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High Technology
Test Equipmen
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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 pF capacitance and transistor gain. Requires 9v battery . 22-194

Probe Style
Autoranging
Multimeter

Data hold function enables you to freeze the display and to remove it fromthe 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

£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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RadioClock

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 Icd 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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CONTENTS

WIN A ROBOT BUILDER’S BONANZA! ........oocimrieennee 61

Answer a few simple questions and you could gain constructive command control
over literarily close to a ton of robotics projects!

CONSTRUCTIONAL PROJECTS

ROBOT CAR BUILDING - PART ONE by Alan Pickard ..12
Wouldn’t you love to build your own robot? Of course you would! And here’s the
chance - circuits, controls and experimental software to fire your imagination,
enhance your knowledge, and increase your enjoyment.

PC INTERFACING by Robert Penfold
The IBM PC and its clones have enormous versatility and can be more than just
business machines. Discover for yourself how well suited they are for easy
interfacing to external control and monitoring applications.

RADIO CLOCK - PART TWO by John Becker ................. 35

Understanding and implementing the logic behind designing software and dedicated
hardware for decoding transmitted time codes into meaningful data displays.

ARTIFICIAL INTELLIGENCE by Richard Mishra ............. 26
Do you understand the basic concepts of Al and know the goals aimed at by
researchers into a realm that is both technological and philosophical?
COMPUTERS - PART THREE by Mike Sanders .............. 29

Concluding our micro-tour round the buses with a look at high leve! languages,
supercomputers, the fifth generation and expert systems.

HOME BASE by John Becker .........cccoeiiiemcemmmmnnessnnnneennn 32
First in a new series regularly highlighting new electronic goods and services of
interest to all who live or work at home.
SPACE TV by Frank Mendacio

An updating report on the problems experienced by Britain’s third satellite tv
organisation.

BASIC ELECTRONICS - PART FOUR by Owen Bishop..48

Explaining the nature of semiconductors, those all-essential devices without which
modern electronics could not function. Plus a couple of interesting modules that'll
keep your soldering iron from boredom.

REGULAR FEATURES

EDITORIAL by John Becker - HODDY hOTSe weveereeereserrsassnssensensnssnrenns 9
LEADING EDGE by Barry Fox - Squaring up 10 Japan ..eeeueeseesessennennes 8
INDUSTRY NOTEBOOK by Tom Ivall - Challenge and choice .eeees.- 57
SPACEWATCH by Dr Patrick Moore - Hubble Space Telescope weeeee-.. 46
READERS’ LETTERS - and afew answers .ueec.veeessscseeeereenensnsese 43
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ARMCHAIR BOOKSHOP - haven for practical boOkWOIMS wevesereee- 58
PCB SERVICE - professional PCBs for PE Projects weseesssssessscsseessses 60
ADVERTISERS’ INDEX - locating favourite StoCKiStS eeesssessssmennees 62
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ROBOTICS
FEEDBACK

t 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

Iso 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 ISP. 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

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 0QA. Tel : 0942 873434,

Maplin’s professional supplies division has issued a new product

testers, portable appliance testers, and many other interesting

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. $S6 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, Broxbourne, Herts, EN10
TNQ. 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
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, wait
meters, temperature meters,
frequency meters and light meters.
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,
Liay, Wrexham, Clwyd, LL12 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

A 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 modern 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.
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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

T he 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 Budden, 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 fechnology 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 1. Goodwin.

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

AMBITIOUS
ENGINEERING
FACULTY

he 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

T he 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

mployees, 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
baftling, 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

M otorola 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

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, MK 14
SBP.

E:

A new 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

LENGTHY LASERS

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/CC. 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.
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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 : 2uA per amp at Vcc = 1.4V,

Low offset voltages : 450uV max for TLC1078; 850pV max for
TLC1079.

Low Vio drift : 1uV/°C and OpV mnt typ.

Low bias current : 600fA

Slew rate : 47V/ms typ.

T 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 1A,
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 70ns.

Double-metal 1.2um 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 WCI1E 7HD. Tel : 01-580 6633.

Texas Instruments Ltd, Manton Lane, Bedford, MK41 7PA. Tel :
0234 270111.




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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ust as | 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, | 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. ... | 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, | 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. | 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. | disagree.
Anyone who seriously makes use of
these facilities is, within the word’s defini-
tion, pursuing a hobby. So too am | 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
S0 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

ui

Orders weicome from
government depts &
educational establishments

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

Please add carriage
(a) £8.00 (Courier)
(b) £3.50

(c) £2.00

(d) £1.00

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+ £41 Sia; MTS9600 £375(a
CM1686 16" £1199{a) Vvikingli19mmno £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)
£112.00 £67.67 £649.00
£147 35 £75.36 £849.00
£206.75 £106.55 £1199.90
£24185 £124.27 £1399.00
“Deposit & instalment amounts inct VAT.

Similar prices apply to 420/1 & 440/1 base & col
systems. Ask for details on 24/36 menth finance.

Arc3000

Arc3000 Col
Arcd10/1
Arcd10/1 Col

Techno 410/1 Upgrade Specials
iMbRAM  £139 3Mb £385
20Mb E179  40Mb(Toshiba) £310
{Price includes fitting)

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

EXPANSION SYSTEMS

RISCOS kit (305/310/440) £29(b

RISCOS Prog Ref Manual £79(b

1Mb RAM upgrade (410) £149(c

3Mb RAM upgrade (410} £399(b

2Mb upgrade (420) £290(bh

1Mb RAM upgrade A3000 £199(b

3.5" Int Drive Upgrade £118(b

(please specify 305:310 or 410)

External Drive Adaptor (300/400) £30(c

External 5 25" Drive with psu (40/80T) £90(b

Acorn 20 Mb Upgrade (305/310) £399(a

Techno 20Mb upgrade kit (410) £179(a

Techno 40Mb upgrade kit (410) Toshiba £329(a

Techno 49Mb upgrade kit (410) £399(a

Techno Ext HD upgrade (300 & 400 series) POA
Acorn Backplane {2 slots) £37{c

Technolog Backplane (4 slots) £39(c

Fan for Technolog £8(d

Acorn ROM podule £42(c

We have a large range of expansion cards in

stock please send for details.

MULT! 1/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)

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

/4rchlmedeSComputer Systems /qrchlmedes Software MASTER SERIES

All Archimedes systems are fitted with new AMB15 Master 128 £439(a)

RISC 0S systems. . . LLANGUAGES & PROG. TOOLS ] The Master package includes: View Word
Model Basic  Colour ANSI C/ISO PASCAL/ processor and Viewsheet spreadsheet
A3000 £649 £849 FORTRAN 77 each £95(c) | software and Educational/Fun software
310 £899 £1099 PROLOG X/LISP each £175(b) | bundle with STARdataBASE package.
410/1 £1199 £1399 TWIN Editor £27(d) | ADCO6 Turbo 65C102 Module £115(b)
4201 £1699 £1899 Archimedes Assembler £185(b)
4401 £2499  £2699 Software Dev. Toolbox £185(b) DISC DRIVES
R140 UNIX System £3500 RISC BASIC Compiler (SV) £85(c)

400K/640K per mechanism (all drives)
5.25” Double sided (40/80T Swy):

[ WORD PROCESSORS | | TS400Singie £80(b)
PS400 Single with psu £90(b)

IstWordPlus ~ E£79(€) GraphicsWriter  £27{d) | TD800 Dual £160(a)

Pipedream Spellichecker £43(d) | PD800 Dual with psu £170(a)

Pipedream Ver3 {inc Spelling checker) £129(c) | PDB0OOP Dual with psu plinth mounted £1 85(a)

.5"D i
| SPREADSHEETS | | Fagayoubte Sided £69(b)
A - PS351 (5 25" Case + psu) £95(b)

Logistix £95(c) Sigmasheet £57(c) o i £126(a)

[ DATABASES | | PD352 Dual with psu £139(a)
Combo Dri 525" + 35" &

System Delta Plus £57(c) pgg‘sgo rves ’ pet £170(a)

System Delta Plus Prog Ref Manual ~ £25(d) | ppgs3p plinth mounted £190(a)

Reporter*/Mailshot* each £33(d

School Administrator £125(d) [|___WINCHESTER DRIVES __|

ﬂl';‘;'aig:;em Belta plus) £37(d) | P3OHD 30Mb Hard Drives £410(a)

*Requires System Delta plus Other sizes available

[ GRAPHICS/ART/CAD | PRINTERS

ProArtisan  £137(b) Artisan £30(d) | | EPSON ]

Artisan Support Disc £17(d)

Atelier £90(b) Auto Sketch £55(c) | LX400 £130(a) LQa00 £199(a)

Gamma Plot  £52(d) Render Bender £59(d) | LX850 £180(a) Lqss0 £265(a)

Graphbox £64(c) Amadeus £65(c) | Fx850 £285(a) Lqss0 £405(a)

Presenter £24(d) svarc-pcB £167(b) | Fx1050 £395(a) LQ1050 £569(a)

SV Solid CAD £41(d) svSuperDump £20(cl)

Sv Redl Time Solids Modeller £75(c) I STAR j

’ MISCELLANEOUS l LC10 Lé:2141»09(a) £L:(;é)g(ogo)ur £199(a)

PC Emulator £79(d)

HEARSAY Comms Package £55(d) l NATIONAL PANASONIC I

Arcomm £29(d) Presenterll  EPOA | kxP1081 incl master lead £139(a)

[ EMULATED PACKAGES | | KxP1124 £249(a)
Integrex Inkjet Colour £515(a)

VIEW/iewsheet/Viewstore each £47(d)

Interword/Intersheet each £35(d) PLOTTERS

| GAMES 1| Fitachi 672x0 A3 pen plotter Special £409(a)

Interdictor £39(d) Roland DXY880A A3 Flatbed 8pen  £495(a)

Hoverbod/Missile Control each £12(d)

Orion/Freddie’s Folly/tet Fighter each £12(d) Arc Tracker Ball

Fugitive Quest/Rise in Cnme/Overload each £26(d)

Zarch E£15(d) Conqueror  £24(d)
Enthar Seven £29(d) Minotaur £9(d)
Clares 3Pack £12(d) Viking £17(d)
Thundermonk £12(d) Corruption £20(d)
Pacmania £16(d) Terramex £16(d)

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.

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 _l

| the range of products stocked by Tchnomatic. So
send for our latest BBC catalogue providing

I detailed information and prices on BBC Computer

| Systems, Peripherals, Software and Books.

| e i .Post Code ....
Return to Technomatic Ltd, Techno House,

change without notice.
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lthough 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
compurction. In this article the word robot will
be used to refer to the simplest of mobile
machines acting in an ‘intelligent’ manner. (/
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.

BBC MICRO: 3 1
CASSETTE CONTACTS TO
MOTOR I I DEVICE~
CONTROL MOTOR,LED,ETC.

CIRCUIT T

U
O

LDI
BOT

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

CONTROL
FROM COMPUTER [ ]

CIRCUIT

=»— RELAYS >

SUPPLY VOLTS
TO MOTORS

WHEEL
ACTION

10 * MOTOR 1
20 FOR T =1 TO 2000
30 NEXTT

40 * MOTOR 0

50 FOR T =1 TO 2000
60 NEXTT

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

PRACTICAL ELECTRONICS APRIL 1990
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PORT B BITS
REGISTER VALUES 716151413121 110 ACTION
DDBat&FE62=&03 |00} 0j 010 O] 1}1 PBO, PB1 set to OUTPUT
DRBat &FES0=&03 0| O] O] OO O] 1]1 Logic level 1 sent from PBO,
PBI1 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 tumn
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 ic 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:

1111111 =142+4448+16+32+64+128 = 255

sinking and sourcing. If a resistor is
connected between an output line and 0V, 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 ImA.

VIA OPERATION PRACTICAL CIRCUIT

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,
7&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.

PBO-7——-}

[ I

ov

(a)

+5V
[ =
P80O-7
(b)
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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 I flows
through the transistor when it is switched on
via the appropriate logic level (1).

+5v

PBO-7

ov

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

13



+9v w¥

Ll |

-
TNLOO1 A

+5v

INPUT

(PBO)

INLOOY INLOQ1

ov

+
CMD FORWARD

+9v——o¥

INLOOT A

+5v DFFO ON
INPUT +
Fen L REVERSE
Fig 7. Full control circuit for Microbe 1.
produces an open switch contact and a logic 1 For larger current applications, two
a closed contact. transistors can be employed in the darlington
When both relay 1 contacts complete the configuration as shown in Fig9. For

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 PBI 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|RELAY |BINARY| ACTION
1 2 VALUE
ON OFF 10 STOP
ON ON 11 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.

+VE{<40VOLTS)

A 'Ne0o3 lRELAV l

+5v

PB

ov

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 7&FE62=&03

70

80 REM FSRS LOOP + SOUND
90

100 ?&FE60=& 1 1

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 7&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 1IM, 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 MK 14 micro which utilises the INS8060
cpu, with the INS8154 as the I/O interface ic.
The INS8154 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.

PRACTICAL ELECTRONICS APRIL 1990
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ADDRESS MACHINE OPERATION PERFORMED
CODE

OF 20 C4 0A 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 1k 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

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.

+5V
PB2
MICROSWITCH 4\
o
ov

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 7&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 7&FE60=&02

350 PRINT “REVERSE”

360 FOR T=1 TO 2000

370 NEXTT

380 GOTO 200
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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!
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Fig 14. Simple block diagram of micro-controlied robot.

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

16

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

~
[

Y

[0 ——

(310
TO +VE

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, PBS 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.

INPUT

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

+ SUPPLY
{<50v)

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

HEX]| BINARY M2 | Mt | m2 | mi ACTION TR2 switches on when PBS is at logic 1,
& R L R L R L PERFORMED thus connecting pin 1 to earth through the
transistor. This causes an oscillation of about
o1 00 ot ON | OFF| R S frequency of oscillation increases to 1 kHz.
02 |oo 10 oN | oFr| R S Thus, a binary combination of 00 on PBS5,
03 |oo 11 oN| oN | R F RIGHT TURN (FAST) PB6 wquld produce no tone, 01 a tone of 500
04 ot 00 ofFfr| ON | s F Hz, while 11 would produce a tone of 1 kHz.
05 lot o1 OFF| OFF| § S STOP Possible combinations are summarised below:
06 j{o1 10 OFF| OFF| S S
07 o1 11 | OFF| ON | S F RIGHT TURN (SLOW) DUSIY v
08 |10 00 OFF| ON | S R (1)(1) = tone 1 (500 Hz)
09 |1 1 FF| OF SO
0A 18 (1)0 81:1: 81:}; g g 11 = tone 2 (1000 Hz)
82 }(1) (1)(1) 8;13 8}1:11: IS; E LEFT TURN (FAST) Thus 01 and 11 select tone 1, tone 2
0D |1t 01 ON | OFF| F S LEFT TURN (SLOW) respectively.
0E |1t 10 ON | OFF| F S .
OF {11 11 oN|loNn | F S FORWARD To be continued next month when we
shall look at a full control circuit and
Fig. 17 Motor action codes software designing considerations.
10 REM MICROBE 2.5 e Fig 19. Two-tone horn
20 REM MANUAL CONTROLS 5 circuit and 555 timer
(MOTORS) connections.
60 ?&FE62=&0F « . .
70 2&FE60=&05 8 FoR S R i
90 *FX4,2 | -
110 *KEY 11 ?&FE60=&05IM o 22 A — o ono [ Yec
120 *KEY 12 ?&FE60=&03IM PB6 = ko G T T TR
130 *KEY 13 ?2&FE60=&0CIM B8C182 ; s ouTPUT 555 IHRESHOLD
140 *KEY 14 ?&FE60=&00IM R2 22k ‘ 22
150 *KEY 15 ?&FE60=&OFIM P o—— W : I ReseT [£ 51 T8MThce
Fig. 18. Manual controls (motors) o T
1g. . Manual controls (motors o !
program. D

4 )

COMPONENT SOLUTIONS LTD.
UNIT 62, ENTERPRISE CENTRE, BEDFORD
ROAD, STOKE-ON-TRENT, STAFFS. ST4 1WZ
SPECIAL OFFERS % SPECIAL OFFERS
Z80A CPU 85 2732 £2.30 ,
Z80A S10 45 2764 £1.60 ELECTRONICS DISTRIBUTORS FOR TRADE/
Z80A P10 45 27128 £2.35 INDUSTRY EXPORT AND HOBBYISTS
Z80A DART | £1.50 27512 £5.00 FOR EDUCATION %rg%ae?;z:ais)dma.ss
8031 £1.50 6116 £1.30 DQUANTLTY ol Fowoitios ket con-
80C39 £1.70 6264 LP £2.50 s Tools/Service Aids oo s ) s
80C31 £3.00 62256 LP £6.00 m Test \nstrum;leg\;ssmk X:ask()m J.gfa) rvfg%gns
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m Security/ FRE
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6809 £1.85 TLOG4CN 20 = TV, Video 2:;::;; S sy
68000 P8 £5.00 79LO5 .80 . g%‘;‘:‘?;? Autio, TV, | OPENGDAYS AWEEKFOR CALLERS
2716F1 £2.35 78LO8 .80 Computer Accessories e em .
27C32 £1.95 : e AUDIO
I-'en Rv ELECTRONICS
10% DISCOUNT FOR ALL ORDERS OVER £25.00 404 Edgware Road, London W2 1ED
ALL ABOVE ITEMS FROM STOCK, ORDERS BY RETURN POST Instruments/Audio 01-724 3564
C.W.0. TRANSACTIONS PLEASE ADD .75p Security/ComrnEmications.u’CQTV_m—724 0323
P+P THEN 15% TO TOTAL B o a1 a6a T

ACCESS ORDERS BY ARRANGEMENT 0782 287038/ (Please note - trom 6 May 1990 the 01 Code changes to 071)




REGULATORS

LM317T PLASTIC T0220 variable ..
LM317 METAL ...........
7812 METAL 12V 1A |
7805/12/15/24V plastic ..
7905/12/15/24 plastic ....
CA3085 T099 variable reg .
LM338 5A VARIABLE

COMPUTERICS
80C31 MICRO ..
P8749H MICRO
BBC MICRO PARTS

VIDEQ ULA 2016847 .....coueecrerrnreerecenrieseie £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
8 x 4164 SIP MODULE NEW
HD 146818 CLOCK IC
2864 EEPROM
27128A 250nS EPROM USED ............coeee.
FLOPPY DISC CONTROLLER CHIPS 1771
FLOPPY DISC CONTROLLER CHIPS 1772 .
68000-8 PROCESSOR NEW
HD63484-8
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 £2 100/£1.60
27C256-30 USED £2
27C512 USED £3.00
1702 EPROM EX EQPT £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

1.8342MHZ ..o £1 each
CRYSTALS

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

TRANSISTORS
BC107, BCY70 PREFORMED LEADS
full spec
BC557, BC5488B, BC238C, BC3088B ...
POWER TRANSISTORS
N POWER FET IRF531 8A 60V
P POWER FET IRF9531 8A 60V .
2SC1520 sim BF259

. £1 £4/100 £30/1000
. 30/£1 £3.50100

3/£1 100/£22

TiIP141/2 €1 €a TIP112/125/42B .......cccecoovvvenerinr oo 2/€1
TIP3SB TIP35C ..o . £1.50
SEQ301 100V 10A DARL. SIMTIP121 2/81
2N3055 EXEQPT TESTED ............ 4/€1
PLASTIC 3055 OR 2955 equiv 50p .. . 100/£38
2N3773 NPN 25A 160V £1.80 .. 10/£16

QUARTZ HALOGEN LAMPS
A1/216 24V 150 WATTS .
H1 12V S0W (CAR SPOT) ..

14 WAY AMP ZIF SOCKET .
TEXTOOL single in line 32 way. Cn be ganged (coupling supplied)
for use with any dual in line devices. ..........cceirirnnns ]
28 WAY TEXTOOL ZIF SOCKET EX NEW EQUIPMENT  ....£2.50

CAPACITORS COMPUTER GRADE
3300uF 350V SIC SAFCO FELSIC 037 ... E6(E1.50)
2200uF 160V SIC SAFCO FELSIC CO38 . £4(£1.20)

TURNS COUNTING DIALS 10025 shatt
10 turn dial 21 mm dia. fits 3mm spindle . . . ... £2
10 turn digital dial (3 digits) for 3mm or 6mm shaf
10 turn clock face dial for 6mm spindle

MISCELLANEOUS
MAINS ADAPTOR 9V DC 200mA

SLOPING FRONT PLASTIC CASE 225 x 215 x 76mm
76mm WITH AL| FRONT PANEL 200 x 130mm ..
HUMIDITY SWITCH ADJUSTABLE .
WIRE ENDED FUSES 0.25A

£4

.. £2/pair
12 CORE CABLE 7/0.2mm OVERALL SCREEN .£1/3
metres
POWERFUL SMALL CYLINDRICAL MAGNETS
OP AMP LM1OCLN ...oooiiiiiieeeeeeee e
BNC 50 OHM SCREENED CHASSIS SOCKET
BNC TO CROC CLIPS LEAD 1 metre ...... ..
MOULDED INDUCTOR 470u.H

size of a 1 watt film resistor ... sz

TEL. 0279-505543
FAX. 0279-757656
POBOX 634

KEYTRONICS

BISHOPS STORTFORD
HERTFORDSHIRE CM23 2RX

TO-220 HEAT SINK sim RS 403-162 ................. 10/£2.50
SMALL MICROWAVE DIODES AEI DC1028A . ............ 2/e1
D.L.L. SWITCHES 10 WAY £1 8 WAY 80p 4/5/6 WAY ... 50p
180 volt 1 watt ZENERS aiso 12v & 75v 20/€1
PLASTIC EQUIPMENT CASE 9 x 6x 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

10LM 80v %A 5chm TO-92 mosfet ... 4/£1 100/£20
MIN GLASS NEONS 10/81
RELAY 5v 2 pole changeover looks like RS 355-741 marked
STC 47WBO0ST £1ea
MINIATURE CO-AX FREE PLUG RS 456-071 .............. 2/81
MINIATURE CO-AX FREE SKT. RS 456-273 .. 2/£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/€1
STRAIN GAUGES 40 chm Foil type polyester backed balco grid
alloy £1.50 ea 10+ £1
ELECTRET MICROPHONE INSERT .
Linear Hall effect IC Micro Switch no 613 SS4 sim RS 304-267
£2.50 100+ £1.50

OSCILLOSCOPE PROBE SWITCHED X1 X10 .
CHEAP PHONO PLUGS ..

1 pole 12 way rotary switch
AUDIO ICS LM380 LM386 ...
555 TIMER 5/&1 741 OP AMP .
ZN414 AM RADIO CHIP ...
COAX PLUGS nice ones ...
COAX BACK TO BACK JOINERS
4 x 4 MEMBRANE KEYBOARD ...
15.000uF 40V

. £1.50
. 22,50 (£1.28)

INDUCTOR 20uH 1.5A ... 5/&1
NEW BT PLUG + LEAD .... . £1.50
1.25" PANEL FUSEHOLDERS ..... ... 381
CHROMED STEEL HINGES 14.5 x £1 each

12v 1.2w small wire ended lamps fit AUDI VW TR7 SAAB

VOLVO .. 10/&1
12V MES LAMPS ... 10/€1
STEREQO CASSETTE HEAD .... £2

MONO CASS.HEAD £1 ERASE .
THERMAL CUT OUTS 5077 85 120°C
THERMAL FUSE 121°C 240V 15A ......
TRANSISTOR MOUNTING PADS TO-5/TQ-18 ..
TO-3 TRANSISTOR COVERS ..
STICK ON CABINET FEET ...
PCBPINS FIT 0.1" VERO ..
TO-220 micas + bushes .
TO-3 micas + bushes
PTFE min screened cable
Large heat shrink sleeving pack
CERAMIC FILTERS 6M/9M/10.7M

1EC chassis plug rfifilter 10A .........cccccco.ovveeeeeierie £3
Potentiomenters short spindles values 2k5 10k 25k 1m

2MS lin ... 5/&1
500k lin 500k log .. . 4/R1

40Khz ULTRASONIC TRANSDUCERS EX-EQPT NO I5ATA

....................................................................................... £1/pr
PLESSEY INVERTER TRANSFORMER SOCYCLES
11.5-0-11.5V 10 240v 200VA ... oo £6 (£3)
DIODES AND RECTIFIERS

1N4148 .. 100/£1.50
1N4004/SD4 1A 300V . 100/€3
1N5401 3A 100V .. 10/&1
BA158 1A 400V fast recovery . 100/€3
BA159 1A 1000V fast recovery 100/€4

120V 35ASTUD ....... . 65p
BY127 1200V 1.2A ... 10/€1
BY254 800V 3A ... 8/81
BY255 1300V 3A ... 6/€1

6A 100V SIMILAR MR751

1A 800V BRIDGE RECTIFIER 4/€1
4A 100V BRIDGE ............... 381
6A 100V BRIDGE ........ ... 2181
8A 200V BRIDGE .. 2/£1.35
10A 200V BRIDGE ... £1.50
25A 200V BRIDGE £2 . .. 10/£18
25A 400V BRIDGE £2.80 .. ......c...cco0. o, 10/£22
SCRS

PULSE TRANSFORMERS 1:1+1 £1.25

2P4M EQUIV Cto6D . /&1

MCR72-6 10A 600V SCR . £1 12voltcoil 1 pole changeover

35A 600V STUD SCR ...... - €2 MONOLITHIC CERAMIC CAPICITORS

TICV106D 800mA 400V SCR ... 381 100/21 8  10n50v2.5mm .... 100/£4.50

MEU21 PROG. UNIJUNCTION ..o evereeeins 3/81 100n 50v 2.5mm or 5mm ... 100/£6

TRIACS . DIACS 4/£1 100n ax short leads ... .. 100/€3

BT137-600 8AT02 . oieq  100naxlongleads ... ... 100/£6

BT138-600 12A TO- 220 ..... 70p . ”

NEC TRIAC ACOSF 8A GOOV T0220 . 5/£2 100/£30 100n 50v dil package 0.3” rad ...........cccceveveereernennne £10/100

TXAL225 8A 400V 5mA GATE ......... . 2e1100e3s STEPPER MOTORS

TRAL2230D 30A 400V ISOLATED STUD .............. £4each 4 PHASE 29VWINDINGS ........cooooooverereen £3.50
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

CONNECTORS
D25 IDC SOCKET FUJITSU

CENTHONICS 36 WAY IDC PLUG
CENTRONICS 36 WAY IDC SKT .......
BBC TO CENTRONICS PRINTER LEAD 1.5M
CENTRONICS 36 WAY PLUG SOLDER TYPE
USED CENTRONICS 36W PLUG+SKT ..

USEDD CONNECTORS prlce per palr

D960p, D15 £1.50, D25 £2, D37 £2, D50 £3.50 covers $0p ea.

WIRE WOUND RESISTORS

W21 or sim 2.5W 10 of one value ...........ccouceereeceeereenneenn..
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 910R 1K15 1K2 1K5 1K8 2K4 2K7 3K3 3K0 5K0 RO5
(50 milti-ohm) 1% 3w ..
W22 or sim6W 7 OF ON
R47 R62 1RO 1R5 1R83R36R8 9R1 12R20R 24R 27R33R 51R
56R 62R 68R 100R 120R 180R 220R 390R 560R 620R 910R 1KO
1K2 1KS5 1K8 2K2 2K7 3K3 3K9 4K7 8K2 10k 15K 16K 20K

W23 or sim 9W 6 of one value ...........c.coceceeee e, €1
R22 R47 1R0 1R1 56R 62R 100R 120R 180R 220R 300R 390R
680R 1KO 1K55K1 10K

W24 or sim 12W 4 OF ONE VALUE ........ccoooovvveevesen.. £1
RS0 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 OPB815
2NS777 .........
TIL81 PHOTO TRANSISTOR
TIL38 INFRA RED LED
4N25, OP12252 OPTO ISOLATOR .
PHOTO DIODE 50p
MEL 12 (PHOTO DARLINGTON BASE n/c)
4 DIGIT LED 7 SEG. DL4770

... 100/€£6
100/£6.50

LEDS ASSORTED RD/GN/YW + INFRA/RED .......
FLASHING RED OR GREEN LED 5mm s0p 100/240

STC NTC BEAD THERMISTORS
G22 220R, G13 1K, G23 2K, G24 20K, (G54 50K, G25 200K,
G16 1M, RES @ 20°C DIRECTLY HEATED TYPE ..... £1ea
FS22BW NTC BEAD INSIDE END OF 1" GLASS PROBE
@ 20°C 200R £1ea
A13 DIRECTLY HEATED BEAD THERMISTOR 1k res. Ideal for
audio Wien Bridge Osciliator £2 ea

CERMET MULTI TURN PRESETS %4’
10R 20R 100R 200R 250R 500R 2K 2K2 2K5 5K 10K 47K
50K 100K 200K 500K 2M2 50p each

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

SOLID STATE RELAYS

40A 250V AC SOLID STATE RELAYS

POLYESTER/POLYCARB cAPS

100n, 220n, 63v 5mm 20/81 100/£3
1n/3n3/5n6/8n2/10n 1% 63v 10mm .. 100/£6
10n/15n/22n/33n/47n/68n 10mm rad . . 100/£3.50
100n 250v radial 10mm ... 100/£3
100n 600v sprague axial 10, 100/£6 (£1)
2u2 160v RAD 22mm, 2u2 100v RAD 15mm
10n/33n/47n 250v ac x rated 15mm ..
470n 250v ac x rated rad
1U 600V MIXED DIELECTRIC
1u0 100v RAD 15mm, 1u0 22mm RAD .

RF BITS
MINIATURE CO-AX 500 URM35

TRIMMER CAPS ALL .....cooviniiiiieeeics e z
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 90pt
TRANSISTORS 2N4427
FEED THRU CERAMIC CAPS 1000pF .

MINIATURE RELAYS Suitable for RF

5 voltcoil 1 pale changeover ...
5 volt coil 2 pole changeover ...
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Ithough 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 sparé expansion slots. With

COMPUTING PROJECT §

Rear Of
Comiputer
R]1 | AT
e —
JLC B3 1 |t
i
BiO ==} A10 D1 -
B20 |= = A20 N
i D10 =
B3 1 |=t—m] A31 D18

A3
. Three Connector
- Wide Gap
C1

C10 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,

cigd 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.
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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 C1 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 (“-7)
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.



DATA BUS/ADDRESS BUS INTERRUPTS PROPERLY ADDRESSED

DO to D7 form the standard bidirectional data
bus, while A0 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 80286/30386
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 1/0 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
ENABLF)

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.

CONTROL BUS

There are four lines making up the control bus,
MEMR, MEMW, IOR, 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.

IRQ2 to IRQ7 are standard active high interrupt
request lines. IRQO and IRQI 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
4.7TMHz 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 SUPPLY

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.

IO CH RDY (1/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.

1O CHCK (1/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.

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 kst of the PC input/output map
allocations.

System

Hex Address Range  Function
000-01F DMA Controller #1
020-03F Interrupt Controller #1
040-05F 8254 Timer
060-06F Keyboard Interface
070-07F Real Time Clock
080-09F DMA Page Register
0AO-OBF Interrupt Controller #2
0C0-ODF DMA Controller #2
OF0 Clear Processor Busy
OF1 Reset Processor
OF8 - OFF Arithmetic Processor

1/0 Channel
Hex Address Range  Function
1FO-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 SerialPort 1 7

GAP EXPLOITATION

Although the 1/0 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 on€ of the
allocated address ranges if you do not have
that particular hardware installed. The SLDC
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PC add-ons.

Fig 3 (above). An ultra-simple address decoder for

Fig 4 (right). The additional circuitry needed to
provide basic 8-bit input and latching output ports.
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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:

A0 Al A2 A3 A4 A5 A6 A7 A8 A9
X X X X X 0 0 0 1 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 &H3IF 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
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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 1 could devise uses a single
7418138 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 &H3I1F 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.
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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 IC3’s flipflops.

The 8 bit input is provided by IC4 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 ICl 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 IC1
being used for each one. With an extra gate or
two it should be possible to leave all three
normal inputs of ICI 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
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peripheral devices have inputs for IOW and
IOR, 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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Fig 8. Dimensions for a full length PC card. Short cards are usually about five

inches in length.

SLOT NUMBER FUNCTION SLOT NUMBER FUNCTION

Bl

B2

B3

B4

B5

B6

B7

B8

B9

B10
Bl1l
B12
B13
B14
B15
B16
B17
B18
B19
B20
B21
B22
B23
B24
B25
B26
B27
B28
B29
B30
B31

Dl
D2
D3
D4
D5
D6
D7
D8

D10
D11
D12
D13
D14
D15
D16
D17
D18

Gnd Al

RESET DRV A2

+5V A3

IRQ2 A4

-5V A5

DRQ?2 A6

-12V A7

OWS A8

+12V A9

Gnd Al0
-MEMW All
-MEMR Al2
-IOwW Al3
-IOR Al4
-DACK3 AlS
DRQ3 Al6
-DACK1 Al7
DRQI Al8
-REFRESH A19
CLK A20
IRQ7 A21
IRQ6 A22
IRQ5 A23
IRQ4 A24
IRQ3 A25
-DACK2 A26
T/C A27
BALE A28
+5V A29
OSC A30
Gnd A3l

-MEM CS16 Ci
-I/0 CS16 C2

IRQ16 C3
IRQI11 ca
IRQ12 C5
IRQ15 (&}
IRQ14 c7
-DACKO C8
DRQO C9
-DACKS5S C10
DRQ5 cil
-DACK6 C12
DRQ6 C13
-DACK7 Cl14
DRQ7 C15
+5V Ci6
-MASTER C17
Gnd Ci8

-I/OCH CK
D7
D6
D5
D4
D3
D2
Dl
DO

-1/0 CHRDY

AEN
Al19
Al8
Al7
Al6
AlS
Al4
Al3
Al2
All
Al0
A9
A8
A7
A6
A5
A4
A3
A2
Al
A0

BHE
LA23
LA22
LA21
LA20
LAI9
LA18
LA17
-MEMR
-MEMW
D8

D9

D10
D11
D12
D13
Di4
D15

Table 1.
Itemised lines
on 8 and 16 bit
expansion
buses.
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with plates that are ready drilled to take D
connectors. This is where the card needs (say)
three inputfoutput 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 1
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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5 x Fig 9. Details of the double-sided
== PC connector board. When copying
ensure that spacing between
adjacent tracks is exactly 0.1 inch.

FINALLY

This article should provide those who are
experienced at computer interfacing with
sufficient information to enable them to design

—= OV
—1— AEN
= IOW

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
’__1 are not exactly spoiled for choice when it

comes to PC interfacing books, but fortunately
this one tells you clearly and concisely what

—— A1
——A3
—— A5
—— A7
= AQ

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

Through Pin =y

INO¥A

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,
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and low cost experience. PE
ettt | PCB DESIGNER

'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.

SOFTWARE

Sensors, positional slides

MECHANICAL bracket,s, 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 f)llel
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 YO Interface — 32 /O Lines
PCW 8 ch. AtoD (use with above Interface)
ZB0A Single Board Micro Controlier :
PC/XT/AT 48 line Digital O + 3 counters
PC/XT/AT 12bit 16ch AtoD, 1ch DtoA
PC/XT/AT 8bit card — AtoD/DtoA/DIO/counters
RS232/PCW printer/PC printer cables all
Speech Synthesiser (use with GENTRONICS port}
Dual Stepper Motor driver board
Computer to 8ot 10A DPCO Relay Interface
Prices include VAT and P&P
OEM, trade and overseas enquiries weicome

SM ENGINEERING

Telephone 0323-766262

'St Georges' Lion Hill Stone Cross
Pevensey East Sussex BN24 5ED

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: /L (B Gt
Produce quality printed circuits directly from your ° o=
EPSON RX/FX or compatible dot matrix printer o

Ay

using a dense 1:1 printout on positive photoresist °l\
coated board. Or super quality using X2 printout
and photoreduction. Many features such as 15 track )
withs; 15 pad sizes; 16 transistor/ic/corners; 20
connectors; large multiscreen WYSIWYG display ?J
gives a clear uncluttered view of pads, tracks and /
drill holes; 0.1in. grid on/off; Block move; copy; j \ /
mirror; rotate;.erase; area fill (ideal for earth s a— &
lane); preview; undo; dimensionally accurate 7 e A
Erimer routine with quick print; 1:1 or %:1 dumps. ;VQ?G == e {
ustom pad design and library. -ggg G D gaarmj <
E L
Draw component layouts directly or from existing ” gggg I

COMPONENT LAYOUT
peb layouts using a unique track reducing facility.

The following components are provided: resistors, EES
capacitors, ics, diodes, transistors, line drawing, g
printout and block commands as above. - =

CIRCUIT DIAGRAMS e et
Features similar to the above programs with a lib-
rary of electronic symbols including resistors, ABOVE LAYOUTS ACTUALLY

capacitors, diodes, transistors, fets, op amp, PRODUCED ON THIS PACKAGE
switches, inductors, logic gates.

) +3 version now gupports ram disk!

tate version required from: Disciple/+D; Discovery; +3;
icrodrive & T% e. Important! que /amf Micro;ri?; users
please state Centronics interface in use. 5. Bull inwsiace version svailabjo.

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

KEMSOFT THE WOODLANDS, KEMPSEY,

WORCESTER WRS5 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 entitied to
another free. Please state which one you want Now the figure on
the extreme loft of the pack ref number and the next figure is the
quantity of items in the pack, finally a short description.
BD2 5 13A spurs provide a fused outlet 10 a ring main where
devices such as a cdlock must not be switched off.

BD9 2 6V 1A mains transformers upright mounting with fixing
clamps.
BD11 1 6.5-in speaker cabinet ideal for extensions, takes our

speaker. Ref. BD137.

BD13 1230 watt reed switches, it's surprising what you can make
with these - burglar alarms, secret switches, relay, elc., efc.

BD22 2 25 watt loudspeaker two unit crossovers.

BD30 2 Nicad constant curent chargers adapt to charge amost
any nicad battery.

BD32 2 Humidity swiiches, as the ar becomes damper the
membrane stretches and operates a microswitch.

BD42 5 13A rocker switch three tags so on/off, or change over with
centre off.

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

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

BDS56 1 Mini uniselector, one use is for an electric jigsaw puzzle,
we give circuit diagram for this. One pulse into motor, moves
switch through one pole.

BD67 1 Suck or blow operated pressute switch, of it can be
operated by any low pressure variation such as water level in
waler tanks.

BD103A 16V 750mA power supply, nicely cased with mains input
and 6V output leads.

BD120 2 Stripper boards, each contains a 400V 2A bridge rectifier
and 14 other diodes and rectfiers as well as dozens of
condensers, etc.

BD128 10 ¥|«y fine drills for pcb boards etc. Normal cost about 80p
each.

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

BD134 10 Motors for model aeroplanes, spin to start so needs no
switch.

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

BD148 4 Roed relay kits, you get 16 reed switches and 4 col sets
with notes on making c/o relays and other gadgets.

BD149 6 Safety cover for 13A sockels - prevent those inquisitve
little fingers getting nasty shocks.

BD180 6 Neon indicators in panel mounting holders with lens.

BD193 65 amp 3 pin flush mounting sockets make a low cost disco
panel.

BD199 1 Mains solencid, very powerfi, has tin pull or could push if
modified.

BD201 8 Keyboard switches - made for computers but have many
other applications.

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

BD22% § 12V alarms, make a noise about as foud as a car horn.
Slightly soiied but OK.

BD242 2 6in X 4in speakers, 4 ohm made rom Radiomobile so very
good quality.

BD252 1 Panostat, controls output of bofling ring from simmer up
boil.

BD259 50 Leads with push-on 1/4in tags - a must for hook-ups -
mains connections etc.

BD263 2 Oblong push switches for 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
ol record player motor.

BD283 3 Mild steei boxes approx 3in X 3in x 1in deep - standard
electrical.

BD305 1 Tubular dynamic mic with opional table rest

BD400 4 Books, usaful for beginners, describes ampifiers
equipment and kit sets.

BDe53 2 Miniature driver ranstormers. Rel. LT44, 20k to 1k centre
tapped.

BDS48 2 3.5V relays each with 2 pairs changeover contacts.

BD667 24.7 uf non-polarised block capacil ing

There are over 1,000 items in our Bakers Dozen List If you want a

complete copy please request this when ordering.

':I"gAsT ERS 2 SLICE toastars - may need slight attention only £3 each ref
84,

GEIGER COUNTER KIT includes tube, PCB and all 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 display with a builtin dock and 2 relay

outputs - one for power and 1 for pulsad power level. Could be used for

all sorts of timer control applications. Only £8.00. Our ref 6P18.

EQUIPMENT WALL MOUNT Multiangle for speakers etc. £3 each ref

3

P72.
SUB-MIN TOGGLE SWITCH Body size 8mm x 4mm X 7mm SBDT with
chrome dolly sixing nuts. 3 for £1, Order ref BD649.
COPPER CLAD PANEL for making PCB. Size approx 12in long x 8.5
wide. Doubte-sided on fibreglass middie which is quite thick (about
1/16in) so this would support quite heavy components and could even
fgfmrtl a chassis o hoid a mains ransformer, etc. Price £1 each. Our ref

83,

MAINS FANS Brand new, snail type. Approx. 6" x 4° approx. 70W only
£4.00. Ref. 4P58.
REAL POWER AMPLIFIER for your car, it has 150 watts output.
Frequency responss 20hz to 20Khz and signal to noise ratio better than
60dB. Has built in short circuit protecion and adjustable input level to suit
your existing car stereo, so needs no pre-amp. Works into speakers rel.
30P7 described below. A real bargain at only £57.50. Order ref: S7P1.

POWERFUL IONISER
Generates approx. 10 imes more IONS than the ET1 and similar
circuits. Will refresh your home, office, workroom efc. Makes you feel
better and work harder - a lote mains operated kit, case included

REAL POWER CAR SPEAKERS. Stereo pair output 100W each. 4-Ohm
impedence and consisting of 6.5in woofer, 2n mid range and 1in tweeter.
Each set in a compact purpose built shelf mounting unit Idea to work
with the amplifier described above. Price per pair £29.96. Order ref: 30P7.
STEREO CAR SPEAKERS. Not quite so powerful - 70w per channel. 3in
woofer, 2in mid range and Tin twester. Again, in a super purpos built
shelf mounting unit. Price per pair: £27.95. Order rel: 28P1.

VIDEO TAPES These are three hour tapes of superior quality, made
under licence kom the famous JVC Company. Offered at only £3 each.
Ouwr ref 3P63. Or 5 for £11. Our ref 11P3. Or for the really big user 10 for

£20. Our ref 20P20.

ELECTRONIC SPACESHIP. Sound
and impact controiled, responds to
claps and shouts and reverses when it
hils anything. Kits with really detailed
inskructions, ideal present for budding
youg electrician. A youngster should
be able to assemble but you may
have to help wiht the soldering of the
components on the pcb. Complete kit
£10. Our ref. 10P81.

POPULAR [TEMS - MANY NEW THIS MONTH

JOYSTICKS for BBC, Atari, Dragon Commodore, etc. All £5.00 each. Al

brand new, state which required.

TELEPHONE TYPE KEYPAD. Really first class rear mounting unit White

lettering on black buttons. Has conductive rubber contacts with soft click
peration. Ciecuit ged in telaphone type array. Requires 70mm by

55mm cutout and has a 10 1DC connector. Price £2.00. Rel. 2P251.

SUB-MIN PUSH SWITCHES Not much bigger than a plastic transistor

but double pole PCB mounting. 3 for £1.00. Qur ref BDE8S.

AA CELLS Probably the most popular of the rechargeable NICAD types.

4 for £4.00. Our ref. 4P44,

20 WATT 4 OHM SPEAKER With built in tweeter. Really well made unit

which has the power and the quality for hifi 6.5in dia. Price £5.00. Our ref;

SP155 or 10 for £40.00 rel. 40P7.

MINI RADIO MODULE Only 2n squate with ferrite aerial and sofid dia.

tuner with own knob. It is superhet and operates from a PP3 battery and

would drive a crystal headphone. Price £1.00. Owr ref. BD716.

BULGIN MAINS PLUG AND SOCKET The oid and faithful 3 pin with

scrow terminals. The plug is panel mounted and the socket is cable

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

Free delivery. Order tef: 25P10.

14" COLOUR MONITOR mads by the American Display Tek Company.
Uses high fesolution sbe 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 number of these. AR brand new still in maker's
cartons. Price: £89 each phus £6 insured carriage. Order ref: 89P/1.
COMPOSITE VIDEO KITS. These convert composite video into separate
H syne, Vsyne and video. Price £8.00. Our ref 8P39.

BUSH RADIO MIDI SPEAKERS Stereo pair. BASS reflex system, using
afull range 4in driver of 4 ohms impedance. Mounted in very nicely made
black fronted walnut finish cabinets. Cabinet size approx 8.5in wide, 14in
high and 3.5in deep. Fitted with a good length of speaker flex and
fominating with a normal audio plug. Price £6 the paif plus £1 post Our
ref 5P141.

3.5in FLOPPY DRIVES We stil have two models in stock: Single sided,
80 rack, by Chinon. This is in the manufaciurers metal case with leads
and IDC Price £40, rok 40P1. Also a double sided, 80
track, by NEC. This is uncased. Price £59.50, referonce 60P2. Both are
brand new. insred delivery £3 on each or both.

REMOTE CONTROL FOR YOUR COMPUTER With this outfit you can
be as much as 20 foet away as you will have a joystick that can tramsmit
and a receiver to plug into and operate your computer and TV. This is
also%ust right if you want to use it with a big screen TV. The joystick has
two fite buttons and is of a really superior quality, with four suciion cups
for additional control and one handed play. Price £15 for the radio
controled pait. Our ref 15P27.

ASTEC PSU. Mains operated switch mode, so very compact. Outputs
+12v 2.5A, +5v 6A, +-5v 5A, +-12v 5A. Size: 7.5in 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 Sindlair C5 electric car but adaptable to power a go-kart, a mower, a rai
car, model raiway, etc. Brand new. Price £20 + £2 postage. Our ref, 20P22,
ELECTRONIC SPEED CONTROL KIT Suitable for controfling our
powerlul 12v motors. Price £17.00. Ref. 17P3 (heatsink required).

SINCLAIR C5 WHEELS. Set of 4 wheels with inner tubes and tyres.
213" dia. front wheels and 2 6" dia. rear wheols. Brand new £24 set.
Ref 24P3.

PHILIPS LASER
This is helium-neon and has a power rafing of 2mW. Completely safe
as long as you do not ook directly into the beam when eye damage
could result. Brand new, full spec. £35 pus £3 insured delivery. Mains
operated power supply for this tube gives Skv siriking and 1.25v at
5mA running. Complete kit with case £15. As above for 12V battery.
Also £15. Our ref 15P22.

ORGAN MASTER is a three octave musical keyboard, It is beautifully
made, has il size (piano size) keys, has gold plated contacts and is
com plete with ribbon cable and edge connector. Can be used with many
computers, fequest information sheet. Brand new, only £15 pius £3
postage. Our ref 15P15.

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

HIGH RESOLUTION MONITOR. 9in biack and white, used Philips wbe
M24/306W. Made up in a lacquered kame 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
{4.5in X 4.5in x 1.75in). The electronically run fans not only consume very
lithe current but also they do not cause interference as the brush type
motors do. ideal for cooling computers, efc., or for a caravan. £8 each.
Our rof 8P26.

MINI MONO AMP on p.c.b. size 4in x 2n {app.)

Fitted Volume control and a hole for a tone

control should you require it. The amplifier

has three ransistors and we estimate the

output to be 3W mms. More technical data

will be Included with amp. Brand new, *

perfect condition, offered at the very low

price of £1.15 each, or 13 for £12.00.

J&N BULL ELECTRICAL
Dept. PE 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QT.

MAIL ORDER TERMS: Cash, PO or cheque with order. Pleass add £2.50
sarvics charge. Monthiy account orders accepled from schools and public

£12,50 + £2 p&p. OW fof 12P51.
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p Access and B/Card orders accepted - minimum £5. Phone
(0273) 734648 or 203500.Fax: (0273) 20377.

d. 2 pairs for £1.00 or 4 plugs or 4 sockets for £1.00. Our ref.
BD715, BD715P, or BD7158.

MICROPHONE Low cost hand heid dynamic microphone with on/oft
switch in handle. Lead terminates in 1 3.5mm and 1.25mm plug. Only
£1.00. Ref. BD711.

MOSFETS FOR POWER AMPLIRERS AND HIGH CURRENT DEVICES
140v 100watt pair made by Hitachi. Ref 25K413 and its compiement
25J118. Only £4.00 a pair. Our Ref. 4P42.

Also available in H pack Ref 25J99 and 25K343 £4.00 a pakr. Ref4P51.
TIME AND TEMPERATURE LCD MODULE A 12 hour dock a Celsius
and Fahrenheit thermometsr a too hot alarm and a too cold alarm. Approx
50x20mm with 12.7mm digits. Requires 1AA battery and a few swilches.
Comes with full data and diagram. Price £6.00. Our ref. 6P12.

REMOTE TEMPERATURE PROBE FOR ABOVE. £3.00. Our ref. 3P60.
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 only £10.00. Our ref 10P71.

600 WATT AIR OR LJQUID MAINS HEATER Small coil heater made for
heating air or liquids. Wil not corrods, lasts for years. Cail size 3in x 2in
mounted on a metal plate for easy fixing. 4in dia. Price £3.00. Ref. 3P78
or 4 for £10.0. Our ref. 10P76.

EX-EQUIPMENT SWITCHED MODE POWER SUPPLIES Various makes
and specs but generally +-5, +-12V ideal bench supply. Only £8.00. Our
ref 8P36.

ACORN DATA RECORDER Mad for the Electron or BBC computer but
suitable for others. includes mains adaptor, leads and book. £12.00. Rel.
12P15,

PTFE COATED SILVER PLATED CABLE 19 strands of .45mm copper
will cary up to 30A and is virtually indestructible. Available in red or black.
Regular price is over £120 per reel. Our price only £20.00 for 100m redl.
Ref. 20P21 o 1 of each for £35.00. Ref 35P2. Makes absolutely superb
spaaker cabled

NEW PIR SENSORS Infra red movement sansors wil switch up to 500w
mains, UK made, 12 month manufacturers warranty, 15-20m range with a
0-10min timer, adjustable wal bracket. Only £20.00. Ref 20P24. :
MITSUBISHI 3.5IN DISC DRIVES Brand new drives, 1/2 height double
sided, double density warranted. Our price £60.00. Ref. 60PS.

10 MEMORY PUSHBUTTON TELEPHONES These are customer returns
and sold as seen. They are complete and may need sfight attention. Price
£6.00 Ref 6P16 or 2 for £10.00 Ref 10P77 BT approved.
NON-MEMORY PUSHBUTTON TELEPHONES. Same condition as
above with redial £3.00. Our ref. 3P79. BT approved.

SPECTRUM PRINTER INTERFACE Add a centronics inwerface 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. 2P261.

TELEPHONE EXTENSION LEAD Sm phone extension lead with plug on
one end, socket on the other. White. Price £3.00. Our ref. 3P70 or 10
leads for only £19.00! Ref. 19P2.

LCD DISPLAY 4.5in digits supplied with connection data £3.00. Ref.
3P77 or 5 for £10. Ref. 10P78.

CROSS OVER NETWORK 8 Ohm 3 way for tweseter midrange and
woofer nicely cased with connections marked. Only £2.00. Our rel. 2P255
or 10 for £15.00. Ref. 15P32.

REVERSING LIGHT ALARM Fits to car reversing light and sounds when
reversing. Only £2.00. Our ref, 2P248.

BASE STATION MICROPHONE Top quality uni-directionai electret
condenser mic 600r impedance sensitivity 16-18KHz - 68db built in chime
complete with mic stand bracket. £15.00. Ref. 15P28.

MCROPHONE STAND Very heavy chromed mic stand, magnetic base
4in high. £3.00 i ordered with above mic. Our ref, 3P80.

SOLAR POWERED NICAD CHARGER 4 Nicad AA battery charger.
Charges 4 batteries in 8 hours. Price £6.00. Ou ref. 6P3.

MAINS SOLDERING {RON Price £3.00. Our rel. 3P65.

SOLDERING |RON STAND Price £3.00. Our ref. 3P66.

SHARP PLOTTER PRINTER New 4 colour printer originally intended for
Sharp computers but may be adaptable for other machines. Complete
with pens, paper elc. Price £16.00. Our ref. 16P3.

CAR IONIZER KIT Improve the ar In your car, clears smoke and helps
prevent fatigue. Case req. Price £12.00. Our rof. 12P8.

NEW FM BUG KIT New design with PCB embedded coil 9v operation.
Priced at £5.00. Ow ref. 5P158.

NEW PANEL METERS 50UA movement with three different scales that
are brought nto view with a lever. Price only £3.00. Ref. 3P81.

STROBE LIGHTS Fit a standard edison screw light fitting 240V 40/min.
flash rate available in yellow, blue, green and red. Complete with socket.
Prica £10 each. Ref, 10P80 (state colour required).

EXTENSION CABLE WITH A DIFFERENCE Itis flat on one side making
it easy to fix and look Udy. 4 core, suitable for alarms, phones etc. Our
price only £5.00 for 50m reel. Ref. 5P153.

METAL PROJECT BOX Ideal for battery charger, power supply efc.
Sprayed grey size 8in X 4in x 4.5in. Louvred for ventilaion, Price £3.00.
Ref. 3P75. :
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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 Al is studied
because the real swff is not quite good
enough.

Despite this, the source of such anxiety is
not the arena in which Al 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

TIFICI

INTELLIGENCE

METHODOLOGY

" At its most prosaic, Al 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
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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 Al, so much so that Al in some,
mainly commercial circles, is considered to be
synonymous with IKBS.

ROBOTICS

So much for the prosaic. Another general
feature of Al 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 Al at
the moment are those of perception and
planning.

The idea of perception as a pattern
recognition  process is probably the
grandfather of AL 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
Al 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 planming 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.

CONNECTIONISM

An alternative, or at least
complementary, strategy to the symbolic
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 Al 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

TEC&“HMJNTYFEATURE1h<

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, fomt 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 Al 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 Al 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, Al 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
Al 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 AL
The fun really starts with the realisation that
Al being a science itself, is limited by these
same structures it is trying to establish. In
this way Al 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
Al at Cambridge University.
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“SBC-1”

SO On.

“74LS” or “HC” parts.

cheapest too!

Applications already identified include: Magnetic Card reader, mini
printer interface, 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 tme clock (with plug in module), automatic horticultural irngation

controiler.

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 280 machine code you don't have to!

The idea 1s {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 assembie the
SBC-1 cards so you can get on with manufacturing your product, leavin

all your control problems to us.
“e. Greenbank

Ferry, Birkenhead, Merseyside. L42 2AE.
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A computer doesn't have to look like you'd expect a computer to look.
It doesn't have to have a keyboard and a screen and fioppy disks and

The SBC-1 has the bare mimimum of chips a Z80 computer can have
and stit be a computer: A 4 MHz 280-CPU chip, an EPROM chip (up
to 32K), a static RAM chip (up to 32K) and a pair of 8255A 1/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

A star feature 1s that no special or custom chips {ie PALs, ULAs. ASICs
etc) are used — and thus there are no secrets. The Z80A is the fastest
and best established of all the 8-bit microprocessors -— possibly the

Although no senal interface is included, 1t Is easy for a Z80A to waggle
one bit up or down at the appropriate rate — the cost 1s a few pence
worth of code In the program: why buy hardware when software will do?

For more details write or phone us:
Greenbank Electronics, Dept (E04P), 460 New Chester Road, Rock
Tel: 051-645 3391.

S

When you need
COMPONENTS

(C.W.O. Post Free UK )

%@ﬁ’
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ElecTROVALUE

for FREE GATALOGUE write phone or call

ELECTROVALUE LTD. FREEPOST 28(c) St. Jude's Road, Er%eﬁeld Green, Egham, Surrey, TW20 8BR.
Telephone (0784) 433 603 » FAX (0784) 435 216 - Telex 2644

Northern Branch 680 Bumage Lane, Manchester M19 1NA. Telephone 061 432 4945 « FAX 061 432 4127

You need

e T i Ny

Access/Visa facilities — £5. min. order
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MAKING ELECTRONICS C.A.D. AFFORDABL
IITXSZI  PCB CAD, FOR THE PC/XT/AT _ IIRITIE:

- 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 BRITISH = o
- Would you like to be able to produce PCB layouts up to 17" square? N o o
- With up to 8 track layers and 2 silk screen layers? DES.G N =

- Plus drill template and solder resist? — =

- With up to eight different track widths anywhere in the range .002 to .531" AWARD |, 7/ o\ o o

- With up to 16 different pad sizes from the same range? 1989 , ‘\ =

- With pad shapes including round, oval, square, with or without hole and {50050 99500000 °
edge connector fingers? k.__—"{ 2

- With up to 1500 iC's per board, from up to 100 different outlines? W /A >

- With auto repeat on tracks or other features — ideal for memory planes? o |SEEUS ON STAND 490 AT L:

- That can be used for surface mount components? %\ 2 g] -

- With the ability to locate components and pads on grid or to .002" = . o
resolution? 90 (.7‘ 27-29 MARCH 1990 - NEC BIRMINGHAM | <

- 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?

N1t

Price from:

£49

inc. VAT.

00o0alese .
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SMITH CHART PROGRAM - Z-MATCH CIRCUIT ANALYSIS BY COMPUTER - [:|\J: H

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

REF .LOEF .=0.731 (,f‘? WAVELENGTHS TOMARDS :
AWGLE:149.57 DE6 N GEMERATOR=8. 0423 —

SWR=6.42 ; LOAB=8. 4577 TV IF AMPLIFIER
8=1.6

GEW /
[

"
1
e

20=30 OHN ! @.167+j8, 263

FREG=100 Mz \(,?‘\‘ TIPEDRNCE-ohns:

OIELEC.CONSTANT=L — B.343413.204 "ANALYSER II" — Analyses complex circuits for GAIN,
- PHASE, INPUT IMPEDANCE, OUTPUT

Z-MATCH - Takes the drudgery out of R.F. matching IMPEDANCE and GROUP DELAY over a very wide

problems. Includes many more features than the frequency range.
standard Smith Chart. Ideal for the analysis of ACTIVE and PASSIVE
Provides solutions to problems such as FILTER CIRCUITS, AUDIO AMPLIFIERS,
TRANSMISSION LINE MATCHING for AERIALS and | LOUDSPEAKER CROSS-OVER NETWORKS,
RF AMPLIFIERS with TRANSMISSION LINE WIDE-BAND AMPLIFIERS, TUNED R.F.
TRANSFORMER and STUB MATCHING methods AMPLIFIERS, AERIAL MATCHING NETWORKS, TV
using COAXIAL LINES MICROSTRIP, STRIPLINE I.F. and CHROMA FILTER CIRCUITS, LINEAR
and WAVEGUIDES. The program takes account of INTEGRATED CIRCUITS etc.
TRANSMISSION LINE LOSS, DIELECTRIC STABILITY CRITERIA AND OSCILLATOR CIRCUITS
CONSTANT, VELOCITY FACTOR and FREQUENCY. | can be evaluated by "breaking the loop".
Z-MATCH is supplied with a COMPREHENSIVE Can save days breadboarding and thousands of
USER MANUAL which contains a range of WORKED | pounds worth of equipment.
EXAMPLES
£130 ex VAT for PC/XT/AT etc. £195 ex VAT for PC/XT/AT etc.
£65.00 ex VAT for BBC B, B+ and Master £130 for BBC, B, B+ and Master
All major credit cards accepted Harding Way, St Ives, Huntingdon Cambs, PE17 4WR
WRITE OR PHONE FOR FULL DETAILS:- REF PE Tel: St lves (0480) 61778 (5 lines)

YVe 'proﬁg? 'f:l('-;vfitggsa'es support with free telephqne
Number one syStems Ltd g ggfttwgre ugdates are free within 6 months of purchase date.
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n 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.

Field1  Field2 Field 3 Field 4
START LD AFF  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

COMPUTER FEATURE

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 100ns; with integrated circuit
this has been reduced to Ins.

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.

MPUTE

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, €tc.

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, aitering it to do fancy
things and then complaining to the
programmer that it does not work!

PRACTICAL ELECTRONICS APRIL 1990

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:
Colossus.

Second generation:
the IBM 1401,

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

Fourth generation:  Very
integration, eg the IBM 3081.

Valve types like the

Transistor types like

large scale

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.

In general, the drift of fifth generation
computers is towards artificial intelligence
(Al), 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.
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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 Intemnist 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  arithmetic and logic unit

Ascii  American Standard Code for
Information Interchange

Cmos  complimentary symmetry metal
oxide semiconductor

CPU  central processing unit

EArom electrically alterable read only
memory

Fifo first-in first-out

HLL  high level language

Ice in-circuit emulator

Lifo last-in first-out

Pipo  Parallel-in parallel-out

PLA  Programmable logic array

Prom  Programmable read only memory

Ram  random access memory

Rom  read only memory

TTL  Transistor transistor logic

ULA  uncommitted logic array

Usart  universal synchronous/ asynchronous

receiver transmitter

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

hz-»38
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SPECIAL SUBS OFFER!

SAVE!
SAVE!

SAVELE!

SUBSCRIBE TO PE
AT THE OLD PRICE:
12 MONTH’S SUBSCRIPTION
FOR ONLY £+8 £15
(OVERSEAS £21 £18)

PLUS:

EXTRA SPECIAL OFFER

TO TEACHERS AND STUDENTS

12 MONTH’S SUBSCRIPTION
FOR ONLY £48°£13.50

(Teachers and students please enclose proof of status, eg headed notepaper from school, college, etc.)
If you already subscribe to PE you can take advantage of this special offer by extending your existing
subscription - please advise your current subscription number or say from which month you want your subs

to run.

You may send a Bhotocogx of this form.

Yes please PE, put me on course to a hi-tech
future: Enrol me on your priority
subscription list and send me 12 issues for
the following special price:

15 e W]
£18 (OVEISEAS) .ooeveveeereeeieeieninnenneneneenns W
£13.50 (student/teacher) ..........cceevuveeeennn. W
Proof of my student/teacher status is
attached. ....oovveeeviieeeeeeeeeeec s Q
I wish my subs to start from the earliest
POSSIDIE ISSUE .coeeevviiniiiiiiiiiiiiiiiiieiies Q

I wish to extend my existing subscription for
a further 12 months commencing with the
issue dated .......ccoceevviiinnniiinire M

Please send my monthly copy of PE to:
Name and address .......ccoceevvvievieiiiennienne.

Post Code .....oovvveevereeieiiieciiiieiee i

I enclose a cheque / postal order ............. Q
Please charge to my Access / Visa card
NUIMDET ...eeeneveeeieeiniieeeineeeinreeineeesnrneeens

Send this form to: Practical Electronics
Subscriptions, 193 Uxbridge Road, London
W12 9RA
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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!)

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 noticeasly
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 3T
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
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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.
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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.
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RADIO PROJECT@@

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.

RadicClock

DAY /YEAR

MONTH,/DATE
HOURS/MINS |
SECS/MINS

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 Cl2 rises above the
threshold point, the output of IC3b will revert
to its normally low condition.
Simultaneously with the

initial pulse

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

10 CL

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 1C3a
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
IC3¢c/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 O is
registered.

Fig 13. Logic and

sync pulse extractor +5v
circuit. 18(115.L 18(1)6I gnl
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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, ICS5. 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 IC4
(pins 4, 3, 10, 13, 12 and 11, respectively) are
used as the potential source of the six logic 1s.
Output 8 (pin 2) is inverted by IC2f so that the
final logic O is seen by the gate as logic 1. The
remaining bit required by ICS is the positive
going level of the clock pulse via R49.

At the moment ICS recognises decimal 255,
its output goes low, causing the output of
inverter IC2f 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 1 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
litle 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,
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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

It 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 progrém 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 IC4, we can write a Basic program that
is fast enough to do the remaining decoding
and display. Fig.14 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

RadioClock

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

=0V

Fig 15. Circuit for time
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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 1C2d 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 O1. 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 PROJECT @

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 1C14; 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 turmed 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.
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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
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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 S1.

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, 1
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 Slc which, when
selected, routes it for inversion by IC9¢ and
then to the blanking input of IC18. In the
remaining three switch positions, IC9¢ 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. PE
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SPIERS ELECTRONICS

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

* A%k FREE To The FIRST 20 CUSTOMERS % % % %
50 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.

* %k SECONDHAND CORNER * % %

VIC 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 LM78MO8CST 8v Reg. 10p

SURVEILLANCE
PROFESSIONAL QUALITY KITS

A range of high quality kits as supplied to leading UK security companies, alt in-house
designed and produced, not to be confused with cheap imports. All kits come tully
documented with concise assembly and sefting-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. Buiki up service available if required

MTX Micro Miniature audio transmitter.

17mm x 17mm. 9V operation. 1000m range. ...

VT500 Hi-power audio transmitter.

250mW output. 20mm x 40mm. 9-12V operation 2-3000m range .

VOX75 Voice activated transmitter.

Variable sensitivity. 30mm x 40mm. 9V operation. 1000m range . ... o
CTX900 Sub-carrier scrambled audio transmitter. Cannot be monitored
without decoder fitted to radio. 30mm x 40mm. 9V operation 1000m range ... .
DSX900 Sub-carrier decoder unit for monitoring CTX900. Connects to radio
earphone socket Provides output for headphones.35mm x 50mm. 9-12V operation
HVX400 Mains powered audio transmitier.

Connects directly to 240V AC supply. 30mm x 35mm. 500m range

XT89 Crystai controlled audio transmitter.

High performance. 100mW output. Supplied with xtal for 108MHz. Others
available to 116MHz. 85mm x 28mm. 9V operation. 2-3000m range. ...

TKX900 Tracker/Bleeper transmitter.

Transmits continuous stream of audio puises. Variable tone and rate

Powertul 200mW output. 63mm x 25mm. 9V operation. 2-3000m range. ... ...
ATR2 Micro size telephone recording interface. Connects between 1elephone
ling (anywhere) and cassette recorder. Tape switches automatically with

use of phone. All conversations recorded.Powered from line, 10mm x 35mm ... .
TLX700 Micro Ministure telephone transmitter. Connects to line {anywhere)
switches on and off with phone use. All conversations transmitted

£12.95
£15.95
.. £18.95

£21.95

.£21.95
£18.95

...£36.95
.. £21.95

1295 For a full list of standard and special items please send an A4 SAE

i(:‘ngéng\u:mmwd milznlg‘;e 15(20'105::\“::;\ 91?" ers LED and b!eeper when ~£1298 ' E5 TG e A
in presence of AF field. Detects MTX 15-20 feet ng?mm x 55mm. 9V operation ... .. £26.95 74HC00 14p | HCTO0  Hp LS00 i2p | CO0 9p
XL7000 Pro /l Variable senstivy. Tmnuné?ge cg\N sa%nh;lenl LED 74HC02 14p HCT04  18p LS02 12p C32 21p
P A R D) wico 1 | Hemie 25 | s np o as,
pagers, cellular etc. 70mm x 100mm. 9V operation £ 74HC14 23p HCT32 1p LSI0 12p Ci50 710p
74HC27 21p HCT?74  18p LS4 20p CIss 48p
g e e e o s p | HCTISS By | L0y o 2y
send sterling bank drpaaﬂ or Eurocheque anr(;gadd £5.00 per order for shipment. Credit card 74HC42 30p | HCTI39 25p L8530 Hp C244 6Sp
orders accepted on 0827 714476. Full catalogue available on receipt of 28p stamp Trade 74HC132  23p HCT240 28p LS§32 12p OTHER Nos. POA.
enquines welcome 74HC139  36p HCT244 36p LS74 14p 74Fxx )
74HC240 25p HCT245 36p LS123 26p 745xx) POA
SUNR .. ZH ERW 2 SKSHO F’SR N 74HC244  52p | HCT373 25p | LS138  20p | 780x)
@’ N? DAINP:erl :moe WA RAKXST(EI VESL £ @ Linear, Memory, Crystals P.OA. Lots More Goodies ... S.A.E. for long list.
NoVALT.....That'sright .... NO VATA.....PIP S0p.

pUBLISHED

DESIGN
FEATU“ES

PROJECT KITS ||

PE ECHO STATION
Multiple extended delays version SET 294L £65.00
Standard delay version SET 294S £33.50

PE RADIO CLOCK

DETAILS IN
A NEW:! |
COMPUTER KITS
The software listings published with the computer kit
projects are for use with C64, PET and BBC computers.

CHIP TESTER SET258F £41.50

Computer controlled logic and chip analyser.

PE FREQ COUNTER/GEN
Counting to 4MHz, digital generator to 2MHz,

PE DUAL BEAM OSCILLOSCOPE

Electronic comps. incl. pcbs, excludi ert, riable wave form tor to 20kHz.
wnsiormr and case, SET260 - £570. | | EPROM PROGRAMMER SET277 £26.20 | | {25 owave form goneratorto 20k,
Computer controlied unit for 4K Eproms. .
MICRO-CHAT SET276 £69.50
MORE KITS IN CATALOGUE Computer controlled speech synthesiser.
SEND "“% S-AE. FOR CATALOGUE AND MICRO-SCOPE SET247 £49.50 ENVIRONMENT
Turns a computer into an oscilloscope. BAROMETER SET285 £41.20
(OVERSEAS SEND £1.00 TO COVER POSTAGE) MICRO-TUNER SET257 £57.40 Computer controtied unit for monitoring atmospheric
Computer controlled, tuning aid and ireq counter. pressure.
NEW! MORSE DECODER SET269 £26.70 GEIGER COUNTER SET264 £65.50
Computer controlled code-decoder. A nuciear radiation detector for environmentai and
PE EEPROM - ’ o oo geological monitoring. With buiit in spneaker, meter a:d
digital . Th d B8C TV.
PROG RAMM ERS VARIOUS igital output. This project was demonstrated on 8|
DETAILS IN CATALOGUE VOICE SCRAMBLER SET287  £49.50
32 switchable channels to keep your communications ORDERING
confidential. Add 15% VAT. Add P&P - Sets over £50 add £3.00.
ALARM CONTROLLERS STORMS! £35.50 each unit | | Others add £2.00. Overseas P&P in catalogue. Text

MULTIZONE CONTROL

SET280 £23.90
Two entry-zones, anti-tamper ioop, personal attack, entry-
exit timing, timed duration, automatic resetting, latching
LED monitors.

Raw nature under panel controll 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.

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, CHQ,
PO, ACCESS visA. Telephone orders:
Mon-Frl, 9am - 6pm. 0689 37821.
(answering machine).

PHONOSONICS, DEPT PES3, 8 FINUCANE DRIVE, ORPINGTON, KENT, BR5 4ED.

MAIL ORDER
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~COMMUNICATIONS FEATURE

SPACE TV

E readers following the saga of the satellite tv
l » Icompanies 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. Colloguially known as the zip-
squeal technique, the result is that channel data is
transmitied 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 BBCI1. 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-I 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-/ 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-/ 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 joumey 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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What you see here is not only what you can get.

over 14,000 different items, at the best prices you long have
wished to get, act now, start the saving. Call us or FAX us,
for your free large catalog, we will mail it to you right away.
Or FAX us your inquiry. (213) 727-6032 OR (213) 888-6032

WE STOCK...

YOUR RELIABLE ELECTRONIC COMPONENTS SUPPLY

¢ HIGH QUALITY PRODUCTS e WE SHIP YOUR ORDER ON THE DATE OF YOUR

¢ BEST PRICES YOU LONG HAVE WISHED TO GET CONFIRMATION WITH FAST COURIER

¢ FOR IMMEDIATE DELIVERY & RAPID SHIPMENT e SO ACT NOW AND START SAVING

¢ ORIGINAL REPLACEMENT PARTS ¢ |F YOU DON'T SEE IT, ASK FOR IT

¢ ASK FOR YOUR FREE COPY CATALOG ¢ SPECIALIST IN EXPORT

¢ AGENTS & DISTRIBUTORS (IMPORT & EXPORT) We are continuously updating our inventory, let us hear from

e WE REPLY TO YOUR INQUIRY IN THE SAME DAY you of things we do not have, we will give it a study.

o COMPETITIVE PRICES, DISCOUNTS FOR TO ORDER: INFORM US YOUR INQUIRY, OR ASK FOR

WHOLESALE QUANTITIES YOUR FREE FULL CATALOG AND PRICES.

LBANI RPORATION 2733 CARRIER AVENUE Tel: (213) 727-0054 ALL SALES IN U.S. DOLLARS

AP OF AMERICA | e Tl "

Tix: (3-,22439 WE ACCEPT VISA / MASTERCARD
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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
turned 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. [ would be willing to
repeat that anywhere. And yet here 1
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 |-

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
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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. 1 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 |
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,

1 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 be 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 I' 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. Aimost 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 IQ.

THE MISTRAL AIR [>
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 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-lon 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 Q-ION [>

Check out the ion levels around your house. The Q-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 Q-lon sniffs the air in different parts of the room.
Readings up to 10'® ions per second, positive or negative.

Q-ION COMPLETE PARTS SET £21.16

<] KIRLIAN CAMERA

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 1o 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!)

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

N ORDERING

S AICONDUGRORS

UK orders: please add £1.15 postage and packing.
Tel: (0600) 3715 LIMITED

Eire and overseas: please deduct VAT and add
PR ACCESS
Phone 0600 3715 for immediate
SALES DEPT., ROOM 108, FOUNDERS HOUSE, REDBROOK, MONMOUTH, GWENT. S 3itention to your Access order.

£5.00 carriage and insurance.
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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. 1 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. Delion 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 ic 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. 1 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 1 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 wused 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 