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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   049.95 

Tandq° 
Tunes You Into A World Of Better listening 

Over 400 Tandy Stores And Dealers Nationwide. 

  Prices may vary at Dealers. Offers subject to availability.   
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Tandy, Tandy Centre, Leamore Lane, Bloxwich, Walsall, West Midlands, WS2 7PS. 
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SPECIAL FEATURES 

CONSTRUCTIONAL PROJECTS 
RF SPEECH PROCESSING by The Prof   12 
Following on from his article in PE Sept 87, the Prof 
discusses the merits of rf speech processing and 
describes a low cost practical circuit. 
TEACHER COUNTER — PART TWO by Tim Pike   26 

Constructing a simple two digit display gives students a 
chance to step up their mark count ratio at the end of this 
GCSE series. 
WEATHER CENTRE — PART THREE by John Becker   34 
Digital conversion, monitor alignment, a bit of vanity on 
the frontal systems and we're ready for computer 
controlled weather charts. 

DAT EVOLUTION by Barry Fox   20 
How soon DATwill find market acceptance remains to be 
seen but the technology involved has an interesting 
history and other possible applications. 
HAS ANYBODY HERE SEEN DAT? by Wayne Green   30 
An exclusive report by the renowned US publisher and 
Presidential candidate on the recent exhibition held in 
Las Vegas, with special reference to the impact of DAT. 

SATELLITES — PART THREE by Mike Sanders   41 
Intelsat VI is ready for launching; analogue replaces 
digital; aerials become more refined; and satellites go 
into publishing as well as forecasting and navigation. 

SEMICONDUCTORS — PART SIX by Andrew Armstrong   48 
The availability of power mosfets increases as the market 
grows, and it is time to look at the realities of their 
advantages and disadvantages. 

PRODUCT FEATURES 

REGULAR FEATURES 
EDITORIAL by John Becker — Satellite tv competition   9 

LEADING EDGE by Barry Fox — VHS, CD and Britain   8 
SPACEWATCH by Dr. Patrick Moore — The ashen light of Venus   46 

INDUSTRY NOTEBOOK by Tom vall — Ruling the waves   57 

SATELLITE TV COMPETITION The Winners   61 

READERS' LETTERS — and a few answers   39 

POINTS ARISING   47 

MARKETPLACE — what's new, where and when 4 

ARMCHAIR BOOKSHOP — books to increase your knowledge  54 

BOOKMARK — reviews of newly published books   56 

PCB SERVICE — professional PCBs for PE Projects   60 

TRACK CENTRE — the PCB track layout page   32 

BAZAAR — Readers' FREE advertising service   58 

NEXT MONTH ... 
WE'RE NOW CLEARLY VOICING OUR INTENTIONS FOR — 

32-CHANNEL VOICE SCRAMBLER • MAINS MODEM .CD SYSTEMS 
• MEASUREMENT AND TIME • MOSFET AMPLIFIER • PLUS OUR 
USUAL WELL SPOKEN TOP LINE FEATURES • 

CHAT UP YOUR NEWSAGENT AND RESERVE 
YOUR COPY OF THE PE JUNE 1988 ISSUE 

ON SALE FROM FRIDAY MAY 6TH 

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

We have recently received the following catalogues and 
literature: 

The Institute of Acoustics have published their Acoustics Index 
for 1987-88. It covers basic acoustics ideas, reviews, sources, 
standards and lab reports etc. For those whose professional 
interest lies in this field the price of £55 is probably not 
unrealistic. The Institute of Acoustics, 25 Chambers Street, 
Edinburgh EH1 1HU. 

BEITA Members Yearbook 1988. Annual list of members and 
essays on business and technology applications, including 
business and computer systems, electronic typewriters, 
microfilm etc. Business Equipment & Information Technology 
Association, 8 Southampton Place, London WC1A 2EF. 01-405 
6233. 

Matthey Electronics. Video delay line catalogue giving full data 
on their very wide range of broadcast quality delay lines, 
including HDTV. Also includes rack systems, psus, switched 
boxes and di! modules. Matthey Electronics, Burslem, Stoke 
on Trent, ST6 3AT. 0782 85631. 

Electronics Data Index Masterfile. A source book of electronic 
components, manufacturers, distributors, suppliers, and 
worldwide exhibition diary. This is a controlled circulation 
publication for engineers and managers, but also available for 
sale to anyone interested. Published by BPL Publishing Ltd, 
193 St John Street, London EC1V 4JD. 01-253 2727. 

Cirkit emi and power filter cores data book, covering toroidal, 
E and bus bar cores, available free to engineers and technicians. 
Covers dc and ac applications and includes design examples 
and selection charts. Cirkit Distribution Ltd, Park Lane, 
Broxbourne, Hens, EN10 7NQ. 0992 444111. 

Electronic Brokers. Catalogue of second user test equipment. 
An  Aladin's  cave  of test  equipment  refurbished  to 
manufacturer's specifications. Electronic Brokers Ltd, 140-146 
Camden Street, London NW1 9PB. 01-267 7070. 

Dean Microsystems have a new catalogue that shows how to 
design a PC for rugged industrial systems using STEbus. 
Available through Bob Squirrel! Marketing, The Old Mill, 
Reading Road, Pangbourne, Berks, RG8 7HY. 07357 5445. 

Quintessential Tools 

uinton Tools offer the ideal 
answer to those 

constructors and enthusiasts who 
normally do not have access to 
low cost professional tools. The 
company was formed in 1987 and 
selects tools for inclusion in its 
range that meet the acceptance 
of professional users in terms of 
good quality and long service 
life. Some tools are imported 
from the USA, but the rest are 
from a British manufacturer of 
high repute. 

All listed tools are stocked in 
depth to ensure off-the-shelf 
delivery and the resulting price 
advantage of bulk stocking is 
passed on to customers. Non-
stock items of high quality may 
also be ordered at realistic 
prices. Trading is by mail order 
only, and on a cash with order 
basis. An illustrated price list is 
available. 
Contact: Quinton Tool 

Supplies, 52 Grayswood Park 
Road, Birmingham, W.Mids, 
B32 1HE. Tel: 021 422 5659 

WHAT'S NEW 

Fault Probing 

OK Industries' PRB series of 
logic probes are designed to 

analyse both static and dynamic 
faults in logic circuitry. 
The PRB-20 has hi, lo and 

pulse indication, automatic pulse 
stetching, memory and 
switchable threshold levels. The 
PRB-20A has the added feature 
of audible tones which allow the 
user to detect hi/lo conditions 
without seeing the probe 
indicators. These instruments 
will also detect over/under 
voltage conditions at the tip or at 
the power supply. 20MHz 
bandwidth and 25ns pulse 
detection are guaranteed. 
The PRB-50 expands the 

frequency response to over 
50MHz (80MHz typical), 

allowing detection of pulses as 
narrow as lOns. PRB-100 is a 
high-speed digital logic probe. It 
guarantees a bandwidth of 
100MHz and pulse detection 
down to 5ns, enabling the tester 
to troubleshoot the fastest logic 
circuits. Furthermore, it can take 
place of an oscilloscope by 
capturing critical short duration 
events while allowing the 
operator the freedom to move 
quickly about the circuit to 
locate the source of the fault. 
Prices, excluding vat and post, 

range from £21.08 for the PRB-20 
to £39.40 for the PRB-100A. 
Contact: OK Industries UK 

Ltd., Barton Farm Industrial 
Estate, Chickenhall Lane, 
Eastleigh, Hants, S05 5RR.Tel: 
0703 619841. 

DC to Mains Abulon Electronic Systems 
has launched a new range 

of portable low cost, high quality 
static sine-wave inverters. 
The units provide ac power at 

mains voltage from 12V to 24V 
batteries. The inverters give a 
stabilised sinusoidal output 
voltage and are protected against 
overload, short circuit and 
reversed polarity supply. 
The inverters are ideal for 

protecting microcomputers from 
all power related problems, eg 
loss of data due to power failure 
and damage caused by surges 
and power disturbances. 
Their other applications are 

wide and versatile, for example: 
as the power source in mobile 
radio stations, boats, caravans, 
lighting, colour tv, video 
recorders, hifi, power tools etc. 
Prices start at £195 for a 12V 
100W converter. 
Contact: Abulon Electronic 

Systems, Unit 233 Stratford 
Workshops, Burford Road, 
Stratford, London E15 2SP. Tel: 
01-4719644. 

Gigahertz Gen 

STC Instrument Services now offers the compact Marconi 
2022C signal generator which 
has frequency, phase and 
amplitude modulation over a 
wide frequency range from 
10kHz to 1000MHz. 
Designed for use in education, 

maintenance, service application 
and production, the unit features 
microprocessor control which 
enhances the speed of operation 
via direct keyboard entry of the 
required settings. A non-volatile 
memory stores up to 100 settings 
so further reducing measurement 
time. 
Full GPIB programmability 

adds greater flexibility and 
affords faster throughput in 
systems applications while an 
electronic trip, which can be 
reset via the front panel or the 
GPIB, protects the generator 
output against reverse power up 
to 25W from dc to 1GHz. 
Contact: STC Instrument 

Services, Dewar House, Central 
Road, Harlow, Essex CM20 
2TA. Tel: 0279 29522. 
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NEWS AND MARKET PLACE 
:-:• 

Concert Boy 

Grundig have added the new 
Concert Boy 225 to their 

range of audio products - this 
brings their portable radio range 
up to four. 
This compact four band radio 

- mw, lw, fm (with afc and lour 
pre-sets) and 2 x sw: the 
shortwave coverage is 5.8 to 6.4 
MHz (49m band) and 6.8 to 18.5 
MHz (41m to 16m). Other 
features include slider volume 
and tone controls; large 
wideband loudspeaker; 1.5 watt 
music power output; 3.5 mm 
headphone socket. 
The Concert Boy 225 measures 
31.5 cm x 18.5 cm x 7.2 cm, 
weighs approximately 1.5 kilos, 
and can be mains or battery 
operated. It is available in black 
and the price is approximately 
£39.95. 

Broadercasting The Department of Trade and 
Industry and the Home 

Office are extending the current 
feasibility studies into the scope 
for additional television 
networks using uhf and mvds to 
include limited use of vhf bands 
1 and 111. 
VHF bands 1 and 111, which 

were used for the transmission of 
405-line black and white 
television, are still available 
under International Radio 
Regulations for television 
broadcasting, and are still used 
for this in many other countries. 
In the UK however, they were 
withdrawn from broadcasting in 
order to allow for the much 
needed expansion of private 
mobile radio services used by the 
business community. This 
remains the government's policy. 
It has however been suggested 
that there is some scope for a 
limited broadcasting service to 
share this spectrum with mobile 
radio services, and the 
government have now decided to 
extend the existing study of the 
uhf spectrum so as to consider 
this additional suggestion. 

The original feasibility study 
was announced in October 1987. 
It aimed to address the technical 
and financial prospects for both 
mvds (multi-point video 
distribution system) and a fifth 
terrestrial television network in 
the uhf spectrum. (See also 
Leading Edge, PE Mar 88. Ed). 
Consideration of vhf will now 
form a part of these studies. 
As with the mvds and uhf 

studies, the purpose of the vhf 
study is to equip the government 
with an up-to-date and 
authoritative assessment of the 
technical options. No decisions 
will be taken to authorise or 
make spectrum available for 
additional services without first 
considering carefully the possible 
impact on existing and 
prospective services, such as the 
mobile radio services in bands 1 
and 111, terrestrial broadcasters, 
dbs (direct broadcast by satellite) 
and cable. 

Memorable Radio Pager 

M obile personnel who need 
to be contactable while on 

the move can now be kept 
informed with detailed messages, 
thanks to a new 1200 character 
message pager from mobile 
communications specialist, Air 
Call Communications. 
The new pocket-sized radio 

pager accepts up to 40 detailed 
messages, displays them on a 
small 32-character illuminated 
screen, and lets the holder know 
that his attention is required 
either by an audible tone or a 
flashing light. 

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

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

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

Apr 26-28. British ElectronicsWeek 88. Olympia. 0799 26699. 

May 8. Swindon & District Amateur Radio Club annual rally 
and hobbies fair, including display support by the British 
Science Museum, helicopter trips, and a steam engine rally. It 
looks like an excellent day's outing at Wroughton Airfield, Nr 
Swindon, Wilts. 0666 89307. 

May 12-14. Compfest 88- National Computer Festival.Telford 
Exhibition Centre. 0952 505522. 

May 18-19. Laboratory Manchester. New Century hall, 
Manchester. 0799 26699. 

May 18-20. ShowTech 88 Berlin. International trade fair and 
congress-entertainment technology. Berlin exhibition ground. 

May 24-26. Computer North. G-Mex Exhibition Centre. 
Manchester. 

Jun 8-9. Infrared Technology. Wembley Conference Centre. 
0799 26699. 

Sep 6-8. Coil Winding. Wembley Conference Centre. 0799 
26699. 

Sep 14-18. PCW Show, Earls Court. 01-636 3205. 

Sep 27-30. DES. Design Engineering Show. National 
Exhibition Centre. Birmingham. 

Oct 18-20. Internepcon. Electronic Packaging Show. Metropole 
Convention Centre, Brighton. 

Nov 1-3. Custom Electronics & Design Techniques Show. 
Heathrow Penta. 0799 26699. 

Because of its ability to store 
so many messages in any 
combination of letters, numbers 
and punctuation marks, it is 
claimed by Air Call to be a 
low-cost alternative to mobile 
telephones. 
Thanks to the company's 

extensive public radio paging 
network, messages can be 
received by the new pager in the 
vast majority of the UK's 
business centres. 
The pager is available for 

outright purchase at a cost of 
£245, or can be rented, including 
airtime, from Air Call at an 
approximate price of £32 per 
month. 
Contact: Air Call 

Communications Limited, 
176/184 Vauxhall Bridge Road, 
London SW1V 1DX. Tel: 01 834 
9000. 

Moving PC W Show 

Computer World 
1 Show organisers Montbuild 
Ltd, have announced a change of 
venue for 1988's event.The show 
will move from Olympia, and 
will take place from 14-18 
September 1988 at the main hall, 
Earls Court, London. 
The extra space available at 

Earls Court is the main reason 
for the move since the show has 
outgrown Olympia both in terms 
of floor space and the increased 
number of visitors that it attracts. 
The 1988 PCW Show will be 

clearly divided into Business, 
General Computing and Leisure 
areas, to meet exhibitors needs 
and visitors interests. 
Contact: M PA Ltd, 8-10 

Hallam Street, LondonW1N 5LF 
Tel: 01-636 3205 
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NEWS AND MARKET PLACE 

Quick Sinking Padman 

Six innovative time and money saving alignment pads have 
come out ofThermalloy, and UK 
distributors MCP Electronics 
describes them as capable of 
cutting heatsink assembly time 
by as much as 80 per cent, 
reducing the operation to three 
easy steps — snap the pad into 
the heatsink base; slide transistor 
leads into pad funnel-entry 
guides; insert assembly into pcb. 
Tolerances and dimensions are 
so precise that board insertion 
can be robotised, while manual 
insertion becomes a snip. 
The pads are already available 

in six configurations for use with 
T0220, T0218, and Multiwatt 
plastic case transistors, and all 
are designed to be used with a 
variety of heat sinks according to 
application. Produced in glass 
reinforced nylon, with spring 
steel clips to eliminate mounting 
hardware, they are designed with 
a 0.03 inch stand-off. 
Contact: MCP Electronics 

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

Typical applications could be the 
obvious ones of electric energy 
transmission and storage, but 
areas like magnetic separation in 
ore and mineral processing, 
environmental protection of 
lakes and rivers, purification of 
soil, magnetically suspended 
railways and so on could all 
benefit from the technology. 
Speculation about the future 

benefits of superconductors 
seems to be much in vogue these 
days, and it is perhaps 
worthwhile remembering that 
applications for them currently 
exist. At present they are 
primarily used in technical 
applications, such a tomography 
in medicine, spectroscopy in 
material analysis, and research 
into particle acceleration and 
nuclear fusion processes. The 
superconducting materials used 
in these applications are 
currently those commercially 
proven and having transistion 
temperatures of —236°C to 
—225°C. 

Taylor DMM Recall 

Tylor Electrical Instruments 
are asking all owners ofTaylor 

Digital Multimeters, Models 
TD22 and TD23 to return them 
to the company for a slight 
modification to be made. 
A potential fault has been 

identified which could result, in 
certain circumstances, in the 
screw fixing the battery cover of 
the instrument becoming 'live' 
and therefore dangerous to the 
user. 
The modification will be 

carried out free of charge and 
modified instruments will be 
returned as quickly as possible. 
Instruments should be returned 

to: Taylor Electrical Instruments 
Ltd, Parts & Service Centre, 
Archcliffe Road, Dover, Kent 
CT17 9EN. With packages 
clearly marked on the outside 
"FOR MODIFICATION". 

Euro Supercons 

jacuumschmetze GmbH, one 
V of the world's leading 
producers of superconductors, 
are working on the production of 
new superconducting materials 
having high transistion 
temperatures.The focal point of 
the work is to improve the 
superconducting properties, 
such as the current carrying 
capability. It is, however, 
expected to take another five or 
ten years to perfect a material 
suitable for the construction of 
magnets. 
New transition temperature 

records are frequently reported, 
and the first signs of 
superconduction at —20°C have 
been experienced. This step 
forward is most significant, and 
if research efforts continue 
successfully, new uses for 
superconductors will emerge. 

Smart Sipmos 

Circuit engineers have always 
..../been looking for power 
switches which will protect 
themselves against destruction in 
the event of faults. In response 
to this requirement Siemens 
have produced the first samples 
of the smart sipmos semi-
conductor family. Built in 
sensors protect the transistors 
from damage by short circuits, 
over voltages and over 
temperatures.The result is a high 
reliability product that will be 
especially important in systems 
where safety is a prime 
consideration. 
One such device is the 

BTS412A which is a self 
protecting switch belonging to 
the profet (protected mosfet) 
group and intended for use in 
12V and 24V automotive and 
industrial electronic systems. 
Other devices in the sipmos 
family and known as tempfets 
(temperature protected mosfet) 
offer additional protection in the 
event of thermal overload. 

Digital Light Meter 

C olex, the rapidly expanding 
test and measurement 

supplier, have recently added the 
new SL100 Digital Lux Meter to 
their already comprehensive 
range. It is ideal for a diverse 
range of applications in the 
laboratory, factory floor, industry 
and so forth. 
The unit is a neat, compact 

portable photometer which can 
be used for measuring a wide 
range of illumination levels 
(0-50,000 lux). Consisting of a 

Electronic Growth 

Arecent report from Siemens 
Components states that the 

market for electronic 
components continues to grow. 
The dynamic state of this market 
is most effectivley demonstrated 
by three factors. The first is the 
rapid growth from 7 billion US 
dollars in 1970 to around 34 
billion in 1985, a five fold 
increase over the period. 
Secondly, the market portion 

taken by integrated circuits has 
risen from 38% to 50% over the 
past five years, and is expected 
to reach 68% by 1992, by which 
time two out of three 
components will be ics. Although 
standard ics such as memories 
and microprocessors account for 
much of the growth rate, 
specialised and customer-specific 
ics are gaining ground. These ics, 
tailored to particular customer 
requirements and applications, 
represent the third factor. They 
are experiencing the strongest 
growth area of all integrate 
products, and their share of the 
ic world market is forecast to rise 
from the current 35% to about 
45% over the next ten years. 

digital unit with a separate 
photo-electric cell, the main 
features include a highly reliable 
and durable lsi circuit, in-built 
low battery indicator, auto zero 
adjustment, precise and easy 
readout, and high accuracy. A 
carrying case is supplied as 
standard. 
£55 is all it costs to enjoy the 

advantages of this upmarket 
machine. 
Contact: Solex International, 

95 Main Street, Broughton 
Astley, Leicestershire, LE9 6RE. 

CHIP COUNT! 
This month's list of new component details received — 

80C5IBH and 80C31BH. Cmos microcontrollers having 
one tenth of their nmos counterparts — 16mA at 12Mhz 
and 5V supply, suiting battery powered communications 
equipment. (ML). 

BU603 anbd BU903. High voltage, high speed power 
transistors for colour receivers and monitors. Rated at 
1350V with current handling of 5A and 6A respectively. 
(ML). 

HD402304. Single-chip cmos microcontroller optimised 
for tv and vcr applications allowing full range of channel 
select functions to be implemented. (HT). 

LH4003 and LH4006. Precision closed loop buffers 

featuring extremely high-gain accuracy of 95% into 50 
ohm load. (NS). 

(HT) Hitachi, 21 Upton Road, Watford, Herts, W D1 
7TB. 0923 246488. (ML) Mullard Ltd, Mullard House, 
Torrington Place, London WC1E 7HD. 01-580 6633. 

(NS) National Semiconductor. 
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NEWS AND MARKET PLACE 

Speaking Partner 
L Thllowing on from the success 
.1 of AR's design-award-
winning Powered Partners and 
styled by the same international 
design house to match their 
existing electronics range, the 
new AR Environmental Partner 
packs a lot of speaker into a small 
package. 
It is a full-range loudspeaker 

system with a four-inch 
polypropylene-coned woofer 
and 1.25 inch liquid-cooled 
tweeter in a sleek, wedge-shaped 
cast aluminium case, finished in 
smart scratch-resistant black. 
The versatility of the speakers 

makes them ideal in the home. 
where their angular shape 
enables them to be fixed in 
corners, on the floor pointing 
upwards, or on the wall, held by 
swivel brackets. 
Also ideal for high-quality 

sound systems in wine bars, 
restaurants and clubs, they can 
even be stacked or mounted on 
car roll-bars, using the integral 
bracket for fixing to 1.25 inch 
tubing. They are also weather-
resistant and can be mounted in 
sheltered out-of-doors positions. 
Sensitivity is a high 88dB for one 
watt and they are suitable for use 
with amplifiers rated at between 
7 and 75 watts per channel. 
The suggested retail price of 

the Environmental Partners is 
£149.99 per pair. 
Contact: David Berriman 

Associates, East Barn, Thorpe 
Morieux, Bury St Edmunds, 
Suffolk, IP30 ONWTel: 0284 
828926. 

plastic panels are reversible to 
provide an additional aesthetic 
choice between recessed or flush 
external surfaces. 
As an extra feature the top 

moulding offers a choice of a 
plain surface or shallow grooves. 
Small ventilation louvres in the 
top and base are a further 
option. Base mouldings include 
four M3 threaded inserts for 
mounting a pcb or sub-chassis, 
and are supplied with self-
adhesive feet or small wall 
mounting brackets. 
As an endorsement of the 

product's quality and 
functionality, Elesett gained one 
of the coveted industrial design 
awards at the 1987 Hanover Fair. 
Contact: West Hyde 

Developments 9-10 Park St. 
Industrial Est. ,Aylesbury, Bucks 
HP20 lET. Tel: 0296 20441. 

Polyboxit Aversatile range of small 
electronic housings has 

been launched by West Hyde 
Developments, the UK 
distributor for the West German 
award-winning enclosure 
manufacturer Bopla. 
The Elesett case range is 

moulded in a two-tone grey 
colour scheme in high-impact 
polystrene providing light weight 
and good surface finish qualities. 
The side and end panels come 

in either polystyrene or anodised 
aluminium, and are removable 
and completely flat for ease of 
machining or printing. The 

Emergency Screening 

DX 2000, a new communi-
cations control system for 

public security and safety has 
been developed and released 
internationally by Philips Radio 
Communications Systems Ltd. 
Philips DX 2000 features a 

novel method for the system 
operator to control the 
communications network using a 
Microvitec touch-screen which 
replaces the conventional push-
buttons and indicators 
presentation and offers to the 
operator fully integrated control 
of radio and telephone channels 
on a single screen. 
Inherent flexibility of the touch-
screen presentation enables easy 
configuration by the users for 
different applications and 
different languages. When 
combined with the skilful use of 
colour, as a means of indicating 
the condition of each of the 
functions, the Microvitec touch-
screen provides the control room 
operators with an instant picture 
of the operational condition of 
the DX 2000 system, thus 
simplifying decision making. 
Contact: Microvitec plc, 

Futures Way, Bolling Road, 
Bradford, West Yorkshire BD4 
7TU Tel: 0274 390011. 

The Reel Revox 

Revox, the Swiss-based 
manufacturer of top quality 

hi-fi products, has launched a 
professional reel-to-reel recorder 
— the C270. Although Revox has 
been known as the leader in 
reel-to-reel technology for 
nearly 40 years, the C270 
recorder is only the second 
Revox machine designed 
specifically for the professional 
market (the first was the PR99). 
The totally new design of the 
C270 incorporates many features 
previously only found in more 
expensive professional recorders 
such as those made by Revox's 
sister company STUDER. Some 
of these features are: 
Brushless dc capstan motor — 

for accurate speed control. AC 
spooling motors — high speed 
spooling and optimum tape 
handling. Phase linear record/ 
replay circuits — optimum sonic 
performance. Easy edit mode — 
Manual movement of right hand 
spool activates the left hand 
spool and maintains exact tape 
tensions at all times. Large vu 
meters with peak led indicators 
at +6, +9, + 12 dB. RS 232 Serial 
Port allowing full remote control 
of all functions and connection 
to system controller. Fader 
start/external varispeed 
connection allowing external 
control of capstan speed. Easy 
access to all audio boards 
allowing alignment to be 
completed without removal from 
case or console. 
The Revox C270 Recorder is 

priced at £2490 excluding vat and 
is available now. 
Contact: EW.O. Bauch Ltd., 

49 Theobald Street, Boreham 
Wood, Hertfordshire WD6 4RZ. 
Tel: 01-953 0091. 

Supersafe Mains Plug 

Rller UK announces a 
oulded 13A mains safety 

plug with insulated pins.The new 
plug, for use with Feller power 
supply cords and cord set 
assemblies, has the ASTA 
approval and conforms with BS 
1363/A. 
The new plug is directly 

moulded, not an ultrasonically 
welded hollow shell type. Pins 
are solid, not folded hollow-core 
types. The plug is the only one 
currently available with its wires 
directly crimped into the pins. 
Good electrical isolation and 

mechanical integrity are 
provided by the plug's seamless 
moulded body. Part-sleeved live 
and neutral pins ensure that 
fingers cannot touch the pins 
when the plug is only partially 
inserted. A transparent plastic 
fuseholder enables quick and 
easy access to the fuse from the 
front of the plug, and allows the 
fuse current rating to be seen at 
a glance. 
Power supply cords and cord 

sets incorporating the new plug 
are available in a variety of 
cross-sections, lengths and 
colours. 
Contact: Feller (UK) Limited, 

Unit 1, Middlefields Industrial 
Estate, Throckley Way, South 
Shields, Tyne and Wear, NE34 
ONU. Tel: 091 455 1048. 
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REGULAR FEATURE 

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

LABEL PRINTED IN BRITAIN 
Despite efforts, the manufacture of consumer electronics in Britain is 
trickling away, while Japanese factories in the UK are reduced to 
assembling overseas-manufactured parts. One reason is that world 
competition is coming to bear on the Japanese. 

4-1-t seems to be the week for shutting 
1factories  in Britain"  said  an 

American analyst at the end of January, 
when he heard that the J2T factory at 
Newhaven, which employs 270 people 
to make VHS video recorders, was 
ceasing production. 
J2T is a joint venture between JVC of 

Japan, Thomson of France and Thorn 
EMI of the UK. Back in 1978, when 
JVC first planned the manufacture of 
vhs recorders in Europe, it was to have 
been J3T; JVC, Thorn EMI, Thomson 
of France and Telefunken of Germany. 
Then, in 1981, the French government 
nationalised Thomson, who dropped 
out. 
So J2T was born and took over old 

Telefunken andThorn factories in Berlin 
and Newhaven. Production of vcrs 
began in 1982. A Thomson factory at 
Longwy in France produced mechanical 
parts. At first all this "production" was 
little more than screwdriver assembly of 
kits imported from JVC in Japan, but 
later there was more genuine manu-
facture — eg stuffing circuit boards, 
albeit  mainly  with  Japanese 
components. 
Later Thomson bought control of 

Telefunken; then Thorn EMI sold 
Thomson its Ferguson tv and video 
division. Thorn decided to get out of J2T, 
reducing it to JT (JVC and Thomson). 
The JT factory in Berlin will continue 
to produce vhs recorders for Europe. 
The management at Newhaven are 
trying to organise a buy out which will 
let them continue working on a sub-
contract basis for Berlin. 
Explaining the Newhaven shut-down, 

JVC blamed "deterioration in the video 
recorder market, brought about by 
excess global manufacturing capacity, 
made worse recently by rapidly increas-
ing imports of extremely low-priced 
video recorders from the Far East". 
For surely the first time ever, some 

Japanese companies are now complain-
ing to the Common Market Commission 
about dumping at below cost by other 
Far East manufacturers, eg in Taiwan 
and Korea. The biter has been bit. Until 
now it has always been European firms, 
notably Philips and Grundig, who have 
lodged dumping complaints against the 
Japanese. 

J2Tsays it needs to "reduce costs" and 
thinks the closure of Newhaven will 
"improve the company's chances of 
survival". 
JVC, and the other major electronics 

companies in Japan, are launching 
Super-VHS, the new version of vhs 
which uses higher quality tape and 
higher carrier frequencies to give clearer 
pictures. Whereas JVC licensed almost 
anyone to make VHS, in an effort to 
make the format a world standard over 
Sony's Beta and Philips' V2000, only 
carefully  selected  Japanese  and 
European firms will get an S-VHS 
licence. Sales of S-VHS in Japan are now 
running at 8-10% of market.The format 
is due for launch in Europe this 
Christmas at a price premium of around 
20-30% over stan-dard vhs machines. 
If JVC, who invented the basic vhs 

system and pioneered the mass produc-
tion of video recorders, cannot make 
money on standard vhs against the Far 
East competition, what hope has a 
Newhaven management? 
Before the Thomson takeover, Thorn 

had invested heavily in the automated 
production of tv sets at Ferguson 
factories in Enfield and Gosport. Now, 
under French ownership, Ferguson is 
making workers redundant. 
After the sale of Ferguson to France, 

North London firm Fidelity was the last 
remaining manufacturer of colour tv sets 
in Britain under British ownership — 
the Capparo Group owned by Swraj 
Paul, a naturalised Indian. Taking the 
opposite line to Thorn and Ferguson, 
Fidelity took a considered decision not 
to invest in automated production 
machinery. Fidelity did however invest 
in an rand d team who designed a digital 
tv set, using the ITT chip set. 
Now the company admits it too can 

no longer compete with the lower manu-
facturing prices charged by Far Eastern 
factories. Fidelity has already sacked 100 
out of its workforce of 450 and will soon 
waste most of the rest, leaving only the 
r and d department, sales force and 
specialised production line for high 
value equipment. Bulk manufacture will 
now be subcontracted to the Far East, 
mainly Taiwan and Korea. 
If Fidelity succeeds it is sad, because 

this suggests that the only way for a 

British consumer electronics company to 
make money is to become a design and 
sales front for the Far East. 
If Fidelity fails, it will be even sadder 

because that suggests there may be no 
way to make money from consumer elec-
tronics in the UK. 
The record industry is in trouble too, 

largely because the majors were too 
myopic to see the potential of digital 
compact disc. Polygram is shutting down 
its Walthamstow analogue tape and disc 
pressing plant. This leaves only CBS at 
Aylesbury and EMI at Hayes as majors 
still manufacturing vinyl 1ps, singles and 
cassettes in Britain. EMI has a cd factory 
in Swindon. None of the other majors 
build in Britain. 
Polygram employed over 300 at 

Walthamstow, making around 50 million 
1ps, singles and cassettes a year. But over 
30% of Polygram's music sales are now 
on cd; the company (owned by Philips) 
has already shut down analogue plants 
in Italy, France and Sweden, leaving 
Baarn in Holland and Hanover in West 
Germany as the main suppliers for 
Europe. WEA and RCA already import 
from Germany. 
Polygram's cd factory in Hanover, now 

run by Philips and Du Pont, is the largest 
in the world. As PDO themselves say: 
"Anyone who now invests in a new cd 
plant, is throwing money away". 
There are already too many factories 
producing too many cds round the world 
for the market to be profitable for 
newcomers. Factories in the Far East 
have brought the price of pressing a cd 
down from £2 to well under £1. 
British government statistics show 

that in 1970 not a single Japanese 
manufacturer was based in Britain. Now 
there are around 60, many of them 
making consumer electronics. And the 
ce pattern looks likely to repeat across 
the board. For years I tried to stay loyal 
to genuine British cars. When the gear 
box on my new Metro MG started failing 
at 13,000 miles, it took 9 months and 27 
letters to get Austin Rover to pay half 
the repair bill. I replaced the car with a 
Nissan, because at least that Japanese 
company has a factory here. 
Buying British could soon mean 

nothing more than buying something 
which is "made in Britain" by someone 
else. 

8  PRACTICAL ELECTRONICS MAY 1988 



1 SCIENCE 
AND 
TECHNOLOGY 

VOLUME 24 No. 5 
MAY 1988 
ISSN 0032 — 6372 

Editor: 
John Becker 

Sub-Editor: 
Helen Armstrong 

Technical Illustrator: 
Derek Gooding 

Advertisement Sales: 
Sarah Holtham 

Business Manager: 
Mary-Ann Hubers 

Circulation: 
David Hewett 

Publisher: 
Angelo Zgorelec 

Editorial and Advertising Address: 
Practical Electronics, 
Intra House, 193 Uxbridge Road, 
London W12 9RA 
Tel: 01-743 8888 
Telecom Gold: 87: SQQ567 

Advertisements 
All correspondence relating to advert-
isements,  including  classified  ads, 
should be addressed to: The advertise-
ment  department,  Practical  Elec-
tronics, at the above address and 
telephone number. 

Readers' Enquiries 
All editorial correspondence should be 
addressed to the editor and any letters 
requiring a reply should be accom-
panied  by  a stamped  addressed 
envelope, or equivalent payment. 
We  regret  that  lengthy  technical 
enquiries cannot be answered over the 
phone. 

Subscription Address: 
Practical  Electronics,  Subscription 
Dept., P.O. Box 500, Leicester LE99 OAA 

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

Cover Illustration: 
Mark Taylor. 

© Intra Press 1988. Copyright in all 
drawings, photographs and articles 
published in PRACTICAL ELECTRONICS 
is fully protected, and reproduction or 
imitations in whole or part are ex-
pressly  forbidden.  All  reasonable 
precautions are taken by PRACTICAL 
ELECTRONICS to ensure that the 
advice and data given to readers is 
reliable. We cannot, however, guaran-
tee it, and we cannot accept legal 
responsibility for it. Prices quoted are 
those current as we go to press. All 
material is accepted for publication on 
the express understanding that the 
contributor has the authority to permit 
us to do so. 

EDITORIAL 
COMMENT 

SATELLITE 
COMPETITION 
0 0 now we know the fortunate winner of the PE satellite tv 
receiver competition. The details are on page 61, together 

with the names of the runners-up. 
There were several people amongst the final selection to whom 

we could have awarded the prize, though we were a little 

surprised at the number of incorrect answers to the three main 
questions. We really felt that the answers were so readily 
obtainable that there would be no difficulty. All three questions 
were chosen because we believe that they represent significant 
landmarks in the development of electronics. Marconi's first radio 
transmission across the Atlantic in 1901 represents to us the birth 
of the communications revolution, enabling society to communi-
cate over vast distaces without direct connection by physical 
links. Without such freedom, commerce, education and entertain-
ment would be unlikely to reach the world's population as broadly 

as it does today. 
We debated for some time as to whether the invention of 

transistor in 1947 or the integrated circuit in 1958 was the more 
significant. Certainly without the transistor, ics could not have 

been invented, but the ic has led to the miniaturisation of the 
circuitry that is essential to computer and allied technologies. 
While the invention of the transistor is perhaps more widely 
documented than that of the ic, we gave you a healthy clue to 
the answer by saying that it was invented by Texas Instruments. 
We know that some of you rang TI to ask them the answer. 

Reference libraries could also have helped you find the answer. 
The introduction of PE in 1964 represented a significant step 

forward in bringing the whole subject of electronics to a wider 
audience. Prior to PE, the available magazines implied by their 
titles that they were to do with radio. PE showed that electronics 
has far wider applications and that they were within the reach 
of anyone with a soldering iron and a few pence to spare. The 
first year of publication could have been worked out from the 
current volume number. Some of you took the easy way out, 
and phoned us — we were pleased to tell you and applauded 
your initiative, as we did those who rang TI. 
Question four was, of course, a tie-breaker. Quite naturally, 

many of you wanted a satellite tv receiver because it would give 
you a greater selection of entertainment channels, or because 
you wanted to be the envy of your neighbours. Nothing much 
wrong with that! We felt, though, that those of you who showed 
greater imagination and wanted to reap wider benefits from the 
gift were more deserving. We finally chose "to open new horizons 

in my hobbies of electronics, computing, radio, tv and 
astronomy". Well done Mr Cook, enjoy your prize. Thanks, and 
commiserations to everyone else who participated. 

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

AMB15 BBC MASTER £346 00 
AMC06 Turbo 165C -02) Expansion Module 

ADC08  512 Processor 
A0F14  Rom Cartridge 
ADJ22  Ref Manual Part I 

£19516) 
£13 (b) 
C14 (c) 

ADJ24  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 11201< Single 6401< Drive and bundled software £385 (a) 
SYSTEM 2 System 1 with a 12 Hi Res RGB Monitor £469 (a) 
SYSTEM 3 System 1 with a 14 Med Abs ROB Monitor £599 (a) 
Second Drive <ri £99 (c) Extension Cable for cid 5 25 drive £12.50 (d) 

View 30 User Guide £10 (d)  . 
BBC Dust Cover £4.50 (d) 
ADFS ROM (tor B with 1770 DFS & B PlusI £26 (d) 
ACORN Z80 2nd Processors 029 (a) 
MULTIFORM Z80 2nd Processor £28916) 
TORCH ZOO 204 Processor ZEP 100 

5MEI12 BBC MASTER Econet £315 (a) 
£99 (b) 

£19.50(c) 
£41 (c) 
£14 (c) 
£4.75 (d) 

Viewsheet User Guide £10 (d) 
1770 DES Upgrade lor Model B £43.50 (d) 

1 20S ROM £15(d) 
ACORN 6502 2nd Processor £173 (b) 
. ACORN IEEE Interlace £269 (a) 

£229 (a) 
TZDP 240 ZEP 100 with Technomatic PD800P dual drive with built-in monitor stand  £439 (a) 

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

We stock the lull 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) 
5.2E' Dual Drives 40/80 switchable: 
TD800 800K/1280K  £199 (a) 
PD800 800K/1280K with integral mains power supply  £229 (a) 
PDBOOP 800K/1280K with integral mains power supply and monitor stand  £249 (a) 
3.5" 80T DS Drives:  •   
TS351 Single 4001Q640K  £99 (b) 
PS351 Single 400K/640K with integral mains power supply  £119 (b) 
TD352 Dual 800(01280K  £170 (b) 
P0352 Dual 800K/1280K with integral mains power supply  £187 (b) 
P0853 Combo Dual 5.2E73.5" drive with p.s.0  £229 (a) 

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

5,41" Discs  1V2" Discs 
40 T SS DD  f10.00 (d)  40 T DS DD  £12.00 (d)  80 T SS DD  £20.00(d( 
80 T SS DD  £14.50(d)  80 T DS DD  £15.50)d)  80 T DS DD  £25.00 (d) 

PRINTERS & PLOTTERS 
EPSON  STAR NL10 (Parallel Interface)   £209 (6) 
EPSON LX86   £189 (a)  STAR NL10 (Serial Interlace)   £279 (K) 
Optional Tractor Feed LX8o 86  E20 0)  STAR Power Type   £229 le) 
Sheet Feeder LX80/86  £49 to) 
FX800  £319(a)  BROTHER HR20  £329 (a) 

FX1000  £449(a) 
E X800  £409 (a) 
LQ800 (80 col)  £439 (a) 
L01000  £589 (a) 

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

COLOUR PRINTERS 

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

and GLP (BBC only)   

PLOTTERS  • 

£28 lc1) 

JUKI  Hitachi 672  £459 (a) 
6100 (Daisy Wheel)  £259 (a)  Graphics Workstation 

(A3 Plotter)  £599 (a) 
NATIONAL PANASONIC  Plotmate A4SM  £450 (a) 
KX P1080)80 col)  £149 (a) 

Single Disc Cable £6 (d) 
10 Disc Library Case £1.80 (d) 
50  512- 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 £9.50 (d) 
30 / 51/2" 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 £18.50(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) 
1451 AP Std Res  £259 (a) 
All above monitors available in plastic or 
metal case. 

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

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

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

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

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

MODEMS 
All modems carry a full BT approval 

MIRACLE TECHNOLOGY WS Range 

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

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

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

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

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

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

WS2000 V21 N23 Manual Modem  £95 (b) 

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

DATATALK Comma Package 
If purchased with any of the above 
modems'  *£70 (c) 

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

(Offer limited to current stocks) / 

91256 3 PORT SWITCHOVER 
SERIAL INTERFACE 
3 input/1 output or 1 inpuV3 output 
manual channel selection Input/ 
output baud rates. independently 
selectable 7 bit/8 bit odd/even/none 
panty. Hardware or software 
handshake 256K buffer, mains 
powered  £375(b( 

PB BUFFER 
Internal boner for most Epson 
printers Easy to install Inst. 
supplied 
PB128 128K  £99(c( 

UVERASERS 
UV1T Eraser with built-in timer and mains Inchcatur 
Built-.in safety interlock to avoid accidental exposure 
to the harmful UV rays. 
It can handle up to 5eproms at a time with an average 
erasing time of about 20 mins £59 + £2 pap. 
UV1 as above but without the timer. f47 + £2 p&p. 
For Industrial Users, we offer UV140 & UV 41 era-
sers with handling capacity Ott4eproms UV141 has 
a built in timer Both otter full built in safety eatures 
UV140 £69, UV141 £85, p&p £2.50. 

EXT SERIAL/PARALLEL 
CONVERTERS 

Mains powered converters 
Serial to Parallel 
Parallel to Serial   
Bidirectional Converter 

 £48(c) 
£48(c) 
£105 (b) 

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

Serial Mini Patch Box 
Allows an easy method to 
reconfigure pin functions 
without rewiring the cable 
assay Jumpers can be used 
and reused  £221d) 

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

CONNECTOR SYSTEMS 

ID. CONNECTORS 
1Speedblock Typo 

Noel  Header Recep  Edge 
ways  Plug  •acle  Conn 
10  90p  65p  120p 
20  145p  125p  195p 
26  I 75p  150p  240p 
34  200p  160p  320p 
40  220p  190p  MOp 
50  235p  200p  390p 

SOFTY), 
This low cost intelligent eprom progrardmer can program 2716,2516, 
2532. 2732. and with an adaptor. 2564 and 2764 Displays 512 byte 
page  on  TV  -  has  a  serial  and  par-
allel I/O routines Can be used as an emulator, cassette interface 
Softy II  £195.00(b) 
Adaptor  for  2764 
2564 E25.00 

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

EDGE 

CONNECTORS 
Or 0'5h 

2 x 6-way Icommodorel  -  300p 
2 K 10-way  150p  - 
2 x 12 way ‘viii 201  • :  350p 
2s 18 way  140p 
2 x 23-way (2%811  175p  220p 
2 x 25,way  225p  220p 
2s 28-way (Spec trurnt  200p  - 
2 x 36 way  250p 
I x 43-way  260p 
2 x 22 way  190p 
2s 43-way  395p - 
1 e 77 way  400p  500p 
2s 50 waytS100conni  600p 

AMPHENOL 
CONNECTORS 

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

RIBBON CABLE 
,grey metre I 

10.way  40p  34-way  160p 
16-way  60p  40-way  1110p 
20-way  85p  50-way  200p 
26-way  120p  64.way  280p 

TEXTOOL ZIF 
SOCKETS  24 -pin £7.50 
20 pm £9.10  E12,10 

EURO CONNECTORS 
DIN 41612  Plug  Skt 
2X 32 way St Pin  230p 275p 
20 32 way Ang Pin  275p 320p 
3 x 32 way St Pin  260p 300p 
30 32 way An Pin  375p 400p 
IDC Skt A +B  400p 
IDCSktA+C  400p 

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

GENDER CHANGERS 
25 way D type 

Male to Male 
Male to Female 
Female to Female 

£10 
£10 
f10 

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 

85.00 
f 5 25 
r10 00 
f 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 150p 

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

ALL PRICES EXCLUDE VAT 

(a) £8 (b) £2.50 (c) £1.50 (d) 

Please add carriage 50p 
unless indicated as folows: 

£1.00 

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

10 PRACTICAL ELECTRONICS MAY 1988 



74 SERIES 

7400  0.10 
7401  000 
7402  0 30 
7403  0 30 
7404  036 
7405  000 
740E  0.40 

7407  040 
MOB  0 30 
7409  030 
7410  D 30 
7411  0 30 
' 7412  0 30 
7413  0 50 
7414  0 70 
7416  038 
7417  0.40 
7420  000 
7421  064 
7421  036 
7423  036 

7415  040 
7426  040 
7427  0 32 

7428  0 43 
7430  030 
7432  036 
7433  0 30 
7437  030 
7438  040 
7439  0 40 
7440  0 40 
7441  0 90 

74424  0 70 
7.34  1 DO 
74.  1 10 
7445  0 70 
7.64  1 00 
7.74  1 DO 
7.18  1 00 

7450  0 36 
745  0 35 
7453  0 38 
7454  0 38 
7460  055 
7470  0 50 
1411  045 
7473  045 
7474  0 50 
7475  0.60 

7476  0.45 
7480  0.65 
7481  1.110 
74834  1,05 
74944  1.25 

7495  1.10 
7465  042 
7489  110 
74904  0.55 
7491  0.70 
74924  0.70 
74934  0.55 
7494  1.10 
74954  060 
7496  030 
7497  2.90 
74100  110 
74107  0.50 
74109  0.75 
74110  0.75 

74111  0.55 
74116  1.70 
74118  1.10 
74119  130 
74120  1.00 
74111  0.55 
74112  010 
74123  0.80 
74125  0.65 
74126  OSS 
74128  055 
74132  0.75 
74136  070 
74141  0.90 

74142  150 
74143  1.30 

741 .  2.70 
74145  1.10 
74147  770 
741.  110 
74150  1.75 
741514  0.70 
74153  0.80 
74154  1.40 
74155  OM 
74156  0.90 
74159  225 
741E0  1.10 
74161  ON 
74161  1.10 
74163  1.10 
74164  120 
74165  1.10 
74166  1.40 
74167  4.00 
74170  2.00 
74172  420 
74173  140 
74174  660 

74175  1.05 
74176  1.00 
74178  1.50 
74179  1.50 
74180  1.00 
74181  3.40 
74182  940 
74184  1.0) 
74185A  1.10 
74190  1.30 
74191  1.30 
74192  1.10 
74193  1.15 
74194  1.ID 
74195  0.30 
74196  130 
74197  170 
74190  220 
74199  220 
74221  770 
74251  700 
74259  1.50 
74265  0.40 
74273  200 

74270  1.40 
74278  120 

74279  0.90 
74263  705 
74742  320 
74290  060 

74293  090 
74296  1 BO 
74351  200 
743654  000 
743664  000 
743674  000 
74376  160 
74390  110 
74393  1.20 

74490  1.40 

741S SERIES 

741500 
741501 
741902 
741503 
741504 
741505 
7415013 
701509 
741510 
741511 
741513 
741514 
741515 
741520 
741521 
741522 

741524 
741526 
741527 
701528 
741530 
741532 

741533 
741.537 
741530 
741500 
741542 
741543 
741648 
741549 
741551 

741554 
741555 
7415734 
741.5744 
741575 
741.9764 
7415713 
741.5834 
741545 
741586 

741590 
741992 
741593 
74/5956 
741596 
7415107 

0.24 
024 
0.24 
024 
0.24 
0.24 
014 
0.24 
024 
0.24 
0.34 
0.50 
024 
0.24 
0.24 
0.24 
0.50 
0.26 
0.24 
024 
0.24 
0.24 
024 
024 
024 
0.24 
050 
1.50 
0.90 
1.00 
0.24 
0.24 
024 
0.30 
0.35 
065 
0,371 
042 
0.70 
0.75 
035 
044 
0.35 
0.54 
0.75 
0.90 
010 

7415109  0.40 
7415112  0.45 
7415113  0.46 
7415114  OAS 
7415122  0.70 
7416123  EN 
7415125  0.90 
7415126  0.50 

7415132  065 
7415133  0.55 
7415136  045 
7415138  0.55 
7415139  0.55 
741.5145  0.95 
7415147  175 
7415148  1.40 
7415151  0.65 
7415152  200 
74/5153  065 
7415154  760 
7415155  065 
7415156  665 
7415157  050 
7410158  065 
74151604  005 
74151614  075 
74151624  075 
74151634  075 
7415164  075 
741.51654  1.10 
741.51664  ISO 
7015166  1.30 
7415169  1.00 
7415170  1.40 
74101734  100 
7415174  0.75 
7415175  0.75 
7415101  100 
7415183  660 
7415190  075 

7405191  075 
74/5192  0.90 
74/51944  ars 
74151954  075 
7415196  080 
7415197  080 
7416221  0.90 
7415240  060 
7415241  010 
7415242  0.90 
7415243  090 
7415244  070 
7415245  0.90 
7415247  1.10 
7415248  1.10 

7415249  1.10 
7415251  0.75 
7415253  0.75 
7415156  0.90 
741524574  0.70 
74152564  0.70 
7415259  1.20 
7415260  0.75 
7415266  650 

7415273  1.25 
7425179  aro 
74is250  190 
74152113  0.90 
7415290  EN 
7415292  14.00 
7415293  0.50 
7415295  103 

7415297  14.00 
7415298  1.00 
7415299  2.20 
7415321  170 
74153224  3.90 
7415323  100 
7415324  3.20 
7415348  100 
7415352  1.20 
7415353  120 
7419356  110 
7415363  110 
7415364  110 
7415365  0.50 
7425386  050 
7415367  051 
7415368  0.50 
7415373  0.70 
7415374  0.70 
7415375  0.75 
7415377  1.30 
7415378  0.95 
7415379  110 
7415381  4.50 
7419385  3.25 
7415390  0.60 
7415393  110 
74153954  1.00 
7415399  1.40 
7415445  1.60 
7415465  1.20 
7415467  1.20 
7415490  1.50 

7415540  1.00 
7415541  1.00 
7415606  7.00 
70/5610  25.00 
7415612  25.00 
7415624  150 
7419616  225 
7415628  2.25 
7415629  1.25 
7415640  200 
7415640.1  300 
7415641  150 
7415642  2.50 
7415642.1  300 
7415643  2.50 
7415643.1  3.00 
7419644  150 
7415645  2.00 
7415645-1  4.00 

7415668  0.90 
7415669  0.90 
7415670  170 
7415681  150 
7415683  3.00 
7415684  150 
7415687  150 
7415688  3.50 
74157133  16.00 

11 1 =C M  
74500  0.50 
74502  0.50 
74504  0.50 
74505  0.50 
74508  0.50 
74510  0.60 
74511  0.75 

74520  0.50 
74522  0.50 
74530  0.50 
74532  0.60 
74537  0.60 
74536  060 
74540  0.50 
74551  0.60 
74964  0.45 
74574  070 
74585  5.50 
74586  1.00 
745112  020 
745113  120 
745114  1.20 
745124  3.00 
745132  1.00 
749133  0.60 
745138  1.10 
745139  1.50 
745140  1.00 
745151  1.50 
749153  1.50 
745157  2.00 
749158  2.00 
745163  3.00 
745169  530 
745174  3.00 
749175  320 
745186  IN 
745189  1.50 
745194  3.00 
745196  100 

745196  3.50 
745200  4.50 
745201  320 
745225  5.20 
745240  4.00 
745241  420 
745244  4.00 
745251  2.50 
745257  2.50 
745258  2.50 
749260  100 
745261  100 
749283  170 
745287  2.25 
745288  2.00 
749269  2.25 
745299  4.50 
745373  4.00 
745374  4.00 
7493E17  225 

Special 
offer 
to 
PE 

readers 
only - 
10% off 
on 
all 
TTLS 

and 
CMOS 

74A15 SERIES 

74*1.600  045 
74A7,907  845 
7441504  050 
7441508  050 
7441510  045 
7441520  045 
7441532  045 
7441574  070 
74415138  750 
7441.5139  ISO 
74415244  400 

74415245  4.75 
74415573  2.60 
74415574  4.50 
74415580  160 

4000 SERIES 

4000 

4001 
4002 
4006 
4007 
4008 
4009 
4010 

4011 
4012 
4013 
4014 
4015 
4016 
4017 
4016 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
0031 
4031 

4033 
0334 
4034 
0035 
0036 
4037 
4038 
40710 
4041 
4042 
4043 

4041 
0045 
4046 
4047 
4048 
4049 
0050 
4051 

4052 
4063 
4054 
4055 
4056 
4060 
4063 
4066 
4067 
4060 

4069 
4070 
4071 
4072 
4073 
4075 

020 
024 
0.25 
0.70 
025 
0.60 
0.45 
010 
024 
0.25 

0.24 
EN 
0.70 
0.35 
015 
0.60 
060 
ON 
0.80 
070 
0.30 
048 
024 
0.10 
060 
060 
0.75 
035 
1.25 
1.00 
1.25 

2.50 
2.50 
0.70 
2.50 
1.10 
1.00 
0.00 
055 
050 
0.60 
0.N 
1.00 
060 
064 
0 55 
036 
0 35 
469 
0 60 
0 60 
084 
0 80 
0 65 
0 70 
0.65 
0 40 
2.30 
025 
024 
0.24 
024 
0,24 
024 
0.24 

4076  0.65 
4077  025 
4018  025 
4081  024 
4082  0.25 
4085  0.60 
4086  0.75 
4049  120 

4093  0.35 
4094  0.90 
4095  095 
4096  0.90 
4097  170 
4095  075 
4099  099 
4601  0.36 
4501  0.55 
4503  0.31 
4504  095 
4505  360 
4506  0.90 
4507  035 
4508  1.20 
4510  055 
4511  055 
4512  0.55 
4513  1.50 
4514  1.10 
4515  1.10 

4516  055 
4517  210 
4518  OAS 

4519  0.32 
4520  0.60 
4521  1.15 
4522  080 
4516  0.70 
4517  050 
4578  015 

4519  1.00 
4531  0.75 

4532  0.65 
4534  3.80 
4536  2.50 
45313  075 
4539  0.75 
4541  010 
4543  0.70 
4651  1.00 
4553  2141 
4555  0.36 
4556  050 
4557  /40 

4560  740 
4566  110 
4568  2.40 
4569  110 
4572  0.45 
4583  090 
4564  0.48 

4585  0.60 
4724  6.10 
14411  7.50 
14411  750 
14416  100 
14419  2.60 
14490  420 
14495  450 
145000  6.50 
14599  2.00 

22100  3.50 
21101  7.00 
22102  700 
40014  048 

63085  1.20 
40097  016 
40098  0/0 
40100  150 
40101  1.25 
40102  600 
40103  200 
40104  120 

40105  1 50 
40106  040 
40107  055 
40108  320 
40109  680 
40110  2.25 
40114  2.25 
40107  260 
40163  800 
40173  720 
40174  708 
40175  700 
40197  700 

00193  1.00 
40,94  1.00 
40244  1.50 
40245  1 50 
40257  180 
40373  780 
40374  1.80 
6.95  0.75 
80[97  0 75 
80198  075 

LINEAR ICs  COMPUTER COMPONENTS 
407,0808  1100 
41479100C  25.00 
ANI03  /00 
49.55050  800 
47.3.1353  5.00 
48.3.8910  190 
41.3-8912  500 
CA30194  1.00 
7,03020  350 

0A30284  110 
C03046  070 
C03059  3.25 
CA3060  350 
143080E  0.70 
CA.3085  150 
CA3086  0.60 
C03089E  2.50 
CA309040  3.75 
CA31305  0.90 
CA31307  1.30 
1A3140E  0.45 
7,031407  110 
7,03140  225 
7,03160E  1.50 
7,0316IE  2.00 
7,031620  6.00 
1A3I09E  2.70 
7,432400  150 
C632805  100 
07002  6.00 
0A7,1408.8  3.00 
DAC0800  100 
DAC0808  100 
DG308  3.00 
041366  1.90 
IC1.7106  6.75 
IC17611  015 
1C1.8038  4.00 
ICM7555  0.90 
40047556  1.40 
I.C7120  3.00 
I.C7130  3.00 
1C7131  3.50 
1C7137  3.50 
11347  120 
16351  0.60 
11353  093 
1E355  0.90 
163569  1.10 
LF357  1.00 
11398  4.00 
1211 80151  4.50 
1643014  0.30 
121307  0.45 
1643013C14  075 
164310  215 
164366  0.60 
164318  1.50 
06319  110 
1-M324  015 
164334.2  1.15 
L643352  130 
164336  1.60 
164339  000 
114348  0.60 
0143584  050 
LM377  306 
LM38014.8  150 
11531308  ISO 
121383  325 
1.64384  2.30 
L5031369-1  1.00 

1.387  2.70 
164301  110 
16439214  670 
1.393  025 
164394CH  4.00 
121709  035 

LM710  0.48 
0M711  1.00 
164723  000 

LM725CN  3.00 
081733  0.65 
064746  022 
1647747  0.70 
164748  0.30 
LM1011  4.80 
L641014  1.50 
1.141801  100 
1641830  2.50 

1641871  3.00 
1M1871  3.00 
1641886  8.00 
1511889  4.50 
1642917  3.00 

1643301  090 
183900  0.60 
1643909  1.40 
1643911  1.80 
L643914  3.50 
1143515  3.40 
1643916  3.40 
11613600  1.50 
64515131  2.30 
51515161.  4.50 
15133712  2.00 
647,13104  1.50 
1413  0.75 
647,I458  0.45 
647,1495  3.00 
64CI496  0.70 
64C33404  2.00 
64C3401  0.70 
MC3404  016 
MFIOCN  4.10 
64050240  9.00 
.1902  5.00 
641922  4.00 
646462216  3.00 

5E529  220 
610531  120 
50544  110 
80555  0.22 
56556  0.60 
50584  0.00 
146565  1.20 
56586  1.50 
90567  125 
116570  100 
90571  3.00 
90502  0.90 
9E55324  1.50 
NE55334  1.60 
9055344  1.20 
8E553444  1.50 
06.07E4  3.50 
41.1.024  5.00 
67,4136  0.55 
87,4151  2.00 
67,4795  150 
67,4558  0.55 
950240  100 
SF696364  6.00 
51190  3.00 
914760138  5.00 
99760338  5.00 
597611514  2.15 
5576489  4.00 
51476495  4.00 
51476660  1.20 
540256412  7.00 
548515  7.50 
747120  120 
167130  1.40 
1A7204  1.50 
7A7205  0.90 
147221  ISO 
747310  1.50 

764231  120 
114800  010 
1134810  0.90 
113420  0.60 
1134132064  0.75 
1BA920  2.00 
1BA950  225 
7C9109  5.00 

7CO270  3.50 
77,4940  1.75 
7041010  2.25 
7061022  4.50 
1041024  1.10 
TDA11705  300 
1042002  3.25 
10A2003  1.90 
7042004  2.40 
10A2006  3.20 

7042030  2.50 
7042593  5.00 
1042653  TOO 
70A3560  7.50 
1003810  ISO 

10A7000  3.50 
7E41002  7.00 
711761CP  0.40 
11062  0.60 
71.064  0.90 
71071  0.40 
11072  0.70 
11074  1.10 

11066  0.35 
11082  0.55 
11063  0.75 
11084  1.00 
11094  2.00 
71.430C  120 
04759  3.20 
64,2240  120 
UCN58014  6.00 
U11420014  0.75 
01.9110014  0.75 
01920034  0.75 
61920044  0.75 
61412068  2.90 
U152802  1.90 
111142803  1.90 
U182804  1.90 
U6C575  2.75 
UPC592H  2.00 
UPC1156H  100 
065118511  5.00 

818210  4.00 
002206  4.50 
0112207  3.75 
)011211  6,35 
002276  175 
002249  120 
241404  1.00 
214414  CIO 
ZN4194  1.75 
291423E  1.30 
254246  1.30 
2542508  3.50 
21442608  3.93 
ZN422,68  4.00 
294211E8  4.50 
05419E8  225 
054470  100 
Z144481  7.50 
211449E  3.00 
254505  7.50 
IN459C4  3.00 
2810340  2.00 
2941040  6.90 
Z14.41340  23.00 
29A234E  6.50 

VOLTAGE REGULATORS 

14 FIXED VOLTAGE PLASTIC 79220 

- VC  VE 

5V 7805 
6V 71306 
60 71308 
12V 71312 
1507815 
181/7818 

24V 7824 

50 78105 
6V 7005 
80 78108 
120713112 
15V 781_15 

065  7005  0.50 
0.50  7906  0.50 
050  7908  0.50 
0 45  7912  0.50 
050  7915  0.50 
0.50  7918  050 
050  7924  0.50 

IA FIXED VOLTAGE PLASTIC TON 

030 
0 30 
0 30 
0'80 
0 30 

50 79105 
12079112 
15879115 

OTHER REGULATORS 

FIXED REGULATORS 
193096  IA 5V 
1.93230  3A 50 
1281.105KC  54 50 

VARIABLE REGUIATORS 
1271305611 
1913177  70.120 
1543170  103 
LM337T 
1.513501 
0647235 

56MCINNG REGULATORS 
ICL7660 
S93524 
11494 
IL 407 
78540 
87,4195 

TFA:liNoNIATic LTD 

1.40 
3.50 
7.50 

2.50 
1.20 
2.40 
2/5 
408 
0.50 

2.50 
300 
100 
125 
2.50 

1.50 

N1A11. ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 lED 
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 

iTcl: ()I 208 1177 Tcic\: )22 0C Tel: 01 -723 0233 
305 EDGWARE ROAD. LONDON W2 

0.45 
0.50 
0.50 

CPUs 
1801GE  5.50 
26504  10.50 
6502  4.50 
65CO2.2919 

1100 
65024  6.50 
65028  8.00 
6800  3.50 
6802  3.50 
046/9  6.50 
6809E  10.00 
68609  10.00 
48E1096  12.00 
68000.16  3100 
8035  3.50 
407,35  6.00 
8039  4.20 
80C39  7.00 
8080A  9.50 
80854  3.00 
800854  7.50 
8086  2200. 
8087.5  0120 
8087.8  0160 
8083  17.50 
8741  15.00 
8748  10.00 

164S1601  12.00 
7.59980  14.50 
16459995  Isis 
020.13  1160 
030.8  12.00 
Z80  /50 
Z804  2.90 
28013  SSO 
2006  ISO 

SUPPORT 

DEVICES 

1651  12.00 
3242 ,  100 
3145  150 
6520  3.00 
6522  3.50 
65220  550 
6532  410 
85516  100 

6821  1.50 
68611  2.50 
60390  3.75 

68640  6.00 
6850  110 
68850  /50 
6852  2.50 
6854  6.50 
68854  BOO 

8154  8.50 
8155  3.00 

8156  310 

8205  2.25 
8212  ZOO 
8216  100 
8124  POA 
8126  4.25 
8228  550 

8237  150 

8143  2.60 
8250  12.00 
8251A  325 
8253C.S  3.50 
82554C.5  120 
8156  ,  16.00 
8257[5'  54.00 
132597,.5  100 

8275  2900 

82797,-5  480 
8281  400 

8284  464 
8287  084 
82880  650 
87554  7640 

OTHERS 

04025 
860526 
00412 
08680 

06861 
SFH205 
711318 
17187 

300 
3.00 
120 
1.20 

120 
1.00 
120 
120 

DISPLAYS 

850357  110 
210500111370 

1,00 
840507/711.729 

1.00 

MA97101707 

MAN3640 
MAN4640 

1.00 

735 
200 

7M54500  14.00 
11459901  5.00 
76459902  5.00 

16459914  14.00 

2801710  2.50 

2804410  175 
28007C  2.50 
280ACTC  175 
28008RT  6.50 
28040601  7.00 

EPR O Ms  75154  120  KEYB OAR D 
75159  220  DEC O DERS 
75160  5.00 

2716-45  4.50  75161  050 
2732-45  4.50  75162  7.50  4751376  11.50 
2764-25  3.20  75172  4.00  742922  500 

270371  5.50  75182  0%  742923  6.00 
2712025  4.80  75188  060 
27C256  750  75189  060 
27512  9.00  75365  1.50 
27513  18.00  75450  0.50 
27C128  5.50  75451  050 
27256  5.50  75452  050 

75453  0.70 

75454  0.70 
180064A  7.00  75480  150 
26041364A  750  75491  0.65 

75492  065 
8726  120 

Z8045107011  8728  1.20 
710  8795  120 

280600  500  MA37132  750  8796  120 
28013410  500  8797  120 
2808CTC  5.00  8798  120 
28060 001  910  511595  1.40 

RS232 

CRT 

CONTR OLLER 

M E M ORIES 

CR75037  62.00 
CR16545  9.00 
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EXPERIMENTAL ELECTRONICS 

RF SPEECH PROCESSOR 
BY THE PROF 

HOW TO GET A CLIPPED ACCENT 

An army drill sergeant's bellows carry across the quad 
because his clipped vocalisations allow a high average signal 
level. You can do the same thing electronically to improve the 
clarity of speech signals — no boots required. This unit uses 
single sideband (ssb) radio frequency (rf) processing to clip 
the input signals and filter out distortion. 

T n the Experimental Electronics article 
lin PE Sept 87, the principles of speech 
processing were discussed, and some 
practical circuits for audio speech 
processors were provided (including a 
constructional project). The subject of 
rf speech processing was mentioned, and 
this is the topic that will be pursued in 
this month's article. Apart from the 
general principles involved, an inexpen-
sive but effective rf speech processor 
project is also included in this article. 

DUE PROCESS 
I suppose a basic explanation of the 

"if' in rf speech processing is in order, 
since we are talking about what, on the 
face of it, should be a purely audio 
process. After all, the input signal is an 
audio type, as is the processed output 
signal. However, with an rf speech 
processor the signal is converted to a 
radio frequency type, then processed, 
and finally demodulated back to an 
audio signal again. This rna9 seem like 
doing things the hard way, and it is 
admittedly a much more complex system 
than simple audio processing. On the 
other hand, using modern components 
an rf speech processor can be far less 
complex than one might expect, and 
there are definite advantages in terms 
of performance. 
A detailed description of speech 

processing fundamentals will not be 
given here as they were discussed in 
some detail in the previous article. 
However, to briefly recapitulate, the 
general idea is to clip the input signal so 
that the average signal level is boosted. 
With the unprocessed and processed 
signals set for the same maximum peak 
to peak level, the processed signal will 
sound some 6 to 10dB louder than the 
unprocessed one. When used with trans-
mitters, PA amplifiers, etc, a speech 
processor enables the available output 
power to be used more effectively, and 
can give much the same effect as a boost 
in power. Depending on the efficiency 
of the processing, the effective increase 
in power is generally around four to ten 
times. Speech processing can therefore 
give a very worthwhile improvement in 
the performance of a system for what 

will often be quite low cost when 
compared to the overall cost of the 
equipment. 
One word of warning that has to be 

repeated here is that some items of 
equipment already have some form of 
built-in speech processing, and any add-
on unit is not likely to be of benefit with 
these. Another point to bear in mind is 
that some pieces of equipment are 
designed on the assumption that the 
input signal will be an ordinary speech 
type that has a fairly high average to 
peak amplitude ratio. Using a speech 
processor with these could conceivably 
result in over-heating and possibly cause 
-expensive damage as a result of this. 
A basic clipping circuit is virtually 

useless as a speech processor as it results 
in strong distortion products being 
generated. These products are harmonic 
and intermodulation types. The har-
monics are simply multiples of the input 
frequencies. To some extent these can 
be counteracted using lowpass filtering, 
and a fundamental signal at 2kHz for 
example, will produce harmonics at 
4kHz, 6kHz, and so on. As frequencies 
above around 2.5 to 3kHz are not 
needed for intelligible speech, with high 
slope filtering these harmonics could be 
reduced  to  an  insignificant  level. 

Frequencies below about 300Hz are not 
needed for intelligible speech, but 
frequencies from around this figure to 
about 1.25 to 1.5kHz will produce at least 
one harmonic within the passband of the 
output filtering. 
Intermodulation distortion is more 

complex, and is the result of an inter-
action between two frequencies. It 
generates sum and difference fre-
quencies, and with 200Hz and 800Hz for 
instance, the new frequencies would be 
600Hz (800Hz — 200Hz) and 1000Hz 
(800Hz + 200Hz). As a typical voice 
signal contains numerous frequencies, 
the result of any intermodulation distor-
tion is to produce a complex spectrum 
of new frequencies. Again, many of 
these frequencies will be within the 
passband of a bandpass filter used to 
process the output signal. 
With simple speech processors the 

only way to avoid excessive distortion is 
to use no more than a moderate amount 
of clipping, and this still gives quite 
significant levels of distortion. It is a 
matter of finding a compromise between 
enough limiting to give a worthwhile 
increase in "talk-power", and not using 
so much limiting that the resultant 
distortion  substantially hinders  the 
intelligibility of the signal. Obviously 
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Fig.!. The RF speech processor block diagram 

results would be better if large amounts 
of limiting could be used without pro-
ducing massive amounts of distortion. 

SOPRANO CLIPPING 

The method used in the earlier speech 
processor was to split the audio signal 
into two frequency bands and to then 
process  these  separately,  including 
separate output filters. The narrower 
bandwidth of the output filters, together 
with the more limited frequency range 
applied to each clipping circuit, enables 
greatly reduced distortion levels to be 
obtained. A very different approach is 
adopted with an ifspeech processor, and 
the block diagram of Fig.1 shows the 
arrangement used in this particular 
design. 
The first two stages are just a pre-
amplifier and voltage amplifier which 
are needed to boost the very low level 
microphone signal to a usable level. A 
gain control is incorporated in this part 
of the circuit, but note that this sets the 
limiting level, and does not act as an 
output level control. The amplified 
signal is processed by a highpass filter 
which attenuates signals below about 
300Hz, but we will ignore this for the 
moment. 

BALANCED MODULATOR 

Next the signal is applied to one input 
of a balanced modulator, and the other 
input is fed with the output of an rf 
oscillator. The balanced modulator is 
much the same as the ring modulators 
used in electronic music, but it is 
operating with one signal well above the 
upper limit of the audio range. The 
mathematics of its operation are exactly 
the same though, with sum and differ-
ence frequencies being generated, and 
the two input signals being suppressed 
from the output. In this case the rf 
oscillator operates at about 455kHz, and 
the sum signal is effectively the audio 
input signal with all its frequencies raised 
by 455kHz. The difference signal is a sort 

OUTPUT 
LPF    

of inverse of this, with the two signals 
being symmetrical around the 455kHz 
carrier wave. As a simple example, a 
lkHz input signal produces sum and 
difference frequencies of 456kHz and 
454kHz respectively. 
This signal is actually just the same as 

an ordinary amplitude modulation (am) 
signal of the type used for long and 
medium wave broadcasts, but the 
455kHz carrier wave has been sup-
pressed. The sum signal is called the 
"upper sideband", and the difference 
frequency is called the "lower side-
band". The two signals together (minus 
the carrier) form a double sideband 
suppressed carrier signal. For our 
present purposes it is a single sideband 
(ssb) suppressed carrier signal that is 
required, or to put it another way, the 
lower sideband or the upper one, but 
not both. 
There are several ways of generating 

a single sideband signal, but these 
basically boil down to some system of 
phasing to remove the unwanted side-
band, or a system of filtering. The 
phasing method may well be perfectly 
feasible for a unit of this type, but due 
to a lack of information on this subject 
I opted for the filtering method. This 
merely entails feeding the double side-
band suppressed carrier signal through 
a special narrow bandwidth high slope 
filter which permits one sideband to pass 
but severely attenuates the other. This is 
normally achieved using a crystal, 
mechanical, or ceramic filter, and in this 
case an inexpensive ceramic filter is 
used. 

FILTER SKIRT 

Fig.2 should help to clarify the way in 
which the filtering operates. The carrier 
frequency must be set a little way into 
one of the "skirts" of the filter, so that 
the wanted sideband is little affected by 
the filtering, but the unwanted sideband 
receives strong attenuation. In this case 
the output signal is the upper sideband, 

but by placing the carrier on the opposite 
"skirt" of the filter a lower sideband 
signal is obtained. 
This system of sideband generation is 

something of a compromise. The signal 
produced by middle and high audio 
input frequencies receives a high degree 
of attenuation on the suppressed side-
band, with what in practice is likely to 
be around 40 to 80dB of attenuation. 
Even using quite sharp filtering, the 
signals produced by low audio input 
frequencies do not receive a very high 
degree of attenuation, with perhaps only 
around 20dB of attenuation. The use of 
an inexpensive filter does not help, as 
this  inevitably  has  slightly  lower 
performance than types costing several 
times as much. It is to minimise this 
problem that the highpass filter is used 
ahead of the balanced modulator. This 
filter attenuates signals at frequencies 
where very poor sideband suppression 
will be obtained, and therefore helps to 
minimise the strength of unwanted side-
band components. 

CLIPPING 

Having obtained a single sideband 
signal, it is then amplified and fed to the 
clipping circuit. At first sight this might 
all seem a little pointless, since the 
harmonic and intermodulation products 
will still be generated, just as for an 
audio signal. However, the point of rf 
clipping is not to prevent the generation 
of distortion products, but to make them 
more easily removed. Things certainly 
look very promising when the spectrum 
of  new  frequencies  generated  by 
harmonic distortion is examined. Fig.3 
helps to explain what I mean. In (a) the 
solid lines represent the audio input 
components, and the broken lines depict 
the  resultant  harmonic  distortion 
components (for clarity only the first 
harmonics are included). This clearly 
shows that some of the harmonics 
generated are within the audio pass-
band. In (b) the solid lines depict the 
upper sideband signal produced from 
the audio input of (a), and the broken 
lines  represent  the  harmonics. 
Obviously the harmonics are all well 
away from the original input fre-
quencies, and can easily be filtered out. 

OPTIMUM 
CARRIER 
FREQUENCY 

UPPER 
SICIEBAN 

SUPPRESSED 
LOWER 

SIDEBAND 

TER 
R;;'ig:E 

FREOUENCY 

Fig.2. Using a high performance 
bandpass filter to remove one side band 
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kig.3. The point of AF clipping 
is that it clearly separates the 
distortion products from the 
fundamental signal 
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INTERMODULATION 

This gives a rather over-optimistic idea 
of the performance that can be obtained 
from an rf speech processor. Remember 
that there is intermodulation distortion 
to contend with as well as the harmonic 
variety. The more straightforward inter-
modulation products are no real prob-
lem as they produce either audio 
frequencies (the difference signals) of 
frequencies at about double the carrier 
frequency (the sum frequencies). In 
both cases they are easily filtered out. 
The intermodulation products that 
give the problems are the ones produced 
by an interaction between components 

in the ssb signal, and harmonics from 
other components in the signal. As an 
example, assume that there are sideband 
components at 456kHz and 457kHz . The 
first harmonic of the 457kHz signal is at 
914kHz, and this reacts with the 456kHz 
signal to produce a difference frequency 
at 458kHz (914kHz — 456kHz = 
458kHz). Fortunately, this form of inter-
modulation distortion produces rela-
tively weak distortion products, and 
many of them are just outside the 
frequency range of the ssb input signal. 
Although there may seem to be no 

point in removing one sideband from the 
output of the balanced modulator, this 
is necessary to minimise the effects of 

1C1,2  LF351  1C3  = uA741C  1C4  81_1640 

CP 
47u 

DI 

DI  = Rod LED  02.3  11,14141 

this form of intermodulation distortion. 
Otherwise harmonics from one sideband 
react with the fundamental signals in the 
other to give difference frequencies that 
are within the frequency limits of the 
input signal. After demodulation these 
would produce the same output fre-
quencies that audio clipping would 
generate. Thus there is no real advantage 
to rf speech processing unless the signal 
is converted to an ssb type prior to 
clipping. 

CLIP ROUTING 

Part of the clipped signal is fed to an 
amplifier and smoothing circuit, and the 
dc output signal from this circuit 
operates a led indicator via a simple 
driver circuit. The led simply flashes on 
when a signal is clipped, and this is a 
useful aid to getting a suitable clipping 
level. 
The main route for the clipped signal 

is through another ssb filter. The purpose 
of this filter is to cut off any distortion 
products outside the frequency limits of 
the ssb signal. Many of these will be at 
either very low or very high frequencies, 
and could be virtually eliminated using 
the most simple of filters. Some of these 
frequencies will lie only just outside the 
frequency range of the main signal 
though, and so another high slope filter 
is needed here in order to give a really 
clean output signal. 
A balanced modulator acts as the 

demodulator. This is fed with the ssb 
signal and the output from the same 
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Fig.4. The AF speech processor main circuit diagram 
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Fig.5. The circuit diagram for the demodulator section. 
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oscillator that was used during the 
generation of the ssb signal. The 
difference  frequency  furnishes  the 
original  audio  frequencies,  and  a 
lowpass  filter  removes  the  radio 
frequency sum signal to leave just this 
required audio signal. 

PRACTICAL CIRCUIT 
The main circuit diagram for the rf 

speech processor appears in Fig.4, but 
the demodulator circuit is shown separ-
ately in Fig.5. 
IC1 and IC2 are used in the micro-

phone preamplifier, and these are 
conventional non-inverting and invert-
ing mode circuits respectively. These give 
a combined voltage gain of just under 
60dB, and this is sufficient to permit 
operation with low impedance dynamic 
microphones. The unit also seems to 
work well with medium or high imped-
ance dynamic microphones, or any types 
which have similar output characteris-
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tics. It will not work properly with crystal 
microphones. VR1 is the microphone 
gain control.The highpass filter is a third 
order (18dB per octave) active type 
which has IC3 as the buffer amplifier. 
IC4 is the balanced modulator, and 

this is a device specifically designed for 
ssb modulation/demodulation applica-
tions. The SL1640 is not a particularly 
cheap device, but it has the advantages 
of not requiring any balance adjust-
ments, and it has good distortion 
performance. The cost of the unit could 
be reduced somewhat by using simple 
diode  modulator  and  demodulator 
circuits, but when I tried this it resulted 
in relatively high distortion levels. This 
is unacceptable in a unit which is 
intended to give minimal distortion 
levels, and so the SL1640 was used in 
the final design. This device requires a 
nominal 6 volt supply, and this is derived 
from the 9 volt battery supply using 
dropper resistor R25 and decoupling 
capacitor C18. 
Good oscillator stability is essential in 

an application of this type, as even a few 
hundred Hertz drift could very seriously 
degrade the audio output quality. The 
oscillator uses TR4 in what looks like a 

conventional crystal controlled circuit, 
with TR5 acting as an emitter follower 
buffer stage at the output. The only non-
standard aspect of this circuit is that X1 
is not an ordinary crystal, but is actually 
a ceramic resonator. This does not give 
the same degree of stability as a "real 
crystal", but it seems to be much better 
than using an L-C oscillator. There 
certainly seem to be no drift problems 
with the prototype, and quite large 
variations in the supply voltage fail to 
induce any significant shift in frequency. 
C21 is used to trim the oscillator to a 
suitable operating frequency. 
MF1 is the first ssb filter. It has a 

minimum —6dB bandwidth of 2.6kHz, 
and a maximum —50dB bandwidth of 
8kHz. This is not particularly good in 
comparison to other ssb filters, but it is 
very good for a filter in this price range. 
It should be borne in mind that the above 
are worst case figures, and that a typical 
filter will provide — 6dB and —50dB 
bandwidths of more like 3kHz and 6kHz 
respectively. The degree of selectivity 
provided by the CFM455 certainly seems 
to be adequate for good performance in 
the present application. 
TR3 is a common emitter amplifier 

which boosts the filtered signal by about 
20dB (ten times) before it is fed to a 
diode clipping circuit (D2 and D3). 
These provide hard clipping at approxi-
mately plus and minus 0.65 volts. If the 
clipping level is reached, TR2 is biased 
into conduction on the peaks of positive 
half cycles. C11 smooths the voltage 
pulses this produces across collector load 
resistor R15, and this signal drives led 
indicator D1 by way of emitter follower 
buffer stage TR1. 
Turning our attention to Fig.5, the 

clipped signal is fed to another CFM455 
filter, and then to another SL1640 
balanced  modulator/demodulator 
(IC5). The output from IC5 is fed to an 

•  MF1 
•  • 

Fig.6. Details of the pct. D1 
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RF SPEECH PROCESSOR 

active second order (12dB per octave) 
lowpass filter based on IC6. VR2 is the 
output level control, and this enables the 
output to be adjusted from zero up to 
about 1 volt peak to peak. Where 
possible it is probably best to use a fairly 
high output level, but in most cases the 
unit will probably have to be used to 
drive a microphone input. VR2 is then 
backed off to give an output level that 
is comparable to the signal level pro-
vided by the microphone. 

CONSTRUCTION 

Results with the original prototype 
seemed to be sufficiently encouraging to 
justify building up the design as a fully 
fledged constructional project. Con-
struction of the unit is reasonably 
straightforward using the printed circuit 
design of Fig.6. Unusually, none of the 
integrated circuits are mos types, but I 
used holders for all of them anyway. I 
would strongly recommend the use of 
holders for IC4 and IC5 at least, as the 
SL1640s are not a matter of a few pence 
each. 
A plastic/metal instrument case which 

measures about 171 by 145 by 56 milli-
metres makes a good housing for this 
project. This will just about accommo-
date all the components including a 
reasonably high capacity 9 volt battery. 
The current consumption of the circuit 
is quite high at approximately 30 milli-
amps, and six HP7 size cells in a plastic 
holder represent what is probably the 
smallest battery that will economically 
power the unit. Connection to the 
battery holder of this type is via an 
ordinary PP3 style connector. I used 3.5 
millimetre jack sockets at the input and 
output of the unit, but these could 
obviously be changed for any other type 
that would be more convenient with 
your particular set up. 

ADJUSTMENT AND RESULTS 
With the aid of suitable test gear C21 

can be used to trim the carrier oscillator 
to precisely the optimum frequency. 
Presumably few constructors will have 
access to this type of equipment, but this 
does not really matter as it is probably 
best to adjust the unit subjectively for 
the best results anyway. The method I 
found best was to feed the output of a 
broadcast receiver into the microphone 
input of the processor via an attenuator 
(a 220k series resistor will suffice). 
Choose a program source that provides 
speech rather than music, and with VR2 
fully advanced monitor the output signal 
using a crystal earphone, headphones, 
or an  amplifier plus loudspeaker. 
Advance VR1 far enough to cause D1 
to flash brightly on each burst of speech 
signal, and then adjust C21 for optimum 
output quality. 
You will probably find that there is a 

small range of settings at which a very 
muffled  and  distorted  output  is 

RESISTORS 
R1,R17,R23 
R2,R29,R30 
R3 
R4 
R5 
R6 
R7,R8,R15 
R9 
R10 
R11 
R12,R13 
R14 
R16 
R18 
R19 
R20 
R21 
R22 
R24 
R25 ,R28 
R26 
R27 
All 1/4 watt 5% carbon 

2k2 (3 off) 
10k (3 off) 
12k 
4k7 
220k 
5k6 
47k (3 off) 
100k 
33k 
22k 
560k (2 off) 
680 
1k 
1M 
220 
3k3 
680k 
2k7 
390 
270 (2 off) 
470 
3k9 

POTENTIOMETERS 
VR1  10k log 
VR2  4k7 sub-min hor preset 

CAPACITORS 
Cl  100µ 10V radial elect 
C2  47µ 25V radial elect 
C3,C4,C6  1p, 63Vradial elect (3 off) 
C5,C16,C17, 
C23  2µ2 63Vradial elect (4 off) 
C7,C18,C24, 
C27  10I.L 25Vradial elect (4 off) 
C8,C9,C10  10n polyester layer (3 off) 
C11  100n polyester layer 
C12  47n polyester layer 
C13,C15,C22 22n polyester layer (3 off) 
C14  330p ceramic plate 
C19  100n ceramic 
C20 
C21 
C25 
C26 

15n polyester layer 
5.5/65p trimmer 
4n7 polyester layer 
2n2 polyester layer 

SEMICONDUCTORS 
IC1, IC2 
IC3 ,IC6 
IC4,1C5 
TR1 
TR2,TR3, 
TR4,TR5 
D1 
D2,D3 

LF351 (2 off) 
uA741C (2 off) 
SL1640 (2 off) 
BC557 

BC547 (4 off) 
Red panel led 
1N4148 (2 off) 

MISCELLANEOUS 
Si  s.p.s.t. sub-min toggle 
SK1,SK2  3.5mm jack socket (2 off) 
B1  9 volt (e.g. 6 x HP7 in 

holder) 
X1  455kHz ceramic resonator 

(CSB455E) 
MF1,MF2  CFM455JI (2 off) 

Printed circuit board, battery connector, 
control knob, case about 171 x 145 x 
56mm, 8 pin dil ic holder (6 off), wire, 
stand-offs, solder, etc. 

Interior view of RF speech processor 
assembly 

obtained. This is with the carrier 
frequency well towards the middle of the 
filters' passbands. Adjusting C21 either 
side of this setting should give a much 
clearer signal. It is probably best to 
offset it in the direction that gives a 
higher capacity, as this will give better 
reliability from the oscillator. If the 
oscillator sometimes seems reluctant to 
start, try making C14 somewhat higher 
in value, or use a very high gain device 
(such as a BC549C) in theTR4 position. 
Results from the unit seem to be quite 

good, and are better than those from 
any audio speech processor I have tried. 
There is noticeable distortion on heavily 
clipped low frequency test signals, but 
at medium and high frequencies (where 
the filters are more effective) a very 
clean output signal is obtained. Rf 
speech processors can achieve distortion 
levels of under 1% with 12dB of limiting. 
I do not think that this design achieves 
such a high standard of performance, 
but the distortion level is only about 
three times this figure. The output signal 
is free from any obvious distortion unless 
the microphone gain control is advanced 
beyond 12dB of limiting. With a lot of 
limiting a large rise in distortion is only 
to be expected, as the audio stages and 
the modulator will be overloaded. 

IMPROVEMENTS 

The design offers a respectable level 
of performance in its current form, but 
it could be improved. The obvious 

A heavily clipped RF signal and the 
resultant (800Hz) audio output. The 
output shows some distortion and a slight 
lack of symmetry, but is very good by 
speech processor standards 

The SL1640, CFM455JI, and CSB455E 
are available from Cirkit Holdings plc. 
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upgrade is to use higher quality filters. 
This should give lower distortion levels, 
particularly at low input frequencies, but 
it could easily result in the overall cost 
of the unit being more than doubled. 
The improvement in performance might 

not justify the extra expense, and this is 
something that would only be worth-
while if optimum performance at any 
price was all that mattered. 
Audio speech processors often have 

an automatic level control somewhere 
ahead of the clipping circuit. This 
ensures that the signal is always at the 
optimum clipping level, and it can be 
very effective when added to an audio 
processor. An alternative is to have some 
form of Vu meter to indicate the degree 
of clipping so that it can be accurately 
set manually. 
Experimenting with circuits of both 

types did not really give a significant 
improvement in performance. With an 

rf speech processor a slightly excessive 
amount of clipping is far from disastrous 
as far as the audio output quality is 
concerned. Accordingly, the effect of 
maintaining a highly accurate clipping 
level is hardly noticeable. 
What would probably be a worthwhile 

line of investigation would be to try 
generating the ssb signal using some 
form of phasing type ssb generator. If a 
suitable simple and inexpensive circuit 
could be devised it would almost cer-
tainly give a worthwhile improvement in 
performance. A phasing type generator 
should give a high degree of sideband 
suppression over the full audio in ut 
frequency range. 

The Archcr Z80 61)C 
The SDS ARCHER — The Z80 based single board 
computer chosen by professionals and OEM users. 
* Top quality board with 4 parallel and 2 serial ports, 
counter-timers, power-fail interrupt, watchdog timer, 
EPROM & battery backed RAM. 

* OPTIONS: on board power supply, smart case, 
ROMable BASIC, Debug Monitor, wide range of 10 & 
memory extension cards. 

Thc bowman 68000 61)C 
The SDS BOWMAN — The 68000 based single board 
computer for advanced high speed applications. 
* Extended double Eurocard with 2 parallel & 2 serial 
ports, battery backed CMOS RAM, EPROM, 2 couriter-
timers, watchdog timer, powerfail interrupt, & an 
optional zero wait state half megabyte D-RAM. 

* Extended width versions with on board power supply 
and case. 

6hcrwood Data 6y8tern8 Ltd 
Sherwood House, The Avenue, Farnham Common, Slough SL2 3JX. Tel. 02814-5067 

PROGRAM NOW 
THE ADVANCED PROGRAMMERS JOURNAL 

NOW MONTHLY! 

The one tool every programmer should have! 
* * 

Issue number 4 on sale the 12th April - price £1.25. 
Available from all wood newsagents or direct from Program Now, 
Intra Press, Intra House, 193 Uxbridge Road, London W12 9RA. 

From Intra Press, publishers of Practical Electronics 
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MINIATURE 
PASSIVE 
INFRA-RED 
SENSOR RP33 

ONLY 

£23.95 
Plus VAT 

Size only 80x60x40mm. Detects intruders up to 
12 metres away. 

• 12 metre detection range. 
• Size only 80x60040mm. 
• 24 Detection zones. 
• Wide 85° coverage. 
• Switchable LED indicator. 

\ This advanced new intrtuion 
detector operates by detecting 
the body heat of an Intruder 
moving within the detection 
field. The use of a dual element 

pyrcelectric sensor means that changes 
in ambient temperatures are ignored, thus providing 

a stable and reliable performance. Easily installed in a room 
or hallway, the unit will provide effective detection of any intrusion. 
Operating from a 12V supply and consuming only 15mA, it is ideal 
for use with the CA 1382, CA 1250 or any equivalent high quality 
control unit Supplied with full Instructions, its performancn 
compares with detectors costing mom than twice the price. 

1111 
CA 1382 ADVANCED CONTROL UNIT that's 

simple to install and operate. 

• Fully automatic siren 
re-set. 

• Audible entry/exit warning. 
• Alarm Sounded memory. 
. 2 separate loop inputs 
+ 24hr circuits. 

• Built-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 time it is switched on, 
preventing incorrect operation. Using a simple 'on/off key 
switch, it is easily 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. 

Available in kit form with fully-
Only £44.95 + VAT buitt electronics, £39.95 + VAT. 

CA 1250 LOW COST 
ALARM CONTROL 
MODULE 

This tried and tested control unit represents 
the finest value for money in control systems, 
providing the following features: 
• Built-in electronic siren drives 2 loud 
speakers • Provides exit and entrance delays 
together with fixed alarm time • Battery 
back-up with trickle charge facility 
• Operates with magnetic switches, pressure 
pads, ultrasonic or lit units • Anti-tamper 
and panic facility • Stabilised output voltage 
• 2 operating modes full alarm anti tamper 
and panic facility • Screw connections for 
ease of installation • Separate relay contacts 
for external loads • Test loop facility. 

Price E 1 9.95 + vAT 

HW 1250 - 
ATTRACTIVE 
HOUSING plus 
HARDWARE FOR 
CA 1250 

. An altractve steel case designed 
•  "'""" to house the Control Unit Co 1250 

together with the appropnate LED indattors and key 
switch (available separately) 
toppled with the necessary pears fixings, and punched 
front panel. the unit is giver a professional appearance 
by the adhesive silk screened label 
Sae 200x180x7 

°°"'n Only £9.50 + VAT 

*Complete systems from 
£39.95 Full range of 
accessories stocked 
Write or tel for details 

Full Technical Advisory Service 

DP 3570 UGRTING CONTROLLER 
This versatile module 
provides timed 
switching of loads 
up to 3A for pre-set 
times between 
10 secs and 5 miss, 
the timed period being 
triggered by the opening  ..alf 
or closing of an extemal 
loop or switch. The built-in 
125 250mA power supply 
is available for operating extemal sensor& 
Suitable plastic enclosure £2.85 i VAT. 

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 500W lamp. 
Protective grill, £1.95 + VAT. 

Only £14.95 + 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: 80050x35mm. Only £25.61 + VAT 

This advanced 
module uses digital 

signal processing to provide the 
highest level of sensitivity whilst 
discriminating against potential 
false alarm conditions. 

Only £13.95 + VAT 

US 5063 DIGITAL ULTRASONIC DETECTOR 
• 3 levels of discrimination against false alarms • Crystal 
control for greater stability • Adjustable range up to 255 

• Built-in delays • 12V operation. 

ULTRASONIC MODULE 
ENCLOSURE 

:V I Suitable steel enclosure for housing 
the US 5063 supplied with the 

necessary mounting pillars and fixings. 

Only £2.95 + VAT 

RiSCOMP LiMiTEDia llst 
Dept PE 4 
51 Poppy Road 

itygpe R/I-on to Fri 9-5pm 
Closed all day Sat & Sun 

e Cti n     p&p 75p The ORDER BY MAIL1  ,r  export add 10°. 
OR TELEPHONE IC *  Tel: (084 44) 6326 

Princes Risborough BUCK'S 
HP17 9DB 

MAKING ELECTRONICS C.A.D. AFFORDABLE 
Z-MATCH 
Smith Chart Program 
for IBM PC/XT/AT f 130 (ex VAT) BBC B f65 (ex VAT) 

c: 4.96Ell Fords  ....mi gn m.......  Narelrnsils tempi, 
htcm Takes the drudgery out of .cod.. 

A T-10 . 7  4""""  ' l'' Matching problems.  -95.71 fig AlL air.  110:  Ledr-9.130 
VIE i.e .41 4,41.4.  elell se.—... s < '  if f r ror" „......, s4 ,,,,,r,....  .. 

Includes many more 
features than the standard  :. 14 a:44 '111% ft., "Weill"   

"c 

PCB DESIGN 
for IBM PC/XT/AT 
FROM 160 (ex VAT) 

f  1— 
i 

ille gliffic 

I: * hq 7  

: 

Low cost PCB draughting 
11 2   package. 

Very easy to learn and use. : ,  ,. 

Smith Chart. Full  Loki  0 0 5,_f V idle  kdtgi 
.,,wys. itifilt..,...e  VG E NI A 

calculation of all .44 tee 4r47-, 
2.: 9 6' '" Vik...S 41,1 _,  ''' -".'" 

parameters.  ley I75.1 Mr  
firleAreetaxelli  

Component library facilities  L  •  

Write or phone for full details: 

Ref: PE 

NUMBER ONE SYSTEMS LIMITED 
Harding Way, Somersham Road, 
Ives, Huntingdon, 

Cambs. PE17 4WR 
Tel: 0480 61778 

ANALYSER II 
for IBM PC/XT/AT 

C1-0 2;F  3 , 5 

f 195 (ex VAT) 
ss s, 

121 SO  52 
%  it 

Si — 
C2-0 2pF  I "  

A.C. CIRCUIT ANALYSIS  - 
Now analyses coaxial and --- ,... 
microstrip transmission lines ,,r,:, --

.,,. 
plus R's, C's, L's, T's, Op-
amps and Bipolar & Field  . 
Effect transistors  - - ° 

- 

.. 

.. 
.. ., 

- .., ., St 
— -,.. .... 

. 

r•  If 

We offer full after-sales support with telephone 
"HELP HOTLINE" service. 
Software updates FREE within 6 months of purchase. 
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Brainwave 
monitor 

ra BETA --Concentration. El ALPHA — Relaxation,  rJ 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-amplifier; 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 

nis 

Pre 

Just wipe on with a cloth to plate 

PCB tracks, connectors, wire, 
co mponent leads, coins or 

hosehold orna ments with a layer 

of pure silver. It must be magic! 

LARGE BOTTLE (150 m1) 
SILVER SOLUTION f11.20 + VAT , 

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. 

• 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 ET! Projects 
MAINS 
CONTROLLER 
FEATURED IN ETI, 
JANUARY 1987 

Have you ever wondered what 
people do voth all those 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 

wrsch allows you to control loads of up to 500W from your 
computer or logic circuits An opto.coupler gores isolation of 
at least 2,500V. so the controller can be connected to 
experimental circuits. computers and control projects in 
complete safely Follow your computer interlace with a mains 
controller and you're reallyon business with automatic 
control! 
The mains controller conn .ts dir .tly to most TTL 

lanulies without external components, and can be dnven by 
CMOS with the addition eta transistor and two resistors 
(supplied) 
Your mains controller pans set contains high quality roller 

boned PCB. MOC3021 oplo-coupler. power triac with 
healsink, mounting hardware and heatsink compound, all 
components. including snubber components tor switching 
inductive loads, transistor and resistors for CMOS interface: 
lull instructions 

MAINS CONTROLLER PARTS 

SET £6.20 + VAT! 

KNIGHT RAIDER 
FEATURED IN ETI, JULY 1987 

The unimate in lighting effects for your Lamborshini. Maser.. Raw 
or any other car. lor that matter) Pick . this eight powers', iights in 
aiong the iron, a. eight aiong the rear You 'lick a switch . the 

dashboard controt box and a Fors  'gm mow . laza)! imm len to 
oght ieaving a co,rreiOiau .hind it Fig toe switch again and the 
point of tight becomes a bar, bouncing backwards and 'onwards 
along the row Press again and try one ot the 0150, 00 patterns 
An LED display On the control box iet s you One chat the main ights 
are dang 
The Knight Rader can be fined to any carpi makes an excellent tog 
Ighli) or with low powered bulbs it can turn any child s pedal corer 
biCycle into a Spectacular TV-age tor 
The central box parts set consists 01 case. svelChes. LEDs. PCB 
compOnents. hardware and instructions The Sequence board 
includes PCB. ICs. power FETs. components. hardware and 
instructions 

KNIGHT RAIDER CONTROL BOX ONLY 
£6.90 + VAT! 
KNI GHT RAIDER SEQUENCE BOARD ONLY 
£13.90 + VAT! 

MATCHBOX 
AMPLIFIER 
FEATURED IN ETI, 
APRIL 1986 
No ordinary amplifiers, 
these. When our forst 
customers took an 
interest, it was for the 
diminutive size (both 
modules will lit in a 
matchbox!). the total disregard for power supplies and 
speaker impedances. and the impress,ce power output 
from these little amplifiers. When they re-ordered, it was 
for the sound quality 

Two amplifier modules were described. both based an, 
the powed ul 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 50W1 Although the 
specified supply voltage and speaker impedance must be 
used to achieve maxornurn power, both modules are quite 
happy to work Porn any voltage between 12V and 32V. and 
will accommodate any type of speakec The bridge version 
is ideal for giving a boost to car Hi-Fi systems, driving two 
4 Ohm speakers in parallel on each channel Mr best effect. 

Both designer-approved parts sets consist eta roller 
tamed printed circuit board and all components. 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 dale 
zoW 'nip a Ohms;  150W into  Ohms) 

£6.50 + VAT  £8.90 + VAT  £3.90 + VAT 

la 

AIMINE 7 

A ticr7 /7/ 

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 fever and 
asthma to improving concentration and putting an end 
to insomma. Although some of the claims may be 
exaggerated. there is no doubt that ionised air is much 
cleaner and purer, and seerna much more invigorating 
than 'dead' air 

The DIRECT ION ioniser caused a great deal of 
excitement when a appeared as a constructional project 
in ET!. At last, an ioniser that was comparable with 
(better than?) commercial products, was reliable, good 
to build ... and lun!Apart from the serious applications. 
some 01 the suggested experiments were outrageous! 

We can supply a matched set of pails, fully 

approved by the designer, to build this unique project. 
The set includes a roller tinned pnnted circuit board, 
66 components, case, mains lead, and even the parts 
for the tester According loose 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 £11.80 + VAT  included 

AD7541 Precision 12-bit multiplying DAC  Li 20, VAT 

LM3524 Switch mode regulator IC  EO.80 ,VAT 

CF585 Calculator IC  £1.00, VAT 
LM339 Quad comparator IC  3 I or £1.00 + VAT 

MCI458 Dual op-amp  3 tor £1.00 + VAT 

All ICs supplred with FREE DATA. 
Prices 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 al LM2917 IC. special printed corcurt board and 
detailed instructions with data and circuits for eight 
different projects to build. Can be used to expenment 
with Me circuits in the 'Next Great Little IC' feature 
(ETI, December 19861. 

LM2917 Experimenter Set  £5.80 + VAT 

RUGGED 
PLASTIC CASE   
suitable Or mains conditioner 

and mains controller. 

ONLY'£1.65 *VAT 

LEDs 
Green rectangular LEDs 

tor bar-graph displays. 

50 for £3.50  500 for £25 
100 for £6  1000 for £45 

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

orange. 25 01 each 1100 LEDs) for £6.80 

t :r OIDC -0 
SALES DEPT 

  ROOM 108 

ja FOUNDERS HOUSE 
REDBROOK 
MONMOUTH 

LI MI T E D G WENT 
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CONSUMER FEATURE 
.•.• 

DAT EVOLUTION 
BY BARRY FOX 

THE TECHNOLOGY AND THE POLITICS 
The news of an audio cassette tape format which would equal compact discs in 
sound quality caused a furor in the recording industry. The public, press and 
politicians were bombarded with evidence that a new age of piracy was about 
to dawn. Is it? Why all the fuss? 

Digital audio tape, or DAT, has been 
on sale in Japan for over a year now, 

since March 1987 — but it is not selling 
well. The new super format should have 
long since been available in the UK and 
America but an extraordinary con-
troversy several times delayed a launch 
in the West — although by Christmas 
several hundred people had bought 
"grey imports". There has never been 
another consumer electronics product 
which has generated so much contention 
and been so widely misunderstood. 
Dat records digital audio of compact 

disc quality on a credit card size tape 
cassette. It was ready for launch at the 
Japan Audio Fair in the autumn of 1985. 
But pressure from the retailers trade 
association NEBA (Nippon Electronic 
Big-Stores Association) put Dat on hold. 
The dealers were worried that Dat 
would confuse the public, and slow down 
sales of cd and 8mm video. 
The launch was rescheduled for a year 
later, at the October 1986 Tokyo show 
But that too was shelved because the 
record industry took up cudgels. Dat 
finally reached Japanese shops in March 
1987. But because the record industry 
refused to make pre-recorded software 
available, and because there was so 
much uncertainty over the format's 
future prospects, sales have been slow. 
The uncertainty follows from a debate 
on Dat which the record industry has 
pushed onto the US government and 
European Parliament. Dat has now been 
shown many times at public and trade 
exhibitions in Europe and the US, but 
always without a firm price and date for 
availability. 

INDUSTRY RELUCTANCE 

The record industry does not like the 
idea of a tape which can make direct 
digital dubs from the digital output of a 
compact disc player; even an analogue 
dub for cd will be of far better quality 
than a conventional cassette copy. 
But already the Dat recorders on sale 

to the public have an anti-copy circuit 
built in which refuses to record an 
incoming digital data stream if it includes 
a stop-copy flag bit. There is provision 

in the cd data stream for just such a flag, 
although some record companies do not 
bother to insert it. Also domestic Dat 
machines record only at a sampling rate 
of 48kHz or 32kHz so that they cannot 
make direct digital dubs of the 44.1kHz 
signal coming from a cd. The domestic 
Dat player will however play back at cd 
sampling rate, for the reproduction of 
prerecorded music Dat cassettes — when 
the record industry decides to treat Dat 
as a potential source of revenue, rather 
than an enemy to be destroyed at all 
costs! 
Much of the current controversy stems 

from a plea by the music industry's trade 
body, the IFPI, (International Federa-
tion of Phonogram and Videogram 
Producers) for laws to prevent Dat 
recorder's from making analogue copies 
of music discs. CBS has developed a 
system called Copycode for putting an 
inaudible  code  on  a commercial 
recording. This code is a notch in the 
sound waveform which is reputedly 
undetectable to the human ear, difficult 
to identify by analysis and even more 
difficult to obliterate. If a Dat player is 
fitted with a code-sensing circuit, it will 
refuse to copy a coded recording. 

Although all this sounds fine in theory, 
there is a yawning gap between theory 
and  practice.  Existing  analogue 
recordings are not coded and it will take 
years before the record companies get 
sufficiently organised to doctor every 
new release. They don't even have an 
agreed policy on putting anti-copy flags 
into cd issues. Also the record companies 
have shot themselves in the foot. They 
have succeeded in persuading many 
governments round the world that there 
should be a levy or tax on blank tape. 
If blank tape is taxed to permit home 
taping,  why  should  the  Japanese 
hardware manufacturers build circuitry 
into their machines to prevent home 
taping? Already the British government 
has abandoned its previously-firm plans 
for a tape tax. 
For a year the IFPI and CBS lobbied 

behind closed doors without demonstrat-
ing Copycode. Audio engineers pointed 
out that the identification notch on 
which the system relies (a deep suck out 
from the music at 2.84kHz) would be 
audible. When the system was finally 
demonstrated, the notch was duly heard. 
This produced a wholly predictable 
welter of criticism and the National 
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Bureau of Standards in America is now 
conducting independent tests. All this 
delays the full scale launch of Dat. 
When the history books are written 

Copycode will be seen simply as a system 
designed to hamper and hinder Dat — 
and that it most certainly has already 
done, even if in the end no laws are 
passed  to  compel  the  electronics 
industry to build Copycode sensors into 
Dat recorders. The red herring debate 
over Copycode, conducted mainly by 
people who are totally at sea with the 
technology involved, diverts attention 
from the hard facts about Dat. 
For instance although Dat will always 

be more expensive than cd (around 
50%, or more likely 100%), because of 
the intricate mechanical moving parts, 
the price will eventually come down 
from current levels of around £1000. But 
this will not happen until cd has become 
too deeply rooted to unseat. All the signs 
are that cd and Dat will eventually co-
exist, like the 1p and Philips compact 
cassette. 

JAPANESE MOTIVATIONS 

To understand why all this should be, 
it make sense to look first at the broader 
area of tape as a storage medium. 
Magnetic recording was invented in 

Europe, improved in the US and 
plagiarised by the Far East. Dat could 
let the Japanese tape industry do to the 
West what the Japanese electronics 
companies have already done to the 
audio and tv industries in Europe and 
the US. 
The Japanese do not want Dat simply 
because it offers longer playing time and 
higher audio fidelity. They want it 
because the new system will clear their 
few remaining debts to the West. For 
twenty years the Japanese electronics 
industry has been obliged to make 
recorders and recording tape which 
follow the compact cassette standard set 
in Europe by Philips. Virtually all audio 
cassette tapes and recorders cut the hiss 
inherent in analogue tape by using Dolby 
or dbx noise reduction. Both systems 
were invented in the US. 
Dat has been developed in Japan. 

Only Philips of Holland (and perhaps 
Thompson of France) will be able to 
contribute to the new technology. 
Understandably Philips is in no hurry to 
kill off its existing analogue tape 
standard and risk undermining its 
royalty revenue from cd. 
Dat relies on high signal packing 

density. It builds from the developments 
which made 8mm video a saleable 
commodity. A single video cassette, 
smaller than an audio cassette and 
loaded with tape 8mm wide, can record 
three hours of analogue colour tv 
pictures and digital stereo sound, or 18 
hours of digital stereo without pictures. 
Other video formats (VHS and Beta) 
use half inch or 12.5 mm tape in much 

much larger cassettes which do not (yet) 
record digital audio as well as analogue 
pictures. 

TAPE TECHNOLOGY 

Recording technology is a com-
promise mix of chemistry, electronics, 
physics and kitchen cooker. A tape-coat-
ing material which is ideal in one respect 
is often unusable because of other 
characteristics; it may record a signal 
well but not hold it reliably for sub-
sequent playback. Production engineers 
at tape plants must continually juggle 
the production process parameters to 
compensate for slight differences in the 
raw materials which they buy in bulk 
from the chemical industry. If they do 
not do this there is no hope of producing 
a tape which consistently meets the 
paper specification. The text book 
definitions of magnetic parameters are 
of little practical use in understanding 
tape technology. 
Packing density on a moving magnetic 

medium depends on the number of 
signal transitions which the medium can 
resolve per unit of length. For analogue 
recording, the signal transitions are 
discrete  fluctuations in the signal 
waveform. For digital recording the 
transitions are pulses which signify ones 
or  zeros. The  number  of signal 
transitions which can be recorded and 
recaptured depends on the speed at 
which the medium is moving and size of 
the individual magnetic particles in its 
surface layer or coating. These particles 
change magnetic polarity when they 
record a signal. Just as light cannot 
resolve detail smaller than its wave-
length, so magnetic particles cannot 
resolve a recorded signal smaller than 
their physical size. 

HEAD SPEEDS 

One full wave, or cycle of an analogue 
waveform, is captured by two magnetic 
fields — on for the positive swing of the 
wave, one for the negative. If a tape is 
running past the recording head speed 
at 4.75 cms a second, as for conventional 
audio cassette tape, a musical note of 
15kHz frequency will have a wavelength 
of 3 micrometres, or microns. Good 
quality audio cassette tape can cope with 
this requirement. But if an attempt is 
made to halve the tape speed, the 
recorded  wavelength  falls  to  1.5 
micrometres which is impractical. On 
the other hand, if the tape speed is 
doubled, the recorded wavelength for a 
15kHz tone rises to a robust 6 
micrometres. 
A digital signal can have twice the 

clock or pulse rate of a sine wave ie a 5 
MHz analogue channel can handle a 
digital pulse train running at 10 Megabits 
per second. Each bit is equivalent to the 
full sine wave. Using a technique called 
duobinary coding, the data rate can be 

doubled again; each pulse can be 
switched between two levels. But then 
noise can cause errors because the 
decoder has to recognise not just pulses 
but levels of pulse. 

INHERENT NOISE 

All tape systems suffer from noise. 
The individual particles also create 
random mush beneath the signal. This is 
either heard as background hiss in an 
analogue sound recording or it confuses 
a digital decoder into reading ones for 
zeros or vice-versa. The noise gets worse 
if the particles are of uneven size. 
Modern tapes have acicular or needle-
shaped particles of very consistent size. 
Particle size and shape is only part of 

the picture. The tape surface must be 
smooth or it will wear away the recording 
heads.  Most  magnetic  recording 
materials have a physical characteristic 
similar to fine sand-paper. But if the 
surface is too smooth, friction will make 
the tape cling to metal guide rollers; this 
is s̀tiction'. 
Some materials appear ideal but lose 

their magnetism when subjected to 
physical pressure, for instance if it passes 
many times through a recorder. This is 
called the magnetostrictive effect. Heat 
can also kill the signal. As tapes are used 
in hot climates and closed cars this is a 
very real consideration. 

COERCIVITY 
Coercivity  and  remanence  are 

frequently quoted in publicity literature, 
but  less  frequently  understood. 
Coercivity is a measure of the magnetic 
flux intensity required to return a 
magnetic material from saturation to 
zero. In practice this is usually the same 
as the flux intensity or magnetic field 
strength needed to record a magnetic 
signal onto tape. So a high coercivity 
tape needs a greater flux intensity. 
Coercivity has increased considerably 
through the history of magnetic tape. It 
has risen as particle size falls, and 
recorded wavelength gets shorter. High 
density recording needs a high coercivity 
coating, because the small particles 
needed to resolve the small signal 
transitions will de-magnetize each other 
if they are of low coercivity. Coercivity 
is measured in oersteds. 
Remanence  is closely  tied  to 

retentivity. It is a measure, in flux lines 
or gauss, of residual magnetism. This is 
the amount of magnetic signal retained 
in the tape coating after it has left the 
influencing field of the recording head. 
So it tells how much signal the playback 
head will find to read. 
The very high packing density needed 
for 8mm video and Dat follows from the 
development of very high coercivity 
coatings.  Surprisingly,  politics  is 
involved as well as technology and 
chemistry. 
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HISTORICAL PERSPECTIVES 

The first magnetic material, used by 
Valdemar Poulson for his Telegraphone 
in 1900, was steel strip. There was no 
coating but recording capacity and 
coercivity were limited by the crystalline 
structure of the metal material, to 
around 100 oersteds with magnetic 
spheres 2 or 3 micrometres in diameter. 
The shortest recorded wavelength was 1 
mm.  Louis Blattner produced  an 
improved version which the BBC used 
,to record programmes until the end of 
World War II. By then BASF and AEG 
in Germany had taken up an idea 
patented by Fritz Pfleumer of Dresden 
in 1928. Pfleumer suggested coating 
paper strip or tape tape with a thin layer 
of magnetic iron dust. 
In 1932 BASF (then part of the infam-

ous IG Farben chemical group which 
fuelled the German war machine) tried 
using acetyl cellulose instead of pure 
metal. The pure iron dust was prone to 
explode during manufacture or rust in 
use. The oxide particles were still 2 or 3 
micrometre spheres. Recorded wave-
length was 100 micrometres, ten times 
shorter than for Poulson's wire. 
Gamma ferric oxide, which has now - 

familiar brown colour, became the 
standard material for coating tape. It is 
still used for cheap domestic tape. 
Thanks to work by 3M and Armour 
Research in the US after the war, the 
oxide particles are acicular or needle-
shaped with a length of less than 1 
micrometre. Coercivity or iron oxide is 
still limited to around 400 oersted. A 
fevered search., in the 60s, for higher 
coercivity coatings of stable character 
created a split in the industry between 
Japan and the West which has had far-
reaching, and arguably devastating, 
effects on Europe. 

CHROME DIOXIDE 

In the US, E.I. Du Pont de Nemours, 
now known as Du Pont, filed a string of 
patent applications on a magnetic oxide 
of chromium with acicular particle 
structure. Chromium dioxide offers 
coercivities of up to 700 oersted, and is 
stable under heat and pressure. In 1966 
Philips realised that the new material 
could work wonders for its audio 
cassette system. Later chrome did the 
same for early video. 
Du Pont granted licences under its 

chrome patents to BASF,  Philips, 
Ampex, Memorex, 3M, Agfa and Sony. 
BASF is the only company granted a full 
licence to manufacture chrome dioxide 
powder from raw chemicals. All the 
other licensees are authorized only to 
buy chrome powder from Du Pont and 
use it for coating tape. Because Sony 
was the only Japanese company licensed 
under the Du Pont patents, the rest of 
the Japanese tape industry began a crash 
research programme to find an alter-

native material. By 1973, just two years 
after BASF started an almost religious 
committment to chrome technology, 
TDK in Japan developed Avilyn. 
Small  quantities  of  cobalt  are 

absorbed into the surface of acicular 
gamma ferric oxide. The result is a stable 
magnetic material with coercivities even 
higher than chromium dioxide. The 
entire Japanese tape industry, now 
including Sony, is as heavily committed 
to  cobalt-modified  ferric  oxide 
chemistry as BASF is to chrome. 
Pseudochrome  tapes,  as they  are 
popularly known, are now used as a 
benchmark by the Japanese hardware 
manufacturers. Japanese tape recorders 
are designed to produce best results 
when used with pseudochrome tapes, 
and these are of course available mainly 
from Japanese tape companies. 
The merits and demerits of genuine 

chrome and pseudochrome, for instance 
whether chrome is abrasive and wears 
recording heads badly, are endlessly 
debated. Already the arguments are 
academic. Both chrome and pseudo-
chromes are now at the end of their 
developmental life. Coercivity cannot 
reach the very high levels, around 1500 
oersted, needed for 8mm video and Dat. 
Minimum  recorded  wavelengths  is 
limited to 1 micrometre. Both 8mm 
video and Dat need shorter wave-
lengths and a completely new type of 
tape. Ironically it represents a full circle 
turn back to Poulsen and his pure metal 
tape for the 1900 Telgraphone. 

MANUFACTURING TECHNIQUES 

There are two ways of making metal 
tape. A plastic base film is coated with 
acicular particles of pure metal, or the 
metal is evaporated in a vacuum and 
deposited on a chilled base. Tape 
manufacturers have learned over the last 
ten years how to make metal powder, 
mp tape, but are still unable to mass-
produce  metal  evaporated,  me. 
Paradoxically hardware manufacturers 
have had to struggle with the problems 
of recording onto mp tape, and find me 
much easier to work with. 
Metal powder tape is already on sale 

for analogue audio recording. All the 
tape so far available for the new 8mm 
video format is mp. Dat cassettes use 
mp tape. The production bugs were 
ironed out in the 70s when Philips and 
3M found a way of making acicular iron 
particles by the chemical reduction of 
iron oxide or sulphate in the presence 
of a catalyst. To stop the pure metal 
rusting to non-magnetic oxide in a humid 
atmosphere, the particles are sealed in 
a resin binder. 
Recording on tape of such high 

coercivity (1,000 oersted or more) 
creates very real problems. It requires 
such a powerful magnetic field from the 
recording head to impress a signal on 
the tape that the recording head can 

easily saturate with its own flux before 
the tape is affected. Until 1980 heads 
were made of iron alloy or ferrite, which 
have a low saturation point. A new alloy 
called Sendust has twice the flux capacity 
of ferrite. It is an alloy of iron, 
aluminium and silicon, named after the 
Sendai region of Japan where it was 
developed. The material is formed by 
compressing dust into the precision 
shape of a recording head. But Sendust 
is brittle and tends to rust; if it is mixed 
with chrome to prevent corrosion, this 
spoils its magnetic characteristic. For its 
8mm video recorders and 1500 oersted 
8mm video tape Sony makes the main 
body of the recording head from tough 
ferrite, with a sputtered layer of Sendust 
at the tip where the magnetic flux is 
concentrated. The quality of pictures 
available from 8mm video was still 
improving almost daily, when 8 mm was 
first launched and Sony tinkered daily 
with the head tip technology and tape 
coating chemistry. 
The alternative approach is to make 

the recording head from amorphous 
metal. The raw material is heated to its 
melting point and then rapidly cooled, 
at around one million degrees centigrade 
per second. This "freezes" the metal in 
1000th of a second and adopts a non 
crystalline structure. Amorphous metals 
are corrosion resistant, hard and have a 
very  high  saturation  point.  But 
amorphous heads are difficult to make 
and still expensive. 

PACKING DENSITY 

Metal tape has broken the micrometre 
barrier. Signal packing on the domestic 
8mm format is now the densest of any 
recorded medium, in use for any 
purpose.  Recorded  wavelength  is 
around 0.7 micron. One minute of 
colour tv signals and digital stereo sound 
occupies just 48 square centimetres of 
tape area. By comparison one minute's 
recording on the VHS format occupies 
180 square centimetres. The first video 
recorders used by the broadcast industry 
thirty years ago needed 12,000 square 
centimetres of tape for a minute of 
picture and sound; and the pictures were 
black and white and the sound mono 
only. 
It was Matsushita engineers in Japan 

who in 1979 finally succeeded in 
vacuum-depositing a thin film of cobalt-
nickel alloy on a plastics based film. EMI 
then  did  research  work  on  this 
technology in Britain on behalf of all the 
European tape manufacturers. The 
metal layer can capture very short 
recorded wavelengths, because it is non-
crystalline. It is so thin, less than 0.5 
micrometre thick and one tenth the 
thickness of conventional magnetic 
coatings,  that the  metal  becomes 
transparent. Because it is so thin a 
cassette can hold twice as much me tape 
as  conventional  tape.  So  storage 
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capacity and playing time are doubled. 
Coercivity is as high as for mp tape, but 
because  the  recording  flux  need 
penetrate only a fraction a micrometre, 
conventional heads can cope. The thin 
coating cannot store low frequencies, so 
it is no use for analogue hifi recording. 
But video and digital signals rely on high 
frequency fm waves or pulse codes, so 
it is ideal for future projects. The only 
snag is in making it. 

VACUUM DEPOSITION 

Here Matsushita's research in me 
technology is already paying off. The 
company  heavily  patented  the 
production process and has now licensed 
BASF of West Germany, 3M of the US 
and most Japanese companies to make 
me tape. Each company has its own 
highly secret know-how. When I visited 
TDK in Japan, two years ago, it was the 
first time a Japanese company had 
showed how it made samples of ME 
tape. 
A vacuum chamber, around 10 metres 

tall, opens like a clam shell to receive a 
"jumbo" roll of plastics base film, 27.5 
cm wide. The clam is closed and pumped 
to a high vacuum. A high intensity 
electron beam scans a block of alloy. This 
melts to create a metal vapour which 
fills the vacuum chamber while the base 
film spools through at up to 10 
kilometres per hour. The trick is to get 
the boiling metal vapour to bond with 
the plastic without destroying it. A high 
voltage erodes the plastic to create a key 
for the metal vapour as it settles on the 
film. The film moves over a rotating 
metal drum which is continually filled 
with liquid freon at —100 degrees C. The 
hidden snag, which engineers only talk 
about when asked, is that the boiling 
metal vapour fills the chamber and 
deposits on the walls as well as the tape. 
So far it takes up to an hour of work 
with a hammer and chisel to chip it free. 
TDK could make a roll of plastic, 7 

micrometres thick, with a pure metal 
layer 0.1 micrometre thick. But it took 
an hour to coat the roll, an hour to pump 
the vacuum and an hour to clean the 
chamber. One jumbo roll yields only 
around 900 cassettes. "Compared with 
metal  powder  tape"  says  Hideki 
Hotsuki, General Manager at TDK's 
research and development centre "we 
have to admit that cost-to-performance 
ratios are not so good". One estimate is 
that ME will cost up to ten times as much 
as metal powder tape which is itself at 
least twice the price of oxide tape. To 
gain production experience Matsushita 
has for several years been selling ME 
tape in Japan, under the trademark 
Angrom, for low fi audio dictation use. 

DAT DEVELOPMENT 
Dat, digital audio tape is a direct 

development from 8mm technology. All 

the major electronics manufacturers in 
Japan, together with European firms 
Philips, BASF and Thomson, agreed a 
standard for Dat. More accurately they 
agreed two standards; one for stationary 
or S-Dat and one for rotary or R-Dat. 
S-Dat is a development from IBM 

computer technology.  In  an  IBM 
mainframe computer, of the type used 
by banks and big business, half inch 
chrome dioxide tape runs fast past a 
stationary recording head. The tape 
width is divided into 18 parallel tracks. 
Two computer words or 8-bit bytes, plus 
2 parity bits for error correction, are 
spread out across the tape. 
The data rate on and off IBM 3480 
tape is 3 Mbyte/second. Packing density 
is 38000 bytes per inch or 7480 bytes per 
cm because two 8-bit bytes (plus 2 parity 
bits) are spread out across the tape.This 
puts the length of each bit along the tape 
at 1.34 micrometres. 
R-Dat is spin-off from helical scan 

video recording where the tape moves 
slowly and the recording heads move 
rapidly to scan narrow tracks obliquely 
across the tape width. 
The tape for both S-Dat and R-Dat is 
the same width as conventional audio 
cassette tape, 3.81mm; i.e half the width 
of 8mm video tape. But the cassettes are 
smaller than audio or 8mm video 
cassettes. Tape coercivity is 1,500 
oersted. The coating may be either mp, 
or me when available. The technology is 
tricky. Even BASF buys its Dat cassettes 
from Japan. 

TAPE RATES 
In an S-Dat recorder the tape runs at 

4.7cms/second  past  a  stationary 
recording head which is divided into 22 
separate sections. Each records its own 
individual track along the tape. The 
sound to be recorded is converted into 
16 bit digital code words and the word 
bits spread out across the separate tracks 
as well as long it. By this parallel 
processing technique, slow running tape 
handles a data transmission rate of 2.4 
megabits/second. 
In an R-Dat machine the 16 bit code 

words are fed serially to a recording head 
_ which is mounted on a rotating drum. 
In its most basic format, the drum 
diameter is 30mm and the tape runs at 
8.15min/second along a 90 degree 
section of the drum circumference which 
rotates at 2000 rpm to give a relative 
tape-to-head speed is 3.13 metres/ 
second. The helical tracks recorded 
across the tape are only 15 micrometres 
wide, which is narrower than any video 
format. Data transmission rate is almost 
the same as for S-Dat, 2.46 magabits per 
second. Recorded wavelength is 0.7 
micrometres. 
The rotating head mechanism for R-

DAT requires precision engineering, but 
all the mass production design work has 

already been done by the video 
factories. Although apparently simpler 
to engineer, S-Dat relies on very 
accurate division of the recording head 
into its 22 separate tracks. The only 
reliable way to , achieve this is with 
microchip production techniques, by 
photo etching a thin metal film. If the 
tape weaves, the head sections read the 
wrong tracks. 
So far there are no S-Dat machines 

available; it has proved too difficult to 
make the multi-gap recording heads with 
sufficient accuracy. S-Dat may never be 
launched. 

R-DAT STANDARDS 
There are in fact six different standards 

or modes for R-Dat recording. 
As already mentioned, although all 

Dat recorders will play back at 44.1kHz, 
domestic models will record only at 
48kHz or 32kHz sampling rates — to 
allow direct digital recording from radio 
or satellite broadcasts but stop direct 
digital dubbing from cds. The coding 
standards are either 16 bit linear coding 
or 12 bit non linear. 
The 32kHz format will either offer 
four  channels  of  simultaneous 
recording, like a four track multi-
channel machine, or two channels at half 
the tape speed (and half the drum speed) 
to double the playing time per cassette 
from 2 hours to 4 hours. So far the JVC 
machine (and Grundig's oem clone) is 
the only one to offer half speed 
recording and playback. The current 2/4 
hour maximum playing time will extend 
further when thinner, metal evaporated, 
tapes are available. 
There is incidentally, a very narrow 
analogue track along the edge of the 
DAT tape. No-one is quite sure what it 
is for. 'It seems to be simply a security 
blanket", one engineer told me. 
The final, sixth mode, runs the tape 
50% faster and is designed for use with 
pre-recorded cassettes which have been 
duplicated at high speed by thermal or 
magnetic  image  contact  transfer 
copying. 

COPYING TECHNIQUES 
In a thermal copier two tapes are 

sandwiched together, one master tape 
and one blank, and heated so that the 
magnetic image is transferred. For 
magnetic transfer a similar sandwich is 
blitzed with a strong magnetic bias. 
Sony  has  already  developed  a 

magnetic copier, which can work at over 
300 times the speed needed to make 
copies in the conventional manner — by 
copying music from one Dat recorder to 
another. 
A very high coercivity metal powder 

tape is used as the transfer master. A 
mirror image of the original recording is 
copied onto this tape at a real time speed 
of 12.23 mm/second. The copy tape is 
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coated with barium ferrite, which has a 
lower coercivity than metal. As a rule of 
the mirror master must have around 
three times the coercivity of the blank 
copy tape. 
The copy made by sandwich transfer 

is a mirror copy of the mirror master 
and thus a right-way-round copy. But it 
plays at 12.23 min/second. This 50% 
increase in running speed reduces 
playing time by 50%, but increases data 
capacity. The extra capacity is used to 
store extra error correction bits. This is 
intended to protect the system against 
digital errors introduced when they were 
copied by sandwiching. 
The general public will not need to 

know anything about these six different 
Dat modes. Machines will automatically 
recognise the mode of any tape, and 
switch accordingly for correct replay. 

VIDEO TAPE 

Sa'msung, of Korea, has built a 
prototype video camcorder which uses 
a Dat audio cassette instead of a 
conventional VHS  or  8mm video 
cassette. Technically this is no real 
problem. The frequency of the square 
wave pulse digital audio signal recorded 
on the tape is a staggering 9.04MHz, 
which is almost exactly twice the highest 
frequency recorded on conventional 
domestic video tape. The system is 
unlikely, however, to find backing from 
Japan where the electronics industry is 
already committed to VHS, Beta and 
8mm video. 
Critics of Dat have theorised that 

because the system relies on head-to-
tape contact, the tape will have limited 
life before dropouts make it usuable. 
Certainly conventional video tapes for 
recordings have limited life. Video film 
libraries often find that tapes wear out 
after only around fifty rentals. But Sony 
claims that because the tape tension for 
Dat is so low, measured in grammes only, 
and because the recording head is barely 
skimming the surface of the tape, Dat 
recordings will run at least 1,000 times, 
and probably 10,000 times, before there 
is more signal loss than the error 
correction codes can repair. 
Although the head-drum in the first 

machines on sale in Japan is 30mm in 
diameter and rotates at 2,000rpm, this 
is not a fixed parameter. All that is fixed 
is the writing speed, 3.133 metres per 
second. Already Matsushita (Panasonic) 
has announced a second generation Dat 
portable which uses a half size (15mm) 
drum round which the tape is wrapped 
180 degrees instead of 90 degrees to give 
recordings which are compatible with 
full size machines. 

DOMESTIC DAT 

At the Berlin Funnkaussfilung, held 
last August, Sony finally bit the bullet 

and announced that it would start selling 
domestic digital audio tape recorder in 
Britain in October, for around £1,300. 
The Sony move was clearly intended to 
pre-empt the legislation with which the 
record companies were seeking to stymie 
Dat for domestic use. Sony set the price 
of its Dat recorder high (around £300 
more than in Japan) but there was still 
such an outcry from the record industry 
that the launch was quietly shelved 
again. JVC then looked likely to launch 
its two speed Dat deck. The situation 
now changes almost daily. 
Whatever happens over Dat as a 

domestic audio system, Sony has for 
many years looked on Dat as the ideal 
bulk carrier for computer data and text • 
— like a recordable eraseable cd rom, 
with slower access times but much, much 
cheaper. 

DAT DATA STORE 

A joint project on Dat as a data store 
between Sony and Hewlett Packard has 
the smell of success, because it was the 
cooperation of HP and Sony which made 
the 9cm magnetic floppy disk a new 
standard for microcomputers — which 
even IBM has now adopted. 
For data Dat, blocks of 8 bit bytes are 

recorded. This data streams on, and off, 
the tape at the very high rate of 170 
kilobytes/s which is around 600 Mbytes/ 
hour. So a two hour Dat cassette, costing 
under £10, can store 1.2 gigabytes of 
data. This makes the tiny cassette 
equivalent  to  more  than  1000 
conventional floppy disks! 
In addition to the error correction 

already provided by the Dat format for 
hi fi, HP and Sony have agreed a second 
level of error correction which gives an 
extra 10% redundancy. This ensures that 
data recordings are virtually free from 
any errors. 
The Dat data storage deck will be 

made the same as a conventional floppy 
disk drive, so that it can be built into 
the body of an IBM PC or clone. The 
cassette can either be used as a back up 
store for all the data recorded on 
Winchester or floppy disks (so that if the 
disks are damaged or lost the user can 
immediately restore all data), or the 
computer can read large chunks of data 

• •0410 
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from tape and load it into the computer's 
ram for rapid access. 
A 2 hour Dat cassette, storing 1.2 

gigabytes of data, can be fully re-wound 
in 41 seconds. The average search time 
between sections of data along the tape 
is less than 20 seconds. Conventional 
tape stores have much smaller capacity 
and take minutes to spool through. HP 
and  Sony  plan  to  start  volume 
production of Dat data drives by the end 
of 1988. 

HIGHER DENSITY 

Already tape engineers are looking 
past 8mm and DAT towards even higher 
recording densities. Theoretically the 
shortest wavelength which can be 
recorded is around 0.25 micrometres. 
The practical limit is probably 0.5 
micrometres.  Even  the  slightest 
movement of the tape away from the 
head causes so much signal loss at these 
wavelengths that the system mutes. The 
BBC has found that a fingerprint on the 
tape can cause separation from the head 
of 2.5 micrometres which, for a recorded 
wavelength of 1.25 micrometres, causes 
100 dB loss. This is equivalent to 
reducing the signal voltage by a factor 
of 100 000. 
If the magnetic particles are made too 

small, so that they approach the size of 
a single magnetic domain or component 
of the material chemistry, they simply 
refuse to record any signal at all. The 
next stage of development will be 
vertical or perpendicular recording. 
Whereas the particles of a conventional 
magnetic coating lie parallel to the 
surface, in a vertical recording medium 
they stand upright, at right angles to the 
surface. The analogy is with the Isle of 
Wight, which can hold the world's 
population, provided that they are all 
standing. The tendency for the particles 
to  demagnetise  each  other  is 
significantly reduced and recording 
density increases by a factor of at least 
ten. 
It would be neatly ironical if, by 

scuppering the launch of Dat, the record 
industry were to buy the electronics 
industry enough time to develop a 
vertical  recording  format  which 
increases recording time by a factor of 
ten._ 
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Some recording techniques are more of a consumer product than others 
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Half 
1st Price 6V 16Ah 
Sealed Batteries 
A sealed, maintenance free, lead acid gel bat-
tery, the EP6160 is manufactured by Elpower and 
delivers a massive 6 volt 16Ah capacity from a 
package measuring only 210 x 140 x 70 mm. 
Useful for many standby or portable applications, 
the EP6160 is suitable for deep cycling use and is 
chargeable from a constant voltage source. 

P+P 
£3.00 BRAND NE W £15 

Easy 
Power 

DC-DC 
Converters 

Measuring only 85 x 70 x 20 mm the GSR407 
converter delivers 7 Volts at 4 Amps from an in-
put range of 8-48 Volts DC. The use of modern 
switchmode circuitry enables an efficiency of 
75% and the unit is protected against short circuit 
and overtemperature. Simple to use, the GSR407 
is offered with data sheet, and full application in-
formation is available. 
Brand New   £10 

Price 
Breakthrough! 

Processors 
The Signetics SCN68000C8164 is an 8MHz 68000 
cpu in a 64pin Ceramic DIL package. Due to its 
advanced design features the 68000 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 
MUST BE CLEARED 

68000 

£5 £1 

SIE MENS V30141 300 WATT OPEN FRAME 
SWI'TCH MODE 
A high reliability multirail supply carrying UL and CSA approvals. Built on 
a rugged aluminium chassis the V30141 accepts 110 or 220Vac input and de-
livers five outputs: * 5V/35A * 12V/3A * 24V/3.2A * -12V/0,2A * -5V/2A 
All units burned in and tested.  REDUCED 
Offered BRAND NE W & boxed  TO CLEAR only £30 + VAT 
Overall size 390 x 225 x 70 mm.  + £2 p&p 

BBC DISK INTERFACE leads, 34 way speed-
bloc socket to 34 way edge connector. Available 
in single or twin drive configurations. 
SINGLE DRIVE.. . £1.50 TWIN DRIVE.  £2.50 
UM1286  MODULATORS-High  quality  UHF 
modulators for interface of computer and video 
75 Ohm sources to TV sets. Data supplied. 
BARGAIN PRICE   £4.00 

SUPER SAVINGS ON SWITCHMODES GRESHAM LION SWITCH MODE 
TRIPLE RAIL SUPPLIES 

Top quality power supplies originally manufactured for a major OEM. 
Three outputs on 0.156 molex connector +5V at 6Amps * +12V at 
4.75Amps -12V at 0,5Amps 
Semi enclosed in an attractive black enclosure, the units are supplied 
BRAND NE W with data. 
Input 240Vac on switched IEC skt.  only E 20+ £2 p&p 

ELMA INSTRUMENT CASES-Supplied in kit 
form, these attractive and easy to assemble 
enclosures are finished in Pacific Blue and will ac-
cept either eurocards or modular components. 
Size 317 x140 x 240mm. ONLY   £10.00 
NEC MC5808 DBS Local Oscillator Module 
lOGHz ECS frequency, 50 ohm o/p   £15.00 
LITHIUM CELLS, Matsushita BR2325, 3V, 23 x 3mm £1.50 

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

ASTEC POWER 
SUPPLIES 65 Watt 
Brand new 110/240 V input. 
Outputs:  + 5V @6 amps. 

+12V @2.1 amps. 
+12V @1.5 amps. 
-12V @250 Ma. 

SIZE: 196mm x 96mm x 45 mm H. 
£20.00 + VAT P. & P. £1.00 

FARNEL N. RANGE 
180 Watts M.O.S.W, 
REFURBISHED: Input 240V.A.C. 
Outputs:  +5V @20 amps. 

+12V @ 5 amps. 
-12V @ 5 amps. 
+24V @ 2 amps. 
-5V @ 1 amps. 

CASED SIZE: 271mm x 123 torn x 
73mm H. £30.00 + VAT P. & P. £2.00. 

Semiconductors 
Part No  Mfr  Description  Price 
DAC80-CBI-V  B.Br  12 Bit D-A Converter   £4.00 
Kll35A  Mota  Dual Baud Rate Gen   £2.00 
AY-3-1270  G.I.  Temperature Controller   £2.00 
LD271  Siem  I-Red Emitter i. 950nm   £0.10 
BPX81-IV  Siem  Phototransistor ). 850nm   £0.10 
DL1416  Nat  Intelligent 4 Chr Ascii Display   £6.00 
MAB8031A11-12P Sig  8 Bit Microcontroller   £3.95 
LM350K  Mota  Adj. 3A Regulator TO3   £2.00 
INS8154N  Nat  16 Bit I/O + 256 Bit RAM   £6.00 
D8755A  Int  I/O Port + Eprom   £7.00 
80188  AMD  8 Bit High Integration CPU   £20.00 
2N6282  RCA  20A Darlington. House coded   £0.50 
Quantity discounts available on all the above lines.   

Rechargeable Batteries 

Switchmode Power Supplies 
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 MMG5-5. 5V at 5A   £15.00 
POWER GENERAL 4100. 5V at 20A. ±12V at IA. -5V at IA. Supplied brand 
new & boxed with data sheet   £25.00 
LA MBDA LWT-1B. 5V at 1A. +12V at 100mA. Brand new miniature FET 
switcher, size 110 x 50 x 35mm. Only   £15.00 
FARNELL N200. 5V at 30A. +12V at 5A. 
Few only   £35.00 
Other switchers always in stock. Please phone for sales or technical infor: 
mation on our wide range. 
FARNELL G30. 5V at 5A, or 15V at 2A, two versions .   £20.00 

Linear Power Supplies 
ELPAC SOLV 30. 12V at 4A Open frame supply. Brand new and boxed with 

£15.00 data sheets   
ADVANCE PMG5-5. 5V at 5A   £20.00 
ADVANCE PMG12-1.2. ±12V at 1.2A   £25.00 
ADVANCE PMGD15-1.2. ±15V at I.2A   £25.00 
ADVANCE PMA47. Variable 0-15V at 3A   £20.00 
ADVANCE PMA48. Variable 0-30V at 3A   £25.00 
COUTANT ESM15. 5V at 15A. ±12V at 1.5A. 12/24V at 2A   £ 40.00 

A range of YUASA maintenance free rechargeable Lead Acid batteries 
having many applications in portable & 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 

Motors 
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 
MOORE and REED IIMS152 11V 4 phase stepper with Portescap 
80:1 reduction gearbox. Brand new   £10.00 
MATSUSHITA MH15R2C 12V Cassette Motor + regulator   £3.00 
BERGER-LAHR RDM 50/8G  12 Volt Stepper Motors. 
230mA/370 per winding. Brand new 
DC and AC motors always in stock. 

3mm shaft, 
stock. Only   £6.00 

CAPACITORS 
2pF 250Vac 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 Am.Mull 032   £0 .25 4700/25V Mull 050   £0.50 
4700/63V Procond 542   £1.10 10000/16V Rad Nich   £0.30 
22000/63V Mullard 114   £4.00 33000/50 LCR   £4.00 
We carry a full range of Ceramic, Polyester, Polystyrene, Tantalum, Electro-
lytic, Variable and Trimmer capacitors. 

MASCOT Type 770Z DC/DC 
Converter. 24 Volt input; 12 Volt out-
put: @ 8 amps. Size 175 x 95 x 
75 mm. Ripple less than 40mV P-P. 
RFI input & output. Brand new & 
boxed. £20.00 + VAT. P. & P. £2.00. 

MITSUBISHI 5,/4" Disc Drives 
Model 4853, 80 Track 
double sided. Double Density. Size 
1/2 HEIGHT 
£60.00 each inc. VAT. 
P. & P. £3.00 each. 

NEW LINES 

Industrial Timers 
A range of high reliability electromechanical timers by IZU MI DENKO. All 
units 240Vac and have 5A contact sets RTMSP2N-Octal base, 2 contact sets, 
start on power-up, power off reset. 0-6sec, 0-2105ec, 0-28hr. 
RTMUN2N-72mm square panel mount. Screw terminals. Specs as above 
0-35sec, 0-705ec, 0-210sec, 0-7min, 0-35min, 0-210min 
RTMSP3B-as above but separate clutch & motor connections 
Reset on Power off.0-125ec, 0-35sec-0-210sec, 0-28hr 
Application sheets available. All timers only   £10.00 

DIE CAST BOXES. Now available, a range of 25 types of Aluminium Die Cast enclosures 
in standard, and some nonstandard, sizes. Ex-stock at highly competitive prices. ABS 
PLASTIC INSTRUMENT CASES. Featuring brushed au. front and rear panels and 
flame retardant ABS construction, these two part enclosures give any project a pro-
fessional appearance. Available in Pacific Blue and Pale Jasmine. 

TYPE ABC 92 x 155 x 35 mm   £3.95 
TYPE BBU 133 x 133 x 51 mm   £4.35 
TYPE CBU 153 x 178 x 51 mm   £5.95 
TYPE DBU 203 x 178 x 63 mm   £6.35 

£££££ WE BUY COMPONENTS FOR CASH £££££ 
We also buy good working TEST EQUIP MENT, POWER SUPPLIES, CO M-
PUTER EQUIP MENT, PERIPHERALS and other hardware. 

Fuselodge Ltd 
Aft 

267 ACTON LANE, 
CHIS WICK, LONDON W4 5DD 

Telephone: 01-994 6275 

IMICLAVOAO 

Terms of business 
Cheque/PO with order. Mail 
order.. phone for details of p&p 
charges for your order. 
Callers Welcome. 

VISA  Shop Hours 
9.00 am to 5.30pm 
6 days a week 
PLEASE ADD 15% VAT TO 
ALL PRICES 

Please note. This advertisement represents a fraction of our cur-
rent stock. It would be impossible to list our vast range of elec-
tronic components and equipment. As a broadline distributor we 

have comprehensive stock of semiconductors (linear, logic, 
memory, LSI and discretes) resistors, capacitors, switches, op-
toelectronic 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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GCSE PROJECT 

TEACHER COUNTER 
PART TWO BY TIM PIKE 

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

Here endeth the GCSE lesson, with a simple project to count up the marks 

ElIG. 18 shows a block diagram for a 
manually clocked 0 to 99 counter 

running two seven segment display 
units, each with its own driving stage. 
(Some of you may also be interested 

to know that there are special counter-
driver chips available that will directly 
count and drive several segment displays 
simultaneously. One such was used in the 
Event Counter in PE July 87 Ed) 
If you are keen to test out the logic 

analysis developed above then perhaps 
you could run one display from this logic 
array and the second one from a 
commercial  display  driving  chip. 
Remember that you will need to invert 
the outputs (a—g) before presenting 
them to a common anode display. Fig.19 
gives the circuit diagram for a 0 to 99 
counter driving into two seven segment 
displays. The logic array replaces one 
driving stage if you intend trying this out. 
I will leave it to the interested and 

able reader to design the printed circuit 
layout for the logic array. This is 
considerably more complex than the 
average GCSE candidate would be 
expected to tackle, but if you have 

CLOCK 

DEBOUNCE 

010745 

4-BIT 
fir   BINARY 

COUNTER 

LOGIC TO 
RESET 

ON 10th PULSE 

4-BIT 
BINARY 
COUNTER 

DISPLAY 
DRIVER 
OR 

LOGIC 
ARRAY 

LOGIC TO 
RESET 

ON 10th PULSE 

DISPLAY 

DRIVER 

DISPLAY 

(UNITS) 

Fig.18. Block diagram for the 0 to 99 manually clocked counter 

DISPLAY 

(TENS) 

divided the basic pcb design into two 
which makes it easier to sort out the 
interconnections  on  a single-sided 
board. It also allows the use of a smaller 
container. 
Remember the general advice which 

I have given before and try to work tidily 
and logically. Test each part of the circuit 
carefully and you will surely complete 
an interesting and successful project. 
Good luck and I hope that you have 

enjoyed the series. EU 

S2 

+9V — 0 IC10 

nom C3 
.m 220n 

OUT„ 220r, 
0.'674 6 

RI 

10k 

1=1 Cl 

C2 
10p 
R2 100k 

S1 I 

Ida  IC1b 

R3 1M 

followed all the theory you should be 
able to handle this problem. 
Fig.20 gives one possible layout for 

the event counter based on the use of 
the display driver chips. The layout 
includes the option of replacing one of 
the driving stages by the logic array as 
developed earlier in the article. I would 
strongly recommend that the logic array 
be kept to a separate pcb and that it is 
thoroughly tested before incorporating 
it into the rest of the project.I have 

+5V 

(UNITS) 

fig.19. 
Complete 
circuit diagram 
for the 0 to 99 
event counter 
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TEACHER COUNTER 
.•.• 

CO MPONENTS 

RESISTORS 
R1  10k 
R2  100k 
R3  1M 
R4 ,R5  82 (2 off) 
R6  100 
All 1/4 W = ±5% carbon. 

CAPACITORS 
Cl  100p,F 10V electrolytic 
C2  10/LF 10V electrolytic 

C3,C4  220nF polyester or ceramic 
(2 off) 

SEMICONDUCTORS 
IC1  4069UB cmos 

(hex inverting buffers) 

IC2,1C5  7493 ttl (4 bit binary 
counters) (2 off) 

IC3  7432 ttl (quad 2 1/P OR) 
IC4  7408 ttl (quad 2 1/P AND) 

IC6,1C7  7447 ttl (display drivers) 
(2 off) 

IC8,1C9  Seven segment displays 
(common anode type) 

(2 off) 
IC10  7805 ( +5V regulator) 

MISCELLANEOUS 
S1,S3  spst push to make switch 

(2 off) 
S2  spst toggle switch 
IC sockets (14 and 16 pin dil), printed 
circuit boards, suitable container, wire, 
solder, 9V battery or power supply. 
CONSTRUCTOR'S NOTE: 
The printed circuit boards are available 
through the PE PCB service. 
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Flg.20. Pcb layouts for the simple 

event counter 
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TRACK MEMORY 
Barry Fox's article on Dat evolution 

prompts nostalgic memories. I recall that 
when I first started working at the Elstree 
film studios in 1957, magnetic sound track 
recording was not yet in widespread use. My 
first experience of it was, I believe, in 1958 
when I was working, as a junior editing 
assistant, on Indiscreet, starring Ingrid 
Bergman and Cary Grant. 
Although some sound tracks were initially 

recorded on quarter inch tape, frequently at 
a speed of 15 or 30 inches per second, the 
tracks were re-recorded on to 35mm wide 
magnetic film, the same guage as the picture. 
Zonal was the manufacturer whose stock was 
in most common use, though I believe that 

Dv 

both Kodak and 3M also manufactured it. 
Two versions of the 35mm width were in 
general use, one was fully coated with the 
magnetic material spread right across the film 
area.This was most generally used for master 
sound track recording, and was capable of 
having several tracks recorded on it side by 
side. 
The other version was 'striped', and was 

normally the stock used for editing. It 
consisted of two magnetic stripes, one of one 
quarter inch width running down one side, 
upon which the sound was carried. A second 
stripe ran down the opposite side, of a much 
narrower width, and was simply there to 
counter balance the physical thickness of the 

1 

5 

ANODES 
(DISPLAY 1) 

Note: R6 should be soldered direct to 
the tracks under the pcb 

first stripe.The running speed was that used 
for the picture projection, 90 feet per minute 
or 18 inches per second, allowing excellent 
frequency response. Eventually equivalent 
magnetic tracks became available for 16mm 
film, though the speed was lower, of (I think) 
36 feet per minute, or a little over 7 ips, with 
an equivalent bandwidth reduction. 
The bandwidth of film sound tracks shown 

in cinemas was lower still since the magnetic 
tracks were generally re-recorded as 
photographic images that were printed 
alongside the picture. 
It was probably about 1960 that I first saw 

a magnetically recorded video image, also on 
35mm width film.  Ed. 
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VP168 
VP169 
VP170 
VP171 

21-PAK BARGAINS 
THE UNDISPUTED PACK KING FOR OVER 20 YEARS, we offer you the very best in Electronic Components and Serniconductors 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 back 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: Ell-PAK, P0 BOX 33, ROYSTON, HERTS, SG8 5DF. Telephone orders: 0763-48851. 

RESISTORS Pak  
No  Qty Description  Price 
VP1  300 Assorted Resistors, mixed values and types   £1.00 
VP2  300 Carbon Resistors, 1/4.1/2 wan, preformed, mood   £1.00 
VP4  200 1/2.1 wan Resistors, mixed values and types   C1.00 
VP16  50 Wirewound Resistors, mixed watt values   £1.00 
VP140  50 Precision Resistors, 1% tolerance   £1.00 
VP181  100 1 and 2 wan Resistors, assorted values   £1.00 
VP287  100 Close tolerance Resistors, .05-2%, 10-910 ohms, mixed  f1.50 
VP288  100 Close tolerance Resistors, .05-2%, 1K-820K, mixed   £1.50 
VP2139  100 Metal oxide high stab. Resistor, Yaw 2%, mixed values  £1.50 

CAPACITORS 
VP5  100 Assorted Capacitors, all types   £1.00 
VP6  200 Ceramic Capacitors, min. mixed values   £1.00 . 
VP9  100 Assorted Polyester/Polystyrene Capacitors   £1.013 
VP10  60 C280 Capacitors, metal foil, mixed values   £1.00 
VP11  50 Electrolytics, all sorts   ' £1.00 
VP12  40 Electrolytics, .47mf-150m1, mixed volts   £1.00 
VP13  30 Electrolytics, 150m1.1000rn1, mixed volts   £1.00 
VP14  50 Silver Mica Caps, mixed values   £1.00 
VP15  25 .01/250v Min. Layer Metal Caps   £1.00 
VP180  25 Tantalum Bead Caps, assoned values   £1.03 
VP182  4 1000uf 50v Electrolytics   CLEO 
VP192  30 Min. Electrolytics, mixed values, .47m51000m1 6/16v   £1.00 
VP193  6 Sub Min. Electrolytics, 2e 1000/2200/3300m1, 10/16,   £1.00 

VP24  1 
VP25  1 
VP26  1 
VP27  I 
VP28  1 
VP57  2 
VP130 
VPI31 
VP133 
VP134 
VP1313 
VP147 
VP199 
VP203 
VP204  1 
VP205  1 
VP206  1 
VP207  1 
VP208  1 
VP241 
00242 
VP243 
VP266  1 
VP267 
VP268  1 
VP269 
VP284 
VP285 

OPTOS 
.125 clear lens showing Red LED's   f1.00 
Mixed shape and colour LED's   £1.00 
Small .127 Red LED's   £1.00 
Large 7 Red LED's   £1.00 
Rectangular.? Red LED's   CLOD 
Onto Special Pack. Assorted, super value   £3.03 
RED 7 Seg. CC 14mm x 7.5mm RDPFND353 LED Display  f2.00 
GREEN 7 Seg. CA.6" LDP XAN6520 LED Display   17.00 
RED Overflow .6' 3 x CA 3 x CC 6630/50 LED Display   £2.00 
GREEN Overflow .6" CA 0AN6530 LED Display   E2.03 
Assorted LED Displays. Our mix, with data   £5.00 
Pair Onto Coupled Modules   £0.60 
LD707R LED Displays, CA   £1.00 
Triangular shape LED's, mixed colours   £1.00 
Large Green LED's, 5mm   £1.00 
Small Green LED's 3mm   £1.00 
Large Yellow LED's, 5mm   £1.03 
Small Yellow LED's, 3mm   £1.00 
Large LED's dear showing Red,.?   £1.00 
'ORP12 Light Dependent Resistor   £1.50 
Tricolour LED's, 5mm dia., 5mA 2v, R.G.Y.   £1.03 
Tricolour LED'S, Rectangular 5mm,. R.G.Y.   f1.00 
Orange LED's, 5mm large   £1.00' 
Stackable LED's. Rectangular, mixed, R  G Y    £1.00 
LED Panel Mounting Clips, metal and plastic. 3-Seem   £1.00 
Red Flashing LED's, 5mm   C1.00 
Opts-Isolator 11_74-4027, single   £1.00 
Dual Opton.lsolator 11074   £1.00 

Pak  DIODES & SCRS. 
No  City Description  Price 
VP29  30 Assorted volt Zeners. 50mw - 2w   ELM 
VP30  10 Assorted volt Zeners. 10w, coded   £1.00 
VP31  10 54 SCR's 7066, 50- 400v, coded   CLOD 
VP32  20 3A SCR's TOW, up to 400v, uncoded   £1.00 
VP33  100 Sil Diodes like 104148   £1.00 
VP34  200 Sil. Diodes like 04200434X13.16, 400 200mA   £1.00 
0P35  50 IA IN4000 Diodes, all good, uncoded, 50v min   ELIA 
VP49  30 Assorted Sil. Rectifiers 14-104, mixed volts   £1.00 
VP141  40 1974002 Sil. Rectifiers IA 100v, preformed pitch   £1.00 
VP142  4 40A Power Rectifiers, silicon, 7048 300 PIV   £1.00 
VP143  5 5Y187 11KV Si: Diodes,,, carriers, 2.5MA   £1.00 
VP184  3 4A 4000 Triacs, plastic   £1.00 
VP187  10 SCR's 800MA, 2000, 205064, plastic, 7092   £1.00 
VP194  50 0491 point contact germanium Diodes, undcoded   f1.03 
VP195  50 0447 gold bonded germanium Diodes, uncoded   £1.00 
00196  50 0470.79 detector germanium Diodes   £1.00 
VP197  50 0490 type germanium Diodes, uncoded   £1.00 
VP198  40 54248 Sil. Diodes, 3500 2A, fast recovery   £1.00 
VP222  20 3A Stud Rectifiers, 50-440/, assorted   £1.00 
VP274  12 SCR's IThyristors) 14 100-400v, TO-73   £1.00 
0P275  3 504000 SCR's, 70220, TIC1060   £1.00 
VP276  5 SCR's standard type, 5-16Amp to 400e   £1.00 
VP277  4 Triacs 2Amp 400v TO-39   £1.00 
0P278  4 6Amp 1000v plastic Silicon Rectifiers   £1.00 
VP283  5 Disc 138100, trier trigger   £1.00 

TRANSISTORS 
0038  100 Sil. Transistors, NPN plastic, coded, with data   
VP39  100 Sil. Transistors, PNP plastic, coded, with data   
VP47  10 Sit Power Transistors, simiiar 203055, uncoded   
VP48  5 Pairs NPNIPNP plastic Power Transistors, 48, data   
VP50  60 NPN Sit Switching Transistors, TO-18 and TO-92   
0P51  60 PNP Oil. Switching Transistors, TO-18 and To-92   
VP60  100 All sons Transistors, NPN/PNP   
VP150  20 5C183B Sil. Transistors, NPN 300 200mA Hle240+ T092  
VP151  25 BC171B Sit Transistors, NPN 45v 100mA 141e240+ T092  
VP152  15 TIS90 Sil. Transistors, NPN 400 400mA Hfe100+ T092   
VP153  15 11591 Sit Transistors, PNP 40v 400mA Hfe100+ 7092   
VP154  15 MPSA56 Sit Transistors, PNP 80v 800mA Hfe50+ 7092 
0P155  20 8E595 Sit Transistors, NPN apvt 8E184 S.F. 7092   
'/P156  20 8E495 Sit Transistors, NPN eclat BF173 H.F. T091   
VP157  15 ZT3/500 series Sil. Transistors, PNP plastic   
VP158  15 IfX107 Sit Transistors, NPN egvt BC107 plastic   
VP159  15 210108 Sil. Transistors, NPN egvt BC108 plastic   
00161  25 BC183L Sil. Transistors, NPN 313v 200mA 7092   
VP162  5 SJE5451 Sit Power Transistors, NPN 80v 00 Hfe20+ 
VP163  2 NPN/PNP pairs Sit Power Transistors, like SJE5451 
VP164  4 206289 Sil. Power Transistors, NPN 40v 40w 7A Hfe30+ 
VP165  6 BF133 NPN Sil. Transistors, 800 50 Hfe50-200 1039   
VP166  5 8F134 NPN Sil. Transistors, 100v 54 Hfe50-200 7039 
VP167  1 BUY69C NPN Transistors, 

T03 VCB 500, 104, 100w, Hfel 5+   
10 BC478 eqvt BCY71 PNP Sil. Transistors. 1018   
10 8%521 eqvt BC394 NPN Oil. Transistors, 80v 50m4 7018   
10 Assorted Power Transistors, NPN/PNP coded and data   
10 13E355 NPN TO-39 Oil. Transistor, slat 0F258 225v 10OrnA   

E3.00 
E3.00 
£100 
E1.00 
E100 
E1.00 
£1.00 
E1.03 
E1.00 
E1.03 
£1.00 
£1.00 
£1.00 
E1.00 
E1.00 
E1.00 
C1.00-
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 
E1.00 

E1.00 
E1.00 
E1.00 
E1.00 
£1.00 

Pak  TRANSISTORS 
No  Qty Description  Price 
VP172  10 SM1502 PNP TO-39 Sit 

Transistors, 100v 100mA Iffe100+   £1.90 
VP200  30 0071 type germanium AF Transistors, uncoded   E1.00 
VP201  25 0045 germanium RF Transistors   £1.00 
P261  4 Programmable Unijunction Transistors, MEU22   £1.00 
VP270  10 FET's UHF/VHF Amplifiers, switching & choppers, data  £1.00 
VP271  10 FET's general purpose like 2133819-255457, data   £1.00 
VP272  10 MOO-FET's Signetics, 00304   £1.00 
0P21317  12 ITX300 NPN Silicon Transistors   f1.00 
0P290  15 MPS406 Oil. Transistors. NPN 80v 500mA 111i504 1092  f1.00 
VP428  10 AC128K PNP Germanium Transistor, 1300   f1.00 
0P429  10 AC176K NPN Germanium Transistor, 1300   £1.00 
0P430  4 2/43055 Sil. Power Transistors, full spec   0.00 
VP431  25 PNP Sil. Transistors, To-39 like 2029054   £1.00 

I.C.S. 
VP40  40 TTL I.C.S. all new gates - Flip Flop - MSI, data   £4.00 
VP54  20 Assorted IX. OIL Sockets, 8-40 pin   £3.50 
VP59  20 Assorted I.C.s linear, etc, all coded   £2.00 
00209  12 74L500   E2.00 
VP210  12 74574   £2.03 
002111  10 CD400113   £2.00 
VP212  10 CD4011B   £3.00 
VP214  10 C040695   £2.00 
VP215  10 741P Spin   12.00 
VP216  10 555 Timers Spin   £2.00 
0P223  50 Asst 74TTLI.C.s 'ALLGATES' 

new & coded our mix 7400-7453   f6.00 
00224  100 Assn 74 TTL I.C.s "ALL GATES" 

new & coded our mix 7400-7453   £10.00 
VP282  Frog. Sound Gen. Chip. AY-3-8912   £3.00 
00291  2804CPU Microprocessor. 40 pin OIL   f2.00 
VP732  Z804P10 Parallel Interface Controller, 40 pin OIL   £2.00 
VP293  Z8OACTC Counter Timer Circuit, 28 pin OIL   £2.00 
VP294  27320 32K Eprom   £3.00 
VP295  6821P Peeripheral Interface Adaptor IPIAI   f1.50 
VP296  LM324 14 pin OIL Quad Op-Amp   £2.00 
VP297  CA3130E MOS FET I/P, CMOS 0/P, Op-Amp   £1.00 
VP298  MC1310P Stereo Decoder, 14 pin OIL   £2.00 
VF7'39  CA3085 Pos. Volt. Regulator, 1.7v -400,8 pin 105   f2.00 
VP400  27128 128K Eprom   £3.50 
VP401  LM3177 Adjst. Voltage Regulator, 1.54   £1.00 
VP402  2114 40 Static Ram   £2.00 
VP403  747204 Audio Amp LC. 4.2w, 100,2-4 ohms   £1.00 
VP404  159861 Audio Power Amp, 4.5w   £1.50 
VP432  C0401613   £2.00 
VP433  CD401713   f2.00 
VP434  1 C0402413   f2.00 
VP435  1 £2340288   0.00 

007413  7413 Dual Nand Schmit Trigger, 4-input   £1.00VP7440 7440 Dual 4-input. Positive-Nand Buffer   f1.00 
VP7470  7470 And-gated Positive-edge.triggered 

Flip Flop with preset   C1.00 
VP7480  7480 Gated full Adder   £1.00 
VP7481  7481 10bit Random Access memories   £1.00 
VP7490  7490 Decade Counter   £1.00 
VP7491  7491 8-Bit Shift Register   £1.00 
VP7492  7492 Divide by 12 Counter   £1.00 
VP7493  74934-bit Binary Counter   £1.00 
VP7494  7494 4-bit Shift Register   £1.00 
VP7495  74964-bit Shift Register   £1.00 
VP74111  74111 Dual J-K Master Slave, Flip-Flop   £1.00 
VP74141  74141 BCD Decimal Decoder/Driver   £1.00 
VP74151  74151 1 of 8 Data Selectors/Multiplexers   £1.00 
VP74153  74153 Dual 4 line to 1 line Data Selectors/Multiplexers   £1.00 
VP74164  74164 &bit Parallel Output Serial Shift Registers   £1.00 
VP74167  74167 Synchronous Decade Rate Multipliers   £1.00 
VP74174  74174 Hex D type Flip-Flops   £1.00 
VP74181  74181 Arithmetic Logic Units/Function Generators   £1.00 
VP74193  74193 Synchronous Up/DowDual Clock Counters. 

Binary Clear   £1.00 
VP74279  74279 Quad RR Latches   ELCO 
BP06  TTL Data Book 74 Series, including 'LS". 

Completewith Pin out diagrams. 7400-74670. 
TT1 interchangeabilityguide. Function selection 
guide and explanation of function tables. 'NO VAT'   £1.00 

BP05  1 IC555PROJECTS BOOK ITIMERI.167 pages. Over 50 
project circuits to build and other information on I0455 
Timers. Plus FREE with our compliments, 3 x IC 555Timer, 
worth 80p. Special offer price lust f 2.95  'NO VA t' 

BPX4  1 INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE, 
Babani Publishing's latest edition BP85, plus FREE with our 
compliments,10 popular Silicon Transistors, worth E1.00 
Special offer price just f3.50  'NO VA r 

VP17 
VP18 
VP19 
VP22 
VP23 
0042 
VP43 
VP44 
VP56 
0082 
VP83 
VP84 
VP85 
VP86 

0087 
"VP88 
VP107 
VP108 
VP113 
VP114 
VP115 
VP116 
VP122 
VP144 
VP145 
VP148 
VP174 
00176 

MISC. 
50 Metres PVC single strand Wire, mixed colours   
30 Metres PVC multi strand Wire, mixed colours   
40 Metres PVC single/multi stand Wire, mixed colours   
200 Sq. Inches total Copper Clad Board   
1 40mm Track Slider Pots. 100K Lin.   
1 Black Heatsinks fit TO3 and 10220, drilled   
Power-fin Heatsinks, 2 a T03, 2 x 7066   

1 Assorted Heatsinks,101/3/5/1&220   
100 Semiconductors from around the world, mixed   

Electronic Buzzer, 35, 25MA   
Electronic Buzzer, 6v, 25MA   
Electronic Buzzer, he, 25MA   
Electronic Buzzer, 100, 25MA   
TECASBOTY Components Pack, semiconductors, 
caps, wire, etc   
Telephone Pick-up Coil with 3.5mm jack plug   
Pillow Speaker with 3.5mm jack plug   
Piezo Buzzer, miniature, 100   
Piezo Buzzer, miniature, 240s   
Coax Antenna Switch, 2 way   
Coax Antenna Switch, 3 way   
High Pass Finer/Suppressor, CB/TV   
Low Pass Filter, VHS/TV band   
Precision Morse Key, fully adjustable   
1000 Lin multi turn Pots, ideal van. cap. tuning   

I Assorted Pots, ic dual and switched types   
30 Presets, horizontal and vertical, mixed values   
5 DK Switches, 1 and 1 way slide, 6 way SPOT, assorted 
30 Fuses. 20mm and PA' glass, assorted values   

E1.130 
£1.00 
E1.00 
E1.00 
C1.00 
E1.00 
f1.00 
E1.00 
E4.00 
f0.95 
£0.96 
£0.95 
f0.95 

f8.00 
f1.25 
E1.45 
E1.25 
f1.25 
f4.50 
£4.75 
E0.50 
f3.00 
E1.85 
E1.00 
£1.00 
£1.00 
E1.00 
E1.00 

Pak 
No 
VP177 
VP178 
VP2234 
VP225 
00220 
00227 
VP228 
VP232 
VP233 
VP244 

VP260 

VP2604 

won 
VP181 

0095 
VP97 
VP99 
00103 
VP139 
VP217 
00218 
VP219 
VP220 
VP221 
VP237 
VP238 
VP239 
VP240 
VP246 
VP247 

VP248 

00250 

00254 

00256 
VP258 
VP259 

VP286 
VP405 
VP406 
VP4D7 
VP408 
VP409 

MISC. 
Oty Description 
1 Pack assorted Hardware, nuts, bolts, etc   
5 Assorted Banery Holders and Clips, PP3/9, AA/D, etc   
6 Tag Boards, 18 way pasaline   
20 DIN Plugs, plastic 2.8 pin, 1807240Y3f0 mixed ....,   
20 DIN Chassis Slits, metal 2-8 pin 287/240'/367 mixed , 
18 DIN In-line Skis, plastic 2-8 pin 187/247/367 mixed   
10 C15 Computer Cassette Tapes. Leadless   
1 Cassette Head Cleaner/Demagnetizer, in case   
1 Revolving Cassette Rack, holds 32, smokey perspex 
1 High Power Piezo E lectric Siren. Emits earpiecing warbling 
sound. Ideal alarm. White plastic body with mounting 
bracket. Power 12vDC 150rnA. Output 100dbIAlat lmtyp. 
freq. 2.5KH2. Size: 57 x 42 x 37mm.   

1 8'x7Elliptical 8 ohms 10WRMSSpeaker.Freq.Res 
60-10000 Hz. Gauss 10000. Centre HF cone   

1 217TransducerWaterproof SpeakerPolyester film 
diaphragm. Moisture res.8 ohms 300mW Freq.lies. 
10-20000 Hz   

10 10K Lin Rotary Potentiometers, slim spindle   
4 Plutin Relays. Mixed volts, etc   

Price 
£1.00 
£1.00 
E1.00 
E2.50 
£2.50 
£2.50 
E3.00 
E2.00 
£250 

MOO 

f4.50 

E1.00 
£1.00 
E1.00 

TOOLS 
Plastic Vice, small, with suction base   £1.75 
Logic Probe/Tester, supply 4.5v - 18v, DTL, TTL, CMOS   £8.50 
Universal Tester, with ceramic buzzer   £5.00 
6 Pc STANLEY Screwdriver Set. Flat and crosspomt   £3.50 
Pickup Tool, spring load   £1.75 
Helping Hand   £4.00 
Watchmakers Screwdriver Set, 6 Pieces   £1.75 
Miniature Side Cutters   £1.55 
Miniature Bent-nose Pliers   E1.55 
Miniature Long-nose Pliers   £1.55 
Universal Ni-Cad Battery Charger. 44-1.1P11-1472-PP3   
AA Ni-Cad Baneries. 1.00 500mAh C.43 mA   £4.00 
C?HP11 Ni-Cad Batteries. Rechargeable   £3.50 
D-HP2 Ni-Cad Batteries, Rechargeable   £4.00 
25w Quality Low Cost Soldering Iron. 240vAC   £3.50 
15w 'lightweight" Quality Low Cost Soldering Iron. 
240vAC   £3.50 
High Suction Desoldering Pump. Teflon nozzle. Auto eject 
Heavy duty return spring   £4.00 
Long Finger Grip. soldering aid. Heavy metal base. 
Serrated jaws with rev. tweezeraction.Ideal for holding 
small components. Fully adjustable   £3.00 
250 grams Etchant Granules (Ferric Chloride) 
make ,h pint   £1.03 
Etching Pen. Etch resistant. Spare tip. Blue   E1.00 
Multicore Solder. 5m total 10 and 22 SING   £1.00 
PCB Holder. Fully adjustable from 0-320mm wide and to 
anyangle. Complete with iron stand and sponge. 
Strong metal construction with rubber feet. 
Very hard quality   £15.00 
Etch Resist PCB Transfer Sheets. Asst. symboldlines   £1.00 
Steil Rules 1 a 4', 1 a 10', measuring ins and mm   £1.00 
Junior Hacksaw & 3 blades + hobby knife & 2 blades   UM 
10 Piece Needle File Set   £3.00 
4 Piece Stainless Steel Tweezer Set   £4.00 
Set of 4 min. low cost Side &End Cutters, snipe& 
combination Pliers. 5' insul. handles   £4.50 

Pak  TOOLS 
No  Qty Description  Price 
VP410  18 Pc Hex Wrench Keys. AF sizes in wallet   £1.50 
VP411  16 Pc Hex Key Wrench Set. SAE and Metric   £2.00 
VP412  Crimping Pliers, Wire Strippers & Bolt Cutters   £1.00 
VP413  IC Extraction Tools, jaw width 18 and 29mm   £2.00 
VP414  End Action Stripping Pliers. Adjustable jaws '   £1.00 
VP415  5" Grip Locking Pliers   f3.00 
1/P416  6' Long Nose Grip Locking Pliers   £3.00 
00417  6' Adjustable Wrench. Forged alloy steel   £2.50 
VP418  8" Tin Snips. Hardened steel, spring joint   £2.00 
VP419  'Chubby' Screwdrivers. Crosspoint Not and 2   £1.50 
VP420  'Chubby' Screwdrivers. Flat bled 4.5 and 6mm   £1.50 
VP421  Screwdriver 400mm long, 6rnm flat blade   £3.00 
VP422  Screwdriver 400mm long, No 2 crosspoint   £3.00 
VP423  VernierCaliper-Crosshorns. Depth gauge. 

Vernier Cap. 41/47110mm reading 1/127, 1/10mm   £/.50 
VP424  Helping Hand with Magnifier   £4.50 
00425  7 Pc high quality Screwdriver Set   £8.50 
VP426  7 Pc high quality Screwdriver Set 1000   £12.50 
VP427  6 Pc Cushion Grip Screwdriver Set   £4.00 

00308 
00301 
VP302 

VP303 
00384 

00305 

VP306 

VP307 
00308 
VP309 
VP310 
VP311 
VP312 
VP313 
VP314 
VP315 

VP316 
VP317 
VP318 
VP319 
VP320 
VP321 
VP321 

LEADS 
10m Speaker Lead 2 pin DIN Plug to 2 pin DIN Ski   £1.00 
2m Video Lead Coaxial Skt to Coaxial Skt + 2 adaptors  £1.20 
3m 4 core cable indv. screened 5 pin DIN  , 
Plug Spin DIN Plug   £1.80 
TV Ext. Lead. Coax plug to Coax Plug. White   £1.00 
1.5m 4 core indv. screen. 5pin DIN Plug-
tinned open end   £1.00 
1.5m cable 5 pin DIN Plu-3.5mm Jack Plug. 
Pin 1 & 4 connect   £1.00 
2m TypewriteriCelculator Lead.3 pin Plug, angled 
European IEC configuration. 6A 250vAC   £2.00 
60cm Patch Lead. P1.259 Plug to P1.259 Plug   0.00 
1.2m Patch Lead. PL259 Plug to P1259 Plug   £1.50 
1.2m Lead 4 Phono Plugs to 4 Phone Plugs   £1.50 
20cm Lead 2 a 2 pin DIN Plug to Stereo lnline Jack Skt  £1.00 
2m Lead Scan Plug to Spin DIN Plug 52 BNC Plugs   f6.00 
1.2m Video Lead. BNC Plug to Phono Plug   £1.50 
3m Headphone Lead. 3.5mm Jack Plug to 3.5mm Jack Skt   £1.00 
2m Coax Lead BNC Plug to BNC Plug. 75 ohms   £3.00 
2m Coax Lead BNC Plug to UHF Plug 75 ohms   £3.00 

TELEPHONE ACCESSORIES 
5m Telephone Ext. Lead. Plug to Socket   
Ifirn Telephone Ext. Lead. Plug to Socket   
3m Line Jack Cord. 0T4 way Plug to 4 Spade Terminals   
Double Adaptor. One IDC plug. 2 socket   
IDC Telephone Plug 4 way   
Telephone Master Socket Surface Box. Screw terminals  
Telephone Slave Socket Surface Box. Screw terminals 

E4.50 
EVA 
E1.75 
E3.50 
f0.50 
03.50 
E2.15 

MINIATURE CARBON FILM RESISTORS V4 & 1/2 WATT 5% 
Resistance values from 1 ohm -10 meg ohms. 
Available in lots of 100 pieces per value. 
To order state R100 1/4 wan or R200 1/2 wan, plus resistance required, eg, 010010 
, 1/2 wan 1K. BI.PAK price per 100 pieces R100 £1.00 per pk. 

R200 11 30 per pit 

VOLTAGE REGULATORS 
Pos, 1 Amp 7805.13-15-18-24  35p each 
Neg. 1 Amp  7905-12-15-18-24  40p each 
Pos. 100mA 78L05.12-15-18.24 28p each 
Neg. 100mA 79L05-12.15-18.24 30p each B I Send your orders to: BI.PAK DEPT PE, P0 BOX 33 

a .  l TERMS.RY  ° :tHEI:TVI ,TGIIROCIRE1111.7POEOR6S. °3Arti.ECIIII1 UDEE'SAPCACTECSHS. A "  
TEL: 0763-48851 ADD £1.50 P&P PER ORDER AND 15°,s VAT. 

REMEMBER YOU MUST ADD f1.50 P&P 
AND 15% VAT TO TOTAL ORDER. 

VPS30 REGULATED VARIABLE STABILISED POWER SUPPLY MODULE. 
This versatile regulated variable stabilised power supply with shun circuit 
protection and current limiting is a must for all electronics enthusiasts. It 
incorporates adjustable voltage from 2v - 30v with a current limiting range of 
0-2A. AC input max. 25v. Dimensions 110 a 75 x 25mm. 
Price each £8.50 

Use your credit card Ring us on 0763 08851 NOW 
and get your order even faster Goods normally 
sent 2nd Class Marl 
Remember you must add VAT ails', to your order 
Total Postage add 1150 per Total order 

28 



ELMASET INSTRUMENT CASE 
300 x 133 x 217mm deep  £10.. (£2.20) 

REGULATORS 
LM3177 PLASTIC T0220 variable 
LM317 METAL   
7812 METAL 12V 1A   Cl 
7805/12/15/24V plastic   459 100+27p 
7905/12/15/24 plastic   45p 100+27p 
CA3085 T099 variable reg   2/£1 
LM338 5A VARIABLE   £5 

COMPUTER ICS 
1770 FLOPPY DISC CONTROLLER CHIP 
68008 PROCESSOR EX-EQPT   
27256-30 ex-eqpt   
2764-30   
2732-45 USED   
2716-45 USED  £2 100+ £1.50 

1702 EPROM EX EQPT  £5  
2114 EX EQPT 60p 4116 EX EQPT  709 
6264-158k static ram   £2.60  
6116-3 (TC5517AP)   £1.50  
4416 RAM  £3.50  
ZN427E-8   £4 

£4 

HALL EFFECT IC UGS3040 + MAGNET  £1 
OSCILLOSCOPE PROBE SWITCHED X1 X10  £10  
CHEAP PHONO PLUGS  100 /£2 1000 /£18  
1 pole 12 way rotary switch   4/£1  

  Cl  AUDIO CS LM380 LM386   Cl  ea  
£2.20 ' 555 TIMER 5/£1 741 OP AMP   5/£1  

ZN414 AM RADIO CHIP  80 p 
,COAX PLUGS nice ones   4/£1  
4 x 4 MEMBRANE KEYBOARD  £1.50  
15.000uF 40V   £2.50  (£1.25 ) 
;INDUCTOR 20uH 1.5A   5/£1 
NEW BT PLUG + LEAD   £1.50  

C10 1.25" PANEL FUSEHOLDERS   5/£1  
es CHROMED STEEL HINGES 14.5 x 1" OPEN  Cl ea 

£2.50 TOK KEY SWITCH 2 POLE 3 KEYS ideal for car/home alarms 
£2  £3 

£2 100+ £1.56 12v 1.2w small wire ended lamps fit AUDI VW TR7 SAAB VOLVO 
  10/£1 

10/£1 
  £2 

 50p 
 Cl ea 

5/C1 

'ZN428E-8   

SURFACE MOUNTED 
COMPONENTS 
BCW31 BCW72 NTAV70 1S2836 min 50/type 

10n Capacitors 

POWER TRANSISTORS 
POWER FET IRF9531 8A 60V  2/£1 
2N3055H RCA HOUSE NUMBERED 
Y2SC1520 sim BF259 
TIP141/2 £1 ea TIP110/125/42B 

£2.50/100 
40/C1 

TIP35B TIP35C 
SE9301 100y 10A DARL. SIM TIP121 

2N3055 EX EQPT TESTED   
PLASTIC 3055 OR 2955 equiv 500 
2N3773 NPN 25A 160V £1.80 
BD132   5/C1 ZENERS 
QUARTZ HALOGEN LAMPS  5.6V 1W3 SEMIKRON 50K AVAILABLE @£25 /1000  

A1/216 24V 150 WATTS  £2.25  SUPRESSOLR 0 F606  120 V BI DIRECTIONAL  ZENER  . 5/£1  
H1 12V 50W (CAR SPOT)   £1  .50  IN 3 AMP W/E PACKAGE 

NICKEL CADMIUM BATTERIES  DIODES AND RECTIFIERS 
7.2 volts 1.8 A/hr. C CELLS IN PACKS OF 6   £5 P&P £1  gsW76  EQUIV 1N4148   

1N4148   

12V MES LAMPS   
STEREO CASSETTE HEAD 
MONO CASS.HEAD Cl ERASE HEAD 
THERMAL CUT OUTS 50 77 85 120°C 
THERMAL FUSE 121 C 240V 15A   
TRANSISTOR MOUNTING PADS TO-5/T0-18 
TO-3 TRANSISTOR COVERS   
STICK ON CABINET FEET   
PCB PINS FIT 0.1" VERO 
TO-220 micas + bushes 
TO-3 mica + bushes 
kynar wire wrapping wire   
PTFE min screened cable   
Large heat shrink sleeving pack 
CERAMIC FILTERS 6M/9M/10.7M   
TOKIN MAINS RFI FILTER 250v 15A 

5/62  IEC chassis plug di filter 10A   £3 
 3 /E1 10 " 22  Potentiomenters short spindles values 2k5 10 k 25 k lm 

  2/el 2115 lin   5/ 1 

 £146  500k lin 500k log   4/:1  
.   

2/C1 40Khz ULTRASONIC TRANSDUCERS EX-EQPT NO DATA 
4/£1   £1/pr 

  100 /C35  PLESSEY INVERTER TRANSFORMER  50 CYCLES 
 10 /C16  11.5-0-11.5V to 240v 200VA   £6 (£3) 

£3/1000 
10/£1 
30/£1 

  200/£1 
  10/50p 100/£2 

  20/C1 
2oz/£1 
10m/£1 

 £2 
50p 100/£20 

 E3 

ZIF SOCKETS  2/£1.50  
TEXTOOL single in line 32 way. Can be ganged for use with 1N4004/SD4 1A 300V 

any dual in line devices 

MISCELLANEOUS 
SMALL MICROWAVE DIODES AEI DC1028A   2/£1 
RG62 CO-AX LEAD 2 METRES + BNC PLUG  2/£1 
D.I.L. SWITCHES 10 WAY Cl 8 WAY 8 094/5/6 WAY   50p 
180 volt 1 watt ZENERS ALSO 12v   20/£1 
50 OHM MINIATURE CO-AXIAL CABLE RG316U 
 50p/METRE 

OLIVETTI LOGOS CALCULATOR KEYBOARD (27 KEY) PLUS 
12 DIGIT FLUORESCENT DISPLAY ON DRIVER BOARD (i.e. 

SOLDER TYPE  £4 
USED CENTRONICS 36W PLUG-SKT  £3 

USED D CONNECTORS price per pair 
09 £1 ,015 £1.50, D25 £2, D37 £2, D50 £3.50 covers 50p ea. 

WIRE WOUND RESISTORS 
W21 or sim 2.5W 10 of one value   Cl 
R10 OR15 0R22 2R0 2R7 4R7 5R0 5R6 8R2 1OR 12R 15R 
18R 20R 22R 27R 33R,36R 47R 56R 62R 91R 120R 180R 
390R 430R 47OR 560R 68OR 82OR 910R 1K15 1K2 1K5 11<8 

2K4 2K7 3K3 3K0 5K0 10K 
R05 (50 milli-ohm) 1% 3w  4 FOR £1 
W22 or sim 6W 7 OF ONE VALUE   Cl 
R47 R62 1R0 1R5 1R8 3R3 6R8 9R1 12R 20R 24R 27R 33R 
51R 56R 62R 68R 100R 120R 180R 22OR 270R 39OR 560R 
62OR 910R 1K0 141(2 1K5 1K8 2K2 2K7 3K3 3K9 4K7 81(210k 

15K 161<20K 
W23 or sim 9W 6 of one value   Cl 
R22 R47 1R0 1R1 15R 56R 62R 100R 120R 180R 220R 300R 
390R 680R 1K0 1K5 5K1 10K 
W24 or sim 12W 4 OF ONE VALUE  Cl 
R50 2R0 9R1 1OR 18R 22R 27R 56R 68R 75R 82R 100R 150R 
180R 20OR 220R 270R 400R 620R 1K0 6K8 8K2 10K 15K 

£60/10,000 
100/£1.50 
100/£3 

  10/£1 

BA158 1A 400V fast recovery   100/£3 
BA159 1A 1000V fast recovery   100/C4 
120V 35A STUD  65p 
BY127 1200V 1.2A   10/£1 
BY254 800V 3A   8/C1 

1N5401 3A 100y 

BY255 1300V 3A   
6A 100V SIMILAR MR751 
VM88 800mA 100V DIL B/REC 
1A 800V BRIDGE RECTIFIER 
4A 100V BRIDGE   

CALCULATOR LESS CASE, TRANSFORMER AND PRINTER)  6A 100V BRIDGE 
£1.30 8A 200V BRIDGE 

10A 200V BRIDGE   
25A 200V BRIDGE £2   
25A 400V BRIDGE £2.50   

SCRS 
2P4M EQUIV C106D 
MCR72-6 10A 600V SCR   
35A 600V STUD SCR   
TICV106D 800mA 400V SCR 
MEU21 PROG. UNIJUNCTION 

TRIACS   
NEC TRIAC ACO8F 8A 600V T0220   
NEC TRIAC ISOL. TAB T0220 6A 400V 
TXAL225 8A 400V 5mA GATE 
TRAL2230D 30A 400V ISOLATED STUD 

6/£1 
  4/C1 

  5/£1 
  4/£1 

3/C1 
  2/£1 
2/C1.35 
£1.50 
10/C18 
10/C22 

PLASTIC EQUIPMENT CASE 9 x 6 x 1.25 in. WITH FRONT 
AND REAR PANELS CONTAINING PCB WITH EPROM 2764-
30 AND CS 7417 1.530 L532 LS74 LS367 LM311 7805 REG, 9 
WAY D PLUG, PUSH BUTTON SWITCH, DIN SOCKET. £1.90 
VN1OLM 60v 1/2 A 50hm TO-92 mosfet  4/£1 100/£20 
MIN GLASS NEONS   10/£1 
RELAY 5v 2 pole changeover looks like RS 355-741 marked 

STC 47WB05T   
MINIATURE CO-AX FREE PLUG RS 456-071   2/E1 
MINIATURE CO-AX FREE SKI'. RS 456-273   2/£1.50 
OIL REED RELAY 2 POLE No CONTACTS  Cl 
Zettler 24v 2p Go relay 30 x 20 x 12mm sim. RS 348-649 
  £1.50 100+£1 

PCB WITH 2N2646 UNIJUNCTION with 12v 4 POLE RELAY £1 
400m 0.5w thick film resistors (yes four hundred megohms) 4/C1 
MINIATURE CO-AX FREE PLUG RS 456-071   2/el 
MINIATURE CO-AX FREE SKT.RS 456-273   2/e1.50 
STRAIN GAUGES 40 ohm Foil type polyester backed Delco grid 
alloy   £1.50e5 10+ Cl 

ELECTRET MICROPHONE INSERT  £0.90 
Linear Hall effect IC Micro Switch no 613 SS4 sim RS 304-267 
 £2.50 100+ £1.50 

  3/£1 100/C20 
Cl 
£2 

 3/£1 100/C15 
 3/£1 

DIACS 4/£1 
5/£2 100/E30 

  2/£1 
  2/£1 100/E35 

£4 each 

CONNECTORS 
34 way card edge IDC CONNECTOR (disk drive type) . £1.2 

CENTRONICS 36 WAY IDC PLUG   £2.5 
CENTRONICS 36 WAY IDC SKT   £4.00 
BBC TO CENTRONICS PRINTER LEAD 1.5M   3.50 
CENTRONICS 36 WAY PLUG 

PHOTO DEVICES 
SLOTTED OPTO-SWITCH OPCOA OPB815   £1.30 
2N5777  50p 
TIL81 PHOTO TRANSISTOR   £ 1 
TIL38 INFRA RED LED   5/£1 
HI SPEED OPTO ISOL 6N137   £2.50 
0P12252 OPTO ISOLATOR  50p 
PHOTO DIODE 50p  6/C2 
MEL12 (PHOTO DARLINGTON BASE n/c)  50p 
RPY58A LDR 50p ORP12 LDR  70p 
LEDs RED 3 or 5mm 12/e1   100/£6 
LEDs GREEN OR YELLOW 10/£1   100/£6.50 
LEDS ASSORTED RD/GN/YW + VRED  200/£5 
FLASHING RED OR GREEN LED 5mm 50p  100/£35 

SUB MIN PRESETS HORIZONTAL 
15/£1 100/£5 
1K 41<7 101<22K 471< 1M 10M 

STC NTC BEAD THERMISTORS 
G22 220R, G13 1K, G23 2K, G54 50K, G25 200K, G16 1M. 
RES (a) 20°C DIRECTLY HEATED TYPE  -  Cl ea 
FS22BW NTC BEAD INSIDE END OF 1" GLASS PROBE 
RES  20°C 200R   Cl ea 

CERMET MULTI TURN PRESETS 3/4 " 
lOR 2OR 100R 200R 25OR 50OR 2K 2K22K55K 10K 22K 47K 
50K 100K 200K 500K 2M2 

IC SOCKETS 
6 pin 15/£1 8 pin 12/£1 14/16 pin 10/£1 18/20 pin 7.£1, 

22/24/28 pin 4/£1 40 pin 30p 

SOLID STATE RELAYS 
Zero voltage switching Control voltage 8-28v dc   £2.50 
40A 250V AC SOLID STATE RELAYS  £18 

POLYESTER/POLYCARB CAPS 
1n/3n3/5n6/8n2/10n 1% 63v lOmm   100/e6 
10n/15n/22n/33n/47n/68n lOmm rad   100/£3.50 
100n 250v radial 10mm   100;£3 
100n 600v sprague axial 10/£1   100/£6 (£1) 
2u2 160v rad 22mm  100/£10 
10n/33n/47n 250v ac x rated 15mm   10/£1 
4700pF Y RATED   10/C1 
470n 250v ac x rated rad   4/£1 
1U 600V MIXED DIELECTRIC   50p ea. 

TRIMMER CAPACITORS all types 5 sop 
SMALL 5pf 2 pin mounting 5mm centres 

grey larger type 2 to 25pF 
TRANSISTORS 2N4427  60p 
FEED THRU CERAMIC CAPS 1000pF   10/C1 

KEYTRON ICS 
TEL. 0279-505543 
P0 BOX 634 

BISHOPS STORTFORD 
HERTFORDSHIRE 

CM23 2RX  ADD 15% VAT TO TOTAL 

ELECTRONIC COMPONENTS BOUGHT FOR CASH 

MONOLITHIC CERAMIC 
CAPICITORS 
10n 50v 2.5mm   100/S4.50 
1000 50v 2.5mm or 5mm   100/£6 
100n ax short leads   100/£3 
100n as long leads   100/£6 

5 10n 50v dil package 0.3" rad  £4/100 £351000 
0 100n 50v dil package 0.3" rad   £10 100 

STEPPER MOTORS 4 PHASE 2 9V 
WINDINGS  £3.50 10/£30 

MAIL ORDER ONLY 

MIN CASH ORDER £3.00  OFFICIAL ORDERS WELCOME 
UNIVERSITIES COLLEGES SCHOOLS GOVT DEPARTMENTS 

MIN. ACCOUNT ORDER £10.00 

P&P AS SHOWN IN BRACKETS (HEAVY ITEMS) 
65p OTHERWISE (LIGHT ITEMS) 
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EXCLUSIVE FEATURE 

HAS ANYBODY HERE 
SEEN DAT? 

BY WAYNE GREEN 

WINTER CONSUMER ELECTRONICS SHOW 
LAS VEGAS 

Dr Wayne Green is the renowned US author, publisher and 
founder of over 50 computer and technology magazines, 
including Byte and Microcomputing. He is currently a vice-
presidential candidate in the US primary elections. 

Elor the third CES in a row the big 
I.' question was: where's DAT? Digital 
Audio Tape, where ARE you? 
Despite the prolific propaganda from 

the RIAA (Recording Industry Associa-
tion of America), which has received 
disgustingly enthusiastic media support, 
the "Will Congress Kill Dat?" workshop 
at CES — for the third time — made it 
very clear that despite some close 
committee votes on the subject, con-
gress has no intention of being suckered 
by the music industry into protective 
anti-technology legislation. 

DAT PROTECTION 

The Dat vs protection situation seems 
to be in grid-lock, with the Japanese 
afraid to upset congress by shipping dat 
systems to the US — fearing not only a 
bad reaction to the RIAA propaganda 
barrage, but also concerned that this 
could result in further Japan-bashing. 
They realise that many Americans have 
the Japan vs US situation in perspec-
tive, putting the blame for the loss of 
one industry after another to Japan on 
America, not Japan. But that obviously 
won't stop congressional demagogues 
from taking advantage of their uni-
formed constituents' emotional reac-
tions. Senator Gephardt, sadly, seems 
to be a typical demagogue of this ilk. 
Some major record companies have 

apparently been convinced that the Dat 
ogre will inevitably result in the 
unrestricted copying of compact discs, 
thereby virtually destroying their new 
industry. Unlike cassette copies of 1ps, 
Dat copies of cds will be perfect copies, 
since the process is digital. (Barry Fox 
looks further at this situation in his "Dat 
Evolution" article. Ed). 
The congressional workshop panel 

said still again, hey, the RIAA put on 

the pressure and swore on stacks of 
bibles that the music industry would be 
completely demolished if we didn't stop 
cassette. The result, instead has been the 
biggest bonanza in record industry 
history, with 60% of all music today 
being sold on cassettes. 
Then we heard the same cry again 

when the movie industry assured us that 
it would be destroyed by the video 
recorder. Stop technology, was the plea. 
Congress somehow managed not to do 
-this. The result, again, was a bonanza — 
with video tapes being the biggest 
money-maker in movie history. 
So here are the cries of "wolf' again. 

Will congress try to stop technology? 
Not likely, despite heroic efforts by 
Congressman Waxman (Hollywood) and 
Senator  Gore  (Nashville).  Gore's 
willingness to try and stop a technology 
that people obviously want has not 
helped  his  flagging  presidential 
aspirations. 

COMPROMISE PROPOSAL 

In an effort to resolve the Dat 
problems, as the moderator of a Dat 

•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•: 

workshop at CES, I offered a compro-
mise which seemed to satisfy all sides of 
the controversy. Hopefully this will help 
get Dat started in the US. 
My proposal was for Dat systems to 

be imported and sold without restric-
tions in the US — systems with no 
protective circuits whatever — systems 
with the capability of directly copying 
compact discs. Then, after two years, the 
RIAA would fund an independent study 
to measure the actual loss to the music 
industry — if any. This study would check 
on teenage, home, business and com-
mercial pirate copying. If the study 
shows a significant loss to the music 
industry, then the Dat industry would 
support legislation to levy a royalty on 
blank Dat tape which would be used to 
reimburse the music industry for its 
losses. 
No one I've spoken to in the Dat 

industry has any reservations about this 
since they are convinced that the end 
result of Dat will be even more music 
sales rather than less. Indeed, several 
labels (such as Capriccio) have already 
started shipping Dat pre-recorded tapes. 
The Dat manufacturers point out that 

Dat systems are already being sold in 
Western Europe and Asia, with not one 
case of commercial pirating yet to 
surface. 

PRACTICAL POTENTIAL 

My own enthusiasm for the medium 
is not fuelled by any great hopes for it 
for music, but more for its potential for 
the computer industry. Indeed, I expect 
the computer applications will quickly 
dwarf the music uses for Dat. 
I've had a Dat recorder for a year now 

and found very few practical uses for it. 
In talking with other people who have 
gone to the trouble to buy Dat recorders 
from Japan or buy them through a grey 
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Sony digital audio recorder type PCM-2000 

market source, I find their experience 
has been very similar to mine. 
Yes, I did have fun making live digital 
recordings of the Temple Town Band and 
then making analog cassette copies for 
them. It made fantastic cassettes. But 
other than that and checking to see if I 
could hear the difference between a cd 
direct and a Dat copy made via an analog 
route (no detectable difference, thank 
you), I've rarely used the recorder. 
As a publisher I was really looking 

forward to CBS using their proposed 
notch copy-code system. I planned on 
publishing a list of the butchered cds, 
expecting this would cut their sales 
seriously and get 'em off that ridiculous 
kick. Alas, Sony bought CBS records 
and, despite some officials disclaimers 
that this would in no way change things, 
there were enough knowing winks and 
elbow nudges to make it obvious that 
notching cds was a dead issue. Darn. 
So we have congress awaiting a report 

from the National Bureau of Standards 
on how noticeable the copy-code notch 
is — apparently not realising that events 
have overtaken the project, making it 
no longer relevant. 

BROADER SCENE 

Dat was the big news at CES. Other 
than that there was a profusion of new 
compact disc players with ever more 
features  to excite  fanatical  audio 
hobbyists. Super-vhs products were 
everywhere. 3D video is getting better, 
but still hasn't shown up in any practical 
form so far. High definition tv (hdtv) 
was shown — marvellous, but they're 
still horsing around with different 
formats. Most require much greater 
bandwidths than regular tv — some are 

Right: Casio digital audio recorder 
type DA1 

compatible with current tvs, some aren't. 
Hdtv wil be along. 
Three-D movies never got anywhere 

— 3D 35mm slides never did either — 
so one has to wonder about the life 
expectancy of 3D video. 3D has been 
with us for over a hundred years, going 
back to stereoptican slides, which were 
popular in American parlours in the 
1880s. Thirty years ago the Kodak 
Retina cameras had an accessory stereo 
lens which split the 35mm image and 
provided exceptionally good stereo 
slides. The problem was that they had 
to be viewed with a special personal 
viewer. Nothing has yet been devised to 
make projection practical. How many 
stereo adapters do you see today for 
35mm? None I know of. So much for 
progress. 

Compact Disc-Video (cdv), which was 
such a big deal at the June Summer CES 
in Chicago, was almost invisible this 
time. No software. It appears that the 
Japanese have laboured mightily and 
come forth wijh a technology that's still 
looking for an application. Five minutes 
of video and 20 minutes of digital sound 
on a cd? Maybe mtv? No, that seems to 
be a fading fad. Condensed operas 
maybe? Ho hum. 

FLAGGING INTEREST 

Though the official head count for 
CES was 103,000 — about the same as 
last year — for some reason most of the 
exhibitors I talked with felt the attend-
ance was way down. Unlike last year, 
even when the crowds were at their 
worst, I had no problem in speeding 
from one end of the huge show to the 
other to keep appointments. 
The CES decision to stop the smaller 
record companies from selling cds at 
bargain promotional prices during the 
show kept most of them away — dis-
appointing many attendees ... and me. 
The home computer exhibitors were 
very few this time, reflecting the market 
shift to business sales and more 
specialised shows such as for desktop 
publishing. 
The show ran for four days, but the 
last two days seemed to be more devoted 
to watching football than business. It 
was often difficult to get through the 
excited groups clustered around the 
many projection tv sets. The huge 
convention centre echoed with cheers on 
every touchdown. 
By Sunday evening I think the Las 

Vegas blackjack dealers,  showgirls, 
cabbies and car rental firms were rail 
for a well-earned rest. 
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TRACK CENTRE 
.•.•.•.•.•.•.•.•. 

FIRST MAKE 
TRANSPARENT COPY 
(We regret that we cannot supply 

transparent  copies  of  PCB  track 
layouts.) 

Have a normal photocopy made, 
ensuring good dense black image. Spray 
ISOdraft Transparentiser onto copy in 
accordance with supplied instructions. 
ISOdraft is available from Cannon & 
Wrin, 68 High Street, Chislehurst, Kent. 
Tel: 01-467 0935. 

NEXT PRINT ONTO PCB 
Place  positive  transparency  onto 

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

Develop PCB in Sodium Hydroxide 
(available from chemists) until clean 
track image is seen, wash in warm 
running water.  Etch in hot Ferric 
Chloride, frequently withdrawing PCB 
to allow exposure to air. Wash PCB in 
running water, dry, and drill holes, 
normally using a 1mm drill bit. 

(PCB materials and chemicals are 
available from several sources — study 
advertisements.) 

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

ALTERNATIVE METHOD 
Buy your PCB ready made through 

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

HOW TO USE 
THESE TRACKS 

Weather centre 

control unit 

0-07 r. 0 A!_r0:07T 0  3 Ic-°   0 

ilL-061TE—.411110 is T4 4?   PE172 
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(0983) 292847 Xen-Electronics (0983) 292847 
Just a sample of stock. Ask for items not listed Super Project Kit Bargains 

3... a. 
Red  13 

Green  '13  
Orange  .21 
Yellow  •13  

100F 35V  .06 
100F 63V  .06 
2211F 100V  .21 
1000F 10V  .06 
100AF 16V  56 
100AF 250  .07 
1000F 35V  .08 
100AF 50V  .19 
1000F 63V  .21 
220µF 105  .06 
330µF 1611  .19 
470AF 16V  .25 
470µF 50V  .40 
470µF 63V  .63 
1000µF 10V  .23 
1000AF 16V  .27 
2200µF 16V  .45 

111 =T M 
4.79F 6.3V  .06 
1011F 35V  .11 
470F 25V  .10 
100AF 25V  .18 
47011F 10V  .22 
1000AF 10V  .3,- 

280 Based Controller Board 

This super little micro board using the very powerful Z80 A CPU running at 
4Mhz has all the necessary hardware to control menial to the most complex 
tasks. The PTH PCB measuring only 107 x 118 comprises 2K EPROM (Empty), 

2k static RAM 16 input lines using two 74 LS244  and 16  output lines using two 
74LS373. The port connections are via four 10W pin strips, each having eight 
data lines, one ground and either NMI, INT, WAIT or RESET. A must for the 
small application. 

Order as:- Z80A-CTRUK Kit Form   £20.45 
Z80A-CTRUB Built and Tested   £24.95 
Z84C-CTRL/K Cmos Kit Form   £26 .95  
Z84C-CTRUB Cmos Built and Tested   £31.45 

RS232 to Centronics Converter 

This handy little interface is ideal for running parallel printers from a serial port, 
the low cost way out of buying expensive parallel ports for your computer. 
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 
and all necessary logic, comes complete with wire and ribbon cable and 36W 
centronics plug. (For "D" Type connector and hoods see selection on left. 
Sinclair QL SERI Plug available extra @ £1.68  order as 900-71052 F) 

Order as:- RS232-8/K Kit Form   £18.40 
RS232-8/B Built and Tested   £23.90 

Distance Measuring Instrument 

An invaluable handy instrument ideal for quickly measuring rooms no bigger 
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 
(multiplexed) reflecting either feet meters or yards selectable by a three position 
switch. The kit comes complete with Parabolic reflector and transducer. 
Available extra is a liquid crystal display board measuring 51 x 101 which can 
be wired to the BCD output to the above board directly to display the distance 

in 0.5 inch high digits. 

Order as:- UDM126/K Kit Form   £24.95 
UDM126/B Built and Tested   £34.95 
LCDM4/K LCD Kit Form   £14.30 
LCDM4/B LCD Built and Tested   £16.95 

I.C. Sockets 
Low Cost 

I.C. Sockets 
Low Cost 

Resistors 
Carbon Farr, 

4001U8  .12 
4001018  .12 
4011U8  .12 
4011  .12 
4017  .31 
4028 29 
4040  .38 
4053  .37 
4066  .19 
4081  .12 
280ACPU  1.85 
280APIO  1.68 
7217IPI  4.00 
64021PL  7.30 
555  .41 
558  320  
741  .25 
LM380N  1.87 
TDA3810  5.56 
TL074CP  .51 
5G35266  3.69 
003526J  1.08 
SL486DP  1.08 
SL4900P  1.08 
ML9260P  1.08 

6 Way  .05  
8 "  07 
14 Way  .i., 
16 Way  .13 
18 Way  .15 
20 Way  .16 
n "  .18 

24 Way 
28 Way  .23 
40 Way 

K E ZZ121 = 
6 Way  .12 
8 Way  .16 
14  Way  .28  
16 Way  '32  
18 Way  ..,,. 

20  Way  i.4.13, 
22 Way ,:: 
24 Way  -". 
28  Way  83,!, 
40  Way 

025 Watt 5% 
1010 10M11 

.02each 
0.5 Watt  5% 

W  1,41O To 10 
.5406011 

Fixed Voltage 
Regulators 

+5V 1A  22  
+8V 1.5A  .68 
+120 ISA  36 
+15V IA  .36 
+24V 1A 
-55 IA  .39 
-12V 1A  2.10 
-15V 1A  39 
-24V 1A  ag 
+5V 0.1A  .28 
+811 0.1A  .213 
+12V 0.1A  .28 
+15V 0.1A  .36 
-5V 0.1A  .30 
-12V 0.1A  .30 
-15V 0.18  .30 

W EIZI ES O MI 
130107  .16 
80108  .21 
BC109C  .19 
8C182  .05 
80212 
505468  .04 
8055 68  04 
130233  .42 
8067 06  .32 
806768  .32 
BF151 
BF259 
BSR50  49 
IRF520  161 
IRF840  4.10 
J112 
MTPBN10  1.44 
TIP121  .34 
TIP  .34  

.  TIP31C  30 
TIP32C 
262646  1.18 
2N3055  .47 

Thermistor 
Bead (NTCI 

0M472W 
(4.7611)  1.95 

poree t,,,,,,ra„ 

PCB Mount 
Carmel Top AM 
„cif.,  20  
1,-,  .30 
,K,  '32  
1060  .50 
204011  50 
1006f1  :5°, 

2006S1  

Metalised 

Pol yester  Diodes 

1 N4001  25 
164002  .05 
154003  .05 
1N4004  .05 )164005  25  
1N4007 26  
165401  .12 
915406  .14 

Connectors 
DTypeSolder 

900 Skt  .43  
9W Plug  38  
8W Covat  .98 
15W Skt  SO 
15W Plug  i 53  
15W Cover  1.07 
25W Skt  SO 
25W Plug  .53 
25W Cover  1.16 

3.3nF 400V  D8 
D01jaF 100V  .08 
0.022AF 63V  .08 
0.04711F 100V  .08 
5111F 63V  .08  
0.15AF 63V  .17 
0.330F 63V  .33 
0.4711F 6311  .17 

zone, Diodes 
2V74W  .05 
5V1.4W  .05 
7V5.4W  .06 
901.4W  .06 
10V.4W  06 
11V.4W  .05 

Di „ 

CC, arTILC 

10pF 63V  .05 
100pF 50V  .06 
150pF 50V  .05 
2208F 50V  .05 
0.0111F 25/50V  .05 
0.01µF 1kV  .27 
0.0220F 63V  .10 

0.47 µF 50 V  .12  
0.1AF 25 V  .06  
0.1AF 50V  .07 

Capacaors 
' Radial Lead 
2 2µF 50V  .06 
2.2AF 630  .11 
4.7 F 53V  06 
33µF 16V  ,04 
47AF 10V  06 
470F 25V  .06 
47AF 35V  .08 
470F 63V  .08 
470F 100V  .17 

5mm dm 
Red  .13 

.1 Green  2 
Orange  .21 
Yellow  .15 

Samue 

and 15% 

Mail or Telephone Orders Only Please To: Dept PE12 
Whites Estate, B idge Road, Cowes, Isle of Wight, P031 7LP. 
Please Add £1 For 1st class Post and Packaging, 

VAT to Total Stock Listing available soon. Please send SAE to be 
put on the mail list. 

VARIABLE VOLTAGE TRANSFORMERS 
INPUT 220/240V AC 50/60 OUTPUT 0-260V 
200W0.1 amp max E24.00 p&p C3.00 1E31.05 inc VAT) 

£3.75 (E34.79 inc VAT) 
£4.25 (E43.99 inc VAT) 
£5.50 (E62.68 no VAT) 
£6.25 (E81.94 inc VAT) 

0.5KVA 2.5 amp max C26.50 
1KVA Sarno max £34.00 
2KVA 10 amp max £49.00 
3KVA 15 amp max £65.00 
5KVA 25 amp max £115.00 
10KVA 50 amp max 090.00 
15KVA75 amp max f285.00 
Carriage on request 

3-PHASE W TRANSFORMERS 
Dual input 200-240V or 380-415V Star Connected 3KVA 
6KVA 10KVA available. Phone for details. 
COMPREHENSIVE RANGE OF TRANSFORMERS-LT-
ISOLATION & AUTO 010-2400 Auto transfer either 
cased with American socket and mains lead or open 
frame type. Available for immediate delivery. 

UNTRAVIOLET BLACK UGHTFLUORESCENTTLIBES 
411 40 watt £10.44 (E12.00 inc VAT) Caller only 
211 20watt £7.44 + £1.25 p&p  (E9.99 inc VAT) 
13in 10 watt E5.50 + 75p p&p  1E7.19 inc VAT) 
12in 8 watt E4.50 + 75p p&p  (E6.04 inc VAT) 
9in 6 watt E3.60 + 50p P&P  1E4.72 inc VAT) 
6in 4watt E3.60+ 50p p&p  1E4.72 inc VAT) 
230VAC BALLASTKITfor either 61n,9in or 12in tubes 
£5.50 + 55p p&p (E6.96 inc VAT) 
For 131n tubes £6.00 + 75p p&p 
(E775 inc VAT) 
400 WATT UV LAMP & BALLAST 
Complete £56.80 + £3.50 p&p 
(E69.35 inc VAT) 
400 WATT UV LAMP 
Only £28.00 + £2.50 p&p (E35.08 inc VAT) 
175 WATT SELF BALLASTED BLACK UGHT 
MERCURY BULBS Available with BC or ES 
fitting E14.00 + £1.25 p&p (E1754 inc VAT) 

12 VOLT BILGE PUMPS 
Buy direct from the importers 
500 GPH 15tt head 3 amp 
£12.08 + £1.50 p&p (E15.62 inc VAT) 
700 GPH 10ft head 3.5 amp 
£15.50 + £1.50 p&p (E19.55 inc VAT) 
1750 GPH 15ft head 9 amp 
£19.25 + £2.00 p&p (C24.44 inc VAT) 

EPROM ERASURE KIT 
Build your own EPROM ERASURE for a fraction of 
the price of a made-up unit kit of parts less case 
includes 12in 8 watt 2537 Angst Tube Ballast unit 
pair of bi-pin leads neon indicator on/off switch 
safety rnicroswitch and circuit £13.60 + 75p p&p 
(E16.50 inc VAT) 

SANGAMO WESTON TIME SWITCHES Type S251 
200/250VAC 2 on/2 off every 24 hours 20 amp contract 
with override switch. Suitable for immersion Meters 
4in Dia x 3in high £9.50 + £1.50 p&p (E12.65 inc VAT 
R&T Also available with solar Dial Other Time Switches 
available from stock.   

Ample 
Parking Space 

Showroom open 
Monday/Friday 

SUPER HI-LIGHT STROBE KIT 
Designed for Disco. M onti.' users etc. 
Approx 16 joules. Adjustable speed £45.00 + C2.00 
p&p 1E54.05 inc VAT) 
Cam and reflector £17.00 + £2.00 p&p (E21.85 inc VAT) 
SAE for further details including Hy-Light and 
industrial Strobe Kits. 

WIDE RANGE OF XENON FLASHTUBES 
Write/Phone your enquires 

SOLID STATE RELAY 
Single make will switch up to 250 V AC 10 amp. 
operating voltage 3-32 V DC silent contactless opto-
isolated. Fraction of maker's price £3.00 + 50 p p+p. 
Total inc VAT £4.03. 
SPECIAL OFFER AC CAPACITORS 
1.5 MFD 440V E2.00  5 MFD 440V E4.00 
2 MED 440V E2.50  5.4 MFD 280V £2.00 
4.1 MFD 440VE3.50  6 MFD 660V £4.00 
pip 50p per unit plus VAT to be added to total. 

ROBOT ENTHUSIASTS 
Minatu re DC geared motor rnfc by Siemens reversable. 
24V DC 15rpm 50ma, 12V DC 5 rpm 35rna size 52 x 38 
x 60mm, shaft 5rnm dia x 20mm long. Brand new price 
£10 + 75p (p&p) inc VAT £12.36. 
38.3 RPM GEARED MOTOR Torque 35Ib In 
reversible 115V AC inc start capacitor £14.00 + £2.00 
p&p If 18.40 inc VAT) 
Suitable transformer for 240V AC operation. 
£5.20+ £1.00 p+p. Total inc. VAT E7.13 

57RPM 24011 
Continuously rated reversible 601k/in Manufactured by 
GEC. New ideal for garage doors, curtains etc. no 
capacitor. Only C18.00 + £2.00 p&p 1(23.00 inc VAT)  

SOUD STATE EHT UNIT 
Input 230/240V AC, Output approx 15KV. Producing 
lOrnm spark. Built-in 10 sec timer. Easily modified 
for 20 sec, 30 sec to continuous. Designed for boiler 
ignition. Dozens of uses in the field of physics and 
electronics, eg supplying neon or argon tubes etc. 
Price less case E8.50 + E1.00 p&p 1E10.93 inc VAT) NMS  

COOUNG FANS-BRAND NEW) 
200/240V AC Arnerican Boxer 'Pewee' 7-bladed high 
efficiency cooling unit 80mm sq x 40min deep 400m 
approx 
American Boxer 'mini' 5-bladed 92mm sq x 38mm 
deep 5001m approx 
Either type at fraction of manors price £8.00 + £1.00 
p&p (E10.35 inc VAT) 
EX-EQUIPMENT FANS 120mm sq a 38mm deep in 
either 115V or 2305 AC Tested and guaranteed Price 
£8.75 + O M p&p (E10.07 inc VAT) 

From stock at prices that defy competition 
C/F Blowers  Relays 
DC Motors Small  Program Timers 

Microswitches  Synch Motors 
wdtelphone your encaMes   

NMS = NEW MANUF SURPLUS 
RAT = RECONDITIONED AND TESTED 

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

ACCOUNT CUSTOMERS MIN. ORDER f10 
01-995 1560  i n  9 Little Newport Street 

London WC2H 7JJ 
Tel: 01437 0576 

Personal caller only 
Open Saturdays 

COMPUTER/ELECTRONIC 
ENGINEERING 

MICRO SYSTEM MAINTENANCE LTD 

MSM is a national independent third party maintenance company 
specialising in maintenance of microcomputers and associated 
peripherals. 
Due to expansion we have vacancies for electronic or trainee system 

service engineers in most areas. We have our own training school to be 
able to start you in a very interesting career in computer servicing. 
Formal qualifications are welcome but not essential. If you feel you 

have the experience as an amateur in electronics or computing, you could 
start a rewarding career with MSM. 
You will need a good basic knowledge of electronics, a very keen 

interest in computers and a driving licence. 
MSM will provide a company car, tools and an attractive employee 

package, with many benefits for secure employment. 

Please write giving brief details of your qualifications and Experience to:-

Alan Welbelove (National Service Manager) 
Micro System Maintenance Ltd 
Unit 15 
Westmead Industrial Estate 
Westlea 
Swindon 
Wiltshire 
SN5 7YS 

Tel: (0793) 616888 or (01) 391 2994 
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METEOROLOGY PROJECT 

EXPERIMENTAL 
WEATHER CENTRE 

PART THREE BY JOHN BECKER 

SOFT WEATHER 
In part 3 of the PE weather centre, we give a new meaning to micro climates 
but putting the centre (not, alas, the weather) under computer control if 
so desired. Something to pass a rainy afternoon... 

jou've no doubt got nearly everything 
1 shown so far put together, and are 
anxious to complete it. So let's complete 
the digital conversion stage and move 
on to the final constructional details, and 
the setting up. 

DIGITAL CONVERSION 

To send the detected dc data levels to 
the computer, they must first be conver-
ted to a digital representation. This is 
carried out by IC12, an analogue to 
digital converter, in Fig.21. I used the 
ZN448, but the ZN447 or ZN449 will 
do equally well. 
The dc data comes to IC12 from 

IC10b, and via VR9. This pot is used to 
preset the maximum voltage input that 
will produce an equivalent digital output 
of 100 decimal. Upon receipt of the 
trigger pulse from ATN, IC12 begins its 
conversion run. The rate of conversion 
is set by C26. This controls an oscillator 
within IC12, and the conversion run 
takes just 9 clock cycles. At the end of 
the conversion, a positive going Ready 
signal is sent back to the computer along 
the DAV line. On receipt of this level 
change, the computer can read the data 
present on DA0 to DA6, carry out any 
desired correction to it, and display the 
result on the screen. 
Synchronisation is achieved by moni-

toring the output of IC10d, presented 
via R74 along line DA7. When this line 
is high, the computer can reset its 
programmed cycle, so allocating subse-
quent data to the correct detector func-
tion. Not much to it really, is there? 
Just a couple of other points to 

mention about IC12. The tristate output 
capability of the chip is not used here, 
and the data is always present on its 
output, irrespective of the count status. 
Secondly, the negative voltage required 
at its pin 5 is taken from D19 and C23 
via R77; it does not need accurate 
regulation. 

MULTIPLEX ALIGNMENT 

Even if a computer is ultimately to 
control the monitoring, start off setting 
up by means of the built in automatic 

•-f  1-• 
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WEATHER CENTRE 

WEATHER — 

RESISTORS 
R36-R39,R52, 
R54,R56-R60 
R40 
R41,R44, 
R48-R50, R61, 
R66, R68 , R69 , 
R71 
R42,R43,R46, 
R47 
R45,R62,R65 
R47,R53 
R51,R72 
R51,R75 
R63 
R64 , R73 , R74 
All resistors 1/4W 

CAPACITORS 
C4,C16 
C5 ,C13 ,C14 

C6,C15,C22 
C7,C8 

C9,C24 

C10,C17,C20 

Cl' 

C12 
C18,C19 

C21,C23 
(2 off) 

CONTROL 

10k (11 off) 
20k 

100k (10 off) 

4k7 (4 off) 
560k (3 off) 
200k (2 off) 
1M (2 off) 
470 (2 off) 
47k 
lk (3 off) 
5% carbon film 

I5n polyester (2 off) 
1n8 polystyrene 
(3 off) 
100n polyester (3 off) 
56p polystyrene 
(2 off) 
22µ 16V electrolytic 
(2 off) 
1µ 63V electrolytic 
(3 off) 
1000µ 25V 
15 electrolytic 
4µ7 63V electrolytic 
470p polystyrene 
(2 off) 
470µ 25V electrolytic 

POTENTIOMETERS 
VR6-VR8  100k skeleton (3 off) 

SEMICONDUCTORS 
D9,D1I-D17  1N4148 (8 off) 
D10,D18,D19  1N4005 (3 off) 
D20  4V7 400mW zener 
IC4  4011 
IC5  4051 
IC6  4024 
IC7,IC11  7805 (2 off) 
IC8  4069 
IC9  4017 
IC10  324 
LP6-LP11  Red led 

SWITCHES 
SLS2 
S3 

min spdt (2 off) 
min dpdt 

MISCELLANEOUS 
Fuseholder (2 off), 1A fuse (2 off), 
Meter, 14-pin ic socket (4 off), 16-pin ic 
socket (2 off), Stereo jack socket (2 off), 
9V-0-9V 3VA transformer, PCB 275B 

C25 

A 

VR9 

1o0k 

R76 39011 

D19/C23 

10 

8 

Si  6,L141-2. 
2 

R77  100k  6 

S2p 

10166601 

Fig.21. Computer control interface 

IC12 
ZN448 

+5V 

• 
DAV 

17 
- -IP-DA 0 
16 

DA 1 

DA 2 

DA 3 
13   

ir DA 4 

DA 5 

DA 6 

15 

12 

11 

R74/017 ..111 1110- DA 7 

S2 .411- 10. ATN 

• 

_TO AND FROM 
COMPUTER 

OUTPUT CALIBRATION 

Temporarily connect a wire between 
the +5V supply line and the junction of 
R62 and C16. AdjustVR8 until the meter 
needle shows full scale deflection. 
If a computer is being used, adjust 

VR9 from its zero level upwards until a 
reading of decimal 100 is being dis-
played. Also check that when the 
junction of R62 and C16 is taken to the 
OV line, the meter and the computer 
display a zero reading. A compromise 
may be needed here, in which case set 
VR9 so that the computer displays a 
reading just hovering around zero to 
decimal one. In this case, if the 
maximum scale reading obtainable when 
IC10b has a high output is not around 
decimal 100, put a correction factor line 
in the program to modify the data 
received accordingly. 

DETECTOR CALIBRATION 

I am unable to resist the temptation 
of a bad pun — the daylight level detec-
tor should be set up in the light of 
experience! Expose the detector to the 
brightest light level you can find; hope-
fully this will be brilliant spring sunshine. 
Adjust VR5 until a full scale meter 
deflection is obtained, or the computer 
is reading a maximum decimal number 
of 100. As the light diminishes, the 
reading will fall progressively. It should 
reach zero a few shades before dusk. It 
can be made to register lower light 
levels, but only at the expense of maxi-
mum light detection. 
To give rain protection, the ldr is 

mounted inside a translucent 35mm film 
cassette container. 

TEMPERATURE 

Set the temperature control indoors, 
in a room that has a known stable 
temperature. Allow several minutes to 
pass after first switching on, to let the 
unit warm up. Then adjust VR4 until the 
meter shows a numerical reading of the 
same value as the room temperature. By 
comparing other temperature levels as 
seen on an ordinary thermometer, plot 
a chart of the readings. From this the 

meter can have calibration  marks 
written on it. For the computer readout, 
a simple correction formula can be 
established so that real temperature and 
observed readings can be programmed 
to coincide. 

SOIL MOISTURE 

Adjust VR3 so that under maximum 
dryness conditions the meter shows close 
to zero and the computer reads decimal 
one. Then immerse the probe in water 
and note the maximum meter deflection 
and computer number. Mark the meter 
at the equivalent scale position. A simple 
formula conversion program line may be 
inserted into the computer program so 
that maximum wetness produces a 
display number of decimal 100. 

RAIN DETECTION 

This is easy — no calibration is 
needed. If it's not raining there will be 
zero output. If it's teeming down again, 
or the probe is wet for some other 
reason, then a maximum deflection will 
occur. 

WEATHER — D-TO-A 
CONVERTER 

RESISTORS 
R76  390 
R77  100k 
All resistors 1/4W 5% carbon film 

CAPACITORS 
C25 
C26 

4µ.7 63V electrolytic 
33p polystyrene 

POTENTIOMETERS 
VR9  100k skeleton 

SEMICONDUCTORS 
IC12  ZN448 

MISCELLANEOUS 
18-pin ic socket 

CONSTRUCTOR'S NOTE 
A kit of electronic components and the 
printed circuit board is available from 
Phonosonics (see advert). 
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WEATHER — HARDWARE 

Further information is given in the 
drawings and text. 
35mm translucent film canister, cable 

ties, wind coding discs (1 of each), gantry 
and brackets, connecting wire, 3-core 
connecting cable, aluminium sheet, 
fibreglass sheet, feet (4 off), grommets 
(3 off), misc nuts, bolts and washers, 
stereo jack plugs (5 off), rotary pots (2 
off — to be vandalised for their parts!), 
spindle coupling, steel rod 0.25 in dia, 
empty gallon oil can, boxes to suit (2 
off), light weight aluminium tubing, pcb 
support clips, flange plates 1.5 in dia (3 
off). 

WIND SPEED 

A couple of factors come into play in 
assessing wind speed detector output 
results. The first factor is the radius 
length to the centre of the cone. With 
the measurements shown in the draw-
ings, one can readily calculate the 
number of pulses that will be generated 
for a particular rotation rate. There are 
18 holes, so if the arm rotates once a 
second, the pulse frequency will be 
18Hz. The distance travelled by the 
centre of the cone for one revolution is 
naturally 2 x 77- x R. In this case the 
rotation speed is approximately two 
mph. A pulse rate of 50Hz works out at 
about five mph. 
This figure of 50Hz makes rotation 

speed calibration nice and easy. The 
secondary winding of transformerT1 has 
a 50Hz output at about 9 volts. If we 
rectify this as shown in Fig.22 and 
roughly halve its level by using a couple 
of 10k resistors, the output is suitable 
for triggering the input to the windspeed 
detector, at IC3a-b. With this known 
triggering rate, the meter deflection 
point can be noted, as can the computer 
decimal conversion. A conversion factor 
can be put into the program to show the 
correct decimal readout for given 
frequency counts. 

Fig.22. Wind speed calibration circuit 

ROTATIONAL EFFICIENCY 

The other factor to be considered 
regarding wind speed is the efficiency of 
the wind cones on the rotating arm. 
Although the wind may be travelling at 
say 10 mph, the conversion efficiency of 
the rotor may only be half that and the 

DRILL 2 LEA MOUNTING HOLES AT THIS 
0.7"  SIDE OF BOX TO SUIT MOUNTING BRACKET 

FOR QUAD-LED P.C.B, 

4. BA  

0.375HOLE 
(TO SUIT POT BUSHr"k+   

1015661j 

21' 

7" 

fig.23. (Above) Top view box lid. (Top 
Right) Top view box interior. (Right) 
Quad/led bracket. Three cable entry 
holes are drilled into left hand side of 
box. 

apparent detected speed only 5 mph. I 
admit to not being a theoretical 
mechanic, and so cannot offer an 
opinion on the efficiency of the cones 
suggested. All I can reasonably say is 
that in my own unit the arms rotated 
very freely both to touch and to light 
breezes. Certainly one of the key factors 
will  be  the  amount  of  friction 
encountered. This should be minimised 
as much as possible. 
As to how one really assesses rotor 

conversion efficiency I can only hazard 
a couple of guesses. Testing the unit in 
a wind tunnel would be one answer; but 
I hesitate to nip along to Rolls Royce, 
or to whoever else has one, and ask their 
help. I am also reluctant to stick the unit 
on the roof of the car and calibrate it 
while keeping an eye on the speedo-
meter! 
If anyone reading this actually knows 

a simple answer I'd be pleased to be told. 
But its worth remembering that this is 
not meant to be a precision unit, and all 
that I am really aiming at are results that 
can be compared on a regular basis. 

REMAINING ASSEMBLY 
Obviously, the weather centre is split 

into two boxes. The one for use outside 
holds not only the detector circuits, but 
also has the wind speed rotor and 
weather vane mounted on it. This box is 
an aluminium one, measuring approxi-
mately 7 x 4 x 2.6in (180 x 130 x 
65mm). The basic drilling details are 
shown in Fig.23. The mounting details 
for the speed detector sub-assembly pcb 
are shown in Fig.5 in part one. Fig.23 
also shows the details for making and 
mounting the bracket that holds the 
wind direction sub-assembly pcb. 
Then, Fig.24 shows how the weather 

vane is secured to its shaft and slotted 
detector disc. Although this is not an 
ideal engineering construction, it has the 
advantage of using readily obtainable 
electronic hardware parts. A few drops 
of light oil on the moving surfaces will 
help minimise the friction. 
It's advisable to weather-proof the box 

as much as possible, for example, by 

10 

r‘,  
P.C.B. OUTLINE 

0.6- HOLE"-

01 

4-

2.7 

7" 

4 4 BA BOLTS PLUS NUTS AM) WASHERS 

QUAD-LED PC.B. 

-- 4-

-4-

1.7" 

-+ 

FLATTENED VIEW OF BRACKET 

EE ] 

NOTE. PRECISE 
SIZE AND HOLE 
POSiTIONINGS 
SHOULD BE 
MEASURED TO 
ENSURE CORRECT 
POSITIONING OF 
LED'S ABOVE THE 
DETECTORS, 
ALLOWING ABOUT 
0.3" CLEARANCE 
ABOVE COOED 
DISC. 

using grommets for the cable entry 
holes. The miscellaneous details for 
wiring the connecting plugs and sockets, 
plus the ldr and rain pcb are given in 
Fig.25. The gantry that holds all the 
detection gadgetry is then shown in 
Fig.26. None of it is hard to do, and I 
found a lot of pleasure in devising it. It's 
such a shame though, that model shops 
don't seem to stock these sorts of 
mechanical bits any longer. Indeed it's 
actually hard to find any model shops in 
my area, and those that are around only 
seem to stock plastic and balsa wood 
materials, and nothing more robust in 
metal than bits with which to make 
model trains. Perhaps in your area better 
facilities are available, in which case 
greater mechanical precision will be 
possible. 
The control box is one of those steel 

and aluminium ones covered in black 
plastic measuring 6 x 4.75 x 1.8in (150 
x 115 x 45mm), into which the 
necessary parts fit snugly — in other 
words plan it neatly! The wiring details 
are shown in Fig.27. Typical computer 
socket connections are also shown there. 

Photo: Interior control box 
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WEATHER CENTRE 

SIZES AND 
MATERIALS 
NOT CRITICAL - 
SEE TEXT. METAL JACK PLUG 

SCREWED COVER (CUT SHORT 
TO ABOUT 1/2 " ) 

SCREWED DOWN 
TIGHT TO FIX DISC. 

  , 
CODED DISC 

METAL JACK PLUG 0.25" 
DISTANCE WHEN 

WASHER 

= o  DIAMETER 

= 0  1 3-NUTS-2 SCREWED DOWN, TOP ONE AND PC.B LOOSE VARY QUANTITY TO PARTS) OBTAIN ADEQUATE PCB TO 
= = = CODED DISC CLEARANCE) 

ASSEMBLED 
APPROX. 0.3" 
(ENOUGH TO ALLOW 

, CLEARANCE 
BETWEEN DISC . 

= D 

 I  I  PCB 

THREADED POT BUSH 0.25" HOLE 
r, 0 44  ( IF NECESSARY ENLARGE 
  INNER DIAMETER TO SUIT 

WASHER OR =  SMOOTH RUNNING) 
LOOSE NUT 

0  0 SPINDLE COUPLER 0.25" HOLE 

\ HOLE IN BOX APPROX. 0.6" 

0 
STEEL SHAFT  DIAMETER TO ALLOW FREE 

. 25" DIAMETER-   MOVEMENT 
LENGTH TO SUIT 

REQUIREMENTS (ABOUT 3") 

 r-7-1  
) FLANGED PLATE 1-5" DIA 

  ARROW 
  SHAFT 

12̀ BOLT 

10106641 

= I  1=3 WASHER 
CCD  C:D  NUT 

(BOLTS 0.4"LONG, 413A. NUTS & WASHERS TO SUIT) 

- BOX 
" BASE 

NOTE: THIS SIDE OF SOCKET ONLY USED AS CONVENIENT 
TAG POINTS. WHEN PLUG IS INSERTED, 
THEY ARE ISOLATED FROM L HS OF SOCKET 

54  LDR(ORP12 I 
6  ,LIGHT SENSOR 
52  (POLARITY IRRELEVENT) 

9  5 

53 

55 2 

N.C. NO CONNECTION 

Bus GND 
/  / 

C 11-11 
1010665 

Fig.24. (Above) Wind vane shaft mounting 

Fig.25. (Top right) Detector and interconnection wiring 

Fig.26. (Right) Gantry details 

Fig.27. (Bottom right) Control unit and computer port connections 

OBSERVATIONS 

What has particularly interested me 
from observing the readouts is how 
variable wind speed is from one moment 
to the next. One moment the rotor can 
be rotating slowly, and at the next 
suddenly leap into high speed; and then 
fall back again. Wind gusting is far more 
prevalent  than  I had  previously 
appreciated. 
The wind direction detector confirms 
that the tv station transmitter is in the 
wrong direction for my roof aerial to 
ever stand a chance in a storm. So I'll 
stick with the portable one. 
Daylight watching brings no great sur-

prises, except that I am still trying to 
work out how to tell the computer the 
difference between a cloud, and a bird 
on the sensor! 
There is conflict though, between light 

and temperature requirements. The 
latter really needs the unit to be in the 
shade, but even so, the temperature 
inside a sunlit metal box is quite 
revealing. 
Watching the steady evaporation of 

water from the garden, and especially 
from indoor plant pots is another 
intriguing display — especially if you 
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53 
MAINS 
ON/OFF 

11  
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MOISTURE PROBE 

BUS 
7 /   

RAIN 
DETECTOR 

ALL THREE WIRES IN A 
THREE CORE CONNECTING 
FLEX. 

PC.B. POINTS 12,13,1415 ARE 
DIGITAL OUTPUTS OF COMPASS 
(WIND DIRECTION) DETECTOR 
IN ORDER OF MSB, N MS B, 
NMSB, LSB (SEE TEXT). 

PCB POINT 16 IS INJECTION 
POINT FOR WINDSPEED 
SETTING UP (SEE TEXT). 

INTER-UNIT CONNECTION  GND 
(VIA THREE-CORE FLEX) 

18-

BRACKET 

MATERIALS AND SIZES 
ONLY SUGGESTED  1.25" HAROINOOD 

TREE SUPPORT 4 FEET HIGH 

LIGHT 
DETECTOR 
BCX 

RAIN 
DETECTOR 
PCB / 

‘BRACKET  2-'11801C°'" 

,..,.CABLE TIES 
TO SECURE 
CABLES 

NOT TO ANY SCALE 

043  DA2  OA1  GAO  DAV 
23  24  25  26  2 

EXAMPLE OF CPU 

"1=1-  I  ND 

—  . 4 i AMENDED T 
G  O 
SUIT LEAD USED  I • / • I • / . . . . . 

• •  •  • • •  • • • 

32  SHOULD BE 
SOCKET WIRING  t  A 

. - -, -1. 88G 

DETECTOR 
CONNECTION 
SOCKET 

9Vd — V .9.v 

CHASSIS BOLT 

LINK PCB PINS 

35  TO  48 
36  TO  46 
37  TO  47 
38  TO  44 
39  TO  49 
40  TO  50 
41  TO  45 

COMPUTER 
DATA PORT 
CONNECTIONS 

Emma 

SO 
IC P0/ 
AUTO) 

No 

ATN 

IHA —A.34 

19  0  1  22 
DA7  DAN  CAS  DAC 

(HOLD 
AUTO) 

4 

0 -11.. 33 

SOLDERED TO METAL BODY OF SWITCH 

PCB P195 30 AND 31 NOT USED 
PCB PIN 18 IS THE VOLTMETER TEST POINT ISEE TEXT 

0660 Eac 

GAO  AND 

067  1:97  20  19 

(186  PB6  18  17 

D65  PBS  16  15 

au.  PI34  14  13 

[563  PI33  12 

(562  P82  10  9 

DA,  PB1  8  7 

DAO  F90  6  5 

ATN  CB2  4  3 

DAV  CBI  2  1 

UNiT ga. ffj: 
DAV F1.002 CA1 m•— B 

DNA  P130 PAO me— C 

D61  FBI  PA,  D 

062  P82 PA2  E 

P83 P03 0— F 

C164  F94 P64  H 

D65  PBS PA5A11.— 

DA6  PB6 PAN .— K 

067  F97 PA?  L  10 

ATN  P02 CR2 .0-

590  AND  N  12 
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100 PRINT'  0 WEATHER CENTRE  SAMPLE":PRINT:REM 1150 19N0N86:"0"=CLR SCREEN 
110 M$(1)="M"41$(2)="K":M$(3)="F":M$(4)="C":M$(5)="S"'M$(6)="L" 
120 FORA=1706:L(8)=256'HI$(A)="0  ":LO$(8)="0 "'NEXT 
130 PRINT" I 
140 PRINT" I SOIL  % 'F  •  LIGHT%  " 
150 PRINT" I 160 PRINT"  TIME  mom. ' "'PRINT 

170 PRINT"  *":PRINT 
180 PRINT"  NW  NE" 
190 PRINT" WIND  *  MIN MAX" 'PRINT 
200 PRINT" SPEED  W  E" 'PRINT 
210 PRINT" MPH  ÷ 
220 PRINT"  SW  SE" 'PRINT" KPH" 
230 PRINT"  +" 
240 PRINT"  5" 'PRINT   
250 PRINT" I  I ' 
268 PRINT" !RAIN  START  DRY  I" 
270 PRINT" I  I " 
280 DATAN ,W ,NW ,S ,SW,SW,E ,E ,NE,NE,SE,SE 
290 DRT=59459:IN=59457 ,DAV=59469:FIT=59468:SET=2'LRTCH=59467:UP=237:1M=205 
300 DIMW$(11),D$(23),C$(11):CH=19:CD=17:CR=29'CL=157 ,FORW=07011 
310 READW CW):NEXT'D$=CHR$(CH)'FORR=11.023:D$=D$+CHR$(CD)'NEXT ,FORA=11.028 
320 R$=12$4-CHR$(CR):NEXT'FORA=1T021:D$(R)=LEFT$(D4,A+1):NEXT:L$=CHR$(CL) 
330 POKEDRT,O TOKELATCH,I'C$(0)=D$(5)+LEFTCR$,18) ,C$(6)=D$(12)+LEFT$(R$,27) 
340 C$(7)=C$(6):C$(8)=D$(8)+LEF MR$,24):C$(10)=D$(16)+LEFT$(R$,24) 
350 C$(1)=LEFT CC$(6),22) ,C$(2)=LEFTS(C8(8),21) ,C$ O)=D$(19)+LEFT$(R$.18) 
360 C$(4)=LEFT6(C$(10),29) ,C$(5)=C$(4):C$(9)=C$(8):C$(11)=C$(10) 
370 CTP=D$(8)+LEFTS(R$.28) ,PRINTCTC:INPUT WTI$=LEFT$CA$+"000000",6):8=0 
380 PRINTCT$LEFTP(TI C2)" "MID WIS,3,2)" "RIGHTS(TIS,2):008U3600 
390 IFPEEK(DAV)RNDSET=OTHEN390 
400 K=PEEK(IN)'IFKIIND128THENFORR=IT050 :NEXT:GOSUB600:K=PEEK(IN):B=0:GOT0380 
410 B=B+1:PRINTCHR CCH)TAB(30)B,L$K,L$"  ":1F1D6THENB=0 ,GOT0380 
420 GETZ$:IFZ$= "THEN450 
430 FORA=1706:L(A)=256:H(A)=0:NEXT 
440 PRINTD$(21)TAB(7)"  "TAB(18)"  "TAB OO)" 
450 MM=MM+1'ON8GOT0460,490,510,540,550,560 
460 K=INT(K/54€8.5)'Ll=1:GOSUB880 
470 PRINTD$(14)TFIB(5)K$1<=INT(K*1.6):U=2:00SUB880 
480 PRINTD$(16)TRB(5)K$:GOT0380'SPEED 
490 ,7=K/8 ,IFZ MITHENZ=0 ,REM COMPASS  • 
500 PRINTD$(12)TAB(18)W$ CY'PRINTC$(Y)" "'PRINTC$ O)"."•Y=Z:GOT0380 
510 U=3:00SUB880:PRINTD$(3)TAB(15)K$'REM TEMP 
520 K=INT((K-32)*5/9):U=4:005U8880 
530 PRINTD$(3)TAB(22) M0010380 
540 0=5:00SLM880:PRINTD$(3)TAB(8)K$ ,6010380:REM SOIL 
550 U=6:005UB880'PRINTD$(3)TAB(33)K$' 10010380 ,REM LIGHT 
560 IFK350THENR=R+1:REM RAIN 
570 IFR=ITHENPRINTD$(21)TAB(7)"****"TAB(18)TI$TAB(30)"  ":R=2:0010380 
580 IFR)1ANDK=OTHENR=0 TRINTD$(21)TAB(7)"  "TAB(30)TI$:REM- PROBE DRY 
590 0010380 
600 PRINTCH MCH)TAB(29)"*"'P0KERT,DN'F0RR=170100:NEXT T0KEAT,UP 
610 PRINTCHR MH)TAB(29)" "'RETURN 
620 REM ABOVE LISTING IS IN PET BASIC 
630 REM C64 IS PRACTICALLY IDENTICAL EXCEPT FOR - DRT=56579 ,IN=56577 ,DAV=56589 
640 REM AT=56576:SET=16 1IN=251:UP=199:LATCH IS BELIEVED TO BE UNREQUIRED. 
650 REM BBC GUIDE - DRT=&FE62:IN=&FE6O'DFIV=&FE6D•RT=&FE6C:CD=10:CL=8 
660 REM CH=30:CR=9 ,SET=16:UP=204:DN=14:LATCH IS BELIEVED TO BE UNREQUIRED 
670 REM "POKEDRT,0' BECOMES "?DRT=0', 'POKEAT,DN" BECOMES '?FiT=DN', ETC. 
680 REM "K=PEEK(IN)" BECOMES 1‹.?(IN Y. 
690 REM TABBING SHOULD BE DONE WITH THE DUAL PARAMETER METHOD - 
700 REM E.G. 'PRINTD$(8)LEFTS(R$,22)' WOULD BECOME "PRINTTAB(22,8)", ETC. 
710 REM THE 'FOR-NEXT' TIMING DELAYS FOR TOGGLING 'AT' MAY NEED LENGTHENING 
720 REM AS THE BBC RUNS FASTER THAN THE PET. NORMAL BBC REQUIREMENTS FOR A 
730 REM SPACE BETWEEN SOME STATEMENTS SHOULD BE OBSERVED. 
740 REM 'TI$' IS THE PET CLOCK, THE BBC'S CLOCK WORDING SHOULD BE SUBSTITUTED. 
750 REM GENERAL INFO - DRT=DATA DIRECTION REGISTEA. IN=INPUT REG. FIT=ATTENTION 
760 REM CALLING LINE. DAV=DRTA M AD REG. LP SENDS AT UP, DM SENDS IT DOWN. 
770 REM SET DETECTS WHETHER INPUT REGISTER IS SET VIA DAY. CR=CURSOR RIGHT. 
780 REM CD=CURSOR DOWN. 0_=CURSOR LEFT. CH=CURSOR HOME. LATCH DETERMINES 
790 REM POSITIVE (1) OR NEGATIVE (0) GOING TRANSITION TO SET DAY. 
400 REM CL IS PROBABLY ONLY NEEDED FOR PET & C64 WHICH BOTH CREATE A BLANK 
310 REM CHARACTER PRIOR TO NUMERICS. 
820 RADIUS=8.5:CIRCUM=RA$2*$ 
830 MILE=63360'REM INCHES 
340 REV=MILE/CI'REM INCHES IN 1 HOUR FOR 1MPH 
350 IPS=REV/(60*60)'REM INCHES PER SEC 
360 HOLES=18:1-17=IPS*HOL TRI11THZ"H2  = 1 MPH" 
370 PRINT"50HZ="(1/HZ)*50  "MPH" 
380 K$=STR$(K) IFLEFT M$,1)=" "THEN14=1IIRS(K$,2) 
390 K$=LEFT$44+"  ",3) 
900 IFM K6THEN940 
910 IFKDH(U)THENH(U)=K:HIS(U)=K$+" " 
920 IFKCL(U)THENL(U)=K:LOS(U)=K$+" " 
930 PRINTD$(11+U)LEF MR$,30)M$(1.0" "LCI$(U)HIS(L1 
940 RETURN 
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REGULAR FEATURE 

READERS' 
LETTERS 
FURTHER HEARING 

I was more than interested to 
read Mr Shaw's letter and your 
comments in PE Feb 88 on the 
subject of sound, particularly 
dialogue, on tv programmes. 
As one whose hearing, 

especially frequency response, 
has deteriorated over the years, 
even with a hearing aid it has 
become increasingly difficult to 
interpret dialogue in the presence 
of 'realistic' background noises 
and music. A partial cure I find 
is to feed the audio output of my 
tv into the atudlliary input of the 
hifi and to listen on headphones, 
using the equaliser to gain better 
results. 
My view is that dialogue is the 

better aid to interpreting a play, 
or whatever, than all the 
unnecessary 'realistic' 
background noises. It seems to 
me that what producers are 
saying is "never mind the 
dialogue, let's have the noises"! 
As a former Post Office 
engineer at one time responsible 
for its provision of sound and 
vision programme circuits for the 
BBC, and remembering how 
fussy they were about frequency 
response and signal to noise 
ratio, I find it amazing that the 
BBC and ITA engineers allow all 
available quality to be destroyed 
by the producers in favour of so 
called realism. 
I recall too, that BBC 

engineers were responsible for 
many innovations in the hifi field 
(I believe-that binsdale of 
amplifier fame was a BBC 
engineer), and yet today they 
allow transmissions from 
toomy' studios. Even news 
broadcasts, which should be 
made under ideal conditions, are 
far from perfect — particularly 
from some female broadcasters! 

M.W.J. Allan, Edinburgh. 

Interesting comments Mr 
Allen. I assume that your last one 
is not conventionally 'sexist', but 
rather an observation related to 
the fact that female voices are 
generally pitched at a higher 
frequency than those of men, so 
where frequency restricted 
hearing is suffered female voices 
may well be less clear. 
In addition to my previous 

comments, I also find that 
dynamic range presents problems 
in two areas. The first is that of 
the balance of subjective music 
and speech levels. When listening 
to the tv, a volume level that suits 

comfortable hearing of speech 
frequently becomes far too loud 
for music tracks, necessitating 
turning down the volume to avoid 
premature deafness. This can 
sometimes result in an evening of 
keep-fit exercises, leaping back 
and forth between the armchair 
and the volume control (one day 
I'll splash-out on a remote control 
set). No doubt the meter needles 
on the tranmission equipment are 
peaking at technically correct 
levels, but subjectively the speech 
and music volumes often come 
across non-equivalently. 
The second dynamic range 

problem comes when listening to 
music tapes or transmissions in 
the car. The inherent noise 
generated by a moving vehicle 
frequently drowns out the lower 
volume passages of music, 
particularly symphonic and 
operatic music. Listening to such 
music in the quietness of one's 
home is perfectly satisfactory, and 
I acknowledge that varying music 
levels are necessary to the better 
appreciation of the composer's 
and conductor's interpretation of 
mood and emphasis. But in a car, 
when music is perhaps being 
listened to as more of a 
'wallpaper' background than an 
intellectual experience, differing 
interpretive levels become 
problematic. There's probably no 
solution, though, other than 
constant knob twiddling. I doubt 
if the recording companies would 
consider issuing tapes with a 
compressed dynamic range so 
giving a constant volume to the 
music. Still, with enough pressure 
from car drivers they might... 

Ed. 

BBC COMPUTER RADIO 

flrther to the letter in PE Mar 
88 which commented on the 

radio interference caused by some 
computers, I was interested to 
read an article in a back copy 
(Dec 87) of Radio Communica-
tion, the journal of the Radio 
Society of Great Britain, 
concerning the BBC computer. 
The author, J C Worsnop, has 
experienced interference from a 
BBC computer situated three 
houses away from him. This was 
apparently capable of putting a 
1001 signal into the author's 
50MHz receiver, much to his 
distress. 
He investigated ways of 

counteracting the problem and 
his published article offers a 
recommended solution to it. This 
largely consists of spraying the 
interior with a shielding paint, 
having taken suitable 
precautions! 
No doubt the editorial office of 

Radio Communication will be 
pleased to sell you photocopies of 
the article. The address is Lambda 
House, Cranbourne Road, 
Potters Bar, Herts, EN6 3JE. The 
article is entitled Reduction of RF 
Breakthrough from the BBC 
Microcomputer. 

Ed. 

DECIMAL DRIVEL 
Dear Sir, 
There seems to be drivel 

written in the Midi Interface 
article in PE Sept 87 in that the 
Prof appears to labour under the 
impression that decimal 128 
equals binary 1000. I can assure 
you that this is not the case. 
G.J. Johnston, B.Sc, 

Kilmarnock. 
It seems that the words that are 

printed and those that you read 
are not quite the same. If you read 
the relevant part of the article 
again, you will see that it refers to 
the most significant nibble being 
binary 1000, or decimal 128. 
Therefore the article does not say 
that binary 1000 is equal to 128, 
but that binary 10000000 equals 
decimal 128, which it certainly is. 

The Prof. 

LONG GONE SILVER? 

Dear Ed, 
Please ask the readers if they 

can help me get an IF/40 parallel 
interface to connect between my 
Silver Reed EX43N typewriter 
and a Sinclair +3 computer. Even 
just a circuit diagram of one 
would help. The Sinclair people 
tell me there's an interface 
already in the computer and all 
I need is a connecting lead. Silver 
Reed say I need an IF/40 
interface but don't know where I 
can get one. 

T. McCormick, Shrops 

POWER CHANGE 

Dear Mr Becker, 
For 20 years I've been using a 

Multiblitz electronic flash unit 
which I am thinking of updating 
to use an electronic voltage 
booster instead of the mechanical 
one. Have you by chance a circuit 
coming up which might help me? 

P.J. Gallagher, Co Cork 

Dear John, 
I want to drive a small 

fluorescent tube from a battery, 
have you a circuit for this? 

J. Cowell, Ttmbridge Wells. 

Dear Ed, 
I'm fed up with power failures 

each time we get storms. Can a 
car battery be used with any 
circuit to produce mains voltage 
that can cut in when necessary? 

B.J. Knight, Kent. 

Just a selection of letters of a 
similar nature, including one 
from a man living on a tug boat 
who wanted to power 12V devices 
from the boat's 24V supply. 
Coming up shortly we have an 

article  on  converting power 
supplies from one level to another, 
both ac and dc, together with a 
circuit  that produces  mains 
voltage from a battery. It's over 
ambitious to expect a car battery 
to  drive  the  entire  mains 
equipment in a house, but low 
current converters for many 
purposes are easy to put together. 
The articles on switch mode 
power supplies in PE April and 
August 1987 show some ways in 
which this can be done. For ac to 
ac conversion all you need is a 
step-up or step-down transformer. 

Ed. 

ADVERT PRINT 

Dear Ed, 
I find that the print in some 

adverts in PE is far too small. 
N. Clifft, Swansea. 

Yes, I agree, some advertisers 
do think that they can maximise 
sales by cramming a quart into a 
pint pot. I personally feel that if 
readers have to get out a 
magnifying glass then they are less 
likely to use the advertiser, 
preferring one whose ad is more 
easily read. However, the decision 
of how much to put in an advert 
is up to the advertiser, though I 
have occasionally expressed my 
concern to some of them. 

Ed. 

HARD COPY 

Dear Ed, 
Sometimes PE publishes some 

tough words which I can't 
understand. 

E. Rafeek, Kuwait. 

Apart from suggesting you buy 
a better dictionary I'm not sure 
how I can help on this, though we 
are publishing an A to Z glossary 
of some terms in the near future. 
Your problem is minor to mine 
though, I was recently sent a copy 
of  an  Arabic  electronics 
magazine,  and  I couldn't 
understand a word! 

Ed. 

BIPED 

Dear Ed, 
I have a major criticism about 

PE — it should be published 
twice a month! 

J. Doyle, Crossneen. 

As if! don't work hard enough 
already! 

Ed. 
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4000 

4001 
4002 
4006 
4007 
4008 
4009 

4010 
4011 
4012 
4013 
4010 
4015 
4016 
4017 
4018 
0019 
4020 
4021 
4022 
4023 

4024 
4025 
4026 
4027 
0028 
4029 
4030 
4031 

4032 
0033 
4034 

0035 
4036 
4037 
4038 
4039 
4000 
4041 
4042 
4003 
4044 

' 4045 
4046 
0047 
4048 
4049 

4051 
4052 
4053 
4050 
0055 
4056 

4060 
4063 
4066 
4067 

4068 
0069 
4070 
4071 
4072 
0073 
4075 
4076 
0077 
4078 
4081 

4082 
4085 

13 11 4086 
139  4099 

13p  4093 

36 9 4094 
13p  4095 
049 40% 

20 P 4099 
279  4501 

13 9 4502 
139 4503 
199'4504 
35 9 4505 
UP 4506 
1011 4507 
MP 4608 

33 9 4510 
280 4511 
359 4512 

35 9 4513 
369 4514 

13 14 4515 
25 9 4516 
130 4517 
60 9 4518 
18 P 4519 
299 4520 
35 9 4521 
179 4522 

90 0 4526 
549 4527 
809 4528 
90 9 4529 
459 4532 

180 9 4551 
75P 0553 
09 P 4555 
100 0 4556 
369 4557 
449 0582 
309 4594 
359 4585 
119 
72, 

419 

13p  741038 
0,9 741540 
32,  74L542 

80p 74/947 
111p 741548 

ap 741551 
Blp 741554 
SOP 741555 
459 741573 
309 741.574 

30 9 741575 
32p 74/576 
659 741.578 
2009 74L0EI 
4.05 74L585 
339 748,046 
709 701590 
379 741.091 
409  741.592 
02p 741593 
1109 741.595 
759 741.596 

lip 7415107 
409 741.5109 
1205 74/6112 
38p 74/5113 
309 741.5114 

399 7415122 
909 7416123 

50P 7015124 
406 74/0125 
449 74/61213 

40 0 741.5132 
75P 7440133 
629 7415136 
UP 74/0138 
MP 7415135 
20 9 74/5145 
39 9 741.5107 
190 9 7410146 
OOP 7410151 
30 9 741.0163 
42 9 74/5154 

7410155 
74/6166 
7415157 

ThP 7415158 
16 11 74LSI60 

SP 7416161 
10 0 7479162 
15 9 741.5163 
15 P 74/0164 

15 9 7413165 
T80  7415166 
10 0 7415168 
rip 7415143 

"P 7415170 
MP 74/6174 

30 0 1410175 
180  7405193 
15 0 7413191 
159  7415192 
18 0 74/5193 
TSP 74I3194 

T80  745195 
Tip 74/SI96 

MD 745197 
18 0 7416221 
17 9 741.6240 
Tie 7416241 
lIp 74/6242 

741_5 SERIES 

40 9 741.500 
279 701501 
101/ 741.502 

20 6 741603 
389 741554 
379 741505 
379 701508 
5.9p 741.509 
52p 74/510 
52, 741611 

40p 74/012 
Sip 741.613 

209 741314 
1309 74/515 
139 74/S20 

13p 74L521 
139 74/522 

139 741.524 
139 74/026 

13, 741527 
13, 74/528 
45, 741530 

139 741532 
1g, 741533 
739 741537 

17p  7415243 
lip  741.5244 

339  7415245 

51114  7416247 
Hp  7415248 

I Sp  7415249 
1ep  741.5251 

17 0 7415252 
23 9 741.5256 
229 74/5257 
28 0 7415258 

28P  741.5259 
76 0 74/5260 
439  74/5266 
451  74L5273 

300  7415279 
320  7416280 
759  7415283 

aar, 7415290 
30 9 7415293 
47p  7415365 
60 9 7415356 

32 9 7415367 
349 74LS368 
36 9 7415373 
32P  741.6374 
35p  741.5375 
4009 
42p 

95a 
369 
389 

409 
34p 

399 
359 
35p 
8.3p 
1209 

90 9 
329 

8156  3509 153 n 
559 811595  1209 76324 
48P  811596  1309 75325 
211 9 811697  1309 75366 
529 811598  1309 75450 

00 9 8224  2709 75451 
140 9 8226  2709 75452 
MP 8228  2709 75453 
309 8243  2509 75454 
309 8250  8549 75486 
37 9 8087  11009 75491 
37 9 8251  300p 75492 
359 8253  3209 8126 

39 9 8255  iicip ern 
55 1, 8256  12809  8731 
559 8257  3509 EIT96 
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8.415390  517 0 8271  3400, 8197 
7415393  05 9 8272  12009  8198 
74153%  90P 8279  4509 
7415629  1059 8282  3009 
7415641  1109 8253  4000 

74/5642  200 9 8284  4409 7885  
7415644  250 9 8287  3609 7812  
7415605  1709 am  6509 
7415670  72p 874  loOn 
7415674  400p 8155  74909 

7015657  270 9 453.1015  290p 
AY5-3600  570p 
5P025641.2  5009 
Da:ACK)  1800 

40, 2114  2009  280BCP0  5009 
909 2532  330P  213040041  550p 
41p 2716  200P  zgaapj0  234 

479 2732  21309  790890  4809 
309 27374  3009  Z8OACTC  2509 
339 2764  2409  21908070  009 
489 27C64  5509  2504510  6609 
50, 27128  3509  Z804610.1  7009 
499 2725625  WOP  Z46ASI0.2  1009 
449 41256.15  450  28000887  Rep 
439 2560049  4.50  745788  1759 

85p 4116  75p 745189  2109 
74p 4164  ISO 746201  2400 
92p 6116  200  745227  1809 
559 6264.15  3O3  745288  1649 

809 6502  3009 74.5289  1509 
30 9 650241 400 1, 740387  2000 
42p 65002  9309 75107  10311 
55p 6503  5709 75186  639 

529 6520  170 9 75109  1109 
609 6522  3309 76110  005 

51p 6530  10509 75112  1409 

53 9 8532  460 9 75113  1059 
52 9 6545  8110 9 75114  130p 
82 0 6551  830 9 75115  1349 
529 6800  210P 75121  1259 
559 6802  2209 75122  1259 

SSP 6803  800 0 75150  110p 
55 9 5806  500 p 76154  1109 
55P 6809  500 9 75158  1409 

60 9 6810  1509 75159 
5179 6818  380p 76160 

50 P 6820  1409 75161 
50 9 5621  1409 15167 
5op  62.40  3109 75172 

02 9 6845  6209 75182 
309 6850  1109 75183 
350 80800  4009 75188 

509 130850  3009 75189 
42p  8155  3609 75195 
429 

COMPUTER 

ICS 

2089  7815 
400p  7818 

ROP  7824 
700p 
71109 
1009 
100p 

60p 
60p 
1115p 
1309 

3400 
1539 
145p 
459 

7912 
7915 
7918 
7924 
781.05 
781.12 
28115 
78118 
78124 

791.05 
79112 
79115 

42 0 781816C 
55 9 782460 

659  1543096 
135 9 1103176 
00 9 1.10317T 
606  L543236 
66 0 LM723 
1109 789060 
230 9 78605KC 
009  78H12KC 
1109 78GU1C 

90 P 79GUIC 
1109  7980KC 

VOLTAGE 
REGULATORS 

35p 
169 

ZENERS 

400MV 

50756 70600 
207 10 39V 

1.3W 

62361 RANGE 
13710 395 

1,0 

1.ED 3mm RED 
LED3rnmYEL 
1E0345114814 

LED Spun RED 
LED 5own YE/ 
LPD5rnmG1IN 

35, 
359 
35p 

359 
40p 

00 P 
409 

40 0 
289 

'Sr 
209 
209 
289 

Sap 

4.5P 
49 9 
1009 
100p 
1001 
2209 
11109 
4209 
409 
570p 
900p 
7009 
190p 
2169 
900p 

69 

lip 

59 
1Dp 
109 

59 
10p 
10p 

PLEASE PHONE 45 909 TYPE NOT 
LISTED HERE AS WE ARE HOLDING 
36079606 AND QUOTATIONS 

ARE GIVEN FOP LARGE QUANTITIES 
Please send 70p P&P and VAT at 15% 
Govt. Colleges, etc. Orders 004[4447  
Quotations wven fsling, quantities. 
Please allow 7 days for denverY. 
AO brand new Components. 
Prices quoted are subject to 
stock availability and rnaY M 
changed without notIce. 

GRANDATA LTD 
9 IRE BROAD WAY, 
PRESTON ROAD, 

WEMBLEY, MIDDLESEX, 
ENGLAND 
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ORDERS: RING (01) 567 8910 - 24 HAS. 

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 horn speaker which is 

essential to produce the loud sound required. The 

"dog" can be adjusted to produce barks ranging from 

a Terrier to an Alsatian and contains circuitry to 

produce a random series of barks giving a more 
realistic effect. Don't delay, fit one before you go on 

holiday and kat our dog help you guard your home. 

XK125 Complete kit of parts   £24.00 

POWER STROBE KIT 

Designed to produce 

a high intensity light 

pulse  at  a variable 

frequency  of  1 to 

15H7,  this  kit  also 

includes  circuitry to 

trigger the light from 

an  external  voltage 

source  leg.  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, 5Ws strobe tube and full 

assembly  instructions.  Supply,  240V  ac.  Size: 

75050045. 

XK124 St robos cope Kit   £13.78 

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 x 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. 
MK12 IR Receiver (incl. transformer) £16.30 

£7.50 

MK9 4-Way Keyboard   £2.20 
MK10 16-Way Keyboard   £6.55 
601 133 Box for Transmitter  £2.60 

MK18 Transmitter 

SUPER-SENSITIVE 
FM MICROBUG 

V W, 
le. 011 ,21 cw4a.n, 

wameovve  . ..AL COIL 
ELECTRIC', 

W O. W eal ITV 

Dew 

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. Wit accept up to 

4 relays 3A/240V c/o contacts   ££4.30 
701 115 Additional relays   £1.80 

DISCO LIGHTING KITS 
DL1000K  This  value-tor- money  4-way 

chaser features by-directional sequence and 
dimming. 1kW per channel   £19.25 
DLZ1000K - A lower cost uni-directional 
version of the above. Zero switching to 
reduce interference   £10.80 
DLA/1 Optional opto input allowing audio 
'beatllight response  77p 
DL3000K - 3-channel sound to light kit 

features zero voltage switching, automatic 
level control and built-in microphone. 1kW 
per channel.   £15.60 

The DL8000K is an 8-way sequencer kit with built 
in opts-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 hill 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 all necessary co mponents 

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 
TDE/K  Extension kit for 2-way 

switching for TD300K   £2.95 
LD300K  Light dimmer   £4.75 

1111  ELECTRONICS 13 BOSTON RD. 

LONDON W7 3SJ 

III . M  Tel: 01 567 8910 
. 

yisA  ORDERING INFORMATION: 
ALL PRICES EXCLUDE VAT 

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   

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

SATELLITES 
PART THREE BY MIKE SANDERS 

ROOM FOR A LITTLE ONE 

The future of communications satellites will see a shift to time 
division multiplexing, switching in space, extensions in 
publishing, navigational military and meteorological uses, 
and increasing demands on space overhead. 

The next generation of Intelsat satel-
lites will be Intelsat VI. It is capable 

of launch either by the US space Shuttle 
or by Ariane. After the Shuttle tragedy, 
it was quite likely to be launched by 
Ariane. However, since then Ariane has 
also suffered disasters, though without 
loss of life. Even without loss of life, the 
insurance companies have to pay close 
on $100 million for a wasted satellite and 
launch. 
Currently, launch failures are running 

at about one in seven, including satellite 
malfunctions. The space Shuttle is cap-
able of launching several satellites but 
because it does not travel as high as a 
rocket, it carries a perigee motor in the 
cargo area in order to launch the satellite 
into its elliptical orbit. 
Intelsat VI will return to the familiar 

drum shape made of two telescopic 
parts, the outer being 3.8m high and 
inner, 2.2m. Before launch, the satellite 
will be 5m high, and 12m high when fully 
extended. 
As the analogue era gives way to the 

digital era, frequency division multiplex 
(fdm) will give way to time division 
multiplex (tdm) and time division 
multiple access (tdma) instead of fre-
quency division multiple access (fdma). 
That is, with reference to Fig.1, instead 
of sharing out a frequency band between 
users, a number of users will utilise the 
same frequency band but shared on a 
time basis. For instance 30 people could 
share a single link if each transmitted a 
little information in a few microseconds 
in turn. 
In addition to tdma, Intelsat VI will _ 

EARTH A 
STATION 

G 713 

Intelsat V 

also use cfm (companded fm) which is 
simply compressed fm. Some argue that 
compressing fm in this manner reduces 
the fm noise quality to that of amplitude 
modulation. 
A new technique which will be intro-

duced is satellite switched time division 
multiple access (ss-tdma). This permits 
cross over of traffic from zone to hemi-
spheric beam at the rate of 64 times in 
every 2 ms frame (Fig.2). Therefore each 
time slot is only 2 ms/64 = 31.25 Ps. 
The zone and hemispheric beams are 
shaped with the help of 146 feed horns 
at each aerial dish. The 14/11 GHz spot 

bSATELLITE 

Fig.l. Left: Time division multiplex. Right: Frequency division multiplex 

EARTH 
STATION 

beams are linearly polarised and steer-
able by ground control and show an 
example of the increasing part that 
ground telemetry is playing. 
The 14GHz receiver within the satel-

lite employs a gallium arsenide field 
effect transistor (GaAsfet) in the pre-
amplifier. The power amplifiers are twts, 
but for the zone beams semiconductor 
power amplifiers are adequate since 3W 
is sufficient to carry traffic. 
During the ten year operational life, 

the solar cells will have to produce 2kW 
by charging up 44Ah batteries. This is 
the kind of battery capacity required for 

SATELLITE 
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Fig.2. Satellite switched TDMA 

starting up a car on a cold morning. 
Stability of the orbit is controlled by sun 
and earth sensors and a microprocessor 
to work out corrections. 

AERIALS AT THE EARTH 

STATION 
We have seen how the feeder can be 

placed to the side of a reflector to 
prevent blocking. There is another class 
of aerials called Cassegrains. These 
employ two reflectors: a main reflector 
and a sub-reflector. Fig.3a shows an 
open feed aerial and Fig.3b an offset. 

there are about 120 satellites in orbit, 90 
k)2.02  WIlimunications, the 

rest are military or special application 
satellites. 
If all 120 were strung out evenly on 

an equatorial orbit then each would 
subtend an angle of 3 degrees at the 
centre of a circle. When it is remembered 
that some of these satellites are bunched 
more closely, then it is not surprising 
that Intelsat has suggested that domestic 
satellite spacing be reduced from 2° to 
1°, and 3° to 2° for international 
satellites. 
The feed horn does not have to be 
near the reflector. In the open Casse-
grain of Fig.3a, the feed horn could be 
on the ground and the beam conveyed 
to the main reflector by mirrors, as in 
Fig.5. The mirrors dispense with the 
need for a flexible waveguide but the 
mirrors  need  to be  checked for 
alignment. 
A good aerial will radiate low side-

lobes and a symmetrical main lobe. 
Fig.6a shows a poor radiation pattern 

F1g.3. Cassegrain aerials. (a) Open feed (b) Offset feed 

With Cassegrains, the main reflector 
is a parabola and the sub-reflector a 
hyperbola. The combination of parabola 
and hyperbola gives a better radiated 
wave pattern compared to a single 
reflector. In addition both reflectors can 
be altered in shape during manufacture 
to make small corrections to the wave 
pattern. 
From Fig.3b it can be seen that the 

distance from the sub-reflector to the 
near edge of the main reflector is shorter 
than that to the far edge. Slight mis-
shaping of both reflectors takes care of 
this. 
Whenever a feeder is mounted 

directly in front of a reflector, the tripod 
is made not only thin but also elliptical 
to reduce beam blocking. Another type 
of aerial which is being used increasingly 
is the offset Gregorian (Fig.4). 
The Gregorian arrangement avoids 

the need for a tripod and also generates 
a thin pencil of beam. These thin beams 
are essential when it is remembered 

Fig.4. Offset Gregorian 
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Fig.5. Mirror waveguide 

and Fig.6b a good pattern. We have also 
seen that polarisations need to be 
separated by 30dB. All this is achieved 
by a number of different methods: lining 
the aerial horn with dielectric, manufac-
turing an aerial horn with steps, cutting 
grooves in the aerial horn. 
Fig.7a shows an aerial horn with a 

single step and Fig.7b shows a horn with 
grooves. This makes the aerials heavier 
and more expensive but they work as 
follows. The step in the horn causes a 
higher wave mode which suppresses the 
fundamental mode and improves beam 
symmetry. But now the bandwidth is 
reduced and can be improved by putting 
more steps in the horn. 

Fig.6. Radiation patterns 
(a) Poor (b) Good 
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fig.7. Aerial Horn (a) Steps (b) Groves 

In Fig.7 the circumferential field does 
not enter the grooves, only the electric 
field parallel to the axis does. The field 
pattern  and  therefore,  frequency, 
depends on the depth and spacing of the 
grooves. 
The very first aerial at Goonhilly in 
Cornwall weighed 1100 tons and used 
100hp dc motors to track the moving 
satellite. The main dish was 25 feet (10m) 
in diameter and surrounded by 24 stain-
less steel petals to give an overall 
diameter of 85 feet (33m). At the petal 
joins, there are jacks for altering the 
shape of the dish to obtain an optimum 
beam. 
Once  the  satellites  were  in 

geostationary  orbit,  20hp  motors 
became sufficient for the slight tracking 
adjustments. Also, once 14/11 GHz 
operations started, the aerial dishes 
became smaller which also meant that 
powerful  motors  were  no  longer 
required. With people requiring dishes 
in their back gardens and on office 
buildings, dish diameters are getting 
smaller. This means that the satellite 
must provide more power and 60Wtrans-
ponders are being talked about. Table 1 
shows typical dish diameters and operat-
ing frequencies. 

lig.8. Early aerial tower 

Early aerials were hoisted onto 
windmill-like towers (Fig.8), a post 
rotating within a tower 60 feet (23m) 
high. Modern aerials are more like Fig.9 
swinging around horizontally on railway 
tracks, and vertically on a gear wheel. 
Even modern aerial structures are quite 
heavy, around 300 tons for a 90 feet 
(35m) diameter dish and because they 
usually sit on top of an equipment cabin, 
the cabin has to be reinforced. 
Although aerials need to be light, they 

also have to be strong enough to operate 
in the face of 60 mph winds. The dish 
shape is unfortunate since it catches the 
wind and during gales of 120 mph the 
dish must be stowed facing skywards. 
The Pacific Ocean Region has little 

interest for the UK. The busiest route is 
the Atlantic Region with traffic to the 
USA, and the Indian Ocean Satellites 
give  access  to  Australia,  Japan, 
Hongkong. Because the satellites are in 
equatorial orbit and England is some 500 
North Latitude, the dishes appear to 
point towards the horizon. 
At present there are two carriers of 

traffic from the UK: British Tele-
communications and Mercury. British 
Telecom owns about half a dozen aerials 
at Goonhilly and another half a dozen 
near Hereford. Mercury owns a site at 
Whitehills near Bristol and also a site 
on the Isle of Dogs in London's 
dockland. British Telecommunications 
also have a site in the docklands. 

INTELSAT AND EUTELSAT 

Intelsat had 11 member countries 
when it was formed in 1964. There are 
now more than a hundred. Voting shares 
are determined by the traffic that each 
country generates over the satellites. 
Currently the UK has 11% and the USA 
25%. Intelsat is an operational organisa-
tion and has a governing body called 
Comsat  (Communications  Satellite 
Corporation). 
European Telecommunications Satel-

lites (Eutelsat) was formed in 1977 to 
operate the European Communications 
Satellite (ECS). This was seen as 
satisfying a European need and of the 
17 members, the UK and France hold 
the largest shares — 16% each. Italy and 
West Germany have 11% each. 
The first ECS was the Orbital Test 
Satellite (OTS) launched in 1977 and 
destroyed when the rocket failed. In 
1978 a replacement OTS was launched 
and tested over three years. This was 
followed by regular ECS flights called 
flight one (F1), flight two (F2) etc. 
In 1983 Fl was launched to operate in 

the 14/11 GHz band. Each transponder 
has a 72MHz bandwidth and beams tele-
vision to Europe. There are 12 trans-
ponders of 20W power each. In 1984, F2 
was launched with a tdma capability as 
well as a satellite multi-services (sms) 
capability. Multi-services implies that all 

fig.9. Modern aerial structure 

traffic (voice video and data) are carried 
on the same digital path. 
At present all ECS launches are 

scheduled for launch by Ariane, the 
European rocket. Flight 3 of the ECS I 
series was lost in the launch failure. OTS 
weighed 440kg but future satellites will 
weigh 650kg and Ariane will be up-
graded to hurl this extra weight into 
space. A number of flights will be 
planned for each of the ECS series. OTS 
used 750W of power but future satellites 
in the ECS series will require 1300W and 
will employ solar panels like Intelsat V, 
making the satellites 14m wide. 

SATELLITE APPLICATIONS 

Apart  from  carrying  telephony, 
satellites are used for other purposes 
such as studying and forecasting weather 
patterns, printing newspapers abroad, 
studying land and crops, broadcasting 
tv, for navigation and rescue at sea. We 
shall examine some of these in turn. 
Broadcasting television by satellite is 

an enterprise that has developed in the 
past few years. Direct broadcast by 
satellite (dbs) will be launched in 
September 1989 by British Satellite 
Broadcasting for the UK. In the mean-
time, the French dbs satellite TDF-1 will 

Table I Dish Diameters and 
Operating Frequency 

Standard 

A 

Diameter 
(metres) 

32 
11 
18 

4.5 or 11 
3.5, 5.5, 8 
5, 7, 9 
Ito 32 
6 to 13 

Operating 
Frequency 
(GHz) 

6/4 
6/4 
14/11 
6/4 

14/12/11 
6/4 

6/4, 14/11 
Any 
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join West Germany's TV-SAT during the 
spring of 1988 and in September, Astra, 
the medium powered Luxemburg satel-
lite with 16 channels will be launched. 
One of the earliest tv channels broad-

cast via British Telecommunication's 
docklands aerial was Skychannel reach-
ing half a million people in seven 
European countries. In June 1986, 
Music Box and Superchannel joined to 
form World Superchannel. At present 
20W transponders are used on ECSI Fl, 
but it is likely that such tv. channels wil 
utilise 50W transponders on subsequent 
generations of ECS. 
Originally reception of tv via low 

powered satellites were meant for cable 
companies only. Now the Government's 
small antenna tv (smatv) decision means 
that hotels, hospitals, pubs and even 
individuals can erect small dishes 1.2 to 
1.8 metres. These will be allowed where 
there are no cable tv operators. 

WEATHER FORCASTING 

Weather  forecasting  is  another 
important application of satellites and 
man's struggle to master his environ-
ment. With thousands of passenger as 
well as cargo ships at sea it is important 
to be aware of impending storms. The 
automatic picture transmission system 
(apt) is used by many countries but this 
decade will see the use of weather 
satellites in geostationary orbit. 
The USA uses the Geostationary 
Operational Environmental Satellite 
(GEOS). Three satellites are used to 
cover eastern, central and western 
regions creating a picture every 18 
minutes. The body spins at 100 rpm and 
houses a camera which makes a west to 
east scan of the earth. On the next scan 
the instrument's mirror steps down one 
hundredth of a degree. The complete 
picture is made up of 1,800 scans. 
The Japanese use the geostationary 
meteorological satellite GMS-3a which 
provides a picture every 30 minutes night 
and day, and also assembles data on ice 
floes and tides. The European Space 
Agency will use Sirio 2 and Meteosat 2, 
and India will use Insat 1. 
Satellites have also been used to study 

geology for mining and more than a 
hundred countries have undertaken such 
studies either directly or employing one 
of the better equipped countries on an 
agency basis. Landsat was a project to 
study evaporation, soil temperature and 
crops, led by the USA and with seventy-
five participating countries. In land 
sensing studies,  a wide range of 
frequencies have been used, from the 
infra-red to the visible region. 

NEWSPAPER TRANS MISSION 
Printing foreign editions of a news-

paper or magazine is one application just 
begging to be exploited. The advantages 

Intelsat VI 

are that news is immediate and air 
freighting newspapers is too slow for this 
purpose. Also freight charges are always 
increasing.  By  contrast,  electronic 
communication charges have increased 
very little in real terms, taking inflation 
into account. 
The Frankfurt and New York editions 

of the Financial Times are beamed up 
from a 5.5 metre dish operating at 128 
Kbit/s. This has cut the cost of the 
American edition from $1 to 50c which 
means that the revenue from advertising 
will increase if the circulation increases. 
In 1984, advertising brought in 14% of 
the revenue and also saved the £400,000 
in freight which was expected to rise 
33%. 
It takes four to five hours to transmit 

the paper from a 5.5 metre dish in 
Ealing. Each page is loaded into a Muir-
head facsimile machine and converted 
into 2Mbits of data in three minutes. 
Data buffers are then used to store the 
information so that it can be transmitted 
at 128 kbit/s. 
Another paper that is transmitted via 

satellite is the Japanese paper Asahi 
Shimbun (Morning Star) which is 
beamed into the UK at 56 kbit/s. It has 
a circulation of 12 million and. its 
monthly subscription charge has also 
been cut in half. 

NAVIGATION SYSTEMS 

There is a great demand for both time 
signals as well as standard frequency 
transmissions. Not only are such signals 
required by the general public but also 
by space and communications engineers, 
surveyors,  geologists,  navigators, 
astronomers, broadcast stations, etc. A 
primary time and frequency standard is 
obtained from caesium at the National 
Physical Laboratory. 

Radio navigation and safety at sea are 
both taking a large step forward from 
the realms of radio ranging into the 
realms of satellite ranging. Anyone 
crying ufo in the future will have to be 
sure of his facts as more and more of 
these satellites go up to see and record 
everything that happens on land or in 
the air. 
The World Administrative Radio Con-

ference (WARC) has reserved bands in 
the frequency range 1.5GHz to 265GHz 
for radio navigation. The USSR uses 
their Tsikada satellites for their oil rigs 
and their navy. 
The USA will replace their Navigation 
Satellite System with their Global Posi-
tioning System (GPS). The Defence 
department will spend $8 billion placing 
satellites at an altitude of 20,000km and 
the facility will be available to civilians 
at $370 with an 's' code giving a person's 
position to within 100 metres. Military 
'p' codes will give a person's position to 
within 15 metres. 
Safety at sea is something close to the 

heart of any seafaring nation. Although 
panic frequencies are allocated, there 
are more sophisticated systems which 
actually  employ  search  facilities. 
Cospass is the USSR system for search-
ing out ships and aircraft in distress. The 
UK, Canada, France, Norway and 
Sweden operate to the Search and 
Rescue Satellite (SARSAT). 
Little is known about military satel-

lites.  Some  are  stationary,  others 
orbiting. Those that are orbiting change 
their paths and altitude during flights. 
It would not be difficult to find their 
operating frequencies, since the radio 
spectrum is already congested and these 
satellites most not operate at a frequency 
already allocated for another purpose. 
However, the transmission is invariably 
coded to prevent eavesdropping. 
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Another suggested application of 
satellites is for mobile radio. But since 
cars usually operate in cities with tall 
buildings, a satellite in equatorial orbit 
is useless. What is required is a very 
elliptical orbit which would make the 
satellite visible for at least 8 hours a day, 
Fig.10. The Russians call this a Molniya 
orbit and this orbit is very useful to them 
since the USSR launching and tracking 
stations are closer to the North pole than 
to the Equator. 

CONCLUSIONS 
We have seen how the early satellites 

grew rapidly in size to cope with 
increased traffic as well as multiple 
access. Although large countries were 
happy with fdm, small countries and the 
maritime services required Spade and 
scpc. 
More traffic, including speech inter-

polation, demanded higher satellite 
power and this was achieved by increas-
ing the area covered by solar panels on 
the satellite. Also the use of higher 
frequencies in the 14/11 GHz band 
compared to 6/4 GHz means that small 
aerials can be placed on rooftops and in 
gardens. 
The next ten years will see traffic 

shifting from fdm to tdm as the demand 
for digital traffic increases. The use of 
large scale integration will enable a 
switching facility within the satellite. In 
the past it would have been unthinkable 
to place a switch in the sky since switches 
were  bulky,  heavy electromagnetic 
devices. The use of ss-tdma is only the 
start of things to come. 
If television is beamed down to a cable 

tv operator, low power transponders are 
sufficient but as soon as a multi-service 
capability (sms) is required then high 
power transponders are required. 
We have seen how satellites are used 

not only to carry speech and data but 
also print newspapers, mount rescue 
operations,  broadcast  tv,  provide 
navigation, study crops, weather and 
geology. 
Many abbreviations are used in con-

Table 2 Glossary of Terms 

apt  automatic picture 
transmission 

AOR  Atlantic Ocean Region 
ARIANE  ESAs launch rocket 
CCITT  Consulative Committee 

for InternationalTele-
phone andTelegraph 

cats'  community antenna 
television 

cfm  companded frequency 
modulation 

COMSAT  Communications 
Satellite Corporation 

ces  coast earth station 
csc  common signalling 

channel 
dbs  direct broadcast by 

satellite 
dass  demand assignment 

signalling and switching 
dsi  digital speech 

interpolation 
ESA  European Space Agency 
EUTELSAT  EuropeanTelecommuni-

cations Satellite 
ECS  European Communica-

tions Satellite 
fdm  frequency division 

multiple access 
GEOS  Geostationary 

Operational Environ-
mental Satellite 

GMS  Geostationary Meteoro-
logical Satellite 

GPS  Global Positioning 
System 

gfrp 

IOR 
INMARSAT 

INTELSAT 

MAR1SAT 
MAROTS 

MARECS 

NASA 

OTS 
psk 
SARSART 

scpc 

sms 

ss-tdma 

tasi 

tdma 

twa 

twt 
WARC 

SATELLITES 

graphite fibre 
reinforced plastic 
Indian Ocean Region 
International Maritime 
Satellite 
InternationalTele-
communications Satellite 
Maritime Satellite 
Maritime OrbitalTest 
Satellite 
Maritime European 
Communications 
Satellite 
National Aeronautics 
and Space Agency 
OrbitalTest Satellite 
phase shift keying 
Search And Rescue 
Satellite 
single channel per 
carrier 
single channel per 
carrier, pulse code 
modulation, assignment 
by demand equipment 
switched satellite — 
tdma 
time assigned speech 
interpolation 
time division multiple 
access 
travelling wave 
amplifier 
travelling wave tube 
World Administrative 
Radio Conference 

nection with communication by satellite 
and a glossary is given in Table 2. 
More satellites are due to go into orbit 

in the near future to join those function-
ing at present, along with the burnt out 
shells of past years orbiting like ghosts 
in the sky. Some satellites have obvious 
sounding names like Arabsat and 
Aussat.  Others  like  Loutch  and 
Statsionar have a Russian flavour while 
Webstar and Comstar are as American 
as hamburgers. The Indonesian satellite 
Palapa means "goodwill to all men". It 
remains to be seen whether military 
satellites will continue their passive role 
or take on a more active one. 11111 
SPACE — THE NOVEL 

have just finished reading 800 pages 
1 of a novel called Space. Despite its 
title it is not SF, but an enthralling saga 
of America's exploration into space. 
Written by James A Michener, it begins 
with the German wartime research into 
rocketry at Peenemunde which resulted 
in the devastating V-bombs. Those 
involved in that research were acquired 
by the Russians and Americans at the 
end of the war in 1945, and were the 
fathers of the parallel technologies that 
produced the Sputnik Satellite and 
placed men on the moon. 
Though the continuing story concerns 

fictitious astronauts, the background is 

Typical domestic satellite tv receiving 
aerial 

set against the genuine activities and 
personalities of NASA through to the 
conclusion of the Apollo missions and 
the early days of the Shuttle. The story 
examines, the  complex  experimen-
tation, the inventive brilliance of the 
scientists and engineers, the heroism of 
the test pilots and astronauts, and the 
intrigues within government and the 
media. Through the evolving dramas we 
share the hopes, the achievements, and 
the failures of those whose vision is 
devoted to exploring the doorstep of a 
universe tantalisingly full of answers 
when we have the courage to look. 
Space is published by Corgi at £3.95, 

ISBN 0-552-12283-1. Ed. 
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It now seems that despite the efforts of astronomers all over the country, and 
support from both sides of both houses 
of Parliament, the fate of the Herst-
monceux station of the Royal Green-
wich observatory is sealed. Plans for the 
new building, at Cambridge, have been 
passed by the City authorities. The cost 
will be, officially, £3,000,000 — actually, 
of course, it will be much more when 
,the final bill comes in. The telescopes at 
Herstmonceux will presumably be aban-
doned; the library and the archives will 
be dispersed; the fine Herstmonceux 
team will be broken up (a process which 
has started already), and arrangements 
at the overseas La Palma Observatory 
will be disrupted. What will be the bene-
fits? Nobody seems to know. 
It is expected that construction work 

at Cambridge will begin in September 

OUR REGULAR LOOK AT ASTRONOMY 

SPACEWATCH 
BY DR PATRICK MOORE 

The mysterious Ashen light of Venus is to come under serious inspection 
during the summer. Perhaps it is the ghosts of the astronomers of 
Herstmonceux ... 

1988, and Herstmonceux finally closed 
during the first half of 1990. The effects 
of this illogical and disastrous move will 
be long felt; it is a sad time for British 
astronomy. 
On a more cheerful note, plans have 

been announced from NASA concerning 
the Galileo probe to Jupiter, which 
should have been on its way by now 
(taking in a pass of the asteroid 
Amphitrite en route). The long delay, 
due entirely to the Shuttle disaster, has 
meant that parts of the Galileo probe 
have had to be restored — including the 
parachute which will slow the probe 
during the descent into Jupiter's gas, the 
lithium sulphur dioxide batteries and 
much else.The cost of replacing the parts 
which have become unserviceable will 
be around a million and a half dollars. 
The main problem is that because it 

will have to be launched by a rocket 
much less powerful than that originally 
meant, Galileo will have to go by a 
tortuous route involving passes of the 
Earth and Venus! Launch is now 
scheduled for October 1989, but the 
probe will not reach Jupiter until the last 
part of 1995. I will have more to say 
about it shortly, but at least it is good to 
know that it is back on the official list. 
We can only hope that there will be no 
further serious trouble with the Shuttle. 
Quasars continue to hold the attention 

of cosmologists, and some interesting 
new facts have been produced by 
researchers at Kitt Peak, Yale and New 
York. It is suggested that a quasar, which 
is the nucleus of a very active galaxy, 
may be 'brought back to life' after a 
dormant period by the close approach 
or collision of a separate galaxy. The 

The Sky This Month 
rr he evening skies through April are dominated by the 
_I presence of Venus, which is at its best, and which 
remains visible in the west for several hours after sunset. 
From North Scotland, it will in fact remain above the 
horizon until after midnight — something which does 
not happen very often! Jupiter is also an evening object, 
but is now well past its best for this apparition and will 
be lost in the twilight before the end of the month. 
Mercury is officially a morning object, but will not be 
seen with the naked eye. 
The other bright planets, Mars and Saturn, are also 

in the morning sky. Mars has reached magnitude 0.5, 
but is still not well placed. Saturn is in Sagittarius, and 
rises in the early hours. It is well south of the celestial 
equator, but at least the ring-system is wide open, so that 
even in a small telescope Saturn is a glorious sight. 
The Moon is full on April 2, last quarter on the 9th, 

new on the 16th and first quarter on the 23rd. There are 
no solar or lunar eclipses this month, but on the evening 
of the 18th, between 20 hours GMT and midnight, the 
Moon will be passing through the star cluster of the 
Pleiades, so that there will be some interesting occulta-
tions. Unfortunately the altitude will be very low. 
No bright comets are expected — in fact Liller's Comet 

will probably be above the 7th magnitude, and therefore 
an easy binocular object, but it is too far south to be seen 
from Britain. However, we do have a meteor shower this 
month: the April Lyrids, which extend from the 19th to 

the 25th, with a peak at or near 20 hours GMT on the 
21st. The Moon will not interfere, and the ZHR may be 
at least 12. (The ZHR, or Zenithal Hourly Rate, repre-
sents the number of naked-eye meteors which would be 
expected by an observer under ideal conditions, with the 
radiant at the zenith or overhead point. In practice, of 
course, these conditions are never attained, so that the 
observed rate is always lower than the ZHR unless the 
shower is behaving in an exceptional manner.) At the 
end of April we may also start to see a few meteors from 
the Eta Aquarid and Alpha Scorpiid showers. 
To all intents and purposes we have now lost the 

splendid stars of winter; Orion has vanished into the 
twilight, together with most of his retinue, though 
Capella, Procyon and the Twins are still visible. (Capella 
never actually sets over the British Isles, though when at 
its lowest it skirts the horizon.) The main spring constella-
tion is Leo, the Lion, with the curved arrangement of 
stars forming the so-called Sickle; of these, Regulus is 
of the first magnitude. Look for Leo high in the south 
after dark. In the north-east the brilliant orange Arcturus 
has come into view. Much of the low south of the sky is 
occupied by Hydra, which has only one reasonably bright 
star even though it is the largest constellation in the entire 
sky. Ursa Major, the Great Bear or Plough, is almost 
overhead, while the W of Cassiopeia, on the opposite 
side of the celestial pole, is low down. 
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encounter fuels a gravitational power-
house, probably a black hole, which, so 
to speak, 'triggers off' the quasar. Three 
examples of this process have been cited, 
and the evidence does appear strong. 

THE ASHEN LIGHT OF VENUS 

When the moon appears as a thin 
crescent, the night side can often be seen 
shining faintly. There is no mystery about 
this; it is due to light reflected on to the 
Moon from the Earth — as was pointed 
out, long ago, by Leonardo daVinci. But 
it has been claimed that the same sort 
of effect is seen with the crescent Venus; 
the Earth cannot be responsible — and 
Venus itself has no satellite. So what is 
the cause of this so-called Ashen Light? 
It was first recorded almost 200 years 

ago by the great German observer 
Johann Schroter, and since then it has 
been seen by almost every serious 
student of the planet, but its cause is still 
a matter for debate. There have been 
some curious suggestions: phosphores-

cent oceans, for instance, and even vast 
forest fires lit on the surface by the local 
inhabitants to celebration of the election 
of a new Government! But electrical 
phenomena in Venus' upper atmosphere 
seem to be a much more likely cause, 
though a few astronomers still dismiss 
the effect as being a pure illusion due to 
contrast. 
Obviously, the only time to look for 

the Ashen Light is during the period 
when Venus shows up as a crescent, and 
conditions this month will be more or 
less ideal. The theoretical phase ofVenus 
is 52% on April 1, decreasing to 47% on 
April 10 and 33% on the 30th; through-
out May and early June the crescent will 
become more and more slender until 
inferior conjunction is reached in June 
12. Note, however, that observed phase, 
during evening elongations, is always 
less than theoretical phase — a pheno-
menon due to Venus' dense atmosphere 
(I have called it the Schroter effect, since 
SchrOter first noted it, and the term has 
not become accepted in astronomical 

parlance!). 
There is to be a comprehensive 
programme of observers, from April 
through to early June, with the aim of 
recording the presence — or absence — 
of the Ashen ,Light. A telescope of at 
least 6in aperture is needed, and it is 
wise to make a special 'occulting bar' to 
hide the bright crescent, but it is hoped 
that the results will be of value; up to 
now, observations of the Light have been 
depressingly spasmodic. Full details of 
the observing programme are given in 
the April number of Astronomy Now. 
Venus used to be regarded as the 

planet of mystery. To some extent it still 
is; why does it spin from west to east, 
why has it no magnetic field, and what 
has happened to all the water it presum-
ably once had? We do not know. And 
the Ashen Light itself provides another 
mystery, which only detailed, careful 
observation can solve. It is certainly well 
worth studying, even if we can no longer 
attribute it to enthusiastic demonstra-
tions on our sister world! El 

Astronomy Now 
NEXT ISSUE ON SALE 
Tuesday, APRIL 19th 1988 

with all our regular features, including - 
the ever-popular Newcomers' Guide which takes a look at 

'Classifying the Stars' 

and results of all the First Round Astronomy Now Quiz Matches 

Plus, articles in an advanced state of preparation include: 

CHOOSING BINOCULARS FOR ASTRONOMY 
by Jack Coleman 

THE SEARCH FOR ANTI-MATTER 
by Arnold Wolfendale 

JOHN TEBBUTT: An Australian Astronomer Of Note 
by Wayne Orchiston 

OBSERVING THE SUN 
by Stan Hewitt 

AVAILABLE ON SUBSCRIPTION AND FROM ALL GOOD NEWSAGENTS 

LUNA MOODULE? 

Tegend has it that after the successful 
d return of the Apollo luna missions a 

certain American research establish-
ment became much upset at not being 
given moon rock samples for analysis. 
Having no further rocks to pass around 
a NASA official in desperation took 

rocks from nearby farmland and sent 
them to the pestering researchers. 
Some months passed, then NASA 

received a comprehensive report to the 
effect that though certain aspects of the 
rocks remained inexplicable they proved 
without doubt that the cow really had 
jumped over the moon! 

POINTS ARISING 

Recalling History Part Two. Jan 88. 

Fig. 9. Page 41. Brown lead of 706 
telephone should go to point 3, not to 
point 4. The original Telecom drawing 
was incorrect! 

UPSTAIRS ALERT (MAR '88) 

(Ingenuity Unlimited). TR3 should be 
a ZTX300 or similar. 
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SEMICONDUCTORS 
PART 6: PRACTICAL MOSFET APPLICATIONS 

BY ANDREW ARMSTRONG 

TURN ON TO THE POWER OF MOSFETS 
The market for power mosfets is growing fast; soon they will outsell bipolar 
transistors. The home constructors market is generally behind industry, but 
power mosfets are now more easily available. Power mosfets have different 
advantages and disadvantages from bipolar transistors, so practical circuit 

i: design information is needed to make best use of them. 

So far we have looked at the theory of 
circuit design with mosfets, and now 

it is time to put it into practice. In this 
part we will look at the design of blocks 
of power mosfet circuitry which can be 
incorporated into larger projects. The 
final block will be a mini project in part 
seven — a mosfet audio power amplifier 
module, for which a kit including pcb 
will be available. 

STATIC CAUTION 
Many applications which are difficult 

with bipolar transistors are relatively 
easy using mosfets, but be warned: there 
is one thing you must remember if they 
are to be an advantage rather than a 
liability. Static kills mosfets! Some of the 
smaller power mosfets, such as the 
ZVN0106A, are much more vulnerable 
than cmos ics. 
Here is an example to illustrate the 

static problem. A subcontract pcb 
assembly company,  despite specific 
instructions to the contrary, assembled 
boards, each containing three ZVN 
series mosfets, without specific antistatic 
precautions. On test, 50% of the boards 
were found to have at least one dead 
mosfet. The use of wrist straps to ground 
the operators (through a large resistor) 
and prevent static buildup, and slightly 
conductive antistatic bench mats, com-
pletely cured the problem. 
This level of care may not be practical 
for the home constructor, but the follow-
ing rules will minimise static damage. 
Keep the devices in conductive foam or 
wrapped in aluminium foil until ready 
to solder in to the circuit. Just before 
handling a mosfet, touch something 
which is earthed to discharge any static. 
Bri'efly touching any metal part on an 
earthed soldering iron (not the tip!) will 
do. Virtually any movement generates 
some static, so do it every time you go 
to pick up a mosfet. Make sure that the 
soldering iron actually is earthed. Insert 
the mosfet into the circuit last, so that 
the rest of the circuitry will dissipate any 
static which may build up subsequently. 

GENERAL CIRCUITS 

Power mosfets can be used to simplify 
a circuit which uses bipolar transistors. 
Fig.56 shows a bipolar relay driver for 

Fig.56. Comparison of junction transistor and mosfet relay drivers 

use with a cmos gate, and the mosfet 
equivalent. Because a cmos gate is not 
rated to source much current, a darling-
ton pair is required to give enough 
current gain to drive a relay. A base 
current limiting resistor is also needed. 
Because a mosfet is voltage driven rather 
than current driven, a single device can 
switch the relay, and no current limiting 
resistor is required. 
Fig.56 shows a relay driver, but with 

the correct choice of component a single 
mosfet can switch loads of tens of amps 
under the control of a cmos gate. To do 
this effectively, it is necessary to consider 
several aspects of mosfet specification. 
The maximum continuous drain current 
rating of mosfets is specified, as is the 
ON resistance. These parameters are 
normally specified for a gate-source 
voltage of 10V. If the cmos logic con-
trolling the mosfet is running on a 5V 
supply, then the gate-source voltage will 
only be 5V and the maximum current 
rating will be much lower. 
For example, the typical characteris-

tics of the IRF120 show a current of 3A 
.at a gate voltage of 5V, and 161/2A at a 
gate voltage of 9V. The ON resistance is 
correspondingly higher, so that even if 
a mosfet will switch the required current 
with 5Vgate drive, it may dissipate more 
power than expected and require a 
bigger heatsink. In most cases, even with 
10V gate drive, power dissipation limits 
the maximum current to about 70% of 
what the data book specifies. In reading 
manufacturer's data, do not confuse the 
typical performance with the worst case 
specification. 
The IRF120, for example, has a worst 

case current capability of 8A, which 
would suggest that it is quite suitable for 
circuits operating at up to 6A. The 

typical performance curves show it 
operating at over 16A, and many, but 
not all, would do so. It is important to 
read and interpret the data which manu-
facturers provide, and it is unsafe to 
assume that if a certain type of mosfet 
works in a prototype circuit then it will 
work in subsequent units. 
The only other point to watch in 
controlling high currents with a mosfet 
driven by a cmos gate is that there is a 
high value of gate capacitance which 
must be charged and discharged to 
switch the mosfet on and off. In general, 
the capacitance is proportional to the 
current rating of the device. A cmos logic 
gate cannot charge and discharge this 
capacitance very fast, and may in some 
cases need a current limiting resistor in 
series with the gate terminal to prevent 
damage. High frequency switching is 
simply not possible if a cmos logic gate 
is used as the controlling element. 

CURRENT SINK 
In some measurement and control 

applications, a precision current sink can 
be useful. The circuit shown in Fig.57 
uses the high output impedance of a fet 
to provide a high quality current sink. 
The current does not change measurably 
over a range of drain voltages between 
the minimum required by Ohm's law to 
make the specified current flow and the 
maximum for which the mosfet (or its 
heatsink) is rated. The mosfet on its own, 
fed with a constant gate voltage, would 
make a good current sink. The addition 
of the op-amp feedback loop makes it 
almost perfect. 
A bipolar transistor current sink could 

not perform so well, because the current 
in the emitter resistor would include a 
contribution from the base current. With 
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VN67AA 
ON HEATSINK 

CURRENT 
SINK 
OUTPUT 

Fig.57. (Above) High compliance current sink 
(Right)Low frequency astable flip-flop 

the mosfet, all the source current also 
flows in the drain. 
The high input impedance of mosfets 

can make them useful in timing circuits. 
Fig.58 shows two mosfets in an astable 
flip-flop circuit where, because no gate 
current flows, a long time period may 
be obtained by using very high resistor 
values. The frequency at which the 
circuit oscillates is set by the values of 
Cl, C2, R3, and R6. Theoretically R2, 
R4, and R5 also affect the frequency but 
their values are chosen to make this 
effect negligible. 
In contrast to the bipolar implementa-

tion of an astable flip-flop, this circuit is 
not inherently guaranteed to start oscil-
lating. The addition of R5 and C3 
ensures that at the moment of switch on 
an imbalance exists, and this starts the 
oscillation. C3 rapidly charges so that it 
has no further effect on the operation 
of the circuit. 

SIGNAL SWITCHING 

Power mosfets can be used to 
construct an analogue switch which is in 
some ways superior to the ic analogue 
switches. The circuit shown in Fig.59 has 
a lower ON resistance than ics such as 
the 4066, with a worst case figure of 
7.511. This would give under ldB loss 
when inserted in a 5011 line. 
The signal isolation in the OFF state 

is good because there is an extra mosfet 
to short the signal in between the two 

series fets. When the analogue switch is 
off, 03 and 06 pot down the signal by 
the ratio of a mosfet's OFF resistance to 
its ON resistance. In practice, careful 
construction should allow at least 60dB 
isolation at 10MHz, with better isolation 
at lower frequencies. This circuit is useful 
for rf, but is over the top for most audio 
applications. 
Linear voltage regulator les are widely 

used, but they are not always the best 
answer. The standard 78xx series need 
about 2.5 volts more on the input than 
on the output, and they consume about 
one milliamp to operate their internal 
circuitry. Low forward drop regulators, 
which need an overvoltage of only 0.5V 
to operate, consume around 10% of the 
total load current to operate their 
circuitry. Fig.60 shows a mosfet voltage 
regulator which gets round both these 
problems, and is suitable for low 
powered applications, for example in 
battery operated equipment. No zener 
diode is used, because the circuit 
regulates the output relative to the 
threshold voltage of 04. This is not a 
precisely defined parameter, so different 
samples of mosfet will require different 
settings of VR1 to provide the same 
output voltage. 
Current limiting is provided by R1, 

R2, and 01. The value of R1 should be 
chosen to drop 0.6V at the maximum 
permissible  current.  To  minimise 
forward drop in normal operation, the 

limit current should be set to the 
maximum value which will not damage 
the regulator, rather than the maximum 
expected load current. If current limiting 
is not needed, omit R1, R2, and 01. 

FAST SWITCHING 

All the applications so far have relied 
on slow switching or linear use of power 
mosfets. To make high current devices 
switch on or off quickly is difficult, 
because of the high gate-source and 
gate-drain capacitances. This is illustra-
ted by the simple test circuit of Fig.61. 
It might appear at first that the gate-
source capacitance Ciss (shown dotted) 
represents the most serious problem, 
because it has the higher value. In the 
circuit shown the worst problem is Crss, 
because it has a waveform of the oppo-
site polarity to the input signal on its 
other end, so the charge it takes from 
the input waveform is greater. 
To make this clearer, consider the 

example of a 10V drive signal and a 40V 
power supply. The total voltage change 
across Ciss is 10V, while that across Crss 
is 50V. If the value of Crss is half that 
of Ciss, then its effect on the gate 
waveform is two and a half times that 
of Ciss. In many cases, the effect of Crss 
is to cause a hesitation in the gate 
waveform, during which time substantial 
current flows in the source resistance Rs 
without the gate voltage increasing signi-
ficantly. This is illustrated by Fig.62. 

Fig.59. (Left) Ground reference analogue switch 
fig.60. (Above) Very low power consumption linear regulator 
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1ig.61. Fast switching test circuit 

When  considering power mosfet 
switching speeds, it is necessary to 
calculate the charge to be transferred to 
and from the gate capacitances, rather 
than imagining the effect to be like an 
ordinary RC circuit. As the waveforms 
of Fig.62 show, the charge transfer is not 
uniform over time, but is concentrated 
during the output switching period. In 
order to achieve specified switching 
times for power mosfets, a very high 
peak gate drive current is needed. 

SIGNAL AT POINT A 

SIGNAL AT POINT B 

r SIGNAL AT POINT C /   
Fig.62 Charge transfer waveforms 

The problem with long switching 
times, apart from the limiting of the 
maximum frequency, is that while there 
is current flowing in the mosfet and 
significant voltage across it, it is 
dissipating a lot of power. Switching at 
low frequencies causes no problems 
because the average power dissipation 
is low, but operation at high frequencies 
can waste a lot of power and make the 
mosfet very hot. This is of particular 
interest  in switched  mode  power 
supplies and the like. 
The 555 timer ic has a high current 
drive output, and is suitable to switch a 
power mosfet on and off fairly fast. In 
the circuit of Fig.63, the 555 is used to 
dim a 12V lamp by means of mark:space 
ratio modulation. The switching fre-
quency is high enough to avoid visible 
flicker, but low enough to render the 
switching losses negligible. With the 
mosfet specified mounted on a heatsink, 
the circuit is powerful enough to control 
a car headlamp. Almost any power 
mosfet will work in this circuit, with the 
proviso that it is chosen so that its ON 
resistance is low enough to give a low 
voltage drop at the expected load 
current. 
The circuit as drawn would make a low 
loss torch dimmer, for voltages down to 
6V. In this application, though, the 

current is much lower than with a car 
headlamp, the BUZ10 or IRF541 or 
similar low ON resistance device is the 
best choice, because of the fact that the 
ON resistance is much higher with lower 
gate drive voltages. 
If the dimmer is to be used on a car 

electrical system the 555 should be fed 
via a resistor, and a 12V zener should be 
connected in parallel with its power 
supply, to protect it from spikes. I have 
used such a unit to dim a map reading 
light in a car to allow the passenger to 
read a map without distracting the 
driver. The circuit generated no detect-
able heat, while a resistive dimmer 
would have got dangerously hot. 

SWITCHED MODE 

Fig.64 shows a switched mode buck 
regulator which minimises the problems 
associated with mosfet switching by 
using the source rather than the drain as 
the output. The 78S40 switched mode 
power supply ic is designed to control a 
pnp transistor directly, so its output 
switches on when the series pass device 
is to be switched on. To switch on a 
junction transistor fully, and minimise 
the loss while it is on, a base current of 
10% of the maximum expected collector 
current is required. This 10% current is 
drawn from the unregulated supply, so 
it represents a loss of 10% at maximum 
load, and more at lower load currents. 
This circuit does not need a contin-

uous base drive to switch the pass device 
on, and so is potentially more efficient. 
A bipolar transistor, 02 is used to invert 
the output drive because it is in the 
wrong sense to drive an n channel 
mosfet, but 02 dissipates little power. 
If the gate of the mosfet were simply 

pulled up via a resistor to the unregula-
ted supply voltage then it would not 
switch on very well. The source voltage 
would rise no higher than the threshold 
voltage below the unregulated supply 
voltage, which would cause substantial 
power dissipation. The bootstrapping 
capacitor, C2, raises the effective drive 

Cl =  
47u I  

ID1G76111 

VR1 

10k 

BRIGHTNESS5 

.01 

100n T 

11  

voltage by an amount equal to the output 
voltage step (on the source). With the 
transformer voltage shown, this will be 
about 15V, which will turn on the mosfet 
very effectively. 
If a higher voltage transformer is to 

be used, then a zener diode should be 
added between the gate and source of 
the mosfet to prevent gate insulation 
breakdown. 
This circuit will give several amps 

output if the components are chosen 
appropriately. D1 is a Schottky diode, 
and should be chosen to have a current 
rating adequate for the expected load. 
A suitable 3A type is the Varo VSK 340, 
available from Electromail as part 
number 262-882. (PE has no bias 
towards any supplier, and other equally 
good sources probably exist. Ed). A fast 
silicon junction diode would also work 
in this circuit, but would dissipate more 
power due to its higher forward drop. 
With a 5V output this can represent a 
major part of the total loss, though this 
is less significant with higher output 
voltages. 
The current limit is set by Rl. The 

78S40 sets the peak current at the point 
when 300mV appears across Rl. The 
average current is rather less than this, 
of course, and is about 2A for the values 
shown. 
The output voltage is set by R6 and 
R5, and is given by the formula V = 1.3 
(1 + R5/R6). Any voltage above 1.3V 
may be chosen, so long as it is a few 
volts below the unregulated input volt-
age. If R5 is replaced by a potentio-
meter, then the unit becomes a variable 
voltage power supply suitable to power 
projects under test. If it is to be used for 
any critical purpose, an extra inductor 
like Li, and an extra 470µ, capacitor 
should be added on the output to filter 
out any remaining high frequency 
switching noise. 
The inductor may be wound on a 

ferrite pot core of the type intended for 
power applications  (available from 
Electromail) if one happens to be handy, 

18 
RESET  +VE 

DISCHARGE 

TRIGGER 

CONTROL 

THRESHOLD 

IC1  OUT 
555 

OV 

RI 

4k7 

R2 

4.7k 

11 
C3 9 

mim 100n 

-f-12V 

12V 
LAMP 

01 
BUZ10 

•  OV 

Fig.63. Using a variable mark-space timer for lamp dimming 

50 PRACTICAL ELECTRONICS MAY 1988 



SEMICONDUCTORS 

Li 

.00 

240V 
MAINS 

FS1  T 

o  C1 
• 2200p 

25V 
Rt. 1k 

C2 
1p 
t.OV 

4.44.4  02 
BC182 

00 0 

RS 

3k3 

  C3 
470p 

R6 

1k2 

 +5V 
OUTPUT 

JEIg.64. Switch mode 
buck regulator. The 
lower part of the circuit 
shows the interior of the 
78S40 

C2 
10n 

12 13 15 

COMPARATOR 

IV] REF 

BIAS 

Cl  1PK 

OSCILLATOR 
S 

OP-AMP 
'Cl 
78540 

67691 

but a particularly good choice is aT94-40 
core from Cirkit (part no 5509-440). If 
an RM10 pot core with an Al of 250 is. 
used then about 18 turns should be used. 
The T94 core requires about 50 turns, 
and has a much higher saturation limit, 
so will not saturate at any current which 
the mosfet is capable of switching. 

To prevent the peaky current drawn 
from Cl from upsetting the control 
circuitry, Cl should be connected to the 
rest of the circuitry with short wires, or 
preferably mounted on the board with 
the rest of the circuitry. A Veroboard 
layout should work well, so long as the 
OV connections are kept short. 

ov 

Part 7 next month is devoted to a full 
blown project, a mosfet power amplifier. 
This is a simple design, using only 
discrete components, and it provides a 
very high quality sound. It is an example 
of how power mosfets can give high 
performance from relatively sh ill' 
circuitry. 
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741.5491  469  74130181 
74054914  6.47  74110162 
7405534  369  74910190 
1411540  0.95  74110191 
7411541  0.95  74110192 
741_5548  4.65  74110193 
7415547  4.65  7450194 

7415548  4.20  74110195 
7411549  4.20  7610221 
7415566  105  7490237 

7411567  185  74110238 
7415568  1.56  741 040 
415569  1.57  7400241 

7415593  6.48  7400242 
74111320  1.55  7480243 
740621  1.55  74140244 
7415622  1.55  7400245 
7411823  1.55  74110251 

7411624  1.55  74710253 
7411625  2.30  7400257 
7415826  220  7610258 
7011627  235  74110259 

7415828  2.20  74/10266 
7415629  1.10  74110273 
7416640  0.98  74110279 
74.5601  0.90  7400280 
74116411  110  74410283 
7415642  1.10  7480298 
7415642.1  2.50  741601% 
7410643  1.10  7610323 
74106431  2.50  7610354 
7415644  1.10  74110356 
74116441  2_50  7400365 
7416645  110  74110366 
7411645-1  1/0  9910367 
7415646  5.00  7480368 
7415647  5.80  74110373 
7411648  510  7400374 
7411649  500  7400375 
7411651  032  7400377 
7415652  500  74/10386 
7415653  160  7440390 
7415654  560  74/10393 
74166138  0.65  74110423 
7415669  0.78  7480533 
7445670  0.72  7490534 
7415673  3.40  7010540 
7415674  3.40  7610541 
7411682  2.40  7440563 
7411863  210  74/10564 
7411060  240  74110573 

7411685  210  74110574 
7410686  130  7450589 
7415E27  2.70  7400590 
7415888  1.85  74110592 
745793  328  7480593 

7415794  323  74140595 
7415795  140  74110597 
7415796  143  74/40620 
7411797  1.40  74/10623 
7416783  14.60  74410640 
7415848  165  74110843 

azammum 
740000  010  74510648 
740007  014  7400651 
740003  014  7490652 
740004  0.15  7400658 
74140004  024  7490659 
740005  036  7400664 
740001  0.22  7490665 
749010  022  7490670 
7413011  0.14  7490677 
7411014  030  7400678 
74/1020  022  74/10680 

022 
0.22 
0.22 
022 
020 
0.22 
010 
030 
030 
035 
0.35 
035 
0.48 
D.30 
016 
0.36 
0.36 
0.36 
0.36 
0.34 
034 
0.42 
0.42 
0.40 
0.85 
0.40 
0.27 
0.52 
0.41 
0.40 
0.30 
1.10 

0.56 
0.40 
0.40 
041 
0.49 

0.40 
0.49 
0.49 
0.64 
0.64 
0.64 
0.44 
0.44 
1.35 
0.40 
0.52 
0.56 
054 
0.45 
0.54 
0.54 
0.62 
0.50 
0.50 
0.49 
0.56 
0.60 
0.62 
0.43 
0.50 
0.30 
0.40 
0.44 
0.50 
0.56 
0.54 
043 

0.38 
0.78 
0.66 
0.60 
1.39 
1.60 
0.44 
0.48 
0.38 
0.44 
0.40 
0.40 

OM 
0.4$ 
0.52 
0.69 
0.22 
0.58 
0.5t 
0.65 
0.74 
0.74 
0.74 
074 
0.55 
0.56 

0.71 
1.12 
0.84 
0.54 
1.20 
0.84 
014 
135 
3.07 
0.99 
0.99 
0.95 
130 
110 
110 
1 30 

3.30 
335 
3.36 
136 
080 
2.50 
4.40 
2.73 

7400682 
7440684 
7400686 
74340690 
7440691 
7400692 
7490693 
74910696 
M00697 
74310690 
74110699 
74404062 
74904017 
74004020 
74004022 
74904024 
74804028 
741404040 

741104049 
74604050 
74904051 
761040524 
741104053 
74004060 
747104061 

74104066 
741104072 
741104075 

74904078 
741104091 
70104511 
741104514 
7411C4515 
741104618 

741104520 
741104538 
74604543 
741107001 
741107002 
741107006 
74607005 
740 07032 
76107074 
741407075 
749C7076 
741107266 

9.03 
264 

0.90 
1.35 
1.15 
1.35 
135 
1.26 
1.26 
1.26 
1.20 
0.30 
030 
054 
054 
0.44 

0.54 
0.44 

0.31 
0.35 
01111 
0.56 
1.12 
0.38 
1.72 
0.38 
0.32 
032 
032 
0.71 
0.00 

1.29 
1.28 
0.56 

cksi 
078 
0.78 
0.69 
0.69 
1.35 
2.10 
0.69 
1.41 
1.41 
2.10 
0.60 

74007292  0.78 
74907294  0.79 
7411040102  0.96 

744040103  0.96 

7040700 
7010702 
74/10703 
74410104 
74110108 
74110110 
74710711 
74110114 
7460120 
7440121 
7400127 
7440730 
7400132 
74110142 
7400773 
7460174 
7400775 
74110185 
74H 0786 
7490193 
74901107 
74601109 
74001112 
74/1C7123 
748 05125 
74401126 
74601132 
746 01127 
74901138 
744 071 35 
709401153 
74807194 
74/101157 
76101158 
74907160 
74607181 
741151182 
746 051 80 
74801164 
74+107165 
74601166 
74901173 
74907174 
74601175 
741101181 
74001182 
74907193 
74/107191 
741107192 
74401193 
74007194 
74007195 
74901221 
74601.7 
74607238 
74001240 
74601241 
741401242 
74601243 
741107244 
74407245 
741107251 
74801253 
74407257 

0.32 
0.32 

0.36 
030 
032 
0.32 
0.32 
0.54 
034 
0.32 

0.30 
036 
032 
0.68 
0.49 
0.45 
0.54 
0.76 
0.54 

0.54 
0.54 
0.74 
0.78 
0.81 
0.01 
0.55 
0.72 
0.52 
067 
0.76 
1.70 

0.59 
0.70 
0.79 
0.16 
0.95 
0.95 
0.95 
1.10 
1.10 
0.80 
027 

0.72 
320 
1.35 
1.05 

1.06 
1.05 
1.05 
1.05 
1.05 
130 
us 
0.98 
0.78 
0.78 
1.10 
1.10 
0.78 
0.78 
0.10 
0.80 
0.50 

74607258  125 
74601259  1.10 
741107273  1.10 
74601280  1.30 
74601283  1.40 
74901299  235 
741401354  1.58 
74001358  1.50 
74907366  0.78 
747101366  0.70 
749013137  0.78 
74007368  080 
74607373  0.7$ 
741/01374  0.78 
74901377  1.41 
70401380  0.96 

VIEWCOM ELECTRONICS 
77 UPPERTON ROAD WEST 
PLAISTOW, LONDON E13 9LT 

PLEASE PHONE/WRITE FOR ITEMS NOT LISTED 

74401393 
74001533 
741107534 
74401540 
741107541 
747107563 
76101564 
7411 0573 
74401574 
74601583 
74001623 
7610140 
74901643 
74001.6 
741101648 
74101651 
74001662 
74001670 
74007688 

0.95 
135 
1.35 
1.62 
1.77 
0.99 
0.99 
0.99 
0.99 
1.40 
4.16 
1.54 
1.54 
195 
420 
1 40 
140 
178 
2.76 

7411014002 012 
74/1014015  1.60 
74/1014016  1.10 
7411014017  1.15 
749017007 0.30 
7400740102 3.60 
7400110103 3.60 
74/10740104 2.36 
749010105 3.62 

79 SERIES 
MISC. 

74411645.0  179 
74 456454.1 1.79 
7450192147 3.90 
740126  120 
74101.4  0.25 
74/1103  055 

75107 
75108 
75109 
75110 
75112 
75113 

75114 
75115 
75118 
75119 
75121 
76122 
75123 
75124 
75125 
75128 
75129 
75130 
75136 
75140 
75141 
75142 
76143 
75150 
75152 
75153 
75154 
75155 
75157 
75158 
75159 
75160 
75161 
75162 
75163 
75172 
75173 
75174 
75175 

75176 
75177 
75178 
75179 
75182 
75193 

75168 
75169 
75207 
75208 
75325 
75326 

75361 
75365 
75431 
75432 
75433 
75434 
75436 

75439 
75447 

75448 
75450 
75451 

75452 
75453 
75454 
75461 
75462 
75463 
75460 
75466 
75466 
75469 
75470 
75471 
75472 
75473 
75474 
75476 
75477 
75476 
75479 
75491 
75492 
75493 
75494 
75498 
75512 
75518 
75584 

0.80 
0.00 
120 
0.90 
110 
1.20 

1.40 
1.40 
165 
4.85 
1.30 
1.30 
2.48 
252 
4.44 
4.38 
4.80 
9.50 
174 
109 
3.54 
306 
3.60 
105 
1.40 
4.49 
t. 

1.30 
5.911 
4.51 
5.90 
4.90 
8.06 
7.00 
923 
4.00 

3.85 
7.18 
3.90 
324 
3.40 
1.00 
340 
2.65 
265 
0.80 
060 
148 
4.48 
3.99 
538 
210 
2.50 
1.40 
1.40 
1.40 
1.40 
4.30 
5.90 
3.10 
3.10 
0.50 
012 
042 
0.62 

0170 
1.10 
1.10 
150 
5.05 
505 
505 
2.90 
220 
221 
220 
2.20 
239 
2.39 
239 
zn 
080 
000 
150 
346 
490 
9.20 
19.60 
1220 

CEIZEILIIE 

1913170 
REF 252 
7965 
7606 
7808 
7809 
7812 
7815 
7818 
7824 
78L05 
78108 
7E1112 
78195 
761113 
70124 
7905 
7912 
7915 
7918 
7924 

072 
0.12 
0.35 
015 
0.40 
0.35 
0.40 
040 
010 
0.40 
021 
0211 
028 
028 
020 
0.28 
0.35 
0.40 
0.40 
O.. 

0.40 

I =1 
601132 
130.24 
1301828 
1301621 
8018218 
60183 
9011330 
801831 
80184 
DC18413 
801540 
1301841. 
8019410 
80212 
802124 
802128 
BC2121 
B0212LB 
80213 
802131 
00214 
00327 
80328 

130337 
00337-25 
E10546 
1305484 
B054613 
50541 
005474 
80547E1 
805470 
8054613 
B0549 
1305498 
80550 
00556 
005564 
805568 
80558 
805588 
80559 
805590 
60560 
85421 
253934 
2143906 
244123 
2541102 
2541104 

254933 
254970 
2501129 
2502009 
2502238 
2502238El 
2002240 
2502577 
2602579 
200945 
250313 
20E538 
2513880 
250986 

DIODES 

154001 
154002 
1144003 
154004 
154005 
164006 
154007 
194148 

0.05 
0.06 
0.06 
0.08 
047 
0.07 
607 
0.07 

0.07 
0.07 
0.07 

0.07 
0.08 
0.05 
0.07 
0.07 
0.07 
0.08 
0.07 
007 
107 
0.07 
0.07 
0.07 
0.08 
0.05 
0.05 
0.05 
007 
0.07 
0.07 
007 
0.07 
0.07 
0.07 
0.07 
0.05 
0.05 
0.05 
0.07 
0.07 
0.07 
0.07 
0.07 
0.12 
0.10 
0.10 
0.10 
1.95 
2.10 
0.17 
0.16 
0.41 
0.38 
0.70 
0.70 
0.15 
1.50 
2.35 
0.16 
0.70 
0.95 
1.00 

0.70 

0.04 
0.04 
0.04 
0.04 
664 
0.04 
604 
0.03 

IIIE1323111 = 

4633  073 
555  0.20 
5550406  0.90 
55801505  1.40 
741.211  0.15 
748.011  0.20 
405744.10  2020 
4074169  0.40 
90753744  21.89 
407547145  19.80 
C074105  0.40 
C41301306  0.50 
04008001.05  2.45 
0021101  2.05 
11557441  1090 
1017106051  735 
1C17107CPL  7.40 
10121090PC  1169 

10171260N.  7.64 
10.7136CPL  7.64 
101.766 5074  2.40 
10.7673CP4  1.60 
10M7211415L  4.60 
10M72074150  690 
10M7208151  20.50 

10M72114M151 4.50 
1CM72124M1P1 5.40 

1084721641.11  27.50  U[1461284  4.16 
1047216019  26.10  0192002A  070 
1015721781.11  10.10  016200344  065 
10917218E1171  8.97  111520044  0.65 

20917224171  460  1119206813  411 
105172274171  1260  0192802  1.80 
10.722741  1420  01628034  155 
1C1575551134  010  1/11.42904.1  1.70 
1047556150  1.40  UP0118811  4.50 

10517137 305  2.35 
15347  1.05 
1.5351  0.40 
153534  0.413 
15355  0.90  p 

13356  090  14897  080 
17357E06  0.90  14897  080 
153989  275  140865  1.25 

1.041105  015  14039A5  125 
1741205  1.40  65227  3.30 
1744105  010  68027  220 
2244205  0.95  68097  5.90 
1.7444014  019  6621P  1.40 
18422464  1.28  6840P  3.10 
1M2398  129  66455  120 
1843121416  030  688215  300 
1.763075  045  80804  760 
1.30871  070  80054-2  190 
1843061  0.70  800854  4.50 
1163104  220  8205414851142  590 
10431111  0.40  8008641.2  21.90 
10431 .  1.35  8212  2.90 
1163184  1.35  8251  2.90 

083194  100  8257A  3.40 
11132414  0.45  8259  295 

1.3319  6.15  82594  3.40 
106331414  920  8287  3.40 
1.3342  1.10  82084  5.95 

1/13352  125  08202648  1210 
19336  1.25  5820216.10  11.60 
1343362  125  03-5-8136  6.45 
1.33622.5  100  47-18136-0N  760 
L.33825,0  1.45  C71.7004-001  590 
04133712  110  251 .1  5,90 

1913395  0.40  001231  590 
11633945  130  001231-29 

551341814  0.60  051232 
L4358N  OAS  0071.2630 
19435961  2.80  HCPL-2730 
11836016  8.20  6070.2731 
1943375  2.50  140714100 

131313014  1.10  40 71-4200 
L.38061-8  1.50  101-0509-5 
0M3814  100  H11.201.5 
0M38144  035  01105094.5 
0M31331  120 
0A138341  500 
0/13846 60 
003866.1  1.20 

1143866.3  150 
093869.4  1.68 
0M3.974  1.20 
0M38744  3.90 
1M3884.1  2.10 
1M3899  1.60 
1M313151  180 
1103914-80  2.20 
LM3924  97 
1M39344  0.90 
1113935  055 
IA394011  170 
LM394014  720 

11455505  035 
19270905  126 
1.54710031  080 
11672305  018 

13173309  0.65 
18474105  0.24 
19474118E1  0.45 
11174716  0.58 

1147480  0.35 
1.1458  015 
1.11188161  596 
1181089  190 
111298407  320 
1.11390901  0.15 
kmnier  2.50 
1165560  3.00 
94013107  110 
04C1327  0.70 
9407413  665 
5101455  0.45 
0601458  0.33 
MC1469  210 
94C14138  0.15 
MC1489 010 
9401494  6.70 
9401495  205 

MC1496 055 
401569  2.10 
9403302  0.70 
9403401  0.45 
9403403  0.60 
92C3423P1  010 

N96,53,441 
1.70 
1.15 

NE5532P  1.40  11)171301-1007 17.40 
5E5533P  1.50  1017130510017.40 

5055347  1.10 
56555  0.20 
56666  0.40 
NE550  1.50 
00564  3.50 
9E565  1.10 
56566  1.30 
618567  1.15 

140570  310 
50571  290 
50592  015 
OPO7CN  150 
5134141.2  690 
111111  0.75 
711113  035 
TIL119  100 
11.497A05  115 
0/41240140  180 
U4741165  065 
U474170  055 
11474807  065 
049636407 3.20 
049637405  2.40 
1.14963807  3.20 

649639CP  120 
00561164  160 

7.. 
590 
5.06 
375 
423 
5.82 
5/2 
9.70 
3130 
8.95 

10_76730140  2/9 
IDT71306100  1540 
ID171301-10013 17.40 
M800854.2  8.90 
M80086143  18.50 
M8205932135  1158 
51132C844-2195  690 
6182C8BAS  16.36 

1140181 140 
1411618274-135  8.70 
514)(359CPE  7.60 
M640867  7.40 
2804-013U  170 
2804P10  2.30 
2804-C1C  2.20 
2500.670  4.75 
280A-0461  5.40 
28013.CPU  310 
nce-nio  3/0 
.013-010  310 
28013.04111  5.72 
UP07201C  5.50 
U7080854HC.2 350 

4184-15  7.0.4 
4416-15  280 

414640.12  550 
412560.15  70* 
94882644.12  246 

53 14 5249 

211417.30  ISO 
211455.20  980 
611615.2  120 
6116593  240 

52641915  350 
CDM6116403  2.40 

CX151164P9.150 3.40 
018582565.121 17.80 
9M43347-3  3.40 
8M6225617-10 18.90 
TC5516.4P  2.85 
T16940161541 2.40 

COMPUTER 
8. MISC. IC S 

M E = 

27256-25  5.00 
270256.15  5.60 
270256-25  7.20 
27C293-25210 7.20 
27C256.30 216 6.90 
17C256413-15 7.90 
270256.1500  710 
UPD2717512D-15 18.66 
864270640.15 6.40 
14627C640-20 6.20 
1413512702564.25 7.33 
84EN27128.25  7.10 
132708  3.00 
TEIP245410N 3.00 
0281605-25 13.90 
X2864AD-35 18.50 
X28644P-35 18.95 

1213 =2111 
32 768104o 
20609ri  0.95 

3MHZ[618MHZ 150 

PLEASE ADD 70p P&P and 15% V.A.T. 
OFFICIAL orders from Govt. & Educational Establishments 
are accepted. EXPORT enquiries welcome. V.A.T. not 
applicable for export orders. Stock items by return of post. 
We supply only brand new components. 
NB. Prices subject to change without notice & stock availabiliu. 

Ordersto,  VIEWCOM ELECTRONICS 
77 Upperlon Road Wes1 
PINslow. London Ell 91.7 

52 PRACTICAL ELECTRONICS MAY 1988 



POPULAR BAKERS DOZEN PACKS 
(Still available) 
All packs are £1 each, if you order 12 then you are 
entitled to another free. Please state which one 
you want. Note the figure on the extreme left is the 
pack ref number and the next figure is the quantity 

of items in the pack, finally a short description. 

801  5 13A junction boxes for adding extra points to your 
ring main circuit 

BD2  5 13A spurs provide a fused outlet to a ring main 
where device such ass clock must not be switched 

off 
807  4 in flex switches with neon on/off fights, saves leaving 

things switched on 
BD9  2 6v. 1A mains transformers upright mounting with 

fixed clamps 
BD11  1 6W speaker cabinet ideal for extensions, takes 

your speaker. Ref BD137 
BD13  12  30 watt reed switches, its surprising what you can 

make with these - burglar alarms, secret switches, 

relay etc etc. 
B022  2 25 watt loud speaker two unit cross-ovums 
8029  1 B.O.A.C. stereo unit is wonderful value 
BD30  2 nicad constant current chargers adapt to charge 

almost any nicad battery 
BD32  2 humidity switches, as the air becomes damper the 

membrane switches and operates a microswitch 
B034  48  2 meter length of connecting wire all colour coded 

BD42  5 13A rocker switch three tag so on/off, or change 
over with centre off 

B045  1 24hr time switch, ex-Electricity Board, automatically 
adjust for lengthening and shortening day. Original 

cost £40 each 
8049  10  neon valves, with series resistors, these make good 

night lights 
BD56  1 mini uniselector, one use is for an electric jigsaw 

puzzle, we give circuit diagram for this. One pulse 
into motor, moves switch through one pole 

B059  2 flat solenoids - you could make your multi-tester 
read AC amps with this 

B067  1 suck or blow operated pressure switch, or it can be 
operated by any low pressure variation such as 
water level in water tanks 

B091  2 mains operated motors with gearbox. Final speed 
16rpm. 2 watt rated 

BD103A  1 6 750MA power supply, nicely cased with input and 
output leads 

80120  2 stripper boards each contains a 400v 2A bridge 
rectifier and 14 other diodes and rectifiers as well 

as dozens of condensers etc 
BD122  10m  twin screened flex with white pvc cover 
BD128  10  very fine drills for p.c.b. boards etc. Normal cost 

about 80p each 
B0132  2 plastic boxes approx, 3" cube with square hole 

through top so ideal for interrupted beam switch 
BD134  10  motors for model aeroplanes, spin to start so needs 

no swithc 
BD139  6 microphone inserts - magnetic 400 ohm also act 

as speakers 
80148  4 reed relay kits you get 16 reed switches and 4 coil 

sets with notes on making Go relays and other 
gadgets 

80149  6 safety cover for 13A sockets - prevent those 
inquisitive lisle fingers getting nasty shocks 

80180  6 neon indicators in panel mounting holders with lens 
80193  6 5 amp 3 pin flush mounting sockets make a low 

cost disco panel 
B0196  1 in flex simmerstat - keeps your soldering iron etc 

always at the ready 
BD199  1 mains solenoid very powerful has 1" pull or could 

push if modified 

80210  8 Keyboard switches - made for computers but have 
many other applications. 

BD210  4 transistors type 2N3055 probably the most useful 
power transistor 

80211  1 electric clock mains operated put this in a box and 
you need never be late 

BD221  5 12v alarms make a noise about as loud as scar 
horn. Slightly soiled but OK 

8D242  2 6" 04" speakers 4 ohm made from Radiomobile so 
very good quality 

8D246  2 tacho generators, generates one volt per 100 revs 
80252  1 panostat, controls output of boiling ring from simmer 

up to boil 
B0259  50  leads with push on 1/4" tags - a must for hook ups 

- mains connections etc 
B0263  2 oblong push switches for bell or chimes, these can 

mains up to 5 amps so could be foot switch if fitted 
into pattress 

B0268  1 mini 1 watt amp for record player. Will also change 
speed of record player motor 

B0275  1 Guitar mic - clip on type suits most amps 
BD283  3 mild steel boxes approx. 3"s 3½ 1" deep - standard 

electrical 
B0293  50  mixed silicon diodes 
B0296  3 car plugs with lead, fits into lighter socket 
B0305  1 tubular dynamic mic with optional table rest 

Most other packs still available and you can choose any as your free 
one. 

5A BATTERY CHARGER KIT - all parts including case only £5 add 
£1 postage. 

OVER 400 GIFTS 

YOU CAN CHOOSE FROM 
There is a total of over 400 packs in our Baker's dozen 
range and you become entitled to a free gift with each 
dozen packs. 
A classified list of these packs and our latest "News 

Letter" will be enclosed with your goods, and you will 
automatically receive our next news letter. 

THIS MONTHS SNIP 

31/2  FLOPPY DISC DRIVES, made by the Chinon Company 
of Japan. BeautitAy made and probe * the most compact 
device of its kind as rt 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 
£28.50 post and VAT included 

CASE - adaptable for 3" or 3 'n" POD, has room for power supply 
components price only £4 includes circuit of PSU. Our Ref 41'8. 

POWER SUPPLY FOR FDD - 5V and 12V voltage 
regulated outputs, complete kit of parts will fit into case 4P8 price £8 or 
with case El 1 . 

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 Mullard modules - i.e. Mains 
power unit IEP90021 Pre amp module 1EP90011 and two amplifier 
modules 1EP90001 all for £6.00 plus £2 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 wan transformer 20 amp rectifiers, case and all parts with 
data case £17.50 post 

MINI MONO AMP on p.c.b. size 4" 2" lapp I 
Fitted volume control and a hole for a tone control 
should you require it. The amplifier has 
three transistors and we estimate 
the output to be 3W rms. 
More technical data will be 
included with the amp. Brand new, 
perfect condition, offered at the very 
low price of £1.15 each. or El3 for £12.00 

LIGHT BOX 
This when completed measures approximately 15" 014'. 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. 

Ex-Bectricity Board. 
Guaranteed 12 months. 

VENNER TIME SWITCH 
Mains operated with 20 amp switch, one on 
and on per 24hr5. repeats daily automatically 
correcting for the lengthening or shortening 
day. An expensive time switch but you can 
have it for only £2.95 without case, metal 
case - £2.95, adaptor kit to convert this into 
a normal 24hr. time switch but with the 
added advantage of up to 12 on/offs per 
Mrs. This makes an ideal controller for the 
immersion heater. Price of adaptor kit is 
£3.20. 

FANS B. BLOWERS 
5" 5+0.25 post. 6" ES+ £1.50 post 
4" 04" Muffin equipment cooling fan 115V £2.00 
4" 4" Muffin equipment cooling fan 230/240V 5.00 
9" Extractor or blower 115V supplied with 230 to 115V adaptor 
E9.50+ £2 post. 
All above are ex computers but guaranteed 12 months. 
10" x 3" Tangential Blower, New. Very quiet - supplied with 230 to 
115V adaptor on use two in series to give long blow £2.00 + £1.50 
post or £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 inc 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 £5 
post. 

DOUBLE MICRO DRIVES as fitted to many ICL 
and some Sinclair computers complete double units with 2 

drive motors tape heads, and 2 PCBS each with plug in 
ULA, Ref. 2G007ES. Price only £5. Ref. 5P113 

TELEPHONE LEAD 
3 mtrs long terminating one end with new BT, flat plug and the 
other end with 4 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 B0552 or 3 for £2 ref 2P164. 

COMPACT FLOPPY DISC DRIVE EME-101 
The EME-101 drives a r disc of the new standard which 
despite its small size provides a capacity of 500k per disc, 
which is equivalent to the 3% " and 51/4 " 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 f27.50 including post and 
VAT. Data available separately EZ 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 + £3 P&P. 

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

BRIGHTON, SUSSEX BN3 50T 
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 b B/card 
orders accepted. Brighton 102731 734648 or 203600. 

NEW rrEms 
Some of the many described in our current fist which you MI 

receive with your parcel. 
13A PLUGS good Bntish make complete with fuse, parcel of 5 for £2. order 
Ref. 2P186. 
13A ADAPTORS Takes 213A plugs, good British make, packet of 3 for £2. 
order Ref. 2P187 
DIAMONDS HALF-PRICE your record player stylus soon may be impossible 
Is obtain so why not buys spare now-we have over 50 types in stock, list 
on request. 
BENCH ISOLATION TRANSFORMER 250watt again available 2300 in and 
out with plenty of tappings to give exact bolts £5, plus £2. Order Ref. 5P5. 

COMPOSITE VIDEO INPUT UNIT for our 9" monitor with notes on 
suppression of fly back lines and improving "hold" makes our monitor 
ideal for use with any computer or camera kit contains p.c.b. and all 

components price £4. order Ref. 4P23 

3 CORE FLEX BARGAIN No. 1 Core size 5mm so ideal for long 

extension leads carrying up to 5 amps or short leads up to 10 amps. 
15mm for £2. order Ref. 2P189 

3 CORE FLEX BARGAIN No. 2 Core size 1.25mm so suitable for 
long extension leads carrying up to 13 amps - or short leads up to 

25A, 10m for £2. order Ref. 2P190 

ASTEC P.S.U. Switch mode type so very compact. Normal 230V 

input. Has 3 outputs:- +5V at 3.5 amps, +12V at 1.5 amps and -5V 
at 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 Sindair electric car. Rated 
approx In he Our price only £15.00. Ref. 15P8. 
241'lOURT1MESWITCH 16A C/O contacts, up to 6 ondlis per day. Nicely 
cased for wall-mounting. Price £13.00. Ref. 8P6. 

CAPICITOR BARGAIN Axial ended 4700 uf at 25V. Superior Jay make, 
normally 50p each, you get 4 for £1.00 Ref. 613. 
AGAIN AVAILABLE - 12" mini tumescent tubes - Price £1 each. Ref. 
60314, 
POWER PACK OR AMPURER CASE - Size approx 10" x eve x 
plated steel - with ample perforations for cooling. Front panel has on/oft 
switch and E.E.C. mains inlet plug with built in RF filter - undoubtedly a very 
fine case which would cost al least £50 from regular sources, our price is 
£5 each and £3 post. Ref. 5P111. 

MINIATURE BCD THUMB WHEEL SWITCH - Matt black edge switch 
engraved white on balck - gold dated, make before break contacts - size 
approx. 25mm high 8mm wide 20mm deep - made by the turnout Cherry 
Company and designed for easy stacking - Price £1 each. Ref. 130601. 

EDGE METER - miniature, whole size approxx 37mm x 13mm us fsd - 
centre zero scaled 0 to -10 and 0 to +10. Price El each. Ref E10602. 

DON'T FREEZE UPI -We have had the strongest winds for over 200 years 
and who knows we may be in for the coldest winter. so 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 230/240 v mains). Price 
£5. Our Ref. 5P109 

PIEZOELECTRIC FAN an unusual fan, more like the one used by Madame 
Butterfly. than the conventional type, it does not rotate. The air movement 
is caused by two vibrating arms. It is American made, mains operated, very 
economical and cause's no interference. So it is deal for computer and 
instrument cooling. Price is only El each. Ref B0605. 

SPRING LOADED TEST PRODS- heavy duty, made by the famous Bulgin 
company. Very good quality. Price four for £1. Ref. 80597. 
CURLY LEAD four core. standard replacement for telephone handset, 
extends to nearly two metres. Price El . each. Ref. B0599. 

TELEPHONE BELLS - these will work off OW 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. Pnce 2 bells for El. Rel. BD600. 

ULTRA SENSITIVE POCKET MULTIMETER- ok ohms per volt- 11 ranges 
-carry one ol these and so be always ready to test ac/dc volts 10 1000. DC 
milliams and have an ohms range for circuit testing -will earn its cost in no 
time. Pnce only £7. Ref. 7P2. 

APPLIANCE THERMOSTATS - spindle adjust type suitable for convector 
heaters or similar price 2 for £1. Ref 5D582. 

COMPUTERS 

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

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, noise suppressor. dimmers etc. 
Price - 2 for El. Ref. B0565 
SPEAKER EXTENSION CABLE - twin 0.7mm conductors so you can 
have long runs with minimum sound loss and for telephone extensions or 
burglar alarms, beUs, intercoms etc 250m coil only £3 plus £1 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 E1WERTY array and on the right is a 15 key number pad, board 
size is approx. 13" x 4" - brand new but offered at only a fraction of its 
cost namely £3, plus £1 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, 1Wm coil £8.50. Extension BT sockets £2.95. Packet of 500 plastic 
headed staples E2. Dual adaptor for taking two appliances from one 
socket E3.95. Leads with B.T. Plug for changing old phones. 3 for £2 
MODULAR SWITCH - Panel mounting highest quality and ideal where 
extra special front panel appearance is required, can be illuminated if 
required d.p.d.t. and latching. Price - 2 for El. Ref. BD607. 
WIRE BARGAIN - 500 metres 0.7mm solid copper tinned and p.v.c. 
covered. Only £3 + El post. Ret. 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 light is broken 
Main components - relay, photo transistor, resistors and caps etc. 
Circuit diagram but no case. Price E2. Ref. 2P15. 
3-30V VARIABLE VOLTAGE POWER SUPPLY UNIT - with 1 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. lAtter a multi range test meter). It 
gives a variable output from 130 volts and has an automatic short circuit 
and overload protection, which operates at 1.1 amp approximately. 
Other features are very low ripple output, a typical ripple is 3mV pk-pk, 
lmV 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 is E15. Ref. 15P7. 
TRANSMITTER SURVEILLANCE MUG) - 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 E2. Ref. 2P52. 
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PRACTICAL ELECTRONICS 
ARMCHAIR 
SCIENTIFIC AND TECHNICAL 
BOOK SHOP   
QUALITY BOOKS AT REASONABLE PRICES 

FOUR NEW 
ELECTRONICS 
HANDBOOKS 

INTRODUCING DIGITAL AUDIO 
A non-mathematical introduction to the new digital technology. 
Ian R. Sinclair. 112 pages. £6.45 inc p&p. 

PRACTICAL DIGITAL ELECTRONICS HANDBOOK 
For enthusiasts, technicians and students. With nine 
constructional projects. MikeTooley. 208 pages. £7.45 inc p&p. 

PRACTICAL MIDI HANDBOOK 
For musicians and electronic enthusiasts: a practical how-to 
book. R.A. Penfold. 160 pages. £6.45 inc p&p. 
ELECTRONICS : BUILD AND LEARN 
An introduction to electronics for the first timer. With 
constructional projects. R.A. Penfold. 128 pages. £6.45 inc 

P&P. 

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 
Intra 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 
PCW8512 

FA.WasCM 

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 BP181. 

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, BP13L 

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. 
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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 BP M 

AN INTRODUCTION TO 68000 MACHINE CODE 
Price £3.45 inc p&p, Order code BP184. 
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I. 
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 I 
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 
E 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 Nil 

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. Thrrell 
"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. 
Taken from Practical Electronics and updated to include new 
information and devices. 
£14.00 inc p&p  ,  Order code NT13 
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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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BOOKMARK 

Another selection of newly published books to stop the grass 
from growing under your feet. 

Oscillators Simplified —with 61 Projects. D.T. Horn .Tab Books. 
£9.25. ISBN 0-8306-2875. Imported from the USA this is a 
fairly thorough guide to oscillator theory and applications. 
About half of the 240 pages are devoted to transistor-type 
oscillators with well interspersed formulae. The remainder of 
the book covers opamp and cmos orientated circuits, and 
several examples of dedicated frequency generating chips are 
covered, including phaselocked loops. Although it does not 
cover all possible ways in which oscillators can be formed, 
including some circuits of which I have personal experience, 
it is comprehensive enough for me to recommend it to anyone 
interested in frequency and clock generation. UK readers 
should be aware that a few dedicated chips mentioned may be 
hard to locate, but this does not detract from the book's 
usefulness. 

Amplifiers Simplified — with 40 Projects. D.T. Horn.Tab Books. 
£8.45. Many readers will benefit from this book. It is a learn-by-
doing guide that uses practical applications to demonstrate the 
theoretical concepts of many types of amplifier, from simple 
transistor circuits, through opamps to more complex dedicated 
chips. A lot is included in the 200 pages, though I would have 
liked to have seen more about equalisation and mixer circuits. 

Electronics Circuits Handbook — Design, Testing and 
Construction. M. Tooley. Heinemann-Newnes. £14.95. ISBN 
0-434-91968-3. Another good book from an author who has 
frequently written articles for PE. This certainly appears to be 
a book worthwhile owning as a general reference work for 
anyone in the early stages of learning about electronics, and 
for those who have progressed higher up the knowledge ladder. 
It covers the fundamental physical building blocks from which 
circuits  are  constructed,  from  resistors,  capacitors, 
transformers through to active components such as transistors, 
opamps, digital ics and so on. Numerous practical application 
circuits are given, there is a section on fault finding, another 
on pcb design and assembly. Many other subjects are covered 
in the nearly 300 pages but are too numerous to list. Nice one 
Mike, I am sure many PE readers will benefit from your book. 

Basic and Logo in Parallel. S.J. Wainwright. Babani BP196. 
£2.95. ISBN 0-85934-171-2. Basic and Logo are two quite 
different types of computer language. Basic belongs to the 
same family as Fortran, Algol, Pascal and C, whereas Logo is 
the same family as Lisp and with a programming capability 
akin to Forth. Logo is more than just aTurtle graphics language 
and has a powerful arithmetic and list processing capability. It 
is also one of the languages involved in artificial intelligence 
aspects of computing.The book takes Logo and Basic together, 
examining how things are done in each of them. At the end 
of the book is a lengthy and powerful Logo graphics interpreter 
written in BBC Basic, enabling readers to explore Turtle 
graphics before investing in a full Logo interpreter. A book 
well worth owning. 

More Advanced Power Supply Projects. R.A. Penfold. Babani 
BP192. £2.95. ISBN 0-85934-166-6.This book is the companion 
volume to BP76 Power Supply Projects and should be of interest 
to anyone who has a reasonable knowledge of power supply 
basics and would like to learn about more recent developments 
and advanced designs. The practical and theoretical aspects of 
the circuits are covered in some detail, but though the reader 
is not expected to have an in-depth knowledge of electronic 
circuit design, it is recommended that BP76 should be read 
first if knowledge in the subject is a bit sparse. 

Digital Electronics Troubleshooting — 2nd Edition. J.J. Carr. 
Tab Books. £14.00. ISBN 0-8306-2750-2. Sorry Mr Carr but it 
is not clear why your book was given its title, from which I 
had expected readers to be able to at least get an insight into 
how to track down malfunctions in a digital system. Instead I 
find that I am treated to a refresher course in logic and TTL. 
It would also be interesting to know when the first edition was 
published since some of the references taken from it appear 
to have not been sufficiently updated to represent systems 
related to 1988. If readers are after a tutorial in basic digital 
logic then they will probably benefit from many of the 400+ 
pages, but they should not expect this book to be a guided 
tour of sophisticated digital electronics, or a repair guidance 
manual. 
Troubleshooting and Repairing Audio Equipment. H.L. 
Davidson. Tab Books. £13.20. ISBN 0-8306-2867-3. Unlike the 
Digital Electronics Troubleshooting book above, this one 
appears to live up to its name. its author apparently has over 
35 years of experience in electronics service and repair, and 
has well illustrated his text with numerous circuit diagrams and 
photographs of actual equipment, both ancient and modern. 
The book won't replace specific manufacture's maintenance 
manuals, but it should definately give guidance to the normal 
diy-er on what to look out for, and ways of remedying problems. 
Once again, though, I have a gripe about the publishers, 

Tab Books. Why do they export their books from the USA 
with numerous references to manufacturers whose addresses 
are really only relevent to those who live in the US? This 
particular book has 11 pages full of manufacturer's addresses, 
but they are all in the USA. Yes, I know that it may be expensive 
to produce different overseas versions of the same book, but 
Britain represents a large potential market for good electronics 
books, and it seems that Tab may be in danger of alienating 
British readers (and editors) by not making at least some 
attempt to give equivalent UK addresses as well. I hope that 
John Wiley, who import Tab Books, will take note of this 
complaint. 

The History of Roberts Radio. K. Geddes and G. Bussey. An 
unusual but interesting book about the royal radio-makers, 
named after the East End boy who co-founded the firm over 
55 years ago. It is very tastefully presented as a 45 page 
hardback, liberally illustrated with photographs of royalty, 
famous personalities, historic scenes and equipment.The book 
was originally intended for the trade only, but is being reprinted 
for sale to anyone who wants a copy. Copies are available at 
£5.95 from Bob Burt, Roberts Dynatron & Co Ltd, Molesey 
Avenue, West Molesey, Surrey, KT8 ORL. Further information 
can also be obtained through Roberts Radio's public relations 
consultants, Gina Sussens Associates, at Glen House, 200-208 
Tottenham Court Road, London W1P 9LA, Tel: 01-323 4770. 
A couple of the cartoons from the book nicely illustrate how 

we have benefitted from miniaturisation since the 1930s. 

et' 

Whkh shall Ire take, the tar or the 
wireless set?  We Can't take both.' 

Bit of luck I brought Me umbrella!' 
tOrnaifir  Or • 1•••• 140.•  mrs •  Int Pm... 

Apart from The History of Roberts Radio, the other books 
are available through any good bookshop, but in case of 
difficulty, these are the publisher's addresses — 
Babani Books,The Grampians, Shepherds Bush Road, London 
W6 4NE 
Heinemann Professional Publishing, 22 Bedford Square, 
London WC1B 3HH. 

Tab Books are imported by John Wiley and Sons Ltd, Baffins 
Lane, Chichester, W. Sussex, P019 IUD. 
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REGULAR FEATURE 

The connection between Heinrich 
Hertz, William of Orange and 

Douglas Hurd may not be immediately 
obvious. It is in fact this very year, 1988. 
As well as being the hundredth anniver-
sary of the discovery of electromagnetic 
waves by Hertz, it is also the ter-
centenary  of  Britain's  political 
revolution of 1688 when William of 
Orange was set up as a constitutional 
monarch, depending for his position 
entirely on the good graces of Parlia-
ment. The later event led to the 
formation of the electronics industry; 
the earlier to a legislative system which 
influences that industry in various ways. 
As for Mr Hurd, the present Home 

Secretary, he gave us this year an 
example of how the influence works, 
when he changed the system for regula-
tion of commercial radio. He intends to 
remove it from control by the IBA and 
put it into the hands of a new 'light-
touch' radio authority — as well as 
allowing community radio stations and 
national commercial stations to come 
into operation. 
Parliament, through the governments 

it produces, influences the electronics 
industry in all kinds of ways. Some are 
through  direct  legislation,  others 
through government agencies. Contracts 
are placed for such things as computers 
and military electronics equipment, 
companies are nationalised or privat-
ised, financial grants are awarded or 
withdrawn,  product  standards  are 
applied and business monopolies con-
trolled. Trade with foreign countries is 
assisted and sometimes investigated, 
educational grants are made conditional 
on  specific  requirements,  national 
initiatives like the Alvey project on 
information technology are set up, 
health  and  safety  regulations  are 
enforced, and so on. 
Complex and varied as these activities 

are, they all boil down to the exercise 
of power. In practice this means making 
decisions based on some set of value 
judgements or political philosopy. Even 
the decision-making that results from 
mere expediency or crisis-management 
is a kind of principle of action in itself. 
And since political decisions (in the 
widest, non-partisan sense) are at 

INDUSTRY 
NOTEBOOK 

BY TOM IVAL 

RULING THE WAVES - NEW STYLE 
The government's plans to hand the care of commercial radio 
to a new authority highlights the conundrum of government 
controls over the electronics industry: which is the fairest way? 
And are we talking about fairness at all? 

bottom ethical choices, one can see that 
they depend on interpretations of two 
main ethical aims which are held to be 
good: liberty and equality. By 'equality' 
I mean equal fairness, justice and 
opportunity for all. 
There is a permanent tension between 

these two ideals. Untrammelled liberty 
can result in exploitation of the weak by 
the strong, so that equality is not 
achieved. Enforced equality can result 
in loss of liberty. But this inherent 
conflict is necessary for a civilised 
society. Finding the right balance is what 
the political factions are always arguing 
about. 
I'm discussing these rather deep philo-

sophical matters because they do emerge 
as guiding forces behind all the govern-
mental decisions that affect our industry. 
A good example is the way such deci-
sions bear on the very resource that 
Hertz discovered. I mean the allocation 
of radio frequencies to different services 
and their assignment to particular users. 
Allocation to various services (broad-

casting, communications, navigation, 
amateur etc) is decided by international 
agreement. The government sends a 
delegation to each World Administrative 
Radio Conference that is responsible for 
making these decisions. This delegation 
knows in advance how it would like to 
see the spectrum carved up. 
It arrives at this desired apportion-

ment largely as a compromise between 
the  claims  and  counter-claims  of 
different national pressure groups — say 
the broadcasters versus the mobile radio 
interests. Once the international alloca-
tions are agreed by negotiation, the 
government  makes  assignments  to 
individual users, again under pressure 
from those who actually want the 
frequencies. 
Thus the government is having to 

make value judgements all the time on 
the conflicting needs or wants of 
different  users  of  the  frequency 
spectrum. It's not a very good system 
because the government finds itself 
acting passively or even defensively, in 
response to self-interested demands. Too 
often it's the richest or loudest pressure 
groups who get the best deal. 
What is needed is some kind of value 

analysis which is independent of mere 
claims. In other words, frequency space 
would be allocated more fairly it it were 
done on the basis of relative social 
needs. But there is no objective data 
from which these relative needs can be 
calculated straightforwardly. They can 
only be derived from the value systems 
prevailing in a society. The government 
would have to analyse these values in 
some way that would allow it to quantify 
real needs for frequency space. To be 
accepted, the analysis would have to be 
demonstrably rational and so obviously 
right and fair that no reasonable person 
could disagree with it. 
Unfortunately this kind of analysis, 

although seen to be desirable, is beyond 
the powers of our legislators. Perhaps 
the nearest type of thing we have already 
in the UK is the mathematical (com-
puterised) model of the economy — sets 
of equations into which changing data 
are fed to obtain forecasts — because 
this kind of model does have to take 
human behaviour into account. In the 
USA the National Academy of Engineer-
ing has looked at the problem and at 
least recognised the importance of social 
and economic factors in spectrum 
management. 
Of course, other methods of allocating 

and assigning frequencies have been 
suggested. One is that spectrum space 
should be sold to the highest bidder. The 
thinking behind this is that the more you 
have to pay for your piece of territory 
the more economic pressure there will 
be on you to use it efficiently. Another 
suggestion is to allow a free-for-all in 
certain bands, on the principle that some 
kind of adjustment will occur naturally 
and make formal regulation unneces-
sary. Methods of this kind would be both 
unworthy of a civilised society and a cop-
out by those who should be making the 
decisions — our legislators. 
Under the present government the 

mechanism of market forces is held up 
as a good principle in itself as a way of 
allocating  resources.  It's  certainly 
efficient in an economic sense and many 
voters obviously approve of this philo-
sophy. But whether it also results in a 
fair and just allocation of resources to 
everyone in our society is a jej 
questionable matter. 
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PE BAZAAR 
: 
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PE BAZAAR 
Wanted: service manual or copy for 
Amstrad 664. Mr. T. Hayes, 5 Brook 
Street, Glos. GL1 4UP. 
Airmec type 712 valve voltmeter, 
AC/DC volts, eight ranges, resistance, 
A/C probe, VGC £60. Tel 0628-31869. 
B.R. Silk, 10 Sherbourne Drive, 
Maidenhead, Berkshire, SL6 3EP 
For sale: ex labs oscillopscope £100 in 
good working order. Tel: 0288 4892. 
Cupboard clearance: speakers, leads, 
stylus,  magnets,  electronic 
components etc. + free gift. £10 
including postage and packing. Mr. 
A. Khan, 73 Park Road, Bolton, BL1 
4RQ 
Wanted: 2 FM PA 88-108 MHz 2W in 
more than 5W out. A.A. Daim, Saudi 
Arabia, Jeddah 21423, PO Box 9873. 
Harvard personal stereo plus adapter 
£30. Toshiba personal stereo £40. High 
quality mini speakers £10 p+p inc. 
Toby Edwards, Woodhill Cottage, 
Neighbourne, Oakhill, Nr. Bath, 
Somerset, BA3 5RQ. 
Electronic music projects clearout 
PCBs, Keyboards, cases. All fully 
documented. £120 the lot. Ring for 
details. Tel: 0933-227460. 
Sinclair QL. Green monitor, printer 
I/F. Lots of books, mags, s/ware. 
£100. MG Kellett, 11 Winstanley Road, 
Wellingborough, Northants, NN8 
1JD. Tel:0933-227460. 
4-colour printer/plotter, portable 
typewriter (A4). Centronics interface 
Silver-Reed E850. £110 ono. M.G. 
Kellett, 11 Wionstanley Road, 
Wellingborough, Northants, NN8 
1JD. Tel: 0933 227460. 
Fibreglass prototyping kit for 
discretes.  £5.00.  G.  Honston, 

PE BAZAAR 

Galondon Road, Kilmarnock, KA3 
7AD. 
Dryfit gel batteries 12V, 20Ah sim. 
RS592-206 (list £80) electrically 
sound, used £15 each. 0203 395191. 
Offers please. Practical Electronics 
December 1973 to December 1985 
dates inclusive. Mr. H. Lancaster, 1 
Green Bank Avenue, Billinge, Wigan, 
WN5 7BX. Tel: 0695 622522. 
Wanted: large capacity RAM chip. 
Must have metal lid. Phone: 021 550 
2928. 
5 Spectrum power supplies 9V 1.4A 
£2 each + p&p. Commadore supplies 
£4 each + p&p. Joseph Bakewell, 21 
Newbarns Road, Barrow-in-Rurness, 
Cumbria, LA13 9SF 
Generatorscope MC/2A. Combined 
oscillocope, AF signal generator, 
power supply. Ex Open University. 
£45 Tel: 0604 404157. 
Wanted. Circuit diagram for Olivetti 
51/4" single disc drive 40 track S/S 
Tel: (0468) 61737 Evngs. 
Free 250 1/2W, 2% resistors plus 40 
metal poly caps. Wife forces reluctant 
clearance. Send £1 for p+p. D.M. 
Evans, Pentre Gwyn, Tyn-y-Cefn, 
Corwen, Clwyd LL21 OER 
Automatic call-charge monitor. 
British Telecom approved. £35. Tel: 
(0602) 231395. 
Radio & TV servicing 1953 - 1973 
offers. 1974 - 1983 £10 each. 1984 - 
1986 £15 each. Trader service sheets, 
1500 - 4050 (1961 - 1983). RER sheets 
1965 - 1987 some missing, offers. 
Collect or plus carriage. Mr. 
Edwards, 2 Beach Road, Burton, 
Bradstock, Dorset DT6 4RF. Tel: 0308 
897625. 
Genuine Space Invaders kit: logic 
board, psu, b/w hi-res monitor panel, 

Name & Address 

OMNI IMI M MI = 

as-new 19in tube. Full circuit and 
listings. Just needs push-buttons and 
casing. Buyer collects. £30. Guildford 
63299. 
Assemblers: VIC20 £5.C64 £5. Mikro 
C64 cartridge £25. All with manuals. 
Phone Stuart: 01-607 1672. 
Bargain Bags: at least £10 worth of 
assorted components for only £2.50 
per bag. Mr. J. Norman, 25 Milton 
Road, Corby, Northants, NN17 2NY 
Double Beam scopes scopex 4D25 
Advance 05240. £110 and £90. DKR 
Russell, 9 South Beach Road, 
Ardrossan, Ayrshire, KA22 8AX. Tel: 
0294 64144. 
Wanted: Circuit of Curragh u-speach 
or any circuit (or idea) to make 
Spectrum talk through TV. Waleed 
Hasan, 23 Shity Beck Street, Saraya 
P.O., Alexandria, Egypt. 
Free! 250 1/2W 2% resistors 50 values 
+ 40 poly caps. Nagging wife forces 
clearout. Send £1 p+p to D.M. Evans 
'Pentre Gwyn', Tyn-y-Cefn, Corwen, 
Clwyd LL21 OER. 
Large quantity elecronic components 
for disposal. All brand new absolute 
giveaway prices. S.A.E. for free lists. 
Mr. C.G. Bateman, 65 Roseland Road, 
Waunarlwydd, Swansea, S. Wales 
SA5 4ST. 
Gould alpha-4 DMM Bench model 
£40. Oric printer £40. Shinwa CP80 
£120. Swap W.H.Y. Mel Saunders, 7 
Drumcliffe Road, Thurnby Lodge, 
Leicester LE5 2LH. 
Generatorscope  HK/2A. 
Combined oscillocope, AF signal 
generator, power supply. Ex Open 
University. £45 Tel: 0604 404157. 
Wanted. Circuit diagram for 
Olivetti 51/4" single disc drive 40 
track S/S Tel: (0468) 61737 Evngs. 

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. 

MIME  MI =  III N MI 
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CLASSIFIEDS 

PRACTICAL ELECTRONICS CLASSIFIED  
Reach thousands of serious electronic and computer 

enthusiasts. Advertise in PE Classified pages: Rates 20p per 
word or £7.50 per single column cm. Send your 

advertisement with your remittance to PE, Intra House, 193 
Uxbridge Road, London W12 9RA. Tel: 01-743 8888. 

LET PE W ORK FOR YOU! 

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, Data Comms, 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 

ELECTRONIC 

CO MPONENTS 

• 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 

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 

Just Published 
Practical MIDI Handbook 
by R.A. Penfold Price £5.95 

Available from all good bookshops or PE 
Armchair bookshop 

SURPLUS/REDUNDANT ELECTRONIC 
COMPONENTS WANTED 

- Tuners - Transistors - Valves - Diodes etc. any 
quantity considered - immediate payment. 

ADM ELECTRONIC SUPPLIES 
Tel: 0827 873311  Fax: 0827 874835 

Carbon Film Resistors 1/4W E24 series 0.51R to10M0  - 1p 
100 off per value - 75p  1000 off in even hundreds per value - f7 
Metal Film 1/4W 1080 to IMO 5% E12 series - 2p 1% E24 series - 3p 
72Watt metal/carbon film E24 series 180 to 10M0 -  11hp 
1 Watt metal/carbon film E12 series 487 to 10M0 -  5p 
BC107/8/9 - 12p  BC547;8/9 - Op  8C182L  184L - 10p 
BFY50/51/52 - 20p 2N3055 - 50p TIP31A,32A - 25p TIP,41,42, - 40p 

Tantalum head subminiature electrolytics (Mids/Volts) 
0.1/35, 0.22/35, 047/35, 13/16, 47/16 - 14p  47/35 - 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 Electrolytic, (MidsNoits) 
1/50, 22/50, 4-7/25, 47/50, 1016, 10/25, 10/50 - 5p 22/16, 22/25 - 6p 
22/50, 47/16, 47/25, 47/50 - 6p  100/16, 100/25 - 7p  100/50 - 12p 
100/100 - 14p 220/16- 18p 220/25, 220/50 - 10p 470/16, 470/25 - lip 
1000/25 -18p  1000 35, 220;25 - 22p  4700/25 - 70p 

Miniature Polyester Capacitors 250V Wkg. Vertical Mounting 
.01, .015, 122, .033, .047 -068 - 4P  0.1 - 5p 0.15, .22 - 6p 047- Op 

Mylar Capacitors 100V Wkg. Vertical Mounting E12 Series 
1000p to 8200p - 3p  Otto. .068 - 4p  0.15p  0.15, 0.22 - 6p 
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 Wkg. E12 Series Axial Mounting 
10P to 820P - 3p  1000P to 10,000- 4p  12,000P - 5p 
1N4148 - 2p  1N4002 - 4p  1N5404 - 14p  WO1 bridge - 25p 
0A91 -6p  AA143 - Bp  W005 - 20p  1N4006 - 6p 
Zener diodes E24 series 3V3 to 33V 400mW - Bp  1 watt - 12p 
LED's Red, Green & Yellow 3mm & 5mm - 10p  Bmm - 35p 
20mm fuse 0.1A to 5A quick blow - 5p  Anti Surge - Op 
High Speed drills 0.8mm, 1.0mm, 1.3mm, 1.5mm, 2mm - 25p 
Expo Reliant drilling machines 12V d.c. with improved 3-jaw chuck 6.50 
Nicads AA -130p HP11 - £2 PP3 -£4.20 Universal Chargers - f6.50 
Glass reed switches single pole make contacts-8p  Magnets-12p 

VAT inclusive. Return postage 20p (free over f5). Lists free. 

THE C.R. SUPPLY CO., 
127 Chesterfield Road, 

Sheffield S8 ORN. Tel. 557771. 

Special Offer List Feb 1988 

Computer grade capacitors with screw terminals 
58000uf 60v 3.50  "39000uf 50v 3.00 
4700u1 63v  1.50  87000uf  10v  1.50 
38000uf 20v  1.95  68000uf  15v 2.07 
Steno LW/M W/FM tuner pre-amp panel with circuit 
diagram and description setting up procedure etc. 
Brand new 5.95, faulty return 
5 digit 6v electromagnetic counter 
240v ac 3 digit resetable counter 
stepping motor 4 phase 12 volts 7.5 step 50 ohms 
SAA1027 stepping moter driver chip 
LNE mains suppressor 2x5nf+10Onf 
Motor Start Capacitors 1.5uf 440 vac 
40 uf 370vac 5.95 4uf 250vac 
axial polyester capacitors 
0.22 uf 250v SEI  5p 
0.033uf 250v ac Plessy  5p 
0.047uf 250v ac Plessy  5p 
0.13uf 250v ac Plessy  10p 
Owerty 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 136x 70mm 
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 T R 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 

£1.95 
£2.95 
£1.50 
£8.95 
£3.95 
£0.55 
£1.50 
£1.60 

25.00/100(1 
25.00/100(1 
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 
lip 

£4.95 

THE SCIENTIFIC WIRE COMPANY 
811 Forest Road, London E17. Telephone 01 401 1568 

ENAMELLED COPPER WIRE 
SWG  lib  8 oz  40z  2 oz 
8 to 34  3.63  2.09  1.10  0.88 
35 to 39  3.82  2.3 1  1.2 7  0.93 
40 to 43  6.00  3.20  2.25  1.61 
44 to 47  8.67  5.80  349  2.7 5 
48  15.96  9.58  6.38  3.69 

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 V.A.T. at 15%. Orders under £3.00 add 50p 

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

LOMNI 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 

QUALITY HAND TOOLS 

Genuine, original Micro Shear TM 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. 

MISCELLANEOUS 

3M IRTE PARABOLIC ANTENNA. 
This dish is aluminium with stainless steel 
framework. Supplied with feed-horn, feed-horn 
mount and wave guide 4446dB Gain. Must go, 
need the space. 
Best offer to Stewart 0256-83528. 

Project, Prototype, or Production? Your Power 
Supplies supplied by Valley Electronics. Any 
quantity. Enquiries to,- Valley Electronics, PO 
Box 341, Newcastle, Staffs STS OAW. 

500 Mixed Components. Includes resistors, 
capacitors, diodes, transistors, etc. £3.50. J.N. 
Karajos, 42 Priory Road, Peterborough, PE3 
6ED. 

PCB's to order 
5 pence per sq. cm. single-sided. 10 pence per 
sq. cm. doublesided. Just sendPCB layout 
design. Contact: Intec Inverclyde Ltd., 
Production Dept., 5 Eastblack Hall Street, 
Greenock TA15 1HD. Tel: (0475) 29123. 

QUALITY WALKIE TALKIES PRIVATE, 
LONG RANGE, £24.99 /PAIR (NORMALLY 
£31.49), COMPLETE SATISFACTION OR 
REFUND, 48 HOURS DELIVERY. XENON, 24 
WHARNCLIFFE STREET, BARNSLEY, 
YORKSHIRE 

'Surveillance devices, lasers, testla coils, 
scramblers, ultrasonic and many more, over 150 
designs send sae to Plancentre, Old Wharf, 
Dynock Road, Ledbury HIZ8 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 VAT and 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 in 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 

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 

APR 88 
LIGHT METAL EFFECTS 169 £7.10 

TEACHER COUNTER 170 £4.95 
171 14.92 

THIS MONTH'S BOARDS 

MAY 88 
RF SPEECH PROCESSOR 172  £6.26 
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COMPETITION RESULTS 

WHO'S WON THIS SUPERB 
CONNEXIONS CX8520R 

SATELLITE TV RECEIVER IN 
OUR FEBRUARY COMPETITION? 

YOU HAVE 
MR. E.A. COOK OF 

CWMBRAN IN GWENT 

you have won yourself a superb 
Connexions CX8520R satellite tv 
receiver and 1.2 metre dish aerial! We 
liked your reason for wanting one - 
"to open new horizons in my hobbies 
of electronics, computing, radio, tv, 
astronomy". And of course you had 
Q1 to Q3 answered to our liking! 

CONSOLATION PRIZES 

Twelve month's free subscription to 
PE go to - 

Sylvia M Pick of Ledbury, Hereford, 
who says, "I'm 61 and helped my 
father build radios before the War. It 
would be super to still be using the 
latest 'radio' technology 50 years on - 
and it would keep me off the streets 
and out of mischief." 

P. Short of Kingsworthy, Hants, who 
wants to "assist my children's 
language education and my own long 
interest in dx and satellite reception 
(without a receiver!)". 

Bola Osibo of Ibadan, Nigeria, who 
wants to know what goes on in the 
rest of the world but finds that 
satellite receivers are prohibitively 
expensive there. 
Thanks to all of you who entered, 
sorry you couldn't all win! 

Thanks to all of you who entered, 
sorry you couldn't all win! 

REMEMBER - 
PE CARES ABOUT YOU. 

THE ANSWERS 

Quite a diversity of answers were 
received - we wonder what books 
some of them came from, especially as 
in a lot of cases some of you even 
quoted the day and the month as well 
as the year yet were way-out on 
accuracy! 

The answers we were looking for are: 

1901 for the first radio transmission 
across the Atlantic by Marconi. In fact 
it was on the 12th of December at 
12.30pm between Poldhu in Cornwall 
and St Johns in Newfoundland. Your 
answers ranged from 1898 to 1947. 

1958 for the introduction of the first 
integrated  circuit,  by  Texas 
Instruments. Answers covered 1951 to 
1970, including one reader who 
thought the credit went to Fairchild in 
1963. (That's a bit like saying 
Beethoven was the composer of 
Handel's Water Music)! A little more 
precisely - Jack St Clair Kilby of Texas 
Instruments first built an ic on 
September 12th 1958, and filed the 
patent on Feb 6th 1959. 

1964  was when  PE  was first 
published,  starting  with  the 
November issue. A lot of you thought 
it was 1965, and others ranged it from 
1955 to 1986. Incredibly, we don't have 
the exact date of publication on 
record! 

Your answers to what you like and 
dislike about PE were not part of the 
competition and we are grateful for 
your observations, whether good or 
bad. We have, as they say, duly noted 
them. 

I WANT A SATELLITE TV 
RECEIVER BECAUSE ... 

A random selection of answers. 

Primarily for French and German 
channels to aid my learning another 
language. M.C.Broughton, Liverpool. 

Like Mr Spock - I could beam down 
the lot! L.F.Harpham, Devon. 

To indulge in 'tv-Dxing'. I.Shukla 
Lucknow, India. 

To have a practical  aid for my 
language studies. S.L.Gilbey, Oxon. 

To break the atmospheric barrier when 
I'm Dxing West German transmissions. 
G.Nagar, Bombay, India. 

To see all the stars on tv! 
W.G.Newman, Cheshire. 

To watch far country's tv. E.Rafeek, 
Kuwait. 

Because I'm bored with four channels. 
K.Walker, Derbys. 

Because my neighbour has NOT got 
one, and he's always trying to outdo 
me! I.Reason, Devon. 

It would get me over the weather and 
under the moon. M.MacDonald, Ross-
shire. 

To experiment and watch foreign tv 
channels. R.G.Welsh, Sunderland. 

I teach the subject at college and 
would like my own. P.Wraith, Bristol. 

Techno-greed. E.'Thomson, Glasgow. 

For greater programme choice. 
N.Clifft, Swansea. 

New technology. K.Watson, Bradford. 

Fed up with watching repeats. 
C.Davies, Cardiff. 

To keep abreast of communications 
technology. R.Day, Guernsey. 

Out of cable reach and unsuccessful 
with home made one (so far). 
J.P.Doyle, Eire. 

I did think about making my own 
reciever  but  it would  be  to 
complecated. I asked my mum and 
dad if they would buy me one but they 
are two expencive. No name sent. 

Full marks for interest, if not for spelling 
and identity! Ed. 
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* POPULAR PROJECTS FROM A 

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. 200ms echo, lengthy reverb, switchable 
multitracking. 

LEADING AUTHOR 
EPROM PROGRAMMER 
(PE) SET277 
Computer controlled unit for 4K Eproms. 

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

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

MICRO-SCOPE (PE) SET247 
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. 

POLYWHATSIT! (PE) SET252  £122.69 
Amazing effects unit, echo, reverb, double tracking, phasing, 

flanging, looping, pitch change, REVERSE tracking! 8K 
memory. 

REVERB (EE) SET232 
Mono, with reverb to 4 secs, echo to 60m5. 

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. 

SE WS 

£25.25 

£31.50 

£64.50 

£44.50 

£27.35 

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 - ZP1310 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. 

WEATHER 
CENTRE 
DETAILS IN 
CATALOGUE 

Send SAE for detailed catalogue, and with all enquiries (ove seas 
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 cataiogue. 
Text photocopies - Geigers 264 & 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-En, 9am 
- 6pm. 0689 37821. (Usually answering machine). 

PHONOSONICS, DEPT PE85, 8 FINUCANE DRIVE, ORPINGTON, KENT, BR5 4ED.  MAIL ORDER 

INDEX TO ADVERTISERS 
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PLEASE MENTION PRACTICAL ELECTRONICS 
WHEN REPLYING TO ADVERTS 

80 5 2 — BAS I C PtAru„s 
MICROCONTROLLER-KIT IJ rCLU 

* Powerful Enhanced Basic Interpreter, * Single Unregulated Supply Requirements 

* On Board EPROM Programmer,  * Small Physical Size 180 by 100mml, 
* Program Development from a VDU,  * Expansion with range of Compatible 

* 32K Bytes of CMOS Static RAM,  Circuit Boards. 
* 32K Bytes of CMOS EPROM  * Two R5232 Ports, 

(expandable to 56K Bytes), 

I/O CONNECTIONS 

BUFFERS 

T1IMNIRR  / PIC4  RTC 

8052—BASIC 
CONTROLLER 

BUFFERS 

I t t 
EXPANSION 
CONNECTOR 

RS232 
CONVERTERS 

EPROM 

PRINTER 

DUPLEX 
PORT 

PROGRAMMER 

Pot fpll details please 

32K BY 8 
EPROM 
MEMORY 

32K BY 8 
STATIC 
MEMORY 

POWER 
SUPPLY 

B TO i6V 
SUPPLY 

ir 

SEE US AT ELECTREX 88 
FROM 29th FEB TO 4th MARCH 
AT THE EXHIBITION CENTRE 

IN BIRMINGHAM 

KIT including all components, 

full instructions and 
operating manual - £129 

Manufactured and Fully Tested 

Circuit Board - £244 

"All prices exclude VAT 

Packaging and Postage 

FREE (UK only). 
Europe £2.75 
Elsewhere £6.50." 

P In electronics ltd 
et  M ONIFIETH BUSINESS CENTRE 

DUNDEE DDS 41,1. Telephone: 0382 534944 
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awl POWER  AMPLIFIER  MODULES 
OMP Po wER AmpLiFiE" m • DuLEsNowenma 
world-wide reputation for quality, reliability and performance at a realistic price Four models 
available to suit the needs of the professional and hobby market. i.e.. Industry. Leisure, 
Instrumental and Hi-Fi. etc. When comparing prices. NOTE all models include Toroidal 
power supply. Integral heat sink. Glass fibre P.C.13. and Drive circuits to power compatible 
Vu meter. Open and short circuit proof.  Supplied ready built and tested. 

O MP100 Mk II Bi-Polar Output power 110 
watts R. M.S. into 4 oh ms, Frequency Res-
ponse 15Hz - 30KHz -3dB, T.H.D. 0.01 %, 
S.N.R. -118dB, Sens. for Max. output 
500mV at 10K, Size 355 X 115 X 65 m m. 
PRICE £33.99 + £3.00 P&P. 

O MP/ MF100 Mos-Fet Output power 110 
watts R. M.S. into 4 oh ms, Frequency Res-

ponse 1Hz - 100KHz -3dB, Da mping Factor 
80, Sle w Rate 45V/uS, T.H.D. Typical 
0.002 %, Input Sensitivity 500mV, S.N.R. 
-125dB. Size 300  123 X 60m m. PRICE 
PRICE £39.99 + £3.00 P&P. 

O MP/ MF200 Mos-Fet Output power 200 
watts R M.S  into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz -3dB, Damping Factor 
250, Sle w Rate 50V , uS, T.H.D. Typical 
0.001 %. Input Sensitivity 500 mV, S.N.R. 
-130dB. Size 300 x 150 X 100m m. PRICE 
PRICE f62.99 - £3.50 P&P. 

O MP/ MF300 Mos-Fet Output power 300 
watts R. M.S. into 4 oh ms, Frequency Res-
ponse 1Hz - 100KHz -3dB, Da mping Factor 
350, Slew Rate 60V/uS, T.H.D. Typical 
0.0008%, Input Sensitivity 500mV, S.N.R. 
-130dB, Size 330)< 147>< 102 m m. PRICE 

PRICE £79.99 + £4.50 P&P. 

NOTE: Mos-Fets are supplied as standard (1 OOKHz bandwidth & Input Sensitivity 500mV) If required, 
P A 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 F D diodes (7 green, 4 
red) plus an additional on off indicator Sophisticated logic control 
circuits for very fast rise and decay times Tough moulded plastic 
case, with tinted acrylic front Size 84 x 27 , 45mm 
PRICE £8.50 + 50p P&P. 

LOUDSPEAKERS 5" to 15" up to 400 W ATTS R MS 
Cabinet Fixing in stock. Huge selection of McKenzie 
Loudspeakers available including Cabinet Plans. Large 
S.A.E. (28p) for free details. 
POWER RANGE 
8" 50 WATT R.M.S. Hi-Fi/ Disco. 
20 oz magnet 1,2" ally voice coil Ground ally fixing escutcheon Res Freq 40Hz Frey Resp to 
6KHz Sens 92dB PRICEE10 994vai1ab1e with black grille Ill 99 P&P ft 50 ea 
12" 100 WATT R.M.S. Hi-FiiDisco 
50 oz magnet 2" ally voice coil Ground ally fixing escutcheon Die-cast chassis White cone Res 
Frey 
25Hz Frey Resp to 4KHz Sens 95dB PRICE £28 60 - £300 P&P ea 

McKENZIE 
12"85 wArr R.M.S. C1285GP Lead Guitar/Keyboard/Disco. 
2" ally voice coil. Ally centre dome. Res. Freq. 45Hz. Freq. Resp. to 6-5KHz. Sens 98dB. 
PRICE £29.99 + £3.00 P&P ea. 
12 85 WATT R.M.S. C1285TC P.A./Disco 2" ally voice coil. Twin cone. 
Res. Freq. 45Hz. Freq. Resp. to 14KHz. PRICE £31.49 + £3.00 P&P ea. 
15" 150 WATT R.M.S. C15 Bass Guitar/Disco. 
r ally voice coil. Die-cast chassis. Res. Freq. 40Hz. Freq. Rasp. to 4KHz. PRICE £57.87 + E4.00 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. C10200GP Guitar/Keyboard/Disco. 
2" voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens, 101dB. PRICE £44.76 + 0.00 P&P. 
15'200 WATT R.M.S. C15200 High Power Bass. 
Res. Freq. 40Hz, Freq. Resp. to 5KHz. Sens, 101d8. PRICE £62.41 + £4.00 P&P. 
15-400 WATT R.M.S. C15400 High Power Bass. 
Res. Freq. 40Hz, Freq. Resp. to 4KHz. Sens, 102dB. PRICE £89.52 + £4.00 P&P. 

WEM 
5" 70 WATT R.M.S. Multiple Array Disco etc. 
1" voice coil. Res. Freq. 52Hz. Freq. Resp. to 5KHz Sens. 89dB. PRICE £22.00 + £1.50 P&P. ea. 
8" 150 WATT R.M.S. Multiple Array Disco etc. 
1" voice coil. Res. Freq. 48Hz. Freq. Resp. to 5KHz. Sens. 92dB. PRICE £32.00 + £1.50 P&P ea. 
10" 300 WATT R.M.S. Disco/Sound re-enforcement etc. 
lr voice coil. Res. Freq. 35Hz. Freq. Rasp. to 4KHz. Sens. 92dB. PRICE £36.00 + £2.00 P&P ea. 
12" 300 WATT R.M.S. Disco/Sound re-enforcement etc. 
lr 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 Frey 63Hz Frey Resp to 20Khlz Sens 86dB PRICE £999 • fl 00 P&P ea 
6,/," 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 
1" voice coil Res Freq 56Hz Frey Resp to 20KHz Sens 89dB PRICE f10.99. £1 50 P&P ea 
8" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 
17," voice coil Res Frey 38Hz Frey Resp to 20KHz Sens 89dB PRICE £1299  Cl 50 P&P ea 
10" 60 WATT R.M.S. Hi-Fi/ Disco etc. 
1/4 " voice coil. Res. Frey 35Hz Freq. Resp to 15KHz. Sens. 89dB. PRICE f16 49-' £2 00 P&P 

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

FM MICROTRANSMFTTER (BUG) 90/105MHz with very sensitive 
microphone. Range 100/300 metres. 57 x 46 x 14rnm (9 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 
(12 volt) Price: £14.49+ 75p P&P. 
SINGLE  CHANNEL  RADIO  CONTROLLED  TRANSM ITTER/ 
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation. 
Receiver output operates relay with 2amp/240 volt contacts. Ideal for 
many applications. Receiver 90 x 70 X 22mm (9/12 volt). Price; 
£17.82 Transmitter 80 in 50 in 15mm (9/12 volt). Price: £11.29 
P&P + 75p each. S.A.E. for complete list. 

ihnir.   
N E M POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL 

visA  ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT \  
•i BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER 

--  -' VISA/ACCESS/C.O.D. ACCEPTED. 

3 watt FM-
Transmitter 

PRICES INCLUDE V.A.T. * PR O MPT DELIVERIES * FRIEN DLY 

SERVICE  LARGE S.A.E. 28p STA MP FOR CURRENT LIST 

BURGLAR ALARM 
Better lobe 'Alarmed' then terrified. 
Thandar's famous -Minder' Burglar Alarm System. 
Superior microwave principle. Supplied as three units, 
GUARANTEED.  FULLY complete  with  interconnection  cable. 

Control Unit - Houses microwave radar unit, range 
up to 15 metres adjustable by sensitivity control. 
Three position, key operated facia switch - off - test 
- armed 30 second exit and entry delay. 
Indoor alarm - Electronic swept freq. siren. 
104dB output. 
Outdoor Alarm - Electronic swept freq. siren 98dB 
output. Housed in a tamper-proof heavy duty metal 
case. 
Both the control unit and outdoor alarm contain re-
chargeable batteries which provide full protection 
during mains failure. Power requirement 200/260 Volt 
AC 50/60Hz. Expandable with door sensors. panic 
buttons etc. Complete with instructions 

SAVE .1'138.00 Usual Price £22685 
BKE's PRICE £89.99 + f4.00 P&P 

> Why buy a coffection of sell-assembly boards, 

IDEAL for Work-
shops, Factories, 
Offices, Ho me, 
etc. Supplied 
ready built. 

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

OMP 12-100 Watts 100dB. Price f 149.99 
per pair. 
OMP 12-200 Watts 102dB. Price f199.99 
per pair.  Delivery: Securicor £8.00 per pair 

-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,,,ifiSensimity 775rnV 
MF200 (100 + 100) W. £169.00  Securicor 
MF400 (200 + 200)W. £228.85  Delivery 
MF600 (300 + 300) W. £322.00  £10.00 

BSR P295 ELECTRONIC TURNTABLE 
• Electronic speed control 45 & 33,rpm *Plus-
Minus variable pitch control * Belt driven * Alu-
minium platter with strobed rim* Cue lever *Anti. 
skate (bias device)* Adjustable counter balance * 
Manual arm * Standard '4" cartnge fixings * 
Supplied complete with cut out template * D.C. 
Operation 9-14v D.C.  65mA 

Price £36.99 - £3 00 P&P. 

ADC Q4 meg cartridge for above Price £4.99 ea  P&P 50p 

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

TYPE 'A' (KSN2036A) 3" round with protective wire 
mesh, ideal for bookshelf and medium sized Hi-fi 
speakers Price £4.90 each  40p P&P 
TYPE 'B' (KSN1005A) 3'6" super horn For general 
purpose speakers, disco and P A systems etc Price 
£5.99 each  40p P&P 
TYPE 'C' (KSN6016A) 2" x 5" wide dispersion 
horn For quality Hi-fi systems and quality discos etc 
Price £6.99 each r 40p P&P 
TYPE 'D' (KSN1025A) 2" >: 6" wide dispersion 
horn Upper frequency response retained extending 
down to mid range (2KHz) Suitable for high quality 
Hi-fi systems and quality discos Price £9.99 each 
• 40p P&P 
TYPE 'E' (K5N1038A) 3,/,," horn tweeter with 
attractive silver finish trim Suitable for Hi-fi 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 x 85 [rim Price £399 • 40p P&P 

1 K- WATT 
SLIDE DIMMER 

* Control loads up 
to 1Kw 
* Compact Size 
43,3" X 1" x 2'/," 
* Easy snap in fix-
ing through panel/ 
cabinet cut out 
* Insulated plastic 
case 
* Full wave con-
trol using 8 amp 
tElaC 

* Confor ms to 
BS800 
* Suitable for both resist-
ance and inductive loads In-
numerable applications in 
industry, the home, and 
disco's, theatres etc 

PRICE £13.99 - 75p P&P 

TYPE C 

TYPE D 

TYPE B 

TYPE E 

STEREO  DISCO MIXER 

STEREO DISCO MIXER with 2  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 (May). 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 x 90mm. 

Price £134.99 - £300 P&P 

B. K. ELECTRONICSDept PE 

UNIT 5, COMET W AY, SOUTHEND- ON-SEA, 

ESSEX, SS2 6TR  TEL: 0702-527572 
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The Dollar has fallen... 
and so have our Prices!! 

!P RE CI SI O N ilL 
G OL D MIA 

Professional 
Has all the ranges! 
Y109K £34:95 

£27.95 

r'  litscs 

Precision 
High sensitivity 
on AC 
current & 
resistance. 
Y1101 5. 

£36.95 

aso• 

TIMETERS 

:::1 
r"'".. • 

 JLoonJ 

Wide Range 
With battery tester. 
YJCI7H 

£11.95 

OFF 
0..1  fad 

20 rno> 

Auto Ranging 
Top selling 
digital, 
1080B 

£35.95 

Practical 
Includes 
temperature 
probe. 
Y179L.P. W5 

£54.95 

EOUTSTANDING VALUE FOR MONEY! 
BUY NOW, THE TIME IS RIGHT! 

..61-.1.6111.1SEre •  .•......., 
. . 

ALI A, ' =ZIA 

1 =f ii...:. 

r/ .t.,. rti--5._ 

Versatile 
Measures temperature 
and capacitance. 
YP23A 

£24.95 

COM 

•1", 
,ybuffit  SILO 

Feature Packed 
Auto-ranging 
with transistor 
tester. 
YM641.1/44,91-

£37.95 

Hobby 
Ideal for beginners. 
Y.I76H  

£6.95 

Superb 
multi-featured 
multimeter. 
10810 1.69t95 

£59.95 

• 

0,'"',?,7  ,, 

JAtu...111.  • 0 

. ns,0  :115 1 

• 
0 

Hobby 
Enthusiasts 
meter. 
YM631 £28-95 

£25.95 

Pocket 
Rugged, general purpose. 
Y.106G 1.05-

£5.45 

Push Button 
Comprehensive 
range of 
features. 
Y178K 

£35.95 

Comprehensive 
With transistor, 
diode and 
LED tester. 
Y.1081 1,1-945 

£16.95 

All prices 
include VAT. 
Please add 
50p towards 
postage. All 
items subject to 
availability. 

Low Cost 
Push button 
digital. 
Y1771 WS 

£21.95 

17 10 ORDER NOW AND GET A FREE CARRYING CASE WITH YOUR METER (WORTH UP TO £3.95) 
ffAolcip ii ELECTRONICS 
P.O. Box 3, Rayleigh, Essex. Telephone Sales (0702) 554161. 
Shops at: Bi rmingham. Sutton New Road, Erdington, Tel: 021 384 8411. 

Bristol. 302 Gloucester Rood. Tel: 0272 232014. 
London. 159-161 King Street, Hammersmith W6. Tel: 01 748 0926. 
Manchester. 8 Oxford Rood, Tel: 061 2360281. 
Southampton. 46-48 Bevois Valley Rood. Tel: 0703225831. 
Southend-on-Sea. 282-284 London Road, Westcliff-on-Sea, Essex, Tel: 0702 554000. 

Pick up o copy of our 1988 catalogue 
from any brunch 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 saying 
to you! 

 • 


