recipe' form, so making programming easier to learn. The 
book also describes the use of practical interrupt programs, 
and covers both digital and analogue input and output. Those 
studying 16-bit programming will find this book particularly 
useful. 

The Real Hi Fl Story, P. Herring. The British Audio Dealers 
Association and the Federation of British Audio. A beautifully 
produced promotional book published by the BADA and 
available FREE OF CHARGE (though for some reason it has 
£2.50 marked on the cover) from The Sound Advice Centre, 
40-41 Great Castle Street, London W1N 7AF It measures just 
over 12 x 12 inches (about 32 x 32 cms) and has 24 pages split 
into two sections, one covering advice on hi fi facts, the other 
a selection of post-paid advertiser's reply cards. It is in full 
colour and should delight anyone who needs basic advice on 
the nature and requirements of hi fi equipment. There are also 
generous offers on trade-in equipment and special finance 
available, so it could help you to enjoy your music and save 
money into the bargain. Hurry though, for it published as part 
of a promotional campaign to increase the public's awareness 
of quality hi fi and specialist retailers, and as such may be in 
limited supply. 

Normal good book shops should be able to get the books for 
you, but in the case of difficulty, these are the publisher 
addresses: 
Cambridge University Press, The Edinburgh Building, 
Shaftesbury Road, Cambridge, CB2 2RU. 

Tab Books — through John Wiley & Sons Ltd, Baffins Lane, 
Chichester, W. Sussex, P019 IUD. 

Babani Books,The Grampians, Shepherds Bush Road, London 
W6 7NE 
McGraw-Hill Book Company, Shoppenhangers Road, 
Maidenhead, Berks. SL6 5BR. 
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REGULAR FEATURE 

1 

READERS' 
LETTERS 
FROM FRED 

Dear John, 
Congratulations on the fine 

job you are doing with PE. Until 
seeing the Jan 88 issue, I had 
been out of touch with PE since 
it moved to Poole many years 
ago. It is nice to know that it is 
still thriving as a London based 
mag once again and under the 
very capable hands of one of its 
old contributors! I remember 
very well the occasion in 1971 
when you demonstrated your 
Telephone Answering Machine 
in our workshop at Fleetway 
House. That was the start of a 
good relationship which was to 
prove rewarding to PE and, I 
trust, to yourself over the years. 
I wish you all success in 1988. 

Keep up the good work. 
Fred Bennett, Middx. 

Many readers of PE will well 
remember that Fred Bennett was 
the founding Editor of PE in 
1964, building its success until 
Mike Ken ward took over when 
PE moved to Poole at the end of 
1977 
We are proud to have Fred's 

approval for our style of 
publishing PE. Many readers, as 
well as myself, greatly benefitted 
from his capable and kindly 
editorship. Had it not been for his 
influence, it seems possible that 
my own interest in electronics 
might not have flourished, nor 
would I now be following in his 
editing footsteps. 
Fred set the standards, the 

goals and the achievements; I 
hope that I too may likewise 
influence many of you in your 
appreciation of a worthwhile and 
exciting technology. 
Thanks Fred, and best wishes. 

Ed. 

BUSH TELEPHONES 

Dear John, 
I was most interested by the 

Recalling History article in PE 
Dec 87, particularly the way it 
was written in the past tense. 
Overhead phone lines with 
transpositions are alive and well 
here in South Africa. 
Our telephone is still a 

magneto instrument with local 
battery. The 'local' operator 
switchboard is 55 miles away, 
mostly by overhead lines. There 
are also some 10 subscribers on 
the same line, so we have 
code-ringing to see who the 
incoming call is for (my code is 
short-long-long). Nevertheless, 
the system works well and 
conversations are 'loud and 
clear'. 
Atkinson (Telephony Vol 1, 

Pitman 1948) states 'where it is 
not practicable to provide lines 
of the requisite standard of 
insulation and ohmic 
resistance... the magneto system 
is still probably one of the most 
practicable methods of 
signalling'. 
Even calls to overseas 

countries come over very well. 
When one considers the 
thousands of contacts, wire 
joints, relays, up-links and 
down-links to satellites and so 
on, one cannot be critical of the 
service. 
One slight disadvantage of the 

long overhead lines is that when 

lightening flashes all the bells 
tinkle! 
In fairness to the post office, 

they have promised us an 
automatic service later this year. 
But they said that last year too! 

R.H. Shepperd, 
Darlington, South Africa. 

One of my mottos is "never 
interfere with a working system" 
Unless profound benefits are 
likely to ensue, if something 
works, however archaic it may 
be, why change it? We are 
sometimes brainwashed into 
thinking that all technological 
advances should be implemented. 
It ain't necessarily so!  Ed. 

MICROJAM 

Dear Ed, 
I sympathise with Mr Gough 

whose letter concerning radio 
jamming you published in PE 
Jan 88. 
It would seem that in some 

way my neighbours are using 
computers which are interfering 
with my vhf radio reception. Is it 
legal for them to do so? 

Name and address supplied. 

Many types of electronic 
circuitry can emit electromagnetic 
radiation, computers included. 
My own interferes with a small 
vhf radio I have when it is within 
a couple of feet of the computer, 
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especially when putting data out 
to disc. I understand that in the 
world of espionage (dare I 
mention that these days?), it is 
possible to 'eavesdrop' on a 
computer by monitoring its 
radiation with highly sensitive 
and specialised equipment. 
It is also well known that tv 

receivers radiate their own 
signals, which is how license 
dodgers can be caught out by 
detector patrol vans. 
Under normal use, domestic 

equipment is unlikely to be 
radiating with a power sufficiently 
strong to contravene regulations, 
but anyone who believes that a 
neighbour is allowing radio 
interference to occur should 
follow the advice I gave in Jan 88 
— contact the Radio Investigative 
Service of the Department of 
Trade and Industry through the 
local post office. 

Ed. 

MAINTAINED 

Dear Ed, 
Having decided to refresh my 

rusty electronics knowledge as I 
am deeply into microcomputers 
and their applications, I recently 
bought a copy of PE after not 
having taken it for a considerable 
number of years. May! say how 
pleasantly surprised I was to find 
such a high standard of editorial 
and technical content. What a 
highly readable mag it still is. 
Please help me on two 

questions. I have many computer 
items each running off separate 
transformers, can I run them all 
of one transformer via DIN 
connectors? Secondly, I have 
read a lot of warnings regarding 
destroying chips with static 
electricity. What sensible 
precautions should one take, and 
which is the best practical 
earthing method? 
I look forward to reading your 

mag regularly in the future. 
T.G. Colledge, Chester. 

Welcome back. Providing the 
transformer chosen is capable of 
delivering the correct voltage at 
the correct current you should 
have no difficulties in unifying 
your system, as long as you also 
ensure that the connecting cable 
is capable of carrying the current 
to avoid voltage drops with 
changes in load. The connecting 
plugs and sockets should also be 
chosen with good regard for the 
current drawn. I assume you refer 
to DIN style audio connectors — 
these can carry 100 Vac or 150Vdc 
at 2A. 
Much has been written about 

static problems and avoidance. 
There are many methods used 
commerically to ensure that static 
is not experienced, ranging from 
antistatic clothing, floorcoverings 
and so on, to operator earthing 
straps and pads. For the casual 

home constructor the simplest 
method is to periodically touch 
the conductive surface of 
something that is known to be 
earthed. The metal body of an 
earthed soldering iron is probably 
the 'most convenient item 
regularly at hand. You don't need 
to hold it, just touch it briefly 
every few minutes, especially if 
you are moving around in nylon 
or other static generating clothing. 
Chips are far hardier than many 
people give them credit for, and 
if you handle them sensibly it is 
unlikely that you will kill them. 

Ed. 

POP PICKING RADIO 

W ho would have believed 
that an April Fool text 

could take on reality? Some time 
ago I was shown an amusing 
tongue-in-cheek speculative 
article concerning radios that 
could automatically select the 
type of programme transmission 
you most wanted to tune into. A 
recent report says that such 
radios will become available 
during this year. 
The report states that these 

radios will initially be for in-car 
entertainment and will find the 
type of programme you want, 
whether it is jazz, chat, drama, 
sport, news or classics, 
irrespective of which station is 
transmitting it. 
The facility is becoming 

possible because of a 
development called the Radio 
Data System. This is computer 
controlled and sends out a coded 
signal with transmitted 
programmes that enables the 
radio to search out the particular 
code relating to your listening 
preference. 
Additional facilities offered by 

RDS include searching out 
traffic reports, and even paging 
individual listeners in 
emergencies. The road report 
service comes as no surprise 
since some radios in new cars 
(including my own) have a 
button that is intended to 
activate a search facility. 
RDS is being introduced by 

the European Broadcasting 
Union and at least 11 countries 
are likely to introduce it over the 
next two years. Apparently the 
BBC are ready to do so now, and 
that they regard RDS as "the 
most significant advance in radio 
technology since the introduction 
of stereo broadcasting". 
Once again it seems that SFis 

becoming science fact, and that 
even AFtexts may sometimes be 
based on reality. I can't help but 
wonder if research scientists 
don't sometimes get their 
inspiration from authors like 
Daedalus of New Scientist, 
Arthur C Clarke, Isaac Asimov, 
Brian Aldiss, Larry Niven and 
other such heroes of mine. Ed. 
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GCSE PROJECT 

TEACHER COUNTER 
PART ONE BY TIM PIKE 

The last in a series of projects aimed at students of GCSE Electronics 
preparing for project work for examination this year. 

Tim Pike analyses a seven segment display and the logic needed to drive 
it, with the help of Boolean algebra and Karnaugh maps. Why do things 
the hard way? Because it makes the easy way easier. The result is an 
event counter. 

TN this the seventh and last construc-
tional article in the present series, I 

have decided to return to my favourite 
branch of the subject. Readers who have 
followed the series will recall that in the 
second article, 'Teacher Locker' (PE Oct 
87), I looked at some of the principles 
of digital electronics and specifically at 
the use of logic devices. In designing the 
circuit for the simple digital lock, a 
combination of discrete devices and 
integrated circuits was used to provide 
both the desired logical function and the 
necessary timing and ordering of events. 
In commercial design, it is unlikely 

that such a proportion of discrete devices 
would be used. If the complete design 
could not be produced by a combination 
of standard integrated circuits with just 
a minimal number of discrete devices to 
support them, then a specialised inte-
grated circuit would be designed to meet 
the exact needs of the particular appli-
ation. Almost inevitably such a device 
might possess both digital and analogue 
facilities. 
In order to justify the relatively high 

costs involved in developing such a 
device, one would need to be fairly sure 
of commercial success. It is hardly likely 
that a circuit simple enough to form the 
basis of a GCSE project is destined to 
receive such acclaim, no matter how 
useful it might be! 
In this last article, I hope to extend 

the introductory work on logic contained 
in the October 87 article and to use these 
ideas to decode a standard seven seg-
ment display. By adding a binary 
counter, I will produce a simple multi-
purpose event counter. 

THE SEVEN SEGMENT DISPLAY 
In order to define the system which 

we require the logic to produce, let us 
begin by examining the output device in 
detail. 
A seven segment display consists of 

seven separate light-emitting diode 
elements arranged in a figure of eight 
such that all ten decimal digits can be 
displayed, together with many other 
patterns. 

Each diode element would seem to 
require two connections (anode and 
cathode) but it is possible to reduce the 
total from fourteen to eight by making 
all segments share one connection. 
There are therefore two possibilities: 
common anode types in which the seven 
cathodes are each separately available 
together with one shared anode connec-
tion or the opposite (common cathode 
types) where the seven anodes are 
separately available together with one 
shared cathode connection. For many 
applications, it does not matter which 
type is chosen. 
It is of course always important to 

know which type is in use to avoid 
problems of incorrect polarity when the 
device is put into the circuit. 

a 

e191  
OJG728 

Fig 1. Seven segment arrangement 

Fig.1 shows the standard arrangement 
of segments (labelled a to g). Fig.2 shows 
the pin-out for a common anode display 

a 

COMMON 
NO PIN 

NO PIN 

DEC. PT 

1010729 

2 

3 

5 

6 
7 
LI 

COMMON 
13 

NO PIN 
11 

10 g 
9 
COMMON 

8 

12 

Fig 2. 737pical common-anode pin-out. 

contained in a standard dil (dual-in-line) 
package. Note that in addition to the 
seven segments there is also a further 
led unit to provide the option of a 
decimal point. The three pins marked 
'common' are all connected to the 
anodes of all led segments. 

INPUT  CATHODE  ANODE 
I LOW ON I   
HIGH .OFF 

+5V 

Flg 3. Single segment drive 

In order to turn on any one segment 
it is necessary only to lower the voltage 
on the cathode of this segment below 
the common anode voltage by about 
+2V. The required forward current to 
illuminate one segment to a specific level 
of brightness will depend upon the physi-
cal dimension of the display and upon 
the colour of the display segments. A 
series resistor of appropriate value will 
be needed for each segment to limit the 
current. In practice, one resistor may 
sometimes be used for all segments 
where consistency of brightness level is 
considered to be unimportant. Values 
between 82SI and 33011 for 5Voperation 
are common. Considering just one seg-
ment as if it were a discrete led, Fig.3 
shows how it can be turned on or off by 
driving the input voltage to the cathode 
low or high. 
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a,b,c,d,e,f 

b,c 

a,b,d,g,e 

a,b,c,d,g 

b,c,f,g 

0 
11 

0 
07 
Li 

0 

0 

a,c,d,f,g 

a,c,d,e,f,g 

a,b,c 

a,b,c,d,e,f,g 

a,b,c,f,g 

Fig 4. Segments for digits 0 to 9 

PRODUCING DECIMAL DIGITS 

Now that we have control of each 
segment independently, our next con-
cern is to form intelligible symbols by 
combining the segments to form the 
familiar shapes of the ten decimal digits 
(0 to 9). 
Examination of the way in which the 

digits might be represented allows us to 
determine which segments must illumin-
ate for each digit. 
Fig.4 shows the details. Of course, 

these ten patterns are but a few of the 
total number of arrangements which 
could be produced. For those readers 
with a mathematical interest, each of the 
seven segments can be either on or off. 
There are, therefore, 27, or 128 possible 
arrangements,  including  the  two 
extreme cases of either all segments OFF 
or all segments ON (the digit 8). Some 
of the other 118 arrangements can be 
useful in certain circumstances. Some 
letters of the alphabet can be created 
either in lower or upper case.This facility 
is commonly used to represent numbers 
in hexadecimal (hex) which is base 
sixteen. Hex requires six additional 
symbols to represent the decimal values 
from ten to fifteen. The first six letters 
of the alphabet may be conveniently 
used. For reasons which are obvious 
when the seven segment display is 
examined, some of these six letters must 
be represented as capitals and some 
must be represented in their lower case 
form. The symbols used are A, b, c, d, 
E and F. 
To return to the production of the 
decimal digits let us consider as an 
example, how the symbol for the digit 
'3' must be created. 
From Fig.4, we see that we need to 

drive the five segments a, b, c, d and g. 
Each of these five segments can be 
considered as an output from our 
system. The inputs to the system will be 
the outputs from a binary counter, set 
to count from zero to nine. 
In order to represent the ten decimal 

values from zero to nine, a four-bit 
binary code will be required. In this 

number system, the value for decimal 
'3' is 0011. We therefore have four inputs 
(one for each column of the binary 
code). If we call these inputs A, B, C 
and D, where A represents the least 
significant bit (lsb), then this particular 
combination of inputs must produce the 
correct pattern of outputs in order to 
drive the display. 
Fig.5 shows the generalised system 

diagram to produce the logic circuitry 
which links the binary counter to the 
seven segment display. Fig.6 shows the 
system diagram with the inputs and 
outputs required to produce the decimal 
value '3'. Here we have assumed that 
the input to a segment must be high to 
turn on that segment. 

Ng 5. Generalised logic system 

Fig 6. Logic states to produce decimal 
digital "3". 

Clearly we could design a separate 
logic system for each of the ten output 
states. It should be possible to econo-
mise, however, and to consider all ten 
requirements simultaneously. 
The table in Fig.7 relates all ten input 

states to their corresponding output 
states. One of the advantages in present-
ing the information in this form is that 
it allows us to define, for each output, 
the particular combinations of inputs 
which require the output to be on. 
Consider the output which will drive 

segment 'a'. 'a' must be on for the 0, 2, 
3, 5, 6, 7, 8 and 9 states. It is common 
practice to represent this relationship by 
writing an equation. The equation states 
all the input states which produce a 
certain output state. 

Fig 7. Truth table of 
input and output 
states 

TEACHER COUNTER 

BOOLEAN ALGEBRA 

In order to specify the equation in an 
abbreviated form, we use a type of 
algebra which is named after George 
Boole, the 19th century English logician, 
who first proposed this method. 
In this algebra, the standard logic 

functions are represented by symbols 
which link the input variables together. 

AND is represented by a dot (.) 
OR is represented by a plus sign 
(+) 
NOT is represented by a bar over 
the variable e.g. A means NOT A 
(Whatever possessed a logician 

not to define AND as '+', a symbol 
which in language terms means 
'and'? Ed). 
So, to express 'A AND B 

AND C' we simply write A.B.C. 
To express 'A AND NOT B', we 
write A.A. 
To express B̀ OR C OR NOT 

D' we write B+C+5. 

Looking back at Fig.7 to the output 
column for segment 'a', we see that eight 
of the ten input combinations will turn 
segment 'a' on. We could therefore write 
down that 'a' is to come on when the 
inputs register 0 or 2 or 3 or 5 or 6 or 7 
or 8 or 9. In Boolean algebra this would 
be written as: 

a =  + 
(zero)  (two) 

+ A . B . 5 + A . . c . 5 . 
(three)  (five) 

+ A.B.C. . + A.B.C.5. 
(six)  (seven) 

+  + 
(eight)  (nine) 

The same method could be applied to 
the other six outputs (b to g). Each of 
these would generate an equation in 
Boolean algebra. These seven equations 
will completely define the operation of 
the seven segment display as it counts 
from zero to nine. 

D C B A a b c d e f g 

0 0 0 0 1 1 1 1 1 1 0 
0 0 0 1 0 1 1 0 0 0 0 
0 0 1 0 1 1 0 1 1 0 1 
0 0 1 1 1 1 1 1 0 0 1 
0 1 0 0 0 1 1 0 0 1 1 

0 1 0 1 1 0 1 1 0 1 1 
0 1 1 0 1 0 1 1 1 1 1 

0 1 1 1 1 1 1 0 0 0 0 
1 0 0 0 1 1 1 1 1 1 1 
1 0 0 1 1 1 1 0 0 1 1 

ID47341 
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TEACHER COUNTER 

SIMPLIFICATION 

Considering  just  the  output  to 
segment 'a', we could produce a logic 
design to implement this equation 
directly. 
We would require: 
4 NOTgates (one for each variable, 
A to D). 
8 AND gates (each having four 
inputs). 
1 OR gate (with eight inputs!). 

This would need at least six integrated 
circuits. Assuming that the other six 
output segments would require much the 
same amount of logic circuitry, we would 
seem to need about forty integrated 
circuits! 
Clearly, this is ridiculous. Readers 

who are familiar with seven segment 
display devices will know that the 
complete display driver circuitry is 
available on one integrated circuit. In 
normal circumstances one would simply 
select and use one of these devices. 
However, since we are interested in 
learning about the way in which logic 
can be used to solve problems, it does 
not suit our purpose to be so pragmatic 
at this stage. We must find a method of 
simplification which ,will lead us to a 
solution which we have developed our-
selves, and therefore which we under-
stand, and yet is siffiple enough to be 
practicable to construct. 
Let us look again. at the equation for 

segment 'a'. Notice that the term which 
represents the zero state (A.17. C. Es) and 
the term which represents the eight state 
(A.B.C.D) are identical except for the 
variable D. 
One method of simplification which 

will be familiar to GCSE students of 
mathem/tics is to regroup the terms in 
the whole expression and then to 
'factorize l and collect like terms. 

+ X D. = 
(D+D) 

and by the basic rules of binary 
arithmetic, (D+D) must be equal in 
value to '1'. 
So these two terms simplify to 

the further conjuction with '1' 
being redundant. 
A similar process could be used to 

simplify_the tams representing the six 
state (A.B.C.rs) and the seven state 
(A.B.C. ), resulting in just one term, 
(B.C.D). 
Although this is an effective tech-

nique, it is rather slow and not 
guaranteed to produce the simplest 
overall expression for 'a'. 

THE KARNAUGH MAP 
Students of electronics who decide to 

take their studies beyond GCSE level 
will later meet a much more powerful 
technique which gives the simplest 
expression for any logical function if 
used correctly. The method is essentially 
a graphical or perhaps a pictorial one. 
Looking back again at the table in 

Fig.7, we understand that with four input 
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variables, there are actually sixteen 
combinations, the highest binary value 
being 1111 (or 15 in decimal). We chose 
to ignore the values from ten onwards, 
as they would not be present in a decimal 
count, to one digit. However, before we 
explore the opportunities offered by the 
Karnaugh Map, we need to be clear that 
these other six binary states can exist in 
an 'imaginary' way if we wish to include 
them. 
Ultimately we will be using a binary 

counter to generate the inputs A,B,C 
and D and resetting the counter on the 
tenth pulse. So, although the binary 
codes from 1010 to 1111 will not exist as 
outputs from the counter we could 
include them in the picture and make 
them generate outputs to suit the 
simplification process, knowing that the 
state of these last six outputs does not 
matter as they will never appear on the 
display. Bearing this in mind, let us look 
at the structure of a Karnaugh Map. 
There are a number of simple rules 

which become obvious once you begin 
working with these maps. 
1. The map will be a rectangular (or 
square) grid of boxes. 

2. There must be one box for each 
possible combination of inputs. In 
our case, there are 16 combina-
tions, so there must be 16 boxes. 
In general there will be 2" boxes 
where N is the number of inputs. 

3. Each box must have a unique label 
which refers to its particular input 
combination. 

Fig.8 shows the grid of 4 by 4 boxes 
and one method of labelling. Notice that 
the left-hand two columns are represent-
ing input A, the right-hand two are 
therefore NOT A. The centre two 
columns represent B, the outer two are 
therefore NOT B. The same ideas apply 
to the rows for C and D. If you care to 
check the labelling, you will find that 
every box represents a different combin-
ation of inputs. 

COMPLETING THE MAP 

There is only one rule for completing 
the map. Wherever there is a '1' in the 
input-output chart (Fig.7) or truth-table, 
a '1' must be placed in the corresponding 
box on the map. We already know that 
there are eight '1's for output 'a'. So the 
map for output 'a' will look like Fig.9. 
There are only two known zero out-

puts — they occur for the states 
representing 1 and 4. So these can be 

Fig 8. Empty Karnaugh map for a 
four-variable logic function. 
Fig 9. Map for output segment "a" 
(required "I" and "0" states). 
Fig 10. Map for segment "a" (known 
"I" and "0" states) 
Fig 11. Use of wrap-around effect to 
obtain larger groups of boxes. 
Fig 12. Completing the map with 
„imaginary„ states. 
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added to the map (Fig.10). The remain-
ing six boxes represent the binary 
combinations from 1010 to 1111. Since 
we are not going to allow these to exist 
in our counter, it does not matter 
whether they generate a zero or a one. 

READING THE KARNAUGH MAP 

So far so good (I hope!). The really 
clever part about the Karnaugh Map 
method comes when we read off the 
information. The strategy is to read off 
blocks of information rather than single 
box labels. There are however two or 
three rules: 
1. The groups of boxes must be 

rectangular groups (i.e. not diagonals). 
2. The groups must be binary groups 

(i.e. one box, two boxes, four boxes, 
eight boxes etc.). 
3. The groups must be as large as 

possible. Large groups have simple 
labels. 
To help with this process it is useful to 
remember that the top and bottom of 
the map are really joined; so too are the 
left and right edges. This is called the 
'wrap-around effect'. It is fairly clear 
from Fig.10 that the largest group we 
can obtain is a group of four boxes 
containing is as shown in Fig.11. This 
group requires the use of the 'wrap-
around effect'. 
The label for this group is (B.I3). So 
this will be one term in our simplified 
expression for segment 'a'. We must read 
off all the boxes to obtain the full 
expression and we can include some of 
them more than once if we wish. 
With the map as it stands, there are 
no other groups of four is. The best we 
can do is to form three other groups, 
each of two boxes, to cover all the "1 
boxes". There is more than one way of 
doing this but the net result is a final 
expression for 'a' such as: 
a = B.D + A.C.D +  +B.7.D 

or a= D.(A.C. + B) + r3..c. (K+ D). 
Although very much simpler than the 

original expression, this will still require 
the following gates: 
4 NOT gates (1 for each variable). 
+ 3 AND gates) or { + 4AND gates 
+ 3 OR gates)  { + OR  gate. 
We would still need three or four 

integrated circuits to implement this 
solution. 

INCLUDING THE 'IMAGINARY' 
STATES 
Looking at the Karnaugh Map of 

Fig.10 again, it is fairly clear that if we 
had more boxes with l's in them then 
we  could  write  a much  simpler 
expression. 
In fact if we fill in all the other unused 

boxes with imaginary l's then a very 
much simpler expression results. Fig.12 
shows the original map plus the 
imagined states in brackets. 
There are now two groups of eight 

boxes (B and D), leaving only the two 

corners of the principal diagonal to be 
included. These can be incorporated into 
two groups of four boxes. One corner is 
included in the group_ (A.C) and the 
other in the group (A.C). 
The final expression which will drive 

segment 'a' correctly up to decimal 9 is:— 
a = B + D + A.C. + A.0 

This can be produced with just: 
2 NOT gates 
2 AND gates 
1 OR gate. 

The logic circuit design is shown in 
Fig.13. 

FURTHER ECONOMIES 

Now that we have reached this level 
of sophistication it becomes obvious that 
we would be wasting integrated circuits 
if we were to use three different devices 
to produce this circuit. 
Another fascinating aspect of logic 

design is that any Boolean expression 
can be implemented entirely from 
NAND gates or entirely from NOR 
gates. 
NAND gates are a little easier to work 

with, starting from the Karnaugh Map. 
The simple expression above for 'a' can 
be re-written to suit NAND gates very 
easily indeed. 

De Morgan's theorem states that:— 

A.8  = A + B (NOR) 

and 
A + 8 = A.B (NAND) 

By applying a double inversion to the 
whole of the right hand side of the 
equation for 'a', 

a = B + D + A.0 + A.0 

INPUTS 

DJG 741 

Ng 13. Logic circuit to drive 
segment "a" 

We are then able to apply De Morgan's 
theorem to obtain: 

a = B . 13. A.0 . A.0 

Although this appears to be more 
complicated than the simple expression 
obtained from the Karnaugh Map, it 
does only require NAND gates. Namely: 

4 NOT gates (which can be 
NAND gates). 
2 two input NAND gates. 
1 four input NAND gate. 

Perhaps the NOT gates are best 
produced from a simple hex inverting 
device because of its ease of use. We will 
then need one inverting gate device plus 
half of each of the two types of NAND 
device. The best circuit design for output 
'a' with just two types of gate is shown 
in Fig.14. 

EXTENDING TO ALL SEGMENTS 

Exactly  the  same  analysis  for 
segments b to g produces the results 
shown below. I will leave it to you to 
verify that these Boolean expressions 
are correct! 
b = A.B. + A.8 + C + D 
c =A+  +C+ D 
d = A.B + A.0 + A.B.0 + B.0 
e = A.B + .A.0 
f = A. + A.0 +  + D 
g = A.0 + B.0 + 11.0 + D 
A quick glance at this set of equations 

reveals that a number of the terms within 
them occur more than once. For 
example (A.C) occurs three times. 
Clearly we can economise in another 
way by utilising the same section of 
circuitry each time a particular term is 
needed. 

Fig 14. Logic circuit to 
drive segment "a" 
using NAND and NOT 
gates only. 
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TEACHER COUNTER 

Ng 15. Complete logic array for all 
segments using NAND and NOT 
gates only (suitable for common 
cathode display). 

10,471.i.1 

Converting  these  expressions  to 
NAND and NOT only generates the full 
set of equations given below: 

a = A.0 . A.0 . . 13 

b = A.B . A.  . C. 13 

c 

d = A.B . A.0 . A.Es .0 B.0 

e = A.B . A.0 

f = A.Et . A.c .C. 13Et 

g = A.C. B.C. 11.0 . 13 

COUNTING THE COST 
A tally of the gates used in Fig.15 

shows that we require: 
4 x NOT gates 
9 x two input NAND gates 
1 X three input NAND gates 
6 X four input NAND gates. 
The most economical way of produc-

ing this circuit would require the use of: 
1 X hex inverting integrated circuit 
2 X two input NAND gate integrated 
circuits 

1 x three input NAND gate integrated 
circuit 

3 X four input NAND gate integrated 
circuits. 

Throughout this analysis, we have 
assumed that we need to produce a logic 
1 to turn on the disply. If this is not so, 
then the output must be inverted before 
being presented to the display. 
Many readers may well feel by now 

that the complexity of the design in 
Fig.15 is not justified when one recalls 

• 

• 

• 

•  

A.B.0 

B.0 

B.0 

A.0 

A.0 

03 0 >10101 0
1 

that a single specialist integrated circuit 
can be purchased to perform this very 
function. Certainly only the most able 
GCSE candidates should consider build-
ing the logic array in Fig.15. The alterna-
tive is to use a display driving chip. 
Whichever option is chosen, I hope that 
the analysis of the logic array is useful 
to  all  budding  digital  electronic 
engineers. At the very least it gives a 
much better appreciation of the sophis-
tication of the display driving chip. 

FULFILLING THE ORIGINAL 
DESIGN BRIEF 

One very important aspect of all 
project work for examinations in elec-
tronics is that the final circuit must fulfil 
the original objectives. In order to create 
a simple event counter we need to add 
a four-bit binary counter, resetting on its 
tenth pulse and a means of clocking the 
counter. A complete system diagram is 
shown in Fig.16. 

CLOCKING 
MECHANISM 
WITH DEBOUNCE 

Di 674.2 

BINARY 
COUNTER 

Ng 17. Simple switch anti-bounce circuit 

to the binary counter. A pair of hex 
inverters  with  resistive  feedback 
(forming a Schmitt trigger) connected as 
shown in Fig.17 offers one type of anti-
bounce circuit. Cmos inverters are more 
likely to work well in this situation. The 
100µf capacitor acts as a large reservoir 
of charge to help to avoid pulses 
appearing on the supply rails. 

ALTERNATIVE TRIGGER 
MECHANISMS 

Our simple event counter can easily 
be adapted to count pulses of a different 
nature if an appropriate transducer and 
switching circuit is added. 
Some ideas might include an optically 

triggered switch based on an ldr, a photo-
diode or a photo-transistor, or a 
magnetically operated switch based 
perhaps on a reed relay. 

COUNTING LARGER NUMBERS 

The other likely improvement which 
we should consider is how to adapt the 
ideas given so far to extend the range of 
the counter. Certainly it would be useful 
to count from 0 to 99, if not to 999 or 
more. Each additional decimal column 
requires an extension to the binary 
counter. If we are to retain the use of 
the logic array developed in Fig.15, then 
each subsequent decimal column will 
need its own four-bit binary counter 
connected to reset on its tenth pulse. 
The second column counter will be 
clocked either from the reset pulses to 
the first counter or by recognising the 

DRIVER/ 
LOGIC 
ARRAY 

DISPLAY 

Fig 16. Block diagram for a simple event counter. 

The clock might be produced from a 
square wave generator running on its 
lowest frequency or perhaps more easily 
from a manual switch. A simple push to 
make switch or even a microswitch will 
often suffer from 'contact bounce'. This 
phenomenon results in multiple pulses 
being entered when in fact only one 
pulse was intended. It can be overcome 
by incorporating an anti-bounce circuit 
between the switch and the clock input 

transition from the 'nine' state to the 
'ten' state of the first counter. 
In Part Two next month the circuit for 

a practical event counter will be shown, 
complete with constructional details. 

1111 

Pike is Deputy Headmaster of the 
Ramsden School for Boys in Orpington, 
Kent, and has taught Electronics to 'A' 
level standard for thirteen years. 
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* POWER SUPPLY KIT 

- U 25/30 Watt MOSFET Audio Power Amplifier 4-8 Ohms Kit 
-  £21.97 R/Built £26.00 
-  U 10 Channel Variable Speed running light Kit drives LEDs or 
- 4  Mains lamps. Includes LED display board and LED lamps 
-  Kit £15.89 R/Buift £19.15 
-  • Mains Add-on interface board for controlling Mains lamps 
-  from our running light unit Kit £4.95 fl/Built £5.00 

* Plus & Minus regulated power supply 1-Amp state 5, 12, 
-  15, or 24v Kit £11.82 R/Built £14.82 
-  U Variable Time Delay Relay unit Kit £5.71 R/Built £7.71 
-  • 25/30 Watt 12-Volt opp. R.F. Linear Power Amplifier for 
-  Amateur Radio Kit £26.66 R/Built £31.66 
____ • Selectable tone generator 9-12v operation Kit £5.50 
-  R/Buift £7.50 

• 3 Note Electronic Door Chime unit, 9 volt operation, 
-  3 melodious tones, variable frequency, Kit £9.83 R/Built 
-  £12.00 
-  II Miniature FM Transmitter, 60-145MHz Kit.£6.95 
-  £8.95 

• 3 Watt FM Transmitter, 80-108MHz Kit £13.99 R/Built 
£18.99 

-  • 300 Watt Light Dimmer unit for 240 volt mains lights Kit 
-  £6.95 R/Built £10.95 

• 4 Code Digital Code unit plus Key Pad - Select own code 9 
-  volt Kit £16.31 R/Built £19.95 
-  • 5-100 Watt Electronic Loudspeaker Overload protector, 
-  adjustable Kit £11.40 R/Built £15.40 

• VU Meter 10 LED indicator, 5 to 12dB range Kit £13.63 
R/Built £18.63 

_  • 18 Watt Car/Home Power Amp 12-V Kit £14.50 R/Built 
-  £16.80 
-  III Amplifier Power Meter; 10 LED indicator from 0.25-100 Watt 
-  Input -9 volt operation Kit £12.94 R/Built £14.94 

Light sensitive relay unit; variable 
sensitivity trigger control; 

-  senses light or dark - 
-  selectable. Kit £8.91 
-  R/Built £10.91 

1111 MINI MEN 
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pRO 
III 

• Wireless FM Duplex telephone - sold in pairs for 
Office/Home £54.00 

IN 5mm LCD digital sports Chronograph hand held £10.95 
• Digital Blood pressure meter/monitor LCD readout £44.83 
• Digital LCD temperature module for panel mounting - 19°C 
to + 68°C £16.82 

IN 3.5" digital LCD Professional series digital multimeter, 
reads Capacitance, Temperature, Voltage, Conductance, 
Diodes, Transistors AC/DC voltages & Continuity £63.25 

III Zenith Speech processor P-202 £29.50 
• High quality touch dimmer 
500W £12.99 

• Mains Wiring and Metal 
Detector £11.00 DE 
11111 E M M EN 

II All Kits contain full instructions PCBs and components • All 
prices include VAT and postage and packing IIII Overseas orders 
add 10% to above prices • Please send Cheque or Postal Order 
with Order. 

Zenith Electronics Dept 1234 
14 Cortlandt Business Centre 
Hailsham, East Sussex, UK BN27 1AE 
Telephone (0323) 847973 
Telex 878334 FAX 647204 

I n 7 11 
Access & Bardaycard 

Orders 

Telephone (0323) 847973 

Send 0130 for 
Catalogue when 
includes Postage 
and packing' 
Refundable on 

UI  fIrst order 

BBC COMPLETES RDS 

V ollowing on from the pop 
picking radio report (see 

page 39), the BBC have told us 
that they are leading the way 
amongst European Broadcasters 
with the revolutionary Radio 
Data System. 
Recently BBC engineers 

completed the installation, 
ahead of schedule, of RDS 
equipment at all of it's Network 
and Local Radio vhf-fm 
transmitters serving England. 
These RDS signals will allow an 
"intelligent" receiver to 
automatically tune to the best 
signal, give a Visual indication of 
the station name, and display the 
current time and date. 
The RDS data, which is 

currently statically configured, is 
carried on an inaudible 57kHz 
subcarrier on every vhf-fm 
transmitter serving England. It 
will be extended to Scotland, 
Wales and Northern Ireland in an 
installation programme 
beginning during 1988. The 
codes being transmitted conform 
to the European Broadcasting 
Union (EBU) specification, and 
consist of pi (programme 
information), ps (programme 
service), af (alternate 

frequency), on (other networks 
information), and ct (clock time 
and date). 
The system will be dynamically 
configured from April 1988 when 
the RDS central computer, 
located in the Control Room at 
Broadcasting House, London, is 
put on-line .This will allow codes 
to be updated, for example when 
the Radio 2 vhf-fm transmitters 
are carrying Radio 1 
programmes. It will allow a 
travel service using the ta (travel 
announcement) and tp (travel 
programme) codes, which will be 
added in the Autumn 1988. This 
potentially will be the most 
efficient travel information 
service ever offered, because 
in-car listeners with RDS radios 
will, at their choice, have their 
regular listening entertainment 
interrupted by local travel 
flashes from the relevant BBC 
county station whose area in 
which they are driving. 
The RDS service will be 
publicly launched at the BBC 
Radio Show, being held at Earl's 
Court, London, from 30 
September to 10th October 1988. 

Ed. 

OSCILLOSCOPES 
TELEQUIPMENT D83 Dual Trace 50MHz Delay Sweep. 
Large Tube   £350 
S.E. LABS SM111 Dual Trace 18MHz Solid State. p. 
able AC or External DC operation 8x10cm display with 
Manual   £150 
TELEQUIPMENT D61 Dual Trace 10MHz with Manual 
  £160 
TELEQUIPMENT S54A Single Trace 10MHz. Solid State 
with Manual  £90 
GOULD/ADVANCE 0S256 Dual Trace 16MHz £225 
with Manual 
HAMEG 207 Single Trace 8MHz. With Manual  £50 

SPECIAL OFFERS 
COSSOR OSCILLOSCOPE CDU150. Dual Trace 35MHz 
Delay Sweep. Dual State Portable 8x10cm Display With 
Manual   NOW ONLY £180 each 
Optional Front Protection Cover. Containing 2 Probes & 
Viewing Hood   £10 
SOLARTRON OSCILLOSCOPE CD1400 Dual Beam 
15MHz With Manual   ONLY £85 each 
AVO VALVE TESTER CT160 Suitcase style. 22 Bases 
 ONLY £25 each (p&p 0) 

MULTIMETERS 
AVO 8 Complete with Batteries & Leads from  £45 
AVO 8 MkV Complete with batteries Leads & Case f90 
AVO TEST SET No. 1 (Military version of AVO 8) Com-
plete with Batteries Leads & case  £65 
TEST LEADS suitable for AVO METERS Red & Black with 
2 croc-cups & 2 prods (p&p 01   £5 
AVO Model 7x Complete with Batteries. Leads & carry-
ing case  £40 
AVO Model 73. Pocket Multimeter (Analogue) 30 ranges. 
Complete with batteries & leads  £18 
AVO -72 Similar to above but no AC current range With 
batteries & leads  £10 
ANALOGUE POCKET MULTIMETERS Philips &Tayloretc. 
With Batteries & Leads   from £10 

DISK DRIVE PSU 240V 1N:5V 1.6A & 12V 1.5A out Size 
W125mm. H75mm. D180mm. Cased Unused only £10 

p&p £27 
OUERTY KEYBOARD (as in LYNX MICRO) post to make 
Cased  f 5 each (p&p £2) 
SWITCHED MODE PSU  0.26A:5V 15A etc. 
  £12 each (p&p £3) 
OTHER SWITCHED MODE PSU available Please enquire 
DISK DRIVES 5%.' - Double Sided. Double Density. 80 
track   From 50 

COMMUNICATION RECEIVERS 
RACAL RA17 500MHz with Manual   only £150 

LABGEAR Colour Bar Generator KG1. 8 Test Patterns. 
(P&P £4)  .............. ..... ......... .....  ONLY £40 each 

MARCONI AF Power Meter TF893A 20Hz-35KHz 
20uW-10W. With Manual (p&p £7)   only £35 

MARCONI RF Power Meter TF1157A/1 DC-500MHz 05 
to 15 watts 50ohm. With Manual (p&p £7)  only £45 

MARCONI AM/FM Sig Gen 1F10668 10470MHz f250 
MARCONI AM/FM Sig. Gen. 11995 range from .. £150 
FARRELL SINE/SQUARE type LFM21Hz-1MHz Compact 
  f80 
ADVANCE SG6213 AM 150KHz-220MHz  £80 

AVO TRANSISTOR TESt ER 11159 
Handheld GO/NOGO for in-situ Testing. Complete with 
Batteries Leads & instructions (P&P £3) unused f12 each 

ISOLATING TRANSFORMERS 240V INPUT 
240V Out 500VA .. £15 (p&p 151 100VA £6 (p&p f2) 
24V Out 500VA .......£6 (p&p £5) 200VA £4 (p&p £4) 

STEPPING MOTORS 
Type 1 200 Steps per rev. 4 Phase (5 wire) 12 24V 

Torque 25oz inch will run on 5V with reduced 
torque   £15.00 

Type 2 6/12 Steps per rev. 3 Phase. 12/24V (will work 
en 51/1   £2 each 5 off  0.50 

Type 3 NORTH AMERICAN PHILIPS 24. Steps per rev. 4 
wire 5V 3.3Amps 0.250rpm 0.200 PPs £6 each 

Type 4 200 Steps per rev. 120V 13 wire) Torque 25oz 
inch   £4 each 

Type 7 WARNER 24 Steps per rev. 3 Phase (6 wire) 28V 
Holding Torque 45oz. inch  £5 each  

NEW EQUIPMENT 
HAMEG OSCILLOSCOPE 605. Dual Trace 60MHz Delay 
Sweep Component Tester  £583 
HAMEG OSCILLOSCOPE 203.6 Dual Trace 20MHz. 
Component Tester & 2 Probes  £314 

All Other Models Available. 

BLACK STAR FREQUENCY COUNTERS P&P f4 
Meteor 100-100MHz  £99 
Meteor 600 600MHz  £1211 
Meteor 1000-1GHz  £175 
BLACK STAR JUPITOR 600 FUNCTION GENERATOR 
Sine/Square/Triangle al Hz.500KHz. P&P £4  £110 
BLACK STAR ORION. PAL TV/VIDEO COLOUR PATTERN 
GENERATOR  £199 

HUNG CHANG DMM 7030.31/2 digit. Hand held 28 ranges 
including 10 Amp AC/DC 0.1%. Complete with batteries 
& leads P&P fa   f 39.50 
As above DMM 6010.0.25% . ........... .......  133.50 

OSCILLOSCOPES PROBES. Switched x 1 . x10 P&P £2 
  £11 

Used equipment - with 30 days gua a ntee. Manuals supplied if possible. 
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone or Lists. Please check availability before 

ordering. CARRIAGE all units £16. VAT lobe added to Total of Goods & Carriage. 

STE WART OF READING 
21:  110 WYKEHAM ROAD, READING, BERKS RG6 1PL 
Telephone: 0734 68041 Callers welcome 9am - 5.30 pm Mon .Fri (until 8 pm Thurs.) 
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REGULAR FEATURE 
.•.• 

As I reported in last month's Space-
watch, the quasar distance-record 

has been broken yet again. The quasar 
Q0000-26, a 20th-magnitude object on 
the borders of Sculptor and Cetus — has 
a red shift of 4.11, corresponding to a 
distance of around 13,000 million 
lightyears and a recessional velocity 93 
per cent that of light. Yet some uneasy 
doubts are starting to creep in. For years 
now Dr Halton C. Arp, formerly of 
Mount Wilson Observatory and now at 
the Max Planck Institute in Germany, 
has been maintaining that the red shifts 
are not pure Doppler effects, and are 
therefore  unreliable  as  distance 

SPACEWATCH 
BY DR PATRICK MOORE 

OUR REGULAR LOOK AT ASTRONOMY 

Russian astronaut Romanenko has returned in good health. Manned 
flight to Mars must be a step closer. 

indicators. Arp has shown that in many 
cases, obviously-associated galaxies and 
quasars, or even pairs of galaxies, have 
completely different red shifts. In his 
new book Quasars,  Redshifts and 
Controversies, Arp repeats these claims, 
and produces observational evidence in 
support. He is not alone in his views; 
one of his notable supporters is Fred 
Hoyle. 
At the moment, the majority view is 

that the correlations are coincidental, 
and that the quasars really are super-
luminous and so remote that they cannot 
be too far from the edge of the 
observable universe. But if Arp is 

correct, then quasars might even be 
found in our own Local Group of 
galaxies, and many of our cherished 
theories will have to be abandoned. We 
may not be back in Square One, but we 
will certainly have returned to Square 
Two! We must now await the results of 
further research. 
There are reports that a meteorite — 
the Murray Meteorite, from Kentucky — 
has been found to contain specks of 
silicon carbide which are very old 
indeed: older than the Solar System. If 
this is confirmed, it will be of great 
cosmological importance, but again we 
must await further studies. 

The Sky This Month 
enus still dominates the early evening sky throughout 

V March this year. Its magnitude remains at —4.2, but 
it is not yet at its brightest; this will occur when the phase 
has decreased to less than half — the lesser distance from 
Earth more than compensating for the fact that less of 
the sunlit hemisphere is turned in our direction. In March 
the phase shrinks, theoretically, from 66 per cent to 53 
per cent; but during evening apparitions the time of 
'dichotomy' or exact half-phase is always early, and so 
observers will do well to estimate the phase during the 
last few evenings of March. This "SchrOter effect" (a 
name which I introduced many years ago, because the 
phase discrepancy was first noted by the German pioneer 
observer J.H. Schrater) is due to Venus' dense 
atmosphere. 
On March 6 Venus is only 2 degrees away from Jupiter, 

and this will be an event worth photographing even 
though it is not in the least important scientifically. Of 
the other naked-eye planets, Mercury will not be on view 
this month, but Saturn (magnitude +0.5) is a morning 
object, low down in the constellation of Sagittarius. 
The Moon is full on March 3, and new on the 18th. 
There is a total eclipse of the Sun on March 17118, but 

unfortunately nothing of it will be seen from Britain; to 
see it you most go on a long journey — for example the 
Philippines, the Aleutian Islands, north-west Australia, 
New Guinea or western Hawaii. The maximum length 
of totality will be 3m 46s. For the next British total eclipse 
we must wait until 11 August 1999. 
There are no major meteor showers in March, though 

we may see a few Virginids (the maximum of this shower 
is around 12 April, but at best it is very sparse). Neither 
are there any bright periodical comets on view. 
In the starry sky, we have more or less completed the 

changeover from winter to spring groups. Orion sets in 
mid-evening, leaving only part of the Hunter's retinue 
on view — notably the Twins, Castor and Pollux, and the 
brilliant Capella in Auriga. Ursa Major, the Great Bear, 
is almost overhead; follow round the 'tail' and you will 
reach Arcturus in Bootes, the Herdsman, a lovely light 
orange star which is actually the brightest in the northern 
hemisphere of the sky (its only superiors — Sirius, 
Canopus and Alpha Centauri — are all south of the 
celestial equator). Note the little semicircle of stars close 
to Arcturus which marks Corona Borealis, the Northern 
Crown. In the 'bowl' of the Crown you can usually see 
two stars with any binoculars. One of these is of 
magnitude 6.6, not far below naked-eye visibility. The 
other is the famous variable R Corona', which is usually 
of magnitude 6, but which periodically viels' itself with 
clouds of soot and sinks to a minimum so faint that large 
telescopes are needed to show it at all. One can never 
tell when R Coronce is going to fade, so it is worth keeping 
a check. It is not unique, but stars of the same type are 
very uncommon. 
Leo, the Lion, is high in the south, and is the leader 

of the spring groups; it is marked by a curved line of 
stars, making up-the so-called Sickle, of which the leader 
(Regulus) is of the first magnitude. The rest of Leo 
consists of a triangle of stars to the east of Leo. One of 
these, Denebola, was ranked of the first magnitude in 
ancient times, but is now rather below the second; either 
it has faded, or (more probably) there is some error in 
interpretation. Below Leo lies the vast, sprawling Hydra 
(the Watersnake). It is the largest constellation in the sky, 
but contains only one bright star — the reddish Alphard 
(the "Solitary One") which can be found by using Castor 
and Pollux as direction indicators. 
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SPACE WATCH 

Number 9 

Articles in an advanced state 
of preparation: 
THE ENIGMATIC ETA CARINAE 
by David Allen 
LOST CONSTELLATIONS AND 
FATHER HELL 
by Federico Manzini 
THE MYSTERY LIGHT OF VENUS 
by Richard Baum 
THE 1987 
MOUNT KAPUTAR ASTRO-CAMP 
by Jim Barclay 

THE WAY TO MARS? 

On 29 December 1987 Colonel Yuri 
Romanenko, of the USSR, returned 
safely to Earth after having spent a 
record 326 days on the space-station Mir. 
Together with his fellow cosmonaut, 
Alexander Alexandrov, he came down in 
Soviet Kazkhstan, well on schedule. The 
two cosmonauts who have taken over on 
Mir —Vladimir Titov and Musa Manarov 
— expect to remain on the station for 
most or all of 1988. 
It is an open secret that the Russians 

are thinking very seriously about a 
manned  mission  to  Mars,  and 
Romanenko is on record as saying that 
this lbng space mission has brought Mars 
'closer'. It could well be that the 
Russians will reach for Mars without 
having landed a man on the Moon — 
though of course this is little more than 
guesswork. Meanwhile, what are the 
prospects for Mars? 
Though the Soviet instrumentation is 

in many ways inferior to the American, 
there can be little doubt that on the 
whole  they are  now much more 
advanced in space — particularly in view 
of the new troubles with the US Shuttle. 
(How well I remember Wernher von 
Braun telling me that he would never 
willingly use solid fuels for launching a 
man into space!) So far as Mars is 
concerned there is every reason to 
suppose that the electronics techniques 

are fully adequate. So, probably, is the 
guidance, though it must always be 
remembered that Mars is a very different 
proposition from the Moon; it is much 
further away, does not keep close beside 
us as we travel round the Sun, and 
provides no chances for a 'quick return', 
as happened with Apollo 13 when there 
was an explosion on board the space-
craft during the outward journey. On the 
other hand. Mars does almost certainly 
have a supply of H20, locked up as ice, 
and the surface gravity is much greater 
than that of the Moon. The main 
problem is the fact that the thin, 
carbondioxide atmosphere is of very 
little use so far as men are concerned. 
Were these- the only hazards, there 

might be no reason why a Mars mission 
should not be feasible within the next 
decade or two — but there is another 
point to be borne in mind: the human 
body. Can a man (or, for that matter, a 
woman) endure long periods of zero 
gravity without suffering permanent 
harm? 
The Russians have taken all possible 
precautions (exercise, for example), but 
there are some factors outside their 
control, and one of these is a possible 
deterioration in a cosmonaut's bone 
structure. This is certainly one reason 
why cosmonauts have been left on Mir 
for protracted periods. What effects 
there have been on Romanenko we do 
not know at the time when I write these 
words, though he seems to have felt 
reasonably fit when he landed, and 
mentally he was in perfect condition. It 
may well be that he will provide 
invaluable clues when his state of health 
is monitored over the next few months. 
So — will we get to Mars? I believe we 

will, within the next half-century and 
probably well before.  If we fail, 
however, it will be due to human 
physique — not to electronics! EU 
The drawing of Mars was made by 
Paul Doherty and is from an article 
on observing the planets in the 
February 1988 issue of Astronomy 
Now. 

Astronomy Now 
April 1988 

plus a host of regular features 
including: 

The Night Sky 
Sky Watch Down Under 
Picture Gallery 
Foreign News 
News Update 
Society News 
Your Views 
Book Reviews 

Also, he ever-popular Newcomers' 
Guide for beginners to astronomy 
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TECHNOLOGY FEATURE 

SEMICONDUCTORS 
PART 5: POWER MOSFETS 

BY ANDREW ARMSTRONG 

C MOS, VMos, DMos 
The versatility of mosfets means that their range of applications is 
expanding faster than that of other discrete semiconductors, especially 
for small high frequency signals and large power-handling functions. 

In part 4 we looked at some of the characteristics and applications of 
junction fets. Here we shall look at what 
I think is the most interesting area of 
discrete semiconductors, mosfets. This 
generic term covers a wide range of 
device types, including dual gate mosfets 
intended for use as small signal uhf 
amplifiers, and high power devices 
capable of switching tens of amps and/or 
hundreds of volts. 

CASCODE 

First of all, however, there is one more 
junction fet application to cover. The 
circuit configuration is cascode, and it 
has the advantage of leading on neatly 
to dual gate mosfets. Fig.47 shows an 
example of a cascode rf amplifier circuit. 
In this circuit, the input signal is isolated 
from the output signal because they use 
different fets. This means that the output 
signal cannot affect the input signal via 
the miller (drain to gate) capacitance of 
the fet. 
Such signal feedback can reduce the 

gain at moderate frequencies, as well as 
reducing the apparent input impedance, 
but at vhf and uhf the phase shift in the 
fet and circuit can be enough for the 
miller feedback to cause oscillation. This 
effect can be tuned out by extra 
controlled feedback, at least over a 
limited frequency range. This technique, 
known as neutralisation, has been used 
both for valve and fet circuits, and is 
probably best known by radio amateurs 
who have built hf linear power amplifiers 
or two metre converters in times gone by. 
More advanced two metre converters 

used a cascode circuit to avoid the 
problems of adjusting the neutralisation, 
and nowadays would almost always use 
a dual gate mosfet such as the BF981. 
Fig.48 shows an rf amplifier with an 
equivalent function to that of Fig.47, but 
using a BF981 dual gate mosfet. 
In this circuit, you will notice that 

there are small value resistors in series 
with the decoupling capacitor on the 
second ground. The test circuits in 
semiconductor data books normally 
show a decoupling capacitor without a 
series resistor, but in practice, with a 
tuned load connected to the drain, the 
circuit is likely to oscillate. This effect is 
apparently  a function  of internal 

Mg 47. Typical cascode rf amplifier 

Mg 48. Typical dual gate mosfet 
rf amplifier 
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Fig 49. (Above) Equivalent circuit to BF981 
Fig 52. (Right) Low impedance source amplifying 

capacitances of the device causing an 
apparent negative resistance in series 
with gate two. This oscillates due to stray 
capacitance from the drain load unless 
the negative incremental resistance is 
cancelled by a positive resistance. 

MULTIPLICATION 

The second gate of the dual gate 
mosfet does not have to be decoupled 
to earth. The bias voltage applied to this 
gate controls the gain of the device, and 
the effect is approximately linear over a 
limited range. The obvious application 
of this effect is to carry out agc gain 
control in a radio receiver, and dual gate 
mosfets are used in just this way. Gain 
reduction by this method can prevent a 
strong signal from being amplified so 
much as to overload the next stage, but 
it cannot prevent overload of the stage 
being controlled. It is a useful technique, 
but cannot substitute for a switched 
attenuator in conditions of very high 
local signal. 
Another slightly less obvious use for 

gate two is to inject local oscillator signal 
in the mixer stage of a radio receiver. 
This is slightly less obvious, but ideally 
a mixer should be linear with respect to 
the input signal and the local oscillator, 
so as not to generate harmonics and 
cause crossmodulation, noise modulat-
ion, and other problems. It should, 
however, multiply the two signals so as 
to produce sum and difference signals. 

Sin(w1) X sin(w2) = V2 
X (COS(W1 —w2)—cos(wl +w2)) 
in the ideal case. 

The dynamic range is limited, so that 
this is not always suitable for the first 
mixer of a communications receiver, but 
for the second mixer (eg to convert 10.7 
to 470 kHz) it is very useful. 

CHARACTERISTICS 

The BF981 is a particularly useful 
mosfet for amateur rf construction, so I 
have included more information on it. 
Fig.49 shows an approximate equivalent 

circuit for the device. The capacitances 
shown behave as you might expect, but 
the  resistances  are  dependent  on 
frequency, with an effectively infinite 
value at dc. The resistances, determined 
at a particular frequency from graphs 
showing input admittance and output 
impedance, are due to a combination of 

Fig 50. Bias voltage against current 

Fig 51. Drain characteristics 

the limited operating frequency of the 
device and its internal stray feedback 
effects. 
Further information for the would-be 

designer is given in Fig.50 and Fig.51, 
which show the mutual conductance 
curve and the drain characteristics 
respectively. As is clear from the graphs, 
this mosfet is a depletion mode device, 
which seems to be a characteristic 
common to most rf mosfets. 
The curves in Fig.50 show that the bias 

voltage to produce any given current can 
vary from device to device by 1.2 volts, 
over which range the drain current 
changes  by  approximately  10mA. 
Clearly, a fixed bias voltage between 
gate  and  source  would  not  be 
appropriate,  and  some  means  of 
stabilising the bias would be required. 
The circuit of Fig.48 demonstrates this. 
The voltage across R5 is approximately 
12V, and fet bias voltage variations will 
change this by less than 10% from device 
to device. 
Sometimes, for example to achieve 

the lowest possible noise figure in 
amplifying the signal from a low 
impedance  source,  it  can  be 
advantageous to feed the signal into the 
source terminal of the mosfet, as 
illustrated in Fig.52. In this case it is 
important  to  know  the  source 
impedance. 
Forgetting any reactive effects, which 

are usually small, the resistance looking 
into the source is determined by how 
much the source current changes for a 
given change of source voltage, ie the 
Yfs figure in the data book. The Yfs is 
quoted as 10mA/V (min) and 14mA N 
(typ). No maximum figure is given, but 
it would be safe to assume that few 
devices if any will exceed a gain of 
20mA N 10mA N corresponds to 100fl, 
and 14mA N to 71.4f/ so the source will 
provide a reasonable match to a 75f/ 
signal source. 

POWER MOSFETS 

To delve further into the intricacies of 
rf design using dual gate mosfets would 
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only be warranted in the design of a 
project, so now we will turn to look at 
power mosfets. For the purposes of this 
feature, I am defining power devices to 
include small mosfets such as the VN10, 
because these devices are often used in 
ways more concerned with power 
switching  and  control  than  signal 
amplification. They are, at any rate, in 
a very different category from dual gate 
mosfets for rf use. 
Several different types of power 

mosfets are available, and are intended 
for different purposes. Fig.53 compares 
vmos and dmos device structure with a 
four layer bipolar transistor. As well as 
showing general device structure, this 
comparison shows that power mosfets 
include both an antiparallel drain-source 
diode and a parasitic bipolar transistor 
in their structure. 
The diode is often a useful addition to 
the device, and its current and switching 
time is specified in some data sheets. 
The transistor, on the other hand, is 
completely  unwanted.  Under most 
circumstances it cannot be biased on, 
and in any event its gain is very low, but 
it can cause trouble in some switching 
circuits, where charge storage can cause 
an unwanted conduction path for a brief 
period. Normally, however, it can be 
ignored. 
Both vmos and dmos devices have a 

relatively low gate capacitance and a 
correspondingly high on resistance. 
Producing devices with a lower on 
resistance almost inevitably results in 
higher capacitance. For example, the 
VN67 vmos fet has an input capacitance 
(Ciss) of 50pF, and a reverse transfer 
capacitance (Crss) of 10pF. Its RDs  (on) 
is Mkt. The IRFZ30 hexfet has a Ciss 
of 1600pF and a Crss of 200pF. It takes 
much more drive current to switch this 
latter fet quickly, but its RDs  (on) is 
0.05f/. 
The structure of a hexfet is shown in 
Fig.54. The typical hexfet has a large 
array of hexagonal elements, with a 
correspondingly large gate area. Note 
the use of a polysilicon gate rather than 
the metalised type used in vmos fets. It 
would be more difficult to deposit a 
metal gate to the required accuracy than 
to diffuse a layer of silicon. 

OTHER POWER FETS 

There are a couple of other sub-genres 
of power fets which are of interest. The 
first is typified by Ferranti's ZVN and 
ZVP range of devices. These devices 
have a vertical dmos structure, and are 
available in a range of packages from 
E-line to T03. The E-line devices are 
suitable for such purposes as switching 
lamps and relays when driven from 
cmos, in situations when darlington 
transistors would otherwise be required. 
They can also be used effectively for 
small switched mode power supplies and 
voltage converters. The ZVN0106A, 

Fig 53. (Above) 
Junction transistor, 
VMos and DMos 
comparison. 
L-R: 4-layer bipolar 
transistor, VMos fet, 
vertical DMos fet. 
IFlg 54. (Right) 
Hezfet structure. 
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TABLE 4 FETS 

Type No.  gfs(min)  Idss mA  Vgs(off)V  Ciss  Crss  Chan- COMMENTS 
mS  min  max  min  max  pF  pF  nel 

junction fets 

2N3819  3  2  20  -.7  -6  8  4  n Gen purpose 

BF245B  3  6  15  -.25  -8  4  1.1  n Tighter spec 

2N3820  0.8  0.3  8  32  p complement 

MPF102  2  2  20  -0.5  -7.5  7  3  n vhf/uhf mixers 

BFW11  3  4  10  6  5  0.8  n low noise 

mosfets 

BF981  10  4  25  -2.5  2.1  30fF  n Dual gate vhf 

Power mosfets (enhancement) 

Rds  Id  Vgs 
(on)  (on)  (th) 
Ohms A  mm  max 

VNIOLM  200  5  0.75  0.8  2.5  60  5  n 60V 

VN67A  170  3.5  1.5  0.8  2.5  50  10  n 60V 

ZVN0106A  250  4  0.32  0.8  2.4  75  25  n 60VE line 

ZVP0106A  150  5  0.28 -1.5  -3.5  75  45  p 60V1ine 

IRF530  4000  0.18  14  2  4  800  150  n 100V 

IRF830  2500  1.5  4.5  2  4  800  200  n 500V 

1RF9530  2000  0.3  -12  -2  -4  700  200  p 100V 

IRFZ30  9000  0.05  30  2  4  1600  200  n 50V 

Key gfs = transconductance 

Idss = zero gate voltage drain current 

Vgs(off) = voltage at which drain current 

declines to leakage level 

Ciss = input capacitance 

Cm = reverse transfer capacitance 

Rds(on) = fully saturated drain source on resistance 

Id(on) maximum on drain current 

Vgs(th) = conduction threshold 

(for enhancement device) 
fF = femto farads 

mS = milli siemens 

which is included in Table 4, is a good 
;xample of this type of mosfet. 
A fairly new device (introduced in the ' 
ast year) is the HEXsense current ' 
;ensing power mosfet. In this device, a 
ew of the cells have a separate source 
7.onnection. Because they are on the 
;ame die, and have the same electrical 
tharacteristics and operating tempera- 
.ure, the current flowing in these cells is 
in accurate fraction of the total device 
:urrent. This lower current can be 
neasured with a much lower oower dis-
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sipation than by measuring the whole 
device current. A typical current sense 
ratio if 1:1500. 
A major application of HEXsense 

devices is likely to be in switched mode 
power supplies, where the switch current 
must be monitored. The linearity is not 
good enough to provide the only source 
of feedback in audio amplifiers, but the 
devices should be ideal for servos in 
which there is an overall control loop. 

POWER CHARACTERISTICS 

One obvious application for power 
mosfets is in switched mode power 
supplies. In this application, mosfets 
have one major advantage over bipolar 
transistors, in that they can be connected 
in parallel to increase the overall current 
capability without the need for current 
sharing resistors. If two similar mosfets 
are connected in parallel and driven with 
adequate voltage to make them switch, 
then a reasonable overall current rating 
for the circuit is 80% of the sum of the 
ratings of the parallel devices. This 
applies to larger numbers of parallel 
devices, though statistically there will be 
a greater safety margin if the 80% figure 
is used with larger numbers. 
The reason for this is quite simple. 

While bipolar transistor have a positive 
temperature  coefficient  of current, 
which is to say that collector current 

MOSFET OPERATION IN THIS AREA 
MAY BE LIMITED BY Rds low 

1 
Fig 55. Safe operating 
areas of typical power 
bipolars and fets. 

MAXIMUM 
POWER 

DISSIPATION 

"SECOND BREAKDOWN 
AREA OF BIPOLAR 
TRANSISTOR 

nicreAses as temperature increases, fets 
operate in the reverse manner. The value 
of 1Z13- (on) increases with temperature, 
so that if one device in a parallel 
combination passes more than its share 
of the current it will warm up and its 
resistance will increase relative to the 
other fets in the circuit. Thus any 
imbalance of current is self limiting. 
A factor which is helpful when 

designing power linear circuits is the 
absence of second breakdown in power 
mosfets. The operating conditions are 
limited by the maximum voltage rating 
at one extreme, the maximum current 
• rating at the other, and otherwise only 
by power dissipation. This is illustrated 
by Fig.55, which compares the safe 
operating areas of typical power bipolar 
and field effect transistors. 
To understand why power mosfets are 

better, imagine a large area power device 
(fet or bipolar) as a number of tiny 
devices in parallel. Bipolar transistors 
tend to share current unevenly, and 
destroy the highest gain device, while 
fets share current more evenly. The same 
effect occurs over the area of a large 
device, just sufficiently to generate hot 
spots in the collector bias junction which 
break down destructively at a lower 
voltage than the normal maximum 
voltage rating. When you think about it, 
it is surprising that second breakdown is 
not a worse problem than it actually is. 
That concludes this episode in the 

semiconductor saga. Next month I 
intend  to  cover  mosfet  circuit 
applications, and may be able to include 
an  audio  power  amplifier  "mini 
project." There will also be a number of 
useful circuit building blocks. 

, 
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125V  On 
40298 0.35 450713 0.32 40117 2.42 741591 0.60 7405248 0.52 7415882 2.45 7400173 0.06 7414[4078 0.33 14881  0.65 

y a wn 
40308 0.15 45088 070 40147 2.74 740592 036 7405249 0.02 7415683 2.70 74110174 0.44 74804511 0.99 14891  0. 

02.53)  858 
403113 0.95 45108 032 40174 0.54 742,593 012 7405251  0.34  7415684  2.70  74/1C175 0.44 74404514 1/0 140885  1.05 

27056"26 
403213 0.54 451113 0.33 40175 0.75 74/595 0.47 7405253 0.34 7405685 2.70 74410150 0.52 74804538 1.08 1408946  3.05 

1259  520 
40330 080 45128 040 40192 054 741596 0.60 74/5256 012 7415686 3.30 740[192 0.76 74/4C4543 1.62 65221  330  

2705615 
403413 010 45138 ITO 40193 054 7415107 0.32 7415257 0.42 741.5687 2.70 7400193 050 69021  7.95 

204  520 
403513 045 45148 0.66 40154 064 7415109 0.32 7405258 342 7415783 14.64 74440194 0.54 74HCT 

6809P  ppp 
27050.35 

40 368 
40370 

40 388 

1.80 

123 

0.44 

45158 
451603 

45178  

018 

038 

1.09  

40195 
40244 

40245  

0.82 

316 

136  

74/5112 
7405113 

7415114  

0.32 

0.32 

0.32  

742,5299 

7415260 

742,5266 

0.51 

0.41 

021 

741.5785  1940 

7414C SERIES 

7414[195 

7400237 
74410240 

0.54 
0.58 

0.49 

SERIES 

1 P 

6821P  194 

680231  4.50 

68407  3.90 

218  520 

270512.15 

12.5V  1365 
40396 1.88 45188 0.38 40257 1.36 7415322 0.40 74 /5273  064  7400241 056 7490700 0.32 65450  7. 

'W W1 '  .15  
40408 0.33 45198 030 40373 1.10 7415123 0.42 74/5279 0.44 E p 7400242 0.63 740[702 0.32 71301.10044  19.60 

404113 

40428 

0.38 
030 

45208 
45218 

038 

0.90 

40374 1.10 7405125 
7415326 

035 
0.35 

742,5260 

741.5283 
120 
0.54- 

7431000 

7441002 

0.14 

0.14 

74HC243 

7400244 

068 

0.49 

74140703 

7040704 

0.49 
0.32 

74,607874P  4.20 

75176444  2.26 CRYSTALS 

4043B 036 45228 045 74/5132 025 7415290 0.41 740003 0.14 7400245 0.53 7490708 0.32 800854.285  13.70 317881065 

404413 
40456 

0.38 

0.79 

45268 
4527B 

0.40 

0.44 
74LS SERIES 7415133 

74/5136 

0.35 

0.35 

7415293 
741.5295 

0.41 

0.99 

746094 

740[004 

0.35 

024 

7480251 
74HC253 

0.27 

042 

74110710 
7480111 

0.32 

032 

80086A0.2  24.90 

82054 2316142  530 
28 66m  065 
3540230 

40468 045 45218 940 E p 7405337 0.76 74052913 0.72 749005 0.36 748C257 048 7400714 0.54 82059.4.285  450 185102  1.50 

40476 0.45 45298 061 76.500 014 74153313 0.36 742,6299 1.46 740008 024 7411C258 0.59 7400120 0.34 

40488 0.30 4531B 0.60 740501 0.14 7405139 0.38 041.5301 5.84 740010 024 7400259 0.99 7400721 0.32 

40491.10 020 45320 0.52 741502 0.15 1415645 0.76 7415322 1.80 749011 014 74110273 0.49 74110727 0.63 

40508 020 45344 263 741.503 015 7415147 1.12 741.5323 1.63 7441014 033 74802 98 0,81 74140730 0.41 PLEASE PHONE FOR ITEMS NOT LISTED 

405113 017 45368 312 740504 0.15 T415148 0.85 7415324 325 7411020 0.24 74110299 1.28 7480132 0.32 PLEASE ADD 70p 4482 and 15% VAT. Gov, 

40528 0.37 45388 065 741505 0.15 7415053 0.32 7415347 2.47 7411021 0.24 74110304 0.42 7411C162 0.58 0011 1500 414 orders welcome. Quotations 

40538 0.22 45358 065 741508 0.15 741.5153 0.40 7415348 1.54 740C27 024 7490356 0.51 74O0173 0.49 given tor large puan6ties. We supply only 

40548 0.82 4541B 0.58 741909 0.24 741 5154 0.94 7415352 0.103 741.1C30 0.24 7400365 0.44 7400774 045 brand new components 

40550 0.56 454313 043 741510 015 741 5155 0.40 7415353 0.90 7411C32 024 74140366 0.44 74H0775 054 Stock items by return 01 Post 

40568 0.56 45478 1.31 741511 015 7415156 0.44 7415365 0.21 7411C42 014 7400367 0.44 7400785 0.76 012e530,  VIEWCOM ELECTRONICS 
405913 191 45496 4.06 741.512 015 7415157 0.59 741.5366 037 7411051 0.24 74140368 0.44 74H0T86 0.54 77 R d W Upperton  oa  est 
40608 
40638 

0.39 
0.47 

45518 
45538 

080 
1.40 

74 /513  
741.514 

0.28 
0.19 

7415158 

7415160 

0.34 
0.48 

7415367 
7405368 

037 
0.37 

740058 
7414073 

024 
0.31 

74110373 

74/10374 

0.53 

0.69 

74007123 

74907132 

0.78 
0,70 P1a1 stow, London E13 SLT 
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Ell-PAK BARGAINS 
THE UNDISPUTED PACK KING FOR OVER 20 YEARS, we offer you the very best in Electronic Components and Semiconductors that your money can buy. Look at our lists and prices, 
they are unbeatable in value and quantity and you always have our 'Satisfaction or money book guarantee. For 1988 we offer more and more Super Value Packs. All goods advertise 
in stock at time of going to press. Please not our new mail order address: BI-PAK. P0 BOX 33, ROYSTON, HERTS, S08 5DF, Telephone orders: 076348851. 

Pak  RESISTORS 
No  Oty Description 
VP1  300 Assorted Resistors, mixed values and types   
VP2  300 Carbon Resistors, 1/2 1/2 watt, preformed, mixed   
VP4  290 1/2-1 watt Resistors, mixed values and types   
VP16  50 Wirewound Resistors, mixed wan values   
VP140  50 Precision Resistors, 1% tolerance   
VP181  100 1 and 2 wan Resistors, assorted values   
VP287  100 Close tolerance Resistors, .05-2%, 10-910 ohms, mixed 
VP288  100 Close tolerance Resistors, .05-2%, 10-1320K, mixed   
VP289  100 Metal oxide high stab. Resistor, Vow 7%, mixed values 

CAPACITORS 
VP5  200 Assorted Capacitors, all types   
VP6  200 Ceramic Capacitors, min. mixed values   
VP9  100 Assorted PolyesterMolystyrene Capacitors   
VPIO  60 C280 Capacitors, metal foil, mixed values   
VPII  50 Electrolytics, all sorts   
VP12  40 Electrolytics, .470-150mf, mixed volts   
VP13  30 Electrolytics, 150m1-1000mf, mixed volts   
VP14  50 Silver Mica Caps, mixed values   
VP15  25 .01/250v Min. Layer Metal Caps   
VP180  25 Tantalum Bead Caps, assorted values   
VP182  4 1000uf 50v Electrolytics   
VP192  30 Min. Electrolytics, mixed values, .47m11000ml 6/160   
VP193  6 Sub MM, Electrolytics, 20 100012200/3300mt 10/160   

OPTOS 
VP24  10 .125" clear lens showing Red LED's   
VP25  10 Mixed shape and colour LED's   
VP26  15 Small .125 Red LED's   
VP27  15 Large .7 Red LED's   
VP28  10 Rectangular .7 Red LED's   
VP57  25 Opto Special Pack Assorted, super value   
VP130  6 RED 7 Seg. CC 14mm x 7.5mm RDP E5D353 LED Display   
VP131  4 GREEN 7 Seg. CA.6' LDP 0496520 LED Display   
VP133  6 RED Overflow .6' 3 x CA 3 x CC 6630/50 LED Display   
VP134  5 GREEN Overflow .6' CA XA56530 LED Display   
VP138  20 Assorted LED Displays. Our mix, with data   
VP147  1 Pair Opto Coupled Modules   
VP199  4 LD707R LED Displays, CA   
VP203  15 Triangular shape LED's, mixed colours   
0P204  10 Large Green LED's, 5mm   
VP205  10 Small Green LED's 3mm   
VP206  10 Large Yellow LED's, 5mm   
VP207  10 Small Yellow LED's, 3mm   
VP208  10 Large LED's clear showing Red, .2'   
VP241  2 ORP12 Light Dependent Resistor   
VP242  3 Tricolour LED's, 5mm dia., 5mA 2v, ROY.   
VP243  3 Tricolour LED'S, Rectangular 5mm,. R.G.Y.   
VP266  10 Orange LED's, 5mm large   
VP267  8 Stackable LED's. Rectangular, mixed, ROY   
VP268  15 LED Panel Mounting Clips, metal and plastic. 3-5mm   
VP269  2 Red Flashing LED's, Seem   
VP284  2 Opto-lsolator IL744827, single   
VP285  1 Dual Opton-Isolator ILD74   

Pak  DIODES & SCRS. 
No  Qty Description 
VP29  30 Assorted volt Zeners. 50mw - 2w   
VP30  10 Assorted volt Zeners. 10w, coded   
VP31  10 54 SCR's TO66, 50 - 400v, coded   
VP32  20 3A SCR's 1066, up to 400v, uncoded   
VP33  100 Sit Diodes like 1314148   
VP34  200 Sit Diodes like 04200/ W13-16, 400 200mA   
VP35  50 14154000 Diodes, all good, uncoded, 50v min   
VP49  30 Assorted Sit Rectifiers 14-104, mixed volts   
VP141  40 104002 Sil. Rectifiers IA 100v, preformed pitch   
0P142  4 404 Power Rectifiers, silicon, T048 300 PIV   
VP143  5 8Y187 12KV Sil, Diodes, M carriers, 1.5MA   
VP184  3 40 400v irises, plastic   
VP187  10 SCR's 800MA, 200v, 205064, plastic, 1092   
VP194  50 0491 point contact germanium Diodes, undcoded   
VP195  50 0447 gold bonded germanium Diodes, uncoded   
VP196  50 0470-79 detector germanium Diodes   
VP197  50 0490 type germanium Diodes, uncoded   
VP198  40 6A/48 Oil. Diodes, 350v 2A, fast recovery   
VP222  20 3A Stud Rectifiers, 50-400v, assorted   
VP274  12 SCR's rthyristors) 14 100-400v, 10-39   
VP275  3 5A 4000 SCR's, 10220, TIC106D   
VP276  5 SCR's standard type, 5-16Amp to 4000   
VP277  4 Triacs 2Amp 400v 10-39   
VP278  4 6Amp 1000y plastic Silicon Rectifiers   
VP283  5 Disc 68100, trier trigger   

TRANSISTORS 
VP38  100 Sit Transistors, NPN plastic, coded, with data   
VP39  100 Sit Transistors, PNP plastic, coded, with data   
VP47  10 Sil. Power Transistors, similar 203055, uncoded   
VP48  5 Pairs NPN/PNP plastic Power Transistors, 4,5. data   
VP50  60 NPN Sil. Switching Transistors, 10-18 and 10-92   
VP5I  60 PNP Sit Switching Transistors, TO-18 and To-92   
VP60  100 All sorts Transistors, NPN/PNP   
VP150  20 13C18313 Sit Transistors, NPN 30v 200mA Hfe240+ 1091 
VP151  25 8C17113 Sit Transistors, NPN 45v 100mA Hfe240+ 1091 
VP152  15 11S90 Sit Transistors, NPN 406 400mA Hfe100+ 1092 
VP153  15 11091 Sil. Transistors, PNP 40v 400m4 Hfe100+ 1092  
VP154  15 MPS456 Sil. Transistors, PNP 80v 800mA Hfe50+ 1092 
VP155  20 80095 Sil. Transistors. NPN eqvt 8E184 H.F. 1092   
VP156  20 8E495 Sil. Transistors, NPN eqvt 8E173 H.F. 1092   
VP157  15 ZTX500 series Oil. Transistors, PNP plastic   
VP158  15 210107 Sil. Transistors, NPN eqvt BC107 plastic   
VP159  15 210108 Sit Transistors, NPN erryt 8C108 plastic   
VP161  25 BC183L Sil. Transistors, NPN 30y 200mA 1092   
VP162  5 SJE5451 Sil. Power Transistors, NPN 80v 44 Hfe20+   
VP163  2 NPN/PNP pairs Sit Power Transistors, like SJE5451 
VP164  4 256289 Oil. Power Transistors, NPN 40v 40w 7A Hfe30+ 
VP165  6 8E133 NPN Sit Transistors, 80050 Hfe50-200 1039   
VP166  5 61E134 NPN Oil, Transistors, 100v 54 Hfe50-200 T039. 
VP167  1 BUY69C NPN Transistors, 

103 VCB 500, 10A, 100w, Hfel5+   
VP168  10 8C478 owl BCY71 PNP Sit Transistors. 7018   
VP169  10 80021 erivt 8C394 NPN Sit Transistors, 80v 50mA 1018 
VP170  10 Assorted Power Transistors, NPN/PNP coded and data 
VPI71  10 BF355NPN TO-39 Sit Transistor, eq./18E258225v 100mA 

Price 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.50 
E1.50 
E1.50 

E1.00 
E1.00 
E1.00 
E1.00 
E1.06 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 

£1.00 
E1.00 
E1.00 
Et*/ 
£1.00 
E3.00 
E2.30 
E2.00 
E2.00 
MOO 
E5.00 
E0.60 
E1.00 
E1.170 
11.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.50 
E1.00 
£1,00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 

Price 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
61.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
Et® 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 

E3.00 
11.01 
E1.130 
E1.00 
£1.136 
E1.66 
ELM) 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00. 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
£1.00 

E1.00 
E1.00 
E1.00 
E1.00 
E1.00 

Pak  TRANSISTORS 
No  Qty Description 
5P172  10 SM1502PNP 70-39 Sil. 

Transistors, 100v 100mA Hfe100+   
VF"200  30 0071 type germanium AF Transistors, uncoded   
VP201  25 0C45 germanium RP Transistors   
VP26I  4 Programmable Uni junction Transistors, MEU22   
VP270  10 FETs UHF/VHF Amplifiers, switching & choppers, data   
VP271  10 FET's general purpose like 253819-2145457, data   
VP272  10 MOS-FET's Signetics, 5D304   
VP280  12 213300 NPN Silicon Transistors   
VP290  15 MPS406 Oil. Transistors. NPN 80v 500mA HFE50+1092   
VP428  10 AC128K PNP Germanium Transistor, IA 320   
5P429  10 AC176K NPN Germanium Transistor, IA 320   
VP430  4 253055 Sit Power Transistors, full spec   
VP431  25 PNP Sit Transistors, TO-39 like 2529054   

VP40  40 TTL I.C.S. all new gates - Flip Flop - MSI, data   
VP54  10 Assorted LC. OIL Sockets, 8-48 pin   
VP59  10 Assorted I.C.s linear, etc, all coded 
06209  12 74L000   
VP210  12 74574   
VP2111  10 CD400113   
VP212  10 CD4011 B   
VP214  10 CD406961   
VP215  10 741P 8 pin   
0P216  10 555 Timers 8 pin   
0P223  50 Asst 741111.C.s 'ALLGATES' 

new & coded our mix 7400-7453   
VP224  100 Asst 74 TTLI.C.s 'ALLGATES' 

new & coded our mix 7400-7453   
VP282  Frog. Sound Gen. Chip. AY-3-8912 
06291 
VP292 
VE733 
1/P294 
VP295 
VP296 
VP297 
VE298 
VP299 
VP400 
VP401 
VP402 
VP403 
VP404 
VP432 
VP433 
VP434 
VP435 
VP7413 
VP7440 
VP7470 

VP7480 
061481 
VP7490 
VP7491 
067492 
067493 
067494 
VP7495 
VP74111 
0674141 
VP74151 
VP74153 
VP74164 
VP74167 
VP74174 
VP74181 
VP74193 

0674279 
BPX6 

BPX5 

BPX4 

Z30ACPU Microprocessor. 40 pin DL   
2804P10 Parallel Interface Controller, 40 pin DIL  
MOACTC Counter Timer Circuit, 28 pin DIL   
2732D 32K Eprom   
6821P Peeripheral Interface Adaptor IPIA1   
LM324 14 pin OIL Quad Op-Amp   
CA3130E MOO-FET I/P, CMOS 0/P, Op-Amp   
MC1310P Stereo Decoder, 14 pin DIL   
C03085 Pos. Volt. Regulator, 1.7v - 46v, 8 pin 105 
27128 128K Eprom   
LM3171 Adjst. Voltage Regulator, 1.50   
21144K Static Ram   
TA7204 Audio Amp LC. 4.2w, 120,24 ohms   
T80461 Audio Power Amp, 4.5w   
CD4016B   
CD401761   
C0402413   
CD4028B   
7413 Dual Nand Schmit Trigger, 4-input   
7440 Dual 4-input, Positive-Nand Buffer   
7470 And-gated Positive-edge-triggered 
Flip Flop with preset   0.00 
7480 Gated full Adder   01.00 
7491 16-bit Random Access memories   0.00 
7490 Decade Counter   £1.00 
7491 8-8i1 Shift Register   fI.00 
7492 Divide by 12 Counter   £1.00 
7493 4-bit Binary Counter   £1.00 
7494 4-bit Shift Register   £1.00 
7495 4-bit Shift Register   0.00 
74111 Dual J-K Master Slave, Flip-Flop   
74141 BCD - Decimal Decoder/Driver   £1.00 
74151 1 of 8 Data Selectors/Multiplexers   £1.00 
74153 Dual 4 line to 1 line Data Selectors/Multiplexers  £1.00 
74164 8-bit Parallel Output Serial Shift Registers   0.00 
74167 Synchronous Decade Rate Muhipliers   £1.60 
74174 Has D type Flip-Flops   £1.00 
74181 Arithmetic Logic Units/Function Generators   £1.00 
74193 Synchronous Up/Dow Dual ClockCounters. 
Binary Clear   £1.00 
74279 Quad GEI Latches   £1.00 
TTL Data Book 74 Series, including "LS". 
Complete with Pin out diagrams. 740674670. 
111 interchangeability guide. Function selection 
guide and explanation of function tables. "NO VAT" . . . £1.00 
IC555 PROJECTS BOOK ITIMERI.167 pages. Over 50 
project circuits to build and other information on IC555 
Timers. Plus FREE with our compliments, 3s IC 555 Timer, 
worth 80p. Special offer price just 1295  "NO VAT" 
INTERNATIONALTRANSISTOR EQUIVALENTS GUIDE, 
Babani Publishing's latest edition BP135, plus FREE with our 
compliments, 10 popular Silicon Transistors,worth 01.00 
Special offer price just £3.50  NO VAT" 

Price 

E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
61.00 
E1.00 
EI.00 
61.00 
E1.00 
E1.00 
E1.170 
E1.00 

MISC. 
VP17  50 Metres PVC single strand Wire, mixed colours   
VP18  30 Metres PVC multi strand Wire, mixed colours   
VP19  40 Metres PVC single/mufti stand Wire, mixed colours   
VP22  200 Sq. Inches total Copper Clad Board   
VP23  10 40mm Track Slider Pots. 100K Lin.   
VP42  10 Black Heatsinks, fit TO3 and 10220, drilled   
VP43  4 Power-fin Heatsinks, 20 103, 2 x1066   
VP44  15 Assorted Heatsinks, 101/3/6/16/220   
VP56  100 Semiconductors from around the world, mixed   
0682  Electronic Buzzer, 20. 25MA   
VP83  Electronic Buzzer, 60, 25MA   
5P84  Electronic Buzzer, 9v, 25MA   
5005  Electronic Buzzer, 12v, 25MA   
VP136  TECASBOTY Components Pack, semiconductors, 

caps, wire, etc   
VP87  Telephone Pick-up Coil with 3.5mm jack plug   
VP138  Pillow Speaker with 3.5mm jack plug   
VP107  Piezo Buzzer, miniature, 12v   
VP108  Piece Buzzer, miniature, 240v   
VP113  Coax Antenna Switch, 2 way   
VP114  Coax Antenna Switch, 3 way   
VP115  High Pass FiltenSuppressor, CB/'IV   
VP116  Low Pass Filter, VHS/TV band   
VP122  Precision Morse Key, fully adjustable   
VP144  WOK Lin multi turn Pots, ideal vari, cap. tuning   
VP145  1 Assorted Pots, ic dual and switched types   
VP148  30 Presets, horizontal and vertical, mixed values   
VP174  5 OIL Switches, 1 and 2 way slide, 6 way SPST, assorted 
VP176  30 Fuses. 20mm and TX glass, assorted values   

E4.00 
f2.50 
£100 
E2.00 
62.90 
E2.90 
E2.00 
62.00 
MOO 
E2.00 

E6.00 

£10.00 
MOO 
MOO 
E2.00 
MOO 
E3.00 
E1.50 
E1.00 
E2.00 
E2.00 
62.00 
E2.50 
E1.00 
E2.00 
E1.00 
E1.50 
E1.00 
E2.00 
E2.00 

E1.00 
E1.00 

E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E4.00 
E0.95 
E0.95 
E0.95 
E0.95 

0100 
E1.25 
E1.45 
E1.25 
E1.25 
E4.50 
E4.75 
E0.50 
E3.00 
E1.85 
E1.00 
E1.00 
E1.00 
E1.00 
£1.00 

Pak 
No 
VP177 
VP178 
VP223A 
VP225 
VP226 
VP227 
00028 
VP232 
VP233 
VP244 

vmso 

VP2604 

VP273 
VP281 

MISC. 
Oty Description 

Pack assorted Hardware, nuts, bolts, etc   
Assorted Battery Holders and Clips, P00/9, ARM, etc   
Tag Boards, 18 way paxaline   

2 DIN Plugs, plastic 2-8 pin, 180'1248°/360 mixed ..... 
2 DIN Chassis Skis, metal 2-8 pin 2817/2401360' mixed   
1 DIN In-Fee Ws, plastic 2.8 pin 180°/2401360 mixed   
1 C15 Computer Cassette Tapes. Leadless   
Cassette Head Cleaner/Demagnetizer, in case   
Revolving Convene Rack, holds 32, smokey pelves 
High Power Piero Electric Siren. Emits earpiecing warbling 
sound. Ideal alarm. White plastic body with mounting 
bracket. Power 12v0C 150mA.0utput 100dblAlat 1m typ. 
freq. 2.5KHZ. Size: 57 x 42 x 37mm.   
x&Elliptical 8 ohms 10W RMSSpeaker.Frert.Res 
60-10000 Hz. Gauss 10000. Centre HF cone   
2WTransducerWaterproof SpeakerPolyesterfilm 
diaphragm. Moisture res.8 ohms 300mW Freq. Res. 
20-20N0 Hz   

10 10K Lin Rotary Potentiometers, slim spindle   
4 Plug-in Relays. Mixed volts, etc   

TOOLS 
VP95  Plastic Vice, small, with suction base   
VP97  Logic Probe/Tester, supply 4.5v -160, DTI.. T11., CMOS  
VP99  Universal Tester, with ceramic buzzer   
VP103  6 Pc STANLEY Screwdriver Set. Flat and crosspoint 
VP139  Pick-up Tool, spring load   
VP217  Helping Hand   
VP218  Watchmakers Screwdriver Set, 6 Pieces   
VP219  Miniature Side Cutters   
VP220  Miniature Bent-nose Pliers   
VP221  Miniature Long-nose Pliers   
VP237  Universal Ni-Cad Battery Charger. AA-11P11-HP2•PP3 
VP238  4 AA Ni-Cad Batteries. 1.20 500mAh DR mA   
VP239  2 C7HP11 Ni-Cad Batteries. Rechargeable   
VP240  2 D-HP2 Ni-Cad Batteries. Rechargeable   
VP246  1 25w Quality Low Cost Soldering Iron. 240/SAC   
VP247  1 15w 'Lightweight" Quality low Cost Soldering Iron. 

240vAC   
VP248  1 High Suction Desoldering Pump. Teflon nozzle. Auto eject 

Heavy duty retum spring   
0P250  1 Long Finger Grip. soldering aid. Heavy metal base. 

Serrated jaws with rev, tweezer action. Ideal for holding 
small components. Fully adjustable   

VP254  1 250gramsEtchant Granules (Ferric Chloride) 
make 1/2 pint   £1.00 

0P255  1 Etching Pen. Etch resistant. Spare tip. Blue   
VP258  1 Multicore Solder. 5m total. 10 and 22 SWG   
VP259  1 PCB Holder. Fully adjustable from 0-320mm wide and to 

anyangle.Completewith iron stand and sponge. 
Strong metal construction with rubber feet 
Very hard quality   

VP286  2 Etch Resist PCB Transfer Sheets. Asst. symbols/lines . 
1/P405  2 Steil Rules 1 x 4, 1 x 12, measuring ins and mm   
5P406  1 Junior Hacksaw & 3 blades + hobby knife &2 blades   
VP407  1 10 Piece Needle File Set   
VP408  1 0 Piece Stainless Steel Tweezer Set   
VP409  I Set of 4 min. low cost Side& End Cutters, snipe & 

combination Pliers, 5' insul. handles   

Pak 
No 
VP410 
VP411 
VP412 
VP413 
VP414 
VP415 
VP416 
VP417 
VP418 
VP419 
VP420 
VP421 
VP422 
06423 

VP424 
VP425 
513426 
VP427 

VP300 
VP301 
VP302 

VP303 
1/P304 

VP305 

VP306 

VP307 
VP3M 
VP309 
VP310 
VP311 
VP312 
VP313 
VP314 
VP315 

VP316 
VP317 
VP318 
VP319 
VP320 
06321 
VP322 

Qty 
TOOLS 

Description 
18 Pc Has Wrench Keys. AF sizes in wallet   
16 Pc Hex Key Wrench Set. SAE and Metric   
Crimping Pliers, Wire Strippers & Bolt Cutters   
IC Extraction Tools, jaw width 18 and 29mm   
End Action Stripping Pliers. Adjustable jaws   
5' Grip Locking Pliers   
6' Long Nose Grip Locking Pliers   
6' Adjustable Wrench. Forged alloy steel   
8" Tin Snips. Hardened steel, spring joint   
'Chubby' Screwdrivers. Crosspoint No 1 and 2   
"Chubby" Screwdrivers. Flat blad 4.5 and 6mm   
Screwdriver 400mm long, 6mm flat blade   
Screwdriver 400mm long, No 2 crosspoint   
Vernier Caliper-Crosshorns. Depth gauge. 
Vernier Cap. 4'h"/1101-nm reading 1/128°, 1/10/mm   
Helping Hand with Magnifier   
7 Pc high quality Screwdriver Set   
7 Pc high quality Screwdriver Set 10000   
6 Pc Cushion Grip Screwdriver Set   

•  LEADS 
10m Speaker Lead 2 pin DIN Plug to 2 pin DIN Ski   
2m Video Lead Coaxial Ski to Coaxial Skt + 2 adaptors  
3m 4 corecable indv. screened 5pin DIN 
Plug 5 pin DIN Plug   £1.80 
TV Eat Lead. Coax plug to Coax Plug. Whoa   
1.50rr 4 core indy. screen. 5 pin DIN Plug-
finned open end   
1.5m cable 5 pin DIN Flu-3.5mm Jack Plug. 
Pin 1 84 connect   
2m Typewriter/Calculator Lead. 3 pin Plug, angled 
European IEC configuration. 6A 250vAC   
60cm Patch Lead. PL259 Plug to P0259 Plug   
1.2m Patch Lead. P1259 Plug to PL259 Plug   
1.2m Lead 4 Phono Plugs to 4 Phono Plugs   
20cm Lead 2 x 2 pin DIN Plug to Stereo Inline Jack Ski   
2m Lead Scan Plug to Spin DIN Plug & 2 BNC Plugs   
I.2m Video Lead, 8NC Plug to Phono Plug   
3m Headphone Lead. 3.5mm Jack Plugto 3.5mm Jack Ski  
2m Coax Lead BNC Plug to BNC Plug. 75 ohms   
Don Coax Lead BNC Plug to UHF Plug. 75 ohms   

TELEPHONE ACCESSORIES 
5m Telephone Eon. Lead. Plug to Socket   
10m Telephone Ext, Lead. Plug to Socket   
3m Line Jack Cord. BT 4 way Plug tort Spade Terminals  
Double Adaptor. One IX plug. 2 socket   
IX Telephone Plug 4 way   
Telephone Master Socket Surface Box. Screw terminals  
Telephone Slave Socket Surface Box. Screw terminals   

Price 
E1.00 
E1.00 
f1.00 
E2.50 
£2.50 
1150 
E3.00 
E2.00 
E2.50 

E6.00 

E4.50 

£1 00 
£1 00 
f 1 .00 

E1.75 
EB.50 
E5.00 
E3.50 
E1.75 

E1.75 
E1.55 
E1.55 
EI.55 
11.00 
E4.03 
E3.50 
E4.00 
E3.50 

E3.50 

E4.00 

E3.00 

E1.00 
E1.00 

115.00 
E1.00 
£1.00 
E1.00 
63.00 
E4.00 

E4.50 

Price 
E1.50 
62.00 
E1.00 
E2.00 
E1.00 
E3.00 
E3.00 
E2.50 
E2.00 
E1.50 
E1.50 
E3.00 
E3.00 

E2.50 
E4.50 
0150 
E12.50 
E4.00 

E1.00 
E1.20 

11.00 

11.00 

11.00 

12.00 
11.00 
11.50 
11.50 
11.00 
16.00 
11.50 
11.00 
13.00 
E3.00 

E4.50 
E6.00 
E1.75 
E3.50 
E0.50 
E3.50 
E2.25 

MINIATURE CARBON FILM RESISTORS Y4 & Yt WATT 5% 
Resistance values from 1 ohm - 10 meg ohms. 
Available in lots 01 100 pieces per value. 
To order state R100 'A watt or R200 'h watt, plus resistance required, eg, R100 1K 
= 1/2 wan 1K. BI-PAK price per 100 pieces R100 £1.00 per pk. 

R200 £1.30 per pk. 

VOLTAGE REGULATORS 
Pos. 1Amp 7805-12-1618-24  35p each 
Neg. 1 Amp  79051215-18-24  40p each 
Pos. 100mA 78105-12-1618-24 28p each 
Neg. 100mA 79105-111518-24 30p each 

BI-PAK 
Send your orders to: BI-PAK DEPT PE, P0 BOX 33 
ROYSTON HERTS. 
TERMS CASH WITH ORDER, PERSONAL CHEQUE, ACCESS AND 
BARCLAYCARD, GIRO 388 7006. SAME DAY DESPATCH. 
TEL. 076348851 ADD £1 .58 P&P PER ORDER AND 15% VAT. 

REMEMBER YOU MUST ADD £1.50 P&P 
AND 15% VAT TO TOTAL ORDER. 

VPS30 REGULATED VARIABLE STABILISED POWER SUPPLY MODULE, 
This versatile regulated variable stabilised power supply with short circuit 
protection and current limiting is a must for all electronics enthusiasts. It 
incorporates adjustable voltage from 2v - 30s with a current limiting range of 
0-24. AC input max. 25v. Dimensions 110 x 75 x 25mm. 
Price each £8.50 

Use your credit card Ring as on 0763 48851 NOM/ 
and get your order even raster Goods normally 
sent 2nd Class Mail 
Remeiaber .you must add VAT at 15''s to your out,,, 
Total Postage add £1 60 per Total order 
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PROGRAM 
THE ADVANCED PROGRAMMERS' JOURNAL Now 
The one tool every programmer should have! 
In Issue 3: Write a Million Selling Program - Discover Object 

Oriented Programming - The New Clipper Revealed - Legalise Your 
TSRs - The Expert's Guide to the PCW - Public Domain Software for 
Programmers - Plus: Number Crunch Your Eigenvalues - Gadgets and 
Gizmos - Programmer's Patch - Basic, C, Fortan, Pick and much 

more. 
Now at your newsagents - price £1.25. 

Also by subscription (£15 for 12 issues, £18 overseas), from: 
Program Now, Intra House, 193 Uxbridge Road, London W12 9RA 

From Intra Press - publishers of Practical Electronics 

8052-BASIC PzArt,„ 
MICROCONTROLLER-KIT 

Arc.41404,  

,* Powerful Enhanced Basic Interpreter, * Single Unregulated Supply Requirements 

:27 Board EPROM Programmer,  * Small Physical Size 180 by 100mm), 
* Program Development from a VDU,  * Expansion with range of Compatible 
* 32K Bytes of CMOS Static RAM,  Circuit Boards. 
* 32K Bytes of CMOS EPROM  * Two RS232 Ports, 

(expandable to 56K Bytes), 

I/O CONNECTIONS 

T21 01.1.1 / 1.1014 1111.0 

8052-BASIC 
CONTROLLER 

BUFFERS 

1 t 
EXPANSION 
CONNECTOR 

Gil, 

RS232 
CONVERTERS 

EPROM 

PRINTER 

DUPLEX 
PORT 

PROGRAMMER 

32K BY B 
EPROM 
MEMORY 

32K BY B 
STATIC 
MEMORY 

POWER 
SUPPLY 

B TO i6V 
SUPPLY 

SEE US AT ELECTREX 88 
FROM 29tfiFEBTO4th MARCH 
AT THE EXHIBITION CENTRE 

IN BIRMINGHAM 

KIT including all components, 
full instructions and 
operating manual-E129 

Manufactured and Fully Tested 
Circuit Board - £244. 

All prices exclude VAT. 

Packaging and Postage 

FREE (UK only). 
Europe £2.78 
Elsewhere £6.50." 

T IQ n IA electronics ltd 

M ONIFIETH BUSINESS CENTRE 
DUNDEE DD5 4P1 Telephone: 0382 534944 

cRiciiCitT WR ONIC   op vi 

59p 
78p 

950 

,,Si 11 

MCK 3020 

A 

205 
2 

. that there is a real difference at Crickletivood Electronics 
That's why you should never be without the FREE CRICKLE WOOD ELECTRONICS 
COMPONENTS CATALOGUE, for sheer variety, competitive prices and service 
horn the U K 's number one 100% component shop No gimmicks, no gadgets or 
computers, lust 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) You have nothing to lose 

CRICKLE WOOD ELECTRONICS LIMITED 
40 Cricklewood Broadway, London NW2 3ET 

Tel 01 4500995/01 452 0161 
Telex: 91 4977 

--F -777 11 f-
V/S4 
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PRACTICAL ELECTRONICS 
ARMCHAIR 
SCIENTIFIC AND TECHNICAL 
BOOK SHOP 
QUALITY BOOKS AT REASONABLE PRICES 

WHY A BOOK SERVICE? 

We receive hundreds of letters from readers from all over 
the world complaining that they are unable to get hold 
of books or information on various subjects. 
The information is available if only you know where to 

look. Unfortunately, it's looking that takes so much time. 
By expanding our book service to include books from a 
variety of publishers we are able to keep you informed 
as to what is available on a wide range of subjects. 
All the books in our service are available from our 

editorial office at the recommended retail price plus 
postage and package. (We are not allowed to sell them 
at below cover price.) In addition to our book service, we 
have commissioned some independent reviews of some 
selected titles in order to give a fair and balanced view 
as to their suitability, quality and value. These reviews 
will appear regularly to back up our service. Descriptions 
of books accompanying titles in the book service are not 
independent reviews but are merely indications of their 
contents. You may photocopy this form if you prefer. 

BOOK ORDER FORM 

Please supply the following books listed on the 
enclosed form. 
Remittance should be sent to: 
PE Book Service, Practical Electronics, 
Intra House, 193 Uxbridge Road, London W12 9RA. 
Cheques should be crossed and made payable to 
!Mr-a Press. 

PRICES INCLUDE POSTAGE AND PACKING FOR 
INLAND ORDERS BUT PLEASE ADD £2 PER ORDER 
FOR OVERSEAS* 

BOOK DESCRIPTION CODE QTY PRICE 

ADD £2 FOR OVERSEAS* 

TOTAL ENCLOSED 

NAME AND ADDRESS 

QUALITY BOOKS 
AT REASONABLE 
PRICES 

A Practical 
Reference Guide to 
Word Processing 
on the Amstrad 
PCW8256 and 
PCW85I2 

FA, WILSON 

A PRACTICAL GUIDE TO WORD PROCESSING ON THE 
AMSTRAD PCW 8256 AND PCW 8512 
There have been 1000's of Amstrad computers sold — this book is a 
guide to using the word processing facilities 
F.A. Wilson 1986, 182 pages,£6.45 inc p&p, Order code BP187 

MIDI PROJECTS 
R.A. Penfold, 96 pages, £3.45 inc p&p. Order code BP182. 

GETTING THE MOST FROM YOUR PRINTER 
A guide to making the most of your printer, £3.45 inc p&p, Order 
code BP 181. 

MICRO INTERFACING CIRCUITS BOOK 1 
MICRO INTERFACING CIRCUITS BOOK 2 
R.A. Penfold, 1984, Book 1 112 pages, Book 2 112 pages, £2.75 each 
inc p&p, Order codes BP130, BPL31. 

EASY ADD-ON PROJECTS FOR COMMODORE 64, VIC 
20, BBC MICRO AND ACORN ELECTRON 
0. Bishop, 1985, 208 pages, £3.45 inc p&p, Order code BP134. 

ees, 
Pr .7 'JO fl 

fern 
464 d CPC 

' 664  '̀ 
C o  and m rrtpot  Sx 

ers 

EASY ADD-ON PROJECTS FOR AMSTRAD CPC 464,6128 
and MSX COMPUTERS 
0. Bishop, 1986, 196 pages, £3.45 inc p&p, Order code BP171. 

AN INTRODUCTION TO COMPUTER PERIPHERALS 
J.W. Penfold, 1985, 80 pages, £3.00 inc p&p, Order code BP170. 

MICROPROCESSING SYSTEMS AND CIRCUITS 
F.A. Wilson, 1980, 256 pages, £2.45 inc p&p, Order code BP77. 

AN  INTRODUCTION  TO  COMPUTER 
COMMUNICATIONS 
R.A. Penfold, 1986, 96 pages, £3.45 inc p&p, Order code BP177. 

AN INTRODUCTION TO 68000 MACHINE CODE 
Price £3.45 inc p&p, Order code BP184. 
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PRACTICAL ELECTRONICS 
ARMCHAIR BOOK SHOP  
DIGITAL IC EQUIVALENTS AND PIN CONNECTIONS 
A. Michaels, 1985, 256 pages, £6.45 inc p&p, Order code BP140. 

LINEARVIC EQUIVALENTS AND PIN CONNECTIONS 
A. Michaels, 1985, 320 pages, £6.45 inc p&p, Order code BP141. 

INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE 
A. Michaels, 1981, 320 pages, £4.00 inc p&p, Order code BP85. 

ELECTRONICS SCIENCE PROJECTS 
0. Bishop, 1982, 144 pages, £2.75 inc p&p, Order code BP104. 

POWER SUPPLY PROJECTS 
R.A. Penfold, 1980, 96 pages, £3.00 inc p&p, Order code BP76. 

PRACTICAL ELECTRONIC BUILDING BLOCKS —BOOK 1 

PRACTICAL ELECTRONIC BUILDING BLOCKS —BOOK 2 
R.A. Penfold, 1983, Book 1 128 pages, Book 2 12 pages, £2.45 each 
inc p&p, Order codes BP117, BP118. 

AUDIO PROJECTS 
F.G. Rayer, 1981, 96 pages, £2.45 inc p&p, Order code BP90. 

PRACTICAL  ELECTRONICS  CALCULATION  AND 

FORMULAE 
EA. Wilson, 1979, 256 pages, £3.45 inc p&p, Order code BP53. 

MORE ADVANCED ELECTRONIC MUSIC PROJECTS 
R.A. Penfold, 1986, 128 pages, £3.45 inc p&p, Order code BP174. 

16-BIT MICROPROCESSOR HANDBOOK 
Trevor Raven 
The 16-bit Microprocessor handbook examines the characteristics of 
the four most popular chips: 8086, Z8000, and 99000. Over 95% of 
the 16-bit microcomputers available on the market today incorporate 
one or other of them. 
£9.95 inc p&p  Order code NT7 

NE WNES ELECTRONICS POCKET BOOK 
E.A. Parr, 5th edition, 1986 
Despite the increasing emphasis on microcomputers, the aims of the 
book are unchanged; namely the presentation of all aspects of 
electronics in a readable and largely non-mathematical form for both 
the enthusiast and the professional engineer. 
£9.45 inc p&p  Order code NT10 

BEGINNER'S GUIDE TO INTEGRATED CIRCUITS 
Ian R. Sinclair, Second edition 1983 
"As before Ian Sinclair has managed to produce an outstanding book 
for the beginner to electronics." (Everyday Electronics) 
£5.45 inc p&p  Order code NT8 

INTRODUCTION  TO  6800/6802  MICROPROCESSOR 
SYSTEMS  HARDWARE,  SOFT WARE  AND 

EXPERIMENTATION 
R.J. Simpson & T.J. Terrell 
"This book is very thorough." (Electronics and Computing) 
"This text has long been needed . . . essential reading." (Micro 
Forecast) 
£8.45 inc p&p  Order code NT9 

QUALITY BOOKS 

AT REASONABLE 

PRICES 

OP-AMPS (THEIR PRINCIPLES AND APPICATIONS) 
Brian Dance, 2nd Edition 1986 
This edition provides a source of practical circuits using both new 
devices and well-established ones like the 741, and including all 
component values. Written in a simple, non-mathematical style and 
specifically directed to the non-academic reader. 
£6.00 inc p&p  Order code NT2 

OSCILLOSCOPES (HOW TO USE THEM, HOW THEY 

WORK) 
Ian Hickman, 2nd Edition 1986 
This second edition has been updated to cover new techniques and 
new instruments which have been introduced since the publication 
of the first edition in 1981. Illustrated with diagrams and photographs 
of many more oscilloscopes than the first edition, the book will appeal 
to everyone who wants to know about oscilloscopes, from the school 
student to the graduate, from the hobbyist to the technician. 
£6.00 inc p&p  Order code NT3 

MODERN ELECTRONIC TEST EQUIPMENT 
Keith Brindley, 1986 
The subjects covered include analog and digital meters, oscilloscopes, 
signal sources, frequency, time and event counters, spectrum and 
logic analysers, displays and automatic test equipment. 
£7.45 inc p&p  Order code NT4 

PRACTICAL  ELECTRONICS  MICROPROCESSOR 

HANDBOOK 
Ray Coles, 1986 
Can be used to select an appropriate microprocessor for a particular 
task as a comprehensive reference source for the technician, as an 
overall introduction to the microprocessor scene, or as a primer for 
the engineering student. 

£14.00 inc p&p 
information and devices. 
Taken from Practical Electronics and updated to include new 

•  Order code NT13 

PRACTICAL ELECTRONICS HANDBOOK 
Ian Sinclair, 1986 Revised Edition 
A useful and carefully selected collection of standard circuits rules-of-
thumb, and design data for professional engineers, students and 
enthusiasts involved in radio and electronics. 
This revised edition contains more details on computers and 

microprocessors and has been brought up to date throughout. 
£6.45 inc p&p  Order code NT1 
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HART 
Hi-Fi Kits 

Otter you a route to the very best Hi-Fi sound at bargain prices. Consider 
these star features, 

• Up to the minute Circuit design by John Unsley-Hood and other 
famous writers. 

• Advanced PCB layouts and engineering by HART. 

• Components specified BY THE DESIGNER for ultimate sonic 
performance give you the superior sound quality you want. 

• Better value for your money. HART KITS have a far longer life 
than the Far Eastern 5-year norm. 

• Order now in confidence horn a firm established in 1895 and 
producing electronic kits since 1960. 

• Our kits are easy to build, 27 years of design experience 
guarantee that. Why not give your ears a treat, AND learn about 
electronics at the same time by building yourself a HART KIT. 

Each month we will feature a different HART KIT in this advert, but you 
can get instant information on our complete range by writing or 
telephoning for our free lists. 

UNSLEY-HOOD CASSETTE RECORDER CIRCUITS 

Complete record and replay circuits for very high quality low noise stereo 
cassette recorder. Circuits are optimised for our HS 16 Super Quality 
Sendust Alloy Head Switched bias and equalisation to cater for chrome 
and ferric tapes. Very easy to assemble on plug-in PCBs. Complete 
with full instructions. 

Complete Stereo Record/Play Kit 1  
Repnnts of onginal Articles 

note that we are closed all day Saturday 

£33.70 
75p 

400 SERIES LINSLEY-HOOD ULTRA HIGH QUALITY 
AUDIOPHILE TUNER SYSTEM. 

Our very latest kit offers the discerning enthusiast the chance to get the 
ultimate sound quality possible from both AM and FM broadcasting 
systems This is made possible by having completely separate receivers, 
both of which use new and novel circuit features to enhance their audio 
performance. The kit combines the ultra high quality FM tuner and stereo 
decoder from "Electronics Today International" with the Synchrodyne 
AM receiver from "Wireless World", cased to match our 300 Series 
amplifiers. To simplify construction the FM sections uses a ready built 
pre-aligned front end. The phase locked loop demodulator/IF stage 
having a response down to DC and advanced sample and hold stereo 
decoder together make a tuner which sounds superb, but thanks to the 
ingenious double sided PCB layout is easy to build and totally stable. 
The Synchrodyne AM section with it's selectable bandwidth provides 
the best possible results from Long and Medium wave channels, so 
necessary in these days of split programming. Build any one of four 
versions up to the full AM/FM model, with any unit being upgradeable 
at any time. 

K400FM FM Only Tuner Kit   E134.81 
K400AM Only Tuner Kit    £147.87 
K400FM/A FM Only Adaptable AM  £139.96 
K450 Synchrodyne AM Module Kit   £65.90 
400AM/FM Full AM/FM Kit   £205.92 

UNSLEY-HOOD 300 SERIES AMPLIFIER KITS 
Superb integrated amplifier kits derived from John Linsley-Hoods articles 
in 'Hi-Fi News'. 
Ultra easy assembly and set-up with sound quality to plese the most 
discerning listener. Ideal basis for any domestic sound system if quality 
meters to your. Buy the kit complete and save pounds off the individual 
component price. 

K300-35 35 Watt. Discount price for Complete Kit   £98.79 
K300-45. 45 Watt. Discount price for Complete Kit   £102.36 
RLH485 Reprints of Original Articles   £1.05 

HIGH QUALITY REPLACEMENT 
CASSETTE HEADS 

; 
Do your tapes lack treble? A worn head could be the problem. Fining 
one of our replacement heads could restore performance to better than 
new! Standard mountings make fitting easy and our TC1 Test Cassette 
helps you set the azimuth spot-on. We are the actual importers which 
means you get the benefit of lower prices for prime parts. Compare us 
with other suppliers and see! The following is a list of our most popular 
heads, all are suitable for use on Dolby machines and are ex-stock. 
14C20 Pennelloy Stereo Heed. This is the standard head fitted as 
original equipment on most decks   £7.66 
HS16 Sendust Alloy Super Heed. The best head we can find Longer 
life than Pemialloy, higher output than Ferrite, fantastic frequency 
response   £14.86 
H0551 4-Track Head for auto-reverse or quadrophonic use. Full 
specification record and playback head   £14.60 
HX100 Stereo Permelloy R/P head Special Offer   £2.49 
MA481 2/2 Language Lab R/P head   £13.35 
SM166 2/2 Erase Head. Standard mounting AC type   £8.86 
5M150 2/2 Erase Head. DC Type   £3.60 
H0751E 4/4 Erase Head for Porastudio etc   £48.80 
Full specifications of these and other special purpose heads in our lists. 

HART TRIPLE-PURPOSE TEST 
CASSETTE TC1 

One inexpensive test cassette enables you to set up VU level, head 
azimuth and tape speed. Invaluable when fitting new heads. Only £4.66 
plus VAT and 50p postage. 

Tape Head De-magnetiser. Handy size mains operated unit prevents 
build up of residual head magnetisation causing noise on playback 
  £4.54 
Curved Pole Type for inaccessible heads   £4.85 

Send for your free copy of our LISTS. O wens please send 2 
IRCS to cover surface post or 5 RCS for Miur a 

Please add part of cost of post, packing and insurance** follows: 

INLAND 
Orders up to 210-50p 
Orders £1010E49—El 
Orders over 250— 21.50 

OVERSEAS 
Please send sufficient to cover 
Surface or Air Post as 
required. 

Personal callers are always very welcome but please  24 Hour Sales Line  PLEASE ADD VAT 
(0691)652894  TO ALL PRICES 

ft 

MAKING ELECTRONICS C.A.D. AFFORDABLE 
Z-MATCH 
Smith Chart Program 
for BBC B f65 IBM PC/XT/AT f130 (ex VAT) 

4.„1„„), „4„i, 
ti 1.63.11 Was  ell ...itt....44.  c..4, 1 ne 

Takes the drudgery out of bra:.1.• itoline,...,...-:--..,\ :...33. 19  • 
Matching problems.  g• Li Att.,.... Arr.10,,,....-4 .„...„- P.e5Ince 

Includes many more  c.. 74.117,,AIZZT-Vs...0.A ,--ei 
lisiirmul:1----- ----',*•0",, ' W. 

PCB DESIGN 
for IBM PCMT/AT 1160 (ex VAT)  :--1 11 1 7. 11 _ II. Low cost PCB draughting _ package. 

Very easy to learn and use. 

Component library facilities 

-1- features than the standard iii mir,._,,,iri7,7 „,,,;.• ,.."̀ 
Smith Chart. Full  " Vli nliotVAV:14,14 Xr1' Slitiet W Vp.Iii.V7r;  ' - 
calculation of all  u: sr or illgo" +V 41r$11ta ,  -Min 

hoc 175.1 111: lit  .14,1 =7". \3== \\   
parameters.  htlectuflaW1.11 411 42. 00/. -1.11 .454.53 

: a 

Write or phone for full details: 

Ref: PE 

NUMBER ONE SYSTEMS LIMITED 
Harding Way, Somersham Road, 
St Ives, Huntingdon, 
Cambs. PE17 4WR 
Tel: 0480 61778 

ANALYSER II 
for IBM PC/XT/AT 

C1.0 2gr  , 4 s 

A.C. CIRCUIT AN  

I ss si S2 
R1 63 8 Si 

C"  Z°F  R2  W  

Now analyses coaxial and -.......- 
microstrip transmission lines: 7 
plus As, C's, L's, T's, Op- ,t1E -- 
amps and Bipolar & Field  :4 
Effect transistors  - 

1.11 IN 

L.f.: 

n..,.. 
LP • 
IA • 

- .• 

= ,,..,...4.= ,,,; 
. 

.. . ,_;._..._ 
• 

1 

- 

We offer full after-sales support with telephone 
"HELP HOTLINE" service. 
Software updates FREE within 6 months of purchase. 
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REGULAR FEATURE 

REPORT BY 
TOM IVALL 

w hen Ferranti sold its semiconductor 
business to Plessy a few months 

ago we witnessed the last stage in the 
rise and fall of the British-owned 
integrated circuits industry. Let's hope 
that Plessey makes a success of the new 
merged business. It stands a good chance 
of doing so, for it has now become the 
largest manufacturer of application-
specific ics in Europe. And the market 
experts are predicting a world growth of 
about 25% per annum in this part of the 
semiconductor industry over the next 
few years. 
But Plessey also finds itself virtually 

the last bastion of Britain's presence in 
the world chip-making scene. As such it 
has become a cynosure. All national 
hopes are pinned on it. At the same time 
this very fact shows that the company 
has had great strength to survive so long 
in this highly competitive field. It has 
made the right technical and commercial 
decisions — particularly to stay out of the 
cut-throat business of manufacturing 
standard  devices  for  high-volume 
production. 
Twenty years ago there were five 

British-owned  ic  manufacturers 
operating in the UK: Ferranti, Marconi, 
Plessey, AEI and Welwyn (in rough order 
of production volume). Subsequently 
AEI merged with GEC and semicon-
ductor manufacturing was carried on by 
the last-named. GEC also had a one-
third stake in a European joint-venture 
company called Associated Semicon-
ductor Manufacturers, the other two-
thirds being owned by Mullard, the 
Dutch Philips subsidiary. 
But already in 1968 the big American 

companies like Texas, Motorola and 
SOS-Fairchild, assisted by a number of 
small suppliers like RCA, Sylvania and 
Transitron, had secured about 70% of 
the UK market for ics. And this was even 
before Intel had appeared on the scene 
with the first microprocessors and before 
the great commercial onslaught of the 
Japanese semiconductor firms. 
So throughout the 1970s the British-

owned ic companies were increasingly 
on the defensive. Their market share 
continued to shrink. At this point the 
rapid development of microprocessors 
and their associated semiconductor 

TWENTY-YEAR SHAKE-OUT 
The retreat of the UK semiconductor industry, now regarded 
virtually as mythical, is only part of a worldwide concentration 
of manufacturing control. 

memories placed vlsi firmly in the centre 
of the electronics stage.The then Labour 
government feared that the UK would 
be elbowed out of vlsi chip-making 
altogether, and, in the absence of private 
capital, decided to invest public money 
in a nationally owned enterprise for 
large-volume manufacture of standard 
vlsi devices. Thus Inmos was born. 
You may have thought I had forgotten 
Inmos in my preamble about Plessey 
now being the last bastion of the UK 
chip industry. It's true that Inmos is still 
(at the time of writing) a British-owned 
company. But there is now even more 
doubt about its future than when I 
reported on its situation in October 
1986. 
Although the Transputer family of 

products has been quite successful, 
taking about 5% of the world market 
for 32-bit microprocessors, the overall 
commercial progress of the company has 
been downhill all the way. In 1984 the 
UK government (by then Conservative) 
sold its majority shareholding to Thorn-
EMI, but the new owners failed to turn 
the  business  round  into  steady 
profitability. Exposure to the supposedly 
healthy atmosphere of private enterprise 
was not in itself enough. Inmos is now 
losing about £95 million a year. 
In  my  October  1986  report  I 

mentioned that Inmos was cutting costs 
by pulling out of the highly competitive 
dynamic ram business, running down the 
Colorado Springs plant in the USA and 
shedding 670 jobs in the process. Now 
the contraction has been taken a stage 
further. Static rams have gone too, 
having also proved unprofitable, and the 
Colorado Springs factory has been 
completely shut down, with a further 
loss of 300 jobs. 
It's no secret that Thorn-EMI wants 

to sell Inmos. The cost cutting exercises 
on  memories  and  the  resulting 
concentration  on  the  Transputer 
products (which now account for over 
50% of the chip-maker's revenue) are 
restructuring moves designed to make 
Inmos a more attractive package for 
potential buyers. 
During  1987  Plessey was being 

discussed as possible purchaser, but 
while Inmos was still making standard 

chips the Plessey management declared 
it was definitely not interested. Will the 
present changed structure of Inmos 
make any difference? We can only wait 
and see. But if Plessey does not acquire 
Inmos, this once bright hope of state 
enterprise will probably fall into foreign 
hands. If a Japanese, American or 
European company did buy Inmos and 
made a big success out of the Transputer, 
as seems possible, we could only hope 
that certain decision-makers in Britain 
would have the moral decency to kick 
themselves really hard. 
Ferranti's decision to sell off its 

semiconductor business to Plessey (for 
£30 million) is not hard to understand. 
Over two decades or more it made 
valiant efforts to establish itself as a 
viable chip-maker and, while doing so, 
introduced some technically advanced 
and useful products, such as the 
uncommitted logic array. But in the end 
the world competition proved too much. 
The  1986/87  trading  year  was 
particularly bad because of very difficult 
conditions in the USA. Turnover was £66 
million,  but  operating  profit  fell 
dramatically from the £3.7 million of the 
previous year to a mere tenth of that 
figure. The Ferranti management said 
during 1987 that it saw little prospect of 
an improvement, so the announcement 
of the sale to Plessey was not entirely a 
surprise. 
All this contraction in the indigenous 

British semiconductor industry may 
seem a terrible tale of woe. But the 
process is by no means peculiar to the 
UK. In February of last year, for 
example, I reported that US companies 
were getting out of semiconductor 
memories. More recently the Italian 
firm  SOS  has  merged  with  the 
semiconductor business of Thomson of 
France. Siemens and Philips have been 
defensively pooling some of their 
resources. In America again, the two 
giants General Electric and IBM have 
recently  got  together  to  develop 
application-specific ics. By the end of 
this decade the world semiconductor 
market could well be dominated by a 
mere  half-a-dozen  multinational 
companies. 
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DON'T MISS A 
VITAL COPY! 

Ever been in the middle of a 
project only to find the next 
issue sold out? An annual 
subscription to PRACTICAL 
ELECTRONICS solves the 

problem. 
Wherever you live you'll 

receive a copy regularly each 
month. It's the quick, practical 
way to solve the delivery 

problems. 

COMPLETE AND POST 
THIS ORDER FORM 

TODAY! 
You may send a photocopy 

of this form. 

PRACTI C AL 

ELECTRONICS 
Annual Subscription Rates 
UK.  £15.00 
Overseas  £18.00 
Students Deduct £1 and quote 
Student Number 

Complete this form and 
post it, with payment 
to: Practical Electronics 
Subscriptions Dept. 
PO Box 500 
Leicester LE99 OAA 

SUBSCRIPTION 
ORDER FORM 

POST COPIES TO 

NAME   

ADDRESS   

 POST CODE   

I enclose my cheque/PO payable to Intra Press for 
£   
Please Note: Subscriptions cannot be ordered by phone 

Signature   

PE BAZAAR 
Reverb Unit £17. Grid DIP Meter £17. 
Heathkit A.F. Signal Generator £27. 
Sensory Chess Challenger £39. Contact: 
R. Hearn, 10 Speedwell Close, Pakefield, 
Lowestoft, Suffolk, NR33 7DU. Tel: 0502 
66026. 
Wanted. Service manuals or circuit 
diagrams for Texas TI59 claculator and 
PC100C printer. Contact Mr. Hunt: 0202 
876753. 
U.V. Box (+ Timer) like RS. 556-238 
Eprom eraser/photo DEV/label printing 
system. Some materials included. £50. 
H. Chambers, 370 Priory Road, 
Southampton, Hants. Tel: 0703 550270. 
Wanted. Modern dual beam oscilloscope. 
Minimum 10MHZ 5mv/cm. Tel: Fleet 
(0252) 621505. 
Wanted. Eprom programmer with stand 
alone operation. EG Softy II. Good price 
paid. Contact: G. Matthews, Christ's 
College, Cambridge, Cambs, CB2 3BU. 
Two Plessey Trancievers type 
PTR170 also advance counter timer type 
TC4A. Offers: Alan 01-568 5458. 
Wanted. A67-510X tube. Swap Memorex 
1377 console and keyboard, geiger 
counter, info. Sony, B&O, Hitachi, 

PE BAZAAR 

W.H.Y. C. Jackson, Thornbury, Sutton-
on-Forest, York, YO6 1EQ. Tel: 0347-
810354. 
64K Apple 11 compatible disk drives Z-
80, printer, memory cards etc. Monitor, 
Epson daisywheel printer, manuals. 
Offers: Kevin Steer, Shrublands, Kings 
Mill Lane, Gt. Shelford, Cambridge, 
CB2 5EN. Tel: 0223-842879. 
Oscilloscope wanted: anything 
considered. Tel: 0325 461104. 
Spectrum: Cheetah Rat £7.00, Currat 
uSpeech £7.00. 47 copies of Crash £10. 
Buyer collects. Camden Town. Mike 
Breslin, 79A Arlington Road, Camden 
Town, NW1 7ES. Tel: 01-387 1224. 
Heathkit oscilloscope for sale £30.00. 
Ideal for learning electronics projects. J. 
Plaha, 63 Bayswater Drive, Rainham, 
Kent. Tel: 0634 33207. 
Wanted. Info - Ayr teletext receiver TI. 
or likely repairer for unit circuit 
diagram would help. Contact: R.C. 
Fraser-Milner, 31 Baynham Road, 
Mitcheldean, Glos. GL17 OJR. Tel: 0594-
543 203. 
Hitachi short wave bandspread. 9 band 
13 to 90 meters car radio converter WM-
20 neg/pos eartrh 6/12 volt £17.50. 01-
289 8801. 

Name & Address 

1 1 11111•1  1 1 NNE = =  SINN 

Moving coil panel meters 200-0-800 
uA. 3 1/2 inch scale length. Few only. 
£2.00 each, post free. S.A. Knight, 5 De 
Lisle Close, Market Harborough, LE16 
9NN. 
Wanted: panel meters and hand held 
project boxes. Lots of or any information 
urgent. N. Rogerson, 117 Chatsworth 
Road, Hazel Grove, Stockport, Cheshire. 
185 PE mags 68-83. Most in annual 
binders. Offers please. D. Clifford, 13 
Wilderness Road, Hurstpierpoint, W. 
Sussex, BN6 9XD. Tel: 0273-833575. 
Amstrad TS33 rack system. New 
cartridge head and mains noise filter. 
Needs cassette lid. £35 ono. Mr D. Lotay, 
65  Downsfield Road,  Sheldon, 
Birmingham, B26 2TV. Tel: 021-743 
3400. 
Wanted: Modulator MP2 for Amstrad 
CPC6128 also cheap 3 inch discs and 
ROMS. Repy guaranteed. Steven Boyd, 
159 Sulgrave Road, District 11, 
Washington, Tyne & Wear, NE37 3DB. 
VDU for sale. CDC 92452. Glass 
teletype, R5232 and printer port. £80. 
Will deliver for petrol. Alan Trevennor, 8 
Vinters Avenue, Stevenage, Herts. Tel: 
0438-358811. 

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 

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. (One month later for 
overseas readers). 
Send this form (or a photocopy of it) to: 
PE Bazaar, Practical Electronics, 193 Uxbridge Road, 
London W12 9RA. 

NEM IMO  Min  =MI NOM 
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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 
(TV, Video, CCTV) 

COMPUTING TECHNOLOGY 
(Microprocessors, DateComms, Interfacing) 

INFORMATION TECHNOLOGY 
(Telecomms, Satellite TV, CD, Networks) 

SOFTWARE ENGINEERING 
(Assembler, BASIC, PASCAL, CADCAM) 

COURSES COMMENCE 
Monday 25th April 1988 

LONDON ELECTRONICS 
COLLEGE 

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

LNE mains suppressor 2x5nf+100n 
Motor Start Capacitors 1.5uf 440 vac 
40 uf 370vac 5.95 4uf 250vac 
axial polyester capacitors 
0.22 uf 250v SEI  5p 
0.033u1 250v ac Plessy  5p 
0.047u1 250v ac Plessy  5p 
0.13uf 250v ac Plessy  10p 
Qwerty Keyboard 58 key uncased 
TV type thermal cut out 1.6 and 0.45A 
100dB piezo buzzers 1.50 std piezo buzzer 
miniature FM transmitter 100-108Mhz 
oval 8 ohm speakers 136x70mm 
solar cells 0.45v 100mA 1.48 700mA 
pocket autoranging multimeter with 
clock 
19 way extra flat ribbon cable 
Used 27128 EPROMs last few only 
LCD display 16 digit 7x5 dots 
Resistors 0.25w 5% 1p 1% 
Leds red/green 3/5mm 6p each Yellow 
10ONF Axial Ceramic Capacitor £5.00 per 100 
Flux cord solder 500g 
CMOS TTL 74HC 74F Linear Transistors Kits 
capacitors resistors tools etc always in stock 

callers welcome  VAT included 
please add 75p postage and packing per order 
plus 50p extra per item indicated by a  
All Parts brand new and unused unless stated 

JPG Electronics 276 Chatsworth Road 
Chesterfield 840 2BH Access (0246) 211202 

Special Offer List Feb 1988 

Computer grade capacitors with screw terminals 
5̀8000uf 60v 3.50  *39000uf 50v 3.00 
4700uf 63v 1.50  87000uf 10v  1.50 
38000uf 20v  1.95  68000uf 15v 2.07 
Steno LW/MW/FM tuner pre-amp panel with circuit 
diagram and description setting up procedure etc. 
Brand new 5.95, faulty return  £1.95 
5 digit 6v electromagnetic counter  £2.95 
240v ac 3 digit resetable counter  £1.50 
stepping motor 4 phase 12 volts 7.5*step 50 ohms £8.95 
SAA1027 stepping moter driver chip  £3.95 

£0.55 
£1.50 
£1.60 

25.00/1000 
25.00/1000 
25.00/1000 
50.00/1000 

£5.00 
£0.95 
£0.80 
£7.48 
£0.60 
£3.50 

£32.20 
30p/meter 

£1.50 
£2.50 
3p 
1 1p 

£4.95 , 

SURPLUS/REDUNDANT ELECTRONIC 
COMPONENTS WANTED 

lics - Tuners - Transistors - Valves - Diodes etc. any 
quantity considered - immediate payment. 

ADM ELECTRONIC SUPPLIES 
Tel: 0827 873311  Fax: 0827 874835 

QUALITY HAND TOOLS 
Genuine, original Micro-Shearm  Side 
Cutters,  Pliers,  Screwdrivers,  Nut 
Spinners, etc., etc. at Competitive Prices. 
S.A.E. for listing to; Quinton Tool 
Supplies, Dept. PE 52 Grayswood Park 
Road,  Birmingham, West  Midlands 
B32 1HE. 

Carbon Film Resistors 1/4W E24 series 0.51R to10M0  - 1p 
100 off per value - 75p 1000 off in even hundreds per value - 
Metal Film VON 1080 10 IMO 5% E12 series - 2p 1% E24 series - 3p 
1/4Watt metal/carbon film E24 series 1R0 to 10M0 - 
1 Watt metal/carbon film E12 series 4R7 to 10M0 -  Sp 
6C107/8/9 - 12p  8C547/8/9 - 8p  BC182L  184L - 10p 
BFY50/51/52 - 20p 2N3055 - 50p TIP31A,32A - 25p 17,41,42, - 40p 
Tantalum head subminiature electrolytics (Mids/Votts) 
01/35, 0-22/35, 0-47/35, 3.3/16, 4-7/16 - 14p  4-7/35 - 15p 
2-2/35, 47/25, 10/5 - 15p  4-7/35, 6/8/16 - 16p  10/16,22/6 - 20p 
22/16 - 30p  33/10 - 30p  47/10 - 35p  100/6 - 40p 
Aluminium Electrolytics (MidsNolts) 
1/50, 2-2/50, 4-7/25, 4-7/50, 10/16, 10/25, 10/50 - 5p 22116,22/25 - 6p 
22/50, 47/16, 47/25, 47/50 - sp 100/16, 100/25 - 7p  100/50 - 12p 
100/100 - 14p 220/16 - 18p 220/25,220/50 - 10p 470/16,470/25 - lip 
1000/25 - 18p  1000/35,220/25 - 22p  4700/25 - 70p 

Miniature Polyester Capacitors 250V VVkg. Vertical Mounting 
-01, -015, -022, -033, -047, -068- 4p 0-1 - 5p 0-15, -22- 6p 0-47 - 8p 

Mytar Capacitors 100V Wkg. Vertical Mounting E12 Series 
1000p to 8200p - 3p  -0110-068 - 4p  0-15p  0.15, 0-22 - tip 
Subminiature Ceramic Plate 100VWkg. 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 Vag. El2 Series Axial Mounting 
10P to 820P - 3p  1000P to 10,090 -4p  12,000P - 5p 
1N4148 - 2p  1N4002 - 4p  1N5404- 14p  W01 bridge - 25p 
0A91 -Op  #A143-5p  W005 - 20p  1N4006 - 6p 
Zener diodes E24 series 3V3 to 33V 400mW -8p  1 watt - 12p 
LED's Red, Green & Yellow 3mm & 5mm - 10p  8mm - 35p 
20mm fuse 0.1A to 5A quick blow - Sp  Anti Surge - 8p 
High Speed drills 0.8mm, 1 -Omm, 1.3mm, 1.5mm, 2mm - 25p 
Expo Reliant drilling machines 12V d.c. with improved 3-jaw chuck 6.50 
Nicads AA - 80p HP11  PP3 - 64.20 Universal Chargers - E6.50 
Glass reed switches single pole make contacts-8p  Magnets-12p 

VAT inclusive. Return postage 20p (free over EU Lists free. 

THE C.R. SUPPLY CO., 
127 Chesterfield Road, 

Sheffield S8 ORN. Tel. 557771, 

VISIT THE SUNNY SOUTH COAST 

It's worth it to see the 
biggest display of 

ELECTRONIC COMPONENTS 
in the South 

FRASER ELECTRONICS 
42 ELM GROVE • SOUTHSEA • HANTS 

COME AND BROWSE BEFORE YOU BUY 
Access  Barclaycard 

QUALITY COMPONENTS 
AND ACCESSORIES 

Wide range of Multimeters from £8.00 
Altai ETC5000 Multimeter 501 M/V £28.60 

Altai Solder Pump £4.50 post free 
12" 150 watt 80hm Guitar Power Speaker 

only £25 + £2. 50 P&P 

SEND FOR FREE LISTS 

STRACHAN ELECTRONICS 
9 CROALL PLACE 

EDINBURGH EH7 4LT 

CLASSIFIED RATES  
20p per word (minimum 12 words) 

£9.50 per single column centimetre 

(+VAT) 

Send in your classified ad. with payment 
to PE Classifieds, Intra House, 193 
Uxbridge Road, London W12 9RA 

Panel Meters, Multimeters, Microphones 
Transformers Computer Leads, Ni-Cad Batteries. 

Send £1 for illustrated Colour Catalogue. 
M. Dziubas 
158 Bradshawgate 
Bolton 
Lancs. 

THE SCIENT1RC WIRE COMPANY 
811 Forest Road, London E17 Telephone 01-531 1503 

ENAMELLED COPPER WIRE 
2 oz 
0.88 
0.93 
1.61 
2.75 
3.69 

SWG  lib  8 oz  40z 
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  1.97 

TINNED COPPER WIRE 
14 to 30  3.97  2.41  1.39  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. 

ELECTRONIC 
(c  COMPONENTS 

• Velleman Electronic Kits 
• Test Equipment & Tools 
• Instrument Cases 
• New 1988 catalogue £1.85 inc p&p 
(Mon-Sat.  9.30-5.30 Closed Thurs) 

Station Road, Cullercoats, North Shields, 
Tyne & Wear NE30 4P0. Tel. 091 251 4363 

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 

TURN YOUR SURPLUS 
ICS transistors etc into cash, immediate 
settlement.  WE also welcome the 
opportunity to quote for complete factory 
clearance. Contact: 

COLES-HARDING & CO. 
103 South Brink, Wisbech, Cambs. 
ESTABLISHED 15 YEARS 

Tel: 0945 584188 
Fax: 0945 588844 

MISCELLANEOUS 

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

Printed Circuit Boards need 100 off.. or just one? 
You can send the Artwork (1:1, single sided) for 
your boards or let me work, at little extra cost, from 
your own drawings. Enquiries: WATLING WIRES 
PCB Production, 52 Watling Street, Nuneaton, 
Warwickshire, CV11 6JLorTelephone (0203) 382296 

'Surveillance devices, lasers, testis coils, scramblers, 
ultrasonic and many more, over 150 designs send 
sae to Plancentre, Old Wharf, Dynock Road, 
Ledbury HR8 2HS' 
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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 VATand postage and packing. Add £2 per board 
for overseas airmail. Cheques should be crossed and made 

payable to Intro 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, card 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 £1.00 EACH PART (£1.50 OVER-
SEAS), P&P INCLUSIVE. 
COMPONENTS ARE AVAILABLE FROM ADVERTISERS. 

MAY 86 
NOTCHER EFFECTS - unusual harmonics. 
TTL LOGIC CHECKER - for 14 and 16 pin chips 
DF BEACON TIMER - accurate navigation aid. 

107 
108 
109 

£5.99 
£4.59 
£6.18 

JUN 86 
GUITAR TRACKER - transforms a guitar for 
sound synthesis. 111 £6.98 
THERMOCOUPLE INTERFACE - transforms a 
DVM into a thermometer. 112 £3.90 
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 

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 

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 
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FEB  87 
HI STAB -good variable workshop PSU  132  £8.79 

MAR 87 
4 CHANNEL ENHANCER  135  £4.60 
LIGHT PEN -uses fibre optics for accuracy  136  £4.10 
ULTRASONIC TAPE MEASURE  138  £9.50 

APR 87 
VIGILANTE CAR ALARM - keeps cars alert  139  £5.90 
INDUCTIVE LOOP TRANSCEIVER - remote 
control for models:  143/144  £7.80 

MAY 87 
BRIGHT FUZZ - Foot operated overdrive  145  £3.90 

JUN 87 
AUDIO SIGNAL GENERATOR  146  £10.20 

JUL 87 
WORD GENERATOR- 16-bit binary words  147  £13.42 
SCOPE STORE oscilloscope add-on data storage  148  £11.94 

SEP 87 
SPEECH PROCESSOR -clarifies speech  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 

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 

NOV 87 
DUAL POWER SUPPLY- GCSE  158  £6.20 
MIDI EXPANDER - Music Interface  159  £5.04 

DEC 87 
RS 232C TO MIDI  160  £6.43 
TEACHER RADIO- GCSE  161  £5.58 

JAN 88 
EGG TIMER  162A-C  £12.44 
LEGO BUGGY DRIVER  163  £6.42 

FEB 88 
TEACHER TALKBACK - GCSE  164  £6.36 
DC MOTOR SERVO  165  £7.53 

MAR 88 
APPLIANCE TIMER  166A/B  £9.38 
TEACHER LIGHTSHOW - GCSE  167A  £3.99 

167B  £5.10 
LOGIC ANALYSER - Double-sided  168  £20.65 

THIS MONTH'S BOARDS 

APR 88 
LIGHT METAL EFFECTS 
TEACHER COUNTER 

169  £7.10 
170  £4.95 
171  £4.92 

60 PRACTICAL ELECTRONICS APRIL 1988 



PROJECT ASSEMBLY GUIDE 

NICE AND EASY DOES IT 

J3UILDING 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 
tack 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 
riot 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). 

OBTAINING PARTS 

Some projects are available from advertising suppliers 
as complete kits. Where this is so, the source often will 
have been stated in the project text. If no supplier is 
quoted, contact the normal kit suppliers anyway — they 
might well have introduced a kit after publication. 
Otherwise, all the components listed in the text will be 
available from suppliers who specialise in individual 
components. 
Occasionally a specific part may only be available 

from a particular supplier, if so the source will be given 
in the parts list. Otherwise there should be no difficulty 
in buying the parts. We have many good suppliers 
advertising in PE so have a look through their adverts 
— that's why they're there! Even though a part may not 
be listed in the adverts, a phone call or two should find 
a supplier who will be pleased to help. Like us, they 
too are in the business of encouraging you to enjoy 
electronics! Ent 
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MINIATURE 
PASSIVE 
INFRA-RED 
SENSOR RP33 

ONLY 

£23.95 
Plus V AT 

Size only 80x60x40 m m. Detects intruders up to 
12 metres away. 

• 12 metre detection range. 
• Size only 80x60x40mm. 
• 24 Detection zones. 
• Wide 85° coverage. 
• Switchable LED indicator. 

This advanced new intrusion 
detector operates by detecting 

) the body heat of an intruder 
' moving within the detection 
field. The use of a dual element 

pyroelectric sensor means that changes 
in ambient temperatures are ignored, thus providing 

a stable and reliable performance. Easily installed in a room 
or hallway, the and will provide effective detection of any intrusion. 
Operating from a 12V supply and consuming only 15mA, it is deal 
for use with the CA 1382, CA 1250 or any equivalent high quality 
control unit. Supplied with full instructions, its performance 
compares with detectors costing more than twice the price. 

CA 1250 LOW COST 
ALARM CONTROL 
MODULE 

This tried and tested control unit represents 
the finest value for money in control systems, 
providing the folk:owing features: 

• Built-in electronic siren drives 2 loud 
speakers • Provides not and entrance delays 
together with fixed alarm time • Battery 
back-up with trickle charge facility 
• Operates with magnetic switches, pressure 
pads, ultrasonic or I.R. units • Anti-tamper 
and panic facility • Stabilised output voltage 
• 2 operating modes full alarm and tamper 
and panic facility • Screw connections for 
ease of installation • Separate relay contacts 
for external loads • Test loop facility. 

Price  £1 9.95 + VAT 

CA 1382 ADVANCED CONTROL UNIT that's 
si mple to install and operate. 

• Fully automatic siren 
re-set. 

• Audible entry/exit warning. 
• AJarm Sounded memory. 
• 2 separate  loop  inputs 
+ 24hr circuits. 

• Bait-in electronic siren. 
• Easily installed, full 
instructions supplied. 

The latest control panel 
provides effective and reliable 
control for all types of security 
installations. Its advanced 

circuitry checks the loop circuits every fime it is switched on, 
preventing incorrect operation. Using a simple 'on/off key 
switch, it is easity operated by all members of the family. In 
addition it provides 24 hr personal attack protection. Housed in 
a steel case, it is supplied with full operating instructions. 

Avertilable In kit form with fully-
Only £44.95 + VAT b  electronics, f39.95 + VAT 

H W 1250 - 
ATTRACTIVE 

HOUSING plus 
HARD WARE FOR 
CA 1250 
Ni attract,ur steel case designed 

o house the Control lint CA 1250 
together vath the appropriate LED indicators and key 
catch (available separately). 
Supplied with the necessary pillars, fixings. and punched 
front panel, the unit is given a profess/0nel appearance 
by the adhesive silk screened label. 
Sue 200x180x7 

°°"'rni  Only £9.50 + VAT 

*Complete systems from 
09.95 Full range of 
accessories stocked 
Write or tel for details 

Full Technical Advisory Service , 

INDEX TO ADVERTISERS 

ADM Electronic Supplies  59 London Electronics 

Astronomy Now   47  College   59 

Audiokits   29 Maplin Electronics   OBC 

BiPak Components   52 Number One Systems   56 

B.K. Electronics   IBC Omni   59 

Bull J.   17 Phonosonics   29 

Classified Ads   59 Program Now   53 

Coles Harding   59 Quinton tools   59 

Cricklewood Electronics   53 Riscomp   62 

C.R. Supply Co.   59 Scientific Wire Co.   59 

Display Electronics   23 Specialist Semiconductors. 37 

Eltrak Electronics   53 Stan Willetts   24 

E.S.R.   59 Stewart of Reading   45 

Fraser R.A.   59 Strachan   59 

Fuselodge   18 Tandy   IFC 

G.C.H.Q.   62 Technomatic   10,11 

Grandata   29 T.K. Electronics -   33 

Hart Electronics   56 Viewcom  51 

J.P.G. Electronics   59 Xen-Electronics   16 

Litesold   33 Zenith Electronics   45 

PLEASE MENTION PRACTICAL ELECTRONICS 
WHEN REPLYING TO ADVERTS 

........... : 

DP 3570 UGHTING CONTROLLER 
This versatile module 
provides timed 
switching of loads 
up to 3A for pre-set 
times between 
10 secs and 5 mins, 
the timed period being 
triggered by the opening 
or closing of an external 
loop or switch. The built-in 
12V 250mA power supply 
is available for operating external sensors. 
Suitable plastic enclosure £2.85 + VAT. 

only £13.95 + VAT 

This advanced 
module uses digital 

signal processing to provide the 
highest level of sensitivity whilst 
discri minating against potential 
false alarm conditions. 

only £13.95 + VAT 

FL 500 
QUARTZ 
HALOGEN 
FLOOD 
LIGHT 
Whilst intended for security lighting 

applications, this unit is suitable for 
lighting patios, pathways and gardens etc. 

Supplied complete with 500 W lamp, 
Protective grill, £1.95 + VAT. 

Only £1 4.95 + VAT 

IA 1470 - 50ft. INFRA-RED BEAM SYSTEM 
Consists of a separate transmitter & receiver, the system 
provides an invisible modulated beam which when broken 

operates the built-in relay. For use with security systems, but 
also ideal for photographic purposes and industrial 

applications. Size: 80x50x35mm. Only £25.61 + VAT 

US 5063 DIGITAL ULTRASONIC DETECTOR 
• 3 levels of discrimination against false alarms • Crystal 
control for greater stability • Adjustable range up to 25ft 

• Built-in delays • 12V operation.  • 

ULTRASONIC M ODULE 
ENCLOSURE 

'V I Suitable steel enclosure for housing 
' the US fr 3 supplied with the 
necessary mounting pillars and fixings. 

Only £2.95 + VAT 

RiSCOMP LiMiTED.abist 
Dept PE 4 

51 Poppy Road. 

Princes Risborough BUCKS 

HP17 9DB  p_ '3/se in to Fri 9-5pm 

rh ecunt Closed all day Sat & Sun, 
_ p&p 75p 

 - r e ORDER BY MAIL s will ANL  export add 10°° 
OR TELEPHONE   Tel: (084 44) 6326 

6 f-1 
$ V it 

A,1 

TRAINEE  
RA DI O  
OFFICERS  

. 
—  (City and Guilds /II/ at advanced 

level incorporating morse transcription would be advantageous). Anyone 
with a 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 £7,162. After Training an RO will start at £10,684 rising by 5 
annual increments to £15,753 inclusive of shift and weekend working allowance. 

.......  Write or telephone for on application ........... . 

............  form to:-
. 

Are you looking fora secure shore-based job which offers 
a rewarding career in the forefront of modern Tele-

communications technology... then consider 
joining GCHQ as a Trainee Radio Officer 
Training involves a 32 week residential 
course, (plus 6 weeks extra if you cannot 
touch type) after which you will be 
appointed RADIO OFFICER and 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 on MRGC or HNC in a 
Telecommunications subject with on 
ability to read Morse at 20 wpm. 

/4r/4pi, THE RECRUITMENT OFFICE, GCHQ, ROOM A/1108 
41/ PRIORS ROAD, CHELTENHAM, GLOS GL52 SAJ 
OR TELEPHONE (0242) 232912/3 

62 PRACTICAL ELECTRONICS APRIL 1988 



92 el 01.44 eic,./ 

The Dollar has fallen... 
and so have our Prices!! 
a :1E6106.1 

0 
Professional 
Has all the ranges! 
Y109K DOS 
£27.95 

Ex) 0 77 0 

Precision 
High sensitivity 
on AC 
current & 
resistance. 
Y1101. 5,05 
£36.95 

y 

MULTIMETERS 

Wide Range 
With battery tester. 
YJO7H .E.1495-
El 1 .95 

COM. Vilnye 

•  E V .• 11 

ZIOgehaera  m•rno 

Auto Ranging 
Top selling 
digital. 
Y.180B 5,39-175-
£35.95 

Practical 
Includes 
temperature 
probe. 
Y179L2.405 
£54.95 

(,I 

•OITSTANDING VALUE FOR MONEY! 

• 
'T... 

fa; 

0 

Ce'  C    

Versatile 
Measures temperature 
and capacitance. 
YPDA 
£24.95 

con,  v ono 

L4)  ...la  "V.r• 
.6.1,41.  m..rre 

Feature Packed 
Auto-ranging 
with transistor 
tester. 
YM64U 5.4495T 
£37.95 

004 ORDER NOW AND GET A FREE CARRYING CASE WITH YOUR METER (WORTH UP TO £3.95) 

aplin ELECTRONICS 

412 Digit 
Superb 
multi-featured 
multimeter. 
YJ81C £b945 
£59.95 

BUY NOW, THE TIME IS RIGHT! 

,Mu;d11,..  VI110111 

C3 

1_1 ,..40  
e e 

Hobby 
Ideal for beginners. 
Y176H SPY 
£6.95 

Hobby 
Enthusiasts 
meter, 
YM63T 5.28c95 
£25.95 

• 

• 0 
1 4/ 

Pocket 
Rugged, general purpose. 
YJO6G 1.6,45" 
£5.45 

Push Button 
Comprehensive 
range of 
features. 
YJ78K £39,95-T 
£35.95 

Comprehensive 
With transistor, 
diode and 
LED tester. 
Y1081 1:1-9T 
£16.95 

All prices 
include VAT. 
Please add 
50p towards 
postage. All 
items subject to 
availability. 

Low Cost 
Push button 
digital. 
Y1771 2.445-
£21.95 

P.O. Box 3, Rayleigh, Essex. Telephone Sales (0702) 554161. 
Shops at: Birmingham. Sutton New Road, Erdington. Tel: 021 384 8411. 

Bristol. 302 Gloucester Road. Tel: 0272232014. 
London. 159-161 King Street, Hammersmith W6. Tel: 01 748 0926. 
Manchester. 8 Oxford Road. Tel: 061 2360281, 
Southampton. 46-48 Bevois Valley Road. Tel: 0703 225831. 
Southend-on-Sea. 282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702 554000. 

Pick up a copy of our 1988 catalogue 
from any branch of WHSMITH for just 
£1.60. Or to receive your copy by post 
send £1.60 + 40p p&p to our P.O. Box 
address. If you live outside the U.K. 
please send £2.75 or 12 International 
Reply Coupons. 

We're passing 
on our exchange 
rate saving 
to you! 



it)141 -‘)0,./ 

The Dollar has fallen... 
and so have our Prices!! 

r!,7 
Has all the ranges! 
Y109K  

£27.95 

Prorisity 

High sensitivity 
on AC 
current & 
resistance. 
YJ 1 01. 5.4145' 

£36.95 

IMETIRS•OUTSTANDING VALUE FOR MONEY! 

With battery tester. 
Y107H $_1495-

£11.95 

Off  v 
51-4.  1rd 

f =1 
20•14 

OC O 

..... 

I •  . 1. 011 

COM  V4I 

ligpieb.nrre 

Auto Ranging 
Top selling 
digital. 
Y.180B 9-39-95-

£35.95 

Includes 
temperature 
probe. 
Y179L5405 

£54.95 

Atoplls.wers •  

— 

*Iirt 

Versatile 
Measures temperature 
and capacitance. 
YP23A 

£24.95 

COM 

re  • L JtI\ F V41 7 

4 411b.. MITS 

• 

Feature Packed 
Auto-ranging 
with transistor 
tester. 
YM64U 5.14-95-

£37.95 

Ideal for beginners. 
Y.1761-15,p5-

£6.95 

Superb 
multi-featured 
multimeter. 
Y181C £6 5 

£59.95 

MI : 

Enthusiasts 
meter. 
YM63T 1.2 W 

£25.95 

BUY NOW, THE TIME IS RIGHT! 

20 20 

,rite "1 "7,K , 

A.  4 4 

'Tr 

f-- n •o,  oo  ® 
L • sn$ 

• 

Rugged, general purpose. 
Y106G 

£5.45 

•rm 

1014.. 0"   " 
10  ammo , 

If 

c" °I) Pi; sh Sutton 
Comprehensive 
range of 
features. 
Y.I78K £995-

£35.95 

Comprehensive 
With transistor, 
diode and 
LED tester. 
Y1081 1.1-9-95 

£16.95 

All prices 
include VAT. 
Please add 
50p towards 
postage. All 
items sub led to 
availability. 

Low Cost 
Push button 
digital. 
Y1771 1.26-95-

£21.95 

W ORDER NOW AND GET A FREE CARRYING CASE WITH YOUR METER (WORTH UP TO £3.95) 

ELECTRONICS 
P.O. Box 3, Rayleigh, Essex. Telephone Sales (0702) 554161. 
Shops or: Birmingham. Stilton New Road, Erdington. Tel: 021 384 8411. 

Bristol. 302 Gloucester Road. Tel: 0272 232014. 
London. 159-161 King Street, Hammersmith W6. Tel: 01 748 0926. 
Manchester. 8 Oxford Road. Tel: 061 2360281. 
Southampton. 46-48 Bevois Valley Road. Tel: 0703 225831. 
Southend-on-Sea. 282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702 554000. 

Pick up a copy of our 1988 catalogue 
from any branch of WHSM1TH for just 
E1.60. Or to receive your copy by post 
send £1.60 + 40p p&p to our P.O. Box 
address. If you live outside the U.K. 
please send £2.75 or 12 International 
Reply Coupons. 

We're passing 
on our exchange 
rate saving 
to you! 



cm, POWER  AMPLIFIER  MODULES 
OMP Pe WER AMPLIFIE • M • DULE Nowenm a 
world-wide reputation for quality, reliability and performance at a realistic price. Four models 
available to suit the needs of the professional and hobby market. i.e.. Industry, Leisure, 
Instrumental and Hi-Fi. etc. When comparing prices. NOTE all models include Toroidal 
power supply. Integral heat sink. Glass fibre PC B and Drive circuits to power compatible 
Vu meter. Open and short circuit proof  Supplied ready built and tested. 

OMP100 Mk II Bi-Polar Output power 110 
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 £33.99 -4- £3.00 P&P. 

OMP/MF1_00 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 150 X 100mm. PRICE 
PRICE £62.99  £3.50 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 

/P 0.0008%, Input Sensitivity 500mV, S.N.R. 
-130dB, Size 330)< 147 X 102mm. PRICE 
PRICE £79.99 + £4.50 P&P. 

NOTE, Mos- Fels are supplied as standard (100KHz bandwidth& Input Sensitivity 500mV) If required 
PA version (50KHz 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 P.O diodes 17  green, 4 
red) plus an additional on off indicator Sophisticated logic control 
circuits for very fast rise and decay times Tough moulded plastic 
case, with tinted acrylic front Size 84 .2 27  45mm 
PRICE £11.50 + 50p P&P. 

PRICES INCLUDE V.A.T. * PR O MPT DELIVERIES * FRIENDLY 
SERVICE * LARGE S.A.E. 28p STAMP FOR CURRENT LIST 

BURGLAR ALARM 
Better to be 'Alarmed' then terrified 
Thandars 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 mat' s failure. Power requirement 200/260 Volt 
AC 50/6C' z Expandable with door sensors, panic 
buttons e!  Complete with instructions 

SAVE 1.138.00 Usual Price £228.85 
BKE's PRICE £89.99 + f4.00 P&P 

VVhy buy a cotlaction of self -assernbly boards, 

IDEAL for Work-
shops, Factories, 
Offices, Home, 
etc. Supplied 
ready built. 

xfr 
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 andcarry 
handle. All models 8 ohms. Full range 45Hz - 20KHz. Size 20" X 
15" 's 12" Watts R M.S per cabinet. Sensitivity 1W. 1 mtr dB 

P 1 2-1 0 0 Watts 100dB. Price f 149.99 
per pair. 
OMP 1 2-2 0 0 Watts 102dB. Price f 199.99 
per pair.  Delivery Securicor f 8 CO per pair 

LOUDSPEAKERS 5" to 1 5" up to 4 00 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. 
PO WER RANGE 
8" 50 WATT R.M.S.  Disco. 
20 oz magnet 1V," ally voice coil Ground ally fixing escutcheon Res Freq 40Hz Freq Resp to 
6KHz Sens 92dB PRICE£10 99Available vvnh black grille f11 99 P&P II 50 ea 
12" 100 WATT R.M.S. 
50 oz magnet 2" ally voice coil Ground ally fixing escutcheon Ole-cast chassis White cone Res 
Freq 
25Hz Freq Resp to 4KHz Sens 95d8 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 + 0.00 P&P ea. 
12" 85 WATT R.M.S. C1285TC P.A./Disco r 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, 
r ally voice coil. Die-cast chassis. Res. Freq. 40Hz. Freq. Resp. to 4KHz. PRICE E57.87 + £4.00 P&P ea. 
10" 60 WATT R.M.S. 1060GP Gen, Purpose/Lead Guitar/Keyboard/Mid. PA. 
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. C102000P Guitar/Keyboard/Disco. 
2" voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101d8. 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. 102d8. PRICE f89.52  £400 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. 
1 voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICE £36.00 + £2.00 P&P ea. 
12" 300 WATT R.M.S. Disco/Sound re-enforcement etc. 
1" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 94dB. PRICE £47.00 + £3.00 P&P ea. 

SOUNDLAB (Full Range Twin Cone) 
5" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 
1" voice coil Res Freq 63Hz Freq Resp to 20KHz Sens 86dB PRICE £999 • £1 00 P&P ea 
6',." 60 WATT R.M.S. Hi-FilMultiple Array Disco etc. 
1" voice coil Res Freq 56Hz Freq Resp to 20KHz Sens 89dB PRICE £10 99. ft 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 89d8 PRICE £1299 - £1 50 P&P ea 
10" 60 WATT R. M.S. H i-Fi/ Disco etc. 
l'/," voice coil Res Freq 35Hz Freq Resp to 15KHz Sens 89dB PRICE f 1 6 49 • £200 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 models (Ratings 
R.M.S. into 4ohms).1,1,,,, 77 5mV 

MF200 (100 + 100) W. £169.00 
MF400 (200 + 200)W. £228.85 
MF600 (300 + 3001 W. £322.00 

1 K- WATT 
SLIDE DIMMER 

* Control loads up 
to 1Kw 
* Compact Size 
436"  1" • 2' 2" 
* Easy snap in fix 
ing through panel 
cabinet cut out 
* Insulated plastic 
case 
* Full wave con-
trol using 8 amp 
mac 
* Confor ms to 

 4 

BS800 
* Suitable for both resist-
ance and inductive loads In-
numerable applications in 

Securicor  ,ndustry, the home, and 
Delivery  ,fiscays, theatres etc 
£10.00  PRICE £13.99  75p P&P 

BSR P295 ELECTRONICTURNTABLE 
• Electronic speed control 45 & 33' „ r p  * PIUS 
Minus variable pitch control * Belt driven * Ali, 
truniu M platter with strobed rim* Cue lever *Ant, 
skate (bias device)* Adjustable counter balance * 
Manual arm * Standard '/," cartrige fixings * 
Supplied complete with cut out template * D.C. 
Operation 9.14v D.C.  65mA 

Price/16.99 - £300 P&P. 

ADC 04 maq 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 Piero 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' IKSN2036A) 3" round with protective wire 
mesh, ideal for bookshelf .and medium sized Hi-fi 
speakers Price £4.90 each + 40p P&P 
TYPE 'B' (KSN1005A) 3'/2" super horn For general 
purpose speakers, disco and PA systems etc Price 
f5.99 each , 405 P&P 
TYPE  (KSN6016A) 2" x 5" wide dispersion 
horn For quality Hi-fi systems and quality discos etc 
Price £6.99 each n 40p P&P 
TYPE 'D' (KSN1025A)- 2" x 6" wide dispersion 
horn Upper frequency response retained extending 
down to mid range (2KHz) Suitable for high quality 
Hi-ft systems and quality discos Price f9.99 each 
40p P&P 

TYPE 'E' IKSN1038A) 3'/," horn tweeter with 
attractive silver finish trim. Suitable for Hi-ft monitor 
systems etc. Price £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 

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 IS volt) 
Price: £8.62 + 75p P&P. 
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controlled 
professional performance. Range up to 3 miles 35 x 84 x 12mm 
112 von) Price: £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 19/12 volt). Price: 
£17 82 Transmitter 80 x 50 x 15mm (9/12 volt). Price: f11.29 
P&P  75p each. S.A.E. for complete list. 3 watt FM 

Transmitter 

I M M O POSTAL CHARGES PER ORDER £1 00 minimum. OFFICIAL 
VisA  ORDERS WELCO ME, SCHOOLS, COLLEGES, GOVERNMENT 

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 (Mag), 3 Mics, 4 Line plus Mic 
with talk over switch Headphone Monitor 
Pan Pot. L. & R. Master Output controls Out-
put 775mV Size 360 - 280  90mm 

Price f 134 99  - £3 00 P&P 
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