
PRACTICAL APRIL 1990  £1.50

ELECTRONI
SCIENCE AND TECHNOLOGY

COMPUTER
INTERFACING
Remote controlling
with IBM PCs and
compatibles

BUILDING A
ROBOT CAR
Put yourself on the
road to mobilisation!

RADIO CLOCK
Time decoding with
hardware and
software

PLUS:
HOME BASE
New series -
Homing -in on the
consumer product
world

9 770032 637 000

04



High Technology
Test Equipment

30 -Range Digital Multimeter

£6995
Features front -panel socket for transistor and capacitor tests.
Low battery indicator, diode check function and continuity
sounder.
Measures to 1000 VDC, 750 VAC, 10 amps AC/ DC current, 20
megohms resistance.
20 µF capacitance and transistor gain. Requires 9v battery . 22-194

Probe Style
Autoranging

Multimeter

£2995
Data hold function enables you to freeze the display and to remove it from the circuit
for more convenient reading.
Measures to 400 volts AC/ DC and resistance in K -ohms up to 2 megohms.
Includes 2 button batteries. Overload protected. With carrying case 22-165

Regulated Power Supply
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£5995
13.8 VDC Regulated Supply.
Ideal for use with HAM transceivers. 5A continuous.
12A intermittent. 15A surge. 240 VAC, 50 Hz.
Fused 22-7001

For The Best In
High Quality Electronics

Over 400 Tandy Stores And Dealerships Nationwide.
See Yellow Pages For Address Of Store Nearest You.

InterTAN U.K. Ltd., Tandy Centre, Leamore Lane,
Walsall, West Midlands, WS2 7PS. Tel: 0922 710000
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NEXT MONTH
With a new family of alphanumeric liquid
crystal displays now more readily
available, we taken an in-depth look at
one of them and show you how to build
and use your own lcd message -maker.
For all constructors addicted to
microprocessor projects we've an
automated deluxe programming unit
which caters for practically any type of
eprom. Communications buffs can
extend their inter -computer talk -back
facilities with our baud rate converter.
We'll have more on robot car building
and another episode in the Basic
Electronics series, plus, of course, our
usual top -line features.

* SPRING INTO
PRACTICAL ACTION

* WITH OUR GREAT
MAY 1990 ISSUE

* ON SALE FROM
FRIDAY APRIL 6TH
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NE
ROBOTICS
FEEDBACK

At the recent British Educational
and Training Technology

exhibition in London were a number
of companies whose electronic
products will be of interest to PE
readers. Among the companies was
Feedback Instruments who specialise
in several areas of teaching systems
and one of whose products interested
me in particular.

Unless I am very much mistaken,
one of their robot arms has an
ancestry that is PE related. Some of
you may recall that in 1985, PE
published a series of articles on robot
arms designed by someone with a
name relatively similar to your
Editor's. Those robots set a certain
company upon the road to many
cybernetic applications products.
Involving a story too complex to be

told here, some of the products were
recognised by Feedback as having
good market potential and were
acquired by them. The subsequent
history of those machines is less well-
known to me, but I would like to
think that, even if the hydraulic robot
arm in Feedback's current catalogue
is not the original model with which I
was familiar, it still owes its
genealogical line to a PE -published
ancestor.

In addition to the hydraulic arm,
Feedback have several other robots
which will have great appeal to
anyone wishing to teach or learn
about automation. Among them are a
servo motor robot arm, some SCARA
robots with work cells, as well as
some low cost CNC machine tools.
The catalogue also covers teaching
systems relating to basic electricity
and electronics, digital systems and
computing, telecommunications and
weather satellite receivers, control
and instrumentation, and electrical
power and machines.

For your copy of this catalogue of
really interesting products write or
phone Feedback Instruments Ltd,
Park Road, Crowborough, East
Sussex, TN6 2QR. Tel : 0892 653322.

TURTLE
TURNING
A lso at the BETT show was a

favourite robot that must surely
appeal to anyone of any age who
finds enjoyment from mobile models.
It was the Valiant Turtle.

First introduced in 1983, the
function of the Turtle is just as valid
for the 1990s as it was seven years
ago. Valiant say that this remote
controlled robot was designed to be
accurate and safe, and that it has
brilliantly passed the test of time.
Approved and purchased in large
numbers by most UK LEAs, Turtles
are the key to mathematics,
computing, problem solving and

programming in primary and
secondary schools. They unlock
understanding of abstract ideas
through the computer language which
controls them, Logo.

The Valiant Turtle is known for its
delightful and distinctive turtle -like
shape and precise performance, and
provides an unforgettable experience
in geometry for anyone controlling or
watching it as it glides across a floor.

Many different computers are
capable of use with the Turtle,
including Acorn, Apple, Commodore,
IBM, Research Machines and ZX
Spectrum.

For more information contact
Valiant Technology Ltd, Gulf
House, 370 Old York Road,
Wandsworth, London SW18 1SP. Tel:
01-874 8747.

CATALOGUE

DATABASE
Continuing our browse

through advertisers' literature

Alpha Electronics have sent their 1990 electrical product guide.
You've undoubtedly seen mention of their products on PE's news
pages from time to time, mainly relating to meters of various types.
The new product guide colourfully illustrates how wide that range is,
covering insulation and continuity testers, tachometers,
thermometers, lux meters, phase indicators, cable location and fault
testers, portable appliance testers, and many other interesting
varieties. Also included are details of Alpha's repair, calibration
and hire facilities. For your free copy contact Alpha Electronics
Ltd, Unit 5 Linstock Trading Estate, Wigan Road, Atherton,
Manchester, M29 OQA. Tel : 0942 873434.

Maplin's professional supplies division has issued a new product

catalogue (an "encyclopaedia", in Maplin's words). Dave Scoad, the
Sales Director at MPS, points out that the catalogue is the biggest yet
and is packed with lots of new products at "super bargain prices -

some reduced by up to 50%!"). Right across an enormous range of
products, if you're looking for a professional supplies source, you
will find this catalogue worth studying. It is illustrated in colour and
gives a variety of price breaks in tabulated columns, clearly showing
how much more you can save the more you buy. Speed of order
fulfilment has also been increased since the opening of Maplin's
new Northern distribution centre. Maplin Professional Supplies
head office is at PO Box 777, Rayleigh, Essex, SS6 8LU. Tel : 0702
552961.

Cirkit's 1990 catalogue will find favour with any PE reader
looking for electronic products of practically all varieties. Over 300
pages which are well illustrated and in a comprehensible layout.
Cirkit's Managing Director, Richard Bulgin, says that the new
catalogue has undergone a complete redesign and that it is their
biggest, most carefully thought out and best yet! Among the new
lines he draws to our attention are more communication coils and
filters from Toko, an extended crystal range, and new filters and
counters. There are new waterproof switches, new ranges of Cirkit
multimeters, and much more. Another appeal of the cat is the
improved keenness of the many price structures. Cirkit's
distribution headquarters are at Park Lane, Broxboume, Herts, EN10
7NQ. Tel : 0992 444111.

ICS have just released a new full colour catalogue covering their
product range which will interest anyone looking for amateur
radio, data communications and weather monitoring equipment. A
number of new products have been included and are intended for both
amateur and professional radio communications, as well as
weather satellite monitoring, weather fax reception, wind monitoring,
radio telex. Slow scan colour tv computer software is also featured.
ICS request that you write for their free catalogue. ICS Electronics
Ltd, Unit V, Rudford Industrial Estate, Arundel, West Sussex, BN18.
Tel : 0903 731101.
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MEASUREMENT
TEACHING
A recently received catalogue

1-1 jointly supplied by E&L
Instruments and Global Specialities
features a range of measuring
instruments specially for teaching and
training purposes.

The products are manufactured by
the French company Chauvin Arnoux
and cover a variety of instruments
whose robustness should be the match
for any high-spirited classful! Among
the instruments are numerous
multimeters of different types, watt
meters, temperature meters,
frequency meters and light meters. I
was particularly interested to see that
some less -usual products are
included, such as a stroboscope, a
thermo-anemometer, and an x -y
potentiometric chart recorder.

A product range that especially
appeals to me, though, consists of a
wide selection of decade boxes. Most
of you must be familiar with the
more -conventional decade box which
is self contained and allows switched
selection of, for example, different
values of resistor, or capacitor.
Chauvin Arnoux's boxes go a stage
further; they are still self contained,
but have been designed in modular
form so that they can be strapped
together. From the photo you will see
a conventional decade box alongside

the modular form. Each module has a
single control and can be switched to
select one of 11 modes for a specific
value range of component. What also
appeals to me is the way that the
boxes can be interlinked and coupled
to probes and leads at various
strategic points, and that a meter can
be coupled into the configuration as
well.

This must surely be the type of
product that will not only teach
children the elementary facts about
components and measurement, but
also offer a fun element as well by
allowing experiment with visually
appealing building blocks.

E&L Instruments and Global
Specialities are at Rackery Lane,
Llay, Wrexham, Clwyd, LL 12 OPB.
Tel : 0978 853920.

ADVERTISERS
AWAKE!

Don't let your competitors steal
all the glory of PE News Page
Publicity - have YOUR interesting
new products highlighted here as
well as theirs! Send us concise details
plus a good photo and we'll do our
best to publicise them.

First come, first served, and it
must be interesting. It's up to you to
keep us all informed!

STATE -SIDE
ROBOTS

AA nother brochure from the BETT
exhibition is concerned with the

American company Lab -volt Systems'
involvement in robotics training
systems. The brochure highlights the
company's educational program which,
they say, represents a modem approach
to robotics and robotics training. The
program is designed to provide entry
level job skill training or career
awareness training related to a specific
training or curriculum requirement.

Included in the program, which
deals with both concepts and
applications, are a student laboratory
manual, instructor's guide and pre and
post testing in the single instructional
module. The latter is supported by the
robot arm and microprocessor, trouble
shooting and robot interface trainers.

The company has several offices
world-wide, but most readers will find
it easiest to obtain further information
by contacting Lab -volt (UK) Ltd, 4A
Harding Way Industrial Estate, St Ives,
Cambs, PE17 4WR. Tel : 0480 300695.

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.

Please 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.

Mar 7-8. Laboratory 90. G-Mex Centre, Manchester. 0799 26699.

Mar 9-10. London Amateur Radio Show. Picketts Lock Centre,
Edmonton, North London. Advance ticket sales and trade enquiries to
The Secretary. LARS, 126 Mount Pleasant Lane, Bricket Wood,
Herts AL2 3XD. 0923 678770.

Mar 28-29. Laboratory, Science & Technology Show. Kelsey
Kerridge Sports Hall, Cambridge. 0799 26699.

Apr 4-5. Drives, Motors, Controls. New Century Hall, Manchester.
0799 26699.

Apr 9-11. Cable and satellite exhibition and conference. Olympia,
London. 01-486 1951.

Apr 24-26. British Electronics Week. Olympia, London. 0799 26699.

May 27. Plymouth Radio Club annual radio and electronics fair.
Plymstock School, Church Road, Plymstock, Plymouth. 0752
340946.

Jun 26-28. Infrared Technology. Wembley Conference Centre. 0799
26699.

Sep 25-27. British Laboratory Week. Olympia, London. 0799 26699.
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ROBOTS AT
COLLEGE

The great importance of training
students in automation has been

further recognised by the North West
Kent College of Technology at Dartford,
Kent. In collaboration with Kent County
Council, the College has recently
completed three years of strategic
planning for more integration on the
syllabus of automation and allied
technology.

As part of that plan, the college
recently installed a new multitasking
robotics training system. Costing around
£22,000, the system represents a
significant capital investment for the
college. "The intention of installing this
equipment is to train B-Tec and HNC
students in the automation skills
required by local industry," said Ian
Goodwin, Head of the Faculty of
Technology. "We have many large
companies in the area, such as the
Wellcome Foundation and AEI, who
draw their technologically trained
workforce from the college. It is
essential to train students in the skills
needed to meet the requirements of these
and other companies."

Under Dave Sudden, the Section
Leader of Technology, students are
already receiving training in many areas
of automation control, such as
pneumatics, hydraulics, and CAD. The
new system is compatible with existing
facilities and will enhance the college's
ability to simulate the operations
performed by larger industrial control

systems. It will, additionally, assist in the
college's general science training,
providing practical examples of how
electro-mechanical components work,
and of the design criteria which they
have to meet. With the addition of these
new facilities, the college expects to
considerably increase its annual student
intake.

British company Cybernetic
Applications of Andover are the
manufacturers of the installation.
Managing Director Richard Becker
emphasised the importance of training
tomorrow's control engineers in suitably
equipped colleges, but commented, "It is
a need well understood by many
countries abroad, and Cybernetic
Applications has a healthy export market
for these systems. In Britain, though,
colleges are slower in responding to
meet industry's needs for appropriately
trained technology students."

It is good know that a British
company is satisfying overseas demand
for automation control training systems.
But why is British education allowing
other countries to gain and excel in
technological skills which we are
equally capable of acquiring? Let's have
more colleges in Britain following the
example set by the one in Dartford.

As a footnote, you'll be interested to
know that this robot system has ancestry
rooted in the Neptune robots published
in PE 1985. The picture shows R.
Becker, one of the students to benefit
from the robot system, and I. Goodwin.

For further information, contact
Cybernetic Applications, Portway
Industrial Estate, Andover, Hants. Tel :
0264 50093.

AMBITIOUS
ENGINEERING
FACULTY

The first phase of the most
ambitious engineering complex

to be launched in a British university
since the 1960s was opened on
January 16th by the Secretary of State
for Wales, the Rt Hon Peter Walker
MP.

The £27.5 million five -phase
development at the University of
Wales College of Cardiff is expected
to help combat the serious nationwide
shortage of trained engineers. When
completed in 1993 the complex will
cater for 1100 students in the Schools
of Engineering, including Electronic
and Systems Engineering. Among the
facilities provided are extensive ones
for computing, including three
terminal classrooms, plus computer
aided design and engineering labs.

"Britain will inevitably decline as
a manufacturing economy if we don't
educate, and retain, more engineers,"
said Professor Roy Evans, Head of
the School of Engineering. "We have
the expertise, courses and facilities
for Cardiff to be recognised as a
major engineering centre."

The new development has been
named after the Cornish mechanical
engineer and inventor Richard
Trevithick, a man who should have
achieved greater fame than history
accords him. Born in 1771, he was
described by his school master as
"disobedient, slow and obstinate".
However, although he remained
scarcely literate throughout his life,
he had an extraordinary talent for
solving problems that perplexed
educated engineers, and his technical
achievements in harnessing high-
pressure steam were an important
factor in the rise of the Industrial
Revolution.

In 1803 he constructed the world's
first steam railway locomotive at
Samuel Homfray's Penydaren
Ironworks in South Wales. In 1804
the engine won a wager for Homfray
by hauling a load of ten tons of iron
and 70 men along ten miles of
tramway.

Trevithick, though, was entirely
lacking in business sense. He left for
South America in 1816 and returned
in 1827, penniless, to find that in his
absence other engineers, notably
George Stephenson, had profited
from his inventions. He died in
poverty in Dartford, Kent, and was
buried in an unmarked grave, in 1833.

REWARDING
The 1989 Young Woman Engineer

of the Year Award has been won
by Anne -Marie Carter, a Principal
Communications Trials Engineer
with Siemens Plessey Defence
Systems of Christchurch, Dorset.

At a recent ceremony, 24 -year old
Anne -Marie was presented with a
cheque for £250 and an inscribed rose
bowl by Sir Trevor Holdsworth,
President of the Confederation of
British Industry.

The award, sponsored jointly by
The Institution of Electrical and

Electronics Incorporated Engineers
(IEEIE) and The Caroline Haslett
Memorial Trust (CHMT), aims to
promote electrical and electronic
engineering at Incorporated Engineer
level as a challenging and exciting
professional career for women.

HEADACHE
CURE

Employees, does your boss know
about the new regulations

relating to noise at work? If you work
in a noisy environment perhaps you
should inform the boss that he can
decrease your headache potential by
asking Bruel & Kjaer about their
seminars, literature and instruments
relating to noise measurement.

B&K has embarked upon a
programme of seminars and literature
releases to educate employers as to
the measurement task involved and to
clarify the choice of measurement
systems. While the wide scope of the
available specifications may seem
baffling, say B&K, the choice is quite
simple and is determined by the
nature of the noise and the work
pattern in each workplace. Again,
while it may be tempting to go for the

cheapest solution on the market,
employers should bear in mind that
remedial work, and maybe even
claims for compensation for hearing
impairment, may be determined by
the accuracy of the measurements.

A range of sound level meters is
manufactured by B&K, each of which
has its niche in environmental noise
assessment. The ideal solution for
each set of circumstances depends on
whether the noise level is steady,
fluctuating or impulsive, and on the
predictability of the employees'
working patterns.

So, if you've got a working
headache, make noises at Those
Concerned and shout the praises of
B&K and their noise abatement aids.
A quiet letter or phone call could then
work medicinal wonders if addressed
to Bruel & Kjaer UK Ltd, Harrow
Weald Lodge, 92 Uxbridge Road,
Harrow, Middx, HA3 6BZ. Tel : 01-
954 2366.
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LONGEVITY
AND THE
68000

Motorola have recently
announced that 34 computer

system and board manufacturers have
endorsed the 68040 microprocessor
as a platform for future products. The
68040 is the latest addition to
Motorola's 68000 family.

With the rapid progress of ever -
improved electronic devices casual
observers might be forgiven for
forgetting that each improvement
owes its origin to products introduced
many years ago. The 68040 can trace
its ancestry back at least 15 years.
Motorola introduced the 6800
microprocessor in 1975, following it
with the 6801, 6805, 6809 and 68000
by 1979. Since then numerous
mutations to the evolutionary tree
have come about, and the variety of
Motorola microprocessors and
microcontrollers is wide, with many
of the parallel branches of
development still producing fresh
fruit.

Among the companies endorsing
the 68040 are Apple Computer, Bull,
Commodore, Hewlett
Packard/Apollo, Nixdorf, Philips and

E
Unisys. Additional customers
worldwide are expected to endorse
the 040 later this year.

Clive Gay, manager for the 68000
family in Europe, comments,
"Customer endorsements of the
68040 microprocessor further
demonstrate the longevity and
versatility of the 68000 family. With
20 mips of performance, the 040
gives these companies a powerful
solution, both in terms of hardware
and software, to deliver to the end
user.

The 040 is the most sophisticated
microprocessor on the market, with
more than 1.2 million transistors
incorporated on a single piece of
silicon. This integration includes
multiple execution units that enable
the 040 to deliver 20 mips (million
instructions per second) of
performance, outperforming Intel's
80486 and several RISC
implementations. The 040 provides
an average 3.5 million floating-point
operations per second (Mflops),
making the chip ideal for graphics
applications, computer simulations
and financial analysis.

For more information contact The
Manager (68040), Motorola
Literature Centre, 88 Tanners Drive,
Blakelands, Milton Keynes, MKI4
5BP.

LENGTHY LASERS
Anew inexpensive range of solid

state lasers has become available
from Spindler and Hoyer. The lasers
offer a nearly unlimited lifetime and
cover wavelengths from visible light
to the near -infrared, 670nm to 820nm,
and with power outputs of up to
40mW. The outputs are adjustable,
and low voltage versions are also
available. These compact units
incorporate a laser diode complete
with collimating optics and control
electronics in a single package.

The longer wavelength units are
ideal for such applications as speckle
interferometry, while the others will
find wide uses in holography,
positioning and alignment, non -
contact surface measurement, liquid

level control and medical techniques.
Long wavelength models have a

guaranteed coherent length of greater
than five metres and small
wavelength drift, typically around
0.2nm/°C. Despite their relatively
low cost, all models incorporate
power stabilisation using a monitor
photodiode plus feedback control
electronics. Very low divergence
(0.3mrad) is another feature and all
models are easily modulated from an
external source at frequencies up to
150kHz.

For more information contact
Spindler & Hoyer UK Ltd, 14
Tonbridge Chambers, Pembury Road,
Tonbridge, Kent, TN9 2HZ. Tel :
0732 770800.

CHIP COUNT
TLC1078/9 PRECISION MICRO -POWER OPAMPS

Texas Instruments have sent us an update on the state of the art
in their LinCMOS opamp series, specifically regarding the new
TLC1078/9 precision micro -power opamps.

LinCMOS opamps were first introduced to satisfy the
requirements for low power products optimised for single supply
operations, typically 3V to 16V for the standard TLC27x family.
Recent product introductions, say TI, have seen reductions in the
offset voltages and supply voltage. However, the latest addition to
the family offers unprecedented performance.

The TLC1078/9 are dual and quad precision opamps designed to
operate from supply voltages down to just 1.4V. With supply
currents as low as 2 microamps per amplifier, they can operate from
a single silver oxide battery for up to two years. The designs have
also been optimised for precision: the TLC1078 has a maximum
offset voltage of just 450 microvolts and is therefore ideal for
accurate systems. TI comment that, unlike competing products,
these devices maintain their precision even with low supply
voltages.

The devices have been optimised for battery powered and
portable equipment. The low power consumption and excellent
precision make them ideal for measurement equipment requiring an
interface to high impedance sensors or transducers.

The main features are:

Supply voltage range : 1.4V to 16V.
Low supply current : 23.tA per amp at Vcc = 1.4V.
Low offset voltages : 450µV max for TLC1078; 85011V max for

TLC1079.
Low Vio drift : 1µV/°C and Oi.tV mnt typ.
Low bias current : 600fA
Slew rate : 47V/ms typ.
I out : ±20mA at Vdd = 10V.

Both devices have extremely low bias currents (fA means femto
amps) and in applications requiring the low power dissipation
offered by these opamps, bias currents must always be considered.

PCB61C65 ULTRA LOW POWER SRAMS

Philips have announced the introduction of a new byte -wide
sram, the FCB61C65, which is a high performance 8K device and
the first of its type to be offered by the company.

The device features ultra low power consumption, down to l[tA,
both in the 5V standby and in the battery back-up mode (Vdd =
3V). Normal and low power versions are also available and speeds
range from 55ns to 7Ons.

Double -metal 1.21.tm technology, together with the full cmos six
transistor cell design, account for the new sram's low power
consumption, very low sensitivity to alpha particles and a wide
operating temperature range.

The sram operates from a single 5V supply, and its inputs and
outputs are ttl and cmos compatible. Two chip -enable pins are
provided for maximum flexibility, easy memory expansion and
controlling the standby mode. The address activated devices feature
combined data input and output interfaces and can also be tri-state
controlled with a separate output -enable pin.

MANUFACTURERS' ADDRESSES

Philips Components Ltd, Mullard House, Torrington Place,
London WC1E 7HD. Tel : 01-580 6633.

Texas Instruments Ltd, Manton Lane, Bedford, MK41 7PA. Tel :
0234 270111.
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A t the end of February business
executives from the European
electronics industry were invited to

gather in London for a conference jointly
sponsored by the Confederation of British
Industry, the Electronics Industry Weekly. The
executives were to pay £250 each to hear their
counterparts in Japanese companies NEC, Sony
and Matsushita lecture on the manufacture of
electronics equipment and components.

In 1979 Japan had 23 production facilities in
Western Europe, five of them (mainly tv
manufacturers) in the UK. There were 42 in the
US. There are now over 40 Japanese -owned
factories in Europe making consumer electronic
equipment, more than 20 making industrial
electronics and well over 30 producing
electronic components. Britain has the lion's
share, with over 30 Japanese factories making
electronics equipment and components. West
Germany is now fast catching up. In North
America (the US and Canada) the total number
is now well over 100.

Western firms now rely on Japanese
expertise to produce equipment which native
manufacturers cannot make. By neat irony. the

venture deal with Toshiba. Rank would
provide the factories, then valued at around £7
million, and local management. Toshiba would
provide £3 million in cash plus access to
Japanese colour tv technology. The joint
venture company, to be called Rank -Toshiba,
would make 350 000 tv sets in 1981, of which
about 40% would carry the Toshiba brand
name. The British Government even chipped
in with nearly £2 million as a goodwill gesture.

In October 1980 Toshiba and Rank admitted
defeat and started to wind down production. On
March 20, 1981 the joint venture closed and all
the staff were dismissed. No-one was even
sure how many people were employed or how
many different types of tv sets were being
produced. It depended on how you counted.
Toshiba estimated that 2600 people were on the
payroll, represented by seven unions, and
making 62 different models.

On Bank Holiday Monday May 4 Toshiba
Consumer Products, or TCP opened. Japanese
parent Toshiba paid £3 million for one of three
factories in Plymouth. Toshiba employed 260
people, all ex -Rank employees, but vigorously
vetted. Within a few weeks the 260 people

SQUARING UP TO JAPAN
conference chairman was to be Sir Trevor
Holdsworth, who is both president of the CBI
and chairman of British Satellite Broadcasting.
Wearing his CBI hat, Sir Trevor Holdsworth
promotes British industry. But BSB recently
had to admit defeat and place an order with
Japanese company Matsushita for the supply of
flat plate aerials or "squarials".

BSB had proudly unveiled a small and
cheap squarial in August 1988 and promised
them in bulk for BSB's scheduled broadcasting
launch in September 1989. But the squarial
shown to the trade and press turned out to have
been only a dummy and after sixteen months
BSB had still been unable to find a British
manufacturer to deliver the promised design.
Matsushita came to rescue with a larger and
higher priced unit based on proven technology
which Panasonic has been selling in Japan for
two years.

Those with long memories will remember
what happened in May 1977, when visitors to
Hitachi's suite at the Cumberland hotel in
London during the annual consumer
electronics trade show found themselves
facing 200 banner -waving workers picketing
against Hitachi's plans to set up a tv factory in
the North of England. Leaflets were handed
out arguing that if the government allowed
Hitachi to move into the UK, the British tv
industry would lose around 5000 jobs. At
that time only Sony and Matsushita (maker of
National, Panasonic and Technics equipment)
had tv factories in Britain.

Lord Thorneycroft then chairman of the
British Industry Council and later president of
the British Radio and Electronic Manufacturers
Association, BREMA (which ironically now
relies on Japanese firms for support) wrote to
the Secretary of State for Industry expressing
"immense concern" at the Hitachi plan.

BY BARRY FOX
Winner of the

UK Technology Award

Japanese
management ethics

can maximise
electronic production
with a minimum but

dedicated British
workforce.

Hitachi was dubbed "the hit man" and the
company's Japanese head office promptly
scrapped the plan. Late in 1978 Hitachi signed
a joint venture agreement with GEC to
manufacture tv sets at Hirwaun in South Wales.
After 8000 redundancies, the shop floor
workforce of 1200 was still making an annual
loss of £5 million. Hitachi bought out GEC
and still quietly runs the factory from Japan.
Toshiba has had striking success with factories
once owned by Rank in Plymouth. The story
of "Tosh" in Plymouth is a microcosm of
Japan's ability to prosper where the West
flounders.

True blue British company Rank Radio
International made tv sets and audio equipment
under the Rank, Bush, Murphy and Arena brand
names. In 1978 RRI was employing 3000
people at factories in Plymouth and Redruth
Cornwall; Rank was the biggest private
employer in Plymouth and producing 175,000
colour tv sets each year. But the products were
behind the times and sales fell off.

In November 1978 RRI signed a joint

represented by one union in one factory were
making eight models, all for home markets.
Even with literal decimation of the workforce
Toshiba still aimed for 100,000 sets a year.

TCP demanded total flexibility from the
bottom up, as in Japan. Everyone had to be
prepared to do someone else's job at a
moment's notice. All job applicants were
shown a film which warned:

"We want enthusiasm and idealism - do
these words frighten you? We want people
who are absolutely and utterly committed, not
doing their best. If you have someone who
depends on you and you don't have a parent or
friend who can help you cope when your child
has a snivelling cold, you should think again
about coming to work for TCP. We are a lean
and hungry company and we need everyone
here, all the time. We want this factory to run
like clockwork. Some people may not like the
idea of a factory that runs like clockwork.
They should think again about coming to work
here".

In February 1989 Toshiba installed a
completely new Japanese production line. It
cost £2 million and was opened by the Lord
Mayor of Plymouth. Although the line saves
labour, it does not lose jobs. Toshiba now
employs 750 people in Plymouth, 590 on tv
and video recorder production and 160 making
microwave ovens - all in old Rank factories.
But all the old Rank Toshiba lines have now
been replaced. The millionth tv set was made in
October 1986, the two millionth in May 1989.

One of Toshiba's managers, who used to
work at Rank as a design engineer, remembers
how things were. "We worked in a laboratory,
we didn't visit the factory. We had a marketing
brief, not a manufacturing brief. We just
designed things and left someone else to
engineer production."
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J ust as I was about commit this
month's comments to the cpu, on
the virtues of building and pro-

gramming robots, a copy of an article
from another magazine was placed
before me. It was captioned "The Death
of the Hobby". I'm not sure from where it
originated, and the author's name is indis-
tinct.

Reading through, I became increasing
astonished and appalled that the author
should appear to be expressing views
which to me are both negative and falla-
cious. To quote: "Like the Eagle comic
and football rattles, hobbies now have an
aura of post-war nostalgia. Our fathers
had hobbies. When we were younger, we
had hobbies too. ... I have an image of a
man with hobbies. He wears a kagoul and
spongy Polyveldt shoes. In the spare
room, his hobby lurks like an unmention-
able perversion. ... A hobby today is guilty
secret."

Already filled with indignation, I read
on and there was worse to come: "And
several of the traditional hobbies have
been made redundant by the passage of
time. `Electronics' once meant fiddling
around with crystal radio sets, in the days
when Clive Sinclair sold DIY stereo kits."
Shear heresy! Neither hobbies in general,
nor electronic hobbies in particular have
been consigned to the attics of antiquity.

What do the dictionaries say about
`hobby'? The consensus amounts to: "a
spare -time occupation done for pleasure".
Ok, and what is one the aspects of the
late 20th century from which many of us
are said to benefit? It's increased leisure
time.

So how do we make use of this spare
time? For a start there is a whole industry
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that is devoted to offering us ways of fill-
ing it. At the passive end we have tv and
video, and no doubt some of the popula-
tion find viewing to be the only spare time
activity they need. I believe, though, that
a much larger proportion prefer not to
become 'couch potatoes' but to find
greater fulfilment from more active pur-
suits. Look at the number of sports cen-
tres that have opened up around the
country over the last few years. The
author acknowledged these facilities but
denied that they are hobbies. I disagree.
Anyone who seriously makes use of
these facilities is, within the word's defini-
tion, pursuing a hobby. So too am I when
scuba diving, cycling, computer program-
ming or building electronics. Similarly,

those who go to evening classes, study-
ing languages, doing arts and crafts, and
so on, are pursuing hobbies, as are those
who delight in collecting items of various
sorts. These activities are not dead.

Consider two more aspects of usefully
pursuing some hobbies: you learn from
doing them, and they could be the key to
enhanced career opportunities. An enter-
prising person could well find that suffi-
cient knowledge and interest is gained
though a hobby subject to justify seeking
further training in it, so offering a greater
chance of employment.

This is especially true of electronics,
which can be pursued at the hobby level
both as leisure time fulfilment, and as a
means to acquiring a good grounding in a
subject highly relevant to the 90s. To con-
sider electronics as hobby that died with
crystal radios is the height of folly and
implies a failure to understand how we all
depend heavily on technology and those
who are trained in it. The products of
electronic technology, whether for com-
puting, communications, medicine, leisure
applications, or whatever, do not yet
invent themselves; they still require
human intervention. Many of those
involved in electronic design, manufac-
ture and research started off by becoming
interested in electronics as a leisure pur-
suit - as a hobby. That is still the case,
and will continue to be so for decades
hence.

Only those who lack the desire or intel-
ligence to make better use of their lives
will ignore the value of hobby activities.
To the rest of us, the majority, the hobby
is definitely not dead.
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For fast delivery telephone
your order on 01-205 9558
using VISA Access Card

Orders welcome from
government depts &

II 11I

TECHNOMATIC
Techno House 468 Church Lane, London NW9 8TQ.

Tel: 01.205 9558 Fax: 01.205 0190

All prices ex VAT.
Prices are subject to
change without notice.
Please add carriage
(a) £8.00 (Courier)
(b) £3.50
(c) £2.00

A rchimedes Computer Systems

All Archimedes systems are fitted with new
RISC OS systems.

Model Basic Colour*
A3000 £649 £849
310 £899 £1099
410/1 £1199 £1399
420/1 £1699 £1899
440/1 £2499 £2699
R140 UNIX System £3500

Carriage £12/system £8/computer
*Colour monitor can be Acorn AKF11 or
Philips CM8833

Technomatic Special Deal
To get you going on any of the above
Archimedes systems you purchase from us, we
will contribute 10% of its cost towards any
additional hardware or software purchase you
make from us or offer you advantageous
extended finance as detailed below.

The following MultiScan Monitors can be
supplied at special prices when purchased
with a computer:
TAXAN 770+ £419(a) MTS9600 £375a
CM1686 16" £1199(a) Viking II 19nono £799(a)
(for the extra HiRes modes on 400 series)

Extended Finance
You can take advantage of our special
finance deal by spreading your payments
over 12 months at no extra cost as shown

Deposit* 11 Instalments* Final Cost (ex VAT)

£67.67

Arc3000 Col £147.35 £75.36 £849.00
Arc410/1 £206.75 £106.55 £1199.90
Arc410/1 Cal £241.85 £124.27 £1399.00

*Deposit & instalment amounts Ind VAT.
Similar prices apply to 420/1 & 440/1 base & col
systems. Ask for details on 24/36 month finance.

Techno 410/1 Upgrade Specials
1MbRAM £139 3Mb £385
20Mb £179 40Mb (Toshiba) £310
(Price includes fitting)

These special prices apply when ordered with the computer, (you
can use your discount entitlement to pay for these kits).

EXPANSION SYSTEMS

Acorn 20 Mb Upgrade (305/310)
Techno 20Mb upgrade kit (410)
Techno 40Mb upgrade kit (410) Toshiba

Techno 49Mb upgrade kit (410)
Techno Ext HD upgrade (300 & 400 series)

Acorn Backplane (2 slots)
TechnoLog Backplane (4 slots)
Fan for TechnoLog
Acorn ROM podule
We have a large range of expansion cards in
stock please send for details.

£29(b)
£79(b)

£290 b)
£399 b)

£199(b)
£118(b)

RISCOS kit (305/310/440)
RISCOS Prog Ref Manual
1Mb RAM upgrade (410)
3Mb RAM upgrade (410)
2Mb upgrade (420)
1Mb RAM upgrade A3000
3.5" Int Drive Upgrade
(please specify 305/310 or 410)

External Drive Adaptor (300/400) £30(c)
External 5.25" Drive with psu (40/80T) £90(b)

£179 a)
£329 a
£399 a)

)

P A
£37(c)
£39(c)
£8(d)

£42(c)

MULTI I/O Podule
A low cost card provides: Video Digitiser, Sound
Sampler, a full RS232 interface, 3 ROM skts &
Joystick interface within RISCOS environment.
Details on request.. £117(b)

rchtmedes Software

LANGUAGES & PROG. TOOLS
ANSI C/ISO PASCAL/
FORTRAN 77
PROLOG X/LISP
TWIN Editor
Archimedes Assembler
Software Dev. Toolbox
RISC BASIC Compiler (SV)

each £95(c)
each £175(b)

£27(d)
£185(b)
£185(b)
£85(c)

Chares Toolkit £32(d) Clares Toolkit+ £41(d)

WORD PROCESSORS
lst Word Plus £79(c) Graphics Writer £27(d)
Pipedream Spellchecker £43(d)
Pipedream Ver3 (Inc Spelling checker) £129(c)

SPREADSHEETS
Logistix £95(c) Sigmasheet £57(c)

DATABASES
System Delta Plus £57(c)
System Delta Plus Prog Ref Manual £25(d)
Reporter*/Mailshot* each £33(d
School Administrator £125(d)
(Inc) System Delta plus)
Alphabase £37(d)
*Requires System Delta plus

GRAPHICS/ART/CAD
Pro Artisan £137(b) Artisan £30(d)
Artisan Support Disc £17(d)
Atelier £90(b) Auto Sketch £55(c)
Gamma Plot £52(d) Render Bender £59(d)
Graphbox £64(c) Armadeus e65(C)
Presenter £24(d) SVARC-PCB £167(b)
SV Solid CAD £41(d) SV Super Dump £20(d)
Sv Real Time Solids Modeller £75(c)

MISCELLANEOUS
PC Emulator
HEARSAY Comms Package
Arcomm £29(d) Presenter II

£79(d)
£55(d)
£POA

EMULATED PACKAGES
VIE WNiewsheetNiewstore
Interword/Intersheet

each £47(d)
each £35(d)

GAMES
Interdictor £39(d)
Hoverbod/Missi le Control each £12(d)
Orion/Freddies Folly/Jet Fighter each £12(d)
Fugitive Quest/Rise in Crime/Overload each £26(d)
Zarch £15(d) Conqueror £24(d)
Enthar Seven £29(d) Minotaur £9(d)
Clares 3 Pack £12(d) Viking £17(d)
Thundermonk £12(d) Corruption £20(d)
Pacmania £16(d) Terramex £16(d)

/ V5 L7: n
A 400 dpi hand held 105mm scanner with a variety
of features. Ideal for DTP or simply preparing
reports with crisp and clear graphics illustrations.
Software allows for Scaling/cropping of image, X/
Y flip, Anti Alaising, saving as sprites, etc.
Full details on request £149(b)

We can provide attractive discounts to
Education Authorities, Schools, Colleges
and Health Authorities. Simply phone. us or
write, outlining your requirements, and we
will supply a quotation.

MASTER SERIES
AMB15 Master 128 £439(a)
The Master package includes: View Word
processor and Viewsheet spreadsheet
software and Educational/Fun software
bundle with STARdataBASE package.
ADC06 Turbo 65C102 Module £115(b)

DISC DRIVES
400K/640K per mechanism (all drives)
5.25" Double sided (40/80T Sw):
TS400 Single
PS400 Single with psu
TD800 Dual
PD800 Dual with psu
PD800P Dual with psu plinth mounted
3.5" Double Sided
TS351
PS351 (5.25" Case + psu)
TD352 Dual
PD352 Dual with psu
Combo Drives 5.25" + 3.5" & psu
PD853
PD853P plinth mounted

£80(b)
£90(b)

£160(a)
£170(a)
£185(a)

£69(b)
£95(b)

£126(a)
£139(a)

£170(a)
£190(a)

WINCHESTER DRIVES
P3OHD 30Mb Hard Drives
Other sizes available

£410(a)

PRINTERS
EPSON

LX400
LX850
FX850
FX1050

£130(a) LQ400 £199(a)
£180(a) LQ550 £265(a)
£285(a) L0850 £405(a)
£395(a) L01050 £569(a)

STAR
LC10 £149(a) Lcio Colour £199(a)

LC24-10 £269(a)
NATIONAL PANASONIC

KXP1081 incl master lead
KXP1124

lntegrex Inkjet Colour

£139(a)
£249(a)
£515(a)

PLOTTERS
Hitachi 672XD A3 4 pen plotter Special £409(a)
Roland DXY880A A3 Flatbed 8 pen £495(a)

Arc Tracker Ball
By using Arc Tracker ball you will overcome the
problems with Arc mouse of running out of desk
space, running off the mat, precise positioning
of cursor etc. High quality tracker ball fully
compatible with Arc Mouse £55(c)

This advertisement can only show an example of 7
the range of products stocked by Tchnomatic. So
send for our latest BBC catalogue providing
detailed information and prices on BBC Computer
Systems, Peripherals, Software and Books.

NAME

ADDRESS

Post Code

Return to Technomatic Ltd, Techno House,
,468 Church Lane. London NW9 8TQ. PE 04190i
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TTL 'S 7 ILS SERIES LINEAR IC -- CPU's RAMS CRYSTALS INTERFACES ICS

74 SERIES
7400 0.30
7401 0.30
7402 0.30
7403 0.30
7404 0.36
7405 0.30
7406 0.40
7407 0.40
7408 0.30
7409 0.30
7410 0.30
7411 0.30
7412 0.30
7413 0.50
7414 0.70
7416 0.36
7417 0.40
7420 0.30
7421 0.60
7422 0.36
7423 0.36
7425 0.40
7426 0.40
7427 0.32
7428 0.43
7430 0.30
7432 0.36
7433 0.30
7437 0.30
7438 0.40
7440 0.40
7441 0.90
74420 0.70
74430 1.00
7444 1.10
7445 0.70
7446A 1.00
74470 1.00
7448 1.00
7450 0.36
7051 0.35
7453 0.38
7454 0.38
7460 0.55
7470 0.50
7472 0.45
7473 0.45
7474 0.50
7475 0.60
7476 0.05
7480 0.65
7487 1.80
74830 1.05
74840 1.25
7485 1.10
7486 0.42
7489 2.10
7490 0.55
7491 0.70
74920 0.70
74930 0.55
7494 1.10
74958 0.60
7496 0.80
7497 2.90
74100 1.90
74107 0.50
74109 0.75
74110 0.75
74111 0.55
74116 1.70
74118 1.10
74119 1.70
74120 1.00
74121 0.55
74122 0.70
74123 0.80
74125 0.65
74126 0.55
74128 0.55
74132 0.75
74136 0.70
74141 0.90
74142 2.50
74144 2.70
74143 2.70
74145 1.10
74147 1.70
74148 1.40
74150 1.75
741518 0.70
74153 0.80
74154 1.40
74155 0.80
74156 0.90
74157 0.80
74159 2.25
74160 1.10
74161 0.80
74162 1.10
74163 1.10
74164 1.20
74165 1.10
74166 1.40
74167 4.00
74170 2.00
74172 4.20
74173 1.00
74174 1.10
74175 1.05
74176 1.00
74178 1.50
74179 1.50
74180 1.00
74181 3.40
70182 1.40
74184 1.80
741850 1.80
74190 1.30
74191 1.30
74192 1.10
74193 1.15
74194 1.10
74195 0.80
74196 1.30
70197 1.10
74198 2.20
74199 2.20

74221 1.10
74251 1.00
74259 1.50
74265 0.80
74273 2.00
74276 1.00
74278 1.70
74279 0.90
74283 1.05
74285 3.20
74290 0.90
74293 0.90
74298 1.80
74351 2.00
743650 0.80
74366A 0.80
743678 0.80
743688 0.70
74376 1.60
74390 1.10
74393 1.20
74490 1.00

741000 0.20
701501 0.24
741502 0.24
741003 0.24
741004 0.24
741505 0.24
741508 0.24
741509 0.24
741510 0.24
741011 0.24
741512 0.24
741013 0.34
741514 0.50
741515 0.21
741520 0.24
741521 0.24
741522 0.24
741524 0.50
741026 0.24
741527 0.24
741528 0.21
741530 0.24
74L532 0.24
741533 0.20
741537 0.24
741538 0.24
741540 0.24
741542 0.50
741547 0.80
741548 0.90
741551 0.24
741554 0.24
741555 0.24
741S730 0.30
741574A 0.35
741575 0.45
7415760 0.36
741378 0.02
7415838 0.70
741585 0.75
741386 0.35
741590 008
741591 0.90
74092 0.35
741593 054
74LS95B 0.75
741096 0.90
7415107 0.00
7415109 0.40
7015112 0.45
7415113 0.05
7415114 0.45
7015122 0.70
7415123 0.80
7013124 1.40
74L5125 0.50
7413126 0.50
7415132 0.65
7415133 0.50
74L5136 0.45
7415138 0.55
7415139 0.55
7415145 0.95
7415107 1.75
7010148 1.40
74L5151 0.65
7415152 2.00
7415153 0.65
7415154 1.60
7410155 0.65
7415156 0.65
7415157 0.50
7415158 .0.65
7415160A 0.75
7415161A 0.75
74151620 0.75
7415163A 0.75
7415164 0.75
74101658 1.30
7015166A 1.50
7415168 1.30
7415169 1.00
7410170 1.00
7415173A 1.00
7415174 0.75
7415175 0.75
7415181 2.00
7415183 1.90
7415190 0.75
7413191 0.75
7413192 0.80
7415193 0.80
741.01940 0.75
7415195A 0.75
7415196 0.80
7415197 0.80
7415221 0.90
7415240 0.90
74L5241 0.90
7415242 0.90
7415203 0.90
7015204 0.70
7410245 0.90
7415247 1.10
7415248 1.10
7415249 1.10
7415251 0.75
7415253 0.75
7410256 0.90
7415257A 0.70
74152580 0.70
7415259 1.20
7415260 0.75
7410261 1.20
7415266 0.60
7415273 1.25
7410275 1.25
7413279 0.70
7415280 1.90
7413283 0.80
7415290 0.80
7415292 14.00
7410293 0.80
7015295 1.40
7415297 14.00
7415298 1.00
7015299 2.20
7015231 3.70
740323 3.00
7415324 2.20
745348 2.00
7410352 1.20
74L0353 1.20
7415356 2.10
7415363 1.80
7415364 1.80
7410365 0.50
7415366 0.50
74L6367 0.52
7415368 0.50
7410373 0.70
7413374 0.70
7415375 0.75
7015377 1.30
7415378 0.95
7415379 1.30
7010381 4.50
7415390 0.60
7015393 1.00
7410395A 1.00
7415399 1.40

4

7415465 1.20
7410467 1.80
74L5540 100
7410541 1.00
7415608 7.00
7415610 25.00
7415612 25.00
7415624 3.50
7413626 2.25
7415628 2.25
7415629 1.25
7415640 2.00
7410640-1 3.00
7410641 1.50
7410642 2.50
7415642-2 3.00
7415603 2.50
7410643-1 3.00
7415644 3.50
7410645 2.00
7415645-1 1.00
7415668 0.90
7415669 0.90
7415670 1.70
7410682 2.50
7415684 3.50
7415687 3.50
7410688 3.50
740923 6.50
74C925 6.50

4000 SERIES
0000 0.20
4001 0.24
4002 0.25
4006 0.70
4007 0.25
4008 0.60
4009 0.45
4010 0.60
4011 0.24
4012 0.25
4013 0.36
4014 0.60
4015 0.70
4016 0.36
4017 0.55
4018 0.60
4019 0.60
4020 0.60
4021 0.60
4022 0.70
4023 0.30
4024 0.48
4025 0.24
4026 0.90
4027 0.40
4028 0.60
4029 0.75
4030 0.35
4031 1.25
4032 1.00
4033 1.25
4034 2.50
4035 0,70
4036 2.50
4037 1.10
4038 1.00
4039 2.50
4040 0.60
4041 035
4042 0.50
4043 0.60
4040 0.60
4045 1.00
4046 0.60
4047 0.60
4048 055
4049 0.36
0050 0.35
4051 0.65
4052 0.60
4053 0.60
4054 0.80
4055 0.80
4056 0.85
4059 4.00
4060 0.70
4063 0.85
4066 0.40
4068 0.25
4069 0.24
4070 0.24
4071 0.24
4072 0.24
4073 0.24
4075 0.24
4076 0.65
4077 0.25
4078 0.25
4081 0.20
4082 0.25
4085 0.60
4086 0.75
4089 1.20
4093 0.35
4094 0.90
4095 0.90
4096 0.90
4097 2.70
4098 0.75
4099 0.90
4501 0.38
4502 0.55
4503 0.36
4504 0.95
4505 3.60
4506 0.90
4507/4030 0.35
4508 1.20
4510 0.55
4511 0.55
4512 0.55
4513 1.50
4514 1.10
4515 1.10
4516 0.55
4517 2.20
4518 0.03
4519 0.32
4520 0.60
4521 1.15
4522 0.80
4526 0.70
4527 0.80
4528 0.65
4529 1.00
4531 0.75
4532 0.65
4534
4536 2.50
4538 0.75
4539 0.75
4541 0.90
4543 0.70
4551 1.00
4553 2.40

4

4556 0.50
4557 2.40
4560 1.00
4566 1.40
4568 2.40
4569 1.70
4572 0.45
4583 0.90
4584 0.48
4585 0.60
4724 1.50
14411 7.50
14412 7.50
14416 3.00
14419 2.60
14490 4.20
14495 4.50
14500 6.50
14599 200
22100 3.50
22101 7.00
22102 7.00
40014 0.48
40085 1.20
40097 0.36
40098 0.40
40100 1.50
40101 1.25
40102 1.50
40103 2.00
40104 1.20
40105 1.50
40106 0.48
40107 0.55
40108 3.20
40109 1.20
40110 2.25
40114 2.25
40147 2.80
40163 1.00
40173 1.20
40174 1.00
40175 1.00
40192 1.00
40193 1.00
40194 1,00
40244 1.50
40245 150
40257 1,80
40373 1.80
40374 1.80
80095 0.75
80097 0.75

SPECIAL
OFFER

30%
DISCOUNT

ON
TTL/

CMOS/
4000 SERIES
REGULATOR

ZIF sockets
24 an
2B pm
40 pm

5.50
7.00
8.00

TTL 8 ECL
10116 70p
10231 350p

007581 12.00
ADC0808 11.90
44791000 25.00
AN103 2.00
001.5050 1.00
403.8010 4.50
003.8010 4.50
AY3-8912 5.00
CA3019A 1.00
0030280 1.10
CA3046 0.70
CA3059 3.20
CA3060 3.50
CA3080E 0.70
CA3086 0.60
CA3089E 2.50
CA309040 3.75
CA3130E 0.90
0031307 0.05
003140E 0.05
003140T 1.00
CA3146 2.25
CA3160E 1.50
003161E 2.00
003162E 6.00
CA3189E 270
0032406 1.50
0032800 3.00
07002 6.00
DAC1408-8 3.00
0000800 3.00
DAC0808 3.00
O 0308 3.00
H A1366W 1.90

17106 6.75
17611 0.95
17650 0.00
1.7660 0.00
18038 2.50

CM7555 0.90
CM7556 1.00
107120 3.00
LC7130 3.00
LC7031 3.50
LC7137 3.50
17347 1.20
1E351 0.60
1E355 0.90
LF3565 1.10
LF357 1.00
LM10CLH 4.50
163014 0.30
16307 0.45
LM308C5 0.75
LM311 0.60
LM3I8 1.50
LM319 1.80
LM324 005
L M3342 1.15
L M3352 1.30
LM336 1.60
LM339 0.40
1M348 0.60
LM349CH 3.50
.63587 0.50
16377 3.00
1113805.8 1.50
1M3805 150
LM381N 100
LM382 2.00
16384 3.25
LM386N- I 1.00
LM387 2.70
LM391 1.80
LM392N 1.10
LM393 ass
LM394CH 4.00
1M709 0.35
16710 0.48
16711 1.00
LM723 0.60
LM725CN 4.00
LM733 0.65
LM741 0.22
LM747 0.70

1 r.

LM1011 0.80
1M1014 150
L61807 3.00
191830 2.50
LM1871 3.00
LM1872 3.00
161886 6.00
LM1889 4.50
LM2917 3.00
LM3302 0.90
LM3900 0.80
LM3909N 1.00
193911 1.80
1M3914 3.50
LM3915 3.00
LM3916 3.40
1M13600 1.50
M515131 2.30
M515161 4.50
MB3712 2.00
MC1310 1.50
MC1413 0.75
MC1458 0.45
MC14951 3.00
MC1496 0.70
MC3340 2.00
MC3401 0.70
M03403 0.65
671015 4.00
MK50240 9.00
ML920 5.00
ML922 4.00
MM66221A 3.00
NE531 1.20
NE555 0.22
NE556 0.60
NE564 000
NE565 1.20
NE566 1.50
NE567V 1.25
NE570 4.00
NE571 3.00
NE592 0.90
NE5532P 1.50
NE5533P 1.80
NE5534P 120
NE5534AP 1.50
OPO7EP 350
PLL02A 5.00
604136 0.55
604151 2.00
R04195 1.50
1914558 0.55
050240 9.00
5001900 16.00
SFF96364 8.00
51490 3.00
55760335 3.00
5N76489 4.00
5576595 4.00
5576660 1.20
S7025601 7.00
T0120 1.20
TA7130 1.00
TA7204 150
TA7205 0.90
TA7222 1.50
707310 1.50
T130237 1.20
TBABOO 0.80
0648105 0.90
184820 0.80
TBA820M 0.75
TBA920 2.00
TBA950 2.25
119109 5.00
TCA940 1.75
TDA1010 2.25
1041022 050
7041024 1.10
TDA11700 3.00

VOLTAGE R1GULA TORS
IA FIXED VOLTAGE PLASTIC 1022C

440
5V
6V
8V
12V
15V
1BV

24V

'HE
7805 0.45 7905
7806 0.50 7906
7808 0.50 7908
7812 0.45 7912
7875 0.50 7915
7818 0.50 7918
7824 0.50 7924

0.50
850
0.50
0.50
0.50
0.50
0.50

5V 78105 0.30
6V 78106 0.30
8V 78108 0.30
120 78112 0.30

1,8C.

LM309K 1.40
LM323K 2.50
78H05KC
50 5V
78H12

5.75
7.50

15V 78115 0.30
5V 79105 0.45
12V 79L12 0.50
15V 17L15 0.50

1017660 2.50
503524 3.00
11494 3.00
11497 2.25
78040 2.50
RC4195 1.50

VARIABLE REGULATORS
LM305AH 2.50
LM3177 1.20
LM317K 2.00
LM337T 2.25
LM350T 4.00
LM396K 15.00

LM723N 0.50
78HGKC 6.50
780011 2.25
79HGKC 6.75
79GUIC 2.50
79MGT2C 1.00

OPTO ISOLATORS
11074 1.30
11074 2.20
MCT26 1.00
MC52400 1.90
MOC3020 1.50
711111 0.70

T11112
011113
T11116
65137
661139

0.70
0.70
0.70
3.60
1.75

DISPLAYS

FND500 111730 1.00
F50507 111729 1.00
MAN74 01704 1.00
MAN71 DL707 1.00
MAN3640 1.75
MAN4640 2.00

MAN6610 2.00
55135681 5.70
TI1311 6.50
111729 1.00
111730 1.00
6458910 1.50

DISPLAY DRIVERS
9368 0.50
9370 4.50
9374 3.50
1M3914 3.50
LM3915 350
LM39I6 3.50
0056118 3.20
UDN6184 3.20

0152003 0.90
0152004 0.90
ULN2068 2.90
0192802 1.90
ULN2803 1.80
LI1N2804 1.90
75491 0.70
75492 0.70

OT -IERS
255777
EIPX25
137025
OCP71

0.50
1.80
2.80
1.80

ORPI 2 1.20
ORP60 1.20
0E1761 1.20
SFH205 1.00

00 . 5

TDA2003 190
7002004 2.40
TDA2006 3.20
TDA2020 3.20
TDA2030 2.50
TDA3/310 7.50
1007000 3.50
TEA1002 7.00
TL0610P 0.40
TL062 0.60
TL064 0.90
T1071 0.40
T1072 0.70
T1074 1.10
TL081 0.35
T1082 0.50
71083 0.75
T1084 1.00
71094 2.00
1.10759 3.20
002240 1.50
00558010 6.00
ULN20030 0.75
ULN2004A 0.75
ULN2068 2.90
ULN2802 1.90
ULN2803 1.80
ULN12804 1.90
UPC575 275
UPC592H 2.00
2701156H 3.00
UPC1185H 5.00
XR210 4.00
X62206 4.00
X62207 3.75
X62211 5.75
X62216 6.75
X62240 1.20
ZN404 1.00
Z5414 0.80
ZN419P 1.75
ZN423E 1.30
ZNI424E 1.30
ZN425E13 3.50
ZN426EB 3.00
ZN027EB 6.00
ZN428EB 4.50
ZN429EB 2.25
ZN447E 9.00
25448 7.50
ZNI449E 3.00
25450E 7.50
25459CP 3.00
ZN1034E 2.00
Z51000 6.60
ZNA134H 23.00
ZNA234E 9.50

CPUs
1802CE 6.50
2650A 10.50
6502 4.50
65002 2MHz 1200
65024 6.50
65026 8.00
6800 2.50
6802 3.00
6803.2 12.00
6809 6.50
6809E 10.00

-ATTEI4TION-
ALL PRICES AREE

SUBJECT TO CHANGE
WITHOUT NOTICE

SCRS LOW PROFILE DIL SOCKETS BY TEXAS

68809E 12.00
8035 3.50
8039 4.20
80C39 7.00
80808 7.50
8085A 3.00
800854 9.00
8086 22.00
8087-5 E70
8087-8 E96
80287-8 £155
8028710 £175
8088 17.50
8741 12.00
8748 12.00
11409980 14.50
TMS9995 18.00
Z80 2.50
Z800 2.90
Z808 5.50
70008 7.50

SUPPORT DEVICES

2651 12.00
2816 30 20.00
3242 8.00
3245 8.00
6520 3.00
6522 3.50
6522A 5.50
6532 4.80
6551A 5.50
6821 1.80
68021 3.00
6829 12.50
6840 3.75
68E340 6.00
6850 1.80
68050 3.00
6852 2.50
6854 6.50
681354 8.00
6875 5.00
8154 8.50
8155 3.80
8156 3.80
8205 2.25
8212 2.20
8216 1.60
8224 P.O.A
8226 4.25
8228 5.50
8243 2.60
8250 12.00
8551A 3.25
825305 3.50
82550C-5 3.20
8256 18.00
82570-5 0.00
8259C5 4.00
8275 29.00
82791-5 080
8282 3.00
8283 4.00
8284 450
8287 280
8288D 6.50
8755A
0 1 2 9 16.00
TMS4500 14.00
TMS9901 5.00
TMS9902 500
TMS991 I 18.00
TMS9914 10.00
Z80P 10 2.50
Z80AP10 2.75
2800TC 2.50
Z80ACTC 2.75
Z800ART 6.50
ZBOADART 7.00
Z80DMA 7.00
Z80ADMA 7.50
28005I0 7.00
Z808P10 5.00
Z8OBCTC 5.00
Z80BDART 9.00

2015150 0.00
2101 0.00
21078 5.00
21114.35 4.00
2114 1.50
211.3 2.50
2147 4.00
4116.15 2.00
4116020 1.50
4164 15 (T11 3.00
4164.15 1.50
4416.15 3.00
4532-20 2.50
41256.15 3.00
5101,5501 0.00
551445114 4.00
5516 4.00
5517 4.00
50256-15 4.00
6116LP-3 3.00
62601P-15 2.60
6810 2.00
745189 1.80
745201 3.50
740289 2.25
93415 6.00
93425 6.00

ROMS PROMS

28122
24010
180030
18SA030
740180
740287
740288
740387
82523
820123
820129

4.00
2.50
2.00
2.00
1.80
2.25
1.80
2.25
1.50
1.50
1.50

SPECIAL
OFFER

30%

DISCOUNT

ON

TTL

CMOS

4000 SERIES

REGULATORS
i 1

CON I I-1,1

32 768kHz 1.00
1.00 MHz 2.70
1 8432 MHz 2.25
200 MHz 2.25
2 45760 HMz (S)2.00
2.5MHz 2.50
3.12 MHz 1.75
3 276 MHz 1.50
3.5795 MHz 1.00
4.00 MHz 1.40
4.194 MHz 1.50
4.43 MHz 1.00
4.608 MHz 2.50
4.9152 MHz 2.00
5.000 MHz 1.50
5.068 1.75
6 00 MHz 1.00
6.144 MHz 1.00
7 00 MHz 1.50
7 168 MHx 1.75
8.00 MHz 1.50
8.867 MHz 1.75
10.00 MHz 1.75
10.50 MHz 2.50
10.70 MHz 1.50
11.00 MHz 3.00
12.00 MHz 1.50
14 00 MHz 1,75
14.318 MHz 1.60
14.318 MHz 2.50
15.00 MHz 2.00
16.00 MHz 2.00
17 734 MHz 1.50
18 00 MHz 1.70
18 432 912 1.50
19 969 MHz 1.50
20 000 MHz 1.75
24 000 MHz 1.50
48 00 MHz 1.75
116 MHz 2.50
7X01000 12.00

CRT5027 18.00
CRT6545 9.00
EF9364 8.00
EF9365 25.00
EF9366 25.00
EF9367 36.00
EF6369 1250
MG6845 6.50
MC6805SP 6.50
MC6807 6.50
SFF 96364 8.00
TMS9918 15.00

IA 50V 70p
50 400V 50p
8A 600V 140p
160100V 200p
C106D 05p
MCRI 0 36p
17004 36p
253525 130p
254444 140p
255060. 40p

ZENERS
2 7V 33V
4DOMW

1W

TRIALS

99
15p

Plastic
3A 400V 60p
6A 400V 70p
6A 500V 90p
80 400V 75p
80 500V 95p
120500V 105p
1605000 1309
T2800D 130p
T128000 533p

T122613 709

125'
RED 111209 0.12
GREEN
TIL211 0.15
YELLOW T112120.20
Reu LEDs (R G Y)

0.30
CUB 33) Colour 1.00
10 LED
Elargraph
Red 2.25
Green 2.25
0 2'
TI1220 0.15
TIL220 ale
111226 0.22
17132 0.55
11178 0.55
711318 1.20
TI181 1.20
TI1100 .0.75

TECHNOMATIC LTI)
TECHNO HOUSE, 468 CHURCH LANE, LONDON NW9 8TQ

(Tel 01 205 9558, Fax 01 205 0190, Telex 922800)

8 Pm 9p 7 Pm 1. 
14 pin 10p 2 an 189
16 0n 11 2 pal 22p

24 p. 24p
28 6. 26p
40 p 30p

TUNED PIN
LOW PROFILE

SOCKET S
8 p.n
14 pal

20p
25p

DISC CONTROLERS

6843 8.00
7650 10.00
8272 12.00
F01771 20.00
EDI 771 20.00
FD1793 20.00
EDI 797 22.00
W01770 624
W02793 27.00
W02797 27.00
WD1691 15.00
WD2143 12.00

C AR A C TER
GENERATORS

RO 3-2513
1.118.50

RO 3 2513
118.501=1,T IMF

MC6818P 0,00
MM5817405 9.90
MSM5832RS 3.50

GAUDRATE
GE NE R A TOR

MC14411 7.50
0098116 6.50
47028 7.50

KEY 130060
ENCODER

AD56IJ 20.00
007581 15.00
0000800 11.90
AM25010 3.50
0925102521 3.50
AM25132538 3.50
AM261531 1.20
A9261532 1.20
4M791000 25.00
07002 6.00
OAC60 CEP V 28.00
0848131 6.00
078304 3.50
E53691 3.50
058830 1.40
008831 1.50
008532 1.50
068833 2.25
D58836
008838 2.25
MC1488 0.60
M01489 0.60
903446 2.50
MC3459 4.50
MC3470 4.75
613480 8.50
MC3486 2.25
813487 2.25
MC4024 5.50
MC4044 5.50
MC6883 16.00
MC14411 7.50
MC14412 7.50
UL52003 0.75
75107 0.90
75108 0.90
75109 1.20
75110 0.90
75112 1.60
75113 1.20
75110 1.40
45115 1.40
75121 1.00
75122 1.40
75122 1.20
75150P 1.20
75154 1.20
75159 2.20
75160 5.00
75161 6.50
75162 7.50
75172 4.00
75182 1.50
75188 0.60
75189 0.60
75365 1.50
75451 0.50
75452 0.50
75453 0.70
75454 0.70
75480 1.50
75491 0.65
75492 0.65
8126 1.20
8128 1.20
8195 1.20
8196 1.20
8197 1.20
8198 1.20
811095 1.40
811096 1.40
811597 1.40
811398 1.00
8810120 4.50
9602 3.00
9636A 1.60
9637AP 1.60
9638 1.90
ZN447E 9.50

AY 5.2376 11.50
740922 5.00
740923 6.00

UHF
MODULATORS

6 MHz 3.75
8 MHz 4.50
SOUND 8 VISION
12 MHz 12.00

Tr I
I >I =()1,1,11

5005020 6.00
5005030 7.00
S005041 16.00
SAA5050 9.00

UARTS
AR 3-1015P 3.00
AY 5-1013P 3.00
0068017 3.00
IM 2 4

WIRE WRAP SOCKETS BY TEXAS
tpn I,

14 pn 42p
16 pin 45p

18 pm 50p 24 an 75p
20 an 60p 28 an 100p
22 pal 65p 40 pin 130p

16 pm
18 pin

30p
35p

20 pin
24 pm

40p
55p

28 pm
40 pm

65p
909

* SPECIAL OFFER *

30% DISCOUNT
ON TTL/CMOS/4000 SERIES/REGULATORS

DRAMS SIPS
4164 - 12 1.75 256K x 9 - 10 37.00
4164 - 15 1.50 256K x 9 - 8 50.00
41256 - 10 3.00
41256 - 12 2.70 SRAMS
41256 - 15 2.80 6264LP - 12 4.00
41464 - 12 4.00 62256 - 12 10.00
1MB RAM - 8 12.00 2732 3.50
1MB RAM - 10 11.00 2764 2.80
256K x 4 12.00 27128 - 12.5V 3.50

27128 - 21V 4.50
SIMMS 27256 5.00
1M x 9 - 10 124.00 27512 7.00
1M x 9 - 8 129.00

PLEASE ADD £1 p&p & 15% VAT
lExport: no VAT, p&p at cost)

Orders from government depts. & colleges
etc. welcome

Fir=1 Detailed Price List on request

Stock items are normally by return of post



A 'though robots are now being used
more and more in the engineering
industry, they are not yet

commonplace in the hobbyist area. This article
is intended to provide sufficient information
and inspiration to enable readers to experiment
with simple robotics in the form of a
microprocessor controlled vehicle. Further
articles will cover more advanced practical
hardware and software aspects.

The control computer used is the BBC
Micro, but any micro with a suitable user port
or interface can be used instead.

DEFINITIONS

The word robot is derived from the
Czechoslovakian word robota which means
forced labour, and is now used to refer to a man
type machine which performs any task without
compunction. In this article the word robot will
be used to refer to the simplest of mobile
machines acting in an 'intelligent' manner. (1

briefly discussed the origins of robota in my
editorial of April 1989, concluding that the
source could also be Latin, Ed.)

The word robot conjures up different
meanings to different people. Although the
literal meaning is defined as forced labour or
slave worker, it is more usually defined as being
a machine which carries out preprogrammed
tasks under the direction of a computer. Almost
by definition, a robot must be re -programmable,
and if under the control of a computer this will
be the case, whether in a hardware or software

Alan Pickard begins
a series of articles

that will inspire
your interest in

robotics and
encourage you to
build a robot car.

programmed and re -programmed).
A robot arm is classified by the number of

degrees of freedom it posesses, ie, each separate
axis provides one degree of freedom. the arm is
described as having waist, shoulder and elbow
movements. The end of the robot arm is
usually equipped with a 'wrist' mechanism.
The unit also has three joints, or axes of
rotation. The movements possible are called
yaw (sideways), pitch (up and down) and roll
(rotational). A robot arm capable of all of these
movements is said to have six degrees of
freedom. (A simple object has three degrees of
freedom).

Practically speaking, a simple robot can be
considered to be a wheeled vehicle driven by
transistor operated relays which enable a motor
to drive one or more wheels in a forward or
reverse direction. The control circuit is
switched on and off by the 'host' computer,
which may be either a remote or 'on board'
unit, as in Fig 1.

Although the control computer used in this

(such as those obtainable from Tandy). By
removing the radio receiver pcb an instant
chassis, wheels and battery compartment (s)
remain. Such a vehicle would probably have
only one motor and some crude front wheel
steering via a 'floppy' wheel. Although
individual driving of each separate motor is
more desirable, this vehicle is a useful starting
point for experimentation with hardware and
software.

Once a suitable test vehicle (or motor
assembly) is obtained, a very simple
experiment in robotics can be performed. By
connecting the relay contacts of the cassette
motor control circuit (pins 6 and 7 on BBC
DIN socket) to the motor (Fig. 2), it can be
switched on and off either from the keyboard
or via the simple test program shown in Fig.3.
The contacts are suitable for a voltage of
around 9 volts at up to 100mA.

The test program in Fig.3 illustrates how to
switch the motor on for a specific time period
and then off for a period. The GOTO

Fig 2. Typical connection to cassette
motor control circuit.

88C MICRO:
CASSETTE

MOTOR
CONTROL
CIRCUIT

DJ618311

CONTACTS TO
DEV ICE-

MOTOR,LED,ETC

BUILDING
A ROBOT CAR

sense. Therefore, for the purpose of this article,
a machine which is manually controlled is not a
robot.

A robot is thus defined as a machine which
is connected to a computer, or has an on -board
control computer.

Fig.1 illustrates the basic requirements for a
computer controlled vehicle.

Continuing with definitions, the machine
which under the control of a computer
comprises a robot is described as follows. The
machine is either mobile (wheeled) or performs
mechnanical action relative to a base (eg, robot
arm).

A robot arm may be considered to be a0
complete robot, even if it is fixed to a non -
mobile base, providing it is capable of being

Part One
Basic Operation

series is the BBC Micro (Model B), any micro
with a suitable 8 -bit user port or special
interface can be utilised. Even a very basic
micro operating directly in machine code via a
hex keypad can be employed.

SUITABLE VEHICLE

A suitable vehicle consisting of a chassis
and a pair of wheels each driven by a separate
motor could be constructed or obtained by
`conversion' of a cheap radio controlled car

Fig 1. Requirements for a computer controlled robot.

LOGIC LEVELS

FROM COMPUTER

1131618301

CONTROL

CIRCUIT
RELAYS

SUPPLY VOLTS
TO MOTORS

WHEEL
ACTION

10 * MOTOR 1
20 FOR T = 1 TO 2000
30 NEXT T
40 * MOTOR 0
50 FOR T = 1 TO 2000
60 NEXT T
70 GOTO 10

Fig 3. Simple test program.

statement in line 70 enables the cycle to be
repeated indefinitely until the program is
stopped.

Now that we have experienced/caused
mechanical movement using some simple
software, we can get down to the real thing,
ie, interfacing an external 'machine' to a
microcomputer such that two-way
communication can be achieved (input and
output).

INTERFACING

A typical home computer usually
communicates with the outside world via one
or more user ports. A user port usually
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ROBOTICS PROJECT

PORT B BITS

REGISTER VALUES 7 6 5 4 3 2 1 0 ACTION

DDB at &FE62 = &03 0 0 0 0 0 0 1 1 PBO, PB1 set to OUTPUT

DRB at &FE60 = &03 0 0 0 0 0 0 1 1 Logic level 1 sent from PBO,
PB1 to interface circuit

Fig 4. Relevant VIA register components.
consists of 8 at least lines, each of which can
be programmed as either an input or an
output. An example of use of this port would
be to dedicate (or program) two lines as
outputs, such that a logic level appearing on
one line would activate a transistor control
circuit to operate a relay which in turn
switches on a motor. Similarly, a logic level,
eg, logic 1, could operate another relay. By
using these two lines it will be seen how we
can switch on a motor for forward motion and
then reverse its direction.

By setting another line as an input, the
operation of a remote switch can provide
information to the computer, which could
then act on it. A simple example of this
would be the fitting of a microswitch to the
chassis of a robot such that on collision with
an object, an input signal is received by the
computer and appropriate action taken, eg
motor direction reversed.

The user port is connected to the central
processor unit via an input/output interface
chip such as the 6522 Versatile Interface
Adaptor (VIA). This is is used by the BBC
Micro, Acorn Atom, Oric and Electron. A
data sheet which goes into its operation in
great detail concerning its hardware and
software facilities can be obtained from many
retailers.

For the purposes of this article, the 6522
provides two 8 -line user programmable ports
and various registers. In addition, it contains
a number of on -chip timers. The BBC, Atom,
Oric and Electron all have one port dedicated
to printer (output) operation, which only
leaves one port which is fully programmable.
This is quite adequate, leaving room for
expansion beyond the scope of this article.

The 6522 is said to be memory -mapped,
ie, each register is treated by the cpu as a
memory location.

The registers we are concerned with are
the Data Direction Register (DDB) and the
Data Register (DRB). the DDB Register
defines which lines are inputs and outputs.
As a port has 8 lines (or bits) the highest

number which can be stored in the memory
location associated with the register is 255 or
FF. That is, an 8 -bit byte provides a
maximum binary value of:

1 1 1 1 1 1 1 = 1+2+4+8+16+32+64+128 = 255

VIA OPERATION

On the BBC Micro, DDB (Data Direction
Register associated with Port B) is allocated
to memory address &FE62. Therefore, if the
binary value 11 is placed in this location, the
VIA is programmed with lines PBO, PB1 as
OUTPUTS. Similarly, DRB (Data Register
associated with Port B) is allocated to
memory address &FE60. Thus, if the binary
value 11 is placed in this location, then the
VIA sends logic level 1 to each of the output
lines, which could enable forward motor
motion (see Fig.4).

Programming of the VIA is possible using
the BBC Basic equivalent of POKE, ie,
?&FE62 = &03, and ?&FE60 = &03.

The VIA defines individual output lines
(set to input by default) and also supplies data
logic levels to these output lines.

It is most important not to get these two
registers confused (even if they are awkardly
named), especialy when their data values are
different (not the case in this particular
example).

Also, care must be taken to ensure that
attempts are not made to input into the VIA
when a particular line has been programmed
to output, and not to accept input. It is

possible to cause hardware damage by
careless software programming! (Connecting
input to input will not cause damage and in
fact on reset, all lines default to input).

Further information can be obtained from
the 6522 data sheet or data sheet of a similar
device, but the principles of programming
will be the same.

Before moving on to a practical circuit, a
note about connection to the user port and

Fig 5 (a). Current sourcing, (b) current sinking.

P80-7

OV

RL

(a)

+5V

PB0- 7

LDJ G18321 (b)

RL

sinking and sourcing. If a resistor is
connected between an output line and OV, a
logical level 1 (5V) at the output results in a
current flowing from the interface adaptor
(VIA) as shown in Fig.5a. The
microcomputer, or more correctly the
interface adaptor, is said to be 'sourcing'
current, ie, it is providing a source of current
to the load device, RL. If a resistor is
connected between the +5V supply and an
input line (Fig.5b), current flows via RL into
the interface when the appropriate logic level
is present on the input line. In this case, the
VIA is said to be 'sinking' current, ie, current
is drawn from the micro psu into the VIA.
Typical currents in both cases are of the order
of lmA.

PRACTICAL CIRCUIT

The simple circuit shown in Fig.6
demonstrates how a logic level 1 can turn on a
transistor which in turn operates a relay, led or
other device. As mentioned before, current is
provided from the interface circuit (VIA) and
is sourced through the transistor. This
provides base current to the transistor, which
then turns on and collector current flows
through the load. The load current IL flows
through the transistor when it is switched on
via the appropriate logic level (1).

+5V

P80 7

08

4k7

27011

BC162

'114.4.10

IL

1DJG18331

Fig 6. Transistor switching circuit.

Such a circuit is suitable for driving a
single motor (such as that on an ex -radio
controlled car). Two port lines would be used
to provide a logic level output to each of two
transistor circuits which drive a separate relay.
The relay then operates a changeover switch
which can facilitate the operation of a motor
in a forward or reverse direction, as can be
seen from the full control circuit shown in
Fig.7.

CIRCUIT DESCRIPTION

The switching circuit operates as follows.
If PB (output) line is at OV, D1 is forward
biased and therefore current flows from the
+5V connection through D1 and into the VIA.
Thus for a logic 0, the transistor is off and
therefore the relay is not energised. When a
logic 1 appears on PB, D1 is reverse biased
and current then flows through D2 and into
the base. Thus a logic 1 is required to provide
relay operation and subsequent motor action.
The logic truth table in Fig.8 can be produced
by arranging the wiring such that a logic 0
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Fig 7. Full control circuit for Microbe 1.

produces an open switch contact and a logic 1
a closed contact.

When both relay 1 contacts complete the
motor/battery circuit the motor will go
forward. If contacts 2 are both made, then the
motor direction will be reversed, as the
battery contacts are now transposed. Each
relay is operated when a logic level 1 appears
on PBO and PB1 respectively. For the relay
contacts to be in the default position, a logic
level 0 must be present on PBO and PB1. This
will result in the battery connections being
reversed and of course the motor direction.
Non -operation of the motors is achieved by
opposite logic levels being present on each
pair of output lines, as in the table, Fig.8).

RELAY
1

RELAY
2

BINARY
VALUE

ACTION

ON OFF 10 STOP

ON ON 1 I FORWARD

OFF OFF 00 REVERSE

OFF ON 01 STOP

Fig 8. Logic table for relay combinations.

Fig 9. Motor drive circuit using
Darlington pair configuration.

For larger current applications, two
transistors can be employed in the darlington
configuration as shown in Fig.9. For
convenience darlington drivers are available
in sets of 7 or 8 within one ic package. These
are used in a later article, in connection with
Microbe 3.

A typical supply voltage for the control
circuitry is provided by, for example, a PP3
9V battery, and one HP7 1.5 battery to drive
the motor. A BFY50 or equivalent npn
transistor should be able to handle the relay
current. 5V and OV logic connections are
normally available from the user port
connector.

TEST PROGRAMS

The program listing in Fig.10 consists of a
sequence of instructions from the cpu to
enable the robot motor to go forward, then
stop, then reverse direction and finally stop
again.

Test Program 1

Line 60 sets up lines PBO and PB1 as
outputs. Lines 100, 170, 240 and 310 provide
the data register with appropriate hex codes
for forward, stop, reverse, stop conditions.
The four sections of programs relating to
forward stop, etc, contain a sound statement
which provides an audible indication
following each function, with a longer
duration sound at the end of the cycle (line
340). A FOR....NEXT loop provides a time
delay between functions.

A loop (line 380) enables this procedure to
be repeated unti the program is stopped (eg,
by pressing ESCAPE). This results in a two -
wheeled, one motor vehicle travelling
backwards and forwards. (This vehicle,

10 REM MICROBE 1 Test Program 1
20
30
40
50
60 ?&FE62=&03
70
80 REM FSRS LOOP + SOUND
90
100 ?&FE60=&11
110 PRINT
120 PRINT "FORWARD"
130 SOUND 10, -12,20,1
140 FOR T=1 TO 2000
150 NEXT T
160
170 ?&FE60=&01
180 PRINT
190 PRINT "STOP"
200 SOUND 10,-12,20,1
210 FOR T=1 TO 2000
220 NEXT T
230
240 ?&FE60=&00
250 PRINT
260 PRINT "REVERSE"
270 SOUND 10,-12,20,1
280 FOR T=1 TO 2000
290 NEXT T
300
310 ?&FE60&01
320 PRINT
330 PRINT "STOP"
340 SOUND 10,-12,20,5
350 FOR T=1 TO 2000
360 NEXT T
370
380 GOTO 100

Fig. 10. Test program for forward and
reverse.

incidentally, is designated "MICROBE 1-.)
Such a vehicle with a 'floppy' wheel at the
front would go backwards and forwards in a
mad 3 -point turn fashion! On the BBC
Micro, using the user programmable keys
manual controls can be employed (eg, *KEY
3 ?&FE60 = &01 IIM, etc).

Software adjustments can provide different
time delays between functions, sound effects
and visual comments can be displayed on the
screen.

Any micro with a suitably protected user
port or interface can be programmed to
`drive' this simple circuit, and as an example
Fig.11 shows a machine code program for the
early MK14 micro which utilises the INS8060
cpu, with the INS8154 as the I/O interface ic.
The 1NS8154 is similar to the 6522 VIA, in
that it has two 8 -bit user ports.

COLLISION DETECTION

Now that the vehicle can obey simple
instructions from the computer under program
control we can move on to sending
information from the robot to the micro. This
can be acieved by fitting a microswitch in a
strategic position on the vehicle such that a
collision closes the switch momentarily.

14 PRACTICAL ELECTRONICS APRIL 1990



ROBOTICS PROJECT

ADDRESS MACHINE
CODE

OPERATION PERFORMED

OF 20 C4 OA INITIALISATION
OF 22 85
OF 23 C4 00
OF 25 31

OF 26 C4 FF SETTING OF
OF 28 C9 23 DATA DIRECTION REGISTER
OF 2A C4 01 LOADING OF BINARY VALUE
OF 2C C9 21 FOR 'FORWARD'
OF 2E C4 FF TIME DELAY
OF 30 8F FF
OF 32 C4 FF
OF 34 8F FF
OF 36 C4 00 LOADING OF BINARY VALUE
OF 38 C9 21 FOR 'STOP'
OF 3A 9C F8 JUMP TO START OF PROGRAM

Fig 1.11 Example of machine code test program for MK14 micro to drive microbe 1

The circuit in Fig. 12 shows the switch
connected to a port line (PB2) and a lk resistor
limits the flow of current into the VIA. When
the switch closes, the input line is set to 0
(OV). In Basic, two statements, such as:

110 IF (?&FE60 AND 4) = 0 THEN PRINT
"OUCH!"
120 IF (?&FE60 AND 4) = 4 THEN
GOTO

provide responses to two conditions. An
instruction following the keyword THEN in
line 120 could be ?&FE60=&03 which places
the binary value 03 in the data register,
resulting in the motor direction being
reversed. Thus an external event can be
`reacted' to by the robot under computer
control and then remedied!

The program is Fig.13 provides the robot
with forward motion until collision occurs
which then results in the motor being reversed
for a specific time, and then driven forward,
subject to further collision.

TEST PROGRAM 2

This program incorporates the use of three
user programmable keys which enable manual
operation of the vehicle. Line 180 sets the
Data Direction Register and lines 200 and 340
provide the register with forward and reverse
hex codes. Line 240 consists of an

Fig 12. Collision detection circuit.

IF THEN statement and uses the logical
operator AND. This program line tests
whether bit 3 (decimal value 4, hex 100) is set
or not. If a collision occurs, line 290 provides
a jump to line 240 where the conditions are
tested again.

Fig. 13. Test program for collision
detection.

10 REM MICROBE 1 Test Program 2
20
30
40
50
60 ?&FE62=&03
70
80 REM MANUAL CONTROLS
90
100 *KEY 3 ?&FE60=&11 IM
110 *KEY 4 ?&FE60=&01 IM
120 *KEY 5 ?&FE60=&00 IM
130
140
150
160 REM FCR LOOP
170
180 ?&FE62=&03
190
200 ?&FE60=&01
210
220 PRINT "FORWARD"
230
240 IF(?&FE60 AND 4) =0 THEN GOTO

340
250
260 REM COLLISION OCCURRED
270
280
290 IF (?&FE60 AND 4) =4 THEN GOTO

240
300
310 REM NO COLLISION
320
330
340 ?&FE60=&02
350 PRINT "REVERSE"
360 FOR T=1 TO 2000
370 NEXT T
380 GOTO 200

This routine can be inserted into the first
program for completeness, but collision
detection will only occur if the robot collides
at the appropriate time in the execution cycle!
A more satisfactory method would be to
utilise the interrupt facility of the CPU, and
this will be covered in a later article. This
problem could also be overcome by software,
but it can be seen that this simple vehicle and
a suitable micro can provide the means of
experimenting with both hardware and
software.

The two test programs can be improved,
extended, and even combined, but care must
be taken to ensure that hardware wiring
matches up with software!

FURTHER POSSIBILITIES

If a simple robot is powered by batteries
(taking into consideration weight and slight
inconvenience of recharging) this could
eventually enable the umbilical cable to be
dispensed with and a radio, infra -red or sonar
link established. A more substantial vehicle
would have a motor for each wheel giving
better control and resonably accurate steering.
This vehicle is designated "MICROBE 3" and
will be discussed in a moment.

On -board intelligence could be supplied by
means of a separate micro circuit complete
with rom and ram. The robot could then
operate independently, albeit in a limited way,
or could also receive downloaded programs
from the remote micro's ram.

Once a basic vehicle is established, a
whole range of electronics systems can be
employed = D/A, A/D, sound and light
sensing, sound output, telemetry, radio, etc.
The robot then becomes a 'vehicle' for ideas,
interfacing experiments and software
development, with the only real limitation
being the imagination.

MICROBE 3

So far we have looked at simple examples
of robotic control, using hardware and
software. We can now put those experimental
activities on to a more practical footing in the
form of a simple and relatively inexpensive
robot system. The word system is used
because from the outset the machine is
designed with expansion in mind.

As before, the robot is defined as being a
microcomputer controlled vehicle, and is
designated "MICROBE 3".

APPROACH

A useful vehicle having at least three or
four wheels would require two wheels to be
driven in either direction to provide full
circular movement, eg, forward (both motors
forward), reverse (both motors reverse), left
turn (left and right motors driving opposite)
and vice versa for a right turn. Immobility is,
of course, achieved with both motors being
inactive!

PRACTICAL ELCTRONICS APRIL 1990 15



CPU
USER
PORT

BBC MICRO
_L

Fig 14. Simple block diagram of micro -controlled robot.
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Various possibilities for a basic chassis
exist, such as metal, wood or plastic. Kits of
Lego or Meccano are worth considering, but
may be of limited application and tend to be
expensive. Alternatively, any custom built
unit comprising wheels and motors with the
provision for electronics and mechanical
hardware to be added, would be suitable.

Consideration should also be given to
motor and control pcb power supplies. If
independent operation is desired, batteries
will be required for motors and also the
control electronics.

Once a suitable vehicle has been
established, the facilities required by the robot
can be summarised, preferably allowing for
expansion at a later stage.

SPECIFICATION

The practical robot discussed now is
required to do the following:

Drive two separate motors (left and right)
independently in the forward or reverse
direction, and also remain stationary when
required; activate a loudspeaker by the
application of two different tones; turn on an
led pair; receive an input via a microswitch.

In addition, the supplies to the motor are to
be derived from one set of batteries, and the
control pcb from another.

Initially, the robot was required to be
connected to an external micro, via a 10/12
way ribbon cable, but from the outset was
designed with an alternative communication
link in mind, eg, infra -red, radio, serial cable,
etc. See Fig. 14 for block diagram.

CONTROL UNIT

As with Microbe 1, the control computer
used is the BBC Model B, but any micro
having a suitable 8 -bit user port would be
suitable, providing interfacing precautions are
taken, and programming of interface circuitry
is possible.

The BBC Micro has a readily available
user port (Port B) with eight data lines (or
bits) and also two control lines CB!,CB".

MOTOR RELAYS

Four data lines (PBO-PB3) were allocated
to two pairs of relays to enable combinations
of 4 -bit words to switch battery power to the

motors as shown in Fig.15. Fig.16 shows the
circuit details of a single darlington stage.
This provides an alternative to individual
transistor switching circuits.

Four bits (or lines) provide up to 16
possible combinations (0000 to 1111), but as
can be seen from the table in Fig.17, several
combinations are duplicated and therefore
redundant. Use of these four lines enables
each motor to be either driven forward,
reversed or stopped, providing complete
manoeuvrability of the motor / wheel unit.

For a slow right turning action, the left
wheel is driven forward, pivoting on the
stationary right wheel. The opposite is
achieved by driving the right wheel about the
left wheel.

Increased speed (power steering!) when
turning is achieved by driving both wheels in
opposing directions.

By simply poking hex values into the
appropriate memory mapped locations in ram,
relays can be energised (or not) depending on
whether a logic level of 1 or 0 is sent to the
control pcb. Thus by using the lower half of

IN PUT

1DJG15391

10

TO +VE
SUPPLY

RAIL
ID1618381

01N

the Data Register byte, (binary) combinations
can result in the direct operation of the relays.
It is then a simple matter to send hex values to
the relay drive circuit to effect relay contact
switching.

For example, the combination 1111 = 70F
(hex) would result in all four relays being
energised such that each motor drives in the
forward direction. Logically, 0000=&00
would produce reverse movement (both
motors reversing). Combinations such as
0101 would produce no movement, whilst
combinations such as 1101 would produce a
turning motion, as one motor would be
driving forward (11) and the other would be
stopped (01). An alternative method of
producing rotational movement would be to
have motors turning in opposite directions
(clockwise and anti -clockwise) thus providing
more power and therefore a faster turning
action.

Incorporating these values into a Basic
program could provide a simple test routine or
loop such that the robot travelled forward for
a short time, stopped for a short time, reversed
and finally stopped.

The Versatile Interface Adaptor (VIA)
could be interfaced to the drive relays via a
transistor circuit or via a dil darlington driver
ic containing up to eight separate stages.

This section of the circuit can be tested
before proceeding to the other sections,
without actually connecting the
motors/batteries to the relay contacts. Relay
operation can be visually observed, using a
simple program such as that listed in Fig.18
(see 'Testing' in the next article)

ON -BOARD SUPPLIES

Practical experiments indicate that eight
AA size rechargeable batteries provide a
suitable supply voltage (about 11 volts) for
the relays and remainder of the control circuit,
and also a reasonable current/time capacity.

Ordinary dry cells (D -size - 2 x 2 x 1.5V)
were used for the motor supplies, but
rechargeable batteries would be more suitable
for heavy continuous use.

TWO-TONE HORN

Two further lines of the VIA, PB5 and
PB6, are allocated to the oscillator section of
the control circuit.

The oscilator in Fig.19 is based on a 555
timer ic configured as an astable
multivibrator.

+ SUPPLY
kSOV1

Fig 15. (above left).
Relay drive circuit
using four stages of
darlington driver ic.

Fig 16. (left). Single
darlington driver
stage schematic.
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ROBOTICS PROJECT

HEX&RBINARY M2
R

Ml
L

M2
R

MI
L

ACTION
PERFORMEDL

00 00 00 ON ON R R REVERSE
01 00 01 ON OFF R S

02 00 10 ON OFF R S

03 00 11 ON ON R F RIGHT TURN (FAST)
04 01 00 OFF ON S F

05 01 01 OFF OFF S S STOP
06 01 10 OFF OFF S S

07 01 11 OFF ON S F RIGHT TURN (SLOW)
08 10 00 OFF ON S R

09 10 01 OFF OFF S S

OA 10 10 OFF OFF S S

OB 10 11 OFF ON S F
OC 11 00 ON OFF F R LEFT TURN (FAST)
OD 11 01 ON OFF F S LEFT TURN (SLOW)
OE 11 10 ON OFF F S
OF 11 11 ON ON F S FORWARD

Fig. 17 Motor action codes

10 REM MICROBE 2.5
20 REM MANUAL CONTROLS

(MOTORS)
60 ?&FE62=&OF
70 ?&FE60=&05
90 *FX4,2
110 *KEY 11 ?&FE60=&05IM
120 *KEY 12 ?&FE60=&03IM
130 *KEY 13 ?&FE60=&OCIM
140 *KEY 14 ?&FE60=&00IM
150 *KEY 15 ?&FE60=&OFIM

Fig. 18. Manual controls (motors)
program.

TR2 switches on when PB5 is at logic 1,
thus connecting pin 1 to earth through the
transistor. This causes an oscillation of about
500Hz. If PB6 also goes high (logic 1), the
frequency of oscillation increases to 1 kHz.

Thus, a binary combination of 00 on PB5,
PB6 would produce no tone, 01 a tone of 500
Hz, while 11 would produce a tone of 1 kHz.
Possible combinations are summarised below:

00 = no tone
01 = tone 1 (500 Hz)
10 = no tone
11 = tone 2 (1000 Hz)

Thus 01 and 11 select tone 1, tone 2
respectively.

To be continued next month when we
shall look at a full control circuit and
software designing considerations.

Lem

PB6

P05

*5611 FOR 811 L S
270. FOR 35R L.S.

IDJG15401

Fig 19. Two-tone horn
circuit and 555 timer
connections.
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Z80A CTC .45 27C256 £2.40

Z80A DART £1.50 27512 £5.00

8031 £1.50 6116 £1.30

80C39 £1.70 6264 LP £2.50

80C31 £3.00 62256 LP £6.00

80085 £1.60 4164 £2.00

81055 £1.60 41256 £3.75

82C12 £1.30 LM 324 .80

82C55 £1.60 74HC74 .80

6809 £1.85 TL064CN .20

68000 P8 £5.00 79L05 .80

2716F1 £2.35 78L08 .80
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REGULATORS
LM317T PLASTIC T0220 variable Cl
LM317 METAL £2.20
7812 METAL 12V 1A Cl
7805/12/15/24V plastic 35p 100+20p 1000+ 15p
7905/12/15/24 plastic 35p 100+20p 1000+ 15p
CA3085 T099 variable reg 2/£1
LM338 5A VARIABLE £5

COMPUTER ICS
80C31 MICRO £2
P8749H MICRO £5
BBC MICRO PARTS
VIDEO ULA 201647 £10ea 10+ £8
6845 CRT £5
6522 PIA £3
DM88LS120 £4.50
AY3-1015D UART £2.50
8086 processor equipment £2
USED 41256-15 £3.00
USED 4164-15 ex -equipment £1
9 x 41256-15 SIMM MODULE NEW £25
8 x 4164 SIP MODULE NEW £8
HD 146818 CLOCK IC £2
2864 EEPROM £3
27128A 250nS EPROM USED £2 NEW E2.30
FLOPPY DISC CONTROLLER CHIPS 1771 £10 ea
FLOPPY DISC CONTROLLER CHIPS 1772 £16 ea
68000-8 PROCESSOR NEW £5
HD63484-8 £5
ALL USED EPROMS ERASED AND BLANK CHECKED
CAN BE PROGRAMMED IF DESIRED.
2716-45 USED £2 100/£1
2732-45 USED £2 100/£1
2764-30 USED £2 103/£1.60
27C256-30 USED £2
27C512 USED £3.00
1702 EPROM EX EOPT £5
2114 EX EQPT 60p 4116 EX EQPT 70p
6264-128k static ram £3.00
4416 RAM £3.00
USED 4416-15 RAM £2
USED 41464-15 £5

CRYSTAL OSCILLATOR
1.8342 MHz £1 each

CRYSTALS
2.77 MHz/4.000 MHz/4.9152MHz 20MHz 49.504MHz, 8M, 16.588M

TRANSISTORS
BC107, BCY70 PREFORMED LEADS

full spec Cl £4/100 £30/1000
BC557, BC5488, BC238C, BC3088 30/£1 £3.50100

POWER TRANSISTORS

TO -220 HEAT SINK sim RS 403-162 10/£2.50
SMALL MICROWAVE DIODES AEI DC1028A 2/C1
D.I.L. SWITCHES 10 WAY £1 8 WAY 80p 4/5/6 WAY 50p
180 volt 1 watt ZENERS also 12v & 75v 20/£1
PLASTIC EQUIPMENT CASE 9 x 6 x 1.25 in. WITH FRONT AND
REAR PANELS CONTAINING PCB WITH EPROM 2764-30 AND
ICS 7417 LS30 LS32 LS74 LS367 LM311 7805 REG, 9 WAY D
PLUG, PUSH BUTTON SWITCH, DIN SOCKET £1.90
VN10LM 60v V2A 5ohm TO -92 mosfet 4/£1 100/£20
MIN GLASS NEONS 10/C1
RELAY 5v 2 pole changeover looks like RS 355-741 marked
STC 47WBO5T C1 ea
MINIATURE CO -AX FREE PLUG RS 456-071 2/C1
MINIATURE CO -AX FREE SKT. RS 456-273 21£1.50
DIL REED RELAY 2 POLE n/o CONTACTS £1
PCB WITH 2N2646 UNIJUNCTION with 12v 4 POLE RELAY £1
400m 0.5w thick film resistors (yes four hundred megohms) 4/C1
STRAIN GAUGES 40 ohm Foil type polyester backed balco grid
alloy £1.50 ea 10+ C1
ELECTRET MICROPHONE INSERT £0.90
Linear Hall effect IC Micro Switch no 613 SS4 sim RS 304-267

£2.50 100+ £1.50
HALL EFFECT IC UGS3040 + MAGNET El
OSCILLOSCOPE PROBE SWITCHED X1 X10 £10
CHEAP PHONO PLUGS 100/£2 1000/£18
1 pole 12 way rotary switch 4/C1
AUDIO ICS LM380 LM386 £1 ea 1M324 4/t1
555 TIMER 5/C1 741 OP AMP 5/C1
ZN414 AM RADIO CHIP 80p
COAX PLUGS nice ones 4/C1
COAX BACK TO BACK JOINERS 3/£1
4 x 4 MEMBRANE KEYBOARD £1.50
15.000uF 40V :2.50 (01.25)
INDUCTOR 20uH 1.5A 5/C1
NEW BT PLUG + LEAD £1.50
1.25" PANEL FUSEHOLDERS 3/£1
CHROMED STEEL HINGES 14.5 x 1" OPEN C1 each
12v 1.2w small wire ended lamps fit AUDI VW TR7 SAAB
VOLVO 10/£1
12V MES LAMPS 10/C1
STEREO CASSETTE HEAD E2
MONO CASS.HEAD £1 ERASE HEAD 50p
THERMAL CUT OUTS 50 77 85 120°C C1 ea
THERMAL FUSE 121°C 240V 15A 5/£1
TRANSISTOR MOUNTING PADS TO-5/TO-18 £3/1000
TO -3 TRANSISTOR COVERS 10/£1
STICK ON CABINET FEET 30/£1
PCB PINS FIT 0.1" VERO 200/C1
TO -220 micas + bushes 10/50p 100/£2
TO -3 micas + bushes 15/C1
PTFE min screened cable 10m/C1
Large heat shrink sleeving pack £2
CERAMIC FILTERS 6M/9M/10.7M 50p 100/C20

CONNECTORS
D25 IDC SOCKET FUJITSU £2
34 way card edge IDC CONNECTOR (disk drive type)

01.25
CENTRONICS 36 WAY IDC PLUG £2.50
CENTRONICS 36 WAY IDC SKT £4.00
BBC TO CENTRONICS PRINTER LEAD 1.5M C3.50
CENTRONICS 36 WAY PLUG SOLDER TYPE £4
USED CENTRONICS 36W PLUG+SKT £3

USED D CONNECTORS price per pair
D9 60p, D15 £1.50, D25 C2, D37 £2, D50 03.50 covers 50p ea.

WIRE WOUND RESISTORS
W21 or sim 2.5W 10 of one value C1
R10 OR15 OR22 2R0 4R7 5R0 5R6 8R2 10R 12R 15R 18R 20R
22R 27R 33R 47R 56R 62R 91R 120R 180R 390R 430R 470R
680R 820R 910R1K15 1K2 1K5 1K8 2K4 2K7 3K3 3K0 5K0 RO5
(50 milli -ohm) 1% 3w 4 FOR Cl
W22 or sim 6W 7 OF ONE VALUE £1
R47 R62 1R0 1R5 1R8 3R3 6R8 9R1 128 20R 24R 27R 33R 51R
56R 6219 68R 100R 120R 180R 220R 390R 5608 6208 910R 1K0
1K2 1K5 1K8 2K2 2K7 3K3 3K9 4K7 8K2 10k 15K 16K 20K
W23 or sim 9W 6 of one value C1
R22 R47 1R0 1R1 56R 62R 100R 120R 180R 220R 300R 390R
68OR 1K0 1K5 5K1 10K
W24 or sim 12W 4 OF ONE VALUE El
R50 2R0 9R1 18R 22R 27R 56R 68R 75R 82R 100R 150R 180R
200R 220R 270R 400R 620R 1K0 6K8 8K2 10K 15K

PHOTO DEVICES
SLOTTED OPTO-SWITCH OPCOA OP13815 £1.30
2N5777 50p
TIL81 PHOTO TRANSISTOR C1
TIL38 INFRA RED LED 5/C1
4N25, OP12252 OPTO ISOLATOR 50p
PHOTO DIODE 50p 6/C2
MEL12 (PHOTO DARLINGTON BASE n/c) SOp
4 DIGIT LED 7 SEG. DL4770
LEDs RED 3 or 5mm 12/C1 100/C6
LEDs GREEN OR YELLOW 10/C1 100/£6.50
LEDS ASSORTED RD/GN/YW + INFRA/RED 200/C5
FLASHING RED OR GREEN LED 5mm 50p 100/£40

STC NTC BEAD THERMISTORS
G22 220R, G13 1K, G23 2K, G24 20K, G54 50K, G25 200K,
G16 1M, RES (4 20°C DIRECTLY HEATED TYPE El ea
F5228W NTC BEAD INSIDE END OF 1" GLASS PROBE
@ 20°C 200R £1 ea
A13 DIRECTLY HEATED BEAD THERMISTOR 1k res. Ideal for
audio Wien Bridge Oscillator £2 es

CERMET MULTI TURN PRESETS 3/4"
10R 20R 100R 200R 250R 500R 2K 2K2 2K5 5K 10K 47K
50K 100K 200K 500K 2M2 SOp each

N POWER FET IRF531 8A 60V £1

P POWER FET IRF9531 8A 60V 2/£1
2SC1520 sim BF259 3/C1 100/C22
TIP141/2 £1 ea TIP112/125/42B 2/£1
TIP35B TIP35C 01.50
SE9301 100V 10A DARL. SIM TIP121 2/£1
2N3055 EX EQPT TESTED 4/Cl
PLASTIC 3055 OR 2955 equiv 50p 100/£35
2N3773 NPN 25A 160V £1.80 10/£16

lEC chassis plug rfi filter 10A £3
Potentiomenters short spindles values 2k5 10k 25k 1m
2M5 lin 5/C1
500k lin 500k log 4/£1
40Khz ULTRASONIC TRANSDUCERS EX-EOPT NO DATA

C1 /pr
PLESSEY INVERTER TRANSFORMER 50 CYCLES
11.5 0 11.5V to 240v 200VA £6 (£3)

IC SOCKETS
6 pin 15/£1 8 pin 12/C1 14/16 pin 10/C1 18/20 pin 7/£1,
22/24/28 pin 4/C1 40 pin 30p

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

POLYESTER/POLYCARB CAPS
100n, 220n, 63v 5mm 20/£1 100/£3
1n/3n3/5n6/8n2/10n 1% 63v 10mm 100/E6QUARTZ HALOGEN LAMPS

A1/216 24V 150 WATTS £2.25
H1 12V 50W (CAR SPOT) £1.50

14 WAY AMP ZIF SOCKET 2/£1

DIODES AND RECTIFIERS
1N4148
1N4004/SD4 1A 300V
1N5401 3A 100V

100/C1.50
100/£3
10/£1

0n/15n/22n/33n/47n/68n 10mm rad
100n 250v radial 10mm
100n 600v sprague axial 10/£1
2u2 160v RAD 22mm, 2u2 100v RAD 15mm
10n/33n/47n 250v ac x rated 15mm

100/£3.30
100/C3

100/C8 (E1)
100/£10
10/C1TEXTOOL single in line 32 way. Cn be ganged (coupling supplied) BA158 1A 400V fast recovery 100/C3 470n 250v ac x rated rad 4/C1fa use with any dual in line devices. 2/E2 BA159 lA 1000V fast recovery 100/C4 1U 600V MIXED DIELECTRIC 50p ea.28 WAY TEXTOOL ZIF SOCKET EX NEW EQUIPMENT ....£2.50

CAPACITORS COMPUTER GRADE
120V 35A STUD
BY127 1200V 1.2A
BY254 800V 3A

65p
10/£1
8/C1

100 100vRAD15mm, 1u0 22mm RAD

RF BITS
£6/100

3300uF 350V SIC SAFCO FELSIC 037 £6(£1.50) BY255 1300V 3A 6/C1 MNIATURE CO -AX 500 URM95 10Orrif£122200uF 160V SIC SAFCO FELSIC C038 £4(£1.20) 6A 100V SIMILAR MR751 4/£1
TURNS COUNTING DIALS all for 025" shaft
10 turn dial 21 mm dia. fits 3mm spindle £2
10 turn digital dial (3 digits) for 3mm or 6mm shaft £3.50
10 turn clock face dial for 6mm spindle £4

MISCELLANEOUS

1A 800V BRIDGE RECTIFIER
4A 100V BRIDGE
6A 100V BRIDGE
BA 200V BRIDGE
10A 200V BRIDGE
25A 200V BRIDGE £2

4/C1
3/£1
2/£1

2/£1.35
£1.50

10/£18

TRIMMER CAPS ALL
SMALL 5pf 2 pin mounting 5mm centres
SMALL MULLARD 2 to 22pF
SMALL MULLARD 5 to 50pF
larger type grey 2 to 25pF black 15 to 90pf
TRANSISTORS 2N4427

4/SOp

4/50p
4/50p

60p
MAINS ADAPTOR 9V DC 200mA £1.25 25A 400V BRIDGE 02.50 10/£22 FEED THRU CERAMIC CAPS 1000pF 10/£1
SLOPING FRONT PLASTIC CASE 225 x 215 x 76mm
76mm WITH ALI FRONT PANEL 200 x 130mm £3.30
HUMIDITY SWITCH ADJUSTABLE £2
WIRE ENDED FUSES 0.25A 30/£1
NEW ULTRASONIC TRANSDUCERS 40kHz £2/pair

SCRS
PULSE TRANSFORMERS 1:1+1
2P4M EQUIV CIO6D
MCR72-6 10A 600V SCR

£1.25
3/C1

£1

MINIATURE RELAYS Suitable for RF
5 volt coil 1 pole changeover C1
5 volt coil 2 pole changeover £1
12 volt coil 1 pole changeover £1

12 CORE CABLE 7/0.2mm OVERALL SCREEN..e1 /3 35A 600V STUD SCR £2 MONOLITHIC CERAMIC CAPICITORS
metres TICV1060 800mA 400V SCR 3/£1 100/£15 10n 50v 2.5mm 100/£4.50
POWERFUL SMALL CYLINDRICAL MAGNETS 3/£1 MEU21 PROG. UNIJUNCTION 3/£1 100n 50v 2.5mm or 5mm 100/C6
OP AMP LM1OCLN £2.90 TRIACS DIACS 4/01 100n ax short leads 100/C3
BNC 50 OHM SCREENED CHASSIS SOCKET 3/E1 BT137-600 8A TO -220 2/C1 100n ax long leads 100/C8
BNC TO CROC CLIPS LEAD 1 metre £1 BT138 600 12A TO -220 70pMOULDED INDUCTOR 47001

NEC TRIAC ACO8F BA 600V TO220 5/£2 100/£30 100n 50v dil package 0.3" rad C10/100
size of a 1 watt film resistor 5/£1 TXAL225 8A 400V 5mA GATE 2/C1 100/C35 STEPPER MOTORS

TRAL223OD 30A 400V ISOLATED STUD C4 each 4 PHASE 2 9V WINDINGS £3.50

KEYTRONICS
TEL. 0279.505543
FAX. 0279.757656

PO BOX 634
BISHOPS STORTFORD

HERTFORDSHIRE CM23 2RX

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

ADD 15% VAT TO TOTAL
ELECTRONIC COMPONENTS

BOUGHT FOR CASH
=A
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COMPUTING PROJECT

A
lthough the IBM PC series and their
innumerable clones are the standard
business computer, and seem to be

widely regarded as unsuitable for anything
else, they are very versatile computers indeed.
They fill an "all things to all men" role, and
are well suited to home computing as well as
specialised applications. They are certainly
well suited to do-it-yourself add-ons.
Physically interfacing to the expansion slots
of an IBM PC or compatible is perhaps a bit
awkward, with a double -sided board being
mandatory, and a reasonable amount of
precision being called for if everything is to
fit into place properly. From the electronic
point of view, and provided nothing fancy like
the use of interrupts is required, interfacing to
a PC is more straightforward than you might
expect.

SLOT MACHINES

What makes the PCs such an attractive
proposition for the home constructed add-on
enthusiast is their expansion slots. Typically
there are eight of these, but some are
occupied by essential cards such as disk
controllers and a display card. A typical PC
having a hard disc, one or two floppy drives,
a parallel port and two serial ports would have
at least three spare expansion slots. With

Rear Of
Computer

B10

920

B31

MIW-"Ll110

Al 0

1\70

B31

D1

D10

A31 H 8

Three Connector
Wide Gap

Fig 1. (Far left). Numbering
system used for the PC
expansion connector. It is
a 2 x 31 way 0.1 inch pitch
female edge connector.
Fig 2. The additional
connector of the 16 bit AT
bus as a 2 x 18 way type,
numbered as shown here.

PC INTERFACING
many PC expansion cards being of the multi-
function type these days, most PCs seem to
have about four or five expansion slots free
before any extra serial/parallel ports or more
exotic cards are added. You can therefore
have several of your own add-ons fitted in the
computer and ready for immediate use,
without any need for unplugging and
plugging in, or external bus expansion units.

It is important to realise that there are two
types of expansion slot. These are the 8 bit
type of the original PCs and the later PC XTs,
and the 16 bit type of the AT style machines.
The original PCs and the XTs are based on
the 8088 microprocessor, which is a 16 bit
type having an 8 bit data bus and increased
operating speed, but computers of this type
invariably seem to use some electronic
trickery to permit the use of a standard 8 bit
expansion bus.

AT style computers are based on the 80286
which has a 16 bit data bus, the 80386 which
has a 32 bit data bus, or the 80386SX, which
is an 80386 having a 16 bit data bus. These
computers have a 16 bit expansion bus which
actually consists of the original 8 bit bus plus
an additional connector which has the eight
extra data bus lines, plus some further address
and control lines. There are 32 bit expansion
buses, but as yet there is no true standard for
these. For most user add-ons the ordinary 8
bit expansion bus will suffice. In general, 8
bit boards are usable in AT type computers.

Robert Penfold
shows that

designing add on
cards for PCs is not
quite as hard as it

looks.

About the only exceptions are the 8 bit hard
disc controller cards. The incompatibility
occurs with these simply because they have a
built-in rom bios, whereas AT machines
utilise the bios on the motherboard. The
problem is therefore one of firmware
incompatibility rather than bus problems.

The expansion slots on the motherboard
are ordinary 0.1 inch pitch female edge
connectors. The basic 8 bit slot has a 2 by 31
way connector, with the two rows numbered
from Al to A31, and B1 to B31 (see Fig.1).
The 16 bit expansion slot additionally has a
two -by -18 way female edge connector, with
the two rows numbered from Cl to C18, and
D1 to D18 (see Fig.2). This additional
connector is mounted in front of and in -line
with the 8 bit expansion bus connector.

Do not confuse long and short expansion
cards with 16 and 8 bit types. Either type of

card can be the maximum length available,
or some shorter length (usually about one
third to half full size). With some computers
the disk drives obstruct some of the
expansion slots, and short cards are all that
these can take. Most home constructed cards
will probably only need to be of the short
variety.

RIGHT LINES

Table 1 towards the end of the text is a list
of all the lines on the 8 and 16 bit expansion
buses. Apart from supply lines a minus ("-")
sign indicates that a line is negative active.

These are the functions of the AT
expansion bus - a few of the terminals on the
8 bit bus have slightly different functions on
the PC and PC XT machines (-REFRESH is
DACKO on the PC bus for example). In
general these few differences are of no
importance as they are little used by
expansion cards, and are unlikely to be
needed for user constructed cards.

The input/output lines break down into the
usual address, data, and control buses, plus
power supply lines, clock signals, interrupt,
and dma (direct memory access) lines. We
will concentrate here on the basic 8 bit bus,
since this is all most users will be interested in
initially, and is probably all most users will
need for the foreseeable future.
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DATA BUS/ADDRESS BUS

DO to D7 form the standard bidirectional data
bus, while AO to A19 are the address bus outputs.
These provide a one megabyte address bus range.
The 16 bit bus has extra address lines which give
a 16 megabyte even when run on 80286/80386
based machines. This is due to these
microprocessors running in an 8088 emulation
mode in order to run MS-DOS software. The
extended memory can only be used indirectly via
disc cache and ram disk programs, or with the aid
of special DOS extender programs. The 8088
series of microprocessors do not have
input/output devices memory mapped, but have a
separate I/O map. This used 16 of the ordinary
address lines, giving a 64K address range.
However, in the PCs only the lower ten address
lines are used, giving some 1024 port addresses.
Of these the lower 512 are reserved for internal
circuits, leaving the upper 512 addresses for cards
fitted to the expansion bus. Many of these
addresses are reserved for specific functions such
as display adaptors and disk controllers. This is a
subject we will consider in more detail later.

ALE (ADDRESS LATCH
ENABLE)

This is an output which provides timing
information that can be used for synchronisation
purposes for events that must be synchronised to
bus cycles. This is not needed by most home
constructor add-ons.

AEN (ADDRESS ENABLE)

Another output, and one which indicates
whether processor or dma bus cycles are in
progress. It goes low during normal (ie processor
not dma) bus cycles. It is a line that must
normally be taken into account by the address
decoder circuit of any add-on card.

CONT ROL BUS

There are four lines making up the control bus,
MEMR, MEMW, 10R, and IOW; these are forms
or read and write lines. The first two are the
read/write lines for memory accesses, while the
second pair perform the same function during
input/output accesses. They are all active low.
Thus, for example, during a write operation to
memory, MEMR goes low while the other three
all remain in the high state. IOR and IOW are
obviously important lines which would normally
need to be decoded by any user add-on.

DMA LINES

These are the four input lines, DRQ1 to DRQ4,
outputs DACKO to DACK3, and TC (terminal
count) output. Since it is unlikely that user add-ons
will make use of the advanced dma facility, we will
not consider these lines further here.

INTERRUPTS

IRQ2 to IRQ7 are standard active high interrupt
request lines. IRQO and IRQ1 are not available on
the expansion bus as they are used for the time of
day clock and the keyboard. Some of these lines
are likely to be used by standard expansion cards
such as the serial and parallel ports.

CLOCKS

There are two clock signals on the expansion
bus. These are OSC - a 14.318 buffered crystal
controlled oscillator signal, and CLK - the
4.77MHz processor clock signal which has a 2 to
1 duty cycle. The OSC signal is primarily
intended to act as the clock signal for the colour
graphics adaptor board. Although the original
IBM PC and PC XT machines (plus some early
clones) use a 4.77 MHz clock frequency, most of
the more recent compatibles can operate at higher
speeds of between 8 and 15MHz. AT style
computers operate with clock signals of between
6MHz and 33MHz. This clock signal will be at
whatever clock rate the computer is using, and in
most cases will not be 4.77MHz. This makes it a
non-standard signal which is of limited
usefulness as a result.

POWER SUDPLY

Supplies of ±5 volts and ±12 volts are
available on the expansion bus. The maximum
current from the ±5 volt rail is 4 amps for the
original PCs, but is upwards of 11 amps for more
recent PCs and clones. This is the total available
to all the expansion cards, including essential
ones such as disk controllers and display boards.
However, in any reasonably recent PC there
should be several amps to spare, which should be
substantially more than any user add-on or set of
user add-ons will require. The ±12 volt output
has a rating of 2 amps on early machines, or
about 4 amps or more on recent ones. The
negative supplies have much lower current
ratings of 0.3 and 0.25 amps for the -5 and -12
volt outputs respectively.

10 CH RDY (I/O
CHANNEL READY)

This is an input which can be used to insert
wait states if a slow device is used on the
expansion bus. Some user add-ons might need
this facility, but it obviously makes things easier
if it can be left unused.

10 CHC K (I/O CHANNEL
CHECK)

This is another active low input line, and it is
pulled low in order to indicate a memory or
input/output parity error. This generates a non-
maskable interrupt. This feature is not normally
required for user add-ons.

PROPERLY ADDRESSED

The first decision that has to be made when
designing a PC card is just where in the
input/output map it should be placed. As
explained previously, only 1024 of the 65536
possible input/output addresses are available on
a PC, and the lower 512 addresses are reserved
for the computer's internal hardware. Much of
the upper block of 512 addresses is reserved for
essential and standard expansion cards such as
serial ports and display adaptors. For the record,
this is a full list of the PC input/output map
allocations.

System

Hex Address Range Function

000-01F
020-03F
040-05F
060-06F
070-07F
080-09F
OAO-OBF
OCO-ODF
OFO

OF1
OF8 - OFF

DMA Controller #1
Interrupt Controller #1
8254 Timer
Keyboard Interface
Real Time Clock
DMA Page Register
Interrupt Controller #2
DMA Controller #2
Clear Processor Busy
Reset Processor
Arithmetic Processor

VO Channel

Hex Address Range Function

1F0 -1F8 Fixed Disk
200-207 Games Port
210-217 Expansion Unit
220-24F Reserved
278-27F Parallel Port 2
2F0 -2F7 Reserved
2F8-2FF Serial Port 2
300-31F Prototype Card
320-32F Fixed Disk
360-36F Reserved
378-37F Parallel Port 1
380-38F SDLC Bisynchronous #2
3A0-3AF Bisynchronous #1
3B0-3BF Monochrome

Display/Printer Adapter
3C0-3CF Reserved
3D0-3DF Colour Graphics Adapter
3F0 -3F7 Floppy Disk Controller
3F8-3FF Serial Port 1

GAP EXPLOITATION

Although the I/O channel addresses range
seems to be rather crowded, there are actually a
few gaps that can be exploited. Also, the address
range 300 - 31F is explicitly for prototype cards,
which would presumably embrace user add-ons.
This gives some 32 addresses, which should be
sufficient for most purposes, even if two or three
home constructed cards are to be added. Apart
from exploiting any gaps in the allocation map,
it is of course quite acceptable to use one of the
allocated address ranges if you do not have
that particular hardware installed. The SLDC
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IOR

+5V

AEN

A8 0
A7

46

AS

A9

OV

IOW

Read

Write

Fig 3 (above). An ultra -simple address decoder for
PC add-ons.
Fig 4 (right). The additional circuitry needed to
provide basic 8 -bit input and latching output ports.
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D4 0
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74LS273
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IC4

74LS245

201 1 19
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o Out 0
o Out 1

o Out 2
o Out 3
0 Out 4
o Out 5
o Out 6
0 Out 7

o In 0

o In 1

-o In 2

o In 3

o In 4

o In 5

o In 6

o In 7

o Read

or games port address ranges could be used, for
example, provided you do not have the relevant
cards installed, and do not envisage fitting them
at some later stage. Obviously this type of thing
should be avoided if you are designing cards
that will be used by others, and you do not know
for certain what cards will be fitted in their
computers.

Another system that can be very successful is
to utilise the upper address lines (A10 to A15).
On the face of it this is unacceptable, since these
address lines are not decoded by either the
system hardware or any expansion cards. These
items of hardware will therefore respond to
"echoes" of their base addresses, making
addresses above 3FF unusable. However, this
problem is avoided if you only use addresses
that are "echoes" of the 300 to 31F address
range of the prototype card. By decoding one or
more of the upper address lines as well as the
lower ten address lines, these 32 addresses can
effectively be used over and over again, with
one set of hardware using the base address
range, and each additional piece of hardware
using a different "echo" address range. This
gives what should be more than enough
input/output addresses to satisy even the most
prolific expansion card builder.

DECODING

The bit pattern on the lower ten address lines
for address &H300 is as follows:

AO Al A2 A3 A4 A5 A6 A7 A8 A9
X X X X X 0 001 1

The "X" for the five least significant address
lines indicates that their state is unimportant. For
the base address of &H300 they should all be at
zero. However, if several addresses in the

available range of &H300 to &H31F are
utilised, then these lines must be properly
decoded for each address that is used. For a very
basic port that requires just a single address they

can simply be ignored. The port can then be
accessed at any address in the &H300 to &H31F
range. A complex peripheral chip that has a
number of registers at different addresses will
have address inputs that will effectively provide
decoding for some of these address lines.

For the moment we will concentrate our
attention on the upper five of these address lines,
which must always be decoded. Also, the
address decoder must process line AEN, which
is high during dma cycles, and low during
processor cycles. Therefore, any normal add-on
must only be activated when AEN is low. Some
peripheral devices are intended for operation on
an 8088 type bus structure, and have inputs that
can be used to process the IOR and IOW lines
(the 82** series of chips have suitable read and
write inputs for example). In other cases the
address decoder must also process these lines, so
as to produce separate read and write outputs.

There must be countless ways of decoding
AEN and A5 to A9 correctly, but the most
simple method that I could devise uses a single
74LS138 3 to 8 line decoder to decode all six

lines. Fig. 3 shows how this is achieved. A9 is
connected to the positive enable input, while A5
and A6 are connected to the negative enable
inputs. This leaves the three normal inputs of the
device free to process AEN, A7, and A8. Output
of ICI pulses low when an address in the range
&H300 to &H31F is accessed. If the decoder is
used with peripheral devices that have suitable
read and write inputs for IOR and IOW, then
output 2 of ICI can directly drive a negative chip
select input (or a positive type via an inverter).
If not, then a couple of OR gates (IC2a and
IC2b) are needed in order to decode these lines
and provide separate negative read and write
outputs.

Fig. 4 shows the additional circuitry needed
in order to give basic 8 bit input and latching 8
bit output ports. IC3 provides the outputs, and
this is an octal D type flip/flop connected here to
act as an 8 bit latch. The data inputs are fed from
the computer's data bus, the Q outputs provide
the latching outputs, and the write output of the
address decoder drives the clock pulse input.
The timing of a write bus cycle is shown in Fig.

Fig 5. Timing diagram for a PC I/O write cycle.

CLK1 CLK9

CLK

CLK3 WAIT

Address Lines

CLK4 CLK5

Address Valid

Tow

Data Lines

Data Valid
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CLK1 CLK2

CLK

CLK3 WAIT

Address Lines

CLK4 CLK 5

Address Valid

IOR

Data Lines

)(Data \
Valid

Fig 6. Timing diagram for a PC I/O read cycle.

5. IOW returning to the high state ends the
negative output pulse from the address decoder,
and this latches the valid data on the data bus
into 1C3's flipflops.

The 8 bit input is provided by 1C4 which is
an octal transceiver. However, in this circuit its
direction input is permanently wired to logic 1,
and it operates as what is really just an octal
tristate buffer. A read pulse from the address
decoder activates its outputs and places the input
data onto the data bus. Bus timing for read
operations is shown in Fig. 6. There is no
difficulty in using many computer peripheral
chips with the 8088 bus of the PC, but note that
it is not well suited to all peripherals. In
particular, using 65** and 68** series
peripherals with 80** processors (or vice versa)
usually requires some trickery in the address
decoder and the control bus in order to obtain
satisfactory results.

If more than one device is to be placed in the
&H300 to &H31F address range, some of the
lower address lines must be decoded. A simple
method of splitting this block of addresses into
four blocks of eight addresses is shown in Fig. 7.

This is based on the decoder circuit of Fig. 3,
but the AEN, A6, and A7 lines drive one of the
negative enable inputs of IC1 via a three input
OR gate. This is actually a three input NOR gate
followed by a second gate connected to give an
inverter action. Ideally there should be as few
devices as possible decoding each line in order
to give a minimal delay in the operation of the
circuit. Also, simple devices such as gates and
inverters are preferable to the more complex and
slower ones such as 4 to 16 line decoders. In this
case the extra inverter is necessary as a suitable
ttl OR gate does not seem to be readily
available.

Using the extra gates result in two of the
normal inputs of ICI being left available to
process A3 and A4 of the address bus. This
gives the required splitting of the address range
into four blocks, with a separate output of ICI
being used for each one. With an extra gate or
two it should be possible to leave all three
normal inputs of IC1 unused, and available to
decode A2 to A4. This would give eight
decoded outputs, with each one covering four
addresses. Do not forget that unless the

Fig 7. An
address
decoder giving
four outputs,
with each one
covering eight
addresses.
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peripheral devices have inputs for IOW and
10R, these must be processed with the outputs
of ICI using two input OR gates. Even if a home
constructed expansion card does not require
more than one decoded address output, it is still
worth using a decoder such as the one shown in
Fig. 7. By using just one block of eight
addresses, this leaves some 24 addresses free for
any further expansion cards you may wish to
build later. If you use the entire &H300 to
&H31F range on a single card it is still possible
to find other niches in the input/output map for
additional cards, but you would be making life
difficult and limiting your options.

EXPERIMENTING

For anyone who is at all familiar with
computer interfacing it should by now be clear
that the PC is relatively straightforward from the
electrical point of view as far as basic
interfacing is concerned. In fact it is more
simple than many 8 bit computers, which often
indulge in slightly non-standard methods of
interfacing. This sometimes makes them
difficult to use with what should be ideally
suited peripheral devices!

The PCs are a bit awkward as far as the
mechanical side of things is concerned though.
Having interface cards actually inside the
computer is in many ways a very convenient
way of handling things, but it can make it
difficult to develop prototype circuits, and the
final product must be produced with a fair
degree of precision. Fig. 8 shows the correct size
and shape for a full length PC expansion card. A
short card would normally be about half the
length of a full card (ie about 6.6 inches), but
there is no standard in this respect. The short
cards in my XT compatible range from about 4.2
inches to 6.8 inches. If a card needs to be much
more than about 7 inches, then it would
probably be better to make it a full length type
so that the front end is properly supported, and
is not left flapping around. There is no standard
height for PC cards, but it is best to keep the
height to not much more than about 4.2 inches.
Most PC cases can accommodate taller cards,
but some recent low -profile types cannot take
some of the high -profile expansion cards.

BRACKETS

If a card is less than full length, it is always
the front end that is "trimmed off' as it were.
The rear end is fitted with a metal bracket which
fits into the space vacated when the blanking
plate for the slot in question is removed. Making
your own brackets is quite difficult, since they
are quite a complex shape. Where possible it is
probably best to use a blanking plate removed
from the computer. Most users soon add one or
two ready-made expansion cards, and will have
a couple of "spares" which can be used for their
add-ons. Some computers seem to be supplied
with a set of eight blanking plates, but with
some expansion cards being needed for a basic
configuration, this obviously leaves some of
these plates unused.

Certain types of expansion card are supplied
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COMPUTING PROJECT8
13.3"

4.2" Typ. Full Length Expansion Card

0.2"

0.3" - 1.9' L- 0.9"

- 3.2" -

Fixing
Bracket

0.1'

Fig 8. Dimensions for a full length PC card. Short cards are usually about five
inches in length.

SLOT NUMBER FUNCTION SLOT NUMBER FUNCTION

B1 Gnd Al -I/O CH CK

B2 RESET DRV A2 D7

B3 +5V A3 D6

B4 IRQ2 A4 D5

B5 -5V A5 D4

B6 DRQ2 A6 D3

B7 -12V A7 D2

B8 OWS A8 D1

B9 +12V A9 DO

BlO Gnd A 1 0 -I/O CH RDY
B11 -MEMW Al 1 AEN
B12 -MEMR Al2 A19
B13 -IOW A13 A18
B14 -10R A14 A17
BI5 -DACK3 A15 A16

B16 DRQ3 A16 A15

B17 -DACK1 A17 A14

B18 DRQ1 A18 A13

B19 -REFRESH A19 Al2 Table 1.
B20 CLK A20 All Itemised lines
B21 IRQ7 A21 A10 on 8 and 16 bit
B22 IRQ6 A22 A9 expansion
B23 IRQ5 A23 A8 buses.
B24 IRQ4 A24 A7

B25 IRQ3 A25 A6

B26 -DACK2 A26 A5

B27 T/C A27 A4

B28 BALE A28 A3
B29 +5V A29 A2

B30 OSC A30 AI
B31 Gnd A31 AO

D1 -MEM CS16 Cl BHE
D2 -I/O CS16 C2 LA23
D3 IRQ16 C3 LA22
D4 IRQ11 C4 LA21

D5 IRQ12 C5 LA20
D6 IRQ15 C6 LA19
D7 IRQ14 C7 LA18
D8 -DACKO C8 LA17
D9 DRQO C9 -MEMR
D 10 -DACK5 C10 -MEMW
DI I DRQ5 C11 D8

D12 -DACK6 C12 D9

D13 DRQ6 C13 D10

D14 -DACK7 C14 D11

D15 DRQ7 C15 D12

D16 +5V C16 D13

D17 -MASTER C17 D14
D18 Gnd C18 D15

with plates that are ready drilled to take D
connectors. This is where the card needs (say)
three input/output sockets, but there is only
room for two on its fixing bracket. The third
socket is mounted on the extra plate, which is
then fitted into position behind a vacant
expansion slot. A cable connects the expansion
card to the extra socket. Most PC cases,
including standard size horizontal AT and XT
types, have mounting holes for extra sockets in
the rear panel, just to the side of the expansion
slots. Where possible it is best to utilise these,
leaving as many expansion slots as possible
completely free. This also leaves the blanking
plate free for use in your own cards. Always
keep any left -over items of hardware such as
this, as they can often prove invaluable when
indulging in some PC diying. A standard
method of fixing an expansion card to the
blanking plate is via a printed circuit mounting
D connector. This is simply soldered to the
board in the normal way, and bolted to the
mounting bracket. If you use this method make
sure that the position of the socket on the board
is such that it brings the fixing bracket the
correct distance away from the rear edge of the
card.

COMMERCIAL HARDWARE

There are various items of commercial
hardware available which can be used to assist
with the production of prototype PC cards.
These include full length cards fitted with
breadboards on which circuits can be developed,
and cards with built-in address decoders plus a
"prototyping area" on which circuits can be built
up in stripboard fashion. There are also units
which allow for prototyping of circuits on
breadboards etc, outside the computer. The two
main problems with these units are that many of
them are difficult to obtain in the UK, and they
all seem to be quite expensive. In fact the most
expensive PC prototyping systems seem to cost
more than the cheapest PC computers!

It should be possible to produce home
constructed prototyping systems, and one of
these will be featured as a future PE project.
(Robert, I await your offering - asap! Ed) A
simple method of testing simple add-ons that I
have found useful is to build an edge connector
to fit into a PC expansion slot, and to connect
this to an ordinary breadboard unit via ribbon
cable. A suitable edge connector design is

shown in Fig. 9. This only provides connections
for the essential lines, which are in three groups
(data bus, address bus, and control bus/power
rails). Obviously the board could easily be
modified to include further lines if necessary. It
is advisable to implement the bare minimum
number of lines, as this lessens the risks of
mistakes. An essential point to keep in mind if
you try this method is that long cables to the
breadboard are not acceptable. I found that with
cables about 700 millimetres long that results
were only reliable with the non -turbo 4.77MHz
clock speed, and if extensive supply decoupling
plus a few noise filtering capacitors were used.
Cables about 300 millimetres long are much
more satisfactory, but might not be usable with
very high clock frequencies.
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Fig 9. Details of the double -sided
PC connector board. When copying
ensure that spacing between
adjacent tracks is exactly 0.1 inch.
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MICROPROCESSOR CONTROL AND
DATA LOGGING APPLICATIONS

HARDWARE

SOFTWARE

MECHANICAL

'Off the Shelf' or custom made.
A simple interfacing circuit or
a full microprocessor system.

High and/or low level language
programs to your specification
supplied on disc or EPROM.

Sensors, positional slides,brackets, linkages etc.supplied or designed and
manufactured.

Whether your application is control of a model railway or
data acquisition on a factory production line, we can help
by working with you to provide any or all of the above
requirements needed to produce successful completion of
your project. Hobby or industry, one off or batch work,
we would be pleased to discuss your requirements.

Just some of our stock items Include:
PCW Parallel I/O Interface -32 VO Lines £64.34PCW 8 ch. AtoD (use with above interface) £45.95Z80A Single Board Micro Controller £109.20
PC/XT/AT 48 line Digital I/O + 3 counters £78.77
PC/XT/AT 12bit 16ch AtoD, lch DtoA £130.50PC/XT/AT 8b5 card - AtoD/DtoA/D10/counters £222.22
RS232/PCW printer/PC printer cables all £10.06
Speech Synthesiser (use with CENTRONICS port) £49.95Dual Stepper Motor driver board £22.95
Computer to 8off 10A DPCO Relay Interface £125.00

Prices include VAT and P&P
OEM, trade end oversees enquiries welcome

SM ENGINEERING

FINALLY

This article should provide those who are
experienced at computer interfacing with
sufficient information to enable them to design
add-ons to suit their requirements. It is hoped
that some PC projects will follow in future
issues of PE. Those who would like to know
about the finer points of PC interfacing, such
as using interrupts and adding wait states are
recommended to obtain a copy of "Handbook
off Software and Hardware Interfacing For the
IBM PCs" by Jeffrey P Rover, and published
by Prentice -Hall (ISBN 0-13-381849-7). You
are not exactly spoiled for choice when it
comes to PC interfacing books, but fortunately
this one tells you clearly and concisely what
you need to know.

One final point that has to be made is that
interfacing to the buses of computers is not
something that can be recommended for
beginners at electronics. Mistakes will in most
cases not damage the computer, but there is
certainly the potential to do a lot of expensive
damage. Even with a low cost PC there is the
possibility of being faced with a large repair
bill if things go wrong, and with AT computers
the cost of repairs can be more than the price
of a good home computer. The inexperienced
should gain the necessary skills and knowledge
before tackling PC interfacing, and those with
the requisite experience should still proceed
with due caution. Producing PC add-ons
should then be a very interesting, rewarding,
and low cost experience.

PCB DESIGNER
FOR THE 48K ZX SPECTRUM

Now you can produce high quality printed circuit
boards/circuit diagrams/component layouts on
your 48K ZX Spectrum. If you don't own one it's
worth getting one just for this suite of programs!
Comprehensive manual included with getting started tutorial.

FULL SUITE FOR ONLY £30.00 INC.
PCB LAYOUT:
Produce quality printed circuits directly from your
EPSON RX/FX or compatible dot matrix printer
using a dense 1:1 printout on positive photoresist
coated board. Or super quality using x2 printout
and photoreduction. Many features such as 15 track
widths; 15 pad sizes; 16 transistor/ic/corners; 20
connectors; large multiscreen WYSIWYG display
gives a clear uncluttered view of pads, tracks and
drill holes; 0.Iin. grid on/off; Block move; copy;
mirror; rotate; erase; area fill (ideal for earth
plane); preview; undo; dimensionally accurate
printer routine with quick print; 1:1 or 2:1 dumps.
Custom pad design and library.

COMPONENT LAYOUT
Draw component layouts directly or from existing
pcb layouts using a unique track reducing facility.
The following components are provided: resistors,
capacitors, acs, diodes, transistors, line drawing,
printout and block commands as above.

CIRCUIT DIAGRAMS
Features similar to the above programs with a lib-
rary of electronic symbols including resistors,
capacitors, diodes, transistors, Pets, op amp,
switches, inductors, logic gates.

+3 version now supports ram disk!
State version required from: Disciple/+D Discovery; +3;Microdrive & Tape. Important! Tape and Microdrive usersplease state Cenfromcs interface in use.t. Bull Minima version available.
An exceptional package which can be very highly recommended. Offers many of the
features which would be expected of packages which cost ten times the price.

- EVERYDAY ELECTRONICS

Y99912:75:

D 04)------7 -
$$19

,coo -

ABOVE LAYOUTS ACTUALLY
PRODUCED ON THIS PACKAGE

KEMSOFT THE WOODLANDS, KEMPSEY,

Telephone 0323-766262
'St Georges' Lion Hill Stone Cross
Pevensey East Sussex BN24 5ED

WORCESTER WR5 3NB. Tel. 0905 821088 after 6 p.m.
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BAKERS DOZEN PACKS
All packs are £1 each, if you order 12 then you are 'totted to
another free. Please state which ate you want. Note he figure on
the extreme left of the pack ref number and the next figure is the
quantity of items in the pack, finally a short description.

BD2 513A spurs provide a fused outlet to a ring main where
devices such as a dock must not be switched off.

BD9 2 6V 1 A mains transformers upright mounting with tying
damps.

8011 1 6.5 -in speaker cabinet ideal for extensions, takes our
speaker. Ref. BD137.

BD13 12 30 watt reed switches, it's surprising what you can make
with these- burglar alarms, secret switches, relay, etc., etc.

0022 2 25 watt loudspeaker hex unit crossovers.
BD30 2 Ni cad constant current chargers adapt to charge almost

any nicer! battery.

BD32 2 Humidity switches, as the air becomes damper the
membrane stretches and operates a microswitch.

13042 5 13A rocker switch three tags so on/off, or change over with
centre off.

BD45 1 24hr time switch, ex-Electridty Board, automatically adust
for lengthening and shortening day, original cost £40 each.

BD49 5 Neon valves, with series resistor, these make good night
lights.

BD56 1 Mini uniselecta, one use is for an electric jigsaw puzzle,
we give drcuit dagram for this. One pulse into motor, moves
switch through one pole.

BD67 1 Suck a blow operated pressure switch, a it can be
operated by any low pressure variaion such as water level in
water tanks.

130103A 1 6V 750mA power supply, nicely cased with mains Input
and 6V output leads.

80120 2 Stripper boards, each contains a 400V 2A bridge reciter
and 14 other diodes and rectifiers as wei as dozens of
condensers, etc.

BD128 10 Very fine drills for pcb boards etc. Normal cost about 80p
each.

BD132 2 Plastic boxes apdox 3in cube with square hole through top
so ideal fa interrupted beam switch.

B0134 10 Motors fa model aeroplanes, spin to start so needs no
switch.

BD139 6 Miaophone inserts - magnetic 400 ohm also act as
speakers.

BD148 4 Reed relay kits, you get 16 reed switches and 4 coil sets
with notes on making do relays and other gadgets.

BD149 6 Safety cover fa 13A sockets - prevent those inquisitive
little fingers getting nasty shocks.

BD180 6 Neon indicators in panel mounting holders with lens.
BD193 6 5 amp 3 pin flush mounting sockets make a low cost disco

panel.
BD199 1 Mains solenoid, very powerful, has tin pull or could push if

modified.

130201 8 Keyboard switches - made for computers but have many
other applications.

BD211 1 Electric dock, mains operated, put this in a box and you
need never be late.

BD221 5 12V alarms, make a noise about as loud as a car horn.
Slightly soled but OK.

80242 2 bin x 4in speakers, 4 ohm made tom Radomobie so very
good quality.

00252 1 Panostat, controls output of boiling ring from simmer up
boil.

00259 50 Leads with push -on 1/4in tags - a must for hock -ups -
mains connections etc.

BD263 2 Oblong push switches Inc bell or chimes, these can mains
up to 5 amps so could be foot switch if fitted into pattress.

BD268 1 Mini 1 watt amp for record player. Will also change speed
of record player motor.

BD283 3 Mild steel boxes approx 3in x 3in x lin deep - standard
electrical.

BD305 1 Tubular dynamic mic with optional table rest
BD400 4 Books, useful fa beginners, describes =pliers

equipment and kit sets.

BD653 2 Miniature driver transformers. Rel. LT44, 20k to 1k centre
tapped.

BD548 2 3.5V relays each with 2 pairs changeover contacts.
130667 2 4.7 of nal-pclarised block capacitors, pcb mounting.
There are over 1,000 items In our Bakers Doreen List If you want a
complete copy please request this when ordering.

TOASTERS 2 SLICE toasters - may need slight attention only £3 each ref
3P84.
GEIGER COUNTER KIT includes tube, PCB and at components to make
a 9V counter £34. Ref 39p1
PERSONAL STEREOS Again customer returns but complete and with
stereo head phones a bargain at only £3.00 each. Our ref 3P83.
MAINS OPERATED MICROWAVE CONTROL PANEL with Touch
switches. This unit has a 4 digit cfisplay with a built in dock and 2 relay
outputs - are for power and 1 for pulsed power level. Could be used for
all sorts of timer control appications. Orly £6.00. Our ref 6P18.
EQUIPMENT WALL MOUNT Multangle for speakers etc. £3 each ref
3P72.
SUB -MIN TOGGLE SNITCH Body size 8mm x 4mm x 7mm SBDT with
chrome dolly siting nuts. 3 for £1. Order ref BD649.
COPPER CLAD PANEL for mating PCB. Size approx 12in long x 8.5in
wide, Double -sided on fibreglass middle which is quite thick (about
I/15n) so this would support quite heavy components aid could even
form a shassis to hold a mains tansfamet etc. Price £1 each. Our ref
BD683.
MAINS FANS Brand new, snail type. Approx. V x 4' approx. 70W only
£4:00. Ref. 4P58.
REAL POWER AMPLIFIER for your car, it has 150 watts output.
Frequency response 20hz to 20Khz and signal to noise ratio better than
60dB. Has built in shot drcult protection and adjustable input level to suit
your existing car stereo, so needs no pre -amp. Works into speakers ref.
30P7 described below. A real bargain at only £57.50. Order ref: 57P1.

POWERFUL IONISER
Generates approx. 10 times more IONS than the ET1 and similar
chats. Will refresh your bane, office, workroom etc. Makes you led
better and work harder - a complete mains operated kit, case included
£12.50 + £2 p&p. Our ref 12P5/1.

REAL POWER CAR SPEAKERS. Stereo pair output 100W each. 4 -Ohm
impedance and consisting of 6.5in woofer, tin mid range and tin sweeter.
Each set in a compact purpose bolt shelf mounting unit Ideal to work
with the amplifier described above. Price per pair f29.96. Order ref: 30P7.
STEREO CAR SPEAKERS. Not quite so powerful - 70e per channel. 3in
woofer, tin mid range and It tweeter. Again, in a super purpose built
shelf mounting unit Price per pair: £27.95. Order ref. 28P1.
VIDEO TAPES These are three hour tapes of superior quality, made
under kenos from the famous JVC Canpany. Offered at only £3 each.
Our ref 3P63. Or 5 fa £11. Our ref 11P3. Or for he really big user 10 for
£20. Our ref 20P20.

ELECTRONIC SPACESHIP. Sound
and impact controlled, responds to
claps and shouts and reverses when it
hits anything. Kits with really detailed
instuctions. Idea present for boding
youg electrician. A youngster should
be able to assemble but you may
have to help wilt the soldering of the
components on the pcb. Complete Idt
£10. Our ref. 10981.

lr HIGH RESOLUTION MONITOR Amber screen, beautifully
cased for free standing, needs only a 12v 1.5 amp supiy.
Technical data is on its way but we understand these are TTL
input. Brand new in makers' cartons. Price: £22.00
Free deivery. Order ref: 25P10.

14" COLOUR MONITOR made by the American Display Tek Company.
Uses high resolution tube made by the famous Japanese Toshiba company.
Beautifully made unit intended for console mounting, but top and sides
adequately covered by plated metal panels. Full technical spec, on its way
to us. We have a limited rusher of tune. AI brand new shit in maker's
canons. Price: £89 each plus £6 insured carriage. Order ret 89P/1.
COMPOSITE VIDEO 107S. These convert canposite video into separate
H sync, Vsync and video. Price £8.00. Our rel 8939.
BUSH RADIO MIDI SPEAKERS Stereo pair. BASS reflex system, using
a full range 4in driver of 4 ohms impedance. Mounted in very nicely made
black fronted walnut finish cabinet. Cabinet size apoox 8.5in wide, 14in
high and 3.5in deep. Fitted with a good length of speaker flex and
lermilating with a normal audo plug. Price £5 the pair plus £1 post Our
ref 5P141.
3.5in FLOPPY DRIVES We still have two models in stock: Single sided,
80 track, by Chinon. This is in the manufacturers metal case with leads
and IDC connectors. Price £40, reference 40P1. Also a double sided, 80
track, by NEC. This is uncased. Price £59.50, reference 6092. Both are
brand new. Insured delivery £3 an each or both.
REMOTE CONTROL FOR YOUR COMPUTER With this outfit you can
be as much as 20 feet away as you wit have a joystick that can transmit
and a receiver to plug into and operate your computer and TV. This is
also just right if you want to use it with a big screen TV. The joystick has
hex fire buttons arid Is of a really superior quality, with four suction cups
for additional control and one handed play. Price £15 for the radio
controlled pair. Our ref I 5P27.
ASTEC PSU. Mains operated switch mode, so very compact Outputs
+12v 2.5A, +5v 6A, +-5v .5A, +-12v 5A. Size: 7.5tn long x 4.75in wide x
2.25in high. Cased ready for use. Brand new. Normal price £30., our
price only £12.95. Order ref 13P2.
VERY POWERFUL 12 VOLT MOTORS. 1/3rd Horsepower. Made to drive
the Sinclair C5 electric car but adaptable to power a go-kart a mower, a rat
car, model railway, etc. Brand new. Price £20 + £2 postage. Our ref. 20P22.
ELECTRONIC SPEED CONTROL KIT Suitable for controlling our
powerful 12v motors. Price £17.00. Ref. 17P3 (heatsink required).

SINCLAIR C.5 WHEELS. Set of 4 wheels with miner tubes and tyres.
213- der. front wheels and 2 6' dia rear wheels. Brand new £24 set.

Ref 24P3.

PHILIPS LASER
This is helium -neon and has a power ruing of 2mW. Completely safe
as long as you do nor look tire* into the bean when eye damage
could result Brand new, but spec. £35 plus £3 insured delivery. Mains
operated power supply for his tube gives 8kv string and 1.25kv at
5mA running. Complete kit with case £15. As above fa 12V battery.
Also £15. Our ref 1922.

ORGAN MASTER is a three octave musical keyboard. It is beaulfuly
made, has full size (piano size) keys, has gold plated contacts and is
complete with rthbon cable and edge connector. Can be used with many
computers, request information sheet. Brand new, only £15 plus £3
postage. Our ref 1915.

FULL RANGE OF COMPONENTS at very keen prices we available horn
our associate company SCS COMPONENTS. You may already have their
catalogue, if not request one and we will send it FOC with your goods.

HIGH RESOLUTION MONITOR. gin black and white, used Philips tube
M24/306W. Made up in a lacquered tame and has open sides. Made for
use with OPD computer but suitable for most others. Brand new. £16 plus
£5 post Our ref 16P1.
12 VOLT BRUSHLESS FAN. Japanese made. The popular square shape
(4.5n x 4.5n x 1.75n). The electronicaly run fans not only consume very
little current but also they do not cause interference as the brush type
motors do. Ideal for cooling computers, etc., or fa a caravan. £8 each.
Our ref 8P26.
PAM MONO AMP on p.c.b. size 4in x Zn (app.)
Fitted Volume control and a hole for a tone
control should you require it. The amplifier
has three transistors and we estimate he
output to be 3W rms. Mae technical data
will be included with amp. Brand new, '
perfect condition, offered at the very low
priced £1.15 each, or 13 fa £12.00.

J&N BULL ELECTRICAL
Dept. PE 250 PORTLAND ROAD, HOVE,

BRIGHTON, SUSSEX BN3 50T.

MAIL ORDER TERMS: Cash, PO or cheque with order. Please add £2.50
service charge. Monthly account meters accepted from schools and public
companies. Access and EliCard orders accepted - minimum £5. Phone
(0273) 734548 a 203500. Fax: (0273120377.

POPULAR ITEMS - MANY NEW THIS MONTH

JOYSTICKS fa BBC, Atari, Dragon Commodore, etc. NI £5.03 each. All

brand new, state which requked.
TELEPHONE TYPE KEYPAD. Really first dass rear mounting unit White
lettering on black buttons. Has conducive rubber contacts with soft click
operation. Circuit arranged In telephone type array. Requires 70mm by
55mm cutout and has a 10 IDC connector. Price £2.00. Ref. 21:251.
SUB -IAN PUSH SWITCHES Not much bigger than a plastic transistor
but double pole PCB mooning. 3 for £1.00. Our ref BD688.
AA CELLS Probably the most popular of the rechargeable NICAD types.

4 for £4.00. Our ref. 4944.
20 WATT 4 OHM SPEAKER With built in tweeter. Really well made unit
which has the power and he quality for hifi 6.5n dia. Price £5 00, DX ref;
59155 a 10 fa £40.00 ref. 4097.
MIM RADIO MODULE Only 2th square with ferrite aerial and scid dia.
tuner with own knob. It is superhet and operates front a PP3 battery and
would drive a crystal headphone. Price £1.00. Our ret. 80716.
BULGIN MAINS PLUG AND SOCKET The old and faithful 3 pin with
screw terminals. The plug is panel mounted and the socket is cable
mounted. 2 paks for £1.80 a 4 plugs or 4 sockets for £1.00. Our ref.
BD715, 807159, or BD715S.
MICROPHONE Low cost hand held dynamic microphone with on/of
switch in handle. Lead terminates in 1 3.5mm and 1.25mm plug. Only
£1.00. Ref. BD711.
MOSFETS FOR POWER AMPURERS AND HIGH CURRENT DEVICES
140v 100watt pair made by Hitachi. Ref 25K413 and its complement
251118. Only £4.00 a pak. Our Ref. 4942.
Also available in H pack Ref 2,199 and 2SK343 £4.00 a par. Ref 4P51.
TIME AND TEMPERATURE LCD MODULE A 12 hour dock a Celsius
and Fahrenheit thermometer a too hot alarm and a too cold alarm. Amor
50x20rnm with 127mm digits. Requires IAA battery and a few switches.
Comes with ful data and diagram. Price £6.00. Our ref. 6PI2.
REMOTE TEMPERATURE PROBE FOR ABOVE. £3.00. Our ref. 3960.
A REAL AIR MOVER Circular axial fan moves 205 cubic foot per min
which is about twice as much as our standard 4.5in fans. Low noise
mains operated 6.5in dia, brand new. Regular price over £30.00. Our
price ally £10.03. Our ref 10971.
600 WATT AIR OR LIQUID MAINS HEATER Small cell heater made for
heating air a liquids. Will not corrode, lasts for years. Coil size 3in x 2in
mounted al a metal plate for easy fixing. 4in era. Price £3.00. Ref. 3P78

or 4 for £10.0. Our ref. tOP76.
EX -EQUIPMENT SNITCHED MODE POWER SUPPLIES Various makes

and specs but generally +,12V ideal bench supply. Only £8.00. Our

rel 8P36.
ACORN DATA RECORDER Made for the Electron or BBC computer but
suitable for others. Includes mains adaptor, leads and book. £12.00. Ref.

12P15.
PETE COATED SILVER PLATED CABLE 19 strands of .45mm copper

will carry up to 30A and is virtually indestructible. Available in red a deck.
Regular price is over £120 per reel. Our price only £20.00 for 100m red.
Ref. 20P21 or 1 of each for £35.00. Ref 3592. Makes absolutely superb
speaker cadet
NEW PIR SENSORS Infra red movement sensors wit with up to 500w
mains, UK made, 12 month manufacturers warmly, 15-20m range wit a
0-10min timer, adjustable wall bracket Only £20.00. Pet 20924.
MITSUBISHI 3M1 DISC DRIVES Brand new drives, 1/2 height double
sided, double density warranted. Our price £60.00. Ref. 60P5.
10 MEMORY PUSHBUTTON TELEPHONES These are customer returns
and sold as seat They are complete and may need slight attention. Price
£6.00 Ref 6P16 or 2 fa £10.00 Ref 10P77BT approved.
NON -MEMORY PUSHBUTTON TELEPHONES. Same condition as
above with reciai £3.00. Our ref. 3979. BT approved.
SPECTRUM PRINTER INTERFACE Add a oentronics interface to your
Spectrum complete with printer cable for only £4.00. Our ref. 4P52.
SPECTRUM SOUND BOX Add sound to your Spectrum with this device.
Just plug in. Complete with speaker, volume control and nicely boxed. A
snip at only £4.00. Our ref. 4P53.
BBC JOYSTICK INTERFACE Converts a BBC joystick port to an Atari
type port Price £2.00. Our ref. 29261.
TELEPHONE EXTENSION LEAD 5m phone extension lead with plug on
one end, socket on the otter. White. Price £3.00. Our ref. 3P70 or 10
leads for any £19.001 Ref. 1992.
LCD DISPLAY 4.5n digits supplied with connection data £3.00. Ref.
3P77 a 5 fa £10. Ref. 10278.
CROSS OVER NETWORK 8 Ohm 3 way for tweeter midrange and
woofer nicely cased with connections marked. Only £2.00. Our ref. 2P255
or 10 fa £15.00. Ref. 15P32.
REVERSING LIGHT ALARM Fits to car reversing light and sounds when
reversing. Only MOO. Our ref. 29248.
BASE STATION MICROPHONE Top quality uni-directional electret
condenser mic 600r impedance sensitivity 16-18KHz - 68db twit In chine
complete with mic stand bracket £15.00. Ref. 15P28.
MICROPHONE STAND Very heavy damned mic stand, magnetic base
4in high, £3.00 if adored with above mic. Our rel. 3P80.
SOLAR POWERED NCAD CHARGER 4 Nicad AA battery charger.
Charges 4 batteries in 8 hours. Price 26.00. Our ref. 693.
MAINS SOLDERING IRON Price £3.00. Our ref. 3P65.
SOLDERING IRON STAND Price £3.00. Our ref. 3P66.
SHARP PLOTTER PRINTER New 4 odour printer originally intended for
Sharp computers but may be adaptable fa other machines. Complete
with pens, paper etc. Price £16.03. Our ref. 1693.
CAR IONIZER KIT Improve the air In your car, dears smoke and helps
prevent fatigue. Case req. Price £12.00. Our ref. 12P8.
NEW FM BUG KIT New design with PCB embedded coil 9v operation.
Priced at £5.00. Our ref. 5P158.
NEW PANEL METERS 501JA movement with has Afferent scales that
we brought nto view with a lever, Price only £3.00. Ref. 3P81.
STROBE LIGHTS Fit a standard orison screw fight fitting 240V 40/min.
lash rate available in yellow, blue, green and red. Complete with socket.
Price £10 each. Ref. 10980 (state colour required).
EXTENSION CABLE WITH A DIFFERENCE It is flat at are side making
it easy to fix and look Idy. 4 core, suitable fa alarms, phones etc. Our
price ally £5.00 fa 50m reel. Ref. 59153.
METAL PROJECT BOX Ideal for battery charger, power supply etc.
Sprayed grey size 8in x 4in x 4.5in. Louvred for ventilation. Price £3.00.

Ref. 3975.
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A rtificial Intelligence (AI) as far as
the average disinterested observer is
concerned is usually a source of

anxiety. Its purpose is seen as to undermine
humanity by explaining and then replicating
intelligent behaviour. Not only is this a
spiritual oppression, ousting us from the top
of the intelligence tree, but a real threat to our
worth and livelihood. The normal response
usuals betrays the feeling that AI is studied
because the real stuff is not quite good
enough.

Despite this, the source of such anxiety is
not the arena in which AI works. It is fair to
say it is a poorly understood concept mainly
because it is used to describe an immense
range of attitudes and activities. However,
the overall picture that is emerging from the
first fifteen to twenty years of work suggests
quite strongly there is more even to animal
intelligence than direct, clear cut methods of
perception, planning and action. The attitude
to intelligence as a behaviour decribable by
analogy with current computer technology
has not produced anything that could be
considered cognitively significant.

Richard Mishra
considers how Al

advances our
understanding of

perception
gradually as we

work at it.
uncertainty. Both the descriptions of the
situations and the expert's knowledge can be
uncertain to some extent. These uncertainties
have to be represented in the system and
propagated through the reasoning process. It
is not clear how this should be done.

Getting the information from the expert is
a far from trivial process in itself. The
business of finding experts, getting enough of
their time, allaying their fears over
redundancy and then getting them to express
their knowledge coherently are all problems

Extracting features only gets you some of the
way to perceptions because the context of the
particular perceived feature is very important.
For example, if someone is fetching you a gin
and tonic from a pub and they turn to look at
you across a crowded and noisy bar, mouthing
a single syllable word and looking expectant,
the chances are that you will correctly
interpret the gesture as `Ice?' without hearing
the word. Much of what we perceive is
determined by expectation but the relationship
between expectation and feature extraction
has yet to be formulated, let alone solved.

LINGUISTICS

A similar problem occurs in another major
field of AI, that of natural language
understanding. Parsing well formed sentences
can generate syntactic and some semantic
information. To get access to the full,
unambiguous meaning of a sentence, which in
normal circumstances will not always be
grammatically correct, the contextual
information is vital. Simply working on the

ARTIFICIAL
INTELLIGENCE

METHODOLOGY
At its most prosaic, AI describes a

methodology for computing: one that is
distinct from traditional `numerical
computing' and is based on the use of
symbols to encapsulate and manipulate
knowledge. This is referred to as the
`symbolic paradigm'. The main tools for this
are logic and inference rules: rules of the form
`IF some state THEN some action'. The main
products are Intelligent Rule Based Systems
(IKBS), inappropriately, but more widely
known as Expert Systems. Such systems
become useful when situations are not
precisely defined and there are no directly
applicable mathematical solutions to the
problems. Otherwise, traditional numerical
computing could be employed with greater
confidence and less programming effort.

Roughly speaking, an IKBS should have
three elements. Firstly there is the knowledge
base: a large number of inference rules that
would have been established by the experts in
the field. There has to be a method of
extracting and using the knowledge from
these rules to answer questions about specific
situations described to the system. Finally, a
good system should have a way of explaining
its reasoning process in a meaningful way.
This is rare, mainly because there are many
different types of explanation and it is not
always possible to know what is required or
how to generate the appropriate explanation.
The situation is further complicated by

that are largely beyond the training of
computer scientists who first set out to create
such systems. Since then more appropriately
trained people, psychologists and cognitive
scientists, have been having greater success.
It may turn out that the problems with IKBS
are not so much elicitation, as has been
thought, but more with the representation of
knowledge. Certainly, knowledge elicitation,
representation and manipulation are key
concerns of AI, so much so that AI in some,
mainly commercial circles, is considered to be
synonymous with IKBS.

ROBOTICS

So much for the prosaic. Another general
feature of AI can usefully be gathered
together under the heading of 'Robotics'.
This is possibly the most emotively charged
aspect, evoking visions of autonymous
machines unleashing amoral social havoc. It
is also the aspect of the subject that has most
underachieved. The key concerns for AI at
the moment are those of perception and
planning.

The idea of perception as a pattern
recognition process is probably the
grandfather of AI. The aim is basically to
extract the significant features from a signal
and then combine them to form recognisable
entities. The assumption is that semantically
meaningful entities can be constructed from
their composite features alone. Unfortunately
this assumption turns out to be false.

words of a single sentence will not give
access to the natural language underlying it,
although language constrained in form and
applied to a specific domain can be analysed
in this way. In both the cases of perception
and natural language processing progress has
been slow. There appears to be a need for a
more general understanding of cognition from
which an understanding of the relative roles
of context and features can be established.

PLANNING

The other aspect of robotics that concerns
AI is planning. This describes the process of
establishing what actions need to be taken in
order to get from a particular initial situation
to another one in which certain goals have
been achieved. It turns out to be very difficult
to plan in even simple 'toy' environments;
processes have to be generalised, a hierarchy
of goals has to be established and conflicting
goals have to be resolved without
undermining previously established ones. It
is difficult to produce any plan to achieve the
goals, let alone an optimal plan. In
environments where there many be several
active systems and where temporal constraints
become necessary, the planning process is
intractable.

In order to create robots, the issues of
planning and perception have to be brought
together and combined with actuators to
provide movement. This is primarily of
concern to industries working in hostile
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environments; the nuclear industry is a
good example. The mechanisms of
grasping are now being established and
there is even a computer controlled pogo
stick that will happily bounce along without
losing its balance.

CONNECTION ISM

An alternative,
complementary, strategy
paradigm has emerged recently and has
been grasped by the AI community with
open arms. This is the `connectionist
paradigm' and has become very fashionable
because it is seen as a way round the
impasse in which symbolic AI seems to
find itself.' It is particularly appropriate to
perception problems, but is also being
applied to other areas including IKBS.

The connectionist paradigm, more
precisely known as Parallel Distribute
Processing (PDP), emerged with the study
of mechanisms of the brain. It basically
assumes that if we are to mimic cognitive
behaviour then we ought to use methods
that are analogous to neural systems. Such
artificial systems are often referred to as
neural  networks, though this is rather
presumptuous; the variety and complexity
of neural operation has yet to be
determined. It is still not clear what kind of

or at least
to the symbolic

functions the individual processors in a
network should possess, or what the overall
network structure should be.

The main feature of a PDP system that
marks it out from symbolic processing is
that it allows the same kind of freedom to
be precise that is found in natural cognition.
For example, if the input is an image of an
alphabetical character, the output should
indicate the correct character even if the
input image varies in size, font or
orientation. Obviously there are limits to
this tolerance. On the whole, if we cannot
recognise a character, there is not reason to
expect a machine to be able to do so.

PHILOSOPHY

An important aspect of AI is that its
methods and conclusions, like any
endeavour, are subject to philosophical
inspection. The issues of induction,
representation, intentionality and so on are
central issues in the philosophy of the mind
that also impact directly on the expectations
and design of AI systems (see D. Dennett
`Brainstorms', Harvester Press, 1978). It
may well be that it is the absence of such
considerations at the level of systems
design that is holding back progress in
constructing useful, cognitive -like systems.

Finally, AI can be taken as being a kind

of philosophy of science and mind in itself.
The idea that science is an absolute
structure built on absolutes has been giving
way this century, but the case for it being
able to produce an ultimate understanding
of the universe is made even weaker by an
AI attitude. It is clear that the universe is
not being analysed by a pure and unbiased
observer, but that the universe develops
through the interaction of the physical
universe and the structures of human
cognition. The latter has its own peculiar
capabilities, biases and limitations that are
not just of any individual, but fundamental
to cognition itself. The universe is likely to
be more than the structures of human
thought can represent and it is these
structures that are part of the studies of AI.
The fun really starts with the realisation that
AI, being a science itself, is limited by these
same structures it is trying to establish. In
this way AI can be seen, at one of its limits,
as an important bridge between science and
philosophy, a new 'natural philosophy'.

Richard Mishra is currently researching
into some of the philosophical issues in
AI at Cambridge University.

Interak 1
SINGLE BOARD COMPUTER

"SBC-1"

A computer doesn't have o look like you'd expect a computer to look.
It doesn't have to have a keyboard and a screen and floppy disks and
so on.

The SBC-1 has the bare minimum of chips a Z80 computer can have
and still be a computer: A 4 MHz Z80 -CPU chip, an EPROM chip (up
to 32K), a static RAM chip (up to 32K) and a pair of 8255A I/O (input
output) chips giving 48 individual lines to waggle up and down. There
are one or two additional "glue" chips included, but these are simple
"74LS" or "HC" parts.

A star feature is that no special or custom chips (ie PALs, ULAs, ASICs
etc) are used - and thus there are no secrets. The 2130A is the fastest
and best established of all the 8 -bit microprocessors - possibly the
cheapest too!

Although no serial interface is included, it is easy for a Z80A to waggle
one bit up or down at the appropriate rate - the cost is a few pence
worth of code in the program: why buy hardware when software will do?

Applications already identified include: Magnetic Card reader, mini
printer interlace, printer buffer, push button keypad, LCD alphanumeric
panel interface, 40 -zone security interface for auto sending of security
alarms, code converter (eg IBM PC keyboard codes to regular ASCII),
real time clock .(with plug in module), automatic horticultural irrigation
controller.

By disabling the on -board Z80A-CPU this card will plug into our Interak
1 CP/M Plus disk -based development system, so if you don't fancy
hand -assembling Z80 machine code you don't have to!

The idea is (if you are a manufacturer) you buy just one development
system and then turn out the cheap SBC-1 systems by the hundred. If
you are really lazy we can write the program for you and assemble the
SBC-1 cards so you can get on with manufacturing your product, leavin
all your control problems to us.

Greenbank
For more details write or phone us.

Greenbank Electronics, Dept (E04P) , 460 New Chester Road, Rock
Ferry, Birkenhead, Merseyside. L42 2AE. Tel: 051-645 3391.

When you need

You need

j.LEC:TROVALUt,
for FREE CATALOGUE write phone or call

ELECTROVALUE LTD. FREEPOST 28(c) St Jude's Road, Englefield Green, Egharn, Surrey, TW20 8BR.
Telephone 10784)4-33 603  FAX (0784) 435 216  Telex 264475
Northern Branch 680 Bumage Lane, Manchester M19 1NA. Telephone 061 432 4945  FAX 061 432 4127

AccessNisa facilities - £5. min. order
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MAKING ELECTRONICS C.A.D. AFFORDABLE
EASY -PC PCB CAD, FOR THE PC/XT/AT TINY -PC

- Are you still using tapes and a light box?
- Have you been putting off buying PCB CAB software?
- Have you access to an IBM PC/XT/AT or clone inc Amstrad 1640 & 1512
- Would you like to be able to produce PCB layouts up to 17" square?
- With up to 8 track layers and 2 silk screen layers?
- Plus drill template and solder resist?
- With up to eight different track widths anywhere in the range .002 to .531
- With up to 16 different pad sizes from the same range?
- With pad shapes including round, oval, square, with or without hole and

edge connector fingers?
- With up to 1500 IC's per board, from up to 100 different outlines?
- With auto repeat on tracks or other features - ideal for memory planes?
- That can be used for surface mount components?
- With the ability to locate components and pads on grid or to .002"

resolution?
- With an optional auto via facility for multilayer boards?
- With the ability to create and save your own symbols?
- That can be used with either cursor keys or mouse?
- That is as good at circuit diagrams at it is a PCB's?
- That outputs to Dot Matrix Printer, Pen -Plotter or photo -plotter (via

bureaux)?
- Where you can learn how to use it in around an hour?

BRITISH

DESIGN
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,1300 000 oup00000
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SEE US ON STAND 490 AT

NEN
27-29 MARCH1990- NEC BIRMINGHAM
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SMITH CHART PROGRAM - Z -MATCH CIRCUIT ANALYSIS BY COMPUTER - ANALYSER II

For IBM, PC/XT/AT and clones inc. Amstrad 1512
and 1640 and BBC B, B+ and Master.

REF COFF.21.731 MOVELEN6IHS WORDS

ANSI DE6 GENERRTOR.1.8423

SWIR.6.42 LORD=1.4577

1=16

REM

4k I

2011 ORM

FRE1.111

DIELEC.COMSIRAIrl
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L.2.IIE-0
Noories
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1.16701.265

IMPEDANCE -ohms:

11.3434113.244

Z -MATCH - Takes the drudgery out of R.F. matching
problems. Includes many more features than the
standard Smith Chart.
Provides solutions to problems such as
TRANSMISSION LINE MATCHING for AERIALS and
RF AMPLIFIERS with TRANSMISSION LINE
TRANSFORMER and STUB MATCHING methods
using COAXIAL LINES MICROSTRIP, STRIPLINE
and WAVEGUIDES. The program takes account of
TRANSMISSION LINE LOSS, DIELECTRIC
CONSTANT, VELOCITY FACTOR and FREQUENCY.
Z -MATCH is supplied with a COMPREHENSIVE
USER MANUAL which contains a range of WORKED
EXAMPLES
£130 ex VAT for PC/XT/AT etc.
£65.00 ex VAT for BBC B, B+ and Master

For IBM, PC/XT/AT and clones inc. Amstrad 1512,
1640, R.M. NIMBUS, and BBC B, B+, and Master.

PROTOTYPt

TV IF AMPLIFIER

:1

,r
f41

"ANALYSER II" - Analyses complex circuits for GAIN,
PHASE, INPUT IMPEDANCE, OUTPUT
IMPEDANCE and GROUP DELAY over a very wide
frequency range.
Ideal for the analysis of ACTIVE and PASSIVE
FILTER CIRCUITS, AUDIO AMPLIFIERS,
LOUDSPEAKER CROSS -OVER NETWORKS,
WIDE -BAND AMPLIFIERS, TUNED R.F.
AMPLIFIERS, AERIAL MATCHING NETWORKS, TV
I.F. and CHROMA FILTER CIRCUITS, LINEAR
INTEGRATED CIRCUITS etc.
STABILITY CRITERIA AND OSCILLATOR CIRCUITS
can be evaluated by "breaking the loop".
Can save days breadboarding and thousands of
pounds worth of equipment.

£195 ex VAT for PC/XT/AT etc.
£130 for BBC, B, B+ and Master

All major credit cards accepted
WRITE OR PHONE FOR FULL DETAILS:- REF PE

Number One Systems Ltd
Harding Way, St Ives, Huntingdon Cambs, PE17 4WR
Tel: St Ives (0480) 61778 (5 lines)
We provide full after -sales support with free telephone
'hotline help' service.
Software updates are free within 6 months of purchase date.
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Illn writing a program in assembly code,
four columns or fields are used. Field 1
is the label or title eg Start. Field 2 is the

operation required, eg LOAD. Field 3 is the
operand, e.g, the register (say B) to be loaded
and the value (say FF in hex). Field 4 is the
comments column so that someone else can
understand the program and even the
programmer may not understand it some
months later if the comments have been
ommitted. The following example should
summarise the fields.

Field 1 Field 2 Field 3 Field 4

START LD A,FF Brief description
of program.

It can be seen that Fields 1 and 2 are the
most important from the point of view of the
computer.

ORG (origin) tells the computer where the
main program starts and END is obvious but
just as important. Most assemblers are of the
two pass type, ie the program has to be run
through twice since a label can be met quite
early and makes sense only later in the

Mike Saunders
concludes his
over -view of

computer whys
and wherefores.
To sum up then, machine code is ok for

small programs up to 1K for a fixed purpose
or where speed is essential, eg a fast computer
game. Assemblers are used where timing is
critical and an efficient code is required.
High level languages are used where there are
a lot of unskilled programmers or where a
very large program is being written which
might require constant or even drastic
alterations.

On the subject of programming, the terms
macros or macro instructions may be
encountered. A macro is a group of program
steps like a subroutine It's a bit more
complicated than that - it's possible to alter

Every three or four years the speed of
these large computers doubles. This is due to
developments in technology. For instance, the
cycle time in a computer using discrete
transistors was 10Ons; with integrated circuit
this has been reduced to lns.

Sometimes one does not have to wait for
technology to advance, a simple alternative is
more effective. For instance, signals travel at
three tenths the velocity of light in copper
wire but at nine -tenths the velocity of light in
coaxial cable, so the CYBER 205 uses coaxial
cable.

When the possibilities have been
exhausted, one has to get back to basics. Do
things have to be done the way they have
always been done? For example, one
processor can be used to fetch and another to
execute in order to save time. Does a
program have to be performed in a sequential
manner? Vector computers use the pipeline
concept, ie a job can be broken down into
parts complete in themselves. Considerable
time can be saved in running a large program
if the discrete tasks are performed
simultaneously and the results combined in
the right order.

COMPUTERS
program. A cross -assembler is an
arrangement to assemble on one machine and
run the program on another machine.

HIGH LEVELS

Instead of writing a program in
mnemonics, one could use a high level
language (hll). These use full English
statements but still keep within the syntax or
grammatical rules of the particular language.
The languages are written for special
applications, eg Basic for mathematics,
Fortran for science, Cobol for business and
commerce, Algol for military applications,
Focal for control purposes, etc.

An example of hll statements would be:

READ N

PRINT N

A computer cannot read such statements.
A compiler or interpreter is required to
convert these statements to machine code. A
compiler converts the whole program to
machine code, whereas an interpreter reads
and converts each line, each time the program
is run. This means that an interpreter is
slower but the program can be changed easily.

If a compiler is used and the hll statements
are altered, then the program needs to be
recompiled. This has its advantage - it

prevents the users from getting their grubby
fingers on the program, altering it to do fancy
things and then complaining to the
programmer that it does not work!

Part Three

the variables within the macro, and loops
within the macro have to be defined as local
loops otherwise the program would never
stop!

So the choice between using macros and
subroutines is an individual one. Both have
ardent disciples. In general if the program is
longer than twelve bytes and a subroutine is
used more than ten times, then less code is
generated if a macro is used. However this
should not stop a programmer using
subroutines if it makes things clearer or
reduces the chance of error in writing the
program.

SUPERCOMPUTERS
ONWARDS

Supercomputers are sometimes mistaken
for fifth generation computers.
Supercomputers are simply the most
powerful, the Mr. Universe of their day. So
the EDVAC and Colossus were
supercomputers of their era.

Today a supercomputer costs about $15
million and can perform 100 million
operations per second. There are only about
forty such computers in the world and they
are used for geology, defence and weather
forecasting. The Cray -1 and CYBER 205 are
in the present day supercomputer class and
are built by Cray Research Inc and Control
Data Corporation respectively.

TIERED MEMORY

All large computers have the satellite
processors, mentioned earlier, to take some of
the work load off the cpu. And, of course, for
number crunching exercises they need large
memories to hand. The memory can be
arranged in three tiers:

a. The register set consisting of several
hundred words and accessible in one machine
cycle.

b. The main memory holding the data and
program

c. Rotating magnetic discs holding 77
million words each and a total capacity of
over a billion 64 -bit words. These discs can
be accessed at a peak rate of half a million
words per second.

Some machines have a buffer memory of
several thousand words between the register
set and main memory.

Thanks to integrated circuits, today's
supercomputers do not have to be the size of
the Empire State Building. Although small
may be beautiful, integrated circuits have
their heat dissipation problems. The Cray 1
uses 300,000 chips all packed into a space of
less than 100 cubic feet. Since it is necessary
to use fast bipolar logic consuming 5 watts
per chip, that's a lot of sweaty chips and
freon refrigerant is pumped through cooling
pipes.
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GENERATIONS

Computer generations up to the present
day may be categorised as follows:

First generation: Valve types like the
Colossus.

Second generation: Transistor types like
the IBM 1401.

Third generation: Integrated circuit types
like the IBMs S/360 and 1CL 1900. At this
stage high level languages were well
established.

Fourth generation: Very large scale
integration, eg the IBM 3081.

The fifth generation of computers has a
target date of 1991 and is expected to use
revolutionary new designs in terms of hardware
and software. It would need to if it is expected
to see, hear and speak! Whether these
objectives will be met remains to be seen.

On the hardware side components that are
durable and stable will probably emerge, as
will fabrication of materials besides silicon to
achieve higher speeds and greater immunity
to temperature, radiation and vibration.

Programming languages will have to move
away from high level languages to others
based on logic and symbols, like Prolog and
Lisp.

A.I.

In general, the drift of fifth generation
computers is towards artificial intelligence
(AI), ie an ability to make inferences and
therefore solve problems. The learning
process is part of Al. For example, given a
situation involving trial and error, the
program should analyse failures, look for a
general trend in the failures and add it to a file
of traps to be avoided.

Research on speed recognition and speech
synthesis is underway. The accent is on
sentence understanding rather than word
understanding and concentration on a
vocabulary of 5000 words, which is that of an
average human. Speech recognition like
handwriting recognition is a daunting task for
a machine. In addition to all the regional
accents there are colloquialisms. Besides this,
humans convey some of their messages with
eyes and gestures.

However, if you can remember you are
talking to a machine and keep the sentences
simple and precise, voice control can be
extremely useful in an industrial environment.
For instance, where the worker must keep his
eyes on a display or hands on controls, or
where the worker has to move around yet
activate machinery.

EXPERT SYSTEMS

Expert systems (ES) are a subclass of
artificial intelligence. These already exist,
though most of them are in the USA. They
are more than just a huge data bank.

Although they do not undertake a learning
process, they do undertake a reasoning
process to arrive at a conclusion. They are
believed to be of the level of 'intelligence' of
at least a good graduate in the field.

Some of the expert systems that have been
developed are Prospector for geology, Secs
and Dendral for chemical analysis, Mycin
and Internist for medical diagnosis. In 1982
Prospector made news by informing
geologists that there was molybdenum in
Washington State. It was fed the same
information that is available to geologists and
though the experts disagreed with the finding,
Prospector was proved right.

Some people think that the definition of an
expert system should be extended slightly:
that an expert system should be able to
explain how it arrived at its conclusion in a
way that is understandable to the person
interrogating the expert system.

CONCLUSIONS

Mankind has always been a sucker for
exploiting technology. But if he does not
watch out, computing is the one technology
that could get the better of him, whether it be
in the form of personal records held on data
banks or a horde of intelligent robots actually
walking around homes and offices.

The development of intelligent robots
within the next human generation is not as
laughable as it seems. In 1982, Cubot, the
American robot equipped with a computer for
a brain and camera for an eye, solved any
combination of Rubik's cube in less than four
minutes using his mechanical fingers.

Other robots have been built. Reckitt
Industries have built one to dust furniture and
polish floors. As early as 1977, Quasar
Industries built a robot to mow the lawn, cook
simple food and mop floors.

The Japanese have not been idle. All the
big names, including Kawasaki, Hitachi, and
Yashukawa, have used robots for purposes
other than motor car assembly. Robots using
vidicon cameras for eyes have been used for
arc welding, transistor die bonding and
inspection of nuclear plants.

Robots can boldly go where no man has
gone before: near dangerous industrial
processes and in deep space probes. Next
time someone tells you he saw a spacecraft in
a meadow with robots disembarking, don't
laugh at him.

What is the most valuable commodity in
the world? Did you say gold, or plutonium?
If you said silicon chips, you would probably
be right.

MICRO -GLOSSARY

ALU

Ascii

Cmos

arithmetic and logic unit

American Standard Code for
Information Interchange

complimentary symmetry metal
oxide semiconductor

CPU central processing unit

EArom electrically alterable read only
memory

Fifo

Ice

Lifo

Pipo

PLA

Prom

Ram

Rom

TTL

ULA

Usart

first -in first -out

HLL high level language

in -circuit emulator

last -in first -out

Parallel -in parallel -out

Programmable logic array

Programmable read only memory

random access memory

read only memory

Transistor transistor logic

uncommitted logic array

universal synchronous/ asynchronous
receiver transmitter

...an expert system should be able to explain how it arrived at its conclusion...

-,,,Z4Z7o47zeo0 .02727.0
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CELLULAR MODEM

The first product I highlight is one which
might even be for use by those of no fixed
abode! It's from Racal-Vodata, and they have
taken the concept of the portable office and
developed it into reality, by introducing a new
cellular modem. By combining one of their
latest compact Vodafones with a lap -top
computer and a Vodata CDLC modem, they
have made it possible to create an office in a
briefcase which incorporates comprehensive
voice and data communications facilities.

The modem weighs only one and half
pounds and offers full autodial/autoanswer
facilities. Its low power consumption means
that the 'talk -time' of battery -powered
transportable Vodafones is not noticeably
reduced.

Cellular Data Link Control (CDLC) is a
protocol developed by Racal-Vodata to ensure
reliable data transmission through the hostile
environment of a cellular network. Under
normal cellular reception conditions, :he
advanced forward error correction techniques
used in CDLC provide user data rates of up to
2400 bps (bits per second), full duplex
(Duplex was discussed at some length in the
PE Modem project of Feb 90.) Even under
severe reception conditions, data throughput
is typically 1200 bps, full duplex.

To complement CDLC, the company
introduced their Vodafone Mobile Access
Conversion Service (VMACS), which allows
subscribers to access a wide variety of computer
systems and data services using a common
equipment configuration. Via VMACS, a CDLC
modem and lap -top terminal can access the BT
Packet Switch Stream, Mercury 5000, IBM's
Managed Network Service, Istel's Infotrac, a
number of private data networks and any
computer system connected to the public phone
network.

RETRIEVING CD-ROM

The future growth and effectiveness of
cd-rom technology recently received a
major boost with the announcement of a

HOME -BASE
John Becker hosts the first of a series

of reports in which are highlighted
some of the interesting new products
for use at home, or the office, or even
the office at home. Communications,

perhaps not surprisingly at the start of
this decade, dominate the scene and
this column (even the car alarm can

be regarded as a communicator!)

new index and retrieval software package,
Romware.

Nimbus Information Systems, the cd-rom
division of Nimbus Records, are the company
responsible for Romware. They have
developed it exclusively for cd-rom, and
claim that it performs faster and more
effectively than any other search and retrieval
system available on the market.

Romware offers a range of high quality

functions. The build and indexing capabilities
are simple, powerful and fast. For example, it
took Nimbus just under 20 minutes to
complete the indexing of the Bible, which
contains approximately one million words,
into retrieval format. But speed of retrieval is
the software's key asset, locating terms
requested by the user almost instantaneously.

Regarding Romware with high esteem,
Nimbus say that the introduction of such a
package, which works effectively and meets
the standards required by industry, will
stimulate the market and encourage the
expansion of cd-rom.

"We know Romware to be an excellent and
economic software package," comments
Gerald Reynolds, joint managing director at
Nimbus Records. "Alternative packages on
the market, offering equivalent features to
Romware, cost three to five times as much.
We have priced Romware competitively with
the aim of significantly improving the ease
with which companies and organisations can
design databases and author cd-rom discs in-
house."

Above: Master plating CD-ROM in clean air conditions.
Below: Philips new car alarm system.
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RAISING THE ALARM

There was a spate of thefts from cars in my
district not so long ago. Eventually, the thieves
were apprehended, but the in -car entertainment
systems pinched were not recovered. Philips
have now taken active steps to make their in -car
products less appealing to would-be thieves, and
are offering total vehicle protection with their
new range of car alarms.

By launching in -car units featuring Philips
inventions such as Security Code, and also
retractable models which can be removed stored
safely, the company has established a proven
track record in the prevention of radio theft. The
experience they have gained has been used to
develop the new alarm range, which includes
two models, the switch -activated PH100, and
the radio key or remote control model PH200.

The PH100 is armed by a hidden switch and
allows 30-45 seconds exit delay, and six to
seven seconds delay for re-entry. The PH200 is
armed by a radio key remote control which
allows 40 seconds exit delay, but no re-entry
delay.

On setting or disarming the alarms the
hazard warning lights flash, and model PH200
has additional led indicators to show when it's
armed. Both models are triggered by a voltage
drop from opened doors or direct earth switches
to cover boot and bonnet. Once activated, the
alarms flash the hazard warning lights with the
PH100 sounding a 114dB siren for 30 seconds,
and the PH200 a 120dB siren for a minute,
followed by automatic reset. A vehicle
immobilisation circuit is featured on both alarms
which includes a safety circuit to prevent it
cutting in while the engine is running. An
ultrasonic detector is available as an optional
extra.

One of my neighbours ought to look at this
new range. He installed an alarm after his car
radio vanished, but it keeps going off at odd
hours. I caught the culprit at 2.30am the other
night - a cat who uses the car as a stepping stone
between wall and pavement, triggering the
alarm on landing! I feel sure Philips have
designed against such trigger-happy
eventualities.

FAX FLOODGATES
OPENED

Amstrad has concluded an agreement with
Ryman, the office stationery and equipment
suppliers, to sell the new Amstrad FX9600T fax
machine in 65 Ryman high street stores
throughout the South-east and Midlands.

CONSUMER FEATURE A
Ryman has invested significant resources on

training its business machines staff to sell and
support the FX9600T, which can be linked with
a personal computer so as to send fax messages
directly from the PC without first printing them
out.

Ryman's marketing manager for business
machines, Bob Thrower, commented, "We
believe this machine breaks new ground at this
price point and represents excellent value for
money. It is ideally suited to both home and
office use and our high street stores are the best
possible outlet into the market for Amstrad."

OKI'S EXCEPTIONALLY OK
Around 1 million has been spent in

promoting a new portable phone. It's the CDL
700E from Oki, and Martin Dawes
Communications (MDC), the company who
promoted it, say that the investment is paying
off handsomely. Apparently, dealers and end
users alike have found it to be a runaway best
seller, praising it as the smallest, lightest phone
listed at under £1000.

The selling price is, in fact, £699 excluding
vat, and the phone is exclusively marketed by
MDC. They say it is the biggest -selling phone
handled by them to date.

"Customers know the price of the Oki and
where to get it through our extensive
advertising", comments MDC director Jack
Holland. "And the dealer is making money, so
everyone is satisfied."

COINING IT OUT

British Telecom is to phase -out 2p and 5p
coins from its public payphones from June. The
move is intended to further improve the
reliability of payphones by reducing the number
of faults associated with mechanical handling of
coins. "The 2p and 5p coins represent only a

small percentage of the value of coins used by
our customers, but the volume of these low -
denomination coins increases the likelihood of
faults due to coin mishandling", said Graham
Hanson, Manager of BT's national payphones
service.

News of greater reliability of BT's public
phones is always welcome. Welcome, too, is the
news that BT has launched the best freephone
service in Europe. Advanced LinkLine is a
highly versatile service which, claim BT, will
mean that no call to a Freephone 0800 number
need go unanswered, whatever the day or time.

The service has been made possible by new
technology in which BT has invested, and is the
first implementation outside North America of
the "intelligent network" concept.

OPTICAL CAR COMMS

Battelle are researching into the potential
reliability of using optical fibre multiplexing
networks for data transmission in vehicles.

Multiplexing permits transmission of several
signals simultaneously on the same circuit or
channel. Optical fibres reduce levels of
electromagnetic interference allowing error -free
signal transmission.

The programme should benefit
manufacturers of vehicles, wiring harnesses,
semiconductors, and optoelectronic component
equipment. And drivers too we hope!

BSB UP AND COMING

Hot in from BSB as we go to press is
confirmation that their tv satellite is in safe orbit
and that all's well for their programme launch in
the spring. The picture shows the BSB
transmitting dishes at Chilworth.

BSB had intended to launch in September,
but due to slippage in the development of the
ITT D -Mac descrambling chip, they felt that too
much time pressure would have been put on the
systems integration phase of the project to
achieve a polished autumn launch. The view
was taken that it was better to be right than
quick, and that the launch should be
professionally done.

The company is now in discussion with
McDonnell Douglas to bring forward the launch
of its second satellite. The second rocket and
satellite package is identical to the first and will
provide 100% redundancy on all five BSB
channels. PE
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Part Two:
How, with the aid of a

computer, some logical
analysis and a few shifty

considerations, John
Becker registers and

regularises Rugby time
codes, and gives an

insight into a designer's
design techniques.

ith the optional machine code
program I gave last month, it was
the computer which assessed the

pulse length and determined whether it
represented logic 1 or logic 0. In electronic
terms, a similar function can be performed by
using a monostable circuit whose period is set
somewhat longer than the short pulse, but
shorter than the long pulse. We can then
examine the state of the pulse source at the
end of the monostable period. If the source is
low, then a short pulse has been received,
conversely, if the source is still high then it's a
long pulse being received.

into IC3a whose output is then triggered low
producing a negative -going pulse across C12.
In response, the output of IC3b goes high, as
does the second input of IC3a. Consequently,
further changes in the signal from IC2c will
have no further affect until IC3b reverts low
at the end of the set period. The rate at which
C12 recharges via R15 determines the period,
and in this instance is set for around 500ms.
Once the level on C12 rises above the
threshold point, the output of IC3b will revert
to its normally low condition.

Simultaneously with the initial pulse

RADIO PROJECT oto

DAY/YEAR

MONTI-I/DATE

HOURS/fAiNS
SECS/MINS

operations. First, it is passed to the Schmitt
inverter IC2d via R49 and C14. The latter two
components were found to be necessary to
eliminate an occasional, and undesirable
double pulse generated as the second
monostable reverted to its normal state.

SYNC SHIFT REGISTER

Two 4 -bit shift registers, IC4a and IC4b,
are coupled together in the first stage of
detecting for the sync pulse marker. The data

RADIO CLOCK
DUAL MONOSTABLE

In fact, I use two monostables in the pulse
length extractor, as you will see in Fig.13.
The first, around the twin NOR gates IC3a
and IC3b, serves as a gate to allow only one
pulse to be reacted upon for the duration of its
active state.

The high going pulse from IC2c comes

triggering IC3a/b, the monostable around
IC3c/d is similarly triggered. From that
moment the action of the second monostable
is independent of the first one. The timed
period on this section is set by C13 and R16,
to about 150ms. This period is selected to be
longer than the 100ms duration of a short
pulse, but shorter than the 200ms of the long
pulse.

The output from IC3d is now used as the
clock signal controlling subsequent decoding

signal is the pulse taken direct from IC2c to
IC4a pin 7. When the output from IC2d
reverts high after the end of the timed period,
and at the moment of transition, it triggers the
clock inputs of both shift registers. Each stage
of the registers takes on the logic state of the
prior stage, which in the case of the input at
pin 7, is that of the data line. If the data is
high at the moment the register is clocked,
logic 1 is fed in; if it's low, then logic 0 is
registered.

Fig 13. Logic and
sync pulse extractor
circuit.
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100 DIMA(100),T(100),M$(12),N$(16),S$(70),PRINT"0"TAB(5)"RUGBY CLOCK PROGRAM"
110 IN=59457,11RT=59459:POKEDRT,0:DNWOMOMMIK4IOIC"
120 AW21152515260130073203361539074103451548075215"
130 FORA=11.0445TEP4:13=VAL(MIDVAS,A,2)),A(B)=VAL(MIDVAS,A+2,2) NEXTA
140 N$="0123456789":FORA=170104*(A-1)=MIDS(N$,A,1),NEXTA
150 C=O'FORA=OTO6FORB=0T09,E4(C)=NVR)+NS(B):C=C+1:NEXTB:NEXTA
160 M$="???JANFEBMARAPRMAYJUNJULAUGSEPOCTNOVDEC"
170 14="SUNMONTUEWEDTHUFRISAT???"
180 B=0,FORA=1T039STEP3:MS(B)=MIDVM$,A,3):8=3+1 NEXT
190 B=0,FORA=1T024STEP3:11V.14)=MID$(14,14,3)'8=8+1 NEXT GOT0240
200 B=A,A=PEEK(IN):K=K+1:IFK>99THEN220
210 IFA=BOR(RAND120)=OtHEN200
220 D=D+1,PRINTIIN$TAB(20)5$(D):K=0
230 IFA<>254ANDIK)60THENT(11)=AANDR(D)GOT0200
240 PRINTDN$TAB(5)"TIME "NVT(41))NI(T(45))" "NVT(48))NVT(52))
250 M=T(26)*10+T(30):IFT(29)>7THENT(39)=8
260 PRINTLEFTVIINC8)TAB(5)14(7(39))" "N$CT(32))NS(T(36))" ":IFM>12TNENM=0
270 PRINTTAB(10)MVM)" 19"NVT(21))NVT(25))
280 IFII<>60THEMPRINT,PRINTTAB(5)"SIGNAL.ERROR",8=0:R=R+1,PRINT"O"R"O ".00T0200
290 PRINT:PRINTTAB(5)" ":11=0W0T0200

Fig 14. Experimental Rugby decoding program written in Basic

The sole function of IC4 is to shift the data
through, feeding its outputs to an 8 -bit NAND
gate, IC5. During the entire Rugby
transmission sequence, it is only the minute
marker that can ever produce a code of
01111110, decimal 126, and it is this code for
which the sync gate must look. However, the
NAND gate must receive binary 11111111,
decimal 255 before its output responds. To
achieve this condition, outputs 2 to 7 of 1C4
(pins 4, 3, 10, 13, 12 and 11, respectively) are
used as the potential source of the six logic Is.
Output 8 (pin 2) is inverted by IC2f so that the
final logic 0 is seen by the gate as logic 1. The
remaining bit required by IC5 is the positive
going level of the clock pulse via R49.

At the moment IC5 recognises decimal 255,
its output goes low, causing the output of
inverter 1C2f to go high. As you will probably
notice, the transition occurs at the start of
second number zero. It is to this instant that all
remaining functions are synchronised.

We have now reached another crossroads at
which we have a choice of action, that of
either using the decoder and display circuit yet
to be described, or of using a computer and a
control program written in Basic. Before we
examine either option, let's see what essential
decoding requirements have to be met.

DECODING
REQUIREMENTS

Understandably, those who established the
protocols for the Rugby time data transmission
chose to keep the number of bits transmitted to
a minimum. The number of bits and their timed
order were shown last month and you will have
seen, for example, that the month units require
four bits since all decimal numbers from 0 to 9
need to be expressed, from binary 0000 to 1001.
The tens of months, though, only need one bit,
expressing either zero tens or one ten,
represented by 0 or I in both decimal and
binary. Also, whereas year, month, date, hour
and minute require two data blocks, one for tens
and one for units, the day of the week only
needs one block to represent all days from 0
(Sunday) to 6 (Saturday). These inconsistencies
of block counts and lengths make decoding a
little more complex than it would be if all
parameters were all the same.

As some of you may have gathered from
analysing the earlier machine code program,

one way of extracting the data and catering for
the inconsistencies, is to count each pulse
following the sync marker, and use individual
memory locations in which the data is
assembled. There are 11 groups of data to be
detected and thus 11 memory locations are
needed. As each count is received, the
associated data is allocated to the relevant
memory location. In the machine code
program the data was progressively built up at
each location by shifting the previous data left
by one place and then OR-ing it with the new
data. All locations would be set to zero at the
start of each minute cycle, thus containing
binary 0000. Then, for example, for the tens of
years relating to 1990, (ie, decimal 9, binary
1001) at count 17 the associated memory store
would be shifted left (ASL) and OR-ed with
the data received, in this case logic 1. The
memory then contains binary 0001. At count
18 we shift left and OR with the next data, in
this case 0, resulting in 0010. Similarly at
count 19, resulting in 0100. At count 20, logic
1 is received, resulting in 1001 after ASL and
OR. At count 21, the second memory location
relating to year units is used, and a similar
process follows. And so on through the full
cycle.

DEFERMENT

If we were making use of the Fast Code
referred to last month, the data would be
decoded so rapidly that we could immediately
show the results on some sort of display
module. With the Slow Code we are using
here, though, it takes a full minute to receive
all the data and if we were to display it
immediately it was received we would see any

data change occurring long before the sync
point, which could be highly confusing when
quickly glancing at the display. Consequently,
we need the display to show the data received
prior to the last sync marker while we build up
the new data currently being received. We thus
need two sets of memory locations, one for
data build up, and the other for data display. At
the sync point, the contents of the temporary
memories are transferred to the display
memories, and the former reset to zero.

DECODING WITH
BASIC

Last month's machine code program is fast
enough to do all the logic level detection, data
build up and transfer by tapping in to the
primary data line from IC2c. A program
written in Basic, though, is unlikely with most
computers to be fast enough to perform the
same functions. However, now that we have a
pulse length extractor, around IC3, and a
hardware OR function in the form of the shift
register 1C4, we can write a Basic program that
is fast enough to do the remaining decoding
and display. Fig.I4 shows such an example.

As with the machine code program, the
Basic program was written for a computer with
a parallel in/out port having its input register at
decimal 59457, and its data direction register
at decimal 59459. These location numbers will
need changing to suit your own machine.
Minor Basic dialect differences may also need
to be catered for, in particular DN$ which
represents "clear screen" followed by 13
"cursor downs" for vertical tabbing purposes.

After having first set up the various
parameters, the program then simply loops and
reads the output of the shift register, looking
for changes on line DA7, the clock signal, and
for decimal 254, the sync marker. Each time
the clock signal changes, the shift register data
is stored in memory at the allocated temporary
address. On receipt of the sync signal, the data
is then transferred to the display memories, in
this case the screen itself.

HARDWARE
INTERPRETATION

Both programs were written largely for my
own intellectual amusement (!) but also
served a practical secondary purpose, of
proving the logic behind the decoding

DAY/YEAR

MONTH/DATE

HOURS/MINS

SECS/MINS
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requirements. Following that proof, the next
thing I considered was how to use dedicated
electronics to perform a similar function to
the computer routines.

When designing any circuit there are
usually many ways in which the job can be
accomplished, and Rugby decoding is no
exception. In excess of 20 methods were
apparent and which were committed to paper

as theoretical possibilities. There were four
design criteria that I wished to meet: the circuit
should be readily understandable by the
majority of PE readers; it should be capable of
comparatively easy checking, stage by stage,
so also giving it wider readership appeal; the
readout should be on four multiplexed led
displays, thus minimising the cost of the
displays, and also keeping down power

RADIO PROJECT

consumption; the components should be
readily available and relatively inexpensive.

For more experienced constructors, the use
of a microprocessor would be the obvious

0

CrY
Cr -

Fig 15. Circuit for time
code logic extraction.
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choice. This method, though, was decided
against so as to give those readers not yet
familiar with microprocessors the opportunity
to also build the clock. Of the other options
available, I examined various methods for
temporarily storing the received data followed
by transferring it to display memories. In
several of these, two or three counters and
two or three sets of memory locations were
required, and the overall synchronisation
needs made them less easy for inexperienced
constructors to check. Apart from sync
problems, the main area of thought was with
regard to an easy method of separating the
inconsistent data blocks into forms readily
suited to multiplexed control.

The options were whittled down to two:
to use several shift registers in series,
clocking all the data through the chain,
padding with extra zeros where appropriate
to provide regular block formats; or to use
several shift registers in parallel, accessing
them each only during relevant moments of
the count. This latter option is, of course,
the one used in the programs described. (I
had also written another program in order to
check out the logic requirements of the
serial technique.)

DECODING CIRCUIT

Fig.15 shows the final logic decoding
circuit based on the parallel technique. In
essence, it uses six shift registers, an eprom
programmed to open and close them, a
counter to control the eprom, and a multiplex
controller selecting and routing the register
outputs to a subsequent display stage. There is
an additional stage (IC10) which allows the
counter data to be fed to the display to show
the seconds count.

The controlling counter is IC6. It is a dual
binary coded decimal (bcd) counter which is
triggered by the clock pulse from IC2d. Its
outputs become the source of the seconds
count data display, and the address lines for
the eprom. On receipt of each sync marker,
the counter is reset to zero.

One shift register is used for each aspect of
the time code: year, month, date, day, hour
and minute. IC11 to IC16 are the registers and
they operate in fashion similar to that for the
sync detector IC4 in that they clock the serial
data through, bit by bit, at each clock pulse
from the eprom. However, unlike IC4, the
resulting parallel output data is stored

internally and is not passed to the output lines
until a sync pulse is received. On receipt of
this pulse the output lines take the internal
data and hold it available for immediate
output, and it remains unchanged until the
next sync pulse. Between sync pulses, the
internal data can be repeatedly changed
without the output lines being aware of it. An
additional function available on the registers
used is that they have an output enable
control. This allows the outputs to be opened
or closed as required. In the closed condition
they are at a high impedance and have no
affect upon any other chips on the same
connection lines; an obvious importance for
multiplexing techniques.

EPROM CONTROL

The eprom is programmed so that each of
the first six output lines controls one shift
register, producing a positive -going pulse
(logic 1) which clocks data into the register.
Logic 1 is programmed to appear at the
relevant output line corresponding with the
register required at the particular point in the
count cycle. The pulsing effect is achieved by

Fig 16. Component layout on the logic decoder and display driver pcb.
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using the eprom's output enable control.
When enabled, all the eprom output lines are
opened, but when disabled the lines are held
at high impedance. In order that the registers
see this state as logic 0, the lines are held low
via the grounded resistors R17 -R22.

Each time the clock pulse from IC2d goes
high, it triggers the counter forward one step,
which sets a new address for the eprom.
While the pulse is high, the eprom is disabled
and all registers see logic 0 on their clock
pins. When the primary clock pulse goes low,
the eprom is enabled and any output line
programmed for logic 1 goes high, triggering
the corresponding register.

REGISTER OUTPUT
MULTIPLEXING

We shall be using four led displays to
show the data from two halves of two selected
registers. We shall also be using only one
binary to 7 -segment decoder to process the
four groups of data. As you will see, though,
all the registers, plus the seconds count buffer
(IC10), are all connected to the same eight
data output lines. Thus we need to
automatically and alternately switch open the
outputs of either one of two registers.

I have arranged the routing so that the
displays show seconds and minutes, or hours
and minutes, or month and date, or day and
year. The data routing is controlled by S1 and
IC8, the latter being further controlled by an
oscillator to be described shortly.

IC8 consists of two 4 -bit data routing
switches. Any one of the four outputs of
either section can be selected, depending on a
binary code presented to their control inputs.
Either section can be turned on or off, again
depending on another logic code.

S1 is wired so that one of four binary
codes can be selected, in order of 10, 00, 01,
11. To select the month/date option, for
example, S1 is switched to position 3,
resulting in the selection of binary 01. This
selects IC8 output lines at pin 6 and pin 10.
The oscillator clocking signal is brought to
the inverter IC9b; the non -inverted clock
controls IC8b, and the inverted clock controls
IC8a. Each section of IC8 is turned on by a
low clock level, and off by a high one. Since
the sections are controlled by opposite phase
clock signals, they switch on and off
alternately, so switching between the month
and date registers.

Pins 4 and 5 of IC8a are taken via D1 and
D2 to the minutes register IC12, so allowing
minutes to be displayed in two switch modes.

RADIO PROJECTS
DISPLAY MULTIPLEXING

From the last example we now have the
month's tens and units from IC15 alternating
with the date's tens and units from IC14; four
groups of data which we want to see
displayed. Fig.18 shows the circuit that sorts
out the visuals.

The display consists of four 7 -segment led
displays bought as a complete module, and
arranged by the manufacturer for multiplexed
viewing. The multiplexing allows for each 7 -
segment led to be turned on and off
consecutively, so minimising the amount of
power required, to about one quarter of that
required to drive all four displays
simultaneously. With a sufficiently fast rate of
sequential switching, the eye is fooled into
believing that all four displays are on at the
same time.

The multiplexing also means that just one
chip is needed to provide the necessary
decoding from binary to a code suitable for
driving the seven segments. IC18 is the
decoder which takes a 4 -bit binary-coded
decimal input from which it produces an
equivalent 7 -bit output.

However, the data from the shift registers
is in 8 -bit format, consequently it has to be

Fig 17. Track layout for the decoder pcb. When copying ensure that IC pin spacing is 0.1 inch.
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Fig 18. Display logic circuit.

split into two groups of 4 -bits in order to be
usable by IC18. IC17 is used for this purpose
and consists of two 4 -bit gates which can be
opened or closed separately. Similar outputs
from each section are coupled and feed into
IC18. The input groups of IC17a and IC17b
each take four bits of the 8 -bit register code. The
control inputs are designed for ready alternate
switching, one requiring a high level, the other a
low one, so they are coupled together and driven
by the same clock signal.

MULTIPLEXING
OSCILLATOR

The clocking oscillator is formed around the
twin inverters IC9c/d, with the frequency
determined by R48 and C18. The precise
frequency is irrelevant as long as the eye is
deceived by the rate at which the displays are
switched. The oscillator is the source for
clocking the led displays, the switching of IC17
and also the switching of the register selection
controller IC8.

A single complete viewing cycle requires
that each led display must be turned on and off
once, each by its own control line; thus four
separate actions. Each section of IC17 needs to
be opened and closed twice during this time,
thus two actions repeated twice. IC8 needs to
open and close IC14 once, and also IC15 once,
thus two actions needed once.

These separate, but synchronous
requirements can be met by using a two-bit
binary counter and another multiplexer. IC19 is
the counter (it's actually a 7 -bit counter, but
only the first two bits are used) and it's driven
by the oscillator IC9c/d. The first output bit
controls the alternate switching of IC17a/b. The
second output, which toggles once for every
two changes in output one, drives IC8. Both

outputs are also fed to the multiplexed selector
IC20 which, as with IC8, opens up one of its
output lines according to the binary code on its
input controls. The control pins cycle through
binary 00, 01, 10 and 11 opening up the
respective outputs feeding to TR3-TR6.

The four transistors control the respective
led display and are turned on in order by the
outputs from IC20. Consequently, four
oscillator pulses into IC19 achieve the cycle of
four changes of the leds, two double switchings
of IC17b, and the single switching between
IC14 and IC15. The pattern remains the same
irrespective of which pair of registers is selected
by Sl.

DECIMAL POINT

It's nice to see that the clock is counting even
when the seconds are not being displayed. One
of the four decimal points of the led module is
used for this. So that the point flashes once per
second, the basic control is from the output of
IC3b, which you will recall, has a pulse output
with a mark -space ratio of about 50%, ie, it's
high for about 500ms each second.

Only one decimal point must be activated, so
the output from IC3b must be ANDed with the
respective control output from IC20. Had there
been a spare AND gate available on the pcb, I
would have used that, but since there wasn't, I
used the transistor -diode configuration of TR7,
D3 and D4.

BLANKING

When displaying day and year data only
three of the leds are required, and in order to
avoid visual confusion, I have arranged for
the unused one to be blanked. The day

Fig 19. Switch wiring details.

numeral is shown on the first led, the next is
blanked, and the third and fourth show the
year (without the '19' prefix).

The second output of IC20 is routed to the
day/year position of S lc which, when
selected, routes it for inversion by IC9e and
then to the blanking input of IC18. In the
remaining three switch positions, IC9e holds
IC18 in the non -blanking mode.

ASSEMBLY

Figs.16 and 17 show the pcb component
and track layouts. No special comments are
needed, and there is no setting up to be done
on this board.

Next month we'll conclude the project
by examining the eprom data and its
programming options.
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SURVEILLANCE
PROFESSIONAL QUALITY KITS

A range of high quality kits as supplied to leading UK 'security companies, at in-house
designed and produced, not to be confused with cheap imports. All kits come fully
documented with concise assembly and setting -up details, fibreglass PCB and all

components. All transmitters are fully tuneable and can be monitored on a normal VHF
radip or tuned higher for greater security. Build up service available if required.

MTX Micro Miniature audio transmitter.
17mm x 17mm. 9V operation. 1000m range £12.95
VT500 HI -power audio transmitter.
250mW output. 20mm x 40mm. 9-12V operation. 2-3000m range £15.95
V0X75 Voice activated transmitter.
Variable sensitivity. 30mm x 40mm. 9V operation. 1000m range f18.95
CTX900 Sub -carrier scrambled audio transmitter. Cannot be monitored
without decoder fitted to radio. 30mm x 40mm. 9V operation. 1000m range £21.95
DSX900 Sub -carrier decoder unit for monitoring CTX900. Connects to radio
earphone socket. Provides output for heaclphones.35min x 50mm. 9-i 2V operation £21.95
HVX400 Mains powered audio transmitter.
Connects directly to 240V AC supply. 30mm x 35mm. 500m range . £18.95
XTB9 Crystal controlled audio transmitter.
High performance. 100mW output. Supplied with xtal for 108MHz. Others
available to 116MHz. 85mm x 28mm. 9V operation. 2-3000m range £36.95
TXX900 Tracker/Bleeper transmitter.
Transmits continuous stream of audio pulses. Venable tone and rate.
Powerful 200mW output. 63mm x 25mm 9V operation. 2-3000m range. £21.95
ATR2 Micro size telephone recording Interface. Connects between telephone
line (anywhere) and cassette recorder. Tape switches automatically with
use of phone. All conversations recorded.Powered from line. 10mm x 35mm £12.95
TLX700 Micro Miniature telephone transmitter. Connects to line (anywhere)
switches on and off with phone use. All conversations transmitted.
20mm x 20mm. Powered from line. 1000m range £12.95
XML900 RF bug detector. Venable sensitivity. Triggers LED and bleeper when
in presence of RF field. Detects MTX 15-20 feet. 55mm x 55mm. 9V operation £26.95
XL7000 Professional bug detectonlocator. Variable sensitivy. Twin mode ten segment LED
readout of signal strength with variable rate bleeper. Second mode AUDIO CONFIRM
distinguishes between localised bug transmission and normal legitimate signal such as
pagers, cellular etc. 70mm x 100mm. 9V operation £54.95

UK customers please send cheques, P0's or registered cash. Please add £1 .50 per order
for P&P Goods despatched ASAP allowing for cheque clearance. Overseas customers
send sterling bank draft or Eurocheque and add £5.00 per order for shipment. Credit card
orders accepted on 0827 714476 Full catalogue available on receipt of 28p stamp. Trade
enquiries welcome.
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Nr Atherstone. WARKS CV9 2LE

SH zirt

0827 714476

SPIERS ELECTRONICS
20 Eaton Way, Great Tatham, Maldon, Essex. CM9 8EE. Tel: (0621) 892512

**** FREE To The FIRST 20 CUSTOMERS ***A -
SO Antistatic Screen Wipes with every order over £15

ROLAND PLOTTERS
DXY 880A £580; DXY 1100 £720; DXY 1200 £999; DXY

1300 £1299; SYA 350 640k Buffer £377; ALL INCLUSIVE
Delivered Prices.

*** SECONDHAND CORNER ***
VTC Emulator (with 8031,6402 chips) £6; Modem £6; VTS

Logica Terminal £10; BT Modem 4242X £20; National
Panasonic Cellular Phone Booster Kit EB-KJ0002 £75; Racal

Guardall PIR sensor £5; NEW ITEMS; IBM X'tal module
56,6092 mHz 50p LM78M08CST 8v Reg. 10p

For a full list of standard and special items please send an A4 SAE

74HCxx 74HCTxx 74LSxx 74Cxx
74HC00 14p HCTOO 14p LSOO 12p COO 9p
74HCO2 14p HCTO4 18p LSO2 12p C32 2Ip
7411C10 14p HCTI4 25p 1.804 12p C74 25p
74HC 14 23p HCT32 I4p LSIO 12p C150 710p
74HC27 21p HCT74 18p LSI4 20p C155 48p
74HC32 14p HCT138 25p LS20 14p CI75 20p
74HC42 30p HCT139 25p LS30 14p C244 65p
74HC132 23p HCT240 28p LS32 12p OTHER Nos. P.O.A.
74HC139 36p HCT244 36p LS74 14p 74hcc)
74HC240 25p HCT245 36p LS123 26p 74S.xx ) P.OA
74HC244 52p HCT373 25p LS138 20p 782za )

Linear, Memory, Crystals P.OA. Lots More Goodies ... SAE. for long list.
No VA.T. That's right NO V.A.T l PIP 50p.
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projects are for use with C64, PET and BBC computers.
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PE COUNTER/GEN
PE DUAL BEAM OSCILLOSCOPE
Electronic comps. incl. pcbs, excluding crt,
transformer and case. SET 290 £57.50.

CHIP TESTER SET258F £41.50
Computer controlled logic and chip analyser.

EPROM PROGRAMMER SET277 £26.20
Computer controlled unit for 4K Eproms.

FREQ
Counting to 4MHz, digital generator to 2MHz,
variable wave form generator to 20kHz.
SET 296 £33.50

MICRO SET276 £69.50
MORE KITS IN CATALOGUE

SEND MEDIUM S.A.E. FOR CATALOGUE AND
WITH ALL ENQUIRIES

(OVERSEAS SEND £1.00 TO COVER POSTAGE)

-CHAT
Computer controlled speech synthesiser.
MICRO -SCOPE SET247 £49.50
Turns a computer into an oscilloscope.

MICRO

ENVIRONMENT
BAROMETER SET285 £41.20

-TUNER SET257 £57.40
Corrputer tuning freq

Computer controlled unit for monitoring atmospheric

NEW!
PE EEPROM

controlled, aid and counter.

MORSE DECODER SET269 £26.70
Computer controlled morse code -decoder.

pressure.

GEIGER COUNTER SET264 £65.50
A nuclear radiation detector for environmental and
geological monitoring. With built in speaker, meter and

PROGRAMMERS VARIOUS
digital output. This project was demonstrated on BBC TV.

DETAILS IN CATALOGUE VOICE SCRAMBLER SET287 £49.50 ORDERING32 switchable channels to keep your communications

ALARM CONTROLLERS
M U LT I Z 0 N E CONTROL
SET280

- £23.90
Two entry -zones, anti -tamper loop, personal attack, entry-
exit timing, timed duration, automatic resetting, latching
LED monitors.

confidential.

STORMS! £35.50 each unit
Raw nature under panel control) Wind & Rain SET250W.
Thunder & Lightning SET250T.

DISCO -LIGHTS SET245F £69.50
3 chan sound to light, chasers auto level.
EVENT COUNTER SET278 £36.60
4 -digit display counting for any logic source.

Add 15% VAT. Add P&P - Sets over £50 add £3.00.
Others add £2.00. Overseas P&P in catalogue. Text
photocopies - Oscilloscope £3.00, Geiger £3.00,
Weather £3.00, others £1.00, plus 50p post or large
SAE. Insurance 50p per £50. MAIL ORDER, CWO, CHO,
PO, ACCESS VISA. Telephone orders:
Mon -Fri, 9am - 6pm. 0689 37821.
(answering machine).

PHONOSONICS, DEPT PE93, 8 FINUCANE DRIVE, ORPINGTON, KENT, BR5 4ED. MAIL ORDER

PRACTICAL ELECTRONICS APRIL 1990 41



COMMUNICATIONS FEATUREO

SPACE TV
laE readers following the saga of the satellite tv

10 companies will have been pleased to learn of
the recent successful launch of the rocket

Prilistia from Cape Dominique in the Cayenne Isles.
Prilistia (named after the Roman goddess of
enlightenment) is the first rocket to be launched on behalf
of ECOS (Euro-Cosmos Organisation Speciale), the
organisation challenging Sky and BSB by offering
Britain a third potential satellite tv system.

ECOS-1 was placed into a geo-ecliptic orbit with a
tightbeamed altazimuth focus centred on Northumberland
and it will ultimately cover an area including the
Shetlands in the north, to the Channel Islands in the
south.

To maximise the available channel space, co -channel
tv signals will be multiplex -chopped and transmitted on
the same basic frequency. Colloquially known as the zip -
squeal technique, the result is that channel data is

transmitted in brief `packets' with a pause between them.
Ground based reception equipment then decodes and
allocates the packets to the correct tv channel.

Preliminary tests indicated that all on -board systems
survived the rigors of liftoff, but engineers reported
anomalies in the reception of test signals. Transmitting on
just one test channel, it was expected that the pauses
between this channel's signal packets would be totally
free of data. This turned out to be far from the case, and
for a reason that intrigued radio -astronomers as much as
tv engineers.

In between the signal packets, the engineers became
aware of periodic interference. Modifying the ground -
based decoding/tuning circuits, and computer enhancing
the signals, they established the nature of the
interference. It was from a station transmitting old tv
programs in their entirety, from films and soap -operas to

Frank Mendacio updates
us on the satellite tv

eternal triangle.
news and current affairs, the latter particularly relating to
the Falkland's conflict. The era from which the programs
had originated was 1982, and the channel was BBC1. It
was confirmed that the BBC had not sanctioned the
retransmission of these programs and world-wide
monitoring of all tv stations ensued to establish who was
breaching international copyright law.

No such illegally -operating station could be located.
Further examination of the pirate signals was undertaken,
and it was found that the ECOS-1 retransmission
frequency was a harmonic of an American spy satellite
frequency modulated by the old BBC 405 -line
transmission frequency. Enlisting the help of the
Americans, ECOS-1 and the spy satellite Explorator were
reorientated in an attempt at rdf-triangulation. The results
baffled the technicians. The source appeared not to be
land -based, but from a direction in space where no known
satellite was in orbit.

AD ASTRUM

However, the global positioning of ECOS-1 and
Explorator was too tight to establish the precise co-
ordinates of the source. Radio astronomers in both
hemispheres were requested to assist in the search. The
aerials at Takaka in New Zealand, Bardney in
Lincolnshire, and Prima Lirpa in Mexico were
sufficiently displaced and powerful to pin -point the

source. The astronomers immediately recognised the co-
ordinates. They represented the precise location of
Proxima, our nearest neighbour star. Further calculation
established that the period between the original
transmission and current reception was equal to twice the
light distance of Proxima, approximately eight years. The
evidence was too convincing to ignore, the source was
Proxima.

Inevitably, the natural first question was, could this be
First Encounter with other inhabitants of our galaxy? But
truth is not always stranger than fiction, and the answer is
far more mundane. ECOS-1 is simply picking up very
weak echo signals from Proxima, signals which were
transmitted in 1982, taking a journey four years out,
reflecting, and taking four years to travel back.

AD NAUSEAM

ECOS have declined to comment, but it seems possible
that if they can overcome the periodic signal fading, they
can intentionally pickup these eight year -old transmissions
and beam them into our homes. Personally, I greet the
thought with alarm; it's bad enough having films repeated
ad nauseam, let alone having every program repeated eight
years later. And if BBC1 programs are being reflected,
what about BBC2, ITV, Channel 4, and all other channels
world-wide? And worse still: if Proxima is reflecting tv,
how about other more distant stars? Could we some day
even be treated to a live repeat of Baird's first tv
transmission experiment?

Frank Mendacio is the media correspondent for
Tyme-Tees Television. Enquiries for further
information on ECOS should be addressed to the
PE Editorial office.
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METERS. KNIGHTS
AND PUPILS

Dear Mr Becker,

It has been a long six years since I
last won anything. This has not
escaped the attention of my female
descendents : "the old man's losin"is
touch", "you'll just have to admit it,
dad, you're past it", and other such
expressions of filial respect have been
heard. But the tide now seems to have
tumed and I am writing to express my
most grateful thanks for the receipt of
the Cirkit multimeter, won in your 25th
Anniversary competition. This will
enable me once more to look fate, and
my daughters (the same thing?), in the
eye. And provide me with a most
useful embellishment to my
workbench. I look forward to many
years of useful service from it.
Provided, that is, that I can hide it from
the young master, he who makes with
the millimetric guides over in
Edinburgh.

As a PE reader for more than 15
years, maybe even 20, may I comment
on two points arising in the Feb 90
issue?

First: Sir Clive. Too much may be
read into the straight award of a
knighthood. Ever since the days of
Imperial Rome when Augustus
incorporated the equestrian order into
his scheme of things the award has
been more the expression of the needs,
and philosophy, of the current
administration rather than the qualities
of the recipient. (Of course this
excludes the genuine Orders of
Chivalry such as Garter, Thistle, etc,
but probably not Bath.) What
distinguishes that man is his sheer
otherness. I am on record as saying that
anyone who purchased a Black Watch
kit for a 16 year old on his birthday and
went on to buy Sinclair again should be
taken into care. I would be willing to
repeat that anywhere. And yet here I
am typing this letter into my QL.
Despite my opinions of its
idiosyncrasies (stated in full, but given
the blue pencil treatment! Ed) there is
simply nothing to replace it even now
after all the years it has been going.

And that is the point about Sir
Clive. If he had not lived, the world
would have been that much less of an
exciting place. But would there have
been a corresponding reduction in
reliability or in the quality of life? I
think not.

Secondly: schooling of future
engineers. I sympathise with your
anxiety, and would agree entirely with
most of your statements taken
separately, but would suggest that there
could possibly be an alternative logical
framework within which they might be
arranged to reach a different
conclusion.

To me the first priority is that
pupils should be taught by teachers
who are committed to and fully
conversant with their subjects. What
those subjects might be is of secondary
importance.

READERS LETTERS Lfd

TRACK
FEEDBACK

It is in the nature of things that the
holder of a qualification in, say,
Modern Languages, is likely to
receive a lower level of reward in the
great world outside than a Science or
an Engineering graduate. That person
is more likely, perhaps, to think of a
career in education. It might be
expected, then, that there would be
more competition for posts on the arts
than on the science sides of schools.
Is this not saying that there is a
possibility of a bias of quality in
favour of the former? And, given
freedom of choice, to which side
would the better pupils gravitate? (I
am, of course, speaking statistically,
but funny things can happen when
one combines several distributions,
each of which may appear to have
only a slight deviation from the norm.
Especially in the real, non -Gaussian,
world.

It has always seemed to me that
Science and Engineering Faculties are
shooting themselves in the foot, in
both feet, by insisting on
science/technology subjects in their
entry qualifications. Mathematics,
certainly, and the major national
language, probably, should be
expected. The particular
specifications of the rest are not very
important. Perhaps a higher level of
attainment might be asked of
candidates who offered Middle
English Literature rather than
Physics, but they should not face a
total ban. In some cases the
Institutions may feel constrained by a
perceived need for their degrees to
satisfy the requirements of particular
professional bodies. Is such a feeling
valid so far as entrance is concerned?

I speak as one who bluffed his
way into an Engineering Faculty on
the strength of his Latin and Greek
(and I spent my last 28 years of full
employment before premature
retirement on the teaching staff of a
University Engineering Department).
By opting for the classics stream at
school, not very many miles from
your office, I was able to sit at the
feet of the very best. And the most
important thing that I acquired from
them was not the knowledge of the
particular subjects, although I shall
always be grateful for that, but a
rationale for learning such as is only
to be had from top grade teachers. At
University I used to sit there in the
lectures lapping up strange new
subjects like Physics and Chemistry
(ugh!) among struggling friends who
had "done it all at school", but who
were completely lacking in the
intellectual equipment to take any

additional information on board, often
unable even to recognise that is was
additional.

Perhaps all that I am suggesting is
proper resource management
approach. Thank you for listening.

Philip Tanner, Glasgow.

Thank you for your most
interesting comments. I feel sure that
many readers will recognise several
aspects to which they can relate with
regard to their own education and
subsequent outlook on life. Hopefully,
some of them may care to offer their
own opinions about current attitudes
towards technology and education. Ed

REJUVENATION

Dear Sir,

Please be patient with a
pensioner! Although I never cease to
be thrilled to the bone by PE,
nevertheless a lot of it is, alas, well
above my head. The days when, after
war service, I made a six inch tv set
out of radar disposal stuff (and
excellent it was) are long past.

But my aging cells became
revitalised when I heard on the radio
an old '78' record which had been
electronically 'rejuvenated' so that it
sounded wonderful.

Does my memory trick me when I
think I remember such a circuit being
in a back number of PE? I feel that
the happy task of building such a
project would give me a great deal of
rejuvenation as well!

Congratulations and blessings on
your work,

Cyril Craske, Cadishead,
Manchester.

The record rejuvenation would
have involved the use of some
extremely sophisticated computerised
equipment the likes of which are
beyond the scope of PE's
constructional projects. PE did,
however, publish an article by The
Prof (alias Robert Penfold) on click
eliminators in PE Oct 87. Robert
illustrated this article with some
circuits that you might find useful to
explore further, and which will go
some way to 'cleaning up' old
recordings. (Although at the end of
the article Robert said he might offer
a full constructional project on the
subject at some future date, he's been
too involved in other areas to follow
up the suggestion.) Ed

HORTICULTAERIALS

Dear Ed,

I refer to the "Bananarama
Aerials" correspondence in PE Jun 89.

My late second cousin, when a
radio amateur in the 1900s,
experimented with tree aerials and
later, when I was boy in pre WWII
days, introduced me to using these as
receiving aerials as a fascinating
subject. I still have his 1922 Radio
Experimenter's Handbook which
contains a two -page article on the
subject, and which, or course pre -dates
your correspondent's reference to
1961.

I would stress that such tree aerial
experiments call for extreme caution
in respect of safety and only battery -
operated radios should be used with
such arboreal antennae. Even tvs and
radios running from mains isolating
transformers might present earth
potentials with respect to trees which
are, in effect, outside the 'earth frame'
of the house. Any experiments with
such aerials must not be undertaken in
bad weather, especially in
thunderstorms.

D.E. Stiles, Bellingdon, Bucks.

Many thanks for the caution
offered to potential experimenters,
and for the photocopy of the 1922
article. The reference to US Army
experiments during World War 1 is
particularly interesting. It seems likely
that the idea of trees as aerials could
well turn out to he as old as radio
itself. Ed.

SILVER PLATED PE

Dear Ed,

Since your anniversary year has
just been celebrated, I thought it
would be relevant to tell you about a
recent observation.

While passing through a nearby
village, something about the
'personalised' number plate on a
parked car caught my attention. On
closer inspection I saw it read '25
PE'. Your car, perhaps, or that of a
very avid reader?

John Young, High Wycombe,
Bucks.

No, not mine, though my plate is
partially personalised. I had a choice
of numbers from which I could choose,
though not of the letters. The choice
ranged from 300 to 350, and I chose
`324' since this is the number of an
opamp for which 1 find frequent use!

PE is also celebrated vehicularly
near where I live, though. I quite often
see 'PE 1' driving in the district.
Reminds of the observation I made in
PE about year ago, regarding how
most of the boats in Poole harbour
have their numbers prefixed with
'PE'. Ed.
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AIR IONISERS
By means of points raised to a very high voltage, ionisers re -structure the air
you breathe, turning ordinary air molecules into potent negative ions. The
effects of breathing in these ions can be quite startling. Almost everybody

reports that it makes them feel good, and there is now strong evidence that it

can also improve your concentration, make you more healthy and alert, make
you sleep better, and even raise your 10.

THE MISTRAL AIR I>
IONISER
The ultimate air ioniser. The Mistral has variable
ion drive, built-in ion counter and enough power to
drive five multi -point emitters with ease. Its nine
main drive stages, five secondary drives and four
booster stages give an immense 15 billion ions per
minute output - enough to fill the largest room in
a matter of seconds.

The parts set contains everything you need to
build the Mistral: components, PCB, case, emitter
and full instructions. If you're keen to increase the
output still further, there's an optional eight -point
internal emitter set to give extra ionising capability,
and an almost silent piezo-electric ion fan to drive
the ions away from the emitter and into the room.

MISTRAL IONISER PARTS SET £32.66

INTERNAL EMITTER PARTS SET

(optional) £3.22

ION FAN (optional) £11.27

< THE DIRECT -ION
The ideal bedside ioniser. If you're keen to see what all the fuss is
about, and to experience the ion effect for yourself, this is the one to
go for. The Direct -Ion parts set contains PCB, 66 components, case,
mains lead, and even the components for the tester. Don't forget the
experiments: there's the smoke trick, triffids, the living emitter, and
more. And full constructional details too, of course.

DIRECT -ION PARTS SET £14.72

THE 0 -ION I>
Check out the ion levels around your house. The 0-lon will measure
the output of any ioniser, test the air to see where the ions are
concentrating, help you set up fans and position your ioniser for best
effect, and generally tell you anything you want to know about ion
levels in the air. The readout is in the form of a bar graph which moves

up and down as the 0 -Ion sniffs the air in different parts of the room.
Readings up to 1010 ions per second, positive or negative.

0 -ION COMPLETE PARTS SET £21.16

IONISER
EXPERIMENTS

* The Vanishing Smoke
Trick

Light up a cigarette and gently puff smoke
into a glass jar until the air inside is a thick,
grey smog. Carefully invert the jar over the
ioniser so that the emitter is inside. Within
seconds the smoke will vanish! This is one
of the best demonstrations of an ioniser's
air cleaning action and with a large jar the
effect is quite dramatic.

* Triffids

Connect a length of wire from the ioniser
emitter to the soil in the pot of a
houseplant. One with sharp, pointy leaves
is best. Hold your hand close to the plant
and the leaves will reach out to touch you!
In the dark you may see a faint blue glow
around the leaf tips - this works better with
some plants than with others, so try several

different types. The plants don't object to
this treatment at all, by the way, and often
seem to thrive on it.

* The Electric Handshake

Wear rubber soled shoes. Touch the
ioniser emitter for a few seconds until your
body is thoroughly charged up. When your
hair stands on end, that's just about
enough. Then give everyone you meet a
jolly electric handshake. Just think, you
could lose all your friends in a single
evening! (A meaner trick still is to charge
up a glass of water or a pint of beer. Even
your family won't speak to you after that!)

KIRLIAN CAMERA
Bioplamic fields, auras, or just plain corona discharge? No matter how you explain them, the effects are strange and
spectacular. Can you really photograph the missing portion of a torn leaf? Can you really see energy radiating from
your finger tips? Most researchers would answer 'yes' to both questions.

Our Kirlian photography set contains everything you need to turn the Mistral into a Kirlian camera, your bedroom
or spare room into a darkroom, and to expose, develop and print Kirlian photographs (photographs made with high
voltage electricity instead of light). The set includes exposure bed, safelight bulb, developing and fixing chemicals,
trays, imaging paper and full instructions. A Mistral ioniser parts set is also required.

KIRLIAN CAMERA SET £19.78

ORDERING
All prices include VAT

UK orders: please add £1.15 postage and packing.

Eire and overseas: please deduct VAT and add

£5.00 carriage and insurance.

ACCESS
Phone 0600 3715 for immediate

attention to your Access order.

Tel: (0600) 3715 LIMITED

SALES DEPT., ROOM 108, FOUNDERS HOUSE, REDBROOK, MONMOUTH, GWENT.



Your Ed looks at some of the new books recently received.

Electronic Engineers Reference Book - 6th
Edition. F.F.Mazda. Butterworths. £85.00. ISBN 0-408-00590-
4. Very definitely a book that should be on the bookshelves of
any professional electronic designer. The true value of this book
far outweighs the initial cost of purchasing it. With pages
measuring 10 x 8 inches, the book is 2.5 inches thick and has
several hundred pages (total unknown due to categorical
numbering system used), and is liberally illustrated with over
1200 line and tone drawings. It gives comprehensive coverage of
all aspects of modern electronics, has been written by more than
60 expert contributors, and is edited by an enthusiastic, reliable
and well -respected editor. Now in its sixth edition, this highly
regarded book is split into five main parts, techniques, physical
phenomena, materials and components, electronic design and
applications. The new edition includes new chapters on surface
mount technology, hardware and software design techniques,
semicustom electronics and data communications. It has also
been updated throughout, to take into account recent changes in
standards and materials, and advances in techniques.

Practical Transformer Design Handbook - 2nd
Edition. Eric Lowdon. Tab Professional. £32.20. ISBN 0-8306-
3212-3. The author has taken a broad approach with this book,
giving it appeal to most categories of interest, whether that of
circuit designer, laboratory technician, experimenter, amateur,
hobbyist, electrical science student or teacher. Although the book
contains material at professional and academic levels, it is
essentially a practical how -to -design -it book, constructed on a
substantial but simple how -it -works frame. The book should not
be regarded as an itemised projects book, since constructional
data is dealt with in broad, general terms. Rather, it deals with the
methods used in designing transformers to meet one's own
specific needs. There are over 400 pages, with 17 chapters
covering the entire subject, including the symbols used,
elementary electromagnetics, transformer properties, windings,
designing, constructing, selecting, testing and measuring. A final
chapter looks at the properties and future expectations for
superconductors. I very much welcome this book to my own
library and recommend it to anyone seriously interested in
transformers.

The Master Handbook of IC Circuits - 2nd
Edition. Delton T. Horn. Tab Books. £23.65. ISBN 0-8306-
3185-2. Here's a book to delight any true electronics enthusiast,
and it's also one which may well find use in school classrooms as
a source of fundamental circuit ideas. Over 500 pages are packed
with a very wide selection of simple -to -build circuits for an
extensive selection of purposes. Virtually meriting the title of
Encyclopaedia, the book contains nearly a thousand different
circuits, using more than 200 popular ics. The author has updated
this edition to make use of some more recent is designs, dropping
some circuits from the original edition where ics have become
obsolete. The lack of circuits relating to the newer ics such as
those in 74HC series does not detract from this book's usefulness.
There are seven parts to this interesting manual, covering
opamps, linear ics, regulators, cmos, ttl, radio and tv ics, and
special purpose ics. Although an American book, readers should
not experience any difficulty in obtaining the majority of the ics
listed.

Basic Electronics Theory 3rd Edition. Delton
T.Horn. Tab Books. £20.90. ISBN 0-8306-3195-X. I am
becoming very impressed by the prolific and authoritative writing
styles of Delton T. Horn. Here is another of his books which
should find favour with those looking for instructional
information regarding electronics theory. Indeed he covers some
aspects which to date I have not seen covered in some equivalent
books from other authors. This book is written as a teach -
yourself, test -yourself manual, with many experimental projects
backing up the informative texts, and each chapter having a
section of self -test questions. There is good emphasis on
semiconductors and the book is liberally illustrated with a wide
variety of interesting circuit examples. In updating this 3rd
edition, the author has introduced some additional areas
previously uncovered, including electronic fundamentals, circuit
analysis, reading diagrams, tips on building and experimenting,
microprocessors and related digital ics. Although the price may
seem a bit high for someone newly becoming interested in
electronics, it is a comparatively small price to pay for the amount
of detail offered.

Fundamentals of Pattern Recognition. Monique
Pavel. Marcel Dekker Inc. US $107.50. ISBN 0-8247-8025-6.
First, I must say that it's difficult to understand how the
publishers expect this book to find a market in Britain when it's
only available from the USA and the price is only quoted in
dollars. However, perhaps those sufficiently interested will not be
off -put by the inconvenience (or by the price). It appears to be a
highly esoteric book and is greatly concerned with the
mathematics of pattern recognition theory. The publishers say that
the book contains new approaches and many original results
developed by the author, and highlights mathematically the close
connection between pattern recognition, robotics and artificial
intelligence, providing conceptual understanding of pattern
recognition and pointing out areas that need further research. This
is not a book that will satisfy casual interest.

101 Optoelectrical Projects. Delton T. Horn. Tab
Books. £16.30, ISBN 0-8306-3205-0. Circuits that flash lights in
various ways will always find widespread appeal, and I am sure
that this book will find a ready market amongst readers of all
capabilities, from novice to grandmaster! But there is more to this
book than just showing how to be flashy, it also shows ways in
which light can be used to control other functions.
Optoelectronics has practically become an industry in its own
right, and much of modern communications relies heavily on the
use of light for transmission purposes. This book will help you to
understand some of the technology relating to this important field.
It is split into two sections. The first deals with components, and
looks at photocells, photoresistors, phototransistors and related
devices, light emitting devices, including incandescent lamps,
leds, multisegment displays, laser diodes and lcds, optoisolators
and fibreoptics. Part two forms the majority of the book and is
concerned with practical projects, 102 of them (101 plus a
bonus!). The categories cover power supply projects, control
circuits, sound and audio circuits, led flashers, test equipment and
measurement devices, games, communications, photography and
light meters, counters, and a selection of miscellaneous projects.
Yes, it's an interesting and useful book.

PUBLISHERS' ADDRESSES
Butterworth & Co (Publishers) Ltd, Borough Green,
Sevenoaks, Kent, TN15 8PH. Tel : 0732 884587.

Marcel Dekker Inc, 270 Madison Avenue, New York, NY
10016. USA.

Tab Books are imported from the USA by John Wiley and Sons
Ltd, Baffins Lane, Chichester, West Sussex, P019 IUD. Tel :

0243 779777.
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S adly, we have now come to the end
of the story of the Royal Greenwich
Observatory at its Sussex home,

Herstmonceux Castle. Against the advice of
every astronomer in the country, the Science
and Engineering Council, which controls the
finances, has closed it down and transferred
the RGO to an office block at Cambridge.
The Castle itself has been sold to a developer,
and will be turned into a hotel. The
astronomers vacated the main Castle in 1989,
and they have now made ready to leave the
West Building as well.

The decision to abandon Herstmonceux
will certainly be regretted; it is a major blow
to British astronomy. We can only hope that
at Cambridge the Royal Greenwich
Observatory will be able to preserve its
separate identity, at least for a while.

Things are different in Denmark, where
the largest planetarium in Western Europe has
just been opened. It is named in honour of
Tycho Brahe, the most famous of all Danish
astronomers, and it is the most modern in the
world, with a dome 75 feet in diameter. The
finance was raised by a Copenhagen baker,
Mr Helge Pedersen, and his wife Bodil. It is
hoped to draw more than 400,000 visitors per
year; if you happen to be in Copenhagen, do
not forget to go and see it.

A very interesting discovery has been
made in China - that of what seems to be the
earliest Chinese star map, dating back over
2000 years. It was found near the ancient
Imperial capital of Xian during construction
work at the local University, and is believed
by archaeologists to be on the ceiling of the
tomb of Sima Qian, court astrologer to the
Emperor Wu Di. Of course, the Chinese
constellations were not the same as ours; they
had no Great Bear or Orion, but they did have
a Cat and a Hippopotamus!

A probe to the planet Pluto has been
proposed by Robert Farquhar, of NASA. This
would be launched in 2001, and would use

BY DR PATRICK MOORE CBE

The Castle has
closed its doors

but the HST
promises to

further open our
understanding of

the Universe.

`gravity assist' from Jupiter, reaching Pluto in
2014. At the moment Pluto is at its closest to
the Sun - it passed through perihelion last
autumn - and it has a detectable atmosphere;
but as it moves outward, this atmosphere may
condense on to the surface, so that if we want
to study it we do not have a great deal of
leeway. The critical year is indeed 2001,
when Jupiter will be suitably placed to help
us. The cost of such a Pluto probe would be
of the order of 200,000,000 dollars, which
seems a great deal until one compares it with
the cost of a nuclear submarine or a Stealth
bomber.

HUBBLE SPACE
TELESCOPE

This month should, at long last, see the
launch of the HST or Hubble Space
Telescope. But for the Challenger disaster, it
would have been in orbit several years ago: it
has had to be kept in readiness, but now, at
last, the signals are set for 'go'.

On October 28 last year the telescope was
`powered up' for the first of its tests to make
sure that it is ready for flight. Since then it
has been at Cape Canaveral, awaiting the
moment when the Shuttle will launch it into
space.

The HST has a mirror 94 inches in
diameter. By today's standards this is no
more than medium size, but from its vantage
point above the shielding atmosphere the HST
should be more effective than any telescope
on the surface of the Earth can possibly be.
Not only will the 'seeing' be perfect all the
time, but there will be no blocking -out of
radiations, whereas on the Earth's surface
there are only limited 'windows' through
which radiation can pass.

The HST will be used for observations of
all kinds, including studies of bodies in the
Solar System, but of course its main function

THE MARCH SKY
T his is the month of the equinox, which falls on March 20.

Do not forget that Summer time begins on the 25th, so that
we will then be one hour ahead of GMT. At the moment,

discussions in Parliament are going on to decide whether we should
fall into line with Europe and leave our clocks on Summer Time
during the winter, and Double Summer Time in the summer. There
are pros and cons; it may be depressing to get up in the dark, but at
least one can play tennis at midnight, as I remember doing when I
was once on leave from the RAF during the war!

Mercury is to all intents and purposes out of view, but Venus is
still a brilliant object in the morning sky, though unfortunately it is
well south of the celestial equator and does not rise until about an
hour before the Sun. It reaches its greatest angular distance from
the Sun (46°) not he 30th, and should then be at half -phase, but as
telescopic observers know - half -phase or `dichotomy' is always
slightly late during morning elongations, so that we may expect
actual dichotomy in early April.

Mars passes into Capricornus, and is a morning object, but not
yet brilliant. Jupiter, in Gemini, continues to dominate the evening
sky until well after midnight; owners of binoculars may care to look
for its four large satellites, while telescopic observers will be
anxious to see whether the Red Spot is regaining its prominence.

Saturn is visible just before dawn to southern observers, but we in
Britain can forget about it until the late spring.

There are no eclipses this month, and no major meteor showers,
but we may well have a bright comet - discovered by the Australian
amateur Rodney Austin. It is moving north, and becoming quite
prominent. In fact, Austin's Comet may prove to be the best for more
than a decade, though comets are always unreliable things, and one
never knows!

Orion is rapidly being lost in the evening twilight, while Ursa
Major, the Great Bear or Plough, is almost at the overhead point.
Follow round the curve of the Bear's `tail' and you will come to
Arcturus in Bootes (the herdsman), which is actually the brightest
star in the northern hemisphere of the sky; its only three superiors -
Sirius, Canopus and Alpha Centauri - are all in the south.

The main spring constellation is Leo (the Lion), now high in the
south after dark. There is no problem in identifying the curved line
of stars marking the so-called `Sickle', of which the brightest
member is Regulus; simply use the Pointers in the Great Bear
`away' from the Pole Star instead of toward it. Much of the southern
aspect is occupied by the large but rather faint constellation of
Hydra (the Watersnake) to find its only brightish star, the orange -red
Alphard, use the Twins, Castor and Pollux, as direction -indicators.
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will be to extend our probing into deep space.
At the moment, the holder of the distance
record is the quasar PC1158 +4635 in Ursa
Major, which has a red shift of 4.73, and
whose distance may be as great as
14,000,000,000 light-years - assuming that
the red shift really is a pure Doppler effect,
which is questioned by some modern leaders
of cosmological thought. On the
conventional picture, this quasar is receding
from us at more than 90% of the velocity of
light. If the rule of 'the further, the faster'
holds good, we will eventually reach a
distance at which an object will be receding at
the full speed of light; we will then be able to
see it, and we will have come to the boundary
of the observable universe.

This is where the HST will help us.
Operating from above the atmosphere, it may
- it is hoped - be able to penetrate to these
extreme distances, and tell us whether or not
our current theories are in need of drastic
revision.

There is only one Space Telescope, and
everything depends upon a successful launch.
By this time next month, we ought to know.
So let us wish the HST all success.

Artist's impression of the Hubble Space
Telescope orbiting in space 370 miles above
the Earth. The HST is 43 feet long, 14 feet in
diameter and weighs 25,200 lbs. Illustration
by courtesy of Lockheed Missiles and Space
Company Inc.

Astronomy Now
Britain's leading astronomical magazine

In the March issue:
* Voyager Bound For The Stars *
* Watching For Sunspots At Solar
Maximum * The Moonless Planets:

Why and How? * Jupiter: The Great

Red Spot Mystery *

First Steps In Astro-photography

plus: News Uptdate - The Night
Sky - Sky Watch Down Under and

more...

March issue on sale now -
price £11.50!
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B efore we put your brain cells to
work, let's give your hands and
soldering iron a bit of action with a

couple of Modules and a System to build.

MODULES OF THE MONTH

Module 4 - Light level sensor

The module consistes of an ldr (see
Investigation 2), in series with a s variable
resistor. Since these act as a potential divider,
and since the resistance of the ldr decreases as
light increases, the output of the module (V)
increases with increasing light. The variable
resistor allows you to set the output voltage
equivalent to a given light level (Fig. 1).

Parts required: R1 ORP12 (or similar)
light -dependent resistor; VR1 sub -miniature
horizontal preset resistor, preferably with
small knob as shown; SKTI 3 -way PC
terminal; stripboard 63mm x 25mm (Vero
15354).

Module 5 - Audible warning sounder

The audible warning device, sometimes
called an 'electronic buzzer', is a solid state

Fig 1. Module 4 -
light level sensor
layout.

Fig 2. Module 5 -
audible warning
sounder layout.
Connect "+" of
module 4 to 6V;
connect "-" of
both modules to
OV.
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BASIC ELECTRONICS
piezo electric device. This module provides a
way of connecting it to a system. This could
be done more simply by soldering leads to it,
but the advantage of mounting the device on
the board is that a louder sound is produced.
(Fig. 2.)

Note that the device has a positive and a
negative terminal and must be connected the
right way round. The drawing shows the type
that has a cylindrical case, with terminal pins
for mounting it on pcbs. Other types may
have twin flexible leads and mounting lugs,
anbolted to the board.

Parts required: AWDI solid-state audible
warning device, for 6V operation: SKTI 2-
wayerminal; stripboard 63mm x 25mm (Vero
15354).

SYSTEM OF THE MONTH

Broken -beam intruder alarm

The system consists of the light level
sensor connected to the audible warning
sounder (Fig. 3). A beam of light shines from
a lamp (or you can use a window) and falls on
the ldr placed on the opposite side of the
corridor or room. When someone passes
between the source of light and the sensor, the
resistance of the ldr increases. This increases
the output (V) of the sensor. There is now a
big enough voltage difference between the
sensor output terminal and the OV line to
make the alarm sound. Adjust VR1 to make
the system operate correctly.

BY OWEN BISHOP
Part 4 -

Understanding the
elementary

principles of why
semiconductors
function the way
they do, and why
they need to be

doped first.
This system sounds the alarm only when

the beam is actually being broken. If the
intruder runs through the beam, the sound is
so brief that you might not hear it. It would be
better if the alarm could be triggered to sound
indefinitely when the beam is broken. Readers
who followed the earlier series on digital
electronics may have built a digital module
that can solve this problem

SEMICONDUCTORS

And now on to the meat of the matter:
The development of techniques for using

semiconducting materials brought about the
biggest ever surge forward in electronics, and
probably has made as big a difference to our
everyday lives as the discovery of the wheel
or the development of agriculture. So what
are semiconductors? This is the question we
shall attempt to explain this month. Before
we can get down to practical investigations of
the properties and uses of semiconductors we
much first spend some time in discussing
exactly what a semiconductor is. Before that,
a brief recap on conduction.

CONDUCTION

For a material to be able to conduct
electricity:

* there must be a supply of charge carriers
* the charge carriers must be free to move
* there must be an electric field to make

them move
The best conductors are metals (carbon is a

good conductor too and what we say about

Fig 3. System diagram of
the broken -beam intruder
alarm.
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Fig 4. Structure of part of a crystal of pure silicon
(diagrammatic).

metals below applies to carbon as well). The
supply of charge carriers is provided by the
atoms of the metal. At any one time a
proportion of the electrons leave the atoms
and move around in the space between the
atoms. They wander in all directions. It is as
though there is an electron gas in the spaces
between the atoms. So we have charge
carriers and they are free to move. If an
electric field move in the same direction.
There is a flow of electrons from negative to
positive - we have an electric current.

SEMICONDUCTORS

The atoms of certain elements, such as
silicon and genamium, do not release free
electrons when the temperature is low. At
low temperature they are non-conductors. At
room temperature and above they produce a
few free electrons and, as temperature
increases, they produce more. So they are
conductors at higher temperatures. Since they
are non-conductors or conductors, depending
on temperature, we call them semiconductors.

In a bar of pure silicon, the electrons come
from the silicon atoms. These electrons are a
part of or `packaged with' the silicon - we say
they are intrinsic to the silicon. They are
therefore known as intrinsic charge carriers
and the condition is called intrinsic
conduction. At room temperature the number
of intrinsic charge carriers in a bar of silicon
is much less than in a bar of metal of the same
size. Although silicon does conduct at
temperature, it conducts much less readily
than a metal. Its resistance is high.

Fig.4 shows the structure of a crystal of
pure silicon. The circles represent the atoms
of silicon atoms. They are arranged in regular
array - a crystal lattice - which is actually
three-dimential but is shown as two
dimensionsal in the figure, for simplicity.
The electrons of an atom are in a number of
layers, or shells. The figure shows the

Fig 5. Silicon doped with phosphorus (n -type silicon).

electrons of the outer shell only. The outer
shell of an atom of silicon contains four
electrons. The ideal number of electrons to
fill this shell is eight. In the drawing we see
that each silicon atom is sharing its four outer
electrons with four adjacent atoms. By
sharing electrons it has eight electrons in its
outer shell for part of the time at least. This
makes for stability in the structure of the
crystal. At room temperature and above,
some (but few) of these electrons become free
and become intrinsic charge carriers.

Fig. 5 shows a way of making silicon a
better conductor. We replace a small
proportion of the atoms of silicon with atoms
of another element, such as phosphorus. We
say that the silicon has been doped with
phosphorus. Phosphorus has five electrons in
its outer shell. This gives four electrons to
share with neighbouring silicon atoms and
one 'spare electron'. This electron is free
since it is not needed to make up the eight
shared electrons in the outer shells of the
atoms. This electron is available to act as a
charge carrier. We have made silicon a better
conductor than when it was pure. The
electrons obtained by doping do not belong to
the silicon. We say they are extrinsic charge
carriers.

Other elements with an `extra' electron
can be used in the same way for doping
silicon. These include arsenic and antimony.
A semiconductor which is doped to provide
negative charge carriers is called an n -type
semiconductor. Note that conduction in an n -
type semiconductor is the same as in a metal.

P -TYPE SEMICONDUCTORS

Fig.6 shows part of a crystal of silicon
doped with boron. Atoms of boron have only
three electrons in their outer shell. Instead of
an extra electron there is one missing. We
refer to this vacancy in the structure of the
lattice as a hole. In a bar of silicon doped in

this way, the hole may occasionally be filled
by an electron that has escaped from another
silicon atom. But this only creates a hole
elsewhere in the lattice. All the time, holes
are being filled and new holes created.
Overall there is a shortage of electrons so
there are more holes than free electrons.

Now let us see what happens if an electric
field is applied to the silicon (Fig.7). The
diagram shows only a single row of atoms and
does not distinguish between atoms of silicon
and atoms of boron. In Fig.7a, the atom on
the left (atom A) has a hole (ie, an electron is
missing). An electron escapes from an atom
further along the row and, because of the
electric field, moves toward the left. It moves
to and fills the hole at atom A. this action has
created a hole at atom B (Fig.7b). This is
filled by an electron escaping from atom c and
moving left in the electric field. Finally, an
electron escapes from atom D and fills the
hole at atom C.

We started with a hole at atom A and we
finish with a hole at atom D. The overall
Fig 6. Silicon doped with boron (p -type
silicon).
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Fig 7.
Movement of
holes in p -type
silicon

fixed in position. They are part of the lattice.
The result is a region of fixed ions (Fig.10b).
This is called the depletion region because it
is depleted of charge carriers. There are now
no electrons or holes in this region.

There is an additional effect, that the
positively charged ions of the n -type region
and the negatively charged ions of the p -type
region create an electric field. It is the same
as having a cell connected across the junction.
This in-built cell makes the n -type material
potential (a potential hill) as we cross the
junction from p -type to n -type (Fig.10c). This
rise is 0.6V in silicon, or 0.2V in germanium.

Now we are ready to investigate the
properties of the p -n junction, using a
semiconductor device called a diode (Fig.11).
The two terminals of the diode are named
anode (p -type) and cathode (n -type).

Investigation I - the pn junction

You need: battery box 6V
D1 1N4148 silicon diode
LP1 6V, 0.06A filament lamp,
in a socket breadboard
Testmeter or voltmeter

Set up the circuit of Fig.12, as in Fig.13.

Fig 8.
Conduction in
p -type silicon. FLOW OF
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, IN METAL

METAL
WIRE

ELECTRONS
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'JUMPING ELECTRONS'
ELECTRONS

FILLING
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0-1.

BAR OF P- TYPE SILICON 11:1.1 G18701

FLOW OF
ELECTRONS
IN METAL

METAL
WIRE

effect, shown in Fig. 7d, is that the hole has
moved from A to D. Of course a hole does
not really move - it cannot move because it is
part of the fixed structure of the lattice. But,
the vacancy in effect moves, from positive to
negative. The hole behaves as if it is a
positive charge carrier. Semiconductors that
are doped in this way to produce such positive
charge carriers are called p -type
semiconductors. Indium may be used for
doping instead of boron.

Fig.8 shows a bar of p -type semiconductor
connected in an circuit. At the positive end,
any electrons which escape from the lattice
leave the bar and flow out into the metal
connecting wire. The holes so created are
filled by electrons jumping from atoms further
along the bar, as shown in Fig.7. At the other
end of the bar the holes are filled with
electrons arriving from the connecting wire.
In effect, we have a flow of positive charge
carriers (holes) from the positive end of the
bar to the negative end. We can not think of
this as a flow of electrons as any individual
electron 'jumps' only an infinitesimally small
distance along the bar before jumping into a
hole and once more becoming part of the
lattice structure.

THE PN JUNCTION

Semiconductors as such are not of great
practical interest. It is when we put two
different types of semiconductor together that

the fun begins. Fig.9 shows how this is done.
First of all, a bar is made of silicon doped
with phosphorous; this give n -type silicon.
Now one surface of the bar is exposed to
boron vapour in a furnace. Boron diffuses a
little way into the n -type silicon. In the
surface layer, the boron atoms outnumber the
phosphorus atoms so the overall effect is that
we have a layer of p -type silicon. The region
between the two types is the pn junction.

Interesting things happen at the pn
junction. In the absence of an electrical field,
some of the electrons from the n -type material
drift into the p -type material and fill the holes.
Similarly, some of the holes from the p -type
region drift into the n -type material and are
filled by electrons. In the p -type region, the
filling of holes means that the atoms have on
average more electrons that they should have
- the atoms become negative ions. Similarly,
in the n -type region, the atoms on average
have lost electrons - they become positive
ions. But these atoms near the junction are

Connect the battery. What happens? Now
reverse the diode. What happens? What can
you say about conduction through a diode?

Use the voltmeter to measure the voltage
across the diode.

Investigation 2 - the forward resistance of a
diode

The forward resistance is measured when
the diode is forward biased, ie connected, so
that current flows easily through it.

You need: battery box 6V
RI 15 ohm
D1 1N4148 silicon diode
VR1 10k variable

potentiometer
testmeter or voltmeter up to

10V
testmeter or millimetre up to

50mA
RI is to protect the diode against excessive

current. Connect the circuit of Fig.14 as in
Fig.15. Before you connect the battery, turn

Fig 9. Making a pn junction.
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(a)

Fig 10. What
happens at a pn
junction.

(b)
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VR1 so that its wiper is at the AV. end of the
scale. Draw a table for your results:

V I Resistance V/I
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

Connect the battery, turn V R I slowly,
watching the voltmeter, until the voltage
across the diode is 0.1V. Measure the current
and record it in amps (1mA=0.001A).
Continue, increasing the voltage to 0.2V, 0.3V
etc. until the table is completed.

Calculate the resistance of the diode at
each stage and write this in the third column
of the table. Plot a graph of I against V;
explain what is happening?

Investigation 3 - the reverse resistance of a
diode

The reverse resistance is measured when the
diode is reverse biased ie, connected so that
current apparently does not flow through it.

You need: battery box 6V
RI 15 ohm
Dl 1N4148 silicon diode
VR1 10k variable

potentiometer
testmeter or microammeter up

to 10 A

(a)

(b)

(c)

+6V

OV

p-
I

n -
TYPE i TYPE

ANODE (a)

BANDi CATHODE 1k)

IDJG113731

IDJG18151

+6V

OV

IDJG1874.1

Fig 11. (top left). Semiconductor
diode: (a) diagrammatic structure;
(b) symbol; (c) typical diode
package.

Fig 12. (top centre). Circuit of
Investigation 1.

Fig 13. (bottom left). Breadboard
layout of Investigation 1. Measure
forward voltage drop between A
and B.

Fig 14. (top left). Circuit of
Investigation 2.

Fig 15. (bottom right). Breadboard
layout of Investigation 2.

+6V
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+6V

VR1

OV
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ES

RI is to protect the diode against excessive
current. connect the circuit of Fig.14 as in
Fig.15, but with the diode the other way round.
Before you connect the battery, turn VR1 so that
its wiper is at the OV end of the scale. Draw a
table for your results:

V I Resistance WI
1

2
3

4
5

6

Connect the battery, turn VR1 slowly,
watching the voltmeter, until the voltage across
the diode is 1V. Measure the current and record
it in amps (11.1A = 0.001A). Continue,
increasing the voltage to 2V, 3V etc. until the
table is completed.

Calculate the resistance of the diode at each
stage and write this in the third column of the
table. Plot a graph of I against V; explain what
is happening?

Investigations 4 and 5 - Properties of a
germanium diode

Repeat investigations 3 or 4, but use a
germanium diode (eg, 0A47, 0A90 or 0A91)
instead. How does its behaviour differ from that
of a silicon diode?

DIODE ACTION
The behaviour of a forward -biased diode is

explained by Fig.16a. In forward bias, the
external applied voltage is in the opposite
direction to that of the built-in cell. If the
applied voltage is less than 0.6V (for a silicon
diode, or 0.2V for a germanium diode) the in-
built cell maintains the depletion region. No
charge carriers can cross the region and no
current flows. When the applied voltage is
greater than 0.6V the potential hill of the in-built
cell is much reduced and the depletion region is
very narrow (Fig.16b). Charge carriers can flow
across it. Electrons leave the p -type material
and flow to the battery. Holes are created and
flow through the p -type material and flow to the
battery. Holes are created and flow through the
p -type material to the junction. Conduction in
this region of the diode is an in Fig.8. At the
junction the holes become filled with electrons
flowing across the n -type material from the
external circuit.

In the reverse-biase diode, the external
voltage reinforces the in-built cell (Fig.16c).
Holes are attracted away from the p -type
material, leaving more negative ions. Electrons
are attracted away from the n -type material,
leaving more positive ions. The depletion
region becomes wider. The potential hill
becomes steeper (Fig.16d). No conduction
across the junction can occur.

ONLY ONE METER?

Investigations 2 to 5 are best performed
with two meters but it is possible to manage
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Fig 16. Effects of biassing a pn junction: (a) forward bias; (b) the small potential
hill when the junction is forward -biassed; (c) reverse bias; (d) the large potential
hill when the junction is reverse biassed.

with one testmeter that has voltage and current
ranges. Each time you set the voltage, switch
to a voltage range and connect the testmeter
between OV and the wiper of VR1. Then,
without altering the setting of VR1, switch the
meter to a current range and connect it in series
with the diode, as in the figures. This
technique leads to error in that the output from
the potential divider drops slightly when
current is draw from it (see Part 1), but the
results will illustrate the main points of the
investigations.

LEAKAGE CURRENT

We have stated that no current can flow
across a reverse -biased pn junction, yet
Investigations 4 and 6 prove that a current does
flow. The current is a small one, but
nevertheless is a current. The explanation is
that the discusssion based on Fig.16 referred

only to the flow of holes in the p -type material
and the flow of electrons in the n -type
material. These are referred to as majority
carriers, because they constitute the majority
of the carriers in the two types of
semiconductor.

No piece of silicon is entirely pure. Minute
quantities of other elements are present in the
lattice. These give rise to very small quantities
of minority carriers, electrons in p -type
material and holes in n -type material. If the
junction is reverse -biased with respect to the
majority carriers, it is forward biased with
respect to the minority carriers. The flow of
minority carriers produces the leakage through
a reverse biased diode.

RECTIFIER DIODES

These are specially made to have a low
leakage current and to withstand large reverse
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Fig 17 (top). Half wave rectifier.
Fig 18. Action of the half wave rectifier
(a) AC output from the transformer; (b)
rectified pulsed DC.
Fig 19. Full wave (bi-phase) rectifier.
Fig 20. (bottom). Output of a full wave
rectifier.
voltages. As their name indicates, their
function is to rectify. In other words, they are
used to convert an alternating current into a
direct current. The simplest type of
rectification employs a single diode (Fig.17).
The mains is connected to the primary coil of
a transformer (see last month) and a lower
voltage is obtained from the secondary coil.
This is an alternating voltage - the current
flows one way and then reverses and flows
the other way - which makes it unsuitable for
the majority of electronic circuits. The diode
in Fig.17 simply makes the current flow one
way only. It is known as pulsed direct
current for, though it always flows one way

during the positive half -cycle it does not flow
when the current from the transformer
reverses (the negative half -cycle). This is
called half -wave rectifier (see Fig.18).

The next rectifier has two diodes (Fig.19).
The secondary coil of the transformer is
tapped halfway along its length. During the
positive half -cycle, point A is positive of B
and diode Dl conducts. Current flows to the
(+) terminal and back through the (-) terminal
to B. During this phase C is negative of A so
D2 does not conduct. During the negative
half -cycle point C is positive of A, so D2
conducts. Current flows to the (+) terminal
and back through the (-) terminal, as before.
D1 is not conducting in this half -cycle. The
resulting output is shown in Fig.20. Current
is produced on both the positive and negative
half -cycles, so this is a full -wave rectifier. Its
output is much smoother than the half -wave
rectifier. The main disadvantages is that only
half of the current available from the
transformer is being used at any given time,
so it is inefficient.

The full -wave rectifier of Fig.21, shown
complete with its smoothing capacitor,
employs four diodes. The output is the same
as in Fig.20 except that this circuit uses the
full voltage developed by the transformer.
The four diodes connected as shown are
called a bridge. It is easier to use a rectifier
bridge which is a ready-made device with
four diodes connected inside it.

All of the rectifiers have a pulsed dc
output, which may be suitable for, say,
powering a lamp, but is not suited for the
majority of electronic circuits. The output can
be smoothed by using a large -capacity
capacitor as a reservoir. Charge from the
rectifier charges the capacitor in pulses. The
capacitor is discharged steadily as a current
flows to the circuit that is being powered (the
load). The resultant output is smoother,
though it still may show ripple (Fig.22). The
degree of ripple depends on the load current.
The larger the load, the greater the ripple.
Ripple is reduced for any given load by using
a capacitor of greater capacity.

The descriptions above ignore the effects

of forward voltage drop. One effect is that
conduction does not begin until the
transformer voltage exceeds +0.6V in the case
of the first two rectifiers, and by two voltage
drops (1.2V) in the case of the bridge rectifier.

DISCUSSION

Investigation 1: The lamp does not light
until the diode has been reversed. This
suggests that current can flow from anode (p -
type) to cathode (n -type), but not the other
way round. When current is flowing through
a silicon diode, the voltage drop across the
diode is a little more than 0.7V.

This is mainly due to the forward voltage
drop of the pn junction the effect of the built-
in cell (Fig.10b).

Investigation 2: Fig.23a shows typical
results. No current flows until the voltage of
the in-built cell has been overcome. As the
voltage increases, the resistance of the diode
decreases and a current begins to flow.

Investigation 3: Fig.23b shows typical
results. The resistance is very high at all the
voltages tested. Only a very small leakage
current flows. Current through the diode
remains very low, even if the reverse voltage
is considerably increases. the IN4148
withstands a reverse voltage up to -1000V.
With greater reverse voltage the diode breaks
down and is destroyed.

Investigation 4: The results are similar to
Fig.23a, except that conduction begins as
soon as the voltage exceeds 0.2V, the voltage
of the in-built cell of a gemanuium pn
junction.

Investigation 5: The results are similar to
Fig.23b, except that the leakage current is
greater. The 0A47 breaks down with a reverse
voltage of -25V, the 0A90, withstands up to
-30V and the 0A91 withstands up to -115V.

Next month we'll start off by looking at
photodiodes and zeners.
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smoothing capacitor.
Fig 23 (above) (a) Forward -bias
characteristics of a diode; (b)
reverse -bias characteristics of a
diode. The scales of these
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PRACTICAL ELECTRONICS CLASSIFIED
Reach thousands of serious electronic and computer enthusiasts. Advertise in PE Classified

pages: Rates 20p per word or £8.50 per single column cm (plus VAT). All classified
advertisements must be pre -paid. Send your copy with the remittance (payable to Intra Press
or payment by Visa or Access accepted) to: Practical Electronics, Intra House, 193 Uxbridge

Road, London W12 9RA. Tel: 01-743 8888. Fax: 01-743-3062
LET PE WORK FOR YOU!

44AMAF,

EDUCATION

FULL-TIME
TRAINING
COURSES

2 YEAR
BTEC NATIONAL DIPLOMA

Electronics and
Communications

Engineering
(TV, Computers,Programming,IT)

1 YEAR
BTEC NATIONAL CERTIFICATE
1 .Electronic Equipment Servicing

(TV, Video, CCTV)
2.Computing Technology

(Microprocessors, DataComms, Interfacing)

3. Information Technology
(Telecoms, SatelliteTV, Networks)

4. Software Engineering
(Assembler, BASIC, Pascal, CADCAM)

*Those eligible can apply for E.T. grant support*

* An eaual opporlunities programme *

COURSES COMMENCE

Monday 23rd April 1990

LONDON ELECTRONICS
COLLEGE

Dep: AA, 20 Penywern Road,

London SW5 9SU. Tel: 01-373 8721

Start training now for
the following courses.
Telecomms Tech C&G 271

CI Radio Amateur Licence C&G
O Microprocessor
O Introduction to Television

Send for our brochure - without obligation or
telephone us on 06267 79398 (Ref: PE12/89)
Name

Radio & Telecommunications
Correspondence School,

12 Moor View Drive, Teignmouth,
Devon TQ14 9UN

RETAILERS

EDINBURGH

OMNI ELECTRONICS
stock a wide range of

electronic components at
174 Dalkeith Road

Edinburgh EH16 5DX
Tel: 031 667 2611
Open Mon -Fri 9am-6pm

Sat. 9am-5am
Send 2x20p stamps for

CURRENT CATALOGUE!

LONDON EAST

A it G ELECTRONICS LTD.
ELECTRONIC COMPONENTS MAIL ORDER COMPANY.

Electronic components, I.C's, diodes, LED's,
capacitors, potentiometers, solar chargers,
computer disks, video tapes, aerosols, etc.

Brand new quality components at unbeatable prices.
1990 catalogue is out now

(SEND El FOR YOUR COPY)

refundable with first ord.(

100 Park Avenue, London E6 2SR. Te1:01-552 2386

ISYOGNADIFRIISENEM

A TIGHT SPE?

STRETCH
OUT IN THEDISPLAY

PAGES OF PE!

PHONE DAVID BONNER FOR
DETAILS ON 01-743-8888

LONDON WEST

TECHNOMATIC LTD

Please see our display
advertisement in this

issue for more details!

MANCHESTER

DEANSGATE ELECTRONICS

We stock a large range of electronic
components, test equipment,telephone

accessories, computer accessories;
microphones, speakers, discolighting, mixers,

meters, stylus, so call in and -have a look
around.

ri263 Deansgate, Manchester
Telephone: 061-834 1185 =

SOUTHSEA

ELECTRONIC COMPONENTS
EVERYTHING FOR YOUR NEXT PROJECT

THE BIGGEST DISPLAY IN THE SOUTH
IS AT

FRASER ELECTRONICS
42 ELM GROVE * SOUTHSEA * HANTS

Telephone: 0705-815584

STAFFORDSHIRE

COMPONENT SOLUTIONS
Udo

"answering your component problems"

Unit 62, Enterprise Centre, Bedford

Road, Stoke-on-Trent, Staffs.,

Tel: 0782 287038
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CLASSIFIEDS
Resistors 1/4 W 5% carbon (E12) Ip metal film 1% 3p
Resistor Pack 85 different Ell values + zero ohm link total content
1003 resistors 18.95
LEDs red/green 3/5mm 6p each. Yellow I 1p
Cable ties 75mm Ip each £5.9511,000 £49.50 per 10,000
Stepping motor 4 phase 12v 7.5' step 50 ohms .18.95
SAA1027 stepping motor driver chip £3.95
FM transmitter Kit good quality sound £7.94
High quality photo resist toper clad epoxy glass boards
Dimensions single sided double sided
3x4 inches £0.95 £1.07
4x8 inches £2.40 £2.68
6x12 inches £5.37
12x12 inches £10.66

Special Offers
Computer Grade Capacitors with screw terminals 38000uf 20v £2.50
8700uf 10v £1.95, 68000uf 15v £2.95, 100001 16v f 1.50
7 segment Commom anode led display 12mm £0.45
LM293IAT5.0 Low drop out 5V regulator T0220 package £0.85
BS250 P channel MOSFET £0.45, BC559 transistor £3.95 per 100
741S05 hex inverter £10.00 per 100, used 8748 Microcontruller f3.50
Stereo LW/MW/FM Tuner pre -amp assembly complete with
volurne./tone controls and tuning scale Brand new in makers carton .....

£5.95, faulty £2.50
Circuit diagram description and setting up procedure for tuner
assembly described above £0.50.5 digit 6v electromagnetic counter ...

.£1.95
10.95
12.50
15.00

Hour counter (used) 7 digit mains 240V AC 50Hz
LCD display 16 digit 7x5 dots dot matrix
Querty keyboard 58 key good quality switches

95p for P&P per order ( VAT inc.)
wide range of CMOS TIL 74HC 74F Linear transistors kits

capacitors, resistors tools etc always in stock
JPG Electronics 276 Chatsworth Road Chesterfield S40 2BH

Access orders (0246) 211202. Callers welcome

Carbon Film Resistors 1/4W E24 series 0.510 tolOMO - 1p
100 oh per value - 75p 1000 off in even hundreds per value -
Metal Film YAW 10RO to IMO 5% E12 series - 2p 1% E24 series - 3p
1/4Vkatt metal/carbon film 824 series IRO to 10M0 - 1Yrp
1 Watt metal/carbon film E12 series 487 to 10M0 - 5p
13C107/8/9 - 12p BC547/13/9 - 8p BC1821. 184L - 10p
BFY50/51/52 - 20p 2N3055 - 50p TIP31A,32A - 25p TIP,4t42, - 40p

Tantalum head subminiature electrolytic (1dids/Volts)
01/35, 0-22/35, 047/35, 33/16. 47/16 - 14p 4715 - 15p
2,2/35, 4,7/25, 10/5 - 15p 4-7/35, 6/8/16 - 16p 1016,22/6 - 20p
22/16 - 20p 33/10 - 30p 47 10 - 35p 100/6 - 40p

Aluminium Electrolytics (MidsNoitsl
1/50, 22/50, 4.7125, 47/50, 10/16, 10/25, 10/50 - Sp 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 - 8p 220/25, 220/50 - top 470/16, 470/25 - 11p
1000/25 - 18p 1000/35, 220/25 - 22p 4700/25 - 70p

Miniature Polyester Capacitors 250V Wkg. Vertical Mounting
.01, ff15, .022, -0 33.047, .068 -4p ff 1 - 5p 0.15, -22 - 6p ff 47 - Bp

Mylar Capacitors 100V Wkg. Vertical Mounting E12 Series
1000p to 8200p - 3p .01 to 068 - 40 0.1 - 5p 0.15, 0.22 - Sp

Subminiature Ceramic Plate 100VVVkg. E12 Series Vertical Mounting
2%, IP8 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 - Op 12,000P - 5p
1144148 - 2p 1N4002 -4p 1N54134 - 14p WO1 bridge - 25p
0A91 -6p AA14.3 - 8p W005 - 20p 1N4006 - 6p
Zener diodes E24 series 3V3 to 33V 400mW - Op 1 watt - 12p
L.E.D's Red, Green & Yellow 3mm & 5mm - 10p litmm - 35p
20mm fuse 0.1A to 5A quick blow - 5p Anti Surge - 8p
High Speed drills 0.8mm, 1.0mm, 1.3mm, 1.5mm, 2mm - 30p
Expo Reliant drilling machines 12V d.c. with improved 3 -jaw chuck 6.50
Nicads AA -110p HP11 -E2 PP3 -E4.20 Universal Chargers - E6.50
Glass reed switches s i ngle pole make contacts -8p Magnets -lip

VAT inclusive. Return postage 25p (free over E5). Lists free.

THE C.R. SUPPLY CO.,
127 Chesterfield Road,

Sheffield SS ORN. Tel. 557771.

* Series X Kiser Kits
* up to 1.000 inputs
* 60+100 mm faders, pots,
panels and audio switches
* 6-9 echo sends
* versions for recording PA,
radio, disco
* circuit diagrams
* From £9.92

Send 40p for catalogue to:: K. Tek, P.O. Box 172a,
Surbiton, Surrey KT6 611N. Tel:01-399-3990

TURN YOUR SURPLUS
ICS transistors etc into cash, immediate

settlement. WE welcome the opportunity to
quote for complete factory clearance.

Contact:
COLES-HARDING & CO.,

103 South Brink, Wisbech, Cambs.
ESTABLISHED 15 YEARS

Te1:0945 584188 - Fax: 0945 588844

CAMBRIDGE COMPUTER SCIENCE LTD
10MByte Winchesters, used, 3 months Wty,

5.25' Disk Drives, 80 Track DSDD

5.25' Disk Drives, 801k, DSDD Used, No Wty

Buy a case, winchestet & PSU together fa

Smarr cases, to fit 2 Half Ht 525' dives

5.25 Drives, used -untested -no warranty

(untested drives are sdd on a strictly 'as is' basis)

5.25' Disks, DSDD, 48tpi boxes of 10

50W PSU 5V 6A, 12V 2.5A, -5V 0.5A, -12V 0.5A

Gould PSU 0-30V @5A Limited quantity ally at

Dual Data lead (BBC Mao to 2 Disk Drives)

Power lead (BBC Miao to Disk Drive)

Dual power lead (BBC Miao to 2 Disk Drives)

68000 CPUs (The first orders get 10MHz chips)

z80A CPU, CTC, P10 £1.20 each; DMA £2.00 £4.50 atl 4

74LS TTL, pici and mix, buy 10 a more for £0.12 each

£42.00 each

£34.00 each

£15.00 each

£ 64.00 set

£ 10.00 each

£15.00 each

£3.00ibox

£16.00 each

£45.00 each

£ 4.00 each

£2.00 each

£ 4.00 each

£350 each

Types available; '00 '02 '04 '08 '11 13 15 20 21 26 27 '30

32 '38 '42 '75 '83 '96 '107 '109 '122 '132 '136 '139 '145 '151

'153 '157 158 '163 164 '166 191 '193 298 '365 '670

EPROMS 27128 used £1.50 each; new 27128-25 £250 each

6264 8K Byte SRAM -15 £3.00 each -12 £3.80 each

65256 32K Byte rams £7.00 each

8K Byte NV ram chips £3.00 each £10.00 four

20 pin dil low profile IC sockets £0.50 (ten) - £ 4.00 (100)

40 pin dl lay profile IC sockets £0.60 (ten) - £ 5.00 (100)

Keyboard, 100 keys on board LCD & miaoilf £8.00 each

Toroidal mains tansfamer 12V 4A & 0.4A,12-0-12 @0.1A & 2A ,

9-0-9 @0.2A £4.00 each - £6.00 fa 2. - 0.00 fa 3

Prices indude postage. Add 50p to orders below £5.00. All items

new utiess stated . Add 15% VAT b all prices. Send an SAE for our

latest lista for mere info. Dept PE, 374 Milton Road,
Cambridge, CB4 1SU Tel: 0223 424602 or 0831

430496 or 0831 430552

(Mail order only, no facilities for callers)

HPGL PEN -PLOTTING
HPGL FILES on your discs ink -plotted on
to top quality film ( for PCBs) from £5

24hr turnaround. A5 to Al sizes.

Send for details or2x20pstamps for details plus disc
mailer state 5" or 3.5 disc)

White House Systems (Dept. PE),
48 South Terrace, Esh Winning,

Durham DH7 9PS

TEST EQUIPMENT
30 days guarantee - please add VAT
Check Availability & Carriage Costs

Marconi 2600S millivoltmeter AF 1 mV -300V fsd £ 60

Marconi 3948 AM Generator 10 - 480MHz £120

Wayne Kerr AF Generator 10MHz -120 KHz £ 35

Bradley 471C Test Meter £ 40

Marconi HF Test Set 2603 £75

Textronix 647A Dual Trace Scope ( all mods.) £350

Marconi Wave Analyser TF2330 £150

Marconi Generator 2002AS 10KHz - 88MHz AM FM £175

Marconi Generator 2008 10KHz - 510MHz AM FM £425

Teleequiprrent Dual Trace 755 Scope 50MHz £250

Philips PM3217 Dual Trace 50MHz Scope £325

Cossor CDU150 Dual Trace 35MHz Scope £140

AVO8 complete from £35 MK5 £ 75

A. WOOD  NORTH WEST,
94 Worsley Road, FARNWORTH

Tel: Bolton (0204) 71795

VISA

Cooke International
DO YOU WANT USED

SCOPES, SIGNAL GENERATORS, POWER
SUPPLIES, POWER METERS, DVM'S,

OSCILLATORS, ATTENUATORS.
TEST EQUIPMENT.

Contact: Cooke International, Unit Four,
Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex P022 OEB.

Tel: 0243 545111, Fax: 0243 542457
Wide range of items available. Send for lists.

PCBS

We will make drilled PCBs to your
specifications - one -offs to small production

runs. Cost 6p/cm2 single sided 12p/cm2 double
sided. An initial charge may be made for

artwork transfer to acetate. Send your artwork
to us or for further details contact Paul Oakes,
PCB Production, Intec (Inverclyde) Ltd, 5 East

Blackhall Street, GREENOCK, PAIS 1HD.

BOOKS

SPECIAL OFFERS from

INFOTECH
76 Church St., Larkhall, Lanarkshire ML9

1HE

Access or Visa by return post
Or

Phone (0698) 88458/883334 NOW
HURRY WHILE OFFER LASTS!

Pre -Publishing Offer

MIICROWAVE SERVICING MANUAL
by John Coombes FSTREE

Now only £6.95
"LIMITED PERIOD"

Just in!
ELECTRONICS DATA & REFERENCE GUIDE

Essential for every serious Electrician!
£5.95 Introductory Offer

25 fault finding guides covering most
VIDEOS from 1980-1987

Normal price £62.50
Very limited period £39

USE PE BOOK SERVICE!

SERVICE MANUALS
Available for Colour Televisions, Mono Televisions,

Video Recorders, Audio Equipment, Music Systems, Car
Radio's, Cameras, Test Equipment etc etc.

Over 100,0013 stocked, originals and photostats.
LSAE enquiries with Make/Model wanted.

FREE catalogue Unique Repair and Data Guides for LSAE

MAURITON (PE), 8 Cherry Tree Road, Chinor,
Oxoforshire 0X9 4QY

Tel: (0844)51694 office hours  Fax:(0844) 52554 (any time)
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CLASSIFIEDS 14'

COMPONENTS

SURPLUSIREDUNDANT ELECTRONICS

COMPONENTS WANTED
ICs - Tuners - Transistors - Valves - Diodes etc - any

quantity considered -immediate payment.

ADM ELECTRONICS SUPPUES

Te10827873311 Fax: 0827 874835

C.S. COMPONENTS (Est. 4 years). Suppliers
& stockist of electronic components,
electronic valves, military equipment and
spares. Obsolete and hard to find products
are our speciality. C.S. Components,
Southfield House, 11 Liverpool Gardens,
Worthing, West Sussex 11 1R

SURVEILLANCE

NEW VHF MICROTRANSMITTER KIT,
tuneable 80-115 MHz, 500 metre range,
sensitive electret microphone, high quality PCB.
SPECIAL OFFER complete kit ONLY £5,
assembled and ready to use £8.95 post free.
Access orders telephone 021 411 1821.
Cheques/ P.O.'s to: Quantek Electronics Ltd,
(Dept P.E.), 45a Station Road, Northfield,
Birmingham, B31 3TE
Surveillance devices, lasers, Tesla coils,
scramblers, ultrasonic and many more,
over 150 designs. Send SAE to:
Plancentre, Old Wharf, Dynock Road,
Ledbury HR8 2HS
Sensitive mains powered transmitter.
Just plug it in and listen on standard
VHF/FM radio. Frequency 100-115 MHz.
Ideal for nursery etc. £17.95 post free,
guaranteed. Cheques/ PO to: Lancastrian
Electronics (P.E.) 62 Knowle Avenue,
Blacpool, Lancs., FY2 9UA

SURVEILLANCE &
COUNTER

SURVEILLANCE
EQUIPMENT

WE MANUFACTURE AND SUPPLY
TOP QUALITY

SURVEILLANCE AND
SECURITY

EQUIPMENT
Including VHF and UHF a,

Transmitters, Automatic
Telephone Recorders,

Recording Briefcases,
Bug Detectors, Telephone

//7 Counter -Tap Units
We also offer a complete

range of accessories.
frtv Including microcassette

recorders. microphones.
receivers. cassettes and batteries

ESKAN ELECTRONICS LTD.
DEPT FE 172 CALEDONIAN ROAD, LONDON NI

-.6,01-278 1768
CCTV AND SECURITY

SYSTEMS SPECIALISTS

MISCELLANEOUS

Scientific Programming with BASIC?
You can save time and improve your work
when writing scientific programs with
"Advanced BASIC Scientific Subroutines".
Provides an invaluable collection of
numerical algorithms for scientific
programming from statistical functions and
regression through Fourier and numerical
analysis to the solution of differential, linear
and higher equations. Send £9.50 plus
£1.00 p&p: Lilco Ltd., 23 Middlewood Park,
Livingston, EH54 8AZ
Clearout synth Acorn atom software and
documantation plus boxes of bits. £70.00
the lot. 0925 224751 (Merseyside).

BP 34 wanted. Practical Repair and
Renovation of Colour TV's. Good
price paid for book or photocopy.
Contact: B.S. Smart 27 Knowle Road,
Maidstone, Kent Tel: 01-945-5338
(day) or 0622 51501 (evenings )
Voice/Sound activated switches
easy to follow diagrams and uses, only
£1.00. Components and PCBs
available from Herrington, 63 Home
Farm Road, Hanwell, London W7 1NL
RM Nimbus Experimental Analogue
port. Two analogue and two digital
channels, using mouse socket. Circuit,
layout and listing £5.00 - PCB £3.50.
From: Logical Answers, 24 Elmwood,
Mersea, Colchester, Essex C05 8RD
Swap Shop. Security Panels etc.,
Swapped for Hornby Loco, Corgi
trucks, trams, Details E. Hockley, 61
Disraeli Terrace, Leeds LS11 6NT
Interac System for sale. £200 or
offers or exchange BBC. 33 Berkdale
Road, Lowfell, Gateshead, Tyne &
Wear NE9 6LB Tel: 091-4824307
Commodore 64 computer, programming,
aids and utilities, speech synth, database,
joystick, Simons' BASIC, loadsa' games,
mags, offers? Roger Yarwood, 14 Betony
Vale, Royston, Herts, SG8 9TS. Tel: (0763)
241587.
IBM PC software and compatible for sale
or rental. Large selection including word
processing, circuit analysis, CAD's, PCB
design, schematic drawing data base
spread sheets and a lot more!! Write for
your free list I can also swap with other's:
M.S. Jamil, P.O. Box 211733, Amman,
Jordan.
Make money from your hobby by
subcontracting to industry. Our "Home
Enterprise Package" shows how. Only
£12.50 (inc p&p) payable to CBL
Associates, 32 Kelvin Grove, Newcastle
Upon Tyne NE2 1RL.

CLASSIFIED COUPON

£3.29

E4.94

£6.59

£8.24

ULM

E11.53

L

Rates are 20 per word plus VAT (lineage, for semi -display advertisements contact our Ad. Dept.). All classified advert sements must be
pre -paid. Please send your copy with the remittance (payable to !titre Press or payments by Visa or Access accepted) to: Practical

Electronics Classified Dept., Intra House, 193 Uxbridge Road, London W12 9RA. Tel: 01-743-8888, Fax 01-743-3062
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D o you think that computers could be
conscious? I don't mean the same
kind of consciousness that creatures

like us have, but something equivalent.
Perhaps you think the question is rather

strange, like the casual remark made by world
chess champion Garry Kasparov after studying
the characteristics of the Deep Thought chess
computer program: "Computers have their
psychology too."

I was brought back to this notion while
attending a recent international conference at
the IEE, London, on artificial neutral
networks. As you probably know, these
electronic networks are considered possible
alternatives to the conventional, serial Von
Neumann type of computer for processing
certain kinds of information. They work in
parallel, taking many input signals
simultaneously - say picture elements from
two-dimensional images - and produce
parallel output signals which are coded,
meaningful classifications of the input

digital computers and artificial neural networks
are taking over some of this biological
simulation. Apart from these specially
designed models, built as aids to research,
there are the analogies suggested by existing
manmade devices. At one time the brain and
central nervous system was likened to a
telephone exchange. Now it's a computer.

Of course, these popular analogies are
simplistic and misleading if pressed too far.
But they have still entered the folklore by their
emotional effect, especially when more and
more human tasks are being performed by
clever electronically controlled machines.
Perhaps the discussions on whether such
machines 'think' are largely philosophical
exercises. But the very fact of such
discussions by professionals - like those on
nuclear war - makes the subject thinkable.

At the lowest level, although brains don't
actually work like computers, "the union of
nerve fibres by synapses into systems with
given overall properties" are realistically

Challenge and choice
patterns. Real-time speech recognition is one
field of application. And these networks are
capable of actually learning a required
processing behaviour, using the error -feedback
principle.

During this conference what struck me as
intriguing was the idea, expressed by many
speakers, that the artificial neural network
learns to form an internal representation of the
problem it is dealing with. And that within
the network there can be different levels of
abstraction in the representation of the
problem. Professor T.Kohonen, a notable
Finnish researcher in this field, said for
example that the layers of interconnected
electronic processing elements within a
network "often seem to learn responses that
are specific to some abstract quality of the
input information."

This certainly suggests a kind of
awareness, consciousness or similar mind -like
behaviour. And the possibility is supported by
that old philosophical puzzle called 'the
problem of other minds'. Broadly this states
that each of us can know for sure by direct
experience (introspection) that we have a
mind, or mental processes, but cannot know
with the same certainty that other persons
have minds.

We can't actually get inside other persons'
subjective experiences to examine them. We
can only infer, from observing their external
behaviour etc, that they too probably have
minds. On this basis, if we see a machine
exhibiting what appears to be 'intelligent'
external behaviour it's reasonable to infer that
it could have some kind of mind or mental
processes.

Perhaps this is just playing with words or,
at a deeper level, concepts. But what I'm
really concerned about here is the moral aspect

By Tom Ivall

If a machine
appears to exhibit

intelligent
behaviour, does it

follow that it has a
mind and is aware

of itself?
- the way this kind of thinking could affect our
deeply held convictions of what it is to be a
human being.

Because electronics technology has this
remarkable ability to simulate natural
processes, as well as manmade systems, it is
helping to support the reductionist view of
living beings. Reductionist, put crudely, is
`nothing but'-ery. We are genetically
determined arrangements of atoms and
molecules and, like machines, we function
according to physical laws (which most of us
accept). So we are 'nothing but' machines
(which many of us vehemently reject).

It's not easy to throw out this argument.
The philosopher John Searle in a BBC Reith
Lecture admitted: "I just cannot square my
conviction that I am a free agent with my
conviction that....the surface features of
phenomens are explained by the behaviour of
micro -elements."

The first electronic simulators were
analogue computers, and electronic analogues
are still being used to model living processes
such as the electrical activity in tissues. Now

comparable with man-made "nets containing
cycles" (quoting from Norbert Wiener's
famous book Cybernetics.) But now that the
fifth generation of computers is almost here,
the model becomes more sophisticated. Aided
by cognitive psychology, it moves a step nearer
to the living processes.

According to Professor Donald Michie, a
researcher in machine intelligence, these new
machines will function at "a higher level of
conceptualisation" than is possible with the
existing Von Neumann type computers. For
example, research is being done on distributed
associative memories modelled on what is
known of human memory processes.

Reduction of this kind supports the
instrumental view of human life that comes out
in behaviourism and the technological fix. It is
a challenge we have to meet. It puts us on our
mettle to defend and reaffirm our inner
experiences, beliefs and values. Faced with a
blind determinism of our own biological
mechanisms, we can only assert, in a kind of
religious 'leap of faith', that it's equally valid
to describe human life in subjective terms -
consciousness, mind, intention, volition etc.
These entail freedom of moral choice and
therefore responsibility for our own actions.

What encourages me is that reductionism
itself depends on science, which is only valid if
it is ruled by a particular ethical decision. The
scientist must be honest. He or she accepts the
moral discipline that scientific results have to
be completely objective. Otherwise they are
worthless. The good scientist even tries to
disprove his own results, to make sure he is not
unconsciously distorting his experimental
observations to fit a pet hypothesis. This
decision that objectivity must prevail is a
moral choice, almost an act of faith, not an
outcome of pure knowledge.

Ism
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Books

PRACTICAL ELECTRONICS

BOOK SERVICE
Here is your Editor's choice of books he

thinks will be of interest to
electronics and

computer enthusiasts

BEGINNERS AND EARLY STARTERS
gMY Mini -Matrix Boar. Projects.
R.A.Penfold. 112 pages. £2.50.
Order Code BP99
Shows a selection of 20 useful and interesting circuits
that can be built on a mini -matrix board of 24 holes by 10
copper strips In size - an ideal book for early
experimenters.

KWY'From Atoms to Amperes.
F.A.Wilson. 160 pages. £2.95.
Order Code BP254.
For the absolute beginner, clearly explaining the
fundamentals behind the whole subject of electricity and
electronics.

4.1a Electronic Projects for
Beginners.
F.G.Rayer. 128 pages. £1.95.
Order Code BP48
Specially for the newcomer to electronics who Is looking
for a book containing a wide range of easily made projects.
Some circuits need no soldering and many others show
actual component and wiring layouts.

Electronics Build and Learn
R.A.Penfold. 128 Pages. £5,95.
Order Code PC 101
Combining theory and practice, the book describes a
circuit demonstrator unit that is used in subsequent
chapters to Introduce common electronic components and
circuit concepts, complete with practical experiments.

PRACTICAL

ELECTRONICS

HANDBOOK

Practical E ectronic Buil ng B ocks
R.A.Penfold. There are two books -
Book 1 : 128 pages. £1.95.
Order Code BP117
Book 2 : 112 pages. £1.95.
Order Code BP118
Book 1 is about oscillators and gives circuits for a wide
range, including sine, triangle, square, sawtooth and
pulse waveforms and numerous others from voltage
controlled to customised is types.
Book 2 looks at amplifiers, ranging from low level discrete
and opamp types to tc power amps. A selection of mixers,
filters and regulators is included.

30 Solderless Breadboard Projects
R.A.Penfold. Two books each of 160
pages. Book 1 : £2.25. Order Code
BP107. Book 2 : £2.25. Order Code
BP 113.
Each project is designed for building on a Verobloc
breadboard and is accompanied by a description, circuit
and layout diagrams and relevant constructional notes.
Many of the components are common to several projects.
Book 1 covers linear devices, and Book 2 covers cross
logic chips.

Beginners Guide to Building
Electronic Projects R.A.Penfold. 112
pages. £1.95. Order Code BP 227
Shows the complete beginner how to tackle the practical
side of electronics and includes simple constructional
projects.

Getting the Most from Your
Multimeter
R.A.Penfold. 112 pages. £2.95.
Order Code BP239
There's more to what you can do with a meter than meets
the casual eye. The book covers the basics of what you
can do with analogue and digital meters and discusses
component and circuit testing.

KMV Test Equipment Construction
R.A. Penfold £2.95.
Order Code BP248
Describes in detail how to construct some simple and
inexpensive, bu, extremely useful, pieces of test
equipment.

leiaDosma
Osci oscopes
I.Hickman. £6.95.
Order Code NT3
Subtitled 'How to Use Them, How They Work' the book is
illustrated with diagrams and photographs and is
essential reading for any one who wants to know about
scopes, from first principles to practical applications.

How to Get Your Electronic Projects
Working.
R.A.Penfold. 96 pages. £2.50.
Order Code BP110.
Essential reading for anyone who wants first-time success
In project assembly. Covers tracing mechanical faults as
well as testing for failures of active and passive
components of most types.

-74V1014 411111111
*NEW* Satellite TV Inst ation
Guide - 2nd edition John Breeds.
£11.95. Order Code STV1
Full of vital information for any competent diyer who
wishes to Install a satellite tv antenna and obtain
optimum reception quality.

An Introduction to Satellite
Television
F.A.Wilson. 112 pages. £5.95.
Order Code BP195
Informative answers to many of the questions about
this communications revolution. The information is
presented on two levels, one aimed at the complete
beginner, the other at professional engineers and
serious amateur enthus oat s .

AUDIO AND MUSI
Introducing Digital Audio
I.Sinclair. 112 pages. £5.95.
Order Code PC102
A non -mathematical introduction to the new digital
technology, discussing the principles and methods
involved in devices such as cd, dat and sampling.

Electronic Music Projects
R.A.Penfold. 112 pages. £2.50.
Order Code BP74
24 practical constructional projects covering fuzz, wah,
sustain, revert], phasing, tremolo etc. The text is split into
four sections covering guitar, general, sound generation
and accessory projects.

More Advanced Electronic Music
Projects
R.A.Penfold. 96 pages. £2.95.
Order Code BP174
Complementing BP74 by covering more advanced and
complex projects including flanging, chorus, ring
modulation, plus a selection of drum, cymbal and gong
circuits.

ZZZComputer Music Projects
R.A.Penfold. 112 pages. £2.95.
Order Code BP173
Shows how home computers can produce electronic music
and covers sequencing, analogue and Midi interfacing,
digital delay lines and sound generators.

Practical Midi Handbook
R.A.Penfold. 160 pages. £5.95.
Order Code PC103
A practical how -to -do -it book for musicians and
enthusiasts who want to exploit the capabilities of Midi.
Covers keyboards, drums, sequencers, effects, mixers,
guitars, and computer music software.

Midi Projects
R.A.Penfold. 112 pages. £2.95.
Order Code BP182
Practical details of interfacing many popular home
computers with Midi systems, and also covering Midi
interfacing to analogue and percussion synths.

r-nly Electronic Synthesiser
Construction.
R.A.Penfold. 112 pages. £2.95.
Order Code BP185.
Even relative beginners should find the monophonic
synthesiser described here within their capabilities if the
book is thoroughly read. Individual aspects of the synth
are dealt with separately and pcb designs are shown for
the main modules.
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DIGITAL AND COMPUTING
MMWY A Concise Introduction to MS-
DOS.
N. Kantaris. 64 pages. £2.95.
Order Code BP232
A ready -reference guide for those who need a quick insight
into the essential command functions of this operating
system, but who don't have the time to learn it fully.

An Introduction to Computer
Peripherals
R.A. and J.W. Penfold. 80 pages.
£2.50. Order Code BP170
Covers such items as monitors, printers, disc drives,
cassettes, modems, etc, explaining what they are and how
to use them with your computer and with each other.

Microprocessing Systems and
Circuits
F.A.Wilson. 256 pages. £2.95.
Order Code BP77
A comprehensive guide to the elements of microprocessing
systems, covering the fundamental principles behind this
important subject.

Introduction to 6800/6802
Microprocessor Systems
R.J.Simpson and T.J.Terrell. 238
pages. £10.95. Order Code NT9
The book covers systems hardware, programming
concepts and practical experimental work that will assist
in understanding the 6800/6802 microprocessor, with
additional information on the 6802D5E evaluation
system.

4.MaAn Introduction to 68000
Assembly Language.
R.A. and J.W.Penfold. 112 pages.
£2.95. Order Code BP184
Covers the fundamentals of writing programs that will
vastly increase the speed of 68000 based machines such
as the Commodore Amiga, Atari ST range, Apple
Mackintosh, etc.

Getting the Most from Your Printer
J.W.Penfold. 96 pages. £2.95.
Order Code BP181
How to use the features found on most dot-matrix printers
from programs and popular wordprocessors, showing
examples of what must be typed to achieve a given effect.

Micro Interfacing Circuits
R.A.Penfold. Two books, each of 112
pages.
Book 1 : £2.25.Order Code BP130.
Book 2 : £2.25. Order Code BP131
Both books include practical circuits and useful
background information though pcb layouts are not
included. Book 1 mainly covers computer input-output
techniques. Book 2 deals primarily with practical
application circuits.

HMV An Introduction to 6502
Machine Code.
R.A. and R.W. Penfold. 112 pages.
£2.50. Order Code BP147
Covers the main principles of machine code programming
on 6502 -based machines such au the Vic -20, Orie-
1 /Atmos, Electron, BBC and Commodore 64. It assumes
no previous knowledge of microprocessors or machine
code and gives illustrative programming examples.

LER A Z-80 Workshop Manual.
E.A.Parr. 192 pages. £3.50.
Order Code BP112
A book for those who already know Basic but wish to
explore machine code and assembly language
programming on Z80 based computers.

Practical Digital Electronics
Handbook
M.Tooley. 208 pages. £6.95.
Order Code PC 104
Nine constructional projects introduce digital circuits,
logic gates, timers, microprocessors, memory and interface
circuits - an essential book for anyone interested in digital
devices.

Gtttng sits
Most From Sates
Minter

is71W Electronic Science Projects.
Owen Bishop. 144 pages. £2.95.
Order Code BP104
A bumper bundle of experimental projects ranging in
complexity and including a colour temperature meter,
electronic clock, a solid state (led display) scope, an infra-
red laser, a fascinating circuit for measuring the earth's
electrical field strength, and many more.

Electronic Security Devices
R.A.Penfold. 112 pages. £2.50. BP56
Full of ideas for keeping your valuables safe. The circuits
include designs for light, infra -red, ultrasonic, gas, smoke,
flood, door and baby sensors.

P -MV More Advanced Electronic
Security Projects. R.A.Penfold. 112
pages. £2.95. Order Code BP190
Follows on from where BP56 leaves off and describes a
number of more up-to-date and sophisticated projects,
such as pyrosensors, infra -red and doppler-shift
detection, fibre -optic loops, and many others.

RM7 Electronic Projects for Cars
and Boats.
R.A.Penfold. 96 pages. £1.95.
Order Code BP94

15 fairly simple projects a car
and/or boat. Stripboard constructional details are
included, as are explanations of the circuit theory.

Power Supply Projects
R.A.Penfold. 96 pages. £2.50.
Order Code BP76
A selection of power supply designs, including simple
unstabilised, fixed voltage regulated and variable voltage
stabilised, ni-cad charger, voltage step-up, and inverter.

More Advanced Power Supply
Projects
R.A.Penfold. 96 pages. £2.95.
Order Code BP192
Covers more advanced topics than BP76 and includes
precision supplies, switch mode and computer controlled
supplies, plus a selection of miscellaneous circuits.

HMV Popular Electronic Circuits.
R.A.Penfold. 160 pages. £2.95.
Order Code BP80
Containing a wide range of circuit designs for experienced
constructors who are capable of producing working
projects direct from a circuit diagram without specific
constructional details.

Books
DATA AND INFORMATION B OKS

Digital IC Equivalents and Pin
Connections
A.Michaels. 320 pages. £5.95.
Order Code BP140
Linear IC Equivalents and Pin
Connections
A.Michaels. 256 pages. £5.95.
Order Code BP141
Between them these two books show equivalents and pin
connections of a popular user -orientated selection of
European, American and Japanese ics. They also
include details of functions, manufacturer and country
of origin. The Digital ICs book also quotes details of
packaging and families.

Opamps
B.Dance. £6.50.
Order CodeNT2
Subtitled 'Their Principles and Applications' this
interesting book is written in a simple non -mathematical
style and provides a source of practical circuits that use
both commonplace and more sophisticated opamps.

Electronic Hobbyists Handbook
RA.Penfold. 96 pages. £4.95. Order
CiNcle BP233
Provides a source of useful information that the amateur
enthusiast is likely to need for day-to-day pursuance of
hobby electronics.

Practical Electronics Handbook
I. Sinclair. £7.95.
Order Code NT1
A useful and carefully selected collection of standard
circuits, rules -of -thumb and design data for enthusiasts,
students and engineers involved in radio, computing and
general electronics

Newnes Electronics Pocket Book
I.E.Parr. £6.95.
Order Code NT10
Presents all aspects of modern electronics in a readable
and largely non -mathematical style, and is a good source
of valuable information for enthusiasts and professional
engineers alike.

21.M7 Key Techniques for Circuit
Design
G.C. Loveday. £6.95.
Order Code BM 101
Tackles the problems of designing circuits from scratch,
introducing the concept of target specifications, the
design sequence, device selection, rules of thumb, and
useful equivalent circuits.

HOW TO ORDER
State your order code and your name

and address clearly. Enclose a

cheque, PO or international money

order (add 50p postage per book

£1.00 for overseas surface mail), and

send to:

PE Book Service
Infra House
193 Uxbridge Road
London W12 9RA
Books are normally delivered
within 10 days but please allow 28
days for delivery.
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PE PCB SERVICE
IT IS EASY TO BUILD

PRACTICAL ELECTRONICS PROJECTS!

Simplify your project assembly - use a ready-made printed circuit
board. All are fully drilled and roller tinned. Just slot in the components
as shown in the project texts, and solder them. PCBs are the
professional route to project perfection.

MAIL ORDERING
Select the boards you want, and send your order to: PE PCB
SERVICE, PRACTICAL ELECTRONICS, 193 UXBRIDGE ROAD,
LONDON W12 9RA.

Prices include VAT and postage and packing. Add £2 per board for
overseas airmail. Cheques should be made payable to Intra Press
(Payments by Access and Visa also accepted). Quote the project name
and PCB Code Number, and print your name and address in Block
Capitals. Do not send any other correspondence with your order.

TELEPHONE ORDERS
Use your Access or Visa card and phone your order to 01-743-8888
clearly stating your name and address, card number and order details.
All orders receive priority attention. Many PCBs are held in stock, so
they are dispatched within a few days, but please still allow 28 days
for delivery in case a PCB is temporarily out of stock.

We can only supply the PCBs listed here! Please always check the
latest issue of PE before ordering.

We can also supply the photocopies of the text at £1.50 for each
project part inclusive of postage and packing ( overseas £2.00).

Please note that we do not supply components - they can be ordered
from our advertisers!

JUNE 87
146

147

150

£10.20

£13.42
£11.94

E£5518186

AUDIO SIGNAL GENERATOR
JUL 87
WORD GENERATOR - 16 bit binary words
SCOPE STORE oscilloscope add-on data storage148
SEP 87
SPEECH PROCESSOR - clarifies speech
GCSE TIMER UNIT -versatile variable delay 151

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
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/B £9.09
LOGIC ANALYSER - Double -sided 168 £20.65
APR 88
LIGHT METAL EFFECTS 169 £7.10
MAY 88
RF SPEECH PROCESSOR 172 £6.26
JUNE 88
AMSTRAD ROM EXPANSION 173 £10.80
MAINS MODEM 174 £4.27

JULY 88
VOCALS ELIMINATOR 175 £4.31
AUG 88
SPEAKING CLOCK 176 £16.75
SEPT 88
BBC MULTIPLEXER 177 £4.50
OCT 88
METAL DETECTOR 178 £6.50
DEC 88
PANNING MIXER 181 £7.80
JAN 89
RUDOLPH'S NOSE 182 £6.25
ANGEL'S HALO 183A/B £9.40
CANDLE FLICKER 184 £6.25
MAR 89
CAMERA SHUTTER TIMER 187 £9.95
APR 89
PC MULTIPORT 188A/B £20.55
MAY 8
KIRLIAN CAMERA 189A/C £10.50
JUNE 89
SOLAR HEATING CONTROLLER 197 £7.20
DELUXE METRONOME 198 £10.95
JULY 89
PROJECTOR SYNCHRONISER 190A £9.50
AUG 89
EASI-BUILD - VODALEK 191 £4.90
HAND CLAPPER 192 £6.50
SEP 89

-EAST BUILD COMPRESSOR 193 £4.90
FREQUENCY COUNTER -GENERATOR 194A/B £12.50
OCT 89
EASI-BUILD VOICE -OP -SWITCH 195 £4.90
HOME SECURITY CONTROLLER 196A/C £19.50
DEC 89
VIDEO AGC STABILISER 199 £6.50
ECHO STATION 200A/B £11.50
MINI METRONOME 201 £4.90
JAN 90
BARGRAPH TACHOMETER 202 £5.90
EEPROM PROGRAMMER (KEYBOARD VER) 203 £14.50
FEB 90
EMEOPDREOMM PROGRAMMER (SWITCH VERSION) 204

205
£4.90

£11.50
MOCK STEREO 206 £4.90
MAR 90
RADIO CLOCK (TUNER AND PULSE) 207 £6.50
APR 90
RADIO CLOCK (DISPLAY DECODER) 208 £13.50
PC/INTERFACE 209 £4.90

PE PCBs are the professional route
to project perfection!
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APE COMPETITION/2
HAVE A BONANZA!

Gain skills and pleasure by building your
own robotics systems.

WIN TWO BOOKS AND
MOBILISE YOURSELF!

WIN
"THE ROBOT BUILDER'S BONANZA -

99 INEXPENSIVE ROBOTICS
PROJECTS"

WIN
THE "REMOTE CONTROL HANDBOOK"

1EN COPIES OF EACH TO BE GIVEN AWAY
AND YOU COULD WIN BOTH OF THEM!

The Robot Builder's Bonanza, by Gordon McComb, takes an
educational but fun approach to designing working robots. Its modular
projects take you from building basic motorised platforms to giving
the machine a brain - and teaching it to walk and talk and obey
commands.

The Remote Control Handbook, by Owen Bishop (a regular PE author)
is full of information, circuits and project ideas that will delight and
instruct you in many aspects of remote control. From remote lamp
switching, to controlling model aircraft or operating industrial robots,
this book has many suggestions and solutions.

Our grateful thanks to John Wiley and Sons Ltd., and Bernard
Babani (Publishing) Ltd., respectively, for kindly making the
books available.

HOW TO ENTER
Just answer the simple questions on the entry form and send to:
Practical Electronics, Robot Competition, 193 Uxbridge Road, London
W12 9RA. All correct answers will be put into the draw to take place
on April 30th 1990. The first ten names drawn will each win both
books. The Editor's decision is final!
You may send a photocopy of the entry form providing you also attach
the original entry coupon clipped from the corner of this page (not a
photocopy of it).

ENTERTAINING ED!
Why not amuse your Editor as well? Write him a limerick on robots.
It's not necessary to do so in order to qualify for the prize draw, but
he'd love to read your offerings. Write them on a separate sheet of
paper, and he'll publish the best of them to amuse the rest of you too!
Here's Ed's own offering to put you in the right frame of mind (if not
on the route to bardship!):

A smart chatty robot called Phipps
Could dialectically program his chips
Till an illogical virus
Bugged up his gyrus;
Now he's randomly un-Boolean with quips.

You've got equal poetic license - have fun!
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ROBOT COMPETITION ENTRY FORM

Circle the answer you believe to be most appropriate to the
following questions:

1. Who is reputed to have first used the word Robot?

Arthur C. Clarke Douglas Adams Karel Capek Frank Herbert

2. The First Law of Robotics is said to be: "A robot may not injure
a human being, or, through inaction, allow a human being to come
to harm". By whom was it defined?

Plato Faraday Napier Ministry of Defence Asimov

3. In the context of this competition, which one of the following do
you think is most likely to be the odd -one out?

Marvin Hal R.Daneel R2D2 Joe 90 Dalek

4. For which endearing attribute is Marvin likely to be best
remembered?

His depression Hitch -hiking ability Answer to Life

5. Three of the following are conventionally said to define the axes
of robotic arm movement; which are they?

Pitch Swing Roll Gyrate Turn Yaw
Rotate

Twirl
Spin

Name (in caps)
Address

Post code

Torque Circle Revolve Undulate



0
NA'TIONAL
COLLEGE OF
T E C H N O L O G Y

Packaged Short
Courses

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

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

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

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

NCT Ltd, Bicester Hall
5 London Road, Bicester

Oxon OX6 7BU
or telephone (0296) 613067 Ext. 202

INDEX TO ADVERTISERS
A & G Electronics 54 Kemsoft 24

A.D.M. Electronics Supplies ....56 Keytronics. 18

Astronomy Now 47 K-Tek 55

B.K. Electronics IBC Limrose Electronics 34

Bull J. 25 London Electronics College 54

Cambridge Computer Maplin Electronics OBC
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PLEASE MENTION PRACTICAL ELECTRONICS
WHEN REPLYING TO ADVERTS

PROGRAMMABLE ELECTRONIC LOCK KIT
Keys could be a thing of U El Fl
the past with this new high El FI n 40E10security lock. Secure doors El El 111

to sheds, garages, even n
your home or prevent the
unauthorised use of $
computers, burglar alarms

11111111111,4,Nor cars. One 4 -digit ,,,

sequence will open the lock .0
while incorrect entries will
sound an alarm. The D .11)4

numberofincorrectentries
FIBRE GLASS

PCB

allowed before the alarm is
triggered is selected by

ALARM LED

you. Further entries will be ignored for a time also set by you. Only the correct
sequence will open the lock and switch off the alarm. The sequence may easily
be changed by entering a special number and code on the supplied keyboard. Kit
includes: keyboard, alarm buzzer, high quality PCB and all electronic components.
Supply: 5 -15V d.c. Will drive our Latch Mechanism (701 150 @ £16.50) or relay
directly.

XK131 £17.35

PROGRAMMABLE
LOCK IC.

ERROR COUNTER

OUTPUT DRIVER

OPEN LED

PROGRAM
LED

0

4

DISCO LIGHTING KITS

DL8000K 8 -way sequencer kit with built-
in opto-isolated sound to light input, Only

com-
plete
requires a box and control knobt3o4c.o6m0-

D 1.1 000K 4 -way chaser features bi-
directional sequence and dimming 1kW
per channel
Dt21000K Uni-directional version of the
above. Zero switching to reduce in-

terference £11.80
DLA/1 (for DL & [3121000K) Optional op -
to input allowing audio 'beat' /light
response 80p
DL3000K 3 -channel sound to light kit,
zero voltage switching. automatic level
control and built-in mic. 1kW per
channel -£17.00

POWER STROBE KIT
Produces an intense
light pulse at a X
variable frequency of
1 to 15Hz. Includes
high quality PCB, ----
components. connec-
tors, 5Ws strobe tube and assembly in-
structions. Supply: 240V ac. Size:

80x50 x45.
XK124 STROBOSCOPE KIT. £15.00

VERSATILE REMOTE
CONTROL KIT I

-
Includes all components I +trans-
former) fora sensitive IR receiver with 16
logic outputs (0 - 15V) which with
suitable interface circuitry (relays.
triacs. etc - details supplied) can switch
up to 16 items of equipment on or off
remotely. Outputs may be latched to the
last received code or momentary (on dur-
ing transmission) by specifying the

decoder IC and a 15V stabilised supply is
available to power external circuits. Sup-
ply: 240V AC or 15-24V DC at 10mA.
Size (exc. transformer) 9 x 4 x 2 cms.
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 14 -way)
and MK10 (16 -way).
MK12 IR Receiver

..inc transformer) .... £17.00
MK18 Transmitter, £7.80
MO 4 -way Keyboard £2.40
MKtO 16 -way Keyboard £7.00
601133 Box for Transmitter £2.60

VOICE RECORD/
RECORD LED

PLAYBACK KIT MICROPHONE

This simple to construct and even
simpler to operate kit will record
and playback short messages or
tunes. It has many uses - seatbelt
or lights reminder in the car,
welcome messages to visitors at
home or at work, warning

AUDIO AMP

NIGH QUALITY PCB

VOICE PROCESSOR

1213A MEMORY

SPEAKER

messages in factories and public places, in fact anywhere where a spoken message is
announced and which needs to be changed from time to time. Also suitable for toys - why not
convert your daughter's £8 doll to an £80 talking doll!!
Size 76 x 60 x 15mm
Message time 1 -5 secs normal speed, 2 -10 secs slow speed

XK129 £22.50

ELECTRONICS
TEL: 01-567 8910.

Ii

FAX: 01-566 1916 Elit 1

ORDERING INFORMATION:
All prices exclude VAT. Free P & P on orders over £50 (UK only),
otherwise add £1 + VAT. Overseas P & P: Europe £3.50. Elsewhere £10.
Send cheque/PO/Visa/Access No. with order. Giro No. 529314002

LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY

TH13 BOSTON RD. LONDON W7 3SJ

VISA
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POWER AMPLIFIER MODULES -TURNTABLES -DIMMERS -
LOUDSPEAKERS -19 NCH STEREO RACK AMPLIFIERS

PRICES INCLUDE V.A.T. PROMPT DELIVERIES FRIENDLY SERVICE
LARGE S.A.E., 30p STAMPED FOR CURRENT LIST.

oCTIIICLOYITAlitLIMilligliallYMI111114.1 Supplied ready built and tested.

OMP POWER AMPLIFIER MODULES Now enjoy a world-wide reputation for dually reliability and

performance at a realistic price Four models available to suit the needs of the prolessional and hobby market e Industry

Leisure Instrumental and HEE, etc When comparing prices NOTE all models include Toroidal power supply Integral Seat sink.

Glass tore PCB and Onve circuits ro power compatible Vu meter Open and short cfrcut proof

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

Ausiewl.:10,"

OMP100 Mk 11 Bi-Polar Output power 110 watts
R M S into 4 ohms. Frequency Response 15Hz -
30KHz -3dB. T.H.D. 0 01%. S.N.R. -118dB, Sens. for
Max output 500mV at 10K. Size 355 x 115 x 65mm.
PRICE £33.99 + £3.00 P&P.

NEW SERIES II MOS-FET MODULES

OMP/MF 100 Mos-Fet Output power 110 watts R.M S.
into 4 ohms. Frequency Response 1Hz - 100KHz

3dB. Damping Factor. >300. Slew Rate 45V uS.
T H D. Typical 0.002%. Input Sensitivity 500mV, S N R.
-125dB. Size 300 a 123 x 60mm.

PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Output power 200 watts R M S.
into 4 ohms. Frequency Response 1Hz - 100KHz
-3dB. Damping Factor >300. Slew Rate 50V uS.
T H D Typical 0.001%. Input Sensitivity 500mV.S.N R
-130dB. Size 300 a 155 x 100mm.
PRICE £62.99 + £3.50 P&P.

OMP/MF300 Mos-Fet Output power 300 watts R.M.S.
into 4 ohms, Frequency Response 1 Hz - 100KHz
-3dB. Damping Factor >300. Slew Rate 60V uS.
T.H.D. Typical 0.0008%. Input Sensitivity 500mV,
S.N.R -130dB. Size 330 x 175 x 100mm.
PRICE £79.99 + £4.50 P&P.

NOTE.- MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS STANDARD INPUT SENS 500mV BAND WIDTH 100KHz
PEC .PROFESSIONAL EQUIPMENT COMPATABLE. INPUT SENS 775,/ BAND WIDTH 50KHT ORDER STANDARD OR PEC

Vu METER Compatible with our four amplifiers detailed above A very accurate visual
display employing 11 L E D diodes (7 green. 4 red) plus an additional on off indicator.
Sophisticated logic control circuits for very fast rise and decay times. Tough moulded plastic
case with tinted acrylic front Size 84 ' 27 6 45mrn
PRICE £8.50 + 50p P&P.

LOUDSPEAKERS

MP VARISPEED TURNTABLE CHASSIS.

OPTIONAL MAGNETIC CARTRIDGES

* MANUAL ARM * STEEL CHASSIS * ELECTRONIC SPEED CON
TROL 33 & 45 * VARI PITCH CONTROL * HIGH TORQUE SERA)
DRIVEN DC MOTOR * TRANSIT SCREWS * '2 DIE CAST PLATTER *
NEON STROBE * CALIBRATED BAL WEIGHT * REMOVABLE HEAD
SHELL * CARTRIDGE FIXINGS * CUE LEVER * POWER 2202400
sC 60+z * 390 305mn * SUPPLIED WITH MOUNTING CUT-OUT
TEMPLATE

PRICE £59.99 + £3.50 P&P.

STANTON AL500 GOLDRING G850
PRICE £16.99 + 50p P&P PRICE £6.99 + 50o P&P

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE-
QUENCY BULLETS AND HORNS, LARGE S.A.E. (30p
STAMPED) FOR COMPLETE LIST.

McKENZIE:- INSTRUMENTS, P.A., DISCO, ETC.
ALL McKENZIE UNITS 8 OHMS IMPEDENCE
8" 100 WATT C8100GPM GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID DISCO.
RES. FREQ. 80Hz FREQ, RESP, TO 14KH, SENS, 99dB PRICE £28.59 + £2.00 P&P.
10" 100 WATT C10100GP GUITAR. VOICE. ORGAN. KEYBOARD. DISCO. EXCELLENT MID
RES. FREQ. 70Hz FREQ. RESP. TO 6KHz SENS. 100dB PRICE f34.70 + £2.50 P&P.
10" 200 WATT C10200GP GUITAR. KEYBOARD. DISCO. EXCELLENT HIGH POWER MID
RES. FREQ. 45Hz FREQ. RESP. TO 7KHz SENS. 103dB PRICE f47.48 + £2.50 P&P.
12" 100 WATT C12100GP HIGH POWER GEN. PURPOSE. LEAD GUITAR. DISCO
RES. FREQ. 45Hz FREQ, RESP. TO 7KHz SENS. 98dB PRICE C36.66 + £3.50 P&P.
12" 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE RESPONSE. P A VOICE. DISCO
RES. FROG, 45Hz FREQ. RESP. TO 14KHz SENS. 100dB PRICE £37.63 + £3.50 P&P.
12" 200 WATT C12200B HIGH POWER BASS KEYBOARDS. DISCO. P A
RES. FRED. 40Hz FREQ. RESP. TO 7KHz SENS. 100dB PRICE C64.17 + C3.50 P&P.
12" 300 WATT C12300GP HIGH POWER BASS- LEAD GUITAR. KEYBOARDS, DISCO. ETC
RES. FREQ, 45Hz FROG), RESP. TO 5KHz SONS. 100dB PRICE £85.79 + C3.50 P&P.
15" 100 WATT C15100BS BASS GUITAR, LOW FREQUENCY. P A DISCO
RES. FRE°, 40Hz FREQ. RESP, TO 5KHz SENS, 98dB PRICE £53.70 + C4.00 P&P.
15" 200 WATT C15200BS VERY HIGH POWER BASS
RES. FREQ, 40Hz FROG, RESP. TC 4KHz SENS, 99dB PRICE £73.26 + £4.00 P&P.
15" 250 WATT C15250BS VERY HIGH POWER BASS.
RES. FREQ. 40Hz FROG RESP. TO 4KHz SENS, 99dB PRICE £80.53 + £4.50 P&P.
15" 400 WATT C15400BS VERY HIGH POWER. LOW FREQUENCY BASS
RES, FREQ. 40Hz FRE°, RESP. TO 4KHz. SENS 102dB PRICEC94.12 + £4.50 P&P.
18" 400 WATT C18404BS EXTREMELY HIGH POWER. LOW FREQUENCY BASS
RES. FREQ. 27Hz FREQ. RESP. TO 3KHz SENS. 99dB PRICE £167.85 + £5.00 P&P.

EARBENDERS:- HI-FI, STUDIO, IN -CAR, ETC.
ALL EARBENDER UNITS 8 OHMS EXCEPT EB8-50 AND EB10-50 DUAL 4 AND 8 OHM.
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND
8" 50 WATT EB8-50 DUAL IMPEDENCE. TAPPED 4 8 OHM BASS. HI-FI, IN -CAR
RES. FREO. 40Hz FROG. RESP. TO 7KHz SENS. 9748 PRICE £8.90 + £2.00 P&P.
10" 50 WATT EB10-50 DUAL IMPEDENCE TAPPED 4 8 OHM BASS. HI -Fl. IN -CAR
RES. FROG, 40HZ FREQ. RESP, TO 5KHz SENS. 99dB PRICE 012.00 + £2.50 P&P.
10"100 WATT EB10-100 BASS. HI-FI, STUDIO
RES. FREQ, 35Hz FREO, RESP. TO 3KHz SENS. 9648 PRICE C27.50 + £3.50 P&P.
12" 60 WATT EB12-60 BASS. HI -Fl. STUDIO
RES. FREQ, 28Hz FREQ, RESP. TO 3KHz SENS. 92dB PRICE f21.00 + £3.00 P&P.
12" 100 WATT EB12-100 BASS, STUDIO. HI -Fl. EXCELLENT DISCO
RES. FREQ. 26Hz FREQ. RESP. TO 3KHz. SENS. 93dB PRICE £32.00 + £3.50 P&P.
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND
51/4" 60 WATT EB5-60TC (TWIN CONE) HI -Fl. MULTI -ARRAY DISCO ETC.
RES, FREQ. 63Hz FREQ. RESP. TO 20KHz SENS, 92dB PRICE £9.99 + £1.50 P&P.
61/4" 60 WATT EB6-60TC (TWIN CONE) HI -Fl. MULTI -ARRAY DISCO ETC.
RES. FREQ. 38Hz FREQ. RESP. TO 20KHz SENS. 9448 PRICE £10.99 + £1.50 P&P.
8" 60 WATT E138-60TC (TWIN CONE) Ht -Fl. MULTI -ARRAY DISCO ETC.
RES. FREQ. 40Hz FROG. RESP. TO 18KHz SENS. 89dB PRICE £12.99 + £1.50 P&P.
10" 60 WATT EB10-60TC (TWIN CONE) HI -Fl. MULTI -ARRAY DISCO ETC
RES. FREQ. 35Hz FREQ. RESP. TO 12KHz SENS, 86dB PRICE C16.49 + £2.00 P&P.

TRANSMITTER HOBBY KITS

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

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

NEW MXF SERIES OF POWER AMPLIFIERS
THREE MODELS:- MXF200 (100w + 100w)

MXF400 (200w + 200w) MXF600 (300w + 300w)
All power ratings R M S into 4 ohms.

FEATURES: * Independent power supplies with two Toroidal Transformers * Twin LED Vu meters * Rotary
indended level controls * Illuminated on oft switch * XLR connectors * Standard 775mV inputs * Open and short
circuit proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low
distortion * Aluminium cases * MXF600 Fan Cooled with D C Loudspeaker and Thermal Protection

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

SIZES:- MXF 200 W19 H31/2 (2U), 011
MXF 400 W19' x H51/4 (3U), D12
MXF 600 W19 + H51/4 (3U)x D13

MXF200 £171.35
PRICES: MXF400 £228.85

MXF600 £322.00
SECURICOR DELIVERY £12.00 EACH

THE VERY BEST IN QUALITY AND VALUE

MADE ESPECIALLY TO SUIT
TODAY S NEED FOR COM,
PACTNESS WITH HIGH OUTPUT
SOUND L EVEL S FINISHED IN
HARDWEARING BLACK VYNIDE
WITH PROTECTIVE CORNERS.
GRILLE AND CARRYING HANDLE.
INCORPORATES 12' DRIVER PLUS
HIGH FRED HORN FOR FULL
MEG RANGE 45E1,2 °KHz BOTH
MODELS 8 OHM. SIZE H18 W1S

D12

CHOICE OF TWO MODELS

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET

OMP 12-100 (100W 100dB) PRICE £159.99 PER PAIR
OMP 12-200 (200W 102dB) PRICE £209.99 PER PAIR

SECURICOR DEL..- £12.00 PER PAIR

PIEZO ELECTRIC TWEETERS -MOTOROLA

CONTROI S I CADS UP TO 1KW 8 2 SKVB
SuiTABI F FOR RESISTIVE AND INDUC
-EVE IOADS Br ACK ANODISED CASE
PEADil V FL uSH MOuNTFD THROUGH
PANG CABINET COT OUTS ADVANCED
FEATURES INCLUDE -

* 1 Ul C5mo St OF
TRAVEL

* NEON
MONITOR INDICATOR
 EI ASH OVERRIDE

TTON

* HIGH A. I OW I FVFI
PRESFTS
* EUI IV SUPPRESSED
TO BS POO

SIZES -
+KW HITS Wa0 D5Sorn
2 5KW H128  W76  D79mo

PRICES.- 1K WATT C15.99
2.5K WATT £24.99 + 60p P&P

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

STEREO DISCO MIXER

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS

COMPLETE WITH CIRCUIT AND INSTRUCTIONS

3W FM TRANSMITTER 80-108MHz VARICAP CONTROLLED PROFESSIONAL PER-
FORMANCE. RANGE UP TO 3 MILES. SIZE 38 123mrk SUPPLY 12V y 0 5AMP

PRICE f14A9 + E1.00 P&P
FM MICRO TRANSMITTER BUG 100-108MHz VARICAP TUNED COMPLETE WITH
VERY SENS FET MIC RANGE 100-30Orr SIZE 56 ' 46mrr SUPPLY 9V BATT PRICE

E8.62 £1.00 P&P

3 watt FM
Transmitter

POSTAL CHARGES PER ORDER St CO MINIMUM OFFICIAL ORDERS WELCOME FROM
SCHOOLS COLLEGES GOVT BODIES ETC PRICES INCLJSIVE OF v SAcES COUNTER

Visa ACCESS ACCEPTED BY POS- PHONE OR FAX

TYPE 'A' (KSN2036A) 3 round with protective wire
mesh ideal for bookshelf and medium sized Hi-fi
speakers. Price £4.90 each + 50p P&P.
TYPE 'B' (KSN1005a) 3'v super horn. For general
purpose speakers, disco and P.A. systems etc. Price
£5.00 each + 50p P&P.
TYPE 'C' (KSN6016A) 2' ,v 5 wide dispersion horn. For
quality Hi -ti systems and quality discos etc. Price £6.99
each + 50p P&P.
TYPE 'D' (KSN1025A) 2"x6"wide dispersion horn.
Upper frequency response retained extending down to
mid range (2KHz) Suitable for high quality Hi-fi systems
and quality discos. Price £9.99 each + 50p P&P.
TYPE 'E' (KSN1038A) horn tweeter with attractive
silver finish trim. Suitable for Hi-fi monitor systems etc.
Price £5.99 each + 50p P&P.
LEVEL CONTROL Combines on a recessed mounting
plate. level control and cabinet input lack socket
85 k 85mm Price £3.99 + 50p P&P.

STEREO DISCO MIXER with 2 x 5 band L& R
graphic equalisers and twin 10 segment L E D
Vu Meters. Many outstanding features 5 Inputs
with individual faders providing a useful com-
bination of the following -
3 Turntables (Mag) 3 Mics 4 Line including CD
plus Mic with talk over switch Headphone Moni-
tor Pan Pot L & R Master Output controls.
Output 775mV Size 360,280 Y 90mm Supply
220-240v.

Price £134.99 -- £4.00 P&P

B. K. ELECTRONICS Dept PE

VISA
UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR

TEL: 0702-527572 FAX: 0702-420243
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INCREDIBLE
VALUE AT JUST

'174UCT' 50

20MHz Triple -Trace
Oscilloscope

FHz

MHz t
OS

A precision laboratory 3 channel -3 trace oscilloscope packed with
features you'd expect to pay TWICE the price for:
* Sensitive vertical amplifier lmVidiv allows very low level signals to
be easily observed * 150mm rectangular CRT has internal graticule
to eliminate parallax error * X -Y mode allows Lissajous patterns to be
produced and phase shift measured * TV sync separator allows
measurement of video signals * 2Ons/div sweep rate makes fast
signals observable * Algebraic operation allows sum or difference of
Channel 1 and 2 to be displayed * Stable triggering of both channels
even with different frequencies is easy to achieve * 50mV/div output
from Ch 1 available to drive external instrument e.g. frequency counter
* Hold -Off function permits triggering of complex
signals and periodic pulse waveforms

Multipurpose
Dip Meter

A multipurpose transistor dip meter
covering the range 1.5MHz to 250MHz
in six overlapping ranges. This unit
can be used as a dip meter or
absorbtion wavemeter and an
audio signal output is also
provided for connection to a
crystal earpiece. Battery check
function. Supplied with a
comprehensive operator's manual.

ELECTRONICS

CREDIT CARD HOTLINE
mew

w. srrrw
EAP7

AMERICAN
DCPRESS VISA

0702 554161
PHONE BEFORE 5PM FOR SAME DAY DESPATCH

POP INTO A MAPLIN SHOP TODAY AND DISCOVER
A UNIQUE SHOPPING EXPERIENCE

All items will be on sale in our shops in Birmingham, Bristol, Leeds, Hammersmith. Edgware, Manchester.
Nottingham. Southampton, Southend-on-Sea, Reading and Newcastle.

After 5pm you will be connected to our 24 hour answering service with which you can leave your order Please have
ready your Customer Number reference numbers. and Credit Card details when you telephone.

PROFESSIONAL EQUIPMENT
AT AMATEUR PRICES

1 GHz Universal
Counter Timer

This high quality, 10Hz to 1GHz multiple function counter has
an 8 -digit, high brightness, 7 -segment LED display and a high

stability crystal oscillator for maximum accuracy. The meter has six
function switches -3 Frequency Modes, Period, Totalise and Check
Modes. A HOLD switch allows you to halt the display whilst the count
continues. The unit has heavy-duty rubber feet and a fold -away tilt
stand. Supplied with a 2m mains lead, a lm lead with a BNC plug at one
end and red and black crocodile clips at the other, plus a comprehensive
operator's manual.

AN INCREDIBLE
PRICE OF ONLY

Co -Axial
Cable Stripper

This handy stripper tool will quickly
become indispensable. Removes
the inner and outer sheath
of co -axial cables
simultaneously and will
accommodate cables from
4mm to 7mm diameter.

7,9

Order Coupon Send this coupon to P.O. Box 3. Rayleigh. Essex SS6 8LR

Quantity Description Code Price

if order below 129.25
add 75p it between

Name E9 25 and 210 make
11°004

Address A00 Carnage

Total
75p

I authorise you to debit my Credit Card account for the cost of goods despatched.

Credit Card No.

Access Amex Visa Delete as required.

If ordering by Credit Card please sign

Expiry date of Credit Card


