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P.E. PROJECT KITS

Full kits include pcb’s, hardware, cases (unless
stated otherwise), IC sockets, wire, nuts & bolts.
Article reprints extra 70p each.

THIS MONTH'S KITS - S.AE. OR
PHONE FOR PRICES

LOGIC PROBE Feb 86 £13.48
COMPUTER MOVEMENT DETECTOR Feb 8[6

SPECTRUM SPEECH SYNTH & 8-BIT |/0 PORT
Jan 86 £28.19
HIGH PERFORMANCE STEPPING MOTOR DRIVER

85 £20.98

Oec
EXTRAS; Transformes £6.98, Case £2.95, BBC lead &
plug £1.98, Motor-1035 £14.50

DIGITAL CAPACITANCE
METER

A superb instrument with a five digit 0.5 inch LED
display giving direct readout of pF, nF and uF from 1pF
to 1,000uF.

Excoptionally sasy to use. A crystal timebase
eliminates setting up procedures.

{deal for schools, labs, and industry as well as
slectronics enthusiasts from beginners to experts.
Complete kit - including PCB, case, all components
and hardware, £35.98. Reprints of article 70p.

COMMODORE USER PORT EXPANDER Nov %}g
MODEL RAILWAY TRACK CONTROL Nov 8[5 )

‘SOUINT ROBOT EYES Nov 85

TOUCH CONTROL PSU Oct 85 b
MODULATED SYNDRUM Oct 85 £26.58
GENERAL PURPOSE ROBOT INTERFACE[, ful

opulated board Sent/Oct 85
Rszaﬂz5 i[] csuri? ICS CONVERTER
t 3
%k BOOT ALARM Sept 85 £11.72
COMPUTER ENVELOPE SHAPER Aug 85 £22.18
VOLTMETER MEMORY ADAPTOR Jufy 85 £10.98

STYLUS KEYBOARD FOR COM 84 Jun 85 £9.65
SYNTHESISER INTERFACE FOR COM 84 Jun 85

£15.69
AMSTRAD SYNTHESISER INTERFACE Ma}gg a

CYLINDER THERMOSTAT May 85 £21.77
BBC POWER CONTROL INTERFACE Apr 85[20 T
GUITAR ACTIVE TONE CONTROL less cass gﬂl'gli

7
PROGRAM CONDITIONER June 83 £18.67
AUTO TEST SET M’E 83 £34.62
WIPER DELAY Apr 83 less relsy

£8.24
BATTERY TESTER Apr 83 £13.25

MAGENTA

EDUCATIONAL SETS

FUN WITH
ELECTRONICS

Enjoyabie introduction o elactronics. Full of very clear
full colour pictures and easy to follow text. ideal for all
beginners — children and adults. Only basic tools
needed. B4 full colour pages cover all aspects —
soldering — feutt finding — components (identification
and how they work).

Also full details of how to build 8 projects — burglar
alarm, radio, gamas, etc. Requires soldering — & pages
clearly show you how,

COMPONENTS SUPPLIED ALLOW ALL
PROJECTS TO BE BUILT AND KEPT.

Supplied iess batteries & cases.

FUN WITH ELECTRONICS,

COMPONENT PACK £18.98

BOOK EXTRA £1.75.

Book avsilabie separately.

LOGIC TUTOR

A spacifically designed test bed for the practical side of
the 8-part educational series ‘Introduction to Digital
Electronics” Practical Electronics Oct 83-Mey 84. Full
kit includes screen printed pch, powsr supply, connector
strips and turned pin sockets (less case).

REPRINTS EXTI;A 70p EACH

ADVENTURES
WITH
ELECTRONICS

An easy to-follow book suitable for all ages.
|deal for beginners. No soldering, uses an S-
Dec Breadboard. Gives clear instructions
with lots of pictures. 16 projects — including
three radios, siren, metronome, organ, inter-
com, timer, etc, Helszou learn about elec-
tronic components and how circuits work,
Component pack includes an S-Dec bread-
board and all the components for the
projects.

Adventures with Electronics £3.58. Compo-
nent pack £20.98 less battery.

HIGH PERFORMANCE
STEPPING MOTOR DRIVER

As featured in December issue
Kit including PCB, 1.C. & All Parts £20.98
Transtormer 30V 18VA £5.98 extra
Case (houses PCB only) £2.95 extra
Lead & Connector for BBC Computer £1.98
Motor - 1035 £14.50
TEA1012 also available separately £6.88. Data £1.00

STEPPER MOTOR

BBC TO 1035 STEPPER MOTOR INTERFACE KIT £13.98 PCB,
driver IC, components, connectors and leads included. Demonstration
software, listings, circuit diagram, pcb layout and construction details
given, Requires unregulated 12Vdc power supply.

INTERFACE KIT (ref PE) £13.98,

OPTIONAL POWER SUPPLY PARTS £4.67.

1D35 STEPPER MOTOR 48 Steps. 12V £14.50,

1 8.6 8 6 668 8.0 6 8

AVAILABLE FROM STOCK NOW

DC MOTOR SETS

MOTOR — GEARBOX ASSEMBLIES 1.5V-4.5V.

Miniature precision made. Complete with quality electric motors. Variable
reduction ratios. Long 3mm dia output shafts.

Small unit — type MGS {3-2200rpm) £349
Large unit — type MGL {2-1150mm)

PULLEY WHEELS — metal 3mm bore

10mm dia

20mm dia

30mm

METAL COLLAR with screw — 3mm bore

FLEXIBLE SPRING COUPLING 3mm L31mm

FLEXIBLE METAL COUPLING 3mm

FISCHERTECHNIK DC MOTOR SETS

SMALL TYPE 187

LARGE TYPE 185

DC MOTOR 1.5V-4.5V RPM 4,400-8,700

Shaft dia 2mm L10mm. Body 29%38mm

DC MOTOR TYPE — DC28

FLEXIBLE STEEL SPRING DRIVING BELT Tp
12” long. Joins to itself or 2 or more can be joined where long lengths are

PHONE OR WRITE FOR FULL DETAILS REF PE6

BBC HEART RATE

needed.
' BBC Hoart Rate Monitor— '
Ready Built £35.99

Practise relaxation or monitor fitness with this plug-in heart rate monitor.
Connects directly to the BBC computer, Programs give continuous heart
rate displays, bar charts, graphs etc. Supplied with sensor, software &
instructions — ready to plug in and use.

*
68000 ;
1. 8,80 6.8.0.6.60.0.6.6.6 8.

MICROPROCESSOR TRAINER
AND SINGLE BOARD COMPUTER

A new single board training and evaluation system for the 16-bit 68000 Series
Microprocessor. A standard working system in kit form costs just £99.00 including
VAT. Programs are developed and written with the aid of an on-board monitor
program. The system is programmed and run via an RS$232 link from either a standard
terminal or a BBC Computer programmed to act as a terminal (we can supply the
necessary software). Optional extras include a line by line assembler, a peripheral |/O
port and timer, and a G64 bus interface. Full sets of technical literature, programming
information and manufacturers’ data sheets are available to accompany the system.

68705 MICROCONTROLLER
TRAINER

A stand-alone unit with hexadecimal keyboard and 3-digit
seven-segment display. Uses a control oriented 68705
icrop with a compreh monitor system. A
bank of 8 LEDs and switches allows 1/0 control programs
to be run before connecting to ‘real’ external circuits. An
A/D-D/A board is also available along with full support
literature. An excellent introduction to machine code
programming right down to ‘bit" lavel. Used in many
ional blish A system costs

under £50.
All in stock — Phone or write for details Ref PES

2 2 24 2 2 2 24 24 2 2 24 2 24 24 24 2 54 2 54 2 24 224 24 54 44 ¢

1 228088880808 8888.88.8.8.8.8.8.8.8.8.8.1

68000 COMPONENTS

68000 P8
68230 P8 £6.99
68681 £9.60
64 pin |.C. socket 98p
6116 {250n) £1.99
6264 (250n) £3.99
27128 EPROM £3.88
MC1488 56p
MC1489 59p

£21.20

2 24 24 24 2 2 2 24 24 24 24 24 24 24 24 24 4 2 4 22 %

fischertechiik
We offer a range of the superb Fischertechnik sets. These
cover robotics, electronics, electromechanics, motors and
gears, and basic construction,
Robotics kit builds 11 different working models including a
robot arm, graphics board, sorting system etc. Note that not
all the models can be built at the same time. Simple to
assemble. Easily combined with all other Fischertechnik kits.
Top quality. Includes 2 motors, an electromagnet, lamps,
potentiometers, switches etc.
ROBOTICS Kit (554) PE
Construction/base kit {ut1)
Motors and Gears (ut2)
Use ut2 to motorise ut!
Electromechanics {(ut3)
Electronics (ut4)

BBC — ROBOTICS
INTERFACE

A READY TO USE INTERFACE for the BBC computer and the
Fischertechnik Computing and Robotics Kit (554).

Allows the BBC computer to operate all 11 of the standard
models which can be built from the Fischertechnik Robotics
kit

The interface features forward, reverse and on/off control of
four DC motors; on/off control output for driving an
electromagnet or similar device; and eight switch inputs for
reading microswitches or other hinary inputs.

Two independent analogue input channels are provided for
position sensing. {
Supplied complete with connectors and leads the interface
requires a power source of 9-12 volts at 1A,

Detailed programming information is supplied with the
interface. A software disc with a comprehensive set of
programs is also included.

FISCHERTECHNIK ROBOTICS — BBC COMPUTER
INTERFACE (BUILT) (PE) f

£68.99
£37.50
£42.70

£73.20
£93.90

CATALOGUE

Brief details of each kit, book contents, and illustrations and
descriptions of our range of tools and components are all
included.

Robotics and Computing section included.

Our advert shows just a selection of our products.

Up to date price list enclosed. Official orders welcome.
Catalogue & Price List — Send £1 in stamps etc or add £1
to your order.

Price list only 9x4 SAE,

Catalogus free to schools/colleges r
letterhead.

d on official

HOW TO ORDER

MAGENTA ELECTRONICS LTD.
PEB, 135 HUNTER ST.,
BURTON-ON-TRENT

STAFFS, DE14 2ST.

MAIL ORDER ONLY.

0283 55435, Mon-Fri 9-5,

ADD 60P PAP TO ALL ORDEAS.

PRICES INCLUDE VAT.

SAE ALL ENOUIRIES.

OFFICIAL ORDERS WELCOME.

OUR PRICES INCLUDE VAT

Access/Barclaycard (Visa) by
phone or post.
24 hr Answerphone for credit card orders.

OVERSEAS: PsEmom must be ster

IRISH REPUBLIC and BFPO: UK PRICES,

EURDPE: UK PRICES plus 10%.

ELSEWHERE: write for quate.
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CONSTRUCTIONAL PROJECTS

DF BEACON TIMER by R. A. Penfold 10 BBC PSU by Ray Stuart 38
Offshore navigation aid with crystal controlled Computer controlled power project
accuracy

STEbus POWER SUPPLY AND BACKPLANE 40

NOTCHER EFFECTS UNIT by John Simon 24 Part 2 by Fariba Sanieenejad
Audio add-on to produce some very unusual effects Module construction details and final installation

PE HOBBY BOARD by Richard Barron 31 LOGIC CHECKER by Peter Collins a4
A universal interface and peripheral controller for all Simple but extremely useful test gear for TTL
home miicros packages

NEWS AND REVIEWS

NEWS AND MARKET PLACE q READERS’' LETTERS 39
What’s new, what’s happening and what’s coming in What you say and what you think
the electronics world

BOOK REVIEWS 15 NEWS LATEST 60
A selection of theNatest releases Last minute news items

REGULAR FEATURES

THE LEADING EDGE by Barry Fox 14 BBC MICRO FORUM by Ray Stuart 36
The technology behind the technology D to A conversion and computer controlled PSU

ROBOTICS REVIEW by Nigel Clark 9
The latest from the world of industrial and SPACEWATCH by Dr Patrick Moore OBE 43
educational robots News from space and the sky this month
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SOLAR ENERGY by Professor R. Hill 16 THE PE CHALLENGE 22
Science feature—modern solar technology Come up with a good design and it could be
commercially manufactured

USING SOLAR CELLS by Nick Hampshire 20 SEMICONDUCTOR CIRCUITS by Peter Finch 48
Amorphous silicon plates and silicon wafers—which? The Hitachi HD63701VO0 single chip microcomputer
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Regular order form Free readers’ ads

PCB SERVICE ) 54 BOOK SERVICE 56
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NEWS AND MARKET PLACE

WHAT’S NEW . ..

Quality crystal units in d.i.l. packages

IQD, a producer and supplier of quality
crystal units and oscillators, now has
available a 150 page catalogue which
contains the UK’s most comprehensive
selection of frequency control devices.

Included in the catalogue is a range of
metal packaged oscillators to fit a 14-pin
d.i.l. layout. Maximum measurements are
13-08mm x 207mm X 7-62mm and the
range provides the full spectrum of 16
asynchronous/synchronous data
communications frequencies.

Compatibility and frequency range are
available as follows: CMOS: High Speed,
800K Hz-20MHz; ECL compatible:
4MHz-100MHz; Tri-state TTL
compatible: 4MHz-5MHz;
Complementary output (two phase) TTL
compatible: 3-5MHz-20MHz; Crystal
controlled dua! baud generator
(programmable divider).

Details from: IQD, North St.,
Crewkerne, Somerset TA18 7AR.

Challenge to CRT technology

pson (UK) has introduced an 80

character x 25 lines (640 x 200 Pixel)
l.c.d. module known as the EG7001A-AR,
which offers a viable alternative to CRT
technology.

The display measures 280 x 116 x
16-5mm, yet for all practical purposes it
matches a CRT for speed and has a life
expectancy of 50,000 hours.

The module can be employed in
conjunction with a touch sensitive
keyboard to provide interactive user
control and compares favourably in cost
with any standard CRT. An optional
backlight is available to improve
readability in poor lighting conditions and
it can be viewed from angles up to 30° from
the plane.

Robust compared with a CRT unit, the
1.c.d. generates no electrical interference
and as such 1s ideal for applications close
1o, or in conjunction with magnetic tapes,
sensitive instrumentation and navigation
systems. Power requirements are low, at
only about 20mA, making it ideal for
portable battery powered equipment.

To back up the l.c.d., Epson has also
introduced a single chip graphic l.c.d.
controller i.c. which simplifies the interface
between CPU, l.c.d. and video RAM. In
character display mode it can control 80
characters x 25 lines and handle cursor

Filter socket complete with fuses
and voltage selector

Anew range of space saving
combination filters for office
machinery, technical instruments,
computers and similar products have been
introduced by Roxburgh Suppressors.
Added to the company’s existing range, the
new space saving RFI suppression filters
combine an IEC (DIN49457) plug socket
with fuse cartridge and voltage selector.

The units act as power input sockets for
suitable equipment and the voltage
selectors are designed for two, three or four
different voltages. The filters accommodate
one or two fuse cartridges which can only
be opened when the power line plug has
been removed. Terminals for connection to
an on/off switch are also provided. Two,
4A and 6A versions are available, and
maximum leakage current at 250V, 50Hz is
either 2 x 0-21mA or 2 x 2pA.

Details from: Roxburgh Suppressors Ltd.
Tel 0424 442160.

Temperature probe and snowmen

low cost but very effective
temperature probe is available which
can be used for a wide variety of
applications in schools and at home.
The probe has a range of —40 to 110

degrees celcius, plugs directly into the BBC
analogue port and requires no external
power. It is extremely robust and is
supplied with a 1-5m, cable.

Two software packages are available for
the probe. One is particularly appropriate
to primary science as it displays a
thermometer together with colourful
pictures to give meaning to the concept of
temperature. For example, if the probe is
put into iced water a snowman will appear
on the screen and a boiling kettle will
appear at 100 deg.C

Details from: Capital Delta, 8 Dunlin
Close, Poynton, Stockport SK12 1JS.

Lightweight case for 19 inch standard

esigned to meet the need for a strong,

lighweight case to the 19 inch
standard, the Internorm case is moulded in
a new material developed specially for the
product. The result is an attractive
enclosure, styled to complement any
modern office or laboratory, and strong
enough to support a man’s weight.

The simple yet versatile method of
construction allows for wall-mounting or
panel-mounting cases as well as free-
standing versions. Cases may also be sealed
to IP54 if desired.

Available in three widths, and heights of
3U upwards, features of the Internorm case
include integral prop-up feet and a deep
handle recess at each side to permit a
balanced grip regardiess of the centre of
gravity position.

Details from: West Hyde Developments,
9-10 Park St., Ind. Est., Aylesbury, Bucks
HP20 1ET.

control, scrolling of both whole or part
page, 2-screen control and local character
“flashing”. Up to 160 characters can be
accessed from the on-chip ROM with a

further 256 available from an external
ROM facility.

Details from: Epson (UK) Limited,
Dorland House, 388 High Road, Wembley.
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NEWS AND MARKET PLACE

WHAT’S TO COME...

The Acorn Risc

A:orn are well known to most
people as the
manufacturers of the BBC
computer. But, as yet, they are
still unknown as the developers
of a new and revolutionary
microprocessor chip—the
ARM or Acorn RISC Machine.
RISC stands for reduced
instruction set computer and is
a new concept in processor
design. Using the RISC design
philosophy, Acorn have
designed and produced in just
18 months, a 32-bit
microprocessor more powerful
than a 68020. Running Basic,
the ARM processor has
benchmarks which are almost
10 times faster than those of
the IBM PC with its 16-bit
8086.

The ARM is a small (7mm
square) chip with 25,000
transistors fabricated using
conventional 3-micron CMOS
technology and can perform 3
million instructions per second
(MIPs) at a SMHz clock rate.
By comparison the 68020, a
16/32-bit processor, is on a
9mm square chip with 192,000
transistors fabricated using
state of the art 2-micron
technology and can perform
2-5MIPs at the same SMHz
clock rate.

Because the ARM chip is
small and uses established
technology, Acorn expect to be
able to produce it for about one
quarter of the price of other 32-
bit microprocessors. Acorn
expect to use the processor in a
new generation of powerful low
cost personal computers.

Currently Britain has a world
lead in RISC processor design
with three fully developed
systems including the Acorn
ARM and the INMOS
Transputer (this is a RISC
machine but with an
architecture designed for
parallel multiprocessing
applications). The third 32-bit
RISC processor is the Viper
developed by the Royal Signals
and Radar Establishment at
Malvern for military
applications. However, the
UK’s lead may be short lived.
IBM has announced the
development of a RISC
processor to put in a new range
of personal computers. The
IBM development appears to
have been prompted by
companies like Acorn—ironic,
since the RISC concept was
first proposed by researchers at
IBM in the early 1970s.

P:RA¢ TICAL ELECTRONICS MAY 1986

Colour Lcd Displays

mall portable colour TV sets
using liquid crystal

displays will be on the market
very soon. So far, two Japanese
companies, Epson and
Matsushita, have announced
working commerical standard
colour l.c.d. displays. The
Epson device is the larger of the
two with a 5-13 inch diagonal
screen with a resolution of 480
X 440 pixels (each pixel
consisting of a red, blue and
green segment). The backlit
display is claimed to be almost
as bright as a CRT and ten
times brighter than a normal
reflective l.c.d. The Matsushita
display is slightly smaller (4.25
inch diagonal) with a 300 x 300
pixel resolution.

Of the two displays, the
Matsushita one is already in
production and is being
incorporated into a smail
portable TV set. This TV set is
scheduled to go on sale in
Japan at the end of this month,
and the company expects to be
making 20,000 sets a month.
The price in Japan will be
about £230.

Optical Advances

Erricsson of Sweden have
announced the
development of an optical
switch. Thigs switch is capable
of directing data from any one
of eight incoming optical fibres
to any one of eight output
fibres. This is a very important
advance and is one of the key
elements in the development of
an optical telephone exchange
and eventually optical
computers. The device is
fabricated on a single 60mm x
40mm slice of lithium niobate
and is the most complex such
device yet developed.

Further advances in optical
information transfer have come
from British Telecom. BT have
set a new world record for data
transmission, over a 20 mile
fibre optic cable link, of 2-4
billion bits per second. This
data transmission rate would
allow over 30,000 speech
channels or 32 colour TV
channels to be sent down a
single optic fibre. BT have been
able to achieve this by using a
very pure, single wavelength
light source. This has been
derived from a 1-52-micron
distributed feedback laser
developed at BT’s Martlesham
Heath research labs.

COUNTDOWN

Events, diary dates and
forthcoming attractions

Amstrad Computer Show May 31-June 1. Novotel, Hammer-
smith. K

ShowTech ’86 May 13-15. Berlin.

British Laboratory Week Sept 23-25, Olympia. M

ITAME Sept 23-25. M

College. L.

CAD ’86 Apr. 8-10. Metropole, Brighton. J

Internepcon Production Show Apr. §—10. NEC, Birmingham.
B

British Electronics Week Apr. 29-May 1, Olympia. M

East Suffolk Wireless Revival May 25. Civil Service Sports-
ground, Ipswich. C

SCOTELEX ’86 June 3-5, Royal Highland Showground,
Edinburgh. D

Software *86/Business Computer ’86 June 3-5. Earls Court. E
Amateur Electronics Exhibition July 12-20. Esplanade,

Penarth. A

A B.AE.C. & 0222 707813
B Cahners & 01-891 5051

F ASCE Ltd. & 06268 67633

H Online & 01-868 4466

K Database & 061-456 8383

C Ipswich Radio Club & 0473 44047
D Institution of Electronics & 0706 43661
E Reed Exhibitions & 01-643 8040

G Electrex Ltd. = 0483 222888

1 Trident Int. Ex. Ltd. & 0822 4671
J Butterworth Scientific Ltd. & 0483 31261

L Imperial College & 01-589 5111
M Evan Steadman & 0799 26699

Printed Software

Typing in program listings
from computer magazines
and books is very time
consuming and error prone;
how much better it would be if
a means could be developed for
the computer to directly read
such programs. This problem
has now been solved by an
American company, Cauzin
Systems Inc. This company has
developed a very ingenious
method of storing programs, in
printed form, which are
directly machine readable.
The program is stored as a
strip composed of dots, each
dot representing a single bit. A
6-inch by 1-inch strip will
contain about 5000 bytes of
program. The software used to
generate this strip will run on
most home and personal
microcomputers supporting a
matrix printer. The printed
strip incorporates error
detection codes to keep read

errors to a manufacturer-
quoted 1 in 10 billion.

The really ingenious part of
this product is the reader,
which can be attached to any
microcomputer. The user
simply runs the scanner down
the printed strip and the reader
is capable of reading data from
the printed strip even if that
strip has been bent, creased,
written over with felt tip pen or
even had coffee spilt over it.
This would be impossible for a
normal optical reader, but the
Cauzin reader does not use
optics, it uses heat. The reader
is designed to emit infra-red
energy, which is then absorbed
by the carbon granules in the
ink. The reirradiated heat is
then detected by a special infra-
red detector and lense system.
A microprocessor in the
scanner inputs the data from
the read sensor and converts it
into machine readable data
with full error correction.
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BBC Micro Computer System

BBC Master Series

AMB15 BBC MASTER Foundation
computer 128K ............... £435 (a)

AMB12 BBC MASTER Econet computer
128K (only ANFS) £348 (a)

AMCO6 Turbo (65C102) Expansion
MG ™R TR e o iy S TN £87 (b)

ADF13 Rom Cartridge. ... .£13 (d)
ADF10 Econet Module .£49 (c)
ADJ22 Ref. Manual Part | . £1a. 50 (c)

ADJ23 Ref. Manual Part Il ... .. £14.50 (c)

ADJ24 Advanced Ref. Manual . £19.50 (c)
ACORN COMPUTER SYSTEMS

BBC B PLUS with 128K ........ £389 (a)
BBC B PLUS Econet & DFS ... .. £399 (a)
BBC Dust Cover............... £4.50 (d)
UPGRADE KITS

EgemEh M e on M ot o £55

(d)
1770 DFS Upgrade for Model B £43.50 (d)

120 SR O R St B £7.50 (d)
DNESIRONMe. 5. ok B ais e £17.50 (d)
ADFS Rom (for B with 1770
BESHRNBAPUs S £26 (d)
64K Upgrade Kit for B Plus....... £35 (d)

ECONET ACCESSORIES
Econet Starter Kit............. ... £85 (d)

DISC DRIVES

These are fully cased and wired drives with slim line high quality

B e ticery =y e mechanisms. Drives supplied with cables manuals and formatting disc
File Server Level Il . £210 (d) suitable for the BBC computer. All 80 track drives are supplied with 40/80
Printer Server Rom .. £41 (d) track switching as standard. All drives can operate in single or dual den-
10 Station Lead set . .£26 (c)

Adv. Econet User Guude R S o) (d)

sity format.

ACORN ADD-ON PRODUCTS PDBOOP (2 x 400K/2 x 640K 40/80T 3.5" DRIVES

Z80 2nd Processor .... .£329 (a) DS) with built in monitor 1 x 400K/1 x 640K 80T DS TS35

6502 2nd Processor .. -£169 (a) Stand e XLl o . £279 (a) 14, o b R B kvt £109 (b)

e L s278 o) P800 (2 x 400K 2 X 640K 40/60T 2 % 400K/1 x 640K 80T DS TD35
BE) e d £249%(a) 8. o o o NS £199 (b)

S v, TS400 1 x 400K/1 x 640K 40/80T PS35 1 with psu. ... ... . £129 (b)

e o 5, =i | 1Y RO £109 (b))  PD35 2 withpsu .......... £209 (b)

Commestar... PS400 with psu 1 x 400K/1 x 640K

DATABEES. RS T e o £129 (b)

BBC FIRMWARE & SOFTWARE
Database Management Systems

Word Processors Languages
Spreadsheets Utilities

For full details on the wide range of above
packages please write to us.

TORCH UNICORN products including the IBM Compatible GRADUATE in stock
For detailed specification or information on our comprehensive BBC range please write to us.

PRINTERS
EPSON
IBXCBONE@RL -t e £195 (a)
FX85 (80col) NLQ 8K RAM £315 (a)
Optional Tractor Feed ....... £20 (c)
DSIOS(ISECOL) NN S £449 (a)
JX80 4 colour printer. ... .. .£435 (a)
LQ800 (80col) ............ .£595 (a)
LQ1500 (136co!) 2K buffer -£875 (a)

LQ1500 (136col) 32K buffer.£950 (a)
PLOTTERS

Epson H180: Ad 4colour Plotter... £345(a)
Hitachi872: A34 colourPlotter .... £465(a)

TAXAN KAGA:
KPB10 80 Col NLQ.............. £195 (a)
£339 (a)

KP910 156 Vol NLQ...
JUKI 6100 Daisy Wheel
HR15LX (Serial)
HR15LX {Serial) £385 (a)
Paper:

2000 Sheets Fanfold:

Labels: (pe}
3.5" x 17/16” Single row....
21116” x 17/16" Triple row ..

£5.25(d)
.£5.00 (d)

3M FLOPPY DISCS

High quality discs that offer areliable error free performance for life. Each
discisindividually tested and guaranteed for life. Tendiscs are supplied in

a sturdy cardboard box.

5%” DISCS
40 SS DD £12 (d)
80T SS DD £21 (d)

3%” DISCS
80T SS DD £30 (d)
80T DS DD £38 (d)

40T DS DD £18 (d)
80T SS DD (d)

Paper Roll Holder ....
£X80 Tractor attachment...
Intertaces: 8143 RS232

ACCESSORIES
EPSON
FX plus sheet feeder .£129.00 (b)
LX80 Sheet feeder 49.00 (b)

..£37.00 (c)
£28.00 (¢)

17.00 (d)

8148 RS232 + 2K

_.£57.00 (c)

DISC ACCESSORIES

FLOPPICLENE Disc Head Cleaning Kit with 20 disposable ¢leaning discs ensures
continued optimum performance of the drives ...

MODEMS
— All modems listed below are BT approved

MIRACLE 3000:

A new range of microprocessor based
modems offering of upto 2400 baud, full
duplex. Features include 'HAYES' protocol
compatibility, auto answer, auto dial, speed
buffering, printer port, datasecurity option etc.
Mains powered.

WS3000 V2123 (V21 & V23)............... £295 (b)
WS3000 V22 (as above plus 1200 baud full

duplex) £495 (b)
WS3000 V22bis2400 (as above plus 2400
baud full duplex) ........ccummnerncienasd 50 (b)

MIRACLE 2000
A world standard modem covering V21, V23
(Bell 103/113/108 outside UK) and including

3%," £16 (d), 5%,"£14.50 (d)

8132 Apple ... 60.00 () Single Disc Cable....... oo £6 (d) Dual Disc Cable .. £8.50 (d)
P A ;;;5 I':EE 5 w:‘!m bkl Me—f-f:;img 10 Disc Ljbrary Case.. .£1.80(c) 30 Disc Case... ..£6 ()
¥ RX/FX/e'waesso.. o (d)' 40 DiscLockable Box £14 (c) 100 Disc Lockabile Box .. £19 (c)
RX/FX/MX100 10.00 (d) ROVITEC
LX80....... £6.00 (d) MICROVITEC
Spare pens for H180 7.50/set (d} All 14” monitors now available in plastic or metal cases, please specify your
FX80 Tractor Attachment £37 (c) requirement.
KAGA TAXAN 0]
14” RGB 14” RGB with PAL & Audio
zﬁjfn';';;*fg;;;‘o“ Bm’"""'"'""""""""";f:z ,‘33 1431 Std Res ... ...£179(a) 1431 AP Std Res ..
JUKE: f 1451 Med Res.. .£235(a) 1451 AP Med Res...
RS232 Inter £65 (c) 1441 Hi Res...... . £375 (a)
gababre Daisy Wheel :;;:2 Egi Swivel Base for Plastic 14" Microvitecs ..... £20 (c)
ibbon . -
20” RGB with PAL & Audio
Sheet F
g e e, e 1 2030CS Std Res....coorrorv .. £380 (a)  2080CS Hi ReS. ..o £685 (a)
BROTHER HR15: )
ROTER N b AT KAGA TAXAN 12” RGB
Tractor Feeder £99 (a) SUPERVISION lil with amber/green option-... ... £345 (a)
Ribbons Carbon or-Nylon. p )
Red Correction Ribbon .... MITSUBISHI XC1404 14" RGB Med Res IBM & BBC Compatible....£249 (a)
Icputees e MONOCHROME MONITORS:
Serial £7.00 (d) SANYO DM8312CX Hi Res 12" Green Screen..... ;. £95 (a)
Printer Leads can be supplied to any length. KAGA KX1201G Hi Res 12” Etched Green Screen ... .... £99 (a)
KAGA KX1203A Hi Res 12" Etched Amber Screen .. ...£105 (a)
PHILIPS BM7502 12" Hi Res Green Screen £75 (a)
PHILIPS BM7522 12" Hi Res Amber Screen..........c.cccoceueeii. .£79 (a)

Auto Dial Card.......
Auto Answere Card ..
SKI Software Control Kit .
GEC DATACHAT 1223:

BABT approved modem complying with
CCITT V23 standard. Supplied with
SOTIWATE RN B R . .« oo b8 e o i b £86 (b}
Data Cables for above modems available for
most computers.

Swivel Base for Kaga Monochrome fitted with Digitaf Clock .

£21 (c)

SPECIAL OFFER
2764-25 .......£2.20
27128-25 ......£2.75
6264LP-15.....£3.75

ATTENTION

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

ALL PRICES EXCLUDE VAT
Please add carriage 50p unless
indicated as follows:

(a) £8 (h) £2.50 (c) £1.50 (d) £1.00

Serial Test Cable
Serial Cable switchable at both ends allowing pin
optionstobere-routedor linked ateither endusinga 10
way switch making it possible to produce almost any

Seriat Mini Patch Box

Allows an easy method to reconfigure pin functions
without rewiring the cable assy.

Serial Mini Test

Minitors R$232C and CCITT v24
Transmissions, indicating status with dual colour LEDs

75, 300, 600, 1200 baud ratings. Optional Auto - - 5 Jumpers can be used and reused. £22 (d) on 7 most significant lines.
dial, auto answer cards, complete control from cable configuration on site. Connects in Line. £22.50 (d)
computer keyboard. WS2000 £125 (b) Available as M/M or M/F £24.75 (d)
GANG OF EIGHT » CONNECTOR SYSTEMS
INTELLIGENT FAST .. CONNECTORS EDGE CONNECTORS AMPHENOL RIBBON
E PROM coPl ER (Speadblock Typel 01" 0156 CONNEZ’.&?SEC (grey/metre)
Copiesuptoeighteproms atatimeandacceptsall § Noof Meader Recep: Edoe | 2:Ew Yy (@RIIe) | = R e | G, G 1oway  40p  34way  160p
sirngle rail ?‘?‘:orrll)s \é%‘;g) t%725@3. Can retfiucte pr;) ket 008 B5p "{ggp- 2% 12. way (vic 20) = asop | 36wayskt 550p 500p ;g:x:z Sgg ?,8133’; ;88;
amming time using manufacturers 20 145p 125p 1 2x 18- = 120, k
daGeston aigonthma Fixed Vpp of 21 8.25 volts | 26 1735  150p 240 | 2 23-way @x8n) Aol o Zab A M AN e — 4758 T i S
and variaple%/pp factory set at 12.5 voits. LCD O R | Ry e | ey
display with alpha moving message. £395(b). B SR e L B 250p > IEEE 500p 500p DIL HEADERS
: 1x 43-way 260p - PCB Mtg Skt Ang Pin Solder IDC
SOFTY II R AN g ) mre  owne | Q900 SB  110p
n
This low cost intelligent eprom programmer can go 15“325 37 ;:gg S gggp 500p GENDER CHANGERS 18 g:n 603 L3l 14
program 2716, 2516, 2532, 2732, and with an | MALE: yaviSTaconn) 2 = 25 way D type 20 pin  75p -
adaptor, 2564 and 2764. Displays 512 byte page | Ang Pins 120 180 230 350 EURO CONNECTORS 24 pin  100p 150p
on TV — has aserial and parallel /O routines. Can |soiger 60 85 125 170 Plug Socket |MaletoMale.. €101 28pin  160p 200p
be used as an emulator, cassette interface. 0C 175 275 325 - DIN 41612 y ug et | Male to Female . €10} 40 pin 200p 225p
idf sl L TRy PTG £€195(b) | FEMALE: 3 X gg way it Png 230p gzsp Female to Female. ..... €10
aptor for 564 c StPin 100 140 210 380 2 X 32wayAng Pin275p 320p
Angpins 160 210 275 440| 3 % 32wayStPin 260p 300p RS 232 JUMPERS TECHNOLINE
3 x 32 way-Ang Pin375p 400
UV ERASERS Solder 90 130 195 290 [P Gl (25 way D)
IDC 195 325 375 - IDC Skt A+8 400p | 247 Singlé end Male il VIEWDATA SYSTEM
Al erasers with built in safety switch and mains |StHood 90 95 100 120| 'DCSktA+C H0p: o[i24% Snaleendibemalel glesZe s :
indicator. Screw 130 150 175 - For 2 x 32 way Iease specity po :fa'rea,'faﬁsma'e o Using ‘Prestel’ type protocols
3¥1 ? erases up tcis eproms at a time. . £47 c Lock spacing (A + B, I 4" Male Female £9.50 fohr '"f%qm:;'g"wgzd 24orr<1iers
1T as above but witha timer.......... r ; phone - o our
U¥1 40 erases up to 14 eproms at a time)| £71 (b) sochTrsEXTOOL ZIF 21 pin g;srsc%grt‘eggrzoop 4-way 90p 6-way service, 7 days a week
Lt 24.pin.£7.50 pin § ; - . \ 5
WA sl Bl vt S T £88 (b) 28.pin £9.00 4o.§!2 £12 8 pin Video Connector200p 8-way 120p 10-way
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7400
7401
7402
7403
7404
7405
7406
7407
7408
7409
7410
7411
7412
7413
7414
7416
7417
7420
7421
7422
7423
7425
7426
7427
7458
7430
7432
7433
7437
7438
7439
7440
7441
74427
7443A
7444
7445
7446A
7447A
7448
7450
7451
7453
7454
7460
7470
7472
7473
7474
7475
7476
7480
7481
7483A
7484A
7485
7486
7489
7490A
7491
74924
7493A
7494
74954
7436
7497
74100
74107
74109
74110
74111
74116
74118
74119
74120
74121
74122
74123
74125
74126
74128
74132
74136
74141
74142
74143
74144
74145
74147
74148
74150
74151A
74153
74154
74155
74156
74157
74159
74160
74161
74162
74163
74164
74166
74166
74167
74170
74172
74173
74174
74175
74176
74178

74181 340p | 74LS162A  7Sp | 74508 50p | 4063
74182 140p [ 74LS163A  78p | 74510 S0p | 4066
30p] 74184 180p | 74L5164 75p | 74511 75p | 4067
30p| 74185A  180p | 74LS165A 110p | 74520 50p | 4068
30p| 74190 130p | 74LS166A  150p | 74522 50p | 4069
30p! 74191 130p | 74L5168  130p | 74530 50p | 4070
36p] 74192 110p | 74L5169  100p | 74532 80p | 4071
30p| 74193 115p | 74L5170  ‘140p | 74537 80p | 4072
40p| 74194 110p | 74L5173A  100p | 74538 80p{ 4073
40p| 74195 BOp | 74LS174  75p | 74540 S0p| 4075
3op| 74196 130p| 74L5175  75p | 74551 45p)| 4076
aop| 74197 110p | 74L5181  200p | 74564 45p ! 4077
30p| 74198 220p | 74L5183  190p | 74574 7op| 4078
aop| 74199 220p | 74LS190  7Sp| 74585 300p | 4081
30p| 74221 110p | 74L5191  75p| 74586 100p | 4082
Sop| 74251 100p 7415192  B8Op| 745112  150p| 4085
70p| 74259 150p | 74LS193  80p| 745113  120pj 4086
36p| 74265 380p | 74LS194A  75p| 745114  120p| 4089
40p| 74273 200p| 7ALS195A  75p| 745124  300p! 4093
30p| 74276 140p| 74LS196  80p| 745132 100p| 4094
sop| 74278 170p | 74LS197  80p{ 745133 80p| 4095
3sp | 74279 90p| 7405221  90p|745138  180p| 4096
38p| 74283 105p | 74L5240  80p| 745138 180p| 4097
40p| 74285 320p ] 74LS241  80p| 745139  180p| 4098
40p| 74290 90p | 74LS242  90p| 745140  100p| 4099
40p| 74293 90p | 74LS243  90p| 745151 150p ! 4501
43p| 74298 180p| 74LS244  BOp) 745153  150p| 4502
a0p| 74351 200p 74L5245  110p| 745157  200p| 4503
38p| 743654 BOp| 74LS247  110p| 745158  200p| 4504
30p| 74366A 80p | 74LS248  110p| 745163  300p | 4505
30p| 7436A 80p | 74L5249  110p| 745169 550p | 4506
40p| 74367A BOp | 74LS251  75p| 745174  300p | 4507/4030
40p| 74368A 70p| 745253  75p| 745175  320p
40p| 74376 180p | 74L5256  90p| 745188  180p | 4508
$0p| 74390 110p| 74LS257TA  70p| 745189  180p | 4510
70p] 74393 112p| 74LS258A  70p| 745194  300p | 4511
100p| 74490 140p| 74LS259  120p| 745195 300p | 4512
110p 7418260  7Sp| 745196  350p | 4513
100p 74LS261  320p| 745200  450p | 4514
100p 2 7405266  80p| 745201  320p | 4515
100p| 74L500 24p| 7405273  125p| 745225  S20p| 4516
120p| 74LS01 24p| 74LS279  70p| 745240  400p| 4517
36p| 74L502 24p| 7405280  180p| 745241 400p [ 4518
35p| 74LS03 24p( 74LS283  BOp| 745244  500p | 4519
38p| 74L504 24p| 74L5290  80p| 745251 250p | 4520
38p| 74LS05 24p| 7415292  900p| 745257  250p [ 4521
s5p| 74LS08 24p! 7405293  BOp[ 745258  250p | 4522
50p| 74LS09 24p|( 74LS295  140p| 745260  100p | 4526
ssp| 73LS10 24p| 7415297 £9| 745261 300p | 4527
s5p| 74LS11 24p| 74L5298  100p| 745283  270p| 4528
50p| 74L512 24p| 7415299  220p| 745287  225p | 4529
80p| 74L513 34p| 7415321  370p| 745288  200p | 4531
asp| 74L514 50p| 74LS323  300p| 745289  2285p | 4532
85p| 74LS15 24p| 74LS324  320p| 745299  550p [ 4534
180p| 74L520 24p| 7415348 200p| 745373 400p | 4536
105p| 74LS21 24p| 745352  120p| 745374  400p | 4538
125p| 74L522 24p| 7415353  120p| 745387  225p | 4539
110p| 74L524 50p| 74LS356  210p 4541
a2p| 741526 24p| 74LS363  180p \ | 4543
210p| 74L527  24p| 7415364 180p (AT | 4551
55p| 74L528 24p| 74LS365  50p 4553
70p| 74LS30 24p| 74LS366  50p| 4000 20p | 4556
70p| 74L532 24p]| 74LS367  50p| 4001 24p | 4556
55p| 74LS33 24p| 74LS368A  50p| 4002 25p [ 4557
110p| 74L537 24p| 745373 90p| 4006 T0p | 4560
60p| 74L538 24p) 745374 90p| 4007 25p | 4566
80p| 74LS40 24p| 74LS375  75p| 4008 80p | 4568
210p| 74L542 S0p| 74LS377  130p| 4009 45p | 4569
190p| 74LS43  150p| 74LS378  95p| 4010 60p {4572
S0p| 74LS47 80p| 74LS379  130p| 4011 24p | 4583
75p| 74L548 $0p| 74LS381  450p| 4012 25p [ 4584
75p| 74LS43  100p| 74LS385  325p| 4013 36p [ 4585
55p| 74LS51 24p| 74L5390  60p| 4014 60p [4724
170p| 74L854 24p] 7405393 100p] 4015 70p {14411
110p| 74LS55 24p| 74LS395A 100p| 4016 36p | 14412
170p| 74LS73A  30p| 74LS399  140p| 4017 s5p | 14416
100p| 74LS74A  35p| 74LS445  180p| 4018 60p | 14419
55p( 74LS75 45p| 745465  120p| 4019 60p | 14490
70p| 74LS76A  38p| 74LS467  120p | 4020 80p | 14495
80p| 74LSB3A  70p| 74LS490  150p| 4021 80p [ 14500
85p| 740585 75p | 74LS540  100p | 4022 70p | 14599
s5p| 741586 35p | 74LS541  100p | 4023 30p (22100
55p| 74L590 48p | 7415608  700p | 4024 48p | 22101
75p| 74L891 80p | 74LS610  1900p [ 4025 24p | 22102
70p| 74L592 55p| 74LS612  1900p | 4026 90p | 4001474584
90p| 74LS93 S4p| 74LS624  350p | 4027 40p [40106
250p| 74LS95B  75p{ 74LS626  225p| 4028 80p
270p| 74L596 90p| 745628  225p| 4029 75p | 40085
270p] 74LS107  40p| 74LS629  125p | 4030 35p [ 40097
110p| 745109  40p| 74LS640  200p| 4031 125p | 40098
170p| 74LS112°  45p| 74L5640-1 4032 100p | 40100
140p| 74LS113  45p| 300p] 4033 125p [40101
175p| 7ALS114  4Sp| 74LS641  150p| 4034 250p {40102
70p| 74LS122  70p| 74LS642-1 4035 70p |40103
80p{ 74LS123  80p 300p | 4036 70p |40104
140p| 7415124/ 7415643 250p| 4037 110p 40105
80p 629/140p | 74L5643-1 4038 100p {40106
100p| 74LS125  S0p 300p | 4039 250p (40107
80p{ 74LS126  S50p| 74LS644  350p| 4040 80p (40108
175p] 74L5132  65p| 7415645  200p| 4041 55p |40109
110p| 745133 50p| 74LS645-1 4042 s0p |40140
80p| 74LS136  45p 400p | 4043 60p [40114
110p| 74L5138  55p| 74LS668  90p] 4044 80p |40147
110p| 74L5139  55p[ 74LS669  90p| 4045 100p |40163
120p] 74LS145  95p| 74L5670  170p| 4046 60p [40173/4067
110p| 74L5147  175p| 745682  250p| 4047 60p
140p| 74LS148  140p| 7415684  350p | 4048 55p 40174
400p| 74LS151  85p| 74LS6B7  350p| 4049 36p (40175
200p| 74L5152  200p| 74L5688  350p | 4050 35p (40192
420p] 745153 65p| 74LS783  £214051 65p (40244
140p| 74LS154  180p ' 4052 60p (40245
110p| 74LS155  6Sp| 74S SERIES | 4053 80p (40257
105p| 74LS156  6Sp 4504 80p 40373
100p| 74LS157  S0p{ 74500 50p | 4055 80p (40374
150p| 74LS158 74502 50p | 4056 85p [80C95
7ALS160A 74504 50p | 4059 400p
74LS161A 74505 op .

e _ LINEAR ICs COMPUTER COMPONENTS
TER
230p Electrically pro-| MC3487  250p1 280CTC  250p RN
2 LMa03 3030 blo and| MC2024  550p | Z80ACTC  275p kit S
245: AD7581 £15| LM384CH 300p| TBAZ31 120p | 1802CE S aeabla PROMS | MC404s  ssop/ 280BCTC 500p |R03-32513
24p Al " LM709 3%p | TBASOO 0p | 2650A 1050p | 2816-30 £18| MC14411  950p| ZB0DART  850p |UC. 750p
24p :NM;I:JODC e28! tmw 40p ;gu;g 0p | 6502 4s0p| %306 ME!“!Z 750p | Z8B0ADART mo;a]L-C- To0p
3200p 11 100p| TBAS: p ULK2003  73p £14
24p |, AY-1-5050 100p | LM723 o0p | TBAS20M 5p gg%‘A “:‘:" ULN2004A
24p | AY-31350  350p| LM725CN 300p | TBAS20 200p “ Slos16e5y  asop 75p ENCODERs
24p | AY-3-8010 480p | LM733 85p( TBASS0 225p |65028 800p| 2516.35  ssop | ULN2068  290p 7o0p |AY 5 2376 1150p
65p | AY-3-8912 s00p| LM741 2p; TCO100 s00p | 6800 250p | 2532 450p | ULN2802  180p | ZB0ADMA  780p |AY 53600 750p
25p | CA019A 100p| LM747 TOp| TCA210 3s0p |6802 300p)2532-30  550p | ULN2803  180p | 280ASI0-0/1/2  74C922  500p
25p | CA%028A 110p| LM748 0p| TcAZ20 3s0p |6803-2 £12] 2564 800p | ULNZ804 ‘x oop (740823 800p
CA3048 Top| LM1011 430p| TCAS40 17%p |6809 650p | 2708 400p AUD RATE
24p | Sioee szsp| LM1014 150p] TDA1010 228 |gaose cal 271645 3s0p ;swe 90p iaoscrc el GeNERATORS
25p | ca3080 50p| LM1801 300p| TDA1022 % |ganos 10| 271635 ss0p 721“’3 DA e ==
80p | CA3080E 70p| LM1830 250p | TDA1024 10p 2732 450p
68BOSE €12{ 273242 900p | 75112 COMB116  850p
75p | CA3088 sop| LM1871 300p| TOA1370S 300p LB £38] 27324 75113 47028 780p
120p | CA3089E 210p| LM1872 200p| TOAZ002 3250 auams R B2 e d
35p | CA3M0AQ  a7sp| LM1886 ssop| TOA2003 1wp 503 e roeaas v 75115 015150 TR
90p | CA3130E oop! LM1ass 450p | TDA2004 2200 20p 27128-25  3o0p | 75121 2101 400p (AY-3-1015P
90p | CA3130T 130p| LM2017 300p [ TOA2008 s20p |80C39 00| 5 155.30  moog | 75122 2102 250p
90p | CA3140E 43p| LM3302 90p | TDA2020 320p | 8080A 420p| 57556 c12] 751509 21078 s00p AY-5-1013P
27 CA31407 100p| LM3IBOC 90p | TDA2030 250p | 8085A 300p | TMS2716  500p 75154 2111A-35
%P | cazisoE %0p| LM3009 100p| TDA2583 S00p |50C85A  750p 75159 220p | 2114-3L
75P | CA3181E 200p LM3911 100p| TDA3810 7500 {8086 . 500p | 2147
90p | Cca3tezE 600p, LM3014 350p( TDAZ000 380p (gngg 1750p 350p! 4118-15  200p
38p | CA3180E 270p( LM3915 320p | TEA1002 700 | ooy €12 400p | 4116-20
55p | CA3240E 150p | LMI916 340p | TLOGICP 40p -300p | 4164-15 200p
36p | CAI2B0G 270p | LM13800 150p | TLOG2 sop [8748 £18 90p| 41256-20  500p |BMHZ UHF  378p
o7 M51513L TLOS4: TMS9980 £14.50 80p | 416420  300p |MHZ URF  4s0p
95p 002 ] 3 230p | TLOG4 90p Sound & Vision
3 DAC1408-8 300p | M51518L 4s0p | TLOT1 a0p [TMS9995  £12 80p| 4416-15  400p
5% | bacosoo 300p | MB3712 200p | TLO72 70p 280 280p | EF9366  £26| 75365 150p| 453220 250p [12MHZ 12
90 | bacosos 300p | MC1310P 150p | TLO74 110p |Z80A 290p E,?é:js ﬁ ;:::? ::: ‘?'fAF'a o
DGa08 200p | MC1413 739 | TLOBY ssp |zgop 550p | Moatsse 1500 o 25‘:‘ “:z CRYSTALS
‘35" HA1368 190p | MC1458 48p | TLO82 580 |ZBOCMOS 750p 850p | 75453 709 5516 ssop | 32768 KHz
:Ov ICL7106 o75p| MC1485L 300p | TLOSS % 1(cMOS 280) MC6847 850 | 75454 7001 S116p.3 3500 100p
S| e | Mewde | Tiow oo QEITTTTINN SO m M umieneiea sl GUS 5
TMS9918 15| 75491 6501 6264 .
55p | ICL7660 230p | MC3401 70p | TLI7O sop DEVICES TMS9928  £10] 75492 g»negss,f_w m:r:; uuzm’
1 ICLB038 00p 85p | UAAI00B3  838p | 2651 £12 IMS9925 _£104 8726 1200
,ff,",; ICM72188 £22{ MF10CN 300p | UA750 3%0p | 3202 00p | 8728 1200 | 748789 ;;g: o0 (2350
110p ICM7217 750p | MK50240 #00p | UA2240 120p | 3245 430p | BY95 120p 745201 2.45760 200p
s5p | ICM7555 90p | MK50398 700p | UAAI7O0 a70p | 6520 200p 8796 1200} 745289  228p 2.262 =
3 ICM7556 140p | ML820 S00p | UCN4BOTA  880p | 6522 350p | ADSSBCY  775p | 8T97 1209 23415 800P |3 joMHz 178
20p LC7120 300p | MLB22 400p | ULN2003A 75p | 6522A 550p | AD561J £20| 8798 120p} 931422 950P |5 0OMHz2 175
48p | (c7130 300p | MM6221A 300p | ULN2004A 75p | 6532 480p | AD7581 £15] 8ILSSS  140p { g3a25- soop 50 !
2p | Lerar 380p | NES31 120p | ULN2068 200p | 16551 550p{ ADCOBOS  1190p | 81LS96  140p y |x
80p | LFa7 120p | NES44 190p | ULN2802 190p | 6821 150p | AM25510  350p| 81LS97  140p
66821 AM25L.52521 81LS98 140p 140p
115p | LF381 o0p | NESSS 22p | ULN2803 10p e 150p
80p | LF383 20p | NESSG 0p | ULN2804 0 || A TR s o0n] 2822 4005 {4 43 1000
70p | LF3S s0p | NES64 400p | UPCS75 2750 686‘:0 RISP Js0p| 36364 oo 24510 Y B
80p | LFISEN 110p | NESES REL) (WATEED & | £ || (5 teon | amzeLsan s6a7AP  180p| 15030 - 200p
osp | P57 100p | NE566 150p [ UPC1156H 3000 | canso g 1200 | 9636 550 ;aswao Y 150p
1oon | throc 4s0p | NES67 12% | UPC1I8SH  500p | cac 250p | AM26L532 Zna25E8  350p) Tiolod ! 140p
LM3O1A 30p | NES70 400p | XR210 400p | ggse 850p 120p | ZN426E8  350p| 743287 A 200p
75p | Lmao7 4sp | NES71 300p | XR2206 400p | gsp54 800p | 07002 €8 ZN4ZTE  800p| ot g 150p
65p | LM308CN 75p | NES5B2 0p | XR2207 3755 | 6875 500p | DACBO-CB1-V ZN428EB  450p| oo 175p
380p | LmM3t0 228p | NE5532P 180p | XR2211 S73p J 8154 850p £20 ZN429E by 150p
250p | LM3n o0p | NE5533P 180p | XR2216 e7sp | 8155 380p| OMB131  000p | ZN447E 900 1759
75p | LM318 180p | NE55334P 120p | XR2240 120p § 8156 380p | DP8304  350p| ZN449E  300p 250p
75p LM318 100p | NE5534AP 150p | ZN40% 190p | 8205 225p | DS3691 350p | ZN459CP  300p 150p
90p Lm3z4 48p | OPO7EP 500p | ZN4A14 sop | 8212 200p | DS8830 140p | 8271 POA 300p
7 LM334Z 113p | PLLO2A S00p | ZN419P 175p | 8216 180p | DS8331 150p| 8275 29 150p
OP | | Maasz 130p | RC4136 ssp | ZN423E 130p | 8224 300p | DS88I2  150p| 8279 £ :759
100p | | 4336 160p | RCA4151 200p | ZNA24E 130p | 8226 425p | DSB833 225p | 82684 460p 60p
240p | Lpaa9 aop | RCASS8 35p | ZN425E8 asop | 8228 s50p | DS8835  260p| 8267 380p 250p
36p | Lms s0p | S5668 220p | ZNA26E 300p | 6243 e SR T (R LR =
50p | Lm3ssp sop | SAA1900 18 | ZN27E soop [ 9250 :‘; s ’?z S s 7on
240p | LM377 300p | SFF96364 800p | ZN426E 450D | 0)ciC.5  asop| MC1483 60p) TMS9901  500p 150p
140p | LM3BON-8 150p | SL4%0 300p | ZNA29E5 2289 | go55aC5 MC3446  250p TMS9902  500p 150p
140p | LM3BO 150p | SNT6033N 300p | ZN447E £9.50p 320p| MC3459  4sop! TMS3911 €18 20.00 175p
240p | LM3B1AN 170p | SN76489 400p | ZNA4SE 300p | gygp £18| MC3470  478p| TMS3914  £14| WD2793 £27 | 24.00 150p
170p | LM382 200p | SN76495 400p | ZN4SOE 750p | g257C.€  400p| MC3480  850p| Z80PIO  240p | WD2797 £27 | 48.000 17%p
45p LM383 325 | SPO256AL2 T00p | ZN4S9CP 300p [ g259C.5  400p| MC3418L  990p| Z80APIO  250p | WD1691 €15 116 250p
LM384 220 | TA7120 120p | ZN1OME 200p | g25129  175p| MC3486  250p[.ZB0BPIO  500p| WD2143 £12| PXO1000  £12
90 | | magen-t 100p | TA7130 1a0p | ZN1040E se0p %
48p | ‘Lmae7 270p | TA7204 150p | ZNAT34Y £23 REAL TIME
80p | LM38 180p | TA7205 90p | ZNA234E 850p CLOCK ‘Please note all
150p | LM381 180p | TA7222 150p MC6818P 400p s % A
750p | LM392N 110p | TA7310 150p MM58174AN SM5°20 600p prices are subject
750p AA5030  700p to ch i
S VOLTAGE REGULATORS Msmsaazre P | SAas041  £1s e =y
e FIXED PLASTIC | 350p | SAA5050  800p
450p | A +ve +ve LOW PROFILE SOCKETS BY TEXAS =l
850p sV 7805  45p. 7905  S0p 8 pin 3%p 22 pin 22p
200p &V 7806  S0p 7906  50P | 14 pin 10 ;
3s0p | 18V 7808  SOp 7908 50p £ DREE 2e
700p | T2V 7812 4sp 7912  sop | JSPIn 11p 28 pin 26p 42p 28 pin 100p
7000 | 18V 7815 50p 7915 s0p | 18 pin 18p 40 pin 3p | 18pin 50p 40 pin 130p
18V 7818 50p 7918 50p | 20 pin 18p 20 pin 88p
24V 7824  50p 7924  S0p
SV 100mA 78L05 30p  79L05  45p
48p 8V 100mA 78L08  30p DRIVER
120p 12v 100mA 78L12 p 79L12 50p
s6p | 18V 100mA 78L15  30p  79L15  50p
,5.‘?: TIL311
y25p OTHER REGULATORS FND507 COUNTERS
MAN74/DL704
icpifetoed Megulstony MAN71/DL707 MAN89TD 74C928
200p |LM309K 1A 5V 140 Al 74C926
P
120p [LM323K 3A 5V 350, TIL78 74C928
150p | 78HOSKC 5A 5V 575p g‘g‘g
48p | 78H12 5A 12V 640p
55p 78P.05 10A 5V 900p :
320p | Variable Regulators i1 7 18 pin  40p
20p |LM305AH 250p 1:::“:2; ® 20pin  45p
22 M H )
2259 LM317T TO-220 150p TIL116 22 pin  50p
5p | LM317K TO3 240p S 24pin  55p
280p | LM337T 3A+VAR 225p 6N 130 28 pi 8
100p [LM350T 5A+VAR 400p pin  85p
LM396K 10A+VAR £15 = 40pin  90p
:x LM723N 50p HLL22101‘.)GF:90 1‘: TI222Green 18p
78HGKC 5A+VAR 650 joeny 1
1005 | 76HGKG A A 6759 | TL21ZVekow 20p ot We also stock a large
o (aets o 25p | oxass uvsstedcreen § range of Transistors;
R 50p | (bicolour) 100p Array (10] ] o o _
:x Switching Regulators TW2Z0Red 15p Rectieds Diodes, Bridge Recti-
ICL7660 50p .G, 1 3 3
180p | 5G3524 :2i00p ggv;i sop BPX2s  300p § fiers, Triacs Plastics,
180p 1 300p 4
TL494 300p ORIVER Thyristors and Zeners.
7% 1 TLA97 300p
7% 178540 g8 350p Please call for details.

TecuNomatic Ltp

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1IED
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10
(Tel; 01 208 1177) Telex: 9228001

305 EDGWARE ROAD. LONDON W2
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PLEASE ADD 50p p&p & 15% VAT
(Export: no VAT, p&p at Cost)

Orders from Government Depts. & Colleges etc. welco

Detailed Price List on request.

Stock items are

normally by return of post.




for our FREE CATALOGUE
or ring: 01-567 8910 for
the LOWEST prices on —

CMOS TRANSFORMERS BOOKS

TTL CONNECTORS TOOLS A simple though effective

Cilag gl e BOSS :;c:\il: ‘jc&rgcz;;t/?gt;]s alinear <

TRIACS MICROPROCESSORS  PCBs y ; g 0
output of 10mV per °C over the temperature range -100°C to +10°C.

SCRs SPEAKERS CRYSTALS Thepunhisideal?or use in conjunction with the above DVM module,

LEDs HEATSINKS SWITCHES providing an accurate digital thermometer suitable for a-wide

NICADS MULTIMETERS RELAYS range of applications.

AND LOTS LOTS MORE

or choose from our range
of over 30 kits . . .

HOME LIGHTING KITS

These kits contain all necessary com-

DISCO LIGHTING KITS

DL 1000K — This value-for-money 4-way

DIGITAL VOLTMETER MODULE

WITH HIGH BRIGHTNESS LED DISPLAY

* High accuracy

+ 0.1% + 1 digit.

Operates from single

supply 7-12V.

Reads - 99mV to 999mV

which is easily

extended.

* Large Bright 0.43” LED
Displays.

We are pleased to once again offer this

tried and tested Digital Voltmeter module

which is suitable for use in a wide range of test equipment. Supplied with full

details describing how to easily extend the basic range, measure current

resistance and temperature. The module, which is fully guaranteed, has been

supplied to Electricity Authorities, Government Departments, etc. etc.

TEMPERATURE MEASUREMENT
KIT DT10

*

*

DUAL POWER SUPPLY PS 209

This fully built mains power
supply provides two, 9V
stabilised outputs up to 250mA
each. The unit is ideally suited for

use with the Digital Voltmeter and the
Temperature Measurement unit DT10.

Order by post. order by ‘phone
Add 15% V.A.T. to all prices
U.K. orders add 70p post & packing

Export orders - post & packing at
cost b

Dept. PES
RIS(OMP s‘ev’:)wv ROAD,
PRINCES RISBOROUGH,

LIMITED oo

Tel: (084 44} 6326

ponents and full instructions & are de- chaser features bi-directional sequence
signed to replace a standard wall switch | and dimming. kW per channel.£15.95

and control up to 300W of lighting. DLZ1000K — A lower cost uni-direc-
TDR300K Remote Control tional version of the above. Zero

£14.95 /,- switching to reduce interference. £8.95
Dimmer - - Optional opto input allowing audio

MK6 Transmitter for

above £4.50
TD300K Touchdimmer £7.75
TS300K Touchswitch £7.75
TDE/K Extension kit for 2-way
switching for TD300K  £2.50

DVM/ULTRA SENSITIVE
THERMOMETER KIT

Based on the ICL 7126 and a 33 digit
liquid crystal display, this kit will form
the basis of a digital multimeter {only a
few additional resistors and switches
are required — details supplied), or a

sensitive digital thermometer (-50°C to
+150°C) reading 0-1°. The kit has a
sensitivity of 200mV for a full-scale
reading automatic polarity and overload
indication. Typical battery life of 2 years
(PP3). £15.5

ELECTRONIC LOCK KIT

With hundreds of uses in doors, gar-
ages, car anti-theft devices, electronic
equipment, etc. Only the correct easily
changed four-digit code will open it!
Requires a 5V to 15V DC supply. Output
750mA. Fits into standard electrical wall
box. Complete kit (excl. front panel)
XK101 £11.5

Electronic lock mechanism for use with
the above kit. 70150 £14.95

‘beat’/light response (DLA/ 1) 70p
DL3000K — 3-channel sound to light kit
features zero voltage switching, auto-
matic level control and built-in_micro-
phone. 1kW per channel. £12.95

0 HOME CONTROL CENTRE
/ This kit enables you to control up to 16

different appliances by means of coded
pulses in the mains wiring which may be
decoded by special receivers anywhere
in the house. The transmitter may be
controlled manually or by the computer
interface enabling your favourite micro
to make your coffee in the morning,
switch lights anywhere in the house, or
your electric blanket in your bedroom.
Just think of the possibilities — and no
wiring!

This kit comprises a transmitter with
pre-drilled box and two receivers.

XK112 £42.00
Additional receivers
XK111 £10.00

MK4 PROPORTIONAL
TEMPERATURE
CONTROLLER

Uses “‘burst-fire’* technique to maintain
temperature to within 0.5°C. Ideal for
photography, incubators, wine-making,
etc. Max load 3kW (240V AC). Temp
range up to 90°C £6.

STAR BUY

Z80A CPU £2.19
MOC3020 £1.10

SPECIAL OFFER!

AA NICAD CHARGER
+4 rechargeable cells

£5

charges 2 or 4 cells
Quick charge switch
facility. LED indicators

ELECTRONICS
13 BOSTON RD

SEND 9”x6” S.A.E.
OR CALL AT SHOP
MON-FRI 9—5pm

LONDON W7 3SJ SATURDAY 10-4pm

ORDERING INFORMATION:
ALL PRICES EXCLUDE VAT

FREE P&P on orders over £20 (UK only}, otherwise add
75p + VAT. Overseas P&P: Europe £2.75. Elsewhere
£6.50. Send cheque/PO/Barclaycard/Access No.
with order. Giro No. 529314002.

LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY

NI-CAD RECHARGEABLE CELLS
AA — HP7 500mA Hr. Pack of 4 £1.50 or 4 pks for only
£5.80. {Ex-equip. tested & guaranteed.)

12V NICAD PACK

10 AA cells encl in plastic pack. 500mA Hr {(ex equip
tested & guaranteed). £4.50.

SEALEO LEAO/ACIO RE-CHARGEABLE

battery 6V 2.6AHr - s
32x60x32mm. Brand new ;.‘«— § ;

stock fully guaranteed £9.95
(rec retail £17)
Compiete with charging instructions.

BUTTON BATTERIES

1.5V for watches, calculators, cameras. Electronic
games, GPO bieepers & Hearing Aids, 4 types any mix
£1.50. AG1311.58x5.4mm, AG10 11.58 x3mm, AG12
11.58x4.2mm, AG3 7.87x3.6mm or any 8 for £2.50.

SOLAR CELL PANELS 3.75 x 2.5ins. with multicellular
lens & rear terminals. Gives 100mA
@ 0.42V in vieak sunshine. £3.95.

PCB KIT £5.95. 4 pieces

copper clad, circuit etchant, 2

pens, 5 different sheets trans-
N fers, plastic tray & instructions
Book by R. A. Penfdtd ‘How to Design & Make Your Own
PCB's £1.95.

.f“i

COPPER CLAD S/S 4 pleces (totat 100 sq ins) £1.
CIRCUIT ETCHANT dilutes to 500mis £1.20. ETCH
RESIST PENS Fine lip 75p ea or 2 £1.20. CHARTPAK
etch res. transfers fine & thick lines circles & dft pads
39p per sheet or 6 sheets £2.

BARGAIN PACKS!
PP3 CONNECTORS with 15cm wire leads 10 for only
66p

RESISTORS IN BOX 73:kts of 10 €2 5% V4W carbon film
resistors.
Continuous E12 range. from 10 Ohm to 10M Ohm

CARBON POTENTIOMETERS assorted values some min-
iature & some standard size 15 for £1.
MICROSWITCHES - 7 different types £4.

TRIMMING TOOL KIT 5 double ended pieces 2.5-2mm
extension. Colour coded £1.90.

DC MOTORS

TINY virtually inertia-less motor. i_e. no iron in motor.
1.5-3V 15mm diax30mm + shaft 6x1.6mm. With
governor — can be bypassed £2.00.

MINI TOY motors 1-3V 19x 16x9mm 50p ea or

£11.95

MINI-DRILL KIT &
SPEED CONTROLLER

High Torque motor, 12V to 18V. 40W reversible 1000
rpm 5 pole rotor, carbon brushes 50 x28mm dia. Chuck
& set of Collets. 3 HSS Bits 1mm, 0.8mm & 0.6mm.
Speed controlter kit & transformer + 3m of flex.
Instructions

OR {TEMS MAY be purchased separately: Speed Control
£4.50; Transformer £2.90; Motor £2.90; Chuck & 3
precision coliets £2; HSS Drilt bits with shanks 1mm - 5
bits £1.50; 0.8 or 0.6mm - 5 bits £2.50 {bits not
recomm. for glass fibre}

TUNGSTEN CARBIDE DRILL BITS
1mm. Ideal for glass fibre PCBs. (/8" shank) £1.20 each
5 for £5 or pk of 10 £8.95.

400 RESISTORS — mixed values mainy 4 & 2w £1.

Goods sent by return post — please add 80p pép to total order
Shop open daily 10-5.30 orsend s.a.e. for stock list.

CROYDON DISCOUNT ELECTRONICS
38 Lower Addiscombe Road, Croydon CRO 6AA. Tel. 01-688 2950
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CARRYING CASE, LEADS & INSTRUCTIONS.

EACH INSTRUMENT HAS A CLEAR MIRRORED SCALE AND COMES COMPLETE WITH A ROBUST

PRICES Our prices include VAT and postage and goods are normally despatched by return.
Please write or telephone for details of these and the many other instruments in the Alcon range,
including multimeters, components measuring, automotive and electronic instruments.

/

20KQN a.c. & d.c.
DIODE & FUSE
PROTECTION

100mA, 1A, 10A.

100mA, 1.0A, 10A.
Q 0-5.0kQ, 0-50kQ2, 0-500kQ2, 5MQ, S0MQ.
dB from. —10 to +61 in 5 ranges.
Dimensiens: 105 x 130 x 40mm.

39 RANGES

Accuracy: d.c. ranges and Q 2% a.c. 3% {of f.s.d)
3 rangeys: d.c. V 100mv, 1.0V, 30V, 10V, 30V, 100V, 300V,
1000V:

000V,
de. | 50A, 100pA, 300pA, 1.0mA, 3mA, 10mA, 30mA,
ac. V 10, 30V, 100V, 300V, 1000V; a.c. | 3mA, 10mA, 30mA,

ONLY £29.75

THREE ACES FROM ALCON !
TESTER 20 AV

—
e

HIGH QUALITY TEST INSTRUMENTS
AT SUPERDEAL PRICES

19 MULBERRY WALK - LONDON SW3 6DZ - TEL: 01-352 1897 - TELEX: 918867

)L WP

TRANSFORMERS

FROM

o) : =
WINTEE | e

ILP Toroidal Transformers are now available through
Jaytee. The UK Distributor with the availability and

service to match the quality of the toroidals.

Jaytee Electronic Services
Dept PE1, 143 Reculver Road, Beltinge,

SECONDARY
WINDING

INSULATION

NEOPRENE
WASMERS

FOR FREE DATA PACK PLEASE S Herne Bay, Kent CT6 6PL. s
L Tel h H 7. END CAPS
WRITE TO OUR SALES DEPT. elephone: (0227) 375254
TYPE SERIES | SEC. R.M.S.
NO. | VOLTS | CURRENT TYPE SERIES | SEC. R.M.S. TYPE SERIES | SEC. R.M.S. iLP
15vA @010 | 6.6 | 12 P T | oA no._jvoits feurrent} | TRANSFORMERS
+ !
Regulation 19% 03011 9+9 0.83 J80VA 53011 9+9 8.89 625VA 93017 | 30+30 10.41
8233 ’3(4 (See diagram) o 31§ 15*}2 86‘3 23%0'3“0" 8% ggg}g g:}g ggg gegula(ion 4% 93018 35»%5 8992 ARE NOW
) s 1 < .5 ize 93026 | 40+40 781
Mounting bolt M4 x 12 gowe | 1a-18 | o2 AR saote [ 18e18 | 24 A B C 93028 | 45545 | &5 SUPPLIED WITH
E . 140 70 75 93033 | 50+50 6.25
03016 | 25+25 0.30 1.8 Kgs 53016 | 25+25 320 5.0 Ki 4
03017 30+30 025 Mounting bott M5 x 50 | 53017 30+30 266 Mour?tsing bolt M8 x 90 gggzg 551?85 ggg DUAL PRIMARIES
sk | B | i @x| @ | 3% || PERMITTING 110V
e AR o | o | ae
egulation 18 13011 ~9
SRR B AR O e oY
A 1301 15+15 1.
70 35 37 13014 | 18418 083 RA
0.45 Kgs 13015 | 22+22 068 225VA 63012 | 12+12 9.38 OPE TION
Mounting bolt M5 x 50 | 13016 | 25425 0.60 Regulation 7% 63013 | 15+15 750
] Il || e e | g o
- ;
v e v e || BOY P g | 22| &) || THE TOROIDAL POWER TRANSFORMER
egu 23011 +9 277 2 Kgs + ) [
Size 23012 12+12 208 Mounting bolt M5 x 60 63018 35+35 321 r i =
Size zo | B2 208 2 | 61 231 Offers the following advantages:
80 40 43 014 { 18+1 1.38 + i ‘ )
0bRgs e R RE 83033 | 20450 528 SMALLER SIZE AND WEIGHT TO MEET MODERN ‘SLIMLINE
Mounting bolt M5 x 50 23016 | 25425 12(3) 83028 110 204 REQUIREMENTS.
30 + 0. d
23028 19 043 63030 240 0393 LOWELECTRICALLY INDUCED NOISE DEMANDED BY
3029 .22
23030 240 0.20 goov]A. & ;gg}g :g+}g 180_300 COMPACT EQU|PM ENT.
gova 33010 546 6.66 ﬁ'zes 5 no1s gg,gg gj,,% HIGH EFFICIENCY ENABLING CONSERVATIVE RATING
Regut 33019 9+9 4.44 e .0
Se ) a2 Il e B 85| & || (oWeR OPERATING TEMPERATURE o
A 33013 | 15+15 266 6 Kgs 1 +35 |
95 40 43 33014 18+18 222 Mounting bolt M5 x 60 73026 40+40 375
1.0 Kgs 33015 | 22+22 1.81 73025 | 45+45 333
Mounting boit M5 x 50 | 33016 | 25+25 1.60 73033 | 50+50 3.00
33017 | 30+30 1.33 73028 110 272
5% | 20 | 0% B | 3 | 1%
3029 .3 :
30 | 240 033 SIS
SOOVA 83016 | 25425 10.00 VA NO € VA N €
120VA 43010 6+6 10.00 gggeulalmn 5% 85017 gg+gg 83 A A
Reguiation 11% 43011 9 666 +
R Al | R b ool 2 O . o e e
1 +1 .00
o B S| R e 20Kgs o | R B 30 1 9.67 225 6 16.33
2] Kgsl AT - :gg}g g?gg g_zg Mounting bolt M8 x 70 ggg;g 551{85 :g: 50 2 10.70 300 7 17.84
Mounting bolt M5 x 5 + l Y
g | G o 83029 P P 80 3 AECE | 500 8 2337
43018 | 35+35 17 83030 240 2.08 120 4 12.71 625 9 25.96
43028 110 1o |
a0 | % | 0% JALL ABOVE PRICES INCLUDE VAT AND CARRIAGE. QUANTITY
DISCOUNTS AVAILABLE FOR 6 OR MORE OF ANY ONE TYPE
- &
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CONSTRUCTIONAL PROJECT

DF BEACON TIMER

BY R. A. PENFOLD

Accurate offshore aid for

S BOTH nautical and non-nautical
readers are probably aware, there

are a number of radio direction finding
beacons situated around the shores of
the UK to aid offshore navigation, and
intended mainly to assist with small
craft navigation. What is probably less
well known is that there are consider-
ably more radio beacons than available
operating frequencies, and a system of
time-sharing has been adopted. This
has beacons in groups of six which

small craft navigation

been made crystal controlled. The unit
is primarily intended for use with a
12V boat supply, but the use of low
power CMOS circuitry makes it feas-
ible to use a built-in 9 volt battery if
preferred.

SYSTEM OPERATION

Although the unit is basically just a
crystal oscillator, divider chain, and
single digit counter, there are a couple
of complications that must be over-

The crystal oscillator operates at a
frequency of 4194304Hz, which when
divided by a twenty-two stage binary
countérgives a 1Hz output. In this case
a l4-stage counter followed by an 8-
stage type is used to provide the
twenty-two divider stages. The signal is
then further divided by ten and by six
to give the one pulse per minute re-
quired to drive the counter circuit. The
final clock signal is fed to the counter
by way of a form of gate circuit, but

I

MONQSTABLE

=&
CIRCUIT

CRYSTAL 14 STAGE

OSCILLATOR DIVIDER

8 STAGE ER0 -6

DIVIDER CIRCUIT CIRCUIT

COUNTER/ I ‘
GAIE | DRIVER

7 SEGMENT
DISPLAY

Fig. 1. Block diagram

transmit in sequence for one minute
each, starting on the hour. Thus the
first beacon transmits for one minute
starting on the hour, 6 minutes past, 12
minutes past, and so on. The second
beacon transmits at ‘1, 7, 13, etc,
minutes past each hour, the third oper-
ates at 2, 8, 14, etc., minutes past each
hour, and so on.

The purpose of this timer project is
to indicate which direction finding
beacon in each group is transmitting at
any moment. The timer is a sort of
single digit clock which simply counts
in minutes from 1 to 6 over and over
again, and by resetting it to 1 on the
hour, thereafter it gives the required
indication of which beacon in the
sequence is operating. This avoids the
possibility of miscalculating which
beacon is transmitting, and the poten-
tially disastrous consequences of such
an error. Good accuracy is of course
essential, and the circuit has therefore

10

come. These both involve the count
from 1 to 6; a standard counter circuit
does, of course, count from 0to 9. The
counter consequently requires some
additional circuitry to provide a reset
as the count advances to ‘7°, and to
then introduce an additional clock
pulse to immediately take the counter
from O to 1. Fig. 1 shows the make-up
of the unit in block diagram form.

this always enables the clock signal to
pass through to the counter. The pur-
pose of the gate is to enable extra clock
pulses to be mixed in with the main
clock signal.

The clock signal is also fed to a form
of divide-by-six circuit, and this is used
to provide a reset pulse to the counter
as it advances to ‘7’. This resets the
counter to ‘0’, but the reset pulse is also

PRACTICAL ELECTRONICS MAY 1986



DF BEACON TIMER

I s2

Sl
RESET

16 1 16} 15 16) 15 164
1
R3 Cé
o 1c1 30 IC2 3w IC3 f2  w IC4 3 R . Tmn
L060BE L0208E L017BE L018BE 6 QUTPUT ot
Q:‘_%Op 8 11 8 8 13 DOBIIOE ]‘[?,]‘ma
R1
10k
L'19LMHi>
c2 c3
T.'}Jp TGSp
e > *® -VE
Fig. 2. Clock generator circuit diagram
used to activate a monostable multi- 4020BE fourteen stage divider, but in COUNTER CIRCUIT

vibrator. The latter provides a short
output pulse, and this is coupled into
the gate circuit where it provides the
additional clock pulse which moves the
counter on to ‘1°.

For an application of this type a red
Le.d. display is probably the most
practical, and it is a display of this type
which is utilized here.

CIRCUIT OPERATION

Fig. 2 shows the circuit diagram for
the clock generator stages while Fig. 3
shows the counter circuit.

ICl1 is a 4060BE oscillator and four-
teen stage binary divider. The oscilla-
tor can operate as a C-R or crystal type,
but in a critical application of this type
the accuracy of a C-R type is totally
inadequate and a crystal oscillator has
to be used. C3 enables the operating
frequency to be trimmed to precisely

this case only eight stages are utilized
and the other six are just ignored. The
divide by ten action is provided by IC3
which is a 4017BE decade counter/
one-of-ten decoder. Here it is used as a
straightforward decade counter and no
use is made of the one-of-ten cap-
ability. The final divider stage is IC4.
This is a 4018BE ‘divide by n’ counter
which is connected here to operate in
the divide by six mode.

When the counter is reset to ‘1° it is
essential that the divider stages are also
reset, so that the full one minute is
allowed to elapse before the counter is
advanced to ‘2. R1 normally holds the
reset inputs of all four dividers in the
low state, but when S1 is operated
these inputs are briefly taken high as
C4 charges. R3 ensures that C4 dis-
charges when S1 is released, so that
sanother reset pulse is obtained when

Turning now to the counter circuit
of Fig. 3, IC5 is the counter/driver
device, and this is a 4026BE driving a
seven-segment common cathode l.e.d.
display via current limiting resistors
R5to R11. S3 enables the display to be
switched off when the unit is not being
used, in order to conserve the battery.
IC5 does actually have an input which
can be used to switch the display on
and off, but in this case it is easier just
to have S3 in series with the display’s
cathode terminal.

IC7 is another 4017BE decade coun-
ter/one-of-ten decoder, but this time it
is used in the role of a one-of-ten
decoder. It is wired so that as its ‘7’
output goes high it resets both itself
and ICS. D2 is wired between the 7’
output and the reset input so that the
reset button S1 is not blocked from

the required frequency. IC2 is a S1 is next operated. resetting ICS and IC7. D3 couples both
+12v 4
IC8 PINS 89
;Rﬂ 13 AND 14 R13
10k 22k
> o) 16 15 NDZ ;
INLIL
2 i D3
R4 Lk7 —4 P Y INL1LB
IC4 PINS 1 1C5
PO E VAN I 4L0268E Y S
6 7 9 10 n 12 13
RS TO|
R1Y 16 6
ALL
470
L017BE 100n 5
1c6
FNO500
9 L IC8- 4001BE
- | R14 22k
—
S3
DISPLAY
iy

Fig. 3. Counter stages circuit diagram
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DF BEACON TIMER

devices to the manual reset circuit, and
together with D1 in the divider circuit
it ensures that the pulse from IC7 only
resets the counter circuit, and not the
divider circuits as well (which could
slightly impair the accuracy of the
circuit).

The monostable multivibrator is
formed from two of the 2 input NOR
gates in IC8. The other two gates are
unused, but have their inputs tied to
the positive supply rail so that they are
not left vulnerable to stray static
charges. The monostable is triggered
by the reset pulse from IC7, and it
produces a short positive output pulse
which switches on TR1. In conjunction
with R4, TR1 pulls the clock input of
the counter low. Of more significance,
at the end of the pulse the clock input
of the counter goes high again, and it is
this low-to-high transition which
clocks the counter from ‘0’ to “1°. The
output pulse from IC8 is only about
2ms in duration, and this results in the
counter being so rapidly advanced that
‘0’ does not appear to be displayed at
all, and is apparently totally
suppressed.

The current consumption of the unit
depends largely on how many display
segments are active, but is generally in
the region of 40 milliamps. The stand-
by consumption when the display is
switched off is only about 3-5 milli-
amps with a 12V supply, or 2 milli-
amps with a 9V supply. This is low
enough to permit economical opera-
tion from a fairly high capacity 9V
battery such as six HP7 size cells in a
plastic holder, which should provide
several weeks of continuous operation.

CONSTRUCTION

Details of the printed circuit board
are provided in Fig. 4. Bear in mind
that all the integrated circuits are
CMOS types, and accordingly should
be mounted in holders. The other
standard antistatic handling precau-
tions should also be observed. Several
link wires are required and construc-
tion is probably easier if these are
fitted before the i.c. holders and other
components. The capacitors must all
be miniature printed circuit mounting
types if they are to fit comfortably into
the available space. The crystal is a
wire-ended (HC-18/U) type which is

Photo 2. Top panel details

Photo 3. P.c.b. and construction details
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COMPONENTS...

RESISTORS

R1,R12 10k (2 off)
R2 10M
R3 100k
R4 4k7
R5-R11 470 (7 off)

RI3,R14 22k
all 4W 5% carbon film

CAPACITORS
Cl1 100u 10V radial
elect.
C2 33p ceramic plate
C3 65p foil trimmer
C4 10n polyester layer
Cs In polyester layer
Cé 100n polyester layer
SEMICONDUCTORS
TRI BC547
DI1-D3 1N4148 (3 off)
IC1 4060BE
IC2 4020BE
IC3,IC7 4017BE (2 off)
IC4 4018BE
ICS5 4026BE
IC6 FND3500 or similar
CC l.e.d. display
IC8 4001BE
MISCELLANEOUS
X1 4-194MHz wire-
ended crystal
Sl Push to make
$2,83 s.p.s.t. sub-min.
toggle (2 off)

P.c.b. PE109; case about 133 x
105 x 38mm; 16-pin d.i.l. i.c.
holder (6 off); 14-pin d.i.l i.c.
holder (2 off); 4mm sockets (2
off); red display filter material;
wire; solder, etc.

mounted direct onto the board. When
connecting it try not to apply the iron
to the joint for any longer than is
absolutely necessary so that the crystal
does not sustain heat damage.

It is necessary to fit the display (IC6)
into a holder. Apart from eliminating
the risk of damaging this component
when fitting it, this also physically
raises it slightly so that it stands proud
of the other components. This ensures
that it can be mounted right behind the
display windaw with no risk of any
other components getting in the way.
Unfortunately, suitable holders do not
seem to be available, but it is not
difficult to cut a 14-pin d.i.1. i.c. holder
into two seven way strips using a
hacksaw. Pliers are then used to
remove two pins from each section,
leaving two suitable five-way s.i.l
holders for the display.

Assuming that the unit will not be
powered from an internal battery pack
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a case measuring about 133 by 105 by
38 millimetres is adequate to house the
board and other components. If
desired it might actually be possible to
fit in the batteries under the printed
circuit board using a case of this size,
but if internal batteries are to be used
as the power source it would be much
easier to use a slightly larger case.

PCB MOUNTING

The printed circuit board is moun-
ted on the base panel of the case, but
long spacers are fitted over the mount-
ing screws in order to raise the board
and bring the display just beneath the
display window (which is cut in the top
panel at the appropriate position).
Probably the easiest way of making the
display window is to first drill or punch
a hole about 10 to 12 millimetres in
diameter, and then file this out to the
required rectangular shape using a
small, flat, tapered file. The finished
unit will look neater if some red dis-
play window material is glued in place
behind the cutout, but this is not
essential.

S2 and S3 are mounted on the top
panel of the case, but they must be
carefully positioned where they will
not foul components on the printed
circuit board and prevent the lid of the
case from being fitted into place. S1 is
mounted on one of the end panels, as
are a couple of 4 millimetre sockets,

St

+12v
VIA S§7 o]

~VE ~-—t

S3

4
%

Semen :

Fig. 4. P.c.b. and component details
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Photo 4. Complete unit details
spring terminals, or any preferred type ADJUSTMENT

of connector so that the unit can be
coupled to the external 12V supply.

As the unit will be used in a fairly
hostile environment is might be worth-
while. spraying the printed circuit
board with one of the protective coat-
ings that are now available. If an
aluminium case is used it would also be
a good idea to protect this with several
coats of paint or a clear lacquer.

PRACTICAL ELECTRONICS MAY 1986

Initially set C3 at about half capaci-
tance (i.e. with the moving vanes
roughly half enmeshed with the fixed
vanes) and switch display switch S3 to
the “on” position. When the unit is
first switched on the display will prob-
ably show a random character (which
might not evén be a legal character),
but when reset button S1 is operated

the display should immediately switch
to ‘I’. If it does not, switch off at once
and recheck the unit thoroughly.
Assuming that the reset functions pro-
perly, check that the display goes
through the correct ‘1’ to *6’ sequence,
and then resets to ‘1’ again, with each
count taking one minute.

The accuracy of the unit should be
quite good with C3 merely set at about
half value. You may prefer simply to
leave it at this setting and recalibrate
the unit more frequently rather than
spend a lot of time trying to optimise
the unit’s accuracy. If you do wish to
find the optimum setting for C3, then
S1 should be reset exactly on the hour
with the aid of the Greenwich time
pips or some other accurate time
source. Note that S1 should be opera-
ted at the instant the unit is to be reset,
and it should not be held down and
then released at the instant the hour is
reached. The unit should then be
checked against the time standard each
day. Reduce the capacitance of C3 to
speed up the timer, or increase its
value to slow it down. The degree of
accuracy that can be attained depends
on the quality of the crystal used for
X1 and many other factors, but crystal
controlled timers can usually achieve
an accuracy of better than one second
per day.
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THE LEADING EDGE

BY BARRY FOX

The technology behind the technology

O{f to Birmingham, train fare £25, for a
press conference. “One of the World’s
leaders in computer technology is set to
launch the most advanced floppy disc on
the market today”, read the invite. “On
the grounds of security we cannot reveal
full details of the launch at this stage.
But it is not an under-statement to
declare categorically that it will be
spectacular®.

Was it daft PR hype? Or some
genuine new technology, like a metal
powder floppy of the type developed
by Maxwell? These metal-coated discs
treble recording density, but suffer
from the snag that the coating is of
such high magnetic coercivity that
conventional disc drive heads won’t
work. They saturate with their own
flux before recording onto the disc and
overload with signal on replay, causing
errors in the bit stream.

So could it be the launch of a vertical
recording medium? In conventional
floppies the magnetic particles lie end-
to-end, parallel with the surface. In a
vertical medium the particles are all
alligned perpendicular to the surface.

Recording. density is increased by a
factor of at least ten, just as you can get
the whole world on the Isle of Wight if
everyone stands up. The snag again is
that conventional heads won’t work. A
double head is needed, which makes a
sandwich with the recording medium
to channel the flux vertically.

The invite carried the name Mitsubi-
shi so obviously it couldn’t just be PR
hype. Japanese companies with the
technical clout of Mitsubishi don’t do
that sort of thing. Or do they?

SAMURAI WARRIOR

Yes they do. T arrived at the Bir-
mingham Exhibition Centre to see
“the most advanced floppy disc on the
market today...amidst one of the
tightest security operations ever
mounted for an exhibition in the UK”.
What I saw was two imitation Samurai
warriors posing for pictures. So was an
imitation Marilyn Monroe, complete
with Seven Year Itch skirt. There was
no technical presentation. The PR man
who had arranged the ‘‘spectacular
launch” gave me a pack of trade
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and things to come

literature describing what lopked to me
like just another bog standard com-
puter floppy disc.

“It IS new technology” he told me
tetchily, “It’s all in the literature”. It
wasn’t, so I persisted. A Japanese gent
from Mitsubishi said he knew what the
new technology was, but could not tell
me because it was “‘secret’’. Mitsubi-
shi’s factory in Japan, he explained,
had been making floppy discs for seven
years but has now .improved its mag-
netic coating technology and quality
control checks. These improvements
were, he said, also “secret”.

Isn’t that the same as saying that for
seven years Mitsubishi hasn’t been too
successful or careful in making and
checking discs? “NO” Mitsubishi as-
sures floppy disc users. It’s just that
they are now even better.

I never thought that a company like
Mitsubishi would need ‘now-even-
whiter-than-white’ detergent PR to selt
its technology. There’s hope for the
West yet.

DAT

The Japanese are all set to launch a
new domestic recording tape tech-
nology this year. It’s called DAT,
which stands for digital audio tape. A
cassette, smaller than an audio cas-
sette, is loaded with very high coerci-
vity tape the same width as conven-
tional cassette tape. It runs slowly past
recording heads which lay down stereo
audio, sampled at 44-1KHz and coded
in 16-bit words, 1.e. compact disc stan-
dard. One cassette plays for around
three hours.

There are two DAT standards, S-
DAT and R-DAT.

S-DAT works on the stationary head
principle. The tape head is sub-divided
into a large number of small sections
which each Iay down a narrow parallel
track along the tape. So the digital
words bits are spread across the tape as
well as along it.

For R-DAT, the tape runs round a
rotating head drum, as in a video
recorder. Although at first sight R-
DAT looks technically more compli-
cated, all the engineering development

work has already been done for port-
able video. S-DAT is not as simple as it
looks. The head has to be divided into
22 separate sections to cover half the
3.81mm tape width. The only way to
construct the head is by thin film
etching technology. That is expensive,
and practical problems, like tape
weave, have not yet been reliably
solved. So it is far more likely that R-
DAT will become the true standard.

The Japanese planned to launch
DAT last year at the Tokyo hi fi show.
At the last minute the Japanese retail
trade brought enough pressure to bear
on the exhibition organisers to cancel
the launch. “We are trying to sell
compact discs and 8mm video” they
said, “we don’t need anything new.
What’s more the launch of DAT. will
make existing audio cassette recorders
obsolete overnight™.

As a compromise, the organisers
arranged a seminar of DAT to be held
at an hotel just down the road from the
exhibition centre in Tokyo. More pres-
sure was brought to bear and only Sony
showed up. The company’s engineers
showed an R-DAT machine which
worked well until it went wrong. They
then threw a blanket over it and told
everyone to go home. The Sony
machine is small, like a portable radio,
but is so far supported by a suitcase full
of breadboard electronics hidden
under the table. This is quite normal.
It’s how compact disc was demonstra-
ted before launch. Fully integrated
chips followed soon after. My bet is
that there will be integrated chips for
DAT later this year. Commercial poli-
tics are more likely to hold back launch
than technology.

STANDARD

DAT is not just a domestic standard.
Last year in Britain Sony showed its
DAT prototype to broadcaters, includ-
ing the BBC. The broadcasters were
impressed by Sony’s philosophy on
DAT. It can be used for anything from
digital tape domestic Walkman up to
studio mastering. There is plenty of
room in the bit stream for digital codes
which stop and start a player, with
cueing as accurate as compact disc.
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BOOK REVIEWS

The BBC like this because existing low
cost digital recorders, like the Sony
F-1, are very difficult to cue. The best
available is the Sony C9, with F1 PCM
adaptor. But it’s still nowhere as accu-
rate as a DAT machine will be.

One thing is certain. Now that DAT
has been developed, it will hit the
market sooner or later. The Japanese
manufacturers like the idea because it
will replace the compact audio cas-
sette. This was developed by Philips
and the Japanese have never liked to
be dependent on Western technology.

This dislike was neatly summed up
by a fascinating document given to me
recently by TDK in Japan. It is a 30-
page “history of the Japanese magnetic
tape industry”. Inevitably the first half
refers to early development in the
West. The text accurately credits Dan-
ish engineer Valdemar Poulsen for
making the first wire recorder in 1898.
It credits Pedersen in 1907 for DC-
bias, Carlson in 1927 for AC bias and
Fritz Pfleumer in 1928 for the first
magnetic tape. There are references to
BASF, AEG, Ampex, 3M and Philips.
The research work, I understand, came
from a Japanese audio society which
has prepared the text for TDK. The
interesting part is what happens when
the story switches to Japan. Suddenly
company names disappear. Only
NHK, the state radio and TV station,
is mentioned. Every other Japanese
innovation and invention is credited to
“a Japanese company” or “another
Japanese company”’. The names Sony,
Matsushita, and even TDK are all
missing from TDK’s historical
briefing.

There are two explanations for this.
Take your pick from either or both.

I know from visiting Japanese firms
many times over the last ten years, that
they cannot bear to mention the names
of their rivals even in conversation.
They just behave as if the rivals don’t
exist. TDK was smart enough to know
that it would discredit the whole his-
torical document to mention only the
TDK name.

At top management level, the situa-
tion is different. Although business
rivals, the top people work together as
part of what has become known as
“Japan Inc.”. They see themselves as
ultimately in competition with the
West, rather than each other. It doesn’t
matter to them who invented what, as
long as it was Japanese.

The TDK historical document fits
both requirements. It contributes to
Japan Inc. and gives no unnecessary
credit to one firm at the expense of
others. When 1 was first given the
document in Japan, I handed it
straight back saying it was no use
without Japanése names. Three
months later I was sent a revised copy
through the post. It still contained no
Japanese names.
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LISP the Language of Artificial
Intelligence, by A. A. Berk.
Collins £9.95.

Why should someone interested in elec-
tronics be interested in a computer language
called LISP, the answer is robotics. Lisp is
the principle language employed by re-
searchers in robotics, artificial intelligence
and the new fifth generation computers. It
is a language designed to be flexible enough
to express some of the most complex mathe-
matical and logical structures. Lisp is in fact
designed as a language to be ‘human intelli-
gence orientated’ and is thus the ideal
language for applications like robotics
where the controlling computer is required
to perform simple ‘intelligent’ tasks.

Dr A. A. Berk is well known as an author
on microcomputers and this book forms an
excellent introduction to LISP. In the first
part of the book the author takes the reader
through an introduction to artificial intelli-
gence and the fundamental concepts behind
LISP. The second part of the book is
devoted to a practical introduction to LISP,
clearly laid out with the aid of frequent
examples many of which are orientated
towards artificial intelligence. The book
covers all aspects of LISP from simple list
processing to advanced data structures and
recursion.

This book is an ideal introduction to
LISP for all who are interested in artificial
intelligence and ways in which it can be
implemented on a normal home micro.

68000 Machine Code Program-
ming, by David Barrow.
Collins £12.95.

The Motorola 68000 series microproces-
sors are rapidly becoming a standard for
many 16- and 32-bit home and personal
computers. It is the 68000 which is the
power behind the new Commodore Amiga

“and the Apple Macintosh. It may still be a

little bit ambitious for the hobbyist to build
a project around the 68000, but I am sure it
will not be long before such projects are
included in magazines like PE.

This book sets out the principles of
programming the 68000 in machine code
and every programmer of 68000 based
systems will find this book a very useful
source of all the essential information
required.

Radio and Electronics Engi-

neers Pocket Book.
Newnes £5.50.

This is a very handy little pocket book
which will prove an invaluable aid to
everyone interested in electronics. This
book is now in its 16th edition and this new
edition is revised so as to be totally up to
date. Crammed into its 170 pages is a
wealth of information, tables of data, for-
mulae and conversion factors; in fact virtu-
ally everything which is relevant to the
designer, student, or service engineer.

This pocket book is an absolute must for
everyone interested in electronics and will
doubtless prove to be a constant
companion.

* BAKER %

GROUP PA. 0ISCO
AMPLIFERS post £2

150watt Ampilifier 4+ 4input Mixer pre-amp. lllustrated... .. £99
150,watt Output, Slave 500 mv. Input 4+8+16 ohm. Oulpuls £80
150+ 150 watt Stereo, 300 watt Mono Slave 500 mv. Inputs £125
150 watt P.A. Vocal, 8 inputs. High/Low Mixer Echo Socket £129
100 watt Valve Model, 4inputs, 5 Outputs. Heavy duty ... £12§
60 watt Mobile 240v AC and 12v DC. 4-8-16 ohm+100v line £89

MIKES Duat Imp £20, Floor Stand £13, Boom Stand £22, PP £2.

Reverb Unit for Microphone or Musical Instruments £35 PP £1.
Electronic Echo Machine for mic/etc. £85. Deluxe £95 PP £1.
H+H 000w mono, 500w stereo quality ampllf'ers model
S600D, reconditioned, guaranteed
DISCO CONSOLE Twin Decks, mixer pre amp £145. Carr £10.
Ditto Powered 120 watt £199; or Complete Disco 120 watts £300.
150 watt £300; 360 watt £410. Carr £30.
DISCO MIXER. 240V, 4 stereo channels, 2 magnetic, 2 ceramic/
tape, 1 mono mic channel, twin v.u. meters, headphone monitor
outiet, slider controls, panel or desk mounting, matt black facia.
Tape output facility. £59. Post £1.
DELUXE STEREO DISCO MIXER/EQUALISER as above plus L.E.D.
V.U. displays 5 band graphic equaliser, left/right fader, switchable
inputs for phone/line, mike/line.
Headphone Monitor, Mike Talkover Switch £129 PP £2
above but 3 deck inputs, 4 line/aux inputs, 2 mic inputs, 2
headphone monitors £145.

R.C.S. 0ISCO LIGHTING EQUIPMENT
READY BUILT DELUXE 4 CHANNEL 4,000 WATT sound chaser +
speed + 4 programs £63. Mk2 16 programs, £89 PP £2.

PARTY LGHT 4 coloured' Flood Lamps Flashing to Music.
Self-contained Sound to Light 410 x 196 x 115mm £34.95 PP£2,

FAM&US LOUOSPEAKERS - SPECIAL PRICES

SIZE POWER O {PHYSICAL SIZE IS NOMINAL MAX FRAME DIMENSION|
ir‘: WATTS IMP MAK APPUCATION PRICE POST
32in 10 8 Audax Mini-Woofer £ f1
§:in 20 408 Goodmans Ford Car Radio 5 £1
sham 60 8 Sound Lab Hi Fi Twin Cone Full Range  £10  £1
§2in 25 8 Audax Bextring Cone Waofer £1050 £1
5(2 in 60 8 Sound Lab Hi Fi Twin Cone Full Range  £11 £2
6Y2in 25 4or8 Audax Wooler £50 f£1
6/22m 15 8orls EMI Woofer £550 £1
6¥2in 35 § Audax Bextring Cone woofer £ £
El2in 30 B Goodmans Twin Cone Hi-Fi Full Range  £75¢  £!
8in 2 8 Far East  Twin Cone, Hi Fi, Full Range €595  £1
B X 8 Wharfedale Roll Surround Woofer o] £1
8in 3 8 Audax Hi i Wooter £150  fi
Brin 50 8 MF. Ribbed Betrine Cone Woofer £16 £2
8in 40 Borl6 SEAS RubberSurround Woofer £1600 £
8in 60 8 Sound Lab Hi Fi Twin Cone Full Range  £14 2
8in 60 8 Goodmans PA & Hi Fi Systems £1a £22
81n B0 5 Goodmans Disco-Guitar-PA £16 2
Win 30 or Far East  Bass Woofer, Hi fi £14 £2
10in 50 B8or IG SEAS Bass Woofer Hi Fi £1950 £
10.in 15 8 Rigonda General Purpose £l
Win 20 Borl Celestion:  Disco-PA £15 £22
10in 50 Borlg Baker Disco-Guitar-PA 2 2
10in 50 8orl Celeston  Disco-PA 21 £2
0m 60 8 Sound Lab Twm Cune Full Range £1950 £2
10in 300 8 WEM £2
12in 30 4 or 8 or 16Baker Twm Cona Full Range £18 2
12in 45 4 or B or 16 Bakar Disco-Guitar-PA £18 £2
12in 80 8 Bake! Bass Woofer £25 £2
2in 75 4or8orib BakJ Disco-Guitar-PA £22
2in 100 8 Goodmans Waoofer £30 2
2in 1 8 or’16 Goodmans Disco-Guitar-PA £36 2
122in 100 8 H+H P £39 £22
12in 100 Aort6 Baker Oisco-Guitar-PA £28. 2
12in 150 8 Celeston  Disco-Bass Guitar 485 8
12m 200 8 H+H A-Disco £69 £2
12in 300 8 WEM Woafer f44 £2
13x8 10 3 EMI (450} Hi Fi with Tweeter £5 £1
1Sin 100 8 Celestion  Disco' + Group £69 3
15in 100 8or Baker Disco-Guitar-PA £39 £3
15in 100 4or B or16H + H Disco + Group £4950 £3
15in 250 8 Goodmans Disco + Group. £4 £2
18in 230 8 Goodmans Disco + Group £87 £4
18in 200 Borls Celestion  Disco + Group £no £4
P.A. CABINETS (emptyLSmgle 12 £34; Double 12 £40. carr £10.
WITH SPEAKERS 45 £52; 75W £56; 90W £75; 150W £84.

200 Watt £100, 400 Watt £150. carr £12.

300 WATT MID-N-TOP SYSTEM Complete £125 carr £12.
TWEETER HORNBOXES 200 Watt £32, 300 Watt £38. PP £2.
WATERPROOF HORN SPEAKERS 8 ohms. 25 watt £20. 30 watt
£23. 40 watt £29. 20W plus 100 volt line £38, Post £2.
MOTOHOLA PIEZO ELECTRONIC HORN TWEETER, 3%4in. square _£6
100 watts. No crossover required. 4-8-16 ohm, 736%38in. £10

METAL GRILLES 8in £3, 10in'£3.50, 12in £4.50, 15in £5.50, 18in £7.50.

FULL STOCK OF COMPONENTS, PLUGS, LEADS, ETC.

MAINS TRANSFORMERS g Price Post
| 250-0-250V 80mA. 6.3V 3.54. 6.3V 1A, £7.00 £2
350-0-350V 260mA. 6.3V 6A CT £12.00 Shrouded £14.00 £2

220V 25mA. 6V 1 Amp £3.00 220V 45mA. 6Y 2 Amp £4 00 £1
250V 60mA. 6.3V 2A. 00 £1
Low voltage tapped outputs available

1 amp 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £6.00 £2
ditto 2 amp £10.50 3 amp £12.50 6 amp £16.00 £2
31-26-0-26-33 volt 6 amp £14.00 £2
LOW VOLTAGE MAINS TRANSFORMERS £5.50 each post paid

3V, 3A; 12V, 3A; 16V, 2A; 20V, 1A; 30V, 112A; 30V, 5A+ 17-0-17V,
2A 35V, 2A; 20-40- SOV 'IA 12-0-12V, 2A; 20-0-20V, 1A; 27V, 2A.

£8.50 post 50p MINI-MULT! TESTER
‘§ Pocket size instrument. AC/DC volts, 15-150-500-1000.
DC current 0-150mA. Resistance 0-100K 1000 ¢.p.v.
De-Luxe Range Doubler Meter, 50,000 o.p.v. 7 X 5.x
2in. Resistance (/20 meg in 5 ranges. Current 50mA to
10A. Voits 0.25/1000v D(Q, 10v/1000v AC. £25.00 PP £1
PANEL METERS 50mA, 100mA, 500mA, 1 SmA, 100mA, 500mA,
1amp, 2 amp, 5 amp, 25 volt, VU 2% 2x1V4in. £5.50 post 50p

PROJECT CASES. Black V'nvl Covered Steel Top, Ali Base
4% 2V2 x 2Vain. £2.50; 6 x 4 x 112in. £3.60; 8 x 5 X 2in. £4.00; 11 X
6 x 3in. £5.50; 1134 x 6 x 5in."£9.00; 15 x 8 x 4in. £12.00.
ALUMINIUM PANELS 18 s.w.g. 12 x 12in. £1.80; 14 x 9in. £1.75;
6 x 4in. 55p, 12 x 8in. £1.30; 10 x 7in. 96p; 8 X 6in. 90p; 14 x 3in.
T2p; 12 x 5in. 30p; 16 x 10in. £2.10; 16 x 6in. £1.30. TP 65p ea.
ALUMINIUM BOXES MANY OTHER SIZES IN STOCK.
4'x 212 x 2in. £1.20, 3 x 2 X 1in. £1; 6 X 4 x 2in. £1.90; 8 X 6 X 3
in. £3; 12 x 5 x 3in. £3.60; 6 x 4 x 3in. £2.20; 10 x 7 x 3in. £3.60
HIGH VOLTAGE ELECTROLYTICS 32+432/500V . £2
16/4 .. £2 32432/35QV.. ... 53
.. 75 16+32432/500V ...

RECORO PLAYER DECKS. P&P £2.

Make Drive Model Cartridge Price
‘BSR Single Belt 12 volt Ceramic €22
BSR Single Rim .240v  Ceramic €22
BSR Single Belt  240v  Magnetic £30
AUTOCHANGER BSR 240v Ceramic ~ £22
AUTOCHANGER GARRARD Ceramic £24

DECCA TEAK VENEERED PLINTH space for smali amplifier.
Board cut for Garrard 1834in. x 14%4in. X 4in. £5. Post £2

RADIO COMPONENT SPECIALISTS

Dept 4, 337, WHITEHORSE ROAD, CROYDON

sunmsv UK. Tel: 01-684 1665 [va]
'ost 65p Callers Wel

Full Lists 34p Stamps Same day despatch Closed Wednesday

15




SCIENCE FEATURE

PHOTOVOLTAIC
TECHNOLOGY

BY PROFESSORS R. HILL AND N. M. PEARSALL

SOLAR cells convert sunlight directly
into electrical power. The cells
produce both electric current and vol-
tage by the ‘photovoltaic effect’ and
the technology is often given the name
‘photovoltaics’. Modern cells are a
product of the modern electronics in-
dustry, but solar cells are amongst the
very earliest electronic devices. The
first crude device was made by Ed-
mund Bequerel in 1839, whilst the first
solid state device was made in Cam-
bridge in 1876. Both of these early
solar cell devices were discovered by
accident but, in the 1880’s, Christian
Fritz in the USA and Sir George
Minchin in London designed and built
solar cells and tried to improve their
efficiency. In 1891, Rollo Appleyard,
in an enthusiastic report of Minchin’s
work, invited his readers to ‘behold the
blessed vision of the sun, no longer
pouring his energies unrequited into
space, but, by means of photoelectric
cells and thermopiles, these powers
gathered into electric storehouses to
the total extinction of steam engines
and the utter repression of smoke’.

The modern solar cell was disco-
vered, also by accident, in 1954 at Bell
Laboratories in the USA. The US
Army used solar cells in 1958 on their
first space satellite, Vanguard I, and
the space race of the 1960’s led to a
great improvement in the solar cells
used to power the satellites. The oil
crisis in 1973 led the governments of
the USA, Europe and Japan to research
for alternative energy supplies and
research and development effort on
solar cells increased dramatically. Al-
though government support is now
much weaker, due to a temporary
easing of the energy supply problem,
these efforts have produced cells which
are efficient and cost effective in many
applications and an industry which is
confident in its ability to meet the
challenges ahead.

HOW SOLAR CELLS
WORK

There are many cell structures based
on different semiconductor materials,
but by far the most common is the p-n
homojunction single crystal silicon
cell. This cell will be used as an
example for the discussion of cell
operation. Different types of cell will,
be considered later in the article.
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Fig. 1. 4 typical solar cell

A typical single crystal silicon solar
cell (Fig. 1) consists of a wafer of

-silicon about imm thick, and about

10cm diameter, with electrical con-
tacts on each face. The bottom contact
is a layer of aluminium, but the top
contact is in the form of a grid, since it
must allow as much light as posible to
reach the silicon whilst also collecting
the electric current as efficiently as
possible.

When the sunlight enters the silicon,
all the visible and near infra-red light is
absorbed. The absorbed light gives its
energy to electrons in the silicon,
which then becomes electrically con-
ducting. In a semiconductor such as
silicon, electrical conduction is due to
electrons (with -a negative electrical
charge) and to holes (which act like
positive charges). The junction
between the top n-type silicon layer
and the p-type base layer contains a
strong electric field. This field causes
the negative electrons to move towards
the front contact and the positive holes
to move towards the back contact.
Thus, the top contact becomes nega-
tive whilst the bottom contact becomes
positive and a voltage is set up between
the two contacts. The movement of

electrons and holes constitutes an elec-
tric current and so the absorption of
light in a solar cell produces both
current and voltage and, hence, electri-
cal power (power = current x voltage).
The process is represented by the flow
chart. A spectral response curve is
shown in Fig. 2.

In bright sunlight, a 10cm diameter
cell will give an output of about 4 volt
and 2 amps, i.e. about 1 watt of power.
Manufacturers quote the output of
their cells for a sunlight intensity of 1
kilowatt per square metre (similar to
that of the Sahara Desert at noon).
This standard output is labelled ‘peak
watts’ or ‘Wp’ and is measured at a
standard temperature of 25°C. The
power-output of a solar cell varies with
the light intensity falling on it. The
current output will halve if the light
intensity is halved, but the voltage
output will drop by only a few percent.
The voltage output also depends on the
temperature of the cell and decreases
by about 3% for every degree Celsius
rise in temperature above 25°C.

SILICON SOLAR CELLS
PRODUCTION

The raw material for silicon solar
cells, as for silicon chips, is silicon
dioxide, found as quartz or quartz
sand. This must be reduced, to remove
oxygen, and then purified to a few
parts in a thousand million. Single
crystals of silicon are grown, usually
10cm diameter and up to 1-5m long,
and these crystals are then cut into
wafers about imm thick. These wafers
are the starting material for all silicon
electronic devices, including transis-
tors, integrated circuits and solar cells.

To make solar cells, p-type silicon
wafers must have a thin layer of
dopants, such as phosphors, diffused

of Light Electrons /|

and Holes

| ‘ Creation of
Absorption|Excltatlon 57 Additional Electrons

CURRENT

Fig. 2. Energy conversion process
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PHOTOVOLTAIC TECHNOLOGY

into one face to form the top n-type
layer and the junction. The top and
back contacts must be formed and the
top silicon surface is coated with an
optically transparent layer to reduce
the reflection of light (similar to the
blooming of lenses for a camera).

Each cell is tested to ensure that it
performs to specification and the cells
are then connected together, with the
top contact of each cell connected to
the back contact of the preceding cell
in the series. To ensure that the output
from a module will charge a 12 volt
battery even in moderately bright sun-
light, 30-36 cells are connected to-
gether in this way and then encapsu-
lated in modules.

Solar cells are fragile objects so the
module must provide mechanical
strength to withstand wind loads, hail-
storms, etc. Solar cells and their electri-
cal connections have to be protected
from environmental attack by mois-
ture and atmospheric corrosives. Cell
temperatures can vary from —-20°Con a
cold night to +60°C on a hot sunny day,
so the thermal expansion of the cells
must be allowed for. The string of
series connected cells is usually encap-
sulated in a layer of soft plastic, with an
upper face of glass and a backing layer
of plastic, metal or glass. A metal
framework around the edges provides
additional mechanical strength and a
means of fastening the modules on to a
structure. _

Typically, a module will give a
power output of 30-40Wp. When
more power is required, modules can
be connected together in series (posi-
tive to negative) to increase the voltage
or in parallel (negative to negative,
positive to positive) to increase the
current. The modules are fastened to a
secure structure, which holds them in
the correct position to receive the
maximum energy from the sun and
which can withstand wind loads, etc.
These ‘arrays’ of modules can be fixed
or they can be driven to constantly face
the sun. Arrays vary in size from a few
modules, for telecommunications, say,
to hundreds of thousands of modules,
for large grid connected utility sup-
plies. The largest array in the world to
date has a peak power output of
10MW, whilst the largest in the EEC is
rated at 0-3MWp.

NEW TYPES OF SOLAR
CELL

The single crystal silicon cell has
dominated the photovoltaics market
for many years, due, in part, to the
strong background in the processing of
silicon built up by the electronics in-
dustry. It provides a reproducible,
stable device, which can be economi-
cally competitive for several applica-
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tions. However, new cell types are
constantly under development, in an
effort to improve efficiency and/or
reduce costs.

The possible applications for solar
cells can be split into two categories,
these being space and terrestrial use.
Since the device requirements differ
for these two environments, the type of
cell being developed differs also. Solar
array for powering satellites require
highly efficient cells, which have a high
tolerance to the rigours of the space
environment and have a high power/
weight ratio. Candidate cells to replace
silicon include those based on gallium
arsenide, now entering production,

Further in the future, the conversion
efficiently of photovoltaic devices may
be increased to 30% or even 40% by the
use of several types of cell in a cascade.
A semiconductor junction is an effi-
cient converter of light to electricity
only for a narrow range of wavelengths,
whilst the output from the sun is
spread over the range from 400-
1200nm, i.e. ultra-violet to infra-red.
We can design devices where the light
passes through several different junc-
tions, each of which converts a sepa-
rate wavelength range into electrical
power efficiently. Although the physi-
cal processes needed to do this are
fairly well understood, the technology

CURRENT AND

VOLTAGE CHARACTERISTICS
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LIGHT INTENSITY
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Fig. 3. Current-Voltage characteristics

and, in the future, those based on
indium phosphide. The requirements
for a space cell are discussed in more
detail in the next section.

For terrestrial applications, the ef-
forts have been directed towards the
development of cells which are less
costly than single crystal silicon. Some
progress has been made by the use of
polycrystalline silicon, but the greatest
potential for cost reduction lies in the
use of thin film cells. These offer the
possibility of a reduction in the
amount of material used and the fabri-
cation techniques are generally more
applicable to low cost mass produc-
tion. They also have the advantage of
flexibility in device size. The front
runner in this field is undoubtedly the
amorphous silicon cell, which 1s best
known for its use in calculators,
watches, etc., but is now entering the
power market. Other thin film cells of
note are those based on copper indium
diselenide and cadmium telluride,
both in conjunction with cadmium
sulphide.

is extremely difficult, particularly as
the production must be relatively low
cost, and it will be some years before
these very high efficiency cells become
commercially available.

USING SOLAR CELLS

Solar cells are semiconductor
diodes, so their characteristics are
similar to those of any diode but with
the addition of a large reverse current
whose magnitude is proportional to the
intensity of light absorbed in the cell
(see Fig. 3). Solar cells are power
generators because their output is com-
posed of a reverse current and a for-
ward voltage, as shown in the diagram.
The voltage across the cell is equal, by
Ohm’s law, to the product of the
current and the load resistance. The
forward voltage across the cell induces
a forward current which opposes the
reverse current generated by the light.
At open circuit voltage, these forward
and reverse currents are equal, so the
nett current is zero. The maximum
power output of the cell occurs when
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the products of the cell voltage and
current is a maximum and the load
should be designed so that its resis-
tance (Ry)is givenby Vi, = [, R; . If the
power of the light falling on the solar
cell is P;;, the efficiency of the cell is
Pou/Pin = Vmlm/Pin = VoclscFF/Pig,
where FF is the ‘Fill Factor’ of the cell
and is a measure of the ‘squareness’ of
the I/V characteristic.

APPLICATIONS OF
PHOTOVOLTAICS

Photovoltaic power supplies have no
moving parts and no fuel costs. In
addition, they are silent and non-
polluting in operation. They can be
designed to supply any range of power
output, from less than 1 watt to many
megawatts. These unique characteris-
tics make them the ideal power sources
for many applications and the new
types of solar cell increase the design
options for cost effective products.

APPLICATIONS IN
SPACE

This was the first major application
of solar cells and is still one of the most
important markets, with each satellite
now having an average of 3kW arrays.
The solar arrays for satellites are com-
plex and expensive. They must be very
light and yet strong enough to with-
stand the forces during launch. They
must fold away into a small volume
during launch and then open when the
satellite is in orbit. The array must
radiate heat efficiently to keep the
solar cells cool when they are in the full
glare of the sun and then withstand a
drop in temperature to about that of
liquid air (—-200°C) when the satellite is
shadowed by the Earth. Not surpris-
ingly, solar arrays for space satellites
cost about £1000 per watt.

Silicon solar cells are sensitive to the
radiation in space, made up mainly of
protons and electrons from the solar
wind. At the end of life of a satellite the
efficiency of the silicon cells will often
have dropped from the initial 12-14%
to only about 8-9%. The solar array
must be designed to power the satellite
at the end of life, so the array is
considerably oversized at the begin-
ning of life. It is possible to reduce the
cost of the array if cells with a higher
radiation resistance are used, even if
the cells are more expensive than sili-
con. Gallium arsenide solar cells have
efficiencies of about 15% at the begin-
ning of life and 11-12% at the end of
life, so the array can be about 20%
smaller in area than an array of silicon
cells with the same end of life power
output. Gallium arsenide cells are
starting to be produced for the new
generation of satellites and may re-
place silicon cells for many applica-
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tions. Further into the future, gallium
arsenide cells could be challenged by
indium phosphide cells with efficien-
cies of 15-20% and even less degrada-
tion over their lifetime.

CONSUMER PRODUCTS

This category covers all products in
which the photovoltaic power supply is
built in, such as calculators, watches,
clocks, etc. The range of products is
always expanding and these applica-
tions account for over i of the total
annual photovoltaic output worldwide
at present.

Most consumer products now use
thin film solar cells made from amor-
phous silicon, since these can easily be
made in a variety of shapes and sizes to
fit the product. By far the biggest
market is for calculators. Not only is it
cheaper for the calculator manufac-
turer to fit solar cells rather than a
battery in the calculator, but products
such as the ‘credit card’ calculator
would be just about impossible to
make with a replaceable battery. The

Photo 1. Solar powered clock from
Chronar Ltd.

Japanese dominate the market be-
cause, in 1978, their calculator manu-
facturers made the decision to make
their own thin film cells in-house and
this has reduced their costs consider-
ably. The major calculator manufac-
turers now produce about one million
solar powered calculators per month.

Other products such as watches,
clocks, toys and kitchen equipment are
coming onto the market. The range of
such products is limited only by the
ingenuity of the inventors.

STAND ALONE
TERRESTRIAL
APPLICATIONS

This category covers a wide range of
stand alone applications, with power
levels ranging from 30-40W to several
kW. Photovoltaic modules can be used
to charge batteries for many applica-

tions in the leisure and military mar-
kets and to supply electricity for re-
mote homes away from the grid. For
some applications, such as telecom-
munications and cathodic protection,
photovoltaic power systems are al-
ready the first choice, due to their
reliability and low maintenance re-
quirements. Photovoltaics is already
economically competitive in some
situations in developing countries for
irrigation, lighting, medical refrigera-
tion, village electrification, etc. As sys-
tem costs fall over the next few years,
these applications will develop into a
major market.

The challenge in_these applications
is not so much in the photovoltaic
array as in the overall system. The
electricity produced by the photovol-
taic array is used to provide a service
such as water for drinking or irrigation.
The water pumps for these systems
must use the electricity as efficiently as
possible, with very high reliability,
very simple servicing and a long work-
ing lifetime, in order to take advantage
of the reliability of the modules them-
selves. The same considerations apply
to the refrigerators for vaccine storage,
batteries for lighting, etc., and the
whole system must be designed for
maximum efficiency and relnability.

Photovoltaics offers a technical solu-
tion to the problem of reducing the
enormous disparity in wealth between
the poor and rich countries. Almost all
of the very poor countries are in the
low latitudes where sunlight is abun-
dant. The technology to provide these
poor countries with the water, commu-
nications, lighting and basic medical
services which they need to begin the
long process of economic develop-
ment, is now available. The tech-
nology, however, is just the first step. It
can bring enormous benefits' to the
developing countries only if these
countries and the aid agencies apply
their organisation, economic priorities
and political willpower to the applica-
tion of photovoltaics as an aid to rural
development.

THE FUTURE OF
PHOTOVOLTAICS

The directions in which the tech-
nology of photovoltaics will develop
are reasonably clear to see. The effi-
ciency of the cells and modules will
increase as existing cells are improved
and new types of cell are brought into
production, and module efficiencies of
over 20% might be expected by the end
of the century. The cost of cells and
modules reduces as production pro-
cesses improve and the volume of
production rises. Costs as low as 1-2
per peak watt should be possible in the
1990’s, although the retail cost could
be higher.
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Photo 2. Courtesy of Energy Conver-
sion Devices Inc.

The applications of photovoltaics
will grow for the rest of this century
and beyond. Space satellites get bigger
and require more power, and more and
more are launched each year. Photo-
voltaics will appear in a wider range of
consumer products as designers learn
to use their unique characteristics. The
use of photovoltaics in the leisure
markets, for battery chargers and bat-
tery replacement is also likely to grow,
but the major stand-alone use in deve-
loping countries depends as much on
international economics and political
will as it does on technical advances.

At the time of the oil crisis in 1973,
photovoltaics was seen as a possible
replacement for fossil fuelled power
stations. There are examples of large
systems (up to I0OMWp) connected to a
utility grid, but, at present, the use of
photovoltaic arrays for large-scale
power generation is economic only

under very special circumstances. The
climate must be suitable, the peak load
in the utility grid must coincide with
the peak sunlight intensity (e.g. air
conditioning) and the investment
credit and tax system must be favour-
able. At present, these conditions oc-
cur together only in the southern USA
and the tax system there may change
adversely. In Europe, some utilities are
considering the use of photovoltaics,
particularly for island communities

large systems will become more wide-
spread, although they are likely to be
confined mainly to latitudes below
40-45°,

Photovoltaics is a very young tech-
nology. As a truly commercial indus-
try, it is less than 10 years old and it is
in a period of rapid technical change
and rapid growth. The unique charac-
teristics of solar cells allow them to be
used for power cources ranging in size
from milliwatts to megawatts, in appli-

Photo 4. Giotto Spacecraft under construction—solar cells wrapped around the body

with a large influx of summer visitors.
As the cost of photovoltaics falls, such

Photo 3. Solar module on leisure craft for powering navigation equipment (courtesy

of PAG Solar Technology Ltd.)

cations from rural Africa to space
satellites, This versatility will ensure a
bright future for photovoltaics, which
will grow into a major worldwide

industry. PE)

1). Solar Trust for Education and
Research—an organisation to deve-
lop awareness of solar energy in
schools.

2). International Solar Energy So-
ciety (ISES)—an organisation to
further the general development of
solar energy. ISES also publishes a
range of documents on solar energy,
mostly conference abstracts.

Both the above organisations are
located at 19 Albermarle Street,
London W1.

If you are interested in the subject
of solar energy ISES is organising a
conference in London on the 15th
May 1986 entitled ‘Solar Energy for
Developing Countries’. If you wish
to attend please contact the Admin-
istrator of ISES at the above ad-
dress, registration fees are £44 for
members of the public and £20 for
students.
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USING SOLAR CELLS

By NICK HAMPSHIRE

Light power available to the hobbyist
—ideas and applications

wo forms of solar cell are available

to the hobbyist, silicon wafers and
amorphous silicon plates. Of these two
types amorphous silicon plates are
both cheaper and easier to use offering
both high voltage and high power
output, typically 20 volts at 50mA
from a 12” by 4” plate at a cost which is
often as low as £6.00 per watt for a
large panel. This compares with silicon
wafers which can offer high power
output but at low voltages, typically, 4
volts at | amp from a 4” square wafer
at a cost of about £12.00 per watt.
Silicon wafers have an advantage over
amorphous plates in that they are very
light and are thus ideal for solar power
applications, where low weight is es-
sential, such as satellites or the Solar
Challenger aircraft.

PRECAUTIONS

Using silicon wafer solar cells re-
quires certain precautions. The wafers
are very thin, less than 0-5mm, and
consequently very fragile. A broken or
cracked wafer, if it works at all, will
probably have very reduced efficiency.
Wafers must therefore be securely sup-
ported and if used outside then the
front surface must be protected from
the weather and abrasion impact, etc.
When soldering wires to silicon wafer
solar cells, one to the solder connector
on the bottom surface and one to the
solder fingers on the top surface, great
care must be taken to apply only the
minimum amount of heat. Overheat-
ing by leaving the soldering iron on too
long or using too large an iron will
destroy the silicon wafer in the solder
area and probably render the cell
useless.

The problems associated with
mounting and connecting amorphous
silicon solar cells is considerably less.
Since amorphous cells are manufac-
tured by depositing a film of silicon on
to a sheet of glass they are both much
more robust and also have less need for
protection from accidental impact and
the elements. Another virtue of amor-
phous cells is that they can come in
quite large panels, up to 12" x 36” with
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Table 1. Electrical characteristics of Chronar solar cells

ELECTRICAL (NOMINAL) |102x305mm 204x305Smm 305x305mm 305x915Smm

PANEL SIZE

OPEN CIRCUIT

VOLTAGE (VOLTS) 20

SHORT CIRCUIT

CURRENT (AMPS) 0-1

NOMINAL POWER UNDER]

FULL SUN (WP) (WATTS) 1

WEIGHT POUNDS 05
KILOGRAMS 0-23

20 20 20

0-2 0-3-0-45 1-1-2

2 2,3,4,5 10,12,14
1 1-5 4-5
0-46 0-7 2-1

a power output of up to 10 watts at 14
volts. This large panel size and the
additional fact that small cells can be
made simply by cutting up large cells
with a glass cutter makes the fabrica-
tion of a desired solar panel much
easier.

Solar cells of either form are usually
used in conjunction with a battery or
other power storage device in order to
even out the high power output during
sunny periods with the low or zero
power output during cloudy weather or
at night. Some applications such as a
solar powered ventilation fan would
not require the use of a battery since it
would only be required to operate
when the sun was shining, in this kind
of application the solar cell can be used
as not just a power source but also a
sensor. NiCad or similar rechargeable
batteries can be kept constantly re-
charged by simply connecting across

the two solar panel outputs. Because
solar cells have a variable voltage
output it is important that diode pro-
tection is placed between the battery
and the solar cell in order to prevent
the battery discharging itself across the
cell during periods of low light and
thereby damaging the cell. Diode pro-
tection does pose one problem on low
voltage systems in that the voltage
drop across the diode may be unaccep-
tably large, this must be taken into
consideration when designing solar
power systems.

The inability of solar cell systems to
continually and reliably produce a re-
quired voltage and power output is one
of the problems of solar engineering
which needs to be overcome especially
in countries with very variable light
intensities. Batteries can be a part
solution but they do not contribute to
ensuring that the system works at peak

LIGHT ENTERS THROUGH GLASS

GLASS SUBSTRATE

BUS BAR

>4 TIN OXIOE

L AMORPHOUS SILICON FILM
—— METAL ELECTRODES
VINYL ENCAPSULATION

7’

Fig. 1. Solar cell construction details
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Fig. 2. I/V characteristics

efficiency. Peak efficiency requires
that the light reaching the solar cell has
an energy equivalent of at least
1kwatt/sq metre. Light concentrator
mirror systems and solar tracking
panels are two answers to this problem,
though in either of these cases the
power used to track or focus the solar
energy must be only a fraction of the
power produced by the solar cells.
Another part of the solution is to use
high efficiency power conversion sys-
tems to ensure constant voltage and
current output with the minimum en-

ergy loss thereby enabling batteries to
be charged at peak efficiency.

Solar cells are very easy to use, the
challenge lies in using them in imagi-
native applications and ensuring that
they are producing energy at maxi-
mum efficiency. There are a host of
applications where it is difficult to use
mains power and where the use of
batteries is often inconvenient and
unreliable. Till now solar cells have
often been too expensive to even be
considered, with the advent of amor-
phous solar cells this is no longer a
serious constraint.

AMORPHOUS SILICON
SOLAR CELLS

An amorphous silicon photovoltaic
panel is a series of monolithic intercon-
nected cells on a single glass substrate.
The technology used to create these
panels uses a thin film of amorphous
silicon sandwiched between two con-
ductive layers deposited onto glass.
The cells are interconnected during the
manufacturing process to provide ap-
propriate voltage and current, the elec-
tric output is from electrodes on either
side of the panel.

The manufacturing process starts
with the deposition onto a sheet of
glass of a transparent coating of tin

oxide. This coating is patterned by a
laser into conductive and non-conduc-
tive areas. A thin layer of semiconduct-
ing amorphous silicon is deposited
next using RF vacuum vapour deposi-
tion and is similarly patterned. The
amorphous silicon layer in fact con-
sists of three layers to form a p-i-n
structure, the p layer is silicon carbide
to ensure a wide spectral activity range,
the i layer is hydrogenated amorphous
silicon and a further layer of amor-
phous silicon creates the n layer.
Finally a layer of aluminium is dépo-
sited to create the rear contact and
similarly patterned. Fig. 1 is a diagram
showing a cross section across these
layers. Light coming through the glass
substrate is now converted to elec-
tricity. Copper busbars are deposited
onto the edge of each. panel to act as
electrical conductors; these and the
rear of the panel are then coated in an
encapsulation of vinyl plastic.

These cells show an energy conver-
sion efficiency of between 5% and
7-2%. The Spectral response curve
shows that the panels are most efficient
with light at a wavelength of about
550mm. Fig. 2 shows the I/V curve for
a foot square panel; the curve has the
same shape for panels of different
sizes.

VALUE PACKS

Description

Assorted ReS|stors My {(ed Types

Carbon Resistors 12-%2 Watt Pre-Formed

]/8 Watt Min Carbon Resistors Mixed
'/2-1 Watt Resistors Mixed

Assorted Capacitors All Types

Ceramic Caps. Miniature - Mixed

Mixed Ceramic Disc. 1pf-56pf

Mixed Ceramic Disc. 68pf-0.15pf

Assorted Polyester/Polystyrene Caps.

€280 Caps. Metal Foll Mixed

Electrolytics — Al Sorts

Electrolytics .47mf-150mf Mixed Vits

Eectrolytics 150mf-1000mf Mixed Vits

Silver Mica Caps. Mixed Values

.01/250v Min Layer Metal Caps.

Wirewound Res. Mixed Wand Values

Metres PVC SinFie Strand Wire Mixed Cols

Metres PVC Multe Strand Wire Mixed Cols

Metres PVC Single/Multi Strand Wire

Rocker Switches 2a 240V

Assorted Switches Slider/Push Etc

Sq Inches Total Copper Clad Board

40mm Siider Pots. 100K Lin

.125" Clear Showing Red LED's

Mixed Shape and Colours LED's

Small 125" Red LED's

Large .2 Red LED's

Rectanguiar .2" Red LED's

Asst Vits Zeners 250mw-2w

Asst Vots 10w Zeners Coded

5a SCR's T066 50-400v Coded

3a SCR's 1066 Up to 400v Uncoded

Sit. Diodes Like IN4148

Sil. Diodes Like 0A200/BAX13/16

1a IN4000 Diodes Alt Good Uncoded

Sq Inches Total Copper FibreGtass Board

Black Pointer Knobs 4w Std

Sil. Trans NPN Plastic Coded Data

Sil. Trans PNP Plastic Coded Data

TTL .C.s All New Gates - Flip Flop — MSI Data

CMOS 1.C.s All New Inc Data

Black Heatsinks Fit T0-3 T0- 220 Dnll d

Power-Fin Heatsinks 2 X T0-3 2 X T0-66

Asst Heatsinks T0-1-3-5-18- 220

BC107/8 NPN Transistors Good Uncoded

BC177/8 PNP Transistors Good Uncoded
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Description

Pair§ NPN/PMI’ Plastic Power Trans. Data da
Asst Sil. Rects. 1a-10a Mixed Vits

NPN Sil. Switching Jrans T0-18 - 70-92

PNP Sil. Switching Trans T0-18 - T0-92

Asst Audio Plugs Phono-Din-Jack Etc

Asst Audio Skis Phono-Din-Jack Etc

Asst I.C. Dil Skis 8-40 Pin

1.C.s 4116 Memary's

Semicgnductors From Around the World

Opto Special Pack. Assorted

Hybnd LED Colour Displays.

Asst. 1.C.s Coded, Linear. Etc

Alt Sorts Transistors NPN/PNP

BC183B Sif. Trans. NPN 30v 200mA Hie240 +
BC171B Sil. Trans. NPN 45v 100mA Hfe240+
TIS90 Sit. Trans. NPN 40v 400mA Hfe100 +
TiS91 Sit. Trans. PNP 40v 400mA Hfe100+
MPSAS56 Sil. Trans. PNP 80v 800mA HfeS0+
BFS595 Sil. Trans. NPN Equt.BF184 H.F.

BF495 Sil. Trans. NPN Eqvt.BF173 H F.
ZTX500 Series Sil. Trans. PNP Plastic

ZTX107 Sil. Trans. NPN eqvt.BC107 Plastic
ZTX108 Sit. Trans. NPN eqvt.BC108 Plastic
£5024 Sil. Trans. PNP eqvt BC214L

BC183L Sil. Trans. NPN 200mA

BC478 eqwt. BCY71 PNP Sil. Trans.

BXS21 eqvt. BC394 NPN Sil. Trans. 80v 50mA
Assorted Power Trans. NPN/PNP Coded & Data
BF355 NPN T0-39 Sil. Trans. eqvt.BF258 225v 100mA
SM1502 PNP T039 St. Trans. 100v 100mA Hfe100+
De-sofdered Silicon Trans from boards all good

3
2

LED DISPLAYS

RED 7 Se CC Mmm x 7.5mm ROP
GREEN 7 % LDP
RED 7 Seg. CC &
RED Over-flow .6" 3 x CA3 x CC
GREEN Over-flow 6" CA
RED 7 Seg CA 3"
DUAL RED 7 Seg. .5” CA DL527 DPR
DUAL RED 7 Seg. .51" CA DL727 DPR
Assorted LED Displays — Our mix with Data

CC = Common Cathode

RDP = Right Hand Decimal Point

TECASBOTY ’86

THE ELECTRONIC COMPONENTS AND
SEMICONDOUCTOR BARGAIN DF
THE YEAR FOR 1986
A garcel of Components and Semiconductors for the
hobbyist, bigger and better than ever before. Unbeat-
able value. and Bi-Pak's money back guarantee if not
completely satisfied. You get, in every parcel, a selec-
tion of the following: Resistors, Carbon and Wirewound
of Assorted Values; Capacitors, all types, sorts and
sizes, inctuding Electrolytics; Potentiometers, Single
and Dual, Stider and Pre-set; Switches; Fuses; Knobs;
Heatsinks; Wire; PCB Board; Plugs; Sockets; Etc. Plus
a selection of Semiconductors for every day use in
popular Hobby Projects, including Transistors, Diodes,
SCR's, rectifiers, Zeners and 1.C.s. In all, we estimate
the value of this parcel, bought in current retail
catalogues, to be well over £25. So help yourself to a
8real 1986 component surprise and order a box today.
nly at Bi-Pak.

Ring now on our Hot Line

0763 48851

and order with your Barclaycard or Access Card for
immediate delivery. Order No: VP86, 0st with
cheque or P.0.s for this TECASBOTY 86 J ST £8.00
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BI-PAK PCB ETCHANT & DRILL KIT

Complete PCB Kit Comprises:

1 12v Mini Drilt, 2 Twist Bits

1 Sheet PCB Transfers, 1 Etch Resist Pen

Yo b Pack Ferric Chioride Crystals

6 Sheets Copper Clad Board-Paper-Fibre Glass &

Double Sided.

Fult instructions for making your own PCB Boards.
Actual Retail Value £16.

ouR speciAL Price £10.50 onLy
Order No: VP81

FRRBRRRRR
S8888=s5s

.(_x_x.(_x_(-QBB_x_(_x_x_x_(_x_x_x_x_x_x_x_x_xJJJJE_B_B?_BQBBBQBB?_BB_BQ? =

Sil. Power Trans. Similar 2N3055 Uncoded CA = Common Anode LDP = Left Hand Decimal Polnt

Use your credit card. Ring us on 0763-48851 NDW
and get your order even faster. Goods normaily
sent 2nd Class Mail.

Remember you must add VAT at 15% to your order.
Totai Postage add £1.00 per Total order.

Send your orders to Dept PE Bi-PAK PD BDX 6 WARE, HERTS

TERMS CASH WITH DRDER, SAME DAY DESPATCH, ACCESS,
BARCLAYCARD ALSD ACCEPTED. TEL 0763-48851. GIRD 388 7006
ADD 15% VAT AND £1.00 PER DRDER PDSTAGE AND PACKING
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PRACTICAL ELECTRONICS
SOLAR CHALLENGE

The Challenge

Practical Electronics in association with Chronar Ltd. (manufacturers of photovoltaic cells) are
sponsoring a challenge in which readers of PE are invited to design an original product capable of
commercially exploiting cheap amorphous silicon photovoltaic cells. The use to which the
product is put is left to the imagination of the reader but should be both practical and functional.
As befits PE the idea should make use of electronics and the judges will give special
consideration to entries which promote maximum efficency in power utilisation. The product
should have wide appeal in the UK and overseas, therby justifying a high volume market. The de-
sign should also be cost effective, i.e. the anticipated achievable retail price should be reflected in
the estimated approximate manufacturing costs.

Entry to the Challenge

Readers are invited to submit a written proposal for an application. The proposal should give
details of all circuits, mechanical construction, etc. However, it is not required that the reader has
actually built a full working prototype before submitting an entry. The judges must simply be
satisfied that the entrant has adequately considered and solved all the technical problems
associated with the design. All proposals must be submitted before September 7th 1986, and
be accompanied by the entry form at the bottom of this page.

The Awards

The judges will make the awards on the basis of the entries’ originality, commercial application,
efficiency in using solar power. The entry which in the opinion of the judges best fills these criteria
will be awarded a first prize of £100 plus a 12” panel Chronar photovoltaic battery charger. There
will be three runner-up awards of a Chronar 330 4” solar battery charger and one year's free
subscription to PE. If in the opinion of the judges any of the ideas are commercially exploitable
then the sponsors of this challenge will undertake to assist the inventor in either patenting or
registering the idea and will then assist the inventor to organise manufacture of the product under
license. This follow-up assistance by the sponsors could lead to substantial rewards for the
inventor of any original idea.

The Judges

Each entry to the challenge will be judged by a team of four judges; they are: Professor R. Hill of
Newcastle; Mr. Wood-Tate, Managing Director of Chronar Ltd.; Mike Kenward, editor of New
Scientist; Nick Hampshire, editor of Practical Electronics.

Rules

1 — all entries must be original ideas conceived by the entrant and not copied from any source.
2 — the judges’ decisions will be final.

3— th<=i organisers do not accept responsibility for the safe keeping or return of any submitted
material.

4 — |t is the entrants’ responsibility to ensure that entries are received at our offices before the
closing date.

b — the competition is not open to any employees or their families of either Chronar Ltd. or
Practical Electronics.

ENTRY FORM
| | wish to enter for the Practical Electronics/Chronar Ltd. ‘Solar Challenge’ competition.

Enclosed with this entry form is my entry for the competition. | undertake that my entry abides by
| the rules of the competition and that this entry is entirely my own work. |
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Ever been in the middle of a project only to
find the next issue sold out? An annual
subscription to PRACTICAL
ELECTRONICS solves the problem.

SUBSCRIPTION M eRacTicAL

Overseas £16.00

Annual Subscription Rates
U.K. £14.00
Overseas £16.00
Students: Deduct £1 and quote

Student Number

|
I
I Complete this form and
I
I

COMPLETE

post it, with payment or

AND POST | post s it aymen
THISEL: . | et
ORDER FORM | S5,
TODAY!  \/ 35wy fosd,

(f' London, W2 4NH.
)

DON'T MISS A VITAL COPY!

RATES |
o el ELEGTRONIG

Wherever you live you'll receive a
copy regularly each month. It's the
quick, practical way to solve delivery
problems.

SUBSCRIPTION |I
|
|

ORDER FORM

POST COPIES TO

NAME

ADDRESS

Charge my credit card A/C at quoted rate
Please Note: Subscriptions cannot be ordered by phone

Card Valid from = 10

Signature.

l.c.s
Semiconductors
Tools—Components
Accessories

Meters

Free Postage—Discounts

52 PAGE CATALOGUE FREE ON REQUEST

ELECTROVALUELTD 28 St. Jude's Road, Englefield Green, Egham,
Surrey TW20 OHB Phone Egham (0784) 33603. Telex 264475
North Branch, 680 Burnage Lane, Manchester M19 1NA

Phone 061 432 4945 )
Please mention this publication when replying
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Universal Semiconductor Devices Ltd.
17 GRANVILLE COURT, GRANVILLE ROAD,
HORNSEY, LONDON N4 4EP, ENGLAND.

TEL. 01-348 9420/9425 * TLX. 25157 usdco g

WE OFFER ONE OF THE LARGEST RANGES OF SEMICONDUCTORS AT HIGHLY
ECONOMICAL PRICES. THE FOLLOWING SEMICONDUCTOR TYPES ARE AVAILABLE
FROM STOCK. IF WE DONT STOCK WHAT YOU NEED THEN WE CAN GET IT FAST
FROM OUR FACILITIES IN WEST GERMANY AND USA UPON REQUEST.

TRANSISTORS — BIPOLARS - GERMANIUM AND SILICON

SMALL SIGNAL
A@i POWER
DARLINGTONS — ALL SHAPES AND SIZES

VHF/UHF DEVICES - ALL SHAPES AND SIZES

DIODES - GERMANIUM AND SILICON >
RECTIFIERS AND BRIDGES

OPTO-ELECTRONIC DEVICES
LEDS OF ALL SHAPES AND SIZES

THYRISTORS AND TRIACS - ALL

SHAPES
@ ;{x SIZES

INTEGRATED CIRCUITS:
CONSUMER - DIGITALANALOGUE
MICROPROCESSORS AND  PERIPHERALS
IC SOCKETS

JAPANESE COMPONENTS — VAST RANGE OF DISCRETES AND CONSUMER IC's.

MAIL ORDER CUSTOMERS: PLEASE SEND FOR OUR COMPREHENSIVE PRICE LIST,
ENCLOSING £1.00 IN STAMPS, CHEQUE OR POSTAL ORDER. SYSTEM ‘A’ AMP, ALL
SEMICONDUCTORS AVAILABLE. AMP AND PREAMP, £90. AMP ONLY, £75.

CATALOGUE SENT FREE OF CHARGE, WHEN REQUESTED ON OFFICIAL LETTERHEAD
(WITHOUT REFUND), TO OEM'S, SCHOOLS, COLLEGES, UNIVERSITIES, GOVERNMENT
INSTITUTIGNS, COMPUTER FIRMS, ELECTRONIC REPAIR FIRMS AND DISTRIBUTORS.

SPECIAL DISCOUNTS AND PAYMENT TERMS ARE AVAILABLE TO ABOVE
INSTITUTIONS.

PLEASE ENQUIRE FOR QUANTITY DISCOUNTS.
WE WELCOME TELEPHONE AND TELEX ENQUIRIES!

FETS - POWER MOSFETS
UNIJUNCTIONS

NN
+

RATINGS
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CONSTRUCTIONAL PROJECT

NOTCHER EFFECTS UNIT

BY JOHN SIMON

An unusual musical effects unit
producing harmonic waveforms

\'Y WOULD be a rash person who
claimed to have devised a new form
of musical effects unit, but this unit is
certainly of a type which I have not
previously encountered. It is a form of
tracking filter, and in its main operat-
ing mode it acts as a notch filter which
removes (or at least seriously atten-
uates) the fundamental frequency of
the input signal, leaving only the har-
monic content. With most sources this
gives a rather weird “hollow” sound.
One might expect that it would give a
$ort of frequency doubling or tripling
effect, depending on the relative
strengths of the harmonics on the input
signal. In fact there is a frequency
multiplication effect if the input and
output waveform are examined on an
oscilloscope, but due to the way in
which human hearing operates the
frequency multiplication is not
apparent when listening to the pro-
cessed signal. This is presumably
caused by the same effect that results
in bass notes reproduced through a
small loudspeaker sounding quite ac-
ceptable to the listener, even though
the fundamental frequency and pos-
sibly even some of the lower harmonics
are not reproduced. The brain tends to
compensate for the absent frequency
components to some extent.

This removal of the fundamental
frequency is something that can be
achieved with a synthesiser that has
notch filtering, provided the filter can
be set up to accurately track the key-
board. In practice few synthesisers
have this facility, but a tracking filter
has the advantage of being usable with
practically any electric ‘or electronic
instrument, such as an electric guitar,
and it is not limited to use with
synthesisers.

This unit has a second mode of
operation, and when switched to this it
provides bandpass filtering. The effect
of the unit is then to greatly attenuate
the harmonic content on the input
signal, giving an output that is virtually
a sinewave. This gives a flute-like
sound even with a fairly harsh sound-
ing input signal such as a sawtooth or
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the output from an electric guitar.
Again, this is something that can be
achieved with some synthesisers, but it
can be applied to practically any in-
strument with the aid of this unit.

Although tracking filters can be
quite complex, this one is reasonably
simple and inexpensive to construct,
but it has a respectable level of perfor-
mance with quite low noise and distor-
tion levels. It tracks over a pitch range
of at least four octaves.

OPERATING PRINCIPLE

The circuit is built around a
switched capacitor filter, which is a
type that uses an electronic switch and
a low value capacitor to replace the
resistor in a conventional R-C lowpass
filter, as shown in Fig. 1. The capacitor
is first connected across the input, then
across the filter capacitor at the output,
then across the input again, and so on.
In this way it provides a signal transfer
from the input to the output, as does
the resistor in a conventional R-C
filter. Also like the resistor in an R-C
filter, it provides only a limited signal
transfer, and the output will only be a
faithful reproduction of the input sig-
nal if the input frequency is low in
relation to the switching frequency.
Remember that the switched capacitor
is much lower in value than the filter
capacitor at the output of the circuit,
and that any sudden change in the

-0

o .
ELECTRONIC
SWITCH

FILTER
il CAPACITOR OUT

SWITCHEQ
CAPACITOR

Fig. 1. Switched capacitor filter

input voltage will therefore require a
number of charge transfers before the
output voltage fully adjusts to the new
potential.

What is of primary importance here
is the ability to vary the cutoff fre-
quency of the filter by changing the
switching frequency. The higher the
switching frequency the greater the
rate at which current can be trans-
ferred from the input to the output,
and the higher the filter’s cutoff fre-
quency. In fact the cutoff frequency
varies in proportion to changes in the
switching frequency. This design is
based on one of the two switched
capacitor filters in the MF10CN inte-
grated circuit, and with this device the
cutoff frequency can be either 1/50th
or 1/100th of the switching frequency.

The block diagram of Fig. 2 shows
the system used in this tracking filter,
which is a standard phase locked loop
type. A phase locked Toop has a voltage
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NOTCHER EFFECTS UNIT

controlled oscillator which is locked
onto the same frequency as the input
signal. In this case the MF10CN is
used in the mode where the clock
frequency is one hundred times the
cutoff frequency, and we require a
clock frequency at one hundred times
the fundamental input frequency. All
that is needed to make a phase locked
loop provide a suitable frequency is a
divide by one hundred circuit connec-
ted between its VCO output and the
input of the phase comparator. The
phase locked loop then locks the divi-
ded signal onto the same frequency as
the input signal, giving a VCO fre-
quency  some one hundred times
higher.

In this unit two divide by ten circuits
connected in series are used to provide
the divide by one hundred action. An
amplifier is used ahead of thé phase
locked loop, and this ensures that the
circuit has good sensitivity and that
lock is not lost until the input signal
has decayed by a substantial amount.
A trigger circuit is used to provide the
phase locked loop with a pulse input
signal, and this is essential as the
particularly phase locked device used
here is a CMOS type which requires
normal CMOS input levels and switch-

SWITCHED
CAPACITOR
FILTER

. PASSIVE I
M (L{PIF

MODE
ACTIVE

LPF. @y

AMPLIFIER

PHASE

—| TRIGGER

LOCKED --10 =10
LooP »I

Fig. 2. Block diagram

the filter, but only at a fairly low level
of about 10 millivolts RMS. An active
lowpass filter at the output of the unit
reduces the clock breakthrough to a
totally insignificant level of under 1
millivolt RMS. This stage also pro-
vides buffering at the output.

CIRCUIT OPERATION

The circuit diagram of the filter
stages appears in Fig. 3, while the
circuit diagram of the clock generator
stages is given in Fig. 4.

Taking Fig. 3 first, the input lowpass
filter is a simple single stage type which
is formed by R3 and C3. There is an

mid-supply voltage, in order to set the
desired operating mode. In this circuit
R1, R2, and C2 provide the mid-
supply bias voltage, and the filter is
connected in the mode where the clock
frequency is one hundred times the
cutoff frequency. Notch, bandpass,
and lowpass outputs are available, and
S1 is used to select either notch or
bandpass filtering. There is no point in
including a lowpass filter mode as this
would give an effect that would be
virtually indistinguishable from the
bandpass type. Note that some pins of
IC1 are left unconnected, as one of the
two identical filters in the MF10CN
device is unused in this circuit.
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Fig. 3. Filter chain circuit diagram

The output of the VCO directly
drives the clock input of the switched
capacitor filter. A simple passive low-
pass filter ahead of the switched capa-
citor filter prevents problems with he-
terodyne ~ whistles caused by high
frequency input signals reacting with
the clock signal. A switch selects either
the notch or bandpass output from the
filter, which is actually a two stage
(12dB per octave) type which also
incorporates some additional stages to
give state variable filtering. The clock
signal breaks through to the output of

PRACTICAL ELECTRONICS MAY 1986

operational amplifier at the input of
the switched capacitor filter device
(IC1), and this operates in the invert-
ing mode with R3 plus R4, and R5
acting as the negative feedback
network. These give a voltage gain of
approximately unity and an input im-
pedance of 94k, although the latter is
reduced by the clock generator circuit
which is also fed from SK 1. R6 sets the
Q value of the filter, but in this case the
Q is not of great importance, and R6
sets a Q value of 1. IC1 has various
inputs that must be tied high, low, or to

The selected output signal is ‘con-
nected to the input of a third order
(18dB per octave) active lowpass filter
which is based on buffer amplifier IC2.
The cutoff frequency is at about 10kHz
or so which obviously givés less than
the full audio bandwidth, but it also
gives sufficient bandwidth to give ex-
cellent results.

Turning to the clock generator
stages, IC3 is used in the input ampli-
fier, and this is a standard operational
amplifier inverting mode circuit with a
voltage gain of about 47 times. This
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NOTCHER EFFECTS UNIT

gives good sensitivity, and the filter
will lock onto input signals of just a few
millivolts RMS or more in amplitude.
R10 gives the input amplifier an input
impedance of 47k, which gives the
circuit as a whole an input impedance
of a little over 30k. The next stage is
the trigger circuit, which is a conven-
tional operational amplifier type hav-
ing IC4 as the voltage comparator, and
a certain amount of hysteresis intro-
duced by C12 and R17.

1C5 1s the phase locked Yoop device,
and this is a CMOS 4046BE type. C13
and R19 are the timing components in
the VCO, while R20 and C14 are the
lowpass filter connected between the
output of the phase comparator and
the input of the VCO. The values in the
filter have to be something of a com-
promise as a large time constant is
needed in order to give a reasonably
wide tracking range, but a short time
constant is needed in order to make the
filter track rapidly from one note to the
next. The specified values give a useful
tracking range of four octaves or more,
and although the filter tracks less than
instantly from one note to the next the
performance is more than adequate in
this respect. The fairly long time con-
stant used does mean that the VCO
will not always lock perfectly onto the
input signal, and will sometimes waver
marginally either side of the correct
frequency. This has little effect on the
output signal though, and it certainly
does not detract from the effect
produced.
83 can be used to disconnect R20
from the phase comparator and feed
the full supply voltage to the input of
the VCO so that the operating fre-
quency is boosted to a high figure. This
provides a very simple but click-free
means of switching out the effect. A
more flat response in the “OUT” set-
ting could be obtained by using the

A
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Thoto 2. Waveforms—1

Ph?to 3. Waveforms—2

lowpass output of IC1 rather than the
bandpass output, but the bandpass
output was chosen as it still gives a
fairly flat response with S3 set to the
“OUT” position, and it gives slightly
more attenuation of harmonics on the
input signal when the effect is switched
in.

VR1 is an offset control, and this
sets the minimum frequency that the
VCO can achieve. In practice this is set
for a minimum frequency of about
18kHz so that the VCO can never
come into the audio range and produce
audible breakthrough at the output.

Thii limits the minimum operating
frequency of the filter to about 180Hz,
but jthis is low enough to permit good
results to be obtained with most in-
struments. However, the unit would
clearly not be usable with something
like a bass guitar.

IC6 and IC7 are the dividers, and
these are CMOS 4018BE divide by N
counters which are connected as
straightforward divide by ten circuits
here. Two high value supply decou-
pling capacitors are used to prevent the
second divider stage from placing
noise spikes onto the supply lines and
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Fig. 4. Clock generator stages circuit diagram
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Fig. 5. P.c.b. and component details

producing audible breakthrough at the
output. The breakthrough on the pro-
totype was measured at almost 80dB
down on the output clipping level, but
if desired it can be reduced by another
12dB or so by wiring a 47u capacitor
direct across pins 8 and 16 of IC7 on
the underside of the printed circuit
board.

CONSTRUCTION

The printed circuit design and wir-
ing are shown in Fig. 5. An important
point to bear in mind is that IC1, IC4,
and ICS to IC7 are all MOS devices,
and they should consequently be
mounted in sockets and the other
normal antistatic handling precautions
should be taken. In other respects there
is nothing much of note about con-
struction of the board, but do not
overlook the five link wires and fit pins
at the points where connections to off-
board components will be made.

A plastic and metal case was used for
the prototype filter, with the controls
and sockets mounted on the front
panel. Probably most constructors
would prefer to build this project as a
standard pedal type effects unit, and a
strong case such as a diecast alumi-
nium type must then be used. S3 would
need to be a heavy duty push button
type mounted on the top panel of the
case so that it could be operated by

PRACTICAL ELECTRONICS ‘MAY 1986

foot. In fact S1 could also be a top
panel foot operated type if desired. S2
is a pair of make contacts on SK1, so
that the unit is automatically switched
on when a plug is insertéd into SKI1,

and switched off again when the plug is
removed. This is a system which is
often utilized with effects units, but a
separate on/off switch could obviously
be used if preferred. .

COMPONENTS...
RESISTORS
R1,R2 4k7 (2 off)
R3,R4,R10 47k (3 off)
R5,R6,R20 100k (3 off)
R7,R8,R9 10k (3 off)
R11,R12, 27k (4 off)
RI15R16
R13 2M2
R14 22k
R17 390k
R18 220k
R19 15k
POTENTIOMETER
VR1 IM hor. sub-min
preset
CAPACITORS
C1,C9 470u 10V radial
elect (2 off)
C2 100p 10V radial
elect
C3 390p ceramic plate
C4,C10 1p 63V radial elect
(2 off)
CS5 2n2 carbonate
Cé 4n7 carbonate

C7 330p ceramic plate

C8 10u 25V radial elect

Cl1 4u7 63V radial elect

Cl12 470p ceramic plate

Ci13 220p ceramic plate

Cl4 330n carbonate

SEMICONDUCTORS

ICI1 MFI10CN

IC2 741C

IC3 LF351

IC4 CA3140E

ICS 4046BE

1C6,IC7 4018BE (2 off)

MISCELLANEOUS

SK1 Standard jack with
d.p.d.t. contacts (S2)

SK2 Standard jack

S1,83 s.p.d.t. min toggle or
heavy duty push
button (2 off)

S2 (part of SK1)

Bl 9 volt (PP3 size)

Case about 205 x 140 x 40mm;
printed circuit board, PE107; bat-
tery connector; 20-pin d.i.l. i.c.
holder; 16-pin d.i.l. i.c. holder
(3 off); 8-pin d.i.l. ic. holder
(3 off); wire; solder, etc.
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NOTCHER EFFECTS UNIT

IN USE

With a plug inserted into SKI to
switch the unit on, and headphones or
an amplifier and loudspeaker used to
monitor the output signal, a quiet and
probably quite high pitched audio tone
should be present on the output with
VRI adjusted in a fully anticlockwise
direction. Turn VR1 just far enough in
a clockwise direction to take the tone
above the upper frequency limit of
human hearing so that there is no
audible breakthrough at the output.

Coupling an input signal to the unit
and monitoring the output should give
a very obvious ¢hange to the signal
when either the notch or the bandpass
effect is switched in. The unit is in-
tended for use with a high level input
signal of around 1 volt peak to peak,
and provided it is used with a suitable
input level an excellent signal-to-noise
ratio will be obtained, together with
correct tracking even when the input
signal has decayed by a substantial
amount. If the unit is used with a low
output guitar pick-up it will almost
certainly be necessary to use a pream-
plifier in order to obtain satisfactory
results.

Bear in mind that the unit does not
have an infinite tracking range, and
that you must keep within the four

IN/JOUT

ouT

Photo 5. Constructional details

octaves from (about)the F sharp below
middle C at 185Hz, to the F sharp
three octaves above middle C at
1480Hz. The unit might actually track
over a somewhat wider range if the
instrument has a sufficiently wide
pitch range, and with a little experi-
mentation the usable range of your
particular unit will soon become

evident.

As the unit can only produce one
notch or one bandpass response it will
not work properly if fed with more
than one note, although it can produce
interesting (if rather unpredictable) re-
sults with a polyphonic instrument,
and constructors might like to try using
it in this way.

becen
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EFFECTS, DISPLAY
AND TEST KITS

AUTOWAH

Auto, manual & note triggered Wah-Wah, switchable. Set 140 £24.36
BASS BOOST )
With variable depth & range. Set 1388 £f3.6
BLOW BOX

Voncn operated fitter & amplifier for fascinating effects with voice & mus&Sel
214

CHORUS-FLANGER (PE JAN 84)

Mono-Stereo. Superb dual mode music enhancement. Set 235 £58.9
COMPANDER )
Mono-Stereo. Compression, expansion, switchable. Set 238 £2299

CYBERVOX (EE APR 85)
Amazing robot type voice unit, with ring modulator & reverb. Set 228 £44.76
DISCO LIGHT CONTROL (PE NOV 85)
3 Chan sound to light, with chasers, auto level & computer interface {BBC,
C64, PET, etc). Program incl. Set 245F 6250
3 Chan sound to light only. Set 2455 £2.00
Both units 750W per chan.

ECHO- REVERB (PE SEP 84)

S echo i -lengthy reverb, switchable

mulmrackmq Sel 218

ENVELOPE SHAPER

Note triggered ADSR, with VCA. Set 174-
EQUALISER
gch;?;\els. Variable low pass, high pass, band pass and notch filtering.

et
FADER
Voice controlled automatic music fader. Variable rate and sensitivity controls.
Set 167 nn

FLANGER

£571.66

£2520

Variable rate & depth plus phasing controls. Set 153 2845

FREQUENCY DOUBLER

Guitar octave raiser & tone changer. Set 98 £1530

Uz \

Smooth distortion, retains attack and decay character. Set 209F £1958

GUITAR EFFECTS

8 variable tremolo and Wah-Wah effects. Set 196 £235

GUITAR SUSTAIN

Extends note decay time, with noise gate. Set 222 £25.3

GUITAR TO SYNTH

Interface for guitar control of synth, with voltage & trigger outputs. Sattln‘
.41

HAND CLAPPER

Auto & manual variable clapping effects. Set 197 2669

HEADPHONE AMP

For headphones and speakers from 8 ohms, 2 watts. Mono set 156M  £18.07
Stereo set 1565 £26.85

" Separate input gains, levels, pans, filters, twin outputs, vottage controlled.
et 229M £49.95

LINKAFEX CHORUS

Foot pedal Variable rate & depth, 160Ms to 4 secs. Set 204 £42.96
LINKAFLEX DELAY
Foot pedal. Echo & reverb 10Ms to 450Ms. Set 206 21}

LINKAFLEX EQUALISER

Foot pedal. Switchable filtering — low pass, high pass, bandpass, notch. ES;I“3

NKAFLEX FLANGER
Foot pedal. Variable raté & depth, 160Ms to 4 secs. Set 207 £4%2
LINKAFLEX FUZZ
Foat pedal. Smooth variable distortion. Set 2091 Ko c¥. ]
LINKAFLEX MODULO
Foot pedal. 8 switchable tramolo and Wah-Wah effects. Set 211 £25.4
LINKAFLEX PHASER
Foot pedal. Variable rate & depth, 100Ms to 20 secs. Set 205 £3438
LINKAFLEX SUSTAIN
Foot pedal. Variable note die-away extender. Set 223 £26.47
METRONOM
Variable rate & accenled beat Set 143 2135

MICRO-SCOPE (PE DEC 85)
Turns a computer (PET, C64, BBC, etc) into an oscitoscope. Program incl.
Mains puwered Set 247 £4450

MIXER — 4 CHAN MONO (PE JAN 86)

MIXER 4 CHAN STEREO (PE JAN 86).

Separate input gains, levels, pans, fitters, echo send, PFL, voltage controlled.
Set 2295 2995

MOCK STEREO

RHYTHM GENERATOR
Computer driven (BBC, PET, C64, etc) 9 different drum instruments: programs
available. Set 185 £3454

RING MODULATOR (PE NOV 84)

Fabulous effects

SAMPLER & 64K DDL (PE JUN 85)

Oigital 64K memory. Up to 65 secs delay, echo, reverb, re-pitch, multi &
reverse track, loop, etc. Micro interface (BBC, C64, PET, etc). Mains powered.
Programs available. Rack case. Set 234R £245.00

SAMPLER — MINI (PE JUN 85)

Short version of 64K DDL less memory. Micro controlled (PET, C64, BBC, etc)
looping, pitch changing, multitracking, reverse tracking, echo, mverbplc Mains
powered. Programs available. Set 246 £95.00

SIGNAL GEN & F-V (PE JAN 85)
Test gear. Muttiwaveform VCO, freq. to voltage converter, sweep gen. S:“g

VCO. Set 231 £4558

STORM EFFECTS

Aute & manual wind, rain, surf effects. Set- 154 £2360
TOM-TOM SYNTH

Sound triggered multivariable drum effects. Set 190 £19.37
TREBLE BOOST

With variable depth & range. Set 138T £1362
TREMOLO

Variable depth & rate modulation. Set 136 £1562
VOCODAVOX

Modular vocoder, 7 chans., extendable. Set 152 £n%
VODALEK

Simple robot type voice modulator. Set 155 £1831
VOICE-OP-SWITCH

\Slolca level controls t amp DPDT relay. Variable sensitivity & pause controls.
et 1, £20.41

Splits mono signal into sterao simulation. Set 213 £24.37
NOISE GATE & VCA (PE MAY 85) et
PHASER (PE OCT 84)
Phasing enhanced with modulated fittering. Set 226 f2.3%
PRE-AMP !
Variable level & gain, swnchabln bass & treble fitter. Set 144 f1433
REVERB (STEREO) )
Lengthy reverb with stereo signal. Variable level & depth. Set 203 £36.54
REVERB — MONO (EE OCT 85)
Superb lengthy raverb unit. Variable depth 8 level. Set 232 £2135
RHYTHM GENERATOR

chip. 12 basic rhythms,
supsnmposabls with 40% swm:h combinations. Set 240 £59.99

PHONOSONICS, DEPT PE56, 8 FINUCANE DRIVE, ORPINGTON, KENT BR5 4ED.
TEL: ORPINGTON 37821 (STD 0689, LONDON 66).

Published Kits. PE = Practical Electronics; EE = Everyday Electronics.
Designer John M.H. Becker.

Boxes - DOL sampler ~ 13 inch steel rack mounting. Linkaflex units - Robust
diecast Other units black steel & aluminium. All kits include PCBs, parts,
instructions, boxes, wire, solder.

Further details are in catalogue of over 70 kits - Send 9"x4” SAE.
(For overseas enquiries & catalogue send £1.00 or 5 IRCs}

MAIL ORDER: Payment CWO, chq, PO, Access, Visa. Insurance cover 50p per
Details correct at press. E&OE.
Add 15% VAT. Add P&P £1.50 each kit {Overseas rates in catalogue.
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REGULAR FEATURE

ROBOTICS REVIEW

BY NIGEL CLARKE

Lego-Technic kits and robots from Selfridges

WHEN Gordon Ashbee opened his
Robotics Workshop in London
in 1984 he found that he was spending
much of his time answering queries
from robot enthusiasts. One of the
most common questions was about the
interfacing of home micros and ro-
bots—the problem was that there was
no simple answer or solution.

Interfaces were available but they
were machine specific and it was not
possible to buy an interface which
would work a wide range of micros. He
contacted Peter Mellor of Micro-Ro-
botics of Cambridge and he began
work on developing a universal
interface.

RESULT AVAILABLE

After almost a year’s work the result
is now available, but linking micros
and robots is only one of the functions
of what the company calls a revolu-
tionary new micro-controller. Reacting
to information from a variety of sen-
sors and keyboards it can control mo-
tors, servos, relays and other devices.

The controller uses a 6303 CMOS
processor with up to 24K of RAM with
battery back-up, 16K of system ROM
and a socket for 16K applications
ROM. It can accept up to eight ana-
logue inputs as well as information
from two shaft encoders and Micro-
Robotics’ Snap vision system. Data
will also be accepted from a 20-key
matrix.

Up to four digital outputs can be
controlled as well as 16 servos, an eight
stepper motor driver card and 32 char-
acters l.c.d. The programming is done
by plugging into the host computer
using a serial interface with the com-
puter running a terminal €mulator
program, preferably one conforming to
the VT 100 specification. The program
is developed on the computer using the
controllers’ own high-level language,
which the makers say is similar in
structure to Basic or Logo and anyone
familiar with those languages should
have no problems.

The system is multi-tasking and ap-
plications can be programmed into on-
board EPROM.

Once the program is downloaded the
host computer can be disconnected
and the controller with its battery
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back-up can then be easily moved to
wherever it is needed.

Priced at £195 plus VAT for the 8K
version it is available from Commo-
tion of Middlesex.

After two years of development and
testing Lego has unveiled its latest kits
in the Technic series. There are two
new Kkits and they are the first from
Lego which allow a number of models
to be made, including a simple arm
and X-Y plotter, and be controlled by a
computer.

LOGICAL EXTENSION

Lego in the UK says that it is a
logical extension of the Technic series
having begun by introducing the basic
concepts of mechanics then moved
onto motors and transmission adding
manual control later and now com-
puter control.

Although the kits have been deve-
loped specifically for schools it will be
possible for people to buy them
privately.

IN BRITAIN

The back-up material contains
enough information for a full 20-week
school course with teachers’ guide and
student projects. It has been built on
the basis of the examination curricula
in Britain and intensive testing at a
number of schools throughout the
country.

Although Lego is based in Denmark
all the development work for the latest
in the Technic series has been done in
Britain because it is felt that we are
ahead of the rest of the world in the
teaching of technology. The new Kkits
are to be adapted for other countries
with interfaces for their particular

Photo 1. The Colvis vision system

The basic set contains two d.c. mo-
tors, two opto-sensors and counting
discs, steering elements and wheels
with a total of 404 elements. Apart
from the robot arm it is possible to
control a ferris wheel, washing
machine, conveyor belts and auto-
matic door.

The other kit contains 458 elements
including an extra motor allowing
quite complex models to be built in-
cluding the °X-Y plotter.

As the kits will not be launched until
August, exact prices have not been
worked out but it is expected that one
kit plus an interface for the BBC B and
a complete set of programs and back-
up material will cost about £200.

popular micros.

Other than from a computer the
models can also be controlled by the
manual control board which Lego in-
troduced towards the end of last year.
For alittle under £30 the controller has
three switch panels and is powered by
batteries. It can also control the Lego
Buggy which was launched at about the
same time.

One of the pioneer companies in
robotics in the UK has gone into
voluntary liquidation. Colne Robotics
of Twickenham was one of the first
companies in the country to supply a
small robot arm when in 1982 i1t
launched Armdroid I, which proved
popular especially in education.
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ROBOTICS REVIEW

It is not known how severe its finan-
cial problems were but it is understood
that one of its major backers, Prutech,
the high technology venture capital
company set up by Prudential Assur-
ance, was owed about £800,000.

Three factors have been blamed for
the company’s closure. There has been
a general contraction in the industry
which was made worse by the teachers’
dispute. The directors made the final
decision following the announcement
of financial difficulties being experi-
enced by Colne’s US agent.

However, a further factor must be
the failure to keep up with develop-
ments in the market. While other
companies were bringing out new,
cheaper and more reliable machines,
Colne persisted with the Armdroid I
while adding the Colvis vision system
and a CNC lathe.

Attempts were made during the last
year to upgrade the Armdroid but as
mentioned in last month’s article the
specifications given for this new
machine in the spring could not be met
by the end of the year and a watered-
down version was put on the market.

At the time of going to press no
decision had been taken on the stocks
still held at Colne’s premises.

The Petsters have arrived. Nolan
Bushnell’s furry follow-ups to his first
assault on the personal robot market

Photo 2. Computer controlled Lego-Technic

been available in selected outlets since
before Christmas. At first they were
available in relatively small numbers
in two London stores, Selfridges and
The Toy Factory.

The reaction was overwhelming with
Selfridges re-ordering five times. They
have now been launched throughout

There are three in the range. The
basic Petster, looking like a furry cat,
costs about £50 and responds to hand-
claps and also has a roam mode.
Petster deluxe, about £80 has 64 com-
mand modes, infra-red direction sen-
sors, can speak and ‘answer’ questions.
AG Bear (£30) responds with grunts to

with the ill-fated Androbot family have the country. sounds, such as handclaps.
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CONSTRUCTIONAL PROJECT

THE PE HOBBY BUS

PART ONE BY RICHARD BARRON

A universal and flexible interface and peripheral bus for all
home micros—with multi user and multi tasking capabilities

AST month in the ‘Setting The Stan-

dards’ article, a brief outline of the

PE Hobby Bus was given. This month,

the PE Hobby Bus constructional

series starts with a complete circuit

description of the mother board and
backplane as shown in Fig. 1.1.

COMPUTER
CONNECTIONS

Any popular home micro including
the Spectrum, BBC, Amstrad and
Commodore, etc. may be connected to
the PE Hobby Bus to give complete
control over an enormous range of
peripherals and interface devices.
Also, of particular interest to those
who do not possess a personal compu-
ter, a couple. of single board computer
(SBC) projects will be published.

For those with a home computer, the
Hobby Bus may simultaneously sup-
port both the host micro and an SBC.
Indeed, it can support two SBCs and a
host. This allows great flexibility and
gives the system multi-tasking
capabilities.

OPERATING
PRINCIPLES

The bus consists of a control circuit
section and a series of slot connectors.
Seven connectors are shared between
the SBCs and the host, whilst four are
partially reserved for the use of SBCs,
memory and expansion cards. There
are seven slot select lines which are
used to enable various input/output
devices.

Interface and peripheral control
cards may be plugged into any of the
seven slots and depending on the user
requirements may bg controlled by the
SBCs, host micro or both.

PRIORITY

As in any multi-tasking or shared
bus system, a priority arrangement
must exist. Also, steps should be taken
to ensure that the bus is not being used
by two separate elements, obviously a
situation which, at the very least,
would cause the system to crash.
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In the PE system, a system busy
(SBSY) line is provided which can be
sampled by any card or device. If it is
high (logic 1) then the bus may not be
used. It is busy. If it is low, a device
may take control of the bus by causing
the system control line to go low. A
hardware element in the control sec-
tion automatically sets the SBSY line
high. In some cases, however, it may
not be possible for the host micro to
sample the SBSY line. For this reason,
the SCONT line going low automati-
cally inhibits the host micro from
taking control of the bus.

In other words, the priority for the
bus users, works on a first-come-first-
served basis, except, to avoid damage
to the home micro, any SBC or bus
device may take control away from the
host by causing the SCONT line to go
low.

CIRCUIT OPERATION

The host micro is connected to the
PE Hobby Bus (PEHB) via a 40-way
ribbon cable terminated at the bus end
by a d.i.l. IDC connector and at the
micro end by any suitable connector.
Depending on the requirements of the
host, various control lines, the data bus
and part of the address bus may be
decoded for system control.

Obviously, spare locations within
the host’s memory or I/O map may
differ from machine to machine and
user requirements. Therefore, a flex-
ible decoding arrangement has been
provided by IC1 and IC2, two 74LS85
4-bit comparator i.c.s connected to
form an 8-bit comparator.

Any required 8-bit code may be set
up via S3 to S10 connected to the ‘B’
side of the comparator. If an equiva-
lent code is detected at the ‘A’ side,
then the A=B output of the comparator
will go high, indicating that the host
micro is addressing the bus. It may be
that less than eight decode lines from
the home micro are required. This
being the case, the unused lines are
connected directly to ground on the ‘A’
side and the corresponding switches on
the ‘B’ side are closed.

Providing that the SCONT line is
high, indicating that an SBC is not
using the bus, IC6a will produce a logic
0 at its output when the A=B line goes
high. This does several things. It en-
ables some of the 3-state buffers in
IC2,1C4 and ICS, causes the SBSY line
and the OE3 line of IC8 to go high (via
IC6b). ¥

IC3 and IC4 are hex buffer packages
which are arranged in groups of two
and groups of four. IC4 group-2 buffers
are not enabled by the host micro and
thus the outputs, 2B1 and 2B2, remain
in a high impedance state. However,
these lines are connected to ground via
R10 and RI11, thus all the enable
inputs of IC8 are at the required state.

IC8 is a 3-line to 8-line decoder. All
eight output lines are in the high
impedance state until the chip is selec-
ted by suitable logic levels appearing at
its output enable inputs. In the case of
the host micro addressing the PEHB,
the address inputs are connected to
suitable address lines from the host via
IC3. In most cases, these lines would
be three address lines, A2 to Ad4.
Depending upon the condition of these
lines, one of the outputs of IC8 will go
low.

Seven of the outputs of IC8 are
connected to the system slots and are
thus designated SS1 to SS7. The other
output is used to select the on-board
I/0O and communication chip, IC7, an
8255A PIA.

IC7 has three 8-bit programmable
I/0 ports and a few internal control
registers, arranged in a fairly simple
and straightforward architectute. It is
controlled by a select line (EN), two
address lines, a reset line and a read
and write line. If the host micro sets up
a valid bus address, and A2 to A4 are
all low, then IC7 will be enabled. The
various control lines and the data bus
will be available via IC3 and ICS.
Under these conditions, the host will
be in complete control of the chip.

It is set up to have an 8-bit port
(PAO-PA7) whose lines are available
at seven designated slots. On the bus,
these lines are known as I/0 A0 to I/O
A7. With this set-up, the port may be
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THE PE HOBBY BUS

used by the host as an output port and
by simply connecting D-type latches
at, for example, four slot positions,
four 1/0 ports become available as
shown in Fig. 1.2. The host simply
outputs an 8-bit value from IC7 and
then ‘strobes’ it through one of the 8-
bit D-types using the required slot
select line.

There are, of course, many other
options which may be considered. PAQ
to PA7 could be used as a dedicated
input or output port used to control a
particular peripheral device situated at
any of the assigned slots. Alternatively,
they may be used as control lines for
other devices.

SLOT SELECT LINES

The slot select lines can be used in
conjunction with the buffered data
lines, and the R/W line to control
simple input and output ports, without
needing to rely on IC7. Using an octal
D-type as shown in Fig. 1.3, an 8-bit
output port may be constructed using
one i.c. Similarly, as shown in Fig. 1.4,
an octal transparent latch may be used
to provide an input port.

As well as simple ports, there are lots
for microprocessor add-on devices
which are available, and require the
use of, only, the data bus and a couple
of control lines (including a select
input), all of which are available on the
PEHB.

COMMUNICATIONS

A second 8-bit I/0 port is available
along the complete length of the bus.
This may be used for standard I/0O
functions or it can be used to provide
communications between the SBC and
the host micro. If a ‘minimal system’
SBC is used on the bus, then it is
unlikely that keyboards and displays
will be used for programming. This
being the case, then the host micro is
able to communicate with the SBC via
I/O BO to I/O B7, thus providing
various program and control informa-
tion. Also, the SBC can communicate
with the host, and should any informa-
tion need to be displayed, the host
micro can be used.

For very simple user control, D2 and
S2 are provided to communicate with
the SBC. The third I/0 paqrt on IC7
takes care of these signals as well as
various other functions such as strobe
and ready signals for the usér ports.

There will be a variety of PEHB
projects published in the coming
months, many of which will require
greater control to or from the host
micro. For these projects, other control
lines such as interrupts, resets and
wait/halt signals are available. Some
are unbuffered, so care must be exer-
cised when using them.

SBC CONTROL

All of the circuit elements described
so far can be controlled by an SBC

SS1

JDO>D7 Q0-Q7

8 OUTPUT LINES

$82

8 OUTPUT LINES

lDO»D? Q0-Q7

K En j—
N

K EN

8 QUTPUT LINES

00-D -Q7] 8 OUTPUT LINES

R/ W

SS3

SSe

DJGOLB]

Fig. 1.2. Strobed output port expander
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COMPONENTS...

RESISTORS

R1-R8 10k s.i.1.

R9-R13, 10k i1W (7 off) °

R15,R16

R14 270 jw

R17,R18 330 1W (2 off)
CAPACITORS

Cli 2,200p elect

C2 220n polyester

C3 470n polyester

Ca4-C13 1p tant bead (10 off)

C14-C21 = 100n polyester (8 off)

C22 10p tant
SEMICONDUCTORS

Dl 4V7 Zener 200mW

D2,D3 0-2” l.e.d. (2 off)

RECI1 1A bridge rectifier

IC1,IC2 741885 (2 off)

IC3,IC4 7418367 (2 off)

IC5 7418245

IC6 74L.S00

1C7 8255A PIA

IC8 74L.S138

1C9 7805 voltage

regulator

SOCKETS

16-pin d.i.l. socket (5 off)

14-pin d.i.l. socket (2 off)

20-pin d.1.1. socket

40-pin d.i.l. socket (2 off)

DIN 41612 sockets (as required)

MISCELLANEOUS
T1 6V-0V-6V-0V secondary
FS1 1A and holder
LP1 mains neon
P.c.b. pins; p.c.b., rubber mount-
ing feet (6 off); mains cable; wire;
solder; S1, s.p.s.t.; S2, push to
make; S3-S10, octal d.i.l. switch;
small box for p.s.u.

without the need for a host micro.
Several SBC boards will be published
and available soon.

The SBC takes control of the bus
after first sampling the SBSY line, by
taking the SCONT line, low. This
enables the two separate tri-state
buffers, in IC4, and disables the host
buffers via IC6a. It also sets the OE3
input of IC8 and the SBSY line, high,
via IC6b.

Because the SBCs are designed for
other functions such as ‘number crun-
ching’, as well as I/O control, IC8 may
not be, necessarily, selected. In order
to select IC8, the IORQ and A7 line
must be taken low by the SBC, other-
wise the active low inputs of IC8 will
be forced high via 2Bl and 2B2 out-
puts 6f IC4.

ADDRESS FIELD
The PEHB is not designed as a
memory card exténsion for home
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THE PE HOBBY BUS

T

55 EEn @ 81/0 LINES
s
(e
a7
EN K
551——I
R/W (W)
DIGOLE

Fig. 1.3. Simple output port

micros, but it is obviously important
that a full memory address field is
available for such things as EPROM
programming and program storage.
For this reason, a complete address bus
is available at slot 8 to slot 10.

Any SBC may have access to this
bus, thus a full 64K of memory may be
addressed. Should the host micro wish
to use any of the system memory, it
must do this via the SBC. There are
also an additional four decoded lines
reserved for SBC and memory use
only. As with the host, various control
lines are available along the complete
length of the bus for SBC operations.
Obviously, any line shared between
SBCs and the host micro must be
buffered by the SBC and only enabled
when the host is not in control.

N

MICRO DIFFERENCES

As previously explained in the ‘Set-
ting The Standards’ article, most mi-
croprocessors work on very much the
same principle. There are only minor
differences in the operation of most
home micros, these being mainly due
to the different type of CPU employed.
Most home micros use either a Z80 or
6502 processor.

The 6502 microprocessor controls
I/0O from within its standard 64K
address map and most home micros
which use this processor have part of
the address map reserved for I/O use.
I/0 operations are treated in much the
same way as memory read or memory
write instructions. The Z80 is quite
different. As well as a standard
memory map, it also has an input
output map which is implemented
using its IORQ line. The I/O map
resides in the address field controlled
by the least significant address lines.

On computers such as the Spectrum
and the Amstrad, therefore, connec-
tions would be made to the PEHB
using the IORQ line and a few address
lines. Also to conform to the PEHB
standard, only the W line will be used
to generate a R/W line via IC6c. The
6502 only has a single R/W line so
there are no such problems with
machines such as the BBC.

INPUT:

BINPUT LINES

DO-Db7 OUTPUT

R

m)
z
Sl

"

SS1

RIW(R}

Fig. 1.4. Simple input port

Little need be said about the power
supply as it is very simple. It supplies
5V regulated up to about 750mA via a
1A fuse. Another power supply will
certainly be needed if other voltages
are required for programming func-
tions or analogue devices. Bus lines are
reserved for these purposes.

If battery back-up is needed, a power
supply monitor line PSUMON is avail-
able via IC6d. Under normal condi-
tions, REC 1 supplies about 7-5V
unregulated to DI1. 3-6V is dropped
across D1 supplying a high level to the
input of IC6d. Should the supply fail,
the input to IC6d will go low and the
output high thus indicating failure.
NEXT MONTH: Details of the PEHB
construction, p.c.b., home micro con-
nection details and simple programs.
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REGULAR FEATURE

BBC MICRO FORUM

BY RAY STUART

Digital to analogue converter and o
computer controlled power supply unit

IN the world outside computers most
quantities cannot be measured di-
rectly in digital terms of 0 and +5 volts,
some form of analogue to digital con-
version is required. Temperature and
pressure, for example, are measured on
an infinitely variable analogue scale.
To interact and control most real
world systems computers have to con-
vert digital signals to analogue signals
and vice versa. The BBC microcom-
puter has a built-in analogue to digital
converter, called the analogue port, but
cannot provide an analogue output.
This month’s Microforum rectifies this
by showing how a digital to analogue
interface can be added, and gives an
example of how this can be utilized to
provide a computer controlled 25
volt-2 amp power supply.

DIGITAL TO ANALOGUE
CONVERSION

A digital to analogue converter is a
device that transforms a digital repre-
sentation of a value, in say binary
notation, to a voltage or current linear-
ly proportional to the magnitude of
that value. For example, if a value is
digitally represented by an eight-bit
binary number, it can have any one of
2% or 256 discrete values. Thus an
eight-bit analogue to digital converter
could not produce an infinitely vari-
able voltage but rather a representation
consisting of 256 steps. However, for
most applications this resolution is
adequate. If one required better resolu-
tion then one would have to resort to
using a larger number of bits, say 10 or
12. As the BBC microcomputer is an
eight-bit machine, this article will con-

swi_LSE  gR RF
sw2 4LR
VREF '
sw3 2R vour
40
swa R
MSB e
Vi Vi A/
VOUT:‘[VREF , YREF | VREF | REFJ 3
T T BT
[PETESM)

Fig. 1. Weighted resistor converter
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Fig. 2. Resistor ladder converter

sider an eight-bit digital to analogue
converter.

There are two methods commonly
used to translate digital to analogue
signals: the weighted resistor and the
R-2R methods.

icant bit and that successive lower
significant resistors are twice the previ-
ous value. Thus the total current flow-
ing through these resistors gives an
analogue representation of the binary
state of the switches. After being
summed the current is converted to a
voltage by the following operatioral
amplifier. The feedback resistor R¢sets
the gain and hence the output voltage.

At first sight this method appears to
provide a simple solution. However,
this type of converter suffers from
several drawbacks. The accuracy of the
system is determined by the accuracies
of the resistors, the on resistance of the
solid state switches and the character-
istics of the operational amplifier. This
may not be a problem in the circuit
shown, but consider the case of a ten-
bit digital to analogue converter. The
value of the resistor associated with the

Voo ————
R-2R LADDER st
AR = 1 Pt tttd f .
P SWITCHES “"' g
BIT 8 2 _BiT1(MsB)
BIT 7 —t Z . g2
BIT 6 —b L _BiT3
BIT 5 ——b R BG
LOGIC SELECT ——t ' LOGIC INPUT SELECT SWITCH |
CLOCK 2t 8 BIT BINARY COUNTER 2 COUNTER RESET
ZNL25
Fig. 3. ZN425 block diagram
WEIGHTED RESISTOR least significant bit will be 2° or 512
DIGITAL TO ANALOGUE times greater than that for the most
CONVERTER significant bit. The result of this is that

The circuit diagram of a typical four-
bit weighted resistor digital to ana-
logue converter is shown in Fig. 1. This
can be considered as a summing ampli-
fier with resistors switched into circuit
as requ1red usually by solid state
switches, to provide the input current.
It can be seen that the smallest value
resistor corresponds to the most signif-

the current flowing through the least
significant resistor could be lower than
that which can be detected by the
operational amplifier. This could be
rectified by reducing the value of all
the resistors, but the current require-
ments of the most significant bit would
then be unacceptable for most
applications.
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R-2R DIGITAL TO
ANALOGUE
CONVERTER

A widely used alternative to the
weighted resistor converter is the R-2R
or resistor-ladder digital to analogue
converter. A four-bit vérsion of this
system is shown in Fig. 2. It can be seen
that this type of converter uses only
two values of resistors R and 2R. This
arrangement acts as a series of pi
networks such that only half the cur-
rent flowing into a node leaves it. Thus
the current is halved each time it
passes through a node, and therefore
the switches represerit a binary scale.

e
GROUND[E: 16 ] veer outPuT
LOGIC ¥
A E] REF INPUT
COUNTER — ] ANALOGUE
RESET “J outPUT
cuock [« | [13] 8171 (MsB)
BHB(SN[E Eaanz
BIT 7 g MELE
BIT 6 (7] IIBHL
+Vee E E] BIT S

ZN425

Fig. 4. ZN425 pin connections

The block diagram of this device
(Fig. 3) shows that it contains all the
elements required plus an additional
eight-bit binary counter. The switches
can be activated by digital inputs or by
the counter, depending on the state. of
the logic select input, allowing the chip
to be used in a variety of ways. For
example, if the counter is selected it
can be used as a ramp generator if a
clock is applied to the counter’s input.
For the application described here, the
counter will not be used. The pin
connections of the ZN425 are shown in
Fig. 4.

Connecting the ZN425 to the user
port is straightforward as shown in
Fig. 5. As the ZN425 is designed to
operate on a supply voltage of 4:5 volts
to 5-5 volts and consumes about 30
milliamps. It can be powered directly
from the user port. The eight outputs
from the port are connected directly to
the ZN425’s eight digital inputs and
the counter is disabled by connecting
the logic select input to ground. The R-
2R resistor ladder can be connected ta
an external reference voltage if re-
quired via pin 15. However, in this
case the ZN425’s internal 2-5 volt
reference (pin 16), is used and is
therefore connected to pin 15. It is
necessary to decouple this voltage with
a 220n capacitor for optimum perfor-
mance. The ZN425 generates a voltage
output with a high output impedance.
Therefore, to prevent following circuit-

s Loum

[0-2:55v )

BBC USER PORT

] 2

T220n

GND O
PEISEM

Fig. 5. BBC D to A interface

ry loading, and thus reducing the sys-
tem’s-accuracy, the output is buffered
by a 3140 operational amplifier wired
as a voltage follower. In this configura-
tion the maximum output voltage of
2:55 volts occurs when all the user
port’s outputs are at logic 1, and O volts
when they are all at logic 0.

SOFTWARE

The software required to drive the
analogue to digital converter is shown
in Table 1. Before using the digital to
analogue converter, the user port has
to be configured to provide eight
outputs. This is achieved by PROC_
initialise_port which writes &FF into
address &FE62 the port’s data direc-
tion register (DDR). The user port

This type of converter, although
using more components than an equi-
valent weighted resistor converter, is
easier and cheaper to produce. As there
are only two values used (one if two R
value resistors are used to produce
2R), value and temperature matching
is-easier to maintain during production
thereby producing a better quality de-
vice. However, this system does have
a relatively high output impedance
thereby limiting the output current
available. It is therefore common prac-
tice to buffer its output before it is
used.

BBC MICROCOMPUTER
DIGITAL TO ANALOGUE
CONVERTER

In order to interface a digital to
analogue converter to the BBC micro-
computer one must first consider the
interfaces available. The BBC’s user
port is ideal for this purpose as it
provides an easily used eight-bit
latched output. There are a number of
eight-bit analogue to digital converters
on the market suitable for our applica-
tions; but only one, the Ferranti
ZN425, will be considered here. This
provides an implementation of the R-
2R converter discussed above.

PRACTICAL ELECTRONICS MAY 1986

Table 1. D to A program

10 REM
20 REM
30 REM
40 REM
50 REM
60 REM
70 REM

100 REPEAT
110 REPEAT

140  PROC_analogue_out

160 A$=GET$
170 UNTIL FALSE

210 ENDPROC

250 ?DRB=0UT%
260 ENDPROC

90 PROC_initialise_port

120 CLS:INPUTTAB(8,5)"OUTPUT VOLTAGE = "VOLTS
130 UNTIL VOLTS>-0.001 AND VOLTS<2.56

150 PRINTTAB(5,10)"Press < SPACE > to continue"

190 DEF PROC_initialise_port
200 DDR=&FE62:DRB=&FE60: ?DDR=&FF : 2DRB=&00

230 DEF PROC_analogue_out
240 OUT%=(VOLTS*1000) DIV 10
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Flg 6. Complete circuit diagram of the BBC controlled PSU

outputs are then set to zero by writing
&00 into the data register buffer
(DRB) located at memory location
&FEG60.

The user is asked to enter the output .

voltage required, denoted by the vari-
able “VOLTS”, if this is within
the ZN425’s range (0 to 2-55 volts)
PROC_analogue_out is called. This
procedure converts the voltage to an
integer value in the range &00 to &FF
and writes it into the appropriate data
register.

As &00 corresponds to O volts and
&FF to 2:55 volts it is evident that the
least significant bit of the data word
represents a change in the digital to
analogue converter’s output of 10 mil-
livolts. Thus the output voltage can be
set to within 10 millivolts of the re-
quired value which represents a resclu-
tion of 0:39% of full scale.

COMPUTER
CONTROLLED POWER
SUPPLY

Once an analogue output is available
it can then be used for a variety of
applications, an example of which is a
computer controlled power supply.
This could be used in automatic test
equipment (ATE) or for controlling the
speed of a small electric motor. The
circuit presented in Fig. 6 is capable of
supplying up to 25-5 volts at up to
2 amps.

The ZN425 produces a maximum
voltage of 2-55 volts as described
above, and is powered by the BBC’s
user port. This output is buffered by a
741, operational amplifier IC2 before
being presented to the non-inverting
input of IC3, a second 741.

This second 741 is used to compare
the set point voltage from the digital to
analogue converter with the power
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supply output voltage, i.e. it is an error
amplifier. As the output voltage is ten
times the setpoint voltage it is divided
by ten, by R3, R4 and RS, before being
fed to IC3’s inverting input, pin 2. As
the lower resistor in this divider chain
is 1K, the upper part has to be 9K in

In order for the two 741°s to operate
down to OV it is necessary to run them
with a negative supply. This is derived
from the same transformer winding by
means of R1, C2, DS, D6 and C3, with
R7 and D7 providing a stabilised
—-5-6 volt supply.

Table 2. PSU program (lines 10 to 80 for REMs)

90 PROC_initialise port
100 REPEAT
110 REPEAT

140 PROC_analogue_out

160 A$=GET$
170 UNTIL FALSE
180

210 ENDPROC
220
230 DEF PROC_analogue_out

250 ?DRB=0OUT%
260 ENDPROC

120 CLS: INPUTTAB(8,5)"OUTPUT VOLTAGE = "VOLTS
130 UNTIL VOLTS>-0.001 AND VOLTS<25.6

150 PRINTTAB(5,10)"Press ¢ SPACE > to continue"

190 DEF PROC_initialise_port
200 DDR=&FE62:DRB=&FE60: ?DDR=&FF: ?2DRB=&00

240 OUT%=(VOLTS*1000) DIV 100

order to produce the correct ratio. The
nearest preferred values to this are 8K2
and 10K. Neither of these are close
enough to the required value, therefore
two resistors, a 6K8 ohm and a 2K2
ohm, are used to produce 9K.

The output of IC3, pin 6, is used to
drive a darlington pair, TR1 and TR2,
and thus produce the required output
voltage. Obviously the BBC micro-
computer cannot supply the power
required by the operational amplifiers
or the darlington pair which must be
derived from the 240V mains. Trans-
former T1 produces a 20 volt output
which is rectified by four 1N5401
diodes and smoothed by a capacitor
Cl.

The software required to drive this
power supply is shown in Table 2. It is
similiar to that previously described,
the major changes being due to the
increased maximum output voltage.

OTHER APPLICATIONS

A digital to analogue converter such
as that described can be used for a
range of applications other than a
power supply. For example it could be
used to calibrate a voltmeter, as a
setpoint for say an analogue tempera-
ture controller or to generate various
waveforms not easily achieved using
conventional analogue techniques.
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REGULAR FEATURE

READERS’ LETTERS PAGE

Dear Sir

On opening my copy of the March issue
of PE this morning, I started to ponder
over the recent demise in the computing
hobbyist magazine field, amongst other
things. I started reading PFE as a result of
the PE CHAMP and look where that went.

I am no good at filling in forms and I
don’t need your £2 voucher as my

ttewsagent deltvers what [ want, so [ just
mention that my main interest in your
periodical, now, is the kind of news that
Barry Fox brings. I find the news and
comment regarding DBS and cable TV"
fascinating.

We have got to get people interested in
reality again; this morning there was news
on the radio of more nightmare
mindlessness on the motorways, in fog.
This time, close to my home, in S. Yorks. It
can only happen because people, in vast
numbers, are living in a sort of ‘cloud-
cuckoo land’, oblivious to the limitations
of the technology they take too much for
granted.

You have accepted a responsibility
which you may not have noticed.

J. W. Hill, S. Yorks.

Dear Mr. Hill,

It sounds to us as if it was just one of
those days for you. We hope, you have got
over it.

Seriously, you are absolutely right about
several things in your letter. People are,
indeed, taking technology for granted.
However, this is not necessarily a bad thing.
That’s the beauty of modern
developments—transparent complexity. On
the other hand, technology in the hands of
the uninformed and uneducated can be
extremely dangerous.

This brings us to another point, you
made—our responsibility. We are aware of
our responsibility to inform and educate. PE
will be publishing plenty of informative
articles.on modern developments and
technology advances and will take extreme
care to point out their limitations.

Finally, if you liked ‘The Champ’, then
we're sure that you'll like'the PE Hobby
BUS. It’s a flexible and, potentially,
extremely useful micro development system

for the hobbyist designed to work with any
home micro (or without one).
Editorial

Dear Editor

I am responding to your request for ideas
in the editorial of the March issue of PE.

I am retired now, but am an electrical
engineer by profession. My hobbies in
retirement are: electronics (not including
much in the way of computers),
experimental mechanics and workshop
practice. I have a well-equipped home

worksfiop with lathes and welding gear, etc,
as well as electronic test gear such as
oscilloscopes and meters.

I do not think that I'm alone in this
combination of interests but there seems to
be no magazine that caters for it. Your
magazine has many excellent projects for
the home and car but never for the
mechanical workshop.

An example of the sort of thing I have in
mind is:

Digital readout of milling tables or lathes.
Strain-gauges for measuring forces or
weights

Mechanical acoustic projects

You are devoting a good deal of
attention to robotics which represents the
marriage of electronics and mechanics—so
some projects in the direction that I have
suggested would, surely, not be out of
place.

R. P. Gabriel, Chobham.

Dear Mr. Gabriel,

PE has, and always will, place its
emphasis on electronic constructional
projects. There is no doubt that computers
have been the most significant development
in the field of electronics (and probably the
world). This cannot be ignored, so PE will
be publishing many micro related articles as
well as the traditional projects for the home,
workshop and car. We stress, though, that
our projects will be hardware based and not
include miles and miles of computer
software.

On the subject of mechanics, we would be
happy to publish a project (or several) on
machine control and monitoring systems,
providing it is interesting, and of the usual,
high, PE standard.

Editorial

Dear Mr. Grosvenor

I was interested to see your ‘FSK
Cleaner’ circuit in February’s PE, and
would like to use it to square up serial data

received over the phone.

Unfortunately, the tape input to my Oric
operates at 2400 baud (or the very much
slower 300), whereas you say the circuit
will operate up to 1200 baud only.

I would be most grateful if you could
suggest any way of modifying the circuit so
as to operate at the higher speed.

D. R. Yearsley, Surrey.

Dear Mr. Yearsley,

We cannot, normally, suggest
modifications to projects and ideas
published in PE, however, after reading this,
we’re sure that Mr. Grpsvenor or someone
will come up with the answer. We will, of
course, publish the best solution in a
forthcoming issue.

Editorial

Dear PE

I am a subscriber to Practical Electronics
and have noticed that in recent months,
you have made reference to ‘The British
Amateur Electronics Association’.

I would very much like to join this
association but do not know their address.
1 would be very grateful if you could
forward a contact address.

Aidan Mitchell, Belfast.

Dear Aiden—and other interested parties,
All readers interested in the ‘BAEC’

should contact:

Cyril Bogod, ‘Dickens’, 26 Forrest Rd., S.

Glam., CF6 2DP.

Editorial

Dear ‘Back Issues’

I am interested in the article descrlbmg
the Compukif UK 101, a 6502 based single
board computer. If this article is not
available, please let me know of any similar
articles dealing with the same subject.
Vishnu Raj, Malaysia.

Dear Vishnu,

Firstly, we are unable to supply back
issues or deal with enquiries regarding
aricles over five years old. However, we can
supply photocopies of articles for £1 each
inc. p&p.

Secondly, you will be pleased to know that
PE will be publishing several SBC based
projects in the coming months, including
one based around the 6502.
Editorial/Services

With only a few hours of your time it 1s possible to assemble and install an effective security system
1o protect your family and property. at the amazingly low cost of £33.95 + V.A.T: No compromises
have* been made and o comers have been cut. The putstanding value. results from volume
production and direct supply. Assembly is straightforward with the detailed instructions pravided.
When instalied you can enloy the peace of mind that results from a secure home. Should you wish

- 1o intrease the level of security, the system may be éxtended at any time with additional magnetic
switches, pressure pads or ultrasonic sensors. Don't wait untilit'stoo late - order today,

EXTENDED SYSTEM CS 1480 Price £62. 50+VAT.
This sy ins, in addition to the CS 1370, a US 5063 + its enclosure,

INFRA-RED
SYSTEM
IR 1470

>

* Built-in delays & fixed alarm time.

An advanced ultrasonic movement detector which employs digital
cifcuit techniques to provide a supenor performance for security,
automatic light switching and industrial appfications.

type
en additional horn speaker and a further 2 mugnenc switches. This system represents
value for money for the high level of security provided. Order Code: CS 1430
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Add 15% V.A.T. to all prices
U.K. orders at 75p P&P.
export postage at cost
Units on demonstration
Shop hours 9.00 to 5.30 p:m.
Closed all dav Wednesdav
Saturday 9.00 to 1.00 p.m

The heart of any alarm system s the contral unit. The CA 1250 offers
every possible feature that is likely to be required when constructing
an installation or simply controling a single magnetic switch an the

* Built-in electronic siren drives 2 foud speakers
* Provides exit and entrance delays tagether with fixed alarm time

* Operates with magnetic switches. pressure pads. uhrasonic or |R.

* 2 aperating modes full alarmvanti tamper and panic facility

R ! Y 1 ALARM
) CONTROL
| L ‘ UNIT
CA 1250

A COMPLETE SECURITY DIGITAL ULTRASONIC DETECTOR'US 5063 L
£3995 +VAT. front door.
contains:
Control Unh . CcANsO
Enclosure& mechunulﬁxmg:w - * Battery back-up with trickle charge facility
Key Switch & 2 Keys KSL?OO: B = units
ED's justable range upto =
5" Horn Speaker HS 558 ~Slovasal dacrimimation aganstfalsealarm. S s a palk el
4 high quality surface mounting * Crystal controlled. 9
Magnetic Switches 1S 1025 * Low-consumption 12V operation. * Screw connections for ease of installation

* Separate relay contacts for external foads
* Test loop facility
Suitable enclosure for CA 1250 as shown in
Complete Security System - HW 1250
Price £9.50 + V.AT.

Write or telephone for full
details of our complete ranae

Order by telephone or post
using
— iyour credit card

Please allow 7 Hays for delivery

* Operates over distance up to 50ft.
* LED indicator for easy glignment.
* 12V low current operation.
* Single hote mounting.
The IR 1470 provides an invisible beam of hight which, when
interrupted energises a built-in relay in order to operate exteral
switches or equipment. Idedl for use in security, photographic. or
industrial apphications.

Price only £25.61 + VAT,

Suitable power supply and
timed switching unit for use
with IR 1470, etc.

" Price £13.95 + V.AT.

Risconp El:’:lr'::epspalzs:?ough
LIM.TED Bucks. HP17 9DB.

Princes Risborough
{084 44) 6326
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CONSTRUCTIONAL PROJECT

STE-BUS

POWER SUPPLY

PART 2 BY FARIBA SANIEENEJAD

Final constructional details of the
STEbus and the PSU module

AST month, the IEE 1000 series
started with a brief look at the
STEbus and constructional details of
the PSU module p.c.b. This month, we
will take a closer look at Eurocards,
backplanes and the final construc-
tional details of the PSU.

BUS STANDARDS

There are many bus standards now
in use, many of which employ standard-
Eurocards and afre designed to be
housed in a standard size rack system.
The most popular rack assembly used
for both indusfrial and commercial
products is the 19-inch model which
takes on various shapes and sizes and
is usually available in kit-form.

A basic sub-rack assembly, as it is
commonly known, consists of two.end-
plates, mounting attachments, and
four angle brackets and location strips.
Add-ons such as top and bottom
plates, card guides, module guides,
backplanes and busbars are available
as required. The Eurocard system is
available in ‘two heights; and two
depths.

_ Eurocard heights are normally speci-
fied in terms of ‘U’ values, where single
height (3U) is designed for 100mm
cards- and double height (6U) for
233-4mm cards. Widths are specified
in units of ‘E’, where E = 0-2 inches. A
19-inch system has internal dimen-
sions of around 84E. Standard depths
are 160mm or 220mm. The STEbus
specifications are for standard 3U,
160mm deep Eurocards.

The IEEE 1000 backplane can be
fitted into the rear mounting bars of
the sub-rack system and card guides
located-at appropriate points along the
rack. Indirect edge connector sockets
on the backplane then mate with the
card plugs when they are slid into
position. Alternatively, modules such
as the PSU may be used, which are
connected via special module plugs.
Othér miscellaneous items ‘such as,
horizontal mounting kits, hinged front
panels, and card fronts are also avail-
able which provide for an extremely
versatile and fléxible system.
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PSU CONSTRUCTION

Following on from last month, the
overall wiring diagram for the STEbus
PSU is shown in Fig. 2.1. As can be
seen, in order 1o fit all the components
into a 3U, 20E module, the component
position is critical.It can be seen from
Fig. 2.1 that the bdttery holder, bat-
tety, C3 and clip and T1 are all
mounted on a screening kit side panel.

Before connecting any wires, the
screening panel should be positioned
about 6 inches from the p.c.b. with the
module socket lying in between. This
allows pletily of room for final
assembly.

The wiring from the p.c.b. should be
gathered together and fastened into
two tidy looms. One loom should be
arranged to make the module plug
wiring easy, and the other should be
directed towards the assembled screen-
ing panel, remembering that there will
also be some wires to be connected to
the module plug.

Once the looms .are correctly posi-
tioned, wires should be distributed to
the various plug connections and the
panel-mounted components. All wir-
ing and solder connections should be
insulated. Finally, the l.e.d.s should be
connected via about 5 inches of wire
from the p.c.b.

Photo 2.1. Rack system cqmplete with cards, PSU and backplane

The connections to the p.c.b. should
be made via suitable wire soldered to
p.c.b. pins and insulated using plastic
or rubber sleeves. The low voltage
output from the transformer may be
wired directly to the correct p.c.b. pins.
All other connections are made using
suitably rated wire, In normal use,
most of the wires should carry less than
200mA, however, the 5V and 0V lines
should be capable of carrying up to 2A
continuous current.

MODULE ASSEMBLY

After all the wiring has been thor-
oughly checked, the completed p.c.b.
and panel is ready for final module
assembly. The Eurocard module front
panel should be drilled with three holes
to accept the l.e.d. mounting kits and
the four card guides screwed into
position.

Providing all is correct, so far, the
completed wiring assembly, p.c.b. and
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Fig. 2.1. Overall wiring diagram of the PSU

plug may be folded over as shown in
Fig. 2.2 and slid into the module. Once
everything is correctly aligned, the
other screening panels and top and
bottom platel may be positioned and
the rear panel securely fastened. On
most module units, the top panel can
be slid open, giving access to the
circuits, etc. inside, which 1n this case
is useful as the pots may need adjust-
ment and the battery may have to be
fitted.

BACKPLANE

The p.c.b. design and component
overlay for the STEbus backplane is
shown in Fig. 2.3. It is a very simple
design being only a single-sided board.
Many industrial standard boards are
extremely complex as they are de-
signed to carry signals operating at
5MHz to 6MHz. This design is far
cheaper to produce but limits system
operations to around 2MHz.

The power supply rails are de-
coupled by a few capacitors situated in
close proximity to the sockets. A resis-
tor, R1, is connected across the 5V rail
which carries a standing current of

COMPONENTS

RESISTOR
R101

CAPACITORS
C101-C116  100n (16 off)
C117-C124 1y (8 off)

MISCELLANEOUS
P.cb., PE 110, wire, solder, etc.
DIN 41612 a+c sockets (as
required) |

50Q 1W

around 100mA. This was included as it
was found that on the prototype, with
very little load on the 5V rail, regula-
tion was not very satisfactory.

Photo 2.2. System constructional
details

Mounting of the components onto
the backplane should pose few prob-
lems and once completed, it may be
fixed to the sub-rack system. It should
be carefully aligned with the card
guides, as fitted, and tightly fastened to
the rear location strips.

The final task is simply to wire the
backplane to the power supply module
socket as shown in Fig. 2.3. Extreme
care must be taken to ensure that the
mains wiring is well insulated and it
must be noted that in normal use, the
connections inside the socket are LIVE.
Under no circumstances should the unit
be switched on at the mains when the
power supply module is not in position.
With the power supply in position, no
live connections are exposed and the
unit should be safe to use. For extra
safety and to improve appearance the
completed rack assembly may be
mounted inside suitable equipment
housing.

With the backplane in position and
the PSU connected, the system is ready
for use. Up to 9 cards may be inserted
in addition to one further module.
NOTE that when the PSU is switched
on, it gets hot. This should be expected,
as anything up to 37W may be dissipa-
ted within the module.- With this in
mind, check that the 17W resistor,
(R3) stands well clear of the board.

WIRING LOOMS

ASSEMBLED PCB.

HANDLE
MODULE FRONT PANEL—j

,_i
m
o
e
~

LED.
MOUNTING
KITS

MODULE T1
PLUG 81 I
e

ASSEMBLED SCREENING KIT

CARD GUIDES

Fig. 2.2. PSU mechanical details
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STE-BUS PROJECTS

Over the coming months, PE will be
publishing some exciting projects for
use on the STEbus including SBCs,
memory cards, mini-printers, I/O mo-
dules and terminals. As well as those, it
is expected that readers will find their
own applications for the system as the
possibilities are enormous.

The STEbus has the facility to sup-
port a number of processors, and micro
devices. It is designed to have a prio-
rity chain which can be configured as
required. Thus to make the fullest use
of the bus, in addition to the address
and data lines, a number of request and
acknowledge lines are included. More
will be explained about these lines in
the forthcoming months.

NEXT MONTH: This series con-
tinues with the first PE SBC construc-
tional project.
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REGULAR FEATURE

SPACEWATCH

BY DR PATRICK MOORE OBE

TRAGEDY

It goes without saying that the space
scene has been dominated by the tra-
gedy of the Challenger Shuttle. The
loss of the seven astronauts is in every-
one’s minds; everything else is secon-
dary—but it is also true that the whole
space programme has been badly
affected. In particular, it will almost
certainly mean delays to two impor-
tant missions. Project Ulysses was due
to be launched from the Shuttle, going
first round Jupiter and then soaring
back over both poles of the Sun, send-
ing back information from these far-
from-the-ecliptic regions which are re-
latively unknown. There was also the
Galileo probe to Jupiter, which would
have made its first encounter in De-
cember—not with Jupiter, but with the
asteroid Amphitrite; after reaching Ju-
piter, Galileo would have dispatched
dn “‘entry” probe into the clouds of the
Giant Planet and also used an orbiter
to monitor not only Jupiter itself, but
also its satellites. Finally, the Hubble

Space Telescope is also a Shuttle pro-
ject. It can now hardly hope to be kept
to schedule.

There is no thought of cancelling any
of these projects, and there can be no
doubt that the Shuttle programmes will
be resumed as soon as possible; but it is
a sad fact that scientific payloads are
liable to be put behind the queue of
military and commercial projects. We
can only hope that the delays will not
be too protracted.

Meanwhile, plans for large Earth-
based telescopes are being made. Cal-
Tech has given a contract worth nearly
11,000,000 dollars to the Optical Sys-
tems of Lexington, Mass., to make the
42 hexagonal mirrors for the new 400-
inch reflector to be set up on the
summit of Mauna Kea, in Hawaii, at
almost 14,000 feet. In fact 36 mirrors
will be used, each of which is 72 inches
in diameter with a thickness of 3 inches
and a weight of 1400 Ib. Construction
of the mirrors should be completed by
1988. The Keck Telescope will be the
first of its kind; it should be far more

effective than any existing ground-
based telescope.

VOYAGER TO URANUS

There can be little doubt that the
Voyager 2 mission to Uranus has been
/one of the outstanding achievements of
the Space Age to date. I was at the Jet
Propulsion Laboratory in Pasadena
throughout, and the air of excitement
and anticipation was, I think, even
greater than for the Jupiter and Saturn
encounters. After all, we had already
known a great deal about the two
nearer giants, while our ignorance of

Uranus had been fairly complete!
Initially it seemed that the encounter
might be something of an anti-climax.
Little could be seen on the planet as
Voyager drew in, and neither was there
any sign of a magnetosphere—remem-
bering that the spacecraft was ap-
proaching Uranus “pole-on”, because
of the planet’s extraordinary 98-degree
axiat tilt. Then, well before closest
continued on page 52

The Sky This Month

Of the bright planets, Venus continues to be visible in the
evening, low in the west after sunset; its magnitude is —3-3,
still vastly superior to any other star or planet. Mars, Jupiter
and Saturn are all in the morning sky, though they are not yet
well placed, and Jupiter is not likely to be seen properly until
nearly the end of the month.

This is the best time for seeing Halley’s Comet—if you
happen to live in the southern hemisphere! During April, the
comet passes through Corona Australis, Scorpius, Ara,
Norma, Lupus and Centaurus; at its closest to the Earth, near
the end of the first week, it will be just under 40,000,000 miles
Sfrom us. Of course this is much further away than at the last
return, that of 1910, but the comet should show a reasonably
bright coma and a tail. Before dawn in mid-April it will be al-
most overhead from countries such as South Africa and
Australia. Later in April the Moon will interfere; but on April
24 there will be a total lunar eclipse lasting for over an hour,
and this may well be the last chance to see Halley's Comet
with the naked eye until it comes back once more in 2061.

It is not necessary to go south of the equator to see the com-
et, though of course the further south the better. On 10 April
the declination is —47, and on 20 April it is —32. This means
that on the 10th it will theoretically rise from anywhere on the.
Earth’s surface south of latitude 43°N, and on the 20th it will
rise from anywhere south of 58°N. Unfortunately this is not so

seeing the comet unless it is well above the horizon. All the
same, latitudes such as The Canary Islands will suffice
—bearing in mind the need to escape from light pollution.

By the end of April the comet will have reached Hydra, and
will again be above the British horizon. The position on 30
April will be RA 10h 58m, dec. —-19°13’. However, the
magnitude will have fallen below naked-eye visibility, and is
dropping quickly as the comet moves away from the Sun and
the Earth.

There is one important meteor shower this month. The
Lyrids are active between about the 19th and 25th, with
maximum on the 22nd. However, the zenuthal hourly rate is
no more than 15, and the brilliant moonlight near maximum
will hide all but the brighter meteors. A few members of the
Eta Aquarid shower (associated with Halley's Comet) may be
seen from the 24th, but the maximum is not due until the
middle of the first week in May. N

We have now virtually lost the brilliant winter constella-
tions; Orion has vanished in the west, though Capella, Castor
and Pollux can still be seen. The Great Bear is practically
overhead, and high in the south there lies Leo, the Lion, with
the first-magnitude Regulus and the line of stars making up
the Sickle. The brilliant orange Arcturus, in Bootes (the
Herdsman) is rising in the east; it is actually the brightest star
in the northern hemisphere of the sky—the only stars to
surpass it (Sirius, Canopus and Alpha Centauri) are all south
of the equator, and the two latter cannot be seen at all from
Britain. Hydra occupies much of the low south, look for the

good as it may sound, because there will be little hope of fairly prominent little quadrilateral of stars making up

Corvus (the Crow). Adjoining Corvus is Crater (the Cup),
which is an obscure group, but worth identifying because
Halley's Comet will remain in it for a long time as it fades.
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CONSTRUCTIONAL PROJECT

TTL LOGIC

CHECKER

BY PETER COLLINS

A 16-channel programmable in-circuit testing
device for all 14 and 16-pin TTL chips

OGIC circuits are often relatively easy
to check, since there are only two
acceptable signal levels at every point
in the circuit. These are logic 1 (‘high’,
or about +4 volts), and logic 0 (‘low’, or
little more than zero volts). Outputs
must switch cleanly and rapidly from
one state to the other, and must not
take up an intermediate level under
quiescent conditions. Many faults in
logic circuits can therefore be located
by simply checking that i.c. pins which
should be at static levels are actually at
a fixed state, and the right one, and
that outputs which should be pulsing
are providing a proper output signal.
The normal method of checking
these points is to use either an oscillo-
scope or a logic probe, with the latter
having the obvious attraction of far
lower cost. A slight problem with either
method is that it can be a little awk-
ward going round dozens or even hun-
dreds of test points on the circuit board
testing each one in turn. Quickly mak-
ing a reliable connection to minute
integrated circuit pins can be rather
awkward, and rapidly becomes tedious
when it has to be repeated numerous
times. I.c. test clips are available, and
these certainly help by, in effect, physi-
cally raising the test points and spread-
ing them out slightly to make them
more accessible.
Things can be taken a step further
though, and the test clip can be wired
direct to a multichannel logic tester.

For really useful results this would

require what would amount to a proper
logic probe circuit (including pulse
indication) for each channel, and this
would be rather complex and expen-
sive with some sixteen channels to deal
with. The large number of TTL chips
and l.e.d. indicators required could
also lead to the unit having a massive
current consumption. A more simple
form of indicator circuit could be used
for each channel, and in most cases
would give perfectly usable results, but
results could sometimes be ambiguous
or misleading.

The design finally adopted in this
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checker is a compromise between these
two extremes, and the unit is basically
a logic probe type circuit fed from an
1.c. test clip via a 16-way selector
circuit. In order to use the unit the i.c.
test clip is fitted into place, and then
the selector circuit is switched to check
each pin in turn. In use this is nearly as
fast as having separate state indicators
for each pin, but it requires only a very
simple and inexpensive circuit.

CHECKER OPERATION

The block diagram of Fig. 1 shows
the system used in this design, which is
not quite as simple as one might
expect. There is a slight problem in
that ordinary 16-way switches seem to
be unavailable, and a circuit consisting
of just a logic probe plus a 16-way
single pole switch is not a practical
proposition. Sixteen-way switches can
be obtained, but only in the form of
hexadecimal or ‘hex’ switches. These
are small printed circuit mounting
types with a built-in control knob and a
dial (usually calibrated 0 to 15). There
are five tags, which are ‘common’ plus
four binary encoded outputs. If you are
familiar with computers and binary
then probably no further explanation is

required, but for those who are not a
little amplification is in order.

With the binary numbering system
only two single digit numbers are used,
0 and 1. This is convenient for use with
electronic circuits as 0 and 1 can be
represented by different voltage levels.
With the decimal numbering system
the digits in a number (working from
right to left) represent the number of
units, tens, hundreds, thousands, etc.
In a binary number the situation is
similar, but the digits represent (again
working from right to left) the units,
twos, fours, eights, sixteens, and so on.
Thus a binary number such as 1100 for
example, is the equivalent of 12 in
decimal (no units, no twos, one four,
and one eight, equals 12).

A hex switch provides the appropri-
ate four bit binary code for the number
indicated on its dial, but four external
load resistors are required. Although
some people seem to have the impres-
sion that hex switches contain some
electronics, they are in fact just ordi-
nary mechanical switches, and are ef-
fectively a four pole 16-way switch
wired up as shown in Fig. 2. Here each
switch provides a closed circuit when it
must provide a logic 1 output, and an
open circuit when it must give a logic 0

Photo 1. The complete Logic Checker
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Fig. 1. Block diagram

output. In order to obtain the correct
logic output levels it is therefore neces-
sary to connect the ‘common’ terminal
to the +5V supply line, and the ‘0’ to ‘3’
outputs are wired to earth via load
resistors. There is actually an alterna-
tive type of switch where a logic 1 is
represented by an open circuit, and a
logic 0 is represented by a closed
circuit. With these the ‘common’ ter-
minal is wired to earth while the four
outputs are connected to the +5V
supply rail via load resistors. The two
types are obviously not directly inter-

illegal voltage level, but it can also be
-caused by a pulsing input resulting in
the two l.e.d.s being rapidly switched
on and off. The switching rate is too
high to be perceived by the human eye
properly, and this gives the appearance
of both Le.d.s being turned on continu-
ously, but at less than full brightness.
Another problem is that very brief
pulses may light up the appropriate
l.e.d. for such a short period of time
that it will not flash on noticeably,
giving the impression that the expected
pulses are absent.

To enable these possible sources of
confusion to be resolved some addi-
tional circuitry has been included. This
consists of a monostable multivibra-
tor, which is simply a circuit that acts
as a pulse stretcher. The monostable
drives an le.d. indicator which it
switches on for about half a second
when an input pulse is detected. The
l.e.d. might flash once when the posi-
tion of the selector switch is thanged,
due to a change in the output state of
the decoder during the switch-over,
but if a series of input pulses are
present it will repeatedly switch on and

" off at a fairly fast rate, orit might even

appear to be switched on continuously.
This depends on the frequency of the
pulse train. Table 1, shown below,

Table 1. Possible indicator conditions

TYPE OF INPUT HIGH LED LOW LED PULSING LED
HIGH ON OFF OFF

LOW OFF ON OFF

FAST PULSING |PARTIALLY ON|PARTIALLY ON|ON OR FLASHING
SLOW PULSING |FLASHING FLASHING FLASHING
ILLEGAL PARTIALLY ON[PARTIALLY ON |OFF

FLOATING ON OFF OFF

changeable, and only the former type
of switch will operate in this unit.

On the face of it a hex switch is of
little use in this application, but when
utilised with a 16 to 1 decoder device it
provides what is effectively a 16-way
single pole switch, and although it can
only handle logic signals, this is obvi-
ously all we require in this application.
A 16 to 1 decoder, as its name suggests,
has 16 logic inputs and a single output.
There are four ‘select’ inputs, and the
binary number fed to these determines
which one of the inputs is coupled
through to the output. With the sixteen

. inputs coupled to the i.c. test clip, the
hex switch can be used to connect each
pin of the test device, in turn, through
to the output of the decoder. Here two
l.e.d. indicators show whether each pin
is in the high state or the low one. The
decoder provides buffering so that the
l.e.d.s do not load the test point.

CONDITIONS

Sometimes both l.e.d.s will light up,
but at less than full brightness. This
can indicate a fault with the input at an
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summarises the results produced by
various types of input signal.

CIRCUIT OPERATION

Fig. 3 shows the full circuit diagram
of the checker. IC1 is the 16 to 1
decoder, and this is a 74150 TTL type.
The unit is therefore compatible with
the various TTL logic families, but
with any logic tester fan-out has to be
taken into account, and you should
always bear in mind that whichever

COMPONENTS. ..

RESISTORS
RI-R4 1k (4 off)
R5,R6,R8 * 390 (3 off)
R7 22k
All } watt 5% carbon
CAPACITORS
Cl 6u8 6V tantalum
bead
C2 100n ceramic
SEMICONDUCTORS
ICI 74150
IC2 74121
Di-D3 TIL209 or similar
l.e.d.s (3 off)
MISCELLANEOUS
SK1,SK3 Imm sockets
(2 off)
SK2 16-pind.il. i.c.
test clip
S1 horizontal hex
switch (Cirkit 53-
01163)

Case about 133 x 70 x 38mm;
printed circuit board, PE108; 16-
way ribbon cable; wire, solder,
etc.

pin of the test device is being checked,
it is subjected to an additional TTL
load. The unit will often work properly
with non-TTL devices, but when used
in this way it is obviously advisable to
view results with some caution. Pin 9
of IC1 is an inhibit input, but it is of no
value here and is simply tied to earth.
S1 is the hex switch and R1 to R4 are
its load resistors. D1 and D2 are the
‘high’ and ‘low’ indicator l.e.d.s respec-
tively, and these have R5 and R6 as
their current limiting resistors. Al-
though you might expect D1 to be the
‘low’ le.d. and D2 to be the ‘high’
indicator, this is not the case as there is
an inversion through IC1. TTL inputs
float high, and consequently D1 will
switch on under stand-by conditions.
The monostable is built around
another TTL device, IC2 which is a
74121 device. The output of IC1 is fed
direct to its trigger input, and the Q

o] 15 0 Q
5l o 1 I ° I 15 15! o
o ] (e} (o] ]
o o pb—-o o §——0 o
@0 ~— [o] Oty @——C [e] —0 (o]
(e} ] ] [e] — Q—O ]
[ O——a & —0 [ o] o] P (o]
[} o — S— o o R o
}) o Q ofo © ofo © ———-0 I [
&— °
DJG03S ICOMMON

Fig. 2. Switch details
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output drives l.e.d. indicator D3 via
current limiting resistor R8. C1 and R7
are the discrete timing components.

No built-in power supply is inclu-
ded, but in most cases the unit can be
powered from the 5 volt supply of the
circuit being checked. The current con-
sumption is not particularly low at
typically a little over 100 milliamps,
but most logic circuits can supply this,
at least in the short term, without
any danger of overloading the power
supply. Unfortunately, low power (LS)
versions of the 74121 and 74150 do
not seem to be available, and there is
no opportunity to reduce current con-
sumption by using these. Of course, the
unit could be powered from a built-in
stabilised 5 volt mains power supply
unit if desired, or battery operation
from three HP2 size cells connected in
series is another option.

+5v O a4
T2 Teom

5 [HEX SWITCH)

7
D1
TIL209

RS
390

€1
7LS1S0

12 st R4

13 g 1k

"1 -] e

17 rR2 Sk

® RI
1
19 Jl:z
SK3 ~

1k

R7
22k

1w 1wof &8 |u

R6
390

Y
D1
TIL209

1C2 o
21

czﬂ.
100n =y=

R8
390

/’(

D3
TiL208

GND - > g - e - . 4

Fig. 3. Complete circuit diagram
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Fig. 4. P.c.b. and component position details
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CONSTRUCTION

Details of the printed circuit board
are provided in Fig. 4. Construction of
the unit is made somewhat more awk-
ward than it might otherwise need to
be by the fact that S1 is a printed
circuit mounting component and not
the usual panel mounting type. The
general method of construction is
therefore to have S1 and the three light
emitting diodes mounted on the board,
with the board then mounted immedi-
ately behind the front panel of the case
with the switch and three l.e.d.s look-
ing through ‘windows’ made in the
panel. This affects construction of the
printed circuit board in that both S1
and the three l.e.d.s must stand proud
of all the other components on the
board, as otherwise it will not be
possible to fit the complete board into
place properly. For this reason it is best
not to fit IC1 or IC2 in holders, and
fortunately neither device is a static
sensitive type. However, take due care
not to overheat either of these com-
ponents when soldering them into
place.

COMPONENTS CHOSEN

A tantalum bead component is
specified for C1 merely because this
type of capacitor is generally physically
smaller than an equivalent radial elec-
trolytic. A miniature radial electrolytic
could probably be used here though,
and it could be mounted horizontally if
necessary. Similarly, C2 must be a
miniature type or it must be folded flat
against the board. Note that if you use
a type of hex switch other than the
specified component, it is unlikely that
it will fit properly onto the printed
circuit board without some minor mo-
difications being made first, and a
wholesale redesign might be needed.
Do not overlook the link wire next to
R6 (this is the only one incidentally).
Pins are fitted at the points where
connections to SK1 and SK3 will even-
tually be made.

RIBBON CABLE

The board is connected to SK2 (the
i.c. test clip) by way of a 16-way ribbon
cable about 0-5 metres long. Do not be
tempted to use a cable much longer
than this as we are dealing with high
speed logic signals here, and the capa-
citance in long cables would almost
certainly cause a malfunction. Be care-
ful to avoid crossed wires when con-
necting the cable (‘rainbow’ ribbon
cable helps in this respect). I.c. test
clips are not polarised, which would
probably be impractical anyway, but
they do not even have some form of
marking to indicate a suggested orien-
tation. To avoid confusion when using
the unit it is advisable to clearly mark
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Photo 3. Internal constructional details

pin 1 of the clip, so that there is
relatively little risk of the clip being
fitted to test devices the wrong way
around.

The prototype is housed in an alu-
minium box which measures about
133 by 70 by 38 millimetres. Other
cases of about the same size should be
equally suitable though. Holes for D1
to D3 and S1 are drilled in the front
panel, and a fairly high degree of
accuracy is needed here if everything is
to match up properly. The board is
mounted on the rear panel of the case,
but use long mounting bolts plus suffi-
cient spacers to raise the board high
enough to bring S1 and the diodes into
place in their front panel cutouts. SK 1

Photo 4. Front panel details

and SK3 are mounted at one end of the
case and wired to the board using
ordinary hook-up wire. It might be
necessary to make an exit hole for the
ribbon cable at one end of the case, but
it will probably be possible to take the
cable out through the small gap
between the two sections of the case.

TESTING AND USE

A pair of test leads fitted with 1mm
plugs and crocodile clips are used to
connect the tester to the OV and +5V
supply rails of the circuit under test. If
you choose to supply the unit from a
different power source, bear in mind
that the OV rail of the tester must still
be connected to the OV rail of the
circuit being checked. As a quick test of
the unit, select a pin of the test clip
using S1, and then connect this pin to
the OV supply rail. This should cause
the ‘high’ Le.d. to switch off and the
‘low’ l.e.d. to turn on. The ¢ pulsing’
l.e.d. will probably flash on as well. If
all is well the test clip can then be
coupled to a 16-pin d.i.1. device so that
the unit can he checked more thor-
oughly. Note that this checker is only
suitable for testing 5V logic circuits,
and it is unusable with either analogue
circuits or logic types which use any-
thing other than a single +5 volt
supply.

When using the unit keep in mind
that the number indicated on S17s dial
is in fact one less than the pin number
being checked. It might be possible to
recalibrate S1’s dial, but due to its
small size this could prove to be quite
diffficult, and it is not really necessary
anyway as one soon gets used to using
the existing dial. Probably the best test
procedure to adopt is to start at pin 1
and gradually work in sequence
through to pin 16. The unit can be used
with 8 and 14-pin d.i.l. devices, but
with some inputs left unused it is then
essential to excercise more care to
avoid confusion over which pin SI is
set to select.
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UPDATE

BY PETER FINCH

An introduction to the Hitachi HD63701

HE miCroprocessor is now an estab-

lished and integral part of not only
personal computers, but also many
electronic products from test equip-
ment to musical instruments. The mi-
croprocessor is a universal ‘black box’
capable of being defined using soft-
ware to perform functions which

would otherwise require considerable .

numbers of components. This capabi-
lity of microprocessors is often over-
looked, particularly by the hobbyist.
With this in mind I have for some
time been looking for a cheap, versa-
tile, and easy to use single chip micro-
computer capable of performing this

microcomputer family

kind of function. There are many such
devices on the market but one set of
products which particularly appealed
is a family of low cost single chip
microcomputers developed by Hita-
chi. These versatile devices are ideal
for use by the hobbyist since they have
been specially designed for prototyping
and low volume production. Each chip
incorporates not only the microproces-
sor—an upgraded version of the very
well known 6800—but also EPROM,
RAM, and I/O. In this article I shall be
looking at two members of this family
the HD63701V and the larger
HD63701X.

N o
> 2‘5 5_5“ PROM MODE
(SN 5|0
'53>°>‘" i3 w’ZE o
folulol I - F—ﬂ
l [RRK. 1 J Mode
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0¢/P3q == /!_Uj i Py
01/;31 k‘ Port Pai
Q2/F32 Port O MUX 2 P22
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Oy/Pa e Byl s “
5/P3g o—w 1IRQ,
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-
SC,2 o Q Timer| |
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o
_"> SCi
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Ag /Pyo o ol ] | P, o/Ag
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Fig. 1. Block diagram of HD63501V
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THE MICROCOMPUTER
CHIPS

The HD63701V and HD63701X are
both high performance 8-bit CMOS
microcomputers, with 4Kbytes of
EPROM, 192 bytes of RAM, serial
communications interface, parallel I/O
ports and a multifunction timer. The
features of these two chips are shown
in Table 1. Both chips are available in
two versions, an erasable (EPROM)
version in a ceramic package and a
non-erasable (PROM) version in a
plastic package. The erasable EPROM
versions are more expensive but are
ideal for developing a project which
can then be transfered to the cheap
plastic cased version when the project
has been finished and' the software
fully debugged.

The 63701 family is very versatile
and can be operated in a variety of
modes which are latched during reset.
These different modes define whether
the chip is operating as a single chip
microcomputer or whether it is access-
ing external memory. If external
memory or memory mapped I/O is not
being accessed then the address and
data lines are redefined in the single
chip mode to act as I/O ports. Various
combinations of address and data line
availability are given in different
modes thereby allowing the designer to
tailor the chip to his own require-
ments. The various different mode
configurations are shown in Figs. 3
and 5.

SYSTEM EXPANSION

In the expanded mode certain I/O
lines are converted to true address,
data and control lines, this allows easy
interfacing with external memory and
peripherals. Some modes use multi-
plexed data and address lines so as to
leave more free I/0O lines, this requires
the use of a demultiplexer which is
strobed by the address strobe line. The
63701 family can use any static or
dynamic RAM, EPROM or ROM. The
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control lines available on all the 63701
family include a R/W line, which al-
lows easy interfacing to any 6800 or
6502 family device; the 63701X has in
addition RD and WR lines thereby
also allowing it to interface to
members of the 8080 or Z-80 families.
The 63701X also has an MR input line
which allows it to access low speed
memory devices by stretching the sys-
tem clock high period.

Each microcomputer chip contains
4Kbytes of PROM memory residing at
the top end of memory addressing
space. This EPROM can be pro-
grammed in the same manner as a
conventionat EPROM such as a 2732,
and in the erasable version can be
erased by exposing the window to
strong light. This 4Kbytes of available
EPROM memory is sufficient to store
most programs utilising these micro-
computer chips. In addition to the
EPROM memory there are also 192
bytes of RAM memory for storing
variables. This may not seem like a lot
of RAM but is ample for many applica-
tions. A very useful feature of the RAM
is that its contents can be maintained
on a low power standby voltage. The
CPU checks the validity of the RAM
contents on returning from standby by
automatically checking a singlé bit in
one of the RAM registers.

I/0 CAPABILITIES

The 63701 family has a powerful set
of digital input and output functions.
The number of available lines depends
on which mode the chip is operating in,
in single chip mode the 63701V has 29
parallel I/O lines and the 63701X has
53 lines. All the I/O lines are program-
mable using their associated data di-
rection register and all lines in the
output mode are capable of driving one
TTL load and 90pF.

An important attribute of the 63701
family is its ability to send and receive
serial communications messages with
the minimum of software involve-
ment. The on chip serial communica-
tions interface is capable of handling
communications in full duplex asyn-
chronous mode. Data transfer modes
are programmable on the 63701X with
a choice of either 8 or 9 data bits, 1
start bit and 1 or 2 stop bits. The serial
communications hardware features
separate transmitter and receiver shift
registers and a programmable baud
rate which is either derived from the
system clock or an external clock.
Interrupts are programmable and can
occur either when the receiver is full or
the transmitter is empty, overrun er-
rors being detected. A further program-
mable feature of the serial communica-
tions interface is that it can be
programmed to ignore all input mes-
sages. It will continue to do this until it
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receives a complete frame of consecu-
tive ‘1’s, a following ID code byte can
then be examined by software and the
following message either input or
ignored.

TIMERS

The timers incorporated on the
63701 family chips are very sophisti-
cated and can be put to a wide range of
applications. The timer consists of a
16-bit programmable free running
counter which generates the time base
plus associated registers and control
logic which enable the generation and
measurement of~ variable frequency
signals without the necessity of soft-
ware control. The free running counter
(FRC) is driven and incremented by
the system clock. The FRC contents
can be read by the processor at any
time and will generate an interrupt
whenever there is a counter overflow.
An output compare register is used to
continually compare the contents of
the FRC with the value stored in the
output compare register. When a
match occurs then an output pin is set
to a prescribed level and an interrupt
generated. In this way the processor
can generate a pulse width modulated
output with any frequency and mark-
space ratio within the 0-5us resolution
.of the timer.

When used as a counter an input
capture register is used to hold the
value of the FRC when either a posi-
tive or negative transition occurs on an
input pin. An interrupt is also genera-
ted to indicate to the processor that an
input has occurred. The counter input
feature allows pulses to be measured
with an accuracy of up to 0-5us.

In addition to the 16-bit counter, the
63701X also has an 8-bit reloadable up
counter driven from the system clock
or from an external clock source. If this
counter is driven by an external clock it
can be used to count events, if the
system clock is.used then it can be used
to generate a square wave of variable
frequency.

INTERRUPTS

The 63701 family supports 3 exter-
nal interrupts. The NMI interrupt will
always cause the processor to halt its
current operation and transfer pro-
gram control to code starting at a
location stored in the NMI interrupt
vector. The IRQI interrupt is identical
to NMI except that an input on the
NMI line has a higher priority, IRQI
can unlike NM} be disabled by a
software command. On the 63701X
the third interrupt is IRQ2 which is a
lower priority version of IRQ1. On the
63701V the third interrupt is genera-
ted by a strobe pulse on input port 3.
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POWER SUPPLY sumption is reduced to one-fifth of  and assemble machine code programs

The chips require 5V +10% when
operated at the full standard IMHz
clock rate. However, if the system
clock speed is dropped to 500kHz then
the chip will operate at 3V with all
devices except the on chip EPROM.
Power consumption is very low due to
the fact that these are CMOS fabrica-
ted chips, again lower frequency opera-
tion (min 100kHz) brings lower power
consumption (SmA).

A very useful feature of the 63701
family in applications where power
supply is critical is the device’s ability

to be put into a low power ‘sleep’ mode

under software control. In this mode
the CPU clock is stopped but the
registers and RAM are maintained and
the peripherals remain active to count
or communicate. The ‘sleep’ state is
released by either an interrupt or a
reset. In the ‘sleep’ mode power con-

normal. A lower power requirement is
available in the ‘standby’ mode where
only the RAM contents are retained.
This state requires a supply of over 2V
and power of a few microamps. The
‘standby’ mode is hardware induced
and can be released by a system
reset.

SOFTWARE
DEVELOPMENT

The 63701 family runs an extended
and improved version of the well
established instruction set of the 6300.
Programming in 6800 code is very
simple and there is a wide range of
books, utility software, and public do-
main software available. To make soft-
ware development easier there are a
range of cross assemblers available
from third party software companies.
A cross assembler allows one to write

using a computer with a different
processor, an example is a program
running on the BBC ‘B’ from Cross-
ware Products which will create object
code for the 63701 family.

USING THE HD63701
FAMILY

The hardware required to imple-
ment a2 minimal 63701 system is very
simple and an example is shown in
Fig. 6 of 2 minimal system incorporat-
ing a HD63701V, an extra 8Kbytes of
CMOS RAM and the drivers required
to give RS232 serial communications.
By using the EPROM version of the
63701 family, development is made
much easier. There will be a program-
mer for the 63701 in a future issue. In
future issues of PE I shall also be giving
a number of applications projects us-
ing these chips.
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SPACEWATCH

continued from page 43

approach, radio emissions were detec-
ted, and it was found that Uranus has a
definite magnetic field, rather stronger
than Saturn’s. The strange fact is,
however, that the magnetic axis is
inclined to the rotational axis by no
less than 55 degrees, which again
makes Uranus unique. Moreover, what
we call the “south” pole (the pole now
in sunlight) is closer to the “north”
pole magnetically. In fact, the field of
Uranus is reversed compared with that
of the Earth.

SURFACE MARKINGS

Surface markings are elusive; a few
clouds were seen, and the rotation
period is now defined fairly accurately

46 being 16«8 hours, but a great deal of
work remains to be done. The amount
of helium in the atmosphere was found
to be 10 per cent, much less than the
preciously-quoted figure of 40 per
cent—which admittedly had seemed
unreasonably high. There may be some
internal heat source, though it is
thought to be much less than those of
the other giants.

Ten new satellites were discovered,
and one of them (1985UI) was even
imaged as Voyager passed by. A new
ring was also found, and it was also
learned that there is a layer of “*dust”

pervading the ring system. When this
picture first appeared on the screen, it
reminded me of Saturn’s ring system,
though there is really no valid compari-
son; Saturn’s rings are icy, while those
of Uranus are dark, narrow and thin.
Observations were made as the rings
occulted two stars (Sigma Sagittarii
and Beta Persei) and very precise
measurements were obtained.

Perhaps the most spectacular views
of all were those of the known satel-
lites: Miranda, Arie], Umbriel, Titania
and Oberon. All are smaller than our
Moon; Titania and Oberon are around
1000 miles in diameter, Ariel 800,
Umbriel 750 and Miranda only 300. It
had been tacitly assumed that they
would be rather similar to the icy
satellites of Saturn, but in fact they are

very different, and are also different
from each other. Titania and Oberon
dare cratered and icy; some of Oberon’s
craters have dark internal deposits,
and it looks very much as if there has
been considerable tectonic activity in
the past. Ariel has craters, and also
grooves superficially not unlike those
on Jupiter’s major satellite, Gany-
mede. Umbriel is dark, and has larger
craters, with no sign of past activity
tectonically. Miranda is the most puz-
zling of all. “We’re still trying to invent
words to describe it,” was the com-
ment made to, me by Dr. Eugene

Shoemaker. There are craters, faults,
cliffs, chaotic terrain, and large areas
which have been likened to race-tracks.
In fact, to quote another geologist:
“You name it—Miranda has it.” This
tiny ‘satellite has certainly the most
varied surface known in the Solar
System.

Certainly we know much more about
Uranus thanwe did at the beginning of
the year, but many problems remain.
Perhaps the most intriguing of all is:
Why is Uranus “tipped on its side?”
The usual answer is that it was struck
by a massive object; there are obvious
objections to this, and certainly any
such impact would have destroyed the
satellite system, -in which case the
present satellites would have been
formed later. But as yet nobody has
been able to think of a better
explanation.

Voyager 2 is still working perfectly
—better, indeed, than it did during the
Jupiter and Saturn encounters. It is
surely a measure of NASA’s triumph
that all this has been achieved with a
probe whicli was built ten years ago.
There is every hope that it will contin-
ue to operate as. it makes its rendez-
vous- with Neptune in 1989. At all
events, it is a good timekeeper. After a
journey which began from Earth in
1977, it reached its closest point 1o
Uranus 1 minute early!
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MODULAR MIXER

Microclectronics Edusation Progeamme

BACK NUMBERS, BINDERS, COPIES AND SOFTWARE

Copies of most of our recent issues are available from: Post Sales Department Practical
Electronics, 16 Garway Rd., London W2 4NH, at £1.50 each including inland or overseas p&p.
When ordering please state title, month and/or issue required.

Binders for PE are available from the same address as back numbers at £5.50 each to UK or
overseas addresses, including postage, packing and VAT.

Also photocopies of certain articles are available from the same address at £1.00 inc p&p.
Software for certain projects is available for 75p per listing.

PRACTlCAL

to: Practical Electronics
Post Sales Dept.

Practical Electronics
Magazines,

| enclose my cheque/PO payable to Practical Electronics Magazinas for
Eoanln S,
Charge my cradit card A/C at quoted rate
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PRODUCT ORDER
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I Software listings AT I3

Back numbers £1 5 ea
| Binders £5.50 ea NAME_

Photo copies £1.00 ea
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| credit card authorisation
| POSTCODE——____&. . &
|

>
I 16 Garway Road, Card Valid from__- 10,
\ London, W2 4NH. Signature 586
Bae=t el M N R L e e e o et et e S |
Ever been in the middle of a project only to  Wherever you live you'll receive a
find the next issue sold out? An annual copy regularly each month. It's the
subscription to PRACTICAL quick, practical way to solve delivery
ELECTRONICS solves the problem. problems.
SUBSCRIPTION I_;Z'CT,:A_,_ __________________ —1|
RATES
SUBSCRIPTION
UK £14.0 'ELEGTRUN“:S ORDERFORM
Overseas £16.0 | |
I ﬁr"(nual Subscription Ratﬁ4 56 POST COPIES TO I
Overseas £16.00
coM PI-ETE | ggugengsN Deguct £1 and quote NAME |
uden umber
, Complete this form and (995 I
AND PDST post it, with payment or
| credit card authorisation |
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% 16 Garway Road, Card Valid from 10, |
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PE SERVICES

P.C. BOARDS

Printed circuit boards for certain PE constructional projects
are now available from the PE PCB Service, see list. They
are fully drilled and roller tinned. All prices include VAT
and postage and packing. Add £1 per board for overseas
airmail. Remittances should be sent to: PE PCB Service,
Practical Electronics, Practical Electronics Magazines, 16
Garway Road, London, W2 4NH. Cheques should be crossed
and made payable to Practical Electronics Magazines.

Please note that when ordering it is important to give
project title, order code and the quantity. Please print name
and address in Block Capitals. Do not send any other
correspondence with your order.

Readers are advised to check with prices appearing in the
current issue before ordering.
NOTE: Please allow 28 days for delivery. We can only supply
boards listed here.

TELEPHONE ORDERS (24-HOUR
SERVICE)

You can now order your printed circuit boards by tele-
phone, quoting your Access credit number. The number to
ring is: 0268 710722. In stock items will be despatched
within 24 hours of receipt of order. If you ring out of office
house, please state your other, crédit card number and
address clearly, as the other is recorded on an answering
machine.

PROJECT TITLE ORDER COST
CODE
MAR ’84
Spectrum Autosave 430-01 £2.90
MAY 84

Sustain Unit 405-02 £2.90
Audio Signal Generator 405-03 £4.28
” 405-04 £2.90

JUNE ’84
Cross Hatch Generator

JULY 84
Simple Logic Analyser I
EPROM Duplicator
Alarm System
Oscilloscope Calibrator

AUG 84

Comm. 64 RS232C Interface 408-01 £3.02
Field Measurement 408-02 £3.19
” 408-03 £2.90

Simple Logic Analyser I1 408-05 £2.93

SEPT °84
Parallel to Serial Converter
Through the Mains Controller

406-01 £3.52

407-01 £7.73
407-02 | £3.74
407-03 £3.19
407-04 £4.23

409-01 £2.92
409-02 £2.90

” 409-03 £2.90
OCT ’84

Logic Probe - 410-01 £2.90
NOV ’84

Computer DFM Adaptor 411-01 £2.90
DEC ’84

Ni-Cad Charger 412-01 £2.90
JAN ’85

Outrider Car Computer (Set of 2) 501-01 £9.10
FEB ’85

Modular Audio Power System
Pt-1: Power Amp Board
Spectrum DAC/ADC.Board

MAR °’85
Modular Audio Power System
Pt-2: Pre-Amp/Line Driver

502-01 £4.19
502-02 £3.69

503-01 £5.00

Main Board 503-02 £5.12
Heart Beat Monitor—Main Circuit Board 503-03 £8.90
—Detector 503-04 £6.62

Low Cost Speech Synthesiser 503-05 £3.42

APRIL *85
Power Control Interface 504-01 £3.36
Disc Drive PSU 504-02 £6.54
Modular Audio Power System
Pt-3: Test Signal Source 504-09 £4.20
Power Supply 504-10 £4.17
MAY ’85
Amstrad Synthesiser Interface 505-01 £4.23
Rugby Clock Pt-2 504-03 £24.22
” 504-04 £9.06
” 504-05 £5.12
” 504-06 £9.54
” 504-07 £5.40
” 504-08 £10.24
JUNE 85
CBM64 Music Keyboard
Keyboard 506-02 £4.55
Main PCB ~ 506-03 £3.50
JULY 85
MTX 8 Channel A to D 507-01 £3.92
Voltmeter Memory Adaptor 506-01 £3.28
AUGUST °85
Envelope Shaper 508-01 £3.73
SEPT ’85
Car Boot Alarm 509-01 £2.90
RS232 To Centronics Converter 509-03 £4.95
OCT ’85
Touch Control PSU 001 I
Exp. with Robots (double-sided) 004 £16.91
Modulated Syndrum 005 £3.80
NOV 85
CBM User Port Expander 006 £3.93
Model Railway Track Control 010 £5.44
*Bytebox: ROM Board (double-sided) 002 £12.75
ZIF Socket 003 £2.90
RAM Board 007 £4.95
Battery Backed RAM 008 £3.74
EPROM Board 009 £2.93
*Special Price—Complete set of
5 boards 00A £23.00
DEC *85
Model Railway  Rec Board—A 016 £3.90
Track Control Rec Board—B 017 £4.86
Rec Board—B Ext 018 £3.93
Test Load 019 £2.90
JAN ’86
Exp. with Robots 022 £3.71
Spectrum Speech
Synth & 8-Bit I/O Port
(double-sided) 023 £6.49
FEB ’86
Burglar Alarm
Main Board 020 £4.97
Bell Driver 021 £2.90
Logic Probe 024 £4.20
Computer Movement Detector 509-02 £3.20
MAR ’86
Clock Timer 027 £6.38
Fibre Optic Audio Link
Transmitter 025 £2.99
Receiver 026 £3.23
Set of two boards 00B £5.87
| Hardware Restart (double-sided) 508-02 £6.98
APRIL 86
Temperature/Analogue Interface 101 £3.30
Sound Activated Switch 102 £5.30
Photographic Trigger Unit
Transmitter 103 £3.45
Receiver 104 £4.03
Set of two boards 00C £6.63
IEEE1000 PSU 105 £4.62
Scratch and Rumble Filter 106 £4.51
MAY ’86
Notcher Effects Unit 107 £5.16
Logic Checker 108 £4.09
D.F. Beacon Timer 109 £5.31
STEbus Backplane 110 £10.90
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PE SERVICES

PE PCB ORDER FORM

Please supply the p.c.b.(s) listed on the enclosed form.
Remittances should be sent to: PE PCB Service,
Practical Electronics, Practical Electronics Maga-
zines, 16 Garway Road, London, W2 4NH. Cheques
should be crossed and made payable to Practical
Electronics Magazines.

Printed circuit boards for certain PE constructional
projects are now available from the PE PCB Service,
see list. They are fully drilled and roller tinned. All
prices include VAT and postage and packing. Add £2
per board for overseas airmail.

PE BAZAAR

A free readers’ advertising service

Please publish the following small ad. FREE in the
next available issue. I am not a dealer in e]ectronics or
associated equipment. I have read the rules. I enclose
a cut-out valid date corner.

STRIATUITEE SRR S i 3 ooy Date!. .h e

Please read the RULES then write your advertisement
here—one word to each box. Add your name, address
and/or phone no.

COUPON VALID FOR POSTING BEFORE

Board description Code Qty Price

Name & Address: 586

= =

RULES Maximum of 16 words plus address and/or
phone no. Private advertisers only (trade or business
ads. can be placed in our classified columns). Items
related to electronics only. No computer software. PE
cannot accept responsibility for the accuracy ofads. or
for any transaction arising between readers as a result of
a free ad. We reserve the right to refuse advertisements.
Each ad. must be accompanied by a cut-out valid “date
corner”. Ads. will not appear (or be returned) if these
rules are broken.

|
I
!
[
I
|
I
!

7 MAY, 1986 (One month later for overseas readers.) Name & Address: 586
SEND TO: PE BAZAAR, PRACTICAL

ELECTRONICS, 16 GARWAY ROAD, LONDON,

W2 4NH.

Wanted: Serviscope (Telequipment)
model S31 valve oscilloscope and
accessories in good working order. Mr.
P. D. Gibson, 14 Leigh Gardens, Wim-
borne, Dorset BG15 2EW. Tel: 0202
886727.

Red 7-segment common andode (0-3)
also 7805 or 7812, 40p each plus strong
s.a.e. Alan Auden, 206 Ellerdine Road,
Hounslow TW3 2PX. Tel: 01-568
5458.

For Sale: Southern 6” DB-scope M977.
Solartron 3” SB-scope CD568. Ultra-
scope Mk2 21” SB-scope. Offers.
W. R. Critchley, 11 Hale Road,
Helpringham, Sleaford, Lincs. NG34
ORL.

Various electronic and radio mags,
1952-1975. Offers. Also some disco
gear. Laurie Heath, 35 Woodfield
Gardens, New Malden, Surrey KT3
6DY. Tel: 01-942 0578.

Sensible offers. Elliott portable
precision voltmeter, 1948 vintage
laboratory standard. Museum piece in
perfect working order. Mr. P. Spencer,
21A Bearwood Road, Wokingham,
Berks. RG11 4TB. Tel: 0734 793771.
Everyday Electronics No. 1-Dec. 82
(1 missing), Practical Wireless May

PRACTICAL ELECTRONICS MAY 1986

66-Dec. 84 (6 missing), some 61-62.
Offers. P. Ward. Tel: 0403 61362.
Got a Jupiter Ace gathering dust?
Student requires one and will swop for
other electronic goodies! Rodger Irwin,
18C Churchgate, Loughborough, Leic.
LE11 1UD. Tel: 0509 235827.

AVO valve characteristic meter with
manual. Offers, or what have you got
in exchange. Mr. K. T. Burkey, 74
Victoria Avenue, Grays, Essex RM16
2RN. Tel: 0375 374410.

Synthesiser, 4600, mostly working (not
completely finished). Large wooden
case, internal amps, speakers, huge
patchboard, £95. Tel: 0223 893593.
Capacitor unit type SG18A. Isolating
e.h.t. supplies using an oscilloscope for
waveforms on e.h.t. components.
£7.50. E. G. Priestley, 6 Lynden
Avenue, Windhill, Shipley, West
Yorks. BD18 1HF. Tel: 0274 593382.
Radiocode clock—a WW project, full
microprocessor interface and docu-
mentation for £49. Anthony Nolan, 21
Seaforth Lodge, London SW13 9LE.
Tel: 01-876 7702.

MAGS—PE 1972-1982, ETI 1973~
1982. Prefer not to split. Tel: 051 355
9579.

BBC latest OS, BASIC, DFS, 100k
single disk drive, disks, cassette and
speech synth, joystick, books, £420.
Mr. J. B. Bebb, 685 Llangyfelach Road,
Treboeth, Swansea, SAS 9EL.
Wanted: Practical Electronics Sept.,
Oct., Nov., Dec. 1980. J. Jordan, 36
Hillcrest Road, Gashes Green, Stroud,
Glos. GL5 4NW. Tel: 04536 3914.
Tektronix scopes 545A, £125. 545B,
£150. Both excellent inc. spares man-
uals. Both sweep delay and intensifier
delay. K. E. Franklin, 50 Abington
Street, Burnham-on-Sea, Somerset.
Tel: 0278 784205.

Help! Electronically illiterate person
seeks help from someone who could
design time delay switching for sole-
noids. J. E. F. Swan, 164 The High
Street, Lewes, East Sussex BN71.
Dragon computer for spares. £35 com-
plete. 74LS783 £9. ES09E £3, 2764 £2,
4164 £1.25, BE337 £4/100. Nick
Spiers, 114 Greenway, Tunbridge
Wells, Kent. Tel: 0892 44070.
Aquarius computer new unused £40
o.n.o. DX 200 communications re-

ceiver as new £100 0.n.0. New 3532s
£2.50. J. Howells, 118 Heritage Park, _»
St. Mellons, Cardiff. Tel: 0222 79795/6./
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PE SERVICES

BOOK SERVICE

DIGITAL [C EQUIVALENTS BP140
AND PIN CONNECTIONS

A. Michaels

Shows equivalents and pin connections of a popular user-orient-
ated selection of European, American and Japanese digital ICs.
Also includes details of packaging, families, functions, manufac-

turer and country of origin.

085934 115 1 256 pages 1985 £4.95
LINEARIC EQUIVALENTS BP141
AND PIN CONNECTIONS

A. Michaels

Shows equivalents and pin connections of a popular user-onent-
ated selection of European. American and Japanese linear ICs.
Also mc]udes details of functions, manufacturer, and country of

0 85934 116 X 320 pages 1985 £4.95
INTERNATIONAL DIODE BP108
EQUIVALENTS GUIDE

A. Michaels

Designed to help the user in finding possible substitutes for a
large user-orientated selection of the many different types of
semiconductor diodes that are available. Besides simple rectifier
diodes, also included are zener diodes, LEDs, diacs, triacs, thy-
ristors, OCIs, photo and display diodes. Also wherever possible,
material type, function or type of diode, and country of origin are
shown.

085934 083 X 144 pages 1982 £2.25
INTERNATIONAL TRANSINTUR BP85
EQUIVALENTS GUIDE

A. Michaels

Helps the reader to find possible substitutes for a popular user-
orientated selection of European, American and Japanese transis-
tors. Also shows material type, polarity, manufacturer and use.

0 85934 060 0 320 pages 1981 £2.95

ELECTRONIC SCIENCE PROJECTS BP104

0. Bishop

These projects range in complexity from a simple colour tem-
perature meter to an infra-red laser. There are novelties such as
the electronic clock regulated by a resonating spring, and the
oscilloscope with solid-state display. There are scientific measur-
ing instruments such as a pH meter and an electro- cardiometer.

All projects have a strong scientific flavour. They way they work,

and how to build and use them are fully explained.

0 85934 079 1 144 pages 1982 £2.25
PRACTICAL ELECTRONICS

CALCULATIONS AND FORMULAE

F. A. Wilson, C.G.1A..CEnk. . F.LEE. F.LE.RE..F.B.IM.
Written not for the family bookshelf but for the electronics enthu-
siast’s workshop bench. Its aim is to bridge the gap between
complicated technical theory, and “cut-and-tried” methods which
may bring success in design but leave the experimenter unful-
filled.

BP53

0900162 70 8 256 pages 1979 £2.95
ESSENTIAL THEORY FOR THE 228
ELECTRONICS HOBBYIST

G. T. Rubaroe, T.Eng.(C.E.1.), Assoc.L.E.R.E.

The object of this book is to supply the hobbyist with a back-
ground knowledge tallored to meet his or her specific require-
ments and the author has brought together the relevant material
and presented it in a readable manner with minimum recourse to
mathematics.

Many formulae having a practical bearing are presented in this
book and purpose-designed examples are employed to illustrate
their applications.

0 900162 69 4 128 pages 1977 £2.50

HOW TO DESIGN ELECTRONIC PROJECTS BP127
R. A. Penfold

There is a lot of information available on various circuit building
blocks in catalogues, books, magazines, etc., but there is little
information that helps the amateur user to integrate building
blocks into practical projects. The aim of this book is to help the
reader to put together projects from standard circuit blocks with
a minimum of tnal and error, but without resorting to any ad-
vanced mathematics.

PRACTICAL ELECTRONIC BP117
BUILDING BLOCKS - BOOK 1

PRACTICAL ELECTRONIC BP118
BUILDING BLOCKS - BOOK 2

R. A. Penfold

BOOK 1 contains: Oscillators — sinewave, triangular, square-
wave, sawtooth, and pulse waveform generators operating at
audio frequencies. including simple voltage-controlied types, L-C
and crystal RF oscillators. Timers — simple monostable circuits
using ICs, the 555 and 7555 devices, etc. Also precision long
timers using the ZN1034E. Miscell - noise S,
rectifiers, comparators and triggers, etc.

BOOK 2 contains: Amplifiers — low level discrete and op-amp
circuits, voltage and buffer amplifiers including DC types. Also
low-noise audio and voltage controlled amplifiers. Filters — high-
pass, low-pass, 6, 12, and 24 dB per octave types. Also voltage
controlled filters. Miscellaneous ~ IC power amplifiers, mixers,
voltage and current regulators, etc.

Book 1: 0 85934 092 9 128 pages 1983 £1.95
Book 2: 0 85934 093 7 112 pages 1983 £1.95
POPULAR ELECTRONIC CIRCUITS - BOOK 1 BP80

R. A. Penfold
Contains a wide range of circuits which are accompanied by a
short text giving a brief introduction, circuit description and any
special notes on coristruction and setting-up that may be neces-
sary.

0 85934 055 4 160 pages 1980 £1.95
POPULAR ELECTRONIC CIRCUITS - BOOK 2
R. A. Penfold

Again, provides a wide rangé of designs for electronic enthusiasts
who are capable of producing working projects from just a circuit
diagram without the aid of detailed constructional information.
However, where relevant, any special setting-up procedures are
described.
085934 073 2

1C 555 PROJECTS

E. A. Parr, B.Sc.,C.Eng,, M.LE.E.
Every so often a device appears that is so useful that one won-
ders how life went on before without it. The 555 timer is such a
device. Included in this book are basic and general circuits,
motorcar and model railway circuits, alarms and noise-makers as
well as a section on the 556, 558 and 559 timers.

BP98

£2.25
BP44

160 pages 1982

0 85934 047 3 176 pages  revised edition 1982  £2.50
POWER SUPPLY PROJECTS BP76
R. A. Penfold

Mains power supplies are an essential part of-many electronic
projects.

The purpose of this bouk is to give a number of power supply
designs, including simple unstabilised types, fixed-voltage regu-
lated types, and variable-voltage stabilised designs, the latter
being primarily intended for use as bench supplies for the elec-
tronics workshop. The designs provided are all low-voltage types
for semiconductor circuits.

0 900162 96 1 96 pages 1980 g2l
ELECTRONIC MUSIC PROJECTS
R. A. Penfold

Provides the constructor with 2 number of practical circuits for
the less complex items of electronic music equipment, including
such things as fuzz box, waa-waa pedal, sustain unit, reverbera-
tion and phaser units, tremelo generator, etc.

The text is divided into four chapters as follows: Chapter 1,
Guitar Effects Units; Chapter 2, General Effects Units; Chapter
3, Sound Generator Projects; Chapter4, Accessories.

BP74

0 900162 94 5 112 pages 1980 £2.50
MORE ADVANCED BP174
ELECTRONIC MUSIC PROJECTS
R. A. Penfold

Intended to complement the first book (BP74) by carrying on
where it left off and providing a range of slightly more advanced
and complex projects. Included are popular effects units such as
flanger, phaser, mini-chorus and ring-modulator units. Some
useful percussion synthesisers are also described and together
these provide a comprehensive range of effects inciuding drum,
cymbal and gong-type sounds.

APRACTICAL INTRODUCTION TO BP123
MICROPROCESSORS

R. A. Penfold

Provides an introduction which inclydes a very simple micro-
processor circuit which can actually be constructed so that the
reader can experiment and gain practical experience.

0 85934 098 8 96 pages 1984 £1.95
MICRO INTERFACING CIRCUITS - Book 1 BP130
MICRO INTERFACING CIRCUITS - Book 2 BP131

R. A. Penfold
Both books include practical circuits together with details of the
circuit operation and useful background information. Any special
constructional points are covered but PCB layouts and other
detailed constructional information are not included.

BOOK 1 is mainly concerned with getting signals in and out of
the computer.

BOOK 2 deals primarily with circwts for practical applica-
tions.

Book 1:0 85934 105 4 112 pages 1984 £2.25
Book2:0 85934 1062 112 pages 1984 £2.25
AN INTRODUCTION TO BP170
COMPUTER PERIPHERALS

J. W. Penfold

Covers such items as monitors, printers, disc drives, cassette
recorders, modems, etc., explaining what they are, how to use
them and the various types and standards. Helps you to make
sure that the peripherals you buy will work with your computer
and with each other.

085934 144 5 80 pages 1985 £2.50
EASY ADD-ON PROJECTS FOR BP124
SPECTRUM, ZX81 & ACE

O. Bishop

Describes how to build a number of electronic projects which you
can use with your Spectrum, ZX81 or Jupiter Ace microcompu-
ter. The projects include a Pulse Detector, Picture Digitiser,
Five-key Pad, Model Controller, Bleeper, Lamp Flasher. Light
Pen, Magnetic Catch, Lap Sensor, Photo-flash, Games Control
and six more projects that make up a Weather Station. All are
fairly simple and inexpensive to construct.
085934 099 6 192 pages 1983 £2.75
EASY ADD-ON PROJECTS FOR THE 71
AMSTRAD CPC 164, 664, 6128 AND MSX COMPUTERS
O. Bishop

The projects of books BP124 and BP134 adapted for use with the
Amstrad CPC 464, 664, 6128 and the MSX range of machines.
Again the Address Decoder is constructed as a separate item that
can be used with any of the projects.
085934 145 3 196 pages

EASY ADD-ON PROJECTS FOR
COMMODORE 64, VIC-20, BBC MICRO
AND ACORN ELECTRON

0. Bishop

Similar in style to BP124 except., of course, many of the projects
have been modified, where necessary, to operate with the differ-
ent machines.
085934 109 7

A Z-80 WORKSHOP MANUAL
E. A. Parr, B.Sc.,C.Eng., M.L.E.E.

This book is intended for people who wish to progress beyond
the stage of BASIC programmmg to topics such as machine code
and or need hardware details of

£2.95
BP134

1986

£2.95
BP112

208 pages 1985

a Z-80 based computen

0 85934 087 2 192 pages 1983 £2.75
ANINTRODUCTIONTO BP177
COMPUTER COMMUNICATIONS

R. A. Penfold

Provides details of the various types of modem and their suitabil-
ity for specific applications, plus details of connecting various

computers to di and d to the teleph system.
Also information on common networking systems and RTTY.

085934 151 8 96 pages 1986 £2.95
PRACTICAL COMPUTER EXPERIMENTS BP78

E. A. Parr, B.Sc..C.Eng., M.LE.E.
This book aims to fill in the background to the microprocessor by
constructing typical computer circuits in discreet logic

SRS
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Electronics Magazines.

The books offered by the PE Book Service are a
selection chosen to offer variety and are not neces-
sarily recommended or endorsed by PE editorial

staff. .
Please allow 28 days for delivery

085934 102 X 128 pages 1983 £2.25 085934 148 8 128 pages 1986 £2.95 0900162 98 8 96 pages 1980 £1.75
N I I —
Please supply the book(s) listed on the enclosed form. Book description Code Qty Price
Remittances should be sent to: PE Book Service,
Practical Electronics, Practical Electronics Maga-
zines, 16 Garway Road, London, W2 4NH. Cheques
should be crossed and made payable to Practical
Post and packaging 50p (overseas £1) 586
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Is The Microcomputer
Entrepreneur Extinct?

IT IS barely two years since the micro-
computer entrepreneur was a folk
hero of the new, technology led, eco-
nomic revival. They were epitomised
by people like Sir Clive Sinclair, Ste-
phen Jobs of Apple, Bill Gates of
Microsoft or Chris Currey and Her-
man Hauser of Acorn. The conserva-
tive pillars of the financial community
were then falling over themselves to
back these often brash young entre-
preneurs. Political leaders wished to be
associated with them, and they were
the darlings of the press.

Just twelve months later the industry
had nose dived, many had lost their
wealth even faster than they had made
it. Their companies either bankrupt or
absorbed by large corporations. This
collapse has given rise, with just a few
exceptions, to an industry now domi-
nated by large multinationals. The
entrepreneurs who gave birth to the
microcomputer industry seem to be
extinct.

The reasons for the disappearance of
the technically innovative micro-
computer entrepreneur probably lies
in the origins of most of them, and it
certainly lies in their success. A quick
analysis of these entrepreneurs yields a
few very interesting observations.
Most of them belong in the same age
group and were at university in the late
sixties (though interestingly many
dropped out without gaining a degree).
They nearly all had one thing in com-
mon, they were hooked on technology.
Their businesses were rarely founded
with the primary aim of making
money. They were instead founded as
a means of funding a passion and to
provide the products no one else could
provide.

The faith in technology expressed by
these individuals and the desire to
create affordable computer power and
apply it to the generation of a better life
for people in general fired their inno-
vation. In the mid 70s, in small rooms,
on shoestring budgets, working late
into the night these early microcom-

COMMENT ..

puter entrepreneurs created innovative
products. Products which were the
basis of the current microcomputer
industry.

These early products were conceived
to satisfy the needs of the inventor and
his friends. The number of people
involved in the industry was small,
most people knew each other, not just
nationally but internationally. Since
nearly everyone had a science back-
ground and an academic leaning infor-
mation was exchanged freely even
between competitors. This free ex-
change of information had the effect of
rapidly accelerating advances within
the fledgling industry.

As the industry developed the com-
mercial applications became obvious
and many of the small companies
started to grow often at alarming rates.
Many fell by the wayside, victims of
over-rapid expansion and lack of com-
mercial experience. Of those who sur-
vived the first five years of expansion
many had changed from a turnover of
a few thousand pounds to tens of
millions.

Despite their frequent lack of com-
mercial experience these innovative
entrepreneurs were able to succeed
simply because the large established
companies did not see the opportuni-
ties, and when they did it took them a
long time to act. One senior manager
from a major computer company de-
clared in 1976 that no one could
produce a desk top computer running
Basic for less than £10,000, within a
year the Apple and PET proved it
could be done for £500.

It is certainly no coincidence that the
move by IBM into the market and its
subsequent domination of the market
was followed very rapidly by the de-
cline and collapse of many of the early
entrepreneurial companies. Some sur-
vived for a while relying on the craze
for computer games, but that was an
inevitably short lived market.

What is interesting about the micro-
computer market is the speed with
which it was born, developed and
matured. Other products have gone

through the same sequence, cars, radio,
TV, for them this maturing from the
innovative entrepreneur to the mass
market conglomerate has taken twenty
or thirty years, for the microcomputer
barely seven years.

It is probably no more use trying to
generate further entrepreneurial acti-
vity in this market than it would be to
encourage a new wave of motor car
manufacturing entrepreneurs. Techno-
logically innovative entrepreneurs are
to be found whereyer there is a new
technology which lies unexploited due
to the inertia of large companies and
initial small size of any potential
market.

This country needs more technologi-
cally innovative entrepreneurs, they
can be created if much of the excellent
research work carried out by Govern-
ment bodies, universities and large
company R&D departments is freed
from the constraints on disseminating
that information imposed by such or-
ganisations. Positive measures should
be taken to hand new technology to the
innovative entrepreneurs who are the
only ones capable of extracting the
maximum commercial potential from
that technology in its early stages.
There is now plenty of investment
money, what is now needed 1s quality
technological ideas which will make
best use of that money, and financial
experts with the ability to recognise
such ideas. Perhaps even more impor-
tant than all these measures is the
necessity to put popular enthusiasm
back into technology. This is required
to raise a new generation with the faith
in the ability of technology to be
applied to solving some of the world’s
problems and thereby create a better
and richer life for all the peoples of our
planet. This faith in the power of
applied science and technology cou-
pled with a renewed popular enthu-
siasm will create the right climate for
the new technological entrepreneurs.
The responsibility for creating this
popular enthusiasm lies with the me-
dia and to a lesser extent politicians.
Don’t knock technology, support it.

NEXT MONTH IN PE...
AN ADVANCED SBC PROJECT
20MHz FREQUENCY COUNTER
TEMPESTUOUS STORM EFFECTS
MAKING MORE USE OF DRY CELLS
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ANNOUNGING
A NEW SOLDERING
BREAKTHROUGH.

POR!1

Cordless Butane Portable
Soldering Iron.

Works on ordinary butane Lighter fuel * Small, light and like a pen
ignition flint on top cap. can be carried in the top pocket.

*

*

* No longer necessary to take
-the work {o the soldering iron.

Up to 60 mins continuous use
from each fill of Gas.

-

Adjustable temperature
equivalent from 10 to 60 waltts.

* Tip temperature to
400°C within 30 secs. Special Offer
3 Tip Sizes Available Price
24mm 7 32mm
, £19.05
<

include P. & P.

Tip G/CT/32 Supplied.

Extra tips £4.95 each e
including P & P. ~ & s Pocket
e . Size

'NO FLEX — NO FUSS
POST NOW “NO STAMP REQUIRED”

1 Pop this coupon into an envelope and address to:

) THE POST SHOP — —
) Freepost,Newtownards Co. Down == $"’
) BT233BR == ¥ =

I please send me the Portasol at £19.95 andD spare tips at £4.95 each

Tip size required .. .. ... .. ... ..
ll | enclose cheque/money order/credit card order for TOTALl:]

oyt o 8 .

d.

kot 28 e !
y Valid uritit 1
| Authorised Signature — [}
1 Name e :
{ Address _. ot e S !
J el TelNo '
oo o e s e S5 & oo s o)

ROBOTS

LourstoCreate!
Lours toControl

MOVIIS... TOMORROWS
FORCE-TODAY..FROM...

= \

J -

Simple to build with only a penknife and
screwdriver. .. Movits. .. will give you
hours of fascinating learning and fun.

Tomorrow Today . .
. . at Yesterdays Prices!

Circular £2999 O Monkey £1299 [
l Cheeky Mouse £1999 O UF.O. £1799 O
i Ienclose mycheque/P.O.forf...................... Please
I make cheques/P.O.s payable to ‘Robmatix’.
I I Name: __
Address: e c=I=meid

; Please allow 21 days for delivery.

58

r-To: Robmatix, Carruthers House, Burn HallInd. Estate,
Venture Road, Fleetwood.
Please send me the following MOVIT(S)

Signature: Date:

Allabove prices include postage and packaging. Please allow 21 days for
I delivery. Prices valid for 3 months subject to availability. Dealer enquiries

welcome. General enquiries tel. (0253)869740.
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TECHNICIAN ENGINEERS

COMMUNICATIONS AND ELECTRONICS

A Planned Career in Technology in the Cotswolds
Salaries up to £13,745*%

© VACANCIES at both TECHNICIAN ENGINEER
and ENGINEERING TECHNICIAN level.

© CHALLENGING WORK in the development and
support of highly sophisticated communications
andcomputer systems.

©® OPPORTUNITIES for gaining experience in a

wide variety of technical roles.
o EXTENSIVE ENGINEERING FACILITIES

©® CAREER PLANNING aided by regular
assessments of performance.
© ADVANCEMENT opportunities on the basis of
proven ability.

OVERSEAS service (voluntary).
® FLEXIBLE working hours with up to six
weeks leave.
® RELOCATION EXPENSES in most cases.

Applicants for the higher grade of TECHNICAL ENGINEER
should normall possess a BTEC Higher National Certificate/
Diploma in electronics or other relevant subject; or a City and
Guilds Full Technological Certificate, or an equivalent
qualification. An aggregate of at least 8 years relevant training and

il Ml
wugmmun -:-_-
g L

experience is required. Registration as a Technician Engineer
(T.Eng) would be an advantage. Salary Scale: £11,413-£13,746*
Applicants with BTEC ONC or equivalent and at least 4 years
relevant training and experience are elgible for posts at the
ENGINEERING TECHNICIAN level for which a structured
training programme is provided. Salary Scale: £8,149-£10,685*
INTERESTED? Then for either post send for full details and
application form to the address below, quoting Ref: T/6523/85

*Salaries quoted include special pay additions.

THE RECRUITMENT OFFICE, GCHQ, ROOM A/1108
OAKLEY, PRIORS ROAD, CHELTENHAM, GLOS GL52 5AJ
OR TELEPHONE (0242) 32912/3

Programs for the BBC model ‘B’ with disc drive with
FREE updating service on ali software

MAKE YOUR INTERESTS PAY!

More than 8 million students throughout the world have found it worth their while! An
ICS home-study course can help you get a better job, make more money and have more
fun out of life! ICS has over 90 years experience in home-study courses and is the largest
Correspondence school in the world. You learn at your own pace, wHen and where you
want under the guidance of expert 'personal’ tutors. Find out how we can help YOU,
Post or phone today for your FREE information pack on the course of your choice (tick

ARE YOU GETTING THE MOST FROM YOUR
DOT MATRIX PRINTER AND DISC DRIVE?

DIAGRAM is a new program which really exploits the full potential of
the BBC micro and will enable you to obtain printouts of a size and
quality previously unobtainable from your system.

FEATURES

®Draw diagrams, schematics, plans etc., mn
any aspect ration,-e.g. 10#3, 2#12 screens.

® Access any part of the diagram rapidly by
entering an index name, eqg. TR6, RS etc., to
display a specific section of the diagram, and
then scroll around to any other part of the
diagram using the cursor keys

®Up to 128 icons may be predefined for each
diagram, eg. Transstors, resstors etc., in full
mode 0 definition, up to 32 pixels
horizontally by 24 vertically.

®Hard copy printouts N varying print sizes
up to 18 mode O screens on an Ad size sheef,
compatible with most dot matnx printers.

DIAGRAM SOFTWARE

MARCONI TRACKER BALL p "

®Many other features including, selectable
display colours, comprehensive line  drawing
facilities, TAB settings, etc.

PLS VAT PLP FREE PLUS VATPRP 2175

Soteware

€¥De 2nd 40/80T arsc when ordering

MARCONI TRACKER BALL AND
ICON ARTMASTER PLUS
DIAGRAM SOFTWARE

£76.50

PLUS VAT P&P £1.75
ALL ORDERS SENT BY RETURNOF POST

® The latest version of DIAGRAM is now fully
compativie with the Marconi Tracker Ball,
which atlows ‘scroling’ of the screen and
many of the eaiting features to be carried
out using the tracker bail,

®DIAGRAM 5 supplied in an attractive hard
backed disc wallet with -keystrip and
comprehensive instruction manual.

39 Brownlea Cardens, Seven Kings, IIford, Essex IG3 9NL

= Tel01-5991476
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one box only).

GCE over 40 ‘0’ and ‘A’ level subjects

. Radio, Audio AT,
[ |Erectronics U | and T servicing (=]
| | Basic Electronic Radio Amateur Licence
Engineering (City & Guilds) [ | Exam (City & Guilds) 0
I Electrical Engineering [ | car Mechanics 0
Electrical Contracting/ Computer
I Installation Programming (=]
0
|

Name

Address Lk P. Code

International Correspondence Schools. Dept ECS66, 312/314 High St.,

Sutton, Surrey SM1 1PR. Tel: 01-643 9568 or.041-221 2926 (24 hrs}.
i o e s e e S e

J.R. ALARMS

featured in Practical Electronics (Feb "86).
* Operates with magneh‘c contacts, pressure pads,
anic buttons and Passive Infra-red dectors.
* Has both Instant and timed entry/exit loops.
* Anti tamper and Panic 24 hour loop.
* Bi-colour LED circuit status indicator.
* Will power both external Be!l and intemal Siren.
* Advanced false alarm immunity (echnigues employed.
* Alarm will Re-arm and silence after 10 minutes.
* Push on cornectors for ease of instaliation.
* Mains powered, no costly power supply required.
| Panel supplied in robust metal case, operated by secure
| key switch, with 1 Bi-colour LED and 1 Red LED to
clearty indicate alarm status.
All spades, insulators and grommets supplied.
Single zone panel (4 circul% Kit

COMPLETE 0.1Y. KIT
(1) 2 Zone Panel

(2) Surface Contacts
(6} Fush Contacts

{1) External Bell Cover
}I‘ 6" Bell

1} Panic Button
!l‘ Stair Pad

1) Standard Pad

{1) Twin Cable {100m)

D.1Y. System (Panel built & tested} £1%
D.LY. System {Panel in kit form) £69.95
Car Alarm module {built & tested) 189
For Free Price List of all parts stocked please send s a.e.
All Prices Quoted are the Price You Pay
Please-send order with cheque ‘or postal order to:

Dual zone panel-{6 circuit) Kit

Single zgne panel (4 circuit} Built & tested f4495
Dual zone panel {6 circuit) Built & tested 620
Pre-drilled alarm PCPs and diagram  £4.50 {P&P inc).

ACCESSORIES

Surface and Flush mount magnetic contacts % 1 . ALA] 2
Sl 58 5 GARNER CLOSE, BOWDON, CHESHIRE WA14 2JH,
Personal Rnack button {Key reset} £248 Please add £1.95 for postage and packing on all orders in
Brightly coloured Bell cover 547 UK (except for Alarm PCB)

Siren {indoor} 0o As supphon to Monstry of Detance and

¥ Cenm'fu?al Bell £8.87 Education Authorities

2 Core cable {100m| £5.75

Passive Infra-red detector Goods sent by retum subject to availability
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NEWS LATEST . ..

This page features a collection of Jlast minute news and press
releases received immediately prior to the magazine going to press.
Many of the items mentioned on this page will be discussed in greater
detail next month.

Chip makers are seeing a major upturn in the market. For the first
time in 17 months the world semiconductor industry has in January and
February seen its order book exceed in value the value of parts
shipped. This move out of the slump which has affected semiconductor
manufacturers last year is very welcome and industry analysts are
predicting a slow but steady improvement in sales over the next

twelve months.

A new standard has been announced jointly by Philips and Sony for
optical data disks or CD-ROMs. This is a sector which 1is’ growing
rapidly with CD-ROM players being produced for a wide range of
personal computers. Information suppliers are also starting to
produce information in CD-ROM form. These new standard augment
standards already set up by these two companies for audio compact
disks. The standards are designed to ensure that CD-ROM disks
produced for personal computers will have the same level of easy
interchangeability between different manufacturers products as audio
compact disks.

A new high speed fibre optic computer chip has been developed by IBM.
It is designed to allow high speed communication between the computer
and peripheral devices. Using this chip the computer will be
connected to a peripheral by fibre optic cables and can transfer data
at up to 409 million bits per second. This <chip will enable
communication networks to be established within an area with 1light
weight fibre optic cables. Such fibre optic cable networks have the
advantage of being free from electro magnetic interference or static
electricity both of which cause transmission errors. They are also
'bug' free and offer high security means of communication.

The worlds largest printed circuit boards with dimensions up to 15ft
by 5ft are being made in the US by Buckbee Mears a division .of the
Birmingham company Steatite. These boards are being used 1in the
manufacture of microwave radar aerials.

A big surge in Japanese basic research is currently taking place and
it is expected that by 1988 an extra 76 research laboratories will
have been built at a total estimated cost of over £1.5 billion. These
laboratories will be investigating many areas of basic research
including VLSI, fifth generation computers and expert system
software, and computer aided design. The work carried out by these
new laboratories will wundoubtedly help maintain the strength of
Japanese technology based manufacturing.

The Institute of Electrical Engineers has announced a project to help
overcome 'technofear' in British school children. It is «called
'Project Uncle' and 1is designed to make engineering skills and
contacts available to teachers by providing professional engineers
who will work in the <classroom with teachers to bring their
experience of industry to the pupils.
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OVP POWER AMPLIFIER
OMP PO R AMP = ODU

Vu meter. Open and short circuit proof.  Supplied ready built and tested.
OMP100 Mk Il Bi-Polar Qutput power 110
watts RM S, into 4 ohms, Frequency Res-
ponse 15Hz - 30KHz —3dB, TH.D. 0.01%,
S.N.R. —118dB, Sens. for Max. output
500mV at10K, Size 355 X 115 X 65mm.
PRICE £33.99 + £3.00 P&P.

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

OMP/MF200 Mos-Fet Output power 200
watts RM.S. into 4 ohms, Frequency Res:
ponse 1Hz - 100KHz —3dB, Damping Factor
250, Slew Rate 50V/uS, T.H.D. Typical
0.001%, Input Sensitivity 500mV, S.N.R.

130dB. Size 300 X 150 X 100mm. PRICE
PRICE £62.99 + £3.50 P&P.

OMP/MF300 Mos-Fet Output power 300

watts RM.S. into 4 ohms, Frequency Res-

ponse 1Hz - T00KHz —3dB, Damping Factor

'~ 350, Slew Rate 60V/uS, T.H.D. Typical

¥ §G56E%, Input Sensitivity 500mV, SKK
—1300B, Size 330 % 147 % 102mm. PRICE
PRICE £79.99 + £4.50 P&P.

Ir
-z

NOTE: Mos-Fets are supplied as standard {1 00KHz bandwidth & Input Sensitivity 500mV). If requiged,
P.A. version {50KHz bandwidth & Input Sensitivity 775mV). Order — Standard or P.A.

Vu METER Compatible with our four ampiifiers detailed above. A
very accurate visual display employing 11 L.F.D. diodes (7 green, 4
red) plus an additional on/off indicator. Sophisticated logic control
circuits for very fast rise and decay times. Tough moulded piastic
case, with tinted acrylic front. Size 84 X 27 X 45mm

PRICE £8.50 + 50p P&P.

LOUDSPEAKERS 5" to 15" up to 400 WATTS R.M.S
Cabinet Fixing in stock. Huge selection of McKenzie
Loudspeakers available including Cabinet Plans. Large
S.A E. (28p) for free details. -

POWER RANGE
8" 50 WATT R.M.S. Hi-Fi/Disco.
20 oz. magnet. 11, ally voice coil. Ground ally fixing escutcheon. Res Freq. 40Hz. Freq. Resp. to
6KHz. Sens. 92dB PRICE£10.99Avaiiable with black grille £11.99 P&P £1.50 ea
12" 100 WATT R.M.S. Hi-Fi/Disco
55:0 oz magnet. 2" ally voice coll Ground ally fixing escutcheon Die-cast chassis. White cone. Res
req
25Hz. Freq Resp to 4KHz. Sens. 95dB. PRICE £28 60 « £3 00 P&P ea
y—

McKENZIE

12" 85 WATT R.M.S. C1285GP Lead guitar/keyboard/Disco.

2" ally voice coil. Ally centre dome Res. Freq. 45Hz. Freq. Resp. 10 6 5KHz. Sens. 98dB. PRICE £28.76

£3.00 P&P ea

12” 85 WATT R.M.S. C1285TC P.A./Disco 2" ally voice coil. Twin cone.

Res. Freq. 45Hz Freq. Resp. to 14KHz. PRICE £29.80 + £3.00 P&P ea

15° 150 WATT R.M.S. C15 Bass Guitar/Disco.

3" ally voice Coil. Die-castchassis. Res Freq. 40Hz Freq. Resp. to4KHz PRICE£54 .99 + £4 OO0 P&P ea
10" 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A.
2" voice coil. Res, Freq. 75z Freq Resp. lo 7.5KHz. Sens 9908 PRICEL]9.15 +£2.00P&P
10" 200 WATT R.M.S. C10200GP Guitar, Keyboard, Disco.
2" voice coil. Res. Freq. 45Hz Freq. Resp to 7KHz Sens. 101dB. PRICE £51.00 + £3.00P&P
15" 200 WATT R.M.S. C15200 High Power Bass.

Res. Freq 40Hz. Freq. Resp. to 5KHz. Sens 101dB.  PRICE £59.45 + £4 .00 P&P

15" 400 WATT R.M.S. C15400 High Power Bass.

Res. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB. PRICE £85.00 + £4.00 P&P

WEM

5 70 WATT R.M.S. Multiple Array Disco etc.

1" voice cotl Res. Freq 52'21 Freq. Resp. to 5KHz. Sens 89dB PRICE £19.99 + £1.50 P&P ea
8“ 150 WATT R.M.S. Multiple Array Disco etc. 1

1" voice coil Res. Freq. 48Hz. Freq Resp to 5KHz. Sens. 92dB. PRICE £29.49 + £1.50 P&P ea
10" 300 WATT R.M.S. Disco/Sound re-enforcement etc.

11" voice coil. Res. Freq. 35Hz Freq Resp. 10 4KHz. Sens 92dB. PRICE£33.49 + £2.00 P&P ea.
12" 300 WATT R.M.S. Disco/Sound re-enforcement etc.

11, voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz Sens 94dB. PRICE£41.49 + £3.00 P&P ea

SOUNDLAB (Full Range Twin Cone)

5° 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.

1" voice coil. Res. Freq. 63Hz. Freq. Resp 10 20KHz. Sens. 86dB. PRICE £9.99 + £1.00 P&P ea
614" 60 WATT R.M.S. Hi-Fi/Muitiple Array Disco etc.

1" voice coil. Res. Freq. 56Hz. Freq. Resp. to 20KHz. Sens. 89dB PRICE£10.99+ £1.50 P&P ea
8” 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc.

11" voice coit. Res. Freq. 38Hz Freq. Resp. 1o 20KHz Sens 89dB. PRICE £12.99 + £1.50 P&P ea
10" 60 WATT R.M.S. Hi-Fi/Disco etc.

11,” voice coil. Res. Freq. 35Hz. Freq. Resp. to 156KHz. Sens. 89dB. PRICE £16.49 + £2 00 P&P

yaHoBBY KITS. Proven designs including glass
@ANHWIE@ printed circuit board and high quality §
“components complete with instructions. I
FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive X
microphone. Range 1007300 metres. 57 x 46 x 14mm {9 voit)
Price: £8.62 + 75p P&P.
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controfied
professional performance. Range up to 3 miles 35 x 84 x 12mm
{12 volt) Price: £14.49+ 75p P&P.
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/ i
RECEIVER 27MHz. Range up to 500 metres. Doubie coded modulation. |
Recsiver output operates relay with 28mp/240 voit contacts. Ideal for -
many applications. Receiver 90 x 70 x 22mm {9712 volt). Price: "
£17.82 Transmitter 80 X 50 x 15mm (9/12 volt). Price: £11.29 R IEN
P&P + 75p each. S.A.E. for complete list. Tranzmi( "

- . POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL

VISA ' ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT

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

* PRICES INCLUDE V.A.T. PROMPT DELIVERIES FRIENDLY
MODULES > \

Now enjoy a
world-wide reputation for quality. reliability and perfermance at a realistic price. Four models
available to suit the needs of the professional and hobby market. 1.e.. Industry, Leisure,
Instrumental and Hi-Fi. ete. When comparing prices, NOTE all models include Toroidal
power supply, Integrat heat sink, Glass fibre P.C.B.. and Drive circuits to.power compatible

SERVICE * LARGE S.A.E. 28n STAMP FQOR

BURGLAR ALAR V IDEAL for Work-

$ﬁneato be ‘Alarmed’ then terrified shops, Factories,
andar's famous *Minder Burglar Alarm System. H
Superior microwave principte. Supplied as three units, Offlcess' i 0|med
complete with interconnection cable. FULLY etc. I E
GUARANTEED. ready built.
Control Unit — Houses microwave radar unit, range
up to 15 metres adjustable by sensitivity control. . |
Three position, key operated facia switch — off — test' == ___
armed. 30 second exit and entry delay. f
indoor alarm Electronic swept freq. siren.
104d8 output
Outdoor Alarm — Electronic swept freq. siren. 98dB
output. Housed in a tamper-proof heavy duty metal
case
Both the control unit and outdoor alarm contain re-
chargeable batteries which provide full protection
during mains failure. Power requirement 200/260 Volt
AC 50/60Hz. Expandable with door sensors. panic
buttons etc. Complete with instructions

SAVE t138.00 usual Price £228.85
BKE's PRICE £89.99 + £4.00 P&P

? Whv buy a collection of self-assembly boards!

OMP LINNET LOUDSPEAKERS fgu

The very best in quality and value: Made specially to Suit todays
need for compactness with high sound output levels. Finished in
hard wearing black vynide with protective corners, grilie and carry

handle. All models 8 ohms. Full range 45Hz - 20KHz. Size 20" X >
15" X 12" Watts R.M.S. per cabinet. Sensitivity TW. 1mic. dB

OMP 12-100 Watts 100dB. Price £149.99

per pair.

OMP 12-200Watts 102dB. Price £199.99

per pair. Delivery: Securicor £8.00 per pair

10,/2)719" STEREO RACK AMPS

RRENT

1 K-WATT
SLIDE DIMMER

to 1Kw

* Compact Size
43" X1 2",

* Easy snap in fix-
ing through panei.
cabinet cut out

Professional 19" cased Mos-Fet stereo I
amps. Used the World over in clubs, pubs,
discos etc. With twin Vu meters, twin
toroidal power supplies, XLR connections.
MF600 Fan cooled. Three models (Ratings
R.M.S. into 4ohms). Input Sensitnity 775mvV
MF200 (100 + 100)W. £169.00 Securicor
MF400 (200 + 200)W. £228.85 Delivery
MF600 (300 + 300)W. £274.85 £10.00

triac

BS800
*+ Suitable for both resist
ance and inductive toads. In-

disco’s, theatres etc
PRICE £13.99 + 75p P&P

BSR P295 ELECTRONIC TURNTABLE

« Electronic speed control 45 & 33'5r.p.m. # Plus.
Minus variable pitch control * Belt driven * Alu
minium platter with strobed rim + Cue lever * Anti
skate (bias device) *» Adjustable counter balance *
Manual arm * Standard cartrige fixings *
Supplied complete with cut out template » D.C.
Operation 9-14vD.C. 65mA

Price £36.99 — £3.00 P&P.

ADC Q4 mag. cartridge for above. Price £4.99 ea. P&P 50p.

PIEZO ELECTRIC TWEETERS MOTOROLA
Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo tweeter produces a
improved transient response with a lower distortion level than ordina:y dynamic tweeters. As a
crossover is not required these units can be added to existing speaker systems of up to 100 watts
(more if 2 put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER.
TYPE ‘A’ {KSN2036A} 3" round with protective wire
mesh, ideal for bookshett and medium sized Hi-fi
G speakers. Price £4 .90 each + 40p P&P
TYPE ‘B’ (KSN1005A} 3Y," super horn. For general
purpose speakers. disco and P A systems etc. Price
£5.99 each + 40p P&P
TYPE 'C’ (KSN6016A) 2" X 5" wide dispersion
horn. For quality Hi-fi systems and quality discos etc
Ty V Price £6.99 each + 40p P&P
\ / TYPE 'D’ (KSN1025A) 2" X 6” wide dispersion
horn. Upper frequency response retained extending
down to mid range (2KHz}. Suitable for high quality
Hi-fi systems and quality discos. Price £9.99 each
e 40p P&P
= TYPE ‘E’ {(KSN1038A} 3% horn tweeter with
L‘ attractive silver finish trim. Suitable for Hi-fi monitor
e systems etc. Price £6.99 each + 40p P&P
LEVEL CONTROL Combines on a recessed mount
ing plate, level control and cabinet input jack socket
85 X 85 mm. Price £3.99 + 40p P&P

STEREO DISCO MIXER

STEREO DISCO MIXER with2 X5 bandL. &
R. graphic equalisers and twin 10 segment
L E D Vu Meters. Many outstanding features
5 Inputs with individual faders providing a
useful combination of the following:
3 Turntables {(Mag), 3 Mics. 4 Line plus Mic
with tatk over switch. Headphone Monitor
Pan Pot. L. & R. Master Qutput controls. Out- 8
put 775mV. Size 360 X 280 X 90mm
Price £134.99 — £3.00 P&P

UNIT 5, COMET WAY, SOUTHEND-ON-SEA,
ESSEX. SS2 6TR TEL: 0702-527572

* Control loads up

* Insulated plastic
trol using 8 amp

* Conforms to

numerable applications in
industry, the home, and

B. K. ELE” TR””I”S‘Dept PE
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‘No Catalogue ... No Component
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Pick up a copy of our new 1986 catalogue from any branch of
W.H. Smith for just £1.45.

Or post this coupon now, to receive your copy by post for just
£1.45 + 40p p & p. If you live outside the U.K. send £2.50 or
11 International Reply Coupons. | enclose £1.85.
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| ELECTRONIC SUPPLIES LTD.
l Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR.
|

|

|

l

Telephone: Southend (0702) 552911

SHOPS e BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292.

© LONDON 159-161 King Street, Hammersmith, W6. Telephone: 01-748 0926.
® MANCHESTER 8 Oxford Road, Tel: 061-236 0281. ¢ SOUTHAMPTON 46-48
Bevois Valley Road, Tel: 0703 225831. @ SOUTHEND 282-284 London Rd,
Westcliff-on-Sea, Essex. Telephone: 0702-554000

Shops closed all day Monday.




