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Schematic Capture Design Tool

|| Captare

Direct' netlist link to BoardMaker2
Forward annotation with part values

Full undo/redo facility (50 operations)
Single-sheet, multi-paged and hierarchicai
Smooth scrolling

£395

designs

1® ® o » @ o

Intelligent wires (altomatic junctions)

Dynamic connectivity information
Automatic on-line annotation |
Integrated on-the-fly library- editor
Context sensitive editing

Extensive component-based power control
Back-annotation from BoardMaker2
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Tt Maker

BoardMaker1 - Entry!level

* PCB 'and schematic drafting

¢ Easy and intuitive to use

> Surface mount and metric support
* 90, 45 and curved track corners
* Ground piane fill _

* Copper highlight and clearance checking

£95

BoardMaker2 - Advanced level .

|
* Al the featirés of BoardMaker| + 5295 -

* Full hetlist support - BoardCapture,
OrCad, Schema, Tango, CadStar and others |
¥ Full Design’ Rule Checking —
both mechanical and electrical
* Top down modification from the schematic
—* Component, renumber-with back-annotation
* Report generator - Database ASCH, BOM
* Thermal power plane support with full DRC

i Roater

Gridlgss re-entrant autorouter
¢ Simultaneous multi-layer routing | : Te B
* SMD and analogue support EI o

= Full interrupt, resume, pan
~ and ‘zoom while -routing

Output drivers - Included as standard

* Printers - 9 & 24 pin Dot matnix,
HPLaserje{ and PostScript

* Penplotters - HP, Graphtec & Houston =

» Photoplotters - All Gerber 3X00 and 4X00

* Excellon NC Drill and J '
Annotated drill drawing (BM2) i

Call, write or fax for more information

or a full evaluation kit

Tsien (UK) Limited
F House

Wenny Road, Chatteqis

~ Cambridge
 PE16 60T
Tel (0354) 695959
Fax (0354) 695957

www americanradiohictorv com
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Features
Projects

Goodbye Money
Hello Smartcard

We take a look at the latest
developments in smartcard
technology, what is inside the new
generation of cards and how they
are being used to replace the cash
in your pocket.

12

An RS232 Break
Out Box

Solve all those tricky problems
associated with serial
communications between
computers and peripherals using
this handy little device

8

The
Experimenters
Computer

Adding a keypad and display. We
conclude our series on the
experimenters FORTH computer as
developer Jim Spence shows how
to add a versatile keypad to the
basic system.

Killjoy

Bob Noyes shows how to build

a timer system which will stop your
children ruining their eyes by
playing computer games for hours
on end.

PC Clinic 35
Part 2 of our new regular series
which show readers how to repair,
maintain, upgrade and build circuits
for personal

computers.

In this issue,
we look at the
motherboard
and the
power

supply.

[ -

Loop Alarm

This type of anti theft alarm is 45
frequently encountered in shops, but
can be just as usefui in your home or
on your caravan or boat. Terry
Balbyrnie shows how to build this
type of alarm.

Basic Circuits 50
We begin a new series of simple
circuits that can be built by anyone
with a rudimentary knowledge of
electronics and basic assembly
skills. In this issue we show how to
build a useful logic probe that can
be used to test the behaviour of
other circuits

Subscribe

& Save

Phone the hotline and
take advantage of cur
special offer detailed
an page 61

SUBSCRIPTION
& BACK 15SUES

HOTLINE
0737 768611
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Sending Your Data !
By Laser Beam
Ken Gill concludes his project to

send data between two sites using
an infra-red light beam.

An Introduction to @ 2
MIDI
In Part 2 of this series Robert

Penfold gives readers an
introduction to MIDI, the now

- . universally accepted standard for

communications between electronic
musical instruments.

Regulars

News and event
diary

Talkback

Your letters, and ideas, plus
club news.

Practically
speaking

A new series in which Terry
Balbyrnie divulges some

practical hints and tips for the
electronics enthusiast.

70
74

PCB foils

Open Forum

Competition 44

In this issue of ETI we have another
great competition for readers to
enter. Win a Fox alarm system to
protect your home or business.
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Low cost data acqwsmon for IBM PCs & compat|b|es

B
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"A unique range of easy to use data acquisition products de3|gned for use with I1BM companble"

computers. Combined with the software they all

ow your PC to be used as a host of useful test and =

measurement instruments, or as an advanced data logger.

Installed in seconds they simply plug into the parallel port {(except the ADC-16 which connects to the
serial port). They are self-contained, require no power supply and take up no expansion slots.

Each device comes with a comprehensive manual. C, Pascal and Basic drivers are included for users

_who wish to write their own software. Software supplled on 3.5" disk.
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PiCOSCO pe “Virtual instrument” scftware
— package. Storage oscillo-

:gﬁ_ al a2 |scope with trigger, timebase,

p— %] Jrulers and offset functions.

1411 k! |Realtime spectrum analysis

bt s with min/max frequency and
ik i1 ] .|signal averaging. Multiple
E=== | meters on screen (digital and

Scope, voltmeter,  bargraph).

Spectrum analyser Printer and file handiing support

Lo o s e ey

: NEW ;4@6 100 Virtual Instrument

Dual Channel 12-bit resolution

The ADC 100 offers both a high
sampling rate (100kHz) and a
high resolution. Itis ideal as a
general purpose test instrument
either in the lab or in the field.
Flexible input ranges (£ 200mV
to +£20V) allows the unitto
connect directly to low output
sensors such as microphones or
to high level signals (+ 200V
with a x10 scope probe).

with PicoScope £199
A D@ oo PicoScope & PicolLog £209

It 3

£

;496 IO ADE 1

1 Channei 8-bit 11 Channel 10-bit
@ [owestcost @ Digital output
@ Upto22kHz sampling @ Upto 18kHz sampling
@ 0-5Vinputrange @® 0-2:5Vinputrange

The ADC 10 gives your The ADC 11 provides i1
computer a single channel channels of analogue inp

DS G Rl e B

L ‘ PICOLOQ 'Collect, store, display and print

. data from 1 sample per ms to 1
"""""" ] per day. Record average,
" min/max values or scaled
L values (linear, equation, table
look up). Report types: monitor
g " (with min/max alarms), y-t
NN .\ graphs, x-y graphs, tabulation.

Wi B e i e

NEW

from

PICO

@ Digital Storage Scope
@ Spectrum Analyser
@ Voltmeter

@ Frequency Meter

@ Chart Recorder

@ Data Logger

R T R R e s
ADE 12 ,4‘06 16
1 Channel 12-bit 8 Channel 16-bit + sign
@ High resolution @ Highest resolution
@ Upto 17kHzsampling @ 220Hz sampling
@ 0-5Vinputrange @ 2Hz sampling - 16-bit

The ADC 12 is similar to The ADC 16 has the
ut the ADC 10 bui offers an highest resolution ot the

of analogue input. in a case slightly larger improved 12-bit {1 partin  range, itis capable of
Simply plug into the than a matchbox. Itis ideal 4096) reselution compared detecting signal changes
parallel port and your for portable data logging  tothe ADC 10's B-bit {1 part as small as 40uV. Pairs of
ready to go. using a "“‘notebook” in 256). input channels can be
computer. usgd diﬂgrentiallyto
ADE 10 with ADE 11 with ADE 12 with e Connects 10
PicoScope £49 PicoScope £85 PicoScope £85 RFRUL )
PicoScope and PicoScope and PicoScope and ’4 DE 16 with
PicoLog £59 PicoLog £95 PicoLog £95 Picolog £109

PicoLog for ADC 10/11/12 £25. Oscnloscope Probes (x1, x10) £10 Carriage UK free Overseas EG

S S 5

e S| e

149-151 St Neots Road, Hardwick, Cambridge. CB3 70J

Pico Technology Ltd., Broadway House,
=_ TEL 0954 211716 FAX 0954 21 1880
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EASY-PC, Schematic and PCB CAD

Over 18,000 Installations
in 80 Countries World-wide!

BRITISH

286/ 386/ 486 with

or VGA display and

Double sided and

Mount support.

e Standard output
includes Dot Matrix

Pen Plotter, Photo-

¢ Runs on:- PC/XT/AT/
Hercules, CGA, EGA

many DOS emulations. e
« Design:- Single sided, S

Multilayer (8) boards. || «— i = _ |
¢ Provides full Surface || i

Laser / Ink-jet Printer, R S -

plotter and N.C. Drill. || ] it
e Tech Support - free.
e Superbly easy to use. -

DESIGN

TR | R

Options:-500 piece Surface Moun

t Symbol Library £48,

1000 piece Symbol Library £38, Gerber Import facility £98.
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= Schematic Capture Tj L

' EASY-PC P
Capture

r
T
n

B B v dlg A
[NLTRAL NI}

Analogu

based S
| for RF E

Integrated Electronics CAD Affordable Electronics CAD

P EASY-PC: Entry level PCB and ! $195.00 £98.00
Schematic CAD.

rofessional: Schematic $375.00 @ £196.00
and PCB CAD. Links directly

to ANALYSER Ill and PULSAR.

= PULSAR: Digital Circuit Simulator $195.00 £98,00
~ 1500 gate capacity

PULSAR Professional: Digital Circuit $376.00 £195.00
Simutalor
~ 50,000 gate capacity.

ANALYSER III: Linear Analogue Circuit $136.00 £38.00
Simulator
~ 130 node capability

' ANALYSER Il Professional; Linear §375.00 | £195.00

e Circuit Simulator

~ 750 node capability
Z-MATCH for Windows: NEW Windows $476.00 £246.00

mith-Chart program
ngineers .

| FILTECH: Active and Passive Filter $275.00 | E£145i00
Design program

Z - g We operate a no penalty upgrade policy. You can ‘ usa pices UKE prices
P rl ces fro m U K£ 1 9 5 I U S $ 3 7 5 l upgrade at any time to the professional version of a includs Fost exclude P&P

program just fo

r the difference in price. and Pachng and VAT

For full information, please write, phone or fax:-

Number One Systems

‘e TECHNICAL SUPPORT FREE FOR LIFE
e PROGRAMS NOT COPY PROTECTED.
e SPECIAL PRICES FOR EDUCATION.

UK/EEC: Ref. ETI, HARDING WAY, ST.IVES, CAMBS., ENGLAND, PE17 4WR.

Telephone UK: 0480 461778 (7 lines) Fax: 0480 494042 International +44 480 461778

USA: Ref. ETI, 1795 Granger Avenue, Los Altos, CA 94024
Telephone/Fax: (415) 968 9306

ACCESS, MASTERCARD, VISA Welcome.

adada

ELECTRONICS TODAY INTERNATIONAL
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' Save money with ETI and Number One Systems
iR , Price Breakers Card Ve ‘

On the front cover of this issue you should find a special discount card which can be used
_ o obtain a 15% discount on Number One Systems’ own range of popular, affordable and yet |
- sophisticated computer aided electronic design and simulation software. :
‘This card is valid only when purchasing full copies of Number One Systems OWN software
products (for Educational Licences, the discount is valid for the first copy only-
subsequent copies will be charged at Number One Systems standard Educational ;
_ multi-user Licence rates). : =
This card has no cash value and cannot be used in conjunction with any other promotion.
To use the discount card, send it together with your order to Number One Systems
before 15/7/94, the closing date for this offer.
For more detalls of the company's product range, see Number One Systems advert on page
5 of this issue, or contact Number One Systems on 0480 461778. 1

x

New voice recognition [l X
and synthesis module [ e

Colorado based Dovatron International has launched a miniature " bt e
chd

voice recognition and synthesis module which has been specifically o Wisit g
designed for developers who require off the shelf PC compatible 1

computing solutions in space and/or power constrained applica- -
tions. Using the latest in surface mount technology and often popu-
lating both sides of the printed circuit board, Dovatron has minia- ‘ . - — -
turised the products whilst retaining full PC functionality, particularly important if it is used with the miniature PC/AT products also
produced by Dovatron.

The voice recognition and synthesis module was developed by Voice Connexion of Irvine CA and offers voice input and output by
providing 500 word recognition per 64K of RAM, with better than 98% accuracy and unlimited text to speech synthesis. This system
provides a natural means of operator/computer communications, reduces software training time by learning functions, not keystrokes. It
also allows data entry on-site without keying in data and permits real time editing of entries. It provides an efficient hands free method of
computer input and control.

For further information, contact Dovatron International of Longmont Colorado USA on 0101 303 772 5933.

2
&5
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Solar power in a rainy climate i
A niew range of waterproof and comosion resistant solar panels for outdoor use. - ﬂ,
has been launched by Maplin Electronics. The panels ars weathermroof and X
resistant to wind, rain, humidity, snow, ice, sand, salt air and deterloration by oy %
uitra-violet ight. As such they arerideal for use in a wide range of recreational .

activities, including boats, cars, fents and motor homes, and are capable of
powering portable TVs, radics, tape players, elc. _ ik
The panels come in four sizes, ranging from a3V 120mA panei at £9.95, toa k s
12V, 120mA panel at £34.94. They are intended 10 be used as battery chargers. A
-and lead acid battery trickle chargers. A reverse blocking diode is Built-in to |
prevent battery discharge and protect the panel cells. A tilt stand, made up from
supplied parts, can be assembled and mounted on a vertical or horizontal ¥
surface, or be free standing, 1o catch the sun. Each panel Is provided with red i
and black leads terminated in either insulated crocodile cligs or car battery style
clamps. ! e
For further information contact Maplin Slectronics of Rayleigh, Essex, on 0702
554161, - : . 4% ' e ‘

Fo PN
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Remote data
acquisition and
control
modules

IMS has announced a new range of intel-
ligent sensor to computer interfaces,
ideal for remote data acquisition and
control. Supervised by a host computer
over an RS232/485 network, the
modules, with their own built in micro-
processors, are able to monitor and
control processes autonomously.

The ADAM range includes 14
analogue input types (including mV, mA,

Volts, Thermocouple), analogue output,
digital I/O, relay switching and RS-485
repeater, as well as an RS232/RS485
isolated converter module. These
modules communicate with the host

computer via a two wire RS485 multi-
drop network using an ASCII
command/response protocol. Up to 256
modules may be networked together by
using repeater modules, each supporting
16 modules up to 4,000ft apart.

All ADAM modules are fully config-
urable by software, are contained in
hardened plastic shells and are easily
assembled into systems. They are
designed to accommodate unregulated
power supplies of between +10 and
+30V DC.

For further details contact Integrated
Measurement Systems Ltd., on 0703
771143

Postcard sized low cost multi-tasking

The application potential of Cambridge based MicroRobotics’ award winning multi-tasking embedded controller, the Scorpion K4, is
widened considerably with the release of a new plug on I/0 application module which provides a comprehensive range of analogue

and digital I/O facilities, enough to provide a ready to use hardware
environment for many typical machine control and automation
projects. With the aid of the K4's built-in language, control systems

can be developed quickly and easily.

The new /O facilities on offer include two uncommitted relay
outputs capable of switching 3A/240V, four digital 2A/240V outputs
and four universal digital inputs. Analogue /O comprises four 8-bit
inputs and one 8-bit output with selectable voltage ranges. Also
included are two channels of serial I/O, one of which can optionally be
configured for RS485/422 levels, plus two general purpose expansion
interfaces, a dedicated 12C serial port, and an 8 bit bus, suitable for

LCD panel, keypad, etc.

This versatile controller board measures just 4.5 x 7in and is based
on the Hitachi 63C03 processor, with on board EPROM holding the
programming language. In one off quantity it costs £250. For further
details contact MicroRobotics on 0223 323100.

76 piece
tool set

A new high quality 76 piece socket and wrench tool set is available
from Maplin Electronics. It contains a comprehensive range of tools,
making it ideal for the DIY motorist and for general maintenance and
servicing of any mechanical equipment, whether in the field or in the
workshop. This is the ideal kit for keeping in the car, since it is
supplied in an extremely tough moulded plastic carrying case.

The tools are all manufactured in high quality chrome vanadium
steel and bright chrome plating, the set contains eight combination
spanners, five screwdrivers, one pair of universal pliers, one pair
self-locking pliers, one crimping tool and a box of terminals, one
‘hammer, six hexagonal keys in a holder, one thickness gauge, one
low voltage tester and one battery terminal brush.

The set also includes a 1/2in. square drive socket set that
contains 13 sockets, a ratchet handle, a sliding T-bar, two exten-
sion bars, a universal joint and a spark plug socket.

The complete kit in its case costs £38.95. For further information
contact Maplin Electronics of Rayleigh Essex, on 0702 554161.

ELECTRONICS TODAY INTERNATIONAL
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14 Bit modular data
acquisition card

From Southampton based Integrated Measurement Systems Ltd. comes
anew multi-function data acquisition card, the PCL8148B. This card has
been designed specifically for users who require a combination of high
speed, high accuracy and high resolution in a PC environment.

The 814B’s core high performance A/D module offers 16 channels of
differential analogue signal measurement at 14-Bit resolution and 100kHz
sampling rate. The card’s specially designed analogue circuitry offers
breakthrough noise rejection capabilities. Its modular design makes it easy
to tailor to specific applications. In addition to its on-board 16 bit digital
/0, the card has two 64 pin piggy-back connectors which allow any combination of /O modules to be added. These include a two
channel 16 bit or 12 bit D/A module, a five channel 16 bit up/down counter timer module, or a 24 bit Intel 8255 digital I/O module.

For further details, contact Integrated Measurement Systems Ltd on 0703 771143

Mulieter check

A new proving unit for checking the basic functions of both
analogue and digital multimeters is now available from
Manchester based Alpha Electronics. The battery powered
hand held unit will verify the basic AC and DC voltage
operation of any meter as well as providing a means of
checking the continuity of test leads and integral fuses. The
unit generates an output voltage of either 205 or 220V from
both the AC and DC test sockets. The test voltage is indicated
by an amber light while a green light shows the lead test to
have been good or bad.

This useful low cost tool is priced at £49 and further detalls
are available from Alpha Electronics Pic, on 0942 873434,

e —

cee oo oo. EveEnt dz’arj)./...

6 June D-Day Commemoration Display with waorking transmitters and receivers from the war. Wireless Museum,
| Puckpool Park, Seaview, near Ryde, Isle of Wight. Tel: 0983 567665.
7 June Using Integrated Circuits. Sudbury and District Radio Amateurs. Tel: 0787 313212.
8 June Junk Sale. Lincoin short Wave Radio Club, Lincoln. Tel: 0427 788356.
14-16 June Multimedia 1994. Earts Court, London. Tel: 071 742 2828.
15 June Walking Treasure Hunt. Lincoln Short Wave Radio Club, Lincoln. Tel: 0427 788356.
18 June Electromagnetic Compatibility. Crystal Palace and District Radio Club, All Saints Parish Church Rooms,
Beulah Hill. Tel: 081 699 5732,
19 June Special Event Station at Great Comard Middle School, Sudbury and District Radio Amateurs. Tel: 0787 |
313212, ]
27-29 June Sth Satellite Systems for Mobile Communications and Navigation Conference. IEEE |ondon.
! Tel: 071 240 1871
. 20 June Electrotech, NEC Birmingham. Tel; D483 222888, )
25 June Special Event Station in Halstead, Sudbury and District Radio Amateurs. Tel: 0787 313212
13 Nov. Midland Amateur Radio Society rally at Stockland Green Leisure Centre, Slade Road,

Erdington, Birmingham. Doors open at 10am, admission £1. For further details
ring 021 422 9787 or 021 443 1189 (evenings only).

= -
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Precision crimping tool
Crimping is a widely used method of conpnecting wires and
cables to a whole range of different connectors, but the wide
number of different types of crimp can cause a problem. To
overcome this problem, Ideal Industries has introduced a new
range of crimping tools.

The company has six ratchet crimp tools with a total of 45
interchangeable standard dies. The tools can be used with
insulated terminal, non-insulated terminal, BNC/TNC coax, F-
type connector and telephone plug applications. The tool’s

ratchet crimp action ensures a precise crimp time after time, to

meet or exceed industry specifications. Interchangeable die
sets are made from high grade carbon steel and have marked
nests for easy and accurate selection. They can be changed
quickly with any screwdriver

For further details contact Ideal Industries (UK) Ltd., of
Warrington, on 0925 444446

Young Electronic
Designer Awards 1994.

At the end of March, an award ceremony was held at the Science
Museum in London to select from about fifty finalists three Young
Electronic Designers of the Year, one from the under 15 age group,
one from those between 15 and 17 and one from the group aged
18 to 25. Entrants for the award, which is sponsored by Texas
Instruments and Mercury Communications, came from schools
and colleges all over the country and the finalists had already gone
through a rigorous selection process.

Entrants were judged on the quality and originality of a project
submitted by them, and on how well it had been conceived and
designed. Also under consideration was the research which had
been conducted into the end user’s requirements, the objects’
ease of use. and the thought which had been given to manufac-
turing it easily and cheaply, as well as the flexibility of the design
with respect to future enhancements.

The overall quality of the entries of all the finalists was
outstanding (the editor of ETI would have given them all a prize).
Over the next few months in ETl we will be introducing a few of the
finalists, as well as the prize winners and describing their designs.
We hope that this will encourage other young readers to follow -
their example and perhaps become a finalist or award winner in
next year’s Awards.

We will start by looking at a couple of the youngest entrants, Alys
Paterson and Rebecca Salmen, from the King Edward VlI School in
Sheffield. In their own words, the following is a description of their
project.

“We wanted a project that would be quite different to those
which we had already done in our design technology lessons. We
wanted to solve a real life need in a real life way and design some-
thing which would change the lives of those for whom we were
designing, just like a professional designer. One of our ideas was
to help other people less fortunate than ourselves and so we talked
to parents and visited two schools for handicapped children in
Sheffield.

Something which attracted our attention at Tapeton Mount
School, Sheffield, was the way in which the children played board
games, in particular snakes and ladders. As we watched the chil-
dren play, the dice kept falling off the table and getting lost on the
carpet. Obviously, this presented the handicapped children with a

- difficult problem and significantly interrupted their game!

On returning to school we brainstormed the problem and came
up with many interesting ideas from which two solutions were
adopted - a large illuminated dice and an illuminated spinning dice.
We built a simple prototype of the spinning dice and returned to

' Tapton school many times over the following months to test and
refine our design.

The design is quite simple, therefore robust and easy and cheap
to make. It consists of reed switches mounted on a plastic platform
and a rotating wooden arm that could easily be spun by a handi-
capped child, and which has a magnet attached to one end. As the
arm is spun the magnet opens and closes the reed switches which
in turn activates a display of high intensity LEDs. These LEDs were
organised in six columns with between one and six LEDs in each
column. When the arm comes to rest one of the six columns of
LEDs remains lit and the number of LEDs corresponds to the
number of dots on the dice.

We have built designed and manufactured both the electronics,
the plastic case and the rotating arm. We are now further testing
the design prior to supplying Tapton Mount school with their own
number spinner.”

Next month we will look at a physiotherapy aid designed and
developed by 19 year old Samantha Haines, winner of the Mercury
‘Planet’ Award for the most socially or environmentally aware
project.

ELECTRONICS TODAY INTERNATIONAL
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SEALED LEAD ACID Battery, 6v 80/100 AH made for BT, ex
equipment but ok £45 each ref APR47 Ideal electric vehicle etc
ASTEC SWITCHED MODE PSU Gives +5 @ 3.75A, +12@1.5A,
-12@ 4A 2301110, cased, BM41012. £9 99 ref APR10P3.
TORRODIAL TX 30-0-30 480VA, Perfect for Mosfet amplifiers
etc. 120mm dia 55mm thick. £18.99 ref APR19.

MOD WIRE Perfect for repairing PCB's, wire wrap etc. Thin
insulated wire on 500m reels. Our price just £9.99 ref APR10PS.

12v MOVING LIGHT Controller. Made by Hella, 6 channels

rated at 90watts each. Speed control, cased. £34.99 ref APR35.
ELACTRON FLASH TUBEAsusedin police carflashing lights
etc, Tull spec suppfied, B0-100 flashes a min. £9.99 ref APR10PS.
24v 96WATT Cased power supply New £13 99 ref APR14
STETHOSCOPE Fully functioning stethoscope, ideal for listen-
ing to hearts, pipes, motors etc. £6 ref MARGPS6.

QUTDOOR SOLAR PATH LIGHT Captures sunlight during
the day and automaticatly switches on a built in lamp at dusk.
Complete wilh soales lead atid battery etc.£19.99 ref MAR20P1.
ALARM VERSION Of above unit comes with built in alarm and
pir to deter intruders £24.99 ref MAR25P4

CLOCKMAKER KIT Hours of fun making your own clock,
complete instructions and everything you need. £7.99 ref MARBP2.
CARETAKER VOLUMETRIC Alam, will cover the whole of
the ground floor against forcred entry. Includes mains powersupply
and integral battery backup. Powerful intemal sounder. will fake
external bell if req'd. Retail E150+, ours? E49 99 ref MARS0P1,
TELEPHONE CABLE White 6 core 100m reel complete with a
pack of 100 dlips. Ideal 'phone exins etc. £7.99 ref MARSBP3
VIEWDATA RETURNSE£6 made by Tandata, indudes 1200.75
modem, k/bd, RGB and comp o/p, printer port. No PSU.E6 MAGEP7
IBM PC CASE AND PSU (deal base for building your own PC
Ex equipment but OK. £14.00 each REF: MAG 14P2

SOLAR POWER LAB SPECIAL You get TWO 6'x6" 6v
130mA solar cells, 4 LED's, wire, buzzer, switch plus 1 relay or
motor.Superb value kit just £5.99 REF: MAG6P8

SOLID STATE RELAYS Wil switch 25A mains. Input 3.5-26v
DC 57x43x21mm with terminal screws £3.99 REF MAG4P 10
300DPI A4 DTP MONITOR Brang pew, TTL/ECL inputs, 15*
landscape, 1200x 1664 pixel compieta with gircuit diag to help you
interface with your progects. JUST £24 99 REF MAG25P1
ULTRAMINI BUG MIC 6mmx3.5mm made by AKG, 5-12v
electret condenser. Cost£12 ea, Our? fourfor £9.99 REF MAG 10P2
RGB/CGA/EGA/TTL COLOUR MONITORS 12" in good
condition. Back anodised metal case. £99 each REF MAG99P 1

| GX4000 GAMES MACHINES returns so ok for spares or
repair £9 each (no games). REF MAG9P1

C64 COMPUTERS Retums, so ok for spares etc £9 ref MAGIP2
FUSELAGE LIGHTS 31oot by 4* panel 1/8" thick with 3 panels
thatglow green whena voitage is applied. Good for nightlights,front
panels, signs,disco etc 50-100v per strip. £25 ref MAG25P2
ANSYWER PHONES Returns with 2faults, we give you the bits
for 1 fault, you have to find *he other yourself. BT Response 200's
€18 =a REF MAG18P1. PSUES ref MAGS5P12.

SWITCHED MODE P3SU ex equip, 60w +5v @5A, -5v@.5A,
HI2V@2A - T B.5A  120/220v cased 245xB88x55mm IECinput
socket £6.99 REF MAGT7P1

PLUG IN PSU 9V 200mA DC £2 99 éach REF MAG3P9
PLUG IN ACORN PSU 19v AC 14w , £2.99 REF MAG3P10
POWER SUPPLY tully cased with mains and o/pleads 17v DC
900mA output. Bargain price £5.99 ref MAGEP9

ACORN ARCHMEDES PSU +5v @ 4.4A. on/off sw uncased,
selectable mains input, 145x100x45mm £7 REF MAG7P2
GEIGER COUNTER KIT Low cost professional twin tube,
complete with PCB and components £29 REF MAG29P1
SINCLAIR C§ 13" wheeis complete with tube, tyre and cydle style
bearing £6 ea REF MAGEP10

AA NICAD PACK encapsulated pack of 8 AA nicad batteries
(tagged) ex equip, 55x32x32mm. £3 a pack. REF MAG3P11
13.8V 1.9A psu cased with leads. Just £9.99 REF MAG10P3
360K 6.26 brand new half height floppy drives IBMcompatible
industry standard. Just £6.99 REF MAG7P3

PPCMODEM CARDS These are high soec plugin cardsmade
for the Amsirad iaptop computers. 2400 baud dial up unit complete
withleads. Clearance priceis £5 REF: MAGSP1

INFRA RED REMOTE CONTROLLERS Originally made for
hi spec satellite equipmentbut perfect for all sorts of remote control
projects Our clearance price is just £2 REF: MAG2

TOWERS INTERNATIONAL TRANSISTOR GUIDE. A
very useful book for finding equivalent transistors, leadouts, specs
efc. £20 REF: MAG20P1

SINCLAIR C6 MOTORS We have a few leftwithout gearboxes.
Theseare 12vDC 3,300 rpm 6"x4", 1/4" OP shaft. £25 REF: MAG25
UNIVERSAL SPEED CONTROLLER KIT Designed by us
for the above motorbut ok for any: 12v motor up to 30A. Complete
with PCB efc. A heat sink may be required. £17.00 REF: MAG17
VIDEO SENDER UNIT. Transmits both awko and videosignals
from eilher a video camera, video recorder, TV or CommpUler 86 o
anystandard TV seltn a 100" rangef{luna TV1o aspare channaf) 12v
DC op., Price (s £15 REF: MAG15.12v psuis £5 exira REF: MAGSPZ
“FM CORDLESS MICROPHONE Small hand held unit witha
500' range! 2transmitpower levels. Reqs PP3 9y battery. Tuneable
to any FM receiver. Priceis£15 REF: MAG15P1

LOW COSTWALKIE TALKIES Pair ol battery aperated unifs
with a range of about 200", I deal tor ganden use o7 as an educational
tay Price |s €8 a par REF: MAG 8Pt 2% PP3 req'q
‘MINATURE RADIO TRANSCEINERS A pat of waliqe
tallges whh & range of up to 2 Igiometmes in apen country. Unhs
measure 2Z2(52x155mm. Gomplete with cases and eapieces. xPPJ
feq'd. E30.00 palr  REF: MAG30.

COMPOSITE VIDEO KIT. Converts composite video into
separate H sync, V sync, and video. 12v DC. £8.00 REF: MAGBP2.
LQ3500 PRINTER ASSEMBLIES Madeby Amsiradtheyarg
entire mechanical prnter assemblles including pantnead, stappac
motors etc etc In fact everything bar the case and electronics, a gaod
stripper £56 REF: MAGSP3 or 2 for E8 REF: MAGHP)

NEW BULL ELECTRICAL STORE

WOLVERHAMPTON
- BRANCH

NOW OPEN AT 55A WORCESTER
ST TEL 0902 22039

100MHZ OSCILLOSCOPES now in
stock, 12x10cm screen, delayed
sweep, IMohm/25pfinputs, modes-
chl, ch2, add, chop, alt, dual. 460 x
305 x 200mm, 17kgs, £267+Vat in-
cludes insurance and carriage.

INFRARED LASER NIGHT SCOPES
Second generation image intensifier
complete with hand grip attachment
with built in laser lamp for zero light
conditions. Supplied with Pentax
42mm camera mount, 1.6kg, uses
1xPP3,3xAA's (all supplied)$245+Vat

NEW HIGH POWER LASERS

15mW, Helium neon, 3 switchable
wave lengths .63um,1.15um,3.39um
(2 of them are infrared) 500:1
polarizer built in so good for hologra-
phy. Supplied complete with mains
power supply.790x65mm. Use with
EXTREME CAUTION AND UNDER

QUALIFIED GUIDANCE. £349+Vat.

'"PC PAL' VGA TO TV CONVERTER
Just plug in and it coverts your col-
our television into a basic VGAscreen,
perfect for laptops, saves lugging
monitors about or just as acheap
upgrade. Intro price £49.99 +Vat.

AMSTRAD 1512DD
1512 BASE UNIT AND KEYBOARD AND TWO
5.25" 360K DRIVES . ALLYOU NEED IS A MONTOR
AND POWER SUPPLY WAS €59 00
NOwW ONLY £39.00
REF: MAG39

3FT X 1FT 10WATT SOLAR PANELS
14.5v/700mA
NOW AVAILABLE BY MAIL ORDER
£33.95

(PLUS $2.00 SPECIAL PACKAGING CHARGE)
TOP QUALITY AMORPHOUS SILICON CELLS HAVE ALMOST A
TIMELESS LIFESPAN WITH AN INFINITE NUMBER OF POSSIBLE
APPLICATIONS, SOME OF WHICH MAY BE CAR BATIERY
CHARGING, FOR USE ON BOATS OR CARAVANS, OR ANY-
WHERE A PORTABLE 12V SUPPLY ISREQUIRED. REF: MAG34

££££££EWE BUY SURPLUS STOCKE£££££E
TURN YOUR SURPLUS STOCK INTO CASH
IMMEDIATE SETTLEMENT WE WILL ALSO QUOTE FOR
COMPLETE FACTORY CLEARANCE

1994 CATALOGUE.

PLEASE SEND 45P, A4 SIZED SAE FOR YOUR FREE COPY
MDNSUM OCGDS CADER 1330, TRAZE ORLERS FROM OOVERNMENT $CHOOLE,
VRIVERSTER & LOCAL AUTHOASTES WELCUME ALL OCODE TIPPLITT. SURSCT TO
OUR CARDITIONS OF SALE AND UHLESS OTHINWIEE STATED GUASANTIE: fp 30
DA Y3 RIGHTS AESENVED TO CHANGE FICES a STECUICATIONT WITIEDUT PRicR
HOTICE QREMGE SULUELT TO STOCK. QUOTATIONT WILLIMALY GEVEN FUS QR ANTS-
TIES HIGHE? THAM THOSE ZTATED

‘SOME OF QUR PRODUCTS MAY BE UNLICENSAELE N THE UK

BULL ELECTRICAL
250 PORTLANB[:nR?é_? HOVE SUSSEX ;
'MAIL ORDER TERMS: CASH PO OR CHEQUE
WITH ORDER PLUS £3.00 POST PLUS VAT.
PLEASE ALLOW 7 - 10 DAYS FOR DELIVERY

n TELEPHONE ORDERS WELCOME

TEL: 0273 203500
FAX: 0273 323077

s
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SPEAKERWIRE Brown 2 core 100 foot hank £2 REF: MA
LED PACK of 100 standard red 5m leds £5 REF MAGS5P4
UNIVERSAL PC POWER SUPPLY complete with fiyl
switch, fan etc. Two types avallable 150w at £15 REFMAGTE
(23x23x23mm) and 200w at £20 REF: MAG20P3 (23x23x23
“FM TRANSMITTER housed in a standard working 13A adapter|
the bug runs diractly off the mains so lasts forever! whyt pay £7007
or price is £2€ REF: MAG26 Tramits to any FM radio
*FM BUG KIT New design with PCA embacsed coil for exira
stabidity Works 10 any FM radio. Sv battery req'd. £5 REF- MAGS5PS
*FM BUG BUYILTANDTESTED supenor design tokil. Supplied
to detective agencies. 9v batiefy req'd £14 REF. MAG 14
TALKING COINBOX STRIPPER ofiginatty made 1o refall al
£79 each. these units are designed 1o convad and ordinary phans
intoapayphone, The units have the locks missing and somelimes
broken hinges However they can be adapted for their ortginal yse
or used Tor something else?? Price is Just £3 REF: MAGIPY
100 WATT MOSFET PAIR Same specas 28K343 and 284413
(A, 140v, 100w} 1 N thannel, 1 P channel, £3a palr REF: MAG3P2
TOP QUALITY SPEAKERS Mada fcr HI Fl lelevisions these
are 10 watt 4R Jap made 4° round with targe shielded magnets,
Good quallty. £2 each REF: MAG2P4 of 4 for £6 REF: MAGEF2
TWEETERS 2* diameter good quality weetar 1408 (ok with the
above speaker) 2 for €2 REF: MAG2PS or 4 for £3 REF: MAG2P4
AT KEYBOARDS Made by Aprico: these quatity keyboards need
just a small mod 1o run on any AT, thay work perfectly but you will
have 10 pul up with 1.or Z fore:gn keycaps! Prce £5 REF: MAGEP3
PC CASES Again mixed types 50 you lake 8 Chancs hext one off
the pie E12 REFIMAG 12 of two the same for £20 REF: MAGZOP4-
COMMODORE MICRODRIVE SYSTEM mini siorage
device for CE4's 4 tmes fastar than disc drives, 10 tmes faster
than tapes, Complets unitjust £12 REF:MAG12Pt
SCHOOL STRIPPERS We hava quite & fow of he above
units which are ‘returns’ as ihey are quite comprehensive units
they could be used for other projects alc Lat us know how many you
need al just 50p & ynit (minmum 10),
HEADPHONES Ex\irgin Atiantic 8pairsfore2 REF: MAG2P8
PROXMITY SENSORS These ace small PCB's with what ook
Iike a source and sensor LED on ene end andlots of components on
the rest of the PCA Completewith fyleads Pack of 5E3REF; MAG:
3P5 or 20101 EB REF: MAGSP4
SNOOQPERS EAR? Onginal made io dip over the sarpiece of
teiephone to ampidy the sound-it aiss warks quite weil on the cable
running aiong the wall! Price is £5 REF; MAG5P7
DOS PACKS Microsoft version 33 or higher esmgieta with il
manuUEls of price Just £5 REF, MAGSPE Worth it just fet the very
comprehensive manuai! 8 25° only
DOS PACK Microsoft version 5 Odginai software 9ut no manu-
ais hence only £3 REF: MAG3PS § 25 ony
CTME44 COLOURMONITOR Made towork withthe CPCA64
home computer, Standard RGRB input so will work with othar ma-
chines, Refurbished £59 00 REF:MAGSS
PIR DETECTOR Made by famous UK alam manufacturer these
are hispec, long range intarnal units 12v operaton, Slight marks on
case and unboxed (although brand new) £8 REF: MAGEPS
WINDUP SOLAR POWERED RADIO AM/FM radio complete
with hand charger and sclat panell £14 REF MAG14P4
COMMODORE 64 TAPE DRIVES Cystomer ratums al £4
REF: MAGAPY Fully tesled units are £12 REF: MAGIZPS.
MAINS CABLES These are 2 core standard black 2metre maing
cables fleg with a 13A piug on one end. cable the other, deai for
prejects. low cost manufacliming ¢lc. Pack of 10foc£3 REF: MAGZPS
Pack of 100 £20 REF. MAG20PS
MICROWAVE TIMER Electronic timer with rel ay output suitable
to make enlarger timer etc £4 REF: MAGAP4
MOBILE CAR PHONE £5.99 Well amosi! compiete in car
phone axciuding the box of siectronics nommally hidden ungar seat
Canbe mads o lluminate with 12v siso has builtin light sensor so
display only luminates whendark Tolally comvinang! REF: MAGGP6
ALARM BEACONS Zenon strobe made 10 mount onan axtemal
el bax but could be used for caravans etc 12y operation. Just
connect up and It Nashes reguiarty) £5 REF: MAGSP 11
FIRE ALARM CONTROL PANEL High qualiiy metal cased
alarm panel 350x% 165x50mm. with key Comes whh slectronics but
holformution saie price 7.99 REF: MAGAPE
REMOTE CONTROL PCB These are receiver boards for
garage dear opening sysiems, Another use? £4 ea REF: MAG4P5
5"X12" AMORPHOUS SOLAR PANEL 12v 156x310mm
130mA. Bargain price just £5.99 ea REF MAG6P12.
FIBRE OPTIC CABLE BUMPER PACK 10 matres for £4,9¢
el MAG5P 13 [deal for axpenmenters! 30 mior 12 99 ref MAGTIP1
LOPTX Line outout ranslomers helieved 10 be 1of hi res colour
monitors But useful for getting high vettages fram Jow ones £2 each
REF; MAG2P 12 bumper pacx of 10 for £12 REF MAG12P3.

BOTH SHOPS OPEN 9-5.30
SIX DAYS A WEEK

PORTABLE RADIATION DETECTOR

£49.99

A Handheld petsonal Gamma andXRay defec-
tor. This unit contoins two Geiger Tubes, has a 4

digit LCD dispiay whn a Piezo speaker, giving an
audio visual indication. The unit detects high
energy electromagnetic quanta with an energy
from 30K eV to over 1.2M eV and a measuring
range of 5-9999 UR/h or 10-99990 Nr/h, Supplied
complete with handbook,

REF: MAGS50




POWER AMPLIFIER MODULES-TURNTABLES-OIMMERS-
LOUDSPEAKERS-19 INCH STERED RACK AMPLIFIERS

THOUSANDS PURCHASED
BV PROFESSIONAI. USERS:

:' ¥ Foo0 —

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)

MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: *indep pow: lies with two toroidal transformers % Twin L.E.D. Vu meters #
Level conirols # llluminated on/off svmch * XLR connectors # Standard 775mV inputs % Open and short circuit
prool * Lalest Mos-Fets for stress free power delivery into virtually any load * High slew rate w Very low
distoriion # Aluminium cases w MXF600 & MXF900 fan cooled with D.C. I ar and |hermal
. USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. =

SIZES:- MXF200 W19 "xH3"2" (2U)xD11"”

MXF400 W19“xH5%" (3U)xD12”

MXF600 W19 xH5%" (3U)xD13"

MXF900 W19 xH5%s" (3U)xD14%"”
PRICES:-MXF200 £175.00 MXF400 £233.85
‘ MXF600 £329.00 MXF900 £449.15

SPECIALIST CARRIER DEL. £12.50 EACH

Advanced 3-Way Stereo Aclive Cross-Over, housed in a 19" x 1U case. Each channel has three level controls:
bags, mid & iop. The removable Iront lascia allows access to the programmable DIL swilches to adjust the
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1 8/3/5KHz, ali at 24dB per octave. Bass invert swliches
on each bass ch |. Nominal 775mV inp: tput Fully compatible with OMP rack amplifier and modules.

1 Price £117.44 + £5.00 P&P

] e [ e
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DMP MOS ! T WA IR (38 [=]:]T]¥7 SUPPLIED READY BUILT AND TESTED.

These modules now enjoy a world-wide tor quality, and performance at a realistic price. Four
| modslx are avallable Io ault the neods of the prafessional and hobby market Le. indusiry, Leiyurc, instrumental and Hi-Fi
elc. When comparing prices, NOTE Ihat all models Include toroldal power supply, Integral heal sink, gless fibre P.C B. and
drive circulls to power a compalible Yu meler. All models are open and shori circuil prool,

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output power 110 waits
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 45V/u$,
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 123 x 60mm.
PRICE £40.85 + £3.50 P&P

OMP/MF 200 Mos-Fet Output power 200 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Siew Rate 50V/uS,
T.H.D. typicai 0.001%, input Sensitivity 500mV, S.N.R.
-110 dB. Size 300 x 155 x 100mm.
PRICE £64.35 + £4.00 P&P

OMP/MF 300 Mos-Fet Output power 300 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 60V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 + £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 walts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 75V/uS,
T.H.D. typical 0.001%, Input Sensmwly 500mV S N.R.
-110 dB, Fan Cooled, D.C. Loud Pri , 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE €1 32 85 + £5.00 P&P
OMP/MF 1000 Mos-Fet Output power 1000 wans
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Factor >300, Slew Rate 75V/uS, T.H.D. typical
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti-Thump Delay. Size 422 x 300 x 125mm.

PRICE £259.00 + £12.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS:

ISTEREO D 0 WIXER SDJa400SERR ECHO&SOUND EFFECTS*

STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers with bar graph
'LED Vu meters. MANY OUTSTANDING
| FEATURES:- including Echo with repeat &
speed control, DJ Mic with talk-over
switch, 6 Channels with individual faders
plus cross fade, Cue Headphone Monitor. 8
Sound Effects. Useful combination of the
following inputs:- 3 turntables (mag), 3
mics, 5 Line for CD, Tape, Video etc.

Price £144.99 + £5.00 P&P

SIZE: 482 x 240 x 120mm

STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz.
PEC (PROFES: IBLE) - INPUT SENS
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC.

44745 LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(60p STAMPED) FOR COMPLETE LIST.

i 2
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McKenzie and Fane L

IN E-- INSTAUMENTS:P.A., DIt TC)

Join the Piezo revoluhon' The low dynamic mass (no voice coil} of a Piezo iweeter produces an improved
Iransienl réaponse with'a lower dislorlion level than ordinary dynamic tweeters. As & crossover. Is not required
these unlis can be added to existing speaker sysiems of up to 100 walts (more if two are pul in series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

2 TVPE ‘A' (KSN1036A) 3" round with protective wire mesh. Ideal for
i bookshelt and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P.
TYPE ‘B’ (KSN1005A) 3'." super horn for general purpose speakers,

disco and P.A. systems etc. Price £5.99 + 50p P&P.

TYPE ‘C’ (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fi sys-
¢ tems and quality discos efc. Price £6.99 + 50p P&P.

TYPE ‘D’ (KSN1025A) 2"x6" wide dispersion horn. Upper frequency
response retained extending down to mid-range (2KHz). Suitable for high
quality Hi-Fi systems and qualily discos. Price £9.99 + 50p P&P.

TYPE ‘E’ (KSN1038A) 3%" horn tweeter with attractive silver finish trim.
Suitable for Hi-Fi monitor systems etc. Pnce £5.99 + 50p P&P.

LEVEL CONTROL Combi ona ting plate, level control
and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P.

ALL EMINENCE UNITS 8 OHMS IMPEDANCE

8" 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 + £2.00 P&P
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MiD. |
RES. FREQ. 71Hz, FREQ. RESP TO 7KHz, SENS97dB. PRICE £33.74 + £2.50 P&P
10" 200 WATT R.M.S. ME 10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID.
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + €2.50 P&P
12” 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 + £3.50 P&P
12” 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.67 + £3.50 P&P
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID.

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 + £3.50 P&P
12" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE£70.19 + £3.50 P&P
15" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £50.72 + £4.00 P&P
18" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR.

RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 P&P

FLCEET DIO AR _EIC
ALL EARBENDER UNITS 8 OHMS (Except EBB-50 & EB10-50 which are dual Impedance lapped @ 4 & 8 ohm)
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A new range of quality loudspeakers, designed to take advantage of the latest i
speaker lechnology and enclosure designs. Bolh models utilize studio quality
12" cast aluminium loudspeakers with factory fitted grilles, wide dispersion
constant directivity horns, extruded aluminium corner proteclion and steel
ball corners, complimenled with heavy duty black covering The enclosures
are fitted as standard wilh top hats for optional loudspeaker stands

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz

ibl FC 12-100WATTS (100dB) PRICE £159.00 PER PAIR
iblFC 12-200WATTS (100dB) PRICE £175.00 PER PAIR

q SPECIALIST CARRIER DEL. £12.50 PER PAIR

OPTIONAL STANDS PRICE PER PAIR £49.00
Delivery £6.00 per pair

I i

THREE SUPERE HIGH POWER
CARSTEREO BOOSTER AMPLIFIERS
150 WATTS (75 + 75) Stereo, 150W
Bridged Mono

250 WATTS (125 + 125) Stereo, 250W
Bridged Mono

400 WATTS (200 + 200) Stereo, 400W
Bridged Mono

ALL POWERS INTO 4 OHMS
Features:

* Stereo, bridgable mono * Choice of
high & Tow level inputs * L & R ilevel
controls * Remole on-of « Speaker &

PRICES: 150W £49.99 250W £99.99
400W £109.95 P&P £2.00 EACH
|

POETAL CHARGESD PER OFDER &£1.00 I'VIINTMUN'. D‘FICIAL w
QADERS FRIOM SCHOOLS, COLLEGES, GOVT, SODIES, PLCa ETC.

SRICES INCLUSIVE OF VAT, BALES COUNTER. VISA AND

. ACCESS ACCEPTED BY POST, PHONE OA FAX.

BASS, SINGLE CONE, HiIGH COMPLIANCE, ROLLED SURROUND

8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-Fl, IN-CAR.
RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE QB 90 + £2.00 P&P
10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-Fl, iN-CAl

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE c13 65 + £2.50 P&P
10" 100WATT EB10-100 BASS, HI-FI, STUDIO.

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB.

12" 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

5%«" 60WATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB.

6'2" 6OWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB.

8" 6OWATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.
RES. FREQ. 40Hz, FREQ..RESP. TO 18KHz, SENS 89dB. PRICE £12.99 + £1.50 P&P
10" 6OWATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.
RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 + £2.00 P&P

e T ——
TRANSMITTER HOBBY KITS

PAROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS
Jw TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP.
PRICE £14.85 + £1.00 PAP
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH

.YERY SENS FET MIC, HANGE 100-300m S|ZE 56 X 46mm SUPPLY 9Y BATTERY

PRICE £30.39 + £3.50 P&P

PRICE £9.99 + £1.50 P&P
PRICE £10.99 + 1.50 P&P

PHOTO: 3W FM TRANSMITTER

B.K. ELECTRONICS

UNITS 16 5 COMET WAY, SOUTHEND-ON-SEA,
ESSEX. 552 6TR.

Tel.O702-5S27572 Fax.: 0702 -420243
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Developments in electronics look set to obsolesce the cash in your pocket and
replace it with a microprocessor chip housed in a credit card sized piece of plastic.

are that, unless the dictionary is very recent and
very comprehensive, you will not find it there,

everyone will be using them. So what is a

smartcard?

but one that was at that time a little ahead of the

technology needed to implement it. The idea was to

Data which would normally be stored on the

magnetic stripe on the back of the card, the

card.

The rationale behind this idea was that data

magnetic stripe, because the data could

be encrypted in a way that would be

would require very high technology

manufacturing equipment to produce.

primarily used in applications such as

access control and security. Rather

What we are witnessing is the beginning of the smartcard revolution.
-I f you look up ‘smartcard’ in a dictionary, the odds
but by the end of this decade not
only will everyone be talking about smartcards,
The concept of the smartcard was first
proposed in the mid 1970s. It was a simple idea,
house a small integrated circuit capable of storing
data inside a conventional plastic credit card.
data on the smartcard being accessible via a
number of electrical contacts on the back of the
stored in a memory chip would be more secure
and less easily forged tharthat stored on a
extremely difficult for anyone to 3 e
decode, and because the cards
The early manufacturers of ‘g
smartcards saw them as being %gﬁ?
A
limited and specialised applications.
Theorists and commentators, on the other

LN
SIINET 0%
¥ siooaTIL IIN YL

commercial use for the smartcard concept. All over France,
telephone boxes were installed to take smartcards and today they
comprise the majority of phone boxes. Similar developments have
taken place in half a dozen other countries to which the
French sold telecommunications equipment. Every year,
millions of telephone smartcards are produced and sold.
As one would expect from a pioneering product, the
French Telecom phone card is a very simple form of
smartcard. To look at, it is the same size and
thickness as an ordinary credit card, but on one side
in the top left corner is a 1cm square patch of gold
plated contacts, eight in all. These are used to connect
the reader in the phone box to the chip on the card.
If we slice open one of these cards we will find that in
the middle of the patch of contacts is a small silicon
chip, about Tmm square. This chip is, in fact, just a
very basic fuse link type read only memory. The
reader will read the memory and determine how
many charge units are left on the card and then
blow a fuse link each time a charge unit is used
To this extent the French card behaves, as
far as the user is concerned, exactly like the
holographic cards used by BT. However, the
BT card can only be used as a phone card,
but the France Telecom card can, by altering
the electronics, be made to store a lot more
information and be used for other
applications.
Thus, when a BT card us used, it is simply
) : thrown away (or one ends up with an
. Sl annoying collection of cards with just one unit
on them). The smart phone card, on the other
hand, could be made rechargeable. Furthermore, by

7\

m)

hand saw, them being potentially used as a sophisticated means of having a network of smartcard readers attached to the phone

paying for goods and services, a view which was shared by some

" large companies around the world, in particular French Telecom. At
that time, the late 1970s, they were looking for a technology to
Create the now ubiquitous phone card. A technology which would
enable them to eliminate many of the problems associated with
coin boxes, such as unreliability, the tendency to be vandalised
and the need to be regularly emptied.

French Telecom was faced with two practical alternatives, the
smartcard, or the much simpler holographic card that would later
be adopted by British Telecom. The French took a bold forward
looking move and decided to use the smartcard and the first real
commercial application for smartcards was thus born.

The Decade of the Telephone Smartcard
Throughout the 1980s, the telephone smartcard was the main

network, they were ready to take advantage of more sophisticated
developments and applications for smartcards. :

The Next Step

What the smartcard concept was waiting for was the development
of low cost, very low power consumption, highly integrated silicon
chips. With the availability of such chips it would be possible to store
more than just simple data on the card, it would be possible to store
intelligence. This meant placing a microprocessor chip on the actual
card, a move that was essential if smartcards were to store more
than a simple remaining charge value.

A microprocessor was needed to provide the security that was
essential to protect any form of rechargeable card from fraudulent
use. A simple electrically programmable and erasable memory on
the chip would be far too easy for crooks to reprogram, and thereby
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In and around the London borough of
Harrow, over 10,000 people are now
carrying and using a bright yellow
smartcard with a computer generated

memory can also hold stored values to
pay for journeys in the same way as a
phone card.

The passenger’s card forms part of a
complex network of computers and card
terminals and this network is shown in
Figure 1. In the trial system, which started
on 3rd February 1994, over 200 buses on

The London Transport Smartcard

On each bus, the smartcard reader will
automatically detect whether a particular
card is valid and give the appropriate
audio and visual acknowledgement or
warning. The reader is linked to the
standard Wayfarer ETM (Electronic
Ticketing Machine) which stores data
from the card reader for later retrieval at

19 different
routes run by
five different

operators
based at
Harrow bus
station, have
been fitted with
on-bus

image of themselves. They are all part of contactless

London Transport’s first commercial trial smartcard

of a smartcard ticketing system, so readers. Local

advanced that it is the first in the world London

and is attracting attention from transport Transport

system operators from as far away as
Japan.

The Stored Value Ticketing project, or
SVT, was bom as the result of a feasibility
study carried out in May 1992, which
demonstrated that contactless

PASS newsagents, and in the near future
underground stations, have also been
fitted with electronic point of sale, or
EPOS, terminals which can be used to
reencode smart travel cards, with the

e the depot. This data is
stored on a PC at the depot
which is linked via a network
to a main controlling system.
The EPOS card readers in
the PASS agents is also
linked directly to the main
controling computer, as is
the imaging and issue

| station terminal in Harrow
bus station.

When the system is
extended to London
Underground, the card
readers will be incorporated into the
standard ticket barriers with direct linkage
to London Underground’s computer
system.

As can be seen, all the systems are

smartcards could be used in all

with London Underground and
British Rail has shown that the

system can be extended to \
cover all forms of public
transport. AT

The smartcard chosen by LT
is manufactured by the British
electronics and engineering giant |
GEC. Itis a contactless card
which incorporates a

bus travel pass applica'gions to s -

give improved ticketing flexibility, |__sTamon T ..

better business information, t s |, e

faster boarding speeds and \ e |22 | - .

better revenue control. A later v \ S 4

study carried out in conjunction R / I AL S

LuL
e CEMTRE [

. =

Flow diagram for London Transport Smartcard Ticket System
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memory/processor chip and a

loop aerial that is used to both collect
power for use by the card and transfer
data between the card and the card
reader. The memory on the card includes
an area which can be read or written to,
allowing the validity of the pass to be

quickly and accurately checked. The holder,

details of any new period, permit, or travel
card (plus in a few months, the stored
value Farecard). In addition, an office in
Harrow bus station has been set up to
issue new cards, each one bearing a
computer generated portrait of the card

linked, in most cases directly via a
network, to the central controlling
computer. This will enable traffic usage
and revenue generation to be very closely
monitored. The result should be a more
profitable system and a better service for
the passenger.

essentially ‘print money’. It is necessary for the data to be stored in
encrypted form, for access to be password protected and indeed
for a host of special hardware and software security systems to be
built into each card.

The Smartcard Today
The smartcards being developed today have in-built processors,

memory and even ultra thin batteries. They no longer need to rely
on direct contact with the reader as some now incorporate ultra-
miniature radio receivers and transmitters which permit the cards
to be used in close proximity to a reader but without actually
touching it. Coupled with the availability of the electronics systems
is the development of manufacturing techniques, such as surface
mount devices, which make it possible to automatically construct

ELECTRONICS TODAY INTERNATIONAL

13

www americanradiohistory com



The National Westminster
Mondex Cashcard

Most people, | suspect, like having some
cash in their pocket and a few notes in
their purse or wallet. You need it for
all the little expenses in life,
buying a newspaper or a bus
ticket, paying the window
cleaner, or a taxi driver, giving
your children pocket money. All
instances where a cheque or credit
card is useless and cash is still king.
However, much as we may find cash
useful, it is probably true to say that
most big businesses, including most
banks, do not like cash. They do not like
having to count notes and coins, they
do not like the security problems
associated with cash and nor do they
like the fact that physical cash does not
generate any interest (it is estimated to
cost £2 billion in lost interest in the UK
alone).

This dislike of cash has prompted
banks and big businesses to look for
ways to eliminate any need for it and in
this quest they have turned to smartcard
technology to create what they like to
call the ‘electronic purse’.

Although some trials of electronic
purse systems have been held in
Denmark and Portugal, the leading
contender in the world today is a system
called Mondex, that has been developed
in the UK by a partnership of the
National Westminster and Midland
Banks. The system is said to be at least
18 months ahead of any other
comparable project and goes on large
scale commercial trials in the Swindon
area early next year, with 1,000 retailers
and over 40,000 users. So what exactly
is the Mondex system?

Mondex uses an intelligent smartcard
to provide a secure and simple way of

holding
and

transferring
electronic cash. As
such, it has all the
attributes of cash, in
particular its anonymity and the
ability for one individual to transfer
money to another without having to go
via a third party. But unlike physical
money, it can be sent down a phone line
and is virtually theft free, thereby making
it easy for the individual to withdraw
Cash as it is needed and allowing
shopkeepers to easily and safely bank
their takings.

The fact that Mondex uses electronic
cash rather than physical cash means
that it is the ideal payment mechanism
for the suppliers and consumers of the
new electronic information and
entertainment services being supplied
directly into peoples homes, over the
new optical fibre based phone lines
network. This means that in the new age
of the ‘digital highway’, individuals and
businesses will have a means of both
sending and receiving cash down a
phone line, a considerable advance on
the credit and charge card which
can only transfer cash in one
direction and then only via a third
party.

The main difference
between Mondex and other
cards is the fact that it is ¢
unaccounted, in other words -
there is no need to link each

transaction back to a specific bank
account where checks are made to see
if funds are available. Like physical cash,
the money is either in the Mondex
‘electronic purse’ or it is not, therefore
there is no need for the retailer to make
authorisation checks or request
signatures and thus no delay in receiving
value. With Mondex, all that matters is
that there is sufficient value stored in the
card being presented to pay for the
transaction. a factor which Mondex's
designers have taken advantage of since
this is a multicurrency system. It will be
capable of handling over 100 different
currencies, of which five can be held on
the card at any ons time. A degree of
flexibility which has generated
considerable interest in the EEC, in
applications sucr as a payment device
for Europe’s motor«ay tolls (the French
are already testing a contactless
smartcard system atiached to the
vehicle for paying motorway tolls and in
the UK a simijar system is proposed for
both motorway tol's and charging
motorists to enter tig cities such as
Lendoiny.

b

such cards in vast numbers and at very low cost.
In addition to the development of advanced cards, we have

moving to the fore and taking a world leading position,
New applications include the world's first smaricard ticketing

also seen the development of a wide range of smartcard readers.
These range from remote wireless systems, to portable pocket
sized terminals and terminals which can be built into any domestic
phone.

The fact that the technology to create and manufacture
sophisticated smartcards and reader systems has become
available over the last couple of years has led to a renewed
interest in smartcard technology and a new range of commercial
appilications. It is a resurgence which has seen British companies

systerm launched by London Transport arlier this year and now
undergoing a two year puglic tial in the North London area. The
system has potentially enormous advantages for both the traveller
and for London Transport. It will eventually enable the traveller to
buy tickets in advance, at a discount rate, from any station or news
agent (they are all equipped with special terminals to place the
appropriate data on the customer’s smartcard) and use them to
travel on any transport system with discounted units in much the
same way as a phone card.

ELECTRONICS TODAY INTERNATIONAL
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To get value into their cards a
Mondex user will be able to charge up
their cards using a range of different
methods. They will be able to withdraw
money from their bank accounts using
special automated telling machines
(ATMs) at their bank, or they can use a
new generation of public phone which
has been developed by British
Telecom.

in the UK, this could increase the
number of cash withdrawal points from
the high street 15,000 ATMs to some
75,000 public phone boxes, plus semi-
public phones in restaurants, bars,
shops, etc. The fact that

inserting that card into the wallet and
performing a transfer. Besides being of
use to the individual, the wallet offers
what is in effect a basic terminal for
small businesses and the self employed
(I do have reservations about the time
taken to transfer money using the
wallet, if you buy a paper from a street
corner news vendor, you simply give
him the appropriate coins and take the
paper, using a wallet will slow down the
number of papers he can sell in a given
time - Ed).

Thus the key elements in the
Mondex system are the actual Mondex

will be used to hold and transfer cash, an
enormous amount of work has gone into
the card’s security. The security system
is in fact encoded into the chip on the
card which means that the card can be
used to transfer cash over standard
unsecured networks, such as public
phones and mobile phone networks.
The Mondex security system is
extremely sophisticated and virtually
impossible to crack. Every time a
Mondex card is used, it generates a
unigue digital signature which can be
recognised by other Mondex devices
and it is this signature which ensures
that the cards involved

any ordinary phone,

even a cell phone, will
eventually be capable of
being fitted with a
Mondex reader that will
turn it into an ATM, will
eliminate all the security

]

are genuine Mondex
cards and that they are
dealing with untampered

- | MEMEBER | MERCHANT Mondex signals.
it WRARE The trick to the
jl security programming

S

used on the card is that

roblems associated whereas the ‘key’ to
p. ) CONSUMER CONSUMER MERCHANT o : y .
with handling large TELEPHONE CARD FOS TERMINAL verifying the signature is
amounts of cash. open, the key to creating

Another way for / the signature remains
; <
Mondex users to charge secret and has been
CONSUMER CONSUMER KEY RING

up their cards will be to
transfer it from one
individual to another. To
do this a phone or an
ATM is not needed,

WALLET BALANCE READER

Data flow for Mondex Smart Cashcard

designed to be too
complex for organised
crime to crack on an
economic basis. In
addition the key will be

since the Mondex card

comes with a special wallet into which
their Mondex card fits. This wallet is
more than just a holder for the card, it
has a keypad and a display, looking a
little like a pocket calculator. The
display will show you how much money
is in the card and will also give you full
information about the last ten
transactions for which the card was
used.

To give money to another Mondex
user, simply enter your four digit PIN
number into the wallet keypad and use
the appropriate keys to withdraw the
required amount. This is held
temporarily in the wallet processor’s
memory and can be transferred to
another Mondex card simply by

smartcard itself, the electronic wallet,
the Mondex compatible phone and the
Mondex compatible retailers till. All
these components have now been
developed and tested ready for next
year’s large scale launch in Swindon.

The actual Mondex cards are the
same size and thickness as a
conventional credit card, with a block of
eight goldplated contacts in the upper
left corner of the card. They decided on
a card with contacts because it gives
the user a better feel of control, in other
words you have to have physical access
to the card to do anything with it.

The cards and the wallets contain an
8 bit microprocessor chip and
associated memory. Because the card

frequently changed thus
leaving fraudsters and hackers with a
fast moving target that will make their
work redundant, allowing Mondex to
stay ahead of increasingly sophisticated
criminals.

The cards are being made by Dai
Nippon Printing Co. Ltd., and contain
a chip manufactured by Hitachi,
which is based upon its H8-310
microcontrollers. A similar chip is
used in the wallet systems which are
being manufactured by Panasonic
and Texas Instruments. Special bank
ATMs are being produced by AT&T
Global Information Solutions and the
phone terminals by BT, retailer
terminals are coming from De La
Rue Fortronic.

It will also enable the operator to be more flexible in his
pricing structure, encouraging people to use buses and trains
at the slackest time, or within more tightly specified-areas. It wilt
enable the operators to monitor with great precision the
patterns of transport usage so that they can be more
accurately tailored to users needs and to enhance the
profitability of the operator. They will also allow different routes
to be operated by different companies, with payment being
electronically transferred from the main ticket vendor to the

individual operators.

British companies are also leading the way in an even more

world standard.

important application for smartcard technology, one which
prompted the main title of this article. This is the Mondex Global
Electronic Cash project, which has been masterminded by the
National Westminster and Midland Banks, together with a range
of UK, Japanese and US electronics companies and British
Telecom. It will be going into public service in the UK in 1995 and
will be the world’s first electronic cash payment that is intended to
replace physical cash. The developers hope it will become a

Mondex is an extremely complex project and represents
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Inside a Smartcard

Many smartcard manufacturers are naturally reluctant to give any
real details about what is inside their cards and how they work.
One company that will give information is Mitsubishi, with its
contactless IC card.

The Mitsubishi smartcard is an advanced contactless card
which can be read or written to from as far away as 80cm, thus
being primarily intended for use in security, access control
systems, cashless vending, product tagging in automated
manufacturing and warehouse systems and in ticketing/toll
systems. As can be seen from Figure 1, it is the same Size as a
conventional credit card and about twice as thick.

The smartcard electronics are sandwiched between two layers
of plastic and a block diagram of these contents can be seen in

54
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Figure 1- Mitsubishi smartboard dimensions

Figure 2. Note that the card electronics include an 8 bit
microprocessor, RAM and ROM memory, a clock oscillator, /O
circuitry and a modulation/demodulation circuit with associated
transmitterfreceiver aerial, plus an ultra thin battery that wil
provide enough power for the card to be used more than 200,000
times. This is a very impressive amount of electronics packed into
a very small area, most of it integrated onto a single chip which is
mounted on an ultra thin circuit board with the aerial loop etched
onto it.

DSCHLLATOR e /-\

ELECTROMAGNETIC
WAVES

Figure 2: Inside the Mitsubishi smartcard

This card has been desigried to operate as pan of a system
comprising a read/wrlle device, attached to a computar network
for data /O read and write operations, as shown in Figure 3. In
operation, the card is presented near to the reader/writer head,
which automatically transmits data at up to 25.6Kbps, sufficient to.
allow a typical operation to take place in less than 0.2 saconds.

The data is transferred between the card and the terminal

| !
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NETWORK RS-232C
N\ =]
CUSTOMER o
SYSTEM - FLTER | CONTACTLESS
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Figure 3: A contactless smartcard control system
using a strict
communicatio ACK/ ACK/
ns prOtOCOl STAH_T COMMAND TRANSMIT COMPLETION
which is e ]_ _| | |
shown in | .
Figure 4. The ’
data is CARD ! I 1 I |
transferred STARTIANSWER  ACKS ol
using a radion COMMAND EXECUTION
link that is Figure 4. Contactless card communications protocol
based on .

Amplitude Shift Key, or ASK, modulation, as shown in Figure 5.
The frequency can be customised for different applications and
the actual data is transferred in packets, using the command and
response format shown in Figure 6.

For readers who are interested in developing their own
applications based upon smartcards, Mitsubishi can provide a
contactless card development kit, This costs £799 and consists
of three contactless cards, a card transceiver which can be
connected directly to a PC and appropriate PC software and
documentation. For more details contact Mitsubishi Electric UK
Ltd., of Hatfield, on 0707 278652.

0 i) a [ 1 i

TRANSMIT DATA | I | .'lll

; > 1 H H
Figure 5: Contactless card signal modulation

DUMMY | STC NAD LEN | COMMAND/RESPONSE BCC
"oo"

1 1 1 1 n 1
STC: START CODE
NAD: NODE ADDRESS
LEN: LENGTH OF COMMAND/RESPONSE
COMMAND/RESPONSE: BLOCK OF COMMAND/RESPONSE
BCC: BLOCK CHECK CODE

Figure 6: Contactless card command and response format
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EXPRESS COI

MAINS IONIZER KIT. Very useful
kit that increases the flow of negative
1ons, helps clear cigaretie smoke, dust,
pollen etc. Helps reduce stress and
respiralory problems £15. kit, £20
built

COMBINATION LOCK Electronic
9 key combination lock suitable for
alanms, cars,houses etc, easily program-
mable. Includes mains 2Arelay o/p. 9v
operation. £10 kit, £14 built
VARIABLE POWER SUPPLY.
Stabiized, short circuit protected. Gives
3-30v DC at 2.5A, ideal for workshop
orlaboratory £14kit,£18built. 24VAC
required

LEADACID CHARGER. Two auto-
malic charging rates(fast and slow),
visual indication of battery state. Idcal
for alarm systems,emergency lighting,
battery projects etc. £12 kit,£16 built
PHONE LINE RECORDER.Device
that connects to (he 'phone line and
activates a cassetie recorder when the
handsel is lifted Ideal for recording
'phone conversations etc! £8 kit, £12
built

ROBOT VOICE. Tums your voice
into a robot voice! answer the phone
with a different voice! £9 kit, £13
built

PHONE BUG DETECTOR Thisde-
vice will wamn you if somebody is
eavesdropping on your 'phone line £6
kit £9 built.

PIIONE BUG. Smallbug powered by
thetelephoneline Only transmits when
the phone is used Popular surveil-
lance product £8 kit, £12 built

STROBE LIGIT. Bright strobe light
withan adjustable frequency of 1-60hz
(a lot faster than conventional strobes!)
£16 kit, £20 built.
4WFMTRANSMITTER 3 RF stages,
audio preamp. 12-18vDC. Medium
powered bug £20 kit, £28 built

3 CHANNEL LIGHT CIIASER 3x
800w output, speed and direction con-
trols, can be used with 12 led's (sup-
plied)or TRIACS for mains lights (also
supplied) 9-15vDC_£17kit, £23 built.
25W FM TRANSMITTER. 4 stage, a
preamp will be required (Our preamp
below is suitable) £79 built (no Kits).
SOUND EFFECTS GENERATOR.
Produces any thing from bird chips to
sirens! add sounds to all sorts of things
£9 kit £13 built

FM/AM SCANNER Well not
quite,you haveto turn the knob yourself
but you will hear things on this radio
(even TV) that you would not hear on
an ordinary radio! A receiver that cov-
ers 50-160MI1Zboth AM and FM Built
in Sw amplifier. £15 kit, £20 built.
CAR ALARM SYSTEM. Works on
vibration and/or voltage drop from door
etc being opened. Entry and exil delays
plus adjustablealarm duration. Low cost
protection! £12 kit, £16 built.

15W FM TRANSMITTER. 4 stage,
highpowerbug You willneeda preamp
forthis (see our preamp betow which is
ok) £69 built. (no kits)

1W FM TRANSMITTER. 2 stage in-
cluding preamp and mic. Good general
purpose bug. 8-30VDC

£12 kit,£16 built

BULK PACKS

PREAMP MIXER. 3 channel input,
independent level and tone controls
Ideal for use with the hi power FM
transmitters. £15 kit, £19 built
TREMBLER ALARM. Designed for
bikes elc, adjustable sensitivity, preset
alarm time, auto reset. Could be adapled
for all sorts of "borrowable” things £12
kit,£16 built.

ULTRASONIC RADAR A project
that can be used as a movement detector
in an enclosed space Range about 10
metres,12vDC. Good basis for
car,shed,caravan alarm etc £14 kit, £19
built.

PHONE CALL RELAY Very useful
kit that incorporates a relay that oper-
ates when the phonerings. Can be used
to operale more bells, signalling lights
etc. Good for noisy enviroments or if
you have your headphones on! L10 ki,
£14 buiit.

PORTABLE ALARM SYSTEM
Small 9v alarm system based on a mer-
cury swilch. The alarm contitues 1o
sound until disabled by the owner
Buzzer included £11 kit £15 butlt
800W MUSIC TO LIGIIT EFFECT
Add rhythm to your music with Lhis
simplesound to light kit L8 kit, £12
built

MOSQUITO REPELLER Modem
way to keep the midges away! Runs for

about a month on one

1.5v batlery. Frequency is
set (o drive away mosquilos etc. £7 kit,
£11 built
3 CHANNEL SOUND TO LIGHT.
Can be used any where as no conneclion
is made to hi fi. Separale sensitivity
conlrols for each channel,
1,200Wpowerhandling. Microphone
included. £14 kit, £19 built.
MINIMETAL DETECTOR. Detects
pipes,wires elc up to 20cm deep. Use-
ful before you drill those holes! £8 kit,
£12 built.
0-5 MINUTE TIMER. Simple time
switch adjustable from 0-5 mins,will
switch2A mains load. 12v op_Ideal for
laboratory, photographic projects elc.
£7 kit, £11 built.

7WATT HI F1 AMPLIFIER. Useful,
powerful amplifier 20hz-15hz, 12-
18vdc. Good for intercoms, audio sys-
tems, car etc £7 kit £11 built

INCAR SOUND TO LIGHT. Put
some atmosphere in your car with this
kit Each channel has 6 led's that create
a beautiful lighting effect! £10 kit, £14
built

VOX SWITCH This is a sound acti-
vated switch, ideal for use on transmit-
ters, CB's, tape recorders etc, Adjust-
able sensitivity, built in delay. Mic in-
put £7 kit, £11 built

50 I/C's for £1.50
Nice mix of chips at a bargain price!

PONENTS

FUSE PACK NO 2
30 mixed 1.25" fuses again ideal for
spares etc. Just £1.00

CERAMIC CAPACITOR PACK
Good mixed pack of 100 capacitors
for just £1.00

WIRE PACK
25 Metres of insulated wire for just

ELECTROLYTIC PACK 1
100 small mixed electrolytic
capacitors just £1.00

ELECTROLYTIC PACK 2
50 larger electrolytic mixed

£1.00, good for projects etc

| ——
SLEEVING PACK

100 assorted pieces of sleeving for

conneclors etc. Yours for just £1.00

capacilors

DIODE PACK

RESISTOR PACK NO 1

100 assorted diodes for just £1.00

250 low wattage resistors, ideal for
most projects etc. Just £1.00

LED PACK
20 light emitting diodes for £1 00

RESISTOR PACK NO 2
Hi waltage pack, good selection of
mixed wattages and values 50 iu all,

TRANSISTOR PACK
50 mixed transistors, another bargain
al £1.00

bargain price just £1.00

PRESET PACK
Nice selection of 25 mixed presel
pots for just another £1!

BUZZER PACK
10 things that make a noise for just
£1.00!

RELAY PACK NO 1
6 mixed relays for £1, thats just 17p

POT PACK
10 pots for £1, (5 different types) a
snip at £1 00

each.

CONNECTOR PACK
10 different conneclors, again for £1

DISPLAYS
10 seven segment displays for
£1.00

FUSE PACKNO 1
40 mixed 20mm fuses, ideal for
repairs etc, or just to stock up the

ORDER 10 PACKS OR MORE
AND CHOOSE ONE FREE
PACKII

spares box! Just £1.00

FREE COMPONENT CATA-

KITS 'N

LIQUID LEVEL DETECTOR.

Useful item, can be used 1o detect
fluid levels in watertanks, baths, ponds
fishtanks etc. Could also be used asrain
alarm with an easily constructed sen-
sor. £5 kit, £9 buill
FM TRANSMITTER. Mini FM trans-
mitter 2 transistor, comes with FET
minature mic and is tuneable from 63 1o
130MHZ. £7 kit, £11 built.
FUNCTION GENERATOR. Gener-
ates sinusoidal, saw tooth and square
waveforms from 20hz upto 20khz. Sepa-
rate level controls for each waveform.
24vac. £15 kit, £20 built
S WATT SIREN. Powerful siren kil
with an impressive 5 watls output Ideal
for alarms etc. £6 kit £10 built.
TELEPHONE AMPLIFIER Very
sensitiveamplifier which usinga'phane
pickup coil (supplied) will let you fol-

LOGUE WITH EVERY ORDERI!

MODULES

low a telephone conversation without
holding the handset to your ear! £11 kit
£15 built.

SWITCH PACK
10 swilches for just £1 00

12v FLOURESCENT. Ausefulkitthat
willenable youto light large flourescent
tubes from your car battery etc. 9v mains
transformer required. £8 kit, £12 built.

KNOB PACK
10 knobs for just £1.00

REMEMBERI YOUR FREE COPY
OF OUR CUT PRICE COMPO-
NENTS CATALOGUE SENT
WITII EVERY ORDER!!!

How to place your order.. ......

By phone
By FAX

0273 771156

By Post...PO box 517 Hove Sussex BN3 5QZ

Payment by ACCESS,VISA, CHEQUE OR POSTAL ORDER

Cheques and postal orders should be payable 1o Express Components
ALLPRICES ARE SUBJECT TO 99p POST AND VAT. Some of our products
may be unlicensable for use in the UK (particularly the FM transmitters )

www americanradiohistory com




Computer owners will find this design from
Robert Penfold an indispensable tool when

trying to solve those all too common

compatibility problems associated with serial

data communications

”' nt.lmmg

used, or by way of jumper leads which permit
practically any desired method of connection to
be achieved. The unit featured here uses the
jumper lead method and the use of spring-
loaded terminal blocks enables it to be quickly
and easily reconfigured. It incorporates a
number of LED indicators which show the logic
levels present on the main input/output lines.
These are particularly useful when trying to
establish which lines are inputs and which are
outputs, as well as when trying to set up the
correct handshaking protocol.

RS8232C Basics
The standard connector for RS232C ports is
the 25 way D type, but many serial computer

he world of computing is well known for its so-
called standards that in reality are ‘near misses’.
* Some computer ports conform properly to the
electrical standards, but use some non-standard
form of connector. Others use the right type of connector, but
not necessarily with the right set of pin functions. Some do not
seem to fully conform to any known standard, but are usable if
you persist long enough with the interconnections, trying all the
possible permutations!
Parallel printer ports have not been without their
idiosyncrasies over the years, but RS232C (V24) serial ports
are probably the more contentious of these two

ports use a different connector and a somewhat
cut-down version of the RS232C interface. This
is of largely academic importance, since the serial cables for
these computers have a standard 25 way D connector at the
end which connects to the peripheral. As we shall see, in a
computing context the missing lines are of no importance.
Figure 1 shows the connections for a standard 25 way serial
port and for the typical cut-down computer version used on
the IBM PC AT and compatibles.

Some of the pins on the standard 25 pin serial port are
unused. Others are secondary lines which act as back-ups to
the main lines, or have functions that are only appropriate to
synchronous serial communications. In a computer context,

popular forms of computer interface. In theory, it
should be quite simple to interconnect two
devices via an RS232C style serial interface, but
‘real world’ ports can be quite troublesome.
Matters are complicated by the fact that this type
of port exists in two different forms and
variations in the handshake lines further confuse
the situation.

An RS232C breakout box is a device which
makes it relatively quick and easy to find the right
set of interconnections. It consists basically of
two connectors, one of which connects to the
computer while the other is coupled to the
peripheral device (printer, modem, etc.). The two
connectors are wired together via switches
which permit various connection methods to be
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RS232C ports are only used for

asynchronous communications where 5 Grd

the data is transmitted at one of several DSR oCD

standard baud rates. The cTS Y

synchronisation signals are sent on the RTS v

same lines as the data, with no clock or px | oM

other synchronisation signals being sent Ty DCD2?

on separate lines. [t is for this reason o -

that cut down ports such as the PC AT € Gnd (132

type are perfectly acceptable. The T TR T R T TR 7 BT T

missing sixteen pins serve no useful : .

purpose in a computer interfacing 2 ? ©0060 7 @6 g s

context. In most cases some of the nine 4 i . 2

pins that are present are left unused. ? 0@ O @ © o 9 66 ‘, 3

For a basic two-way serial link, only R e A —— &

three lines are required. One of these is TDZ2=— Unused

simply the connection between the T i Tc

signal grounds of the two units, while RDZ- ] _ DRS

the other two interconnections cross- RC—— | .

couple the transmit and receive pins of

the two units. Unused | @
RTS2 -OTR

These are pins 2 and 3 respectively.

Of course, one of these cross-couplings
is omitted if communications in only one
direction is required. A serial link can
therefore be as basic as a simple two-
wire link, but in practice it is often
necessary to implement something
more than a simple two or three wire
link. The main problem with a basic
serial link of this type is that it does not
permit hardware handshaking. In some
cases the receiving device will be able
10 keep up with a steady flow of data,
but many peripherals can not do so.
For example, printers and plotters are
relatively slow devices, which may not
be able to cope with more than a few
bytes per second. Handshaking

Fig 1. The standard RS232 port (above) and the PC AT version below

enables the receiving device to control
the flow of data so that it does not become overloaded.

Handshaking can be achieved purely in software. The
peripheral device sends a special code to the main unit to
halt the flow of data, and another code to start the flow once
again. These codes are sent down the same wires that are
used to carry data and this is known as software
handshaking, or "XON - XOFF’ handshaking.

Although described as software handshaking, there is
actually a hardware element in this system as it requires three
connecting wires, even if communication is only in one
direction. This is a point which should be borne in mind when
wiring up a system that uses XON - XOFF handshaking.
Hardware handshaking requires an extra line to carry the
on/off signal. For two way communications, two handshake
lines are required, with separate lines being used to control
the flow of data in each direction. Hardware handshaking
works on the basis of the receiving device producing a
positive voltage to permit the data to flow, or a negative
voltage to halt it.

This method is clearly incompatible with software
handshaking, so it is not acceptable to have one unit set for
software handshaking and the other set to use the hardware
variety. There are several handshake inputs and outputs on
an RS232C serial port and it is largely this factor which
complicates the interconnection of two serial ports. If there is

such a thing as the standard method of RS232C handshaking,
the way in which it is meant to function is far from clear.

The handshaking can be controlled by the RTS (request to
send) and CTS (clear to send) lines. The RTS pin is an output on
the receiving device and it is set high by the receiving device
when it is ready to receive data. It is set low in order to halt the
flow of data. RTS is coupled to the CTS input on the sending
device, which should obviously send data only when CTS is
taken high. In practice, CTS is simply set high all the time on
many devices, particularly printers and in most cases it seems
to be DSR (data set ready) and DTR (data terminal ready) that
actually control the flow of data.

DTR is an output on receiving devices and it is set high when
the device is ready to receive data. DTR is connected to DSR
on the sending device and the latter will only send data when
DSR is taken high. The Rl {ring indicator) and DCD (data carrier
detect) are used with modems. They respectively indicate that
the modem has detected a ringing signal and that it has
detected a carrier signal. They are not normally used in general
serial interfacing, although DCD does sometimes seem to be
used as a sort of off-line/on-line indicator.

Two Of A Kind
There are two basic categories of RS232C equipment. These
are data terminal equipment (DTE) and data circuit-terminating
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GROUND (7) GROUND (7)
AD2 (2) AD2 (2)
TD (3) TD (3)
RATS (4) ATS (4)
CTS (5) CTS (5)
DSR (6) |- DSR (6)
DTR (20) DTR (20)

Figure 2: DCE and DTE devices are connected using a straight cable.

GROUND (7) GROUND (7)
RAD2 (2)

AD2 (2)

1D (3) —><—. 1D (3)
RTS (4) ATS (4)
CTS (5) I CTS (5)
DSR (6) T DSR (6)
DTR (20) DTR (20)

Figure 3: Most serial interfacing requires a null modem cable.

equipment (DCE). The latter is also known as data
communications eguipment. In general, DTE units are
computers or some other major item of equipment at the heart
of the system. DCE units are peripheral devices, such as
printers, or plotters.

Itis usually possible to tell which category a particular
device falls into by looking at the 25 way D connector. If it is a
plug, the unit is probably a DTE device - if it has a socket it is
probably a DCE device. This is not a completely reliable
method though, and many printers have a 25 way D socket
but are actually examples DTE equipment. The difference
between these two types of equipment is simply that DTE
devices transmit data on pin 2 (TX), and receives it on pin 3
(RX). In other words, DTE equipment has a normal serial
interface. DCE devices transmit data on pin 3 and receive it on
pin 2. They have handshake lines which operate in the same
topsy-turvy fashion, with inputs that are actually outputs, and
vice-versa. The point of all this is that it enables a ‘straight’ lead
to be used to connect a DTE unit to a DCE device. In other
words, each pin on one connector is coupled to exactly the
same pin on the other connector. Figure 2 shows this method
of connection.

This is the method of connection normally used with
modems, but this seems to be its only common computing
application. Of course, this ‘straight’ method of connection is
of no use when trying to interface one DTE unit to another. It
would result in inputs being connected to inputs and outputs
being coupled to outputs. RS232C outputs have current
limiting, so this should not result in any damage to the
equipment, but it will certainly not result in a data exchange
either. When connecting one DTE unit to another DTE device
(or when interfacing two DCE units) a so-called ‘null-modem’
cable is required. This has the data and handshake lines cross-
coupled, as shown in Figure 3. It is a cable of this type that is
normally required when connecting two computers together,
or when connecting a computer to a printer or plotter.

The Circuit
The circuit diagram for the RS232C breakout box appears in
Figure 4. SK1 and SK4 are the 25 way D connectors at the

NOTE:
R1-RE ARE ALL 1K5 D1-D8 ARE ALL RED LEDs
sKi1 - SK4
INPUT SK2 SK3 GUTPUT
et} O—Ha
GH1 ] 3 (=]
2 N
b
LH—1— ] O {s]
R NN o
4
5 ] {]
Ra NN D4 D
b
3 L] l_.l .
ol 3]
b
8 B
D As \‘\ D8
20 ¢ 0
B —— 10 =
= ‘. O @
LN D9
2
7} — ]
Figure 4: The RS232C breakout box circuit diagram.

notional input and output of the unit. In practice it is probably
best to connect SK1 to the computer and SK4 to the peripheral
device, but the unit can be used either way round. SK3 and
SK4 are the spring-loaded terminal blocks rather than true
sockets. These connect to the eight lines of the serial ports that
are most likely to be implemented. The signal ground pins (the
two pin 7s) are permanently wired together as these must
always be interconnected, regardless of what other
interconnections are used.

Eight LEDs on the input side of the unit indicate the state of
each input/output line of SK1. Of course, once the
interconnections are in place, these LEDs also indicate the
states of the relevant pins of SK4. RS232C ports do not
operate at normal 5V logic levels, but instead use voltages of
approximately plus and minus 12V. The 1k5 current limiting
resistors therefore set the LED current at about 6ma or so. This
is high enough to give good LED brightness, but low enough to
ensure that the LEDs do not excessively load the port outputs.

When connected with the polarity shown in Figure 4, a LED
will switch on when the line driving it goes to +12V (the active
state). When the line goes negative the LED will probably
avalanche like a Zener diode, but the current limiting resistor will
prevent it from being damaged. The resultant reverse current
flow will not cause the LED to light up. If you would prefer the
LEDs to switch on when the lines driving them are negative,
simply connect them with the opposite polarity. Construction
Units of this type can be hard wired, but construction is easier
and more straightforward if the unit is based on a printed circuit
board. Figure 5 shows the component overlay for this design.
Note that SK1 and SK4 must be 25 way D plugs and not
sockets. Sockets will fit onto the board properly, but the pin
numbering for a socket is a ‘mirror-image’ of that for a plug.
This would result in the terminal blocks to a large extent
connecting to the wrong pins or the input and output
connectors.
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Two eight way terminal
blocks are required. The - - —
correct spring-loaded
terminal blocks are only & _$-
sold as 2 way and 3 way rﬂﬂ SK3
blocks. The cheapest way l_ =
to make up each eight way @ @ £ Sl
block is to use two 3 way ===
biocks and one 2 way I 0 2 @+ 1 e [ @ 1 i
type, but four 2 way @ @+ o |Q —
blocks will work just as -
well. The blocks interlock @ + o OF
and it is easier if they are i Q
fitted together first, then i 7 @+ D SE e, 8
fitted onto the board. The 1 bl
board does not provide a @ @ o N -
connection between pin 1 gy : -—
on SK1 and pin 1 on SK4 Q@ —{F] @ﬂv ST
(the frame grounds or
chassis connections). This " @ “"" \® = Wi
connegction can be hard = T o = " O 1
wired if desired, but it is s
not really of any great .
conseguence. It is ==

probably not worthwhile
fitting the unit into a case, but it is a good idea to mount it on a
plastic box or a baseboard of some kind. Apart from giving a
neater appearance, this will add strength to the unit and prevent
the connections on the underside of the board from scratching
practically any surface on which the unit is placed.

The terminals in the blocks and LEDs are arranged in the
logical order. Working from top to bottom, they connect to pins
2,3,4,5,86, 8, 20, and 22. It is not essential to mark pin
numbers onto the board, but mistakes are less likely to occur if
the terminals and (or) LEDs are clearly labelled.

In Use

The best wire for making the connections between the terminal
blocks is a fairly stout single core insulated type. If multi-strand
wire is used, solder the ends of the leads so that the strands of
wire are held together. The leads only need to be about 100
mm long and should have about 10mm of insulation removed
from each end. Using the breakout box is likely to be easier if
leads of several different colours are used. Different coloured
leads should reduce the risk of wiring errors and make it easier
1o spot any that should occur.

It is quite easy to make the connections to the terminal
blocks, but unless you have small fingers it will be easier to
operate the spring-loaded levers using a small screwdriver.
Make sure that the ends of the leads are fully pushed down into
the holes in the blocks so that reliable connections are made.
With the breakout box connected to the computer and the
peripheral, it is quite likely that all the LEDs will remain switched
off (i.e. all the outputs connecting to SK1 will be in an inactive
state). It seems to be quite normal for serial ports to be totally
inactive until some data is sent to them.

If the system is set to use software handshaking, it should
only be necessary to get pins 2 and 3 coupled correctly. There
may be some initial activity on some of the handshake lines, but
the receiving device should simply ignore the handshake lines
and respond to the XON and XOFF codes. In some cases, no
handshaking will be used at all, but this is usually only possible
when the software takes control of the computer’s serial port.
Software which provides high speed computer to computer
links is often of this type. However, normal serial

Figure 5: The component layout for the RS232C breakout box.

communications under the control of the operating system
usually requires some form of handshaking, even if the
peripheral device will never actually provide a hold-off. This can
be problematic if the peripheral device does not provide
handshake outputs.

A solution which is normally effective is to use the
computer's own handshake outputs to switch on its handshake
inputs. In other words, link pins 3 and 4, and pins 6 and 20 of
SK1. When hardware handshaking is to be utilised, and the
peripheral device does have handshake outputs, it is a matter
of first trying the standard methods of interconnection that were
discussed previously. If these do not work it is possible that one
of the handshake lines on a peripheral device is not
implemented, or is failing to go to the active state for some
reason. In either case a lack of response from the appropriate
LED should indicate that one of the handshake lines is not
present and correct. Satisfactory operation is usually obtained if
both pin 4 (RTS) and pin 20 (DTR) are driven from the single
handshake output of the peripheral that is responding properly.

If you are unsure if a port is a DTE or a DCE type, couple it
to SK1 using an ordinary null-modem cable. It is possible that
none of the LEDs will switch on initially, but some should light
up if data is sent to the port. If the LEDs for pins 5 and 6 switch
on, the port is a DTE type. If the LEDs for pins 4 and (or) pin 20
switch on, the port is a DCE type.

R1to R81k5 0.25 watt 5% carbon film (8 off)

D1 to D85mm red LEDs (8 off)

25 way D plugs,

right angle printed circuit mounting
type (2 off)

Printed circuit mounting
spring-loaded terminal blocks,

3 way {4 off) and 2 way (2 off)
Printed circuit board, box or baseboard, solder.

The terminal blocks are Maplin order codes

SK1, SK4

SK3, SK4

LS siuvd

o

#
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AMPLIFIERS from

= YN

UK Distributor for the
complete ILP Audio Range

D

BIPOLAR AMPLIFIER MODULES

Encapsulated amplifiers with integral
heatsink.

HY30P 15W Bipolar amp £9.95
HY60 30W Bipolar amp £12.62
HY6060 30W Stereo Bipolar amp £26.46
HY124 60W Bipolar amp (4 chm) £20.69
HY128 60W Bipolar amp (8 ohm) £20.69
HY244 120W Bipolar amp (4 ohm) £27.38
HY248 120W Bipolar amp (8 ohm) £27.38
HY364 180W Bipolar amp (4 ohm) £42.86
HY368 180W Bipolar amp (8 ohm) £42.86
MOSFET AMPLIFIER MODULES
Encapsulated ampllflers with integral
heatsink.

SMOS60 30w Mosfet amp £23.15
SMOS6060 30W Stereo Mosfet amp £39.95
SMOS128  60W Mosfet amp £30.95
SMOS248  120W Mosfet amp £42.50

CLASS A AMPLIFIER MODULE

Encapsulated Class A amplifier with integral
heatsink
HCA40 20W Class A amp

POWER SUPPLIES

Full range of transformers and DC boards
available for the above amplifiers.

100 VOLT LINE TRANSFORMERS

Full range of speech and music types for
amplifiers from 30 watt to 180 watt

PREAMPLIFIER MODULE
General purpose preamplifier for a wide

range of applications. ? ;
(T 4

Prices include VAT and carriage
Quantity prices available on request
Write, phone or fax for free Data Pack

Jaytee Electronic Services

Unit 171/172, John Wilson Business Park,
Whitstable, Kent CT5 3RB. U.K.
Tel: (0227) 265333 Fax: (0227) 265331

£36.60

. PCL-72%

The Complete Range for
PCBased Engineering &

Scientifi¢ Applications

{ MEASUWEﬂT DATA ACDUISITIDN & CONTROL BOARDS

AR-B3IOM
AR-B3Z01

16 Channefst 2BW A0 Card
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AR-BI204 16 Channel, T2Bik.-Datp l'sqm:llinn { 2+] rotagg, Progn Gain ...
PCL-7118 3 Channel, 128it, Data Aequhmon & Coptrot Card, Progr Galf....... ...
PCL-BY2-PG 1§ Channel, 128it, Data Abquisition &' Cunlml Card, pmmsu.
peL-813 32 Channel, 12BH, Dmmﬁﬂ'nn TPy

PCL-B1BH  High Pertermance 15 Chanel, 1288 Acq &:Bentrat Card ...
PCL-814 Moduiar Muttitunction 16 Chan, 14880 ta Acg & Canirol Carg
PCL-816 ‘Modufzr Multifunciion 16 Chan, 16 ota Acq & Comdrol Card
PCL-860 H lunl‘
AR-B32601
AR-B2102
AR-82301 .
AR-B9221,
AR-B41my

4 1/2 Digit Voltmelar {DEV/,
16 Channe!' Upmcisnlamﬂ&

16 Bhannan
84 Channefigital 10 Ca

3 Port {24
16 Chan g

V32 Digi
1440z et a} of Bultdyad §
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SIGNAL CUNNTIONINGICONTRO]. BOARDS (Fnr use with.PEL cards)
PCLO-762  Oplo [solaled Digitaf LP (16 Channel;
PCLD-785 16 Channel Relay /P Boars
PCLD-787 . §Channsl Sample & Hald Card
PCLO-788  Relay Sca nner/Muttiplexer Board .

PCLO-779 8 Channel Isolated Relay Muz and Arnpﬁﬂe« Bnanl iy .. £264
PCLD-789 Ampiitier & Multiplexez Bomrd _, . £243

COMMUNICATIONS & INTERFACE BQAHDS'(RSIW4ZZI423.‘4&5.‘IEEE 48&)
1-104 4 Port Sarial AS232 PGCArd .. =
PCL-743 Dua) Part AS422/485 Pf lﬂleﬂace Can! 3
PCL-§44 - * [nfallgant 8 Part AS232 PC Card with on-board
AR-B8017  Dual Pul'l‘ﬂsﬂz /485 PC Intertace Cand .
“Pp-232-485 -RS2XR-ASAR5{422 Converler Adaptor,
PCL:BWMAG . IEEE-5RD Interface Board .
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Arial iy ut:llnm'un (mV, V. mA Thermacoughe] ...

*nAm-4021" Fmaloghe Dutput Mgt k) ..
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WOAM-4060  Aelaymiut Moaul
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SOLID STATE FLASH/SRAM/ROM DISK CARDS ;
AR-B7008, 512K ADM or 265K SRAM sk Card. ._............ I A RN
AR-BI010 612K ROM Disk Card. . ............ el weor. EAS
AR-B7040  4MB Flash/SRAM/ROM Ditk Card. . S BOD
PCD-B390 12MB Flash/SAAM/ROM OIsk Card. Dual Fluppy Emulato ... £108
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ESRELECTRONIC COMPONENTS

Station Road, Culiercoats

Tyne & Wear NE304PQ ‘
Tel. 091 251 4363 Fax. 091 252 2296

4000 Series TRANSISTORS LINEAR ICs SOLDERING IRONS AF CONNECTORS
oo €047 7N1613 £33 EC186 £0.33 @06 €0 47 m:mla 028  AntgxSoldanng s ; BNC Saides Plug 50 {083

4001 £021 2N1711  £026 BC204C £0.72 BDS35 £0.48 CAl2 €036 M 12 Wart £g.1e BNC Solder Plug TSR €096
4002  £017 2N1893 £029 BC206B £0.72 BDS536 £0.65 GASSS £0 22 C15Wan £818 BNC Crmp Plug S0R £0.68
4006  £040 2N2218A £028 BC207C £072 BD646 €052 CA741CE  [0.28 & 18w .0 BNC Cnmp Plug T5R  £0.68
4007 €028 2N2219A £025 BC208  £0.72 BD64B CS 17wait £8.31 BNC Salder Skt £1,08
4008 €031 2N2222A £018 BC209A £072  BD650 XS 25Wani e84 BNC Chatsis Skt £0.80
4009 €019 2N2646  £0.80 1 £0.08 BD707 574 Stand £2.97 PL253 5 Zinm £0.68
400 1023 29040 £0.26 8L HOBO7 35Wan Gas Iron €11.58 PL256 11mm €062
4011 [026  2NI905A EQZ} BC2IAA (00’  HOX32 Gascar’ Gas lion E15.26 o I tocke £0 84
4012 [0YS6  2N2907 €020 BC23 €008 BDXIC Low Coat 15 Watt lron, €3.93 SOR UHF s9ck £0 a5
493 [021  2M2926  £0.16  ECM13LC €O D Desoldar Pump £3.00 Phegncen £0.20
a0l4 €030 2M3053 €027 BC2& €068 BDX33C Antotate Pump £4.25 Lt 37
4075 FOR 2N305E €090 BC2IAL CO.0B  BDXS4C 225WG 0 SKg Soider £7.40 g £0.
4016 C[O.AB  2ZN3055 €062  BC2378 BF) 80 ‘lsmsvrf 2 5;9I;omer Eg»g : ;':gﬁ'ﬁﬂ%s ﬁ ﬂ
a01? 027 7N3440  £0.50 BC23BC  COO9 EF1E2 yels Solder -
4018 £0.27 INIT0Z cg.os :czaac ol S ;1&5 Detokder Brad €087 BNC Comp Plars €17.54
4019 CO19  IN3PCI  EDIC 1 £0.13 1
4020 [o.3  2N3TD: €010 8C252 €013 BF19§ PLB EQUIPMENT
3021, O EN3IDS  £D.10  BC2618  £0.24  BF244 v EXPOSURE UNIT €67
4022 €032 2N3706 £0.10 BC262B  £0.24  BF257 PLASTIC DEVELOPING TRAY £1.35
4023 £0.16 %mg;;; S ;‘1‘ gggg;ﬁ gg ?g gggg PHDTO RESIST AEROSOL SPRAY (100mi) £3.90
4024 £0.21 . - FERRIC CHLORIDE a
4p25  £635  INZITI3 179 BC30B €030 BF35E ETCH RESIST PEN i ggjg
4026 €058 2N3B1A 0.0 8C32T €000 BEAZR PCB POLISHING BLOCK £1.84
Pl e ggggo Eg ?g aggg 53'}3 g:ig‘g STRIPBOARD 01 PITCH BREADBOARD
o 5% 743905  £070 BC3A €010 BFLE3 64mm x 26mm £0.27  8Immx60mm £330
2030  go47 2N3908  £O.10  BCALEC  fO13  BEK2G 64mm x 95mm €090  175mmx42mm £3.74
4031 fo7p 2N4036 B0 Bg:u €030 BFXg4 64mm x 431mm 513;2, 175mm x g;mm £5.56
¥ 2NS286 €057 8048 €0.aC BFXES 95mm x 127mm L 203mm x 78mm includes
$023 038 GNSI €057 BCsS3 €029  BFYVED 95mm x 95mm £1710  mounting plare § poste £7.36
4035 0.1 2M610T  f0.60 aceTe £0.32. BFYS51 95mm x 431mm £4 80 COPPER BOARD (8. Fibre)
4040 coizg 4C126 £0.30 8C479 £0.32 BFYB2 119mm x 4564mm €620 100mm x.160mm £0.90
wa o ALY £0.30 BCABD  €0.24 BSAD7 110mm x 228mm £1.34
a0z €022 :E:i'i gg»ig g%;g gg«% S‘éwé’o PHOTO REg;ETaoAnu PHDTO H;SIST BOARD
046 £O: ; U 4°x6" £1.62 4 x8" £1.24
AD148  £1.67 BCS37  £020  BU208A 6 SR

\sis o ADIS) 082 HCoE [0S  AU3dea 56 & & X10 Eho
sss  fmzo BOIST 013 Beaac  cooB g APRCITOR -
4050 €020 pciors  £0d5  BCH49C €010  oubse CAPRCIFE SWITCHES
4051 £0.36 pC108 £013 BC550C £0.10  augoe Cesarme Mury DiSc 100 & 52V Jamip 250v GAnwm $ mounting
4052 £0.25 pC108A £0.14 BC556A  £0.08 auxgs ¥ 0pf to100nF SPS5T Togale €058
4053 £0.25 pBC108C £0.16 BC557C  £0.0B  ipFeac 1pF-1nF £0,06, 1n2-2n7 £0.07. SPOT Togale £0.80
4054 £0.56  pgC109 €017 BCS558C  £0.08  |RF740 3n3-4n7 £0.12, SPOT CO Tog £0.64
2823 gg ig BC109C  £0.17 BC559C  £0.08 11015 10n & 12n £0.07 DPDT Toggir £0.68
e A Bellg £0.41  BC560B  £0.08 41016 Polystyrene 160V 5% 47pF to 10nF DPDT £G Taggle £0.76
3 42 BC11S - FO.41  BC637  £0.21  Mj2501 47p-2n2 £0.09, 2n7-10n £0.12 DPDTCO Topgle
5066 v BGT6 £0,41 £G.27 MJ3001 (biased) £1.20
& of T be e ek LS D CONNECTORS |
a0s9  [0.20 gggg f‘g‘gs ¢ 40 eolay | MJESO Plug Sackat (biased 1 way) £1.20

f017 s 06 BCvh Cozo MPSA1x 9Pm ez oo DPDT mini slide £0.15
€07t (030 BG40 €0.25 f020 MPSAd2 15 Pin £0.39  £0.39 Raisry Waler 15:12W, 2P-6W,
s072 €037  acta1 €027 BDIF  [020 m""’;‘n e finhlo? T AP-2W 4P-3W £0.78
«?3 017  Bcia2 £0.31 BDI¥F 0N iy : - Key Swach SPET £2.70

5  [017 A8C143 £0 34 S neI22 25 Pin £0.48  £0.50

076 3 ac128 €021 EoiE = P126- 9 Way plastic cover £0.30 Push 1amake £0.25
2057 017  BCTE: o3¢ 8D %‘23 it 15 Way plastic caver £0.33 Fush 10 break £0.28
40é f014  BCY 5‘7’ £012 BDI140 fo2a TP13 23 Way nlastic covar £028 Laiching Push Sar £0.63
4060 €931 BCige  fo13 obisoc £osr TP13 28 Way plastic cover €008  PCA Toc 6y Bmm £0.25

D, 26W 5% CFE125ores €0 6B/100 FRESETS Enalosed Wors

0 5W 5% CF E12 Series £0.95/100 or Vert 100R - 1MO 0 15W £0.15

0.25W 1% MF €24 Series  £1.72/100 PRESETS Skeleton Horz

POTS Log or Lin 470R - MO 25mm orVert 100R-1MO 0 1W £0.11
dia 0 25in shaft £0 42

% PLEASE STATE VALUE REGUIRED

COMPUTER ACCESSORIES

I parde ,
RS232 Lead Male 25 to Female 9 ZenerBlodes 2,33y

Null Modem Leadt Female 25-Female 25 £299 BZY88400Mw  £0.08
PC Link teacd Fernale 9 10 2Fgmale Sl 058 EZ 99 BZX8513W £0.14
PC Link Lead Female 9 & 25-Female 9 4 50

Parallel Printer Lead 2m £5.40 1::3812 gg g:
RS232 Lead (all pins) Male - Male £3.75 .
RS232 Lead (all pins) Female — Male £3.80 1N4003 £0.07
gzmremci 36 Way Lead Mate — Male £4.78  1N4004 £0.07

ander Changers
3 Way D M Femalm io Farnale £1.81 T0RITEL £0.0

4502 £0.38 BC179 €0.17 BD232 €0.38 TJIP4IA
4503  f0.40 BC182 £0.08  BD237 £€0.32 TIP42C
4508 €090 BCi82L  £0.08 BD238 €032 TiP47
4610 €026 BC182LB £0.08 BD240B  £0.37 TIP48
4511  foa32 BCi83 £€0.08 BD2438 £0.50 TIPSO
4512 fo32 BCiB3L  £0,08B  BD244A £053 VNIOKM
:512 o1  BCYE3LE [O08  BD248 £1.08 VNGBAF
pt foga BCi84 fo.08 gDt £0.41  2TX300
3516 £o3y BCIB4L  EG.OB  BDW4Z £0.41  ZTX500

351 toes  F010SDA  TED.  poignan €0.30

= TIE080  £0.65 005 1.54 504 £0.9 g, D Mini Mate 1o Male €195 1N4006 £0.08
426 0% chep  fgz3 TICISED €040 LRy o s Wov D M Faniele 1 Femgle £2.48  1N4007 £0.08
1528 fnen BTAJA-600E £O8s TIC1IGD e e 036" 25way O My Make 16 Moie £248  1N5400 £0.09
foa4 TICWD tg% TIC 260 EQT7  ynna 104 400V £1.28 gwwgam'\ale !&Fema\u gﬁ 1N5401 £0.09
29 Diat £l g ay ate 1) Mate H '
= Bx —— HARDWARE [l VTt SOCKETS JESIw A i it €271 1N5402 £0,09
el S VOLTAGE _ 25 Way D Male to Male €271  1N5404 £0.11
i AEGULATORS IR FTSREFTLTPFITY €0.82 g py 00,07 Adaptors
4538 £0.37 n FN5406 €0
4547 £033 7808 ca.24 T3Bax 758} x36mm £0.82 14 Pin £C.11 9 Way Male 10 25 Way Ferain 27 lcior B4
) Ta Bax 111 k57 ¢ 22mm £0.98 6PN £316 9 Way Fernate 1325 Way Male €21 -
4543 £0.46 78112 €0.24
4665  £0.34 78115 £024 MB! Rox 78« 81 s 4bmm £€1.44 18Pn £0.15 25 Way Maig 10 8 Way Female €271 1NSA0B €016
L 208 €0.16  25%ay D Maip 10 36 Way Centranic. €382  1ngIg £0.06
4556 £0.38  T9L05 gojpa’  M82Aox 10076 L £156  5ip £0.18 25 Way Nul Modem Femais ~ Femuls £3.02 .
4560 €118 73012 £026 MB3Box 118988 45mm £1.82  24Em 0.1 i " INSIG £0,06
8 Pin £0.22 25 Way Null Modem Maie 10 Fumale £3.02
4566 £1.96 ]'glaés ‘Eg 28 MB5 Box 150 x 100 x 60mm €250  nen [e25 75 Way Null Modem Maie 1o Maie Fanz INA148 €0.05
a5 £0.25 &4 ; - RS232 Surge Praector Male - Female £8.22 B
4% £0.24 ;gg Eg'sz’g ELECTROLYT!IC RADJAL CAPRCITORS ngg; %ulr?per‘,sf;:;':mz o Famale f £3.02 g:gu :: ‘Z:
ases [ F 1 AS232 Tenior Mals - Fem £6 63 - :
. B3 s €038 | F Wy 2 83V 100V 40V DeeaSwnonBerg e A% £0.97
a0t om 912 €038 Gav - £005  £007 - Serial Switch box — 2 Way A/B £920 OA91 £0.10
anga roso 7916 638 g €005 €006 £0.15 Senial Swilch box - 3 Way A/B/C £1316  A202 £0.27
40163 foas LMTIT E0568 23 £0.05 €0.06 £0.18 Serial Switch box — 4 Way A/B/C/D £1515 5 0 TS0
a7 [0.34 Lm723 LO:: A% 5 £0.05 £0.08 = Senal Switch box - Cross over £19.69 .
40178 ross 200GV LLIE €0.05 EDOS £0.06 £0.08  £0.48 Paraliel box - 2 Way A/B £11.84 BA1S8 £0.10
740893 F025 40193 fo6o WMIR3K £2.70 22 E0.05  EDNOS D - - Parallel box -3 Way A/B/C/ £1711  BA159 £010
LMI3BK £5.62 27 €0.06 £0.08 £0.31 X - Parallel box -4 Way A/B/C/D £1843 Na149 £0.06
= 100 £0 06 [g 09 £0.11 3 o Parallel box - Crass over £20.42 b
ENAMELLED OPT: VICES 220 €009 €012 £031 0 - Disks-35 DSDD Digks Pack of 10 £4.56 0A200 £0.10
COPPER Smm Red e foos 470 £015 £019 £0 57 - - 35" ' DSDD Disks Pack of 50 £17.95
WIRE mm Red LED S 1000 £0.22 £0.29 _ - - 3.5" DSHD Dishs Pack of 10 £6.45
Smin Greer LED £e10 700 £0 37 £0.57 - = = DSHD Disks Pack of 50 £28.48
All 20z Reels 5mm Yellow LED £010 4700 - £1.11 - = = X i‘:ggiosll;‘:a‘g:)a'gefé:;x £4.26
A oCI (082 gm0 znaslieD £0.10 ELECTROLY [IC AXTAL CAPACITORS  ° g2
3mm Red LED £0.08 i 1
‘IZBSWG £0.67  3mm Green LED £012  F 16V 25V 63V 100V 450V ORDER"NG |NFOHMAT'ON
0SWG  £072  3mm Yellow LED £013 - - - - i
22SWG  £076  3mm oe.aﬂéve LED £013 %7 = £010 gg 1(5) £0.19 Al prices exclude VAT
24SWG €080  5mm Flashing Red €080 22 - A £0:10 gg ojgeo:22 Please add £1.25 carriage to all orders and VAT (17 5%)
gg gwg gg 319 22: ;I‘aéz‘lgi’G'eE" gg gz 10 - f012 £012 €012 2z No minimum order charge
30SWG  £0.93  6mmTn Colour foas 22 e I R s Please send payment with your order.
32SWG €093 6mm Plastic Bezel £004 100 £010 €013 £021 2 = PO/Cheques made payable to NN
34SWG  £099  3mm Plasuc Bezel £005 220 €013 £0.18 £042 - - ESR Electronic Components
36SWG  £1.04 (37 Segment Display Red 470 £021 £024 £0639 ¥ - . P
3BSWG  £110  common anode £114 1000 £033  £040  £108 = = Access & Visa cards accepted
40SWG  £1.22  common cathodé £114 2200 £0 .52 £0.64 - - =

4700 £0.90 - - Offical orders from schools & colleges welcome

CALLIN-OPEN: MON-FR18.30-5.00 SAT 10.00-5.00
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The Experimenter’s
Computer -

v
Keypad and Display
This month we come to the final part of
Jim Spence’s project to build a versatile
Experimenter’s Computer programmable
in FORTH, with a look at the Key
Pad.
am
| ast month we
= looked at the
- circuitry for the
experimenter’s computer keypad
and display, plus the Forth
routines needed to generate a
display. We now turn our attention to
the keypad.
If we look at the circuit in Figure 1
(repeated from last month) we can see
that the remaining two output lines of port
0 are used to drive the two line to four line
decoder. A binary combination of the two lines The Key Pad Driver
will bring pins 4 to 7 low, as shown in the truth Software
table. The output lines of IC1 are connected to The software listing for the keypad is given in
the rows of the keypad. box 3 It begins with the word DIPP, which is the
The keypad columns are connected to the lower equivalent of DIP used in the display except that this time it
nibble of input port 4 and are held high by four pull up outputs to bits D6 and D7, leaving bits DO to D5 alone. b
resistors. Taking column 1 row 1 as an example, if no key is PAD@, pronounced pad fetch, leaves either a 0 on the

pressed then D3 will remain high. If the top left hand corner key stack if no key is pressed, else it leaves a number on the
is pressed, then D3 will only go low if the input to decoder ICis ~ gtack equivalent to the key pressed. However it will only return
11 (binary) because the top row is connected to pin 7 of IC1. In =~ 4 key value from a valid or active row. In order to use this

this way all 16 switches can be uniquely detected. function properly, the row must first be set anci this is the job
of PAD-SCAN. Before leaving PAD@, it is worlh noting the
Truth table for IC1 delay which has been introduced if a key is detected. Al
Inputs Outputs software routines which read switches directly should include
2 3 4 5 6 7 a de-bounce. When you place your finger on the switch, it !
0 0 0 1 1 1 takes about 50ms for the switch to settle down. PAD@ re-
1 0 1 0 1 1 reads the switch after this delay to make sure it is valid.
0 1 1 1 0 1 The (PAD?) pad query is the most basic useful keypad
1 1 1 1 1 0 word. For simple applications no other words are needed. It
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will either return a O if no key is
pressed or it will return a key
code, more commonly known
as a scan code, because the
whole of the keypad has been
scanned 1o see if a key was
pressed.

PAD-LOOKUP translates
the key scan codes into more
meaningful numbers and the
technigue for doing this is
worth explaining.

A table is created called
PAD-TABLE. The word
CREATE expects some text to
follow it, in this case PAD-
TABLE and this is now a new
FORTH word. After this, bytes
are compiled into the table
using the word C, {pronounced
see tick). When the word,
PAD-TABLE, is later executed,
the address of the table is left
on the stack. The word PAD-
LOOKUP uses this address to
look along the table for the key
scan code. When found, it

returns with the offset in bytes along the table. So, for example, round.

if the scan code 4D was given to PAD-LOOKUP, it will return 3 The ‘High' level words are KPAD and KPAD?. The former
(4 bytes along including 0) which is much easier to remember waits for a keypress and the latter doesn’t. KPAD? is useful for
than 4D. In the code given. the table has been arranged in a aborting continuous loops.

more or less standard calculator layout with O being the bottom The following code is the FORTH routine necessary to

left. Telephone users may feel free to alter this to the other way implement the Keypad on the Experimenter's Computer.

\ . _= 5 - i

ELECTRONICS TODAY INTERNATIONAL

25

www americanradiohistory com




@L:\ Rey pad driver
hex

\ Sends byte b to port specified by dport but only to
\ bits 6 & 7, leaves 0 to 5 alone
: dipp ( b--) \ Display+pad o/p port

c0 and \ mask bits 0 - 5

pvalue c@\ get copy of actual port contents

3f and \ mask bits 0 - 5
or \ combine

dup

dport p! \ o/p to port

pvalue c!\ store in variable

i

\ Primary read of key pad port, simply fetches data byte b
(pade) ( ~—- b))

table
c@ \ get value
] \ see if same as value
if
drop \ duplicated value
i \ leave index
leave \ the loop
endif

loop

i

\ Test to see if any key pressed, returns the scan code b if

\ a key is pressed else it returns 0

: kpad? ( — b )
(pad?)

i

\ get keypad data

4 p@ \ get port contents \ Waits here until a key is pressed and returns the key
0f and \ mask other bits number
H : kpad { — key-number )
begin
\ Returns a value, b if there is a key pressed on the keypad (pad?) \ wait until key press
\ at the scan position otherwise it returns zero ?dup \ duplicate if > 0
¢ pade (--Db) until
(pad@) \ read keypad pad-lookup \ look up translated value
0f = \ 0f returned when nothing pressed f
if
0 \ leave 0
else \ ————— Test Keypad and Display Together — ——
32 0 do dell loop \ 50ms debounce delay variable kk1
(pade@) \ get key value variable kk2
dup \ check once more for valid
keypress decimal
0f = \ Dokeyl & 2 update the variable kkl and kk2 respectively,
If each time
drop 0 \ drop other f and leave 0| \ they are called the variable is either incremented or
endif \ else leave key value decremented

endif

i

\ Scans the keypad at ROW and returns VALUE. A zero value
\ indicates that no key is pressed on that row

: pad-scan ( row —- value )
dipp \ set row
pade \ get value

i

\ Scans the keypad and returns a value. If a key is pressed

\ the value is the scan code for that key. Returns 0 if no key

pressed
(pad?) ( —- value )
0 \ assume no key pressed < X see
below >
f0 0 \ scan rows from 0 to c0
do
i \ put index on stack
pad-scan \ scan at bottom row
?dup \ duplicate return value if not 0
if
ior \ get index and combine it with ret value

swap drop \ drop starting value < X >

leave \ leave loop
endif
40 \ increment i (index value) by 40
+loop \ gives i of 0 40 80 and c0
\ This look up table converts the scan codes to key numbers
create pad-table
07 ¢, 47 c, 4bc, 4d c, 87 ¢, 8b c, 8d c,
c7c, cbe, cdec, Obe, 0dc, cec, 8e c,
de c, le c,

\ Given a key SCAN-CODE it will look up the pad-table and
\ return a number corresponding to that position in the table
\ If no scan code can be found it returns the SCAN-CODE

: pad-lookup { scan-code —- key-number )
10 0 \ search table 16 bytes long
do
dup \ value we are searching for

pad-table i + \ offset into

\ depending on the flag. -1 or true vale increments
: dokeyl ( flag — )

if

kkl @ 1 + dup kk1 !

else

kkl @ -1 + dup kk1 !

endif

linel

14 gxy di.

;

: dokey2
if
kk2 @ 1 + dup kk2 !
else
kk2 @ -1 + dup kk2 !
endif
line2
14 gxy di.

;

( flag — )

\ Test displays two variable to the display which can be
either incremented or

\ decremented by pressing the appropriate keys. This would
be useful for making

\ a pulser with adjustable mark space ratio.

: test
init \ initialise display
d” Reyl value =" \ print to display
line2 , set display to line 2
d” Rey2 value =* \ print to display
begin \" start continuous loop
kpad? \ see if any key pressed
if \ yes
kpad \ get value of key
case \. process key
1 of 0 dokeyl endof
2 of 0 dokey2 endof
4 of 1 dokeyl endof
5 of 1 dokey2 endof
1 ine2 d” ABORTED “ abort
endcase
endif
again

i
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Figure 2 Display and keypad circuit diagram
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POWERFUL SCHEMATIC CAPTURE,

PCB DESIGN AND AUTOROUTING
ALL FOR JUST £395...

PROPAK AR for DOS provides all the features you need to create complex PCB designs quickly
and easily. Draw the circuit diagram using the powerful facilities of ISIS DESIGNER+ and then netlist
into ARES AUTOROUTE for placement, autorouting and tidy up. Advanced real time design rule
checks guarantee that the final PCB will correspond exactly with the schematic thus saving you from
costly layout errors and time consuming debugging.

= Attractive, easy to use graphical interface.

® Object oriented schematic editor with automatic wire routing,
dot placement and mouse driven place/edit/move/delete.

= Netlist generation for most popular CAD software.

® Bill of Materials and Electrical Rules Check reports.

® Two schemes for hierarchical design.

[ ]

[

Automatic camponent annotaticn and packaging.

' Comprehensive device libraries and package libraries
including both through hole and SMT parts.

® User definable snap grids (imperal and mefric) snd Real
Time Snap to deal wilh tricky SMT spacings.

= Manual route editing features include Auto Track Necking,
Topelogical editing and Curved tracks.

= Autorouting for single, double and multi-layer boards.

= Non autorouting PROPAK is available for just £250 if you do

not need or want the router.

Full connectivity and design rule checking.

Power plane generator with thermal relief necking.

Graphics support to 800x600 Super VGA.

Output to dot matrix and laser printers, HP and Houston

plotters, Postscript devices, Gerber and Excellon NC

machines plus DXF and other DTP file formats.

CADPAK
Two Programs for the Price of One

ISIS ILLUSTRATOR
Schematic Drawing for Windows

" B

":E 4

Running under Windows 3.1, ISIS ILLUSTRATOR lets
you create presentation quality schematic drawings like
you see in the magazines. Furthermore, when the
drawing is done, transferring it to another document is
just a matter of pasting it through the Clipboard.

ISIS SUPERSKETCH

A superb schematic drawing program
for DOS offering Wire Autorouting,
Auto Dot Placement, full component
libraries, export to DTP and much more.

Exceptionally easy and quick to use. For example, you |
can place a wire with just two mouse clicks - the wire
autorouter does the rest.

PCBII

High performance yet easy to use manual PCB layout
package. Many advanced features incl uding curved tracks,
auto track necking, DXF export, Gerber and NC file
generation, Gerber viewing and more.

Alan Chadwick writing in ETI (January 94) concluded...
"At £79 | thought this was an excellent buy.”

abcencer

E | e ¢c t r onic s

Now used by a number of prominent technical authors to
illustrate their latest books and magazine articles.

Call us today on 0756 753440 or fax
0756 752857 for a demo pack - state
DOsS or Windows. Multi-copy and
educational discounts avaijlable.

Pri dude p&p (£5 for U.K.) and VAT.
WE HAVE MOVED - NOTE NEW ADDRESS All mr:;fﬂaac(mruer: ’:mz:maﬂ?s' ad(r::;]ledged,

53-55 Main St, Grassington, North Yorks. BD23 5AA.
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Bob Noyes made himself seriously unpopular with his two sons

with this computer game limiter project.

great debate has been going on in medical circles
and in the media recently as to the possible risk of
computer games, notably Sega and Nintendo. It

has been suggested that they can cause some
people to have epileptic fits. At the time of writing this project,
no concrete proof has been produced to support these
concerns but the general consensus seems to be that shorter
rather than protracted periods of time in front of computer
games may alleviate the risks.
This is fine in theory but how do you prise children,

mesmerised
by Sonic the
Hedgehog
or Mario the
Plumber,
away from
the TV set?
“Just one
more
minute,

Dad, this is
the farthest
I've ever got
on this
game before
and if | turn
it off I'll have
to start all
over again” -
or words to
that effect.
Imminent

games, say an hour, and if they didn't respond then it could be
used to either shut down the computer or sound a buzzer or
siren to indicate ‘Time Gentlemen Please’.
The advantage of Killioy over an ordinary timer is that it gives
15 minutes visual warning before switching off the game or
sounding the siren - essential, as strategies in the game may
change when the player/s know time is tight.
Like most switches or systems, Killjoy can be got around, but
most children (or adults) who are worried about continuous
sessions on computer games are quite happy to have an

21mm SOCKET
INNER 0V
OUTER +V

o

(SEGA SYSTEM)

NOTE: RELAY COMMON AND NORMALLY

CLOSED CONTACTS USED FOR THE

»

GAME PSU /

PLUGS IN HER7

L
A SWITCH MAY BE
CONNECTED HERE
TO RESET KILLJOY
BUT MAINS MUST BE

THIS OPTION ONLY

POWER CONNECTION

12V RELAY

REMOVED FOR SAFETY
(LONG TERM)

A NORMAL LED CAN BE FITTED ON THE NO CONTACT
OF THE RELAY AND RETURNED TO 0V TO INDICATE

POWER HAS BEEN REMOVED

THIS IS THE SET UP FOR OPTION 1A PR-SET FOR TIME UP AT SOMIN

REQUIRES D3 DONOT FIT |
D1,D2 AND D3 r
BECAUSE A RELAY IS USED |
FIT A LINK IN R4 POSITION {y POWER
ov =01 , REMOVED
LED
I 1K 12W  (NORMAL LED)
Ic. |s lF |a 1 2
WARNING 75M  TIME UP 90M 7
oV
y, OUTPUT PLUG WIRED SAME AS
7 INPUT SKT. CHECK BEFORE
WARNING WIRING
FLASHING SEGA HAS +VE OUTER +VE INNER
LED ONLY
IE. NO SWITCH BUT LINKS FOR SEGA SYSTEMS +VE OUTER 0V INNER. OUTPUT TO GAME
2.1mm PLUG

OTHER SYSTEMS MAY BE DIFFERENT

starvation, when the rumbling of stomachs can be heard above
the noise of the games, seems to be the only thing that gets
bums off chairs and away from the TV screen.
Having two boys, each with a computer system in their room,
it's hard to keep track of which one is on and for how long. The
lads are aware of the possible health risk, but because they’'ve
suffered no ill effects so far they give the matter little or no
thought and play on the games, regardless of the time. A device
was needed to remind them how long they had been at their

‘enforced’
break.
Because no
time limits
have been
forthcoming
from the
Department
of Health, |
have chosen
three - 1,
1.5and 2
hours, each
limit having a
flashing light
which
comes on
15 minutes
before the
time limit is
up. If at any
stage

someone in authority gets off the fence and specifies a
maximum time limit outside of the three I've set, simply
adjusting the oscillator frequency can easily double or half these
time frames (see setting up details).

When designing long period timers, one chip - ZN1034E -
always comes to mind. Although a useful chip that can be
made to time from seconds to days, it only provides one
output. Killjoy requires an output to give a warning 15 minutes
before power is removed, so another chip is needed.
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NOTE:
Qa2 BC107
] 4521
ic2 7805
IC3 4081
D1-D§ 1N4001
2l LED1 5V QY98G
WL s # LED MUST BE 5V FLASHING TYPE
+v 3 NORMAL LED WILL FAIL SO WILL Q2
an # REPLACE WITH A LINK IF RELAY IS
USED ( SEE TEXT}
RESET ]
5| 2 4 45 MIN OUT
z ;
azz |4 k} 3 75 MIN OUT
1| w3 —0
Ict
ate
& 1
Y )-, 6 90 MIN OUT
Ra 3
120K e .
azs |1 + .0 2 60 MIN OUT
8
1
Q24 10
g| 103 7 105 MIN OUT
TEST QUTPUT ov
— ] 3
5 <5 1 120 MIN OUT
v
SV
E
LED1 i ﬁ
a2 FLASHING WARNING LED*! ' =
WVE 1k N out R6 1 BUZZER
g——-l_‘ % - . fcz 7 p- -+ A0k SELECT TIME
RELAY +VE OUT . 15MIN FOR WARNING
' 02 ov TIME UP BUZZER
[ ) B . =
v + [~] + £
Y ACH = 1000 o e RS
A — cs 5 _JOK D
< 1000 C6 c7 at SELECT
D4 1000u [ 47u 100n F TIME UP
ov I e g 08
5 > & - - -0 M
SV ACIN 12V RELAY +DIODE & cou
B
Killjoy master circuit.

After consulting data sheets, | found it - the 4521, normally
associated with crystal oscillators and long division chains
resulting in a time base for very accurate equipment such as
clocks or frequency meters. As well as supporting a crystal
oscillator, it can be made to oscillate using only C and R
components. This means that much slower frequencies can be
used, well outside the standard crystal ranges. Although not
quite as accurate as a crystal, in this application ultra exact
timing is not required, so the use of capacitor/resistor timing
presents no problem.

The heart of the circuit is a 4521 CMOS oscillator and divider
chain, giving Q18 to Q24 outputs or, putting it another way, it
will divide by two, 18 to 24 times, giving an output for each
one. Lower order divisions are not brought out in order to
keep the pin out down to 16 pins.

The oscillator built around the 4521 has been arranged in
such a fashion that the Q24 output will remain low for 2 hours
after switch on, and then go high. It follows that if Q24 takes
120 minutes to go high, Q23 will take 60 minutes, Q22 30
minutes, Q21 15 minutes and so on. Using simple AND gates,
the following times can be achieved: Q22 AND Q21 = 45
minutes, Q21 AND Q23 = 75 minutes, Q22 AND Q23 = 90
minutes, ninety minutes output from previous gate AND Q21 =
105 minutes. These combined with Q23 - 60 minutes, Q24 -
120 minutes, give all the required outputs for 1, 1.5, 2 hours
as well as a 15 minute warning for each of these, 45, 75 and
105 minutes. These are taken to a switch, a 2 pole 3-way, in
such a way that the switch is the selected switch off time or
time up. The switch sections are wired as shown on the
diagram.

The poles of switches A and B are taken to two transistors

via resistors - these transistors provide the two outputs. The
warning output is an active low and goes to the -ve side of a
flashing LED (this attracts more attention than a normal LED),
the +ve of which goes to a +5V and is wired off the board on
the front panel, so as to be seen clearly when playing the
game. The time up output, also an active low, can either be
taken to a relay to switch the power ‘mains’ or low voltage to
the offending computer game. Alternatively, it can be
connected to a piezo siren/buzzer, loud enough to draw
attention to the time up, but not so sneaky as to remove the
power on the final few seconds at a crucial level of Sonic 2 or
such like.

The power supply for the CMOS ICs has been set at 5V
(although these will work anywhere within the CMOS range 3-
18V). This will enable the power to be drawn from the DC
output of the mains power supply for the game, normally
around 10V DC. As this circuit draws next to no current, there
is no problem taking power from the games supply.
Alternatively, a small 6Va (or larger) transformer, either 4.5V - ~
0-4.5Vor9V-0-9V, can be used. If the former is used, all
4 diodes D1-D4 are required. If the latter is used, then D1 and
D4 should be omitted (refer to the diagram for exact wiring).

The 7805 regulator has a small heat sink, which is merely a
precaution as the CMOS ICs draw next to no current and the
flashing LED only a few milliamps. Because of the low power
consumption, technically the 78L05 (rated 100Ma) could be
used, but the cost saving is so small that the larger 7805
(rated 1A} has been chosen.

Options
As already mentioned there are several Killjoy options
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SWITCH SELECTOR CONNECTIONS
GIVING ALL THREE OPTIONS
TABLE OF LINKS IF SWITCH NOT

45MIN -4 FITTED
8 @ 75MIN -3 1HOUR |1.5HOUR| 2 HOUR
WARNING
© 105MIN -7 WARNING | 45M 75M 105M
G 4 3 7
GOMIN -2 wARNING | som | oom | 120m
POLE B = o e )

F O 90MIN -6
TIME UP EG. FOR 1 HOUR
LINKGTO4 45MIN THEN WARNING

LINKFTO 2 60MIN TIME UP

O 120MIN -1

SWITCH: A2POLE 6 WAY ROTARY
OR 3 POLE 4 WAY ROTARY
OR 4 POLE 3 WAY ROTARY

2.1mm POWER PLUG AS ON SEGA SYSTEMS
OUTER METAL AT +V

DUTSIDE WV
INNER BORE 0V
[
|7/L “#—— INSULATOR
INNEROy  PLASTIC SHROUD
INNEROV

il

OUTER +V WITH CABLE CLAMP

OR RADIAL

FIT SMALL

PUSH-ON
HEATS !m(\ L

R4 OR LINK _,L’——-"“'

(SEE TEXT)

SEE DRAWINGS OF

POWER OPTIONS
AS SOME ARE OMITTED
IN CERTAIN CASES
o

DRILL MOUNTING |
HOLES FOR M3
CLEAR

14}_@

Option 1a
The time up switches the supply to the game, either mains or the
DC supply via a relay. When a relay is used, fit link in place of R4.

Option 1b

The time up can be connected to a piezo buzzer/siren to indicate
time up. This allows a crafty extra couple of lives to a player if a
game is going well, bearing in mind no specific times have been
suggested.

Option 2a

The power supply can be taken from the power pack that's
supplied with the game. Care must be taken to connect the
supply the correct way round - measure first with a meter.

Option 2b
A transformer can be used, either 4.5V-0-4.5V or 9V-0-9V.

The same PCB is used for all options, although the diodes D1-
D4 are used in different combinations (refer to the diagrams).

Setting Up
The 4521 division chain is the heart of the system. The output
Q24 is required to remain low for 120 minutes (to provide the 2
hour output), pin 1 of the PCB. This is only half the time when
considering the frequency at Q24. The frequency is the low plus
the high time, therefore Q24 has a repetition rate of 4 hours.
When this is divided back to the basic time/frequency it comes
out to 0.0008583 seconds or 1165.09Hz. R1, R3, RV1 and C1
— are chosen to provide this frequency, ideally with
the setting of RV1 in the middle allowing
adjustment in either direction for adjustment to
1165.09Hz. Here, the 10-turn preset comes into
its own.

If a frequency meter is available, set a frequency
of 1165.09Hz at pin 4 by adjusting RV1. For those
without a meter, the Q18 has been brought out to
pin 5 of the PCB as a monitor pin only - it is not
used in the time functions. This can be monitored

| using a volt meter in respect to 0OV, to give a high
out 5V after 112.5 seconds or 1 minute 52.5
seconds after switch on.

| To set up without a frequency meter, switch
power on and set a volt meter on pin 5 of the PCB,
at a range to monitor 5V. This pin should go high
after 1 minute 52.5 seconds. Adjust the RV into

| roughly the middle position. Short pin 2 to pin 16
of the IC using a small length of wire. This resets
the counter chain and stops the oscillator. Release
this short and note the time as accurately as
possible. The time taken for pin 5 of the PCB, Q18

| to go high should be noted and RV1 adjusted to
make it go high after 1 minute 52.5 seconds. This
should be done as accurately as possible,
because any error in the procedure will result in an
even larger error in the high time outputs, i.e. Q24
will have an error 64 times greater than that of
Q18. Once Q18 has gone high, the preset should
be adjusted to correct any error. This can only be

IC HOLDERS M2
.~ BEFITTED IF
/ REQUIRED

L TENTURN
VERTICAL

Component overlay for Killjioy PCB.

done by trial and error. When adjusted, pin 2 of the

IC should be shorted to +5V pin 16 of the IC to

reset the counter chain, the procedure being

repeated untif pin 5 of the PCB goes high 1 minute
| 52.5 seconds after switch on, or the short on pin 2
| of the IC to +5V removed. In practice this takes
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several
attempts,
but you get
there in the
end.
Once the
- setting is

right, pin 2

of 4521

should be

shorted to
+5V and this
time Q24
| monitored.
| . = _
around 2 hours so don't hold your breath. RV1 can be given a
final little tweak (if required) to set it to go high after exactly 2
hours. You can get an indication at 1 hour by monitoring pin 2
of the PCB - if more or less than a few seconds out, RV1
should be adjusted and the procedure cancelled at this stage
and started again, i e. shorting pin 2 of the IC to +5V. Any error
at one hour, Q23, will be doubled at 2 hours, Q24.

The time selector switch can be mounted on the front of the
box or the time can be selected and mounted inside the box to
prevent longer times being selectad. Alternatively, the switch
can be removed and a time chosen and wired directly. The
mains or power is turned on causing the switch on capacitor
C2 and R1 to instantly provide a switch on positive reset pulse
to the 4521, making the counter start from zero. After being
divided the correct number of times, the selected output
switches the warning LED on. This flashes for 15 minutes
before the final time is up and this can be used to either remove
power or activate a piezo siren to indicate that time’s up.

POWER SOCKET

] INNER 0V OUTER +7

+VOLT

FRONT

0 VOLT

REAR OF SOCKET |

L MASTER
sw #FIT LINK FOR R4 ON PCB
o
UVE N
r 12V
D RELAY
24})\({\6 r
MAINS IN 240VAC pca
MAINS'IN
H
L !
NEUTHAL IN NO NC
TRANSFORMER 4 5V-0-45V  LINK COILS IN CENTRE
D1-D4 ALL USED 9V ACROSS A-B N
EARTH IN
&

This will take

If at some stage the Department of Health specifies a
maximum recommended time for playing computer games
outside of the three I've selected, the oscillator - set to run
here at 1165.09Kz - can be speeded up to reduce the time
intervals, or slowed down to increase them. This will also
increase or decrease the 15 minute warning time, but the
circuit will still function in the same manner. Should specified
times be much shorter or longer such that there is not enough
adjustment on RV1, then C1 can be changed. Reducing the
value of C1 to 5.6nf would increase the speed of the oscillator
and hence reduce the time intervals, whereas increasing C1 to
8.2nf would reduce the speed of the oscillator and increase
them.

Boxing and Construction

Firstly, the options required should be sorted out, i.e. is Killjoy
going to be powered by its own mains supply (Option 2b) or
be powered by the game's supply (Option 2a - easier and
safer if you are not too sure).

Secondly, is Killjoy going to cut the supply to the game
(Option 1a) or sound a siren/buzzer (Option 1b).

If Option 2b is chosen, then a slightly larger box should be
used and the transformer, PCB and possibly the relay all
mounted on a metal plate which should be earthed for safety.
The box recommended is Vero Part No. 202-21039N, known
at Maplin as LQ 09K, 180 x 120 x 90mm. This gives enough
room for all the wiring. Because mains is involved, every wire
should be checked and double checked before power is
applied. If you are in any doubt at all, ask someone more
competent to do it for you. If the mains plug supply is brought
in from the games’ own (altogether a safer option for
newcomers to electronics), then a smaller box can be used
such as an ABS M1005, known at Maplin as LH 63T, 161 x

»

L

EXTERNAL RELAY USED TO SWITCH MAINS TO A MAINS 13 AMP SOCKET MOUNTED ON

|

EARTH NEUTRAL LIVE OUT

e THE BOX
av ‘
c
240VAC o= #FITLINK FOR R4 ON PCB
MAINS IN
v B D2 +DC SUPPLY IN A # 12v
o__.*_ o- D RELAY
% o FROM GAMES PSU Pca L
TRANSFORMER 9V-0-9V LINK COILS IN CENTRE
ONLY D2 & D3 USED DO NOT FIT D1 & D4 -DC SUPPLY IN e
o— m I
N0 r NG
" Dz
WV — O—H——w
10VDC FROM GAMES
POWER SUPPLY OUTPUT l
N — e
- " ov v

USING DC SUPPLY FROM GAME ONLY FIT D3 NOT D1,02,D4

Other set-up options.
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L

96 x 61/39mm. Here, a 2.1mm power socket is mounted
on the plastic box, this is important as the mounting of
the socket is normally at +ve 10V (see diagram). If Killjoy
is going to switch the power DC to the game, great care
should be taken that the output plug is wired in the same
fashion as the plug already fitted on the power supply. |
have installed Killjoy on a Sega Megadrive and Sega
Master System, both of which had the outside of the
power plug at +ve and the inside core 0V, as per
diagram. Other systems must be tested and wired
accordingly.

As previously mentioned, the time selector switch can
be brought to the front panel, where the time selection
can take place or can be hard wired, i.e. links put in for
one time option as per time listing. If a piezo siren/buzzer
is used, holes must be drilled in the box to let the sound
out, several small holes rather than one large one being
necessary to eliminate the risk of fingers getting into the
circuitry.

No particular layout is required, but if mains is involved,
connections should be sleeved and great care taken that
nothing can short and touch. All metal work should be
earthed. On the mains version shown, the mains 13A
socket is mounted in a white mains box on top of the
control box to ensure that the mounting bolts to the
socket are securely fitted. If a hole is cut in the top of the
control box and the socket mounted directly, great care
must be taken to ensure that the mounting bolts are
securely fitted.

The mounting of the flashing warning LED should be
such that it shows up clearly, i.e. mounting it in a black
LED clip for a good contrast. The lettering on the front
panels was done with rub down print that you can get at
WH Smith or any good stationers.

If a relay is not fitted and Killjoy is going to sound a
piezo siren/buzzer at time up, a power-in LED can be
fitted using R4 1Kn 1/2W as the +ve supply output pin (D)
of the PCB and the -ve of the LED taken to OV.

If a relay is fitted, the R4 becomes a link and output pin
(D) of the PCB goes to the relay and the +ve of a diode
fitted across the relay coill

In all options, the PCB is mounted on 4 bolts with
spaces between the PCB and the base. The bolts used
are countersunk so as not to protrude under the box.
Rubber feet, either stick on or screw in types, can be
used. If they are screw in, care should be taken that the
screws don't touch any of the wiring or other parts
mounted in the box.

The principle of operation is that, after power has been
given to the PCB, the oscillator starts and the counter is
zero'd by the switch on reset. The 4521 starts to count. If
a relay is used, the normally closed contact and the
‘common’ connections provide power to the game. Once
the selected time period is up the relay is activated, which
means that the normally closed contact supplying the
game with power is no longer connected to the common,
thus power is removed from the game.

Killioy has switched the game off on the mains option
(2b). When the television is turned off, the switch on Killjoy
should be turned off as well. This removes the mains
supply from it so that when Killjoy is switched on again,
some time later, the switch on reset will activate and the
time period will start from scratch.

In option 2a, although the action of the PCB is exactly
the same and power is removed from the game, the DC

supply should be switched off at the mains just as you would
do if Killioy wasn’t there. This is basic safety practice.

| didn’t expect to be the most popular Dad in the world
when | installed Killjoy in my sons’ computers and I'm not -
my nice guy ratings are zero minus, but at least | feel | have
some peace of mind in that I've done something positive to
alleviate a possible health risk.

RESISTORS (1/4W Carbon Film)

; R1 100K
== el 33K
‘ 3 R3 120kn
7 R4 1Kn 1/2W for LED or link if relay used
: R5 10K
E re 1k
/)
=| CAPACITORS
CA 6.8nf Disc 25V

Cc2 0.1uf Disc 25V

C3 1000uf 25V Radial
C4 0.1pf Disc 25V

Ch O1uf

C6 47uf 10V Radial/Axial

TRANSISTORS
(@] BC 107
Q2 BC 107
ICs

IC1 4521

IC2 7805

IC3 4081
DIODES

D1 IN 4001 *
D2 IN 4001 *
D3 IN 4001
D4 IN 4001 *
D5 IN 4001 *

* fit depending upon option required.
(See drawings).

RV 47Kn 10-turn vertical

MISCELLANEOUS

Not all these parts are required (see options).
Maplin part numbers given.

5V flashing LED, QY 986G.

PCB

Box for mains unit, LQ 09K

Box for non mains unit, LH 63T

Power plug for Sega 2.1mm, HH 61R

Power socket for Sega 2.1mm, JK 09K
Transformer (if own supply used), 9V type, WB 11M
Mains switch (if own supply used), FH 30H

12V relay suitable for mains or DC

Supply switching, JM 18U

Suitable siren, FK 84F

Nuts and bolts, M3, to suit options

Switch, 2 pole 6 way, FF74R (break before make)
Knob to suit switch
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BUILD YOUR OWN PC

Using our low cost component parts or
we can assemble for you for only £25

386 MOTHERBOARDS
386SX-33MHz £72
386DX-40MHZ .....ccveeccanene 128k Cache ........ £99

486 MOTHERBOARDS With VESA Local Bus
2 Slots & Pentium P24T Socket.
48BSX-25MHZ v.siarsennn. 256K Cache
486DX-33MHZ ....... .. 256k Cache ...
AS6DX-40MHz ..
486DX2-50MHz |
43BDX-50MHz ...

e LT

486DX2-B6MHz ...

486DX-IIMHZEISA —

A86DX-40MHZ EISA ..........
486DX2-60MHz EISA ....... 256k Cache ... €425
4BODX-50MHz EISA .......... 266k Cache ... £430
48BDX2-68MHz EISA ........ 258k Cache ... £520

HARD DISK DRIVES
130MB
170MB
213MB

e IDE1BMs . T
. IDE 15ms ......c.
.. IDE 18ms .,

250MB ... . IDE 12ms
330MB IDE 12ms
420MB .. {DE 12ms ... £360

540MB IDE 12ms £430
1G8.. . SCSI-20ms ... £698
2G48 comres. SCEI-210ms .. EQBO

Harg

m:ng Brackets ... -

FLOPPY DISK DRIVES
3%" 1.44Mb Floppy Disk Drive
3%" 1.44Mb Floppy with 5%" Frame

... £33
£36

5%" 1.2Mb Floppy Disk Drive ... £35
MONITOR

14" Mono VGA £89
14" SVGA Colovr (intariaced) (0.28mm) ........ £175
14" SVGA Colowr (Non Inlerlaced)(0.28mm) .. £199
17* High Resolulion (0.2Bmm) ... vccoreerevenn £640
MEMORY

266K X B S TOMS oo ceeeceresvesveseasersenan £13
1M x 8 Simm 70ns £36
AM x 3 SIMM 7008 connececei e £142
DISPLAY CARDS

Oak 18-Bit SVGA Card 258K ..o rupuvenens £25

Quk 16-Bit SVGA Card 512k ...
Qak 18-BH SVGA Card 1MB ...
VESA Locel Bus SVGA 1ME .
VESBA Local Bus SVGA2MB .............
VESA Local Bus 83 Windows Acce! 1MB .

VESA Local Bus 53 Windows Accel 2MB ...... £140
KEYBOARDS

102 Key $S18n88rd oo .. £22
102 KOY DOWRE coivoveceerescoan e st st cerseenns €27

Eurocom Internatlonal l.td

Telephone (035 388) 325

Prickwillow,
Cambridgeshire,
-------------------------------------
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The Ol1ld School,
Ely,

QUALITY
LSYSTEMS

ADDOM CcARDE

110 Card 28NPHG .. N £12
1DE Card 2HD2FD wiﬂ\ Clbles ......

IDE 10 Card 2HD/2ED/2S/1 PAG with cables .. £16
VL-Bug IDE 1O card as above .. £29
VL-Bus IDE Caching controiler 4HD/ £129

VL-Bus SCSI-2 IDE IO card .
SCSI-2 card with software

Futira Domain SCSI.25/1PNG wilh cables .

. £59
18-bil Ethemet card (NE2100 compatible) ...... £53
QTHER ITEMS
Micresoh Compalibla Mouse ..o........... £12
Delyxe Daskiop Case (200W PSU) LSS
Minl Tower Case (200W PSU) ... o 1T
Tower Case (250W PSL) . £eg
MS-DOS 6.2 - £39
Windows 3.1 £35
€D ROM DRIVES
Milsumi CD-ROM Drive wih interface card ... €129

Panasonic CR-5628 Double speed CI-ROMENSS
Toshiba XM3401 D Speed SCSI CO-ROM ... £295

VAT ple

CB7 aUN.

Calilor free catalogue or send cheque with order.
Carriage £12.00 per order.

ase

All prices "exclude
add at current rate to {otal order.

34

www americanradiohistory com



NS

-4 it o@ & H L B B L

=

PC Clinl

Nick Hampshire continues his series on maintaining, repairing, and upgrading
PCs with a look at two vital components of any PC - the motherboard and the
power supply.

ake the case off your PC and look inside. The first

thing you will notice is an assortment of

application boards, the power supply, the disk
drives and an odd assortment of cables and wires.
Then, as you look a bit closer, you will see at the back or
bottom, of the case in the shadow, a large printed circuit board.
A board which probably contains two or three very large
rectangular integrated circuits, the sockets into which the
applications boards plug and banks of memory chips.

This is what is popularly referred to as the motherboard, or
more correctly the main system board. It contains all the main
circuitry for the computer, the processor and associated control
circuitry, system memory, cache memory, the BIOS EPROM
chip, CMOS memory with its back-up battery, keyboard and
serial I/0, plus all the clock, interrupt, and DMA circuitry.

The motherboard also contains the main expansion buses,
ISA, EISA, VESA, etc., which allow the basic system board
circuitry to be expanded by using plug in adapter boards.
Typically, these would include the disk drive controller board, a
display adapter board, an I/O board and perhaps a sound
generation board (we examined these expansion buses in last
month's issue of ETI, and will be looking at adapter cards in
depth in two months time).

However, the motherboard does not need any of these
adapter boards to work, it is after all a self contained and fully
functional computer system, complete with memory, /O, and
some very low level software on the BIOS EPROM. Of course,
without a video display board you wil have to rely on a printer,
or terminal, connected to the motherboard serial I/O port in
order to generate any from of output, the keyboard can be used
as a source of input. Input and output will be very limited since
without disk drives the system will be unable to load DOS,
relying instead on the very low level BIOS functions.

The independent nature of the main system board means
that the power supply and the motherboard form the two most
fundamental components in any personal computer. If the
system is faulty then these two components should be the first
to be checked out thoroughly.

We can check the motherboard for a range of faults by using
a set of special routines built into the BIOS software. These
routines are known as the Power On Self Test or POST code
system and they generate a comprehensive set of diagnostic
messages which can be displayed with the aid of a special
adapter board. Repairing or replacing a motherboard is a ot
cheaper than repairing or replacing an entire system.

way to upgrade a system at minimum cost. If we change the
motherboard and its in-built processor and control electronics,
we can easlly change, say an 8MHz 286 system into a 33MHz
486. We can keep the same case, same power supply, same
adapter cards, perhaps even the same memory chips, the same
disk drives, display and keyboard. In other words, by simply
replacing the motherboard and processor it is possible to

ﬁ P

Indeed, replacing the motherboard in a system is an excellent =

convert an old system into an infinitely more powerful new
system, for just a couple of hundred pounds.

This will not be necessary on newer 486 based systems,
since they have been designed to be more easily upgradable and
it should be possible to upgrade merely by replacing the CPU
chip with a faster or more powerful version. Thus, if you have a
486SX running at 25MHz and want to upgrade it to a full DX
system, complete with maths co-processor, then one simply
replaces the 486SX with a 487SX. Similarly, if you have a 486DX
system running at 33MHz and want one running at 66MHz, then
all one has to dois change the processor chip, no need to
change the motherboard (we will be looking at upgrading CPUs
and the use of over drive chips next month).

This month we will, therefore, be looking at all the various
constituent components of a typical motherboard, the different
types of motherboard and how to choose and install the
appropriate one for you. We will also see how to track down and
cure motherboard faults, plus the power supply and the various
cables which link them and the keyboard, display LEDs, switches
and so forth,

5 oAk
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' used PC bus and is found on all PC ATs, XTs and 100%

| Because so many systems support the ISA bus there are a very

{ including pin specifications and bus timings, were included in

be looking at the local bus in depth in three months time.

Bus Types
A computer bus can be defined as the collection of data,
address, and control lines which link the processor to memory
and 1/0 circuitry. The use of a standard bus which can be
accessed through one or more extension sockets allows one to
add additional memory or I/O to a system, by means of plug in
adapter cards.

There are currently five different bus types used on PC
motherboards and these are as follows:
ISA (Industry Standard Architecture) - This is the most widely

compatible systems (with the exception of most portables).

large number of available commercial adapter boards. The only
limitation with the ISA bus is that it has a fairly slow 16 bit data
bus which can prove restricting in fast I/O applications.

EISA (Extended Industry Standard Architecture) - This is a much
faster 32 bit version of the ISA bus. Unfortunately, although
technically superior to the ISA bus, it has not been a commercial
success and there are relatively few EISA adapter cards
available.

MCA (Micro Channel Architecture) - This is a proprietary IBM
bus which was developed for their PS/2 systems in response to
the need for an improvement on the original ISA bus. As such, it
is a competitor for the EISA bus, but like that bus it has not been
a great commercial success and there are relatively few adapter
cards available.

VESA Local Bus - Another approach to speeding up the ISA bus
has been to develop an interconnection, or local bus, which
allows some circuitry on the adapter board to commuriicate
directly with the CPU, rather than via the ISA bus. This local bus
is primarily used for memory to memory data transfers and has
thus allowed the creation of high speed video and disk adapters
which are significantly faster than their ISA equivalents. The
VESA local bus has been a'commercial success and most 486
motherboards now have one or two VESA bus slots.

PCI Local Bus - This is a new bus standard which maintains
compatibility with the ISA bus, but offers the enormously
enhanced performance benefit of a 64 bit local bus. This is a
very new development and we have yet to find out whether it is
a commercial success but it is, however, very well suited to the
Pentium and will in the long run probably prove to be the natural
bus for such systems.

If you want a good versatile bus system for your motherboard
which will allow connection of a wide rage of adapter cards as
well as being able to take advantage of future developments,
then an ISA bus system with VESA local bus is probably the
best option.

Full technical specifications for the ISA and EISA bus,

part 1 of PC Clinic, published in the June 94 issue of ETI. We will

replacing the 486SX with a 487SX or inserting a 4878X into the

Choosing a New Motherboard
it may sound obvious, but the first question one should ask when
deciding which motherboard to buy, whether as a replacement for
one that has failed or as an upgrade for one that is obsolescent, is
which processor do | want and what processor speed da | need?-

Most of us will have a natural tendency to go for the fastest and’.
best that we can afford, but before doing so it is & good idea to sit
down and carefully analyse what the system will be used for, how: -
much money is available and whether you wilt want to further -
upgrads the system at a later date. After all, if the system is only -
being used for simple applications such as word-processing, then ",-
there is ittle need for a high powered system, but high power will._
be needed if applications involve CAD, multimedia, etc. Thesé are
all the sort of basic questions anyone buying a PC should ask
themseives.

i you do not require lots of processing power, then a cheap 886 ;
motherboard will be adequate. If you require lots of power then a
486DX running at 66MHz is the best option. This can be upgraded
to a Pentium at a fater date, if required. At the time of writing, a
Pentium motherboard is probably not an economic option. -

Having decided whether you want to use a 386 or 486. based
motherboard, the next decision is what type of processor ='a SX, a
DX or a DX2. With the 386 famnily, the SX version has a 32 kit -
internal bus but only a 16 bit external bus, whereas the DX vers:ohi i
has both a 32 bit internal and extemnal bus. The result is that the £
version is considerably faster at the same clock speed. On the other *
hand SX chips have lower panpheral overheads and motherboarcis p.
based on such chips are thus about £70-cheaper than their DX -~
counterparts. i

In the 486 family of processor chips, the difference between lhe
SX and DX version depends not on the bus width, both use a 32 bil ,
internal and external data bus, but rather n the presence or
absence of a maths coprocessor on the chip. With 386 systems, a
separate maths coprocessor will be needed in order to perform
computationally intensive programming such as running a CAD
program like AutoCAD. On the 486DX the maths coprocessoris .-
actually built onto the main processor chip, but the SX does not = -
have the coprocessor and therefore, atthough faster than a 386
system, is less suitable for applications like CAD.

If you want to add a maths coprocessor to a 486SX system,
then depending on the motherboard design, this can be done by

spare socket provided far the purpose -,
The next consideration when selecting a motherboard.js = == -+ -
processor speed, a critical choice since speed equates with -

installing a motherboard

Instaling a new motherboard, or replacing an existing one, is quite
easy. Indeed, by going through the following steps installation can
be done in little more than thirty minutes:

@ Before doing anything, it is important that you have a large clear
space on which to work, a newspaper covered dining room or
kitchen table is ideal . Also, because the motherboard and
associated CPU and memory chips are expensive and easily
damaged by static electricity, it is a good idea to discharge your
static (see box on this page) before touching any of the electronic
components.

® Having discharged your static, open the static proof bag in
which the motherboard is shipped. Try to handle the board by
touching just the edges and do not touch any bare connections
on the back of the board or any of the chips. Then place the
board on a good flat surface, ideally covered with an anti-static
mat, component side upwards.

® At this stage, the board should be checked for shipping ¢
damage.

@ Get out the documentation that comes with the board and read .’.
it carefully, preferably two or three times!

@ If the motherboard has cache memory, it should be checked to
ensure that the cache is the right size and speed. If it is not, then
you may have to remove the existing cache memory chips and -
replace them with the correct ones. The documentation which
comes with the motherboard should tell you which chips to use.
® The next stage is to install the RAM on the motherboard.
Today, RAM usually comes in the form of SIMMs, but on older
boards the memory chips were either socket mounted or soldered
in. If necessary you may need to set some DIP switches or
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prpcessing power. The standard GPU speeds available today
are 25MHz, 33MHz, 50MHz and 66MHz. The rated speed of a
motherboard is set by the clock circuitry and is often defined by
a wire link or a special plug in ¢clock generater. With a 486
system, it is possible to double the processor speed by using a
clock doubler, or DX2, processor chip. Thus, with a 486DX2
processor a 33MHz 488DX can be made to run at 66MHz. The
most poweariul systern one can buy without buying a Pentium
motherboard is one based upon a 486DX2.

Processing power is also affected by memory access times,
the use of slow memory will entail the use of wait states and
thus a reduction in the number of instructions which can be
_processed per second. This means that the motherboard will
have to ba fittad with memory of sufficient speed o keep wait
states to a minimum. The use of a block of bétween 84K and
256K of vary fast memory, what is’ usually referred to as 2
secondary cache, Wil further speed up mamory access and
thus overal[ processtng speed. # processing power is important,
then fast secondazy .cache memory is essential fwe will be
looking at cache memory ar;d dtfferent processor designs next
month In ET!)
abe of aJIovwng memory expanSIon S0 that you w qtl
add as much memory as necessary throughaut the
pro osed life of the system. Most motherboards will support
(between éSMB and 64MB of: RAM on the motherboard in SIMM

mporféh‘é "'t'o‘ 'en‘éure T?iz’if fhé'board is of the correct
‘the ase Today, the majorﬁy of commerota

i cloi & tems wera des:gned with g 2/, QAT board
whigl sures just 8:5 % 9in. Note that Amstrad 1512/1640
: s Lised & totally non-standard board with buit in video,
| and parallel VO ports, such machines are best left alone
: since there is little to be.galned in trying 1o upgrade them, L
" When upgrading a system with these smalier motherboard: ..
SIZ” 8t may. prove necessary to buy a new, larger size case that
will fake one of the standard sized motherboards, which will
about £75. When buying a new motherboard you should
check that the mounting hales are all in the correct. piace
rever, these are fairly standard.

Repair or replace?

When faced with a faulty motherboard, the big question is
whether to try and repair the fault or simply replace the
motherboard with a new one. Of course, this decision depends
upon the nature of the fault and the way in which the
motherboard is constructed. A simple fault such as a defective
capacitor, or a dud IC can usually be corrected, once located, by
carefully unsoldering and replacing the component. However,
motherboards are increasingly being constructed using very high
levels of integration, multilayer printed circuit boards and surface
mount devices, which can make it very hard to successfully repair
a board without access to a surface mount workstation.

The result is that the modern generation of motherboard has
largely been designed as a disposable commodity. Indeed, if one
looks at the actual price of motherboards compared with the
price of a processor chip on its own, then one realises how little
they actually cost. For example, a 256MHz 4865SX motherboard
costs about £180 and the processor chip by itself about £140.
This means that if you are going to upgrade a system, it is
almost as cheap to replace the entire motherboard as it is to
change the processor chip.

The high price of the processor chip with respect to the
motherboard means that if one has a defective board, it is well
worth checking to see if the processor is still OK. Ifit is, then a
bare CPU board without CPU can be acquired and the CPU
chip and any transportable RAM and cache memory chips
transferred from the old defective board to the new one. If you
are upgrading a system, then it may also be possible to transfer

some chips from the old board to the new, thereby saving money.

When upgrading a motherboard, there are a few procedures
which should always be followed:
@ First make a note of all the CMOS set-up settings on the old
board, in particular those relating to the hard drive.
@ Switch off the power, unplug and open the case.
® Make sure you have discharged the static from yourself, then
disconnect and remove all the adapter cards.
@ |dentify and label all the cables which run from the mother
board to the front panel and power supply before unplugging
them.
® Finally, unscrew the motherboard and save the screws and
any nylon or brass spacers attached to the back of it. Put the old
motherboard, minus any recycled components, into the static
free bag which contained the new motherboard.

jumpers in order to tell the system how much memory is installed
(we will be looking at memory in depth in a couple of months time).
@ Your motherboard may have a jumper which determines
whether the system uses a colour or monochrome video adapter
- if it exists this should be set according to the documentation.

@ If the motherboard has a 386, you may want to add a
coprocessor, this should be added at this stage and the
appropriate jumpers set.

@ Next, depending on the system’s case design, you may need
to attach, with the supplied screws, a number of small brass or
nylon spacers to the board. These slot into the chassis and keep
it rigid, thus preventing damage when plugging in a new adapter
card, or changing the processor chip. The position of the spacers
should be shown in the documentation, otherwise compare the
board to the case and select the correct holes. Always bear in
mind that by bending a printed circuit board, you can easily crack
the tracks and cause failure.

@ The motherboard can now be positioned in the case with the
bus slots towards the back. Position the spacer supports

correctly, line up the mounting holes with the threaded studs in
the chassis and then fix the motherboard in place, using the
screws and washers provided with the chassis. Do not force
anything to fit and do not overtighten screws - you might need to
undo them later.

@ With the motherboard installed, the power connectors can be
attached (make sure that the PC is NOT connected to the mains
before you do this, otherwise you could damage the system or
yourself).

® Next, all the front panel connectors should be attached (a box
showing cables and connectors is shown on pages 40 and 41).
® Connect the backup battery to the battery connector on the
motherboard, making sure that the +ve terminal of the battery is
connected to the +ve terminal lead on the board.

@ Finally, double check everything before adding the video and
disk controller adapter boards, reassemble the system and
switch on. The system should power up, but will not boot directly
into DOS since you will first of all have to set the system CMOS
configuration (more about how to do this next month).
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The Motherboard In this centre spread diagram, the motherboard is a standard

VESA Local Bus 486DX2, with ISA expansion slots, cache
memory, and space for up to 32MB of main system RAM. Different
boards will have components in slightly different locations, but
they should be easily identifiable from this diagram

BIOS chip

The BIOS chip is just a standard EPROM memory chip, on which is stored all the fundamental low level programs which
make the system work as a whole - the routines which scan the keyboard, output a character to the display, etc. The BIOS
chip also contains the Power Up Self Test, or POST, diagnostic routines (more about them on page 42). It should be noted
that there are several different types of BIOS chip in use, which have been developed by different manufacturers but are all

more or less equivalent to each other.

Power LED and keylock connector

As its name implies, the power LED is used to indicate that the processor is switched on. On many systems
the keylock, which can be used to prevent the keyboard being used, is on the same connector. The

keyboard is inhibited when the keyboard inhibit line is connected to ground.

POWER CONNECTOR
PSU connectors

The two power supply connectors are in a standard location on
all motherboards and have a standard format, thereby allowing
all motherboards to be connected to any PC power supply.
The power supply connector pin outs are shown on page

41.
KEYBOARD CONNECTOR I
\*L

Keyboard connector : |
The keyboard connector on all PCs is of a standard form and in a |
standard location at the right hand rear edge of the board. This is
so that all motherboards will fit into all cases. The keyboard
connector is a standard 5 pin DIN - for the connections see page
40.

Expansion slots

A typical motherboard will probably have between six and eight

bus expansion slots. These are put in a standard location so

that all motherboards will fit all cases. The expansion slots on

the average motherboard will all be capable of taking ISA

standard bus adapter cards, with probably six 16 bit /
slots and two 8 bit slots. If the board supports a VESA /
local bus, then two of the 16 bit slots will also have 16-BIT ISA EXPANSION SLOTS

VESA bus sockets (for full specifications of the ISA
bus, see June ETI pages 40-42)

RAM

Since this is a 486 board, the main system RAM is stored on a number of MOUNTING HOLE

1Mb or 4MB SIMMs. By using the 4MB SIMMs, this board will take up to 32MB
of RAM in eight SIMM sockets.

CMOS chip and battery

The CMOS chip is a small memory chip which is used to store the system set-up information required by BIOS when
initialising the system during power up or reset, as well as information on current time and date. The data stored in this

A

SPARE MEMORY SLOTS

\
!

VAT

!
b

memory chip is retained, even though the system is switched off, thanks to a small battery, sometimes actually soldered to

the motherboard. This battery will need replacing occasionally.
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Cache memory

In order to overcome speed bottlenecks caused by mermory being slower than processor access time, some high power systems
have a special block of between 32 and 256K of very high speed RAM called cache memory (see ETI next month for a more
detailed look at cache).

.

Overdrive socket
The 486 family and their motherboards are designed to be upgradable by simply changing processor chip. To allow for this, boards
have an Overdrive upgrade socket. This socket can be either a separate socket, into which the upgrade processor can be plugged,
or the existing processor can be mounted in a zero insertion force (ZIF) socket, so that it can be easily removed and replaced with
the upgrade processor. A ZIF socket is identifiable by the small lever at the side of it. If there is an additional socket, then it is worth
checking whether it is for an Overdrive chip or a Weitek coprocessor. If it is for an Overdrive, then

the socket will have 169 pins and if for a Weitek, just 142 pins.
CACHE MEMORY CHIPS

W .

Reset switch

This push-button switch provides the system with a hardware reset
function. Pushing this switch connects the two lines and causes the
system to revert to a start up condition.

SIMM MEMORY CHIPS

Speaker
All PCs are equipped with a simple speaker, usually a small Piezo electric
type sounder. Output to this speaker is derived from a single output line
and consists of a square wave of variable frequency. This means
that the speaker is capable of outputting sounds
—— of variable frequency but not of generating
sounds of sufficient quality to produce good
CONNECTOR FOR speech or music (both speech and music can be
| / generated, but have a very course grating sound).
To generate good quality sound output, an
analogue waveform must be generated using a
special adapter card, such as the popular

/’l SoundBlaster.

MAIN PROCESSOR Turbo switch and LED
The turbo switch allows the user to change the processor speed. Connecting
the two turbo switch wires together will cause the PC to run at a slow speed. The
LED will indicate when the processor is running at high speed.

CO-PROCESSOR SOC

Clock circuitry
The system clock provides a regular synchronising signal for the entire system. It is derived from a crystal oscillator of a
frequency which depends on the processor being used. The clock frequency is divided down to provide the processor

clock, clocks for synchronous keyboard scanning and communications. The system’s real time clock is derived from
MBS EXPANSION SLOT  gnother clock source.

!

‘ Processor
Since this board is for a 486DX2 you will find it as a large rectangular 105 pin chip with probably a large finned metal heat sink
mounted on top. Older, lower power, processors may not have the heat sink (for a detailed look at processor chips see next
month's ETI)

Serial port
On some, but not all, motherboards there is a built in serial RS232 communications port - COMA1. It is usually located at the rear of
the board and is connected to a proper 25 pin D type connector with a short length of ribbon cable.
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Standard connections

The motherboard is connected to the power supply and front panel by a number of fairly standard
connectors and cables. Although these standards are not universally adhered to, most manufacturers do
use the same wire colours and of course all use the same cable connectors and the same connector
configuration, in order to allow different motherboards to be used. You should find that your system has
all of the following connectors:

Keyboard connector

The keyboard connector socket is actually soldered onto the motherboard in a
standard position at the rear of the motherboard. This is so that the connector on
any motherboard will always match up to the appropriate hole in any case. The
connector is a 5 pin DIN with 45 degree angle between pins, and the pin
designations are as follows:

pin 1 keyboard clock pin 2 keyboard data

pin 3N/C pin 4 ground pin 5 +5V

The above pin configuration is for a standard AT keyboard, in other words all modern PC keyboards. The keyboards for XTs are different.

Speaker.

This is & 4 way socket with two wires connecting it to the speaker, the pin designations are as follows:
pin1 data  pin2N/C
pin3 NC pin 4 +5V  This socket can be connected either way round.

Hardware reset
Momentarily connecting these two lines together with the push button switch will initiate a hardware reset.
This socket can be connected either way round.

Power LED and Keylock

This five pin cornnector performs two functions, it indicates whether power is applied to the system and it
also allows the user to disable the system by locking out the keyboard using a keyswitch. The pin

. designations for this connector are as follows:

pin 1 +ve power to LED pin 2 N/C or polarising key

pin 3 ground pin 4 keyboard inhibit
pin 5 ground
It is important that this connector is inserted the right way round.
Turbo LED
This LED indicates the speed of the motherboard,
high or low. It uses a two pin connector and the pin designations are as follows: WHITE
pin 1 LED anode (+ve} pin 2 LED cathode (-ve)
Itis important that this connector is the right way round. Note that on some larger cases the single LED is
replaced with an LED display of the speed in numbers rather than a simple on/off indicator. CB

Turbo switch

The turbo switch connector is one of the least standard connectors. On some systems it uses two wires which,
when connected together, will cause the system to run at slow speed. On other systems three wires are used,
connecting lines 1 and 2 will make it run at one speed and lines 2 and 3 at
the other speed. The three wire connector is the less common of the two
- forms, but with either sort, it does not matter which way round the connector is inserted

YELAGW
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External CMOS backup battery

Some systems use an external battery to supplement the pawer of the on-board NiCad battery, which is used 1o
retain the system set-up data and real time clack stored in the CMOS memary chip. [t 1s usually a four pin
connector and pin designations are as follows:

pin 1 +3.6 orv pin2  N/C or polarising key

pin 3 ground pin4 ground

It is of course very important that the batteryig:connected the right way round, usually ihe +ve connection has
a red wire and the ground connections black wires. If you ara in any doulbt, it is better to leave the extemal battery Linconnected, the system will still work
with the on-board NiCad battery, 50 long as it is nol ieft unused for fong periods. It should also be noted that some systems use.a 3.6V extemal battery
whilst athers Lisa a 6V battery.

Some syslems may have additonal displays, for éxample a four digit status display, but since these are non standard they have not been included in
the above [ist. In fact you may be unable 10 use them if you change motherboard. Unless otherwise specified all connectors are 0.1in PCB connectors
with the sockel an the end of the cable. When removing, always make sure thal they are reinserted the right way round, not all of them use a polarising
pin and incomect reconnection can in same cases cause damage. N/C indicates that there is no connection to that pin

’ e ere— —— e LE S
‘ Jumpers and DIP switches
Every motherboard will need to be configured in some way or ancther and this usually dona by earefully foliowing the manual and
setting the vanous jumpers and/or DIP switches so that the system tias the desired configuration,
Jumpers are simply very-small plugs which are used 1o short together two pins. The jumper is open when the plug is absent
and ciosed when it is present. Fitting jumpers can be very fiddly, they are very smalt and often arrarigad in banks which can make
selting them even harder. A small pair of tweezers is the best way of removing or inserting jumper plugs
DIP switches are easier lo set, they are in fact small banks of switches, usually eight in a bank, (f you look carefully at them
you wili see that the individual switches are numbared and thal one side is marked on and lhe other side off. There are
two types of DIP switch, one has srmall rocker switches and the other has shde switches. Both types are bestset by % =2
pushing the appropnate swilch to the desired en or off setting using a small screwdriver, =
Always carefully doubie check settings, thay are all very small and it is all 100 easy 0 make a mistake, Errorsin setting wil
prabably not cause any damage but they will stop the system from working properly
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The power connectors
:Power is delivered to the motherboard from the PSU via two 0.2in 6 pin
connectors. The pin configuration and usual wire colours are as follows:

pin 1 power good signal  orange
pin 2 +5V red
pin3 +12V yellow
pin 4 -12v blue
pin 5 ground black
pin 6 ground black
pin7 ground black
pin 8 ground black
pin 9 -5V white
pin 10 +5V red
pin 11 +5V red
pin 12 +5V red
The PSU

The power supply in a PC consists of a sealed unit which encloses a
switched mode power supply capable of converting an AC mains input to a
low voltage DC output. In standard systems, the CPU and main processor
circuitry all need a 5V DC power supply to operate (with the exception of low
power SL based systems where the CPU operates at 3.3V). In addition a
12V DC power supply is needed for motors in disk drives, etc

The power supply in @ modern 486 based system should be rated at
about 200W, sufficient to power the system and any additional memory,
adapter cards, disk drives, etc. The rating of a power supply is usually
displayed on a label attached to the top of the PSU and with a 200W PSU
the current available at each voltage is as follows:

+5V 20A
-5V 0.5A
+12V 8A

-12v 0.5A

It can be seen from this table that on a 200W PSU there is in fact only
100W of available power at +5V. With a lot of adapter cards installed, in
particular modems and network cards which draw a ot of power, this may
prove insufficient and give rise to intermittent faults. If this is the case, you
may need to install a larger PSU.

Intermittent faults can also arise from an improperty grounded power
supply producing a high level of bus noise. A good power supply will have a
ground wire which is attached to the chassis. If one does not exist, it is a
good idea to add one - simply solder a length of 20 gauge wire to the input
ground wire going into the power supply and attach the wire to the chassis

PSU faults
As | have already stated, the power supply on a PC is a sealed unit and thus
should not be considered an item which can be easily repaired. They are
relatively cheap and it is better to replace a faulty power supply than run the
risk of damaging the rest of the system. Replacing the PSU is a very simple
operation and just involves undoing the connectors, removing a few
fastening screws, sliding out the old unit and then inserting the new one
(when working with the power supply, always
make sure it is unplugged from the mains before
doing anything).

The most common reason for a power supply
to fail is that there has been a high voltage surge
or spike on the fine (these can totally destroy the
PSU and may even destroy the whole system).
We can define a spike as an over voltage of less |
than-one milisecond and a surge as one lasting
between several miliseconds and several
seconds. The reverse situation is a short period
of under voltage, a so called brown out, which is
by and large not damaging to the system, but
could cause it to reset with consequent loss of

data.

There are two main causes of spikes and surges. One is as the result
of fluctuations in the power supply, caused primarily by a large appliance
on the same circuit cutting off and on. The other common cause is
lightning strikes near to the PC or the power lines. If you think that there is
a danger of spikes or surges, for example the PC is being used in a
factory full of heavy electrical machinery, then a wise precaution is to
invest in a surge protector inserted in the mains power supply to the PC,
although even this may not protect you from the type of spike
encountered in a lightning strike (it is said that putting a knot in the power
cord will absorb the surge from a lightening strike and burn out the lead
rather than the power supply, although, | have never had reason to test
this idea out!). Conversely, if brown outs and power failures are a
problem, then an uninterruptable power supply is a good investment.

It is always a good idea to check the mains power supply before
attaching a PC, since if it has been wired incorrectly it could not only
damage the PC but render the system dangerous to the user. Itis also a
good idea to ensure that your PC is the only device on a circuit and it
should never share a circuit with devices with large electric motors (e.g.
washing machines), photocopiers, or resistive heating devices, all of
which can cause spikes and surges. It is also a good idea to make sure
that your PC and its peripherals all share the same ground. This can be
done by plugging them into the same outlet via a distribution block.

Lastly, keep your power supply clean. It generates a lot of heat and if
cooling is prevented by insufficient airflow across it, the power supply can
easily overheat and fail. The fan and air vent holes should be cleaned
regularly, using a soft brush and/or a can of air duster. You will be
surprised how much dust a PC can accumulate in a relatively short time.

Anti-Static
Precautions

We all tend to build
up a small static
charge in our
bodies as a result
of moving around,
the friction of
clothes, etc. - s
Normally, such charges are small and quickly dissipated.
However, the widespread use of synthetic fibres in clothing,
carpets, and furnishing fabrics, plus the use of synthetic
rubber soled shoes, means that there are fewer chances for
the static charge to dissipate. Consequently the human
body, acting as a large capacitor, can store quite a
considerable charge.

Static electricity is an ever present hazard when handfing
electronic components, because the very high voltages
present in the body of the handler, if discharged, can easily
destroy sensitive integrated circuits.

The best way to eliminate this problem is to discharge the

" static from your body prior to handling any sensitive circuitry.
This can be done by simply touching something conductive
which is attached to earth, for example a mains water pipe, 4

metal central heating radiator, or electrical earth on the
mains system.

The trouble is that it is not always convenient to have to
keep touching an earthed metal object in order to discharge
your static electricity. A better way is to use an anti-static
wrist strap, which is a simple conductive band held onto the
wrist by a Velcro fastener. The conductive strip is attached tg
a cable via a 1Mohm resistor for safety and the other end of |
the cable is attached via an insulated alligator clip to
electrical earth. This simple little wrist strap will drain away all|
damaging static charge, however, be careful to remove the
strap before working with live voltages.

Anti-static wrist straps are available from Maplin
Electronics and cost £6.95 each.

l
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Testing and Troubleshooting a Motherboard
If you are faced with a non-functioning motherboard, all is not
necessarily lost. There can be a number of causes which if
rectified will restore the board to full operation.

@® The first step in testing and troubleshooting any electronic
device is to thoroughly check the power supply. To do this, you
will need a good multimeter set to measure DC at the next range
above 12V. Then, using the power connector diagram on page
41 as a guide, check the voltages on the following pairs of
connectors

Minimum voltage
Black -ve meter probe

Maximum voltage
Red +ve meter probe

+4.8+5.2 P8 pin 5 P9 pin 4
+4.5+5.4 P9 pin 3 P8 pin 6
+11.5 +12.6 P9 pin 1 P8 pin 3
+10.8 +12.9 P8 pin 4 P9 pin 2

Failure can also be caused by AC ripple getting through the
power supply. This is a common source of intermittent failure,
but we can test for this problem with a multimeter by setting it to
read AC voltages in the range just above 12V and then checking
the motherboard power connectors with power applied, thus:

Black probe Red probe Voltage
P8 pin 5 P9 pin 4 less than 0.25V
P9 pin 3 P8 pin 6 less than 0.25V
P9 pin 1 P8 pin 3 less than 0.6V
P8 pin 4 P9 pin 2 less than 0.6V

If all the measured voltages fall within the ranges in the above
two tables, then the board power supply is OK. If not; then
disconnect the power supply from the motherboard and recheck
the voltages in order to isolate whether the fault lies in the PSU
or on the motherboard.

@ Next, unplug the system from the mains and check all the
motherboard -

connectors and
socket mounted ICs,
to ensure that they
are plugged in
correctly.

® L ook for any
foreign object such
as a screw, small
piece of wire or
solder which may
have accidentally
dropped onto the
board.

® Check that all the
system board switch
and jumper settings
are correct.

@ Check for signs of
overheating (a
brown scorched
board).

@ Check for broken
tracks and poorly

soldered joints.

@ Then, remove all adapter cards and unplug the power
connectors. Now set the multimeter to measure resistance and
measure the resistance between the various pins on the
motherboard power connectors in accordance with the
following table:

Black -ve meter probe  Red +ve meter probe  Resistance
5 3 170hms
6 4 170hms
7 9 170hms
8 10 0.8ohms
8 11 0.8ohms
8 12 0.8ohms

Improper resistance reading may indicate that the
motherboard is defective, most likely a single defective
component.

Unfortunately tracking down a fault on the motherboard can be
very difficult without a little help.

Complete board failure is relatively rare and will only happen
when the power supply is at fault or the CPU chip fail. In most
situations the board will still work after a fashion and in such
cases we can use the processor and the BIOS self test
procedures to help us locate faults on the motherboard. To do
this we need a special plug-in adapter board called a POST
card, a typical example of which is POST Probe by Micro 2000.

With a POST tester, it is possible to track down most faults
with a PC, including a large number of motherboard faults and it
is an essential tool for anyone seriously involved in repairing and
maintaining PCs. The Micro 2000 POST Probe card and its
associated diagnostic software allows one to track down faults
at all levels of functionality, even faults on boards unable to
produce POST codes.

For more details on the POST Probe card contact Micro
2000 in Letchworth, on 0462 483483,

Using a POST probe cord.

Next Month...
We shall be looking at processors, co-processors, overdrive chips, cache memory and high speed bus systems.
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cvc Chelmer Vazem%mw

Audio valves with famous brand names of yesteryear such as MULLARD, MOV, GEC,RCA etc, are in
very limited supply and their scarcity also makes them very expensive.

We at Chelmer Valve Company however provide high quality alternatives to these old makes. We-have
over 30 years experience in the supply of electronic valves of all types and during this time have
established close ties with factories and sources worldwide.

For high fidelity use we further process valves from these souces using our specially developed
facilities. After rigorous testing - including noise, hum, microphony, post burn-in selection and
matching as needed - we offer this product as CVC PREMIUM valves.

A selection of the more popular types are listed below.

Price list & order form for CVC PREMIUM Audio Valves

UNIT PRICE . | TOTAL PRICE UNIT PRICE . | TOTAL PRICE

PRE-AMP VALVES CARRIED FORWARD.. ...,

ECCB1/12AT7 5.00 RECTIFIERS

ECC82/12AU7 4.00 20 e
“ECCB3/12AX7 5.00 G232

BECCSS 4.00 GZ34/5AR4
_ECC88 5.00 [ SU1G

EF86 1 4.00 SY3GT

E81CC{GOLD PIN) 6.00 SZAGT

ER2CC " 7 6.00

ERICC " " 6.00 BOCKETS
LEMCE 8 700 | |B9A (PCE)

ESOF ; 9.00 BYA (CHASSIS)

E83F 550 | OCTAL (CHASSIS)
65L7GT 400 | | 4 PIN (UX)
6SNTGT 430 | 4 PIN (FOR 211)

69 5.00 4 MATCHING CHARGES*
POST & PACKING (UK}

TOTAL EXC. VAT
POWER VALVES VAT @171/2%

2A3 (4 PIN) 1T 1 (UK & EEC)
2A3 (OCTAL) | 1400 A i ;
T 22.00 JOTALTO PA

3008 5030
RilA " 9.50 *MATCHING, if required: state valve types & if PAIRS.
A5 39 '90 QUADS or QCTETS - Allow £1.00 per valve for this service.

EL34/6CA7 7.50
CLB4/6BQS 4.00 Make CHEQUES payahle to

ELB4/7189A | 5.10 'CHELMER VALVE COMPANY or pay by
KT66 9.20 ACCESS/MASTER CARD/VISA, pive details:

KT77 12.00 -

T T (LTI TITTITITITTIT I I 11
_EIT:CEC(GOLDQ) '232 SIBIAINIQ ey oo, EXPAY oo
6L6WGC/5881 5.00
6V6GT 500
e | 1026 ] Address
6336A 38.00
6550A 11.00

6550A-S 13.50
75K1A 11.00

Name ...........

TOTAL CARRIED FORWARD n: T N NP SRES > 1| D) | S

Valve ampiifiers sound better still with CVC PREMIUM valves!

130 New London Road, Chielmsford, Essex CM2 ORG, England: Telephone 0245 355296/265865 or FAX. 0245 490064.
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"WIN A SU ED
‘FOX’ WIRELESS ALARM SYSTEM
FROM MAPLIN ELECTRONICS

The Fox alarm system is an advanced way of protecting a home or business from intruders which does not require the
installation of yards of ugly wiring around the building. There is no wiring, because the intrusion detectors and the control
panel all communicate using small radio transmitters. This means that the system is very easy to install requiring just
simple DIY skills.

This sophisticated alarm system can easily be moved or expanded and there is a wide range of additional sensors and
accessories which can be added. Furthermore, because there are no wires, it is not so easy for a knowledgeable intruder
to detect and disabie,

The system has been ergonomically designed and is very easy to use - just one button controls arming, disarming and

panic functions. The control panel is compact and attractively designed and included with the basic system is the wire-

alarm). Highlight features inglude:
@ 4 detection zones, part of full arming capability ® Remote control panic alarm @ Easy to install, simple instructions @
No unsightly wiring between detectors @ Fully DTl approved transmitters @ Full remote control operation via key-fob
transmitter, up to four transmitters can be used @ Built-in 120dB siren @ Fully expandable system ® Automatic battery
back-up during mains failure and low battery warning @ Intrusion history display shows when alarm was triggered.
The complete basic system costs £99.99 and can be won by one lucky ET/reader. That reader could be you!

To enter this competition ali you need to do is find all the hidden words in the following puzzle. To make it easier we
will give you one clue - all the hidden words come from the text on this page,

Send your list of the words you have found, written on a postcard or the back of an envelope, to:
ETI, FOX Competition, Argus House, Boundary Way, Hemel Hempstead, Herts., HP2 7ST.

All entries must be received before July 30th when a draw wili be made from all correct entries to decide the winner.

Rules The competition is open to all UK residents other than employees or their families of ASP and Maglein.
The prizes are as stated and there is no cash alternative. The editor’s decision is final and no correspondence can entered into.

TIH (Mg [v YIsik|vy|r|v|m][1 [o
QI X|ENfRIO|[T|[c|[e|T]E[D|D]I IL
LIMIKIK [ FIE|Y|H[a]E[T] k|G| wlg
VIBK Tl fwlinls L c|[t|wlT]|Ely
OjLjdy wiv|wlifulaln|1[T]v ]z
EJTIN I N[ vy |R|E[m|N][Xx]|nim
FIHJL N IsINJu(vim|T|s]|ElR]|P]q
Hiviglo|r(v]|Efo|k|o|N|R|W]|T]s
ViojrlalRrlalc|r|s|t|al1]D]T|y
Disjajo |y |T|R|k|H|[D[R|sS| V] Wl
YIVITIF el B N|ulrt e [T|wlc|vl
BlujB Flofc|mlo|L|o|[k|old]olv
viejpjojo|H{ElE|c|e]|T]|olc]|oDls
FIED  [BLx]|s|{wiwlalun|v|e]y]
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- Alarm

Loop

Keep thieves at bay - build Terry Balbirnie’s link alarm

his type of loop alarm may already be familiar to

readers because it is often to be seen in camera

shops and stores selling audio equipment. It works
- by passing a continuous link wire through the
handles of any items that need to be protected. The ends of the
wire are then plugged into the unit. If the loop is broken, either by
cutting the wire or unplugging it, the alarm sounds. It is thus
impossible for a potential thief to remove an item witheut setting it
off. Replacing the plug, or re-connecting the wire does not
silence the alarm - re-setting can only be achieved by using a
key-operated switch.

This alarm wilt be of particular interest to shop owners and
market traders since it provides good protection against theft, yet
allows people to handle the goods freely. It will also be useful to
anyone who needs to protect their valuable Hi-Fi and video
equipment, cameras, etc. With a little ingenuity, most items can

and sounder. The key-operated arm/disarm switch is mounted on “
top and there are two phono sockets on the back, to which the *
ends of the wire loop are connected. The sounder used in the
prototype has the familiar ‘yelping’ tone associated with alarms
and the one specified is very loud, while having a reasonably low
current requirement. Readers are advised not to use small, cheap
buzzers which will not be loud enough for the purpose.
While armed, the circuit requires less than 15mA and the 12V
battery pack may be expected to provide a life in excess of 1 year.
While sounding, the current rises to 150mA but this will only
happen occasionally and for short periods of time. It should
therefore have little effect on battery life.

Circuit description

The circuit for the loop alarm is shown in Figure 1. The main

component is IC1, a micropower CMOS op-amp which is used
here as a voltage comparator. This particular

- —_

51 | device has been chosen because of its

¥ '
At R3 NOTE:
i0M aM2 IC1  ICL7811 | guz

[} MPSA14

Ré
10k

s

R2
10M R4
SME

WIRE
LOOP

oo | exceptionally small current requirement, which is
essential for a long battery life.
Resistors R1 and R2, form a potential divider
connected across the nominal 12V supply. Since
the arms have equal values, this applies a steady
81'— voltage equal to one-half of this value (nominally
12v | 6V) to the op-amp inverting input, pin 2. With the
- loop connected, resistors R3 and R4 provide a
further potential divider which (ignoring the effect
of R5 for the moment) applies a voltage of 5V
l approximately to the non-inverting input, pin 3.
Thus, the voltage applied to the inverting input is
higher than that at the non-inverting one. Under

Figure 1: Loop alarm circuit diagram

be accommodated. Another use for the device is to provide a
warning when drawers, doors, cupboards, windows, etc. are
opened. For this type of purpose thin, breakable wire could be
used. The link wire itself may be of any reasonable length so the
alarm can be used to protect equipment over a very wide area.
The alarm is housed in a plastic box with integral battery pack

these conditions, the op-amp is off with the
output, pin 6, low. There will therefore be no
| effect on transistor Q1 and the rest of the circuit.
When the loop is broken, R4 is disconnected
" and R3 makes pin 3 high (+12V). The input
conditions are now reversed with the non-inverting input being at a
higher voltage than the inverting one. The op-amp therefore
switches on with the output high. Current enters the base of
Darlington transistor Q1 via current-limiting resistor R6, so turning it
on. This operates the sounder, BUZ1, in the collector circuit.
In fact, the operating conditions are more complicated than
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fall together and the operating point will be the
same. Eventually the batteries will need to be
replaced, simply because they will fail to Operate
the sounder loudly enough.

Construction

Construction of the loop alarm uses the single-
sided PCB layout shown in Figure 2. Begin by
driling the two mounting holes in the positions
indicated, then solder the IC socket into position.
Follow with the resistors and transistor. Do not '

insert IC1 into its socket yet. Solder pieces of

light-duty stranded connecting wire to the three

pads marked loop and S1. If the battery holder

has a PP3 type snap connector, solder the *
negative wire of this to the pad marked supply -.

if it is of the type having solder tags, use a piece

described above, due to the effect of resistor R5. This applies
some positive feedback from the output to the non-inverting
input. Taking this into account and with the loop intact, the.
voltage at pin 3 will be 3.6V approximately when the circuit is
switched on. Being less than 6V, the output will be off. When the
loop is broken, the voltage will rise to 6.6V, so triggering the
alarm. With the output on, the non-inverting input voltaga will
immedately rise to 12V and maintain the on state. fthe loop is
re-made, the voltage will fall but oniyto 6.6V, sa the alarm wil
remain triggered. Cancelling operation is effected by first re-
conhecting the loop, if this has not alreadly been done. Key-
operated switch S1 is then switched off 1o break the supply then
on again. With the output low, the voftage at pin 3 will be 3.6V
and the alarm will revert to standby mode.

Note that as the battery voltage falls with age, the input
canditions remain the same. This is because the voltages af IC1
inverting and non-inverting inputs are derived from patential
dividers connected across a common suppty. They will therefore

— —_— —

of wire instead.

Drill the hole in the lid of the case for the key
switch. Drill holes for BUZ1 mounting bracket and one 35mm
in diameter for the sound to pass through. Make holes in the
back pane! for the phono sockets and two in the base to
correspond with those in the circuit panel. Solder the negative
sounder wire to the pad marked BUZ- and mount the
femalning components. Insert IC1 without touching the pins;
Alternatively, touch something that is earthed before handiing
it. This is because IC1 1s a CMOS device and could, in theory
at least, be damaged by static charge which might exist on the
body. When attaching the circuit panel, place some plastic
washers on the boit shanks to keep the soldered connections
ciear of the base of the box. Gomplete construction by wiring
up the positive battery pack connection, the switch, positive
sounder wire and the phono sockets as shown in Figure 3. The
battery pack could be secured using Velcro pads or a block of
foam plastic. Attach self-adhesive plastic feet to the base of the
box if necessary.

Testing

Testing the loop alarm is simply a matter of checking for
correct operation. It may be helpful to cover the sounder hole
with cardboard during testing because it is very loud. Make a
wire loop using a piece of wire with a phono plug soldered to
each end. Note that only the centre (pin) connections are used.
Plug the link wire into the sockets, insert eight alkaline AA size
cells in the battery holder and switch on. The alarm should
remain silent. Remove one of the plugs and the alarm shouid
sound, continuing to do so even when it is replaced. Cancel
operation by switching off, then on again. If the circuit works

SUPPLY- BUZ1- St

Figure 2: Loop alarm component overla y

1
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Figure 3: Loop alarm wiring configuration

correctly, it can be put into permanent service. It may be useful to
make up several loops of different lengths to suit the application.
Note that for best reliability, wire sold as ‘extra flexible’ should be
used. Do not use single-core wire as this will break in service and
trigger the alarm. S1 may be used to switch the unit off if it is not
to be used for a long time. It will also be used when items need to
be added or removed from the system.

The alarm should be checked every few weeks to ensure that
the batteries will operate the sounder effectively. It is
recorymended that the batteries are replaced at least every year

and more frequently if the unit has been called upon to sound
often.

BUYLINES

Most of the components for the loop alarm are freely available.
The ICL7611 op-amp is not stocked by all suppliers but may be
obtained from Electromail, Cricklewood Electronics and
Greenweld. The sounder was obtained from Maplin (order code
JK42V). Extra-flexible wire can also be obtained from Maplin.
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RESISTORS
R1.25

R3

R4

R6

10M
8M2
5M6
10k

MISCELLANEOUS

S SPST Key-operated switch

BUZ1 Micro siren. 12V 150mA operation.
Output 110dB at 1m.

PL1,2 Phono plugs

SK1,2 Chassis phono sockets.

Al} resistors should be of the metal film 1% type.

SEMICONDUCTORS
IC1 ICL7611
TR1, MPSA14

PCB materials. 8-pin dil IC socket. Plastic case size 150 x 80 x
50 mm external. Battery holder for 8 AA cells and alkaline cells
to fit. PP3-type snap connector for battery holder (if needed).
Extra-flexible wire for loop as required.
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8 CAVANS WAY,
= BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF ’
J Tel: 0203 650702
| Fax: 0203 650773

fEdRIE] Mobile: 0860 400633

(Premises situated close to Eastern-by-pass in Coventry with easy access
to M1, M6, M40, M42, M45 and M69 )

Gould 1602- 2 Channel D S0

.................................... £1300
Gould 1604 -4 Channel DS O .......coviiiiiiiiii i £1750
Gould 1421 -2 Channel D SO ....vuvitiiiiii i e £375
Gould 054000, 054200, 0S4020,08245 ...................... from £125
Hewlett Packard 1740A, 1741A, 17744A, 100MHz dual ch. ....... from £350
Hewlett Packard 182C - 100MHz 4 Ch.......coovii i £350
Hewlett Packard 1707A, 1707B - 75MHz 2¢h ................... from £275
Hitachi V.U22 - 40 MHz Duat Channel ..........covveveviennnnn.. £300
Nicolet 3091 -LF D.S.O ... ..ottt e £1100

Philips 3055 - 60 MHz Dual Channel..............ccoiieuiiniinnn... £550

Tektronix 2201 - 20MHz D SO dualch .......ccoviiiiiiiiiinnnnns £675
Tektronix 2213 - 60 MHz Dual Channel ............ovveevevnennnnnn. £425
Tektronix 2246 100MHz-4 channel ..................ovuun.. (as new) £995
Tektronix 2215 60MHz dualtrace .............ccoviiieinennnnnnn.. £450
Tektronix 2235 Dual trace 100MHz (portable) ....................... £800
Tektronix 2335 Dual trace 100MHz (portable) ................co.ue... £750

Tektronix 2225 -50MHz dual Ch.. ...ttt £450

Tektronix 465/465B -100MHz dualch ..............ccovvvnnn. from £350
Tektronix 475 - 200MHz dualch ...........c.cviiiiiiiiiia e, £450
Tektronix 468 -100MHz D.SO.dualCh. .......covviiiiiieeeiaeanns £850
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4ch ........... from £300
Tektronix 7704 - 250MHz 4ch ............ccviiiiiiniinanann,s from £650
Tektronix 7834/7844 - 400MHz 4cCh ........cvviiininnnnnnnn. from £750

Tektronix 7904 - 500MHz ... ........oiiiiiii it from £850

Phillips 3070 -100MHz 2+ 1 channel + cursors, as new

Phillips 3206, 3211, 3212, 3217, 3226, 3240,

3243, 3244, 3261,3262 (2ch+4ch ) .......covvvvennn... from £125 to £350

Solartron Schlumberger CD1740 - 20MHz4ch..........cvvvuu. .£250
Other scopes available too

“SPECTHUM ANALYSERS - VLY

Ailtech 727 -20GHz .............. or — .....£2200
Advantest TR4131-10KHz-35GHz ...........coviiine e £4500
Hewlett Packard 3580A - -5Hz-50KHz ................ccvvnvnun £1250
Hewlett Packard 8590A - 10KHz - 1 5GHz - (asnew)............ ... £4500
Hewlett Packard 182T with 8559A (10MHz - 21GHz) ............. £3750
Marconi 2370 - 110MHZ .. ... .. i e £1250
Hewlett Packard 4953 Protocol analyser................ - £2500
Tektronix 492 -21GHz ................cciiiiiiiiiin. ciil . .£6000
Tektronix 7L18 with 7603 mam frame 15 GHZ -18GHZ.. ... ...... £3500
Texscan ALSTA (AMHZ -1GHZ) . ..o e £1300
MISCELLANEDUS -
Anritsu ML93B/ML92B Optical power meter with sensor.... ....... £2000
Anritsu ME538C Microwave system analyser (BX -Tx) .. .......... £3500
B&K 2511 + 1621 Vibrationtestset ..................covvenennnn.. £2000
B&K 2511 Vibrationmeter ................ ...l Lo £1500
B&K 2515 Vibrationanalyser ..................ooi i £4500
Datron 1061A Autocal digital multimeter (6'/2 digits) ................ £850
Daymarc 1735 Transistor tester/sorter (with all jigs) ................ £5000

Dranetz 305 Phasemeter.............coo it oineiin e £250

Dymar 1585 AF Powermeter ............. . c.ooviiienineennnnnn. £175
Dymar 2085 AF Power meter .........ocooneuinininnnnnnennnnnnnns, £200
Farnell RB 1030-35 Electronicload 1KW .................cooveenn.. £450

Farnell 2081 R/F Power meter
Feedback TWG300 Test waveform generator
Fischer Betascope 2040/2060 Coating thickness computer & non
destructive coating measurement instrument & many jigs and extras
.......................................................... all for £2000
Fluke 8840A Multimeter (IEEE)
Fluke 515A Portable calibrator .......................cooooiiia, £500

Fluke 8010A Digital multimeter ........................ccoovininn.. £125
Fluke 8922A True RMS voltmeter .................ccovvievineenn.. POA
Fluke 95020 Currentshunt ..............cooviiiiiiiiiininennnn.. POA
Gay Milano FTMIC/FTM3C - FTM - Fast transient monitor ........... £250
General Rad 1658 LCR Digibridge ...............covvvvinenennnnn.. £250
General Rad 1621 Precision capacitance measurement system ....... POA
Hewlett Packard 180TR Display unit with 8755B swept. amp an. ..... £350
Hewlett Packard 3200B VHF oscillator, 10-5000MHz ................. £175
Hewlett Packard 3400A RMS voltmeter ............................. £150
Hewlett Packard 3406A Broadband sampling voltmeter .............. £175
Hewlett Packard 3437A System voltmeter........................... £350
Hewlett Packard 3456A Digital voltmeter ........................... £650
Hewlett Packard 3476 Digital multimeter............................ £100
Hewlett Packard 3478 Digital voltmeter, 4 wire system, 1EEE ......... £650
Hewlett Packard 3702B/3705A/3710A/3716A Microwave link analyser£1500
Hewlett Packard 3730A Down converter (with 3738A or 3737A)....... £200
Hewlett Packard 3760/3761 Data gen + error detector........... each £300
Hewlett Packard 3762/3763 Data gen + error detector........... each £350
Hewlett Packard 3777A Channel selector ........................... £250

Hewlett Packard 3779A Primary multiplex analyser .................. £800
Hewlett Packard 400E/F AC voltmeter .......................oouen.. £150
Hewlett Packard 4204A Oscillator 10Hz-1MHz ...................... £250
Hewlett Packard 435A Power meter (less sensor).................... £350
Hewlett Packard 456A AC currentprobe....................covunn.. POA
Hewlett Packard 415ESWR meter..................ooveeeinnnnen.. £275
Hewlett Packard 4193A Vector impedance meter................... £3500
Hewlett Packard 5335A Universal counter with 1EE ................ £1400
Hewlett Packard 5342A Microwave freq. count. 18GHz ............. £1400
Hewlett Packard 7402 Recorder with 17401A x 2 plug-ins ............ £300
Hewlett Packard 8005B Pulse generator ................covuvuvn... £250
Hewlett Packard 8011A Pulse gen. 0.1Hz-20MHz .................... £500
Hewlett Packard 8013B Pulse gen. 1Hz-50MHz ...................... £750
Hewlett Packard 8012B Pulse generator .............c..vvvvnvnnnnnn. £750
Hewlett packard 8406A Frequency comb generator ................. £500
Hewlett Packard 8443A Tracking gen/counter with 1EEE ............ £450
Hewlett Packard 8444A Tracking Generator.............covuuevernn.n. £750
Hewlett Packard 8445B Automatic presetter ........................ £700
Hewlett Packard 8601A 110MHz Gen/sweeper 110MHz .............. £350

Hewlett Packard 8620C Sweep oscillator mainframe
Hewlett Packard 8750A Storage normaliser ................c..ovv....
Hewlett Packard 938A Freq doubler ...........coovviiiininnnnnns
Keithley 197 20MHz With 1EEE..................oiiiiiiniiiaanns,
Lyons PG73N/PG75/PG2B/PG Pulse gnerator
Marconi 2019A 80KHz-1040MHZ Sig gen. ..........c.cvviuvnrnnnn.

Marconl 2432A 500MHz digital freq. meter ..............ovvvevnn...
Marconi 2337 Automatic dist. meter ...l
Marconi 2356 20MHz level oscillator..................covieneiin....
Marconi 2306 Programmable interface
Marconi 2610 True RMS voltmeter ................coviiiiiinnenn...
Marconi 2830 Multiplex tester............ccoiiiiiiiiiiiiieinnnnn..

Marconi 2831 Channel access switCh.................coiiivninen..
Marconi 6920 POWEr SENSOT .........iiiit et iii i ennenens
Philips 5380 1GHz signal gen ...........cooiiiiiiiiiiiiiiiinennn.

Philips PM 5167 10MHz functiongen ....................cccoounn..
Philips 5190 LF synthesizer w/th GP | B
Philips PM 5519 Colour TV pattern gen

Philips PM 2525 Multimeter WF 1EEE ..................ccvvivinnn
Philips 5716 Pulse generator high freq. MOS................ccvuu..
Philips PM 5770 Pulse gen - 1IMHz-100MHz ........................
Philips PM 6672 1GHz timer/counter WF1EEE ......................
Philips PM 8272 XYT chartrecorder...............covvieeeinnnn....
Photodyne 800 Fibre optic attenuator
Projectina CH9345 MiCrosCope .........coveviviinininirnnnnnnnnnss
Racal 9009 Modulation meter ..................ccoiiiiiiiii .
Racal Dana 202 Logic analyser + 68000 disassembler
Racal Dana 9242D Programmable PSU 25V-2A ................ ..
Racal Dana 9246S Programmable PSU 25V-10A.....................
Racal Dana 3100 40-130MHz synthesiser ............c..vvvuenennnn..
Racal Dana 5002 Wideband level meter.............................
Racal Dana 5003 Digital m/meter

Racal Dana 9000 Microprocessing timer/count. 52MHz .............. £550
Racal Dana 9081 Synth. sig. gen. 520MHz .......................... £550
Racal Dana 9084 Synth. sig.gen. 104MHz .......................... £450
Racal Dana 9087 1.3 GHz low noise sig generator ................. £2750
Racal Dana 9303 True RMS/RF level meter .............cocuvuvnnn.. £650
Racal Dana 9341 LCR databridge ..............cccviiiininniannnn, £250
Racal Dana 9500 Universal timer/counter 1000MHz . .................. £200
Racal Dana 9917 UHF frequency meter 560MHz..................... £175
Racal Dana 9919 UHF frequency meter 1IGHz . .............ovvvunnn. £275
Rohde & Schwartz BN36711 Digital Qmeter ........................ £400

Rohde & Schwartz URVS - 18 GHz R/F Millivolt-meter (with various

PrODES) . e e £1850
Solartron Schlumb 1170 Freq. response analyser.................... £250
Tektronix TM503, $G503, PG506, TG501 Scope calibrator .......... £2000
Tektronix 834 Data comms analyser..........oovueieiieenenennnnnns £500
Tektronix TM5003 + AFG5101 arbitrary function generator.......... £1750
W&G SPM12 Level meter 200Hz-6MHZ ............covvvevnennnnnn.. £500
W&G P$S12 level generator 200Hz-6MHHZ ...........oovvvvinnnnnn. £500
W&G SPM60 Level meter 6KHz-186MHzZ ........ovvviieeennnnnnns £500

W&G PS60 Level meter 6KHz-18 6MHZ .. .....oovi e, £500

W&G SPM6 Level meter 6KHz-186MHz ..............ccovneevnen.. £250
W&G PS6 Level generator 6KHz-18 6MHz .......................... £250
W&G SPM6 Level meter 6KHz-18.6MHz ...............oovinnnnnn.. £250
Wavetek 157 Programmable waveform synthesier ................... £300
Wayne Kerr B424/N LCR Component meterset ..................... £200

Wayne Kerr 4250 LCRmMeter ........c.ovvviiiiinennnnnnn. (as new) £1000

Wayne Kerr 642 Autobalance universal bridge ...................... £200
Weller D801/D802 Desoldering station ...............c.ccuvevnnn... £175
Weller D900 Desoldering station .............oviieneneninennnnnn.. £150
Wiitron 352 Low freq. differential input phase meter ................. £350
Hewlett Packard 8640B with OPT 001 ..............coovvvnennnnnn.. £825
Marconi 2022E (10KHZ - 1.01GHZ) SIGGEN .............c.ceven... £1850

| SPECIAL OFFERS - Phbenix 5500A Telecoms analyser, ex. demo. as

new with 12 months calibration + 12 months guarantee fitted with V24
interface. A variety of interface options available - Ring/Fax for details.
Navtel 9440 Protocol analyser, ex demo. as new £8000 new - cost now
£3500. Navtel 9410 PCB based protocol analyser ex. demo as new £3000
_new - cost now £1500.

MANY MORE ITEMS AVAILABLE - SEND LARGE S.A.E. FORLIST.
OF.EQUIPMENT ALL EQUIPMENT-1S USED - WITH 30 DAYS

GUARANTEE. PLEASE CHECK FOR AVAILABILITY BEFOAE

ORDERING -, CARRIAGE & VAT TO BE ADDED TG ALL GaoB§
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Logi
Pro

In the first of a new series of low cost circuits which can be built by anyone in a
couple of hours, using just a soldering iron and a few basic tools, Robert Penfold
describes how to make a versatile logic probe

“. tis the generally accepted wisdom that a multi- ranges, etc., of a test meter. The most common form of basic
range test meter (‘multimeter’) is the essential first logic tester is a logic probe and the one featured here is CMOS
- piece of test gear. However, for someone who is compatiple, but will also work quite well with circuits based on TTL

primarily involved in digital electronics some form of devices, or devices which operate at standard TTL levels.
simple logic tester could reasonably be deemed just as important B:The logic state at the test point is indicated via a seven
as a multimeter. In fact, it could be judged more important, as it segment LED display. If the test point is at logic O (low) a ‘0’ is
is likely to provide more useful information than the voltage displayed - if it is at logic 1 (high) a ‘1’ is displayed. If the input is
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taken to an invalid voltage between the maximum low and
minimum high levels, the display goes completely blank. If the test
point is pulsing at a low frequency, the displayed number will oe
seen to change in sympathy with the input logic level.

At input frequencies of more than about 25Hz, the swwitching of
the display will be too fast for the human eye to perceive it
properly. A figure ‘0" will appear to be displayed continucusy: The
two left hand segments will be brighter than the other four i the
input signal is at logic 1 for a greater percentage of the time than
it is at logic 0. Apart from this, the main display will:nct give a clue
that the test point is pulsing. To avoid confusing results. a pulse
detector circuit flashes the decimal point when a puisng input
signal is present.

Construction

To make the construction of this project as easy and simple as

possible, it is built on a piece of standara Veroboard. Details of

the component panel are provided in Figure 3 {component side)
and Figure 4 (copper side). This layout is based on a 0.1in pitch
stripboard panel measuring 47 holes by 14 copper strips.

The first stage in construction is to cut the board to size and
then cut the appropriate tracks. After cutting the board to size,
drill the two mounting holes and make the breaks in the copper
strips. These breaks can be made using the special cutter, or a
hand held twist drill bit of about 5mm in diameter will do the job
quite well.

Fitting the components is mainly straightforward, but the board
is quite crowded in places. This makes it essential to use modern
miniature components. C2 should be a printed circuit mounting

type having 7.5mm (0.3in) lead spacing. Be careful not to omit
any of the link-wires, which can be made from about 22 s.w.g.
tinned copper wire, or the timmings from resistor leadout wires.

The integrated circuit, IC2, is a CMOS device and it therefore
requires the standard anti-static handling precautions. It does not
have full internal protection circuitry, making it more important
than usual to take these precautions. This essentially means
earthing yourself before handling this component in order to
discharge any static electricity you may have picked up from
wearing clothes made from synthetic fibres, walking across a
carpet, etc. One can effectively earth oneself by touching any
bare metal object which is ‘connected’ to the earth, such as a
metal water pipe. It will then take some time for your body to re-
acquire a static charge.

As a further precaution against damage, from either static
electricity or overheating, the ICs should be fitted in a holder
rather than being soldered directly to the circuit board. The ICs
can then be inserted when the rest of the assembly is completed.
When inserting the chips into their sockets, take great care not to
bend any of the pins so that they fold under the IC, and also
make sure that they are inserted the correct way round. The little
notch in one end of the IC indicates the location of pin 1.

The display must be a common cathode type, not a common
anode display. It must also be a 0.5 or 0.6in type, having the
standard ten pin base and pin-out arrangement if it is to fit into
this component layout properly. Ideally, it should be fitted into a
holder, but a suitable ten pin holder will probably prove to be
unobtainable. ‘Soldercon’ pins can be used to make up a suitable
holder, or a standard 14 pin type can be carefully cut to produce
two 5 pin s.i.l. holders which will take the display
The probe draws its supply current

—t MONOSTABLE

from the circuit under test via a
couple of leads, which are terminated

in crocodile clips. It is advisable to
use red and black croccdile clips and

VOLTAGE
DETECTOR

GURRENT
AEGULATOR

—— P_

(or) leads to show the polarity of the
supply leads, red on the +ve lead and
black on the -ve lead. Getting the

7 SEG.
DISPLAY

SRUT al voirace
g DETECTOR

CURRENT
REGQULATOR

e e

Figure 1. The logic probe block
diagram.

supply polarity wrong could easily
result in one of the integrated circuits
being damaged.

Units of this type are normally built
as probe devices, but it is not
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RESISTORS (All 0.25 watt 5% carbon film)

essential to build the unit in this form. However, the board has

9;'3 R1, R2 100k been made fairly long and thin so that it can be fitted into a
- R3, R5 10k probe type case of adequate dimensions. The input of the
33 R4 13k circuit must connect to the metal tip of the probe assembly. A
Wy R6 6k8 probe tip can be improvised from a long 6BA or metric M3 bolt.
! R7 120R This can be left in its raw form, or filed into the usual needle-like
: R8, R10 3k9 shape. The connection to the bolt can be made via a soldertag.
m R9 39R Of course, a display ‘window' must be cut at the appropriate
4 R11 1k place in the case and ideally, though not completely necessary,
R12 ™ this would be fitted with a small piece of red display filter
material.
CAPACITORS
C1 100n ceramic
v C2 100N polyester (7.5mm lead Testing the circuit
spacing) Tre first stage after constructing the probe is to check that the
N.: unit actually works. Before applying power, first thoroughly
[ SEMICONDUCTORS recheck that you have the right components in the right places,
ICA1 LM393M that the tracks are cut in the right places and that the ICs are
ICc2 4047BE inserted the right vway round. Also carefully check that no small
TR1 BC549 pieces of solder are acciaentally bridging two or more tracks, if
TR2 BC549 such a solder bridge is fcund, remove it carefully with the
: o D1 to D7 1N4148 (7 off) soldering iron and a piece of soider wick. Do not rush this stage,
faults picked up here can saie you damaging the circuit. Having
DISPLAY visually checked that the circuit is tasically sound, it should be
1 0.5 or 0.6in common cathode LED display connected to a supply voltage in the range 3 to 15V (in the
absence of a bench power supply. a standard 4.5V bell battery
MISCELLANEOUS with screw terminals is a good gower source for testing this
S1is a s.p.s.t. miniature toggle switch. Probe type type of circuit). Make sure that the polarity is correct with the red
case (carefully check inside dimensions to ensure clip attached to the +ve and the black clip to the -ve power
1 board will fit before buying), available from suppliers supply terminal. When power is connected., none of the display
. such as Mapilin. 1 piece of 0.1in pitch stripboard, segments should be switched on at this stage. If one or more
having 47 holes by 14 copper strips. 1 off 8 pin segments is lit up then something I1s wrong with the circuit,
d.il. IC holder. 1 off 14 pin d.i.l. IC holder. 1 off disconnect power immediately and recheck the circuit for faults
display holder (see text). Test leads made from in construction We can now test whether the probe actually
50cm of red multicore wire and 50 cm of black works. If the probe tip is connected to the positive supply, in
multicore wire with the appropriate red or black other words the +ve or red power supply terminal, a ‘1’ should
crocodile clip attached to one end of each wire. be displayed and if connected to the 0 volt supply, the -ve or
Tinned 22 s.w.g. single core copper wire for black terminal, then a ‘0’ will be displayed. If these displays are
making wire links. Solder pins, etc. generated, then the circuit works and you can finish the task of
Overall component cost is approximately £10 putting it in its case.
3 == == - % h
-Q- sz. o
—te d g . [g] ) —
o |l |
J : [ g ol
DISPLAY 1 1 lid 1 _
INPUT s b J < p q ez Pl gr
G D - . ] T
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D b . [ l l a . r @_‘ -

Figure 3: The component layout and wiring.
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In Use
The completed device is very simple to use. Just connect the two probe power
supply leads to the correct polarity power supply lines on the device under test
EE and then use the probe to check the logic state of any track or component on
the circuit under test. Obviously you will need to know what logic levels to expect
in various parts of the test circuit, in order to perform any worthwhile
troubleshooting and you may also need to have some means of injecting pulses

>

into the test circuit. Even if you do not go this, far a logic probe is an excellent
: way of checking the power supply in a circuit and the state of any output lines
; Note that there should be a flash from the decimal point when connecting the

EE lilgﬂ probe tip to one of the supplies and when disconnecting it. This is because you

effectively generate input pulses when connecting the probe tip to some test
points. These trigger the monostable and produce a brief flash from the decimal
EE EE point segment of the display. Therefore, in normal use you must ignore any pulse

ourd Jusuodwos ay jo gpisiapunay ) [ ambly

indications from the display when initially connecting the unit to a test point.

»

How It Works

A static logic output is either at logic O or logic 1. These are respectively represented by a potential of between about 0 and 30%
of the supply voltage and a potential of between about 70 and 100% of the supply voltage. The main function of the unit is to
check the input voltage and indicate whether it is at logic . logic 1, or an invalid intermediate voltage. As can be seen from the
block diagram of Figure 1, there are two voltage detectors at the input of the unit. One of these detects whether or not the input is
within the valid logic O voltage range and drives the appropriate segments of the display if it is. The other voltage detector provides
the same basic function, but it checks for a valid logic 1 voltage and drives the appropriate two segments of the display. If the
input voltage is between the two valid logic levels. nefther detector will be activated and none of the LED segments will be
switched on.

@B:The display is driven via a simple OR gate vhich prevents the output of one voltage detector interfering with the output of
the other. Current regulators are also included at the outputs of voltage detectors. CMOS integrated circuits will operate over a
supply range of 3 to 15V. Using resistors to set a reasonable display current with a 3V supply results in a rather high current drain
when using a 15V supply. The current regulators prevent the display from being driven with an excessive current when the probe
is used with supplies of about 10 to 15V

A monostable is also driven by the input signa’ and this will be repeatedly triggered if the input is pulsing. This stage drives the
decimal point segment of the display and the decimal point will therefore flash when a pulsing input signal is present. In fact, the
decimal point will appear to light up continucusiy if the input frequency is fairly high. The output pulse from the monostable is quite
long at around 250 milliseconds, so even veny brief and intermittent pulse signals will produce a clear indication from the display.

The full circuit diagram for the logic probe is shown in Figure 2. The voltage detectors are based on the two voltage
comparators in IC1. R4 and R5 provide reference voltages which are approximately equal to 30% and 70% of the supply potential.
R1 and R2 bias the input to about half the supply voltage under quiescent conditions, which takes both outputs of IC1 low. If the
input is taken above 70% of the supply potential, the voltage at the non-inverting input of IC1a is taken higher than the voltage at
the inverting input, resulting in the output of IC1a going high. Segments E and F of the display are then driven with a current of a
few milliamps via gate diode D7. This results in a ‘1" being displayed.

If the input voltage is taken below 30% of the supply potential, the inverting input of IC1b is taken lower than the reference
voltage at the non-inverting input. This sends the output of IC1b high and drives a current through all but the G segment of the
display. D5 and D6 act as the gating diodes when this happens and a ‘0’ is displayed. The output stages of IC1 are open collector
transistors and in this circuit their collector loads are constant current generators. These are conventional current regulators based
on TR1 and TR2. The currents are set by R7 and R3. Two segments are switched on when a ‘1’ is displayed, but six segments
are turned on when a ‘0’ is displayed. RS has a lower value than R7, giving a higher drive current when a ‘0’ is displayed, but
approximately the same current per display segment.

IC2 is a CMOS 4047BE astable/monostable, which is used here in the positive edge triggered monostable mode. It is therefcre
triggered by low-to-high transitions at the input. C2 and R12 are the timing components and the output pulse duration is about
2.48 C2 R12 seconds. The Q output of IC2 drives the decimal point of the display via current limiting resistor R11. A constant
current generator could be used to control the drive current, but as only one small segment is being driven in this case, a simple
resistor gives acceptable results.

Although mainly intended for use with CMOS circuits, this probe will work quite well with TTL types. TTL and CMOS devices are
largely incompatible for a number of reasons. The most important reason in this case is that they have different logic voltages. TTL
circuits always operate from a 5V supply and they do not have the symmetry of CMOS devices. The valid logic O voltage range is O
t0 0.8V. Logic 1 outputs must be in the range 2.4 to 5V. Closing S1 gives improved compatibility with TTL switching levels by
pulling both reference voltages much lower.

Although the monostable circuit is not properly TTL compatible, in practice it will usually trigger reliably from pulses at TTL levels.
However, it must be borme in mind that the CMOS integrated circuits are quite slow by TTL standards. It will trigger reliably from a
squarewave input at frequencies of up to a few megahertz, but do not expect it to detect narrow pulses at 20MHz or more.
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Dear ETI

It is well known that free phase organs, in which
each note has its own generator so that relative
phases of the signals can drift like organ pipes, give
a more natural pipe sound than modern organs, in
which all the notes are phase locked. Hitherto, free
phase organs have used inductors which make
them big, heavy, expensive and difficut to build -
reasons why they have unfortunately lost much of
their former popularity.

The advent of stable, inexpensive, metal film
resistors make possible the use of RC oscillators
which are light, small, inexpensive and do not take
long to build.

The simple sine to square converter (transistor,
diode and resistor only), make possible the use of
well established square wave gates and tone
forming circuits, as shown in the accompanying
circuit diagram.

The component schedule for this free phase
electronic organ is as follows:

L
R2

R5
R6
Rv

R1 22k
47k (R4 = R3)
51K (R4 = R3

(R4+R3xC1 = 1/I1F

F = frequency of note.

R4 = R3 or next E24 step up.

R1 through R4 should be 1% or 2% metal film
C1, C2 Both the same value,

value determined in above formulae.
capacitors should be Mica, styrene,

carbonate or ester.

100k

33k

10% of R3 rounded up to next obtainable value.

I can supply values, answers to questions and
low cost components for this project.

+VCC

37k

100k

ov

TECH-
ORGAN
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Club News

We would like to bring
readers’ attention to the
forthcoming Sussex Amateur
Radio and Computer Fair,
which is being held on
Sunday 10th July between
10.30am and 4pm on
Brighton Race Course. This is
the thirteenth year that the
event has been held and last
year it was attended by over
2000 people. There will be
trade stands, bring and buy
stalls, refreshments and a free
shuttle to Brighton sea front. It
should be a great day out and
for more details, contact the
organisers on 0273 501100.

ETl has a large overseas
readership, (we are a truly
international magazine!) and
we have had a recent request
for help from the Amateur
Electronics Club of Sierra
Leone. They would like help in
obtaining information on
electronics magazines, books,
data, etc. Any readers who
would  like to help should
get in touch with the Club'’s
President, Gabril S Dabo, at
the Dept. of Electrical

Engineering, Fourah Bay
College, University of Sierra
Leone, Mount Aureole,
Freetown.

We have also had a letter
from a Mr Wilkes of High
Wycombe, who is looking for
an electronics enthusiast club
in his area. If anyone can help,
please send details in to the
editor and we will pass them
on to Mr Wilkes.

Club contacts
British Amateur Electronics
Club. Contact the club
secretary Mr J.F.Davies on
0606 883742

Crystal Palace and District
Radio Club, Tel: 081 699
5732.

Lincoln short Wave Radio
Club, Lincoln, Tel: 0427
788356.

London Live DIY Hi-Fi
Circle. Contact Launcelot
Dow, 7 Pymmes Gardens
South, Lower Edmonton,
London N9 9NT

Midland Amateur Radio
Society, Tel: 021 422 9787
or 021 443 1189 (evenings
only).

Sudbury and District Radlio

Feedback

Here at the ediitonial offices of ETI we want to provide
you, our readers, with the sort of magazne that you
want to read. We can of course guess what you

would like to see in each issue of ETI. but a far better
way is to rely upon feeaback from readers.

To help us in this process we are instituting a new
concept, the 'Feedback Box'. We are asking readers
fo take a few minutes and write down on the back of a
postcard the ratings which they would award to each
article in this issue.

Ratings should vary between 1 and 10, with 1
being poor and 10 being brilliant.

A - Goodbye Money Hello Smartcard
B — Sending Your Data By Laser Beam
C - PC Clinic

D —The Experimenter's Computer

E — An Introduction to MIDI

F — An RS232 Break Out Box

G — Basic Circuits — Logic Probe
H—Loop Alam

| - Kiljoy

Just write the article letter followed by your score for
that article and send to

Feedback Box,

July 94, ETI,

Argus House,

Boundary Way,

Hemel Hempstead, Herts. HP2 7ST.

To add an extra incentive, all replies received before
July 30th 1994 will go into a draw and the winner will
receive a couple of the latest electronics books
published by Bemard Babani.

Amateurs. Tel: 0787 313212.
Thanet Electronics Club.

A youth group for school

age people in East Kent.
Contact the club secretary
Roy Ashley on 0304 812723.

If you have any problems, suggestions, or ideas which you |
would like to see printed in the pages of ETI then why not
send them, we would love to hear from you.

If you run a club that is
concerned with some
aspects of electronics and
computing we would like to
hear from you.

continued from p15

users to transfer cash, with a highly sophisticated electronic
security against fraud, without having to go via the bank. Using
special pocket terminals supplied with the card it will be possible
for one user to easily transfer cash to another user, automatically
reducing the amount of cash on his card by the specified amount
and increasing it on the other person’s card by the same amount.
Retailers will have similar terminals linked to their tills.

The cash stored on a card, which can be in sterling or up to
five different foreign currencies, can be increased or reduced by
withdrawing or depositing in a bank account. This can be done
through any phone fitted with a Mondex card reader, thereby
potentially turning any phone into a low cost automatic telling
machine. This is a major step towards the all electronic bank and
away from a cash based economy.

Into The Future With Smartcards

With the production of intelligent smartcards, the technology can
truly be said to have come of age. By putting more memory and
more intelligence on a card, a great many more applications are
opened up and existing ones can be made much more sophisti-
cated. At the moment, most intelligent smartcards use very
simple processor chips, by and large details are not released, but
it is probably fare to say that most are derived from one or other
of the widely used families of eight bit micro-controller chips.
Simple processors, operating at very low speed and with very
small data and program storage areas.

Already designers are looking at systems which have more
powerful processors and a lot more memory. Here once again,
the UK is leading the field with the development of a smartcard
that contains a very powerful 32 bit RISC processor and which
runs state of the art neural network software, to create the
‘thinking” smartcard.

The processor used in this smartcard is the Acorn ARM
processor, the same processor which is at the heart of the British
company’s Archimedes range of computer workstations. The
neural network software has come from Southampton based
Neural Computer Sciences and the whole project, known as
CASCADE, has been funded by the EEC (for once spending
money on something worthwhile!).

The rationale behind the CASCADE project is the development
of smartcards which can process biometric information, such as
fingerprints and voice prints, which would make it almost impos-
sible for anyone to fraudulently use cards designed for security
and financial applications. The high security and large memory
capacity of such cards means that they will open up many new
applications for smartcards, such as storage of personal informa-
tion, for example medical records.

Thus, not too many years in the future, we could all have two
or three smartcards in our pockets starting with a money card
such as Mondex, which we could use to pay for goods and
services in the same way that we use cash today. Then there
could be a medical record/identity/passport card. Finally, there
could be an assortment of smart travel cards, motorway toll
payment cards, and security access cards. But one thing that we
can be absolutely certain of, smartcards are with us to stay, we
are only just seeing the beginning of applications to which they
can be applied.
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> Send Your Data By
Laser Beam

In part 2 of this fascinating project, Ken Gill shows how to link two computers and
transfer data between them using no wires or cables, just a beam of infra-red light

e ast month we looked at the design and
construction of the circuitry for this project, this
month we conclude with a look at the

construction and setting up of an infra-red data
communications link.

The range expected with this type of system is greater
than that of a domestic television infra red system. The drive
currents used here in this system should be capable of
increasing the range over the prototype's distance of ten
metres, which is the distance required to cover the ground
between the two buildings. Here, using commonly available
components, a peak pulsed current of 2A can be used to
increase the range of the system considerably. With sense
prevailing, it was thought best to have the current limited to a
value considered appropriate to the range, so it is reduced to
just under 1A peak. The current used in the prototype covers
the required distance well, in fact the range during tests was

found to exceed the original working distance of ten metres.

What does it do?
The object of this system is to replace a conventional or optic
cable system causing minimum disruption to property.

An AC mains supply carrier system could have been used to
convey the data between the two buildings, but consider the
case where the two ends of the system are on different phases.
In such a circumstance, the carrier system would not work.

This system provides a full duplex serial data link at 1200
baud ASCIl between two buildings at least ten metres apart.
The proviso is that an optical system which is in use here has
no permanent structures placed in the way of the Infra Red
beam to attenuate the flow of data which will pass between the
two halves of the system. The effects of temporary obstacles,
i.e. passing structures, ladders for example, or flying birds,
should have little effect on the performance of the system’s
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should not be greater
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ENCLOSURES (HEADS) CONTAINING ELECTRONICS AND LENS/ FILTER .
ARRANGEMENT. FABRICATED FROM 1 1/4" PLASTIC WATER FITTINGS F/gure 3 F{ough
‘ outline of

construction of

i project.

Ta

Rs232C MAINS INPUT

ENGLOSUAE CONTAINNNG PSU
AND SIGNALLING CRCUTTRY -

data transfer from one end to the other. Also, the sscis of
atmospheric conditions should have little, even in conaitions of
rain, snow and fog.

Errors may result from such conditions but tss:8 nave shown

that these are small when the received IR power s are high
enough to overcome the absorption due to ioca zrmicspheric
conditions. ’

The Mechanical Side

The same set of equipment can be found &t e ther end of this
serial link. It comprises a mains power supply and associated
circuitry, and two remote heads, one heza for ine IR transmitter
and optics, the second enclosing the IR receiver circuitry and
optics. This makes for easy construction of ine optical system,
using mainly 1.1/2in plastic waste pice and ftilings to fabricate
water tight enclosures which need tc v, thstand the variations in
weather. Additional metalwork is needed to make the supports
for the optical assemblies, which is minimal. The power supplies
and signal processing circuitry. including the serial equipment

BLANKING
LENS CELL COUPLER COUPLER PLUG

FRONT ru\se‘ \ l REAR ﬁﬁ \ pce nxj. Ax) /
N @E[EJ\T

CUT AT foo = gt
45 DEG 110mm
CABLE GLAND)
}‘ 160mm AND CABLE
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s
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WATER DRAMN HOLE 2mm DIA

Figure 4
Component parts and completed assembly of optical transducers.

interface, are housed within a separate enclosure, making a
total of three parts at each end of the system. Each end has to
be duplicated, doubling the equipment, work and cost.

Mechanical Construction

Optics

The optical assemblies are fabricated from PVC waste pipe
and fittings, available from most DIY outlets. This actually
makes a convenient and water tight assembly for the
electronics and the optics.

A number of components have to be manufactured prior to
fitting, including the four lens cells - these are made from four
11/2in to 1 1/4in reducers cut down as shown in Figure 7 In
addition, four 1.1/4in blanking plugs are used to complete the
cell.

Both the reducer and the blanking plug, as shown in Figure
15, are cut down to 6mm in length. Any rough edges are
removed at this stage, which will facilitate easy assembly prior
to glueing the parts together.

Transmitter Lens Cell

The diameter of the lens has to been reduced to fit the internal
diameter of the plastic reducer. It can be dropped into the
reducer convex side up. The ring cut from the 1.1/4in blanking
plug is now dropped on top of lens. This will retain the lens in
the cell assembly. Check to see that all is well at this stage.
Take these components apart, and re-assemble them once
satisfied they are a good fit. A small amount of glue is applied
to the internal surface of the reducer with the lens in situ. Push
the lens retaining ring down the tube to secure the lens firmly
and squarely in place. Follow the same technique for the other
transmitter lens cell. The receiver lens cell has an addition, a
filter, so the construction is slightly different. Remove any
excess of the protruding inner lens retaining ring with fine sand
paper or emery, which will make the inner ring flush with the
outer ring.

Receiver Lens Cell

The remaining two lens cells have filters incorporated which
reduces any effects of visible light on the IR receiver modules.
The material needed for the filters is cut from a black plastic
bin liner and is cut to the same diameter as the Maplin lens. A
circle of 1mm plastic (Perspex) sheet is also required to hold
the filter element in place. This second sheet of transparent
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plastic sandwiches the filter between itself and the lens. The
filter will reject visible light to a large degree and admit IR
with very little loss.

Optical Head Construction

The remaining optical system is constructed from 1.1/2in
grey PVC waste pipe and fittings. The waste components
are all cut to length, as shown in Figure 4, before assembly.
All burrs are removed and all cut ends cleaned with fine
sand paper or Emery paper. Try fitting the optical
components together before final assembly, as in the
construction of the four lens cells, because any problems
after this stage cannot be rectified and are best put to rights
now, before the glue is applied.

Each of the lens cells is located in the front portion of the
front tube coupler and is glued in place. The front tube
cowling is therefore glued ahead of the lens cell and the rear
tube behind the front coupler. The second (i.e. rear) tube
couplers are glued in place at the rear of the second tube.
The assembly is shown in Figure 7. The circular PCBs are
located in the rear portion of this second coupler and are
held in place with a 1.1/2in blanking plug. This is secured in
place, once the electronics have been assembled and

Figure 5. Details of

rear of optics

assembly weather

proofing. The optics
and electronics. v\\

SEAL REAR JOINT WITH
SILICON RUBBER SEALER
OR EVOSTIK

tested, with a silicon rubber type compound or an
alternative adhesive such as Evo-stik - something which will
seal against the weather but not as secure as the
proprietary glue advised for the tubing. This is to help in the
maintenance aspect should a fault occur. To gain access to
either of the IR head’s electronics may prove disastrous and
may damage the housing for the sake perhaps of a broken
wire.

Leave the PCB installation until last, that is after full circuit
testing. When fitted into the lens cell, the flat surface of the
Maplin plano-convex lens is facing outwards, away from the
electronics. The convex surface of the lens is closest to the IR
transducers. This is so for both the transmitter and the
receiver optics.

PCB Construction
The system is made from two identical halves, two identical
sets of boards need to be populated.

The round boards associated with the optics may need
trimming to a small degree to fit the pipe used in this project.
There should only be a tiny amount removed, certainly no
more than a millimetre and this is best done before any of the
round boards are populated with components.

Encapsulating

When the final assembly of the optics and testing of all the
units is complete, the end plug which secures the cable into
the gland is fixed with a silicon rubber sealing compound.
Prior to securing the assembly and during testing, the boards
can be put in place and the end plugs secured with PVC
insulating tape. Weather proofing the unit comes later.

Final Checks
Check all the units for correct values and position of
components and wiring prior to switching on. Once the unit
has been powered, check all the regulator outputs for correct
values. This includes the regulators in the main unit and those
associated with the optics. Even the independent 5V supply
for IC2 and Q1. The voltages should be well within the
tolerance for these devices. Quiescent current drawn through
either side of the power supply will be low, certainly no greater
than 70mA.

Connect pin 1 and pin 2 together on PL1 and monitor pin
11 of IC2. There should be a square wave present at 5V
amplitude when the multivibrator is enabled. This frequency
should now be adjusted with RV1 to suit the frequency of the
IR receiver components used, 38KHz for the RS chip and
40KHz for the Tandy module. RV1 will provide more than
enough adjustment to accommodate the different IR receiver.
Monitor the square wave at PL4 pin 1, a 12V square should
now be observed when the multivibrator is again enabled.

Remove the link and ensure the subcarrier is disabled.

RS232C

—{ =

COMPUTER TERMINAL

{ Figure 6. Ideal test

system using two
computers to check out

)

the modem link using
one computer and a link

0o @ between pins 2 and 3 on
e’  the 9 pin D-type would
) provide a remote loop

back test, remote echo.
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within a metre each side of the IR beam, otherwise refeciions
will occur and a local echo will arise.

Using an obstacle to obstruct the beam, you can row carform
a local loop test, which is similar to an analogue lcop st of a
conventional modem. A large card, 12in from the units to be
tested, will be sufficient. The characters sent cut 2nc shown
on the transmit window of the terminal softwars snould be
echoed back on the received screen.

Perform the same test on the second pa= of tne system
and the same results should occur.

Now, with a clear path between the nwe ends of the
system, a remote test can be initiated. Link cins two and three
of the nine way D-type on the far modem. Lirk the computer
with the terminal software to one modem There should be
only one echo (i.e. remote), two wouid indicate both a local
and remote echo. If this occurs, then it should be possible to
spot what obstacle is causing this, and remove it.

The system should now be ready for final installation.

Alignment

The entire optical system alignment is of great importance to
ensure reliable performance of both modems. it is essential to
ensure the axes of both optical systems are in line and form a
common axis, transmitter to receiver and back. This will mean
that as much power as possible is received at the remote end,
assuming that the optical components have been correctly
positioned within their housings.

Considering Figure 1 it can be seen that the two parts of
the system are in plain view of each other and that they have
no obstacles within thirty degrees of the axis of either
transmitter, otherwise this would cause problems with echoes.
This would ultimately slow the rate of data transfer
considerably. The echo problem can be easily seen at each
end of the modem link, with an instantaneous repeat of the
transmitted data.

6mm LENS HOLOER 4mm RETAINING RING

CUTFROM 1 1/2°-11/¢* REDUCER  CUTFROM 114" PLUG
HEMOVE EXCESS OF
(B PROTAUDING RETAINING

\*_ / N

. = —— -

FRONT

BLACK PLASTIC SHEET FRLTER .

CLEAR FLASTIC GUTER SANDWICH
PLATE (IH RECEIVER OFTICS ONLY)

S A

Figure 7. Construction of lens cell.

Figure 8. Rear
view of PL6,
connection of
shielded cable to
connector.

+12V Tx SUPPLY

Notes for operation

Fluorescent lighting interference

When conducting various tests with the system, it was found
that fluorescent lighting was a problem. Even though the IR
receivers are designed to overcome it, they seem to be sensitive
to this type of lighting. The IR radiation, however small, from
these light sources was sufficient to introduce considerable
errors in the optical chain. Therefore, direct or strong areas of
radiation should be avoided at all costs.

The lens/filter arrangement used attenuates this problem to a
large degree, but it would be wise to avoid aiming any of the
optical paths along the line of any other strong IR emissions, for
example the Sun.

One word of warning which has to be considered when the
system is set up. Other people will be using IR controllers and it
would be best not to have optical paths along an axis which is
possibly going to correspond with an innocent source of IR
radiation, such as a television remote controller.

This could either cause problems with the television remote
controller being received with the link equipment or the link’s
data controlling the television or video. Avoid broadcasting the
link IR into windows.
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Surplus always
wanted for cash!

SPECIAL BUY
AT 286

40Mb HD + 3Mb Ram

LIMITED QUANTITY only of Ihese 12Mhz HI GRADE 286 syslems
Made in the USA to an industrial specificatian, the system was
desigried for reliabifty. The compaci case housas the motherboard,
PSU and EGA video card with singls 5% 1.2 Mb fiopay disk drive &
integral 40Mb hard disk drive 10 the front. Real time ¢l with batr-
tery backup is provided as standard. Supplied in good used condition
complete with enhanced keyboard, 640k + 2Mb RAM, DOS 4.01
and 90 DAY Full Guarantee. Ready to Run !

Order as HIGRADE 286 ONLY £f69. OO ®

LOW COST PC’s - ALL EXPANDABLE - Al:L PC COMPATIBLE

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

PC SCOOP

COMPLETE
COLOUR SYSTEM

ONLY £99.00

A massive boik purchase enabies us to brng you a COMPLETE
ready to run colour PC sgygalsm at an unheard of pricel
The Display Electronics PC39 system comprises of fully com-
patibie and expandable XT PC with 256k of RAM, 5%° 360k llopp

disk drive, 12" CGA colour monltor, standard 84 key keyboard,
MS DOS and all connecting cables -lusl Piug In and go 1! Ideai
students, sthools or anybody wishing to leam the d ol PC's
gn“sn ultra low nuc[!)%el. Don't miss this opportunity.

r .
ully guaranteed for 90 85 £99.00 €

Optlonal Fitted axtran: VGA graphics cand £29,00
1.aMb 334" floppy disk grive (iInstaad of 1 2 Mb) £32.95
NEZ2000 Ethernet (thick, thin or twisted) network card £49.00

rder 88 PCRICOL,
£29.00.

Cptional'Filted extras: 640k RAM
2nd floppy drive, specify 5%" 360k or 312* 720k £29.95.

FLOPPY DISK DRIVES 3.5"- 8"
5.25" from £22.95 - 3.5" from £24.95

Massive purchases of standard 5.25" and 3 5" drives enables us to
present prime praducl at indushy beating iow prices! All unhts (unless
slated) are BRAND NEW or ramovad rom olten brand new equip-
ment and ate fully lastad, aligned and shipped 16 you with a 90 day
guaraniez and cpetale irom slandard voltages and are of standard
size. Ail are IBEM-FC compatible (it 3 5" supportad en your PC).

3.5" Panasonlc JU363/4 720K or aquralant £24.95(B)
3.5" Mitsublshl MF3S5C-1.. 1.4 Meg. |.aptops only * £36.95(B)
3.5" Mitsubishi MF358C-D. 1.4 Meg. Non laptop £29.95(B)
5.25" Teac FD-55GFR 1.2 Me| £29.95€B)
5.25" BRAMD NEW Mitsubish] MF501B 380K £22.95(B)
* Dala cable nclsded in prica.

Shugart 800/801 8" S5 retur'shed 4 1ested £195.00§E)
Shugart 851 8" double sided miurbished & tested £250.00(E)
Mitsubishi M2894-53 B* sided switchable MEW £250.00(E)
Mitsubishi M2898-63-02U 8" DS stimline NEW £285.00(E)

Dual 8" drves with 2 mbyte capaciy boused In a smart ¢ase’ with
built in power s.uppli. tdaal as axierior drives! 29.00(F)
End of lne purchase sco! cr and nrew NEC D2246 ! Mbyte
of hard digk siorage! Full industry standard SMD Interface. Uitra hl
speed cata transler and access time, replacss Fujisu squivalant
modsl. complate with manual, Only £299.00(E)
3.5 FUJI FK-309-26 20mb MFM //F RFE £59.95(C!
3.5" CONNER CPa024 20 mb IDE I/F {or equiv JAFE £69.95(C
35" CONNER CP3044 40mb IDE WF }'t:)f aquv, JAFE £99.00(C,
35° RODIME RO3085S 70mb SCSI UF {Mac & Acomn)  £129.00(C
5.25" MINISCRIBE 3425 20mb MFM l/l;l_(m equiv.) RFE  £49.95(C)

525" SEAGATE 5T.238R 30 mb RLL I/F Refurh £68.95(C)
5.25” COC 94205-51 40mb HH MFM I/F RFE lested £89.95(C,

B*  FUNTSU M2322K 160Mb SMD I/F RFE tested £195.00(E
Haid disc controliars lar MFM | IDE, SCS!, RLL elc. from £16 95

The TELEBOX consists af an aliractive fully cased mains powered
unit, gontaring all eteclionics ready 10 plug Wto a host of video moni-
tors made by manulacturers such as M{CROVITEC, ATARI,
SANYD, SONY, COMMODORE, PHILIPS, TATUNG, AMSTRAD
and many more The composite video culpul will also plug directly
me most video recorders, allowing reception of TV channeis nol nor-
mally recervabla on most television receivers® (TELEROX MRB). Push
Dution cantrals ¢n the front panal allow reception of 8 fully tuneabia
‘aff ali” UHF colour television chennals, TELEBOX MB covers virtual-
Ig all lelevision {requencies VHF and UHF including the HYPER-

AND as used by most cable TV operators. A composite video
output is located an the 1ear panal lor drect connection to most
makes of monitar. For compiste compalibifty - even for monitors
without sound - an mlagral 4 watt audio ampiifier and low level Hi Fi
audio outpul are provided a& standard.
TELEBOX ST for composie video input type monitars £32.95
TELEBOX S5T1. as ST but with inlegral speaker £36.50
TELEBOX MB Multiband VHF-UHF-Cable- Hyperband luner £69.95
For overseas PAL versions state 5.5 or Gmhz sound spacification.
*For cable / hyparbang receplion Telebox MB should be connected
to cable type socket. Shipping code on all Teleboxes is (B)

FANS & BLOWERS

MITSUBUSHI MM F-DED12DL 60 x 25 mm 1 G £4.8510/ €42
MITSUBUSHI MMF-09B12DH 92 x 25 mm 12vDC £5.95 10/ £53
PANCAKE 12-3.592 x 18 mm 12v DC £7.95 10/ £69
EX-EQUIP 120 x 38mm AC fans - tested spacfy 110 or 240 v £6.95
EX-EQUIP 80 x 38mm AC lans - tasted spacity 1100r 240 v £5.95
VERO rack maunt 14 x 19° ian ray soecity 110 or 240v ~ £45.95
IMHOF B26 1500 rack mnt 3U x 197 Blower 110/240v NEW £79.95
Shipping on all fans (A). Blowers (B) 50,000 Fans Ex Stock CALL

IC's TRANSISTORS DIODES

OBSOLETE - SHORT SUPPLY - BULK

5,000,000 items EX STOCK

For MAJOR SAVINGS - SAE or CALL FOR LATEST LIST Seaward PAT 2000 dual voltage computerised PAT tester

Abovae prices for PC99 offer ONLY.

SYGA Mulhgync
daot pitch with resoldion of
1024 x 7€8. The muli mode Mput aliows diract oon-
nedtion 1o a hest of computars including IBM PC's in
: OGA, EGA, YGA & SVGA modes, BBC, COM-
MODORE (Including Amiga 1200), ARCHIMEDES
sic. The H version will also uncsion with the ATARI in
ak moedes In¢ HI RES monochrome. Complets wih
‘1ext’ switching for WP use.wsllncs down 19 15 kH:
Suppled in EXCELLENT itle used condition with hull 80 day quaraniae.
Order as MTS-8600/ H for ATARI E]

£159.00
£138.00

c montor with

All modes as above Order as MTS-9600/ S
ELECTROHOME ECM-12115BL 12" VEA muitis
resolution 840 x 480 Multinput salaction: 9pin COAY EGA ; 15 pin
YGA or 5 BNC connectors. 0 31 pitch, Gompatible with PCs. Amiga,
Alari and others. in good used condition (possible minpr s;:;sgg(E\
£99. )

burns). 90 day guarantee. .....

KME 10" {ugh definition colour monitors. Nica-tight
£ 28" dot pich for superb clarty and modem
styling Operatas from any 15 625 khz sync RGB
video source, with RGB analog and composile
syn¢ such as Atari, Commodore Amiga, Acorn
Archimedes & BEC. Measures only 13.5" x 12° x
11", Only £125 (E)

Good used condition. 90 day guarantee.

KME 10" as above for PC EGA standard £145.00 (E}
NEC CGA 12° colour [BM-PC compatibla. High
Quality ex-sguwpmenl fully tested with a 9 day
guarantsae, In an atzactive two fone rbbed gray
piaslic case measuring 15°L x 13°W x 12°H. The
front cosmetic bezel hes been removed for con-

tractual reasons. OI'I’V £49.00(E)
20" 22" and 26" AV SPECIALS

Suparbly made UK manufaciure. PIL all solld stata colout manitors,
complgte with composite vidao & optional sound inputs Attractive
1eak slyle casa. Porect for Schools, Shops, Disco, Clubs, eld.

In EXCELLENT lithe used condition with full 50 day guaraniee.

20"...£135 22"...£155 26"...£185

9" Mono cased, Black & White for CCTV Used /Tested £49.00 (C)

DC POWER SUPPLIES

10,000 Power Supplies Ex Stock

Call for info / list
Power One SPL200-5200P 200 walt {250 w peak).Semi open
frame giving +5v 35a, -5v 1.5a, +12v 4a (8a paak), -12v 1.5a, +24v
4a (6a peak). All outputs fully regulated with ove: voltage protection
on the +5v output. AC input seleciabie for 190240 vac. Dims13" x
5* 228" Fully guarantesd RFE. £85.00 (B)
Power One SP130. 130 walls Selegtable for 12v (4A) or 24 v
(2A). 5v @ 20A & 12v @ 1.5A Swiich mode.New. £59.95(B)
Astec AC-8151 40 watts, Switch mode. +5v @ 2.5a. +12v @ 2a.
-12v @ 0.1a. 6-1/4° x 4" x 1-3/4" RFE tested £22.95(B)
Lambada LYS-PV-12 200 watt switch mode.+12V DC @ 29a
semi enclosed, 10° x 5° x 5%, RAFE and lully las!ed £59.95(C)
Conver AC130. 130 watl hi-grade VDE spec. Switch mode.+5v @
15a,-5v @ 1a,+12v @ Ba 27 x 12.5 x 6.5cms. New, £49.95(C)
Bashert 13080 Switch mode, |dea! for drives & system. +5v@ 6a,
+12v @ 253, -12v @ 0 Sa, -5v & 0.5a. £29.95(B)
Farnail G&/40A. Swilch mode. Sv €@ 40a Encasad £95.00(C)

SPECIAL INTEREST

Zels 3220-05 AQ 4 pen HPGL AS232 fast drum plotter £2100
Avltel VDA-3100 Video Distribution Amps.1 in 92 out £575
Trio 0-18 vdc bench PSU. 30 amps, New £470
Fujitau M3041 800 LPM band printe: £2950
DEC LSK1102 CPU board £95
RED TOP IR Heat seeking missile (not armed 1!) POA
Rhode & Schwarz SBUF TV test transmitter 25-1000mhz

e

compiste with SBTF2 Modutator £599
Calcomp 1036 large drum 3 pen plotten £450
Thurlby LA 1508 foi‘w anatyser £375
GEC 1.5kw 115v 6Chz power source £950

Brush 2Kw 400 Hz 3 phase trequency converiar £85!
Anton Pliiar 75 kW Hz 3 phase frequency convener POA
Newion Derby 70 KW 400 H2 3 phase lrequency converler  POA

Nikon PL-2 Projaciion isns melerseope £75
Sekanic SO 150H 18 channet digital Hybrid chan rocordar  £1995
HP 75804 A1 8 pen HPGL high speed drum plotter £1850
Kenwood DA-3501 CD 1ester, iasar pickup simulator £350
Computar MCA1813APC 18mm aute Fis lenses ‘C’ mount ;:125
585

| THE OFFER OF 1994 !

Computer
Controlled

o ! Laser Video
One of l?e mos| amazing sLerIus deals DISk Player

that we over bean able to offer you!

The Philips VP10 LaserVision piayer, in as new condition, unit lga-
tutes full compuler conirol, Plays standard 12" LaseiVision disks with
startling visual and audio quality n two channal slereo or mona.
When controllad by & compuler, it may also be used as a vecsalile
high quality storaiga / retiieval medium. I will play back aither
LaserVision CAV (active play) or CLV (Long Play} discs (which cov-
oI5 mos| types of commercially avasable video disos). Some of he
mapy festures ol this inciadibie mashine ara;

RS5-232 INTERFACE RGB / COMPOSITE VIDEO QUTPUT
BNC+SCART INTERFACE PAL/RGB DECODER

IR+WIRED REMOTE CONTROL FAST RANDOM ACCESS
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MIDI
Explained

In part two of this series, Robert Penfold
continues his look at the Musical Instrument
Digital Interface

. ¢ Dl is basically just a means of sending rigidly
{& coded messages from a master unit to one or
| '3 more slave devices. These messages break
-~ down into two broad groups, which are the
channel and system messages. Both types of
message are important, but the channel messages are
definitely the more important of the two. You can utilise MIDI
fairly extensively just using the channel messages, but it
would be difficult to get MIDI to do anything worthwhile
using only the system messages. The channel messages
are the ones that are used all the time in the everyday use of
MIDI systems.

In order to use MIDI effectively it is essential to have at
least a fundamental understanding of the system messages.
If you are intending to undertake the design of MIDI
hardware or MIDI -

System messages are directed to every slave unit. This is not
to say that everything in the system will respond to system
messages, or even that something in the system will respond
to every channel message.

MIDI is a framework within which every MIDI equipped unit
must operate, but the MIDI specification does not lay down
any minimum reguirements. Some MIDI units respond to no
more than a few of the more basic messages, while others
have guite full implementations. There is probably no piece of
MIDI equipment, apan perhaps from a few MIDI testing
devices, which respond to every possible MIDI message. You
have to consult the MiDI implementation charts in the
manuals in order to determine which particular messages
your instruments will recognise. These charts should also
show which messages the units can transmit and it is quite
normal for there

software Rhve 1 to be some
programming, a NOTE ON CODE Figure 2: A note on — differences
detailed J CHANNEL NUMBER (9)  Note off sequence is between the
understanding of ! ¥ v ¥ ¢ ¥ ¥ sy iy sending and
these messages and o LR I LE| L) o S ITI HEADER BYTE receiving
their coding is . AT o capabilities.
absolutely essential. NOTE VALUE (60) A simple
In this second article Yy v ¥ ¥ v 3 method of
of the series we will OJo )ttt ]y )ooan NOTE BYTE software
look at the basics of channelling is
h I messages g d for ch !
@ znne " thg I S VELOCITY VALUE (54) used for ¢ clfmne
and consider the v messages. In
related subject of o ] 1 Jolol]o | a o T] VELOCITY BYTE other words, all
MIDI operating the messages
ALWAYS 1
modes. i are sent dovyn
J J CHANNEL NUMBER (9) the same pair of
I I ; ; wires and the
Significant L tJoflo]lal1]e|o]f o ] HEADER BYTE channel numbers
Nibbles are contained
q - ALWAYS 0 ithi
The primary oSS ) within the code
difference between ¥ ¥ v ¥ ¥ v v ¥ numbers of the
channel messages a o7 J ! Boe W e o—l NOTE BYTE messages. A
and system types is MIDI device can
that the former are ALWAYS 0 operate on up to
directed at one v 4 ¥ b 4 4 &g ooauEe sixteen channels,
particular device in w W [ il Be 16 Ies I T vELOOTY By which are simply
the system, or even numbered 1 to

one voice of one
device, whereas ‘ =

16. All MIDI
messages start
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R

ALWAYS 1 IN HEADER BYTE
MESSAGE CODE (NOTE ON)
CHANNEL NUMBER (4)

Figure 1: An example MID! channel message header byte.

This gives a range of over ten
octaves, which should be sufficient
for anything from ancient music to
the latest avant-garde creations. MIDI
accommodates a range of over ten
octaves, but it is only fair to point out
that most MIDI instruments have a
somewhat narrower compass. The
way in which out-of-range notes are
treated varies from instrument to
instrument and in some cases they
are simply ignored, but with most
instruments the right note will be
played, but in the nearest octave that

with a header byte that contains two viiz
information. For channel messages ines

<
) L\) (@)

number and the message type (note an. n

some cases the header byte is all that ‘s nszasa, but W|th
most messages some further bytes ¢7 wia-maion must be
sent. These contain data, such as waien nais 1o switch on or

off, or the amount of ‘bend’ to agplvio
MIDI sends messages as a serss o

i

o't binary codes, or

bytes as they are termed. Each nezz=r di: nas to be
considered as two separate four ot coc=s. In computer
terminology, believe it or not, a four o= zoee {half a byte) is
known as a 'nibble’. In stanaa-a 3272 ~iarace fashion, MIDI

sends the least significant bit fes? wior<ng through in
sequence to the most significan: &'t The first four bits
received (the least significant nica 5) contain the channel
number.

For those working on 1ng ¢z35 37 ¢ MIDI hardware and
software it is important ¢ remzmicza- that there is a
discrepancy between thewz'us us2a 0 a MIDI message and
the actual channel numger Trz o nary codes run from 0000
to 1111, which is the cec Suvaient of 0 to 15. The
convention is for MIDI channs! numbers to run from 1 to 186,
Therefore, the channs! vzlus usec in the header byte is one

less than the conventionzl. D :danne{ number.

The most significant nictiz in a header byte indicates the
message type. In fact, =2 most significant bit is always set to
1in a header byte an2 10 0 » 2 data byte, so that there is no
risk of receiving devices misaxing one type for the other.
There are then three oiis ¢ ndicate the message type.
Although this gives e gnt pessibie message codes, one of

these is used to for 5,812 messages, limiting MIDI to seven
types of channel messzge. Figure 1 shows the function of
each bit in a header oyie and it should help to clarify the
coding method used Th 1S example header byte is a note-on
type on channel 4.

Exchanging Notes

Although MIDI can be used to control just about any aspect
of an instrument, or any other piece of electronic music
equipment (digital effects unit, audio mixer, etc.), its primary
function is to play notes on the slave instruments. Notes are
normally switched on and off via separate messages which
take the same basic form. They consist of the header byte
followed by two data bytes. The first data byte is the note
value. All data bytes have the most significant bit set to 0, so
only seven bits are available to carry the note value. In
decimal terms, the note value is in the range 0 to 127. Middle
C is at a value of 60 and there is an interval of one semitone
from one value to the next.

the instrument can manage. This
minimises the disruption to the reproduced music. Many
instruments actually cover a wider note range via MIDI than
that available by way of their keyboards.

The second data byte is the velocity value. For keyboards
that are not touch sensitive a ‘dummy’ value (usually 64) is
used here. For touch sensitive keyboards the velocity value
reflects how hard the key was pressed. Slave units that
implement touch sensitivity use these values to control the
volume levels of the notes, and the filter circuits might also
respond to them. Although rare at one time, virtually all new
MIDI instruments implement touch sensitivity, although many
only seem to have about half a dozen different velocity
levels, not the full 128 supported by MIDI.

In note off messages, most keyboards simply use a
velocity value of 0. Most slave units do not respond to
velocity values in note off messages. Clearly the decay
characteristic of a note could be related to this value, but as
yet few ‘real world’ instruments have this feature. Figure 2
shows an example note on - note off sequence.

One of the less well understood aspects of MIDI is the
use of note on messages to switch notes off. A note on
message will act as a note off type if it has a velocity value of
0. MIDI permits somewhat streamlined operation where a
single note on header byte can be followed by numerous
pairs of data bytes. Using this system, plus velocity values of
0 to switch notes off, it is possible to play complete
sequences using just one note on header byte plus
numerous pairs of data bytes. In practice this method is
limited by the fact that each change to a different channel
requires a new header byte to be sent. This method is used
in an increasing number of sequencers though, and it can
help to reduce MIDI 'choke’.

In The Mode

MIDI receiving devices must operate in one of four modes.
MIDI modes govern the way in which system messages are
handled, and this is their sole function. They can sometimes
seem like an unnecessary complication, but they enable a
system to be organised in ways which fully exploit its
capabilities. By changing modes it is possible to reconfigure
the system to suit different pieces of music. The four official
MIDI modes are identified by mode numbers and mode
names, but in some cases old mode names as well.

Mode 1; Omni On/Poly

(Previously Omni Mode)

Mode 1 is one of the most basic MIDI modes, and as such it
is little used these days. The Omni On part of the name
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indicates that channel numbers are not implemented in this
mode. A device in Mode 1 will respond to any channel
message regardless of its channel number. The Poly part of
the name means that polyphonic operation is possible. In
other words, more than one note at a time can be played.
In a Poly mode, MIDI supports any number of notes playing
simultaneously, but few MIDI instruments can have all their
notes operating at once. It is up to the user of the system to
ensure that each slave unit can cope with the notes it
receives. This is a slight drawback to the MIDI version of
multi-track recording as with the traditional method you can
use one instrument to build up finished pieces of any
complexity. The same is true when putting together MIDI
sequences, but it is only possible to playback the finished
piece if you have sufficient hardware to produce every note
on every channel!

The other MIDI modes are optional, but all MIDI
equipped units should include mode 1 and should default to
this mode at switch-on. It is probable that all commercially
produced MIDI equipment includes mode 1, but it is now
quite rare for anything to default to this mode at switch-on.
Usually, a modern MIDI equipped device will have built-in
memory circuits which store a wide range of settings while
the unit is switched off. Once switched on again, these
settings are used as the defaults. At switch-on, a modern
MIDI instrument is therefore likely to take up where it left off
rather than simply defaulting to mode 1.

This mode is primarily intended to act as a sort of
universal mode which will enable any MIDI device to
communicate with any other. If you only wish to use MIDI in
a fairly basic fashion, then Mode 1 might suffice and if it will,
then it is the best choice. Whereas some of the other
modes require some careful setting up in order to get the
system operating properly, with Mode 1 you should need to
do nothing more than set the right mode. Its easy going
nature makes it a good choice when things are going wrong
and you need to go back to basics in order to get the
system functioning to some degree again.

The problem with Mode 1 is that it does not implement
channel numbers. In effect, all messages become system
types. If you simply wish to have one or two slave
instruments following the notes played on a master
instrument, it may do the job perfectly well but even with a
set up as basic as this, Mode 1 might impose some
limitations. Many MIDI keyboard instruments can have some
form of split keyboard operation. Different parts of the
keyboard can be assigned to different MIDI channels and
can produce different sounds on both the master and slave
instruments. However, if the slave instruments are set to
Mode 1, they will ignore the fact that the note messages are
on two or more channels and will play all notes using the
same sound generator settings. For anything beyond simple
slaving it is necessary to use one of the other modes.

Mode 2; Omni On/Mono

(No Previous Name)

This mode does not implement channel numbers and it only
permits monophonic operation. in other words, it provides
what is effectively a single channel system that can only
handle one note at a time. It provides such an elementary
link that it would seem to be of no real practical value, but
presumably it was included in the MIDI specification to
accommodate monophonic synthesisers. These were quite
common when MIDI was being formulated, but they have

now been out of commercial production for many years.
Few monophonic synthesisers equipped with MIDI interfaces
were ever built and it would seem that this mode no longer
has any practical significance, and it is one that a modern
MIDI user can simply disregard.

Mode 3; Omni Off/Poly

(Previously Poly Mode)

This is one of the most useful MIDI modés. As the Omni Off
part of the name indicates, it does implement channelling.
An instrument in this mode must therefore be assigned to a
particular MIDI channel and it will only respond to channel
messages which are on that particular channel. It is also a
Poly mode, which means that it supports polyphonic
operation. If you only have one slave instrument, this mode
is not really a great advance on Mode 1 but the situation is
very different for a system which has several slave
instruments. With this mode you can have up to sixteen
different instruments operating polyphonically, with each one
on its own channel and playing its own completely
independent track. You can have what is effectively a MIDI
controlled orchestra playing very complex sequences. Mode
3 is therefore a popular one for use in sequencing set-ups.

Its potential in ‘live’ performances should not be
overlooked either. With a master unit set for split keyboard
operation it is possible to have two or three slave
instruments following different parts of the keyboard and
playing different sounds. Although MIDI tends to be mainly
associated with sequencing, it has a lot to offer the ‘live’
performer.

A modern instrument can usually be assigned to any MIDI
channel when it is set to operate in mode 3. Many older
instruments are far less accommodating. In some cases it is
a case of any channel you like, provided it is Mode 1. If there
is only one instrument of this type in the system there is no
problem, since the other instruments can be assigned to
something other than channel 1. With two or more
instruments of this type in the system, it will not be possible
to fully exploit mode 3.

Mode 4; Omni Off/Mono

(Previously Mono Mode)

This is another powerful and useful MIDI mode. It is one
which many regard as the most powerful, but | think it is true
to say that it is slightly inferior to Mode 3. Channels are
implemented in Mode 4, but only monophonic operation is
possible. On the face of it, this makes Mode 4 of limited
value, but the important point to bear in mind here is that
Mode 4 is only monophonic in the sense that one note at a
time can be played per channel. !t is polyphonic in that up to
sixteen channels can be used at once, giving sixteen note
polyphony across all the channels. You do not necessarily
need sixteen instruments to occupy all sixteen channels. In
theory it is possible to have one instrument in Mode 4
occupying all sixteen channels, but in practice there are few
instruments that can do this. Nevertheless, two modern MIDI
instruments are usually enough to cover all or most of the
available channels.

Mode 4 clearly has great potential for those who are into
multi-track sequencing. Using a couple of fairly advanced
instruments set to this mode you can sequence sixteen
independent monophonic tracks, with each one using a
different voice. This gives you a MIDI controlled orchestra of

ELECTRONICS TODAY INTERNATIONAL

64

www americanradiohistory com



sorts. It is not equal to sixteen Mode 3 instruments as it
provides only monophonic operation on each track. A number
of instruments in Mode 3 provide polyphonic operation on
each channel and it is for this reason that Mode 3 has to be
regarded as ultimately more powerful than Mode 4. Being
realistic however, few musicians can afford the luxury of
sixteen instruments in Mode 3. A couple of synthesisers
operating in Mode 4 is a much more affordable option.

When selecting MID! operating modes you should always
bear in mind that the slave units do not have to operate in the
same mode. A mixture of Modes 3 and 4 will often provide
the greatest versatility. For example, you could have an
electronic piano in mode 3 reproducing a pofypnonic track,
plus a Mode 4 instrument providing an eight track
monophonic (per track) accompaniment. Mos? music consists
of one or two polyphonic parts plus severa monophonic parts
and is well suited to a combination of Modes 3 and 4. With
complex sequencing it is essential to give carsful thought to
the track assignments, as well as to the mcde used for each
instrument.

In theory, each channel of a Mode £ instrument is
independent of the other channels. In oract ce, particularly
with older instruments, the channels m gnt not always be
completely separate. It is as well to 22 772 fine print in the
equipment manuals, particularly anv noizs n the MIDI
implementation chart. Some instrunenis support Mode 4, but
with certain types of message affect 2z 2 cnannels, not just
the one they were transmitted cn. Forexample, pitch bending
on one channel might actually affect e.2ny cnannel. If my
understanding of the MIDI specfication is correct, this sort of
thing is not actually within the MID| sia~dard. It means that
the instrument is mainly operating in Mode 4, but that with
certain types of channel mes 1 ooerates in Mode 1!
Although not strictly legiti poose it is better to have
an instrument which supperis & sirings attached’ version of
Mode 4, rather than one \.~icn 2o2s not implement this mode
at all.

1) 1/

ey
= 5
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Multi-Modes

The four official MIDI mcaes were barely adequate at the time
MIDI came into being ana ey soon started to look more than
a little inadequate. Suppcse that you have a twenty four note
polyphonic instrument Using Modes 3 or 4 this instrument
could provide twenty “cur note polyphonic operation on one
channel, or monophonic operation on sixteen channels. In
some circumstances wenty four note polyphonic operation
could be very worthwnile, out in many situations it would be
wasteful with no more than a few notes ever playing at the
same time. In Mode 4 no more than sixteen notes could be
played at once, meaning that eight sound generator circuits
would be left totally unused.

In order to accommodate increasingly sophisticated
instruments, a new and more powerful mode was badly
needed. No MIDI Mode 5 has ever been introduced, but most
modern instruments have what is effectively an additional
mode. This additional mode has been given various names by
the equipment manufacturers, but it is now generally known
as ‘multi-mode’. In points of detail multi-mode varies
somewhat from one instrument to another and some
instruments have more than one multi-mode available. All
multi-modes have one basic property in common. They
enable an instrument to operate polyphonically on two or
more channels.

For example, a sixteen voice instrument could have multi-

modes which permit eight note polyphonic operation on two
channels, four note polyphonic operation on four channels,
or two note polyphonic operation on eight channels. In each
case a sort of polyphonic Mode 4 is being provided and it
might seem as though instruments offering multi-modes fall
outside the MIDI standard specification. | suppose that this is
really a matter of opinion, but multi-modes can be legitimised
on the basis that they are really just Mode 3. With a multi-
mode instrument you have what are effectively two or more
instruments working in Mode 3, which just happen to be in
the same case. These notional instruments are usually
termed ‘virtual’ instruments.

As multi-modes have not been standardised, the only way
to determine the exact multi-mode capabilities of a given
instrument is to carefully read the relevant section of the
instruction manual. In some cases, there may be only one
fairly basic mode offering something like four note polyphonic
operation on three channels. Most instruments seem to offer
various modes, splitting the voices across (say) two, four, six,
or eight MIDI channels in assorted ways.

The most versatile multi-modes use dynamic allocation of
the voices. With a mode of this type you are offered
something like eight channel operation with up to sixteen
notes per channel. This might seem to be too good to be
true, and it is. The usual flaw in a mode of this type is that
there is a limit of perhaps sixteen notes playing
simultaneously. If you use the full sixteen note polyphony on
one channel, nothing can be played on any of the other
channels.

Although this might seem to be no better than a normal
multi-mode, it definitely offers greater versatility. You can
change instantly from one extreme to another, such as
sixteen notes on one channel to one note each on sixteen
channels. It is possible to use endless chopping and
changing of this type without having to change from one
multi-mode to another. You just have to make sure that
seguences stay within the limit of sixteen notes at once.
Without dynamic note allocation, frequent mode changes
would be required, which might not be a practical
proposition

It is perhaps worth making the point that MIDI modes only
apply to receiving devices. You may sometimes find them
applied to MIDI master units, particularly sequencers. |
suppose a device that transmits polyphonically on one
channel could be regarded as being in Mode 3, but this is
not a strictly accurate way of looking at things. Modes
govern the way received channel messages are handled, and
should only be applied to slave units.

Summary Of Modes

Mode 1 - Polyphonic operation, but does not implement
channels. Useful for troubleshooting or where very basic
slaving is all that is needed.

Mode 2 - Monophonic operation with no channelling.
Probably has no practical value.

Mode 3 - Polyphonic operation on one MIDI channel. A
powerful mode, particularly in a system which has several
instruments. Mode 4 - Monophonic operation on several
channels. Ultimately less potent than Mode 3, but it can
make very effective use of one or two instruments.
Multi-modes - Provide polyphonic operation on several
channels. Unofficial modes, but more powerful than the
standard modes. Ideal for complex sequencing with a few
instruments.
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Cabietips ., ... 1peach £995...... per J0D0 224l 250vde (27.5mm pitch)  30p-eseh, 2 ip 100+,
E4G 60 . .. cevasaacr oo POV 10,000 15p 1000+
High qualtly photo resist copper Ciad spoxy giass  3.3uf 100vdc . ... 30p each, 20p 100+, 15p 1000+
BoALS. 1uf 50v bipolar electrolylic axial leads 15p each,
7.5p 100+
Dhmensions "‘i'g!.’; ‘.?“;"; 0 22uf 250v polyesier axial leads . . 15p each, 7.5p
00+
f:; ::z;‘: 2‘?3 ﬂﬁ Pg:;l);‘propylene 1uf 400vdce (Wima MKP10) 27 5mm
€xi2 jnches - £5.20 k- g|2:29x17mm case 75
............. 75p each 60p 100+
12x12nches £12.25 —— Philips 123 series solid aluminium axial leads
Aschargable ballerfes 33uf10v & 2.2uf40v ..... ... 40p each, 25p 100+
AA (HPT) S00MAH ﬂl99 Philips 108 series 22ul 63v axial .... 30p each, 15p
A 700mAH £i75 i ! F000%
C 2AH with solder lags '£3,60 %ululayer AVX ceramic capacitators all 5mm pilch
p v
e e e 190pt,150pf, 220p1, 10,000 (10r) 10p each, 5p 100+
AAA (HP1B) 160mAH ggs 2oplooor . .
vy 50(9,“,\,3 wrih Soldet tags’ £1'83 500p! compression 1immer B0p
CHP1H L8AH £220 40uf 3y0vac motcr stan capacitor (dialectrol iype
DIHP2) 1 3AK 260 Ccontaining no pebs) ... £5.95 5r L4950 for 10
FP3 B4V 110mAR 985 Wewyn W23 1260hm 35p each 20D 100~
Sub C with goldar tags 250 880 ohm 2W matat fim resisior 4p 100-. 2p 1000+
1/3 AA with sgider 1ags (philasCTV E1.95 Solidcarbon resistors very low inductance kdeal for

RF gircuts.

270hm 2W, 68ohm 2W 25p each 15p each 100+ we
have a range of 0.25w 0.5w 1w and 2w solid carbon
resistors please send SAE for list

P C. 400W PSU (Intel part 201D35-801) with
#tand#fd moiherboard and 5 disk drive ggnneclors,
fan and mains inlet/outlet conmeciors on back and

Swndard charger charges 4 AA cofis In' 5 hours
ot 4Cs of Dy 1 12-14 nours = 1xPPI 1,23 or
4 cells may be charged at a time) £5.9.

Migh power charger 35 above bul charges the
Cs and Ds In & hours AAR Cs and Ds must be
char. inZsorde ..., = .. £10.85

FIRENZA ELECTRONICS

HIGH POWER AMP BUILDERS
Special Offer o

100 x 100 WATT MOSFET AMP £200.00
200 x 200 WATT MOSFET AMP £260.00
300 x 300 WATT AMP £300.00
300 x 300 WATT MOSFET AMP £360.00
600 x 600 WATT MOSFET AMP £460.00
1000 x 1000 WATT MOSFET AMP £700.00
GURANTEED FOR 1 YEAR PARTS & LABOUR
PHONE NOW AND PLACE YOUR ORDER ON

0908 - 670 903 OR 0831 212941

Special olfers please chuck for availsbiity
AZxBmndiatdy . .

Stick of 4 171mm x T6mm ddia with red & black’
loads 4.8y PRPPRR - X

swilch on the side (lop for tower case) dims 212
% 149 x 149mm excluding swilch ... ... £26.00 each
£138.00 for 6

MX180 Digital multimeler 17 ranges 1000vdc 750vac
2Mohm 200mA transistor Hfe 9v and 1,5v battery
Computer grade Capac/lofs wilh screw iemminals  teSt.... ... ... ... .. i £1295
380000t 20v

Ceesmee e p i Lk &2, AMD 27256-3 Eproms £2..00 each, 1.25 100+
87000ut 10v £1 85, 68000 15v £2.95, 10000uT 16v  DIP switch 3PCO 12 pin (ERG SDC-3-023) 60p each
£1.80, 5600011 50v £4.95 40p 100+

7 segmant common anode loa dlaplay 12mm | Disk drive boxes tor 525 disk drive with room for
a_power supply light grey plastic 67x268x247mm
£7.95 or £48.50 for 10

Hand held ultrasonic remole control £3 95

Cv2486 gas relay 30 x 10mm dia with 3 wire
terminals will also work as a neon light 20p each

LM2831AT5.0 fow drop out-5v reguinior Tg)nu
......... 8

gackaga ngpsnseie il
812 and P32 12v 1A regulators
100

. £20.00 per

LM337K TO3 cazsa varizbia ragulaior ... £1.95 or £7.50 per 100
£1.44 100 « A23 12v battery for car alarms or lighters 75p each
GaAs FET low leakage current S8873 _._ £1295  £50.00 per 100

each £4.95 10-£7 95 100~

BS250 P ghanncl mosiet 145, GC55Y wanslstar
......... h sarsseseseanasy R0 par 100
741505 hex Invertor  £10 DG per WX}, used B748
MiCtasontsaler £3.50

5L852 UHF Limlting ampliher LG 16 surfoge.
mounling package with daia shaet - E1.95
AMZ7502 ~ £3,25 each 90p 100-, CNAGO7LB 1ap-
100+6p 1000+

Sinclair ight gun terminaled wiih & |ack plug and
PP clip ?wu A mgnal when poimisd al S0he
gcggnng tght with output wave form chart
DC-DC aanvertor Reliabality model VI12P5 12v in
5v 200ma out 300v (nput 10 culput [solation with
data ... .. £4.95 gach or pack of 10 £32 50
Hour counter used T digil 230w ac SO HE  £1 45
QWERTY koyboard 58 key good quaiity swilches
new . 44 £5.00

All products advertised are new and unused unless
otherwise stated
wide range of CMOS TTL 74HC 74F Linear
Transistors kits rechargadie saiterles capacitors
100l BIC Riways In S10CK.
Please add £1.95 tpwards P4P vat included in all
prices

JPG ELECTRONICS

276-278 Chatsworlh Road
Chesterfield S40 2BH
Access Visa Orders {0246) 211202

Callzrs welcomn

Only 11mm high, kt pluge directly Into
your Eprom eocket. Compatible with
standard Eproms. Allows faster
product development.

Data Is written to the smulator directly
from your computer, via 8 4mm cable
which pluge Into the emulator.

The MicroRom Eprom Emuiator offers non-volatile storage and can
download a 27256 file in only 1 SECOND. Prices from £99 + VAT

TEL / FAX 081 880 9889

SquareWave Electronics Ltd., Imperial House, 64 Willoughby Lane,
LONDON N17 0SP

FCB Designer .

For Windows 3.1 :
Runs on any PC running
Windows in standard or
enhanced mode

"..If you need a basic PCB design package and don't want
to spend a fortune, PCB Designer is the software you

have been waiting for. It is extremely easy to use, quick to

learn, and represents superb value for money...'
Paul Stenning
Electronics In Action

\..I must have tried over a dozen PCB design programs in
the last few years and PCB Designer is certainly the
easiest to learn and use... R A Penfold

Everyday with Practical Electronics

Credit card hotline (0432) 355 414
Niche Software

22 Tavistock drive, Belmont, Hereford, HR2 7XN
Phone (0432) 264 800, FAX (0432) 264 800

Please Note: Since PCB designer is 5o easy to use, and to keep costs down, PCB Designer has an On-Line

"= g | PHOTOCOPYING
T SERVICE

TOOAY INTERNATIONAL

ETi has been published for over 20 years and in that time a
great many interesting features and valuabie projects have
graced its pages. Although back numbers are available for
only the fast 12 month’s issues we can sn_#lsply photo-copies of
any Indlvidual article evaripublished in ETI.

Photo-coples cosi just £2.00 per artlcle regardless of their
length. Please note that projects published over several issues
must be ordered as a series of indlvidual articles, each for
£2.00.

PCB fol! patierns {where published) and any errata are
included with all photo-copies where applicable.

A £2.00 search fee |Is required if full information is not
supplied.

Please note delivery could be up to 28 working days.

Er Please supply photo-copies of the following articles from ETI

| (Complete in BLOCK CAPITALS)

! Month....... Year | Page (if known)._...._...
VTt e
! Month._._____.. . Year . .. . Page (if known). ___

| Title S

:' Month_.___.____ Year JPage (if known)

:. Titlew oo v - - e

F—
I enclose a cheque/postal order made out to Argus Specialist
Publications to the value of £2.00 per photocopy ordered.

Total remittance £
Name__ .. ...
Address.. ... ...

Date |

manual, in Windows Help format. A tutorial is also supplied online

el = o o
ST mtPOStCOdE .
Send the completed form and remittance to:

ETI Photocopy Service, Argus House, Boundary Way
Hemel Hempstead, Hertfordshire, HP23 7ST

|
1
)
]
[}
1)
!
'
1
!
{
B
[}
]
1
1]
]
I
1]
]

www americanradiohistory com



ATTENTION ALL
NORTH AMERICAN READERS!

Did you know that you can order an

annual subscription to this magazine

direct from our official U.S. subscription
representative?

For more information and rates contact:
Wise Owl Worldwide Publications,
4314 West 238th Street,
Torrance, CA 90505
Tel: (310) 375 6258

P4
-
PROGRAMMER EPROM, EIPROM & FLASH b (27C0RN) 12510
25 woh, Connecis 1o printer part on IBM. fust progee 777 Comprebensive editor
softwars Requires 15-30 valt AC or DC power 5000 only £99.95
ROM EMULATOR. Warks on ANY ¢ompuier w— prinier appeary in
ram on 1arget board Fast dawnload, switc! Y- % Roey only £39.94
PC SCOPE. Fast B bit A/D converter connects'ts fraee zon 2w PL. Supplied with Scope and
Voltmeter soltware with Daws and A D routias o0 » SgTET only £19.95
PICISCS4/55/56/87/84/T1 PROGRAMMER Remy oo 72 w2k editor 3oftware. protettion
fuse blowing etc. requires 1520 voll AC or DC powe pons! gaas {6 50) only £69.95

LOW COST PCHBCS4/56/T1/B40.CE Comeers = IBM PC In tircuit emulator
with single step/go with breakpoints ¢ic.

Sugglsi:d whis connection information ang FIC S ware a8 below. onty
£39.

PIC DEV 84, Inteprated Teat editor Amesbser b

on 1BM PC, Single step t1acz, 20 with

programs. Runs with ar without the LCE o=

PIC DEV M. As sbove but for PICISCTT Soaes

ASMS1 ¢ SIMSL. Text Edilor Assembie ph -agrodiers 8051752 Runs on

IBM PC. Fuli controd of registers & muroer CoRTET RO, Single step

(18 Software only £19.95

ASM48 + SIM48. Same as AsmSt b or Tz 2} Safiware only £19.95
All hardware carries 1 12 monih pars & & Gaarn=es SAE o telephone {Gr fusther detnils.

JOHN MORRISON (MICROS) Dept ETL. e
B 4REIN GARDENS. TINGLEY, WEST YORKSHIRE WF3 LR
Triepluome #532 €37 507 —

for £4 55/ 56/57 Pics. Runs

5 you nexd 1o wilre and debug
Software only £29.98
Sofltware only £29,9%

f

PROTECT
TREASURE

your collection of
Electronics Today
International
magazines.
Keep up to 12 issues of
your favourite magazines
in pristine condition in our
smart, sturdy binders.

\

L

|

i

- O PN T RS RN BT ERE A NS aamm e
r Order your binder and post this roday! 1
PLEASE COMPLETE IN BLOCK CAPITALS
Please supply binders at only £6.95 each, including p&p I
E (UK only; Overseas please add £1 50) I
| enclose my cheque/P O. for £
debil my AccessiVisa I

(ESEEEENNEEENROEN

l Signature...... ... s EXPITY,
Name... o
Address...,. ... L

............................................. Post Code
Post this coupon and payment to:
ASP, ETI Binders Offers, Argus House, Boundary Way, Hemel Hempstead, Herts,
HP2 7ST. Or if you've got a credit card, it's faster by phone: 0442 66551. I
You may receive further information about offers and services which may be of
unerest to you. Allow 28 days for delivery.
D S MENE AW AW AONT SR RN RN D W W S

made payable to ASP or please

Today's Date

Enter a World of Electronics Hobby Information with

Popular Electronics

Get the latest electronic technology and information!

Discover the high-woitage excitement of hobby electronics each month
in Popular Electronics. Build sophisticated electronics projects from
circuits and plans in each monthly issue. Whether it’s add-ons or S nILm
modifications for stereas. TV's, computers, radios, etc.; work savers for

your home and car: or useful test gear for your workbench, you'll find it
in Popular Electronics. Plus. . .you’ll find informative features and theory | zcocnanness
articles, monthly celumns, hobby-oriented departments, and much more

in Popular Electronics.

POPULAR ELECTRONICS SUBSCRIPTION ORDER FORM S ans vt
Popular Electronics. P.O. Box 338, Mt. Mortis, IL 61054 U.S.A.

YES' | want tc subscribe to Popular Electronics for 1 full year (12 issues)

for only $26.45 (U.S. Funds only).

Please print clezr;
Name
Address

.

A GUIDE TO TODAY'S SATELLITE TV

Popular Flectrioitics

DESIGN ARD INSTALL |
YOUK Owry

A companent-by- o |
component primer on i -
setting up s systern, |
selecling the equipment, |

and dolng your own
Inslallalion

200 CHANNELS TO

A look at loday’s salellite- { = =
TV technolegy, and a - - K
preview of tomoirow’s o ol s
syslems i,

BUILD A SOLID-

STATE BEVERAGE
COOLER

Iavorite beverage
al the perfect
1emperalure almosl
indefinilely

i -«

SPECIAL COLUMNS
. —Circuit Circus, Think Tank,
Computer Bits, DX Listening,

City, etc.

Antique Radio, Amateur Radio,
— Scanner Scene. ETI

ELECTRONICS TODAY INTERNATIONAL
67

www americanradiohistory com




Practically
Speaking

by Terry Balbirnie

his is the first in a monthly series about general
workshop matters. Over the months ahead it will
take various forms - sometimes we will look at
repair jobs which the electronics hobbyist is asked to

carry out and, at other times, health and safety aspects or the use
of test instruments. Theory will be introduced where it helps, but
the maths will be kept as light as possible. Occasionally, there will
be a link with a constructional project in a future issue.

Although chiefly aimed at the electronics enthusiast, much of
Practically Speaking will be useful to anyone interested in
electronics, whether educationalists or those engaged in industry,
while some of the theory will be of value to those preparing for
examinations. We begin by looking at the workshop itself and we'll
be pursuing this theme over the next two months.

Working Environment

Some readers will be lucky enough to have a real workshop -
perhaps using a spare bedroom, garden shed or section of the
garage. However, to many, the ‘workshop’ will be a table in the
kitchen and a cupboard or set of drawers.

Having to do electronics in the living room is far from ideal.
Apart from the likelihood of
distractions from the TV, wife and
children, there is the necessity to

a session. Flashing lights and
bleeps from experimental circuits - -
not to mention the smell of
soldering flux - are all likely to
make you very unpopular.

Using a spare room is much
better, but this will rarely be
possible. If you do have one, it wil
be necessary to up-rate the
lighting and make the power
supply more accessible and safe.
A stable work bench is essential
and for this it is better to use a sturdy old table or desk rather than
modern furniture. An old sideboard with a heavy top surface and
plenty of storage space underneath for test instruments, small
tools, etc., is ideal.

Components may be stored in a set of small drawers, which
can be bought in DIY stores. Components which are too large for
the drawers can be stored in plastic lunch boxes. Plenty of
shelving is useful for often-used test instruments, tools and
reference books.

The workbench should be placed close to a wall socket. A

The Litesold Solder Fume Captor

four-way extension board may then be used so that a soldering
iron, power supply unit, test instruments, etc., can be used at the
same time. Keep the lead itself as short as possible for safety.

Itis essential to fit extension sockets with an RCD (residual
current device). This greatly reduces the chances of receiving an
electric shock. The easiest way is to use one which replaces a
standard mains plug and the illustration shows the H72
PowerBreaker Safety RCD Plug - these are available from DIY
stores. The fuse in the RCD plug, individual plugs and in the
extension board should be of 3A rating, which should be adequate
for experimental equipment.

llumination can be improved by using a fluorescent light. The
type which plugs directly into the ceiling fitting is a good idea
because it can be instantly removed if the need arises. You will
need to provide ventilation to remove soldering flux fumes or the
smell will soon permeate the house. A soldering iron station with
fume extraction facility will be beyond the means of most readers,
but a cheaper alternative is to use the free-standing Solder Fume
Captor from Light Soldering Developments. This mains-operated
unit sucks fumes into a filter and removes the tarry deposits. It
costs about £50 and the address of the company is given at the
end of the page.

Be sure to fit a smoke detector
. " | on the ceiling, but check that it can
=, :'h'l#-r- be heard around the house when
| the workshop door is closed. It will
_ be triggered by such things as

| bumning insulation if the soldering
| iron has been left switched on and

connecting wire.

Finally, but very importantly,
1| there is the necessity to lock the
_ door when tha room is not in use. It

B could be disastrous for a child to

play with equipment whether it be a
soldering iron, high-voltage supply
unit or sharp tools. Even certain types of battery and low-voltage
power pack can provide sufficient current to cause nasty burns, if
short-circuited with a piece of wire.

That's all for this month. Next time we will look at using a shed
or outbuilding as a workshop.

Light Soldering Developments

97-99 Gloucester Road

Croydon

CRO 2DN

Tel: 081 689 0574

ELECTRONICS TODAY INTERNATIONAL
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SYSTEM 200 DEVICE PROGRAMMER

4 || SYSTEM:  Programs 24, 26, 32 pin EPROMS, EE-

OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX - 031 667 2611 PROMS, FLASH and Emulators as
standard, quickly, reliably and at low cost.
The supplier to use if you're looking for — Expandable to cover virtually any pro-
% A WIDE RANGE OF COMPONENTS AIMED grammable part including serial E2, PALS,
AT THE HOBBYIST x GALS, EPLD’s and microcontroliers
* COMPETITIVE VAT INCLUSIVE PRICES * from all manufacturers.
* MAIL ORDER - generally by DESIGN: Not a piug in card but connects to the PC
RETURN OF POST x serial or parallel port; it comes complete
* FRIENDLY SERVICE % with powerful yet easy to control software,

Open: Monday-Thursday 915-6.00 cable and manual.
Friday 915-5.00 Saturday 9.30-5.00 SUPPORT: UK design, manufacture and support.

Same day dispatch, 12 month warranty.
10 day money back guarantee.

| ' STEVENAGE
Professional Sub-Contract Manutacturing & Suppliers to the

Electronics Industry
Do you have a requiremenst for amy of the following services:

ASK FOR FREE

PCB Assembly (Conventiona Dot Design/Consultation INFORMATION

‘and Surface Mount) . Procursment Service PACK !

Wave & Hand Soldering ?':.E est & “Burn in” Facilities o

Complete Equipment Encjosues Design & Manufacture e

Manufacture PCE Anwork Manufacture

Device Programming from ~z-z ~rcaams Drawn Professionally I 5

written shts or PC 31/2" disc Ks Procurement & Supply

CablefHarness Assembly [ioas e Sales o

Manufacture Refurbishment a spechality M TRONICS Ltd.

Card Cage and Module Wi Tap Duainy Nork at Reasonable Rates: Q;;kEFI%ad%entre Gﬁ%'gcnvv?#:,'z/ 416'.9829%71

Fulillgspsgtion Malmesbury, Wilishire, SN16 0BX UK |TALY 02-92.10-3 554

Phone Tracey on (0438) 36040¢€ o Fax Zetails of your requirements to us TEL. 0666 825146 FAX. 0866 825141 prRANCE (1) 69-30-13-79

on (0438) 352742 SWEDEN 08-735-5360

EQT LTD, Cromer House. Carton Wazy, STEVENAGE, HERTS, SG1 2DF e ‘ ALSO FROM ELECTROSPEED UK
I —

i New from Argus Books.

Puttmg scanners nic oracacs 2 new edmon by Peter Rouse scA NN f
60000000000 OOCOOICEOEOIOESIODOOEOOOREOIOSETDRTOS
This is the 4th revised and completely updated edition of i ERs

Scanners. This new edition has seen the largest ever
number of changes and additions to the point of being a
virtual rewrite, and contains everything you need to know
to put your scanner to better use.

There is vastly mors = Ta ewer on freguency listing, panicularly-those
Dy coastal stations, a = . = = errergency services. Also included for the
1st time is & secwon o = ~2vE| pands. Together with actual irequency

oians from 25 to 2000MHZ are given,
ss. private mobile radio, amateur radio,

listings for these s&r. cos e
including cordless a~c oal _3 i

repeaters, beacons s== =3 = =_- military, communication, navigation and
weglher, jnclugng 005 MSn Space Shultle Frequencies).
Fully lllustrated theougros ~g a comprehensive section tegturing the
‘actual scanners cum= !
This book includzs 2 e yeur n2ed o put your Scanners:into ey
practice PU”‘
Ing Scanners | :

(7 Scanners 3 - Putting Scanners into Practice.

| 1sBN 1 85486 1066 9 £9.95 |
| P&p + 10% minimum £1. U.K. only. Overseas + 20%. |
i Telephone orders 0679 66905. I

[ enclose my remviia ce = Please make cheque payable to Bailey
A Distribution mc. W D me&q belo\:v Plgase charge my Mastercard/Visa i
| |

TTT7] [TITTI1] |
I 1
| Expiry Date: yndture: |
| Name |
] AT O TESS srpsem s o e ——— e TR -, ;
] Post code
I Complete details and return to Bailey Distribution Ltd, Units 1a/1b Learoyd Road,

Mountfield Road Estate, Rew Romney, Kent. TN28 BXU Please ensure that all cheques
La_r;mad- payable to Buley Distribution.

L. ) _--—_———g_u-— =am 1
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The
Passive
Infra-red
Intruder
Alarm
{Figure 3)

The
passive
infra-red
alarm
circuit.

Corrected diagrams
for JUNE issue:

O +12Y
Q0

Send Your
Data by
Laser Beam

(Figure 4)
Circuit
diagram of
power

supply and
interface
circuitry.

T

CHASSIS

18

RT

Cyclometer circuit.

# ALL LED DISPLAYS HAVE PINS CUT OR BENT OUT OF THE WAY TO FIT
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Clasiﬁed

[ ]
VISA
L)

Send your reguirements to:

ETIClassltied Department, ASP, Argw:
Boundary Way, Heme! Hempstead,
Lineage: 65p per word (+ VAT) (minimum 15 words)

Semi display: (minimum 2.5cms)
£8.70 + VAT per single column centimetre

James Gale
0442 66551

Ring for information on series bookings/discounts.

All advertisements in this sectior must be prepaig.
Advertisements are accepted subjecl o the tearms and conditions
printed on the advertisement rate card (available on request).

us House,
P275T

FOR SALE

VARIABLE VOLTAGE
TRANSFORMERS

AC b0/60
O UTP UT 0 260\1
P
0.5KVA 2.5 amp max
1KVA 5 amp max

tfﬁﬁ 58 inc VAT)
2KVA 10 amp max £59.40 £8.50
{£79.78 inc VAT)
3KVA 16 amp max £78.65 £B.B
(£ 102.40 ing VAT)
65KVA 26 amp max £13
(Plus Carriage)

Buy direct from the [mparters Keenoyl prces in (e country
COMPREHENSIVE AANGE OF
TRANSFORMERS-LT-i50LATION & AUTD
[T10-2405 Auckp eranates, cither cased waeh Amercan sorke and

maadurwmmw- Avaalghis [or mmedsste delevry

"*BOFFINS SPECIAL" ~

N UNIQUE OFFER
Surplus Precision Medical Unit, intocnally in axcel-
lent condition. Designed primarily to eject a precise
controllable amount of fluid from a medical syringe
(latter not supplied) Contains lhe following remov-
able components: Dual Micro Processor Boards and
EPAQME. Estap Precrmon 12V OC Motor with
3001 Gear Boa and ppheal encodar coupled 1o &
FECAION (hiaaded drive Mechanisn, Mans supply
with 6 = 18V N-Cad AA cells back-up LED
Dignla! read-out 1 7min high wih fgends Audible
waming
These arc soid for the dismanlting of the exceptional
qualty componatita rograt no Corcund avalabie .
Fadicylously low price: £20.00 + £4,00 plhp

{£28.20 incl YAT)

13v 0.C. GEARED MOTOR
Revorsible precrion bui Motor Output
pm 6V-12

12V DC

lcml lu- moohu ote. Sao: L

hat. Imm din x 10mm

long. Prce: £9.00 #Eooﬂn(tloﬂ)inc vaAT) |
240V AC CENTAIFUGAL HEOWER

New MlnM Sulplui Side(on Blawer suitsbiz for

s an el 1o gool r Overail |

WiDE MIGE OF XENON FLASHTURES
/et PRGN LT Brsui ries
Uljil VIOLET BLACK UGHT
LOURESCENT TUBES
Aft40wan C12 Do(ullmnnlw (£14.10 inc VAT)
2k 20 watt E).44+E1 25 p&p (€£10.21 inc VAT})
12m8\utr[l.n -15p pho (£6.52 inc VAT’
9in § weait £ .96 + 50p php (£5.2d inc VATi
6in 4 wan £3 98+ 50p phio {F5 24 inc VAT

230V AC BALLAST KIT

£or ethue Bin, Imor 12 ubes  £6.05 #1140

plp L 75 inelh

400 WATT UV LAMP
Dnly £24 00~ £2.50pkp {4289 inc VAT)
160 WATT SELP BALLASTED BLACK
LIGHT MERCURY BULB

Availabhe wnh BC or ES firung price ing VAT
B plip nnd VAT £26.65

ILGE AUMPS
500 GPH 15# hsad 3amp £19 98
1750 G P H 15ft head 9 amp £34 55
Also now avallable 24V D.C. 1750 GPH 15t head
% wrw £36.55, All designed to be usad
Ssubrmarged PRICES INCLUDE FAP B vAT

EPROM ERASURE KIT
Build your own EPROM ERASURE for a fraction of the
price of a made-up unit kit of parts less case includes
12in 8 watt 2537 Angst Tube Ballast uniL, pair of bi-pin
leads, neon indicalor, on/off switch, safely

S lamnc».asmm Outiet BO:JSmm mwlo( COmm
dig m E0mm lang. £14.9G inci FAP & VAT

SEWING MACHINE MOTOR
Brand new 220/240V AC/DC SEW-TRIC 2 lead Brush
Motor. Size L. 100mm x H. 70mm x W.55mm. Spindle
1/4in.dia x 1in. long. £14.10 incl. P&P & VAT

. GEARED MOTORS -
71 APM 201 mch tomque mvemabie 118V AL in.
Pt includicg caoacion and vangdormer for 240V AC
cpatation. Proa e VAT & pko £23.80,

SOLIE STATE EHT UNIT
Input  230/240v AC, Output approx 15KV,
Producing 10mm spark Built-in 10 sec timer.
Easily modified for 20 sec, 30 sec to continuous,
Duasignudd $of bovar sarition. Doens of uses i (he
réd f phytecs and slecironca. ey SUpplyIng Neon
on iubes eic Poce fess case £8.50 +£2 40
'?nzm inc VAT) NS

SAVE POUNDS!I!

Build your own lorged bank note detector Can
detect counterfeits amongst a quantity of noles
Complete kit of parts less case. 240V a.c
Trctuding 57 uV black Ught (ube swra aod
holder & par b - pin tube Soiders Total arcr
wnciucing oo & VAT only £13 89

and circuil £15.00+£2 00 p&p (£19 98 inc VAT)

SUPER HY-LIGHT SfROBE KT
Designed for Disco, Theatrical use atc
Approx 16 joules Adjustable speed £60.00

(
Case and reflecior £24.00 + £3.00 p&p  (£31.73inc VAT)
SAE for_further details including Hy-Light and in-
duavrisi Swroba Kits

00 php
EGZ 28 inc VAT

WASHING MACHINE WATER PUMP
emnd e MOV AL f5n cooled Can e g T 4 vy of
rpages (Nlet 1 o0 outie 110 tha Prics inelodes pSo &
VAT £41.20 cach o1 2 for £20.50 incive:
MICAOSWITCH
Pye 15 amp changeover lever microswilch, iype $171

Brand new price b for £7.05 inc VAT & p&p

Showroom open
Monday/Fridsy

SERVICE TRADING CO

57 BRIDGMAN ROAD, CHISWICK LONDON wasBs
FAX 081 995 0549 081-995 156
ACCOUNT CUSTOMERS MIN. ORDER £10

.
VISA

[E—

Ample

Puacking Spaced

SURPLUS
COMPONENTS
WANTED

* COMPLETE CLEARANCE
¥ BEST PRICES PAID
* PCB BOARDS POPULATED

CONTACT

D.T.S. SERVICES
Tel: (0602) 208955

or Fax: (0602) 484530

1U HIGH 8255 compatible 24
relay or 24 opto cards £189.00.
Combination 241/0 £365.00.
Programmable interrupt
generator, PC plug-in, 1-999 uS/
mS. Sample code included
£249.00. Fettlegrove Ltd.
Telephone 0249 650839. Prices
include VAT and delivery.

LEN COOKE
ENTERPRISES

For the best value in Used
Electronic Test Instruments
We buy, sell and repair Oscilloscopes,
Signal Generators, Frequency Counters,
Spectrum Analysers, Power Meters,
Logic Testers etc
Spare Parts available for most Tektronix
Scopes
Tel/Fax: 081 864 5551
Moblle: 0831 630820
Mail Order Address: 179 Northolt
Road, Harrow, Middx. HA2 OLY.

We engineer what we buy, we support
what we sell.

NICKEL CADMIUM Battery

Pack 24V 1.2AH Clansman

Range 20VR1.2 unused stores
price £49.95 incl. M. Prole, 48

Brendon Road,
Somerset TA23 OHT.

Watchet,

COOKE INTERNATIONAL

SUPPLIER OF QUALITY USED TEST INSTRUMENTS

EN

ANALYSERS, BRIDGES, CALIBRATORS, VOLTMETERS,
GENERATORS, OSCILLOSCOPES, POWER METERS, ETC
ALWAYS AVAILABLE

ORIGINAL SERVICE MANUALS FOR SALE
COPY SERVICE ALSO AVAILABLE

EXPORT, TRADE AND U.K. ENQUIRIES WELCOME
SEND LARGE S.AE. FOR LISTS OF EQUIPMENT AND MANUALS
ALL PRICES EXCLUDE VAT AND CARRIAGE

DISCOUNT FOR BULK ORDERS

SHIPPING ARRANGED |

OPEN MONDAY TO FRIDAY 9AM - 5PM
COOKE INTERNATIONAL
ELECTRONIC TEST & MEASURING INSTRUMENTS
Unit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis,
West Sussex, PO22 0EB Tel (+ 44) 0243 545111/2 Fax + 44) 0243 542457

LIVERPOOL

PROGRESSIVE RADIO
87/93 Dale Street
Tel: 051 236 0982 051 236 0154

47 Whitechapel
Tel: 051 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS'

Open: Tues-Sat 9.30-5.30

SW SCIENTIFIC
WIRE COMPANY

ENAMELLED COPPER WIRE
TINNED WIRE SILVER
PLATED COPPER WIRE
SOLDER EUREKA WIRE
NICKEL CHROME WIRE.
BRASS WIRE LI TZ WIRE
BIFILAR WIRE MANGANIN
WIRE TEFZEL WIRE NICKEL
SAE BRINGS LIST 18 RAVEN
RD LONDON E18 1HW

FAX 081 559 1114

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC INTO
CASH immediate settlement
We also welcome the
opportunity to quote for
complete factory clearance.

Contact:

COLES-HARDING & CO.
Unit 58, Queens Road, Wisbech,
Cambs PE13 7PQ
BUYERS OF SURPLUS INVENTORY
ESTABLISHED OVER 15 YEARS
Tel: 0945 584188
Fax: 0945 475216

EX CONCORDE PROTOTYPE
002 Flight Instrumentation
printed circuit modules. All the
same size but different
functions. Nice layouts. Size
approx 11 inches long by 31/2
inches wide. Connections via
rear 50 way D connector. Price
£9.95 each. Multiple orders will
be assorted where possible.
Please add £3.00 towards
postage and packing. Prices are
inclusive of VAT. Mayflower
Electronics, 48 Brendon Road,
Watchet, Somerset TA23 OHT.

SOFTWARE

COMPELEC

1994 BARGAIN LIST
THE ELECTRONIC ESSENTIAL MILLIONS OF
COMPONENTS AT UNBEATABLE PRICES
FOR A FREE COPY PHONE, FAX OR WRITE
(TRADE ONLY)
ELEC,

14 CONSTABLE ROAD, ST IVES,
HUNTINGDON, CAMBS. PE17 6EQ
0480 300819
WE ALSO PURCHASE ALL TYPES OF
ELECTRONIC COMPONENTS, LISTS TO
ABOVE ADDRESS

SHAREWARE
REFERENCE GUIDE
Find vut what really is wvatiabic in PD &
Shareware - hum radlo, graphki. busmexs,
scient{fig, cleciranics, smuths, education, elc Youll
find them il heee, 2very thing you need in vnr
book, Thousaads of the best PIY & sharcware
programs for DOS & Windows, described in
deiad with The hardware requicements jor each.
Thu is mobably the must complets and up-to-
Icference book today.
FOI ywl copy, 1end £2.50 by chegue, PO, cash or
pay by egsd Viss s
PDSL, mscombe Hse, Beacon Rd.,
Lruwhurow TN6 JTUL,

h, Susrn,
Tel 0852 645208 Fax 0391 MT-‘T]
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tM E N DAsco P E | Start training_ now with the specialists for |

the following courses. Send for our

REPAIR & RECALIBRATE I brochure — without obligation or
Telephone us on 0626 779398 e1i3/94

OSCILLOSCOPES
ALL **AKES AND MODELS | |Name e
NATIONWIDE | — T Redio Ameteur
COLLECTION & DELIVERY P O oo
FREE ESTIMA TES - — = a Introduc_:t_ion to
Liangollen, Clwyd, N. Wales LL20 7PB P

Radio & Tel t C d School
PHONE: 0691 718597 | | “12 Moor View Drive, Teignmouth. Devon 1014 SUN.
RACKS

KIT sommeme 3 335MHzZ, PR _-:—‘i’e educational dgsigns,solarandwindgengrators, 19" RACK-MOUNT
Al E. Bve 'gec?r%? products distr |E3utor Cedar hlgh voltage teslas, surveillance EQUIPMENT?

a == - oo > Isbourne Wa devices, pyrotechnics and com- 3
microg & quality PCB, Ele L Y, puter graphics tablet. 150 projects Frames, cabinats and flight cases for
SPEC‘ '.""':.—- cmplete kit Wincncemze Cheltenham, GLS g : 1SS rack - and non-rack - equipment.
ONLY 2= 3= pmmembled and SNS 7=l 102421 602402. For catalogue. SAE to Plancentre A wide range of accessories avallable.
it e 2= melusive PAP e ol Publications, Unit 7, Old Wharf For turther intormation and brochure
BEWa!' .;EJ 'c"';:; £15.95. Industrial Estate, Dymock Road, contact:
Creds cangt . 3 Telephone: | SURVEILLANCE KITS Ledbury, Herefordshire, HR8 2HS. Gs;zeg\:"gggggz‘;us‘smmNssﬂmy:c
021 55~ THa Tmw (21 457 9745, = R e AysmIm e 20mi heliciy Tadiey, Hants RG26 st
e e G e e dl compoNENTS [REMRLGRA
ETI) =% Swe Aoad South e R [ » —
Birmingmaes BIE $7Z. Send 2 x <289 Assembled £11 68 E s + Microcontrollers CALL JAMES ON
151 c& === or detalls of Send 2x2nd class stamps for COpled or programmed we Supply
these =°¢ e &S, | i paoo“fi’é$ss°iyé*’§.§% el devices/convert discrete logicto | 0442 66551 TO

| s OO e SazoARisg! [Bath 0225 ADVERTISE

ELECTRONICS TODAY INTERNATIONAL, CLASSIFIED
| ADVERTISEMENT DEPARTMENT, ARGUS HOUSE, BOUNDARY
WAY, HEMEL HEMPSTEAD HP2 7ST

Rates: Lineage 65p per word - VAT minimum 15 words.
Semi-display £8.70 per single column cm plus VAT. No reimbursements for cancellations.
Al ads must be pre-paid.

Nef=_ e eiee ... e e T R AR NI P -
A 115, o0 ok Al I v o ok o Dy e Wi YT BV % b Bk B o b P > i

: wE ORI Y o B | T Daytime Tel. No: .....c....... oI s e L I
Siccelawe . .......... A RATEEE bl  oiara T ATy 2 o DE (e S ————
PLE~SE DEBIT MY ACCESS/BARCLAYCARDNo. Ll | | I T T TTTTTTITT]
ExcolrwBRANE ... .c.. .00 e e

FOR SALE COMPONENTS PLANS OTHER - PLEASE STATE
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Open Forum

bout nine months, ago a friend
of mine was made redundant.
Now aged forty-three. he had
worked for the same bank since he left univer-
sity. He is one of about 100,000 people who
have been made redundant in the UK banking
industry, about a quarter of the industry's.
entire workforce.

In a middle management position and with
a comlortable lifestyle, my friend now faces
the fact that he is probatly unemployable. The
job he once thought would be a job for life Is
now just a memory, he has no altemative but
to start all over again.

The reason that he and countless others in
a whole range of different professions have
lost Iheir jobs is not just the recession in the
UK., not just a turn down In warld business.
Although these factors have not heiped, the
truth is that most owe their unemployment to
advances in tschnology.

The shake out of staff in the financia! indus-
Iries was ingvitable, indeed | went on record
predicting it nearly twenty years ago. Neither
will it stop here as once the path to automa-
tion has begun it can not be easily stopped.

The same will happen to people with ]
‘secure’ jobs in the civil service, in retailing, in
civil engineering and construction, in fact virtu-
ally every area of human activity with the
exception of a handful of people in the
creative professions, artists, writers and tha
designers of advanced technology.

All this points to the simple fact that
advances in technology have efiminated the
concept of the lifetime career, of the safe
occupation which will carry one from the
cradle to the grave. As observers itke myself
have said for years. people will have to leamn
to be flexitle, to be prepared to change
careers several times in their lives.

But one can only successiully do this if orfe
is aware of what is happening around one, of
the currents and eddies produced by the
forward motion of that great engine of
progress, technology. Despite whal | had
been telling him for years, my friend’s redun-
dancy came as a great shock to him. He and
those around him had not seen, or chose to
ignore, the creeping advance of he tech-
nology that was to take away their jobs.

Of course, some will take a crude Luddite
view and insist that the progress of technology
must be halted, or aven reversed. Such views.
are futile and invariably self destructive, If
‘society adopts such attitudes then it will
inevitably hurl itself backwards into a bleak

and miserable third world existence.

If we want the benefits of technology, then
we must leam to live with it. If we are to live
with an ever changing technology then we
must understand that technology and learn to
chart its future development so that we, unlike
my friend, are not caught unawares by some
technology driven change.

In my opinion, this is one overwhelming
reason for the impertance of teaching science
and technology in schools, and teaching it
well. If we know something about science and
technology then we are no longer afraid of, or
in awe of, the products of science and tech-
nology - those products become our tools
rather than our masters.

In thls way we can, o a degree, contro! tha
course of technological development as it
affects us and, at the very leasl, induige in
that rather pleasant game of predicling the
future. If you have a keen observation and a
good grounding in general lechnoiogy then
such preadiction for the next ten, or even
twenty, years is not hard and could protect
you from many a nasty surprise.

We must all accep! that the products.of
science and technalogy are so all pervasive
that none of us can ignore them, This is
despite the seeming protestations to the
contrary of a former editor of the Times,
Simon Jenkins, in a recent column in that ]
paper discussing the merits or otherwise of
the new national curriculum. He boldly states
that ‘there is nothing here that justifies the
extraordinary status of maths and sclence’
and continues ‘there is no shred of evidance
that Britain “needs” more mathematicians and
scientists.” Sad comments indeed.

Even sadder was his conclusion - ‘I believe
that trying now to train a nalion of mathemati-
cians and scientists Is like Thomas Arnold
training a nation of clerks and clerics. The
new curricuium seeks 1o push children out of
school with a store of learning they are certain
to forgat and with precious little to prepare
them for work or life.’

Itis all right for Mr Jenkins, he is one of
that small fortunate handful who are relatively
immune to technological change. But for the
rest of society, how wrong he is!

Sclence and technalogy is stimulating,
exciting and creative. Bul like other stimu-
lating, exciting and creative pursuits if you
approach it with ignorance it can be
dangerous and, when ignored, it can be
dangerous. as my unemployed friend has
found out 1o his cost.

speed setting,

future for globat positionin
are in the world to within a few metres.

our series on an introduction to MIDI.

the earth's magnetic field.

now an important tool for archaeologists.

In next month;s issue of ETI we will be continuing our PC Clinic series with a look at
processor and co-processor chips, pius cache memaory, the BIOS routines, POST codes
and how to use them. For PC owners who want to know how fast their processor is
funning, there is a project to buiid a simple little display which shows the current {urbo

B:The main feature in the next issue will examine the technology behind and the
systems. Systems which ¢an accurately tell you where you

Among the projects we will be running next month are a number of useful little
devices - a car lights on tester, an angler’s hite detector, a video (i ht meter and, for the
electronics workbench, a constant current transistor tester. We will also be continuing

For the more experimentally inclined reader we will be looking at the design and
construction of magnetometers, devices sufficiently sensitive to detect the change in
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A SMALL SAMPLE OF OUR RANGE MODULE

PROF
FINISHE

ROOM TRANSMITTER RT1 4n extremely sensitve [ 9. 13.75

miniature transmitter with long battery life
Drmensions: 20 x 20mm

MAINS TRANSMITTER MT4 Can be connected inside . g 31.50
21y equipment that is mains powered E 1
Dimensions: 35 x 20mm i

TELEPHONE TRANSMITTER TTS small enough to . 17.50
conceal within a telephone. Will transmit both sides of a
parwersahon (saras conneclijing

Dimensions: 10 x 20mm

TELEPHONE SOCKET TRANSMITTER TSTS
Replace your telephone sacaet with this one within which a
“ransmitter has been concedled.

ROOM AND TELEPHONE TRANSMITTER RTT
Operates as a room transmitter. then switches to telephone
'ransmitter mode during telephone calls.

Dimensions: 30 x 25mm

AUTOMATIC TELEPHONE RECORDER

SWITCH TRS2 Racard iefephona sorversatons with s
interface uhit and yao! v Kipe recands
Birensions 36 »

AUTOMATIC TELEPHONE RECORDER ATR1
Adapt the raps rsccrcerincluded 1o secoro telephone calls
auicmatcatly

TELEPHONE TAP ALERT TTA1 visual warning of any

invasions of privacy on your telephone line
| Dimensions: 38 x 52mm

RF DETECTOR RFD1 Highly sensitive hand-held
detector. Range between 10Mhz and 600Mhz. Silent operation
Dimensions: 70 x 50mm

CAMERA DETECTOR CD8 Detects hidden video
cameras (even miniature CCD models)
Dimensions: 63 x 38mm

RECORDING BRIEFCASE RBC1 completely

discreet recordings at a value for money price

SHOTGUN MICROPHONE AMPLIFIER SMA
Ideal for surveillance The amplifier will pick up sounds from a
long distance

SIGNALLING TRANSMITTER SIGT sends a
continual audio pulse. Can be integrated into alarm, tracking or 3
warning systems. Dimensions: ZJ x 58mm 7

TELEPHONE AMPLIFIER TA5 Connected directly to
the telephone. this unit will amolify both sides of a telephone call.j
Dimensions: 25 x 25mm

PROFFESSIONAL SOUND TO LIGHT SK72
Custom built for disco or home use. Audio signal divided into
bass, mid and treble bands, with internal microphone and
spothight option Dimensions: 210 x 45mm

MICRO METAL DETECTOR MMD Detect the

presence of ferrous and various nor-ferrous metals. Useful for 24
those DIY jobs. Dimensions: 40 x 25mim

Please add £2 00 P & P to all orders and 17 é% VAT on all UK orders

For full catalogue please send two 1st class stamps or 2 IRC'S

172 Caledonian Road
Depl ET

London N1 0SG
CANAL| IBRIDGE AUDIO
071-837 4423 @

: CD & TAPE

wmeolfulolmrmpywm

* F GREENWELD

P Par
,,er—f:’ SOUTHAMPTON so1s 3uo
" Tek: (0703) 236363; Fax: (0703) 236307

Yo GE/' A BEI'TFH
OFAL FROM CWEEWHD

The new Bonex Components
Catalogue is now available
Consisting of 84 A4 pages with
over 500 photographic illustrations
At a price of £1,95 inc p+p

To obtain your copy, please send a
cheqgue or your credit card details
to:

BONEX LTD, 12 ELDER WAY,
LANGLEY BUSINESS PARK,
SLOUGH, BERKSHIRE SL3 6EP
Tel: 0753 549502

Fax: 0753 543812

THE NEW ENLARGED CIRKIT SUMMER 1994
CATALOGUE INCLUDES:
H A further 16 extra pages
W £200 worth discount vouchers
W 100's new products
W 256 pages, 26 section, over 4000 products
from some of the worlds finest manufacturers
and suppliers
M Expanded entertainment section with in-car
amps, speakers, crossovers and low cost disco
equipment
M Further additions from Europe's leading kit
manufacture - Velleman -
AVAILABLE FROM MOST LARGE NEWSAGENTS OR g s !
DIRECT FROM CIRKITS AT £1.90 + 30p P+P : i IW“II

Cirkit Distribution Ltd
Park Lane, Broxbourne, Herts EN10 7NQ
Tel: (0992) 448899 Fax: (0992) 471314
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Model 083020 illustrated above

Star Ql\lality, Reliability,
and World Class
Performance

e K52

Maplin Electronics are pleased to
NE announce their superb new range
of precision, laboratory grade
Oscilloscopes from Goldstar.
W The range starts with the super
NF‘ value-for-money, 20MHz Dual-trace
Oscilloscope, OS-9020A. Features
include a large 6in., high luminance
CRT with internal 8 X 10cm graticule,
TV field or line triggering and X-Y
mode producing Lissajous patterns
for phase shift measurements
W For higher frequency applications,
NEY the 40MHz Dual trace Oscilloscope,
08-9040D, is ideal for TV and video
signals and a trigger delay facility allows
observation of fast leading edges.
For RF signals and high-speed logic
NE‘X applications, the highly specified
100MHez triple-trace Oscilloscope,
08-9100D, has 3 independent input
channels and is ideal for simultaneous
display of 3 logic pulse trains for
timing comparison.

0.95

W The dual-trace, 40MHz Oscilloscope,

NE 0S8-904RD, is similar in specification
to 0S-9040D, but with the additional
facility of a digital readout on the CRT,
The readout displays information such
as timebase and attenuator settings,
and on-screen measurements can be
performed using movable cursors, the
value appearing on the CRT screen.

- Top-ofthe-range is the excellent

NE 20MHz Digital Storage Oscilloscope,
08§-3020, with on-screen digital read-
out and measurement facilities. The
digital storage function enables one-off
events to be captured and stored for
detailed analysis Stored waveforms can
be printed out on a suitable X-Y plotter
via the built-in RS$232 interface.
Repetitive high-speed waveforms
up to 20MHz can be digitised using
equivalent sampling techniques
and pre-trigger mode allows events
occurring before the triggering point
to be captured.

All models are supplied compliete with probes, mains lead, spare fuses and detailed operating manual Full details
and specifications can be found in the 1994 Maplin Full Colour Catalogue, available from WHSMITH and
selected branches of RSMcColl in Scotland for £2 95 (&3 45 by post direct from Maplin) To order, Phone the Credit
Card Hotline, 0702 554161, or send your Mail Order to P.O Box 3, Rayleigh, SS6 2BR, or visit your local Maplin store
Please note latest models all now cream in colour as Model O$-3020

Y ETER ELECTRONICS. ux acents ror GOIASEQr

Visit our stofes in: Birmingham, Brighton, Bristol, Cardift, Chatham, Coventry, Dudley, Edinburgh, Glasgow, liford,
Leeds, Leicaster, London (Edgware, Foresl Hill and Hammersmith), Manchester {Oxiord Road and Cheetham Hill),
Middlesbrough, Newcastie-upon-Tyne {The Metro Centre, Gateshead), Noltingham, Portamauth, Reading,
Sheffie/d, Slough, Southampton, Southend-on-Sea, Stackpert, Milton Keynes plus new stores opening soon.
Phene 0702 552911 for turther details, '

All items subject to availability, prices Include VAT and are subject to change. Carriage charge per order £5.70,

Handling charge £1.40 per order. Overseas customers please phone 0702 552911.
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GoldStar

Technology with the human touch




