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lot PONTRAN
rite515 101 cybernetics

Hydraulic Powered Microprocessor Controlled Robots

HYDRAULIC DRIVE
USING SELF-CONTAINED

HYDRAULIC POWER PACK

FEEDBACK
CLOSED LOOP CONTROL SYSTEM

With prices starting below £1,000 the Genesis range of general purpose robots provide a first rate introduction to
robotics for both education and industry. Each has a self-contained hydraulic power source, which enables loads of
several pounds to be smoothly handled. The system operates from a single phase 240 or 120V AC supply or a 12V DC
supply. The machine can be supplied with up to 6 axes each of which is fully independent but capable of simultane-
ous operation. Position control is achieved by means of a closed -loop feedback system based around a dedicated
microprocessor. Movement sequences can be entered, stored and replayed by use of a hand held controller,
alternatively the systems can also be interfaced to an external computer via a standard RS 232C link.

P101 Hand Held Controller.

Genesis S101
Base: 19.5" x 11" x7.5"
Lifting capacity: 1500gm
Arm lift: 6.6"
Weight: 29Kg
4 axis model in kit form £390
5 axis model in kit form £445
5 axis model READY BUILT £790

Example prices and specifications

Genesis P101
Base: 19.5" x 11" x 7.5"
Lifting capacity: 2000gm
Arm lengths between axles: 14.0"
Weight 34Kg
4 axis model in kit form £495
6 axis model in kit form £595
6 axis model READY BUILT £950

COMPLETE SYSTEMS AS SHOWN IN PHOTOGRAPH ABOVE

Genesis S101 Genesis P101
4 axis system in kit form £635.50
5 axis system in kit form £695.00
5 axis system READY BUILT £1355.00

As featured in this journal November '81-April'82 issues.

For further details please contact:

POWERTRAN CYBERNETICS
PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS SP10 3WN

4 axis system in kit form £742.00
6 axis system in kit form £852.00
6 axis system READY BUILT £1525.00

Telephone: ANDOVER (0264) 64455
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Colour and soundufull-sip
16Kor48K RAM... high-re
Proven pedigree

Following the world-beating
success of the Sinclair ZX80/ZX81 -
over 400,000 sold so far - comes the
Sinclair ZX Spectrum. The ZX81 is,
and will continue to be, the ideal
introduction to computing - with up to
16K RAM available, and the ZX Printer.
The ZX Spectrum offers even more
computing capability, with colour
and sound, up to 48K RAM, and high -
resolution graphics.

Professional power...
more capacity... personal
computer price!

The power of the Sinclair
ZX Spectrum comes from a new
16K BASIC ROM. So, in addition to the
features of theZX81,theZX Spectrum
gives you a full 8 colours, a sound
generator, high -resolution graphics
and many other features - including
the facility to support separate
data files.

The storage capacity of any
computer is governed by the amount
of RAM. The ZX Spectrum comes in
two versions - with 16K, or a really
massive 48K, of RAM. Yet even the
48K RAM version costs only £175 -
compared to £125 for the16K RAM
model.

Many people will opt for the full
48K RAM from the outset, but if you
do decide to start with the16K
version, you will be able to return
your ZX Spectrum fora 48K RAM
upgrade at a later date - at a cost of
around £60.

A growing system
Your ZX Spectrum comes with a

mains adaptor, all the necessary
leads to connect to most cassette
recorders and TVs (colour or black
and white), and two manuals. If you're
new to computing, you'll find both
manuals of immense help.

Together, they represent a
course in BASIC programming
from first principles to advanced
techniques. But if you already
have experience of computers,
you can skip much of the ground-
work, and move straight into the
colourful world of ZX Spectrum
professional -level computing.

Either way, you don't have to
stop there. The ZX Printer - available
now - is fully compatible with the
ZX Spectrum. And later this year
there will be Microdrives for massive
extra on-line storage, plus an
RS232/ network interface board.

Sinclair
X Spectrum

From onkt1125!

The ZX Printer - available now
Designed exclusively for use

with the Sinclair ZX range of
computers, the printer offers
ZX Spectrum owners the full ASCII
character set - including lower-case
characters and high -resolution
graphics.

A special feature is COPY,
which prints out exactly what is on
the whole TV screen without the
need for further instructions. Printing
speed is 50 characters per second,
with 32 characters per line and
9 lines per vertical inch.

The ZX Printer connects to the
rear of your ZX Spectrum and a roll of
paper (65 ft long x 4 in wide) is
supplied, along with full instructions.
Further supplies of paper are avail-
able in packs of five rolls.

RS232/network interface board
For around £20, this interface -

available later this year -will enable
you to connect your ZX Spectrum to a
whole range of printers, terminals and
other computers. The astonishingly
low price is possible only because the
operating systems are already
designed into the ROM.



Key features of the Sinclair ZX Spectrum
Full colour -8 colours each for
foreground, background and border,
plus flashing and brightness
-intensity control.
Sound - BEEP command with vari-
able pitch and duration.
Massive RAM -16K or 48K.

Full-size moving -key keyboard - all
keys at normal typewriter pitch, with
repeat facility on each key.

High resolution - 256 dots horizont-
ally x192 vertically, each
individually addressable for true
high -resolution graphics.

ASCII character set - with upper -
and lower-case characters.
Teletext -compatible - user software
can generate 40 characters per line
or other settings.
High speed LOAD & SAVE -16K in
100 seconds via cassette, with
VERIFY and MERGE for programs
and separate data files.
Sinclair16K extended BASIC -
incorporating unique 'one -touch'
keyword entry, syntax check, and
report codes.

movingkey keyboard..
solution graphics...

ZX Microdrive - coming soon
Designed exclusively for use

with the ZX Spectrum, the new
ZX Microdrives will revolutionise
personal computing.

Each Microdrive can hold up to
100K bytes on a single interchange-
able microfloppy - with a transfer
rate of 16K bytes per second. And
you'll be able to connect up to 8
ZX Microdrives to your ZX Spectrum -
they're available later this year, for
around £50.

Professional performance
for only £125 - how's it done?

Quite simply, by commitment
and design. Timex and ICL are
adopting Sinclair technology and
Sinclair BASIC under licence for
future products. Sinclair is now
world leader in personal computer
production.



Double -manual system fortheZXSpectrum -
slim introductory manual takes beginners
through to programming proficiency.
Advanced manual smoothes the way
through difficult, complex programs.

Connect up to eight ZX Microdrives to your
ZX Spectrum. Each holds up to lOOK bytes on
any one micro floppy. Each can transfer at
16K bytes per second - with an average
access time of 3.5 seconds.

The proven ZX printer- full ASCII character
set, printing at 50 cps, with 32 cpl and 9 lines
per vertical inch. Reproduces exactly what's
on the screen at the touch of a button.

ZX Spectrum

Available only
by mail order
and only from

Sinclair
Sinclair Research Ltd,
Stanhope Road, Camberley, Surrey, GU15 3PS.
Tel: Camberley (0276) 685311.

ZX Spectrum software: how good and how soon?
The ZX Spectrum uses an enhanced

version of Sinclair BASIC, fast becoming a
world standard, and unlikely to be
superseded. Unique features, such as one -
touch keyword entry and syntax check and
report, are increasingly attracting software
originators.

Building the software library is

The SinclairZX Spectrum can handle
sophisticated games programs with high -
resolution colour graphics and sound.

CEPONIERSHOP CHOCEI
Monthly teolongs11382

111111111
FMAM,./ "ONO

A range of business software will soon be
available, covering both specific applications
(eg stock -control and payroll) and general
business management systems (eg matrix
models).

already far advanced, and a complete
catalogue will be available in the next few
months. Subjects will include sophisticated
games, education,'housekeeping: and
business management.The more complex
packages can, of course, be used to their
best advantage with the full 48K RAM
version of the ZX Spectrum.

This major advance in computer technology
maintains Britain's world-beating position in
the field of personal computers.

441( bpectrum

This second generation of Sinclair personal
computers demonstrates continuing
commitment. Advanced technology made
the ZX80/ 81 family a price breakthrough:
advanced technology makes the ZX Spectrum
a breakthrough in price and performance.

How to order your
ZX Spectrum
BY PHONE -Access, Barclaycard
or Trustcard holders can call
01-200 0200 for personal attention
24 hours a day, every day.

BY FREEPOST -use the no -
stamp -needed coupon below. You

can pay by cheque, postal order,
Access, Barclaycard or Trustcard.

EITHER WAY -please allow up
to 28 days for delivery. And there's a
14 -day money -back option, of
course. We want you to be satisfied
beyond doubt -and we have no
doubt that you will be.

To: Sinclair Research, FREEPOST, Camberley, Surrey, GU15 3BR.
Qty item Code item price

Order
Total

Sinclair ZX Spectrum -16K RAM version

Sinclair ZX Spectrum - 48K RAM version

Sinclair ZX Printer

Printer paper (pack of 5 rolls)

Postage and packing: orders under £100

orders over £100

Please tick if you require a VAT receipt
*1 enclose a cheque/postal order payable to Sinclair Research Ltd for £
*Please charge to my Access/Barclaycard/Trustcard account no.

100 125.00

101 175.00

27 59.95

18 11.95

28 2.95

29 4.95

*Please delete/complete as applicable. 111111111

TOTAL 2

I I I I I

Please print.
Signature

Name: Mr/Mrs/Miss I I I I I I 1 I I I I 1 I I I I I 1 1 1

Address11111111i[111111111111111
I1111[111_L_LL1111[11[1111PRE0071

FREEPOST - no stamp needed. Prices apply to UK only. Export prices on application.

S4



Sinclair ZX Spectrum -technical data.
Dimensions
Width 233 mm
Depth 144 mm
Height 30 mm

CPU/memory
Z80A microprocessor running at 3.5 MHz.

16K -byte ROM containing BASIC interpreter and
operating system.

16K -byte RAM (plus optional 32K -byte RAM
on internal expansion board) or 48K -byte RAM.

Keyboard
40 -moving -key keyboard with full upper and

lower case with capitals lock feature. All BASIC
words obtained by single keys, plus 16 graphics
characters, 22 colour control codes, and 21 user -
definable graphics characters. All keys have auto
repeat.

Display
Memory -mapped display of 256 pixels x

192 pixels; plus one attributes byte per character
square, defining one of eight foreground colours,
one of eight background colours, normal or extra
brightness and flashing or steady. Screen border
colour also settable to one of eight colours. Will
drive a PAL UHF colour TV set, or black and white
set (which will give a scale of grey), on channel36.

Sound
Internal loudspeaker can be operated over

more than 10 octaves (actually 130 semitones) via
basic BEEP command. Jack sockets at the rearof
computer allow connections to external amplifier/
speaker.

Graphics
Point, line, circle and arc drawing commands

in high -resolution graphics. 16 pre -defined
graphics characters plus 21 user -definable
graphics characters. Also functions to yield
character at a given position, attribute at a given
position (colours, brightness and flash) and
whether a given pixel is set. Text may be written on
the screen on 24 lines of 32 characters. Text and
graphics may be freely mixed.

Colours
Foreground and background colours,

brightness and flashing are set by BASIC INK,
PAPER, BRIGHT and FLASH commands. OVER
may also be set, which performs an exclusive -or
operation to overwrite any printing or plotting that
is already on the screen. INVERSE will give
inverse video printing. These six commands may
be set globally to cover all further PRINT, PLOT,
DRAW or CIRCLE commands, or locally within
these commands to cover only the results of that
command. They may also be set locally to cover
text printed by an INPUT statement. Colour -

control codes, which may be accessed from the
keyboard, may be inserted into text or program
listing, and when displayed will override the
globally set colours until another control code is
encountered. Brightness and flashing codes may
be inserted into program or text, similarly. Colour -

control codes in a program listing have no effect
on its execution. Border colour is set by a
BORDER command. The eight colours available
are black, blue, red, magenta, green, cyan, yellow

and white. All eight colours may be present on the
screen at once, with some areas flashing and
others steady, and any area may be highlighted
extra bright.

Screen
The screen is divided into two sections. The

top section - normally the first 22 lines -displays
the program listing or the results of program or
command execution. The bottom section -
normally the last 21ines - shows the command or
program line currently being entered, or the
program line currently being edited. It also shows
the report messages. Full editing facilities of
cursor left, cursor right, insert and delete (with
auto -repeat facility) are available over this line.
The bottom section will expand to accept a cu rrent
line of up to 22 lines.

Mathematical operations and functions
Arithmetic operations of +, -, x , -, and raise

to a power. Mathematical functions of sine,
cosine, tangent and their inverses; natural logs
and exponentials, sign function, absolute value
function, and integer function; square root
function, random number generator, and pi.

Numbers are stored as five bytes of floating
point binary - giving a range of +3 x 10 -'to +7
x 1038 accurate to 95 decimal digits.

Binary numbers may be entered directly with
the BIN function. =, >, <, > = , <= and <> may
be used to compare string or arithmetic values or
variables to yield 0 (false) or 1 (true). Logical
operators AND, OR and NOT yield boolean
results but will accept 0 (false) and any number
(true).

User -definable functions are defined using
DEF FN, and called using FN. They may take up to
26 numeric and 26 string arguments, and may
yield string or numeric results.

There is a full DATA mechanism, using the
commands READ, DATA and RESTORE.

A real-time clock is obtainable.

String operations and functions
Strings can be concatenated with +. String

variables or values may be comapred with =, >,
<, >_, <_, <> to give boolean results. String
functions are VAL, VAL$, STR$ and LEN. CHR$
and CODE convert numbers to characters and
vice versa, using the ASCII code.

A very powerful string slicing mechanism
exists, using the form a$ (x TO y).

Variable names
Numeric - any string starting with a letter

(upper and lower case are not distinguished
between, and spaces are ignored).

String - A$ to Z$.
FOR -NEXT loops -A -Z.
Numeric arrays -A -Z.
String arrays - A$ to Z$.
Simple variables and arrays with the same

name are allowed and distinguished between.

Arrays
Arrays may be multi -dimensional, with

subscripts starting at 1. String arrays, technically
character arrays, may have their last subscript
omitted, yielding a string.

sindair
ZX Spectrum

Expression evaluator
A full expression evaluator is called during

program execution whenever an expression,
constant or variable is encountered. This allows
the use of expressions as arguments to GOTO,
GOSUB, etc.

It also operates on commands allowing the ZX
Spectrum to operate as a calculator.

Cassette interface
The ZX Spectrum incorporates an advanced

cassette interface. A tone leader is recorded
before the information to overcome the automatic
recording level fluctuations of some tape
recorders, and a Schmitt trigger is used to remove
noise on playback.

All saved information is started with a header
containing information as to its type, title, length
and address information. Program, screens,
blocks of memory, string and character arrays
may all be saved separately.

Programs, blocks of memory and arrays may
be verified after saving to confirm successful
saving.

Programs and arrays may be merged from
tape to combine them with the existing contents of
memory. Where two line numbers or variables
names coincide, the old one is overwritten.

Programs may be saved with a line number,
where execution will start immediately on loading.

The cassette interface runs at 1500 baud,
through two 3.5 mm jack plugs.

Expansion port
This has the full data, address and control

busses from the Z80A, and is used to interface to
the ZX Printer, the RS232 and NET interfaces and
the ZX Microdrives.

IN and OUT commands give the I/O port
equivalents of PEEK and POKE.

ZX81 compatibility
ZX81 BASIC is essentially a subset of ZX

Spectrum BASIC. The differences are as follows.
FAST and SLOW: the ZX Spectrum operates

at the speed of the ZX81 in FAST mode with the
steady display of SLOW mode, and does not
include these commands.

SCROLL: the ZX Spectrum scrolls
automatically, asking the operator "scroll?" every
time a screen is filled.

UNPLOT: the ZX Spectrum can unplot a pixel
using PLOT OVER, and thus achieves unplot.

Character set: the ZX Spectrum uses the
ASCII character set, as opposed to the ZX81 non-
standard set.

ZX81 programs may be typed into the ZX
Spectrum with very little change, but may of
course now be considerably improved. The ZX
Spectrum is fully compatible with the ZX Printer,
which can now print out a full upper and lower
case character set, and the high resolution
graphics; using LLIST, LPRINT and COPY. ZX81
software cassettes and the ZX 16K RAM pack will
not operate with the ZX Spectrum.

Sinclair Research Ltd, Stanhope Road, Camberley, Surrey, GU15 3PS. Tel: Camberley (0276) 685311.
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How the ZX Spectrum
compares with other personal computers.

ZX
Spectrum

BBC micro VIC
model A 20

ATARI
400

TI
99/4A

TRS 80
Colour

Guide price -basic unit inc. VAT £125 £300 £190 £300 £300 £450

Standard RAM 16K 16K 5K 16K 16K 16K

Standard RAM available using high -resolution
graphics 9K 3K N/A 7K 14K* 10K

Maximum RAM 48K 32K 29K 32K 48K 32K

Sound generator
Colours available 8 8 16 16 16 9

Maximum colours on screen at one time 8 4 16 5 16 8

FLASH

BRIGHT -or equivalent
High -resolution graphics (>40000 pixels)
available for PLOT & DRAW
User -definable graphics characters
Full upper/lower case ASCII / V

User -definable character set
Screen display (columns x rows) 32 x 24 40 x 25 22 x 23 40 x 24 32x 24 32 x16

Auto -repeat on all keys
Cassette interface for all normal recorders
Baud (data transfer) rate 1500 1200 300 1200 450 1200

LOAD & SAVE
VERIFY

MERGE V

*But PLOT & DRAW not available

Elegant, effective, unique -the ZX Spectrum design.
`Less than half the price of its
nearest competitor - and more
powerful.

'These two pictures show how
it's done. On the right is the PCB
from the BBC Model A Micro-
computer. On the left is the PCB
from the ZX Spectrum.

'It's obvious at a glance that
the design of the Spectrum is more

elegant. What may not be so
obvious is that it also provides
more power.

'The ZX Spectrum has more
usable RAM, and higher maximum
RAM.

'It offers twice as many colours
on the screen at any one time, plus
a colour brightness control. It also
offers user -definable graphics.

'It has data transfer rate 25%

Above left: internal layout of Sinclair ZX Spectrum.

Right: internal layout of BBC Micro Model A.

The illustrations are to the same scale, and
demonstrate the rate of advance in micro-
computer design. The ZX Spectrum uses
just 14 chips to provide more power and
more user -available RAM.

faster, supported by a VERIFY
facility.

'And it employs a dialect of
BASIC (Sinclair BASIC) already in
use in over 400,000 computers
worldwide.

'We believe the BBC make the
world's best TV programmes -and
that Sinclair make the world's best
computers!'

- Clive Sinclair.
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CONSTRUCTIONAL PROJECTS
ACTIVE SPEAKER SYSTEM by J. Macaulay 16
High quality speaker design
AUDIO TEST SET Part 1 by Michael Tooley BA and David Whitfield MA MSc 26
Designed specifically for testing and setting up a wide range of audio equipment
INSTRUMENT TUNER by Stephen lbbs 32
Five octaves of accurate tone generation
MICROSYNTH Part 2 by A. R. Bradford MSc 38
VCOs, VCF, VCA, power amplifier and power supply
AUTOMATIC SIGNAL SWITCHING by Andrew Parr 42
Two -aspect colour light control
AUTOMATIC DIAMOND CROSSING CONTROL by Andrew Parr 47
Safety interlock for a dangerous junction
INFRA -RED TAPE CONTROL by Chris Lare 56
Remote control recording and replay
VERSATILE CAR ALARM by Michael Tooley BA 62
Protect your car . . .

BURGLAR DETERRENT by R. A. Penfold 68
. . . and your house

GENERAL FEATURES
SEMICONDUCTOR UPDATE by R. W. Co/es 24
Featuring: MF10 CA3300D SA6000
MICROBUS by D.J.D. . . 50
Life Dice Puzzle Drawing Stars
INGENUITY UNLIMITED 54
Invaders 127-Car Alarm

NEWS AND COMMENT
EDITORIAL 11
NEWS & MARKET PLACE 12
Including Countdown and Points Arising
BAZAAR . .21, 46, 52, 61, 71
Buy, sell and swap service for readers
INDUSTRY NOTEBOOK by Nexus 23
News and views on the electronics industry
SPACEWATCH by Frank W. Hyde 35
Review of the latest shuttle flight
SPECIAL OFFER-CASSETTES 53
Regular bargain offer on high quality cassettes
PATENTS REVIEW 72
Audio ideas

OUR AUGUST ISSUE WILL BE ON SALE FRIDAY, JULY 9th, 1982
(for details of contents see page 25)

c IPC Magazines Limited 1982. Copyright in all drawings, photographs and articles published in PRACTICAL
ELECTRONICS is fully protected, and reproduction or imitations in whole or part are expressly forbidden. All reasonable
precautions are taken by PRACTICAL ELECTRONICS to ensure that the advice and data given to readers are reliable. We
cannot, however, guarantee it, and we cannot accept legal responsibility for it. Prices quoted are those current as we go
to press.
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WATFORD ELECTRONICS
33/35, CARDIFF ROAD, WATFORD, HERTS WD1 8ED, ENGLAND

Tel. Watford 10923140588. Telex: 8956095 WAELEC
ALL DEVICES BRAND NEW. FULL SPEC. AND FULLY GUARANTEED. ORDERS DESPATCHED
BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/P.O.s OR BANKERS DRAFT
WITH ORDER. GOVERNMENT AND EDUCATIONAL INSTITUTIONS OFFICIAL ORDERS
ACCEPTED (TELEPHONE ORDERS BY ACCESS NOW ACCEPTED Minimum £10.00 please),
TRADE AND EXPORT INQUIRY WELCOME. P & P ADD 50p TO ALL ORDERS. OVERSEAS
ORDERS POSTAGE AT COST.

VAT Export orders no VAT. U.K. customers please add 15% VAT to total cost incl. p&p.
We stock thousands more items. It pays to visit us. We are situated behind Watford
Football Ground. Open Monday to Saturday, 9.00 am to 6.00 pm. Ample FREE Car park-

ing apace available.

POLYESTER CAPACITORS: (Axial Lead) 400V: 1nF, 1n5, 2n2, 3n3, 4n7, 6n8 11p; 10n, 15n, 18n,
22n 12p; 33n, 47n, 68n 16p; 100n, 150n 20p; 220n 30p; 330n 42p; 470n 52p; 680n 60p; 1pF 68p;
2p2 4y7 85p. 1000V: 1nF 17p; lOnF 30p; 15n 40p; 22n 36p; 33n 42p; 47n, 100n 50p.

POLYESTER RADIAL LEAD CAPACITORS: 260V; 10n, 15n, 22n, 27n 8p; 33n, 47n, 68n, 00n 7p;
150n, 220n 10p; 330n, 470n 13p; 680n 19p; ly 23p; 1y5 40p; 252 48p.

ELECTROLYTIC CAPACITORS (Values in pFl. 500V: 10SF 52p; 47 78p; 63V) 0.47, 1-0, 1.5, 2.2,
3 3, 8p; 4 7 961; 10 100; 15, 22 12p; 33 15p; 47 12p; 68 16p; 100 19p; 220 20p; 1000 70p; 2200
99p; SOV: 68 20p; 100 17p; 220 24p; 401/: 6 8 15p; 22 9p; 33 12p; 330, 470 1000 48p;
2200 90p; 25V: 1.5. 4 7, 10, 22, 47 8p; 100 11p; 150

5,40
220

068,16p

330 22p; 470 2 ; 680. 10M
34p; 1500 42p; 2200 50p; 3300 786;4700 92p; 16V: 2 8p; 47. 100 9p; 125 1 p; 220 130;
330 16p; 47020p; 680 34p; 1000 27p; 1500 31p; 2200 36p; 4700 79p.
TAG -END TYPE: 64V: 4700 246p; 3300 198p; 2200 POTENTIOMETERS: Carbon Track,
139p; 50V: 3300 154p; 2200 Hes; 40V: 4700 0.25W Log & Linear Values.
160p; 25V: 10,000 320p; 15,000 346p. 5000. 1K & 2K (LIN ONLY) Single 30p
TANTALUM BEAD CAPACITORS: 5K0 -2M0 single gang 30p
35V: 0 1p 0 22, 0 33 15p; 0.47, 0.68, 1.0, 1-5 16p; 2.2, 3.3 5K0 -2M0 single gang DIP switch 78p
18p; 4 7, 6 8 22p; 10 28p; 16V: 2.2, 3.3,186; 4.7, 6.8, 10 5K0 -2M0 dual gang stereo Up
lap; 15 36p; 22 30p; 33, 47 40p; 100 76p; 220 Sep 10V: 1W Wire -wound 500-20K 118p
15, 22 26p; 33, 47 35p; 100 6Sp.

SILVER MICA 1pF1
2, 3.3, 4-7, 6.8, 8.2, 10, 12.,
18, 22, 27, 33. 39, 47, 50,
56, 68, 75, 82.85, 100, 120,
150,180 111p each
220, 250, 270, 330, 360,
390, 470. 600, 800 &
820pF 216 each
1000. 1200. 1800 30p each
3300. 4700 1:10p each

SIEMENS multilayer miniature
capacitors.
250V: 1nF. 1n5.2n2, 3n3, 4n7,
6n8, 8n2, 10n, 12n, 15n, 22n
7p; 18n, 27n, 33n, 47n Sp,
39n, 56n, 68n 9p.
1001/: 100n, 120n, 10p; 150n
11p; 220n 13p; 330n 18p;
470n 23p; 680n 30p; 1pF
34p; 24 SOp.

SLIDER POTENTIOMETERS
0-25W log and linear values 60mm track
5K0 -500K0 Single gang 70p
10KC)-500K0 Dual gang 110p

PRESET POTENTIOMETERS
0.1W 500-2.2M Mini Vert. & Horiz. 7p
0.25W 1000-3.3M0 Node. larger 10p
0.25W 2500-4 7M0 Vert. 10p
Precision Cermet 1W 1000-100K 90p

MYLAR Film CAPACITORS
100V: lnF, 2n, 4n, 4n7, 10 6p
1 5nF, 22, 30, 40, 47n 7p
56nF, 100, 200n 9p

POLYSTYRENE Caps:
10pF to 1 nF 8p
1n5 to 12nF 10p

CERAMIC Capacitates: 60V
Range 1pF to 6800pF

11010nF. 15n, 22, 33, 47nF
10Onf/30V 7p; 2200/6V Op.

LINEAR IC's
55 b CMOS 80

LC7130
LF347

702 75 LF351
709C 8 pin 35 LF353
710 48 LF355
741 14 LF356
747C14 pin 65 LF357
748C 8 pin 36 LF398
753 8 pm 185 LM10
810 159 LM3014
9400CJ 350 LM307
AY -1-0212 675 LM308
AY -I-1320 225 LM311
AY -1-5050 99 LM318
AY -1-5051 160 LM319
AV -1-6720 210 LM324
AY -3-1270 730 LM334Z
AY -3-1350 350 LM335
AY -3-8500 390 LM339
AY -3-8910 625 LM348
AY -3-8912 625 LM349
AY -5-1230 450 LM35
AY -5-1317A630 LM377
AY -5-40070620 LM379
AY -5-8100 776 LM380
CA3011 130 LM381N
CA3012 175 LM382
CA3014 275 LM384
043018 88 LM386
CA3019 80 LM387
CA3020 210 LM389
CA3023 210 LM393
CA3028A 95 LM394CH
CA3035 255 LM725CN
CA3036 270 LM733
CA3043 275 LM2917
CA3045 365 LM3302
CA3046 70 LM3900
CA3048 220 LM3909
CA3059 285 LM3911
CA3075 213 LM3914
CA3080E 70 LM3915
CA3081 190 LM3916
CA3086 48 LM13600
CA3089E 215 LS7220
CA3090A0 375 M252AA
CA3123 150 M253AA
CA3130 90
CA3140 48 M51515L
CA3160 95 MB3756
CA3161E 135 MC1303
CA3162 E 450 MC1304P
CA3189 200 MC1310P
CA3240 110 MC1445
HA1336W 240 MC1458
CL7106 750 MC1469
CL7107 975 MC1494
CL7611 99 MC1495
CL7860 00 MC1496L
CL8038CC 300 MC1596
CL8211 350 MC1648
CM7204 550 MC1709G
CM7205 1150 MC3302
CM7207 475 MC3340P
CM7215 1050 MC3360P
CM7216A 1950 MC3401
CM721661950 MC3403
CM7216C 1950 MC3405
CM7217A 790 MC3423P
CM7240 300 MFC6040
CM7224 785 MK50398
CM7555 80 ML924
CM7556 150 MM5303

LA3350 250 MM5307
LA4031P 340 MM5387A
LA4032 295 MSM5526
LA4400 440 NE615
LC7120 300 NE529

Sound Generator IC
AY -3-8910 £6

Special Booklet for
above £2.50

RESISTORS -HI -stab, Mini -
5%, Carbon.
RANGE Val. 1-99 100-i-

0 25W202 -4.M7 E24 2p 1p
0.5W 202-4M7 E12 2p 1p
1W 202-10M E 1 2 Bp 3p
2% Metal Film 100-1 M Op 4p
1% Metal Film 510-1M 8p 69
100* price applies to Resistors of
each type not mixed values.

340
50

148
95
85
95

110
475
360
26
00
95
70

200
215
30
90

128
54
64

115
65

175
480
75

145
125
140
90

120
95

100
290
325
100
195
95
50
85

125
210
220
220
125
280
625

1150

320
440

88
260
150
250
40

300
694
350
70

225
290
90

150
120
120
65

110
150
80
75

635
275
635

1275
475
820
275
226

NE531 140
NE543 226
NE544 210
NE555 15
NE556DB 45
NE560 325
NE561 395
NE562B 410
NE564 420
NE565A 120
NE566 165
NE567 140
NE570 425
NE571 420
NE5534 125
RC4136D 69
S5668 245
SA83209 425
SAB3210 295
SAB3271 485
SAB4209 595
SAS560 150
SAS570 150
SG3402 295
SL490 350
SN76003N 350
SN76013N 350
SN76018 195
SN76023N 350
SN76033 350
SN76115N 215
SN76131 125
SN76227N 95
SN76477 175
SN76488 480
SN76660 120
SP8629 299
TA7120 150
TA7130 160
TA7204 225
TA7205 175
TA7222 175
747310 175
TAA621AX1 295
TAA661A 190
TAA700 275
TAA900 00
744960 00
TAD100 159
TBA1206 70
TBA540 276
TBA5500 330
TBA641-Al2/
BX1 350
TBA651 190
TBA800 80
TBA8105 95
TBA820 80
TBA9200 290
TBA990 350
TCA270 350
TC4940 175
TCA965 120
TDA1004 290
TDA1008 310
TDA1022 525
TDA1024 105
TDA1034 350
TDA1490 290
7042002 325
7042004 495
T1342020 320
TDA2030 295
TDB0791 420
TL061CP 40
TL062CP 60
TL064CN 98
TL071CP 30

TL072CP 50
TL074CN 100
TL081CP 25
TL082CP 45
TL083CP 75
TL084CP 95
TL091CP 65
TL17O 50
UA2240 120
UA78540 230

UAA180 170
UAA1003-3 935
ULN2003 85
ULN2004 90
ULN2283 100
UPC575 350
UPC1025H 376
UPC1182 330
UPC1156H 290
XR2206 300
XR2207 375
XR2211 575
XR2216 675
XR2240 120
XR2266 360
ZN414 80
ZN419CE 190
ZN423E 138
ZN424E 130
ZN425E-8 345
ZN426E-8 300
ZN427E-8 GOO
ZN428E 478
ZN429E-8 210
ZN10346 200
ZN10406 875
ZNA234E 905

COMPUTER
IC's

1702 299
1802CP 700
2101-2 110
2112-2 250
2114L -300n 80
2114L -200n 80
2147-3 425
2532-450n 360
2564 £20
278 22
27106-5V 225
2732-450n 400
2764 £17
4027 240
4116-150 95
4116-200 80
4118-250 325
4164-200 620
4315-4K 795
4334-3
(CMOS 2114) 325
4816A-120ns 200
4864-3 64K
6116-150ns
6116L -150n
6502 CPU
6503
6504-250
6521
6522 VIA
6530 RRIOT
6532 RIOT
6545 CRTC
6551 ACIA
6592 PC
6800

785
420
460
399
600
550
150
350
£12
625
999
650
£20
300

6802 400
6803 850
6804 160
6805 670
6808 520
6809 895
6810 120
6821 125
6840 412
6843 £12
6845 750
6847 850
6850 140
6852 255
6875 500
8080A 350
8085A 550
81LS95
81LS96 3S
B1LS97
8155
8123
8202
8212
8214
8216
8224
8226
8228
8251
8253
8255
8257
8726A
8727 150
81284 140
8731 350
8T95N 99
8T97N 99
9364AP 550
AM26LS31C 125
AM26LS32A 125
AY -3-1015 300
AY -5-1013 300
AY -5-2376 600
F01771 £18
FD1791 £28
FD1793 £30
FD1795 £30
FD1797 £35
I M6402 380
INS8060N £13
INS8154N £10
MC1488 55
MC1489 55
MC14411 675
MC14412 775
MC3447P 315
MM5280D 695
MM58174 825
MM74C922 420
RO-3-2513L 700
RO-3-2513U 600
SFF96364E 800
TMS2716-3V 875
TMS6011 365
ULN2003 100
2130CPU 25 350
280ACPU 4M 355
Z80 P10 290
280A P10 290
280 CTC 300
280A CTC 325
280DMA 999
Z80510-1 690
280ASI 0 750
Z80 DART 440
280A DART 450

TRANSISTORS BC30813 16
AC107 35 BC327/8 15
AC125/6 35 8C337/8 15
AC127/8

BFX87/88 28
6E1'50/51 23
8FY52 23

T)P33A 65
TIP33C 78
TIP34A 74

2N1613 30
2N1671B 160
2N2160 295

250495/8 70
2SC1096 85
2501172 125

35
AC141/2 30

BC441 34
8C461 34 BFY64 35

TIP34C 88
TIP35A 160

2N2219A 28
2N2220446

2SC1173 125
2SC1306 100

AC176 28 BC477/8 40 BFY81 120 TIP35C 185 2N22214 26 2SC1307 150
AC187/8 32 BC516/7 40 El FY90 80 TIP36A 170 2N2222A 26 2SC1449 85
ACY17/18 70 BC547/8 12 BRY39 40 TIP36C 199 2N2369A 18 2SC2166 166
ACY19/20 75 BC549C 14 BSX20 20 TIP41A 55 2N2646 45 2501678 140
ACY21/22 76 BC556/7 15 BSX29 34 TIP41B 60 2N2846 80 2SC1923 50
ACY28 75 BC558/9 15 BSY95A 26 TIP42A 60 2N2904 28 2SC1945 225
AD142 120 BCY70 16 BU105 170 TIP428 75 2N2905A/6 26 2SC1953 90
AD149 79 BCY71/2 20 BU205 190 TIP120 90 2N2907A 26 2SC1957 90
AD161/2 42
AF118 95

BD121 95
BD124 115

BU206 200
BU208 200

TIPI21 99
TIP141 120

2N2926G 10
2N3053 26

2SC1969 140
2SC2028 85

AF139 40 BD131/2 48 E421 250 TIP142 120 2N3054 68 2SC2029 210
AF178 75
BC107/8 10

BD133 60
80135 45

MD8001 250
MJ2955 90

TIP147 120
TIP2955 60

2N3055 48
2N3442 140

2SC2078 170
2SC2091 85

BC107B 12 BD136/7 40 MJE340 54 TIP3055 60 2N3565 16 2SC2314 85
BC108 10 B0138/9 40 MJE370 100 71543 32 2N3614 199 2SC1679 190
BC1088 12 BD140 40 MJE371 100 TI 544/45 45 2N3615 199 2SD234 75
BC108C 12
BC109 10

80144 198
BD205 110

MJE520 96
MJE2955 99

TIS48 50
TIS88A 50

2N3663 16
2N3702/3 10

2SK45 90
3N128 112

BC1098 12 8D245 45 MJE3055 70 TIS90 30 2N3704/5 10 3N140 112
BC109C 12 BD378 70 MPF102 40 TIS91/93 32 2N3706/7 10 40097 120
BC117/8 20
BC140/42 30

BD434 55
80517 75

MPF103/4 30
MPF105 30

UC734 65
VK1010 80

2N3708/9 10
2N3710 10

40100 215
40101 130

80143 30 BD695A 99 MPF106 40 VN1OKM 50 2N3771 179 40250 95
8C147/8 9 60696A 99 MPSA05 25 VN46AF 78 2N3772 196 40251 150
BC1478 10 80Y56 180 MPSA06 25 VN66AF 86 2N3773 270 40311 60
BC148B 10' BDY60 160 MPSA12 32 VN88AF 94 2N3819 22 40313 130
BC148C 10 BF115 35 MPSA55 30 ZTX107/8 11 2N3820 38 40315 90
8C149 9 BF167 29 MPSA56 30 ZTX109 12 2N3822/3 50 40316 95
BC149C 12 8E173 27 MPSA70 30 ZTX2 I 2 28 2N3866 90 40317/20 80
80153/4 27 BF177 25 MPSUO2 68 ZTX300 13 2N3903/4 15 40360 80
BC157/8 10 8E178 30 MPSUO5 55 ZTX301/2 16 2N3906/5 16 40361/62 70
BC159 11 6E179 35 MPSUO6 55 ZTX303 25 2N4037 48 40406/7 75
BC160 46 8E180 38 MPSU52 65 ZTX304 17 2N4058 10 40408 75
BC167A 10 BF194/5 12 MPSU55 60 ZTX314 26 2N4061/2 10 40411 286
BC168C 10 8E196/7 12 MPSU56 60 ZTX320/26 30 2N4069 45 40412 90
BC169C 10 8F198/9 18 0023/26 170 ZTX341 30 2N4427 80 40467 130
BC170 16 8F200 30 0C36 75 ZTX500/1 14 2N4859 78 40468 85
BC171/2 11 BF224 25 0041/42 75 ZTX502/3 18 2N4871 55 40594 105
BC173 11 8F244A 28 0044 75 25 2N5135/6 20 40595 110
80177/8 16 BF2448 29 0045/70 40 ZTX531 25 2N5138 18 40603 110
BC179/81 20 8F25613 35 0071/72 40 ZTX550 25 2N5172 18 40636 175
BC182/3 10 BF257/8 32 0076 60 2N696 30 2N5179 45 40673 85
BC184 10 BF259 35 0081/82 60 2 N697 23 2N5180 45 40871/2 90
BC182L 10 BF274 42 0083/84 40 2N698 40 2N5191 75
BC183L 10 8F336 40 0C170/1 50 2N699 48 2N5194 80
BC184L 10 8E451 35 0C200 50 2N706A 19 2N5305 24
BC187 26 BF594 30 T1P29A 38 2N708 19 2N5457 30
80212/3 10 8E595 39 TIP29C 52 2N914/5 32 2N5458/9 30
BC212L 10 BFR39/40 23 TIP304 48 2N918 35 2N5485 36
BC213L 10 BFR41/79 23 TIP30C 58 2N930 20 2N5777 45
BC214 10 BER80/81 25 TIP31A 46 2N1131/2 24 2N6027 32
BC214L 10
BC237/8 14
BC3078 14

BFR98 105
BFX29/84 28
BFX85/86 28

TIP31C 56
TIP32A 48
TIP32C 80

2N1303/4 65
2N1305/7 60
2N1308 68

2N6109 60
2N6290 70
254715 60

nu

74S Series
74500 38
74504 40
74S32 70
745132 110
74S133 60
74S138 180
74S158 195
74S188 210
745189 158
745194 320
74S201 350
74S225 525
74S241 390
74S262 850
74S287 300

74S289 290
74S301 000
74S365 000
74S470 325
745471 620
745472 1150
74S475 825
745571 620

475
125
£25
170
425

70
200
250
250
320
799 75 Series
295 75107/8 95
800 75110 90
99 75150 125

75154 150
75182/3 99
75188/9 55
75322 140
75450 86
75451/2 52
75454 85
75491/2 65

TTL 7400
(TEXAS)
7400 11
7401 11
7402 11
7403 12
7404 13
74L04 85
7405 15
7406 24
7407 26
7408 14
7409 14
7410 14
7411 16
7412 18
7413 18
7414 28
7416 24
7417 25
7420 16
7421 20
7422 20
7423 20
7425 24
7426 28
7427 22
7428 25
7430 14
7432 20
7433 25
7437 25
7438 25
7440 15

7441
7442
7443
7444
7445
7446
7447
7448
7450
7451
7453
7454
7460
7470
7472
7473
7474
7475
7476
7480
7481
7482
7483

68
32
90
90
55
65
40
46
16
16
16
16
16
36
26
26
24
40
30
48

120
66
40

7484 70
7485 90
7486 24
7489 205
7490 21
7491 35
7492 26
7493 25
7494 35
7495 36
7496 40
7497 95
74100 80
74104 60
74105 65
74107 25
74109 25
74110 35
74111 55
74112 170
74116 65
74118 60
74119 80
74120 60
74121 28
74122 40
74123 50
74125 35
74126 35
74128 38
74132  40
74136 30
74141 60
74142 176
74143 210
74144 210
74145 50
74147 90
74148 70
74150 55
74151 40
74153 40
74154 55
74155 40
74156 40
74157 30
74159 80
74160 60
74161 50
74162 50
74163 50
74164 50
74165 50
74166 50
74167 150
74170 125
74172 276

74173 60
74174 80
74175 66
74176 40
74177 46
74178 80
74179 80
74180 40
74181 116
74182 60
74184 90
74185 96
74186 470
74188 290
74190 60
74191 50
74192 50
74193 46
74194 60
74195 50
74196 50
74197 60
74198 90
74199 90
74221 60
74246 120
74247 120
74248 120
74249 120
74251 66
74259 160
74265 66
74273 150
74276 120
74278 110
74279 60
74283 60
74284 199
74285 199
74290 105
74293 125
74297 236
74298 100
74351 195
74365 55
74366 55
74367 55
74368 56
74390 99
743931 99
74490.120
74LS
1600 11
1.601 11
LSO2

2LSO3
LSO4 12
LSO5 13
LSO8 12
LSO9 12
LS10 13
LS11 13
LS12 13
LS13 21
LS14 38
LS15 13
LS20 13
LS21 13
LS22 13
LS26 14
LS27 13
LS28 14
LS30 13
LS32 13
LS33 15
LS37

1615LS38
LS40 13
LS42 32

LS47
LS48
LS49
LS51
LS54
LS55
LS3
1S783
LS74
LS75
LS76
LS78
LS83
LS85
LS86
LS90
LS91
LS92
LS93
LS95
LS96
IS107
LS109
LS112
LS113
LS114
LS122
LS123
LS124
LS125
LS126
LS132
LS133
LS136
LS138
LS139
IS145
LS147
LS148
LS151
LS153
LS154
LS155
LS156
LS157
LS158
LS160
LS161
LS162
LS163
LS164
LS165
LS166
LS168
LS170
LS173
LS174
LS175
LS181
LS183
LS190
LS191
LS192
LS193
LS194
LS195
LS196
LS197
LS200
LS202
LS221
LS240
LS241
LS242
LS243
LS244
LS245
LS247
LS248
LS249
15251

38 LS253 35
45 LS257 35
50 LS268 35

LS259 75
LS260 22
LS261 138
LS266 20
LS273 68
LS275 225
LS279 135

18 LS280 180
18 LS283 40
40 LS290 45
52 LS293 40
24 LS295 150
28 LS298 95
60 LS299 270
32 LS300 175
28 LS302 175
40 LS320 270
95 LS323 195
40 LS324 168
28 LS325 295
28 LS326 240
22 LS327 240
22 LS347 95
38 LS348 125
38 LS352 88
96 LS353 88
26 LS362 750
25 LS363 150
42 LS364 150
30 LS365 30
26 LS366 30
32 LS367 30
32 LS368 40
70 .LS373 65

150 LS374 65
85 LS375 45
40 LS377 70
40 LS378 60
80 LS379 65
35 LS384 395
36 LS385 250
30 LS390 55
30 LS393 65
37 LS395 125
37 LS399 175
37 LS445 100
37 LS471 620
43 LS490 200
75 LS541 120
75 LS640 180
86 LS641 180
85 LS645 180
85 LS668 125
50 LS669 120
45 LS670 150

110 LS673 550
18045 CMOS
45 4000 10
45 4001 10
45 4002 12
36 4006 50
36 4007 15
60 4008 48
65 4009 24

275 4010 24
275 4011 11

401266 16
75 4013 25

14
14
14

120
18
18
20

75
75
75
75
70
50
55
65
35

4015
4016
4017
4018
4019
4020
4021
4022

50

12

13

ZS
50

4023
4024
4025
4026
4027
4028
4029
4030
4031
4032
4033
4034
4035
4036
4037
4038
4039
4040
4041
4042
4043
4044
4045
4046
4047
4048
4049
4050

16
33
16
80
24
50
60
30

125
85

125
140
65

275
115
110
290

50
60
45
50
50

105
60
60
40
25
25

4051 45
4052 60
4053 50
4054 95
4055 95
4056 95
4057 1915
4059 480
4060 90
4061 1195
4062 995
4063 85
4066
4067
4068
4069
4070
4071
4072
4073
4075
4076
4077
4078
4081
4082
4085
4086
4089
4093
4094
4095
4096
4097
4098
4099
4160
4161
4162
4163
4174
4175
4194
4408
4409
4410
4411
4412
4415
4419
4422
4433

30
295

16
16
15
15
15
15
15
50
18
18
26
16
50
60

125
30

120
95
75

290
75
75
95
99
99
99
99

105
105
790
790
725
675
775
480
280
770
770

4435
4440
4450
4451
4490
4500
4501
4502
4503
4504
4506
4507
4508
4510
4511
4512
4513
4514
4515
4516
4517
4518
4519
4520
4521
4522
4526
4527
4528
4529
4530
4531
4532
4534
4536
4538
4539
4541
4543
4544
4549
4553
4554
4555
4556
4557
4558
4559
4560
4561
4562
4566
4568
4569
4572
4580
4581
4582
4583
4584
4585
4597
4598
4599

850
999
350
350
350
675

28
60
40
75
35
35

150
50
50
50

199
125
125
65

275
40
30
70

130
125
70
85
70

150
90

130
80

485
295
110
110
140
100
150
375
275
190
35
35

320
120
395
180
104
495
175
250
175
36

460
250
99
99
48
99

330
290
595

40097 88
40100 215
40101 130
40102 180
40103 175
40104 95
40105 115
40106 75
40107 60
40108 450
40109 100
40110 300
40114 240
40163 90
40193 108
45106 695
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SPEAKERS
80. 0 3W, 2"; 2.25". 2 5".
3" 80p
03W, 2.5" 400; 640 oreon80p
DIODES
AA119 1

BA100 1

8Y100 2
BY126 1

BY127 1

CR033 25
0A9 40
0A47 1

0A70 1

0A79 1

0A85 1

0A90
0A91
0A95
0A200
0A202
1N914
1N916
1N4001/2
1N4003
1 N4004/5
1 N4006/7
1N4148
1N5401
1N5404
1N5406
1N5408
1544
15921
6A/100V 40
6A/400V 50
6A/800V 65

BRIDGE
RECTIFIERS
(plastic case)
1A/50V 20
1A/100V 22
1A/400V 29
1A/600V 34
2A/50V 35
2A/200V 40
2A/400V 46
2A/600V 65
6A/100V 83
6A/400V 95
6A/600V 125
10A/200V215
10A/600V 350
25A/200V240
25A/600V395
BY164 56
VM18 50

ZEN ERS
Range: 2V7 to
39V 400mW

Bp each
Range: 3V3 to
33V. 1 3W

15p each

Noise Diode
75J 195

SCR's
Thyristors
0 8A -100V 32
5A/300V 38
5A/400V 40
5A/600V 48
8A/300V 60
8A/600V 95
12A/100V 78
12A/400V 95
12A/800V 188
BT106 150
8T116 180
C106D 38
TIC44 24
TIC45 29
TIC47 35
2N5062 32
2N5064 38
2N4444 130

VARICAPS
MVAM2 165
MVAN1115 158
8A102 30
881058 40
86106 40

OPTO ELECTRONICS
LEDS including Clips
TIL209 Red 3mm 11
TIL211 Green 3mm 14
TIL212 Yellow 14
TIL220 2" Red 12
0.2" Yel, Grn, Amber 14
Rectangular LEDs with
two part clip. R, G & Y 29
Stackable LEDs 18
Triangular LEDs R&G 18
0 2" Flashing LED Red 55
0.2" Bi colour LEDs
Red/Green 65
Green/Yellow 80
0,2" Tri colour LEDs
Red/Green/Yellow 85
02" Red High Bright 59
LD271 Infra Red (emit) 46
TIL32 Infra Red (emit) 52
SFH2O5 (detector) 91
TI L78 (detector) 54
TIL38 45
TIL81 82
TIL100 90
7 Segment Displays
TI L321 -5" C.An 115
TIL322 .5" C.th 115
DL704 -3" C.Cth 99
DL707 CAnod 99
DL747 .6" C.Cathod. 180
.8" Orange C.A. 250
END357 or 500 120
-3" Green C.A. 140
+1.3" Red or Green 150
Bargraph 10 seg. Red 225
Bargraph 3916 520

0.5" LIQUID
CRYSTAL
DISPLAYS
3i digit 550
4 digit 650
6 digit 750

BPX25
IL74
ILD74
a074
TIL111
TIL117
OCP71
ORP12
ORP61
2N5777

95
45
99

185
75
90

120
78
85
45

4N33 135

OPTO SWITCH
Reflective
TIL139 170
Slotted similar
to RS 186

SPECIAL OFFER

NE555
21 14L-3
2114L-2
2532
2716
2732
4116
4816-12Ons
6116-15Ons
6520/21
6522

1

16p
87p
87p

395p
225p
400p
80p

225p
420p
150p
350p

25--
14p
80p
80p

365p
205p
375p
70p

200p
390p
125p
320p

DIL SOCKETS
(TEXAS)

Low
profile

8 pin Bp
14 pin 10p
16 pin 10p
18 pin 16p
20 pin 22p
22 pin 25p
24 pin 25p
28 pin 28p
40 pin 30p

Wire
wrap
25p
35p
42p
52p
60p
70p
70p
80p
99p

ZIF DIL SOCKET
24 way 575p
28 way 850p
40 way 975p

II

MON
WATFORD'S
Ultimate Monitor IC.

A 4K Monitor Chip specially designed to
produce the best from your: Superboard
Series I & II, Enhanced Superboard &
UK 101. As reviewed by Dr. A. A. Berk In
Practical Electronics, June 1981.
Price only £15.00 + 50p P&P.

FERRIC CHLORIDE
1 lb bag Anhydrous
195p 4- 50p p&p

TRIACS
3A/100V 48
34./400V 56
34/800V 85
8A/100V 60
8A/400V 69
8A/800V 115
124/100V 78
12A/400V 82
12A/800V135
16A/100V103
16A/400V105
16A/800V220
25A/400V185
25A/BO0V295
25A/1000V

480
304/400V525
72800D 120

DALO ETCH RESIST
Pall + Spare tip 90p

ALUM. BOXES
3x2x1" 65
4x2ix2" 85
4021x2+" 103
4x4 x24" 120
5x4x2 105
5x24x11" 90
5x24x21." 130
5x4x11" 99
504021" 120
604x2" 120
6x4x3" 150
7x5x3" 180
8x6x3" 210
1004+x3"240
1007x3" 275
1205x3" 260
1208x3" 295

EPSON PRINTERS
 MX8OT 10" Tractor Feed,

9 x 9 matrix, 80 column, 80
CPS, Bi-directional, Centro-
nic Interface. Baud Rate
110-9600. £315

 MX8OFT Friction & Tractor
Feed plus all the MX8OT
features £340

 MX8OFT2 Has high reso-
lution graph cs plus all the
MX8OFT features £345

DIL PLUGS
(Headers)
Pins Solder IDC
14 44p 100p
16 49p 120p
24 88p 170p
40 250p 265p

IDC CONNECTORS (Speed block type)
PCB PLUG Header PCB Pins
with latch Socket Male Male
Pins Pins Female Stn Angle
Strt. Angle

2 x 5 way 90p 99p 85p 60p 65p
2 x 8 way 130p 150p 110p 70p 78p
2 x 10 way 145p 166p 125p 80p 92p
2 x 13 way 175p 200p 150p 95p 110p
2 x 17 way 205p 236p 169p 110p 135p
2 x 20 way 220p 250p 190p 125p 150p
2 x 25 way 235p 270p 200p 150p 175p

RIBBON CABLE
(price per foot)
Ways Grey Color
10 12p 22p
20 25p 40p
26 35p 52p
40 55p 70p

EURO CONNECTORS

DIN 41618
DIN 41612 2x32 way
DIN 41612 2-3 x 32 wa,,.
DIN 41612 3 x32 way

Tap
Socket
195p

250p 320p
260p 3350
280p 390p

Angle
Plug

325p
350p
420p

COPPER CLAD BOARDS
Fibre Single- Double- SRBP
Glass sided ided 9 5" x8 5"
6"x6" 90p 10p 95p
6"x12" 150p 95p

DIAC
ST2 25

SOLDERCON
PINS

100 70p
500 325p

VEROBOARDS 0 1"
Clad Plain

x 3-1 " 73p 52p
21x5" 83p -

x3," 83p -
31 x 5" 95p 79p
31517" 325p 211p
47x18" 425p -
Pkt. of 100 pins 50p
Spot Face Cutter 118p
Pin Insertion Tool 162p

'VO Board
'DIP' Board
Vero Strip
S100 Board

PROTO-DECs
Veroblock
S -Dec
Eurobreadboard
Bimboard 1
Superstrip SS2

150
330
144
£14

375
350
520
695
£13

ANTEX
Soldering
Irons
C15W
CX17W
CCN15W
X25W
Spare bits
Elements
Iron stands
Heat Shunt

450
475
490
500
65

210
165
30

Buy with

Access

'D' CONNECTORS
mini. (Cannon type)
Solder Bucket Covers

Plugs Sockets plastic
9 way 95p 125p 145p

15 way 135p 198p 150p
25 way 170p 230p 100p
37 way 290p 398p 185p

PCB Pins
25 way 200p 245p -
PCB Pins (right angle)
25 way 210p 275p -

TRANSFORMERS (mains Prim. 220-240V)
6-0-6V 100mA; 9-0-9V 75mA; 12-0-12V
75m4; 15-0-15V 75mA 98p
6VA: 2x6V-.5A; 2x9V-4A; 2x12V-0.34:
2x15V-.25A 220p
12VA: 2x4V5-1.3A; 2x6V-1 2A; 2x12V- 5A;
2x15V-4A 295p
24VA: 6V -1.5A 6V -1.5A; 9V -1.2A 9V-1 2A:
12V -1A 12V -1A; 15-.8A 15-8A; 20V --6A
20V- 6A 330p 144p p&p)
50VA: 2 x6V-44; 2 x 9V -2.5A; 2 x 12V -2A;
2 x 15V-1 5A; 2 x20V-12A; 2 x25V-2A;

2 x30V-0.84 440p (60p p&p)
100VA: 2 x 12V -4A: 2 x 15V -3A; 2 x20V-
2 54; 2 x30V-1 5A; 2 x40V-1.25A; 2 x 50V-14

920o 1600 AO

Just phone Amphe-
your order MI
through, we 24 way
do the rest. isEgp

VERO WIRING PEN and Spool 310p
Spare Wire (Spool) 75p; Combs 6p ea.

GAS & SMOKE
DETECTORS

TGS812 &
813 575
Sockets 40

ULTRASONIC
TRANSDUCERS

40KHz Transmitter &
Receiver 395p/pair

EDGE CONNECTORS
Two rows

1 156
2x1Oway- 135p
2 x 15 way - 140p
2 x 18 way 180p 145p
2 x22 way 199p 200p
2 x23 way 210p -
2 x25 way 225p 220p

36 way 2 x 30 way 245p -
Centronics 2 x 36 way 295p -
Parallel 2 x40 way 315p -
550p 2 x43 way 395p -

2 x 75 way 550p -

JUMPER LEADS Ribbon Cable Assembly
DIL Plug (Headers)
Single Ended Lead, 24"

pin
24"

.

Length 14 pin 16 pin 24 n

24" 145p 165p 240p 380p
Double Ended Leads

6" 185p 205p 300p 465p
12" 198p 215p 315p 490p
24" 210p 235p 345p 540p
36" 230p 250p 375p 595p

4"ID HEADER SOCKET Jumper Leads 2
20 pin 26 pin 34pin 40 Pin

1 end 160p 200p 260p 300p
2 ends 290p 370p 480p 525p

40 pin

COMPUTER CORNER
 VIC 20 MICROCOMPUTER. Connects directly

to a colour TV. 5K RAM expandable to 32K
PET type graphics. £165

 CASSETTE DECK for VIC20 including a free 6
programme Cassette. £39

 EPSON MX Series Printers. Full range available.
See box above for details.

 SEIKOSHA GP100A - Unihammer Printer,
gives normal and double width characters as well
as dot resolution graphics 10" Tractor feed.
Parallel Interface standard. £190

 SOFTY -2. As reviewed in PE September 1981.
The complete microprocessor development
system for Engineers & Beginners. New powerful
instruction. Accepts any 24 pin 5V single rail
EPROM. Supplied fully built, tested & enclosed in
a black ABS case. Price incl. encapsulated plug in
power supply. £169

 VIDEO MONITOR 9" fully cased. B&W. Fully
guaranteed. Excellent value for money at only £79

 TEX EPROM ERASER. Erases up to 32 ICs in
15-30 min. £33

 TEX EPROM ERASER with integral 30 min.
Electronic timer £45

 Spare 'UV lamp bulbs £9
 5V/5A PSU Ready built and tested £25

 Attractive Beige/Brown ABS CASE for
Superboard/UK101 or Home Brew £26

 Space Invaders for Superboard £6
 Full ASCII coded keyboard type '756' £39
 4 x 4 matrix keypad (reed switch assembly) £4
 C12 Cassettes in Library Cases 40p
 Stack -Pack drawers with 10 C12 Cassettes

550p
 8-1 Fan fold paper (500 sheets) (no VAT) £5
 91" Fan fold paper (500 sheets) (no VAT) £5

 Teleprinter Roll (no VAT) £3.50

(P&P on most of the above items is extra)
Call in at our shop for demonstration of any of the
above items. Be satisfied before you buy.

VOLTAGE REGULATORS
1A 003 roe -se
5V 7805 145p 7905 220p
12V 7812 145p 7912 220p
15V 7815 145p 7915 220p
18V 7818 150p
1A T0220 Plastic Casing

5V 7805 50p 7905 55p
12V 7812 50p 7912 55p
15V 7815 50p 7915 55p
18V 7818 50p 7918 55p
24V 7824 50p
100mA T092 Plastic Casing

5V 78L05 30p 79L05
6V 7BL62 30p
8V 78L82 30p

12V 78L12 30P
15V 78L15 30p

79L12

613p

60p
79L15 60p

LM300H 170 LM309K
LM304H 160 LM317H
LM305H 140 LM317K
78H05 5V/5A 550p LM317P
78HG+5 to LM323K
+24V 54 599p LM326N
79HG -2.25V to LM723
-24V 54 785p TBA625B

135
280
350

99
500
240

35
75

SWITCHES
SLIDE 250V TOGGLE 2A 250V
1A DPDT 14 SPST 33
14 DPDT C/OFF 15 DPDT 44

DP on/on/on 40 4 pole on off 54

PUSH BUTTON
Spring loaded SUB -MIN
Latching or TOGGLE
Momentary 6A SP changeover 60
SPDT c/over 99 SPST on off 54
DPDT c/over 145 SP DT c/off 85

SPDT Biased 105
MINIATURE DPDT 6 tags 75
Non Locking DPDT C/OFF 88
Push to make 15p DPDT Biased 145
Push break 25p 3 pole c/over 205

ROCKER; 5A, 250V, SPST 28p
ROCKER: (white) 10A 250V SPDT

38p
ROCKER: With neon lights red when on.
10A 250V, DPST 85p
ROCKER: (White) 10A/250V DPDT 72p
ROTARY: Make your own Multiway
Switch. Shafting Assembly accommo-
dates up to 6 wafers. 90p
Break before make Wafers. Silver contacts
1 pole/12 way: 2 pole/6 way: 3 pole/
4 way; 4 pole/3 way; 6 pole/2 way 65p
Mains DPST Switch to fit 45p
Screen & Spacers 6p
ROTARY:1Adjustable Stop Type)
1 pole/2 to 12 way. 2p/2 to 6 way, 3 pole/
2 to 4 way, 4 pole/2 to 3 way 45p
ROTARY: Mains 250V AC. 4 Amp 56p

DIL SWITCHES: (SPST( 4 way 70p; 6
way 85p; 8 way 90p; 10 way 145p;
(SP DTI 4 way 190p.

CRYSTALS
32 768KHz 100
100KHz 270
200KHz 295
455KHz 370
1MHz 295
1 OOBM 290
1 28MHz 392
1.6MHz 395
1 8MHz 395
1 8432M 220
2 0MHz 240
2 4576M 220
3 276851 150
3.57954M 98
3 6864M 300
4 OMHz 150
4 032MHz 290
4 80MHz 200
4 194304M 200
4.433619M 120
5 0MHz 160
5 185MHz 300
5.24288M 390
6 0MHz 140
6 144MHz 225
6 5536MHz 200
7-0MHz 150
7 168MHz 250
7 68MHz 200
8.0MHz 150
8 08333M 395
8.867237M 175
9 00MHz 200
9 375MHz 350
10,0MHz 175
10 7MHz 150
10 24MHz 200
12.0MHz 290
12.528MHz 300
14.31818M 170
16.0MHz 250
18 OMHz 180
18432M 150
19.968MHz 150
20 OMHz 325
24.0MHz 170
24.930MHz 325
26.69M 150
26 670MHz 325
27 125MHz 295
27 648M 330
27 145M 190
38 66667M 175
48 OMHz 175
100 OMHz 375
116 OMHz 360

ASTEC UHF
Modulators
6MHz 280
8MHz Wide -
bandwidth 425

WATFORD'S UNIVERSAL
MICRO EXPANSION SYSTEM

Designed by Watford Electronics, this extremely
versatile and economical Expansion System as
published in E.T.I., starting from Dec., 81 issue,
offers a low cost flexible expansion facility for
LX81, UK101, SUPERBOARD, ACORN
ATOM, PET, TANGERINE, VIDEO GENIE,
VIC 20.
The Motherboard (Interfaces with the Computer)
has capacity to accept up to five daughter cards
and can be paralleled for even more daughter
cards. All PCBs are of Computer grade finish and
are supplied in Kit form.
Just look at the expansion possibilities:
MOTHERBOARD - Accepts up to five Daughter
Cards Full Kit: £36.50
SOUND CARD - Utilising up to three AY -3-
8910 Sound chips. (one supplied with every Kit)

Full Kit: £24.95
PIO CARD - Using two 6520 PIA chips, this
Board offers Centronics parallel printer driver,
digital to analogue converter and a host of other
out -put facilities. Full Kit: £19.95
PROM PROGRAMMER - This simple but ex-
tremely useful card can blow 2716 or 2732 single
rail EPROMS. Full Kit: £25.95
EPROM CARD - This card houses 4x2716 or
2 x2532/2732. Full Kit: £11.80
RAM CARD - 8K RAM card. Accepts 16x 2114
RAMs. The Board is supplied fully populated.

Full Kit: £28.50
Coming soon: Disc Interface Card, 32K Dynamic
RAM Card Speech Card & High Resolution Colour
Graphics Card.

(N.B. PCBs may be bought separately)

WATFORD ELECTRONICS
Tel. (0923) 40588 Telex. 8956095
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Has seven years
of success gone
to o heads?

NEW
MpRpVED

MINIMAX 2
With the Minimax II, Videotone revolutionised the market
by establishing an opening for small, high quality speakers.
Natural evolution has brought about the new Minimax 2,
retaining all the qualities of clarity and sensitivity. This
ideal combination of size and performarke is a proven
success, acclaimed by the press and public for seven years.
POPULAR HI-FI
"Switching to the Minimaxs'
from any of the others produc-
ed an open and natural sound
as though something had been
taken away. It had, the colour-
ation had gone." Comparative
test OCTOBER 1975.

HI-FI ANSWERS
Their modest appearance and
price disguise their startling
abilities. Never have we heard
such a small speaker sound
so big!" JANUARY 1975.
PRACTICAL HI-FI & Audio
"The depth, clarity and open-
ness of sound produced is
quite astonishing". JUNE '75

WHAT HI-FI
. the ability of the Mini -

max to take a lot of power and
still sound good could be
decisive" - Comparative test,
APRIL 1977.

PRACTICAL HI-FI
The little Videotone scored
highly for such a small inexpen-
sive loudspeaker".
JANUARY 1981.

Specification:
Recommended amplifier power:
10 to 40 watts rms into 8 ohms.
Frequency Response:
80Hz - 20KHzL5dB.
Finish: natural teak, veneer
with black frets.
Size: 10 7/8" high, 63/4" wide,.
7 1/2" deep.
Weight: 4.1 Kgs (9 Ibs) each.
ONLY £69.95 A PAIR

 We welcome callers to our South London Showroom
for demonstrations.

 Enqiries and information phone: 01-690 8511, Ex. 32.
All products are only available direct or from selected

authorised dealers throughout the U.K.

VIDEOTONE 98 CROFTON PARK ROAD
LONDON SE4.
Send for our free brochure and
details of outlets in the U.K.

ri Lye =M I= MI MI MI NNE ENE
PE7

Post to: Videotone, Crofton Park Road, London SE4.

INAME

IADDRESS

TOROIDALS
The toroidal transformer is now accepted as
the standard in industry, overtaking the
obsolete laminated type. Industry has been
quick to recognise the advantages toroidals
offer in size, weight, lower radiated field and,
thanks to I.L.P., PRICE.
Our large standard range is complemented by our SPECIAL
DESIGN section which can offer a prototype service within
7 DAYS together with a short lead time on quantity orders which
can be programmed to your requirements with no price penalty.

" SENRotES ARKSEC1,11.17, li/A
Curren)

5
PRICE

30 VA 1.010 6.6 2 50
70 K 0mm
o 4569

11011
14012

9.9
12.12

1 66
1 25

£5.12
Regulation 1,013 15.15 1 00 K.ri K.

18% 14014 18.18 083 .VA, CO 92
14015 22.22 068 0.1. ir os
1,016
14017

25.25
30.30

060
050

50 VA 24010 6.6 16

80.35/nrn
0 9 Kg

2,011
24012

9.9
12.12

77

08
Regulation

13%
2013
2,019

15+15
18.18

66
38

£5.70
24,015 22.22 13 50,10' 9
2.016
2.017

25.25
30 30

00
83

2028 110 45
10.10 05

2,029 220 22
2,030 240 .---20

80 VA 34010 6.6 8.84
90 .30rnm

n,'.7,..
12%

3,011

3:g1123

34014

9+9

g*.;
18.18

4.44

N.3
2 22

£6.08
3,016 22.22 1 81

Iyoti 67

3,016 25.25 130 ."' 1.
3017 30.30 1 33 101410 91

34028 110 0 72
3.029 220 0 36
34030 240 0 33

120 vis 44010 6.6 10 00
90.40mm 4011 9+9 6 66

1 ?Kg 4012 12.12 400
Regulallon

11%
4013
4.015

15+15
18.18

4 00
333

£6.90
4.015 22.22 2 72 .1),0161
4.016 25.25 2 40 .04111 29
4,017
4018

30.30
35.35

200
1 7,

up, . m
4,028 110 1 09
4.029 220 0 54
4.030 240 0.50

160 VA 5.011 9.9 889
110.4011,11,

1 8 Kg

8%

5.012
6,013
5 014
5.015

12.12

15,1518.18
 22+22

666

5 334 44
363

£7Regulation 9 1
5,016
54017

25.25
30.30

3 20
2 66 'v41,1"

5,018 35.35 2 28 10910, 01

54026
5,028

40.40
110

200
1 45

5,029 220 0 72
54030 240 0 66

* 294 TYPES TO CHOOSE 1101!

* ORDERS DESPATCHED WITHIN T
DIM Of RECEIPT FOB SINGLE OR
SWILL QUANTITY ORDERS

* 5 TEAR NO QUIBBLE GUARANTEE

791,8 5 ENF1,,1ES SECONDARY,,sc,K1.15 PRICE

225 VA 64012 12.12 9.38
110.451111n

2 2 Kg
6,013
6,014

15.15
18.18

750
625

Regg" tel: g.;25
625
450 £9.20

6,011 30.30 3 75 ,;t2 CO
64018
6,026

35.35
40.40

3 21
2 81

64025 45.45 2 50 '..5 '1' .
6,033
6,028

50.50
110

2 25
204

64029
6,030

220
240

1 02
0 93

300 voi 7,013 15415 10 00
110 K 5Orrorn 7,014 18 018 833

942906120n 77:gt: F5..g :Oti £10.17
6% 7,017

74018
30.30
35.35

500
4 28

7.026
7.025

40.40
45.45

3 75
3 33 ,0100 ,''' au

7,033 5150 372
711028

7,030
110
220

1 72
1 36

7,030 240 125

500 VA 8.016 25.25 10 00

"0:rgrn' '8'.118? 3305.+10

833
£13.53

Regulation
4%

8,026
84025

40.40
45.45

6 25
555

84033 50.50 500 .601 0 39

8,042 55.55 4 54 10140 1'0 01

8,028 110 4 54
8,029 220 2 27
8,030 240 2 08

625vA 9,017 30.30 10 41

n405.6705" Z21 r / :21 £16.13
Pegulalmn

4%
9,025
9,033

45.45
50.50

6 94
6 25 °

0,042
9.028

55.55
110

5 68
5 68

'1
1;1.111...

9.029
9,030

220
240

2 84
2 60

IMPORTANT: Regulation -An voltages quoted are FULL LOAD. Please add regulation figure to
secondary voltage to obtain oft load voltage.

The benefits of ILP toroidal transformers
ILP toroidal transformers are only half the weight and height of their laminated

equivalents, and are available with 110V, 220V or 240V primaries coded as follows:

For 110y primary insert "0" in place of "X" in type number.

For 220V primary (Europe) insert "1" in place of "X" in type number.

For 240V primary (UK) insert "2" in place of "X" in type number.
How to order Freepost:

Use this coupon, or a separate sheet of paper, to order these products, or any
products from other ILP Electronics advertisements. No stamp is needed if you address to
Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd.
Access and Barclaycard welcome. All UK orders sent within 7 days of receipt of order for
single and small quantity orders.
Also available at Electrovalue. Moulin and Technomatic.

arm

Please send

Total purchase price

I enclose Cheque 0 Postal Orders

Debit my Access/Barclaycard No.

Name

Int. Money Order0

Address

Signature

OEM

Post to: ILP Electronics Ltd. Freepost. 2 Graham Bell House, Roper Close
Canterbury CT2 7EP. Kent, England.

Telephone Sales (0227) 54778, Technical (0227) 64723: Telex 965780.

(a division of
ILP Electronics Ltd;

TRANSFORMERS
I
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KITS, COMPONENTS
MICROS & PARTS

THE MULTI -PURPOSE TIMER HAS ARRIVED
Now you can run your central heating, lighting, hi-fi system and lots
more with just one programmable timer. At your selection it is
designed to control four mains outputs independently, switching on
and off at pre-set times over a 7 day cycle, e.g. to control your central
heating (including different switching times for weekends), just
connect it to your system programme and set it and forget it -the
clock will do the rest.
FEATURES INCLUDE -
 0.5" LED 12 hour display.
 Day of week, aropm and output status indicators.
 4 zero voltage switched mains outputs.

50,(60Hz mains operation.
 Battery backup saves stored programmes and continues

time keeping during power failures. (Battery not supplied).
 Display blanking during power failure to conserve battery power
 18 programme time sets.
 Powerful "Everyday" function enabling output to

switch every day but use only one time set.
 Useful "sleep" function -turns on output for one hour.
 Direct switch control enabling output to be turned on

immediately or after a specified time interval.
 20 function keypad for programme entry.
 Programme verification at the touch of a button

(Kit includes all components, PCB, assembly
and programming instructions).

l.3L 1000K
This value -for -money kit
features a bi-directional
sequence, speed of sequence
and frequency of direction
change, being variable by
means of potentiometers and
incorporates a master
dimming control. Only E14.60
001100(
A lower cost version of the above, featuring
undirectional channel sequence with speed
variable by means of a pre-set pot. Outputs
switched only at mains zero crossing points
to reduce radio interference to a minimum.

Optional opto input DLA1
Only E8.00

Allowing audio ("NW-) 60p&
re ....A-light response.

DISCO LIGHTING KITS

DVM/ULTRA SENSITIVE
THERMOMETER KIT

This new design is based on
the ICL7126 (a lower power
version of the ICL7106 chip)
and a 31t2 digit liquid crystal
display. This kit will form the
basis of a digital multimeter
(only a few additional resistors and switches
are required -details suppliedl, or a sensitive
digital thermometer (-50°C to +15crc)
reading to 0.1.C. The basic kit has a

sensitivity of 200mV for a full scale reading,
automatic polarity indication and an ultra
low power requirement -giving a 2 year
typical battery life from a standard 9V PP3
when used 8 hours dBy. £15.50

7 days a week.

ELI)

NOW
ONLY £39 y

PAA
Wrni FEATURES.IRAOC,,,r-ttost.
Or i:rs..nc CASE.

BLACK

P READY
DRf2 IL LED

SO

All
XK102 3 -NOTE
DOOR CHIME

Based on a single into.
grated circuit (SAI30600),

drilled box (size: 95 x

_ELECTRON;Cc7HOIRr;this kit comes complete
with loudspeaker and

71 x 35mml and requires
only a PP3 battery and
pushbutton to complete.

The unit produces a 3.note L
harmonically related tone
sequence when the Push-
button is operated end may
be used to replace any
doorbell or switched by
logic in such applications
ad alarms, PA systems and toys. The unit
draws less than 1 uA from the battery in
the standby mode and produces 150mW
output which may be readily amplified if
a louder sound is required. The small
number of components make this an
ideal project for beginners.

rFOR NEW 82 FREE SHORT
FORM CATALOGUE
SEND SAE (6" x 91 TODAY
We also stock:
Vero, Antex Irons,
B abani Books, Resistors
Capacitors, & Semi -
Conductors Etc.

THE KEY TO YOUR SECURITY IS IN OUR LOCK

If the thought of car thieves, house breakers of people tempering with your electrical and
electronic equipment upsets you, we have just the kit for you.
Our ELECTRONIC LOCK KIT includesa 10 -way keyboard and a special IC which provides a
750rnA output to drive a solenoid or relay (not supplied) when four keys are depressed in the
correct sequence. This gives over 5,000 possible combinations! The sequence is prewired and
may be easily changed by means of a smell plug and socket. A "SAVE" function is also available
enabling the open code to be stored lespuially useful in a car when it is left in a garage
for servicing as the open code need not be disclosed). Size: 7x6x3 cms. Power Consumption is
40u A at 51 to 15V 4 c.

At only £10.50 + VAT it will make
smaller hole in your oocket
than a bunch of keys!

IElectric Lock Mechanism
Suitable for use with existing E12.50
door locks and above electronic lock kit.

4),

ALL PRICES

XCLUDE VAT

FORGET
YOUR

PENRING 5 TO 1 0/T'S COMPONENTMAIL ORDER
MADE EASYOUR NEW SALES

NO.567-8910
FIVE  SIX SEVEN

 EiGHT
 NINE

 TEN
101 OUTSIDE

LONDO)THE NUMBER
YOU CAN'T

FORGET

MEMORIES AND
MICROS

2114 95
2708 2.25
2716 2.45

PRICES SLASHED
2732 4.80 8035L 5.50
6810 125 M6802PICPUI 3.05
6821P 1.25 2804CPU 3.30
6850P 1.50 ZEIOACTC 2.90
6852P 2.55 28.04P10 2.90_A

1"-LSOO
LS01

L502

LSO3

LSO4

LSOS

LSO8

LSO9

LSIO

LS11

LSI3

74 LS TTL
12 LS14

12 LS15

13 LS20

13 LS21

14 LS22

15 LS26

15 LS27

15 LS30

14 LS32

15 LS37

15 LS38

27 LS40

48 LS42 40

15 LS47 .42

14 LS51 .15

15 LS54 .15

IS LS55 .15

IS LS73 .20

15 LS74 AS

14 L575 .27

15 L576 .21

17 LS85 .64

16 LS86 .18

14 LS90 .32

CMOS
LS93 .37 4000 14 4025 .18 4081 22

LS95 AS 4001 .14 4026 1.05 4093 4).

1.5107 .24 4002 .14 4027 .40 4501 24

LS109 .24 4007 .14 4028 .50 4511 15

LS112 24 4011 .15 4040 .88 4514 110

LS113 .24 4012 17 4049 .30

LS114 .24 4013 35 4050 30

LS123 .51 4015 70 4060 90

LS126 .29 4016 .30 4069 18

LS132 44 4017 Ass 4070 24

LS160 40 4019 .38 4071 22

LS161 .46 4023 22 4077 24

HOME LIGHTING KITS
These kits contain tie necessary components and full
instructions & are designed to rep:ace a standard wall
switch end control up to 300w of lighting.

TDR300K Remote Control
Dimmer

MK6 Transmitter for above

TD300K Touchdimmer

MEd( Extension kit for 2 -way
switching for TD300K E 2.00

LD300K Rotary Controlled
Dimmer

E14.30

E 4.20

E 7.00

E 3.50

4

REMOTE CONTROL
COMPONENTS

10271 iR Emitting Diode .38
SFH205 Pholodiode Detector
SL480 IC Pulse Amp 1 7
SL460 32 Command
Encoderdrensrnitter 110
ML922 10 -channel reciever 1 3 analogue
outputs 420
ML324 Programmable RC Receiver 1.96
M1925 A decoder designed for modeLloy
control, providing a 2 -speed driver motor and
three position latched steering rystem or a
vehicle with momentary action steering and
a third mow, , eg gun turret, winch eiC.
°lap.* elso evadable for other facilities
such as horn, turn indicators, heedlights
etc 2.67
M192616 -channel receiver, 4 momentary
binary outputs. 1.40
ML927 16 -channel receiver, A momentary
binary outputs 1.40'
PAL926 16 -channel receiver, 4 latched
tuner, outputs 1.40
We have compiled a W. on remote

L:1°;:atV. a ncdc'n,Z".:7 ofc'ocu'r"remhiZ'co fro./
kits end components So don't control
yourself - Send us 30p end a stamped

addreued envelope for _....ii
noun copy TODAYI

24 HOUR CLOCK/APPLIANCE TIMER KIT
Switches any appliance up to 1kW CT1000K Basic Kit
on and off at present times once per CTI 000K with white box 156/131 x 71mm)
day. Kit contains: AY -5-1230 IC, (Read Built)
0.5" LED display, mains supply,
display drivers, switches. LEDs,
triacs, PCBs and full instructions.

FAST SERVICE -TIP QUALITY- LOW LOW PRICES

TK
No circuit is complete without a call to -

£14.90
£17.40
1222.50

Add 50p postage & packing +15% VAT to total.
Overseas Customers;

Add £1.50 (Europe), £4.00 (elsewhere) for p&p.
Send S.A.E. for further STOCK DETAILS.
Goods by return subject to availability.

9am to 5pm (Mon to Fri)
10am to 4pM (Sat)OPEN

CLOCK TOWER®

uxonsooa goals

ELECTRONICSui
11 Boston Road
London W7 3SJ

CAP
PARK

ACCESS
and

BARCLAYCARD
welcome

.11k
TEL
01-567 8910 ORDERS
01-579 2842 TECHNICAL

SLINGS 50810
CIRCULAR RDA

HANIWELL
LT GARAGE

ENQUIRIES
01-579 9794
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NICADS: UK's LOWEST PRICES
AMBIT'S NEW CONCISE COMPONENT CATALOGUE IS OUT NOW - ! AvailahIP at yournewsagent orI threct, for 70p inc.;

Price on the page

A NUSIT
TNTERNATLONACS

Ambit's new
style catalogue
continues to
lead the market
with low
prices, new
items, info,
3x £1 discount
vouchers.
Here's a few
examples of
some super low
prices:

78XX 1A 37p

BC237/8/9 8p

3SK51 54p

10MHz XTALS £2

8 Pole 10.7MHz XTAL filters £14.50

2GHz coax relay 150W £10.95

+ all the usual stuff at rock bottom prices +
Toko coils, crystal and ceramic filters,
micrometals toroids, Fairite ferrites, Alps
switches, OKI LSI, Piezo sounders, RF, IF
Modules + Kits etc.

AMBIT international

CAPACITY TYPE 1-9 10-49
500 mAh AA 80 74
2200 mAh 2.35 1.99
1200 mAh 2.14 2.06
4000 mAh 3.05 2.85
110 mAh PP3 3.70 3.50

Prices shown EXCLUDE VAT.
Access/Barclaycard may be used
with written or telephone orders,
official MA details on application.
E & EC).

POSTAGE and PACKING
50p per order
Normal delivery 48 hours

TELEPHONE ISTO 02711 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG

200 forth Service Road, Brentwood, Essex

MI :ICC MEM.
Beginner's Guide to
Microprocessors
E A Parr
Explains in detail how the
microprocessor works, its
software and programming,
and how it is integrated with
peripherals to form a complete
microprocessor system.
0 408 00579 3 224 pages
£3.95

4:10

Also, for a really readable book
explaining BASIC programming for micros

Beginner's Guide to BASIC Programming
A P Stephenson Please allow 21 days for delivery.

ORDER NOW from your local bookseller
In case of difficulty this coupon can be returned to Patricia Davies
at the address below Please send me_copy/ies of
Beginner's Guide to Microprocessors (Parr) 0 408 00579 3 at £3.95
I enclose cheque/PO for in total payment

FROM

ADDRESS

revvnes Technical Books
a division of Butterworths
Borough Green, Sevenoaks, Kent TNIS 8PH (PE 7/82)

SINCLAIR COMPUTERS
We are the leading world-wide Sinclair export
specilist including Norway. Sweden, Finland
and Denmark. Write for our surprizingly low
prices.
PRINTERS
Buy any of the below and get a free interface
kit and word processor program for UK101 or
Superboard. Seikosha GP100A L205. Centron-
ics 737 L335. Centronica 739 L419. OKI Mic-
roline 80 1275. OKI Microline 82A L399.
Epson MX7OT L259. Epson MX8OT L339.
Epson MX80F/T1 1375. Epson MX80F/T2
£375. Epson MX100 £495.

VIC 20 COMPUTER.
Two special offers:- If it is bought with the
Vic20 we can supply the cassette recorder for
L30.43. Alternatively, we will supply a free kit
with each Vic20 to allow the use of an ordinary
cassette recorder. Vic 20 L165. Ordinary cas-
sette conversion kit 16. Vic20 cassette recor-
der L36.50. Vic printer L189. Floppy disc drive
L309. Ram cartridges:- 3K L24, 8K £35, 16K
157. Game cartridges:- Super Lander. Alien or
Avenger L15 each. Joystick L6.52. Intro to
Basic Part I L12. New low cost memory
board, no need for a mother -board, comes
with 3K ram on board + socket for a row, +
sockets for another 24K of low current Nmos
ram (Just plug in chips to expand memory)
L49. Extra memory chips L7-80 per 2K.

UKIOI and SUPERBOARD
UK 101 32x48 display expansion kit L9. The
below accessories suit both the UK101 and

Superboard- Extra ram L2.10 per K. 16K
memory expansion complete kit LSO, built
L58. 32K memory expansion kit L74,built L82.
Cegmon L22.50. Wemon L14.95. Word pro-
cessor program L10. Centronics interface kit
L 10. 610 expansion board L179. Cased mini -
floppy disc drive with DOS L275. The below
suit only Superboard- Guard band kit L10.
Series I only 30 x50 display expansion kit L14.
NEW GENIE 1 L299
EG3014 Expansion box with 16K/32K ram
(199/L213. We are Cumana disc drive
specialists for the Genie. :1;disye.40ck

L205, dual 40
track L269, dual 80 crack L469. Double -sided
disc drives:- 80 track L399, dual 80 track L699.
Double density convertor L72. Parallel printer
interface L36.

comrom.,

5V POWER KITS.
Fully stabilized SV computer and TTL power
kits. Short circuit and over -voltage protection.
1.5A £7.83, 3A L12.17, 6A L20.
BATTERY EUMINATORS'
3 -way type 6/7.5/9V 300ma L3.50. Stabilized
model 3/617.5/9V 400rna 0.95. I 00ma radio
tae2s with p

Car
creossnvestmuodrs L4, 9

input,
,/9V
output+

3/4.5/6/7.5/9V BOOma L3.04.
BATTERY ELIMINATOR KITS'
100 ma radio types with press -studs 9V L1.79,
9+9V L2.50. Stabilized 8 -way types
3/4.5/6/7.5/9/12/15/18V I 00ma L3.I2, IA
L8.50. Stabilized power kits 2-18V 100ma
L3.I2, I -30V IA L8.50, 1-30V 2A L15.30.
TTL and computer supplies 5V stabilized I.5A
0, 3A L14, 6A L23. 12V car convertors IA
L1.62.
TV GAMES'
AY -3-8550 -1- kit L9.26.
BI-PAK AUDIO MODULES.
AL30A £4.35. PA 12 L9.31. PSI 2 L1.75. T538
L2.90. AL60 0.62. SPM80 L5.26. BMT80
L6.36. Stereo 30 L19. AU30 L8.56.
COMPONENTS'
1N4 I 48 I.Sp. I N4002 3.7p. NE555 8 dil 20p.
741 8 dil 14p. 2114 low current 300ns L1.05.
Resistors 5% 1/4 watt E12 IOR to IOM Ip.

SWANLEY ELECTRONICS,
Dept PE, 32 Goldsel Rd.,
Swanley, Kent BR8 8EZ.

Tel. Swanley (0322) 64851.
Please allow 14 days for delivery.

Postage [330 on computers, (4.50 on printers
and sop on other orders Please add VAT to all
prices except those sections marked with a
Overseas and official credit orders wekome.
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Step-by-step
fully

illustrated
assembly

and fitting instructions

are included
together

with circuit descriptions:
Highest

quality

ircomponents
are

used throughout.

, 4
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partirita
BRANDLEADING ELECTRONICS

NOW AVAILABLE IN KIT FORM
SX 1000
Electronic Ignition

 Inductive Discharge
 Extended coil energy

storage circuit
 Contact breaker driven
 Three position changeover switch
 Over 65 components to assemble
 Patented clip -to -coil fitting
 Fits all 12v neg. earth vehicles

SX2000
Electronic Ignition

 The brandleading system
on the market today

 Unique Reactive Discharge
 Combined Inductive and

Capacitive Discharge
 Contact breaker driven
 Three position changeover switch
 Over 130 components to assemble
 Patented clip -to -coil fitting
 Fits all 12v neg. earth vehicles
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AT -80
Electronic Car Security System

 Arms doors, boot, bonnet and has security loop to protect
fog/spot lamps, radio/tape, CB equipment

 Programmable personal code entry system
 Armed and disarmed from outside vehicle using a special

magnetic key fob against a windscreen sensor pad adhered to
the inside of the screen  Fits all 12V neg earth vehicles

 Over 250 components to assemble

MAGIDICE
Electronic Dice

 Not an auto item but great fun
for the family

 Total random selection
 Triggered by waving of hand

over dice
 Bleeps and flashes during a 4 second

tumble sequence
 Throw displayed for 10 seconds
 Auto display of last throw 1 second in 5
 Muting and Off switch on base
 Hours of continuous use from PP7 battery
 Over 100 components to assemble

.4111i I .

- ,

11 111

TX2002
Electronic Ignition

 The ultimate system  Switchable
contactless.  Three position switch with

Auxiliary back-up inductive circuit.
 Reactive Discharge. Combined capacitive

and inductive.  Extended coil energy storage
circuit.  Magnetic contactless distributor trigger -
head.  Distributor triggerhead adaptors included.

 Can also be triggered by existing contact breakers.
 Die cast waterproof case with clip -to -coil fitting  Fits

majority of 4 and 6 cylinder 12v neg. earth vehicles.
 Over 150 components to assemble

VOYAGER Car Drive Computer
 A most sophisticated accessory.  Utilises a single chip mask
programmed microprocessor incorporating a unique programme
designed by EDA Sparkrite Ltd.  Affords 12 functions centred
on Fuel, Speed, Distance and Time.  Visual and Audible alarms
warning of Excess Speed, Frost/Ice, Lights -left -on.  Facility to
operate LOG and TRIP functions independently or synchronously.
 Large 10mm high 400ft-L fluorescent display with auto
intensity.  Unique speed and fuel transducers giving a
programmed accuracy of + or -1%.  Large LOG & TRIP
memories. 2,000 miles. 180 oallons. 100 hours. Full Imperial
and Metric calibrations.  Over 300 components to assemble.
A real challenge for the electronics enthusiast!

= ' '. a a 88.,_IL _s_
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All EDA-SPARKRITE products and designs are fully covered by one or more World Patents

EDA SPARKRITE LIMITED 82 Bath Street, Walsall, West Midlands, WS1 3DE England. Tel: (0922) 614791
MN Mil Mi MI MO MIN

Please allow 28 days for delivery
IM = I

SELF
ASSEMBLY

KIT

READY
BUILT
UNITS

SX 1000 £12.95 £25.90
SX 2000 £19.95 £39.90
TX 2002 £29.95 £59.90
AT. 80 £29.95 £59.90

VOYAGER £59.95 £119.90
MAGIDICE £9.95 £19.90

RICES INC. VAT. POSTAGE & PACKING

NAME
ADDRESS

I ENCLOSE CHEQUE(S)/POSTAL ORDERS FOR

KIT REF

CHEQUE NO.
24 hr. Answerphone
PHONEYOURORDERWITHACCESS/BARCLAYCARD
SEND ONLY SAE IF BROCHURE IS REQUIRED

PE/7/82

E N IM III IIII CUT OUT THE COUPON NOW!



OPEN FRAME MONITORS AVAILABLE FOR OEM'S

MUSIC KITS
ALL WITH PRINTED CIRCUIT BOARDS!

128 -NOTE SEQUENCER
A digital, Kbd controlled unit for most
synths.
Kit incl Kbd = SET -76 0120.45

16 -NOTE SEQUENCER
Analogue, panel controlled unit for most
synthesisers = SET -86 £64.63

3 -CHANNEL STEREO MIXER
With left, right & master level controls
& headphone monitor = SET -107 £21.50

3 -MICROPHONE STEREO MIXER
Improves stereo reality

SET 108 £12.99

6 -CHANNEL MIXER
High spec mixer with variable impe-
dances = SET -90 From £96.67

AUDIO EFFECTS UNIT
Variable siren gen SET -105 £15.12

AUTOWAH UNIT
Automatic Wah & Swell sounds from each
guitar note played -, SET -58 £14.01

CHOROSYNTH
30 -Note chorus synth with wide variety
of voices. Kit incl Kbd = SET -100 £125.04

COMPRESSOR
With level & decay -rate controls, line &
mic inputs with mixer =

SET -120 £25.05

DISCOSTROBE
4 -Chan 200W unit for sequential,
or full strobe use ,

DRUM SYNTHESISER
Extremely versatile synthesiser for con-
ventional & extraordinary drum sounds. =

SET -119 From £50.11

DYNAMIC NOISE LIMITER
Helps clean up noisey recordings. =

SET -97 £15.96

ENVELOPE SHAPER
ADSR unit with own VCA

SET -50 £14.96

KIMBER-ALLEN KEYBOARDS
Details in lists = From £32.43

P. E. MINISONIC SYSNTH.
Excellent 3 -Oct multi -module portable
synth. Kit incl Kbd =

SET From £181.56

PHASER
6 -Stage automatic unit with variable
control = SET -88 E21.08

PHASING & VIBRATO
Manual & auto control producing superb
full sounds = SET -70 £36.25

PULSE GENERATOR
Pulse width 100NS-2secs, freq 0.1 HZ-
100KHZ = SET -115 £24.84

RHYTHM GENERATORS
Several in list -- From £61.71

RING MODULATOR
Usable with most synths

SET -87 £13.62

SIGNAL TRACER & GENERATOR
Aids circuit testing. With frequency &
level controls = SET -109 £17.50

SMOOTH FUZZ
As the name implies) = SET -91 £11.68

SPEECH PROCESSOR
Improves inteligibility of C.B. or P.A.
speech signals -= SET -110 £12.18

SPLIT -PHASE TREMOLO
Modulation, depth, rate & level under
full control - SET -102 £29.98

SWITCHED TREBLE BOOSTER
4 Sectable preset tone changes =-

SET -89 £12.51

SYNTHESISER INTERFACE
Enables guitars, mics etc to be synthe-
siser processed = SET -81 £9.49

ALSO
Over 40 new General Interest Kits in Catalogue

Lots under £5, most under £10. Ideal for Beginners

EXPOSURE TIMER
Range up to 10 mins in 0.5sec steps,
with audio alarm = SET -93 E39.22

FORMAT SYNTHESISER.
Advanced 3-oct synth with multiple mod-
ules. Kit incl Kbd

SET -66 From £342.71

FUNNY TALKER
Fascinating sounds when used with
speech & music = SET -99 £16.55

GUITAR EFFECTS
8 -mode filter & envelope shaper for most
instruments = SET -42 E15.92

GUITAR FREQUENCY DOUBLER
Orig & doubled signals can be mixed for
greater depth = SET -98 £11.75

GUITAR MULTIPROCESSOR
Extremely versatile sound processor.
Details in list.

GUITAR OVERDRIVE
Sophisticated fuzz with filter & shape
controls SET -56 £21.17

GUITAR PRACTISE AMPLIFIER
3 -Watt practise or test -monitor amp.

SET -106 £22.15

GUITAR SUSTAIN
Retains natural attack whilst extending
note duration = SET -75 £11.77

HEADPHONE AMPLIFIER
For most pick-ups, decks, tuners & head-
phones. R IAA specs SET -104 £21.15

METRONOME
Variable for 40-240 beats per minute =

SET -118 £10.58

EXPORTS WELCOME!
Sterling payment with order please.
Postage rates in our lists. Europe send

50p for lists, other countries send Cl.

TRANSIENT GENERATOR
Facilitates mandolin, banjo sounds etc.
From a synthesiser = SET -63 £16.86

TREMOLO UNIT
For most instruments. Ind speed, depth
& by-pass contrtols = SET -116E13.47

TUNING FORK
Eases tuning of acoustic & electronic
instruments = SET -46 £37.04

VOICE OPERATED FADER
Automatically reduces music volume
during disco talk -over = SET -30 £9.85

VOICE SCRAMBLER
for coding or decoding speech signals
for greater security. See list for details =

SET -117 £21.81

WAVEFORM CONVERTER
Allows 5 different waveforms from synth-
esiser VCO = SET -67 £21.98

WAVEFORM GENERATOR
3 Waveforms, range 1HZ to 100KHZ, up
to 10V P -P = SET -112 £23.13

WIND & RAIN EFFECTS
As the name says, = SET -28 £11.39

KIT CONTENTS
Sets include PCBs, U.K. P&P, 15% VAT,
Res, Caps, S'c.s, Pts, most also include
Knobs, SW's, Skts, Wire, Solder,
Photocopy of orig text. & a case unless
marked ' Most are battery operated, but
PSU units are also available. Most parts can
be bought separately. Fuller details & more
great kits in our catalogue. Send S.A.E. for
free copy.
Prices correct at press, E.&O.E., subject to
stock. Despatch usually 24hrs on all ex -
stock items.

Access, Barclay & Ain -Express
Credits Welcomer.

PHONOSONICS
Dept. PE27, 22 High Street, Sidcup, Kent, DA14 6E H.

Telephone: 01-302 6184.

The'PRINCEof Monitors
offers better Monitoring.

24MHz Bandwidth -ensures a clear crisp display.
Available with P4 White P31 Green AND L1 ORANGE

Scan 625 lines/50 Hz. Deflection 110°. Active raster 240x 172mm.
Bandwidth (3dB): 10 Hz24 MHz (at 3dB points). Character display:
80 characters x 24 lines. Horizontal frequency: 15625 Hz ± 0,5 KHz.
Vertical frequency: 50 1Hz. Horizontal linearity ± 3%. Vertical
linearity. ± 2%. Geometric distortion: ± 1.5%. EHT (at zero beam
current): 13k V ± 0.5k V. Power drain: 30 Watt approx. Voltage
supply. 110V A.C. 50 Hz/220V A.C. -- 50 Hz/240V A.C., 50Hz/
± 10% upon request. Video input: 2 x BNC - or CINCH - or
PL 259, (composite video) negative sync, input 0.5 -4V p.p. across
75 Ohms. X Ray radiation: conforms to I.E.C. Spec. No. 65. Overall
dimensions: 320 x 270 x 265 mm. Weight: 7 Kg. approx. Ambient
temperature: 0 -45'C.
OTHER CROF TON PRODUCTS INCLUDE: Computer peripheral
equipment, Frame grabber, Floppy disk drives, Floppy disks,
Computer power supplies, C.C.T.V. monitors, Uncased monitors,
Monitor P.C.B's., Cathode ray tubes, VHF/UHF modulators, Video
switchers. Video distribution amplifiers, Camera housings, Pan and
tilt units, Camera lens, Camera tubes, Printed circuit board service.

CROFTON ELECTRONICS LTD
35, Grosvenor Road, Twickenham, Middx, TW1 4AD.

Telephone: 01-891 1923/1513 Telex: 295093 CROFTN G

NICKEL CADMIUM BATTERIES
AA (HP7) SUB 'C"C' (HP11) 'C'1HP11 'CY (HP2) PP3
0.5AHr 1.2AHr 1.65AHr 2.OAHr 4.0AHr 0.1AHr

1-24 £0.85 £1.313 £1.69 £2.25 f2.97 £3.79
25-49 £0.75 E1.28 £1.58 £2.10 £2.77
50-99 £0.65 E1.24 E1.52 £2.02 £2.67
100 up £0.59 £1.15 E1.41 £1.87 £2.47

All cells are brand new full spec devices from reputable mnfrs. All Nickel Cadmium cells (except
PP3) are supplied complete with solder tags and are 'VENTED' devices suitable for fast charge.

CHARGERS - single or dual 0/P to charge PP3. AA or SUB 'C' cells in 12-14 hrs (chargers will
charge 'C' and 'IT cells but with longer charging time). Units supplied complete in plug top case
with flying leads. Number of cells (10 max) in series and type must be specified for each re-
quired 0/P when ordering.

SINGLE 0/P CHARGER £5.04
DUAL 0/P CHARGER £5.72

TRANSFORMERS - as used in chargers. 2 x 12 volt 0.25 amp secondarys 240v primary, tag
connections £1.57 each,

Data and charging circuits free with
orders over E10 otherwise 30p post.
P&P 10% if order less than f 10, 5% if
order over £10. Prices DO NOT
INCLUDE VAT and this should be added
to the total order. All advertised goods
are ex -stock and normally despatched
within 7 days.

Cheques. P.O.'s Mail Order to: -

SOLID STATE SECURITY,
Dept. (PE), Bradshaw Lane,

Parbold, Wigan, Lancs.
Telephone 02576-3018.

EPROM PROGRAMMER
2716  HEX KEY PAD

 POWERFUL EDITOR
2-).1  TV (MONITOR) DISPLAY

"-  SERIAL/PARALLEL I/O2=32 CASSETTE BACK-UP

SOFTY STANDS ALONE
£169# VAT EX -STOCK, BY RETURN
DATAMAN DESIGNS, LOMBARD HOUSE,

DORCHESTER, DORSET DTI IRX. (0305) 68066
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WE WILL BEAT BY 5% ANY LOWER PRICE ADVERTISED BY COMPETITORS*\
Sharp Portable Colour Computer for only £278 + VAT

The Revolutionary New PC -1500 and CE -150
CASIO

100 METRE WATER RESISTANT

W.100 W -150C W-150
Resin S/S case, All

case/strap resin strap Si S

£19.95 £21.95 £24.95
Time and auto calendar. Alarm and hourly chimes. Count-
down alarm timer with repeat memory function. Profes-
sional 1/100 second stopwatch. Time is always on display,
regardless of display mode. Amazing 5 year lithium battery

life. Superior to the W-250

50 METRE WATER RESISTANT

W-20 W-21 W-30
REsin Resin All

case/strap S;S trim S/S
£12.95 £14.95 £19.95

12/24 hour time and auto calendar. Alarm and hourly
chimes. Professional 1/100 second stopwatch to 12 hrs.
Compact and slim cases, approx. 8mm thick. 5 year

lithium battery.

OTHER MODELS
AX -210. The world's most versatile watch?

Analog Display
LC Display of hours and minutes
Digital Display
 Local time. 12 or 24 hour
 Full calendar display
 Dual time, 12 or 24 hour
 Countdown alarm timer with

memory function
 Professional 1/100 second

stopwatch
Hourly time signal. Daily alarm elec-
tronic buzzer or 3 selectable melo-
dies. Rapid forward/back setting.
9.4 x 35.4 x 36n-irn
Usual price: E29.95
Lowest price elsewhere

 £27.95

***NEW***
CA95. Calculator, 4 alarms, hourly time signal, stopwatch
Black resin case/strap E19.95.
CA951 Metal case/bracelet version of CA95 £29.95.
Other models. CA85 (19.95; CA851 £29.95; J100 £19.95:
GM10 119.95; SA50 f 14.95; SA50G E19.95.

NB 0 63 0 MO

IS 0 63 0 0
II 13 NI 01 12

0 0 L3 0 za

LOOK, NO BATTERIES

FX-950 SOLAR CELL SCIENTIFIC
Powered by almost any light. 50
scientific functions, with nesting of
up to 15 parentheses at 5 levels.
Hyperbolics, Standard Deviations,
etc. 10 digit display. 5.4 x 73 x 129mm
Supplied with wallet.

£22.50

FX-900 8 -digit version with less functions £19.95

PC 1500 Computer
£169.95
CE -150 4 -colour Printer

£149.95
CE 151 4K Byte RAM
£49.95
CE -1558K Byte RAM

£79.95

We are convinced that this is the world's most advanced
PC -1500 software.

MiCROL 1500 SOFTWARE SERIES
The Portable Computer Comes of Age with advanced
ready -to -run software to meet the needs of management,
science, engineering and the professions. Major features in-
clude: 111 100% reliable performance for total dependability.
121 "User-friendly" commands and prompts. 13) Compre-
hensive "plain English" operating manuals. 14) No computer
experience required. 151 Designed for easy personalisation.
161 Future -compatible, with full hardware and software add-
on capability. Plus: Full colour print commands with Auto -
Colour, Audit -Trail and Archive options, sophisticated user -
error recovery systems and Database Integrity Protection

option.
MiCROL 1500 Software Series from £200 to under £20.

Brochure on request
Worldwide dealer network now being established

Dealer enquires welcome.

The PC -1500 approaches the Personal Computer in ability.
16K bytes of ROM and up to 11.5K bytes of RAM memory,
with battery protection. Multiple program storage capacity.
'BASIC' program language with two dimensional arrays and
variable strings. QWERTY keyboard with upper and lower
case. (Word -processor software available soon.) Mini -
graphic 7 x 156 dot matrix display. Line width 26 characters.
The CE -150 4- colour Graphic Printer/Two Cassette Inter-
face Ifor saving/loading) prints virtually any drawing, with
complete control of up, down, left and right printing. Vari-
able line length from 4 to 36 characters. With rechargeable
battery and mains adaptor.
Dimensions: PC -1500 195 x 25.5 x 86mm. Wt 375g. CE -150
330 x50 x 115mm. Wt 900g.
Available soon: RS -232C Interface. Software board to
serve as input keys in graphics, or pictures, previously drawn
on a template.

Brochure on request.

The Scientific Portable Computer

CASIO FX-702P Only £99.95
Plus FREE MiCROL Professional Programming Pack IRRP

£9.95) or we will beat any lower price by 5%.
The widest range of math, science and statistics, (55 in all.
including Regression and Correlation). BASIC. Up to
1,680 program memory steps, up to 226 data memories.
Subroutines, 10 levels; FOR -NEXT looping, 8 levels. Edit,
debug and trace modes. 240hrs battery life.
17x 165 x 82mm. Wt 176g.
MiCROL 702 PROCOS Professional Computing Solu-
tions on tape. Save up to 90% of programming time with
this electronic equivalent of pen and paper. 'Visicalc-type'
systems answers 'what if' questions and analyses trends.
£24.95.
Peripherals for FX-702P, 602P, 601P and 502/501P
FA -2 Remote control Cassette Interface £19.95
FP -10 Permanent hard copy printer. AC/ DC £44.95

702 PACKAGE DEALS
Pack A; FX-702P + MiCROL PPP £99.95
Pack B; 702 + FA -2 + PROCOS £139.95
Pack C; 702 + PPP + FP -10 + PROCOS C179.95

World's Fastest Programmable?

CASIO FX-602P
Only 0445

With FREE MiCROL
Professional Program-
ming Pack IRRP £9.95)
or we will beat any
lower price by 5%.
50 scientific functions.
Up to 512 program
steps, up to 88 mem-
ories, all protected
when switched off.
Programs; PO to P9.
GOTO up to 10 pairs.
Up to 9 subroutines
nestable to 9 levels. 33
brackets at 11 levels.
FA -2 £19.95
FP -10 £24.95

e.
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LIZ 000
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CASIO FX-601P Now only £39.95
Similar to the FX-602P but with 128 program steps, 11

memories; 18 brackets, up to 6 levels; up to 9 sub-
routines, nestable up to 4 levels.

Other Scientifics
FX-3600P 38 program steps 122.95 Others £21.95
FX-8100 With Clock, Alarms, Stopwatch £19.95
FX-950 £22.95; FX-900 £19.95; FX-550 £19.95; FX-100
£16.95; FX-82 E12.95; FX-7 E10.95; FX- 5 18.95.

Calculating Alarm Clocks
FT -7 Fortune Teller £16.95; BG-15 Boxing £16.95;ML-75
Card. 12 melody alarms 04.95; ML120 wallet version
f14.95; UC360 Card, UC365 Wallet E19.95.
BASIC. LC950 Metric Conversions on two displays
£16.95: MG777 3 games/clock £14.95; MGM) E10.95.

CASIOTONE CT -701 COMPUTERISED PROGRAMMABLE KEYBOARD/ORGAN

Fully Programmable, 5 octave, Polyphonic Keyboard

= II

CT -701

Other Casiotones:
VL-10 £26.95; VL-1 135.95 MT -31 E69 MT -40 £99; CT -101 £195; CT -202
E275; CT -403 E275.

IRRP £5551

* Providing the advertiser has stocks and we do not sell at a loss

Program the 345 melody steps and the 201
chord steps (max) with music specially scored
in bar code and read by a light pen, or enter
your own chords and melody via the keyboard,
with full editing and repeat facilities.
3 -way replay: Automatic, One key play,
Melody Guide (lights above the keyboard indi-
cate the next note to play). Split keyboard,
20 superb instrument voices, 16 rhythm ac-
companiments, fingered or auto chords with
walking bass and arpeggio, fill-in and effect
buttons. 37Y x 137/16x 5". Weight: 12.5kg

ONLY £495 127.6Ibs).
CT601. As 701 but without programming
functions £395

Price includes VAT and PErP Send cheques. PO. or phone your ACCESS. VISA or &CARD number to.

TEMPUS LEADING CASIO SPECIALISTS
Dept PE
38 Burleigh Street, Cambridge CBI 1DG
Telephone: 0223 312866

DELIVERY
NORMALLY
BY RETURN
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Kit includes tape transport mechanism, ready
punched and back printed quality circuit board
and all electronic parts. i.e. semiconductors,
resistors, capacitors, hardware, top cover,
printed scale and mains transformer.
You only supply solder and hook-up or
wire.

Self assembly simulated wood cabin-
et. £4.50 + £1.50 p+p.

Featured in April Issue of Practical Electronics.
Reprint 50p - Frec with kit.

P.E. STEREO
CASSETTE

RECORDER KIT
 NOISE REDUCTION SYSTEM

 AUTO STOP TAPE COUNTER
 SWITCHABLE E.G.

 INDEPENDENT LEVEL CONTROLS
 TWIN V.U. METER

 WOW & FLUTTER 0.1%
 RECORD'PLAYBACK I.C. WITH

ELECTRONIC SWITCHING
 FULLY VARIABLE RECORDING BIAS FOR
ACCURATE MATCHING OF ALL TAPES

STEREO AMPLIFIER KIT P.E. STEREO TUNER Krr
it Featuring latest SGS/ATES TDA 2006 This easy to build 3 band stereo

10 watt output IC's with in-built AM/FM tuner kit is designed in con.
junction with P.E. (July 81 issue).thermal and short circuit protection. For ease of construction and align-

s Mullard stereo preamplifier module. ment it incorporates three Mullard . txtxds
it Attractive black vinyl finish cabinet, -xi, ..., modules and an I.C. IF System.

9"x fr/s"x 3%" lapproxl.
(033 1., ..I.,

FEATURES: VHF, MW, LW bands,
interstation bad AFC on VHF.

- £2.50
 10+10 stereo cpnverts to a 20 watt Tuning meter. Two back printed pcb's.

£17.Disco amplifier. .1., _Rniaedryritmearoded,cFhmasts7a5nodrs3coaloe..Ahniersia.ls:tAabMilised 95 p.p.

£116.50, E2.90 P&P. - power supply with 'C' core mains transformer. SPECIAL OFFER! TUNER KIT PLUS:
All components supplied are to P.E. strict  Matching I.C. 10 watt per channel Power
specification. Front scale size: 10'4"x 2'/:"app. amp kit.  Mullard LP1183 built pre -amp,

To complete you lust supply connecting wire SPECIFICATIONS Suitable for 4 to 8 Complete with diagram and instructions. suitable for ceramic pickup and aux. inputs.
and solder. Features include din input sock- ohm speakers  Matching power supply kit with trans.Selfassembly simulated wood cabinet sleeveets for ceramic cartridge, microphone, tape Frequency response 40Hz - 20KHz former.  Matching set of 4 slider controlsto suit tuner only. Finish size: 11 Y"x 81/2"or tuner. Outputs - tape, speakers and head- Input sensitivity P.U. 1501-11V. for bass, treble +vols. £21.95 + £3.80 p&p.3 2.". £3.50 Plus £1.50 P&P.phones. By the press of a button it transforms Aux. 200m V.
into a 20 watt mono disco amplifier with Mic. 1.5mV.
twin deck mixing. The kit incorporates a Tone controls Bass t12dB @ 60Hz IPI ALL MAIL TO: ALL CALLERS TO: 323 Edgware Rd, London W2.Mullard LP1183 pre -amp module, plus pow- Treble±.12dB@10KHz 218 HIGH STREET, ACTON, W3 6NG. Tat: 01.723 8432. 9.30 - 5.30, closed all day Thurs.
er amp assembly kit and mains power supply. Distortion 0.1% typically 08 W Note: Goods despatched to U.K. postal addresses ALL PRICES INCLUDE VAT AT 15%.
Also features 4 slider level controls and 6 Mains supply 220 - 250 volts 50Hz only. For further information send for instruct -
push button switches. Silver finish fascia 8" SPEAKER KIT - Two 8" twin cone

ions 20p plus S.A.E. All items subject to availability.
with matching knobs and contrasting cabinet. Prices correct at 31/5182 and subject to change with. R T VCdomestic speakers. £4.75 per stereo pair plus out notice. Please allow 7 working from reciept
Instructions available, price 50p. Supplied £1.70 P&P. when purchased with amplifier. of order for despatch. RTVC Limited reserve the
FREE with kit. Available separately E6.75 & £1.70 P&P. right to update their products without notice.

MASTER ELECTRONICS NOW!
The PRACTICAL way!

This new style course will enable
anyone to have a real understanding
of electronics by a modern, practical
and visual method. No previous
knowledge is required, no maths, and
an absolute minimum of theory.

You learn the practical way in easy
steps mastering all the essentials of
your hobby or to start or further a
career in electronics or as a self-
employed servicing engineer.

All the training can be carried out in
the comfort of your own home and at
your own pace. A tutor is available to
whom you can write personally at any
time, for advice or help during your
work. A Certificate is given at the end
of every course.

You will do the following:
Build a modern oscilloscope
Recognise and handle current electronic

components
Read,draw and understand circuit diagrams
Carry out 40 experiments on basic

electronic circuits used in modern
equipment

Build and use digital electronic circuits
and current solid state 'chips'

Learn how to test and service every type
of electronic device used in industry and
commerce today. Servicing of radio, T.V.,
Hi-Fi and microprocessor/computer
equipment.

NevvJob?NevirCareer?NewHobby?GetintalecizonicsNow!
M E
I COLOU

IR

BROCHIE

I

I

Please send your brochure without any obligation to I am interested in:
NAME

ADDRESS

PE/7/821
BLOCK CAPS PLEASE

I COURSE IN ELECTRONICS
as described above
RADIO AMATEUR LICENCEI I

I MICROPROCESSORS
OTHER SUBJECTS

I I LOGIC COURSE

POSTkaIshNationalRadio8cElectronicss School Reading,Berks.RG17BR

I

I

I
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ALARMING
It's quite alarming how crimes of

theft have increased during the period
of recession and this month we start
PE's drive to assist crime prevention.
Included in the issue are a Burglar
Deterrent which will assist with that
"house occupied" appearance, and a
Versatile Car Alarm to protect your
vehicle and its contents.

Both designs are relatively easy to
build and install; above all both are in-
expensive. They form a simple start to
a number of different projects to be
presented over the next couple of
months.

THREE MORE
In the August issue we will carry

three different alarm systems based on
a single p.c.b. design. These systems
use the latest technology and will
cover a wide range of applications in
and around all types of property. The
three units are: an ultrasonic Doppler

shift alarm operating at 32.7kHz,
crystal controlled with sensitivity
variable up to 8 metres; a radar Dop-
pler shift alarm operating at
10.687GHz, based on a Mullard radar
module and having a range of up to 30
metres; and an infra -red heat sensor
system with a sensitivity peaking at
human body temperature. The double
pyroelectric infra -red sensor is moun-
ted in a patented multifaceted mirror
housing providing a range of 15 metres
in six zones.

We will also be describing a simple
Automatic Photographer project which
could be used in a "burglar identifica-
tion" role, although it was not designed
primarily for this. As is our normal prac-
tice full details of each device will be
published and full constructional infor-
mation provided.

PLUS ONE
One further system will be published

in a later issue-possibly October-it

will provide a wired alarm system in
addition to timed entry and exit delays
and circuit test facilities.

ELECTRONIC HOBBIES FAIR
Unfortunately the Breadboard Exhi-

bition no longer appears to be meeting
the needs of exhibitors or public. In this
booming area last year's Breadboard
attendance was down by 23 per cent
and dissatisfaction was expressed by
both public and trade. In response, the
three I PC electronic hobbies magazines
P.E., P.W., and E.E. are proposing a
new exhibition to meet the needs of
hobbyists and suppliers.

With trade backing the new exhibi-
tion will provide much more than
Breadboard has offered in the past; in
addition to the usual stands there will
be many special exhibits and
demonstrations. We intend to make it a
day out for the family to remember, not
just a two-hour browsing or shopping
trip-more news next month.

EDITOR Mike Kenward

Gordon Godbold ASSISTANT EDITOR

Mike Abbott TECHNICAL EDITOR

David Shortland PROJECTS EDITOR

Jasper Scott PRODUCTION EDITOR

Jack Pountney ART EDITOR
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Practical Electronics,
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Phone: Editorial Poole 671191
We regret that lengthy technical
enquiries cannot be answered
over the telephone (see below).

Advertising Offices:
Practical Electronics Advertisements,
King's Reach Tower,
King's Reach, Stamford Street, SE1 9LS
Telex: 915748 MAGDIV-G

Technical Queries
We are unable to offer any advice on the
use or purchase of commercial equipment
or the incorporation or modification of
designs published in PE. All letters requiring a
reply should be accompanied by a stamped,
self addressed envelope, or international
reply coupons, and each letter should
relate to one published project only.

Components and p.c.b.s are usually
available from advertisers; where we antici-
pate difficulties a source will be suggested.

Back Numbers
Copies of most of our recent issues are
available from: Post Sales Department
(Practical Electronics), IPC Magazines Ltd.,
Lavington House, 25 Lavington Street, Lon-
don SE1 OPF, at £1 each including In-
land/Overseas p&p.

Binders
Binders for PE are available from the same
address as back numbers at £4.60 each to
UK or overseas addresses, including

postage and packing, and VAT where ap-
propriate. Orders should state the year and
volume required.

Subscriptions
Copies of PE are available by post, inland or
overseas, for £13.00 per 12 issues, from:
Practical Electronics, Subscription Depart-
ment, Oakfield House, Perrymount Road,
Haywards Heath, West Sussex R H16 3DH.
Cheques and postal orders should be made
payable to IPC Magazines Limited.
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Edited by Jasper Scott

Shshsh It's the ZX82!
Only one man is fast enough to eclipse a

Sinclair microcomputer, and that's Clive Sin-
clair. First the ZX80, then the ZX81, and now
the ZX82-to you and I the ZX Spectrum!

With high resolution colour graphics at 256
x 192 pixels, sound (10 octaves of bleeps),
and a sanguine 16K of enhanced Sinclair
BASIC with Syntax Check and Report
Codes; the ZX Spectrum, with its 16K or 48K
RAM option, compares as shown with other
machines.

It was to the amusement of one journalist's
colleagues at the machine's unveiling, that he
was sternly corrected for quoting Clive Sin-
clair as having claimed that the Spectrum was
as good as the BBC micro'. "No, no. I said it
was better . ." responded the man who
perhaps seeks to demonstrate that the Beeb
made the wrong choice.

There is certainly value for money in the
ZX Spectrum with its two manuals, one for
the absolute beginner, and the other a BASIC
handbook. The 16K model is factory up-
gradable to 48K for around £60, and either
version unleashes hitherto unexploited poten-
tials in the ZX Printer. ZX81 software will
run on the Spectrum "with minor
alterations"-words not to be treated dis-
missively by the neophyte.

Awaiting a call to arms is a set of operating
routines buried in ROM in this 14 chip design,
to drive the RS232 interface (around £20)
available later this year.

Now out of the membrane keypad class, the
latest ZX computer uses a standard typewriter
pitched keyboard, but sans conventional space
bar, the manufacturer's confidence in the
relationship which can be struck up between
the machine and a touch -typist may not be
shared. Business, research and education are
all targets for the unit, measuring a mere 233
x 144 x 30 mm.

Mail order only, initially, the Spectrum will
be supplied to run with a standard cassette
player, and conventional PAL colour TV
set-no VDU. A tone leader has been incor-
porated to overcome automatic record level
fluctuations.

A network interface is planned which will
allow many Spectrums to be linked together,
and teletext compatibility. The interface will
also support several Microdrives, the 100K
byte micro -floppy system currently at working

prototype stage, and which will load the 48K
RAM in three seconds.

The ZX Spectrum does offer amazing com-
puting power for your £, but who will duck,
and who will bite what could be another flying
crumb from the Sinclair table? What will 1983
bring?

The Spectrum has
one -touch keyword

entry, and is
compared here with

the ZX81

ZX BBC VIC ATARI
Spectrum Model A 20 400

Guide price-basic unit inc. VAT £125 £300 £190 £345

Standard RAM (max. RAM) 16K (48K) 16K (32K) 5K (29K) 16K (16K)

Standard RAM available using
high -resolution graphics 9K 3K N/A 7K

Sound generator

Max. colours on screen at once 8 4 16 4

FLASH V V
BRIGHT-or equivalent

High-res. graphics (>40000 pixels) available
for PLOT & DRAW

User -definable graphics

Full upper/lower case ASCII

User -definable character set

Screen display (columns x rows) 32 x 24 40 x 25 22 x 23 40 x 24

Auto -repeat on all keys

Cass. interface for normal recorders

Baud (data transfer) rate 1500 1200 300 1200

LOAD & SAVE

VERIFY

MERGE  Information supplied by Sinclair
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Ppiiten Items mentioned are available through nor-

mal retail outlets unless otherwise specified.
Prices correct at time of going to press.

Psst-It's the Sinclair rival!
In last month's News & Market Place, we mentioned a
teaching computer known as the Micro -Professor MPF-I.
We have now received details of a powerful personal colour
computer from the same manufacturer, the M PF-I I. It is ex-
pected to retail at around £115 and offers a formidable range
of features.

Based around a 6502 CPU, the MPF-ll provides 12K of
ROM (including 8K BASIC interpreter compatible with Ap-
ple II), 16K of RAM, with built-in provision to expand on
board memory by up to 32K. A software cartridge connector
enables a wide range of games and educational programs to
be run and also gives the option of operation in machine
code languages. Programs can of course be loaded and
stored via the cassette interface.

The MPF-II features a 40 x 24 screen format, 53760 dot
character capacity, 16 colour graphics, inverse video, a 49 -
key alphanumeric keyboard and Centronics printer interface.
It is available from Flight Electronics Ltd., Flight House,
Quayside Road, Bitterne Manor, Southampton, Hants SO2
4AD (0703 34003).

The launch of the MPF-I1 means that Sinclair will have a
formidable rival for the new ZX Spectrum. Adding the
M PF-I I to the comparison table opposite may prove very in-
teresting when more details are available.

Briefly...
The first issue of the Beebug Newsletter which
is published by the Independent National User
Group for the BBC Microcomputer is now
available. The Newsletter contains a review of
the BBC machine as well as programs, letters,
hints and tips.

Membership applications should be sent to
Beebug Dept 1, 374 Wandsworth Road, Lon-
don SW8 4TE (.£4.50 for five issues).

Oracle, ITV's teletext service, has now expan-
ded into classified advertising following their
very successful experiments in Christmas and
Valentine's Day messages.

The service, which is called 'Reasons to be
Cheerful', enables viewers to broadcast their
own personal messages via television to
celebrate special occasions like birthdays and
anniversaries.

The charge for the service is £6 for one line
and flO for two lines. Messages will stay on
the air from 8.30 a.m. till closedown.

DROUGHT DOUBTS?
Farmers and gardening enthusiasts who
wish to monitor rainfall with accuracy and
convenience can now do so with the help of
a device known as the Rain-o-Matic.

The Rain-o-Matic consists of two units-
a rain collector, and a control box which
houses a 3 digit I.e.d. display, reading and
zero switches, memory circuitry, and a bat-
tery. Ten metres of cable are supplied, so
that the control box may be placed in a con-
venient position indoors.

Manufactured in Denmark, the Rain-o-
Matic is distributed in this country by
R.E.N.S. Services, who say that the device
should prove to be a valuable horticultural
aid, as it enables the user to monitor rainfall
over set periods, thus building up a com-
prehensive picture of local rainfall. The user
can then determine the extent of irrigation
necessary to ensure maximum yields.

The Rain-o-Matic is priced at £35 in-
clusive of VAT and p&p (but excluding a
battery) and is available from R.E.N.S. Ser-
vices, 21 Chestnut Grove, Gedling, Not-
tingham (0602 611903).
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COMPACT KEYBOARD
Owners of the ubiquitous ZX81 will no
doubt be aware of the baffling selection of
add-on keyboards currently available to
replace the ZX81's original membrane pad.
This selection has now been added to by
Kempston Electronics.

The Kempston Keyboard differs from its
competitors in that it is a scaled down ver-
sion of a traditional computer keyboard
which fits directly in place of the ZX81's
membrane, and thus represents a con-
siderable space saving over full size add-on
keyboards which have the added incon-
venience of trailing ribbon cables. The keys
have a positive 'click' effect when pressed,
and are mounted on a single p.c.b. which is

finished in matt black to match the ZX81.
Installation of the keyboard is said to be a
simple operation. A set of legends, which
are scaled down versions of the originals, is
supplied with the keyboard which is sold in
kit form and priced at £22.50 inclusive of
VAT and p&p.

For those who would like more positive
keyboard operation, but do not wish to
sacrifice compactness, the Kempston
keyboard would appear to offer an excellent
compromise. Further details are available
from Kempston Electronics, 60 Adamson
Court, Hillgrounds Road, Kempston, Bed-
ford.

THE HARMONIOUS

MEIIRACKING WIIHOUHEARS

If you are a musician and have reached the stage of wanting to produce demo
tapes, you may well have come across the Portastudio. Introduced by Teac
(under the Tascam label) in 1980, the M144 Portastudio comprised a cassette
based four -channel recorder/mixing package that was both comparatively in-
expensive and simple to use, and offered the musician the chance of making
DIY multitracking a reality.

Now the 144's successor, the 244 Portastudio (pictured above) has been
launched. The 244 offers considerable improvements over the 144, most
notably: dbx II noise reduction (giving a -90dB signal/noise ratio); parametric
sweep instead of bass and treble controls-thus increasing flexibility of tone
control; and a completely new transport system that gives smoother operation
and improved tape handling. It is also possible with the 244 to select pre or
post fader eq for the aux system.

The 244 underlines Teac's commitment to bring home multitracking within
the reach of as many professional and amateur musicians as possible, and, as
they consider the majority of musicians to have virtually no knowledge of the
technical aspects of multitracking, the 244's design is such that you don't need
to be a sound engineer to obtain professional results from it.

The Tascam M244 Portastudio is expected to retail at around £600, and is
distributed in this country by Harman (Audio) UK Ltd, Mill Street, Slough,
Berks S L2 5DD (0753 76911). Harman should be able to supply further details
and a list of dealers.

BREAKER?
Dedicated CB enthusiasts who wish to 'personalise' their transmis-
sions can now do so with the MM300 Tune Box from C.F. Shorto
Electronic Services.

The MM300 is a sequential tone generator with an eight step
sequence and a possibility of seven different tones or a blank in
each step. This gives over 16,000,000 possible sequences. The
unit is designed to operate at the end of each transmission-in the
same way as a roger bleep. It may be wired so the tune can be
monitored through the speaker of the set in which it is installed, or
so that the tune is only heard by the receiver. Some readers may be
relieved to hear that there is provision for an on/off switch to be
added!

The MM300 is available either as a kit-price £7.00 inc.
postage, or ready built-price £9.50 inc. postage. So, if you feel
like bringing a little melody (?) to the airwaves, contact C.F. Shorto
Electronic Services, 25 St Helens Road, Weymouth, Dorset
DT4 9DY.

14 Practical Electronics July 1982



manioc: imam
POINTS
ARISING . . .
MICROBUS (May 82)
The following corrections apply to "ZX81
Composes Music":
1) The capacitor on Fig. 8 is 100

nanofarad.
2) The program line 60 on Fig. 10 should

be corrected as follows: 60 POKE
16515, PEEK (16521 + E).

The "Inverse Video" article for the ZX81
has given some readers problems. The
author has pointed out that varying charac-
teristics in the 4069 i.c. means that
100 Ohms is not always the optimum value
for R 1. His advice is to replace R1 with a lk
preset and adjust until the picture is well
contrasted, yet stable. The author's
prototype worked well on both mono and
colour television sets.

FREQUENCY METER & PRESCALER
(May 821

The following Plessey i.c.s are available
from Semiconductor Specialists of West
Drayton, Middlesex (08954 46415):
SP8629, SP8630 and SP8660. These are
available ex -stock in ceramic, or plastic ver-
sions may be ordered. A £5 minimum order
charge is imposed.

The Intersil 7216B1B1 is available from
Macro Marketing of Slough (062 86 4422).
One-off price is circa £20 -no minimum
order surcharges etc. apply.

FREQUENCY METER (May '82)

Whilst the main 0-10MHz counter i.c. will
drive the decimal point, its position
becomes meaningless if a +100 prescaler
is used. Normally, with a second gate the
decimal point of D5 would be lit, with D6
and D7 switching on for the 1 sec. and 10
sec. gates respectively, but with a +100
prescaler D3, D4 and D5 decimal points
must be utilised, so the d.p. output pin of
the 7216 cannot be used. Thus the digit
strobe lines (pins 7, 9, 10) have to be
employed.

The multiplex rate of the display is
500Hz, and so each digit is switched on in
turn very quickly, by having its CC pin
grounded by the strobe line. This multiplex
arrangement can be used to control the
p.n.p. transistor TR1, which will switch on,
allowing current to flow through the
decimal point I.e.d., with R8 acting as a
current limiting resistor to prevent damage.
R7 ensures a clean switching action. (The
resistor labelling is to avoid confusion with
the other components on the frequency
counter board.)

The spare pole of S2 is used to select
either D3, D4 or D5, and should be connec-
ted according to Fig. 3.

If a wire link has been inserted between
pin 23 IC3(V) and the d.p. pin on the dis-
play board, this should now be removed.

Note that because there is now no spare
switching capability, the decimal point
driver will remain activated when the
'External' range is selected, irrespective of
whether the external input is prescaled or
not.

556

R6 TR1

2N3702

be e
2N3702

(Viewedon pins)

71

05

Fig. 1

Fig. 2

IEP8951,I

Fig. 3

1,16 IC3 Pin9
IC3 Pin 10

IEP8 971

03,D4, D5
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Please check dates before setting out, as we cannot guarantee the
accuracy of the information presented below.

Compec North June 23-25. Belle Vue Hotel, Manchester. Z 1

Transducer/Tempcon Jun. 29 -Jul. 1. Wembley Conf. Centre. T
BEX (Business Equipment) Croydon Jun. 30 -Jul. 1. K
European Holography July 1 -Sept. 26. Light Fantastic Gallery,
Covent Gdn, London. A8
Leeds Electronics Show Jul. 6-8. University. E
Video Revolution (Symposium) July 12-15. Reading University. GI
Internoise July 13-15. 1983. Edinburgh University. A7
BAEC Amateur Electronics Jul. 17-25. Penarth Esplanade, S.

Glamorgan. 89
BEX Manchester Sept. K
Personal Computer World Show Sept. 9-12. Barbican Centre, London.
M
Laboratory London Sept. 14-16. Grosvenor Ho. Park Lane. E
Two Counties Fair Sep. 15-18. Plymouth Ex. Centre, Millbray,
Plymouth, Devon. T
IBC Sept. 18-21. Metropole, Brighton. N
Microprocessors In Audiology Sept. 24 A7
Holographic Techniques Sept. 30 -Nov. 28. Light Fantastic Gallery,
Covent Gdn. A8

BEX Cardiff Oct. K
Viewdata Oct. 12-14. Wembley Conf. Centre. 0
Video Show Oct. 16-18. West Cnt. Hotel. Z I
Computer Graphics Oct. 19-21. London. 0
Testmex Oct. 26-28. Wembley Conf. Centre, London. T
Compec Nov. 16-19. Olympia, London. Z I
Brighton Electronics Exhibition March 1983. T
INSPEX March 21-25, 1983. NEC. Z I
HEVAC London Apr. 26-28 1983. Barbican. I
Semlab June 1983. Olympia, London. I

A7
A8
B9

G1E

M
N

K

T
Z I

Institute of Acoustics, f 031-225 2143
Holographic Exhibitions 01-836 6423
BAEC, Penarth Q 0222-707813
Evan Steadman, Saffron Walden ( 0799 22612
SERT, 8 Charing Cross Rd., London.
ITF, Solihull f 021-705 6707
Douglas Temple, Bournemouth ( 0202 20533
Montbuild f 01-486 1951
IEEE
Online, Northwood, Middx. r 0822 4671
Trident Tavistock 0822 4671
IPC Exhibitions, Sutton f 01-643 8040
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dive Speaker
System

J.Macaulay
DESPITE recent advances in turntable and pickup design

the quality of a hi fi system is closely tied to that of the
final link in the chain. Namely the speakers. One of the most
recent innovations in this field is the active speaker system.

In a conventional passive system the audio signal from
the power amplifier is fed to the various drive units in the
system by a crossover network. The crossover is essentially
a filter system of varying degrees of sophistication. The
design of a conventional crossover is complicated by the fact
that a speaker is not a pure resistive load. Indeed the
theoretically perfect crossover often works poorly because of
this.

Another problem is that the efficiencies of a woofer and a
tweeter are rarely the same. In consequence one of the
drivers, normally the tweeter, has to have a resistance in
series with it to equalise sound levels.

Even when all this is done well there are further problems.
In the days of valve amps an output power of 15W and
above was only used for PA purposes. The reason for this is
that the speaker cabinets were larger and the crossovers
simpler. In consequence the efficiency of these systems was
considerably higher. A complex crossover means a loss of
power. Furthermore when a power amplifier goes into clipp-
ing large amounts of harmonics are generated and these find
their way into the tweeter. The inevitable result is heavy dis-
tortion. If you look at the power versus frequency plot of

AF
I/P

HI PASS
ACTIVE FILTER

1E0893)

LO PASS
ACTIVE FILTER
8. BASS EQUAL

TREBLE AMP

1. 4

BASS AMP

Fig. 1. Block diagram of the system

musical signals you will see that most of the energy is con-
centrated in the lower mid range region, around 100-300Hz.
The harmonics generated when an amp clips on these
signals are far higher in amplitude than the natural har-
monics of the signal and hence are not masked by the
programme.

ACTIVE SPEAKER SYSTEM
Having described some of the drawbacks of the conven-

tional approach we can now examine the active system and
the way it avoids these problems (Fig. 11.

Essentially an active speaker system employs one power
amplifier for each speaker used. The audio input signal is
divided by an active network and fed to the speaker via the
appropriate amplifier.

Since there are no passive components in series with the
speaker there is no signal loss. The result is that a 6dB or so
of extra sound level can be generated for the same input
power. A fourfold increase!

Another advantage is that the full damping factor of the
amplifiers is applied to the speakers thus mimimising
spurious cone movement. The crossover can be designed
without any reference to the electrical characteristics of the
drive units and no inductors are required.

Furthermore if the bass amplifier clips, the harmonics are
confined to the bass driver and have no influence on the
tweeter.

As you can see there are a lot of advantages for the active
system and these differences are clearly audible. However
the only active systems on the market cost upwards of £500
and more often than not the buyers of this equipment end up
with a special crossover module and an extra pair of stereo
amplifiers!

Naturally this usually means that the existing power amp
has to be scrapped in favour of the new equipment. With the
design presented here the existing power amp is used as a
source of signals for the speaker so that they can be simply
added onto an existing system with the minimum of fuss.

An incidental advantage of this is that the loading on the
existing power amp is so small that it will operate in class A
reducing the distortion still further.

CIRCUIT DESCRIPTION
In order to simplify matters the complete circuit has been

split into two parts. Fig. 2 shows the active filter circuit.
Basically this can be further subdivided into three parts.

First the signal from the power amplifier is applied across
R1 and VR 1 which form a potential divider. The heart of the
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Fig. 2. Active filter circuit
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filter section is the dual op amp the TL082. Because a dual
power supply is not being employed here a half voltage
reference is provided by the R3/R4 divider and C8 removes
any noise by producing an a.c. short across R4. In order to
work as a crossover network the audio input has to be split
into two parts, bass and treble. This is achieved by means of
Butterworth filters.

One of the most important decisions that has to be taken
when designing a speaker system is the filter order to be
used. To explain briefly; the steepness of a filter's response
depends on two factors. Firstly the 'Q'; if a filter with a high
Q is used you get a peak in the response at the cut-off fre-
quency. This peak is undesirable because it would cause
response anomalies. Another problem resulting from high Q
filtering are unwanted phase shifts in the passband which
can be audible.

Filters are classified according to their Q. Crossover filters
have to be designed for the maximum roll -off combined with
the greatest freedom from phase anomalies and this type is
known as the Butterworth filter.

The filter order also has a profound effect on the rate of
roll -off obtained. However for audio work there has to be a
trade off. In the case of crossover filters this is the transient
response of the system. In theory the greater the filter order
the sharper the filter's roll -off. For this design the inevitable
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R27
104

R19

013
4700p mom

O
BASS- MID

INPUT

R14
270k

C10 R13
10u 3k9

ID w

R17
I 5

R16
11,5

VR3
242

R15
22k

C11
10p

TR3
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Fig. 3. Power amplifier circuit for one enclosure
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design compromise has been made by adopting the second
order filter.

The next problem is to set the crossover frequency of the
system. Here we have to avoid the natural h.f. mechanical
roll -off of the woofer and the natural resonant frequency of
the tweeter.

This last factor is frequently overlooked. The Philips
tweeter employed in this design has a natural 'bass'
resonance at 1 kHz. The woofer rolls off at about 3.5kHz. Af-
ter some experimentation a crossover filter with a turnover
at 2kHz was decided on. This gives sufficient attenuation to
both drive units before problems arise. A further bonus is
that the actual crossover occurs somewhat before the
critical 3 to 5kHz region at which the ear is most sensitive.

To return to the circuit diagram the low pass filter is built
around IC1. The resistors R5, R6 and the capacitors C2, C3
and C4 form the filter. The high pass filter is built around the
second half of IC1. In this case the filter consists of C6, C7,
R9, R10 and R11. Resistor R12 maintains stability.

Since the signals are fed into two identical power am-
plifiers some method has to be devised to equalise the
power outputs from both speakers. This is achieved by
feeding the treble signal across VR2 via the d.c. blocking
capacitor C9. The signal is fed into the treble amp from the
slider of VR2 which acts as an attenuator.

POWER AMPLIFIER
Fig. 3 shows the power amplifier's circuit. There are, of

course two power amplifiers per enclosure and they are
identical.

Before describing the circuit in greater detail it will be as
well to consider the novel form of feedback used. It is con-
ventional practice to use overall feedback from the output of
the amplifier to its input. However in this circuit a method is
employed which includes the drive unit within the feedback
loop. To understand how and why this works we have to go
back to basics.

Several concerns have marketed motional feedback
systems in the past twenty or so years. The basic principle is
to sense what the speaker cone is doing and use this signal
to help correct any errors that the speaker may introduce.
The most successful of theSe systems is the Philips system
which obtains its feedback signal from a small ceramic
transducer fitted to the woofer's cone.

Unfortunately this method, although successful, needs
specially adapted speakers. The method used here obtains a

I
COMPONENTS . . .

Resistors
R1, R8
R2, R3, R4, R5, R6, R9, R10,

R11
R7, R12, R18, R27
R13, R22
R14, R23
R15, R24
R16, R17, R25, R26
R19
R20
R21, R28

1k (2 off)

100k (8 off)
10k (4 off)
3k9 (2 off)
270k (2 off)
22k (2 off)
1k5 (4 off)
22
10
Of247 2+W wirewound

(2 off)
All resistors '++W 5% carbon except where otherwise stated.

Potentiometers
VR1, VR2
VR3, VR4

Capacitors
CI, C5, C8, C9, CIO, C11,

C14, C15, C16
C2, C3, C4, C6, C7
C12
C13
C17

Semiconductors
REC1
TR1, TR3, TR4, TR8, TRIO,

TR11
TR2, TR9
TR5,TR7,TR12,TR14
TR6, TR13
ICI

4k7 log pot (2 off)
2k2 hor. preset (2 off)

10p 16V elect (9 off)
390p ceramic plate (5 off)
1000p 25V elect
4'700µ 63V elect
100µ 25V elect

2A 100PIV rect

BC147 (6 off)
BC143 (2 off)
2N 6121 (4 off)
BC 157 (2 off)
TL082

Miscellaneous
T1 24V 1 +A sec mains transformer
Woofer Audax H1F 20
Tweeter Philips
Heatsink 150 x 75 x 25mm 3mm dia. angle
1066 mounting kits (4 off)
"Bostic" car damping panels
1 metre of BAF wadding
P.c.b.
Veropins
Control knobs (2 off)
Cabinet
The above components list is for one channel

or enclosure. For stereo operation the list should
be repeated.

Constructor's Note
A complete kit of parts (except for the "Bostic" damping

panels) is available from Bewbush Audio, 26 Hastings
Road, Pound Hill, Crawley, West Sussex.

feedback signal by sampling the current flow through the
drive unit.

Any physics textbook will tell you that the acceleration of
the cone is equal to the force on the cone divided by the
cone's mass. This is Newton's second law. This can be writ-
ten in the form F=ma. Where F is the force in Newtons, m
the mass in kilos and a the acceleration in m/sec-2.

There is however another useful relationship between the
force exerted on the speaker cone and the flux of the magnet
employed. It is, F=BLI, here B is the field strength in Tesla's,
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L is the length of wire wound on the speech coil and I is the
current in amps.

Combining these two equations we obtain BLI=ma.
Rewriting this in terms of a we get, a=B Wm. Since B,L and
m are constants for any given drive unit it follows that the
cone acceleration is directly proportional to the current flow-
ing through the speech coil. All we need to obtain this signal
is to connect a small value resistor in series with the
speaker. The output current will now produce a voltage
across the resistor which can be used to correct any
anomalies of the cone's motion. The method works because
a loudspeaker can be made to work as a generator simply by
moving the cone. Thus if the cone moves differently to the
input signal an error voltage is produced. The error is then
reduced by the negative feedback loop.

In Fig. 3 TR 1 provides all the voltage gain of the bottom
amp and is used in the common emitter mode. TR2, the pre -
driver is used in the emitter follower mode. There is a +0.6V
drop across the base emitter junction to which R15 is con-
nected. Since the signal at the emitter of TR2 is some 98 per
cent of the signal at its base a d.c. positive feedback loop is
formed which effectively increases the voltage gain of TR 1 .

TR3 is a Vbe multiplier which is used to set the bias

TRI4

necessary for the output stage to prevent crossover distor-
tion.

The output stage proper consists of the two pairs of tran-
sistors TR4/TR 5 and TR6/TR7. The upper pair (TR4/TR 5) are
connected as a Darlington pair which prevents loading on
TR2 and offers a low output impedance. TR6/TR7 are a
complementary feedback pair which acts in the same way as
a p.n.p. Darlington pair.

The audio output from the amplifier is applied across the
drive unit via the coupling capacitor C12. This has to be of
sufficient size to allow bass signals to be effectively coupled
since C12 and the speaker form a low-pass filter.

The function of R21 in series with the speaker has already
been discussed. Overall d.c. feedback is of the shunt type as
the amplifier is of the inverting type. The base of TR 1 is
biased from the output via R14 and R18/121. Voltage gain
is determined by the value of R13.

This component's value also defines the input impedance
of the amp. The whole circuit is supplied by a conventional
unregulated power supply consisting of T1, the bridge rec-
tifier REC1 and the smoothing capacitor C13.

All that is left to describe is the RC network used with
speakers. These components form what is known as a Zobel

eiy--0.JAP° o-r -111)

TREBLE BASS

b

TR12-{
4

TR7

TR 5

o
1 1

(1) R20

0

O

b
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0

`O
If

O

f.J
Fig. 4. P.c.b. design
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network which helps to protect the amplifiers by presenting,
in conjunction with the speakers, a nearly pure resistive load
to the output stage.

Unfortunately the drive units are not pure resistances and
so some compensation is necessary to ensure stability. The
component values are different for each speaker to effec-
tively compensate for their respective impedances.

Having described how it works how worth while is it?
Well the transient response is audibly better with less ring-
ing and during the development of this project some tests
were undertaken to see how effective the circuit was.

The cone comes to rest several times faster than with a
conventional amplifier. Furthermore if an attempt is made to
disturb the cone by pushing it the amplifier's output can be
seen to move to correct it. The improvement is such that the
circuit is subject to a patent application. There is of course
no restriction on individuals using it for non commercial pur-
poses.

CONSTRUCTION
The construction of the project falls neatly into two

stages, mechanical and electronic.
All the electronic components with the exception of the

power transistors, the transformer and C13 are mounted
upon the p.c.b. the design of which is shown in Fig. 4 with
the component layout shown in Fig. 5.

It is probably most convenient to mount the components
from R1 onwards. Be absolutely sure that all the elec-
trolytics and semiconductors are correctly orientated. Lastly,
but by no means least mount the p.c.b. pins. At this stage it
is as well to set the presets VR3/VR4 so that the sliders are
shorted to the collectors of TR3/TR 10 as measured with a
multimeter.

Having done this turn the board over and check that there
are no blobs of solder shorting across any of the tracks.
When you are satisfied that all is well the mechanical work
can be accomplished.

All the components are mounted upon the back panel. Fig.
6 shows the dimensions and mounting hole positions for the
various parts. First drill A" mounting holes for the output
transistors. It is as well to position the holes by marking

them through the transistor's own mounting holes. A fine
felt tipped pen is invaluable here.

The power transistors are mounted on the usual mica in-
sulating washers to provide electrical isolation from the
heatsink. Thermal grease is not however required as long as
the fixing screws are tightened. The transformer, heatsink,
p.c.b. and input signal socket are all fixed into position with
i" No 6 pan headed self tapping screws.

When this has been accomplished the interwiring is the
next thing on the agenda. The last wires to be attached
should be those intended for the speakers. These should be
left at least 18" long to allow easy connection.

At this stage the panel can be set up. A multimeter set to
read volts should be connected across the positive end of
C12 and ground then switch on. Assuming all is well you
should measure half the supply voltage across the capacitor.
A variation of a volt or so either way is not significant.

Now check the voltage across C17 and ground. This
should show the same reading as that across C12. Again a
couple of volts either way is inconsequential. If however the
voltages at both or either of these test points is too far out
check your wiring, especially around the feedback loop.

This whole procedure should now be repeated for the
other channel and attention can now be turned to the
preparation of the cabinets. These are supplied with cutouts
already in the front baffle to take the drive units.

So far we have dealt with the purely electronic circuitry
and now attention must be focused on the cabinet. If you
take a speaker unit and place it on a flat surface reproducing
music you will notice a complete absence of bass.

In actual fact the speaker will be producing the bass but
the signal radiating from the rear of the drive unit will cancel
that from the front. The only practical way around this
problem is to put the speaker in a cabinet. Unfortunately life
isn't as simple as that. The larger the cabinet the better the
bass response. This is due to the work that the drive unit has
to do to compress and rarefy the air enclosed in the cabinet.

From the perspective of sound quality alone the speaker
cabinets should be as large as possible.

The enclosures chosen have an internal volume of about
0.7 cu. ft. Now it is quite possible to use these cabinets
as they stand but a better bass response can be obtained
by reflexing the speaker.

rEG90,I

44Ornm
C13

71/2rnm DIA HOLES

I/P TERMINALS
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4.

HEATSINN -f-

+ + + +
`ALL HOLES 20rnm DIA

(PITCH 40mrn )

40mm

10Ornm

50 mm

245rnm

Fig. 6. Rear panel drilling details
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There are various tricks of the trade that can be employed
to extend the bass response of an enclosure. The most well
known is the bass reflex in which a duct is inserted into the
cabinet. As long as the dimensions have been correctly
calculated the duct will radiate deep bass signals in phase
with the drive unit thus extending the response.

A variation on this theme is the distributed port enclosure
which is used here. This consists of a series of spaced holes
which act as a duct with an acoustic resistance. The result is
an extended bass with an excellent transient response, sub-
stantially better than that produced by the reflex. Another
advantage of this form of loading is that it can be fabricated
from a series of 20mm holes.

A problem with all speaker cabinets is that they are sub-
ject to internal resonances. These must be well damped or
the sound will be coloured. In most high quality designs
these days bituminous pads are used internally. They are
used in this design to, but the panels recommended are sold
for damping car panels and can be obtained from car ac-
cessory stockists. These are self adhesive and are applied,
three layers thick to the inside walls. The back panel of the
speaker is prone to vibration but this is reduced considerably
when the electronics and power transformer are fitted. The
distributed port is cut into the top half of the back panel and
the speaker drive units are fitted from the rear of the front
baffle with self tapping screws. The final stages of construc-
tion consists of setting the quiescent current in the power
amps and filling the enclosure with wadding.

SETTING UP
First the power amps. The presets will already have been

set for zero quiescent current in the output stages. Set both
VR1 and VR2 to half travel and feed an audio signal into the
input. Music at a reasonable level should emanate from the

speakers. It will however sound distorted.
Disconnect one of the wires from the tweeter. Slowly ad-

just VR3 until the distortion just disappears. Turn the volume
down until the signal is just audible. As you adjust the con-
trol downwards distortion should again become apparent.
Once again slowly adjust VR3 until the distortion just disap-
pears. When this has been accomplished one of the woofer's
wires should be disconnected, the tweeter wire reconnected
and the whole procedure repeated for the tweeter, adjusting
VR4.

It is imperative that the presets are not adjusted any more
than necessary or thermal runaway might occur in the power
transistors.

Lastly before the back panels are attached a roll of BAF
wadding, 4- a metre long should be placed in the enclosure.
The placement isn't too critical but the rear of the drive units
should be covered.

Once the back panel has been attached the speakers are
complete and ready to use. Because of the voltage gain
provided by the internal power amps it will be found that
VR1 will need to be set at a low setting to avoid amplifying
the hum and noise being produced by the existing amplifier
driving the speakers.

As with all speaker systems the best position must be
found experimentally, though is not likely to be found too
close to the walls as reflected sound will tend to destroy the
stereo imagery of which these speakers are capable.

VR2 sets the balance between bass and treble output and
should be adjusted to suit the acoustics of the listening
room. This is not a daunting job and can be done most
rapidly by listening to voice material. The control should be
adjusted until the sound is as natural as possible. The best
source of high quality voice signals appears to be Radio 4.

DAMAit
8K UK101: 32 line MONUK02, microtype
case, RTS driven relay, improved p.s.u.
assembler, games, leads, £200.
Farnborough, Hants. Tel: 0252 546739.
SUPERBOARD 8K RAM, Wemon,
custom case, built in video monitor,
manuals, cassettes etc. £220 o.n.o. Burgh
Heath 60439.
WANTED CRT type D13 630 for a Tele-
quipment 561 oscilloscope. Mr. P.
Hitchens, The Villa, Church Hill, Ludgvan,
Penzance, Cornwall TR20 8EU.
UK101 8K RAM 3 months old £100. Tel:
0322 528915.
ZX81 with 16K, monitor, I/O port, f/sz
KBD, custom built case, 8 chan. relay
board, cl fan, software £160. Tel: Winslow
2757.
ATOM 12K + 12K noise free graphics
switch + software, magic book getting ac-
quainted etc. £250 o.n.o. v.g.c. Mr. P.

Chaisty, 27 Greatfield Rd, Wythenshaw,
Manchester 22 7RU.
STEREO DISCO console, unfinished
Maplin project, nearly all parts. £80 or may
separate cabinet etc. Mr. Dave Mills, 60
Northwold Av, West Bridgford, Nottingham
NG2 7JD.
CHIPS for sale, memories, micro, TTL,
CMOS and transistors I.e.d.s. SAE, Jain, 17
Taylors Lane, London NW10 9JH.

UK101, cased, 8K, 5A, p.s.u., colour, new
monitor, sound p.c.b., 6502 books, games,
£250 buyer collects. Tel: Mr. S. Wong,
Egham 0784 37541/4.
CASIO FX 501 P good condition £40 will
sell with FA 1 adaptor for £45. Tel:
Chelmsford 50240 evenings.
TRANSMITTER valves type 6083
(PE1/100), pair plus spare, offers, SAE for
list of B40 receiver valves. A. Dixon, 32
Culliford Way, Littlemoor, Weymouth, Dor-
set.
TWO SAD 1024A analog delay chips £8
each. UK101 MONO2 chip £10. Tel:
Somerton (Som) 72663 evenings.
UK101 16K, colour, sound, prog, graphics,
joystick ports, software incl. Adventures, In-
vaders, Assembler £285, buyer collects.
Mr. D. Hunt, 1 Love Street, Kilwinning,
Ayrshire. Tel: 0294 52250.
WANTED Hameg HM 307 oscilloscope,
also electronic cash register service
manuals for all makes. Mr. P. Hellyer, 8
Quarry Terrace, Horsforth, Leeds. Tel: 0532
589616.
MAPLIN 3800 synth fully built and tested
£500 o.n.o. Mrs. Parkinson, Dene Leazes
Farm, Hesleden, Hartlepool. Tel: 042981
264 after 6 p.m.
COMPUKIT 8K RAM, cased, with £30
software including asteroids, 300/600,
baud cassette, ready to go £149. Swansea.
Tel: 0792 403363.
UK101 mother board cased p.s.u. 8K RAM
card I/O port, light pen. After 6p.m. Tel:
Stevenage 69612.

MAPLIN 3800 synth. and phaser £285
o.n.o. Mr. D. T. Collins, 13 Norton Rd,
Corby, Northants, NN17 2PH. Tel: 05366
66040.
EXCHANGE 2,000 circuits for TV radio
etc. and radio, TV servicing manuals for
digital test equipment. R. MacDonald, 35
Landon Rd, Folkestone, Kent. Tel: 0303
75541.
ALTAIR 8" disk drive, cased, p.s.u. + 5100
controller and connectors, any offers? Tel:
S. Walters 958 8924 evenings.
WANTED matrix alpha -numerical displays
I.e.d. or lamp (MAN -2, Texas 305 or
similar) please write stating price. David
Barnett, 16 Rosalind Ho, Stanley St, Lon-
don N1 6RR.
WANTED circuit diagram for high fidelity
audio valve amplifier using two 6L6 output
valves. Mr. Noel Macpherson, 60
Beechwood Avenue, Chatham, Kent ME5
7HJ.
CASIO FX601P, £40, Casio FX702P £90,
both as new. Declan. Tel: Watford 29102.
ZX81 + 16K both Sinclair built. Manual,
p.s.u. and all leads. Two books, cassettes,
£85. J. Culver, Plymouth. Tel: 0752 41024
evenings.
YAESU FT48OR ZM multimode
Transceiver with power supply, hardly used,
£315. Tel: 01-660 5689. Mr. G. Bailey, 70
Deepfield Way, Coulsdon, Surrey CR3 2SR.
DIGITAL test deck. Three -speed clock.
Four -function switching. Five monitor out-
put. Twelve sheets plans £4. Mr. R. Caunt,
16 Baggaley Crescent, Mansfield, Not-
tinghamshire NG19 705.
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ENFIELD ELECTRONICS
For up to the minute
prices please ring: -
01 -366-1873.
Please add 15% VAT

£1.00 p & p per
item ordered.

A superb stereo headphone
Specifications:
I) sensitivity 110DB at 1,000Hz with I rnw
2) Frequency response: 20-19,000Hz
3) UNIT impedance 8 ohms
4) matching impedance 4-16 ohms
5) Maximum input 0.5 watts per channel
6) Individual slide volume control (stereo/
mono switch)
7) 10 foot coiled cord with stereo phone plug
8) Leathery -soft ear pads and head cushion
price a  95.
Order No. LE-76VS

Please allow 21 days for delivery.

IDEX
stereo headphone
Sensitivity 98dB at
I kHz with I mw.
Frequency response
20-25,000 Hz. Im-
pedance 35 ohms.
Maximum input 0.4
watts. 7ft cord with
3.5 stereo phone
plug.

Price £7.50
Order No. MHD-3

A
Altai Multitester & Transistor Tester

DC volts 0 -1v -5v -2.5v -10v -50v -250v -1000v *3%
AC volts 0-10v-50v-250v-I000v *3%
DC current 0-50uA-2.5mA-25mA-0.25A ± 3%
Resistance:
Minimum 0.2-2-200-200k ohms
Midscale 20 -200 -20k -200k ohms 1 ± 3%
Maximum 2k -20k -2m -20m ohms J

As a transistor tester
Leakage current 0-150uA at XI k range

0-15mA at X10 range IS%
0-150mA ac XI range 1

Price L14.95
Order No YN 360TR

ENFIELD ELECTRONICS BARGAIN OF THE MONTH

MICRO CASSETTE
TAPE RECORDER

Compact & handy, this battery
operated "midget size" portable
recorder is a superb personal mem-
ory device. Built in microphone. 2
speeds (low providing I hour tape
time). Comes complete with carry-
ing case, mini cassette, earphone &
carrying pouch. Just L20.70.

NOISE FILTER SYSTEM
A sophisticated combination of filters
designed to eliminate interfering noises
from all vehicular sources including
ignition spark, alternator/generator,
other accessories, metal to metal contact
etc.
Contents:- Generator noise filter, alter-
nator noise filter, Dual line noise filter
and ignition noise filter.

Price L8-50
Order No. NES-1000

C

Universal NI -CAD, battery charger. All
plastic case with lift up lid. Charge/Test
switch. LED indicators at each of the five
charging points.
Charges:- PP3 (9V), U12 (1.5V penlite),
Ull (I -SV "C"), U2 (I .5V "0"), Power: -
220 -240V AC, Dims: -210 . 100 50mm.
Super Special Offer at only L7.50.

Order No. MW 398

This 3} inch super horn (Flush
Flange) piezo ceramic tweeter
converts electrical energy into
acoustic energy at an efficiency
in excess of 50%, a level not
possible with any other type of
loudspeaker. Economy is added
to high efficiency by the elimina-
tion of crossover networks,
because the unit rejects low
frequency power. It has a high
impedance of over 1,000 ohms at
I kHz and 20 ohms at 40 kHz and
it presents no added load to the
amplifier.
A Super Special Offer of £4.65

Order No L052

Adaptors
Adhesives
Aerials
Alarms
Aluminium boxes
A.B.S. boxes
Amplifiers
Audio leads
Audible warning

devices
Batteries

chargers
connectors
holders

Bezels
Books
Boxes
Bridge rectifiers
Bulbs

holders
Busbars
Buzzers

Cable
clips
ties
markers
sleeving

Cable Cont.
wrapping
stripper

Capacitors
air spaced
trimmer
suppression
lead through
ceramic
electrolytic
polyester
polystyrene
silver mica
tantalum

Cermot pre-sets
Chokes
Conformers
Connectors
Coils
Continuity testers
Convertors
Crimp tools
Crocodile clips
Crystals

Er,,79:,3re?ids'eVss

Desolder braid
Desolder pump
Diacs
Diodes

light emitting
photo
rectifier
signal
lever
germanium
infra -red

Displays
Drills
Earpieces
Earphones
Enamelled copper

wire
Etch resist products
Filters
Ferric chloride
Ferrite cores
Ferrite rods
Fixing feet
Fuses
Fuse holders
Fluorescent displays
Field strength

motors

Frequency counter
Gas sensor
Grommets
Group panels
Gronso
Headphones
Heat sinks
nspection glasses
.C.s
.C. sockets
nfra-red source
nfra-red sensor
ndicators
nsulating tape

Jack connectors
Jewellers

screwdrivers
Keyboards
Keynector
Knobs
Lamps
Lamp holders
Leads
Liquid crystal

displays
LED
LED arrays

LED displays
Mains adaptor
Matrix board
Memory I.C.s
Meters
Microphones

inserts
stands

Microprocessors
Morse key
Multisters
Neon bulbs
Ni-Cad batteries
Ni-Cad chargers
Opto electronic
Oscilloscopes
Panels
Pick-up coils
Pliers
Pre-sets
Potentiometers
P.C.B.s
P.C.B. transfers
Probes
Plugs
Pressure mats

Pre -amps
Photo electric relays
Rectifiers
Resistors

carbon film
metal film
metal oxide
wirewound

Ring cores
Regulators
Relays
Resistance chart
Signal injector
Service aids

silver paint
switch lubricant
solder mop
silicone grease
anti -static spray
freezit
plastic seal
Aero klene
heat -sink

compound
Aero duster

Spacers
SWR meters

Sockets
Sleeving
Solder
Soldering irons
Sirens
Speakers
Switches

mercury tilt
micro
reed
rocker
rotary
toggle
water
slide
push-button

Test leads
Thermistors
Thyristors
Triacs
Transformers

mains
audio
I.F.

Transistors
Transistor tester
Tag strips

Tinned copper wire
Transducers
Torolds
Terminals
Tuning cells
Tuning condensor
Ultrasonic

transmitter
Ultrasonic receiver
Vero products

We are
open from
gam-bpm
Monday

to
Saturday

r .--
'i.

208 Baker Street, Enfield, Middlesex.
01-366 1873.

BARCLAYCARD
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Perspective
International upheavals are no respecters

of press deadlines. Thus, no sooner had last
month's column gone to print than the
Falkland Islands confrontation burst upon
us, unfortunately too late for comment then
and yet now still too early to judge its final
and total effect on industry.

One result was to shift our perspective.
All our preoccupations of earlier in the year
faded into relative insignificance. How
shabby and trivial the ASLEF strike against
flexible rostering now seemed in com-
parison. Even unemployment, the hottest of
political issues, found itself relegated to a
poor second in emotional value. Long -
running issues like abortion, smoking in
public places, blood sports, always good for
an airing, became also-rans in public
concern.

Optimism on the economy, both before
and after the budget, and its underlying
strength were confirmed when, after an
initial period of uncertainty, the stock ex-
change and the pound sterling first faltered
and then stabilised at figures only frac-
tionally below pre -crisis levels.

For the electronics industry South
America has never been an easy or good
market, being dominated by the United
States. The trade embargo with Argentina
will have had little impact.

In the longer term what might affect the
industry is the re -surfacing of the moral
issue of the supply of armaments. This topic
is bound to be the subject of emotional and
probably very confused public debate. It
will be argued that we should never have
supplied ships and missiles to the Argentine
navy. These, of course were ordered long
ago by previous Argentine governments,
always regarded as friendly, and were licen-
sed for export equally under Labour and
Conservative administrations with no dis-
sent from Liberals.

The supplying companies are politically
neutral. Given a technical specification, a
commercial contract and permission from

our own government to supply, the goods
are delivered in the usual business way in-
cluding, if necessary, training in their use. It
is no concern of individual suppliers to what
political or military purpose they may or
may not be used. This is the business of
government and of political judgement and,
of course, Britain is not the only supplier.
The United States, Germany and France
also equip the Argentine armed services
and all must be judged equally innocent or
guilty.

In an ideal world the demand that we
should opt out of the arms trade altogether
makes sense. In such a world there would
be no need of arms, anyway. But in the real
world in which we have to live, such a
moral gesture might ease the collective
conscience but only at the expense of
further unemployment and much advanced
research and development which spins off
into products for peace as well as war.

LCD 'Scope
The contribution of military R and D to the

advancement of the electronics art needs
little stress. We need only think of radar or
inertial navigation to get the point. Now the
latest spin-off from military beginnings is a
world -first for Britain in the shape of the
tubeless storage oscilloscope.

When visiting the Royal Signals and
Radar Establishment (RSRE) at Malvern I

was intrigued by the work on electronic dis-
plays and particularly on those for field -
portable radar for use in the front line by in-
fantry units to detect and give range and
direction of enemy vehicles and troops. And
it is from that and similar work at RSRE
that the idea of a flat I.c.d. screen has
emerged, now engineered by Scopex into a
battery -operated 'scope with a physical
back-to-front dimension of less than
100mm.

The I.c.d. has a matrix of 128 by 256
'picture points' and it is the method of ad-
dressing all the points in rows and columns
to build up the displayed waveform that is
due to Dr I. Shanks and his team at RSRE.

The Scopex 'Voyager' is now in commer-
cial production, supervised by Paul Holland,
a collaborator of Dr Shanks at RSRE who
has since joined Scopex. Because there is
no CRT and therefore no high voltage sup-
ply one of the markets will be for intrin-
sically safe application as in coal mines and
petrochemical plants. But the Voyager is
expected to do well in the wider test market
and is the first of a family of tubeless
'scopes with a full range of peripheral
equipment and accessories.

US Eyes on UK
After Canada, the United Kingdom is the

favourite country for overseas investment
by manufacturers in the United States ac-
cording to a recent survey. Industry
Secretary Patrick Jenkins recently returned
from the USA brimming with optimism.

US industrialists are particularly im-
pressed by the way the British economy
has improved with its falling inflation and
increased productivity. Many American
companies already here are expanding their
facilities. Motorola and Hewlett-Packard

are just two examples. But many com-
panies new to Britain are making encourag-
ing noises.

There is only one snag. It is more than
probable that both the Labour and TUC
conferences during the summer parliamen-
tary recess will confirm resolutions
demanding withdrawal from the European
Common Market, even though some 40
per cent of trade is with our European
partners. Could anything be more
damaging? Or more discouraging to over-
seas investors? Or more disheartening to
the unemployed?

I n fosystems
The information 'explosion' of the 1970s

is puny compared with what is to come and
firms are already gearing up to cope with
the demand. GEC is gathering all the loose
information technology strands in its vast
organisation and grouping them in a new
subsidiary, GEC Information Systems.

The size of the information technology
market is anyone's guess because there are
many fringe activities but one estimate is
that it could be worth a staggering £110
billion by 1985, only three years ahead.

Racal is investing heavily in the
technology with, for example, a £750,000
R and D bill for their newly unveiled Planet
local area private network. This works like a
ring -main electricity supply except that it
uses co -axial or fibre -optic cable and carries
messages in digital form instead of elec-
trical power. It can link up all the informa-
tion requirements in a large office complex,
computers, word processors, printers, elec-
tronic mail etc. Up to 500 separate devices
can be connected to one system and it can
carry digitised voice as well as data. A novel
feature is that the microprocessor 'director'
of Planet will automatically re-route data
round a cable break or equipment failure.
There is also a back-up 'director' so that the
system is virtually self -healing. Planet
originated in Racal-Milgo's Reading
laboratories using LSI devices from Racal
Micro -electronic Systems and was finan-
cially assisted by a Department of Industry
grant. Planet production is at Racal's
Warrington plant.

Another Racal company, Racal Recor-
ders, is starting a major thrust in data
recording with a number of new products
due to appear this year. The company is
now headed by David Kempson who joined
Racal as a development engineer in 1963.
Kempson sees one of the new products, the
Storehorse, as opening up a new market
measured in tens of millions of pounds.

Although portable, Storehorse has an
enormous data capacity on its 15 -inch
spool of magnetic tape. Enough storage, it
is claimed, to contain 147 years of issues
of the Financial Times (or the equivalent in
issues of Practical Electronics) not to men-
tion all the signals from a radio transmitter
24 hours a day for 131 days. Storehorse
has applications in R and D and perfor-
mance monitoring in industry, in sur-
veillance and in document storage and is
expected to have 75 per cent of sales out-
side the UK, particularly in the United
States.
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Semiconductor
FEATURING MF10 CA3300D SA6000

MIRACLE FILTER
In the beginning, when a.f. filters were

made with inductors and capacitors, filter
construction was not for the timid since it
involved the winding of innumerable coils
with precise inductance values. Despite the
complications that this caused however, a.f.
filters were produced, and the mathematics
of their design was well understood. A filter
could be produced with almost any desired
combination of bandwidth, cut-off slope,
flatness within the pass -band, phase shift
and Q factor. All that was needed was a
smart mathematician and a coil winding
set-up!

It had always been recognised that in
theory, complex filters could be made with
the much simpler combination of just
resistors and capacitors, but this was rarely
done because of the dreaded insertion -loss
caused by the non -reactive impedance of
the resistors. This attenuation could only be
counteracted by the addition of gain stages
within the filter, and that meant the use of
expensive valves or transistors. Most
designers stayed with their coil winders!
When integrated circuit amplifiers came
along in the late '60s the design of a.f.
filters was changed almost overnight and
the new era of the "Active Filter" using Rs,
Cs, and op amps had arrived. Although
many coil winders were consigned to the
dustbin, mathematicians found their ser-
vices still in demand since active filter
design was as complex as ever and lots of
new tricks were conceived to reduce the
component count for any given filter func-
tion.

As far as hobbyists were concerned
however, the word "filter" had now entered
our vocabulary and many articles aimed at
simplifying the design of active filters were
published to make life easier for the would-
be creators of sound -to -light units and
audio spectrum analysers. Despite this
progress however, the design of complex
active filters is still a bit of a chore, and still
requires the use of high precision resistors
and capacitors if calculated performance is
to be realised in practice.

If you have avoided being ambitious with
active filters up to now, you may soon be
converted by a new device from National
coded MF10, a switched -capacitor active
filter which completely dispenses with the
need for any external capacitors. The MF10
is a CMOS device in a 20 pin skinny-d.i.p.
package and it actually contains two
second order filter stages each of which can
provide allpass, lowpass, highpass,
bandpass and notch functions with a Q
value of up to 500 for centre frequencies of
up to 20kHz.

The secret of the MF10 lies in the use of
internal switching circuitry to control the
charge and discharge of integrator circuits
which use on -chip storage capacitors. The
switching process is controlled by an exter-
nal TTL or CMOS clock generator and the
filter operating frequency is decided
primarily by the frequency of this clock. The
only external components required (apart
from the clock, which can control any num-
ber of MF10s) are a few resistors to set the
gain, Q factor, and the precise frequency of
operation.. The clock frequency can be set
at either 50 or 100 times the desired
operating frequency by a single pin section
and tuning can be accomplished by varying
the clock frequency or by resistor trimming.
The M F10 is designed to work on plus and
minus 5V supplies, but can be run from a
single 10V rail if required. The price is low,
its easy to use and it is available, so now all
we need is an article by a National engineer
to give us some help with the sums!

QUICK FLASH
Analogue to Digital converters such as

the one in your trusty digital multimeter
carry out a single conversion in about 40ms
which is O.K. for slowly changing signals
but no use at all if you want to digitise
video or even audio signals. Perhaps you
don't want to digitise such signals at the
moment, but we are being told that the
future is digital, that eventually all hi fi and
video systems will use binary words rather
than analogue voltages between their input
and output terminals to facilitate fancy
signal or image processing using a

microprocessor, and so we must keep up to
date!

The latest offering from RCA is a 6 bit A
to D converter which can carry out a
conversion in only 66 nanoseconds, fast
enough to keep up with a 7MHz video
signal! As if that wasn't news enough, the
RCA CA 3300D is actually made using low
power CMOS technology rather than the
to -be -expected bipolar process.

The secret lies in the adoption of the
Silicon On Sapphire (SOS) CMOS process
and in the use of a parallel or "flash" con-
version scheme with no less than 64
separate voltage comparators on the chip.
Each comparator has a different reference
voltage derived from an on -chip resistor
chain, and the 64 comparator outputs are
encoded using high speed logic to yield a
binary equivalent.

Some readers may remember my PE
DIGI-SCOPE design which used a matrix of
80 I.e.d.s to form an oscilloscope display.
The input circuitry in that design used a

coo
R.W. Coles

string of comparators in a similar fashion to
the CA 3300, but with only the equivalent
of 3 bits of precision. If I was going to im-
prove on DIGI-SCOPE I would certainly use
one of these new RCA devices with a
bigger display matrix to get not only more
definition but also an improved bandwidth.

The CA 3300D comes in an 18 pin
ceramic package and will run from a single
5 to 8 volt supply.

MICROWATT MICRO
I normally try to cover devices which are,

at least potentially, useful for hobby pro-
jects. This item breaks that rule but is in-
teresting nevertheless because it hints at
the goodies we will be able to obtain in the
shops before too long.

I refer to the ITT SA6000 microprocessor
which is a CMOS single -chip device of
diminutive proportions able to run from a
3V battery supply. From now on, any hous-
ing from the size of a wrist watch upwards,
capable of accommodating a single lithium
button cell, can have its very own dedicated
microprocessor. The 4 bit SA6000 has
2.268K bytes of masked ROM, 96 nibbles
of RAM and no less than 51 I/O lines. The
standard clock frequency is 32.768kHz
and the I/O pins can directly drive an 8 digit
liquid crystal display, so the most obvious
use for the SA6000 is in upmarket digital
watches with lots of fancy extras such as
calculators or bio-rhythm options.

Nothing new so far perhaps, watches like
this are already available, but remember
that the SA6000 is a true microprocessor
so it can be programmed to do just about
anything, unlike most existing watch chips.
How about a heat monitor, or a cheque ac-
count balancer, or a miniature multimeter,
or a space invaders game? All are possible
with the SA6000. You don't need to keep
changing the battery either since the ITT
chip sips only 45 microamps from a 3V
supply when active and only 15 microamps
when idle. If you want to buy 100,000 of
them, they'll set you back about £2.50
each!

AVAILABILITY
Devices featured in Semiconductor Up-

date should, under normal circumstances,
be available from good component
retailers, but bear in mind that retailers will
often not receive stocks of a device until
some time after it has been featured in 'Up-
date. However, when a high demand from
hobbyists is not anticipated, you may need
either to contact the manufacturer or a
specialist distributor.
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A choice of three alarm systems, all
based on a single p.c.b. design:
Infra -red heat sensor; Radar Doppler
Shift (operating at 10.687 GHz); and
Ultrasonic Doppler Shift (operating
at 32-7 kHz)

Radar "%

100W of hi-fi power from a self-contained
indestructible MOSF ET drive amp with twin/mix

preamps-and at half the usual cost!

AMPLIFIER...
MICRO PROFESSOR REVIEW

ELECTRONICS
OUR AUGUST ISSUE WILL BE ON SALE FRIDAY, JULY 9th
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THE Audio Tester is a versatile multi -function test set in-
tended primarily for the audio and hi-fi enthusiast, but

which is suitable for a wider range of applications outside
the audio field. The instrument combines a signal generator,
analogue frequency meter, electronic a.c. voltmeter, and
dummy loads in one lightweight portable unit which is
capable of operating from either a.c. or d.c. supplies.

In addition to general fault finding, it can be used for per-
formance checks; measurements of gain, frequency
response and power output. It thus provides many of the
facilities of the wide range of test equipment normally re-
quired in an audio workshop, but at a small fraction of the
cost. The Audio Tester features single-p.c.b. construction,
uses readily available components, and is suitable for the
relatively experienced constructor.

The signal generator provides sine and square wave out-
puts from 10Hz to 100kHz in four decade ranges. The out-
put impedance is constant on all ranges and the maximum
output is 2V pk-pk on both sine and square wave. Switched
and continuously variable output attenuators are provided
and amplitudes are identical for both waveshapes at all at-
tenuator settings. Signal frequency and amplitude may be
displayed using internal measuring facilities thus avoiding
the need for the usual calibrated scales. Where a higher level
of output is required, as would for example be the case when
testing loudspeakers, use can be made of the internal
monitor amplifier. This produces an output of up to 1W into
an 8 ohm load. The minimum recommended load impedance
is 3 ohm. The frequency response of the monitor amplifier is
limited to 60Hz to 30kHz however this is adequate for most
audio purposes. The monitor amplifier may also be used for
signal tracing either in conjunction with headphones or with
an external loudspeaker. It may also be used to provide
monitoring facilities for either outgoing or incoming signals.

This latter facility, in conjunction with either the a.c. volt
meter or frequency meter, allows the user to listen to the
signal which is being measured. This function is extremely
useful when investigating signals which may be corrupted by
hum or noise thus helping to avoid misleading and inac-
curate measurements.

The a.c. voltmeter provides six ranges from 1V to 300V
full-scale. The calibration may be in terms of root mean
square or peak -peak sine -wave. Since the incoming signal is
a.c. coupled to the voltmeter, indications are correct in the
presence of a d.c. level. The frequency response of the a.c.
voltmeter is 1 Hz to 100kHz and therefore it more than ade-
quately covers the full audio spectrum. When power
measurements are required they can be carried out by
reading the r.m.s. voltage developed across either an exter-
nal load (usually a loudspeaker) or by making use of the
loads fitted internally. These loads can be configured for 4
ohm 60W, 8 ohm 30W, or 16 ohm 60W. Twin 8 ohm 30W
loads are provided where it may be necessary to terminate
both channels of a stereo amplifier during testing. The fre-
quency meter is a linear scale analogue device covering the
range 10Hz to 100kHz in four decades. It requires a

minimum input level of 30mV r.m.s. for reliable operation
and, as with the a.c. voltmeter, may be used to display either
an incoming or an outgoing signal (from the signal
generator). The Audio Tester derives its power from either
240V a.c. mains or an external 12V d.c. supply.

A simplified block schematic of the Audio Tester is shown
in Fig. 1. The input of the instrument is essentially common
to the frequency meter, a.c. voltmeter and monitor amplifier
sections. A separate input is provided for the dummy load
section. The two inputs ('general' and dummy load) may be
linked together externally for certain applications (e.g., when
making output power measurements). The signal generator
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section has a separate output which may also be routed to
the frequency meter, a.c. voltmeter and monitor amplifier
sections. Note that, for the sake of simplicity, all function
switching has been omitted from Fig. 1. A power supply with
a.c. or d.c. inputs is common to all sections with the excep-
tion of the dummy load.

The signal generator section is shown in block schematic
form in Fig. 2. A low distortion sine -wave oscillator is used
as the basic signal source. Its output is taken first to a sine -
square wave converter and then to a passive attenuator. A
low power output stage follows the attenuator in order to
provide a high degree of isolation of the output and to
minimise the effects of loading on the attenuator. The fre-
quency meter is shown in block schematic form in Fig. 3.
The input is taken via a high gain amplifier to a limiter stage.
The effect of these two stages combined is to severely clip
the incoming signal. The output waveform is thus rec-
tangular in shape and of constant amplitude. This action is
essential in order to remove any amplitude variations from
the input signal. The following stage is a conventional
charge -pump which provides a current output directly
proportional to the frequency of the input.

OUTPUT 0

INPUT

LINK IF
REQUIRED

FREQUENCY
METER

VOLTMETER H

INPUT 0-0.-
IEA3101

MONITOR
AMPLIFIER

DUMMY
LOAD

SIGNAL
GENERATOR

POWER
SUPPLY

D.C. INPUT

A.G. INPUT

Fig. 1. Block schematic of the Audio Tester

The a.c. voltmeter is shown in block schematic form in
Fig. 4. The input is taken directly to an attenuator so that in-
put signals of widely differing amplitude are reduced to a
common relatively low level output before subsequent am-
plification. The attenuator is followed by a high impedance
buffer stage in order to minimise loading and to maintain a
high degree of accuracy. The input stage is followed by a
wide -band amplifier which incorporates a low-level low im-
pedance output for driving the monitor amplifier and fre-
quency meter sections. The high-level output of the wide -
band amplifier is taken to a rectifier and meter. Heavy
negative feedback is incorporated in order to ensure a wide
bandwidth and a high degree of linearity. Note that since the
meter display is common to both the frequency meter and
a.c. voltmeter sections it is not possible to use both of these
functions simultaneously. The signal generator, monitor am-
plifier, and load sections are, however, entirely independent
functions. They may all be used simultaneously with either
the a.c. voltmeter or the frequency meter sections.

CIRCUIT DESCRIPTION
The input attenuator is formed by R1 to R6 in conjunction

with S2. C1 removes any d.c. level present on the input
signal. A junction gate f.e.t., TR 1, is used in a source follower

SINE -WAVE
OSCILLATOR

IEA3631

ru
.11011.-

SINE TO SQUARE
CONVERTER

ATTENUATOR
LOW

OUTPUT'OST'2E

OUTPUT

Fig. 2. Schematic of the signal generator section

configuration in order to ensure a very high input impedance
and to minimise the effects of loading on the input at-
tenuator. The arrangement of C2 and R7 helps to improve
the high frequency response of the stage however, since the
upper limit of the response is only required to extend as far
as 100kHz, there is little need for additional capacitive com-
pensation of the input attenuator which is normally con-
sidered essential in wide band test equipment such as os-
cilloscopes etc. Waveform calibration is determined by a
potential divider in the source of TR1. The input stage is

INPUT 0-0- AF:1GPHL I
GArENR LIMITER CHARGE -PUMP

lEA3641

Fig. 3. Schematic of the frequency meter section

METER

followed by a two stage d.c. coupled wide band amplifier
comprising TR2 and TR3 which are both connected in com-
mon emitter mode. A large amount of negative feedback is
incorporated in order to improve linearity and ensure ade-
quate frequency response. The overall voltage gain of the
stage is adjustable by means of VR4. Signal rectification is
provided by germanium diodes D1 and D2 whilst silicon
diodes D6 and D7 protect the meter against inadvertent
overload conditions.

INPUT
0-0.

OUTPUT
AMPLIFIER
FREQUENCY

METER

ATTENUATOR
HIGH IMPEDANCE

INPUT STAGE
WIDE- BAND

AMPLIFIER
RECTIFIER

TO MONITOR
AND

METERleA3651

Fig. 4. Schematic of the a.c. voltmeter section

A common emitter amplifier stage, TR4, forms the input
of the frequency meter section whilst TR5 acts as a limiter.
The latter stage operates without base bias with D3 and the
base -emitter junction of TR5 forming a simple aperture
limiter. The square wave output at the collector of TR5 is
capacitively coupled to the rectifier arrangement formed by
D4 and D5. Frequency calibration is carried out by means of
VR5. The signal generator section uses a Wien bridge con-
figuration with a three -stage d.c. coupled amplifier formed
by TR6, TR7, and TR8. VR6 and VR7 set both the loop gain
and operating conditions for the amplifier whereas TH1,
connected in the a.c. feedback path, provides amplitude
stabilisation of the output. The sine to square wave conver-
ter is formed by a conventional Schmitt trigger comprising
TR9 and TR 10. The square wave output is taken from the
collector of TRIO with VR10 providing amplitude calibra-
tion. Sine wave amplitude adjustment is provided by VR8,
and VR9 is used to adjust the symmetry of the square wave
output. S6 and VR2 provide attenuation whilst TR11, a
Darlington emitter follower stage, operates as a low power
output stage. The monitor amplifier employs a conventional
arrangement using an LM380 i.c. and the mains supply is
provided by T1 in conjunction with a bridge rectifier and an
i.c. voltage regulator, IC2.
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Fig. 6. Etching detail for board

CONSTRUCTION
The majority of the components are assembled on a single

sided p.c.b. measuring approximately 145 x 170mm. The
copper foil layout is shown in Fig. 6 whilst the corresponding
component overlay is shown in Fig. 7. Care should be taken
to ensure the correct location of the components
particularly the semiconductors. The use of a d.i.l. socket for
ICI is not recommended since direct soldering to the p.c.b.
common foil can significantly increase the power dissipation
of this device. The mains transformer is a p.c. mounting
component and requires no fixing other than soldering to the
p.c.b. High power load resistors, R37 to R40, must be
spaced above the p.c.b. by means of ceramic insulators fitted
to each connecting lead. This is instrumental in allowing air
to circulate around the body of the resistors which can be
expected to run quite warm when dissipating power levels in
excess of 10W for long periods.

It is recommended that components be assembled in the
following order: terminal pins, link, resistors, capacitors,
diodes, transistors, i.c.s, bridge rectifier, mains transformer,
thermistor. Care should be taken when handling and solder-
ing the latter device as its resistive element and glass en-
velope are both fragile. The thermistor should be carefully

mounted in a vertical position above the p.c.b. and may, if
desired, be secured by means of a drop or two of epoxy
adhesive applied at its base. When complete both sides
should be carefully examined. The top should be checked for
correct component placement and polarity (particularly im-
portant in the case of active devices and electrolytic
capacitors) whilst foil side should be checked for dry joints
and solder bridges between tracks. Double check the p.c.b.
at this stage since its subsequent removal is not an easy
task!

Once checked, the p.c.b. should be mounted in the base of
the instrument case using four stand-off pillars. The controls,
sockets and the remainder of the components are mounted
on the front and rear panels of the instrument, the wiring
diagrams for which are shown next month in Figs. 8 and 9.
Note that the outer metal casing of S2 and S6 are employed
as a common connection for R6 and R30 respectively. Note
also that R1 to R5 inclusive and R30 each consist of two
resistors connected in series. Once the front and rear panels
have been assembled and wired they should similarly be
carefully checked before fitting in place and wiring to the
p.c.b. A final check is again recommended paying particular
attention to the a.c. mains and +12V supply wiring to S8.
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Signal Generator Frequency range

Output impedance
Output voltage
Square wave rise
time
Sine wave
distortion

Monitor Amplifier Voltage gain
Output power

A.C. Voltmeter

Table 1 Audio Tester Specifications
10Hz to 100kHz in Dummy Load Impedance
four decades
20 ohm typical
2V pk-pk max.
Less than 4Ons

less than 0.5% at
I kHz
50 max.
1W max. into
8 ohm at I kHz

Min. load 3 ohm
Frequency response 60Hz to 30kHz
Input impedance 1 Mohm
Voltage ranges 1V, 3V, 10V, 30V,

100V, 300V
Calibration r.m.s. or peak -peak

(sine wave)
Accuracy Better than 5% of

full scale
Frequency response 1Hz to 100kHz
Input impedance 1 Mohm
Max. d.c. input 400V

Power rating

Accuracy
Frequency Meter Frequency ranges

General

Input impedance
Accuracy

Minimum input
voltage
Power
requirements

Dimensions

4 ohm, 8 ohm or
16 ohm
4 ohm 60W max.,
8 ohm 2 x3OW
max. 16 ohm 60W
max.
10%
10Hz to 100kHz in
four decades
1 Mohm
Better than 5% of
full scale
30mV r.m.s. (sine
wave)
240V a.c. 50Hz
mains 10W max.
12V d.c. (nominal)
at 350mA max.
Width 216mm,
depth 235mm,
height 94mm

COMPONENTS . . .

Resistors
R1

R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38

Switches
Si 4P 4W rotary
S2 2P 6W rotary (1 pole only used)
S3 SPDT min. toggle

Capacitors
660k (2 x 330k) 1%0.4W
240k (2 x 120k) 1%0.4W
66k (2x33k) 1%0.4W
24k (2x 12k) 1%0-4W
6.6k (2 x3.3k) 1%0.4W
3-3k 1%0.4W
1M
1 8k
1k
22k
100k
1k
2-2k
22k
100k
330
2.2k
10k
2.2k
470
470
22k
2.2k
4.7k
2.2k
100
330
1.8k 1% 0.4W
180 1% 0-4W
20 (2 x10) 1%0.4W
220k
100k
470
10k
100k
10 5% 0.5W
3.3 10% 17W
4.7 10% 17W

Cl
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38

470n 400V polyester
47p polystyrene
24 16V tantalum
33p polystyrene
220µ 16V p.c. electrolytic
100µ 25V axial electrolytic
100µ 25V axial electrolytic
24 16V tantalum
24 16V tantalum
24 16V tantalum
100n polyester
10n polyester
ln polyester
100p silver mica
4-7µ 50V axial electrolytic
2-4 63V axial electrolytic
220n polyester
22n polyester
1n polystyrene
1n polystyrene
2-4 63V axial electrolytic
220n polyester
22n polyester
1 n polystyrene
1n polystyrene
220µ 16V p.c. electrolytic
104 25V axial electrolytic
1n ceramic Semiconductors
150µ 16V axial electrolytic
224 16V tantalum
220µ 16V p.c. electrolytic
100n polyester
470µ16V p.c. electrolytic
22µ 16V tantalum
220µ 16V p.c. electrolytic
100n polyester
100n polyester
2200µ 25V axial electrolytic Miscellaneous

S4 3P 4W rotary
S5 DPDT min. toggle
S6 4P 3W rotary (1 pole only used)
S7 SPDT min. toggle
S8 DPST switch ganged with VR2
S9 SPDT (or DPDT) slide switch

Potentiometers
VR I
VR2
VR3
VR4
VR5
VR6
VR7
VR8
VR9
VR10

Sockets
SK 1

SK2
SK3
SK4
SK5
SK6
SK7
SK8
SK9
SK10
SKI 1
SK12

D1 0A47
D2 0A47
D3 1N4148
D4 0A47
D5 0A47
D6 1N4148
D7 1N4148
RECI1A bridge

10k log. dual potentiometer
100k lin. potentiometer with DPST switch
100k log. potentiometer
4-7k min. horizontal skeleton preset
4.7k min. horizontal skeleton preset
2200 min. horizontal skeleton preset
22k min. horizontal skeleton preset
1k min. horizontal skeleton preset
4.7k min. horizontal skeleton preset
2.2k min. horizontal skeleton preset

4mm socket-Red
4mm socket-Black
4mm socket-Blue
4mm socket-Black
4mm socket-Red
4mm socket-Black
3 -pole miniature mains chassis socket
4mm terminal-VI" ite
4mm terminal-Block
4mm terminal --White
4mm terminal-Black
2 -pole *in. jack socket with 'closed' contacts

TR1 2N3819
TR2 BC548
TR3 BC548
TR4 2N3904
TR5 2N3904
TR6 2N3819
TR7 BC558
TR8 TIS151

TR9 2N3904
TR102N3904
TRI 1 TIS151

IC1 LM380N
IC2 7812

R39 3.3 10% 17W All polyester capacitors are TH 1 RA53 thermistor, ME1 100µA meter scaled
R40 4.7 10% 17W 250V series unless otherwise stated and '0-10', T1 Mains transformer PC mounting
Unless otherwise stated all fixed resistors are 2 x 6V secondaries, Ceramic stand-off pillars (8
INN carbon 5%. Instrument case, Terminal pins.

'0-3'
with
off),
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Fig. 7. Component overlay for p.c.b

SK 7

s 1.6
TR1 g 0 TR7

d 12.2

( e 12.2
b 11.4
c 7.6

Table 2 D.c. Test Voltages
1 6.3

IC2 2 to 7 0
8 5.9
9 to 13 0
14 12.2( e 0.5

TR2 .i bc

2.2 c

1.2 TR8
e 64
b 7.6

12.2 Voltages measured with controls set as follows: -
S1 (function) 'Frequency -output'

c e
1-6 ( e 2.5 (square) 0 (sine) S2 (voltage range) '1\/'

TR3 2-2 TR9 bc 2.6 (square) 0 (sine) S3 (voltage cal.) 'r.m.s.'
c 8.6 3.1 (square) 0 (sine) S4 (frequency range) '100Hz-1kHz'

S5 (waveform) 'sine' or 'square'
`e 1-3 ( e 2.5 (square) 0 (sine) 56 (output level) '2V'

TR4 b 1-4 TR 10
( c 2.8

.' b 2.9 (square) 0 (sine) S7 (monitor) 'output'
6.9 (square) 0 (sine) S8 (on/off) 'on'

S9 (power source) 'a.c.'

( Z
0 ( e 7.0 VR1 (frequency) adjusted for reading of lkHz on meter

TR5
'1 c 2.9

0.3 TR11 .) b 8.1
1c 12.2

VR2 (output level) adjusted to maximum -fully clockwise
VR3 (monitor volume) adjusted to minimum -fully anti-
clockwise

( s 2.1 ( input 17-2
TR6 0 IC1 common

d 11-4 output
0

12.2 Next Month: more assembly details
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1

DIEING a music teacher by profession, the author is often
asked to "tune up" guitars, clarinets, etc., and in an effort

to make life as easy as possible, it was decided to try and
design something that would save time and trouble. Several
ideas were experimented with e.g. selecting different resistor
values to affect the frequency of a normal CMOS astable cir-
cuit, but this was not very satisfactory for many reasons, in-
cluding the difficulty in tuning up each preset, the limitations
of switching, and the number of presets needed.

Eventually the idea of using a top octave generator IC
evolved. It is an IC developed primarily for electronic organs,
and requires a frequency of 2.0024MHz at its input. It will
then provide 13 equally tempered notes i.e. corresponding
to a piano semitone scale tuned "normally" (in inverted
commas because until the time of J. S. Bach keyboards were
not tuned equally, and sound out of tune to our modern
ears).

Experiments were then carried out to see whether a
crystal oscillator was needed for absolute accuracy, or
whether a CMOS astable with a variable RC network would
suffice. The latter proved satisfactory, and the project
described quickly developed from this point. It uses only
twelve components and two switches, apart from the power
supply, and has proved to be an invaluable piece of equip-
ment for the aspiring musician.

HOW IT WORKS
In Fig. 1 IC1c and d comprise an astable multivibrator

whose frequency is dependent upon C2, R 1, and VR1; VR 1
thus provides tuning of the output to the desired frequency.
This output clocks IC2, a 5024, which divides it internally
into 13 equally tuned notes. Because 12 way switches are
common, only twelve of these outputs are used. The selec-
ted output is connected via S2 to the input of IC3, a ripple
binary counter 4024. Five outputs are selected (2', 22, 23,
2', 25) via S1a and fed into IC4, an LM386 audio amplifier,

,Wekhein Jek

ER
which has its input controlled by VR2, and its output con-
nected to the loudspeaker. The power supply simply consists
of a centre tapped transformer, two diodes, and a smoothing
capacitor.

COMPONENTS ...
Resistors

R1 2k2 ,m ,
R2 6k8
VR1
VR2

Capacitors
Cl
C2
C3
C4

10k 1 Miniature horizontal presets

10004 16V elect.
47p polystyrene
10µ16V elect.
470p 16V elect.

Semiconductors
IC1 4011 or 4001
IC2 5024 (or Tandy 550240)
IC3 4024
IC4 LM386
01-D4 1A 50V bridge rectifier

Miscellaneous
LS1
T1

8S/ miniature loudspeaker
12V or 6-0-6V 100mA miniature mains
transformer

Si Two pole 6 way switch
S2 Single pole 12 way switch
LP1 Mains neon indicator
FS1 p.c.b. fuse holder and fuse (250mA)
Vero case 1 50 x 85 x 60mm approx., knobs,
grommet, p.c.b., wire, fixings, etc.
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4
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111111.

8 -- 52

'-""s 52

14

Fig. 1. Circuit diagram of the Instrument Tuner

CONSTRUCTION
There should be no problem with construction. P.c.b.

designs are shown in Figs. 2 and 3. Ensure that the IC's and
capacitor are inserted the right way round. A 13 way ribbon
cable is used to connect the 12 outputs and the wiper to S2.
As stated earlier, five divisions from IC3 are used, and 6 way
ribbon cable connects these and the wiper to Si a, a two
pole six way switch. The second pole of S1 incorporates the
on/off switch (S 1 b), position "one" being off. Figs. 4 and 5
should make the interwiring easier to understand.

Mount the diodes and capacitor the correct way round
for the power supply, and connect the wires from the
transformer's secondary winding. Connect the mains, with
the live going via a fuse, to the primary winding. After a
check has been made of all the connections switch on and
adjust VR2 to give a pleasing volume, and VR1 to tune the
unit, either by comparing with a correctly tuned instrument,

IC3
4024

31'1!)
9

6
SIC

OV

VR2
5k

3

R2 C3
6kB 100

-11111111

IC4
LM386

[1-

6

C4
470Nq t.

L51
an

11E1

8
.... EG894cz amoN)

11:11

ago 410 41:: I
hC1 OmmEE1

agigar.M
Gn
EMomeINMOGip

0

inED
011631

6:111))
IrmjC77 Ommi .Jj

PCBl

I E5395 j

0

TO 52

1 1 110 9 8 WIPER

3 2 6 4 5 WIPER

TO 51a

Fig. 2. Main p.c.b. (PCB2) design and layout

VR2

Y

C4

L51
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Construction of the prototype unit

or with a frequency meter. Altering the positions of S1 and
S2 should change the octave and pitch of the note.

A Vero style case was used with the front panel being
drilled to accept the neon and switch with the speaker glued
to the top panel. Mount the p.c.b. and transformer into the
case, and run the mains lead through the back panel, using a
grommet to protect the sheathing.

00
Fig. 3. Design and layout of PCB1

N E

51b

e PCB 2

1C3

1E611961

TO VR2 TO +VE ON PCB1

NC

Fig. 4. Wiring of S1

1C2

TO +VE ON PCB 2

PIN PIN P N PIN PIN PIN PIN PIN PIN PIN PIN PIN
14 13 12 11 10 9 8 7 6 5 4 16

4,10

I

S2 46
O WIPER

0 k 3

-3P -IN 1 2.#

Fig. 5. Wiring of S2

USE
This project has made life considerably easier for the

author, because tuning can be done quickly, with very little
fuss. Constructors may question the wisdom of using a
mains power supply rather than batteries, which would ob-
viously make the unit more portable. This is because the
CMOS astable is voltage dependent and therefore no
guarantee can be made for the instrument's stability and
accuracy if a battery is used. Secondly the power supply
requirement for the 5024 is between 11 and 16 volts and
therefore a 12 volt battery would have been needed. The
author has found no situation in the months this project has
been in use, where there was no mains socket available, and
the knowledge that the instrument would be reliable, with
no batteries to run down, made the provision of a mains
power supply a much more attractive proposition.

B c Db

A Eh
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COLUMBIA FLIES AGAIN
The third mission of the shuttle Columbia

was somewhat different from the first two.
During the first missions the astronauts used
predicted performance characteristics rather
than directly observed conditions. The two
astronauts, Col. Jack R. Lousma and Col. C.
Gordon Fullerton were specially instructed
to observe the direction indicators and insure
that the pitch error remained within 1.5
degrees of the centre reference datum. In the
previous missions errors up to -5 degrees was
observed. These were in reference to the
predicted conditions. The new methods were
based on the data gathered from the previous
error conditions with known and assessed
parameters which took the whole of past per-
formance into account. Other new charac-
teristics were also added for the third mission.

The lift-off of the third mission took place
on the 22 March. Immediately the vehicle's
solid rocket boosters started to maintain
engine nozzle positions which were based on
the assessments of the two previous missions.
The 180 degree roll was completed at a height
of 5,500ft. in scattered cloud. Thirty seconds
later the Columbia began to make a flight path
angle designed to reduce the acceleration
loading. This steering was maintained for 1

minute and 18 seconds at which time the
height was 60,000ft. at Mach 3. The vehicle
reached a speed of 460kt. at 1 minute 25
seconds. This was less than the predicted
speed of 466kt. at which the dynamic peaks
had occurred on previous flights. Certain
other changes were noted and these were par-
tly due to the steeper trajectory during the as-
cent, main engine cut-off at lower altitude and
the heavier flight mass of the vehicle.

The changes were observed in the vehicle's
condition at 2 minutes 6 seconds into the
flight. Here the separation of the boosters was
made with the velocity of the vehicle a little
faster than on the previous missions and at
3,000ft. lower. The weight was in excess of
mission 2 by some 4,5181b. at 4,478,7871b.
This incidentally was 17,000lb. greater than
the first mission. During the ascent some tiles
were damaged at the nose, this was probably
due to ice from the external tank. Lousma

radioed that he had seen "quite a blizzard" at
it time of 3 minutes into the flight.

There was some uneasiness because of
overheating engines, however at 7 minutes 30
seconds, into the flight it was suggested that
the Auxiliary Power Unit 3 should be shut
idown. This was done at 8 minutes 30 seconds
:when the velocity was 25,860ft./second and
;the altitude 57 naut. miles. So 10 minutes 33
seconds after launch the Columbia was in or-
bit and after a further burn of 1 minute 27
second's, to give an additional 153ft./second
elocity, the final position in initial orbit was
130 naut. miles apogee and 46 naut. miles
perigee.

/SPECIAL TASK
One of the special tasks during the mission

was the deployment of the remote manipulator
arm. The manipulator arm was the Canadian
contribution to the mission. It was put to its
task of lifting out the "plasma diagnostics
package" from the payload bay while over the
Indian Ocean. The tests were carried out in
the sequence of manipulations required. The
intention had been to lift out the much heavier
"induced environment contamination
monitor" for manipulation. This, unfor-
tunately had to be abandoned because of the
failure of the camera at the wrist of the arm.

The replacement of the plasma package
was carried out successfully though there had
been some misgivings about the operation.
Despite the failure to secure some of the data
relating to the dynamics of the manipulator,
the observational data gave every confidence.
The elbow camera was able to secure colour
pictures of the Earth and the orbiter itself.
Fullerton was quite happy about the situation
and told astronaut Sally K. Ride (who will be
one of the team on mission number 7 and the
first woman astronaut from America) the
communicator for this mission, "I am very im-
pressed with this piece of mechanism". He
also confirmed that the actual performance
was very close to that at simulation.

ASTRONAUT COMFORT
It has been established that there are some

difficulties with respect to the comfort of the
astronauts. Fatigue due to the work load, in
particular that involved with the testing of the
manipulator, led to changes in the programme.
The schedule was hampered by the nausea af-
fecting Lousma soon after moving the vehicle
into the zero -g conditions in an orbit of 130.7
x 131 naut. miles. This was accomplished
within 0.3 naut. miles of the nominal path
round the Earth.

The condition of Lousma resulted in his
abandonment of solid food in favour of a li-
quid diet. Lousma has a medical history of dif-
ficulty in that he suffered in a similar way
when he piloted the Skylab mission in 1973. In
the present mission both Lousma and Fuller-
ton had taken Scopolomine/dexedrine to deal
with the nausea problem. It did not seem to
help Lousma.

ELECTRON BEAM GENERATOR
The Electron Beam Generator was directed

at four orbiting satellites during the Shuttle
mission. The manipulator was deployed to
detect the phenomenon caused by the passage
of the orbiter through space. The investigators

responsible for the vehicle charging and poten-
tial experiment had an additional objective for
the system which was the creation of
radiowaves with the electron beam. The beam
was fired from the payload bay and was
photographed by the crew. The four satellites
chosen for the experiment were the NASA
Dynamic Explorer 1, the International Sun
Earth Explorer 1 and two Canadian Research
Council craft Isis 1 and 2. The object was to
determine whether these satellites could ac-
quire the radio waves with their sensitive
receivers.

It is thought that a new dimension of
research and application is available here. In
addition to the spacecraft, as receivers of the
energy, stations over the Americas and New
Zealand were participating in the experiments.
Initial results have been satisfactory and much
as predicted. The crew of the shuttle observed
the beam using infra -red TV cameras.

Bright illumination was observed which
outshone the beam itself and it is suggested
that this may have been due to a diffuse
plasma discharge. The Plasma Diagnostic
package aboard the shuttle found that the
beam produces strong low frequency waves
between 100Hz and 10kHz. There were some
very interesting findings during the Plasma
package experiments. The package sensed
electronics going up as well as down the beam.
It was expected that the concentration of the
electrons would be directly in the path of the
beam. In fact they proved to be more of less
uniform across the whole 20 feet spread of the
beam. Interaction was observed between the
beam and the space plasma. Also there were
high plasma pressures observed before enter-
ing the beam but as soon as the package en-
tered the beam the pressure dropped very
sharply in the electron cloud.

It will be possible to use some of the results
of these experiments in the investigation of fu-
sion and the study of planetary and solar in-
teractions. Such conditions were found in the
case of Jupiter and its Moon lo causing bursts
of radio waves. It is also possible to consider
the idea of using tethered satellites to produce
electrical power for use on board the Orbiters.
This would be a useful way of supplying
power to the Orbiter. By firing an electron gun
at the end of a trailing wire some of the elec-
trons could be sucked up by the tethered
satellite and a considerable amount of power
could be generated. One very interesting ex-
perience was that during the time that the
beam was operating the whole bay was bathed
in a glow. The next Orbiter mission is to be at
the end of June this year.

SOLAR FLARES
Several observations were made of solar

flares and one was specially made at the re-
quest of other departments who detected the
possibility of flares from the weather
spacecraft. The X-ray polarimeter had been
shut down in preparation for the return of the
shuttle but was reactivated to obtain data
from the flare. The versatility of the crew and
the coordination of the ground stations in-
dicates that the system can be a powerful tool
for investigations.

Frank W Hyde
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Part Two A.R.Bradford
IN this part more of the circuitry will be described together

with assembly details of the main board and power am-
plifier.

VOLTAGE CONTROLLED OSCILLATORS
The VCOs are built around a fairly standard triangle/square
oscillator, configured for voltage control.

Consider VC01: assume IC14b is open, then a positive
control voltage applied to the input network (R70 to R73)
will cause integrator IC11 to ramp negatively until it reaches
the negative threshold of Schmitt trigger IC5d. The Schmitt
then switches hard positive, turning on IC14b and removing
control voltage from the inverting input of IC11. The input
voltage is still connected to the non -inverting input however,
so the integrator now ramps positively until the Schmitt flips
negative again, and so on. IC5d need not be a high im-
pedance type, yet it so happens that the chip used for the
VCO Schmitt triggers and for the sample and hold circuits
has a high slew rate of 13V4isec. Using a 741 in this
application results in the VCO going alarmingly flat at high
frequencies!

Comparator IC12 compares the triangle waveform with a
reference voltage set by VR 14, in order to generate a square
wave; varying VR 14 changes the duty cycle, or mark/space
ratio of this square wave, which in turn varies the harmonic
content of the sound. In VC01 this may be done
automatically by applying a modulation voltage to R79 for
phasing effects. R77 attenuates the squarewave to the same
level as the other waveforms.

Generating a ramp or sawtooth from a triangle waveform
can be very complicated, but here a novel system is em-
ployed. The input control voltage is also fed via R76 to a
second integrator IC13, which ramps negatively until C17 is
discharged by a pulse from IC5d momentarily closing IC14c.
Thus a secondary or slave relaxation oscillator is formed,
with its frequency permanently phase locked to that of the
triangle/square master oscillator. In this way reset time
problems are eliminated-only the amplitude of the ramp
waveform changes with frequency, and in practice this
change is so slight as to be unnoticeable (unlike slight
changes in pitch !)

Nulling out the offset on integrator ICI 1 by means of
VR 13 enables the VCO to remain in tune with very low input
voltages, thus expanding the usable range of the VCO down
to less than 100Hz.

VCO2: IDENTICAL FUNCTION
VCO2 (IC1 5 etc) functions identically, except that in its LFO
mode it will oscillate down to about 0.3Hz, and possibly as
low as 0.1Hz. The lowest frequency may be obtained by
carefully selecting R82. In VCO2, the ramp integrator IC16
is biased by R95 and R96 so that its output waveform is
symmetrical about ground, and IC17 is added to provide a
sawtooth of opposite sense. VR16 attenuates the input

M.Sc.

voltage to VCO2 and so determines its frequency. Rotary
switch S21 selects the output waveform and VR20 controls
the level. With S6 in the LFO or RM positions, the output is
disconnected from the audio signal paths and the output
may be routed through any of S14 to S17. With S6 in the
VCO position, S21 b sends the ramp or square wave outputs
to the VCF, but the triangle is sent directly to the VCA. This
is done because a triangle contains very few harmonics and
thus sounds smooth-almost like a sinewave only more in-
teresting, and so is not filtered. Doing this leaves the VCF
free to filter the squarewaves from the sub octave
generators. The triangle output from VC01 is similarly fed
directly into the VCA via waveform select switch S3.

SUB OCTAVES
There would be no excuse for not including a circuit which is
so simple yet which has such a dramatic effect on the sound
potential of the synthesiser. IC22 is a dual J -K flip-flop wired
as two divide -by -two circuits and driven by the squarewave
from one or both VCOs. Thus it can be used to generate
either an octave below the frequency of VC01 and/or an oc-
tave below that (selected by S4), or an octave below each of
VC01 and VCO2 (selected by S5). The resulting
squarewaves are fed into the VCF.

As stated above, the VCO triangle outputs, when selected,
are fed directly into the VCA, leaving the filter free to smooth
out the tone of the sub octaves. In this way four -note chords
may be generated from a single key, giving rise to the
remarkably full sound of the Microsynth. Indeed, the variety
of waveforms which can be used and added, or multiplied
together is probably the strongest point of this instrument,
for example, it can create remarkably rich church organ type
sounds, particularly when reproduced through a good quality
amplifier and speaker.

VOLTAGE CONTROLLED FILTER
IC20 is a dual operational transconductance amplifier (OTA)
and is configured here as a state variable filter providing low
pass and band pass outputs. The operation can be un-
derstood by considering each half of IC20 as a non -inverting
integrator, the time constant of which depends on the con-
trol current flowing into the bias inputs of the OTAs (pins 1
and 16).

The control current is sourced by another exponential con-
verter, TR4, TR5 and IC19, in order that the filter should
track the VCOs. The "law" of this converter is not accurate
enough to drive VCOs, but is quite adequate for the VCF.
This is because slight changes in harmonic content of a
sound go undetected, whereas slight changes in pitch are
very noticeable. Again, TR4 and TR5 are glued together for
thermal stability.

The bandpass output from pin 8 of IC20 is fed back to the
signal input via VR23, producing a resonant peak in the
response of the filter. It is this resonant peak which produces
the characteristic synthesiser "Woo -Woo" sound, as it is
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Fig. 5. VCOs and sub octave generator

swept through the harmonics of a VCO waveform. It also
creates wind effects when the VCF is fed with white noise.

The frequency at which the VCF begins to cut off is set by
VR21, but this frequency is modified by the various modula-
tion inputs. In particular the envelope can be used to create
the "Woo -Woo" effect as keys are depressed, and moving

Ii

THUMBWHEEL
TO 012

516

ON

517

TO SAMPLE AND HOLD
IC4 PINIO

TO KBD
R141

TO VC01
679

TO VCF
R99

TO VCA
030

S10 to the "On" position enables the VCF to track the
keyboard voltage, to a degree set by VR22. In practice,
VR22 is adjusted so that using the band pass output and a
noise input, a tune can be played from the keyboard con-
sisting of filtered "whistles". The "Q" control VR23 must be
set at maximum for this.
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L TO FS1

EARTH
TAG

T1

E1.134b1

NOISE
There seemed little point is following the trend for using shift
registers with feedback to generate digital pseudo -random
noise, when an ordinary type reverse -biased transistor (TR8)
will generate real random noise at a fraction of the cost. TR6
and TR7 amplify this noise up to a usable level and VR24
controls the noise level fed to the VCF. Frequency analysis
revealed the noise spectrum to be of reasonably constant
amplitude at all audio frequencies.

VOLTAGE CONTROLLED AMPLIFIER
Another OTA IC21 is used in a circuit similar to the filter, ex-
cept that here there is no time constant involved, so that the
current flowing into the bias input simply modulates the am-
plitude of the input signals. Preset VR25 is adjusted to
minimise breakthrough of the control signal. TR9 buffers the
output, and VR26 is the master volume control for the synth.
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Fig. 7. (Left) printed cir-
cuit of power supply

Fig. 8. (Below) compo-
nent layout of PSU
board

POWER AMP OUTPUT
TO

STEREO JACK SOCKET

POWER AMP INPUT
TO

VR26 SLIDER

+Vs

Ov

THUMBWHEEL
This is simply an edge potentiometer located alongside the
keyboard. It allows the musician to impart greater expres-
sion to his playing in several ways, for example by sweeping
the VCOs" pitch to any degree up or down, preset by the
voltage from the sweep pot VR28. Dll and D12 again
provide a dead band at the centre of VR28 corresponding to
zero modulation. Alternatively the pitch of VCO2 relative to
VC01 could be bent in this way, or the roll off frequency of
the filter, for a manual "Waa-Waa" effect.

The thumbwheel may also be used to introduce LFO
modulation (or ring modulation) to a level preset by the
VCO2/LF0 level control VR20, routed into either the
keyboard or VCF via S13. The output of the Sample and
Hold is also routed via S12 and the Thumbwheel.

This is a feature normally found only on the more expen-
sive machines.
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POWER AMPLIFIER
IC23 is a monolithic amplifier providing nominally 2 watt
into 8 ohms, and will drive normal stereo headphones,
although a loudspeaker could also be driven. The output load
resistors (R145, R146) are duplicated so that if a

loudspeaker is connected using an ordinary mono jack plug,
the output will not be shorted.

POWER SUPPLY
There is nothing quite like a synthesiser for amplifying

tv
Trr tr,

.

&fit *Al,- 4.tvi
NE, at

.4042strip7,, I '  Ill  gal

*Alm '7';1111- '  al ".*

Fig. 9. Track layout and component overlay for the I

defects in a power supply, since inability to supply the re-
quisite current on demand results in alarming changes of
VCO pitch, not to mention oscillator breakthrough, clicks as
circuits change state, and so on.

To overcome these problems the circuit shown here em-
ploys two monolithic i.c. regulators (IC24 and IC25) driving
the bases of two power transistors (TR 1 0 and TR11). The
output voltage of the positive and negative rails is set
relative to OV by presets VR29 and VR30 respectively. Am-
ple smoothing is essential, in the form of C37 and C38. C35
and C36 reduce mains spikes which can cause spurious
triggering of the envelope shaper, and C41 and C42 are
there to reduce oscillator breakthrough on the power rails.

WARNING
Under no circumstances should the rails be set to greater
than ±9V. A total of 18V is as much as the CMOS chips can
take, which, for simplicity of design, are run directly across
the positive and negative rails. This setting up should be
done before any CMOS chips are inserted on the main
board.

4
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double sided main board. Here the board topside is coloured and the underside etching tinted

CIRCUIT BOARDS
Working from the top side of the main p.c.b., solder pins into
all the holes in the tracks on this side, then turn over the
board and solder the other ends of all these pins. Check to
make sure none have been missed. This completes the links
from one side of the board to the other.

Next assemble the board in the usual manner: wire links
and resistors first, followed by capacitors, presets, semicon-
ductors. Pins should be used for all the off -board connec-
tions. Low profile d.i.l. sockets should be used for the CMOS
i.c.s, and for preference, all the i.c.s. Solder the slide
switches in using the in. spacers. Finally mount the pots
and rotary switches from below the board, having first cut
the spindles to 1 in length, and solder the pot pins directly to
the pads on the p.c.b. The rotary switches are wired to the
appropriate pins on the board with short flying leads. Long
wire links are denoted by letters at each end, that is, connect
"L" to "L", "M" to "M", etc.

Thoroughly inspect the board for shorts, etc, then scrub
the underside and re -check. Double check all components
against the schedule.

Similarly construct the power supply p.c.b.

SETTING UP
First check the power supply, setting the outputs to ± 8V5
using VR29 and VR30. Connecting the power supply to the
main p.c.b., if there is any drastic departure from the nominal
supply voltages switch off at once and recheck the board for
shorts, incorrect (that is, too small) resistors, etc. If all is well,
retrim the power supply to exactly ±8V5 and proceed.

Start with all switches to the left except "Drift" which
should be "Off" (centre position). Set the range switch to 4',
Sweep and Envelope Level to mid -way, and the thumbwheel
fully towards the front. Attack, Noise Level, VCO2/LF0 level
and 0 should all be at minimum. Set Release one quarter up
and VCF frequency full up and connect the output to an am-
plifier, making sure the volume control on the back panel is
full up. Pressing any key should enable the triangle
waveform from VC01 to be heard. Shape controls should be
midway.
With the range control at 4', the octaves of the keyboard are
first tuned relatively, against pitch pipes, ear, DFM, guitar, or
whatever is available, using VR3.
Next Month: Setting up the synthesiser with test
programs.
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AUTOMATIC
SIGNAL

SWITCHING
Andrew Parr

EVERY good model railway has points and signals, and
ideally these should be linked so that a train cannot pass

a red signal onto a wrongly set point. With semaphore
signals there is little problem since the coils operating the
semaphore arm need a "passing" contact, in the same
manner as the point solenoids, and can simply be paralleled
with the point coils. Colour light signals are more difficult
however, as a permanent contact is needed to illuminate the
bulbs.

Point motors with integral switches are available, but
these are large, expensive, and need to be mounted under
the baseboard or hidden in a line -side hut. The technique
outlined below was developed for the slimmer and cheaper
point motors which clip directly onto several manufacturers'
points. The cost of the circuit plus point motor is less than
the larger motor with integral switch, and allows the inclu-
sion of other facilities as described later.

CIRCUIT DESCRIPTION
A typical point motor consists of two solenoids, as shown

in Fig. 1 a. These are pulsed by either a.c. from a flash con-
tact switch, or a d.c. pulse from a Capacitor Discharge unit
similar to that described in Practical Wireless August 1978.
A common arrangement (used by the author) is to wire all
the solenoids back to studs on a mimic panel as shown on
Fig. 1 b, and do the switching with a wandering pencil. This is
considerably cheaper than providing a bank of passing con-
tact switches.

The signalling unit is built on the extremely simple circuit
block of Fig. 2. It utilises one half of a 7400 to construct a
simple memory IC1 a, ICI b. The circuit has two inputs, A and
B, which connect direct to the coils of the solenoid. (If a
mimic diagram and studs are used, the circuit can sit behind
the mimic diagram, and the inputs can be connected to the
studs.) When a coil is fired, the corresponding transistor
turns on, taking its connection to IC1 to OV. This sets, or
resets the memory, indicating which input was fired last. QA
is thus at '1' if input A was fired last, and QB is at '1' if input
B was fired last. Diodes D1 and D2 protect TR1 and TR2
against the incredibly nasty spikes occurring on the
solenoids when they de -energise.

A simple application is shown in Fig. 3a, where we have
one point, connecting a siding to a main line. With the feed
as shown, and the two sections X and Y formed by track
breaks, most points will feed track power to the selected
route, and trains will stop as they reach the break on the
non -selected route. The point is shown by two signals and
these are controlled by the simple circuit of Fig. 3b.

The colour signals on the author's layout take 30mA per
bulb at 12 volts, and this is within the capability of a 7406
(40mA max, 30V max). The colour bulbs can therefore be
connected to the circuit of Fig. 2 via four sections of a 7406

acting as buffers. The bulbs will light when the
corresponding 7406 input is taken to a '1', so the signals will
follow the points giving green for "go" and "red" for stop.

One of the advantages of the circuit of Fig. 2 is the ease
with which it can be incorporated into more complex
schemes. Fig. 4a shows part of the track around a station on
the author's layout. This has two main lines, a trailing
crossover and a station bay. There are, in addition, two
isolated sections X and Y to allow trains to be held in the
station, controlled by S1 and S2, and the bay can be isolated
by S3 to allow a train to arrive in the platform with its last
coach pointside of the break, and have a tank engine tow the
coaches away.

Fig. 4b shows the wiring of the three point motors. The
crossover is wired as a pair for obvious reasons, so there are
four wires to the mimic diagram. There are four two aspect
signals. Signal 1 is controlled by the section switch S1 and
the crossover. Signal 2 by the section switch S2 and the bay
point. Signal 3 is controlled by the crossover point and has a
diverting left route indicator (a row of yellow I.e.d.$) con-
trolled by the bay point (this was an unsuccessful attempt to

42 Practical Electronics July 1982



LEFT

COMMON

1E1.8741

RIGHT

Link to
point

CD
UNIT

1E1,8751

a) (b)

POINT
SOLENOIDS

L

IC1= 7400
PIN14 +5V
PIN 7 OV

Wandering Pencil

POINT
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Fig. 3. Simple system. (a) Track layout. (b) Cir-
cuit diagram
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Fig. 1. Basics of electric
points. (a) Point solenoid (b)
CD unit and mimic panel

SOME SAFETY INTERLOCK
IDEAS FOR YOUR MODEL
RAILWAY NETWORK

stop number one son going full chat into the bay with an
HST by mistake). Signal 4 is controlled simply by the section
switch S3.

The circuit to control the colour signals around this station
uses just four stripboards and four transistors and is shown
on Fig. 4c. This should be fairly self-explanatory; ICI a and b
memorise the state of the bay point and IC2a and b the state
of the crossover. The section switches are all two pole single
way. One pole switches the track and the other goes to the
logic. On signal 1 and 2, the switch overrides the point
memory at IC1c and IC2c. Switch S3 drives signal 4 via
IC4d,e. Although a changeover switch could have been
used, half a 7406 costs less than the difference in price
between a two pole on/off switch and a two pole
changeover switch.

A power supply for the unit is shown on Fig. 7. This is
fairly straightforward, but the routing for the OV returns
should be followed to avoid noise problems. IC2 is an op-
tional addition, the normal bulbs in model railway colour
signals are, in the author's opinion, overbright and under -
running them reduces the current to something like 20mA,
reduces the intensity to a more realistic level and lengthens
their life considerably.

PRACTICAL NOTES
Obviously, only suggested control circuits are given, as

each railway will have its own requirements. Stripboard was
used for the prototype, and is probably the most versatile
method.

Model railways are probably the most fiendish electrical
noise generators known to man, and because this circuit
uses memories it is particularly vulnerable. There are several
precautions that should be taken. Firstly is the use of a
separate transformer for the circuit; do not use the auxiliary
output from a train controller which will have all sorts of
spikes on it. Secondly, separate out the solenoid OV, logic
OV and colour signal OV as shown on Fig. 8. Thirdly, allocate
the colour signals to 7406s in such a manner that the load
on a 7406 is reasonably constant (i.e. have three red/green
pairs per 7406, not six reds on one 7406 and the
corresponding six greens on another). This will keep the OV
current from the chip reasonably steady. Finally put a 100n
capacitor between pins 14 and 7 on each 7406. This will
decouple the 5 volts supply and remove any spikes.
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Fig. 4. A section of the author's layout. (a) Railway sta-
tion layout. (b) Coil configuration. (c) Overall control
system
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Fig. 5. Driver board. This stripboard, although wired
here for the author's layout (R15, R16 & two links)
may be used as an uncommitted driver module
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I.E135161]

Fig. 6. "Basic circuit" stripboard. Again, this is shown
wired for the author's particular application (R13 etc.)
but is essentially an uncommitted module with spare
board space to the right for wiring up unused gates.
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R2
4k7

0V

SIGNAL
CONTROL

or other log4
SYSTEM SIGNALS

A

+15V

OV

S2 b

 OV

+5V

BASIC CIRCUIT BOARD

GA

S36

RED

GREEN

OV

BASIC CIRCUIT BOARD
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to all signal
lamps.

Noise on the circuit is something that will be peculiar to a
particular railway, and it is strongly recommended that the
user tries out a simple point circuit to see what precautions
are necessary before embarking on a marshalling yard. The
author's circuit gave no problems, but there have been some
very odd effects with model railways and logic in the past.

It should be noted that at power up, the bulbs will come
up in random states. This is no real problem, since the first

Fig. 8. Inter -module wiring for the railway control system
described in Fig. 4. Ground and supply wire routing is
critical. The earthing arrangement shown must be adhered
to, i.e. logic signal currents and inductive drive currents
must be returned separately to the PSU regulator

act on power up should be a quick setting of all points to
make sure they are hard over. This will also align the bulbs
and points.
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BASIC CIRCUIT
(two required)

Resistors
R1,R3 (R7,R9)"
R2,R4-R6 (R8, 4k7 (4 off) (8 off)*
R1O-R12).
Ail resistors kW 5%. *For control system described
here

22k (2 off) (4 off)*

Capacitors
A 100n disc ceramic should be placed across the
supply pins of at least every other TTL i.c. employed

Transistors & Diodes
TR1, TR2 (TR3,TR4)*
D1, D2 (03,04)*

BC107 (2 off) (4 off)*
1 N4001 (2 off) (4 off)*

Integrated Circuits
IC1 (IC21" 7400

Miscellaneous
Stripboard, Veropins etc.
Ins. and 22SWG tinned copper wire

I
COMPONENTS . . .

PSU BOARD

Resistors
R1, R2

Capacitors
Cl
C2
C3

Semiconductors
D1

IC1, IC2

4k7 .W 5% (2 off)

4701,1/16V
470n
500).1(or 47004) 25V

elect.

Miscellaneous
Stripboard, Veropins etc.
Heatsink (alloy plate)
Insulating kits for regs

1N4001
7802 regulator (2 off)

DRIVER
Resistors

R15" 220 kW 5%
R16* 4k7 kW 5%

*For control system described here

Capacitors
A 100n disc ceramic should be placed across the
supply pins of at least every other TTL i.c. employed

Integrated Circuits
IC3, IC4 7406 (2 off)

Miscellaneous
Veroboard, Veropins etc.
Insulated wire & 22SWG tinned copper wire etc.

=0"
30, Shepshed, Leics. LE12 9SQ. Tel:
05095 4163 evenings.
CASSETTE RECORDER kit. Maplin
XY36P. Unused £30 o.n.o. Mr. J.
McCarthy. Tel: Wokingham 798529.
UK101 8K wooden case with cassette
(300/600), fan no flicker video, 1/2MHz,
assembler, data dynamics printer £300. Mr.
A. Pettitt, 2 Caburn View, Firle, Nr Lewes,
Sussex. Tel: Glynde 492.
UK101 cased 8K with MONO2 monitor
E 1 20 o.n.o. Also Garrard AP76 record deck
£15 o.n.o. Mr. K. R. Hilton, 52 Balmfield,
Liversedge, West Yorkshire NF15 7PN. Tel:
0924 402690.
WANTED oscilloscope, must be suitable
for TV work and be in good condition. B.
Ward, 51 Berry St, Burnley, Lancashire. Tel:
50574.

JUNIOR computer, tested, less connector,
£65 o.n.o. Power supply, suitable for ex-
panded junior £12. Mr. K. Y. Leong, 104
Gretney Walk, Moss Side, Manchester
M15 5ND. Tel: 061 226 0791 evenings.
FOR SALE I.B.M. golf ball typewriter
model 72. Motor s/c £15. W. Edwards, 2
Beach Rd, Burton Bradstolit, Bridport, Dor-
set. Tel: 0308 89625.
ANY INFO or wiring diagram to make car
rev. counter using four, seven segment dis-
plays please. Mr. T. D. Parsons, 42 Park
Leys, Harlington, Dunstable, Beds LU5 6LZ.
Tel: Toddington 2275.

AVO 8 MK5 as new condition complete
with ever -ready carrying case £60. Further
details contact M. A. Watton, 3 Severn
Terrace, Worcester WR 1 3EH.
VALVES for sale, 60 assorted valves,
many boxed, including 6BW6 KT66, war-
time USN valves etc. £15. Mr. J. G.

Vaugham, 49 Caerleon Drive, Bitterne,
Southampton SO2 5LH, Hampshire.
TV TERMINAL with keyboard modulator,
p.s.u. cased £120 o.n.o. SCMP, based
micro 4K RAM, ROM basic £100 o.n.o.
Tel: 041 649 0269.
MULTIMETER £16 inc. postage. Signal
injector probe £8 v.g.c. Tel: 01 554 2913
evenings.
144MHz scanning Rx. 1 Och hand held lit-
tle used v.g.c. complete with helical, Nicads
and charger £30. Mr. M. REED, P.O. Box
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AUTOMATIC
DIAMOND
CROSSING
CONTROL

IEPIS131

RLA1

R2,3,128.13 . LIGHT SENSITIVE RESISTORS

Fig. 1 (top). Example railway layout.
(bottom). The diamond crossing

+5V

TRACK A

VR1

50k

R7

TR1 471, TR2

B0107 R8 BC107

7k

QV

f 5V

VR2 C2 R16 620
50k T In, 4k?

13 R15 R18
47k 47k

IEP884)

0
O

Andrew
Parr

THE circuit was developed to prevent accidents on a
model railway where two tracks cross on a diamond

crossing. The layout (greatly simplified) is shown in Fig. 1.

The full circuit is actually layout 9 in the Hornby track circuit
book, 4th edition.

The diamond crossing is also shown on Fig. 1. The cross-
ing points are straddled by two isolated sections. These
sections are fed via relay contacts, so with RL1 energised
trains can pass on track A; with RL1 de -energised trains can
pass on track B.

In the track bed, four light dependent resistors (ORP1 2)
are mounted. These detect the passage of the trains over the
crossing and control the relay RL1. The transition from room
lighting to train shadow is a more than adequate change for
the I.d.r.s to detect.

The circuit for the unit is shown on Fig. 2. If a train
passes on track A, LD1 or LD2, or both will go to a high
resistance state, and TR2 will turn off, taking point A to a
binary 1. Capacitor Cl slugs the change from dark to light so
the circuit does not see the gap between coaches, and to
allow a single engine to traverse from LDR 1 to LDR2.
Resistor R7 provides hysteresis to give crisp triggering. A
similar circuit detects the presence of a train on track B.

Fig. 2. Circuit diagram. (below) Circuit
waveforms

Lain

Train

Train I I Tram

Train Train Train Train

RLA3

SET FOR B A AA I B Al B I
A B

COMMENTS A A arrives 8, It'aroves A arrives Iirst Narrives first
arrives
Lpasses

CIITIV.
seLpass

A first, so'N' waits
When', past 'ET starts

L B waits & A wails (arrives
6paMS ZrrA:vespOSSeS

TRACK A TRACK B

RLA1

A RED

RLA2

'B GREEN

4 COLOUR SIGNALS

'A GREEN is RED

SIGNAL SUPPLY
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Device IC1 a and b forms a "first come first served" circuit
when two trains arrive together. If train A arrives first, point
C locks out train B's signal until train A has passed. Point D
locks out A should B arrive first.

The signals C (A train present) and D (B train present) set
and reset the memory ICc and d. This in turn energises and
de -energises the relay RL1 to power the requisite section.

Contacts on RL1 also drive the four colour light signals at
the crossing. These relay contacts should not be used for
semaphore signals which require a pulse output. To drive
semaphore signals the contacts should be used to control a
CD circuit similar to designs recently published in many elec-
tronic and railway modelling magazines.

Also shown on Fig. 2 is a diagram of the behaviour of the
circuit. This shows all possible combinations of train move-
ments, and the resulting state of R LI .

The circuit runs on a 12V supply separate and floating
from the train supplies. Model railway locos are excellent
noise generators, and connecting any logic circuit to a model
railway supply is a recipe for disaster. The 5V supply for ICI
is derived from the 12V supply by a 5V regulator i.c. In the
author's layout the supplies are designed to be adequate for
further automation of the system.

The circuit allows operation with trains moving in any
direction. If the crossing is used mainly in one direction the
outgoing I.d.r. can be omitted on that track.

The isolated sections should start sufficiently far back
from the crossing to allow a train to stop before the crossing.
The I.d.r.s should be mounted close to the isolating gap. Dis-
tances of the I.d.r. and the isolating gaps from the crossing
on Fig. 1 are shown small for convenience.

*100n DISC
CERAMIC PIN VIEW

COMPONENTS . . .

Resistors
R 1,R1 1
R2,R3,R1 2,R13
R4,R14,R2 1
R 5,R7,R8,R 15,R 1 7,R18
R6,R 16
R9,R19
R10,R20,R2 2
All resistors kW 5%

Potentiometers
VR1,VR2

Capacitors
CI ,C2

Transistors & Diodes
TR 1 -TR6
D1

Integrated Circuits
IC1

Miscellaneous
Stripboard, Veropins etc.
12V relay. 3 pole c/o

150 (2 off)
ORP12 I.d.r. (4 off)
22k (3 off)
47k (6 off)
4k7 (2 off)
330k (2 off)
1k (3 off)

50k lin. (2 off)

100µ elect. (2 off)

BC107 (6 off)
1N4001

74123

Fig. 3. Stripboard layout
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At last
the message
has come
through, all you
old solderers can
throw away the
soldering irons and the
perforated circuit
boards. NOW you can use
PROTO-BOARDS from
GSC. Despite daily break-
throughs in components
and packaging, designing
and testing new circuit con-
cepts is often a lot more manual
work than creative work. No
wonder if you are using old
fashioned perforated boards and
time-consuming soldering. With
PROTO-BOARDS any
component can be plugged in,
tested, removed, and used again.
Circuits can often be designed
from component pinouts and
the circuit diagram does not
need to be drawn until after
the circuit is working properly.
PROTO-BOARD designing is very
much like careful single -sided
printed circuit design in terms of
the effects of parasitics and in
terms of operation at high
frequency or low levels. Well
planned grounds and judicious
use of shielded cable can permit
operation through VHF
frequencies. So, you old
solderers, stop soldering on! Send
off for our FREE 40 page
catalogue; we have a P ROTO-
BOAR D to fit any size budget.

PROTO BOARDS

GLOBAL SPECIALTIES CORPORATION=

24 HOUR SERVICE FROM GSC
Call 107991 21682 with yrur Access, American Express, Barclaycard

Models PB 203, PB 203A and PB 203AK offer a large breadboarding area
and a built in regulated power supply housed in a rugged metal cabinet r-
Models PB6 to PB 105 offer various breadboarding areas screw mounted
onto sturdy back plates with non slip, non scratch vinyl feet Red and
black binding posts are included, the red being electrically insulated from
the back plate, the black being electrically connected for ground.

PB 203
Includes 5VDC, 1 amp power supply, available at binding posts. two
binding posts 11/1. V2I remain uncommitted.The perfect board for TT L
and other 5 volt logic designs.

PB 203A
Every development engineer should have one of these, includes 5VDC,
1 amp power supply. Also includes separate  5 to 18 VDC and

55 to 18 VDC power supplies, each capable of supplying 500 mA at
15 VDC. Power supplies are factory preset to - 15 VDC but can be
independently adiusted.

PB 203AK
Identical to PB 203/1 but in kit form.

PB 6

A kit form breadboard with 4 binding posts, 630 contact points and
includes non slip rubber feet.

PB 100
Another kit form breadboard with 760 contact points

PB 101

A robust laboratory breadboard ackepts up to 10 IC'S, 940 contact
Points.

PB 102
A fully assembled breadboard with 1240 contact points

PB iO3
With 2250 contact points this board is perfect for prototyping and
custom c rcuit applications

PB 104
A total IC capacity of 32 with 3060 contact points makes this the
ultimate electronics development engineers breadboard

PB 105

The newest Protoboard, 4680 contact points, 48 IC capacity,

Global Specialties Corporation, Shire Hill Industrial Estate,
Saffron Walden, Essex, CB11 3AQ.

number and your order will be put in the post immediately.

MODEL
NO

NO OF
SOLDE BLESS
Tit POINTS

IC

CAPACiTv
114 yin DIP sl

UNIT
PRICE

PRICE
INC P&P
15% VAT

01,
8E0111E1E0

PB6
P8100

630
760

6
10

975
12 50

1236
15 52 -

P8101
PB102

940
1240

10
12

17 90
24 95

22 31
3041

P8103
P8104
178105

2250
3060
4660

24

32
48

39 00
49 00
71 00

46 57
58 07
83 95 -

PB203
P82030

2250
2250

24

24
61 00
89 00

72 95
104.65 '--

178203AN 2250 24 71 00 83 95

NAME

ADDRESS

I ENCLOSE CHEQUE /P.O. FOR E

DEBIT MY CREDIT CARD NO.

EXPIRY DATE

PLEASE SEND FREE CATALOGUE
TIC K

GLOBAL SPECIALTIES CORPORATION Global Specialities Corporation (UK) Ltd,
Dept 50
Unit 1
Shire Hill Industrial Estate
SAFFRON WALDEN
Essex
CB11 3A0

-I
Goods despatched within 48 hrs.
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MICRO""BUS
Compiled b9 DJD.

Appearing every two months, Micro -Bus presents ideas, applications, and programs for the most popular
microprocessors; ones that you are unlikely to find in the manufacturers' data. The most original ideas often
come from readers working on their own systems; payment will be made for any contribution featured.

THIS MONTH'S Micro -Bus looks at the
game of Life, and two different ways of

programming it on microcomputers. Also, a
dice -throwing puzzle is posed for BBC
Microcomputer owners.

LIFE
For those who have not already encoun-

tered "Life", it is best described as a "simula-
tion of a society of living organisms". The
game was invented in 1970 by John Horton
Conway, a mathematician at Cambridge Un-
iversity. Starting with an initial configuration
of organisms, represented as counters on a
grid, rules are applied to determine what hap-
pens to the society in successive generations.
The three rules are as follows:
Birth: An organism is born in a cell if, in the
previous generation, exactly three of its
neighbours (horizontally, vertically, or
diagonally) were alive.
Death by overcrowding: An organism dies if it
has four or more neighbours.
Death by exposure: An organism also dies if it
has only one neighbour, or none at all.

These two rules for death can be sum-
marised more simply in one "survival" rule, as
follows:
Survival: An organism will only survive to the
next generation if it has two or three
neighbours.

It is important that these rules are applied
to the pattern simultaneously; thus, when
programming Life on a computer, it is
necessary to calculate the new generation
separately from the previous generation, and
only when the calculation is complete over the
whole grid should the new generation replace
the previous generation.

As an example of the types of patterns that
can occur, Fig. 1 shows the fate of a society
consisting initially of a line of five cells. The
final pattern, called "Traffic Lights", alter-
nates indefinitely between two states, and so is
said to have a "Life cycle" of 2.

Fig 1 The Life history of a line of five cells.

IENE91

*
.1'7

The fate of Life patterns is very hard to
predict from the initial configuration. Some
patterns become stable; for example, a line of
seven cells turns into a stable configuration of
hexagons called "Honey Farm". Some os-
cillate between a number of different patterns;
for example, a line of ten cells turns into the
"Pentadecathlon" with a Life cycle of 15.
Some patterns, such as a line of 6 cells, fade
away entirely after a few generations. Finally,
some patterns continue to grow indefinitely;
an example of this is the "Glider Gun", a pat-
tern that "fires" out gliders which remain
stable, but move steadily across the grid; see
Fig. 2. Some apparently simple patterns have
extremely complicated "Life histories", such
as the r-pentomino, shown in Fig. 3 (a), which
reaches a steady state only after 1102 genera-
tions, having emitted 6 gliders in the process!
Fig. 3 shows several other interesting patterns
whose Life -histories can be investigated with
the programs to be described.

7

I

Fig. 2. The Glider Gun fires out
gliders which carry on indefinitely.

a

Fig. 3. Four Life patterns with inter-
esting histories:
(a) R-pentomino, lasts for 1102
generations.
(b) Tumblers invert themselves every
7 generations.

4

(c) Pattern becomes
stable after 173
generations.
(d) Spaceship,
moves horizontally.

PROGRAMMING LIFE
The obvious way to represent a Life pattern

on a computer is as an array of memory loca-
tions, whose contents are used to determine
whether a cell is alive or dead. This array is

scanned, cell by cell, and for each cell the
number of neighbours is counted. The count
then determines whether the cell will be alive
in the next generation. Note that, because the
rules are applied to the entire pattern
simultaneously, the cell's new state must be
stored separately from its previous state while
the remainder of the array is scanned. On
memory -mapped displays the actual display
memory can be used as the array of cells, thus
saving memory and avoiding having to copy
the array to the screen.

ATOM LIFE
The first Life program is for the Acorn

Atom, and was devised by Nick Toop of Cam-
bridge. It will process a 64 x 64 array of cells
in about a second, and uses a four-colour
graphics mode, mode la, in which each
memory byte is mapped to four adjacent cells
on the screen. Thus two bits determine the
colour of each cell on the screen, as shown in
Fig. 4. The upper bit of the pair is used for the
previous generation, and the lower bit is used
to store the new generation as it is calculated.
The method has the additional feature of ap-
pearing very colourful during the processing
of a pattern.

DISPLAY:

BYTE: ,11]
OLD NEW

Fig. 4. The assignment 01....4w0oof bits to Life patterns
in the program of Fig. 5. , Red (ell survives)

LIFE PROGRAM
The program, shown in Fig. 5, uses the

Atom's built-in assembler to code the main
routine, LL 1 I, into machine code. This
routine is called from a simple BASIC
program in lines 510 to 700; this draws a 53 x
53 cross on the screen as the starting pattern,
and then calls the machine -code routine to
calculate successive generations (unless in-
terrupted by typing the SHIFT key). One
generation is shown in Fig. 6.

The program works as follows: routine
LL I 1 (lines 430 to 470) sets up the co-
ordinates of each cell in XX 1 and XX2, and
calls LL1 to process that cell. Routine LLO
takes the coordinates of the cell, and
calculates the address of the byte containing
that cell in C, with the position of the pair of
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I REM LIFE
40 DIM LL20,XX2,CC2
50 C=1180;D=#81;M=#82;S=406
52 T=1187;!M=112082080
54 XX1=#88;XX2=#89
56 CC1=118A;CC2=8)8B
100 P.$21;F.I=OTO1;DIMP-1;[
105\ GET ADDRESS AND MASK
110:LLO LDA XX2;STA D
120 LDA XX1;ASLA;ASLA;LSR D
130 RORA;LSR D;RORA;LSR D
140 RORA;SEC;ROR D;RORA;STA C
150 LDA XX1;AND@3;TAX;LDY@O
160 RTS
165\ TEST LOCATION XX1,XX2
170:LL1 LDA@O;STA S;DEC XXI
180 DEC XX2;LDA@3;STA CC2
190:LL2 LDA@3;STA CC1
200:LL3 JSR LLO;LDA(C),Y
210 AND M,X;BEQ LL4;INC S
220:LL4 INC XX1;DEC CC1
230 BNE LL3;DEC XX1;DEC XXI
240 DEC XXI;INC XX2;DEC CC2
250 BNE LL2;DEC XX2;DEC XX2
260 INC XX1;JSR LLO;LDA(C),Y
270 AND M,X;BEQ LL5
275\ CELL PRESENT
280 SEC;LDA S;SBC@3;BMI LL6
290 SBC@2;BPL LL6
295\ WILL LIVE
300:LL7 LDA M,X;LSRA
304 ORA (C),Y;STA(C),Y;RTS
308\ WILL DIE
310:LL6 LDA M,X;LSRA;EOR@#FF
312 AND (C),Y;STA (C),Y;RTS
315\ CELL ABSENT
320:LL5 SEC;LDA S;SBC@3
330 BMI LL6;SBC@1;BPL LL6
340 JMP LL7
370:LL9 LDY@O;STY C;LDA@#80
380 STA D;LDX@4
390:LL1O LDA(C),Y;AND@#55
400 ASLA;STA(C),Y
410 INC C;BNE LL10;INC D
420 DEX;BNE LL10;RTS
430:LL11 LDAe#3E;STA XX2
440:LL12 LDA@#3E;STA XX1
450:LL13 JSR LL1;DEC XXI
460 BNE LL13;DEC XX2;BNE LL12
470 JSR LL9;RTS
500];N.;P.$6
510 CLEAR1;COLOUR3
520 MOVE32,6;DRAW32,58
530 MOVE6,32;DRAW58,32
600 DO LINK LL11;UNTIL 71113001<>#FF
700 G.700
Fig. 5. Complete colour Life program
for the Atom.
bits in that byte in the X register. The state of
the cell can then be read (in lines 200 and 210)
by the sequence: LDA (C), Y; AND M, X
where M is a vector containing the ap-
propriate masks to mask off each pair of bits.

The number of live neighbours is counted in
S by testing the eight cells around the central
cell (XX 1, XX2) in lines 190 to 270. The sur-
vival rules are implemented in lines 275 to
340. Finally, when the new generation has
been calculated for the whole grid, routine
LL9 (lines 370 to 420) shifts the new genera-
tion over the old generation.
Fig. 6. Pattern in the Life history of a
53 x 53 cross, displayed by the
program of Fig. 5.

LIFE ON THE BBC MICRO
The second Life program, shown in Fig. 7,

plays Life on the BBC Microcomputer using
the Teletext screen of 25 lines by 40 cells. Live
cells are represented by an asterisk, and empty
cells by a space. Since this program uses one
byte per cell it is less efficient on memory than
the previous Atom program, but it is much
faster, processing approximately 12 genera-
tions per second. On the Teletext screen the
value of the top bit is ignored; this is used to
store the state of the previous generation, with
a ' l' indicating that the cell was alive.

10 REM Life
2U DIM MC1200
30 screen=67C00: bottom=67F98
40 pointer=670: temp=672: counter=03
50 FOR 11=0 TO 2 STEP 2
60 P1=MC%
70 1

80 OPT I%
90 .life LDA *screen AND 255
100 STA pointer
110 LDA *screen DIV 256
120 STA pointer+1
130 .line LDA *38
140 STA counter
150 .cell LDY *0 next cell
160 LDA (pointer),Y '1'
170 AND 0680 get top bit
180 LSR A
190 STA temp
200 INY
210 LDA (pointer),Y '2'
220 LSR A
230 AND *&C0
240 ADC temp
250 STA temp
260 INY
270 LDA (pointer),Y '3'
280 LSR A
290 AND 416C0
300 ADC temp
310 STA temp
320 LDY *40 next line
330 LDA (pointer),Y
340 LSR A
350 ADC temp '4'
360 ROR A
370 LSR A
380 LSR A
390 LDY *42
400 CLC
410 ADC (pointer),Y '5'
420 LOY *80 next line
430 ADC (pointer),Y '6'
440 AND *638
450 INY
460 ADC (pointer),Y '7'
470 INY
480 ADC (pointer),Y '8'
490 STA temp
500 LDY 141
510 LDA (pointer),Y centre cell
520 AND *8
530 ORA temp
540 AND *638 no. of neighbours
550 TAX in bits 3, .4, and 5
560 LDA (pointer),Y
570 ASL A save old state
580 ASL A in top bit
590 ASL A
600 ASL A
610 CPX *24 three empty?
620 BNE no
630 ORA 1160A a star is born
640 .no ORA *620
650 STA (pointer),Y
660 INC pointer
670 BNE high
680 INC pointer+l
690 .high DEC counter
700 BNE cell
710 INC pointer add 2 at boundary
720 BNE not
730 INC pointer+l
740 .not INC pointer
750 BNE not2
760 INC pointer+l
770 .not2 LDY pointer+l all done?
780 CPY ()bottom DIV 256
790 BNE line
800 LDX pointer
810 CPX ()bottom AND 255
820 BCC line
830 RTS

840 1

850 NEXT
860 REM DEMONSTRATION
870 CLS
880 VDU23;10,32,0;0;0;
890 PRINT TAB(9,12);
900 REPEAT CALL life: UNTIL GET=0

Fig. 7. Fast Life program for the BBC
Microcomputer.

The program works as follows: for each cell
the characters in the eight surrounding cells
are added together. These cells are identified in
the program as '1', '2', etc. A two -bye zero -
page pointer, called 'pointer', contains the ad-
dress of cell 1'; the contents of the other cells
are obtained from this by indexed indirect
addressing using the Y register. The variable
'temp' is used to count the number of
neighbours, and the previous state of the cell is
then saved in the top bit. As in the Atom ver-
sion the program includes a short BASIC
program to set up a starting pattern-in this
case four dashes of five cells each-and this,
calls the machine -code repeatedly until ESC is
pressed. A BASIC "Etch -a -Sketch" routine
could be added to either of the above
programs so that patterns could be drawn
from the keyboard using four keys as cursor
controls.

LIFE PROBLEMS
Although a large amount of research has

been put into investigating the fate of different
Life patterns, many problems remain unsolved
that can profitably be investigated on micros.
For example, can patterns be discovered with
any arbitrary Life cycle? Can one predict how
a line of a certain number of cells will behave?
Can one create, to order, patterns that will
fade away after any chosen number of
generations? And, what is the largest increase
in size that a pattern can achieve if its eventual
fate is to fade away completely?

DICE PUZZLE
A problem is posed for owners of the BBC

Microcomputer: write the shortest possible
program that will print up a random dice
face, in true 3 by 3 format, every time a
key is pressed. The size of the program
should be measured by typing:

PRINT TOP -PAGE
As an example of what can be achieved,

Fig. 8 shows a solution, devised by Tim Dob-
son of Warrington, that takes 96 bytes. Some
sample throws produced by this program are
shown in Fig. 9. The function in the PRINT
statement returns the ASCII code for an 'o' or
a space depending on A%, the face number,
and B%, the dot position number.

The next Micro -Bus will present a solution
that takes several bytes less than this, and we
invite readers to submit their attempts before
then.

Fig. 8. Dice -throwing program
for the BBC Microcomputer.

10WIDTH3:REPEATA1=RND(6):FORB1=0T014:
PRINTCHRS(32+79.(1(AVAND1)*16-(A%>1).68-
(A%>3)257-(A1=6)*40)DIV2"811AND1));;NEXT
:UNTILGET=0

Fig. 9. Some random dice throws prin-
ted by the program of Fig. 8.

o 0 0 0 0
0

0
o 0 0 0

0
0 0

0
0 0°0 0
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DRAWING STARS Fig. 10. Stars program for the Apple II.
The final topic in this month's Micro -Bus is

a pattern -drawing program which can produce
a great variety of attractive patterns. The
program, shown in Fig. 10, was designed by
J. Huxtable of Herts for the BASIC on an
Apple II, but is very easily altered for any
other machine with high -resolution graphics.

The pattern is determined by 6 parameters.
and some sample plots for different values of
these are shown in Fig. 11. The parameters
are as follows:

WX and WY determine the size of the hole
in the centre of the pattern. The smaller they
are the larger the hole.

ANGLE determines the angle between the
arms of the pattern and hence the number of
points to the star. For example. if ANGLE is
60 then the pattern will have 360/60 or 6
points.

N is the number alines drawn in each arm.
A value of about 10 gives the best effect.

RX and RY determine the size of the pat-
tern in the X and Y directions respectively.

The program should translate directly to
other BASICs: the only statements peculiar to
the Apple are HGR, which selects the high -
resolution graphics mode and clears the
screen, and HPLOT x 1,y1 TO x2.y2 which
plots a line from (x Ly I) to (x2.y2). Note also
that MX and MY should be set to the co-
ordinates of the centre of the screen.

WX=2 W9=3 ANGLE=135 N=10 RX=120 RY=90 .

10 REM E31rAFiE3
20 RX = 90:RY = 90
30 WX = 4: WY = 4
40 MX = 120:MY = 90
50 N = 10
60 INPUT "ANGLE: "0:ANGLE = A / 57.28
70 HOP
80 X = MX:Y = MY + RV
90 X1 = MX:91 = MY + RY / WY
100 D1 = (X - X1) / N:E1 = (Y - Y1) / N
110 FOR I = 1 TO 10
120 T = T + ANGLE
130 X2 = MX + RX * SIN (T):92 = MY + RY * COS CT)
140 X = (X2 - MX) / WX + MX:Y = (92 - MY) / WY + MY WX=4
150 D2 = (X - X2) / N:E2 = (Y - 92) / N
160 FOR A = 0 TO N
170 HPLOT X1 + DI * 0,91 + El * A TO X2 + D2 * A, Y2 + E2 * A
180 NEXT A
190 X1 = X:91 = Y:D1 = - D2:E1 = - E2
200 NEXT I

WY=4 ANGLE.45 N=10 RX=90 RY=90

Fig. 11. Altering the parameters in the Stars program produces a variety of in-
teresting patterns.

WX=2 WY= -2 ANGLE=60 N=10 RX=12.0 R9.80 WX=4 WY=4 ANGLE=72 N=10 RX=90 RY=90

WX=100 WY=100 ANGLE=60 N=10 RX=120 RY=90

OSCILLOSCOPE Heathkit model 10
4540 solid state 5MHz single beam.
Superb condition with probe £90. B. A.
Adkinson, 22 Heron Close, Eastbourne,
Sussex. Tel: 0323 766477.
ZX81 £20 ZX80 £15 working +£1 p/p also
CB rig, cassette (sharp) very cheap. D. Mar-
tin, 6 Downland Gardens, Tattenham Cor-
ner, Epsom, Surrey.
DATA DYNAMICS 390 printer with
keyboard RS232 very good condition £99
including delivery. Tel: 020622 5671.
APPROX 500 electronic mags. for sale
PW. EE. WW. ETI. HE. PE. R & E.G., many
complete volumes. Bargain £20. W. H.
Davis, Gate House, Little Barford, St Neots,
Cambs PE19 4YP. Tel: Huntingdon 72480.
TELEQUIPMENT D67A oscilloscope
dual-timebase 25MHz, as new, perfect
working order £450. Very little used +
manual. G. Finke, 99 Armour Hill, Tilehurst,
Reading. Tel: 23335.

UK101 8K cased MONO2 Cegmon, leads,
manuals and programs £100 o.n.o. Tel:
0709 816029. After 6.
SINCLAIR calculators wanted, any type,
any condition. Early basic models. Please
state price. Mr. A. Smith, 168 Kendal Rise
Rd, Rednal, Birmingham B45 9PS. Tel:
021 453 9447.
WANTED meter f.s.d. 30µA res. 15000.
For AVO electronic tester CT 38 Multi
Range No1. Homes, 17 Rosemount, Oxton,
Wirral, Merseyside. Tel: 051 652 1162.
P.E. UK101 interface board. Can be seen
working but sold minus 6821 £20. Tel:
Hemel Hempstead 3040.
ZX81 factory built, complete with p.s.u.
leads etc., some software only £55 o.n.o.
Mr. R. Kinrade, 23 Crofthill Rd, Slough,
Berks SL2 1 HG.
DISCO laser plus full gyro control unit,
needs some attention £150 o.n.o. letters
only please. T. J. Bryans, 1 Deramore Tce,
Bessbrook, Newry, Co. Down, N. Ireland
BT35 7EL.
ENTHUSIAST disposing p.s.u.s, elec-
tronic and radio test and construction
equipment. Tel: Warrington 0925 62410.

WANTED circuit diagram Dynamco
oscilloscope D7100 D7110 including Y
amplifier, timebase, also parks to suit. D. R.
Taylor, 3 Abbotsgrange Rd, Grangemouth
FK3 9J D. Tel: 0324 48 3153.
GOLFBALL printer/typewriter (IBM
mechanism) includes paper tape reader and
punch, with documentation, spare golfballs
£150. K. Stevens, 30 Alverton, Gt. Linford,
Milton Keynes, Bucks. Tel: 0908 605070.
R. C. CONTROL system. Micron PL6D (6
than) Tx Rx, 6 servos, charger, R.C. camera,
etc. Tel: 0743 59492.
OSCILLOSCOPE, Telequipment S31 with
manual, plus X1 and X10 probes £30.
Oxford. Tel: 0865 779855.
ITT twelve -fifty stereo record player, no
speakers. £15 Video circuits tube tester
V13A £12. Mr. B. Robertson, 8 Nelson Rd,
Bulwell, Nottingham NG6 9HS. Tel: 0602
754703.
PET 32K computer with cassette unit,
toolkit, manual, games and other programs
£475. Tel: Blackpool 0253 869108.
ACORN ATOM 12k + 12k software +
leads, manuals & hardware. Tel: Mark 051
638 8504.
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MICROCOMPUTER COMPONENTS
LOWEST PRICES - FASTEST DELIVERY

Wes Pwies DMIIC Price Device Price Bevies MG

MEMORIES 7915 155 4016 025 741509 0.12
2114L-200ns 0.84 79105 0.59 4017 0.45 741510 0.12
2114L-3130ns 0.84 LM309K 0.99 4018 0.511 741511 112
(GTE -special tor LM317K 320 4019 029 741512 0.12

ACORN1 1.55 LM323K 4.95 4020 0.58 741513 022
2708 450ns 2.93 LM338K 4.75 4021 0.00 74LS14 0.37
2716 450ns 2.49 4022 0.92 74LS15 0.12

(Single + 5V) 4023 0.17 741520 0.12
2532 45Ons 420 ZOO FAMILY 4024 0.35 741021 0.12
2732 450ns 3.90 Z80 CPU 3.49 4025 0.10 74LS22 0.12
4116 150ns 0.84 7804 CPU 3.99 4026 0.90 741026 0.15
4116 200ns 0.70 Z80 CTC 2.99 4027 0.30 741527 0.12
4118 15Ons 6.00 7804 CTC 3.10 4028 0.55 74LS28 0.15
4118 200ns 3.38 Z80 DART 5.45 4031 1.55 741530 0.12

5518 200ns 9.38
6116LP 15Ons 10.83
6116LP 200/150ns

711

Z80A DART 5.70
Z80 DMA ors
Z804 DMA 11.95
780 PIO 2.35

4033 1.60
4034 1.55
4035 0.72
4040 0.54

741532 0.12
74LS33 0.15
741537 115
741538 0.15

6116P 200ns 5.10 Z804 PIO 3.15 4041 019 741_540 0.12

CRT CONTROLLERS

Z80 SIO-0 10.99
Z8OA S10-0 11.99

4042 0.54
4043 0.59

74LS42 0.33
741547 0.39

EF6845P 9.50 280510.1 10.03 4044 014 741048 0.59
EF9364P 5.94 280A S10-1 1119 4045 1.65 74L549 0.59

Z80 510-2 10.99
21300 S10-2 1110

4046 OAS
4047 018

74LS51 0.14
74LS54 0.15

SUFFERS MK 3886 1100 4048 0.54 741055 0.15
81 LS95 0.90 MK 3886-4 14.47 4049 0.26 741073 0.19
81 LS96 0.90 4050 029 741074 0.19
811597 0.90 4051 0.59 741075 024
81 LS98 0.90 61300 FAMILY 4052 0.58 74LS76 020
81264 120 6800 2.99 4053 0.59 741078 0.19
81284 1.20 6802 3.99 4054 120 741083 0.44
8195 1.35 6803C 11.90 4055 120 741585 010
81974 1.35 6809 9.90 4060 0.79 741086 0.15
8198 1.45 6810 1.12 4063 015 741090 028

6821 125 4066 0.34 741091 0.74
DATA CONVERTERS 6840 420 4068 0.17 741592 0.33
ZN425E-8 3.45 6850 1.50 4069 0.17 741093 0.33
ZN4266-8 3.00 6862 891 4070 0.17 741595 0.42
ZN4276.8 5.69 6871411 18.70 4071 0.17 7415109 021
ZN428E-8 415 6880 1.07 4072 0.17 74LS112 021
ZN429E-8 210
ZN432CJ-10
ZN433CJ-10

28.09
2.59

ZN440
Z14432E-10
ZN447

56.83
13.00
9.14

BBC MICRO
ZN448
ZN449

1E85
320 MOST COMPONENTS FOR

HAPPY DISC UPGRADE CARRIED IN STOCK
CONTROLLERS
FD1771 17.12 INCWDING:
FD1791
F01793

32.91
32.61 16K Memory Upgrade

FD1795
0101391

35.33
4550 kits 28.00

WD1393
WD1395

45.50
45.50 UPD 7002 WD CONY. 6.50

WD1397
WD2143-01

45.50
5.45 8271 FDC 40.00

WD1691 10.87
Most connectors and ancillary

MISCELLANEOUS
SUPPORT CHIPS components also available.
AY -3-1015 219
AY -3-1270 7.95
AY -3.8910 5.09
AY -5.1013 2.99 6887 010 4073 0.10 7415113 023
AY -5-3600 7.95 68488 9.11 4075 0.17 7415114 0.30
AY -5.2376 5.99 6875 5.62 4076 012 7415122 0.39
DP8304 4.50 6843 13.99 4077 022 7415123 0.39
MC1488 0.55 68800 8.30 4078 024 7415124 120
MC1489 0.55 68B2 19.11 4081 0.14 7415125 024
MC3446 2.05 68621 229 4082 0.10 7415126 025
MC3448A
MC3480

425
7.05

68010 2.00
66840 4.70

4085 0.93
4086 0.60

7415132 0.44
7415136 0213

MC3487 2.95 68657 2.86 4093 0.39 7415138 0.33
MC14411 0.94 4502 0.89 7415139. 0.35
MC14412
R0 -3-2513L

7.00
0.99 5500 FAMILY

4507 0.39
4508 1.00

74LS145 0.74
7410148 0.90

R0 -3-2513U 5.99 6502 3.45 4510 0.90 74LS151 0.39
6L52803442031 0.04 6520 2.99 4511 0.49 74LS153 029

6522 4.75 4512 0.60 74LS155 0.39
OHM CHIPS 6532 6.85 4514 1.49 7410156 0.30
ZN450e 711 4515 100 74LS157 029
ZN450E DVM KIT 17.35 9090 FAMILY 4516 OEM 7410158 0.31

8085A 520 4518 0.40 7415160 0.30
IMLLIAS 8212 1.70 4519 020 74LS161 0.37
LM301AN 0.25 8216 010 4520 0.69 7415162 0.31
LM30EIN 019 8224 190 4521 1.49 741S163 0.31
LM311N 0.00 8228 3.95 4522 120 7415164 045
LM319N 2.14 8251 3.19 4526 070 74LS165 075
LM324N 030 8253 7.95 4527 0.99 7415166 014
114348N 059 8255 3.90 4528 0.70 74LS173 0.89
LM555CN 0.18 4532 0.65 74LS174 0.45
LM556CN 0.45 CMOS 4000 'Er 4541 099 74LS175 0.45
LM725CN 3.20 SERIES 4543 0.96 74LS181 12$
LM74ICN 0.14 0.11 4553 2.00 74LS190 0.40
LM74 7CN 0.64 ittni 0.11 4555 039 74LS191 0.49
15.17480N 0.34 4002 0.13 4556 0.44 74LS192 049

4006 010 4585 0.62 74L5193 0.45
4007 0.15 74LS194 0.30

REGULATORS 4008 0/5 741.5 SERIES 74LS195 0.39
7805 0.39 4009 025 741500 0.10 7415196 0.57
7812 029 4010 0.35 74LS01 0.11 7415197 0.50
7815 039 4011 0.12 741502 0.12 7410221 054
78L05 029 4012 0.15 741503 0.12 74L0240 019
78L12 029 4013 029 741504 0.12 74LS241 010
78L15 029 4014 0.51 74L005 0.13 74LS242 0.79
7905 0.55 4015 0.56 741508 0.12 7410243 0.70

rOFFICI81
ORDERS

WELCOME

Deeles Price

7415244 0.60
7415245 OM
7415247 000
7415248 0.130

7415249 0.63
7415251 0.40
7415253 0.30
74LS257 0.43
7410258 0.30
7415259 VII
7415261 115
7418266 022
74LS273 170
7415279 0.39
7415283 0.44
74LS290 0.54
741S293 0.45
7415365 0.34
7415366 0.313

74L5367 0.34
7415368 0.35
74LS373 0.70
7415374 0.70
74LS375 0.47
74LS377 0.70
7415378 010
7415379 0.54
7415386 020
74LS390 0.54
7415393 0.59

DIL SOCKETS
LOW PROFILE nN
8 pn 017

14 pin OAS
15 pn 009
18 pn 0.13
20 pn 0.14
22 on 0.17
24 pn 0.19
28 pn 025
40 pin 029

LOW PROFILE
90111
8 pn 0.22

14 pin 0.29
16 pn 0.31
18 pin 0.33
20 pin 0.35
22 pin 0.40
24 pn 0.42
28 pin 0:54
40 on 0.81

ZERO  INSERTION
FORCE DR
24 pn 5.30
28 pn 740
40 pin 810

CRYSTALS
1 MHz 2.00
1008 MHz LIM
18432 MHz 2.20
3 6864 MHz 216
4 MHz 1.95
6 MHz 1.90
8 MHz 1.95

UHF
MODULATORS
6 MHz 3.70
8 MHz 4.40

BBC
MICROCOMPUTER
UPGRADES
BBC 1 RAM Upgrade
Kit 25.00
BBC 2 Printer User
I/O Kit 9.50
BBC 4 Analogue
I/P Kit 9.50
BBC 5 Serial I/O
and 005 Kit 11.45
BBC 6 Expansion
Bus Kit 7.95
Connectors for
BBC 4 2.25
Connectors for
BBC 5 0.80
The above kits make
up the full Model 'A'
to Model 'O for the
BBC Microcomputer

SPECIAL PRICE
WHEN BOUGHT
COMPLETE 02.00

CE1
NEC 12- MONTIOR

Custom made
computer display one
buill in speaker and
amp Green pPosphor
display 149.00
1010 carriage& VAT)

(PROM Erases
01141-14 ep-orn
capacity -Wilt in tuner

70.00
1-1-P5 carriage & VAT)

V/SA 24 HOUR TELEPHONE SERVICE FOR 10
CREDIT CARD USERS DISCOUNTS

QUANTITY 1

AVAILABLE
* Free Reply Paid Envelope with every order *

* All CWO's receive a voucher value £1 against future purchase *

6,,,, All orders IresApllacr'471 oencrlivadyeor reTc&emPt k items if requested * j
8. iP4:L7115FurnecToonn

out
tVoOfCWO's overE 1 0) *

MIDWICH COMPUTER CO. LTD.
DEPT PE. HEWITT HOUSE, NORTHGATE STREET,

BURY ST. EDMUNDS, SUFFOLK IP33 1 HO
TELEPHONE: (0284) 701321 TELEX: 817670

C9OLH CASSETTES
56p each (minimum of 5); 53p each (minimum of 25).
Prices include VAT and postage
Made by a leading European manufacturer for Videotone, these
tapes are of excellent quality and we are pleased to announce this
new PE service.

Over the last couple of years PE offers arranged with Videotone
have proved highly successful and we have now been able to
arrange special prices (only available to PE readers) on these high
quality tapes. The offer is a result of Videotone's direct selling
policy; send in a current special PE coupon for prompt delivery of
tapes.

We believe these tapes are the best value around and we are
pleased to offer them to readers. They are covered by a money back
guarantee (return within 21 days for refund). Not only are the tapes
of high quality but the cassettes are of screw together construction
and the case label has space for notes on the recordings.

Send valid coupon to: Videotone Ltd., 98 Crofton Park Road,
Crofton Park, London SE4.

rPlease send me .... tapes (minimum of 5) at .... p eac711
(56p for 5 to 24, 53p for 25 or more; including VAT &
postage.)

ILI I enclose cheque/PO for £

Icoa. Name

1- Address

I 04

I 8

I Coupon valid for posting before 9th July '82
L(or one month later for overseas readers).4..... MEM MEM WM OM= MIS OEM MEM MEM MEMO
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ICI and 1C2 are both decade counters

which respectively display the attacking in-
vader and the launched missile. IC4a is

0Si 1

e

0
.I/-6-/ \

0
wired up as a voltage controlled low fre-
quency oscillator which gradually in-
creases the rate at which the invaders are

moving. IC4b on the other hand is a
presettable low frequency oscillator which
controls the speed of the launched missiles,
being adjustable by VR1 (decreasing R5
to 68k is also possible).

When S 1 is depressed, IC6a-b bistable
enables IC2 decode counter which dis-
plays the launching of a missile. If a 'hit'
occurs one of the sets of AND gates -
IC5 - will go high thus resetting bistable
1C6a-b and clocking IC3 ripple counter to
add 1 to the score. Meanwhile the
monostable formed around IC6b, c, d and
IC4d has been triggered; and after approx-
imately I second, IC4d goes high resetting
both decode counters thus eliminating the
high logic level on IC6c input. Once IC4d
output goes low again, another invader
begins to fall and S 1 is ready again.

The circuit around IC4c is another
VCO but in this case is used to drive a
piezo ceramic transducer (PB2720), which
is the basis of the simple sound effects.

If an invader knocks out your missile
launcher the game is over unless you want
to cheat by recommencing the game
without affecting the score. This is
achieved by the depression of S2. The
maximum possible score is 127 before
recycling back to zero, although it can be
replaced by a CMOS 4040B with extra
l.e.d.s to give a possible score of 4095.

Fig. 2 illustrates the arrangement of
l.e.d.s and the situations encountered.

W. Leung,
Harlow,

Essex.
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This burglar alarm is infallible - it can-
not be triggered by anything other than a
car door being opened. It provides an exit
delay of about 20 seconds and an entry
delay of around 15 seconds. If after this
entry delay the alarm has not been
switched off the horn will sound intermit-
tently for up to one minute.

The circuit consists of an exit delay
provided by ICI(a) which is a Schmitt
trigger and the combination of C I and R I.
(Time delay can be calculated at T=CR).
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While C1 is charging, pin 3 is high which
inhibits TR 1 turning on the latching relay
- so you can get out of the car.

TR1 is turned on by a door being
opened - by this time Cl will have
charged up so pin 3 is now low and won't
inhibit TR3 anymore. Similarly pin 11 is
also low as the Schmitt trigger delay cir-
cuit provided by C2 and VR1/R2 is still
charging. So TR3 turns hard on and the
RLA1 latches the circuit to chassis. Even
if the car door is now closed, it's too late.

IC 1(d) is also a delay circuit - you
don't want the alarm to sound the moment
a door is opened, so you have about 15

:49514

TR3
BC108

R LB

.9-12V
'RELAY

t= CS
- 100,u

seconds before pin 10 goes high and starts
ICI(c) oscillating at around 2Hz. This
drives the TR2, TR3, RL8 combination.

When C2 has charged up, IC 1(b) pin 11
will go high - turning off TR1, making
the RLA1 drop out and once again totally
isolating the circuit, ready for the next in-
truder!

Don't try replacing the Schmitt triggers
with normal NAND gates because ICI(d)
won't oscillate - you'd need two NAND
gates to make this oscillator.

R. S. Bacon,
Enfield,

Middlesex.
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TAPE RECORDER INTERFACE
Before embarking on the design it was necessary to es-

tablish how the light action switches function. In the tape
recorder in question (Pioneer CT -200) each of the
mechanical switches grounds an input to a control in-
tegrated circuit. The circuit develops from this any necessary
latched signals to drive the motor, function solenoids, and
signal routing in the amplifiers. Six such inputs are generally
used, referred to as Stop, Play, Record, Pause, Forward and
Rewind, although Record must always be used in conjunc-
tion with Play or Pause. A simple experiment showed that
the inputs in question could be driven from an open collector
transistor and so this interface was adopted. On no account
should the inputs be driven from an active high source such
as a CMOS gate because voltage level differences could well
cause the destruction of the control integrated circuit. Fig. 1
shows the configuration intended. If other switching
systems are required a simple redesign of the driver section
can accommodate most functions, even if a CMOS switch is
required to take care of strobed or multiplexed systems.

INFRA -RED
TAPE CONTROL

CHRIS LARE
AN INCREASING number of pieces of domestic entertain-

ment equipment are controlled from "light touch"
switches. These switches are not true touch switches in the
electronic sense but merely single pole mechanical switches
in which the action is very light and generally non -latching.
The trend towards this type of switch is particularly marked
in tape recorders, and the implication is that a remote con-
trol system which generates the same electrical signals as
the mechanical switch can be added without too much dif-
ficulty. Some tape recorders go so far as to provide a socket
for this purpose, although those which don't can be easily
modified.

A remote control facility can be as simple as a multicore
cable stretched across the floor, although the disadvantages
of this (apart from cheapness) are obvious. The design
presented here is for an infra red remote control system
primarily designed to interface to a tape recorder fitted with
these light action switches.

56

THE TRANSMITTER CIRCUIT
Infra -red transmission was chosen for reasons of

economy and reliability. Fortunately the design is much sim-
plified by a set of integrated circuits designed specifically for
remote control applications such as this. The transmitter is
built around an SL490, and as can be seen from the circuit
diagram an absolute minimum of extra components are re-
quired around it.

This transmitter can he used with up to 32 channels due
to the method of coding up the input switches, which uses 5
binary bits which are then transmitted sequentially using
pulse position modulation. In this application only six of
these codes are used, although a further ten are readily
available at the receiver if required. Fig. 2 shows the method
of connecting the 32 switches to the i.c. Each switch posi-
tion corresponds to a 5 bit binary number indicated by
EDCBA where A is naturally the least significant. The
transmission itself takes the form of six d.c. pulses, and by
varying the time between each pulse the binary information
is coded onto this pulse train. Fig. 3 shows a typical 5 bit
sequence, the ratio of 2:3 determines if a '1' or '0' is being
sent. Each set of 5 bits is separated by a space
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corresponding to a ratio time of :6. The transmitter
generates this code whenever a switch is pressed, but the
code generated if two switches are pressed simultaneously
is not valid. The same transmitter can be used for ultrasonic
transmission where the d.c. pulse is replaced by a burst of
ultrasonic, the modulation frequency of which is generated
by the i.c. itself.

The codes employed in this design correspond to binary
counts of 1-6. Code Zero is not used because of the design
of the receiver. The timing of the transmitter is based around
an internal oscillator which uses C1 and R2 to generate the
required frequency. The component values for this are a
fairly arbitrary choice, although the receiver requires a
related oscillator. Pin 18 is grounded via a 2k2 resistor; a
time constant would be attached here to generate a carrier
for an ultrasonic transmitter if required. The output from pin
2 is used to drive a transistor which switches on two infra-
red I.e.d.s. A "transmission in progress" indication was fitted
on the prototype using a green I.e.d. and associated series
resistor across the infra -red I.e.d.s and their resistor.
Decoupling in the form of a100n capacitor and a 100µ tan-
talum capacitor is necessary to help absorb the current
pulses required to drive the I.e.d.s.

One major feature of this transmitter is that it consumes
virtually no current unless a switch is pressed, and it is per-
fectly in order to power it from a small 9 volt battery such as
a PP3. Note that C3 must be a tantalum type since an elec-
trolytic would flatten the battery because of the leakage
currents which would flow through it.

TRANSMITTER CONSTRUCTION
The transmitter was housed in a fairly small white plastic

box. Undoubtedly a smaller box could have been used but it
was considered that the time spent looking for such a box
down the back of chairs would obviate any advantages of
owning a remote controller. All the components fit on one
single sided p.c.b., which is held into the box by means of the
nuts on the switches. The leads on the I.e.d.s should be for-
med for the holes drilled and the switches should be at-
tached on short lengths of tinned copper wire rather than
terminal pins to allow for a small amount of movement dur-
ing final assembly. The battery was held in place with the
bottom of the box and a small piece of foam rubber which
was glued in place.

THE RECEIVER CIRCUIT
The receiver uses slightly more components than the

transmitter although the number is still low considering the
complexity of the functions available. The receiver consists
of three sections, detector and amplifier, pulse decoder, and
discrete line decoder.

In common with many designs a SFH2O5 photodiode
detector is employed. This has the advantage that it is
packaged in a material which helps filter out ambient light
without affecting the passage of infra red signals. Even so
the detector should be placed in a position where direct light
does not fall on it, probably most easily accomplished by
recessing it in a panel. A further point to note is that the sen-
sitive face of this detector is the curved side and not, as
might be expected, the flat side. The diode is used in photo
voltaic mode, and the minute signals are amplifed by a
SL480 infra red preamplifier. This amplifier is part of the set
of circuits for this purpose and interfaces directly to the
following decoder stage.

The amplifier has a high input impedance (20M) and high
gain 100dB) and so some care must be taken with the
layout of the design to avoid stability problems. To this end
an earth plane was left under the components in the am-
plifier section by using a double sided p.c.b. linked through
with a pin to the earth track on the layout side. The gain of
this device is split into three stages, each of which is
decoupled with a capacitor, and in the case of the second
stage, with an additional resistor which determines the
overall gain of the device. The output from this amplifier is
connected directly to an ML926 receiver decoder circuit.
This decodes the regenerated pulses into 4 lines of BCD
(Binary Coded Decimal), and therefore operates at full
capacity with the first 16 transmitter switches. A 15p
capacitor on the pulse input was found to improve the ability
of the preamp/decoder combination to obtain valid data. The
floating outputs of the decoder are pulled down by three
100K resistors unless a valid code is received in which case
the relevant information is placed on the outputs by driving
the '1' bits high. In this application the D output is ignored.

The receiver decoder required a clock frequency of 40
times that of the zero time of the transmitted pulse train.
This should be within 10% of the exact value and a preset is
included to make adjustment possible. The clock generator
is similar to that in the transmitter. The receiver works by
detecting the first pulse of a sequence and then comparing
an internal count with the time to the following pulse. Two

TIME
RATIO

Fig. 3. Pulse position modulation
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correct and consecutive 5 bit data sets are required to
change the outputs.

Several other decoders besides the ML926 used here are
made by Plessey. These decoders offer a variety of functions
and the choice of decoder will depend on the end design. For
obvious reasons those decoders with analogue outputs tend
to be more expensive than the purely digital versions. Each
of the analogue outputs corresponds to two of the transmit-
ted codes, one code being increase, the other decrease.
Table One shows the full set of decoders which may be used
with the SL490 transmitter.

Table 1. Full set of decoders available

ML 920 20 digital outputs and three analogue channels*
ML 922 10 digital outputs and three analogue channels*
ML 923 16 digital outputs and one analogue channel*
ML 924 Raw 5 bit code output as transmitted
ML 925 Multi function controller intended for remote con-

trol toys
ML 926 Momentary outputs from codes 1-16
ML 927 Momentary outputs from codes 17-32
ML 928 Latched outputs from codes 1-16
ML 929 Latched outputs from codes 17-32

*Some of the digital outputs are special function such as
standby switching.

The BCD information from the decoder is then fully
decoded into 6 discrete lines by a 4208 eight -from -three
selector. Output 0 is not used since this corresponds to all
three inputs being low and hence corresponds to the inactive
state of the system. It could, however, be used for a form of
Transmission Received indicator since it will go high every
time a valid transmission is received. Note that the channel
chosen for Record sets the "record" transistor and the
"pause" transistor on by means of a couple of diodes. This is
necessary since pressing Pause and Record on the transmit-
ter will result in an invalid code being transmitted, but the
tape recorder logic expects Record to be used with either
Play or Pause and thus ignore the Record signal on its own.

D1

SFH205

+ 20V
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+VE

RI -+VE
330k

OV
NEL CI

R13

150p OV

.1. .1 C 3
R2 2n2 2n2
566

OV

STOP REWIND RECORD

2 3 5

Fig. 4. Transmitter circuit

Obviously the diodes could be connected in the play line, or
a separate signal used if required. Note also that the BCD
outputs do not correspond to the relevant BCD inputs of the
4028. This was done to facilitate p.c.b. design, but obviously
has no effect on the final system although some care must
be taken when tracing signals through.

The actual output stages consist of open collector tran-
sistors as required in the initial specification.

The board was designed to run off a rough 20 volt supply,
although a 15 volt supply can be used if available. The board
develops its own 15 volt supply via a resistor/Zener dropper
and the usual decoupling capacitors. An additional ceramic
capacitor is mounted adjacent to the preamplifier.

RECEIVER CONSTRUCTION
The receiver was constructed on a printed circuit board

with an earth plane around the area of the preamplifier. It
was not boxed since it is likely to be installed in existing
equipment. Do not forget to insert the pin to earth the top
plane and note that the i.c.s are aligned differently.

Fig. 5. Infra -red receiver and decoder circuit
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Fig. 6. Transmitter printed circuit (actual size)
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FORWARD

PAUSE

PLAY

L
J

COMPONENTS .

Resistors
R1, R3 2k2 (2 off)
R2 22k
R4 56
R5 1k
All resistors are iW 5%

TRANSMITTER

Capacitors
Cl 220n C280 polyester
C2 100n C280 polyester
C3 100µ 10V tantalum

Semiconductors
D1, D2 LD271 or equivalent infrared diode
D3 Green Le.d.
TR1 BCY 461
IC1 SL490

Miscellaneous
S1-6 Push button switches (6 off)
PP3 battery
Battery clip
PB1 box
Printed circuit board
Terminal pins

Constructor's Note
The infra -red l.e.d.s, photodiode, and the three control i.c.s
are available from T.K. Electronics.

Fig. 7. Transmitter component layout
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Fig. 8. Above and below-Receiver p.c.b. (actual size)
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Fig. 9. Receiver component layout
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COMPONENTS . . .

RECEIVER

Resistors
R1 330k
R2 56k
R3 33k
VR1 100k hor. preset
R4-6 100k (3 off)
R7-12 5k6(6 off)
R13 470
All resistors watt 5%

Capacitors
C1 150p polystyrene
C2, C3 2n2 polyester block (2 off)
C4 1 5p polystyrene
C5 15n C280 polyester
C6 100n C280 polyester
C7 220tt 16V elect.
C8 10n ceramic

Transistors and Diodes
D1 SFH2O5 infrared photodiode
D2, D3 1N4148
D4 15V 400mW Zener
TR1-6 2N3904 (6 off)

Integrated Circuits
ICI SL480
IC2 ML926
IC3 4028

Miscellaneous
Printed circuit board
Terminal pins
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TESTING AND ADJUSTMENT
Apply power to the transmitter and check that the

transmitter indicator I.e.d. comes on when any of the
switches are pressed. Do not expect to see any activity from
the infra red I.e.d. however. Apply power to the receiver, and
measure the output of the preamplifier. Press a switch on
the transmitter and check that this output varies. Do not do
this under a bright light and expect it to work because the
infra red will be swamped, particularly if the photodiode is
exposed.

Once it is established that the preamplifier is working the
decoder oscillator should be adjusted. The easiest way to do
this is to transmit a known code, say STOP (0001) and
monitor the A output of the decoder on pin 5. Slowly adjust
the preset until this output goes high, indicating that the
correct code is being received. Check that the 4028 then
outputs the correct level to drive the stop transistor. Finally
check that all the other codes work.

The receiver is now ready for installation. If it is to be fit-
ted into the equipment a hole for the photodiode will be re-
quired as close to the board as possible. One suggestion is to
use an unused jack socket, alternatively it may be mounted
behind the meter panel. The receiver power supply is then
connected to the equipment supply, the necessary correc-
tions being made to R14 if the rail is much above 20 volts. *
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PE

COMPUKIT UK101 computer, cased
with inbuilt cassette, 8K RAM 1/2 MHz,
new BASIC 3 ROM, monitor in EPROM
£150. H. Hasenstrauch, 153 Worlds End
Lane, Orpington, Kent.
LARGE quantity vintage wireless parts.
1929 wireless and speaker. TV camera
W/A lens, buyer collects. W. E. Richins,
G3VKR, 137 Randolph Road, Derby. Tel:
762684.
MARCONI oscilloscope type TF1330 with
manual £70 o.n.o. Marconi VVM Type
TF1041C with manual £20 o.n.o. 49
Monks Way, Reading, RG3 3DP. Tel: Day
Reading 471872, after 5 p.m. Reading
588553.
REALISTIC PRO -2001 scanner for sale,
fully programmable, VHF 30-50, 68-88,
144-174MHz, UHF 430-512MHz £140.
David Johnston, "Cratloe", Upper Albert
Rd, Glenageary, Co. Dublin, Ireland.
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p.s.u. OV to 20V ideal. Tel: 01-451 3093
Jack Anderson.
TRANSCENDANT DPX multi voice syn-
thesizer fully operational Powertran
piano/string ensemble kit little used £310.
Mr. J. Bedward. Tel: 021 706 9465.
WANTED loan or purchase of manufac-
turer's handbook on "baby" Pertec 9 track
digital tape recorder. Mr. J. Bland, 66 High
Point, Richmond Hill Rd, Birmingham B15
3RD.

generator
85Hz-25MHz £15. Sommerkampe TS280
40 watt 2 metre tranceiver £160. Hugh
Fletcher. Tel: Kings Lynn 828339 evenings.
DATA DYNAMICS 390 teletype with
punch and reader. Little used. Includes
manuals, spares and stationery £130. Mr.
B. Harrison, 76 Picardy Rd, Belvedere,
Kent, DA17 5QN. Tel: 03224 42868.
WORLD WAR 2 radios types 18 and 38,
mikes, headphones and aerials. Working.
Offers? Tel: Portsmouth 665267.
UK101 8K, cased, cooling fan, 1')1.1, much
software, offers around £180. Tel: South
Benfleet 54200 evenings.
UK101 cased, 8K, fitted with Cegmon,
new BAS 1/3. True 48 x 32 display plus
Wemon, MON 1/2 conversion £225. C. A.
Bowden, 7 Shienton St, Much Wenlock,
Shropshire.
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IT WOULD appear that, in recent years, there has been a
considerable increase in the number of thefts of vehicles

and their contents. It is therefore not surprising that a num-
ber of proprietary car alarms have become available to the
motorist wishing to protect his vehicle against theft and
damage. There is, however, a considerable variation in both
the cost, complexity, and effectiveness of such devices.

Various techniques are currently employed in car alarms.
These include trembler switches (which detect a slight
movement of the vehicle), voltage sensors (which detect any
change of load on the battery), ultrasonic sensors (which
operate on the Doppler principle), and last, but by no means
least, the humble microswitch. Each technique has its own
peculiarities, advantages and disadvantages. Some can be
difficult and time consuming to install whilst others are
prone to false triggering which can result in considerable
nuisance and embarrassment for the owner.

The alarm described in this article is simple to build and
install and requires no elaborate or expensive sensors.
Trigger inputs can be derived from existing courtesy light
and/or ignition circuits and various alarm outputs are
available to permit intermittent (car horn and/or lights) and
continuous (siren or piezo electric transducer) operation.
Furthermore, an output is available for disabling the vehicle's
ignition system. No external 'keyswitch' is required and the
system is easily 'set' from inside the vehicle. Appropriate
delay times are incorporated which permit exit and entry to
and from the vehicle without sounding the alarm.

An l.e.d. display is provided to indicate the state of the
alarm system at any time. This may, if desired, be placed in a
conspicuous position to act as a deterrent. The alarm cannot,
however, be disabled by removing the display or cutting the
connecting cable from the main p.c.b. In common with most
car alarms this device will not confound the most deter-
mined and practised thief. It should, however, prove to be an
effective deterrent and could be instrumental in alerting
those nearby to the perpetration of a crime.

PRINCIPLE OF OPERATION
The circuit is based on the well known 555 timer i.c. Four

such devices are used, three connected in monostable and
one in the astable mode. The three monostable timers are
used to provide the required delay times which are as
follows:-

(1) Lock -up delay. This allows the owner to lock -up
and leave the vehicle before the alarm becomes ac-
tive. The delay is approximately 60 seconds.

(2) Trigger delay. Once the vehicle door has been
opened or ignition switched 'on' there is a delay of
approximately 10 seconds before the alarm sounds.
This allows the owner to disable the alarm by
means of a hidden switch located in the interior of
the vehicle.

(3) Alarm period. Once the alarm has been set-off it
will operate for approximately 2 minutes and then
automatically re -set. This prevents excessive drain
on the battery by the horn, lights, or siren. Once re-
set the alarm is again active and can be triggered
as before.

The fourth (astable) timer is used to determine the fre-
quency of the intermittent alarm which is primarily intended
for sounding the car horn or flashing the lights with the addi-
tion of an intermediate relay. A block schematic diagram of
the alarm timer is shown in Fig. 1.

THE 555 TIMER
The 555 is one of a range of i.c. timers suitable for either

monostable or astable operation. The device requires a
minimum of external components and provides accurate
time delays which are virtually independent of supply
voltage variations. A simplified block diagram of the 555
connected in monostable mode is shown in Fig. 2. The tim-
ing period is initiated by a negative going trigger pulse ap-
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Fig. 1. Block diagram of the Alarm Timer

Fig. 2. The 555 timer as a monostable

1 C R

plied at pin 2. Once triggered this input is disabled and any
further trigger pulses which occur during the monostable
period are ignored. The monostable period may be aborted
by the application of OV to pin 4. The output (pin 3) then
reverts to OV as is the case at the end of the timing period.
An astable arrangement using a 555 timer is shown in Fig.
3. The trigger and threshold inputs are linked and an ad-
ditional resistor is connected between the discharge and
threshold pins. The reset input (pin 4) is taken to the positive
rail in order to enable astable operation. If, however, pin 4 is
taken to OV the output remains at OV indefinitely.

CIRCUIT DESCRIPTION
The circuit diagram of the alarm is shown in Fig. 4. The

trigger pulse to IC1 is conditioned by TR 1 and associated
components. The inverting action of the transistor allows the
timer to be triggered on positive as well as negative going
inputs. Note that, in either case, the circuit is 'edge triggered'
and the normal state of the negative and positive going
trigger inputs is 'high' and 'low' respectively. IC1 provides
the 'trigger delay' period and its falling edge output is used
to initiate the 'alarm period' which is provided by IC4. The

( EG8 71

+V

Fig. 3. Astable arrangement

OV
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output of IC4 operates the continuous alarm facility and is
also used to 'set' the astable, IC3, which provides the inter-
mittent alarm. The 'lock -up delay' is provided by IC2. The
output of this monostable is used to inhibit the operation of
ICI by means of the intermediate transistor inverter, TR2.
Si provides 'set' and 'off' switching of the alarm. When
moved from the 'off' to the 'set' position the switch triggers
IC2, thus initiating the lock -up period. The 'alarm period'
timer, IC4, is inhibited when Si is in the 'off' position.

CONSTRUCTION
The majority of the components are mounted on a single

sided p.c.b., the design layout for which is shown in Fig. 5.
An alternative to using a p.c.b. is that of building the circuit
on Veroboard or matrix board and, provided that due care is
exercised, this form of construction should be quite ade-
quate. The component layout for the p.c.b. is shown in Fig. 6.
The following sequence of assembly is recommended: i.c.
sockets, terminal pins, resistors, capacitors, diodes and tran-
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7

10k

8
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47k

7 6 SI

C3
CA555

2

Fig. 4. Circuit diagram of the Alarm

sistors. Care should be taken to ensure the correct orienta-
tion of the polarised components such as diodes, transistors,
and capacitors.

The I.e.d.'s are mounted on a separate p.c.b. which may
be remotely mounted from the main p.c.b. and linked to it
using an appropriate length of 6 -way ribbon cable. The I.e.d.
panel may either be fixed in a suitable location behind the
car's dashboard with holes cut for each I.e.d. or mounted
in a free-standing case or pod. Where the constructor does
not wish to have the display immediately visible the I.e.d.'s

COMPONENTS . . .

Resistors
R1, R2, R3, R9, R14
R4, R7, R8, R11, R17,
R19
R5
R6, R10, R13, R16
R12
R15
R18

All resistors W 5% carbon

Capacitors
C 1 , C2, C4, C7
C6
C3, C5, C8, C9

Semiconductors
DI, D6, 07, D8
D2, D3, D5
D4
TR1, TR2
IC1,1C2, IC3, IC4

Miscellaneous
S1
Terminal pins
"Push -fit connectors
*Relays
12V d.c. siren (optional)

10k (5 off)
2k2 (6 off)

68k
1k (4 off)
470k
47k
1M

10n polyester (4 off)
22µ
100u 16V elect p.c.b.
mounted type {4 off)

1N4148 (4 off)
Red I.e.d. (3 off)
Green I.e.d.
BC548 (2 off)
CA555 (4 off)

Min slide switch d.p.d.t.

*See text

Constructor's Note
A complete kit of parts is available from Howard

Associates, 59 Oatlands Avenue, Weybridge, Surrey
KT13 9SU (SAE for details).

8161k

3

-0

D7 A
154148

R17
252

818

O

R19 IC9
1M 2k2 Op

6/

CA5 5
=Cs

005

2

R L1 R 2

OUTPUT OUTPUT

Ds A1 D6

ED 4148

SET
0

51b

F

08 154148

O

may be wired directly to the main p.c.b. Si is mounted in an
accessible yet hidden location and connected to the main
p.c.b. using an appropriate length of 5 -way ribbon cable. The
wiring for S1 is shown in Fig. 7 and the p.c.b. layout for the
display panel is shown in Figs. 8 and 9. Fig. 10 shows the
interconnecting arrangement and the wiring schedule is
given in Table 1.

A final visual check of the completed p.c.b.'s and wiring
should be carried out before inserting the i.c.'s in their
respective sockets. Care should be taken to ensure correct
pin orientation of the timers. Testing, as described in the
next section, should be carried out before attempting to

REFERENCE FUNCTION AND CONNECTION

A -ye going trigger input from courtesy
lights etc.

B +ve going trigger input from ignition
coil/switch

C trigger delay period I.e.d. (D2 anode on
display p.c.b.)

D OV (see note)
E 'off' position of S1a
F 'centre' position of S1a
G 'on' position of S1a
H lock -up period I.e.d. (D3 anode on

display p.c.b.)
I OV (see note)
J alarm active I.e.d. (D4 anode on display

p.c.b.)
K alarm active I.e.d. (D4 cathode on

display p.c.b.)
L alarm operating I.e.d. (D5 anode on

display p.c.b.)
M OV (D2, D3 and D5 cathodes on display

p.c.b.)
N intermittent alarm output (11L1)
O OV (RL1)
P OV (RL2)
Q continuous alarm output/vehicle

disable (RL2)
R 'centre' position of S1b
S 'off' position of S1b
T OV supply input (-ye lead)
U +12V supply input (+ve lead)

Note: These connections may be used for I.e.d.
cathodes (D2, D3 and D5) where I.e.d.'s are to be wired
directly to the alarm timer p.c.b.

Table 1: Wiring schedule for the alarm timer p.c.b.
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EMS° Fig. 6. Component layout

install the unit into a vehicle. This latter precaution can be
instrumental in saving much agony and frustration at a later
stage I

TESTING
The unit should be tested with the aid of a 12V d.c. supply

capable of delivering at least 150mA. The power supply
should be preferably fitted with electronic overcurrent
protection and, where this is adjustable, it should be set to
approximately 250mA. As an alternative, a 250mA fuse may
be wired in the positive supply lead.

Connect the supply as shown in Fig. 10 and Table 1. Take
care to observe the correct polarity (+ve lead to U and -ve

0
SET

I 881 I

FROM ALARM
>TIMER PCB.

OFF

Fig. 7. Wiring for switch Si

lead to T). Place the I.e.d. display where it may be easily
viewed and enlist the aid of a watch or clock which has an
elapsed time facility reading in 1 second increments. The
only remaining item required during the testing procedure is

r.

Fig. 8. Display panel p.c.b

C H J N L 1.1

FROM ALARM TIMER PC .B.

Fig. 9. Component layout

1:E1
EG882
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NEGATIVE
GOING

TRIGGER
ALARM TIMER P. C.B
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TRIGGER
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RELAY
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SIREN/
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SI

DISP AY PCB0000 Mill
02 D D4 DS SET

Fig. 10. Wiring diagram

OFF

+VE

-VE
SUPPLY
INPUT

ALARM TRIGGERED ALARM OPERATING(FLASHING)

0000
Fig. 12. Display panel legend

be timed until the alarm resets itself. This should occur at
between 65 and 200 seconds.

It is worthwhile repeating the complete sequence of
events until the user is familiar with the alarm's operation.
Check also that, at any time, the alarm can be cancelled by
switching S1 to the 'off position. Check that the positive
going input trigger facility is operational by connecting the
jumper lead from B to T, moving it to U and back again as
before. Note that the time intervals stated are only approx-

+12V

COURTESY
LIGHT

COURTESY 1 I 1
LI GHT

SW ITCHES

(NORMALLY
OPEN)

IGNITION SWITCH

SWITCH

5 -WAY
RIBBON
CABLE

-VE
GOING

TRIGGER

+VE
GOING

TRIGGER

LED
DISPLAY

6 -WAY
RIBBON
CABLE +12V

INPUT
OV

INPUT

ALARM TIMER P C

RL A2

( MAKE CONTACTS)

HORN
PUSH BUTTON

RLA1
( MANE CONTACT S

1' BATTERY
12 V

[EGa a 51

NORMALLY OPEN MICROSW ITCHES
MAY BE CONNECTED IF REQUIRED
WHEN IGNITION SWITCH NOT USED
AS INPUT.

Fig. 11. Installation diagram

a short lead fitted with a crocodile clip at each end. This lead
is used for linking the trigger inputs to one or other of the
supply rails.

Check that S1 is in the "off position. Using the jumper
lead, link the negative going trigger input (A) to the positive
supply rail (U). Now switch to the 'set' position. D3 should
become illuminated and the other 1.e.d.'s should remain "off'.
The jumper lead may now be taken to the negative supply
rail (T) and then returned to the positive supply rail (U),
simulating the opening and closing of a door. The alarm
trigger I.e.d,, D2, should remain "off during this test provided
that D3 remains illuminated. The time for which D3 is

illuminated ("lock -up delay') should be measured and this
should be in the range 25 to 100 seconds. After this period
D3 will become extinguished and D4 will become il-
luminated signifying that the alarm is primed. Now repeat
the earlier test, moving the jumper lead from U to T and back
again. This time D2 should become illuminated for approx-
imately 5 to 15 seconds and, at the end of this period, D5
should start to flash. The intermittent operation of D5 should

L

L A

RLB
1

HEADLIGHTS
(MAINBEAM )

A

HORN

IGNITION
COIL

J

4.1 C.

RLB1 I cs
(BREAK co

HT

L

PI EZO ELECTRIC
TRANSDUCER

CONTACT
BREAKERS

imate and are liable to substantial variation due to the wide
tolerance associated with the electrolytic capacitors em-
ployed. Constructors may, of course, alter the time periods
quite simply by changing the resistor and/or capacitor
values. A doubling of the timing resistor value will double the
existing delay and conversely halving the value will reduce
the period by half. In applications where a continuous varia-
tion of delay period is required pre-set resistors may be
employed.

INSTALLATION
The exact arrangement employed will depend entirely

upon the individual constructor's requirements concerning
triggering, alarm devices, and the requirement for disabling
the vehicle. The diagram shown in Fig. 11 indicates the full
range of possibilities from which constructors may wish to
develop their own alarm systems. The placement of the
p.c.b.'s and ancillary items will depend upon the space
available in the vehicle and the need to have the main p.c.b.
and relays (where fitted) housed in the more secure areas
within the vehicle. Figs. 13 and 14 respectively show the
p.c.b. design and component layout for a remote mounting
relay suitable for use with the alarm. This relay may be used
to operate the horn, headlights, or disable the ignition circuit.
Each set of change -over contacts is rated at 5A and the con -
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Fig. 13. Relay p.c.b.
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Fig. 14. Component layout

- 4 tacts may be wired in parallel to provide a 10A rating. Alter -
- 5 natively a single pole changeover relay is available which will

fit the same pin -out configuration. Connectors are push -fit- 6 '250' (1") types and these provide a neat and adaptable
method of wiring to the vehicle.

It should be remembered that the most determined car
thief will undoubtedly find a way of disabling any car alarm-o system. He may even resort to removing the car battery

(0) before towing the vehicle away! The primary function of an
alarm system should thus be considered to be more that of a
deterrent rather than a means of complete protection. In any
event, the installation of an alarm system is the first step in
fighting back!
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to file your copies away. Each binder is
designed to hold 12 issues and is attractively
bound and blocked with the PRACTICAL
ELECTRONICS logo. Price UK £4.60 in-
cluding postage, packing and V.A.T. Overseas
orders add 25p.
Please allow 3/4 weeks for fulfilment of
order. Why not place your order now? Send
the completed coupon below with remit-
tance payable to:-I.P.C. Magazines Ltd.,
Post Sales Dept., Lavington House, 25
Lavington Street, London SE1 OPF.

NM MI MI ME 01 MO MO NM
(Order Form PRACTICAL ELECTRONICS

I enclose P.O./cheque value for binders.

Years required

BLOCK LETTERS PLEASE

Name

Address

Date

CASES:

Instrument Cases as shown above are available from
PE offices at 50p each including post and packing.

Cheques and postal orders should be made payable
to I PC Magazines Ltd, and should be sent together
with your order (please do not send cash) to:

PRACTICAL ELECTRONICS (INSTRUMENT
CASE), WESTOVER HOUSE, WEST QUAY
ROAD, POOLE, DORSET BH15 1JG.

Practical Electronics July 1982 (77



BURGLAR
DETERRigyr,2:

IF premises which contain valuable property are often left
unattended it is obviously worthwhile fitting a comprehen-

sive burglar alarm system, and it would probably be
necessary to do so in order to insure against theft. Things are
far less clear-cut in situations where premises are only oc-
casionally left unattended, and there is little of value that can
be easily removed. There is relatively small risk of burglary,
especially in an area having a low crime rate, and the cost
and inconvenience of installing a burglar alarm system is dif-
ficult to justify.

Many houses are in this second category, and relatively
few are protected by a comprehensive alarm system. There
are alternatives to an alarm system, and an increasingly pop-
ular one is to use a light-sensitive switch which turns on a
light somewhere at dusk, and either switches it off again
after some preset time, or at dawn.

When the premises are left unattended for some period of
time, such as when the occupiers are on holiday, this gives
the impression that the building is still occupied and deters
would-be burglars.

There have been many burglar deterrent designs of this
type for the home -constructor in the past, but these in-
variably seem to be of the simple type where the light is
switched on at dusk and off again at dawn. In practice, the
type having a timer to set the time at which the light
switches off have a couple of useful advantages. One is sim-
ply that problems with feedback from the light bulb to the
photocell (which can result in oscillation) are avoided. This
largely removes restrictions on the relative placement of the
bulb and the detector, and on the light level at which the
bulb is switched on. In most households the lights are
usually switched off some time before or after dawn, and
this is something that can be achieved using a circuit with a
built-in timer so that the illusion of normality is obtained.

The simple burglar deterrent unit described in this article
has a timer which turns off the controlled lamp (which is a
standard or table type) 2, 4, 6, 8, 10, or 12 hours after
switch -on. However, these times can easily be modified to
suit individual requirements. When the unit is switched off it
is automatically by-passed so that the lamp can be used in
the normal way.

BLOCK DIAGRAM
The block diagram of Fig. 1 illustrates the operation of the

device, and the timer circuit is at the heart of the unit. A sim-
ple timer using a 555 monostable or some similar arrange-
ment is not really suitable due to the long delay times in-
volved, and the impractically large timing component values
that would be required. Instead a Ferranti ZN1034E preci-
sion long timer is used, and by using an oscillator, divider
chain, and control logic circuit this produces an output pulse
of a few thousand CR seconds. This compares with a
nominal figure of just 1.1 CR seconds for the 555 device.

A photocell circuit connects to the trigger input of the
timer via a Schmitt trigger, and activates the timer when the
light intensity falls below a certain level. The timer then
switches on the lamp via a relay and a relay driver stage.

One slight complication is that if it is still dark when the
output pulse ends and the lamp is switched off, as the light
level falls the unit will be re -triggered. Some additional cir-
cuitry is therefore needed in order to prevent re -triggering.

The most simple way of achieving this is to hold the
trigger input of the timer in the low state during the output
pulse and for a short while afterwards, rather than allowing it
to return to the high state after triggering when the photocell
picks up the increased light level caused by the lamp
switching on. The ZN1034E is a monostable of the type that
only triggers on negative input transitions, and does not re -
trigger if the trigger input is in the low state at the end of the
output pulse.

[EGI167)

OUTPUT

DE AY
CIRCUIT

INVERTER

Fig. 1. Block diagram
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Fig. 2. Circuit diagram

The output of the timer is therefore connected to the
trigger input by way of an inverter stage, and a simple delay
circuit is used at the input of the inverter so that the trigger
input is held in the low state for a short while after the
timer's output pulse ends. This is necessary simply because
it takes a short but significant time for the relay and light
bulb to switch off.

THE CIRCUIT
The full circuit diagram of the Burglar Deterrent appears in

Fig. 2.
Integrated circuit IC3 has both Q and Q outputs, and in

this circuit only the Q output at pin 3 is used. Pins 11 and 12
are linked so that the internal 100k calibration resistor of IC3
is used, and the output pulse length is nominally 2736 CR
seconds. C6 is the timing capacitor, and there are six timing
resistors. These are R8 to R13, and from one to six resistors
connected in series can be selected using S2. One resistor
gives an output pulse of about 7387 seconds (which is suf-
ficiently close to the required 7200 seconds), and each
resistor increases the pulse length by a further 7387
seconds. This gives the nominal delay times of 2 to 12 hours
in two hour increments. As the delay time provided by each
resistor is slightly longer than the required 2 hours using a
value of 2M7, a 2M2 component is used in the R12 posi-
tion. This counteracts the gradual build-up in the timing error
as more timing resistors are switched into circuit and gives
improved accuracy with S2 in the "10" and "12" hour posi-
tions.

In this application it is obviously not necessary to have
very precise delay times, and no means of trimming these
times has been incorporated in the circuit. The timing com-
ponents do not need to be close tolerance types, but as the
timing resistance can be as much as 15M7 it is necessary
for C6 to be a low leakage type, and a polycarbonate compo-
nent has therefore been specified. On the longer time
settings the timing resistance is actually a little more than
the recommended maximum figure of 10M for the
ZN1034E, but this does not prevent the circuit from
operating, or even significantly affect the timing accuracy.

Of course, it is an easy matter to change the timing com-
ponent values to produce delay times to suit individual re-
quirements. For example, a twelve way switch and a series
of twelve 1 M3 resistors would give an approximate timing
range of 1 to 12 hours in 1 hour increments.

RLAI

R7 is connected in series with the timing resistance but is
too low in value to have any significant affect on the delay
time. However, when S3 is closed the main timing
resistance is short-circuited and R7 then becomes the timing
resistor. This gives a short output of only about five seconds
in duration at most, and enables the circuit to be reset to the
"off" state if desired.

Photocell LDR 1 is a cadmium sulphide (Cds) light depen-
dent resistor, and it forms a potential divider across the sup-
ply lines in conjunction with R1. IC2 is an operational am-
plifier which is used here as an inverting Schmitt trigger, and
its output drives the trigger input of IC3 by way of R5.

Under reasonably bright conditions LDR1 will have a fairly
low resistance and the resultant low input voltage to IC2 will
give a high output. As the light level falls the input voltage to
IC2 increases until the output of IC2 triggers to the low state
and IC3 is triggered.

Pin 3 of IC3 then goes high, TR2 is biased into conduc-
tion, the relay coil which forms TR2's collector load is ac-
tivated, and a pair of normally open relay contacts connect
the 'live' mains supply to the output. TR 1
will also be switched on and C4 will
charge up, so that TR 1 holds IC1's trigger
input in the low state during the output
pulse at pin 3, and for a second or so after
the pulse has ended as C4 discharges into
the base circuit of TR1.
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Fig. 3. Printed circuit layout (actual size)

Fig. 4. Component layout

COMPONENTS .

Resistors

Fil 270k
R2,3 33k (2 off)
R4 100k Miscellaneous
R5 680
R6 22k T1 12-0--12 volt 5OrriA mains transformer
R7,14 1k (2 off) Si S.P.D.T. miniature toggle switch (250 volt a.c.

R8-11,13 2M7 (5 off) contacts)
R12 2M2 S2 6 -way 2 -pole rotary switch
All resistors -1 watt 5% carbon film S3 Push to make, release to break type

12 volt 400 ohm relay having a single changeover con-
tact rated at 10 amps at 240 volts a.c. (M.E.S.
-10A Mains Relay")

OR P61 photocell
50mA. 20mrn quick blow fuse and chassis mounting

Capacitors fuseholder to suit
Case measuring about 161 x 96 x 59mm (M.E.S. "Metal

C I 680u 25V electrolytic Panel Box M4005)
C2,3 100n polyester (2 off) Control knob
C4 100u 10V electrolytic Printed circuit board
C5 82p ceramic Veropins
C6 1 u polycarbonate Mains lead, connecting wire, grommets, etc.

Semiconductors

D1,2
03,4
TRi
TR2
IC1
IC2
IC3

1N4001 (2 off)
1N4148 (2 off)
BC650
BC14 I
78L05
CA3130T
ZN1034E
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The circuit is powered from a conventional fullwave mains
power supply which uses a small monolithic voltage
regulator to give a well smoothed and stabilised 5 volt out-
put. The ZN1034E has a built-in 5 volt shunt stabiliser, but
this is inadequate for use in this circuit and a separate
regulator has to be used. S1 is the on/off switch, and when
in the "off" position it connects the 'live' mains supply lead
to the output and thus by-passes the relay contacts.

CONSTRUCTION
Resistors R8 to R13 are mounted on S2, and LDR1 is

mounted on one side of the case in a grommet having a
suitable inside diameter (5mm), but apart from the controls
the other components are all mounted on the printed circuit
board. Details of the printed circuit and wiring of the unit are
provided in Fig. 3.

T1 and the holder for FS1 are bolted to the board using
6mm M3 screws and fixing nuts, but the other components
(including the relay) fit onto the board in the normal way. Of
course, if you do not use the specified relay it will be
necessary to alter the printed circuit layout to suit the par-
ticular component used, and it might not be possible to ac-
commodate the relay on the board if the component used is
not a subminiature type. IC2 is a CMOS device incidentally,
and the usual CMOS handling precautions should be taken
when dealing with this device. Note that the CA3130T
device functions well in this circuit, but most alternative
devices either will not work at all on a 5 volt supply, or will
give an inadequate output voltage swing for satisfactory
operation in this circuit. Use Veropins at points where the
printed circuit board will connect to off -board components.

Provided the specified case is used the circuit board can
be mounted horizontally in the lowest set of printed circuit
guide rails moulded into the case. There are a few vacant
areas on the board where mounting holes can be drilled if a
different case is used. For reasons of safety the case must be
a type which has a screw fixing lid or front panel, and not a
clip -on type which would permit easy access to the
dangerous mains wiring.

The wiring is mostly quite straightforward. The metal front
panel must be connected to the mains earth lead, and a
large solder tag fitted on the mounting bush of S3 provides a

MAINS
INPUT
LEAD

MAINS
OUTPUT

LEAD

Fig. 5. Wiring diagram

suitable connection point to the panel. As it is likely that the
unit will always be used with the same lamp it can be wired
into the mains lead of this lamp, with holes for the input and
output leads being drilled in one side of the case, rather than
going to the trouble of fitting a mains outlet on the case.

The ORP61 photocell is a "side on" type which has a
coloured spot on the body of the component just beneath
the sensitive surface. Obviously the photocell must be
mounted with this sensitive surface clear of the grommet in
which the component is mounted, and facing forward.

It may be found that the finished unit triggers at switch -
on, but depressing S3 for a few seconds will reset the circuit.
After a second or two when C4 has discharged it will be
possible to trigger the unit by reducing the light level
received by LDR1. It is possible to alter the light level at
which the unit is triggered by changing the value of R1, but
satisfactory results should be obtained using the specified
value.

VIC20 3K memory for sale new. Worth
£30, only £24. Free breakout cassette in-
cluded. Martin Donaghy, 17 Fairmount
Park, Dungannon, Co. Tyrone, N. Ireland
BT70 1 EB.
"MASPRO" Super FM -DX 12 element
antenna £40. Collected Bracknell, Berks or
carriage at cost. Contact: Anthony R. C.

Green, Airwork Ltd., P.O. Box 18530,
Salalah, Sultanate of Oman.
WORKING RADIO chassis module tran-
sistorised, also amp. with controls 10W.
The pair £4. M. R. G. Reynolds, 32 Com-
mon Approach, Benfleet, Essex.
SWAP Elector H.B. from Not, P.W., P.E..,
ETI, E.E., W.W., 200mA Philips V1501 for
communi. radio. J. A. N. Ferreira, 13
Danehurst St, London SW6. Tel: 01-731
1509.
ZX81 SINCLAIR built 16K, RAM, unused
printer, complete with leads, p.s.u., manual
£125. Mr. E. 0. Rice, 68 Vernon Drive,
Stanmore, Middx HA7 2BT.

ARP quartet polysynth £250 o.n.o., v.g.c.
two years old, home use only. Tel: 01 471
3328 Paul.
SAFGAN dual trace 'scope, 10MHz,
DT410 virtually unused, can deliver Ascot
or Teddington areas. Mr. N. Savill. Tel: 01-
977 3222 Ext 3778 daytime. Winkfield
Row 4832 Eve or w/e.
MICROTAN 65, L/case, graphics, keypad
and Maplin ASCII keyboard. Case if wan-
ted. Genuine reason £120. o.n.o. Matthew
Jones, Pinhills, Bowood, Caine, Wiltshire,
SN11 OLY. Tel: 0249 813308 before 8 pm.
BRAND NEW Erie electrolytic capacitors
4µF, 350V axial. 74p/card of 14. The lot
(294) £12.20. R. A. Carter, 2B Haig
Avenue, Southport, Merseyside PR8 6LD.
Tel: 0704 31948.
UK101 cased 8K all leads and manual
£140 o.n.o. Tel: Esher 63981 (Surrey).
CREED 7B teleprinter. No guarantee but
believed O.K. 24V. Sorry no data. Buyer
collects £25 o.n.o. P. Sewell, 33 Linnet
Close, Birmingham B30 1XB. Tel: 021 471
1585.
ACORN Atom 6K RAM 8K Basic, plus
p.s.u. £135. J. Caffrey, 28 Goodways Drive,
Bracknell, Berkshire RG12 3AU.

UK101, 8K, cased, with manual and leads,
as new £240 o.n.o. Roy Hammnd, Bir-
mingham. Tel: 021 350 4748.
WANTED faulty UK101 or superboard,
must be cheap with manual. Wood, 35
Milnthorpe Drive, Wakefield, W. Yorks,
WF2 7HU.
WANTED any model 33 or 35 teletype
parts, paper, equipment, anything con-
sidered. Send any information to: Nick
Belson, 20A Furzedown Rd, Highfield,
Southampton SO2 1 PN.
WANTED Sinclair PDM 35 digital multi -
meter, microcomputer MK14, teletex uni-
versal adaptor for TV. State price and con-
dition. R. Roy, "Dawnmoor", Newton Saint
Petrock, Torrington, Devon. Tel: 040926
267.
ACORN ATOM 12K RAM 8K ROM 5V,
3A power supply, £50 value software. Now
surplus to requirements. Bargain £155. An-
drew Donaldson, 14 Acton Gate, Wrexham,
Clwyd LL1 1 2PN. Tel: Wxm 0978 56596.
TERMIPRINTER 300 BAUD, RS232,
ASC1 1 working on UK101 £100. Green
display v.d.u., uncased as new £55. A. D.
Morphet, 4 Orchard Hills Cotts, Carleton,
Skipton, N. Yorks. Tel: 0756 60795.
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LOUDSPEAKER PROTECTION

Hitachi of Tokyo has patented (BP 1 593
295) what appears to be a genuinely novel
approach to loudspeaker protection. It is all
too easy to damage a loudspeaker by over-
loading it; the voice coils overheat, deform
and go open -circuit. Protection devices
have to strike a compromise between ex-
cessive sensitivity, which makes them
trigger too early and too often, or inade-
quate sensitivity, which leaves the
loudspeaker still at risk. Hitachi has already
pioneered the use of Hall effect elements
for magnetic recorder playback heads, and
speed sensing turntables. So it is logical for
Hitachi now to patent a Hall effect device
for protecting a loudspeaker.

Figure 1 shows the basic circuit. Low fre-
quency audio signals from source 1 are fed

RE
Copies of Patents can be obtained from:
the Patent Office Sales, St. Mary Cray, Orpington, Kent. Price f1.60 each.

Fig. 1

through resistor 2 and capacitors 3, 4 or LF
power amplifier 5. The amplifier output
feeds loudspeaker 9 through indicator 7,
and resistor 8. The amplifier output is also
fed through fixed resistor 17 and variable
resistor 16 to Hall -effect element 13. This
element is made of indium antimonide, in-
dium arsenide or germanium. The element
13 is subjected to the magnetic flux created
by the audio signal passing through induc-
tor 7 and develops a proportional d.c.

voltage at terminals 18, 19. The output
voltage of the Hall element can be adjusted
by changing the current through Hall inputs
14, 15 through control of the value of
variable resistor 16.

The Hall voltage is fed to amplifier 20, of
which the amplified output is sent to ad-
justable time constant circuit 23,26. The
time constant of this WC circuit is set ap-
proximately equal to that of the tem-
perature rise in the voice coil of the
loudspeaker 9. The amplified voltage out-
put is divided at 24,27 and applied to the
gate of thryristor 25. When the voltage bet-
ween the gate and cathode of the thyristor
exceeds its firing voltage, the thyristor turns
conductive and allows current to flow
through the coil 30 of relay 29. This relay
then operates to close switch 33 which
earths one end of resistor 28. The LF signal
from source 1 is divided by resistors 2,28
so that the signal supplied to amplifier 5 is
attenuated. This decreases the output
power of amplifier 5 and so protects the
loudspeaker 9.

COMPATIBILITY
Sony has filed a British patent applica-

tion (2 075 805) on a string of circuits in-
tended to make portable radios and tape
recorders more fully mono -stereo compati-
ble. At the present time there is con-
siderable confusion. A pair of Stereo
headphones can have either a full size or a
mini stereo jack; a single earpiece operates
in mono mode and needs a mono jack,
either full size or mini; a portable stereo
radio or cassette player with a built-in
loudspeaker, usually reproduces only one
channel, rather than a mono mix of both
channels, when there is no jack connected.
Sony has already demonstrated a prototype
for a combination jack plug which, by the
use of a screw sleeve, converts between
large and mini size. (This should soon be on
the UK market.) The Sony patent applica-
tion suggests a standard for jacks, and

CL I CR I CE Ps

Fig. 2A
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Fig. 2B
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player circuitry, which would provide fully
automatic switching between stereo
headphone listening, mono headphone
listening and mono loudspeaker listening.

Figure 2A shows the proposed format for
a stereo jack and Figure 2B the proposed
format for a compatible mono jack. Several
suitable circuits are sketched. For instance
in Figure 4 when a stereo jack is inserted in
jack socket J, the stereophone functions in
stereo. Voltage from source +6 is divided
by resistor R7, resistor R2 and the DC
resistance of the headphone. Potential at P
is supplied to the base of transistor Q1
through resistor R5 so that Q1 conducts.
So the left and right channels are earthed
through resistors R3, R4 without mixing,
and amplifiers Al, A2 feed the left and right
headsets separately to give stereo
reproduction.

When a mono plug is inserted, jack

E

Ike

1NR

socket contact SR is earthed through the
plug and voltage +B is divided by resistors
R7, R2. The potential at P is now
decreased, so T1 becomes non-conductive
and the output of the right channel signal
from amplifier A2 is supplied to the input of
amplifier Al. This provides a mixed mono
output for the mono headset.

Figure 5 shows how the system can in-
corporate a mono loudspeaker SP. When
no plug is in the jack J, the voltage +B is
again divided by resistors R7, R2 and tran-
sistor Q1 again becomes non-conductive.
So, as during mono headset reproduction,
amplifier Al produces a sum of the left and
right signals. This sum signal is fed to
loudspeaker SP, through movable contact
SL and fixed contact SLF, which are closed
when no jack is inserted in the socket. So
the built-in loudspeaker produces a mono
sum of the stereo signals.

Al +8

vw °

-3
-Rs

Rs

Qv2
-Co

-P

Aix
Rx

SP

SR/` SR
°

717

Fig. 5
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THE CASE
FOR

IL IF'
It's the chance

every constructor wants

POWER AMPS

PRE -AMP
MODULES

SEND COUPON
(NO STAMP NECESSARY)

FOR YOUR FREE
I.L.P. CATALOGUE
AND OPEN UP

TO A
NEW WORLD OF

QUALITY & VALUE

It's something you have always wanted.... something to build
your equipment into that's smart, modern, strong, adaptable
to requirement and not expensive. The 'UniCase' is yet another
triumph of I.L.P. design policy. It presents totally professional
appearance and finish, ensuring easier and better assembly to
make it equal to the most expensive cased equipment.
The all -metal 'UniCase' is enhanced by precision aluminium
extruded panels engineered for speedy and perfect aligned
assembly within a mere five minutes. Designed in the first case
to accommodate I.L.P. power amps with P.S.U's, the range
will shortly be extended to house any other modular projects.

WHAT WE DO FOR CONSTRUCTORS
Our product range is now so vast we cannot possibly hope to show it
all in our advertisments without overcrowding or abridging
information to the point of uselessness. So we have devised a solution
which we invite you to take advantage of without delay. ALL YOU NEED
DO IS FILL IN AND FORWARD THE COUPON BELOW TO RECEIVE
OUR NEWEST COMPREHENSIVE I.L.P. CATALOGUE POST FREE BY
RETURN. It gives full details of all current I.L.P. products for the
constructor together with prices, full technical and assembly details,
wiring and circuit diagrams etc. and it's yours, FREE. You don't even
have to stamp the envelope if you address it the way we tell you.

ELECTRONICS LTD.
FREEPOST 2
GRAHAM BELL HOUSE, ROPER CLOSE, CANTERBURY CT2 7EP

Telephone Sales 10227) 54778 Technical Only (0227) 64723 Telex 965780

FREEPOST
Mark your envelope clearly FREEPOST 2 and post it WITHOUT a stamp to
LLP. at address above. We pay postage when your letter reaches us.

To: I.L.P. ELECTRONICS LTD.

PLEASE SEND ME I.L.P. CATALOGUE,

POST PAID BY RETURN

I HAVE/HAVE NOT PREVIOUSLY

BUILT WITH I.L.P. MODULES

Name

Address:

I.L.P. are the world's
largest designers and
manufacturers of hi-fi audio
modules?

I.L.P. pioneered encapsulated
power amps and pre -amps for
enhanced thermal stability,
mechanical protection and
durability?

There are TWENTY power
amplifiers from 15 to 240 watts
RMS including the very
latest super -quality Mosfets to

choose from?

TWENTY pre -amp modules
allow you to incorporate
exciting professional
applications to your equipment
never before available to
constructors and
experimenters?

I.L.P. are suppliers to
the B.B.C., I.B.A., N.A.S.A.,
British Aerospace, Marconi,
Racal, Ferranti, G.E.C., Rolls
Royce etc?

Goods are despatched within 7
days of your order reaching us and
covered by our 5 year no -quibble
guarantee?

1111111M
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I.L.P. products are available also from Henry's, Marshall's, Technomatic & Watford.
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COMPLETE KIT 0363.90

1

CLEF ELECTRONIC MUSIC
ELECTRONIC

PIANOS
SPECIALISTS SINCE 1972
Clef Pianos adopt the most advanced
form of Touch Sensitive action which
simulates piano Key inertia using a

patented electronic technique.

7+ OCTAVE
DOMESTIC MODEL

COMPONENT KIT £244
COMPLETE KIT £399.90

MANUFACTURED £675
Two Domestic Models are available
including the 88 -note full-size version.
Four intermixable Voicc Controls may
he used to obtain a wide variation of
Piano tone, including Harpsichord.
Both Soft and Sustain Pedals are in-
corporated in the Design and internal
Effects are provided in the form of
Tremolo. Honky Chorus, and
Phase/Flanger.
A power amplifier integrates into the
Piano top which may be removed from
the Base for easy transportation.

SIX OCTAVE
DOMESTIC MODEL

COMPONENT KIT £217
MANUFACTURED £595

Component Kits include Keyboard,
Key -switch hardware, and all electronic
components and may be purchased in
four stages at no extra cost.
Complete Kits further contain Cabinets,
wiring harness, Pedals and in the case of
Domestic Models both Power Amplifier
and Speaker.
The Sin Octave Stage Piano has the
same range of Voices and Effects and is
designed for use with an External

1111411 Amplifier and Speaker.

SIX OCTAVE
STAGE MODEL

7/ COMPONENT KIT £217
COMPLETE KIT £349 MANUFACTURED MO

Please allow 7 days Tor normal despatch

We are pleased
to announce that

MICROSYNTH
A NEW MUSIC PROJECT FROM

PRACTICAL ELECTRONICS

we have been
appointed by A.
R. Bradford
M.Sc. as the kit
supplier for this
exceptional
Instrument.

COMPLETE
KIT

1118.50

STRING

ENSEMBLE
(As Published in conjunction
with 'Practical Electronics')

A very popular Keyboard
Synthesizer Kit. for Group or
Home use. with a four octave
compass and split Keyboard
facility.

COMPONENT HIT

£179.00

ROTOR -CHORUS
Comprehensive two speed
organ rotor simulator plus a

three phase chorus generator.

COMPONENT KIT £99.00

KEYBOARDS
Our Square Front Keyboards

99 NOTE IA -C) f 57.00
73 NOTE IF -F) £47.00
FIVE OCTAVE (39.00

FOUR OCTAVE f28.75

Since 1972 Clef Products have consistently produced leading designs
in the field of Electronic Musical Instruments, many of which have
been published in technical magazines. With musical quality of
laramount importance. new techniques have been evolved and the
atest musically valid technology has been incorporated into projects
which have been successfully completed by constructors over a wide
range of technical capability. Back up TELEPHONE advice is
available to all our customers.

PRICES INCLUDE VAT, UK CARRIAGE & INSURANCE
(CARRIAGE EXTRA ON MFD PIANOS). Please send S.A.E. for
our complete lists, or use our telephone VSA/ACCESS Service.
Competitive quotations can be given for EXPORT orders - In
Australia please contact JAYC AR in Sydney.

CLEF PRODUCTS (ELECTRONICS)
LIMITED

I Dept. P E 44A Bramhall Lane South, Bramhall,
Stockport, Cheshire Ski 1AH 061-439-3297

"THE COMPUTER BAND -BOX"
(As Published in conjunction with "Practical Electronics")

COMPLETE
KIT

£289

£399
MANFD.

PRICES INCLUDE MASTER RHYTHM
A revolution in the field of Computer MY* Generetion!

A MUSICIANS INSTRUMENT FOR:
SOLOISTS - SINGERS - RECORDING - PRACTICE
LIVE PERFORMANCE -COMPOSITION
The BAND -BOX provides an Electronic Backing Trio consisting of
Drums. Bass, and a Chord Instrument (one of 16
Waveform/Envelope combinations), with the capicity to store over
3.000 User Programmable Chord Changes on more than 120
different Chords. Using advanced Microprocessor technology,
Playback of 50-100 Scores can be executed in any Key and at chosen
Tempo. Complete Music Pad is electronically Indexed and stored on
secondary battery back-up. Facility exists for composition of Intro,
Repeat Chorus, and Coda sections including Multiple Score Se-
quences. Sockets are provided for Volume Pedal and Footswitch plus
separate and mixed instrument Outputs. Total size 19" x 11" x 4-1-"
incorporating Master Rhythm.

THE Programmable DRUM MACHINE
(As Published in conjunction with Tracticul hiectron,c,')

EIGHT TRACE
PROGRAMMING
/TWENTY-FOUR
PATTERNS/
TWELVE
INSTRUMENTS
SEQUENCE
OPERATION.
COMPLETE KIT
£79.00
MANFD. £119.00

The Clef Master Rhythm is capable of storing 24 selectable r ythmic
drum patterns, invented, modified, and entered by the Operator on to
Eight Instrumentation tracks. A three position Instrumentation con-
trol expands the number of instruments available to twelve, grouped
into sounds typical of playing with Drumsticks, Brushes, or Latin
American Bongos and Claves.
Sequence operation allows two rhythm sections to be coupled with
the second (B) section appearing at four, eight or sixteen Bar repeti-
tion. All drums can be adjusted for level and resonance on internal -
controls to suit individual taste, thus producing good musical sounds
in a battery driven unit 8-1" x 5" x 2-}".

An entire
range of
low-cost
high-
performance
instruments

sabtronics
'Making Performance Affordable

2010A 31/2-DIglt L.E.D. Bench DMM 5020A 1Hz-200KHz Function Generator
2015A 31/2 -Digit L.C.D. Bench DMM 8110A 100MHz 8 -Digit Frequency Meter
2020 31/2 -Digit L.E.D. Bench DMM 131510A 600MHz 8 -Digit Frequency Meter

with Microcomputer Interface 881013 600MHz 9 -Digit Frequency Meter
2033 31/2 -Digit L.C.D. Hand DMM 80008 1GHz 9 -Digit Frequency Meter

2035A 31/2 -Digit L.C.D. Hand DMM 8700 10MHz Universal Frequency
2037A 31/2 -Digit L.C.D. Hand DMM Counter/Timer

with Temp. PSC-65 600MHz Prescaler
LP -10 10MHz Logic Probe 9005 5MHz Single Trace Oscilloscope

 Also available in kit form.

Test our low priced test equipment. It
measures up to the best. Compare our
specs and our prices- no-one can beat our
price/performance ratio.
Full colour illustrated
brochure and price list from:
BLACK STAR LTD.,
9a Crown Street,St. Ives,
Cambs. PE17 4EB
Tel: (0480) 62440. Telex 32339

311a1

%MASLOW
DSO

L The firm for Speakers

Just 5013 will bring you the latest Wilmslow Audio
80 page catalogue packed with pictures and specifications

of HiFi and PA Speaker Drive Units, Speaker Kits,
Cabinet Kits ....

1000 items for the constructor.
CROSSOVER NETWORKS AND COMPONENTS.
GRILLES, GRILL FABRICS AND FOAM. PA, GROUP
DISCO CABINETS - PLUS MICROPHONES -
AMPLIFIERS - MIXERS - COMBOS - EFFECTS -
SPEAKER STANDS AND BRACKETS - IN -CAR
SPEAKERS AND BOOSTERS ETC. ETC.

* Lowest prices- Largest stocks *
* Expert staff - Sound advice *

* Choose your DIY HiFi Speakers in the comfort *
of our listening lounge.

(Customer operated demonstration facilities)
* Ample parking *

* Access Visa American Express accepted *

0625 529599

35/39 Church Street, Wilmlsow, Cheshire SK9 lAS

Lightning service on telephoned credit card orders'
Please allow up to 7 days for delivery.
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5121 SCREWDRIVER SET
6 precision screwdrivers in hinged Plash!.

case Sizes - 0 8. 1 4 2. 2 4.
2 9 and 3 8mm £1.15

5131 NUT DRIVER SET
5 precision nut drivers in singed plastic case
With turning rod

£1.75
Sizes - 3 3 5 4. 4 5 and 5mm

5141 TOOL SET
5 precision instruments in hinged plastic case
Crosspomt (Phillips! screwdrivers -
H 0 ano H 1 Hex key wrenches -
I 5 2 and 2 5mm £1.75

5T51 WRENCH SET
5 piecision wrenches in hinged plastic case
Sizes - 4. 4 5. 5. 5 5 and 6mm £1.75

BUY ALL FOUR SETS 5121.5T51 and get
HEX KEY SET FREE
HEX KEY SET ON RING

Sizes 1 5 2 2 5 3

5, 5 5 and 6mm 4.

Made of hardened steel

WWI £1.25

MINI VICE
This small cast iron Quality made vice irI
clamp on to any bench or table having a 'ax
thickness of 11/4 " The 2 vi " laws open to max
of 1% Approx size 80 x 120 x 66mm
Bi-pas Mini Vice al
a Mini Price only

£Z50
ORDER NO SX82

BI-PAK SOLDER -
DESOLDER KIT
Kit comprises ORDER NO SX80

I High Duality 40 watt General Purpose
Lightweight Soldering Iron 240v mains met
31 16" 14 7mm) bit
1 Quality Desoldenng pump High Suction with
automatic ejection. Knurled. anti -corrosive
casing and teflon nozzle
1 5 metres of De -soldering braid on plastic

disperser
2 yds It 83rb Resin Cored Solder on Card
1 Heat Shunt tool tweezer Type
Total Retail Value over £12.00
OUR SPECIAL KIT PRICE £8.95

BRAND NEW LCD
DISPLAY MULTITESTER.
RE 188m

LCD 10 MEGOHM INPUT IMPEDANCE

'Tr:, digit  16 ranges plus hFE test facility for
PNP and NPN transistors Auto zero. auto
polarity 'Single-handed. pushbutton
operation Over range indication  12 5mm
I ye -inch) large LCD readout  Dioue check
Fust circuit protection Test leads battery
and instructions included
Max indication 1999 or - 1999
Polarity indication Negative only

Positive readings appear
without + sign

Input impedance 10 Megohms

Zero adjust Automatic
Sampling time 250 milliseconds
Temperature range - 5°C to 50°C
Power Supply 1 x PP3 or equivalent 9V

battery
Consumption 20mVV

Size 155488 x 31mm
RANGES

DC Voltage 0,200mV

0-2-20.200-1000V Acc 0 8%
AC Voltage 0,200-1000V
Acc. I 2% OC Current 0-200uA
0- 2-20-200mA.0-10 A Acc 1 2%
Resistance 0.2.20-200k ohms
0.2 Megohms Acc 1%
BI-PAK VERY LOWEST POSS PRICE 1!?tV4..

£35.00 each

r"--1
..enne

en a.

TheThird and
Fourth Hand...

-- you always need

but have never got -until now
This helpful unit with Rod mounted

horizontally on Heavy Base. Crocodile clips
attached to rod ends Six ball 8 socket joints
give infinite variation and positions through
360° also available attached to Rod a 21/2 diam
magnifier giving 2 5 x magnification Helping
hand unit available with or without magnifier
Our Price with magnifier as illustrated ORDER
NO T402 £5.50
Without magnifier ORDER NO T400 £4.75

iBI-PAK PCB ETCHANT
AND DRILL KIT'\ Complete PCB Kil comprises
I Expo Mini Drill 10.000RPM 12v DC incl 3
collets & 1 a tmm Twist bit
1 Sheet PCB Transfers 210mm x 150mm
1 Etch Resist Pen
1 lqlb pack FERRIC CHLORIDE crystals
3 sheets copper clad board
2 sheets Fibreglass copper clad board
Full instructions for making your own PCB

boards
Retail Value over £15.00
OUR BI-PAK SPECIAL KIT PRICE £9.75
ORDER NO SX81

TECASBOTY
The Electronic Components and Semiconductor Bargain of the Year. A host of Electronic

components' including potentiometers - rotary and slider. presets- horizontal and vertical.

Resistors of mixed values 22ohms to2M2-1/8to2Watt A comprehensive range of
capacitors including electrolytic and polyester types plus disc ceramics etcetera.

Audio plugs and sockets of various types plus switches, fuses. heatsinks, wire, nuts/bolts.
gromets. cable clips and yes. knobs and P.C. Board. Then add to that 100 Semiconductors

to include transistors, diodes. SCR's optOs, all of which are current everyday usable devices.

Mall a Fantastic Parcel. No rubbish all identifiable and valued in current catalogues at well

over E25.00. Our Fight Against Inflation Price -

- Dow; witht Depression JUST £6.50.

Send your orders to Dept PE7
81-PAK PO BOX 6 WARE HERTS

SHOP AT 3 BALDOCK ST
WARE HERTS
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Use youi credit raid Ring us on Ware 3182 NOW and

jet your order even Intel Goods normally sent 2nd

Class Mail

Remember you must add VAT at 15% to your onset

Total Postage add /bit per total ode,

Technical
Training in
Radio,
Television and
Electronics
ICS have helped thousands of ambitious people to
move up into higher paid, more secure jobs in the
field of electronics-now it can be your turn.
Whether you are a newcomer to the field or already
working in the industry, ICS can provide you with
the specialised training so essential to success.

Personal Tuition and Guaranteed Success

The expert and personal guidance by fully qualified
tutors, backed by the ICS guarantee of tuition until
successful is the key to our outstanding record in
the technical training field. You study at the time
and pace that suits you best and in your own
home. In the words of one of our many successful
students: "Since starting my course, my salary has
trebled and I am expecting a further increase when
my course is completed".

CITY AND GUILDS CERTIFICATES
Excellent job prospects await those who hold one
of these recognised certificates. ICS can coach
you for:
Basic Electronic Engineering (CEIG/ICS)
Radio Amateurs
CERTIFICATE COURSES
TV Et Audio Servicing
TV, Radio and Audio Engineering
Radio Es Amplifier Construction
Electronic Engineering*
Computer Electronics*
Industrial Electronics*
Radio Frequency Electronics*
Introduction to Microprocessing*
Electrical Contracting Et Installation
'Qualify for IET Associate Membership

ICACC
Approved by CACC

ICS
Div. National Corporation

Education Member of ABCC

POST OR PHONE TODAY FOR FREE BOOKLET

I
I
I
I
I Post to: Dept 273W

ICS School of Electronics
160 Stewarts Road

qab 01-622 9911
i All Hours) I

London SVV8 4UJ

I III Ell INI Mil = Ell = = Ell MAIM = MI In = I
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Please send me your FREE School of Electronics Prospectus.

Subject of interest

Name

Address



When replying to Classified Advertise-
ments please ensure:
(A) That you have clearly stated your

requirements.
(B) That you have enclosed the right

remittance.
(C) That your name and address is

written in block capitals, and
(D) That your letter is correctly

addressed to the advertiser.
This will assist advertisers in processing
and despatching orders with the mini-
mum of delay.

RECEIVERS AND COMPONENTS

OUT NOWIl The 1982/3 GREENWELD Component
Catalogue, 60p Discount Vouchers, Reply paid Envelope,
Free Bargain List, Only 75p. Greenweld Electronics Ltd.,
443c, Millbrook Road, Southampton, SO1 OHX.

BRAND NEW COMPONENTS BY RETURN
Electolytic Capacitors 16V, 25V, 50V.
0.47, 1-0, 2.2. 4.7 & 10 Mids. - 5p.
22 & 47-6to 1-7p. 150V -8p). 220-8p.
(50V -10p), 470-11000. 140V -16o), 1000/15V -15p.
1000/25V -25p. 1000/40V -35p.
Subminiature bead Tantalum electrolytic..
0 1. 0-22, 0.47, 1.0 a 35V, 47 a 6.3V - 14p.
2.2/35V, 4.7/25V -15p. 10/25V, 1 5/16V -20p.
22/16V, 33/10V, 47/6V, 68/3V & 100/3V -30p.
15/25V, 22/25V, 47/10V -35p. 47/16V -80p.
Submini Ceramic Caps. E12 Series 100V.
2% 10 pf to 47 pf.-3p. 56 pf. to 330 of. -4p.
10% 390 Of. to 4700 pf.-4p.
Vertical Mounting Ceramic Plate Caps. 50V.
E12 22 pf. to 1000 pf. E6 1500 pf. to 47000 pf.-2p.
Polystyrene E12 Series 63V. Horizontal Mntg.
10 pf. to /320. pt. --3p. 1000 pf. to 10,000 pf. -4p.
Mini Polyester 250V Vert. Mtg. E6 Series.
01 to ,068 -4p. 1-5p. 15, 22-6p. 33, .47-10p.
68 - 12p. 1.0 - 1Sp. 1 5 - 22p. 2.2 - 24p.
Myler (Pol 1 Film 100V. Vertical Mounting.
.001. .0022, .0047-3p. .01, .022-4p. .04, .05, 0.1-5p.
High Stability Miniature Film Resistors 5%
W E24 Series 0.51R - 10M0. (Except 7M5, 9M1) 10.

El2 Series 1110 to 10M0. - 1.1p.
1 vv El bones 10H to 10M0.- 3P.
kW metal film 612 Series 106-1 MO. 5% - 2p. 1% - 3p.
1N4148 -2p. 1 N4002 -4p. 1 N4006 -6p. 1 N4007 -7p.
BC1O7/8/9-12p. BC147/8/9, BC157/13/9. BF195 & 7-10p.
8 Pin i.c's. 741 Op. amp -18p. 555 Timer -24p.
Oil Holders 8 pin -9p. 14 pin -12p. 16 pin -14p.
LED's. 3 & 5mm. Red -10o. Green & Yellow -14o.
Grommets for 3mm. -11p. Grommets for 5mm-2p.
20mm. Q.B. Fuses -15. 25, .5, 1, 2, 3 & 5A --5p.
20mm. Anti Surge 100mA to 5 0A -8p.
20mm. Fuseholders P.C. or Chassis Mtg.-8p.
Battery Snaps (pairs) PP3-8p. PP9-12p.
400mW Zener diodes E24 series 2V7 to 33V- 8p.

Prices VAT inclusive Post 15p. (Free over 65.001.

THE C. R. SUPPLY CO.
127, Chesterfield Rd., Sheffield S8 ORN.

PRINTED CIRCUIT BOARDS MANUFACTURED. Prototypes or
large quantities. Prices available on request. MAYLAND
PCB CO., 4 The Drive, Maylandsea, Althorpe, Nr. Chelms-
ford, Essex. Phone 0621 741560.

TURN YOUR SURPLUS Capacitors, transistors, etc., into cash.
Contact COLES HARDING CO., 103 South Brink, Wis-
bech, Cambs. 0945 4188. Immediate settlement.

SMALL ADS
The prepaid rate for classified advertisements is 32
pence per word (minimum 12 words), box number 60p
extra. Semi -display setting £10.70 per single column
centimetre (minimum 2.5 cms). All cheques, postal
orders etc., to be made payable to Practical Electronics
and crossed "Lloyds Banks Ltd". Treasury notes should
always be sent registered post. Advertisements,
together with remittance, should be sent to the
Classified Advertisement Dept., Practical Electronics,
Room 2612, IPC Magazines Limited, King's Reach
Tower, Stamford St., London, SE1 9LS. (Telephone
01-261 5846).

NOTICE TO
READERS
Whilst prices of goods shown
in classified advertisements are
correct at the time of closing
for press, readers are advised to
check with the advertiser to
check both prices and
availability of goods before
ordering from non -current
issues of the magazine.

300 SMALL COMPONENTS. Transistors, diodes £1.70. 7lbs
assorted components £4.25. 10Ibs £5.75. 20 wire ended neons
£1. Forty 74 series ICs on panel £1.70. 500 capacitors £3.20.
List 20p refundable. Post 60p, optional insurance 20p. JWB
Radio, 2. Bamfield Crescent, Sale, Cheshire M33 1NL.

P.C. BOARD S.S. 12" x 12" -3 for £2.00. Glass fibre P.C. Board
S.S. or D.S. 12" x 12" £1.00 each. Add 60p p&p any quantity.
Cooper, 16 lodge Road, Hockley, Birmingham R18 5PN.

HAVE YOU SEEN THE GREEN CAT?
1000s of new components, radio, electronic, audio,
T.V. Plus electronic devices and accessories at un-
believably low prices. Probably the cheapest in the
country. Send 40p for GREEN CAT and receive FREE
RECORD SPEED INDICATOR or £1.50 and receive
sample pack worth £4 or send £5 and receive sample
pack worth £20.
MYERS ELECTRONICS. Dept PE, 12/14 Harper
Street, Leeds LS2 7EA. Next to Union Jack

Clothing Store.
Callers welcome at our NEW retail premises.

Open 9 to 5 Mon to Sat. Tel: 452045.

BOURNEMOUTH/BOSCOMBE. Electronic components
specialists for 33 years. Foresters (National Radio Supplies),
Late Holdenhurst Road. Now at 36, Ashley Road, Boscombe.
Tel. 302204. Closed Weds.

TE ECTRIC
THE ELECTRICITY COST MONITOR

FEATURED IN PE MARCH & APRIL '82
AS SEEN ON NATIONAL TELEVISION

Telectric Assembly Kit £49.50 + VAT
Telectric Unit Built & Tested £78.00 + VAT

P&P per kit or unit £3.00 + VAT
SAE for full details, Component List & Order Form

Cheque or Purchase Order to:

Response Company
Froxfield, Petersfield, Hants GU32 1DX.

ACCESS Tel: Petersfield (0730) 3063

T & J ELECTRONIC COMPONENTS. Quality Components, com-
petitive prices. Illustrated catalogue 45p. 98 Burrow Road,
Chigwell, Essex.

AERIALS

AERIAL BOOSTERS trebles incoming signal, price £7.00. SAE
leaflets. Velco Electronics, Ramsbottom, Lancashire BLO
9AG.

BOOKS AND PUBLICATIONS

ANY SINGLE SERVICE SHEET El., S.A.E. Thousands different
repair/service manuals/sheets in stock. Repair data your
named TV £6.50 (with circuits £8.50). S.A.E. Free magazine,
prices, quotations. AUSPE, 76 Church Street, Larkhall,
Lanarkshire. (0698 883334).

SERVICE SHEETS

TELEVISION SERVICE SHEETS AND MANUALS. large selection
Japanese and European. SAE for catalogue and enquiries.
Sandhurst Publications, 49c Yorktown Road, Sandhurst,
Camberley, Surrey.

BELL'S TELEVISION SERVICES for Service Sheets on Radio, TV,
etc £1.25 plus S.A.E. Colour TV Service manuals on request.
S.A.E. with enquiries to B.T.S. 190 Kings Road, Harrogate,
N. Yorkshire. Tel. (0423) 55885.

SOFTWARE

UK101 GAMES. 3 great bargain tapes, some with sound.
1: Tank Battle, Black Box, Zombie, Logibean, Rocket, Ski -
run. 2: Startrek, Brickbat, Othello, Motor Racing, 3D-Oxo. 3:
3D -Maze, Gunfight, Minefield, Meteorites. Torpedo, Battle
of Britain. Cegmon or Newmon (02), 8K minimum. £8.50
each, £23 all 3. R. G. C. Asher, 125 Hawthorne Avenue,
Long Eaton, Nottingham.

UK101 SOFTWARE ON TAPE
from the guy who wrote "Le Passe -Temps -

GALACTIC HITCHHIKER (8K). An adventure, all in
machine code. A beauty! (£7.00)
SUPERTREK (8K). Sail boldly through the universe
zap -ping moving Klingons in real time. Superb graphics.
If 7.00I
STARTREK (81(1. The old favourite, beautifully presented.
If 6.00)
LUNAR LANDER. A real challenge. You won't get down in
less than 3 hours. (£3.00)
HANGMAN. Excellent graphics. P.E. said so! (£3.00)
BASIC TUTOR (8.<41K). The only way to learn - at the
keyboard (£12.001
LE PASSE -TEMPS. You NEED this, if you haven't already
got it (£3.00)
MAD MONK (8K). It's ready at last! A machine code
adventure with some truly remarkable graphics, this
programme is in a class by itself. (£9.50)
These ORIGINAL PROGRAMS are compatible all 2K
Monitors and are available for 16 , 48 and 32 r 48 displays
(including enhanced Superboards).

HARDWARE
These kits are complete in every way: - Fully socketted high
quality PCB, all components, switches etc, plus preformed
cable assembly for easy interconnection to J1, or our ...
MOTHERBOARD SYSTEM. Now you can add on all
those extras easily. Provides eight, yes EIGHT, fully buffered
J1 type sockets. (£19.50)
8K STATIC RAM BOARD. (£39.50)
HI -SPEED CASSETTE INTERFACE. At last, a system
that works. COMPLETELY RELIABLE 4000 baud 18000
with reasonable cassette) plus software for named file
handling. A delight to use. (£19.50)
VIDEO ENHANCEMENT. Switch selectable 16.48 or
32 . 48 displays without butchering your computer.
(£19.50). Monitor EPROMs re -blown to suit for just £2.50
8K EPROM BOARD. (£19.50). A 2K Extended Monitor is
available in EPROM for f7.50 and Toolkit in EPROM,
£12.50.
MONITOR BOARD. Plug into Monitor socket to provide
switch selection of up to 4 EPROMS. (f9.50)
BASIC 4 Replacement provides a knock -out Cassette
Handling System. Old, Dynamic Halt. Single Step and
Trace. (0.50)
PRINTERS Phone for latest prices e.g. EPSON MX8OFT
II for £399.00 incl. Securicor Delivery.

Prices include post & packing but exclude VA .T
Please write or phone for further details:
MERLIN (MICRO SYSTEMS) LTD.,

93, High Street,
Eaton,

Cleveland.
Tel. (06421 454883.

ATOM EXPANSION £80 ono. Apple II programs, DISW £15.
Sinclair ZX Spectram Software. (0407) 810689.

MOS VDU E29; Cassette Interface £7; Qwerty Keyboard,
keyboard unguaranteed £20; NIBL ROM £25. Leeds
871291.

FOR SALE

P.E. ACTIVE SPEAKER - Designer approved full kit £125+£I0
Carr. Inclusive. Pair of PCB's £12 + £1 p&p. Built and
guaranteed pair of above £160 + £10 P&P. Bewbush Audio,
26 Hastings Road, Pound Hill, Crawley. Sussex. Tel. 0293
517107.

UK101 IX Cased P.S.U. Cased Cegmon installed £150 ono.
Ring further information after 6.00 p.m. 061-799-9912.

OSCIUATORS, Function Generators DVM's, Temperature
Indicators, Valve Voltmeters, Recorder B & K Amplifiers,
various test gear. Offer contact Leo: Tel. 03708 5047 day;
03706 391 evenings.

UK 101 CASED, 1-2 MHz, 8K RAM, CEGMON, RS232 im-
proved cassette interface. Twenty tapes and full documenta-
tion. £140 the lot. Phone 0533 312 735.
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EDUCATIONAL WANTED
LARGE QUANTITY of reusable micros, phone cords, earpieces,
cable etc. etc., ideal equipment for security alarm installa-
tions. Trade enquiries only. Box No. 88.

CAREERS IN MARINE ELECTRONICS. Courses commencing Sep-
tember and January. Further details, The Nautical College,
Fleetwood FY7 8JZ. Tel. 03917 79123.

TELEVISION COMPUTER
RADIOCOMMUNICATIONS

& RADAR SERVICING

21 YEAR full-time Modular
Diploma course to include a high
percentage of practical work.

 ELECTRONIC PRINCIPLES (1st)
 ELECTRONIC PRINCIPLES (2nd)
 MONOCHROME TV
 COLOUR TV, CCTV & VCR
 MICROELECTRONICS &

DIGITAL TECHNIQUES
 MICROPROCESSORS &

COMPUTERS
 RADIOCOMMUNICATIONS &

RADAR

Each of the above Modules are 13 weeks
in duration. Individual Modules can be
arranged for applicants with suitable
electronics background.
Subject to approval, students will be
awarded a TEC Diploma in Electronics
 Communication Engineering on
completion of the full course.

Next session starts Sept 13th.

Prospectus from:

LONDON ELECTRONICS
COLLEGE

Dept: AA, 20 Penywern Road,
London SW5 9SU. Tel: 01-373 8721.

WANTED. Someone to design and manufacture a prototype
timer and a prototype LW receiver both to precise specifica-
tions. There could later be a market for the product as kits or
assemblies. Box No. 87.

MISCELLANEOUS

TELETEXT (ORACLE/CEEFAX) Add-on adaptors for your existing
television or microcomputor. Also viewdata (Prestel) and
telesoftware. Access/Visa. Avon Office Services, Freepost,
82 Charlton Mead Drive, Bristol BSIO 6BR. (0272) 502008
anytime.

SPARE PARTS FOR ALL DIGITAL WATCHES. Batteries: pins; dis-
play; back lights etc. Plus reports, publications charts. Send
SAE for full list. PROFORDS, Copners Drive, Holmer
Green, Bucks HPI5 6SGG.

CABINET FITTINGS
Fretcloths. Coverings, Handles. Castors.
Flight Case Locks & Parts, Jacks, XLRs,
Bulgins, Reverb Trays. P & N mic Stands,
ASS Glassfibre Horns,
CELESTION POWER
Speakers.

Send
30p cheque/

PO for illustrated
catalogue Adam Hall (PE Supplies),

Unit G, Carlton Court, Grainger Road,
Southend-on-Sea.

NEW ILLUSTRATED CATALOGUE available. 85p with two 25p
vouchers. Griffiths Electronics (PE), 15 Windmill Gardens,
Whixall, Whitchurch, Shropshire.

MAKE YOUR OWN PRINTED CIRCUITS
Etch Resist Transfers - Starter pack (5 sheets, lines,
pads, I.C. pads) £2.10. Large range of single sheets in
stock at 45p per sheet.
Master Positive Transparencies from P.C. layouts in
magazines by simple photographic process. 2 sheets
negative paper, 2 sheets positive film (A4) £2.10.
Photo -resist spray (200 ml) £3.50 (p+p 65p). Draft-
ing Film (A4) 25p. Precision Grids (A4) 65p.
22p stamp for lists and information. P&P 50p per order
except where indicated.

P.K.G. ELECTRONICS
OAK LODGE, TANSLEY, DERBYSHIRE.

CLEARING LABORATORY: scopes, generators, P.S.U.'s, bridges,
analysers, meters, recorders, etc. 0403 76236.

BURGLAR ALARM EQUIPMENT. Ring Bradford (0274) 308920
for our catalogue or call at our large showrooms opposite
Odsal Stadium.

THE SCIENTIFIC WIRE COMPANY
PO Box 30, London, E.4. 01-531 1568.

ENAMELLED COPPER WIRE
SWG 11b 8oz 4oz 2oz
8 to 34 3.30 1.90 1.00 0.80

35 to 39 3.52 2.10 1.15 0.85
40 to 43 4.87 2.65 2.05 1.46
44 to 47 8.37 5.32 3.19 2.50
48 to 49 15.96 9.58 6.38 3.69

SILVER PLATED COPPER WIRE
14 to 30 6.63 3.86 2.28 1.50

TINNED COPPER WIRE
14 to 30 3.97 2.41 1.39 0.94
10 x 10 Mtr reels 3 amp PVC cable mixed

colours £5.00.
Prices include P&P, VAT. Orders under E2

add 20p.
SAE for list of copper and resistance Wire.

Dealer enquiries welcome.

PARAPHYSICAL JOURNAL (Russian Translations): Psychotronic
Generators, Kirlianography, Gravity Lasers, Telekinesis
Details: SAE 4 x PARALAB, Downton, Wilts.

ULTRASONIC TRANSDUCERS, miniature, 40KHz. £2.85 per pair
+ 25p P&P, Dataplus Developments, 81 Cholmeley Road,
Reading, Berks.

IN CIRCUIT TRANSISTOR TESTOR £14.25. S.A.E. for details of
this and other products. C.M.J. ELECTRONICS, 52/54 Wor-
cester Street, Wolverhampton WV2 4LL.

WRONG TIME?
ALWAYS CORRECT with an MSF CLOCK - never

gains or loses, SELF SETTING at switch -on, 8 digits
show Date, Hours, Minutes and Seconds, larger
digit Hours and Minutes for easy QUICK -GLANCE
time, auto GMT/BST and leap year and parallel
BCD output for computer or alarm etc.

Receives Rugby 60KHz atomic time signals, built-in
antenna, 1000Km range.

Fun -to -build kit includes all parts, printed circuits,
case, instructions, postage etc, money back assur-
ance, £6280, GET the RIGHT TIME now.

CAMBRIDGE KITS
45 (FG) Old School Lane, Milton, Cambridge.

ELECTRONIC GAMES. Build your own microchip games from
our detailed circuits. SAE for details. G.H.T. LTD., P.O. Box
DR95, Dover, Kent. CT16 IUL.

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS

Please insert the advertisement below in the next available issue of Practical Electronics for

insertions. I enclose Cheque/P.O. for E

(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Practical Electronics)

Send to: Classified Advertisement Department
NAME PRACTICAL ELECTRONICS

Classified Advertisement Dept., Room 2612,
ADDRESS King's Reach Tower, Stamford Street,

London SE1 9LS. Telephone 01-261 5846
Rate:
32p per word, minimum 12 words. Box No. 60p extra.

Company registered in England. Registered No 53626. Registered Office. King's Reach Tower, Stamford Street. London SE1 9LS. 7/82
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+VAT IS% AUTO TRANSFORMERS
Volta es available: 105, 115. 190. 200,&
210, 220. 230, 240. for step up or step
down.

VA
p&pRef (Watts) PricePrice

113* 15 L2.39 4I.20
64 80 L4.85 41.40

4 150 £6.48 LI.60
67 500 413.30 L2.24
84 1000 L22.70 L2.80
93 1500 128.17 O.A.AVO
95 2000 £42.14 O.A.
73 3000 (71.64 OA.
80 4000 L93.01 O.A.
57 5000 £108.30 O.A.

*0. 115, 220, 240.

OTHER PRODUCTS *TRANSFORMERS Delivery 7 days AVO TEST METERS
AVO 8 MK5. Latest Model L122.10
AVO 71 Electronics & L49.30
AVO 73 TV Service L68.90
AVO MMS Minor L43.60
AVO EM272 3161(-Q/Volt input Z L72.30
AVO DA 116 LC.D. Digital (131.50
AVO DA2I I L.C.D.Digital (Hand L58.50

DA2I2 L.C.D. Digital Held) L8- I."
Battery MEGGER BM7/500V L71.60
Wee MEGGER hand crank £101.50
Plus P&P (1.50 + VAT 15%

400/440 to 240V
ISOLATORS

VA P&P

60 48.11 t I .50
250 416.07 O.A.
350 L19.88 O.A.

L24.77 O.A.
1000 L50.53 O.A.
2000 474.79 O.A.
3000 4104.86 O.A.
6000 L207.92 O.A.

30 VOLT RANGE
secs) Sec Volt
12. 15, 18, 20,
I 5V -0-15V. Amps

(2 x 1SV tapped
available 3, 4, 5, 6, 8, 9, 10,

24, 30V or 12V -0-12V or

UK Postages. Overseas extra.
Voltages stated are on full load

Continuous Ratings
Ref 30V
112 0.5
79 I

3 2
20 3

21 4
SI 5

117 6
88 8
89 10
90 12
91 IS
92 20

15V Price P&P
I L3.19 41.202500
4

£4.32 1:40(6.99 41.60
6 £8.10 £1.85
8 0.67 £1.90

10 L11.96 L2.00
12 41332 C2.02
16 08.10 £2.26
20 420.88 0.24
24 L23.20 O.A.
30 426.60 43.00
40 L35.64 C4.83

60 VOLT RANGE
secs)
Pri 120/240V.
16, 18, 20, 24,
24V -0-24V or

Amps
Ref 60V

24 0.5
26

1

27 2

25 3

23 4

(2 x3OV tapped

Voltages available 6, 8, 10,12.
30, 36, 40, 48, 60 or

30V -0-30V.

30V Price P&P
I £4.70 41.50

. L1.50
4 L9.20 41.90
6 L13.31 (2.02
8 L15.15 C2.26

All Avos, Meggers & accessories available.
SPECIAL OFFER

VENTILATED
TRANSFORMER
CASES OFF
THE SHELF

25W 240V Soldering Iron to
BS Spec. (1.75 P&P 30p
VAT 15%.

Constant Voltage Transformers
( 1% )

Clean mains to computers/peripherals
250 VA £127.36
500 VA £149.43
IkVA /203. I 2
Also I.C. "sensing types" for low mains
voltage fluctuations..

50 VOLT RANGE (Split Sec)
Pri 120/240V (2x 25V tapped secs) Vol-
rages available 5, 7, 8, 10, 13, IS, 17, 20. 33,
40 or 20V -0-20V or 251-0-20V

Amps

40 5

20 6
21 8
22 10

89 12

10 L19.16 42.24
12 L21.86 42.64
16 L30.72 O.A.
20 (35.76 O.A.
24 L41.22 O.A.

15W CN240/CCN 240 L4.58 + P&P + VAT.ANTEX 25W k 25 L4.74 + 62p P&P + VAT.

P.W. Purbeck oscilloscope transformer 250-0-250: 6.3V' 12.9V (author
(10.78 (1.20

Ref 50V
02 0.5
03 1

04 2
05 3

06 4
07 6
18 8
19 10
09 12

25V P&P Ref
1 44.I3 (1.40approved)
2 L5.03 fl.40
4 L8 69 C 1.84Amps
6 L10.36 (1.90
8 4I4.10 0.12

12 08.01 (2.34
16 £24.52 42.70
20 130.23 O.A.
24 436.I8 O.A.

12 OR
Pri

Ref I2V
213 1 .0

71 2
18 4

85 0.5
70 6

24V OR 124-12V
220-240 volts

24V Price PEP
0.5 L3.I9 0.20

I 44.25 41.20
2 L4.91 L1.60
2.5 46.78 £1.50
3 L7.69 £1.40

15V CT Range (7.5V -0-7.5V)
Ref Price P&P
171 500mA £2.53 L0.90
172 IA L3.59 41.20
173 2A 44.35 L1.20
174 3A L4.54 C1.20
175 4A' L6.93 (1.40

Precision De -Solder Pumps - Quick action button release for one hand work -
ing. Large 45.86 (P&P 35p+ VAT). Small L5.17 (P&P 30p+ VAT). Replacement tips:
Small 65p+ VAT. Large 86p+ VAT.

Telephones: Desk Type. Model 746 L11.50+020 P&P. Wall phones
L18.80+41.20 P&P. (-VAT IS%. Push button Trim phone L28.00+ P&P.

METAL OXIDE RESISTORS LI per 100 (Electrosil) TR4 5%
4711/7511/18011/3600/3900/4300/4700/51011/5601)/82011/ I K/
1141 /1K2/1K3/1K6/IK8/2K/2K4/3K/ I 6K/20K/22K/24K/47K/82K/
I 00K/ I 10K/120K/130K/ I 80K/220K/270K/300K. P&P SO p +VAT.

MAINS ISOLATORS (SCREENED)
Pri 0-120:0-100-120V (120, 220, 240V) Sec
O -CT -120V twice,
Ref VA Price P&P
'07 20 L5.30 (1.50
49 60 L8.63 (1.60
50 100 (10.06 £1.84

108 8
72 10

116 12
17 16

115 20

187 30
226 60

4 48.98 (1.64
5 £9.82 £1.80
6 £10.89 41.90
8 L12.97 42.I2

10 £17.46 42.44
I5 L21.69 (2.64
30 444.45 O.A.

Sec 2
36-0-36V

Amps
72v/
96v

I

2
3

6
8

96/48/36V RANGE
Pri 0-120/240V

windings 0-36-48V to give
or 48-0-48V or 96V.

36v/
48v Ref Price P&P

2 431 L8.93 L I 64
4 432 C14.69 LI 60
6 433 L17.79 L2.40
8 434 L22.24 L2A0

10 435 432.23 L2A0
12 436 L40.36 O.A.
16 437 (44.03 O.A.200V

100W Soldering Gun includes bulb for
spot-on joints L5.39 -, VAT.

MAINS
BATTERY ELIMINATORS
Plugs into I3A socket 3, 4.5V,

51 200 L13.69 L2.I 2
52 250 L16.31 0.64
54 500 L25.02 42.90
55 05.91 O.A.
56 1000 L45.89 O.A.
57 1500 £60.02O.A.
58 2000 L72.43 O.A.
59 3000 L101.12 O.A.

6000 (207.92
'Pri 0-240V Sec 115 or 240V only.
State sec volts required

SCREENED MINIATURESn ,
^e1 mA Volts L P&P
238 200 3-0-3 3.11 D90
212 IA, IA 0-6, 0-6 3.45 1.20BRIDGE

13 100 9-0-9 2.59 080
235 330, 330 0-9, 0-9 2.41 0.60
207 500, 500 0-8-9, 0-8-9 3.36 1.20
208 IA. IA 0-8-9, 0-8-9 4.27 I 40
236 200. 200 0-15. 0-15 2.41 0.90

PANEL METERS
43mm x43rrim 82mm ., 78mrn

6, 7.5V, 9, I2V, (.1 300mA
output L5.10 P&P 60p +VAT.

0.50p.A L6.70 0.50}LA L7.37
0.500p.A (6.70 0.500µA (7.37
0.1mA £6.70C 0.1mA £7.37
0.30V 6.70 0.30V 037

RECTIFIERS
100V 25A L1.80 500V
100V 50A 42.20 124
200V 2A 40.52 PM7A6

Educational Meters. 2 amp, or 10 amp or
0-30V at L4.50. P&P 66p + VAT. Size
75 <78rnm Scaler. Finger terminals.

4A 0.75 L3.75
400V IA 10.25
400V 4A 40.98 P&P 20p
400V 6,4 41.44 +VAT.

TOROIDAL
TRANSFORMERS

Now Available Off The Shelf
30VA, 60VA, I 00VA, I 60VA. 230VA.
330VA. 530VA, 630VA

CASED AUTO TRANSFORMERS
240V cable in I I5V USA flat pin outlets.
VA Price P&P Ref

20 L7.21 61.25 56w
75 0.35 (1.50 64W

150 £12.10 C1.84 4W
250 04.73 £1.60 69W

214 300. 300 0-20, 0-20 3.39 1.20
221 700(DC) 20-12-0-12-20 4.13 1.20
206 IA, IA 0-15-20 ( x 2) 5.60 1.60
203 500. 500 0-15-27 (x2) 4.83 1.50
204 IA. IA 0-15-27 ( x2) 7.30 1.60
239 50 12-0-12 3.11 0.90
234 500 6-0-6 2.41 0.90

Barrie Electronics Ltd.
3, THE MINORIES, LONDON EC3N I BJ

TELEPHONE: 01-488 3316/7/8
NEAREST TUBE STATIONS: ALDGATE 8 LIVERPOOL ST.

TRANSFORMER
WINDING SERVICE

Phone or write for quotes.
500 L22.14 L2.24 67W

1000 L33.74 C2.80 84W
2000 C60.47 O.A. 95W

Send 20p stamps for Catalogue.
Prices correct 21/4/82.

"One of the neatest, most comprehensive and most useful of these car
computers that we have yet come across ..." PRACTICAL MOTORIST
The PE Car Computer was designed to exceed the specification of all
others, both for number of functions and accuracy.
It provides three classes of information:
Driving information - 7 functions including miles per gallon (or litres
per 100 kilometres), speed, fuel used.
Journey information - 11 functions such as how far to go, ETA, how far
you can go on fuel left, how fast you need to drive to meet an arrival
time.
Car performance information - measure acceleration leg. 0 to 60),
standing quarter miles, braking tests and much more using the unique
'programmed' mode. Check which types of driving are particularly un-
economic, tune your car for optimum performance and economy.
The unit also incorporates an ignition cut-out as an optional extra. Set
the lock and the engine will not restart until a three digit combination is
entered.
The unit is housed in a custom designed box with high quality printed
panels and can be fitted above or below the dashboard. The display is
liquid crystal for clarity in all lighting conditions.
The kit includes all sensors, wiring, etc and is suitable for all cars except
those fitted with diesel or fuel injection engines.

Kit price: £78.50 Assembled Price: £88.50
Ignition cut-out £7.75 -+ £1 p&p includes VAT.

Goods by return of post. Send S.A.E. for list of separately available parts.

PIMAC SYSTEMS LTD
20 Bloomfield Road, Moseley, Birmingham B13 9BY.

Tel: 021-449 0384

ELECTRI:Wg
A SPECIAL

SUMMER
PROMOTION

FREE VOUCHERS

TO SAVE YOU UP TO

Send for EV Catalogue 82 before Aug.
31 160 pages A4 - 70p post paid) and we
give you THREE 70p. REFUND
VOUCHERS FREE! Each is valid at any
time for spending singly on any one
C.W.O. order minimum list value £10
to quickly represent a useful saving
for you. Send 70p now for your
catalogue and 3 vouchers by return.

+ USUAL DISCOUNTS + FREE POSTAGE
DISCOUNTS
5% on orders over £23 line V.A.T.I
10% on orders over £57.50 (inc V.A 3.) on most
catalogue items, but not on payments by cre-
dit cards.

POSTAGE
Not charged on U.K. C.W.O. orders over £5.75
inc V.A T. If less, add 40p handling charge.

* SEMI-CONDUCTORS/ICs/OPTOs

* COMPUTERSISOFTWARE

* CAPACITORS/RESISTANCES

* CONNECTORS/SWITCHES/KNOBS

* POTS/FERRITES

* BOOKS/BOXES/TOOLS

and more and more and more
ELECTROVALUE LTD. 28c St. Jude's Rd., Englefield Green, Egham, Surrey TW20 OHB.
Telephone Egham (STD 0784; London 87) 33603: Telex 264415.
Northern Branch (Personal shoppers only) 680 Bumage Lane, Burnage, Manchester M19 1NA.
Telephone 061 432 4945
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OVERSEAS
ORDERS

Overseas readers are
reminded that unless
otherwise stated, postage
and packing charges
published in advertisements
apply to the United
Kingdom only.

Readers wishing to import
goods from the United
Kingdom are advised to first
obtain from the advertiser(s)
concerned an exact quota-
tion of the cost of supplying
their requirements carriage
paid home.

SERVICING RADIO, HI-FI
AND TV EQUIPMENT
by Gordon J. King Price: £7.50

HOW TO USE OP AMPS
by E. A Parr Price: £2.50

RADIO COMMUNICATION HANDBOOK
byRSGB Price: £13.00

ILLUSTRATING BASIC
BY D. Alcock Price: £3.00

BYTEING DEEPER INTO YOUR ZX81
by M. Harrison Price: £5.45

ZX81 BASIC BOOK
by R. Norman Price: £5.45

INTRODUCTION TO 6800/6802
MICROPROCESSOR SYSTEMS
by R. J. Simpson Price £7.50

PRACTICAL PROGRAMS FOR THE BBC
COMPUTER & ACORN ATOM
by D. Johnson -Davies Price: £6.45

INTRODUCTION TO MICROPROCESSORS
SOFTWARE, HARDWARE, PROGRAMMING
by L. A. Leventhal Price: £1195

1982 THE RADIO AMATEUR'S HANDBOOK
by A.R.R.L. Price: £8.50

*ALL PRICES INCLUDE POSTAGE *

THE MODERN
BOOK CO.

BRITAIN'S LARGEST STOCKIST
of British and American Technical Books

19-21 PRAED STREET
LONDON W2 1NP

Phone 01-402 9176 Closed Saturday 1 p.m.
Please allow 14 days for reply or delivery.

BAKER LOUDSPEAKERS
Model Ohms
Major 4.8, 16
Superb 8, 16
Auditorium 8, 16
Auditorium 8, 16
Group 45 4. 8, 16
Group 75 4, 8, 16
Group 100 8. 16
Disco 100 8, 16
Group 100 8, 16
Disco 100 8, 16

nch Watts Type Price Post
2 30 Hi-Fi L14 L2
2 30 Hi-Fi L24 f2
2 45 Hi-Fi L22 L2
5 60 Hi-Fi L34 C2
2 45 PA ,,',I L2
2 75 PA 1.2 L2
2 100 Guitar L24 L2
2 100 Disco L24 L2
5 100 Guitar L32 a
5 100 Disco L32 L2

DISCO MIXER. 240V, 4 stereo channels, 2 magnetic, 2

ceramic/tape, I mono mic channel, twin v.u. meters, headphone
monitor outlet, slider controls, panel or desk mounting, grained
aluminium facia. L40. Post L2.

DELUXE STEREO DISCO MIXER/EQUAUSER as above
plus L.E.D. V.U. displays 5 band graphic equaliser. left/ right fader,
switchable inputs for phono/line, mike/line.

L95. PP L2.

BOOKSHELF HI -Fl ENCLOSURES TEAK L32 pair.
18 x II x 6in, 10 watts, 8 or 4 ohm. 2 way system. Post L2.

GARRARD 6-200 SINGLE PLAYER DECK
Brushed Aluminium Arm with stereo ceramic cartridge and
Diamond Stylus, 3 -speeds, Manual and Auto Stop/Start. Large
Metal Turntable.
Cueing Device and Pause Control. E22. Post L2.

METAL PLINTH cut for Garrard or BSR
Size. 16 x 14 x 3M L4.00. Silver or Black finish. Post L2.

B.S.R. P204 SINGLE PLAYERS
SPECIAL OFFERS
Two speed 33.45 rpm Hi-Fi Decks with Stereo Cartridges,
cueing device and snake arm.
Ceramic - 240V AC LIS or 9V DC L19.
Magnetic - 240V AC L20 or I 2V DC L24.

B.S.R. SINGLE PLAYER P232 BELT DRIVE L20.00
2 -speeds I lin. turntable. "Snake" arm, cueing device, stereo
ceramic cartridge, bias compensator, 240V AC. Post (2.

B.S.R. DE -LUXE AUTOCHANGER L20
Stereo cartridge, plays all size records. 3 -speed. Post L2.

DECCA B.S.R. TEAK PUNTH 183 x 143 x 4in.
Space for small amplifier. BSR Board L6.50 post paid.
With Garrard Board L4.50 post paid. PVC covers L7.50 extra.

TINTED PLASTIC EQUIPMENT COVERS
Sizes: 143 x 123 x Sin. LS. 151 x 133 X 4in. Ll. 14 x 13 x
33in. LS. 18 x 123 x 3M. L6. 163 x 13 x 4in. L6. 173 x 133 x
43in. L6. 213 x 141 x 23n. (6. POST CI.50.

R.C.S. LOW VOLTAGE STABILISED
POWER PACK KITS L3.95. Post 65p.
All parts and instructions with Zener diode printed circuit, mains
transformer 240V as. Output 6 or 73 or 9 or I 2V d.c. up to
100mA or less. Please state voltage required.
PP BATTERY ELIMINATOR BRITISH L4.50
Mains stabilized power -pack 9 volt 400mA D.C. with overload
cut out. Size 5 x 33 x 23in. Post 50p. DELUX MODEL
Switched 3: 6; 73; 9 volt 400mA D.C. Stabilized. L7.50. Post CI

MAINS TRANSFORMERS Post
250-0-250V 70mA 6.3V, 2A L4.50 42
250-0-250 80mA 6.3V, 3.5A, 6.3V IA L5.00 42
350-0-350V 250mA 6.3V 6 amp. 1I2.00 L2
300-0-300V 120mA 2 of 6-3V 2A C.T. 5V,
6.3V 2A L13.00 L2
220V 45rnA. 6.3V 2A L3.00 L 1

250V 6OmA, 6.3V 2A L3.50 LI

GENERAL PURPOSE LOW VOLTAGE
2A, 3, 4, 5, 6, 8, 9, 10, 12. 15, 18, 24 and 30V L6.00 a
IA, 6, 8, 10, 12, 16. 18, 20, 24. 30, 36, 40, 48, 60 66.00 L2
2A, 6, 8, 10, 12, 16. 18, 20. 24, 30, 36. 40, 48, 60 L10.50 L2
3A, 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48. 60 L12.50 L2
SA, 6, 8, 10, 12, 16, 18, 20. 24, 30. 36, 40. 48. 60 t 18.00 L2
TOROIDAL 30-0-30V 4A + 20-0-20V 3A. L10.00 L2

6V 3 amps LIN , i I 5-0-I5V 2 amps L3.75 L I

6-0-6V. 100ma (1.50 LI I 6V 2 amps 0.00 L I

9V 250mA L1.50 80p 20V I amp 13.00 L 1

9V 3 amp 0.50 f j 20-0-20V I amp L3.50 LI

9-0-9V 50mA L1.50 80p 20-40-60V I amp £4.00 L2

10-30.40V 2 amps L3.50 L I
30V 13 amp L3.50 L I

I2V 3 amps 0.50 t I 30V S amps and

6-0-6V 13A L3.50 41 I7 -0-17V 2a L4.50 L2

AUTO TRANSFORMER I ISV to 240V 500W L12.00 L2
CHARGER TRANSF. Post RECTIFIERS Post
6 -12V -3A L4.00 L2 6 -12V -1A 90p 80p
6 -12V -4A L6.50 L2 6- I 2V -2A II.10 80p
6 -12V -6A L8.50 L2 6 -12V -4A L2.00 80p

BLANK ALUMINIUM CHASSIS. 6 x 4in. L1.45; 8 x 6in.
L1.80; 10 x 7in. L2.30; 12 x Bin. L2.60; 14 x 9in. L3.00; 16 x
6in. L2.90; 16 x 10in. L3.20. All 23in. deep. 18 swg.
ALUMINIUM PANELS. 18 swg. 6 x 4in. 45p; 8 x 6in. 75p;
14 x Sin. 75p; 10 x 7in. 95pr 12 x Bin. L1.10; 12 x Sin. 75p; 16
x 6in. L1.10; 14 x 9in. L1..45; 12 x I2in. L1.50; 16 x 10in.
L1.75. ANGLE AU. 6 x 3 x tin. 18 swg. 2Sp.
ALUMINIUM BOXES. 4 x 4 x 13in. LI. 4 x 23 x 2in. LI. 3
x 2 x lin. LI. 6 x 4 x 2in. L1.40. 7 x 5 x Sin. L2.40. 8 x 6 x
Sin. L2.50. 10 x 7 x Sin. L3. 12 x 5 x 3in. L2.75. 12 x 8 x 3M.
L3.60. All 18 swg with lids.

HIGH VOLTAGE ELECTROLYTICS
8/450V 45p 8+8/450V 75p 50+50/300V 50p

16/3SOV 45p 8 +16/450V 75p 100+100/275V 65p
32/500V 75p 32 +32/450V 41.20 150+200/275V 70p
50/450V 95p 32+32/350V 75p 220/450V 950
8/800V L1.20 32+32/500V L1.80 32+32+32/325V 90p

HEATING ELEMENTS, WAFER THIN Semi -flexible.
11 x 9 x 3M. Operating voltage 240V, 250W approx. Suitable
for Heating Pads, Food Warmers, Convector Heaters, Propaga-
tion, etc Must be clamped between two sheets of metal, etc.
ONLY 60p EACH (FOUR FOR 42) ALL POST PAID.

Radio Component Specialists
337, WHITEHORSE ROAD

CROYDON, SURREY, U.K. TEL: 01-684 1665
Post 65p Minimum. Callers Welcome. Closed Wed.
Same day despatch. Access -Barclay -Visa. Lists 3Ip.
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PRICES INCLUDE VAT
TTL

: ADD 50p P&P
COMPUTER CHIPS

7400 .13 7432 .30 7494 .42 74165 .69 7403 .15 7438 .30 ZOO CPU 4.55
7401 .14 7433 31 7 4% .58 74166 21 7401 .15 7440 21 7.80A CPU 5.05
7402 .14 31 74101 .70 74173 7402 . 7441 .81 Z80 PIO 4.00
7433 .16 7438 35 74105 .70 74174 74133 .16 7442 .42 Z80A PIO 4.20
7404
7405

.15

.21
7440
7442

21
M

74107
74109

35
.40

74175
74176

21
.63 77404405

.17

.18
7447
7448

.37

.92
Z80
Z80A

CTC
CTC

4.20
4.60

7406 29 7445 .73 74118 .92 741T/ 74C6 88 7452 .18 Z80 DMA 12.30
7407 .29 7446 74120 85 74180 74013 .17 7454 .18 Z80A DMA 14.70
7408
7409

.17
20

7447
7448

55

55
74121
74122

34
.52

74190
74192 so

7409
7410

18
18

7473
7474

.32.3

Z8
Z80A

DART0
DART 8.20

8.80
7410 .17 7451 20 74123 .57 74193 .75 7411 18 7475 .32
7411 24 7453 10 74125 .47 74194 .81 7412 .23 7476 24 MEMORIES
7412
7413

20
.28

7454
7460

20
20

74126
74128

.46

.47
74196
74197

.73

.73
7413
7414 .3555

7483
7485

.58

.78
2114
2114

450nS
300nS

1.30
1.14

7414 .72 7470 .41 74132 .52 7415 24 7486 .38 2708 2.30
7416 28 7472 .32 74136 39 7420 .17 7490 .40 2716 2.42
7417 .29 7473 .34 74141 .78 7421 .19 7492 .44 2732 4.70
7420
7421
7422
7423

.18
24
.24
.25

7474
7475
7476
7480

27
.45
.35
.55

74154
74155
74156
74157

.84

.65

.75

.55

DIODES
N4148
N4001
N4002

.04

.05

.06

7422
7425
7426
7427

.18
29
.21
.18

7433

ittll7
.r44r004

,50
35-

7425 29 7482 .86 74160 .69 N4033 .07 7428 74112 .36
7426
7427

.27

.32
7483
7486 27se

74161
74162

.69

.70
N40134

N4005
07
.07

7430
7432

.17

.18
74113
74122

.37

.51
7428 .33 7491 .60 74163 .71 N4036 .08 7433 74123 .63
7430 .18 7492 38 74164 .69 1,341307 .08 7437 20 74126 .35

MAIL
ORDER
ONLY

Delivery within
21 days

TM COMPONENTS
18 EASTWAYS,
CANVEY ISLAND, ESSEX SS8 9TH

EDMUND SCIENTIFIC
ILLUSTRATED CATALOGUE

Write now,
or visit our showroom

At last this famous

range of products is now

available in the U.K.

and Ireland from

RHEINBERGS SCIENCES

LIMITED. Over 2000 products

for industry, education and

the enthusiast.

Microscopic
Accessories
Magnifiers &
Microscopes
Light
Fibre Optics
Motors & Pumps
Infrared Products
Polarising Material
Toots
OEM
Solar Energy

tMagics

ets
Laboratory Equipment
Lasers
Photography

RHEINBERGS SCIENCES
Educational Kits
Diffraction Gratings

LIMITED, Dept. PE2 Holography

Sovereign Way, Tonbridge, Kent TN9 1RN.
Tel: 0732 357779.

PARNDON ELECTRONICS LTD.
Dept. No. 21 44 Paddock Mead, Harlow, Essex. CM 18 7RR. Tel: 0279 32700

RESISTORS: '/a Watt Carbon Film E24 range ± 5o/ii tolerance. High quality resistors
made under strictly controlled conditions by automatic machines. Bandoliered
and colour coded.
£1.00 per hundred mixed. (Min 10 per value)
£8.50 per thousand mixed. (Min 50 per value)

Special stock pack 60 values, 10 off each E5".01

DIODES: IN4148 3p each. MM order quantity - 15 items.
£1.60 per hundred

DIL SWITCHES: Gold plated contact in fully sealed base - solve those
programming problems.
4 Way 86p each. 6 Way £1.00 each. 8 Way £120 each.

DIL SOCKETS: High quality. low profile sockets
8 pin -- 10p. 14 pin -11p.16 pin -12p.18 pin -19p. 20 pin - 21p.
22 pin - 23p. 24 pin - 25p. 28 pin - 27p. 40 pin - 42p.

ALL PRICES INCLUDE V.A.T. & POST & PACKING -NO EXTRAS
MIN. ORDER - U.K. Cl ,00. OVERSEAS £5 CASH WITH ORDER PLEASE

Same Day Despatch

DIY KITS1113ITS
PROFESSIONAL EQUIPMENT AT DISCOUNT PRICES,

 KITS £32, £50, £75, £85 INCLUDING FULL INSTRUCTION
 CONTROL PANELS £18, £23, £29, £37  BELL BOXES £6.25, £7.50 
 PRESSURE PADS £1.06, £1.45, £1.95  4 CORE CABLE (100m) £8.00 
 SIRENS £7.50  CONTACTS 72p, 74p, 76p  ULTRASONICS £34.50 

 DOOR PHONES £49.42 
BUY A KIT OR DESIGN YOUR OWN SYSTEM
SEND S.A.E. OR 'PHONE NOW FOR FREE FULLY ILLUSTRATED CATALOGUE.

IT TELLS YOU ALL YOU NEED TO KNOW!

CARRIAGE INCLUDED. VAT EXTRA 15%

A
D
E

VISA

All ELECTRONICS. 217 WARBECK MOOR. AINTREE LNESPOOL L9 WU. 051 523 8440

RAPE ENCIURIES 01,/k

*
1-24

SPECIAL OFFER
25-99

*
2114L-450 90p 85p 2732 450p 400p
21141-200 100p 95p 4116-200 90p 85p
2716 ( 5V) 225p 210p 6116-150 550p 500p
2532 450n 400p

CONNECTOR
I.D. CONNECTORS.

(Speedblock Type)

No. of Header Neap- Edge

ways Plug carte Conn.

1D 90p 90p 200p

20 165p 165p 240p
26 200p 200p 300p
34 240p 240p 300p
40 270p 250p 550p
50 310p 310p 600p

SYSTEMS
D -CONNECTORS

s war 15 way25 way37 way
MALE

Solder 95p 135p 200p 280p

Angled 160p 230p 265p 425p

FEMALE

Solder 125p 190p 245p 375p

Angled 175p 240p 310p 500p

Hood 100p 100p 100p 150p

37 way Centronix Type Conn. £6.50

DIL

HEADER PLUGS

Solder IOC

type type

14 pin 40p 100p..n_
I6 pin 50P .. '',
24 pin 100p 150p
40 pm 200p 225p

RIBBON

CABLE (Grey)
10 way 60p
14 way 80p16

Sty
w6'y 10"4

26 way 140p

34 way 220p
40 way 265p

way

64 way 370p

JUMPER
LEADS

24" Ribbon Cable with headers
14 pin 16 pin 24 pin 40 pin

1 end 145p 165p 240p 380p

2 ends 210p 230p 345p 540p
24" Ribbon Cable with wickets

20 pin 26 pin 34 pin 40 pin
1 end 160p 210p 270p 300p

2 ends 290p 385p 490p 540p
24" Ribbon Cable with 0 Conn.
25 way Male 500p Female 550p.

EDGE
CONNECTORS

0.1" 0.156'
2x 18 way - 150p
2x22 we)! 310p 170p
2 x 23 way 335p -
2X25 way 350p 200p
1 x43 way 260p -
2x43 way 450p -
2050 way - 400,

1 x77 way 700p _
5100 Conn -- 800p

EURO
CONNECTORS
(Indirect Edge Conn.)

Plug Skt

41617 21 way 160p 160p

41617 31 way 200p 200p

41612 2032 way 300p 350p

Angled 2 x 32 way 350p 400p
41612 3032 way 370p 420p
Angled 3 x 32 way - 450p
2x32 way IDC a+c 475p
(for 2x 32 way specify e+h or a+ c)

BOOKS (NO
Prop. the 6502 £10.75
6502 Applications f 1025
Prop. & Interfacing 8502 £10.50
6502 Assy. Lang. Prog. £12.10
Prog. the Z80 (11.95
280 Master Data Book E6.50

Motorola Micro Comp fl/3 (7.00

VAT) (p & p
68000 Micro H/B (5.90
Getting Acquainted ZO81 f4.95
Hints & Tips Z581 f4.25
Mastering M/C Code ZX81 f5.95
M/C Lang. Made Simple 2X81 E8.95

Sinclair Progilleal App 56.95
50 Rip Roaring Games (4.95

50p/book)
05171 Pocket Book E5.95
Atom Business 57.95
Atom Magic Book E5.95

Getting Acquainted ATOM E7.95

Prog. on BBC Micro 55.95

ACORN ATOM
BASIC BUILT 8K + 2K f135 EXPANDED 12K + 12K f180

(p&p £3/unit) (expanded unit includes F.P. Rom)

ATOM PSU £7.00 (£1.20 p&p) 3A5V Regulated PSU £22 (p&p £2)

F.P. ROM £20 1K RAM (2 x 21140 £2 TOOL BOX ROM f25

NEW COLOUR CARO £32

ATOM SOUND BOARD: Kit comprises of a PSG, VIA and a 2K ROM with demo pro-
gram and connectors. The board can be plugged into the ATOM Bus to provide Parallel

and Serial output ports and audio output to mini speaker or hi-fi amplifier. Complete
Kit £35.

ATOM VISION: See April/May PE for project details. Interesting experiments with
computer measurements and tracking. Complete Kit £46. Software cassette/

documentation f46.

ATOM DISC PACK: 51" drive with controller card and 4K DOS ROM. PSU to run
drive and 12K+12K ATOM. Full instruction and operating manual. £299 + f7 carr.

Full range of software available ex -stock.

Send for our detailed ATOM LIST.

SPECIAL OFFER: ACORN INTRODUCTORY PACKAGE £10. .

(includes Interactive Teaching, Financial Planning, Household & Games Pack)

PRINTERS
. SEIKOSHA GP100A

Full graphics - Standard & double width character.
Up to Ur wide paper 80 cols - Self testing

f199 + carriage

EPSON MX80 F/T
9 x 9 Dot Matrix

80 cols BO CPS

Bidirectional printing - logic seeking.
Variety of characters - High Res Graphics IF/T21.

MX 80 F/T1 £350 MX 80 F/T2 £360
(carriage £8

(F/T2 has been recommended for BBC micro)

SOFTY II '

EPROM PROGRAMMER
The complete microprocessor development system fur both Engineers and Hobbyists. You can
develop programs. debug, verify and commit them to EPROMs. Will accept most +5V EPROMs.
Can also be used as a ROMULATOR. Full review in September '81 P.E. Built unit complete with
PSU and TV lead £169.

PLEASE ADD 40p p&p & 15% VAT
(Export no VAT p&p at Cost)

Orders from Government Depts, & Colleges etc. welcome.
BARCLAYCARD & ACCESS CARDS ACCEPTED

Detailed Price List on request.
Stock items are normally by return of post.

Published approximately on the 15th of each month by IPC Magazines Ltd., Westover House, West Quay Road. Poole, Dorset 8H15 DG. Printed in England by Chapel River Press, Andover, Hants. Sole Agents for
Australia and New Zealand - Gordon & Gotch (A/sia) Ltd.; South Africa - Central News Agency Ltd.
Subscriptions INLAND and OVERSEAS £13.00 payable to IPC Services, Oakfleld House, Perrymount Road, Haywards Heath, Sussex.
Practical Electronics is sold subject to the following conditions, namely, that it shall not, without the written consent of the Publishers first given, be lent, resold, hired out or otherwise disposed of by way of Trade at more
than the recommended selling price shown on the cover, and that it shall not be lent, resold or hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade, or affixed to or as
part of any publication or advertising. literary or pictorial matter whatsoever.
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KEYBOARD WITH ELECTRONICS FOR ZX81

FT JUR MT 71. nt 173 11L-311,'
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25W STEREO MOSFET AMPLIFIER

A superb new amplifier at a remarkably low price.

* Over 26W per channel into 800 at 1kHz both channels driven.
* Frequency response 20Hz to 40kHz ±1d8.
* Low distortion, low noise and high reliability power MOSFET

output stage.

* Extremely easy to build. Almost everything fits on main pcb,
cutting interwiring to just 7 wires (plus toroidal transformer
and mains lead terminations).

* Complete kit contains everything you need including pre -
drilled and printed chassis and wooden cabinet.

Full details in our projects book. Price 60p.
Order As XAO3D

Complete kit for only £49.95 incl. VAT and carriage.
Order As LW71N

DIGITAL MULTI -TRAIN
CONTROLLER
Control up to 14 trains individually

on the same track with any four

simultaneously! Low cost kits available.

Full details in our projects book. Price 60p.

Order As XAO2C.

ELECTRONIC
SUPPLIES LTD.

All mail to:
P.O. Box 3, Rayleigh, Essex SS6 SLR
Tel: Sales (07021552911 General 107021 554155

Shops at:
159 King St., Hammersmith, London W6. Tel: 01-748 0926
284 London Rd., Westcliff-on-Sea, Essex. Tel: 107021 554000
Note: Shops closed Mondays

* A full size, full travel 43 -key keyboard that's
simple to add to your ZX81 (no soldering in
2X81).

* Complete with the electronics to make "Shift
Lock", "Function" and "Graphics 2" single
key selections making entry far easier.

* Powered from ZX81's own standard power
supply -with special adaptor supplied.

* Two-colour print for key caps.
* Amazing low price.

Full details in our projects book. Price 60p.
Order As XAO3D

Complete kit for only £19.95 incl. VAT and
carriage.
Order As LW72P

MATINEE ORGAN
Easy -to -build, superb specification.

Comparable with organs selling for

up to f 1,000. Full construction details
in our book. Price £2.50.
Order As XH55K.

Complete kits available:

Electronics- f299.95,
Cabinet- £99.50 (carriage extra).

Demo cassette price f1.99. Order As XX43W.

HOME SECURITY SYSTEM
Six independent channels -2 or 4 wire
operation. External horn. High degree

of protection and long term reliability.
Full details in our projects book.

Price 60p.

Order As XAO2C.

MILES PER GALLON METER
Digital display shows you how
economical your driving is as you go
along.

Complete kits available.

Full details in our projects book.

Price 60p.

Order As XAO2C.

Don't miss out -get a copy of our catalogue now!
Over 140,000 copies sold already!

On sale now in all branches of WHSN11Ti I i.2.1 price El.

320 big pages packed with data and pictures of over 5,500 items.r IIIII Ell II= ME Ell IIIE I=

I Post this coupon now!
Please send me a copy of your 320 page catalogue. I enclose f 1.25 line. 25p p&p). If
I am not completely satisfied I may return the catalogue to you and have my money

refunded.

If you live outside the U.K. send f 1.68 or 12 International Reply Coupons.

Name

Address

Delivery within 14 days. PE7 vs
L PM Ell ME Ell Ell


