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Announcing a new range of affordable.
powerful Windows based PCB and schematic
design packages from POWERware.

DESIGNER

£99 *

PCB and schematic design with all the new
'Easy -Edit' features and an Auto router!

DESIGNER+

£149 *

For larger PCB and schematic designs.
adds Gerber and NC -Drill support.

PRO

£199 *

Adds schematic capture, with integrated
rats -nest generation and auto -router.
Export net -lists for design checking.
PR0+

£299 *

Adds advanced schematic capture for
management of larger schematics. Gerber
import facility for file exchanging.
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The start of what is probably the worid's

first practical project to build a single
board computer system based around
the famous Inmos Transputer chip. It
can be used in a wide variety of
applications from a graphics engine, to
artificial intelligence, or could even be
used to build a parallel super computer.

BUILD A MANDY
TRANSISTOR TESTER

Transistor Tester

ELECTRONIC TOY/
GUARD THAT
CAN STOP
CARAVAN THIEVES

44

Tow Bar Alarm

Thieves will think twice about trying
to steal your caravan if it is fitted with
Terry Balbirnie's alarm system

A Touch of
Magnetism
In Part 2 of this two part article, Keith
Garwell looks at the design of
sensitive instrumentation which can
detect minute changes in the Earth's
magnetic field.

P
AN ISTROVECTION TO IRDI

An Introduction
to MIDI

CORNIER COMIOILE0
STEPPER MOTORS

RUILDING A ROXIIATE
AILORETOMETTR

In Part 4 of this series Robert Penfold
continues his introduction to the
mysteries of MIDI - the now
universally accepted standard for
communications between electronic
musical instruments.

A LOOM AT ETTS

NEN
TRANSPLIER
PROJECT

Volume 23 No.8

This simple constant current
transistor tester, designed by Robert
Penfold, will enable you to easily check
whether those surplus transistors in

your component box actually work.

Features
Projects

Microprocessor
Motor Control
Jim Spence concludes his project to
use the ETI Experimenter's
Computer to accurately control a
number of stepper motors.

Regulars

The Electronic
Nose

A look at advances in bioelectronics,
the fusion of electronics and
biochemistry, which have already
produced a range of sophisticated
sensors that can rival the human
nose, but in the future could bring us
computers so small that they are
made from a single molecule.

PC Overheating
Alarm

20

If your PC overheats because the fan
is not working property or the
environment prevents proper cooling,
then you could be in serious trouble.
To prevent this happening, Robert
Penfold has developed a
temperature alarm that will plug into
your PC and warn you if it is starting
to overheat.

News and event diary

6

Practically Speaking

67

The new series in which Terry

Balbirnie divulges some practical

hints and tips for the electronics
Part 4 of the series which shows
readers how to repair, maintain,
upgrade and build circuits for
personal computers. In this issue we
look at the the main system memory,
how it is used and organised and
how it can be upgraded.
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Subscribe
& Save

Phone the hotline and
take advantage of our
special offer detailed
on page 68
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enthusiast.
PCB foils

69

Open Forum

74

Front cover photograph courtesy of
IBM, shows the company's new OEM
Systemboard Series all -in -one board
for 486 CPU up to DX4/100 Local
Bus Video (64 -bit) and Local Bus IDE,
PCI and VESA.

GUIDED MISSILE
CONTROL CABLE

4,200 mtrs

9

:only £14.99

MODELS
WIed remotes for
boats and planes

COMMUNICATIONS
Field phones/Buzzers

and telephones
UNBELIEVABLE CABLE BARGAIN

gait=

Eiird scarrIng, trip wires

and pant support

fAtird

Fence binding,
Crop support, alarms

SUITABLE FOR UP TO THE MINUTE ELECTRONICS ENTHUSIASTS
this top quality, government standard exceptionally thin 4 core cable.

ALARM
This cable is almost Impossible to detect with the naked eye when used for
domestic applications.

Connect up systems and

A mega 4,200 meters on each reel, very thin four core cable, originally

SQL=

conceal under wallpaper
carpet, etc

manufactured for the SWINGFIRE and other missile systems. 4 Insulated wires

Physics and Science Lab
Art Department

0.12mm dla of copper plated high tensile steel overall dla approximately
0.5mm. Each core Is Insulated with Lowmex T Enamel and overall the four cores
are lapped with count cotton and wax Impregnated. Supplied on a plastic reel
6.25" x 5.5" and weighs only 2.75kg.

REINFORCEMENT
For fabric, plastic and
window displays

Almost too many suggested uses, security wiring, communications, remote
control, binding, garden, farm, InvIsable security wiring, plant support, bird
scarring, wire rope for models and school mechanics, site layouts, fabric and

FISHING
Illuminate floats with
multi colour LED's

plastic reinforcement, alarm wiring for whole walls, and of course for fishing with
Its substantial 28Ib breaking straln.III

NEWS FLASH
NEWS FLASH
NEWS FLASH

MIDLANDS STORE

NOW OPEN IN
WOLVERHAMPTON

NEWS FLASH
NEWS FLASH
NEWS FLASH

III II

BULL ELECTRICAL

T/AS "WALTONS"

WIRING
Give Models a realistic
look with working mini
bulbs. Cars with flashing
lights, aeroplanes,
dolls houses with room
lights, etc.

mosmosesso

PRIORITY ORDER FORM

55a Worcester Street

Wolverhampton

PLEASE RUSH ME AN ORDER OF MISSLE CABLE BARGAIN BY RETURN POST:

Tel: 0902 22039

NAME:

Monday - Saturday
9.00am - 5.30pm

ADDRESS:.

(SORRY NO MAIL ORDER SERVICE AVAILABLE FROM
THIS OUTLET)

POSTCODE

QTY.

REEL(S)@ £14.99 PER REEL:

TOTAL: L

BULL ELECTRICAL
250 PORTLAND ROAD HOVE
SUSSEX BN3 SOT
MAIL ORDER TERMS: CREDIT CARD, CASH, PO OR CHEQUE
VAT.
WITH ORDER PLUS 1g1.00 PAP (UK ortly) pI

Pleats anew 10-14 dayt for dettvty
TELEPHONE ORDERS WELCOME

TEL 0273 203500
FAX:.Q27-3 323077

PLEASE SEND ME YOUR FREE
64 PAGE BUMPER CATALOGUE

I AM AN EXISTING CUSTOMER

ADD P&P (per order) £3.00:
PLUS V.A.T. @ 17.5%
TOTAL
PAYMENT METHOD. CHEQUE/CREDIT CARD/P/0

BULL ELECTRICAL

250 PORTLAND ROAD HOVE
SUSSEX BN3 5QT

CREDIT CARD NO
EXPIRY DATE
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68000 Embedded

Controller

Developed for OEMs who need the 16 -bit power of the 68000
processor in a small module, the EM68 features the highly integrated MC68302 together with 1MB of EPROM, 1MB of 5V
FLASH EPROM and 64KB of static RAM in a module
measuring just 3in square.
The EM68 has 3 full high speed serial ports operating in
UART, HDLC/SDLC, BISYNC or DDCMP modes, with on
board RS232 on channel 1, DMA, Interrupt controller, 28
parallel I/O lines, 2 16 -bit Timers with compare and capture,
Watchdog Timer, DRAM refresh, and Low power (standby)
modes.
Designed as a high level component for OEMs to mount
directly on their PCB and priced accordingly, the EM68 can
cost as little as X95 each in quantity. Editors, Assembler and C
compilers are also readily available. For further details contact
the manufacturers, Diss, Norfolk based Devantech Ltd, on
0379 644285.

PCMCIA Data

Acquisition Pod
Southampton based Integrated Measurement Systems
have just launched a PCMCIA data acquisition card, the
DACpad. This has been designed to PCMCIA Type II standard and is ideal for laptops, notebooks and host
computers with PCMCIA slots, thus allowing such systems
to be used for data acquisition in spite of the PC -Bus
expansion slot limitations which have in the past prevented
them from being used in such applications.
The DACpad provides 8 channels of differential
analogue input measurement, with 12 -bit resolution at
sampling rates up to 30K samples/second. The DACpad
includes a signal wiring and conditioning pod, with removable connectors, enabling transducer signals to be wired
to the DACpad very simply and easily. On board signal
conditioning and amplification allows a wide variety of
sensors to be wired directly to the DACpad, including thermocouple CJC. Four separate digital inputs and four digital
outputs are also provided for digital input sensing as well
as output on/off control.
For further details contact IMS on 0703 771143.
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Low Cost Digital
Multimeter
New from Maplin Electronics
is the WG020 Digital
Multimeter. This is a
quality, versatile mufti meter that provides a
wide range of useful
features in one. easy to use
package.
This highly accurate multi meter features a comprehensive range of functions for the
serious hobbyist and professional alike, at an affordable
price. The frequency function is
autoranging and a 'MAX' hold
facility allows the highest reading of
a varying measurement to be
stored. In addition to the basic functions, a `duty cycle' measurement
facility is provided, which is a useful
aid for analysing pulsed signals in
digital circuits.
Readings on all ranges are sampled at a rate of 2.5
times per second. Supplied with a pair of test leads,
battery and full instruction manual. The WG020 costs
£54.95 and for further details contact Maplin Electronics on
0702 554161.
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Soldering Irons go Portable
Anyone who is faced with the likelihood of having to do
some soldering without a handy mains socket into which
to plug a soldering iron will find this new portable gas
soldering iron kit from Maplin Electronics an essential
item in their toolbox.
This is a compact, handy, pocket sized soldering iron
kit which works on butane gas (standard lighter fuel). The
highly cost effective kit contains an iron with a lmrn tip, a
tube of lmm 60/40 resin cored solder, a cleaning pad, a
hot flame tip, a hot knife tip and a spring clip that fits into
two holes as an iron rest when the unit is being used.
The whole kit is supplied in a plastic case with full
instructions, spare tips are available separately. This gas
soldering iron kit costs £32.95 and for further details
contact Maplin Electronics on 0702 554161.

High Density Signal Conditioning Board
A 40 channel opto isolated digital input board has been introduced by Arcom Control Systems of Cambridge. This board
provides designers with a single high density module capable
of being connected to STE-, VME- and PC/PCAT bus based
control and monitoring systems. Designated the SCB42, this
single Eurocard sized module simplifies system integration
and enhancing operational reliability.
The 40 channels are arranged as five independent ports
of eight. Input voltages can range from OV up to 12V or 24V,
with a further user option to fit resistors for inputs up to 48V.
Inputs can be of either polarity thanks to the use of optoisolator devices with back to back LEDs. PCB tracking and
component layout have been carefully designed to ensure
that a full 500V isolation is maintained across the entire
module. Digital debounce circuitry is provided on each
channel, with the length of delay determined by the value of a
single oscillator capacitor.
For further details contact Arcom on 0223 411200.

Revolutionary EPROM Emulator
The MicroROM is a revolutionary new type of EPROM emulator developed by London based Squarewave Electronics. The
emulator is a module just 11 mm high which plugs directly into the EPROM socket and is compatible with standard EPROMs.
There is no need to remove, erase and reprogram an
EPROM each time data is changed.
To use the emulator, simply plug the module into the
-.EPROM socket, then send the data directly from any
computer with a Centronics printer port via a special
cable. This cable plugs into a special connector on the
emulator module and one can download the entire
contents of a 27256 in about 1 second.
Once programming is complete and the connector
removed, the module can remain in place like a normal
EPROM due to its non volatile storage capability. This
makes the MicroROM a lot easier to use and a lot more
versatile than conventional emulators.
For further details contact Squarewave on
.081 880 9889.
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Tomorrow's Technology Update
In the July issue of ETI we carried a feature on smartcards and forecast that they were something
we would all be using within two or three years. Judging by the announcements of new developments
and new applications which have appeared 'n the last couple of months, the smartcard revolution might
445
be upon us sooner than we thought.
4I1/4
As an update on the use of smartcards for public transport ticketing systems, the London Transport world
leading scheme based in Harrow is forging ahead and has proved very popular with passengers of all ages. At the
time of writing, the number of cards issued has just topped the 13.000 mark. The success of the London Transport
smartcard project has prompted a large number of other transport operators around the world to start their own
schemes for using contactless smartcards.
In May, Manchester started a trial on 120 buses in Bolton and have so far issued about 3,300 cards to children and
elderly passengers. Hong Kong are expected to announce a contract shortly for a major system on their Mass Transit
Railway and bus services. Meanwhile Japanese railways are starting trials in several stations in Tokyo (several groups of
Japanese engineers and developers have come to London over the last few months to see how the London Transport
smartcard system is working). Other smartcard ticketing schemes are new being planned in Melbourne Paris, Oslo. and
Helsinki.

In other areas smartcard technology is also advancing rapidly. One of the world's leading RISC processor manufacturers. the UK based company ARM (jointty owned by Acorn Computers, semiconductor manufacturer VLSI and US
computer giant Apple) has announced that it is teaming up with a group of European companies under the European
Community ETC initiative to develop smart card security systems incorporating analysis techniques such as voice recog
nition.

Called CASCADE, these new smartcards will be designed around ARM's 32 -bit RISC processor technology to produce
a card that has over a hundred times the processing power of any existing smartcard. This processing power will be used
in conjunction with ARM's high level programming language support and its ability to handle 32 -bit data to handle prob-

High Power DSP Prototyping System
The world's first development and prototyping system for Texas Instruments new high power MVP, the TMS320C80 digital signal
processor, has been launched by Loughborough based Loughborough Sound Images (this company is in fact the world's largest
supplier of board level products based on DSPs). It's a product which should allow users to rapidly develop and prototype video,
image processing and graphics applications.
The development environment, known as EVM, includes general purpose configurable hardware, a range of interface modules for
targeted applications and software drivers for the hardware interfaces. These various components will enable engineers to rapidly
prototype MVP based designs and cut development costs and time to market.
It is expected that the EVM will be used by designers of MVP based products for video conferencing, document image
processing, graphics acceleration and virtual reality systems. The development system can be tailored to each application by
connecting interface modules onto the EVM board.
The EVM board includes an MVP processor, integrated 4MB video frame buffer, integrated audio interface and extensive DRAM
and synchronous SRAM. Two expansion interfaces, the video interface module and applications interface module allow the addition
of application specific plug in modules for hardware flexibility. Later this year, LSI will have video conferencing, virtual reality, and
graphics/X-Terminal emulation modules available.
For further details contact LSI on 0509 231843.
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lams involving complex algorithms such as voice recognition, This will allow smartcards to reach previously unattainable
levels of security and protection against fraud
In yet another application, Schlumberger has won contracts to develop a smartcard system for the French Health
Service. Called CPS the cards will be issued in 1996 to over 1 million healthcare professionals, doctors, nurses, dentists.
etc., and is intended to be part of a move aimed at substantially improving operational efficiency.
CPS will provide users with a way of exploiting the power of personal and portable computer systems with a highly
secure way of verifying the user's identity, to allow the authorisation of computer based documents and transactions or
access to protected data - locally or over telephone/computer networks. This smartcard system should thus help to overcome most of the objections to the use of computerised patient records, since it will effectively deny access to anyone who
is not authorised.
There is also a follow-up to the feature on Global Positioning Systems in the August issue of ETI. Bournemouth based
Marilake Instruments, a world leading specialist in the design of passenger information systems, has in conjunction with the
computing and electronics departments at Bournemouth University, developed an in-flight passenger information system
which incorporates a GPS.
Called the Flight Master System it is designed to use the new generation of aircraft seat back video monitors to display a
range of maps, flight data and other information for passengers, automatically suspending operation during in flight video,
but superimposing essential safety graphics. The built in GPS will enable passengers to see exactly where the plane is at
any time during the flight and associated maps will make it easy to identify geographical features, mountains, towns, rivers,
etc., which can be seen from the windows.
Contacts:
London Transport: 071 918 4123
ARM : 0223 400400
Schlumberger of France: (33) 1 47 46 70 20
Marilake: 0202 570055

Bus Based PC Processor Board
Arcom Control Systems of Cambridge has released a bus -based PC -AT
compatible processor board optimised for data acquisition and data concentration applications. Designed around the powerful 50 or 25 MHz 486SLC
CPU, with up to 4MB of dynamic RAM, 1.5MB of battery backed static
RAM, and 3MB of FLASH EPROM, the board's six serial communications
gateways provide an ideal foundation for a wide variety of communications and networking oriented embedded PC systems.
The 486SLC is constructed on a compact PC AT bus module.
This approach enables an extremely high performance 486 class
industrial PC to be constructed on a passive backplane, providing an
inherently modular system with far greater configuration and upgrade flexibility than
conventional motherboards - and is ideal for OEM applications.
For further details contact Arcom on 0223 411200.

Event diary
2 August
7 August
21 August

Talk on aerials, Sudbury and District Radio Amateurs. Tel: 0787 313212
Radio Society of Great Britain, Annual spares sale Wobum Abbey, Wobum. Tel: 0525 290666
Southend and District Radio Society Radio and Computer Rally, Rocheway Centre, Rochford,
Essex.
Tel: 0702 353676

3 September
4 September
5 September
13-15 September
20-25 September
13 Nov

Wight Wireless Rally, National Wireless Museum, Arreton Manor, near Newport, Isle of Wight.
Tel: 0983 567665
Applied Optics and Optoelectronics Conference. Institute of Physics, York. Tel: 071 235 6111
9th Electromagnetic Compatibility Conference, Institute of Electrical Engineers, Armitage
Centre, Manchester. Tel: 071 240 1871E
Virtual Reality User Show 1994. London Novatel. Tel: 081 995 3632
Live 94, The Consumer Electronics Show, Earls Court, London. Tel: 0891 500 103
Midland Amateur Radio Society rally at Stockland Green Leisure Centre, Slade Road,
Erdington, Birmingham. Doors open at 10AM, admission Et , For furthe details ring 021 422
9787 or 021 443 1189(evenings only).

If you are organising an event which you would like to have included in this section please send full details to: ETI,
Argus House, Boundary Way, Hemel Hempstead, Herts. HP2 7ST. Clearly marking your envelope Event Diary.
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POWER AMPLIFIER MODULES -TURNTABLES -DIMMERS LOUDSPEAKERS -1S INCH STEREO RACK AMPLIFIERS
OMP MOS-FET POWER AMPLIFIERS

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

HIGH POWER. TWO CHANNEL 19 INCH RACK

- s
.
.
I I. T
SERVICE * LARGE (A4)B.A.E., BD STAMPED FOR CATALOGUE

MP MOS-FET POWER AMPLIFIER MODUL3,- SUPPLIED READY BUILT AND TESTED.
Those modules now enjoy a world-wide reputation for quality reliability and perform/ince at a realistic price. Four
models are available to suit the needs of the prolessionI and hobby mortal i e Industry. Leisure. Instrumental and 14i -F1
etc When comparing prices. NOTE that all models include toroidal power supply. integral heat sink glass fibre P C B and
drive circuits to power a compatible Vu miter All models are open end short circuit proof

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS
OMP/MF 100 Mos-Fet Output power 110 watts
R.M.S. into 4 ohms. frequency response 1Hz - 100KHz

-3dB. Damping Factor

300. Slew Rate 45V/uS,

T.H.D. typical 0.002%, Input Sensitivity 500mV. S.N.R.
-110 dB. Size 300 x 123 x 60mm.

PRICE C40.85

£3.50 P&P

-

OMP/MF 200 Mos-Fet Output power 200 watts
R.M.S. into 4 ohms. frequency response 1Hz - 100KHz

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W

100W) MXF400 (200W

-3dB, Damping Factor

200W)

MXF600 (300W - 300W) MXF900 (450W - 450W)

PRICE C64.35 - C4.00 P&P

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: *Independent power supplies with Iwo toroidal transformers * Twin L E D Vu meters *

OMP/MF 300 Mos-Fet Output power 300 watts

Level controls * Illuminated on/otl switch * XLR connectors * Standard 775mV inputs * Open and short circuit

R.M.S. into 4 ohms. frequency response 1Hz - 100KHz

proof * Latest Mos-Fels for stress free power delivery into virtually any load * High slew rale * Very low
distortion

Aluminium cases * MXF600 & MXF900 fan cooled with D.C. loudspeaker and thermal protection.

-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 C81.75
C5.00 P&P

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES, MXF200 W19 x113' (2U)F011"
MXF400 W19 x115'

300, Slew Rate 50V/uS,

T.H.D. typical 0.001%. Input Sensitivity 500mV. S.N.R.
-110 dB. Size 300 x 155 x 100mm.

(3U)rD12"

MXF600 W19 x115'. (3U):C113"
MXF900 W19 xH5' (3U):1314.."

OMP/MF 450 Mos-Fet Output power 450 watts

PRICES:-MXF200 C175.00 MX F400 C233.85
MXF600 C329.00 MXF900 C449.15

R.M.S. into 4 ohms. frequency response 1Hz - 100KHz

-3dB. Damping Factor

300, Slew Rate 75V/uS,

T.M.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Fan Cooled. D.C. Loudspeaker Protection. 2
Second Anti -Thump Delay. Size 385 x 210 x 105mm.
PRICE 0132.85
C5.00 P&P

SPECIALIST CARRIER DEL. 012.50 EACH

MP X03 STEREO 3 -WAY ACTIVE CROSS-OVE

-

OMP/MF 1000 Mos-Fet Output power 1000 watts
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.

Advanced 3 -Way Stereo Active Cross -Over. housed in a 19" a ILI case. Each channel has three level controls,

bass, mid 8 top. The removable front fascia allows access to the programmable OIL switches to adjust the
cross -over frequency: Bass -Mid 250/500,800Hz. Mid -Top 1.8/3i5KHz, all at 24d8 per octave Bass Invert switches
on each bass channel. Nominal 775,nV inpuUoutput. Fully compatible with OMP rack amplifier and modules.

PRICE C259.00

Price £117.44 - C5.00 P&P
telt

-411

11.41:1-1

C12.00 P&P

NOTE, MOS-FET MODULES ARE AVAILABLE IN TWO VERSION&
STANDARD - INPUT SENS 50Chi1/, BAND WIDTH 10014Ms.
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS

* ECHO & SOUND EFFECTS*

775mV, BAND WIDTH SOH Mr. ORDER STANDARD OR PFC.

STEREO DISCO MIXER with 2 a 7 band
L 8 R graphic equalisers with bar graph
LED Vu meters.

MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with talk -over

LOUDSPEAKER

switch, 6 Channels with individual faders
plus cross fade, Cue Headphone Monitor. 8

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.

Sound Effects. Useful combination of the

following Inputs, 3 turntables (rnag), 3

McKenzie and Fan* Loudspeakers are also available.

miss, 5 Line for CD, Tape, Video etc.

Price £144.99 r £5.00 P&P

SUM 482 0 240 x 120mm

rTrITTTrq75ITiTITITI-4111-11-;71111117441-ii

T :

ALL EMINENCE UNITS 8 OHMS IMPEDANCE
Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an Improved 8 100 WATT R.M.S. ME8-100 GEN. PURPOSE. LEAD GUITAR. EXCELLENT MID. DISCO
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required
these units can be added to existing speaker systems of up to 100 wafts (more it two are put in series FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

RES. FRED. 72Hz. FREQ. RESP. TO 4KHz. SENS 97dB

PRICE C32.71

C2.00 P&P

10 100 WATT R.M.S. MEI 0-100 GUITAR, VOCAL. KEYBOARD. DISCO. EXCELLENT MID.
RES. FRED. 71Hz. FREQ. RESP. TO 7KHz. SENS97dB.

£2.50 P&P
10' 200 WATT R.M.S. MEI 0-200 GUITAR, KEYB'D. DISCO, VOCAL, EXCELLENT HIGH POWER MID.
RES. FRED. 65Hz. FRED. RESP. TO 3.5KHz, SENS 99d15
PRICE C43.47 - £2.50 P&P
bookshelf and medium sized Hi-Fi apeakers. Price C4.90
50p P&P.
12'. 100 WATT R.M.S. MEI 2-100LE GEN. PURPOSE. LEAD GUITAR. DISCO, STAGE MONITOR.
TYPE
(KSN1005A)
super horn for general purpose speakers. RES. FRED. 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
disco and P.A. systems etc. Price C5.99
50p P&P.
MONITOR.
RES.
FRED
42Hz.
FREQ.
RESP
TO
10KHz.
SENS
98dB.
PRICE £36.67 - C3.50 P&P
TYPE 'C' (KSN1016A) 2 x5 wide dispersion horn for quality Hi-Fi sys12 200 WATT R.M.S. MEI 2-200 GEN PURPOSE GUITAR. DISCO, VOCAL. EXCELLENT MID.
tems and quality discos etc. Price C6.99
50p P&P.
RES. FRED. 58Hz. FREQ. RESP. TO 6KHz. SENS 9808
PRICE £46.71 - £3.50 P&P
TYPE 'D' (KSN1025A) 2 x6 wide dispersion horn. Upper frequency 12 300 WATT R.M.S MEI 2-3000P HIGH POWER BASS. LEAD GUITAR. KEYBOARD.
DISCO ETC.
response retained extending down to mid -range (2KHz). Suitable for high RES. FRED. 47Hz. FREQ. RESP. TO 5KHz. SENS 103dB
PRICE £70.19 - C3.50 P&P
quality Hi-Fi systems and quality discos. Price C9.99 50p P&P.
15 200 WATT R.M.S. MEI 5.200 GEN PURPOSE BASS. INCLUDING BASS GUITAR.
TYPE 'E' (KSN1038A) 35. horn tweeter with attractive silver finish trim. RES. FREQ. 46Hz. FREQ. RESP. TO 5KHz. SENS 9908.
PRICE £50.72 C4.00 P&P
15 300 WATT R.M.S. MEI 5-300 HIGH POWER BASS. INCLUDING BASS GUITAR
Suitable for Hi-Fi monitor systems etc. Price 05.99
50p P&P.
RES.
FREQ.
39Hz,
FREQ.
RESP.
TO
3KHz,
SENS
103dB.
PRICE 073.34 £4.00 P&P
LEVEL CONTROL Combines. on a recessed mounting plate. level control
and cabinet input jack socket. 85x85mm. Price C4.10 50p P&P.
PRICE C33.74

TYPE 'A' (KSN1036A) 3 round with protective wire mesh. Ideal for

-

-

ALL EARBENDER UNITS 8 OHMS (Ecerrt E1111.50 a E810-50 which are dual Impedance tapped

ITT

4 a 8 ohm)

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND
8 50watt E138-50 DUAL IMPEDENCE. TAPPED 4/8 OHM BASS. HI -Fl. IN -CAR

11311

RES. FREQ. 40Hz. FREQ. RESP TO 7KHz SENS 9708.
PRICE £8.90
10 50WATT 111110-50 DUAL IMPEDENCE, TAPPED 4113 OHM BASS. HI -Fl. IN -CAR
RES. FREQ. 40Hz. FREO. RESP TO 5KHz, SENS. 99dB.
PRICE C13.65

A new range of quality loudspeakers, designed to take advantage of the latest
speaker technology and enclosure designs. Bolt models utilize studio quality
12" cast aluminium loudspeakers With factory fitted grilles, wide dispersion

RES. FRED 35Hz. FREQ. RESP. TO 3KHz, SENS 96dB.
12 1 OOWATT EB1 2-100 BASS. STUDIO, HI-FI, EXCELLENT DISCO
RES. FREQ. 26Hz. FRED. RESP. TO 3KHz. SENS 93dB.

are fined as standard with top hats for optional loudspeaker stands

ibl FC 12.100WATTS (100dB) PRICE C159.00 PER PAIR
ibI FC I 2-200WATTS (100dB) PRICE £175.00 PER PAIR
SPECIALIST CARRIER DEL C12.50 PER PAIR

THREE SUPERB HIGH POWER
CAR STEREO 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

250W 099.99
400W C109.05 P&P £2.00 EACH

03.50 P&P

-

OPTIONAL STANDS PRICE PER PAIR £49.00
Delivery f6.00 per pair

PRICES: 150W 049.99

PRICE 030.39

PRICE C42.12 - £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, FRED. RESP. TO 20KHz. SENS 92dB.
PRICE £9.99 - C1.50 P&P
8' r 60WATT EB6-80TC (TWIN CONEI HI -Fl. MULTI -ARRAY DISCO ETC.
RES. FREQ. 38Hz. FRED. RESP. TO 20KHz. SENS 94dB.
PRICE £10.99
1.50 P&P
8 60V/ATT EB8-60TC (TWIN CONE) HI -Fl. MILTI-ARRAY DISCO ETC.
RES. FREQ. 40Hz. FREQ. RESP. TO 18KHz. SENS 89dB.
PRICE 012.99
£1.50 P&P
10 60WATT EBI 0-60TC (TWIN CONE) HI -Fl. MULTI ARRAY DISCO ETC.
RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB.
PRICE £16.49 - C2.00 P&P

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

41

C2.50 P&P

10 100WATT II1110-100 BASS. HI-FI, STUDIO.

constant directivity horns. extruded aluminium corner protection and steel
ball corners. complimented with heavy duty black covering The enclosures

0

C2.00 P&P

high 8 low level inputs * L 8 R level

controls * Remote on -off * Speaker 8
thermal orotecti

POSTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL
ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLC, ETC.
PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA ANO
ACCESS ACCEPTED By POST, PHONE OR FAX.

EARCIABGED

imam

)11:11:1^-1,'.111110:1.1FNALAlt--PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS
3W TRANSMITTER

80.108MHz
VARICAP
CONTROLLED PROFESSIONAL
PERFORMANCE RANGE UP TO 3 MILES. SIZE 18 123mm SUPPLY 12Y a 0.5AMP.

PRICE 044.86
£1.00 P&P
FM MICRO TRANSMITTER 106108MHz YARICAP TUNED, COMPLETE WITH
VERY SENS FET MIC RANGE 100-300m,SIZE 56116mm, SUPPLY 90 BATTERY.

MOTO SW PW TWANSNITTIM

B.K. ELECTRONICS
UNITS l& 5 COMET WAY, SOUTHENO-ON-SEA,
ESSEX. SS2 6TR.

Tel.: 0702-527572 Fax.: 0702-420243

EXPRESS COMPONENTS
MAINS IONIZER KIT. Very useful

STROBE LIGHT. Bright strobe light

50 I/C's for £1.50

FUSE PACK NO 2

kit that increases the flow of negative

with an adjustable frequency of 1-60hz.
(a lot faster than conventional strobes!)

Nice mix of chips at a bargain price!

30 mixed 1.25" fuses again ideal for

£16 kit, £20 built.

CERAMIC CAPACITOR PACK

4W FM TRA NSNIFIT ER. 3 RF stages,

Good mixed pack of 100 capacitors
for just £1.00

ions, helps clear cigarette smoke, dust,

pollen etc. Helps reduce stress and
respiratory problems. £15. kit, L20

spares etc. Just £1.00

built.

audio preamp. 12-I8vDC. Medium

COMBINATION LOCK. Electronic
9 key combination lock suitable for

powered bug £20 kit, £28 built.

3 CHANNEL LIGHT CHASER. 3x

ELECTROLYTIC PACK 1

alarms, cars,houses etc, easily program-

800w output, speed and direction con-

mable. Includes mains 2Arelay o/p. 9v
operation. £10 kit, £14 built.

trols, can be used with 12 led's (sup-

100 small mixed electrolytic
capacitors just LI .00

VARIABLE POWER SUPPLY.
Stabiized, short circuit protected. Gives

3-30v DC at 2.5A, ideal for workshop
or laboratory. L14 kit,L18 built. 24VAC
required.

LEAD ACID CHARGER. Two automatic charging rates(fast and slow),
visual indication of battery state. Ideal
for alarm systems,emergency lighting,
battery projects etc. £12 kit,116 built.

PHONE LINE RECORDER.Device
that connects to the 'phone line and
activates a cassette recorder when the

handset is lifted. Ideal for recording
'phone conversations etc!. £8 kit, £12
built.

ROBOT VOICE. Turns your voice
into a robot voice! answer the phone

with a diffcrad voice!. L9 kit. £13
built.

plied) or TRIACS for mains lights (also
supplied). 9-15v DC. £17 kit, L23 built.

ELECTROLYTIC PACK 2

25W FM TRANSMITTER. 4 stage, a
preamp will be required. (Our preamp
below is suitable) £79 built.(no kits).

capacitors

SOUND EFFECTS GENERATOR.
Produces any thing from bird chips to
sirens! add sounds to all sorts of things
L9 kit £13 built.
FM/AM SCANNER. Well not
quite,you bevel° 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 covers 50-160MHZ both AM and FM. Built
in 5w amplifier. £15 kit, L20 built.

50 larger electrolytic mixed

SLEEVING PACK
100 assorted pieces of sleeving for
connectors etc. Yours for just L1.00

DIODE PACK
100 assorted diodes for just £1.00

RESISTOR PACK NO 1
250 low wattage resistors, ideal for
most projects etc. Just £1.00

LED PACK
20 light emitting diodes for £ 100

RESISTOR PACK NO 2

TRANSISTOR PACK

Hi wattage pack, good selection of
mixed wattages and values 50 in all,
bargain price just L1.00

50 mixed transistors, another bargain
at L1.00

PRESET PACK

10 things that make a noise for just
£1.00!

BUZZER PACK
Nice selection of 25 mixed preset
pots for just another LI!

POT PACK

CAR ALARM SYSTEM. Works on
vibration and/or voltage drop from door
etc being opened. Entry and exit delays
plus adjustable alami duration.Low cost
protection! £12 kit, £16 built.

WIRE PACK
25 Metres of insulated wire for just
LI 00, good for projects etc

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

10 pots for £ I, (5 different types) a
snip at L1.00

each.

DISPLAYS

PIIONE BUG DETECTOR This de-

15W FM TRANSMITTER. 4 stage,

CONNECTOR PACK

vice will warn you if somebody is

10 different connectors, again for LI

eavesdropping on your 'phone line. £6

high power bug. You will need a preamp
for this (see our preamp below which is

10 seven segment displays for
£1.00

kit L9 built.
PIIONE BIIG. Small bug powered by

ok) £69 built. (no kits).
1W FM TRANSMITTER. 2 stage in-

the telephone line. Only transmits when

cluding preamp and mic. Good general
purpose bug. 8-30VDC.

FUSE PACK NO 1
40 mixed 20mm fuses, ideal for
repairs etc, or just to stock up the
spares box! Just LI 00

ORDER 10 PACKS OR MORE
AND CHOOSE ONE FREE
PACK!!
FREE COMPONENT CATA-

the phone is used. Popular surveillance product.L8 kit, £12 built.

LI2 kit,L16 built.

BULK PACKS
PREAN1P MIXER. 3 channel input,
independent level and tone controls.
Ideal for use with the hi power FM

about a month on one
1.5v battery. Frequency is
set to drive away mosquitos etc. L7 kit,

I built.
TREMBLER ALARM. Designed for 3 CIIANNEI. SOUND TO LIGHT.
transmitters. £15 kit, £19 built.

bikes etc, adjustable sensitivity, preset

Can be used anywhere as no connection

alarm time, auto reset. Could be adapted

is made to hi ti. Separate sensitivity
channel,
each
for
controls
1,200Wpowerhandling. Microphone
included. L14 kit, £19 built.
MINI METAL DETECTOR. Detects

for all sorts of "borrowable" things L12

kit.LI6 built.
ULTRASONIC RADAR. A project
that can be used as a movement detector

in an enclosed space. Range about 10

metres, I2vDC. Good basis for
car,shed,caravan alarm et e.L14 kit, £19

built.

PHONE CALL REI.AY. Very useful

pipes,wires etc up to 20cm deep. Useful before you drill those holes! L8 kit,
L12 built.

0-5 MINUTE TIMER. Simple time
switch adjustable from 0-5 inins,will

KITS 'N MODULES
LIQUID LEVEI, DETECTOR.

low a telephone conversation without

Useful item, can be used to detect
fluid levels in watertank.s, baths, ponds
fishtanks etc. Could also be used as rain

holding the handset to your ear! £11 kit
L15 built.

alarm with an easily constructed salsor. L5 kit, L9 built.
FM TRANSMITTER. Mini FM transminature mic and is tuneable from 63 to

I2v FLOURESCENT. A useful kit that

130MHZ. £7 kit, Ll I built.

FUNCTION GENERATOR. (leiter-

will enable you to light large llourescent
tubes from your car battery etc. 9v mains

ales sinusoidal, saw tooth and square

transformer required L8 kit, £12 built.

wavefomis from 20hz up to 20khz. Sepa-

rate level controls for each waveform.
24vac. £15 kit, £20 built
with an impressive S watts output. Ideal

to operate more bells, signalling lights

£7 kit, Ll I built.

TELEPIIONE AMPLIFIER. Very

etc Good fur noisy enviroments or if

7 WATT III Fl AMPLIFIER. Useful,
powerful amplifier 20hz-15hz, 12-

sensitive amplifier which using a 'phone

PORTABLE ALARM SYSTEM.

18vdc. Good for intercoms, audio systems, car etc. L7 kit LI I built.

Small 9v alarm system based on a mer-

INCAR SOUND To LIGHT. Put

cury switch The alarm contitues to some atmosphere in your car with this
sound until disabled by the owner. kit. Each channel has 6 led's that create
a beautiful lighting effect! L10 kit, £14
Buzzer included. LII kit £15 built.
100W MUSIC TO LIGHT EFFECT. built.
Add rhythm to your music with this VOX SWITCH. 'this is a sound actisimplcsound to light kit. L8 kit, L12 vated switch, ideal for use on transmitbuilt

MOSQUITO REPELLER. Modem
way to keep the nudges away! Runs for

ters, CB's, tape recorders etc. Adjustable sensitivity, built in delay. Mic input. £7 kit, £11 built.

KNOB PACK
10 knobs for just £1.00

5 WATT SIREN. Powix-ful siren kit

ates when the phone rings. Can he used

you have your headphones on! £10 kit,
£14 built.

SWITCH PACK
10 switches for just 11.00

mitter 2 transistor, conies with HT

switch 2A mains load. I 2v op. Ideal fur
laboratory, photographic projects etc.

kit that incorporates a relay that oper-

LOGUE WITII EVERY ORDER!!

for alarms etc. £6 kit £10 built.

pickup coil (supplied) will let you fol-

REMEMBER! YOUR FREE COPY
OF OUR CUT PRICE COMPONENTS CATALOGUE SENT
WITH EVERY ORDER!!!

How to place your order
0273 771156
By phone
0273 206875
By FAX
By Post...PO box 517 Hove Sussex BN3 5QZ
Payment by ACCESS,V ISA, CI1EQUE OR POSTAI. ORDER.
Cheques and postal orders should be payable to Express Components.
ALL PRICES ARE SUBJECT TO 99p POST AND VAT. Some of our products
may be unlicensable for use in the UK (particularly the FM transmitters )

Bioelectronics
From

Biosensors
To

Molecular Computers
Bioelectronics is the name given to the rapidly developing techniques which seek to combine advanced biochemistry and
semiconductors, to create a range of highly sophisticated devices
that will undoubtedly form the basis of the next great
leap forward in technology.
or almost forty years, electronics engineers have
been reducing the size of circuits. Valves gave
way to transistors, transistors to ICs, and simple
gate logic ICs to complete systems on a single
chip. Today we can use processor chips with over 3
million transistors and memory chips capable of storing 4MB
are commonplace.
The relentless pressure is still there to pack more circuitry on
a single chip and to make it operate at higher speeds. To do
this, engineers have had to devise techniques for building
smaller and smaller transistors, connectors and other components on a silicon chip. A process which is getting increasingly
difficult - indeed, many experts consider that practical limits will
have been reached within the next decade.
The problem is that conventional electronics are fabricated in
what is essentially a 'top -down' process. In other words a large
scale design is miniaturised to such a degree that it can be put
onto a single silicon chip. The limitations arise from the precision
with which the components can be etched onto the chip and
already conventional photoetching techniques are coming up
against limits imposed by the wavelength of light. Limitations
also arise as a result of microscopic flaws in the semiconductor
material increasing chip failure rates.
The fact that limitations would eventually be reached was
recognised a long time ago and has led some researchers to
look for alternative ways of creating ultra -small electronic
circuitry. In particular, they have been examining a number of
'bottom -up' approaches which seek to build a circuit molecule
by molecule, rather than etching ever finer circuits from a slice
of semiconductor.
Some researchers are seeking to build devices from conductors and semiconductors that rely on techniques such as

quantum effects, by using equipment like the tunnelling electron
microscope which allows very small structures to be built by
moving individual atoms. Other researchers, influenced by the
fine detailed structures found in biology, structures such as the
DNA molecule, are seeking to build a new generation of devices
that are based primarily upon organic molecules rather than
traditional metal/semiconductor structures. These are the so
called bioelectronic. or molecular electronic devices.

Molecular Electronics
The ultimate goal of researchers into molecular electronic
devices, or MED as they are often referred to, is the creation of
independent functional units which consist of single molecules.
This would mean that a lump of such molecular electronic
'matter', the size of a sugar cube, would contain tens of millions
of independently functional circuits that in theory could be as
complex as a computer. Circuits which can exist on their own
and which may or may not interact with other circuits.
The fact that true MEDs are independent, molecular sized
functional units is important, since it differentiates them from
compounds which display electrical activity as a result of large
numbers of molecules acting in bulk rather than individually. A
typical example of an organic molecule which shows bulk electrical properties is the liquid crystal used in LCD displays. At the
moment, the majority of the molecular electronic developments
with commercial applications are for compounds which show
bulk electronic properties.
Perhaps the first person to seriously think about the development of molecular sized machines was the physicist Richard
Feynman in about 1959. He realised that molecular machines
could be constructed that would store, manipulate and transfer
information and he also realised that what made them so
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special was not just their microscopic size but the fact that they
would be self assembling, self organising and self replicating. In
other words, they would share many of the attributes of living
organisms.
Feynman's ideas remained little more than theoretical until
the mid 1980's, when major advances in genetics and biochemistry, plus the computer simulation of chemical processes and
molecular structures, made it possible for researchers to start
practically investigating the idea. Pioneer researchers such as
Ari Aviram at IBM, a scientist who had been toying with the
ideas for such molecular devices since the early 70s, and
Robert Birge at Syracuse University. Today there are people
working on molecular electronics all over the world and in the
UK there are teams at
several universities,
including Cambridge,
Birmingham, UMIST and
Warwick.
These researchers have
already done a lot of work
on developing molecules
which could be used as the
building blocks for more
sophisticated devices. We
have thus seen the development by a number of
teams of molecular wires,
molecular switches, molecular light sources and
sensors, plus a very wide
variety of molecular
sensors. As any electronics
engineer will realise, molecular switches are a key
component of any future MED, since they will enable the
construction of logic gates and thus of molecules, capable of
computational functions. The molecular wires will be needed to
connect the switches into functional circuits, using self
assembly techniques that have been developed using methods
first devised by genetic engineers.
A diverse range of molecular wires and switches have been
demonstrated, not all of which rely upon switching a current
flow on and off. Some use photons of a specific 'colour' light to
cause the molecule to switch from one form to another, a sort of
molecular optical computing device. Others use wavelike disturbances of molecular energy, called solitons, to transmit information. The molecules themselves range from pure organic
compounds to ones that incorporate metal atoms.
However, one thing is already obvious, we should not expect
MEDs to work or behave like anything else we have developed,
certainly not like conventional electronic devices.

Molecular Electronic Assemblies
Because of their minute size, it will be impossible to assemble
MEDs with conventional techniques, one will certainly not be
able to solder wires to them! This means that special techniques
have to be developed to both interface such devices to conventional electronic circuitry and to actually build the devices in the
first place.
The way in which they are interfaced will depend upon the
kind of switching technique which is employed. Where the
switching involves an electrical current, then the interfacing
technique will involve chemically attaching molecular wires to
special field effect transistors which are part of a fairly conven-

tional silicon IC chip. The molecular wires will then be attached
to the actual molecular device. This type of interface is already
being used, in a very simple manner, in biosensors, where the
different types of organic sensor molecules are attached to a
semiconductor sensor array with its associated signal amplifiers,
interface and reading logic.
One great advantage of optical MED switches is that they will
not need any direct connection. Switches such as those being
developed by Robert Birge at Syracuse are based upon bacterial rhodopsin and a pulse of laser light at a specific wavelength
causes it to switch from one form to another, light of another
wavelength will cause it to switch back. The state of switches
such as this can be read using another laser beam. Since this
type of switch is both very
fast and very small it could
well find future applications
in MED memory systems.
MEDs are of course
three dimensional structures, unlike conventional
ICs which are two dimensional. They will, however, in
most cases be built upon
some form of substrate,
with the molecule being
built up using self assembling properties borrowed
from biological structures
such as viruses. Indeed,
some researchers are even
proposing the use of genetically engineered cells to
create MEDs, just as
infected cells turn out
viruses, although it should be noted that such proposals are
pure speculation and current knowledge is insufficient to be able

to do it.
One technique for organising functional molecules into a
practically useful structure is to trap the molecules in a thin film.
The technology for developing such films is already well known,
for example bilayer lipid membranes are just two molecules
thick and Langmuir-Blodgett films are just one molecule thick.
Both types of film have been successfully employed to organise
bioelectronic molecules in an orderly structure. One example of
this technique is a biosensor developed by the Ajinomoto
Company of Japan.
This sensor uses bacteriorhodopsin molecules trapped in a
lipid bilayer and the sensor emits electrical signals when struck
by light of a specific wavelength. In conjunction with semiconductors, this type of optical biosensor could eventually lead to
the creation of highly advanced imaging systems.
Such molecular scale films are being employed in many
other similar applications and offer enormous possibilities for
future development since films can be stacked up layer on layer
to create complex systems. Indeed, stacked molecular scale
films offer the best immediate approach for practical construction of practical commercial MEDs.
Slightly thicker, but still extremely thin, films are also being
used to take advantage of the bulk electronic properties of
organic molecules. A large group of organic molecules are
capable of conducting electricity to various extents, some even
exhibiting semiconducting properties. These are the type of
molecules which have been proposed for use as the wires
connecting MEDs. Thin films of such molecules are increasingly
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The Electronic Nose

being used in light weight miniature devices such as batteries,
as a replacement for metal conductors. Thus, the newly developed lithium/polymer batteries offer some of the best power to
weight ratios thanks to the use of conductive polymer films
replacing heavy and bulky metal electrodes.
Indeed, organic polymer films are an area of molecular electronics where a lot of exciting developments are being made,
developments which are being turned into practical commercial
products right now. One example is the development by scientists at the Cambridge University of an electroluminescent
polymer which offers higher efficiencies and brightness than
conventional light emitting technology.
The Cambridge team used polyphenylenevinylene, or PPV, as
the light emitting polymer. Very thin films of highly purified PPV
will emit large amounts of light - indeed, it is about 10% efficient
compared to only 1% for an LED. In its natural form PPV emits a
green light, but the researchers have managed to produce derivatives which output light in a wide range of colours including
both red and a very good blue. The high efficiency of such films
means that they produce light that is ten times as bright as that
generated by a CRT tube. Early applications will thus be in areas
such as emergency lighting and signs. The polymer also offers
high reliability and stability with a 100,000 hour life expected.

Biosensors
Another area where organic polymers are already being used
commercially with considerable success is in the production of
so called biosensors. These are electronic devices which are

capable of detecting very small quantities of a wide range of
different chemicals, devims which look set to revolutionise medical
and environmental diagnostics. Sensors which, as the title of
this article suggests, could provide the computer with a sense of
taste and smell that might soon rival and surpass our own.
Already an enormous range of different biosensors have
been produced both commercially and experimentally, but all
share the same common structure. They use one or more
sensor proteins, usually an enzyme, to generate a signal and
then a conventional transducer to convert that signal into an
electronic signal that can be measured by conventional circuitry
and instrumentation.
Thus we can build a biosensor that will measure the amount
of glucose sugar in a liquid by using the enzyme glucose
oxidase. This was one of the first biosensors to be invented and,
in fact, dates back to work done in the 1950s by Leyland C
Clark Jr at Cincinnati Children's Hospital. Clark's sensor
measured the amount of dissolved oxygen in a solution using a
standard platinum electrode and reference electrode, with a
membrane permeable to gases. The voltage bias of the platinum electrode was set so that the rate of current flow through
the circuit depended on the rate at which oxygen diffused
through the membrane, which in turn was proportional to the
oxygen concentration in the solution.
In the early 1960s, Clark extended his oxygen sensor to the
measurement of glucose concentrations by coating the oxygen
sensor with a layer of gel containing glucose oxidase and then,
over that, a semi -permeable dialysis membrane that allowed
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We greatly underrate our sense of taste and smell. It is
truly amazing how an individual, such as a wine expert with
a trained nose and palate, can perform what amounts to a
very sophisticated chemical analysis on an unknown glass
of wine and then say with often unerring accuracy what the
wine is, where it came from, what year it was made and
even what field the grapes grew in.
To try and produce an electronic 'nose' which can
compete with even the limited capability of the average
human might seem rather optimistic, but this is exactly
what the Hertfordshire based company Neotronics
Technology have succeeded in doing. Neotronics became
involved in the design of the electronic nose to characterise beer in 1990. It was then part of a DTI funded
programme with Bass Brewers and Warwick University.
They have continued and further developed on this
initial work and have produced a sensor system which is
designed to 'sniff' out the chemical composition of foods,
drink, perfumes, household products and, dare it be said,
even wine, A sensor system which should help businesses
to produce consistently high quality products, to detect
counterfeit products and to monitor waste products for
potentially dangerous pollutants.
The major advantage of an electronic system over a
human nose is that its output is consistent, it can be used
24 hours a day, seven days per week and it will produce
numerical output which can be processed by a computer
to produce accurate comparative data. There is also the
fact that few people will want to spend their working lives
sniffing and identifying potentially objectionable smells.
The human nose works by trapping smells in the nasal
cavity that lies above the roof of the mouth. At the top of
the nasal cavity within the olfactory bulbs there are about
10,000 special non-specific chemical sensors which

perform the task of identifying certain odours. The output of
these sensors goes directly to the brain where they are
compared with previous odour memories and a conclusion
drawn as to the nature and origin of the current odour.
The Neotronics electronic nose aims to do exactly the
same as the human nose, but with fewer sensors and a
simulated brain. In fact, the current version of this system
uses just twelve sensors, but within specific areas, for
example wine. it can successfully replicate the function of
the human nose.
The twelve sensors are mounted as four sets of three on
the inside of a square metal framework which is attached to
a cap, allowing a seal to be made between the vapour to be
tested and the outside environment. The sensors are
connected to control electronics and a computer. The
samples to be tested are contained in a glass beaker to
which a magnetic stirrer or heater can be added if necessary.

The sensors used in the electronic nose are a special
design which has been patented by Neotronics. They are
known as conducting polymer sensors and are sensitive to
a wide range of different substances. Two different types of
polymer are used, polypyrrole and polyanaline. Variations
between sensor materials are due to the use of different
counterions and solvents which modify the polymer chain.
The conductive polymers are electrochemically grown at
a defined potential across an electrode gap. The current
design uses two gold electrodes, with the polymer grown in
a defined window area, the rest of the sensor being suitably
protected. A silicon substrate is now being used for greater
reproducibility. A range of sensor materials are currently
available and new materials are being developed.
These conductive polymer sensors are very sensitive to
certain vapours and odours but, like the sensors in the

devices. It also led to considerable work on miniaturisation of
glucose molecules to diffuse into the sensor but prevented the
sensors and sensor arrays, work that was largely fuelled and
enzyme from diffusing out. The enzyme bakes down glucose
funded by the military need for efficient chemical and biological
molecules into gluconic acid and hydrogen peroxide, with the
warefare sensors that could give early warning and analysis of
latter creating a signal at the oxygen electrode. The signal at the
an attack, using nerve gas or biological toxins.
oxygen electrode is thus proportional to the concentration of
The miniaturisation and fusion of biosensors with semiconglucose molecules in the solution.
ductors means that
The next great
whereas Clark's
step forward in the
glucose sensor was
production of biosenDISPLAY
about a centimetre in
sors was based upon
KEYBOARD
SAMPLE
diameter and needed
the work of James
a box of electronics, it
Angell of Stanford
is now possible to
and Kensall Wise of
SAMPLE INLET
produce a sensor
Michigan Universities,
array on a single chip
and involved the
of silicon, with
marriage of semiconsensors measuring
ductors and biosenjust
a few hundredth's
sors. They built
of
a
millimetre and
multiple miniature
Proposed medical diagnostic
with
all the necessary
SENSOR.,
electrodes on a
CALIBRATION SOLUTION
unit utilising biosensors
transducer and amplisilicon chip to make
fier electronics
electrochemical
mounted on the same chip. To produce such sensors the
measurements of neural tissue. This technique was extended by
chemical reagents and membranes are laid down in precise
Jin Janata of the University of Utah, who coated the gate of a
patterns on the semiconductor substrate using an ink jet type
field effect transistor with the antibody concanavalin A, thus
printer and the accuracy is such that arrays can be produced
creating the first CHEMFET detector.
that can measure a number of different chemical compounds at
This early work was followed by a whole range of different
the same time.
transducers including thermistors, piezoelectric and optical
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human nose, are not selective, so cannot be used in isolation. In operation, the resistance of the sensor varies in
accordance with the concentration of certain molecules
within the vapour. And, like the human nose it has an initial
sharp response followed by a slower long term effect,
which can be seen in the diagrams accompanying this
piece.

This change in sensor resistance can be attributed to
several different mechanisms. Examples are direct absorption of the vapour into the polymer, modification of the
polymer chain by the vapour due to the polarity of the
vapour, or the filling of 'holes' within the material by the gas
or vapour. There is still a great deal of academic argument
as to the exact reason why polymer sensors work, but they
do work and that is enough to allow production of a
commercial device like the Neotronics nose.
Because conductive polymer sensors are very sensitive
to low levels of certain gases and vapours, but not selective, they need to be used in conjunction with sophisticated
analysis techniques. In other words, they need to be
attached to a computer, via special purpose interface
circuitry, on which is running some form of analysis software.

The simplest form
of analysis technique
employed by
Neotronics is to have
the computer output
the data in graphical
form as a scaled
polar plot with the
maximum vector
length defined. This
visual picture of a
particular 'smell' is
easy for the user to

The development of biosensors has now reached a stage
where they can be produced cheaply enough so that a medical
worker, for example, can throw away a sensor after each patient
measurement. This opens up the possibility of doctors, or even
the patients themselves, making instant measurements of the
body's physiology. Indeed, such a sensor placed within a
patient's vein could be used to continuously monitor blood
chemistry in the same way that other equipment can measure
heart rate, brain function, etc.
The real power of biosensor technology is that it can provide
an instant analysis without any need for a laboratory or skilled
technicians. Thus a diabetic can use a biosensor chip to accurately determine when an insulin injection is necessary. as with
such a device it becomes much easier to take frequent
measurements.
A Japanese company has already developed an implantable
artificial pancreas which contains a biosensor for measuring
blood glucose levels. A microprocessor interprets the measurements and a small pump automatically gives the patient accurate amounts of insulin that are adjusted to match his sugar
metabolism on a minute by minute basis
Ease of use in the field is an important factor in favour of
biosensors in environmental testing. as it can give the user an
instant measurement of pollution levels without the time
consuming necessity of collecting and analysing samples in the
lab. In many cases such measurements can only be made in

interpret, particularly when colours are used. On these
polar plots. such as the examples accompanying this
piece, each vector represents the output from one sensor,
so with twelve sensors there are twelve vectors. Therefore
as the relative response from each sensor varies by the
addition of a gas or vapour, the overall shape of the polar
plot also varies.
This means that each specific substance has its own
unique plot shape, in other words a unique signature and a
skilled user can recognise familiar substances from their
plot. From this was developed the difference ring that
allows two different samples to be compared. One would
probably be a known reference sample and the other the
sample under test. Here, the circle represents no deviation
between the two
signatures. For each
sensor, a vector is
taken from the
radius, if it goes
inward then it is a
negative change and
if it goes outward a
positive change. The
radius is scaled so
that absolute deviation can be shown.
Once again a
skilled user can
understand the
Polar plot for champagt,
graphical output and
detect any serious
deviation from the expected norm. But having to have a
skilled user is a major drawback to the usability of such
systems. Unfortunately, we cannot simply use the
computer to perform this task by comparing patterns with
libraries of previously tested samples. This is because

the field, measurements such as biological oxygen demand
which determines the health of rivers and lakes. Speed is of the
essence in environmental testing, the quicker pollution can be
detected the quicker it can be stopped. the cheaper it is to
clean up and the less damage it does.
The same goes for the food industry, where biosensors can
be used to keep a constant check on product quality by testing
at frequent intervals for certain key chemicals thus reducing the
likelihood of having to discard large faulty batches. Already,
biosensors are in wide use in the brewing industry to ensure
consistency and uniformity of product.
In the future, as can be seen from the box entitled 'Electronic
Nose', biosensors will become ever more sophisticated. Soon
there will hardly be a chemical substance which it will not be
possible to build a biosensor to detect. Furthermore, the detection process will become increasingly sophisticated as a result
of the merging of biosensor arrays and sophisticated computer
techniques, such as the neural network which has been added
to Neotronic's Nose to enable it to learn to detect the subtle
differences between a range of different substances. In a couple
of years they could well have a system that could, for example,
identify an unknown wine with the same unerring accuracy now
exhibited by a handful of Masters of Wine.

Biocomputers
Biosensors are the main commercial driving force in bioelec-
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every sample of the same substance will vary slightly, the
result, amongst other things, of random molecular movement, of temperature and humidity changes.
The solution is a simulated brain, that can learn about
the vapours and gases that the electronic nose attached to
it encounters. A simulated brain that, like the real thing, can
recognise a pattern despite slight variations between the
sample and the
reference
pattern. This is
in fact none
other than our
old friend the
neural network.
A neural
network, either
implemented in
hardware or
software, is
Circular plot showing difference between white
essentially a
-T-T1 chamnaqn,:?
pattern recogniser. It is so
good at being a pattern recogniser that it will still correctly
recognise a pattern when parts of it are missing or
distorted. it also has the added advantage that a neural
network is also an efficient learning system. These factors
make a neural network the ideal analysis technique for
something like the electronic nose with its non -selective
sensors.
With a neural network attached to the sensor array electronics we have a system which can be trained to recognise
specific substances. The user no longer needs to know
look like and
neither do variations in individual sensors matter (the signature on one 'nose' system for a specific substance will not
look like the signature for that same substance on another

system). Neither will slight variations in input signature
matter, as once it has been trained it will repeatedly recognise that substance whenever it is encountered.
Of course the neural net does not actually know
anything about the substances under test, it will not know
anything, for example, about champagne and white wine.
But as it is trained by being repeatedly exposed to reference samples. it will build up pattern weightings that will
depend on how often they are activated whilst being
trained. Once trained, it will recognise that substance when
it is encountered, even if it has been watered down, or
disguised (such as an attempt to disguise the presence of
drugs or explosives). It will even distinguish between the
real thing, such as a perfume and a very carefully
crafted fake.
This combination of the electronic nose and the neural
network has been made possible by a joint development
programme between Neotronics and another British high
technology company, Neural Technologies. The result of
this collaboration is a twelve sensor electronic nose with a
neural controller chip. This looks as if it will find a considerable number of uses within the food and drinks industry
and, with the development of portable units, could be an
added weapon in the battle against terrorists and drug
smugglers.
In the not too distant future, a couple of years maybe,
we are likely to see much more sophisticated systems with
more sensors and capable of recognising a far greater
number of different substances. Then it will certainly be
practical to train such a system to identify a glass of wine,
and tell us the vineyard and vintage and yet another human
skill succumbs to technology!

tronics today, but a great many researchers in both commercial
and university labs all around the world are working on a much
longer range project, the molecular computer. As was
mentioned at the beginning of this piece, building very small
electronic devices can only be achieved using a bottom up
approach to building them. Furthermore, it is perfectly reasonable to conjecture that if it is possible to build a molecular
switch and a molecular wire, then in time we should be able to
put together molecular circuits of greater and greater
complexity.
The ultimate goal for the creation of increasingly complex
molecular circuits is of course the construction of a molecular
information processing system, a molecular computer.
Increasingly, scientists are coming to the conclusion that it will
be possible to build such devices, the question being when
rather than if. It could be a very long time before molecular
computers become a possibility, probably fifty years or more.
But on the other hand the rate of technological development
has increased enormously over the last few decades and looks
set to continue increasing. In this case we could see the molecular computer as a reality in the early decades of the
next century.
This brings us to the question of why anyone should want to
build computers that are so small that millions of them would fit
into a teaspoon. One thing is certain - they will not be used to
make small PCs, neither will the actual molecular computers be

programmable in high level languages. The molecular computer
will probably be an extremely simple computational device with
the program hard coded into its structure, its strengths will lie in
its enormous parallelism and the way that individual units
connect together.
In fact, it is unlikely that molecular computers will be used in
any way that even closely resembles the way that computers
are used today. Instead, it is likely that they will form part of the
structure of things. Scientists have hypothesised that they could
be used to make intelligent materials, things that could change
shape, colour, surface properties and even repair themselves on
the basis of data and energy input. Applications for such intelligent material would be legion.
Molecular computers would also find wide ranging applications in robotics and medical prosthesis. They could form the
basis of synthetic muscles. They could form a direct interface
between the human brain and machines and allow the
construction of systems that would allow the blind to see and
the deaf to hear as well as any normal person. And, perhaps
they just might form the basis on which we can construct
machines that can think for themselves.
This may all sound like science fiction and in many ways it is,
but it is science fiction which stands a good chance of
becoming science fact within the lifetime of many of us, and
perhaps a lot sooner.

Contacts:
Neotronics - 0279 870182
Neural Technologies - 0730 260256
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8 CAVANS WAY,
BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF
Tel: 0203 650702
Fax: 0203 650773

Mobile: 0860 400683

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

OSCILLOSCOPES
Gould 0S3000 - 30MHz Dual ch
£250
Gould 4035 - 20MHz Digital storage
£600
Gould 4050 - 35MHz Digital storage
£750
Gould 5110 - 100MHz Intelligent oscilloscope
£950
Gould 054000, 0S4200, 0S4020, 0S245
from £125
Hewlett Packard 1740A, 1741A, 17744A, 100MHz dual ch
from £350
Hewlett Packard 182C - 100MHz 4 ch
£350
Hewlett Packard 1707A, 1707B - 75MHz 2ch
from £275
Hitachi V.U22 - 40MHz Dual channel
£300
Nicolet 3091 - LF D.S.O
£1100
Nicolet 4094 -4 channel low freq. D.S.O
£600
Tektronix 2201 - 20MHz D.S.O. dual ch
£675
Tektronix 2213 - 60MHz Dual Channel
£425
Tektronix 2230 - 100MHz Digital storage
£1650
Tektronix 2246 100MHz-4 channel
(as new) £995
Tektronix 2215 60MHz dual trace
£450
Tektronix 2235 Dual trace 100MHz (portable)
£800
Tektronix 2335 Dual trace 100MHz (portable)
£750
Tektronix 2225 -50MHz dual ch
£450
Tektronix 465/465B - 100MHz dual ch
from £350
Tektronix 475 - 200MHz dual ch
£450
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch
from £300
Tektronix 7704 - 250MHz 4 ch
from £650
Tektronix 7834/7844 - 400MHz 4 ch
from £750
Tektronix 7904 - 500MHz
from £850
Phillips 3206, 3211, 3212, 3217, 3226, 3240
3243, 3244, 3261, 3262 (2ch + 4ch)
from £125 to £350
Solartron Schlumberger CD1740 - 20MHz 4ch
£250
Other scopes available too

SPECTRUM ANALYSERS
Ailtech 727 -20GHz
Hewlett Packard 3580A - -5Hz-50KHz
Hewlett Packard 8590A - 10KHz - 1.5GHz - (as new)
Hewlett Packard 182T with 8559A (10MHz - 21GHz)
Hewlett Packard 4953 Protocol analyser
HP 3582A - 25KHz Analyser, dual channel
HP 8590B - 9KHz - 1.8GHz
HP8754A - Network analyser 4-1300MHz
Marconi 2370 - 110MHz
Rohde & Schwarz - SWOB 5 Polyskop 0.1 - 1300MHz
Tektronix 492 - 21GHz
Tektronix 7L18 with 7603 main frame 1.5 GHZ - 18GHZ
Texscan AL51A (4MHZ - 1GHZ)

£2200
£1250
£4500
£3750
£2500
£2500
£4750
£3500
£1250
£2750
£5,500
£3500
£1300

MISCELLANEOUS
Anritsu ML93B/ML92B Optical power meter with sensor
£2000
anritsu ME538C Microwave system analyser (BX + Tx)
£3500
B&K 2511 + 1621 Vibration test set
£2000
B&K 2511 Vibration meter
£1500
8&K 2515 Vibration analyser
£4500
Datron 1061A Autocal digital multimeter (61/2 digits)
£850
Dranetz 305 Phase meter
£250
Dymar 1585 AF Power meter
£175
Dymar 2085 AF Power meter
£200
Farnel RB 1030-35 Electronic load 1Kw
£450
Farnel AMM/B Automatic modulation meter
£150
Farnel 2081 R/F Power meter
POA
Farnel SSG 520 Sig. gen 10-520MHz
All 3
Farnel TTS 520 Transmitter test set
£900
Farnel SG1B Sig. gen interface
Feedback TWG300 Test waveform generator
£200
Fischer Betascope 2040/2060 Coating thickness computer & non
destructive coating measurement instrument & many jigs and extras
all for £2000
Fluke 8010A Digital multimeter
£125
Fluke 8922A True RMS voltmeter
POA
POA
Fluke 95020 Current shunt
Gay Millano FTMIC/FTM3C - FTM - Fast transient monitor
£250
General Rad 1658 LCR Digibridge
£250
POA
General Rad 1621 Precision capacitance measurement system
Hewlett Packard 436A Power meter +8481A sensor
£950
Hewlett Packard 180TR Display unit with 8755B swept. amp. an £350
£175
Hewlett Packard 32008 VHF oscillator. 10-5000MHz
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, 'IEEE
£650
Hewlett Packard 3702B/3705A/3710A/3716A Microwave link analyser ...£1500
Hewlett Packard 3730A Down converter (with 3738A or 3737A)
£200

Hewlett Packard 37603761 Data gen + error detector
each £300
Hewlett Packard 3762/3763 Data gen + error detector
each E£235500
Hewlett Packard 3777A Channel selector
Hewlett Packard 3779A Primary multiplex analyser
£800
Hewlett Packard 400E/F AC voltmeter
£150
Hewlett Packard 4204A Oscillator 10Hz-1MHz
£250
Hewlett Packard 435A Power meter (less sensor)
£350
Hewlett Packard 456A AC current probe
POA
Hewlett Packard 415E SWR meter
£275
Hewlett Packard 4193A Vector impedance meter
£3500
Hewlett Packard 5335A Universal counter with 1EE
£1400
Hewlett Packard 5342A Microwave freq. count. 18GHz
£1,500
Hewlett Packard 7402 Recorder with 17401A x 2 plug -ins
£300
Hewlett Packard 8005B Pulse generator
£250
Hewlett Packard 8011A Pulse gen. 0.1Hz-20MHz
£500
Hewlett Packard 8013B Pulse gen. 1Hz-50MHz
£750
Hewlett Packard 8012B Pulse generator
£750
Hewlett Packard 8406A Frequency comb. generator
£500
Hewlett Packard 8443A Tracking gen/counter with IEEE
£450
Hewlett Packard 8444A Tracking Generator
£750
Hewlett Packard 84458 Automatic preseiector
Hewlett Packard 8601A Gen/sweeper 110MHz
££37 51
Hewlett Packard 8260C Sweep oscillator mainframe
£500
Hewlett Packard 8750A Storage normaliser
£400
Hewlett Packard 938A Freq. doubler
£250
Hewlett Packard 86548 10-520MHz sig. gen
Hewlett Packard 3438A Digital multimeter
Hewlett Packard 6181C D.C. current source
Hewlett Packard 59501B HP.1B isolated D/A power
supply programmer
£150
Hewlett Packard 3403C True RMS voltmeter
£250
Keithley 197 20MHz with IEEE
£400
Lyons PG73N/PG75/PG28/PG Pulse generator
from £225
Marconi 2019A 80KHz-1040MHz sig. gen
£1850
Marconi 2432A 500MHz digital freq. meter
£200
Marconi 2337 Automatic dist. meter
POA
Marconi 2356 20MHz level oscillator
£300
Marconi 2306 Programmable interface
£500
Marconi 2830 Multiplex tester
£1250
Marconi 2831 Channel access switch
£500
Marconi 6920 Power sensor
£400
Marconi 2022A 10KHz - 1GHz sig. gen
Marconi 2440 Microwave freq. counter 20GHz
££11950050
Marconi 2442 - Microwave freq. counter 26.5GHz
£1950
Philips 5390 1GHz signal gen
£1250
Philips PM 5167 10MHz function gen
£400
Philips 5190 LF synthesizer wIti G.P.I.B.
£800
Philips PM 5519 Colour TV pattern gen
£400
Philips PM 2525 Multimeter WF 'IEEE
Philips 5716 Pulse generatorigh freq. MOS.....
££860500
Philips PM 6672 1GHz timer/counter
£650
Philips PM 8272 XYT chart recorder
£500
Photodyne 800 Fibre optic attenuator
£350
Projectina CH9345 Microscope
£800
Raca 9009 Modulation meter
£225
Raca Dana 202 Logic analyser + 68000 disascPmbler
£250
Raca Dana 9242D Programmable PSU 25V -2A
£300
Raca Dana 9246S Programmable PSU 25V -10A
£400
Raca Dana 3100 40-130MHz synthesiser
£750
Raca Dana 5002 Wideband evel meter
£650
Raca Dana 5003 Digital m/meter
£150
Raca Dana 9000 Microprocessing timer/count. 52MHz
£550
Raca Dana 9081 Synth. sig. gen. 520MHz
Raca Dana 9084 Synth. sig. gen. 104MHz
££455500
Raca Dana 9087 1.3 GHz low noise sig. generator
£2750
Raca Dana 9303 True RMS/RFevel meter
£650
Raca Dana 9341 LCR databridge
£250
Raca Dana 9500 Universal timer/counter 100MHz
£200
Raca Dana 9917 UHF frequency meter 560MHz
£175
Raca Dana 9919 UHF frequency meter 1GHz
Rohde & Schwartz BN36711 Digital 0 meter
££420705
Rohde & Schwartz URV5 - 18 GHz R/F Millivolt -meter (with various
£££261500500

probes)

Solarton Schlumb 1170 Freq. response analyser
Tektronix TM503, SG503, PG506, TG5O1 Scope calibrator
Tektronix 834 Data comms analyser
Tektronix TM5003 + AFG5101 arbitrary function generator
W&G SPM12 Level meter 200Hz-6MHz
W&G PS12 level generator 200Hz-6MHz
W&G SPM6 Level meter 6KHz-18.6MHz
Wavetek 157 Programmable waveform synthesiser
Wayne Kerr B424/N LCR Component meter set
Weller D801M802 Desoldering station
Weller D900 Desoldering station
Wiltron 352 Low freq. differential input phase meter
Hewlett Packard 8640B with OPT 001
EIP 331 - Frequency counter 18GHz

£1850
£250
£2000
£500
£1750
£500
£250£500

£300
£200
£175
£150
£350
£825
£700

SPECIAL OFFERS - Phoenix 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. FOR LIST
OF EQUIPMENT ALL EQUIPMENT IS USED - WITH 30 DAYS
GUARANTEE. PLEASE CHECK FOR AVAILABILITY BEFORE
ORDERING - CARRIAGE & VAT TO BE ADDED TO ALL GOODS
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EASY -PC, Schematic and PCB CAD

Over 18,000 Installations
in 80 Countries World-wide!
Runs on:- PC/XT/AT/
286/ 386/ 486 with
Hercules, CGA, EGA
or VGA display and
many DOS emulations.
Design:- Single sided,
Double sided and
Multi -layer (8) boards.
Provides full Surface
Mount support.
Standard output
includes Dot Matrix /
Laser / Ink -jet Printer,
Pen Plotter, Photo plotter and N.C. Drill.
Tech Support - free.
Superbly easy to use.

Still
Only

DESIGN

£98.00!

AWARD

BRITISH

Plus P&P...VAT

SS

1.1

1989

lc:

.0:06

Options: -500 piece Surface Mount Symbol Library £48,
1000 piece Symbol Library £38, Gerber Import facility £98.

Electronic Designs Right First Time?
Integrated Electronics CAD
II

Schematic Capture
*POO WO

Analogue
& Digital
Simulation

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

Number One Systems
USA:

EASY -PC: Entry level PCB and
Schematic CAD.

$196.00

£98.00

EASY -PC Professional: Schematic
Capture and PCB CAD. Links directly
to ANALYSER III and PULSAR.

$375.00

£195.00

EASY -PC Pro' XM: Extended Memory
Version - Greatly increased capacity

$476.00

£245.00

PULSAR: Digital Circuit Simulator
- 1500 gate capacity.

$195.00

£98.00

PULSAR Professional: Digital Circuit
Simulator - 50,000 gate capacity.

$375.00

£195.00

ANALYSER III: Linear Analogue Circuit
Simulator - 130 node capability

$195.00

£98.00

ANALYSER III Professional: Linear
Analogue Circuit Simulator
- 750 node capability.

$375.00

£195.00

Z -MATCH for Windows: NEW Windows
based Smith -Chart program
for RF Engineers .

$475.00

£245.00

FILTECH: Active and Passive Filter
Design program

$276.00

£145.00

1

Prices from UK£195 / US$375

UK/EEC:

Affordable Electronics CAD

We operate a no penalty upgrade policy. You can
upgrade at any time to the professional version of a
program Just for the difference in price.

US$ prices
include Post
and Pecking

i

UK£ pnces
exclude P&P
end VAT

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

Ref. ETI, HARDING WAY, ST.IVES, CAMBS., ENGLAND, PE17 4WR.
Telephone UK: 0480 461778 (7 lines) Fax: 0480 494042 International +44 480 461778
Ref. ETI, 1795 Granger Avenue, Los Altos, CA 94024
MASTERCARD, VISA Welcome.
Telephone/Fax: (415) 968 9306
ada4a1

ELECTRONICS TODAY INTERNATIONAL
19

PC TEMPERATURE

ALARM
If your PC overheats it could damage expensive components but this project from
Robert Penfold will warn you when you are getting warm.

ver the years the complexity of PCs has increased
substantially. Modem PCs have more complex
processors, more memory and more sophisticated graphics cards than the original PCs.
Paradoxically, the amount of power consumed by
the average PC has actually reduced slightly.
Modern technology has given us computers that have most
of the circuitry on just a handful of chips and reduced power
consumption is a by product of this LSI and VLSI Approach
Some PCs still have power supplies that are capable of
supplying around 200W, but apparently few PCs actually
consume anything approaching this figure.
On the other hand, apart from some portable and small
desktop computers which use the latest micro -power components, most PCs still consume significant amounts of power
and generate a certain amount of heat.
The temperature inside the average PC starts to rise well
above the ambient temperature soon after switch -on. Some of
the larger integrated circuits run quite hot and if the temperature
inside the PC rises too far, there is a risk that these devices will
not be able to lose heat at a high enough rate. This could in tum
lead to them failing before too long.
Various means of combating overheating are available and
these range from simple temperature alarms to up-market
devices such as temperature activated fans to keep microprocessors cool.
The simple device featured here is a temperature alarm which
activates an audio 'beeper' if the temperature inside the PC
exceeds a preset threshold temperature. This temperature is user
adjustable and can be anything from 0 to 100 degrees Centigrade.
The unit is in the form of a small PC expansion card which

is simply plugged into any available slot in the host PC. The unit
is powered from the PC and its current consumption is only
about 12mA

How It Works
Figure 1 shows the block diagram for the PC temperature
alarm. The basis of the unit is a semiconductor temperature
sensor. All semiconductors are affected by temperature
changes and it is normally a potential cause of problems. A
semiconductor temperature sensor puts this phenomenon to

f.

V. REF

TEMP.
SENSOR

L.F.
OSCILLATOR

VOLTAGEDETECTOR

FIG.1. The PC temperatures alarm block diagram
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AUDIO
OSCILLATOR

LS

A voltage detector stage compares the output voltage of the
temperature sensor with a preset reference voltage. The output
of the comparator goes high if the output potential from the
sensor exceeds the reference voltage. When this happens, the
voltage comparator switches on a low frequency oscillator,
which in turn pulses an audio oscillator on and off. This generates a simple 'beep - beep' alarm sound, which is adequate for
an application of this type. The reference voltage determines the
temperature at which the alarm is activated.
The required reference voltage (in millivolts) is equal to the
required threshold temperature multiplied by ten. For example,
for a threshold temperature of 37°C a reference voltage of 370
mV (0.37V) is needed. The full circuit diagram for the temperature alarm is shown in Figure 2.
IC1 is the temperature sensor and this is very easy to use. It
is a basic three terminal device (two supply leads plus the
output) and it will operate over a wide supply voltage range of 4
to 20V. Its current consumption is a mere 56 microamps, which
together with a 5V supply potential gives totally insignificant self heating.
IC2 is an operational amolifier which is used here as a
voltage comparator. VR1 provides a reference voltage that can
be set anywhere from OV to approximately 1V, which matches
the output voltage range of IC1. This reference voltage is
applied to the inverting input of IC2 and the output of 101 is
coupled to the non -inverting input. Consequently, the output of

good use.
A forward biased silicon diode
forms the basis of most semiconductor temperature sensors. There
is a potential of about 0.65V developed across a forward biased
silicon diode, but the exact voltage is dependent to some extent
on the bias current used and the temperature of the diode. If
the diode is biased with a constant current, the output voltage is
only dependent on the diode's temperature.
Even quite large changes in temperature do not provide
major changes in the output voltage. The change is typically
about two or three millivolts per degree Centigrade, with positive changes in temperature giving a reduction in the output
voltage.
The linearity is quite good however, which makes semiconductor temperature sensors a good choice for temperature
measurement, as well as simply detecting a certain temperature. In order to use a diode sensor in most practical applications, it is necessary to use a certain amount of amplification,
plus some level shifting or other signal conditioning.
The sensor used in this project provides a substantial
amount of on -chip signal conditioning, including amplification,
level shifting and a phase inversion. As a result of this it,
provides an output potential that is equal to 10mV per degree
Centigrade. It therefore provides an output voltage of 0 to 1V
over its 0 to 100 degree operating range.
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IC2 is low if the output of 101 is below the reference voltage, or
Normally, a PC expansion card has to be a double -sided PCB.
high if the output of 101 exceeds the reference voltage.
However, in this case the circuit is reasonably simple and it only
When the output of 101 is very close to the reference voltage
requires connections to the ground and +5V terminals of the
there is a risk of instability, with a lot of noise being produced at
expansion bus. A single -sided board is therefore sufficient for
the output IC2. There are several factors that can contribute to
this project. The printed circuit component overlay appears in
this problem, but the main cause is the noise generated within
Figure 3.
IC2 itself. The positive feedback provided by R4 results in the
The CA3130E specified for IC2 is a MOS device, and it
output of IC2 switching cleanly and rapidly once the output from
therefore requires the standard anti -static handling precautions.
101 reaches a high enough voltage. Under standby conditions,
In particular, a holder should be used for this component, but it
with the output of IC2 low, R4 pulls the voltage at the non should not be fitted into the holder until the board is finished in
inverting input of IC2 slightly lower. As the output switches to
other respects. Until then, it should be left in its anti -static packing.
the high state, R4 tends to pull the voltage at IC2's non I would not recommend the use of anything other than a
inverting input fractionally higher. This produces a slight differCA3130E for IC2. Most other operational amplifiers will not work
ence between the input voltage at which IC2 triggers to the high
properly on a supply potential as low as 5V and many of those
state and the input voltage at which it switches back to the low
that will work do not provide a low enough output voltage to
state again. This slight reluctance to change states (known as
hold 103 in the reset state. Some devices that will otherwise
'hysteresis') is sufficient to prevent instability.
operate properly on a 5V supply tend to suffer from 'latch -up'
The low frequency oscillator is based on IC3, and this is a
problems when used in a comparator circuit (including the
standard 555 a stable
circuit. It is gated via the
reset input at pin 4,
which holds the output
at pin 3 low when IC3 is
gated off (when the
output of IC2 is low).
This prevents IC4 from
oscillating. This is
another 555 astable
LS1
circuit, again gated via
its reset input. It has an
operating frequency of
approximately 2.5kHz.
When IC3 is activated,
471±1,
its output provides a
4
IC 1
roughly squarewave
1,
signal at a little over 1Hz.
a
This pulses IC4 on and
T
C3
off, resulting in LS1
being fed with bursts of
tone from IC4. This
produces the alarm signal
from LS1, which is a
ceramic resonator.

TT

FIG.2. The P.C.B. component overlay

Construction

0+5V
R5

R7
15k

33k

NOTE:
1C1

1C2

R1

C1

= 10u

OUT

WW1

R4
2M2

10k

'Cl

1C31

1

7

R8

1C3

1C2

1C4

LM35DZ
CA3130E
NE555C
NE555C

1C4

47k

R6

330k

6

R3

4k7

LS1

C2

4u7

C3
1u

RV1

10k

T

C4

4n7

00V

FIG.3. The PC temperature alarm circuit diagram
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CA3140E). It is unlikely that satisfactory results will be obtained
using anything other than a CA3130E.
Construction of the board is largely straightforward, but there
are a few minor points that are worthy of note. Do not overlook
the single link -wire just above R4. In order to fit into this layout
properly, VR1 must be an 18 turn Cermet preset. C4 should be
a type having 7.5mm (0.3in) lead spacing. LS1 is a cased
ceramic resonator. Connections to this component are made
via its 'flying' leads. Although the leads are often red and black,
this is not a polarised component and the leads can be wired to
the board either way round. It is mounted on the board via two
8BA (or metric M2) screws and mounting nuts. These are not
normally supplied with the resonator. Alternatively, it can simply
be glued in place using any general purpose adhesive.
I would not recommend the use of an ordinary moving coil
loudspeaker with this project. Performance could be a bit erratic
and even with a high impedance loudspeaker, quite high output
currents could flow from IC4.

casing must be at least partially removed to provide access to
VR1, but once VR1 has been adjusted, the outer casing must
be put back into place so that the interior of the computer can
warm up in the normal way. You must, therefore, allow time for
the temperature inside the computer to rise back to its normal
operating level each time VR1 is readjusted.
With a little experimentation, it should be possible to find a
setting that does not give problems with false alarms, but still
sets a low enough threshold temperature to trigger the unit if
the computer's interior temperature becomes significantly
higher than normal.

80
pp

0

Resistors
[0.25 watt 5% carbon film)
R1

R2
R3

Adjustment

R4

The alarm can be fitted into any spare expansion slot of the PC,
but be careful to fit it the right way round. C2 must be towards
the front of the computer, C1 and C4 must be towards the rear.
Before setting VR1 for a suitable threshold temperature, you
must obviously decide just what that temperature should be.
The technical specification in your computer's manual might
provide some assistance here. Practical tests on a few PCs
tend to suggest that their internal temperature is normally about
6 to 7 degrees above room temperature. For PCs having one of
the more advanced processors such as a 80486, the difference
is perhaps a couple of degrees more than this.
If we assume that the room temperature will not normally be
much more than about 25°C, the interior temperature of the
computer would normally be no more than about 35°C. Unless
you have good reason to use a different threshold temperature,
VR1 should therefore be set for a wiper potential of 350mV.
Trial and error can be used in the absence of test equipment
to enable VR1 to be set for a suitable reference voltage. I
suppose that this is actually the more reliable method of setting
VR1, but it could be a bit time consuming. It is just a matter of
finding the setting for VR1 that gives the lowest wiper voltage
without the alarm sounding once the computer has been operating for a while (i.e. set the wiper of VR1 as far down the track
as possible without the alarm activating once the computer has
warmed up).
There is a slight complication in that the computer's outer

R5
R6
R7

R8
VR1

10k
39k
4k7
2M2
33k
330k
15k
47k
10k 18 turn trimpot

Capacitors
Cl
C2
C3
C4

10p 25V radial elect
4u7 50V radial elect
1 p 50V radial elect
4n7 polyester

Semiconductors
LM35DZ
CA3140E
NE555C
IC3, IC4
101

102

Miscellaneous
Cased ceramic resonator
Printed circuit board
8 pin OIL IC holder (3 off)
Wire, solder, etc.
LS1

OMNI ELECTRONICS
174 Dalkeith Road, Edinburgh EH16 5DX 031 667 2611

The supplier to use if you're looking for * A WIDE RANGE OF COMPONENTS AIMED
AT THE HOBBYIST *
* COMPETITIVE VAT INCLUSIVE PRICES *
* MAIL ORDER - generally by
RETURN OF POST *
* FRIENDLY SERVICE *
Open: Monday -Thursday 9.15-6.00
Friday 9.15-5.00 Saturday 9.30-5.00

41, Bushmead Road, Eaton Socon
Huntingdon, Cambs. PE19 3BT

Tel: (0480) 386156
Fax: (0480) 386157

TEST EQUIPMENT

SYSTEM CONSULTANCY

Supply
Maintenance

Replacement Parts
Supply of Service &

Commissioning

Operators Manuals
Components

Distributors for

VISA

WAUGH INSTRUMENTS, RAMTEST LTD, KRENZ ELECTRONICS. PANTHER
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Transputer Based Si
-

An Introduction

Fancy building your own supercomputer
or sophisticated graphics engine? Then
why not try this versatile single board
design from Andy Papageorgiou and
Mark Robinson

finite time. The quest to answer this question led to the development of then hypothetical computing machines, such as the
Turing Machine and the Von Neumman Machine. Eventually,
electronics caught up with the mathematicians' desires and
computing machines began to appear, based on the Von
Neumann architecture as it offered the most practical design.
A block diagram of the Von Neumman machine is shown in
Figure 1 (with modem labels). It is an example of a 'Finite State
Machine' - the CPU can only be in one of a finite number of
states, and its action depends both on the current input and the
current state. The program counter is central to the Von
Neumman machine's operation, it points to the position in
memory of the current instruction. Also, the data input and
output share the same memory, which allows the current action
to depend on outputs generated a long time in the past. It can

ack in September 1985, Inmos unveiled the transputer amid a blaze of publicity, promises of unlimited computer power and cute ray -traced
'' Newton's Cradles on Tomorrow's World. Nine
years later and it seems that the transputer has been
mostly forgotten - headlines today are dominated by the new
Intel processors. Nevertheless, transputers found a niche in
highly parallel supercomputers (the Meiko computing surface,
for example), graphics processors and research machines,
which justified their continued development by Inmos (now
owned by SGS-Thomson). The imminent release of the 64 -bit
T9000 proves that the transputer is far from being consigned to
computing history. The current range of transputers is
described in Table 1.

PROGRAM
COUNTER

< ADDRESS
MEMORY
IN

ARITHMETIC AND
LOGIC UNIT (ALU)

OUT

The Von Neumann Machine
Long before the first electronic computer was ever built, mathematicians were concerned with the problem of computability,
the question of whether a given problem could be solved in a

Fig. 1 The Von-Neumman architecture
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e Board Computer
sors that you can afford. Parallel computers will always have the
edge over serial machines since, to coin a phrase, two heads
are better than one. It is no surprise that today's supercomputers are parallel or even massively -parallel machines. It has
been estimated that the performance of a parallel machine is
five years ahead of that of a serial machine.

be proved that any computable problem can be solved on a
Von Neumman machine (given an infinite amount of memory).
As memory devices became larger and faster and program
sizes grew from a handful to many millions of instructions, it
soon became apparent that the Von Neumman architecture had
problems. Von Neumman CPUs can only process one instruction at a time, all the other instructions just sit waiting in
memory, in the same way that cars on the M6 sit waiting when
two lanes have been coned off to park spare JCBs in. Such
traffic jams are referred to as bottlenecks by the helpful traffic
reports on the radio and naturally the CPU's serial nature
became known as the Von Neumman bottleneck. Much
research effort has been put into increasing computers'
throughput and the most successful approaches are
summarised in Figure 2. The first scheme is to widen the data
bus, increasing the size of number that can be dealt with by a
single instruction (Figure 2b). The second approach is to
increase the speed at which instructions can be processed,
either by increasing the clock speed of the chip, or using clever
hardware tricks like pipelining, vector processing and RISC
architectures (Figure 2c).
Obviously, these two methods are limited by the technology
available and power CPUs today are fast approaching the limits
of what can be achieved in silicon. The parallel computer (Figure
2d) is not limited by technology, only by the number of proces-

00
CPU

INPUT
OUTPUT

L>
Fig. 2 The Von-Neumman bottleneck - A
- some solutions B. C & D.

Parallel Computing and the Tiansputer

A parallel computer is not simply a large number of CPUs. If it
were, then ten PCs in the same room would be a parallel
computer. The key to successful multiprocessing is communication - connect those ten PCs to a network and tasks can be
distributed amongst them, exchanging data whenever it is
required. This sort of multiprocessor, where each processor is a
complete computer in its own right, is normally called a distributed system, but the principle is the same. Without efficient
communications channels there can be no parallel processor.
Early attempts to make parallel computers failed because
inter -processor communication needed to be implemented in
hardware, usually via some kind of shared memory connected
to each processor by tristate bus transceivers. The extra hardware costs involved, together with the difficulty in routing the
masses of databuses required around the PCB and the need to
implement software to ensure that the right data was in the right
place at the right time, meant that parallel machines were not
commercially viable.
This is where the transputer
comes in. On each transputer chip
is a basic CPU core, a small
amount of RAM and, most imporEXTRA w10E CPU
tantly, a number of high speed
OUTPUT
serial communications links,
capable of transferring data
between transputers at 20Mbits/sec
over two wires. Most transputers
have four links, which allow large,
(C) wider data bus
two dimensional arrays of processors to be constructed, each
capable of communicating with its
four nearest neighbours (Figure 3).
To support the links, the transputer
CPU
instruction set contains a number of
instructions to simplify the sending
CPU
and receiving of data on the links.
OUTPUT

INPUT
CPU

CPU

(D) parallel computing
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Processes and
Scheduling
Any new technology brings with it a
new set of jargon words and transputers are no exception. The first
important technical term is a

'process' which is simply a fragment of code which performs
system for PCs. Multitasking is the ability of a single processor
some action, like a subroutine in a high level language. A
to apparently run several processes concurrently. What actually
process may be a collection of smaller, simpler processes and
happens is that the processor runs each process individually for
the complete set of processes forms the program. Whereas
a short time before shelving it (called descheduling, not to be
subroutines are called one after the other by the main program,
confused with scheduling a program as described above) and
a parallel computer may have several processes running at the
moving on to the next. Obviously, when a process is deschedsame time, or concurrently in the jargon, on several different
uled (a 'context switch' in the jargon), its current state (the
processors.
'context') must be saved somewhere to allow it to be picked up
Scheduling is the job of deciding the running order (or
from where it was left off when it is next scheduled.
schedule) of the processes that make up a program. The idea is
Any microprocessor can be programmed to multitask,
to spread the processes out over the available processors in
however the programmer must write a complicated scheduler
such a way as to minimise the time processors spend idling
to properly allocate time slices to the processes which want to
while processes wait for others to provide data. The best way to
run, to ensure that processes don't conflict for memory and to
schedule processes is
handle context switching.
dependent upon the number
Context switching usually
and connectivity of procesinvolves saving the register
sors, two processes which
set and any workspace in
need to communicate must
a temporary store and
run on processors which
loading the previously
have a link directly
saved values for the new
TRANSPUTER
connected between them.
TRANSPUTER
process, which can take a
Large arrays of transputers
considerable time,
often have the links routed
reducing the performance
via a switching matrix, to
of the system. The
allow the link connections to
programmer must also be
be configured by software to
careful to ensure that his
suit the task in hand.
processes are written in
The task of optimally
such a way that they give
TRANSPUTER
TRANSPUTER
scheduling a set of
control back to the schedprocesses onto a given
uler when their time is up.
transputer array is NP On the transputer,
complete, which means that
multitasking is handled in
the only way to be sure that
hardware with very little
you have found the best
overhead. For example, a
schedule is to test every
25MHz T225 can achieve
Fig. 3 Four links allow an infinite 2D array
possible schedule, which is
a context switch in less
impractical for anything other
than 800ns. The instructhan tiny programs on a few processors. Fortunately, we can
tion set contains instructions to simplify the creation and control
use rules of thumb to choose a good (although not necessarily
of concurrent processes. Scheduling of processes is carried out
the best) schedule. The problem of optimal scheduling is
automatically and transparently, a process is descheduled
currently a hot research topic, keeping parallel architecture
whenever it cannot continue (it may be waiting for data from
groups busy in universities the world over.
another process for example). When there is more than one
Consider the example of adding a large column of numbers.
active process, these are automatically timesliced.
There are many ways that this task could be scheduled, but
The transputer allows two levels of process priority. A
common sense tells us that a split -and -merge technique (Figure
normal, low priority process is one which can run concurrently,
4) is the best. Each processor is given a share of the numbers
while a high priority process takes over the CPU entirely and
to sum, and when they have finished the subtotals are collected
runs until it terminates, or until it requires input from from
and added to provide the final answer. This simple example
another process. High priority processes are designed for short,
shows how intertwined the scheduling is with the hardware
time critical operations.
configuration. The optimum schedule is that which ensures all
A novel design feature of the transputer is that, as far as the
the subtotals become available at the same time, so the more
programmer is concerned, the method of communication
powerful processors should get a bigger share. The interconbetween processes is the same, regardless of whether they are
nections become important when summing the subtotals. In the
running concurrently on one transputer or on separate transfigure, each processor can only talk to its nearest neighbour, so
puters and communicating over a link. Communication takes
the best approach is for CPU2 to accept CPU1's subtotal, add
place over a 'channel'. a pre -arranged pair of memory locations
it's own and passes the result to CPU3 and so on. It turns out
through which data is transferred. For communication between
that, for adding a column of numbers, Figure 4 is the best
two processes on the same transputer, the address of these
possible arrangement.
memory locations (the channel address) is chosen by the
programmer. For communication over links, one of eight special
Multitasking
reserved addresses in the bottom of the memory map is used.
There was a time when multitasking was confined to large
This means that code can be developed on one (or a few) transmainframes and workstations running UNIX. Today most people
puters and distributed around a large array later with very little
are familiar with the concepts of multitasking, largely due to the
modification.
popularity of Microsoft Windows, a multitasking operating

0

0

0

0
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The Register Set and Workspace

The Instruction Set

The transputer CPU contains six registers, labelled A, B, C, W
Large arrays of transputers are usually programmed in a high
(workspace pointer), I (instruction pointer) and 0 (operand
level language, in particular Occam, the language developed by
register). The function of the operand register will be described
Inmos specifically for parallel programming on transputers.
in conjunction with the instruction set in the next section. The I
While Occam simplifies complicated program development,
register is the program counter, that is it points to the next
small systems built around T2 series transputers where memory
instruction to be executed. The A, B and C registers form a
capacity is limited are best programmed in the transputer's
three level push down stack used for all arithmetic and logical
native assembly language. The instruction set is somewhat
operations. The A register is the top of the stack and the C
unconventional and a brief look would be interesting and
register the bottom and all arithmetic and logical operations
instructive. What follows is not intended as a complete guide to
implicitly refer to the stack. For example, the 'add' instruction
transputer assembly language, for that consult the Inmos
pops the top two values off the stack, adds them and pushes
datasheets or the books recommended later. On all the present
the result onto the stack. Programmers of reverse Polish
transputers, instructions are eight bits wide, split into 4 function
languages (e.g. FORTH or PostScript) will be used to using an
bits and a four data bits. This allows for 16 functions on
evaluation stack, the rest of us have to adapt from our accumunumbers between 0 and 15. Thirteen of these functions are
lator and registers view of programming.
reserved for the basic computing operations, called the direct
The W register holds the address of the currently active
functions, listed in Table 2.
process's workspace. Every process has its own workspace
This may seem a little limiting, but the remaining three funcwhich is used to store local variables. The instruction set
tions are used with the 0 register to extend both the number of
provides instructions to load and store relative to the workspace
functions and the size of number that can be handled.
pointer. The first 16 words above the workspace pointer can be
All direct functions place their data bits into the lower four
accessed in a single cycle and are effectively equivalent to 16
bits of the 0 register, which is then used as the operand for the
general purpose registers. Any memory location can be referinstruction. The Prefix instruction also ioads it's data into the 0
enced relative to the
register, but then it shifts it up four bits (the
workspace pointer,
Negative Prefix instruction complements the 0
allowing workspaces to
register first). This allows large operands to be
CPIJ1
be any size. It is the
T2
built up, for example the instruction
programmer's responsibility to ensure that
;
LDC $4AF3
Load 4AF3H to A
OTAL
processes don't overregister
LINK
SUBT
write each other's workwould assemble as
spaces.
CPU2
T2
It is this workspace
PFIX $4
PFIX $A
PFIY
arrangement that allows
SF LDC $3
the transputer to context
SUBTOTAL
The remaining function code, Operate, causes
LINK
switch so quickly. To
the transputer to decode the 0 register as if it
perform a context
were an instruction and execute it. These instrucCPU3
switch, the transputer
tions,
14
-11110, RESULT
only needs to load the
called indirect functions, all operate on the stack
W register with the
and hence don't need an operand. For example,
address of the new
the instruction
workspace and the I
register with the address
DIV
Divide
Fig. 4 Adding a column of numbers using three transputers
of the instruction that
A reg / B req
was about to be
which has the opcode
executed when the
2CH, would be encoded
process was last
as
descheduled. This
address is saved in a
PFIX $2
OPR
STARTP
w
reserved part of the
CHILD PROCESS
PARENT PROCESS
Sc
2
STARTS DUE TO STARTUP
CONTINUES
workspace when a
PROCESSES RUN
The PFIX and OPR instrucCONCURRENTLY
process is descheduled.
tions are normally added
IN
PROCESS IS
LINK
When a process is
automatically
by the
IN
DESCHEDULED
rescheduled, the
assembler
and
are transBECAUSE THE
DATA WAITING ON A LINK
CHANNEL IS NOT
IS BROUGHT IN IMMEDIATE -1
parent to the programmer.
contents of the stack and
READY
0 register will be undeInmos claims that this
fined. This doesn't
OUT
instruction format leads to
PROCESS IS
matter though, because
very efficient code, since
RESCHEDULED WHEN
STOPP CHILD TERMINATES
descheduling is only
DATA BECOMES
70% of a typical program
Ir
AVAILABLE
allowed after certain
will consist of single byte
instructions which guarand hence single cycle,
antee that these regisinstructions.
ters don't contain any
Creating
Fig. 5 Example of process creation and communication
valid data.
Processes

0/

;
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Process control is performed using the STARTP, STOPP and RUNP
instructions. A process is created (forked) using the following code

-4

cr

The complete transputer family
Processor BusWidth
Comments
2K
T212 16 -bit

RAM

Link

4

M212 16 -bit

2K

2

;

T222 16 -bit

4K

4

;

T225 16 -bit

4K

4

T400 32 -bit

2K

2

T414 32 -bit

2K

4

T425 32 -bit

4K

4

T800 32 -bit

4K

4

T801

32 -bit

4K

4

T805 32 -bit

4K

4

Obsolete - use
T225
T212 with internal
disk controller
Obsolete - use
T225
Entry level 16 bit
transputer
Low cost 32 -bit
transputer
Obsolete - use
T425
32 -bit Integer trans
puter
Obsolete - use
T805
32 -bit + 1MFLOP
FPU, SRAM
interface
32 -bit + 1MFLOP

Offset to
LDC newproc - here
start of new process
Address o f new process
LDC wksp
workspace
Fork the new process
STARTP
parent process continues
here
child process start
newproc:
;

;

;

After execution of the STARTP instruction, there will be two
processes running concurrently. The code after the 'here' label
will run as the parent process, while the code after the
'newprocess' label will run in parallel as a second child process.
Communication between processes is just as easy. To
receive data on a channel, the following code is used

store message 50
LDLP 50
bytes above workspace
channel address
LDC channel
number of bytes in
LDC bytes
the message
IN
get message
;

;

;

FPU, DRAM interface

;

If the message is not ready immediately, the process will be
descheduled until the channel becomes active. The channel
address can be any memory address, unless communication
over a link is required when one of the special channels must be
used. The transmitting process uses the same code except that
the OUT instruction is used rather than the IN instruction. The
effects of these instructions are illustrated in Figure 5.

The 16 basic functions

Conclusions

STL N

CALL

Function
Name
Push N onto stack
Load Constant
Push word stored
Load Local
at the address N words above the
workspace to the stack
Pop A and store at
Store Local
the address N words above the
workspace
Push word stored
Load Non -local
at the address N words above the
base address to the stack
Pop A and store at
Store Non -local
the address N words above the
base address
Load the address
Load Local Pointer
which is N words above the
workspace
Load the
Load Non -local Pointer
address which is N words above
base memory
A := A + N
Add Constant
If (A = N) then
Equals Constant
A := 1 else A := 0
Relative Jump
Jump
If (A = 0) then take
Conditional Jump
Relative Jump (A is popped)
Move Workspace
Adjust Workspace
pointer by N words
Relative Subroutine Call
Call

PFIX

Prefix

NFIX

Negative Prefix
Operate

Opcode
LDC N
LDL N

The transputer is a unique microprocessor and hopefully this
short article has highlighted the ease with which multiprocessor
or multitasking systems can be designed using it. The transputer is now a mature technology and prices are well within the
reach of the hobbyist. Next month, ETI describes a constructional project to build a single board microcontroller using a
T225, believed to be the first project to use a transputer
published in a hobbyist magazine.
The card forms a useful controller in applications where 8 -bit
micros aren't powerful enough, image processing or neural
networks for example, as well as being a good evaluation board
to experiment with transputers.
For further information on the transputer, Inmos produces a
range of datasheets and applications books: Inmos, Planar
House, Parkway Globe Park, Marlow, Bucks, 0628 890800. In
particular The Transputer Instruction Set: A Compiler Writer's
Guide is useful for programmers of assembly language.
The Transputer Handbook by Ian Graham and Tim King
(available from Maplin) may be worth a look. It contains details
of the whole transputer family, the assembly language and Occam.
Readers with access to the Internet may care to browse
around the parallel archive at Lancaster University. FTP to
unix.hensa.ac.uk and look in the directory '/parallel'. Also, lively
discussion about transputers, Occam and parallel programming
can be found on the USENET newsgroup comp.sys.transputer.

LDNL N

STNL N

LDLP N

LDNLP N

ADC N
EQC N
JN
CJ N

AJW N

OPR

Next month...
We will start on the prautiLdi aspect of actually building the transputer board.
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S rplus always I THE ORIGINAL SURPLUS WONDERLAND!
J

.anted for cash!

Surplus always
wanted for cash!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS
THE OFFER OF 1994 !
LOW COST PC's - ALL EXPANDABLE - ALL PC COMPATIBLE
Computer
PC SCOOP
SPECIAL UUY
Controlled
COMPLETE

AT 286

COLOUR SYSTEM

40Mb HD + 3Mb Ram

ONLY £99.00

One of the most amazing surplus deals

Laser Video
Disk Player

that we ever been able to offer you!

L IMITED QUANTITY only of these 12Mhz HI GRADE 286 systems

A massive bulk purchase enables us to bring you a COMPLETE

a -d EGA video card with single 5Y." 1.2 Mb floppy disk drive &
iseesral 40Mb hard disk drive to the front. Real time clock with bats provided as standard. Supplied in good used condition
s'.
wth enhanced keyboard. 640k + 2Mb RAM, DOS 4.01
are 90 DAY Full Guarantee. Ready to Run !
Crier as HIGRADE 286

patible and expandable XT PC with 2565 of RAM, 514 360k floppy When controlled by a computer, it may also be used as a versatile

- the USA to an industrial specification, the system was ready to run colour PC system at an unheard of price)
7-ed for reliability. The compact case houses the motherboard. The Display Electronics PC99 system comprises of fully com-

ONLY

£f69 00 (E)
£29.00
£32.95
£49.00

al Fitted extras: VGA graphics card
aAC 314 floppy disk drive (instead of 1.2 Mb)
Ethernet (thick, thin or twisted) network card

wssrve purchases of standard 525' and 3.5' drives enables us to
,p-esent prime product at industry beating low prices! All units (unless
owed: are BRAND NEW or removed from often brand new equip ...en! and are fully tested, aligned and shipped to you with a 90 day
}.lea -tee and operate from standard voltages and are of standard
we All are IBM-PC compatible (if 3.5' supported on your PC).
£24.95(B)
1" Panasonic JU363/4 720K or equivalent
31' Mitsubishi MF355C-L. 1.4 Meg. Laptops only
C29.95(8
19' Mitsubishi MF355C-D. 1.4 Meg. Non laptop
£29.95(B
t Z.5" Ton FD-55GFR 1.2 Meg
£22.95(B)
S. 25' BRAND NEW Mitsubishi MF501B 360K
.7.ra cable included in once.
£195.00(E)
Paged 800/801 8' SS refurbished & tested
£250.00(E)
Shugart 851 8' double sided refurbished & tested
£250.00(E)
Mitsubishi M2894-63 8' sided switchable NEW
£285.00(E)
Mitsubishi M2896 -63-02U S. DS slimline NEW
Dual 8' drives with 2 mbyte capacity housed in a smart case with
£499.00(F)
ark in power supply. Ideal as exterior drives!

HARD DISK DRIVES
End of line purchase scoop! Brand new NEC D2246 8' 85 Mbyte
/ and disk storage! Full Industry standard SMD Interface. Ultra hi
screed data transfer and access time, replaces Fujitsu equivalent
£299.00(E)
--,Dder complete with manual. Only
E- FUJI FK-309-26 20mb MFM I/F RFE
£69.95(C
1 . CONNER CP3024 20 mb IDE I/F (or equry )RFE
£99.00(C
: -7 CONNER CP3044 40mb IDE I/F (or equiv )RFE
'I RODIME R03085S 70mb SCSI I/F (Mac & Acorn) £129.00(C
i :" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95(C)
.1

£69.95(C)
.:C.' SEAGATE ST -238R 30 mb ALL OF Refurb
£89.95(C)
± 21* CDC 94205-51 40mb HH MFM I/F RFE tested
£195.00(E)
FUJITSU
M2322K
160Mb
SMD
I/F
RFE
tested
f'
for MFM . IDE. SCSI, ALL etc. from £16.95
I

THE AMAZING TELEBOX
Converts your colour monitor Into a 'DUALITY COLOUR TV!!

startling visual and audio quality in two channel stereo or mono.

disk drive, 12 CGA colour monitor, standard 84 key keyboard, high quality storage retrieval medium. It will play back either
MS DOS and all connecting cables - Just plug In and go It Ideal LaserVision CAV (active play) or CLV (Long Play) discs (which covstudents, schools or anybody wishing to learn the world of PC's ers most types of commercially available video discs). Some of the

on an ultra low budget

Don't miss this opportunity.
£99.00 (E)

Fulty guaranteed for 90 Days.
Order as PC99COL

£29.00.
£29.95.

Optional Fitted extras: 640v RAM
2nd floppy drive, specify 514' 360k or 314' 720k

many features of this incredible machine are:
RGB / COMPOSITE VIDEO OUTPUT
RS -232 INTERFACE
PAL/RGB DECODER
BNC+SCART INTERFACE
FAST RANDOM ACCESS
IR+WIRED REMOTE CONTROL

sPECtRu puRCHRSE Only E399.00(F)

Above prices for PC99 offer ONLY.

VIDEO MONITOR SPECIALS

FLOPPY DISK DRIVES 3.5"- 8"
5.25" from £22.95 - 3.5" from £24.95

The Philips VP410 LaserVision player, in as new condition, unit features full computer control, Plays standard 12' LaserVision disks with

Superb quality 14' FOREFRONT MTS-9600 SVGA Multisync

BBC Model B APM Board

Muttimode monitor 0.28' dot pitch with resolution of
1024 x 768. The multi mode input allows cared connection to a host of computers including IBM PCs in

£100 CASH FOR THE MOST
NOVEL DEMONSTRABLE
APPLICATION

CGA. EGA, VGA & SVGA modes. BBC, COMMODORE (inducting Amiga 1200), ARCHIMEDES
etc. The H version will also function with the ATARI in

all modes nc H RES monochrome. Complete with BBC Model B type computer on a board. A major purchase allows us
'text' switching for WP use. Syncs down to 15 kHz. to offer you the PROFESSIONAL version of the BBC computer at a
parts only price. Used as a front end graphics system on large netSuppled in EXCELLENT little used condition with full 90 dray guarantee.
Order as MTS-9600 / H for ATARI
All modes as above Order as PATS -9600 / S

£159.00 (E)
£139.00 (El

ELECTROHOME ECM-1211SBU 12' VGA multisync monitor with
resolution 640 x 480. Multi input selection: Spin CGA/ EGA : 15 pin
VGA or 5 BNC connectors. 0.3t pitch. Compatible with PCs. Amiga,
Atari and others. In good used condition (possible minor screen
£99.00 (El
bums). 90 day guarantee.
KME 10' high definition colour monitors. Nice tight
0.28' dot pitch for superb clarity and modem
styling. Operates from any 15.625 khz sync RGB
video source, with RGB analog and composite
sync such as Atari, Commodore Amiga. Acorn
Archimedes & BBC. 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)
colour IBM-PC compatible High
NEC CGA
quality ex -equipment fully tested with a 90 day
guarantee. In an attractive two tone ribbed grey
plastic case measuring 15'L x 13'W x 12'H. The
front cosmetic bezel has been removed for contractual reasons.
Only £49.00(E)

worked systems the architecture of the BBC board has so many similarities to the regular BBC model 8 that we are sure that with a bit of
experimentation and ingenuity many useful applications will be found
for this board!! It is supplied complete with a connector panel which
brings all the I/O's to ID' and BNC type connectors - all you have to
do is provide +5 and +12 v DC. The APM consists of a single PCB
with most major ic's socketed. The ic's are too numerous to list but

include a 6502 / 6512 CPU. RAM and an SAA5050 teletext chip.
Three 27128 EPROMS contain the custom operating system on
which we have no data, On application of DC power the system
boots and provides diagnostic information to

the video output. On board DIP switches
and jumpers select the ECONET address
and enable the four extra EPROM sockets
for user software. Appx. dims' main board
13' x 10'. I/O board 14' x 3'. Supplied test-

ed with circuit diagram, data and competition entry form.

19" RACK CABINETS
Superb quality 6 foot 40u

Virtually New, Ultra Smart
Less than Half Price!

20" 22" and 26" AV SPECIALS

Top quality 19' rack cabinets made in UK by
Optima Enclosures Ltd. Units feature design-

Superbly made UK manufacture. PIL all solid state colour monitors.
complete with composite video & optional sound inputs. Attractive
teak style case. Perfect for Schools. Shops. Disco. Clubs, etc.
In EXCELLENT little used condition with full 90 day guarantee.

20"....£135

er, smoked acrylic lockable front door, full
height lockable half louvered back door and
removable side panels. Fully adjustable internal fixing struts, ready punched for any config-

22"....£155 26"....£185 (9

uration of equipment mounting plus ready
mounted integral 12 way 13 amp socket

9" Mono cased, Black & White for CCTV Used /Tested £49.00 (C)

TV SOUND
& VIDEO
TUNER!

DC POWER SUPPLIES
10,000 Power Supplies Ex Stock

Call for Info / list

rre TELEBOX consists of an attractive fully cased mains powered Power One SPL200-5200P 200 watt (250 w peak). Semi open
wa. containing all electronics ready to plug into a host of video moni- frame giving +5v 35a. -5v 1.5a, +12v 4a (8a peak), -12v 1.5a. +24v

t-os made by manufacturers such as MICROVITEC, ATARI, 4a (6a peak). All outputs fully regulated with over voltage protection
SANYO, SONY, COMMODORE, PHILIPS, TATUNG, AMSTRAD
e nd many more The composite video output will also plug directly
rec most video recorders, allowing reception of TV channels not nortra.iy receivable on most television receivers' (TELEBOX MB). Push
Dixon controls on the front panel allow reception of 8 fully tuneable
j' air' UHF colour television channels. TELEBOX MB covers virtual., all television frequencies VHF and UHF including the HYPER S am as used by most cable TV operators. A composite video
a..tput is located on the rear panel for direct connection to most
makes of monitor. For complete compatibility - even for monitors
...rout sound - an integral 4 watt audio amplifier and low level Hi Fi
ak.oto output are provided as standard.
£32.95
TELEBOX ST for composite video input type monitors
£36.50
TELEBOX STL as ST but with integral speaker
TELEBOX MB Multiband VHF -UHF -Cable- Hyperband tuner £69.95
overseas PAL versions state 5.5 or 6mhz sound specification.
cable / hyperband reception Telebox MB should be connected
t able type socket. Shipping code on all Teleboxes is (B)

FANS & BLOWERS
4.95 10 / £42
ar x 25 mm 12v
IWTSUBUSHI MMF-09B12DH 92 x 25 mm 12v DC £5.95 10 / £53
£7.95 10 / £69
PANCAKE 12-3.5 92 x 18 mm 12v DC
Ex -EQUIP 120 x 38mm AC fans - tested specify 110 or 240 v £6.95
U -EQUIP 80 x 38mm AC fans - tested specify 110 or 240 v £5.95
£45.95
fERO rack mount 1U x 19' fan tray specify 110 or 240v
11040F B26 1900 rack mnt 3U x 19 Blower 110/240v NEW £79.95
erg on all fans (A). Blowers (B). 50,000 Fans Ex Stock CALL
-

:u HI MMF-D6.

o'

IC's TRANSISTORS DIODES
OBSOLETE -SHORT SUPPLY -BULK

5,000,000 items EX STOCK
MAJOR SAVINGS - SAE or CALL FOR LATEST LIST

on the +5v output. AC input selectable for 110/240 vac. Dims13' x
£85.00 (B)
5" a 2.5'. Fully guaranteed RFE.
Power One SPL130. 130 watts, Selectable for 12v (4A) or 24 v
£59.95(B)
(2A). 5v 0 20A. & 12v 0 1.5A. Switch mode. New.
2a.
Astec AC -8151 40 watts. Switch mode. +5v 0 2.5a. +12v
£2295(B)
0.1a. 6-1/4' x 4' x 1.3/4' RFE tested
-12y
Lembeda LYS-PV-12 200 watt switch mode.+12V DC 0 29a
£59.95(C)
semi enclosed, 10' x 5' x F. RFE and fully tested.
Conver AC130. 130 watt hi -grade VDE spec.Switch mode.+5v 0
£49.95(C)
15a, -5v 0 la,+12v 0 6a.27 x 12.5 x 6.5cms.New.
Boshert 13090.Switch mode.Ideal for drives & system. +5v0 6a,
C29.95(B)
+12v CO 2.5a, -12v @ 0.5a, -5v 0 0.5a
£95.00(C)
FarneIl G6/40A. Switch mode. 5v 0 40a.Encased

SPECIAL INTEREST
Zeta 3220-05 AO 4 pen HPGL RS232 fast drum plotter
Avila! VDA-3100 Video Distribution Amps.1 in 92 out
Trio 0-18 vdc bench PSU. 30 amps. New
Fujitsu M3041 600 LPM band printer
DEC LSI/1102 CPU board
RED TOP IR Heat seeking missile (not armed !!)
Rhode & Schwarz SBUF TV test transmitter 25-1000mhz.
complete with SBTF2 Modulator
Caicomp 1036 large drum 3 pen plotter
Thurlby LA 1608 logic analyser
GEC 1.5kw 115v 60hz power source
Brush 2Kw 400 Hz 3 phase frequency converter
Anton Pillar 75 kW 400 Hz 3 phase frequency converter
Newton Derby 70 KW 400 Hz 3 phase frequency converter
Nikon PL -2 Protection lens meter/scope
Sekonic SD 150H 18 channel digital Hybrid chart recorder
HP 7580A Al 8 pen HPGL high speed drum plotter
Kenwood DA -3501 CD tester, laser pickup simulator
Computar MCA1613APC 16mm auto iris lenses 'C' mount
Seaward PAT 2000 dual voltage computensed PAT tester

£2100
£575
£470
£2950
£95

POA
£5995
£450
£375
£950
£850
POA
POA
£750
£1995
£1850
£350
£125
£585

Only £29.95
"g tor Lo3 (B)

switched mains distribution strip make these

racks some of the most versatile we have

ever sold. Racks may be stacked side by side and therefore require
only two side panels to stand singly or in bays
Overall dimensions are: 77-1/2' H x 32-1/2' D x 22' W. Order as:
£295.00 (G)
Rack 1 Complete with removable side panels
£175.00 (G)
Rack 2 Rack, Less side panels

Over 400 racks in all sizes from stock !

Call with your reuirements.

LOW COST RAM UPGRADES
INTEL 'ABOVE' Memory Expansion Board. Full length PC -XT and
PC -AT compatible card with 2 Mbytes of memory on board. Card is
fully selectable for Expanded or Extended (286 processor and
above) memory. Full data and driver disk supplied. In good used
condition fully tested and guaranteed

Windows compatible. Order as: ABOVE CARD £59.95(A1)
Hail length 8 bit memory expansion cards for PC AT XT
expands memory either 256k or 512k in 64k steps. May also be

used to fill in RAM above 640k DOS limit. Complete with data and
software diagnostics Order as: XT RAM UG. 256k £32.95{A1
512k £38.95fAi
Specify 5.25 or 3.5' software diskette
£29.95(A1
1 MEG x 9 SIMM 9 chip 120ns only

No Break Uninterruptible PSU's
Brand new and boxed 230 volts 1 KVa uninterruptible power supply
from system from Densei. Model MUD 1085-AHBH Complete with
sealed lead acid batteries in matching case. Approx time from interrupt is 15 minutes. Complete with full manual.

L
Order as: MUD 1
EMERSON ACCUCARD UPS, brand new 8 Bit half length PC compatible card for all IBM XT/AT compatibles. Card provides DC power
to all internal system components in the event of power supply failure. The Accusaver software provided uses only 6k of base RAM
and automatically copies all system, expanded and video memory to
the hard disk in the event of loss of power. When power is returned
the machine is returned to the exact status when the power failed !
The unit features full self diagnostics on boot and is supplied with full
fitting instructions and manual. Normal price £189.00

Only E99.00(8) or 2 for E195c1

Issue 12 of Display News now available - send large SAE - PACKED with bargains!
LONDON SHOP

Open Mon -Sat 9:00-5:30
215 Whitehorse Lane

South Norwood

-ELECTRONICSESTABLISHED
25 YEARS

LONDON SE25

DISTEL © The Original
FREE On line Database
Info on 1000's of items
V21,V22. V22 BIS

ALL MAIL & OFFICES

081 679 1888

LONDON SE19 3XF

Open Mon -Fri 9.00-5:30

Dept ETI. 32 Biggin Way
Upper Norwood

ALL 731 ENQUIRIES

081
679 4414
FAX 081 679 1927

4
All prices for UK Mainland, UK customers add 17.5% VAT to TOTAL order amount. Minimum order £1 0. Bona Fide account orders accepted from Government.

Schools, Universities and Local Authorities minimum account order £50. Carriage charges (A)=E3, (A1)=£4.00, (B)=15.50, (C)=£8.50. (D)=£12.00. (E).£15.00.
(F)=£18.00, (G)=CALL. Allow approx 6 days for shipping - faster CALL Scotland surcharge CALL All goods supplied to our Standard Conditions of Sale and
unless stated guaranteed for 90 days. All guarantees on a return to base basis. All rights reserved to change prices / specifications without prior notice. Orders
subject to stock. Discounts for volume. Top CASH prices paid for surplus goods. All trademarks etc acknowledged. © Display Electronics 1994. E & 0E.

CONSTANT CURRENT
TRANSISTOR TESTER

Make transistor testing
easy with this useful little
device from Robert
Penfold
he vast majority of transistor
testers operate by feeding
a fixed base current into
the test device and then
measuring the resultant
collector current. For example, using a
base current of one microamp and a
1 mA meter in the collector circuit, the
current gain of the transistor is equal to
the indicated collector current in
microamps. This method has the advantage of providing a linear and forward
reading scale, so there is no need for any
alterations to the meter's scale. It is a
method that suffers from a major drawback however, and this is simply that the
gain measurement is not made at a
particular collector current. If you test an
assortment of ten different transistors,

their gains will probably be measured at
ten significantly different collector
currents. The higher the gain of the test
device, the higher the collector current
that flows while the measurement is
made.
This factor is not purely of academic
importance. The gain of a transistor
changes significantly with variations in its
collector current and in general, the
higher the collector current, the higher
the current gain. In this case, it is the fact
that small collector currents produce very
low current gains that is of significance.
When testing something like a high gain
audio transistor, a relatively high collector
current will flow. The exact current obviously depends on the design of the
tester and the current gain of the test
device, but it would typically be between
about 0. 5 and 5mA. This is high enough
to ensure that the test device operates

r.f. transistor. Devices such as these
have gains that are usually around 50 to
100 or so, and they are mainly intended
for operation at collector currents of
several milliamps. Due to their relatively
low gains, when checked using a
conventional transistor tester they are
likely to operate at a collector current that
is only a fraction of a milliamp. The low
collector current gives reduced current
gain, which in turn results in an even
lower collector current. This vicious circle
results in certain types of transistor being
measured at very low collector currents,
which produces unrealistically low gain
readings. The user can allow for this
factor when assessing results, but when
testing low gain, medium current
devices, most conventional transistor
testers provide ambiguous results.

efficiently.

There is a simple alternative which
ensures that all serviceable test devices
are measured at the same collector

Problems tend to arise when testing
something like fairly low gain switching or
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How It Works

current. The basic arrangement used
with this system is outlined in Figure 1.
The left hand diagram shows the setup used for testing npn transistors.
The pnp version is shown on the right
hand side and is essentially the same,
the only difference being that the
collector and emitter terminals have
been swapped over, so the test transistor is connected to the supply with
the correct polarity. This necessitates a
switch in the polarity of the meter as
well.

The test device has its collector and
emitter terminals fed from the supply
rails via a constant current generator.
A meter is connected between the
collector and base terminals of the test
component and due to the low resis-

Fig. 1 This method provides gain measurement at
constant current

S2

NOTE:
D1 -D3

01

ON/OFF

1N4148
BC559

RV1

y131

220R

y D2
R2
100R

R1

.3r. D3

22k

Ste

01
ME1

100uA

R3
S1 d

0

sa...!:11)0

E0

4C
SK1

PNP

8k8

NPN

Fig. 2 The constant current transistor tester circuit diagram
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tance through the meter, it provides a
strong base current to the test device.
This results in the test component being
biased hard into conduction, but the
constant current generator limits the
current flow to a safe level. The important
factor here is that the base current which
flows into the test device will be equal to
the collector current divided by the gain
of the transistor. The higher the gain of
the transistor, the lower the base current.
Instead of providing a constant base
current and measuring the collector
current, the test component is fed with a
constant collector current and it is the
resultant base current that is measured.
This arrangement measures the gain
of every test component at virtually the
same collector current. Slight variations
occur because some of the current flows
into the base circuit of the test device
and the amount of current that is tapped
off by the base circuit depends on the
current gain of the transistor. However,
this only produces variations of about
one or two percent, which is not enough
to significantly affect the accuracy of the
system.
The main drawback of this method is
that the meter has a non-linear and
reverse reading scale, rather like an
analogue multimeter when used on a
resistance range. Suppose that measurements are made at a collector current of
5mA, and that the meter has a full scale
value of 100pA. Full scale deflection of
the meter corresponds to a current gain
of 50 (5000uA/100uA = 50). At half full
scale deflection, the base current is only
half as much, so the current gain must

Fig. 3 Stripboard layout

be twice as high (5000pA/50pA = 100). A
meter reading of 10pA corresponds to a
current gain of 500 (5000pA/10pA =
500). The scale is well spread out at low
current gains, but is rather cramped
towards the high gain end. Provided that
a sensible collector current and meter
sensitivity are chosen, as in this example,
results are still perfectly usable, however.
Figure 2 shows the circuit diagram for
the constant current transistor tester. The
constant current generator is based on
01, and uses a conventional arrangement. R3 plus D1 to D3 provide a
stabilised potential to the base of Ql,
which is about 1.8V below the positive

supply voltage. This gives
about 1.2V across VR1 and
R2. VR1 is adjusted to give
a collector current of 5mA
with the collector of 01
short circuited to the earth
rail. The output current
remains virtually the same
with higher collector load
resistances, up to the point
where 01 can no longer
provide a high enough
collector voltage to
produce a flow of 5mA. In
normal operation, the load
resistance is always low
enough to provide the full
5mA collector current.
S1 is the npn/pnp mode switch. S1 c
and S1 d are used to connect the test
component's emitter and collector terminals to the current limited supply with the
appropriate
polarity. S1 a
and S-1 b

ensure that
the polarity
of the meter
is correct for
the selected
mode. If the
test component should
be faulty,
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with a short circuit across the base and
emitter terminals, the full 5mA output of
01 could flow through ME1. R1 provides
current limiting to ensure that ME1
cannot pass such a high current. It also
raises the collector voltage at which the
gain measurement is made. Without R1,
the collector test voltage would be well
under 1V.
The current consumption of the circuit
is approximately 1 mA under standby
conditions. The consumption increases
to about 6 mA when a transistor is
connected to the test socket.

Construction
Figure 3 provides details of the component panel, which is based on a piece of
stripboard measuring 20 holes by 16
copper strips. Construction of the board
is very straightforward indeed. There are
no breaks in the copper strips, but do

'10t overlook the short link -wire to the

rght of VR1.
The hard wiring is illustrated in Figure
4. This is rather more convoluted, but
should not provide any serious difficulties
provided that you set about things
methodically. The main problem is the
substantial amount of wiring to Si. This
is a standard 3 way 4 pole rotary switch,
but its adjustable end -stop is set for 2
way operation. I found it easiest to add
the link -wires shown in the lower view of
Si and to then add the connections
shown in the main wiring diagram. You
might find it easier to do things the other
way round, but either way it is necessary
due take due care not to accidentally
desolder any of the existing wiring when
adding new connections.
I found that a 3 way miniature DIN
socket was the most convenient type to
use for SK1. Most small transistors will
plug straight into this without any difficulty. A set of test leads will be needed in
order to make the connections to any
transistors which have unusual encapsulations and lead out arrangements (small
power devices, for instance). It is advisable to use wires of three different
colours so that the base, emitter and
collector test leads are easily identified.
find it easiest to make the connections to
the test devices via very small crocodile
clips of the type which are largely PVC
sleeved. Miniature probes of the spring loaded variety are also suitable, but can
be quite expensive.
The meter requires a large round
mounting hole in the front panel. For a
standard 60 by 48mm component the
cut-out should have a diameter of
38mm. It can be cut
using a fretsaw, coping
saw, 'Abrafile', etc. The
positions of the four
smaller mounting holes
can then be located
using the meter itself
as a sort of template.
These four holes
should be 3. 2 mm in
diameter.
Ideally, ME1 should
be recalibrated so that
it is directly calibrated
in terms of current
gain. The front of a
modern panel meter
simply unclips and it is
usually necessary to do
no more than remove a
couple of small screws
in order to free the
scale plate. The
I

reading of 5mA on the multimeter. The
tester is then ready for use.
When connecting the unit to a test
device via the set of test leads, the
collector and emitter terminals should be
connected first. A high current will flow
through the meter if the base and emitter
terminals are connected first, although
this should not result in any damage to
the meter. The problem does not arise
when connecting test components direct
to SK1, because all three leads are
connected and disconnected (more or
less) simultaneously.

existing numbers can be carefully
scraped off using a small modelling knife
and then rub -on transfers used to add
the new scale. This procedure is not
particularly difficult, but the movement of
a panel meter is quite delicate. If you
decide to recalibrate the meter, take due
care when the front cover is removed and
the movement is exposed.
It is not essential to recalibrate the
meter and the alternative is to remember
the current gains at a few key points on
the scale. This list of current values and
corresponding current gains should be of
help whichever method you select.
C)

C
M

Z
rmi

3)

i
0
0

Resistors

Current

Gain

100IJA

50

R1

2170pA

71

R2

50pA
40pA
30pA
25pA
a20pA
15pA
10pA
5pA

100
125
167
200
250
333

R3

Semiconductors

500
1000

Miscellaneous

VR1

22k
10OR

6k8
220R min hor preset

Q1

D1,2,3

BC559
1N4148 (3 off)

3 way 4 pole rotary
(set for 2 way operation)
SPST min toggle
S2
9V (PP3 size)
B1
3
way Min DIN ME1
SK1
100pA moving coil panel meter,
case, battery clip, 0.1in
stripboard having 20 holes
by 16 strips, test leads,
control knob, wire, etc.
51

Adjustment and Use
VR1 must be adjusted to give an output
current of 5mA from the constant current
generator. Set S1 to the npn position (the
counter -clockwise setting) and connect a
multimeter across the collector and
emitter terminals of SK1. The positive
test prod connects to the collector
terminal and the multimeter should be set
to a DC current range having a full scale
value of about 5 to 20mA. Switch on the
transistor tester and adjust VR1 for a

O

SK1

Fig. 4 Details of hard wiring
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Vidi Digitisers

at.
.

FC13 Designer

Runs on any PC running
Windows in standard or
enhanced mode
with 2MB

Amstrad CPC's upto present day IBM Pentium
computers.

RAM

Our Vidi products form the link between a
Camcorder, VCR etc. and your home computer.
With Vidi you can capture and store images for
DTP, graphics or database use.
We have Vidi models (old and new) to suit:

/ Produce Single or Double sided PCBs.
Print out to any Windows supported printer.
.( Toolbar for rapid access to commonly used

Atari ST/STE/Falcon
Commodore Amiga A500 -A4000
Acorn Archimedes A3000
Amstrad 1512/1640
IBM 286 -Pentium PC's
Prices start at £49.00 and most come with programming utilities and all are backed up by our
enthusiastic support team.

components.

.7 Helpful prompts on screen as you work.
.7 Pads sizes fully customisable.
I No charges for technical support.
1 Snap -to grid sizes 0.1", 0.05" 0.025" and
unrestricted.
1 SMT pads and other pad shapes.
1 Positive reviews by Robert Penfold and Paul
Stenning, copies available on request.

If you would like further details please ring
Malcolm or Bob on 0506 414631, or write to:

'Itch Sales Dept.
ROMBO Productions Ltd.
2b Young Square
Brucefield Ind. Park
Livingston
Scotland

Phone (0432) 355 414

(Access and Visa welcome)

Niche
Software
22 Tavistock Drive, Belmont, Hereford, HR2 7XN.

EH54 fiBX

Please Note: Since PCB designee is so easy to use, and to keep costs down, PCB Designer has an On -Line

manual, m Windows Help format A FREE tutorial is also supplied
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PC Clinic
This month in PC Clinic we examine the memory used
in a PC, how it is configured, how it can be expanded
and how faults can be located.

t is impossible to have a working computer system
without some form of memory. Memory is used to
store the sequence of commands that is
processed by the CPU and it also stores the data
which is used, or created, by the sequence of
commands. How much memory is needed and what type of
memory is used depends, however, upon the design of
the system.
In theory, a wide range of different types of memory could be
used. Given the existence of a few processor registers and
some special control hardware, it would be possible to use a
disk drive as the main processor memory. However, because
access times for a disk drive are extremely slow in relation to
any currently available processor, it would make the whole
system slow since the processor would have to wait for every
instruction and every piece of data.
For this reason, the main memory which is used to store the
program which is currently being run and the data that is
currently required by that program, should be stored in memory
which has an access time matching processor speed sufficiently to avoid any serious slowing down of the overall
processing rate. With today's technology, this means fast
dynamic RAM. even faster static RAM or, faster still, memory
actually on the processor chip.
The RAM that is used can, on modem processors like the
486 and Pentium, have an access time that is somewhat slower
than the processor. thanks to the use of cache memory. In fact,
what we have in a modern PC is a memory hierarchy with
varying access speeds. At the top of the hierarchy are the
handful of memory locations which comprise the processor
registers. these are on the processor chip and can be accessed
as fast as the processor works. Beneath that, on a chip like the
486DX2, is the primary cache memory, in this case 8KB of very
fast RAM, also put on the processor chip and having access
times which will not cause the processor to wait.
The next stage in the memory hierarchy is the secondary
cache. On the more powerful modem systems this will probably
consist of 256KB of very fast, 25ns or better access time, static
RAM. We now come to the main memory of the system, the
memory in which the current program and data is stored and on
a modern 486 this will probably consist of about 8MB of
dynamic RAM. with an access time of between 80 and 100ns.
The programs and data stored in main memory are
downiuploaded from a data storage device such as a hard or
floppy disk drive. The data transfer rate between main
memory and disk is fast. with an IDE hard drive somewhere between 1 and 5MB per second, but nowhere
near as fast as data transfer from one part of main
memory to another. In order to optimise this transfer
rate. another layer of memory hierarchy is often
added, the hardware disk cache. This is basically a couple of megabytes of dynamic RAM

that act as a buffer between main memory and the disk and
which can considerably speed up data transfer rates.
There are, of course, other much slower forms of memory,
such as tape drives and CD-ROM drives. The average CD-ROM
will, for example, transfer data at between 150 and 300KB per
second. very slow when compared with a hard disk. By and
large, these are used for archival purposes, with data being
dumped from them to a hard disk and then into the main
memory.
The general rule in this memory hierarchy is that fast memory
is rare and expensive, whilst slow memory is common and
cheap. Thus we have just a few processor registers and a small
area of primary cache in which to run code at an optimum rate,
a much larger area of main memory in which to run code at a
slower rate, and an even larger area of hard disk, tape. CDROM, etc.. in which to store data and programs. It is up to the
programmer to make sure that these resources are used in the
optimum manner.
However, it is up to the user of the system to make sure that
those memory resources are available so that programs written
for them can be run. If you are going to run the latest software,
then you will need lots of memory and the right sort of memory.
Indeed, having the right memory is more important than having
the latest and fastest processor, for with the wrong memory
and a poorly devised memory
hierarchy. even the fastest
processor can be slowed
down to a rather pedestrian rate.
In the following
pages we will show
how to optimise
and maintain the
memory in
your system.

Main Memory

which special memory adapter boards could be fitted.

In all the early models of the PC, in general those produced prior to the

The problem with these early memory adapter boards was that they

introduction of the 386, the motherboard was designed to take either 640K

were not standard and every major manufacturer had their own design.

or 1MB of RAM. If you wanted any more, then you had to resort to using

This can mean that getting replacement memory for such systems can
be virtually impossible.

a memory expansion board that plugged into one of the expansion
sockets.

Fortunately a degree of standardisation was imposed on the PC

There were many reasons for this. For a start, memory chips at that

time had a much smaller capacity than they do now, so fitting a large

designers by the chip manufacturers. What the chip manufacturers did
was to put nine 1Mbit x 1 surface mount memory chips onto a small

amount of memory on the motherboard would have involved using a lot

module, to create what was in effect a single, much larger 1M x 9

of board space and been prohibitively expensive. Then there was the
fact that the system and processor architecture employed in these early
PCs made using more than 640K rather cumbersome.

memory chip (the reason why nine bits are used is discussed on page

As memory prices dropped and changes in both processor and
operating system design allowed memory to be easily used above the
640K boundary, so systems started to be produced with larger amounts
of RAM. A trend which was reinforced by applications software

38). These small memory cards are mounted vertically in special
sockets and because they are compact, they
allow a large amount of memory
to be easily
SIMM

developers producing programs which needed more
and more memory.
The maximum memory
that a 286

SIP

placed
onto a standard
sized motherboard.

Now there are just two different types
of memory modules, the SIP (Single Inline Package)
and the SIMM (Single Inline Memory Module). They are now available in either 1M x 9 or 4M x 9 format, making it possible on some
system
could address was
16MB and this has now become the
new upper limit for memory as far as many

system and software designers are concerned. However, it
should be noted that 386/486/Pentium systems can actually address a
lot more memory than this, so there is no practical reason why a modem
system should be limited to 16MB of RAM.
Initially, the demand for more memory was met by the use of expan-

sion cards, however speed limitations of the expansion bus meant that

motherboards to have up to 64MB of RAM actually on the motherboard.
Because SIMMs use sockets rather than the pin connections of
SIPs, there is a tendency for manufacturers to go for SIMM based
systems since they are easier to fit and there is less danger of bending

or breaking a pin. When adding more memory or replacing memory it is
important to ensure that the right type of module is purchased. Although
if you already have some memory modules but they are the wrong sort,

don't despair. Special converter modules are available through some
specialist suppliers.
Of course, many systems do not exclusively use either standard DIL

as processors became faster, so the expansion memory was slowing
down the whole system. This was despite the development of the much
faster EISA and MCA bus systems.

packaged memory chips or SIP/SIMM modules, some use a combination of both. Neither is the standard SIP/SIMM necessarily nine bits wide,
some are only eight bits wide. There is a lot of variation.

The result of this limitation was the development of techniques to
bypass the use of the expansion bus and directly mount large amounts
of memory directly on the motherboard. Some of these early motherboards had large numbers of standard DIL chip sockets waiting to be
filled. Other manufacturers introduced special proprietary sockets into
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Memory Organisation
There is an enormous variation in the types artd specifications of memory chips and modules that are used in PCs. Indeed, any given chip or module can vary in
three main parameters - for a start there is the size of the chip, the number of bits of memory that it contains, 64K, 256K, 1M, or even 4M. Then there is its organ Gabon, thus a 1Mbit chip could be organised as 1M x 1, or as 256K x 4, or even as 128K x 8, where the 'x 8' indicates the fact that each memory address on the
chip contains eight bits of memory. Finally, there is the speed of the chip, this is the time taken to access memory stored on the chip, it is important that the
access time matches as closely as possible the speed of the processor. If it is significantly slower, then the processor will have to wait and processing speed will
be seriously reduced.
In normal use, it is unnecessary to know what type of memory is used and how it is organised, but if you want to add more memory, or replace faulty memory,
then this kind of knowledge is essential. In most cases this information should be provided in the manual, but in its absence one can usually work out the memory

type and organisation without too much trouble.
The first thing to check is memory organisation. In any PC, the smallest data bus is eight bits wide and this means that the memory has to be organised to
provide eight bits of data for every memory address. To do this the system designers could use eight memory chips which are each capable of providing one bit

of memory for each address and organised as shown in Figure 2. Conversely. they could use two memory chips, where each chip provides four bits for each
address, as shown in Figure 3. It should be born in mind, however, that the use of a parity bit - see page 38 - means that in reality nine bits are used rather than

eight. The two drawings on this page are shown with only eight bits for the sake of clarity. a
With SIMMs and SIPs, there is no need to worry about whether one bit or four bit, or even eight bit, wide memorychips are used, since the modules are
always either eight or nine bits wide, but with the standard DIE_ chips found on older machines, it is important to use the right chips when upgrading memory or
replacing faulty memory. The easiest way of doing this is to check the type of chips which are currently installed. To help with this task, a table of the chip markings for some of the commonest types of memory chip produced by the major manufacturers is shown on this page.
Also included is a table of memory speeds - Table 2 - with relation to the speed of the processor. When installing extra memory it is essential that the memory
you use has a quoted access time which is sufficiently fast for the processor. Thus, for example, it you are upgrading the memory on a system with a 20MHz
system clock, then it is essential that the motherboard memory that is used should have an access time of 8Ons or better,
Expansion memory added via one of the expansion slots can be somewhat slower, because the expansion bus itself has a maximum access speed which
will, as we have seen, unavoidably slow down the processing speed of any system running at more than about 8MHz.
This table of memory access speed requirements is only approximate. Indeed, some machines seem to work with memory which in theory should be too

slow, but it should be noted that such systems can as a result of speed problems generate odd errors when they warm up. Finally, if you have any doubts about
what speed memory to use, then use the next highest speed, adding memory that is too fast for the system will do no harm, it will simply cost a little bit more.

EACH CHIP PROVIDES
FOUR BITS TO THE BUS

EACH CHIP PROVOS
ONE BIT TO THE SUS

BR DATA BUS
BR DATA BUS

FIG .3

FIG.2

Table 1.

Minimum memo
System Clock
8MHz
10MHz
12MHz
16MHz
20MHz
25MHz
33MHz

s eed with relation to s stem clock:
Chip speed designation
on motherboard RAM

Motherboard RAM
speed in nanoseconds

Expansion RAM

150ns

150ns
150ns

15

12Ons

10

120ns
100ns
100ns
100ns

80
80

speed in nanoseconds

12Ons

100ns
100ns
8Ons

80ns
7Ons

12

10

70

Table 2.
Types of dynamic RAM chip which might be found in a PC:
64Kx1

Genenc
Fujitsu
Hitachi
Hyundai
IBM
Intel

Micron Tech
Mitsubishi
Mostek
Motorola
Nat Semicond'r
NEC
OKI

Panasonic
Samsung
Siemens
Texas Inst
Toshiba

4164
MB8264A
HM4864
HY5164
4164
2164
MT4264
M5K4164
4564
MCM6665
NMC4164
uPD4164
M3764
MN4164
KM4164
HY4164
TMS4164
TMM4164

64Kx4
41464
MB81464
HM50464
HY53C464
41464

uPD41464
M41464
KM41464
HY41464
TMS4464
TMM41464

256Kx1

256Kx4
414256

1Mx1

HM514256

411000/511000
MB81C1000
HM511000

414256

511000

MT1256
M5M4256

MT4C4256

MT4C1024
M5M4C1000

uPD41256
M41256
MN41256
KM41256
HY41256
TMS4256
TMM41256

uPD414256
M514256

uPD421000

KM414256

KM41C1000

TMS44256

TMS4C1024
TC511000

41256
MB81256
HM51256
HY510256
41256
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The PC Memory Map

There is conventional memory, extended memory and
expanded memory.
Conventional memory is limited to a maximum of 1MB and
extends from address 0 through to 1024K (0000 through 9FFF
hex). Of this 1MB, the bottom 640K is conventionally set aside
for programs and data, whilst the 384K block of memory
between addresses 640K and
1023K (A000 through FFFF
hex) is reserved for use by
peripherals and device drivers,
and is known as 'Upper
Memory'.
From a system point of view it
is this upper memory area (or
I MB LIMIT OF
1MB LIMIT OF
UMA) which is most interesting.
CONVENTIONAL MEMORY
CONVENTIONAL MEMORY
Looking at Figure 4, one can
see that it is broken down into
four main areas. At the bottom
is an area extending from A000
to BFFF hex, which is allocated
to the video adapter and is
used to store a bit image of the
high resolution display.
Above the video is an area
of memory extending upwards
640KB
640KB
from C000. This is used to
BARRIER
BARRIER
store the program code and
data for the system's installed
APPLICATION RAM f
APPLICATION RAM
device drivers and BIOS extensions. Some of these drivers
have standard memory areas
allocated to them, others are
simply put into the
MS-DOS
available section of free memory. In
BIOS AND
fact, the device drivers on most
SYSTEM DATA
START OF
START OF
systems will only occupy
MEMORY
FIG.4
MEMORY
FIG.5
memory up to about CFFF,
thus leaving the memory area
between D000 and EFFF hex
unused.
Fault Finding in Memory known as the Power On
Another very important
special set of BIOS routines
and
in
fact
When any PC powers up, it goes through a
application
for the UMA is to
element of these routines is checking memory
the screen as it is doing
Self Test, or POST, routines. An important
map ROM into RAM and in a
rolling
upward
figure
on
of memory checked as a
BIOS displays the amount
great many PCs, the ROM
chip errors and will identify the location of the
will
find
nearly all permanent
it. These POST tests
BIOS is mapped into the
memory bank where the error was located.
memory, although there are, in addition, a
memory
area F000-FFFF. This
the
main
way
of
checking
error checking and can
The POST routines are
will perform more complex
does not mean that the
number of memory exercising routines which sensitive chip. But there is another type of memory
attempting to locate a heat
contents of the BIOS ROM is
transient error. It is a type of error
prove useful when
routines to detect, the
bit nine of memory.
error which is not so easy for the POST
copied into RAM in this
able
to
detect
thanks
to
and 100% compatibles are
which IBM PC/AT systems
will know that a Byte consists of eight bits
memory area, what it usually
Anyone who is in the least bit familiar with computers
is nine bits wide as opposed
means is simply that the BIOS
rather strange that the PC uses memory thatlarge
systems, it had been
and it may therefore seem
designers of the PC. On
ROM
chip has been assigned
to eight. The answer lies with IBM, the originalnine bits wide and employ the extra bit to perform an
this
area
of memory.
memory
that
was
Because IBM's
standard procedure to use
bits. It was what is known as the panty bit.
has
function
on
the
other
eight
Of
course,
the BIOS ROM
error checking
with a parity bit, they built it into the PC and it
may not be the only ROM in a
designers were used to systems that had memory
stayed ever since.
system. There are, in all probait enables the system to automatically detect tranThe value of having this ninth parity bit is that occur in memory as a result of something like a
bility, some special BIOS
temporary errors that can
from a cosmic ray hitting
sient errors. These are
extension ROMs, such as the
exotically, a high energy alpha particle derived
spike in the mains, or more
Video BIOS and a Hard Disk
your PC.
and cosmic rays and power spikes fortunately
BIOS. Where these exist, they
However, memory chips today are very reliable that their is no need for the parity bit. It does,
good
argument
for
saying
will also have to be assigned
Indeed,
a
handful
of
rather rare, so there is a
therefore cost, to a system.
could
become
much
after all, add a lot of extra unused memory and
blocks of memory in the UMA.
This
produced with eight bit memory and no parity bit.extra
memory whether your
systems are now being
Network cards are another
checking
before
you
buy
any
more common in the future and it is worth
case where special memory

When upgrading a system, it is helpful to know how the PC
actually uses memory and what programs and data are stored
in specific areas. Unfortunately, for historical reasons, the
memory map for the PC is rather complicated and as a result,
we have to divide memory into three specific types.

system has eight bit or nine bit memory.
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blocks will have to be assigned in the UMA
The memory area above the 1024K boundary is referred to
as extended memory, so if your PC has 8MB of RAM, then we
can divide it into 7MB of extended memory and 1MB of
conventional memory. As is shown in Figure 5. extended
memory can go up to 16MB or even more.
You will only find extended memory in 286 and later
systems, the earlier 8086 and 8088 based systems were
unable to make use of memory above the 1MB boundary. This

1MB LW," OF
ANY EXPANDED
MEMORY PAGE
CAN BE SWITCHED
INTO THE PAGE
FRAME

CONVENTIONAL MEMORY

640KB
BARRIER

MS-DOS

BIOS AND
START OF
MEMORY

SYSTEM DATA

of view, it is very easy to use.
Infinitely more difficult to use is the expanded memory
systems employed on many older PCs. This system was developed to overcome the 1MB addressing limitations of DOS, but
unlike the memory manager used in extended memory, the
expanded memory manager does not allow DOS to directly
access more than 1MB. Instead, as shown in Figure 6. it sets
up a 64KB page frame in the UMA and transfers the contents
of expanded memory to that page frame as required.
Expanded memory is primarily used when
memory resides on a memory expansion card.
EXPANDED
Essentially, what the expanded memory
MEMORY POOL
DIVIDES INTO
manager is doing is mapping a 64KB chunk of
FRAMES
the expansion card memory, which could have
up to 2MB of RAM on it, into the UMA where
DOS can use it as it would use any part of
conventional memory. However, the fact that
direct access is limited to 64K at a time, makes
expanded memory rather cumbersome to use
and will give much slower performance.
In general, we can conclude by saying that if
anyone wants to expand the memory in a
system, it is far better to use extended memory
and, if possible, memory that can be added to
the main motherboard. Expanded memory
should only be used as a last resort.
It should be noted that in this issue, we are
only looking at main memory in a PC, there are
in addition several other sorts of memory and
applications for memory. Last month, we briefly
looked at cache memory and the BIOS ROM. In
a couple of months' time, we will be looking at
the video memory
is on the adapter card of
many VGA and SVGA display cards. This will be
followed by a look at disk cacheing memory and
printer buffer memory.

FiG.6.

was because they could not run
in protected mode, only in real
mode and also because they
lacked facilities for handling
memory above 1MB.
Indeed, DOS itself cannot
address memory above the 1MB
boundary, and a memory
manager is therefore used to
provide access to extended
memory. In DOS, the standard
extended memory manager is
the HIMEM.SYS driver. In operation, a DOS program written to
access extended memory does
so by requesting access from
the memory manager.
It is the memory manager
which allocates memory to an
application and then returns it to
the pool of available memory
when the program has finished
with it. The memory that it allocates is always in the form of a
contiguous block, which means
that from a programming point

Anti -static

We all tend to build up a small static chargePrecautions
in our bodies as a result of moving
around, the friction of clothes, etc. Most
of us are familiar with that childhood
rubbing a comb through
trick of
our hair and then using it to pick up
Normally, such charges are small
a small scrap of paper.
and
quickly
dissipated.
use of synthetic fibres
However, the widespread
in clothing, carpets,
and furnishing fabrics,
synthetic rubber soled
plus the use of
shoes, means that there are fewer
to dissipate. Consequently
chances for the static charge
the human body,
acting as a large capacitor, can store
quite a considerable charge.
Static electricity is an ever present
hazard when handling
because the very high voltages
electronic components,
present when a build up of static electricity
of the handler is discharged through
in the body
a device containing
can easily destroy those circuits,
sensitive integrated circuits,
The best way to eliminate this
problem is to discharge the static from
prior to handling any sensitive circuitry.
your body
This can be done by simply touching
thing conductive which is attached
someto
earth,
for
example
central heating radiator,
a mains water pipe, a metal
or electrical earth on the mains system.
The trouble is that it is not always
metal object in order to discharge yourconvenient to have to keep touching an earthed
static electricity. One
anti -static wrist strap.
better way is to use an
This is a simple
conductive band held onto the wrist by
fastener. The
conductive strip is attached to a cable
a Velcro
via a 1Mohm resistor for safety
and the other end of the cable is
attached
via
an
insulated
earth. This simple little wrist strap will
alligator clip to electrical
be careful to remove the strap before drain away all damaging static charge, although
Anti -static wrist straps are availableworking with live voltages.
from Maplin Electronics
and cost £6.95 each.
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FIG.7.

The Use of Memory Banks
The memory on a PC is, as we have already seen, organised as
eight bit, or byte wide format plus in most cases an extra ninth,
or parity bit. As a result the majority of SIMM or SIP modules
found in PCs today are configured as 1M x 9, with an
increasing occurrence of the much larger 4M x 9 modules.
This means, of course, that memory tends to be organised
in multiples of such blocks, so in a modern system, memory will
increase in multiples of 1M, or even 4M. In older machines the
increments were much smaller. Thus, an XT system would
probably have had its memory organised as 256K x 9 + 256K x
9 + 64K x 9 + 64K x 9, to give a total memory size of 640KB.
Here the increment was just 64K bytes at a time.
The smallest increment in memory size is often referred to as
a 'bank', thus in the above example the XT has its memory
organised in banks of 64K and in the modern system the
memory is organised in banks of 1MB and 4MB respectively
So far we have assumed that a bank is a block of memory
just eight or nine bits wide and this is certainly true on an XT
system which has an eight bit wide data bus, so to add a block
of memory to such a system you will need to use nine one bit
chips. However, later systems have wider data buses and
therefore wider memory blocks. Thus 286 and 386SX systems
have a 16 -bit data bus and a block of memory in such systems
will consist of eighteen one bit chips. Full 386 systems and all
486 systems, have an even wider 32 -bit data bus and therefore
require 36 one bit chips in a block. This is shown diagramatically in Figure 7, although it should be noted that to make the
diagram clearer the parity bits have not been included.
The arrangement of memory in banks is also the reason
why, in some situations, it is necessary to remove memory in
order to further upgrade the amount of memory in a system. To
the layman this always sounds totally illogical, why remove
some chips or modules and then replace them with others?
The reason is that many systems allow memory chips or
modules of different sizes to be used in the same sockets. It is,
for example, common for a machine to be able to take either
256K x 9 or 1M x 9 SIMMs in the same socket. If such a
system allows a maximum of eight memory modules, then it
could have a maximum memory size of 256 x 8K or 2MB when
fitted with 256K modules, while increasing the module size to
1M will increase the maximum memory size to 8MB. This is

shown diagramatically in Figure 8. The module size is often
defined by a jumper or switch on the motherboard.
It should be noted that the diagram in Figure 8 is for a 486
system with a 32 -bit data bus. This means that, although there
are eight available SIMM sockets, there are actually only two
memory banks, each consisting of four SIMMs. So in reality
although there may be 8MB of memory in the system, it is
actually organised as 2M x 36. It is important to remember this
since, if you are upgrading memory, it is no good simply buying
one SIMM and filling one socket, if you have a 32 -bit system
then you have to buy a minimum of four SIMMs. In other words,
enough memory to fill a complete bank.
It is always a good idea when buying a new machine to opt
for one that has the maximum upgrade potential, being able to
add more memory is often more important that adding a faster
processor. To achieve the maximum upgrade potential means
having a system which uses the largest size SIMMs that are
available, so that it uses as few complete memory banks
as possible.
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TWO MEMORY BANKS FREE . 0kB

FIG.8.

Upgrading Memory
Before attempting to upgrade the memory in your system and certainly before buying any memory, it is important to look at the organisation of
the existing memory in your system. particularly the question of memory banks. After careful analysis, you may well find that it is impossible to
add further memory to the motherboard, in which case there are two options. Either use an extended memory card that plugs into one of the
expansion bus ports, or buy a new motherboard which can take more memory.
In the long run, you will probably find that purchasing a new motherboard is cheaper and results in fewer problems (one can avoid having to
use slow extended nnetllory, for a start). With a careful choice of motherboard. you shOuld be able to recycle your existing processor and
perhaps even your memory chips. thereby cutting down the cost
The second possible result of your analysis is that there is no room to add further memory, because all the banks are full of smallsized chips
or modules (assuming that your system will take either large or small sized chips/modules in the same sockets. In this kind of situation, if you
want more memory then the only option is to remove the memory currently in your system and replace it with larger size chips or modules.
If you remove the chips or modules carefully, it is often possible to recoup some of the cost of the new memory by selling them to other
users who are looking for a cheap way to expand their system. Don't forget to switch off and disconnect the system before opening the case
and discharge any static before touching the chips or modules, When removing chips, it is a good idea to use a proper chip extraction tool.
Of course, your analysis of the system may well reveal that it can be expanded by simply adding further chips or modules to form another
memory bank. Where chips or modules have to be bought, either for replacement of, repair of, or in addition to existing memory, then it can not
be over emphasised how important it is that the specifications are correct, particularly with regard to access speed.
Whenever you add memory chips to a system, first switch off and disconnect from the mains before opening the case, then carefully
discharge your body's static before touching any of the chips or the motherboard. Keep discharging your static at frequent intervals.
If you are adding OIL chips, then the most frequent source of problems is a bent or in some cases a broken pin. You will stand a better
chance of success if you carefully straighten the pins before attempting to insert them into the socket, as shown in Figure 9. You can do this with
a small pair of pointed nose pliers or better still with a proper chip insertion tool. These are quite cheap and a good investment if you intend to
Insert a lot of chips.
However, before attempting to insert the chip it is very important that it is inserted the right way round. Chips usually have a notch at one
end. or a small depression in one corner and this should be matched up with the corresponding markings on the PCB, as shown in Figure 10.
On boards which allow two different sizes of chip to be used, there is often the added complication of a two sized chip socket. You will
commonly find 18/16 pin sockets to take either a 16 pin chip or an 18 pin chip. and 18/20 pin sockets tor 18 and 20 pin chips. To use these
sockets simply select the type of chip you want to use and align pin 1 correctly.
the development of SIMM and SIP modules has made it much easier to add or remove memory, particularly in the case of SIMM chips. A
SIP socket is just a long line of holes into which the pins on the SIP module fit. installing a module is simply a matterof fining up the pins with the
appropriate holes and carefully pushing them in, making sure that no pins are bent. But before doing this check two things - firstly that the
module is the right size. There are 30 pin SIPs and 32 pin SIPs and you must have the right type. Secondly you must make sure that the SIP is
inserted the right way round and you will find that a notch on the SIP marks pin 1. This is shown in Figure 11.
A SIMM module has no pins, instead it looks a little like a miniature PCB with edge connector pads along the bottom. This type of module
can be inserted by simply pushing it into the connector at an angle and then carefully moving the SIMM to an upright position so that it locks into
place, see Figure 12. Once again, it is important to make sure that the SUM is inserted the right way round, as shown in Figure 13.
The above dissertation on upgrading the memory in a system also largely applies to replacing faulty memory in a system. The POST routines
should help in locating
with
fault, and some careful swapping of modules should enable one to pinpoint the actual faulty
module. Fortunately, memory faults are very rare today and SIMM/SIP modules are much more reliable than earlier OIL memory chips. However,
because SIMM/SIP modules are constructed using surface mount technology it is not really worthwhile trying to repair modules. Just consider a
module as being the same as a chip, throw it away and replace it with a new one.

THE 'PIN ONE' END OF A
CHIP IS MARKED BY A
SEMI -CIRCLE OR A DOT

THE PIN ONE' END OF A SOCKET
IB MARKED BY A SEMI -CIRCLE,
NOTCH. OR DOT ON THE
MOTHERBOARD

1

NOTCH MARKS
PIN I

NOTCH MARKS
PIN
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PCMCIA

<

Small portable PCs, in particular the very small notebook machines, have one major drawback. They have no
room for fitting any expansion hardware. They cannot take even a single adapter card and in many cases

cannot be given more memory. To overcome this problem, manufacturers have developed the PCMCIA
connector. This makes use of credit card sized expansion cards that can simply slot into the connector at the
side or rear of the machine.
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The first PCMCIA cards to appear were plug in modems, an obvious add-on for notebook and portable
PCs. These were closely followed by memory cards, Which are now available with capacities of up to 4MB.
More recently, PCMCIA cards with a wide range of different functions have started to come onto the market.

<k .::DE

There are data acquisition cards with a full range of analogue and digital I/O that can be used to tum a notebook PC into a portable data acquisition system. There are also IEEE 488 bus interface cards to enable a
notebook to control instrumentation. There is even a PCMCIA global positioning system card, which allows a
portable computer to be used as a navigation system.
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Most of the PCMCIA memory cards have memory back-up built into the card which allows them to retain
data stored in them for a reasonable length of time. This, coupled with their fairly high data capacity, has led
to such cards being used as a means of transferring data and programs between machines. The result is that

Ala

an increasing number of desktop and tower machines are now being fitted with PCMCIA connectors.

Vcc

!f71>

NC

18

equipment. The PCMCIA card is after all a very cloSely allied product to the smartcard. Some readers might

616

19

like to experiment with these cards and their connectors and they could be a good way of transferring data

615

between a microprocessor system, such as ETI's FORTH, Z-80 and Transputer cards, and a PC. For these
readers' benefit we are including the standard pin connections for a PCMCIA card. PCMCIA cards are now

612

widely available from many sources, although the connectors are less widely available, but can be
obtained from Radio Spares.
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I expect it is only a matter of time before we see such connectors on a wide range of intelligent
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Interconnecting to a SIMM
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Although it is not really worthwhile trying to repair a SIMM module, it might be worth looking at using them for other
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applications. They are a relatively cheap form of memory (particularly rf you can get some second-hand). So, for the experimenters, here is a listing of the pin -outs on a 1M x 9 SIMM. The only difference between this and an 8 -bit SIMM is the
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fact that the lines associated with bit nine are not connected.

Next month...
We will be looking at I/O circuitry, keyboards and pointers (i.e. mice).

.CAS9 28

09

29

VII

30

Low cost data acquisition for IBM PCs & compatibles
A unique range of easy to use data acquisition products designed for use with IBM compatible
computers. Combined with the software they allow 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 supplied on 3.5" disk.

PicoScope

"Virtual instrument" software
package. Storage oscilloscope with trigger, timebase.

PicoLog
liMMIMINFO.

rulers and offset functions.
Realtime spectrum analysis
with min/max frequency and
signal averaging. Multiple
meters on screen (digital and
bargraph).

Scope, voltmeter,
spectrum analyser Printer and file handling support

Collect, store, display and print
data from 1 sample per ms to 1
per day. Record average,
min/max values or scaled
values (linear, equation, table
look up). Report types: monitor
(with min/max alarms), y -t
graphs, x -y graphs, tabulation.

Advanced data logging software package

NEW ,ive too Virtual Instrument

NEW

Dual Channel 12 -bit resolution

from

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

PICO
Digital Storage Scope
Spectrum Analyser

Voltmeter
Frequency Meter
Chart Recorder
Data Logger

ve too with PicoScope £199
PicoScope & PicoLog £209

my 10

>47,e 11

1 Channel 8 -bit

11 Channel 10 -bit

7ry 12
1 Channel 12 -bit

Lowest cost

Digital output

High resolution

Up to 22kHz sampling
0-5V input range

Up to 18kHz sampling
0-2.5V input range

Up to 17kHz sampling
0-5V input range

The ADC 10 gives your
computer a single channel
of analogue input.
Simply plug into the
parallel port and your
ready to go.

Alvelo with
PicoScope £49
PicoScope and
PicoLog £59

The ADC 11 provides 11

channels of analogue input
in a case slightly larger
than a matchbox. It is ideal
for portable data logging
using a "notebook"
computer.

rive 11 with

my 16
8

Channel 16 -bit + sign

Highest resolution
220Hz sampling
2Hz sampling - 16 -bit

The ADC 12 is similar to
The ADC 16 has the
the ADC 10 but offers an
highest resolution of the
improved 12 -bit (1 part in
range, it is capable of
4096) resolution compared detecting signal changes
to the ADC 10's 8 -bit (1 part as small as 40µV. Pairs of
in 256).
input channels can be
used differentially to
reject noise. Connects to
,41De ig with
serial port.

PicoScope £85
PicoScope £85
,eve 16 with
PicoScope and
PicoScope and
PicoLog
£115
PicoLog £95
PicoLog £95
PicoLog for ADC 10/11/12 £25 Oscilloscope Probes (x1, x10) £10. Carriage UK free. Overseas £6

=Pico Technology Ltd., Broadway House, 149-151 St Neots Road, Hardwick, Cambridge. CB3 70J.

TEL: 0954-211716 FAX: 0954-211880
on, data sheets, technical
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TOW GUARD
Prevent thieves towing away your caravan
with Terry Balbirnie's anti -theft device
away before stealing any goods or
causing damage.
Tow Guard operates a loud siren - the
familiar yelping type associated with car
alarms - the moment the caravan plug is
slightly inserted into the tow -car's electrical socket. It will then operate for some
preset time between 15 seconds and 3
minutes even when the plug is removed.
No thief will risk proceeding with an
alarm sounding and it would take too
long to disable it. Also, he has no idea
whether it will eventually stop. The
chances are, he will beat a hasty retreat.
If he had been aware of the type of alarm
- which is unlikely - he could have risked
driving without coupling the electrics. On
the other hand, he will not want to attract
suspicion by having no brake lights or
flashing indicators. The last thing he
wants is to be stopped by the police.

aravan crime, like all vehicle
Ccrime, has become very
widespread. Although petty
theft of caravan contents
has always been a problem,
there appears to be a trend towards the
theft of caravans themselves. By
removing your trailer, the thief can rifle it
of any expensive equipment at his leisure
then sell the caravan. Whereas many
people now protect their home with
some type of intruder alarm, the caravan
is often left very vulnerable and makes an
easy target for the thief.
There are several types of caravan
alarm and security device available. A
wheel clamp is particularly effective,
although it needs to be of a good quality
and this makes it expensive. The interior
of the caravan can be protected using a
PIR sensor or an alarm operated by door
and window magnetic reed switches.
Tow Guard is not meant to be the
sole source of protection. It is designed
to complement any other measures the
owner decides to take. Even so, it should
be remembered that no anti -theft system
is entirely foolproof. The best that can be
achieved is to provide time so that the
thief can be apprehended or will run

Windproof
This system has several advantages.
Firstly, it is inexpensive to construct yet
provides good security. Also, there is no
need for entry and exit time delays which
are used in some systems. The owner
can therefore enter his own caravan
without taking any special precautions. A

further point is that the alarm will not
trigger in strong winds as sometimes
happens with units using motion
sensors. The alarm could also be
arranged to operate using microswitches
and these could be fitted to corner
steadies, gas bottle covers, etc. if required.
More will be said about this later.
The unit is built in a small plastic box
and this will be situated in a convenient
locker. The siren may be mounted under
the caravan. Alternatively, it could be
sited in the same locker as the main unit
and a few holes made in the floor for the
sound to pass through.
The standby current drain is only
around 100mA and 300mA with the
alarm actually sounding. The integral
battery pack should easily provide one
year's service, even if the alarm has
sounded a few times.
Note that there are two sockets on a
modem outfit and the one referred to is
the 12N (normal) socket - that is, the one
which feeds the caravan road lights. Tow
Guard is triggered when pins 2 and 3
touch the corresponding ones in the
drawbar socket. Pin 2 is normally
responsible for operating the rear fog
lights and pin 3 connects the road light

NOTE:
IC1
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ICM7555
T1P120.121,122
1N4148
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DRAWBAR SOCKET
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FIG.1 The Tow Guard circuit diagram
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common wire (earth) to the car chassis.
While the alarm is armed, the feed wire
from pin 2 is switched over to its new
purpose. It is impossible to drive away
without switching it back again because
the user would, of course, set off the
alarm himself.

Circuit description
Figure 1 shows the complete circuit, with
the appropriate pin connections between
towing vehicle and caravan when the
12N plug is inserted. The part to the left
of the dotted line shows the simplified
wiring to the existing car fog lamps.
In the main unit, the wire leading from
pin 2 (fog light feed) is connected to the
common contact (c) of double -pole
switch, S1 pole a. While off, this
connects to the caravan fog lights so
these will operate normally. Also, pole b
disconnects the internal battery, B1, so
no current is drawn. With S1 in the
armed position, pole b establishes the
supply and pole a connects the fog light
feed wire to diode, D1, cathode instead
of the lights.
With the alarm armed and with the
caravan idle, the connection to D1 leads
nowhere (because the caravan plug is
disconnected) and nothing happens.
When the caravan plug is inserted, pin 3
connects the car chassis (earth) to the
road light common wire. At the same
time, pin 2 transfers a low state (battery
negative voltage) via the fog light filaments on the towing car to Dl. This low
state is applied to 101 trigger input, pin 2.

charges through R2 and the voltage
across it rises from zero to about 1.6V.
This keeps IC1 pin 4 low for a short while
and prevents self -triggering. When
switched off, R3 allows C2 to discharge
rapidly ready for further operation. Switch
S2 is used for testing the alarm. When
operated, it makes IC1 pin 2 go low and
trigger the monostable. While in standby
mode, the trigger input is kept high
via resistor R1 and this prevents
false operation.
The alarm on/off switch, S1, was a
key -operated type in the prototype unit.
This provides the best security. However,
an ordinary switch could be used instead
because it is unlikely that the thief will
have time to break into the caravan to
switch it off. This would save costs but
whatever the type, the switch contacts

Monostable
Integrated circuit timer 101, is connected
as a monostable. When triggered by the
low state referred to above, the output
(pin 3), goes high (positive supply
voltage) for a certain time then reverts to
low. The time interval depends on the
values of fixed resistor, R4, preset potentiometer VR1 and capacitor, C3. With the
values specified, the maximum timing is
3 minutes and the minimum, 15
seconds. Note that these times are very
approximate because C3 is subject to a
wide tolerance. It often turns out that the
timings are considerably more than
theory predicts.
While IC1 output is high, current
enters the base of Darlington transistor,
Ql, through current -limiting resistor R5
and the audible warning device, WD1, in
the collector circuit sounds.
The reset input, pin 4, of 101 is kept
normally high via resistor R2 and this
enables the device. However, when the
supply is first connected, capacitor C2
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must have sufficient current rating to
handle the fog lights - see Parts List.
To be effective, the sounder must be
very loud and have a low current requirement. The device specified in the parts
list worked very well in the prototype unit.
Beware of small cheap buzzers which will
not be loud enough for the purpose.

Construction
The printed circuit board topside component layout and full-size underside
copper foil master pattern are shown in
Figure 2. This board is available from
EPE PCB Service, code )00(
Begin by drilling the three mounting
holes. Now, hold the panel in position
outside the box (component side down)
and mark through the holes which will be
used to mount it later. This is difficult to

do from the inside, especially when the
components are in position.
Solder the IC socket in place. Follow
this with all resistors and capacitors, then
solder the diode and transistor, taking
care over the orientation. The transistor is
amply -rated and does not need a heat
sink. Note that C2 and C3 are electrolytic
capacitors and must be connected with
the correct polarity.

marked S1a, S1b and S2 (2 off). Solder
the battery snap negative wire to the pad
marked Batt -. Solder similar wires to the
points labelled TB1/3, TB1/4 and TB1/5.
Drill a hole in the box for the external
wires to pass through to TB1. Drill the
holes already marked for circuit panel
mounting and secure it using small
fixings. Drill holes and mount S1, S2 and
TB1 (see photograph). Refer to Figure 3
and complete the interwiring. Note that
the connections between S1 pole a and
TB1/1 and TB1/2 must be made with
stranded wire of 5A rating minimum.

Drilling holes
Solder 10cm pieces of light -duty
stranded connecting wire to the pads

Resistors
R1

R2
R3
R4
R5

10M
1M

220k
470k
10k

Capacitors
ci
100n ceramic
C2
C3

4m7 35V pcb elect.
47m 16V pcb elect.

Semiconductors
1N4148 signal diode
TIP120 (or 121 or 122)
npn Darlington transistor
101
ICM7555 CMOS timer
D1

Q1

Sib

TB1/4
TB1/5

Si a

Misceeaneous
Si
DPDT key -operated
switch. 5A d.c. rating - see text

S2

S2

Miniature push -to -make

switch

S2

Battery holder for 6 off
AA alkaline cells and cells to fit.
WD1 Piezo sounder 6 - 12V
300mA operation. 115dB
output at 1m.
TB1
5A screw terminal block
- 5 sections required (see text).
B1

FIG.2. The P.C.B. component overlay

T81/3 BATT.

81 9V

NOT TO SCALE

8 -pin dil socket, PCB materials,
stranded connecting wire, 5A
auto -type wire, bullet connectors, Scotchloks, 12V bulb for
testing, solder, etc. Plastic box
size 125 x 70 x 49 mm.

CIRCUIT BOARD

2

K.13 pow
1

I

21

2

S2

WD1

FIG.3. The Tow Guard wiring diagram

NOT TO SCALE

CIRCUIT BOARD

O
TIP
120

S2

TERMINAL
BLOCK

e
MICROSWITCHES

FIG.4. Triggering alarm with additional switches

PIN connections for
TIP120
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This is because it must be capable
of carrying the current for two fog
light bulbs.
Adjust VR1 fully clockwise - this will
provide minimum timing which is most
suitable for testing purposes. Insert 101
into its socket observing the orientation.
Do this without touching the pins
because it is a CMOS device and could
be damaged by static charge which may
exist on the body. Alternatively, touch
something which is earthed first. With the
specified box, the battery holder needs
no support since it is a tight push fit.
However, if a different enclosure is used, it
could be secured using Velcro fixing pads.
Decide on the best place for the main
unit. A good plan would be to make a
hole in the front of a cupboard and
mount it behind this so that only the
switches are visible. It must not be far
from some point on the wire running

underneath the caravan which feeds
the fog lights.
At the same time. decide how and
where the sounder should be fitted. In
the prototype, it was mounted in a sheltered position under the caravan. Where
wires are run under the caravan, they
must be of light -duty automotive type
and secured with small cable clips.

The right connections
Locate the fog light feed wire leading
from pin 2 of the 12N plug - it will be
coloured blue. Find also the earth
(chassis) wire leading from pin 3. This
will be white. The blue wire will need to
be broken or disconnected at some
convenient point and auto -type 'bullet'
connectors used to extend the free
ends to reach TB1/1 and TB1/2 through
a hole in the floor. Use wire of a similar
type to that used for the existing fog light
wiring. The end of the wire leading to the
plug should be connected to TB1/1 and
that leading to the fog lights, to TB1/2. A
connection will need to be made to the
white (earth) wire, without breaking it
and taken to TB1/3. This could be done
at an existing terminal block or a
Scotchlok connector could be used.
Scotchloks can be bought from any
car accessory shop.

Alarming experience
For testing purposes, it is strongly advised
to use a small (2.2W) 12V bulb in a suitable lamp holder in place of the siren.
You will thus maintain your friendship
with the neighbours!
Set S1 to off. Insert 6 alkaline AA size
cells into the battery holder, connect the
battery snap and switch on. If the alarm
happens to self -trigger, switch off and
wait for a few seconds before switching
on again. Make a basic test by pressing
the test button - the lamp should light for
around 15 to 30 seconds then go off.
Test at maximum timing - this should be
between 3 and 6 minutes. Adjust VR1 for
the timing required.
If windows, gas bottle cover, etc.,
need to be protected, this may be done
using lever -arm microswitches. A pair of
contacts is used, and they close when
the protected item is disturbed. These
are connected in parallel with test switch,
S2 (see Figure 4). Two extra sections of
terminal block could be used to make the
connections. When everything is working
satisfactorily, connect the sounder,
observing the polarity - TB1/4 to the positive (red) wire and TB1/5 to the negative
(black one) extending the wires as necessary using bullet connectors. Check that
the unit triggers when the plug is slightly

inserted into the tow bar socket.
There are two conditions where the
alarm will fail to trigger. Firstly, if both
bulbs in the tow -car's fog light system
have blown (since one of these is needed
to make IC1 pin 2 go low) and, secondly,
if the fog light is operating when the plug
is inserted. This would give a high state
which would be blocked by reverse biased diode D1 and have no effect.
These are both thought to be rather
unlikely circumstances.
Since water conducts electricity to
some extent, the caravan plug was
sprayed with water to check that this did
not trigger the alarm. It did not, although
it is thought that this could possibly
happen. The plug should therefore
always be protected from rain. Wise
caravanners will do this anyway to
prevent corrosion and the need to
replace the plug after a short time.
It would be a good idea to make a
bold WARNING: ALARM ARMED sign for
the caravan hitch. This will remind you to
switch off the unit and might even deter
the thief from proceeding further! Finally,
don't forget to test the alarm every few
weeks. The moment there is any sign of
weakening sound, the batteries should
be replaced.
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MAGNETISM AND
MAGNETOMETERS
Magnetism is a subtle and mysterious force that influences a lot of
things around us. Keith Garwell continues his practical exploration
of how to measure minute changes in a magnetic field with the
construction of a Fluxgate Magnetometer.
he term Fluxgate Magnetometer sounds rather like
something from science fiction, but anyone familiar
with magnetic amplifiers, or mag-amps as they are
often referred to, will also find the workings of the
fluxgate magnetometer, or FGM as we shall henceforth call it, familiar. If you are not familiar with such devices,
then I shall try and explain the principles involved, but short of
writing a whole textbook on the subject we will only be looking
at the basics, so there is plenty of room for further experiment
and enhancement.
This version of a fluxgate magnetometer has also been
designed to be adjustable in gain and offset, so that it can be a
bit of a jack of all trades and, with adjustment and enhancement, at least master of some.
For example, its sensitivity is such that it gives about 3V for
the horizontal component of the earth's flux, with the design
TAPE

sensitivity reduced by 10. If required, therefore, the gain can be
altered so that it gives 5V for 50 micro Teslas, i.e. 10pT per volt.
This is a convenient scale where direct readings of field strength
are required, enabling both horizontal and vertical components
to be measured.
Similarly, its circular sensitivity is about 3V for 7 degrees as
developed (7mV/minute). This sensitivity to rotation means that
the normal small changes in the earth's field (5 to 10 mins of
arc) would produce an output change of 35 to 70mV.

General Outline of Operation
Earlier, the FGM was described as having 3 windings, two on a

TAPE

260 TURNS 34SWG

Fig. 11A

F,g. 10 Magnetometer block diagram
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DC AMP
AND
LEVEL SHIFT

OUTPUT

would unbalance the system and produce the second harmonic
of the excitation. It is the magnitude of the second harmonic
which is used to indicate the magnitude of the external field.
In this imperfect world, the two rods and their windings will
not be absolutely identical so there will always be some of the
fundamental present in the sense winding. Consequently, the
measuring system has to include a device for separating
second harmonic from fundamental and this is done by means
of a switch which inverts the waveform every half cycle at the
frequency of the second harmonic.
Figure 10 shows the various parts of the magnetometer
enclosed within dotted lines. The arrangement of ferrite rods
and the windings we will call the detector or head, top left. This
is best in its own enclosure, separate from the rest of the electronics. In fact, five wires are necessary to connect the head to
the electronics as the centre connection of the two rods is
brought out for balancing, as we shall see later.
The windings on the ferrite rods must be driven with a fairly
immaculate sine wave - life is difficult enough without having any
second harmonic to cloud the issue. The frequency is not very
important, except that since the exciter windings have inductance, the higher the frequency, the higher the AC voltage will
have to be to generate the necessary current. This starts to
become a problem, particularly if the equipment is to be
portable. It's as well not to have it anywhere near 50H or a
multiple, otherwise it will detect any AC mains fields in the
locality. As we will see, using common component values gives
71H as the exciter frequency, which is very convenient.
Figure 10 shows that this is achieved by using a separate
sine wave oscillator, followed by a power amplifier. About 300
mA AC is required in the excitation windings and about 3 V AC
is required to generate this current, i.e. a bit less than a watt. As
shall see, there is a convenient chip that will do this without
requiring many external components and without spoiling the
waveform from the oscillator.
Continuing with Figure 10, the sense winding is followed by a

pair of ferrite rods (more or less standard size) with these in turn
surrounded by a third winding, which is the sense winding. Figure
9a gives a plan view of the arrangement, showing the sense
winding surrounding the middle portion of the two rods. The windings on the rods run their whole length and are wound in the
same direction on each rod. Figure 9b shows an end on view.
Consequently, if the two ends of the windings are connected
together at one end and the excitation applied at the other, the
field generated by the rods will be equal and opposite. If this is
the case, no voltage would be induced in the sense winding.
If the current through the sense winding is such that the flux
generated in the rods just reaches saturation, any external field
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Fig. 12 The FGM exciter circuit
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0E3

E2 El

pre -amplifier, with a gain of 100 to get the signal up to
a reasonable size before measurement.
Now one of the more crafty bits. The output of the
sense amp is fed into an amplifier whose gain can be
switched between +1 and -1. If the switching is at the
same frequency and in the correct phase with the
second harmonic, the harmonic will appear at the
output of the switch as DC, anything else remaining as

E3

C8

AC.

Clo
14

C4

The two are easily separated by following the switch
with a low pass filter. To enable the output from the
filter to be referenced to the OV or ground rail and also
to allow the level to be shifted (offset) to suit the
measurements in progress, the filter is followed by a DC

41

l

I

amplifier.

ERs1--

The final part and arguably the most important, is
the oscillator which drives the switch. This must be
stable and remain at the second harmonic, while at the
same time being capable of synchronisation with the
output from the power amp which is providing the excitation. Our old friend the 555 comes to
the rescue.
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The point must be made that during the construction of
the detector head, the end objective must be a
mechanically rigid structure. Remember, we are considering a device capable of detecting minutes of arc of
movement. My advice is that this can only be achieved
easily by constructing the device so that it can be
potted in resin when finished and the following
constructional details assume that this will be the case.
I would also suggest that the potting is not done
until the rest of the device is complete, so that it can all
be tested before being set in concrete as it were.
The first requirement is, of course, a pair of ferrite
rods. These should be about 100mm long and 8mm in
diameter. Since they are only about 50 pence each, it is
worth getting three and then selecting the two that look
as near identical as possible.
Figure 11 a shows the arrangement, which is quite
simple. Using 34 gauge wire, anchor one end with
tape. Close wound, 260 turns of 34 gauge takes up
about 64mm, leaving room at either end for the tape. I
used 3/4in masking tape.
Close winding this length is a bit tedious if you don't
own a winding machine, which I don't, although I do
have a large hand drill with a half -inch chuck. If you
have one of these, the technique is to clamp it to a
work table/bench. Then, with the wire taped to one
end, this taped end can be inserted into the chuck. The
tape also helps to make the grip firm, as the ferrite and
the chuck jaws are so hard, Having counted the
number of teeth on the hand wheel and chuck wheel,
260 x chuck wheel teeth/hand wheel teeth will give the
number of turns required. A little bit of experimenting
enables a suitable technique to be found to allow the
wire to be laid nicely on the ferrite. Try to make the two
rods look as similar as possible - they will be electrically
trimmed by the electronics later.
Failing a suitable drill, it is still worthwhile to try and
bodge something up so that the rod can be turned
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Fig. 14 The FGM sense amplifier circuit

comfortably. I tried winding by hand initially and found it very
difficult to keep the turns tight and close together. Figure 11 b
contains a useful suggestion, in which a length of 3/8in wooden
dowel turns in two wooden brackets. A handle at one end and
a chuck consisting of a piece of broom -handle with a 3/8in hole
through it at the other, completes the general idea. Alternatively
it might be worth while making something of the same sort from
Meccano or Lego. If the device is not sufficiently rigid, perhaps
adding a steady to the ferrite rod at the end remote from the
chuck may help.
I should now let the cat out of the bag and be honest. I
bought the rods, already had some 34 gauge, fastened wire
and rod in the chuck and then wound, while counting the turns
of the handle, until I reached the other end with enough room to
fasten off. I worked out the number of turns on the rods afterwards! However the rest of the design is dependant on the
rods, so don't
depart from the size and numbers of turns, unless you are
prepared to change the odd component here and there.
I will say that I am not aware of any reason why only 34
gauge should be used, provided that the number of turns is
correct and the winding is spread evenly over the rods.
The next thing required is a former, onto which the wire for
the sense winding can be wound. This I made by folding some
aluminium sheet so that I ended up with the item shown in
Figure 11c. This is made just large enough to accommodate the
two rods and the width for the winding is 13mm (1/2in). When
building it, felt that using a metal former would be helpful if any
screening was needed between the excitation and sense windings.
The other side of the coin is that aluminium sheet is as easy
I

to use as anything else and is wholly self supporting - no glue
needed. However, there is one most important point. There
must be an insulating gap between the two ends, otherwise the
former will be a short circuit and will screen the sense winding
from everything!
I made the former by first cutting and folding a strip of sheet
so as to make a length of U section and then marked off the
points that would become the corners. The channel had been
made deliberately longer than required by the four sides, so that
a short flap could be left. Using the tin snips to cut through the
sides at the marked points allows the channel to be bent into a
frame, with the little flap left tucked under the start.
The next move is to use an ordinary post -card to provide a
lining, made in exactly the same way as the aluminium former
but of course very slightly narrower so that it will sit inside the
aluminium. Leave a tab end so that it can be tucked into the
gap between the ends of the aluminium. This arrangement will
ensure that no sharp corner on the aluminium will damage the
insulation of the wire. Having fitted the card lining, put on 300
turns of 34 gauge. These can be put on by hand as there is no
need to try for perfect layers, so long as it's reasonably tidy.
Having done all three windings, the next stage is to dunk
them in hot beeswax. This will stop any movement in the windings. If you have never done this sort of thing before, be careful
not to get it on your fingers. It's easiest to heat the wax in a
saucepan over an electric plate, but any other metal container
will do, so long as its diameter is greater than the length of the
rods and not so deep that dipping the windings is awkward.
The wax should be heated until it can be smelt, but it need
not be smoking hot. Just hold a rod by its wire ends and lower
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connector. This is most easily done by erecting a plasticine
barrier between support and connector (Figure 11d). Arrange
the plasticine so that it is higher than the supports and then
gently press the rods into position. Add more plasticine above
the rods to continue the barrier. Finally, make the connections
between the windings and the din connector and make a note
of them. There should be five altogether - the two ends of the
sense winding, the two ends and the centre tap of the exciter
winding.

The FGM Exciter
How It Works
Figure 12 shows the exciter in two parts, the oscillator and the
driver. The oscillator is a conventional RC op -amp oscillator
where C1, R1, C2 and R2 are the components defining the
frequency of oscillation. Cl and C2 are equal, as are R1 and
R2. As we are not particular to the precise frequency, common
values are used Cl = 0.1pF and R1 = 22K.
There are two slight complications to the normal circuit, the
bias and the level control. Resistors R6 and R7 set the bias level
midway between the limits of the op -amps output OV and 9V.
These limits are set by the op -amp used. a CA3140 which while
it will go down to the lower supply level will only go up to within
2 to 3V of the upper level. C3 provides decoupling to this bas

into the wax for
10 seconds or
so. Then take it
out and rest it
horizontally until
it cools. Don't
forget that it will
drip as it comes
out and it's still
hot! Repeat with
the second rod.
Again hold the
sense winding by
its wire ends and
lower into the
wax. This will
froth as the air in
the windings is
replaced by wax. Keep it in until the frothing stops, then take it
out and stand to cool or suspend it by its wires to cool. It
occurs to me in hindsight that all three can be hung to cool by
their wires.
The method of assembling the whole thing into a case is
suggested in Figure 11 d and 11 e. I used one of the readily available plastic boxes which have slots on the inside intended for
PCBs.

A five pin din socket fitted into one end of the box is the
easiest means of connection. However, one which has a steel
jacket won't do. Many of them have a moulded jacket which is
some sort of alloy and has a finish which is chromium in appearance. These would be fine.
Slide two pieces of plastic, about lcm wide and as long as
the inside width of the box, down the slots so that they will act
as supports to the two rods. The sense winding should already
be in place on the rods.
As the whole thing is eventually going to be potted in resin, a
barrier has to be erected to stop the resin getting into the din

supply.
Whether IC1 will oscillate or not depends upon the circuit
gain. If it's greater than 1, then it oscillates. The gain of the
circuit is set by R3, R4 and R5. With all three in circuit, the gain
is less than one and it won't oscillate. If R4 is shorted out the
gain is higher than 1 and, low and behold, it does oscillate.
R4 is not shorted out but its value is modified by the shunt
value of FET1 which is modified by the driver output, as we shall
see in a moment. 101 never reaches its output limits, so the
waveform is never distorted by any clipping.
On to the driver. This is a nearly conventional circuit using
the TBA820 which is an audio driver. Its attraction is its low
distortion and the way in which its internal safeguards work. The
latter trigger at the crucial overload levels, so that cut-off is
sharp, whereas with some audio ICs the cut-off is progressive.
As the IC works fairly close to its maximum dissipation, we

cannot afford to have the 'Hi-Fi' spoilt by progressive shutdown.
R8 and R9 set the input level and R10 and C5 set the IC's
gain. C6 is a compensation capacitor, its value being rather
higher than normal to accommodate the low frequency being
handled. C7 provides DC isolation and a bootstrap facility to pin 7.
C8 is much larger than usual, on account of the highly inductive load - the two excitation windings on the ferrite rods which
are connected to El and E2, the centre connection goes to E3.
The actual output of the driver has to be maintained within 1
part in 200. This is achieved by the self regulation as follows.
C9 takes off the voltage appearing across the rod windings
and it is rectified to provide a negative voltage across R11 by
D1, D2 and 010. The DC voltage at R11 is used to modify the
gain in the oscillator via the FET.
Finally, although not strictly part of the driver, R12 and R13
are included for convenience and are used when setting up to
balance the excitation between the two ferrite rods. This will be
dealt with later under setting up, as will the adjustment of R11.

Construction
Figure 13 shows the layout using 39 x 39 matrix board. I must
admit I'm not madly enthusiastic about matrix board, but for a
one off or for something which is possibly subject to change I
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haven't found anything better. For me, it's very difficult to lay
out, but there's madly special about this one. It's all low
frequency, so no problems there.
There are only 15 tracks to cut - four between the pins of
each IC, one just to the right of 101 below the link, one between
the left hand ends of R3 and R5 and then a little collection of
five more, shown as being behind C5.
The outlines do not indicate the shape of the components,
they indicate the connection points, so R6 is not that big, but
the ends of the rectangle show the tracks to which it is
connected. Having said this, there are two exceptions, the
capacitors. C7 is arranged vertically as a convenience (well have
you ever seen a horizontal convenience?) but connected to
tracks 6 and 12 as shown. Similarly, 010 is shown vertically but
is actually connected across tracks 2 and 3 so is at a slight angle.
Down by C11 there is a little cluster of 3 links, don't miss any.
Testing will be considered separately when we have looked
at the next unit - the sense amplifier.

Resistors

ur

to

R1, R210K
R3
47K
R4
2K2
R5
47K
R6
56K
R7
33K
R8
100K
4K7
R9
R10 470R
R11

R12
R13

1M- 18t
5008 - 18t
56R

Capacitors
C1

C2

C3
C4
C5

06
07
08
09
010
C11

0.1pF
0.1pF
47pF E
0.1pf
47pF E
1000pF P
470pF E
1.0pF
0.1pF
0.1pF
0.1pF

The FGM Sense Amplifier

How it works
Figure 14 shows the electronics which I have called collectively
the sense amplifier. In fact, it consists of several sub sections.
only one of which is a simple amplifier and indeed I think it best
if I start the description with the harmonic generator, bottom
centre.

It's the standard arrangement of a 555 wired as an oscillator.
C6 is the C which establishes the frequency and R19, 20 and
21 being the corresponding R. The variable R21 enables the
frequency to be adjusted to the second harmonic of the the
excitation oscillator. R19 is small compared to R20 so that the
mark -space ratio of the output is close to 1 to 1.
The reset input at pin 4 is used to achieve synchronisation
between the oscillator and the excitation. This is done by the
sync generator (bottom left) being connected to the excitation,
E2. The sine wave is applied to the inverting input pin 2,
together with the DC level established by the resistor chain R13,
14 and 15. The non -inverting input is connected to a bias
supply (bottom right) of about 4V. A transition occurs as the
sine input becomes greater or less than the bias. Adjusting R14
therefore enables the transition point to be adjusted.
The square wave output is differentiated by C5 in conjunction with R16 and 17. The negative going pulse resets IC5, thus
ensuring that it is always in phase with the excitation.
Now back to the beginning, top left. The output from the
sense winding is applied to 101, which is a straightforward
inverting amplifier with a gain of 100. The bias avoids the necessity for double power rails, its voltage being approximately half
the maximum excursion of the output of 101 (OV to about 9V).
The output of 101 is about 6V peak to peak and is applied to
the switch IC2. The gain of this stage is switched between +1
and -1 by FET1, driven between the conducting and nonconducting state by the square wave output of the harmonic
generator. The presence of the second harmonic in the output
of IC1 thus appears as a DC component at the output of the switch.
R7 and C3 form a low pass filter which removes much of the
AC components present in the output of the switch. This is an
important point which I shall deal with later in much more detail.
The DC output of IC2 is referenced to the bias supply. To
enable this reference to be changed and to allow the scale to
be expanded, IC3 is a DC amplifier with an adjustable reference, obtained by means of R11.

Construction

Semiconductors
IC1

2N3819
CA3140

IC2

TBA82O

FET1

Figure 15 shows the layout, again using a piece of 39 x 39
matrix board. The top half (roughly) contains the sense amp,
switch, level changer and level adjust pot, while the bottom
contains the sync generator, second harmonic oscillator,
frequency and sync adjust pots. I am the first to admit that the
board is a bit cramped and anyone who opts to construct it on
two boards is probably more sensible than I am.
I found the chief difficulty was the necessity for cutting tracks
and freely admit to spending an hour or two trying to work out
why the sync generator wouldn't work. In due course I discovered that the input capacitor C4 was shorted out by the track.
Cutting it between the two connections of C4 worked wonders!
Although Figure 15 shows the track cuts with Xs, I have
included the Board layout in the Foils section which shows just
the tracking and cuts. Note that this is from the component side.
It is perhaps best to use these two figures as guides and not
absolute statements of fact. The best way to build this board is
to start at the top, leave a couple of rows blank for connection

Diodes
D1, D21N4148

Notes
Resistors suffixed 18t are 18 turn Cermet presets. All others
are hi -stabs with no significant power requirement. Maplin 0.6W
MF are fine. Capacitors suffixed E are axial electrolytic, C7 must
be 25V, others can be 10V. Capacitors suffixed P are polystyrene. All others are metallised polyester film. All are available
from Maplin.
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Final Construction

to the outside world, i.e. S1, S2 12V, etc., and then work
steadily downwards, checking as you go that what you are
doing corresponds with the schematic. As you come to a track
cut, stick a piece of wire through the hole, turn the board over
and cut the track. It seems to be fairly easy to keep the vertical
numbering correct but more difficult to preserve the horizontal.
As with the exciter board figure, the outlines do not indicate
the shape of the components but the connection points. Don't
work on this board until you have read to the end of the article.

So far we have looked at the construction of the boards. Now
we must consider the finishing touches. How is the magnetometer to be housed and what sort of duty is it to perform? It is
also necessary to decide how the output is indicated.
In the first instance I will assume it will be a moving coil voltmeter of 10V FSD as this is by far the easiest instrument for
setting up.
There are two types of duty. Either as a general purpose
instrument, in which case the user must have easy control. It
must be possible to change its behaviour. If the magnetometer
is going to be dedicated to one particular task, then it will probably only need to be set up once, in which case the level
changer control can be an 18 turn cermet pot as shown. If the
instrument is too sensitive, then its gain may be reduced by
changing the value of R2. The gain will be in proportion to the
value of R2 and to reduce the sensitivity by a factor of ten,
reduce R2 to 100K.
On the other hand, if it is to be a general purpose instrument
then the gain will need to be adjusted easily, as well as the level.
In this case, R2 can be replaced off -board by switched resistors, the switch being on the front panel of the box or whatever
contains the electronics. The level control R11 must also be on
the front panel and it will have to be a multi -turn pot, otherwise
the control will be too course. It will be useful to be able to
reverse the sense winding connections and also to disconnect it
- a two pole changeover is useful here.
I have ended up with three controls - the sense winding
switch with the On -Off -On combination (allowing the sense to
be reversed or switched off. This is also very convenient for
commissioning the instrument), a gain switch setting the sense
amp gain to either 10 or 100 (100K or 1M) and a wire -wound
10 turn for the output control.
The next step is to provide a suitable housing, mount the
boards and the controls (if any) and wire up.
While on the subject, if R11 is to be on the front panel, the
RS/Electromail catalogue shows a ten turn helipot which is suitable (3W wire -wound at around E4 plus VAT and postage). An
alternative is the arrangement shown in Figure 17, which
employs a 2 pole 6 position switch, half a dozen equal resistors
(1K) and a common or garden 270 degree pot. The only shortcoming of this arrangement is that it does have a blind spot at
each transition point, the reason being that the voltage across
the 1K resistor which has the variable switched to it is slightly
less than that across each of the others. This can be overcome
by using a chain containing 1K and 220R resistors alternately.
The switching is arranged so that the variable is connected
across a pair of resistors at each step.
However, this is getting complicated and in any case it's very
unlikely that the blind spots will matter.

Resistors
R1

R2
R3
R4
R5
R6
R7

R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19

10K
1M
10K
10K
1M
10K
1M
1M
470K
10K

10K - 18t see later.
1M
10K

10K - 18t
2K2
100K
33K
3K3
10K
R20 220K
R21 100K - 18t
R22 10K
R23 4K7

Capacitors
C1-5 0.1pF
C6
C7

22000pF
100pF E

Semiconductors
101-4 CA3140
IC5 NE555

Notes
R2 and R11 may be implemented off -board see later text.
R20 possible alternatives required 180K, 200K, 240K. Resistors
suffixed 18t are 18 turn Cermet presets, all others are hi -stabs
with no significant power requirement. Maplin 0.6W MF are fine.
Capacitors suffixed E are axial electrolytic 10V. All others are
metallised polyester film.

Next Month
In the next issue. we will look at commissioning and using the Fluxgate Magnetometer.
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CVC

Chelmer Valve Company

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

QTY.

UNIT PRICE

TOTAL PRICE

QTY.

'TOTAL PRICE

CARRIED FORWARD .. ..

PRE -AMP VALVES
ECC81/12AT7
ECC82/12AU7
ECC83/12AX7
ECC85
ECC88
EF86
E81CC(GOLD PIN)
E82CC (GOLD PIN)
E83CC (GOLD PIN)
E88CC (GOLD PIN)

5AX)

4.00
5.00
4.00
5.00
4.00
6.00
6.00
6.00
7.00
9.00
5.50
4.00
4.20
5.00

E8OF

E83F
6SL7GT
6SN7G1
6922

RECTIFIERS
GZ32
GZ33
GZ34/5AR4
5U4G
5Y3GT
SZ4GT

5.00
5.00
5.(X)

5.00
3.20
3.50

SOCKETS
B9A (PCB)
B9A (CHASSIS)
OCTAL (CHASSIS)
4 PIN (UX4)
4 PIN (FOR 211 & 845)

1.60
1.60
1.75
3AX)

11.00

MATCHING CHARGES*
POST & PACKING (UK)

3.00

TOTAL EXC. VAT

POWER VALVES
2A3 (4 PIN)
2A3 (OCTAL)

14(8)

211

22AX)

300B
811A
845

50.50
9.50
29.90
7.50
4.00
5.10
9.20

EL34/6CA7
EL84/6BQ5
EL84/7189A
KT66
KT77
KT88
KT88 (GOLD Q)
6L6GC
6L6WGC/5881
6V6GT
6146B
6336A
6550A

14.00

12.00
12.50
18.50
6.50
8.00
5.00
10.20

40.00

VAT( 171/2%
(UK & EEC)

f

TOTAL TO PAY

*MATCHING, if required; state valve types & if PAIRS.
QUADS or OCTETS - Allow £1.00 per valve for this service.
Make CHEQUES payable to
'CHELMER VALVE COMPANY or pay by
ACCESS/MASTER CARD/VISA, give details:

Signature

Expiry

Name

Address

11.00

6550A -S

13.50

758IA

11.00

TOTAL CARRIED FORWARD

Post Code

Valve amplifiers sound better still with CVC PREMIUM valves!
Vew London Road, Chelmsford, Essex CM2 ORG, England. Telephone 0245 355296/265865 or FAX. 0245 490064.

MIDI

EXPLAINED
In Part 4 of this series, Robert Penfold continues to delve into
the mysteries of MIDI
n last month's article we considered the way in
which MIDI control messages are coded. This
month we continue on the theme of MIDI controls,
with a detailed discussion of the way in which they
are used. The original SCI MIDI specification of 1983
was rather vague about the functions of MIDI controls. It
assigned control number 0 to pitch bending, but this function
was given its own channel message by the time the first
'proper' MIDI specification was published. No other recommendations were made, which left it up to individual manufacturers
to use MIDI controls in practically any way they wished. Some
manufacturers used these controls as a means of altering the
sound generator settings via MIDI. Others used them for more
general control master volume, switching effects on and off, etc.
Some equipment had various functions that could be
accessed by control change messages, with any control
assignable to any control number. This permitted a large degree
of compatibility with other equipment, provided you were
prepared to set up the assignable controls to match the other
equipment in the system. Gradually, a few conventions came
into being and these were largely influenced by the control
assignments of the more popular instruments of the time
(particularly the Yamaha DX7). Not all instruments had control
assignments that kept to these conventions, however.

Control Number
1

2

4

5

6
7

8
10
11

12

13

16-19
32-63
64
65
66
67
69
80-83
91

92
93
94
95
96
97
98

Strict Control
Eventually, the MIDI 1.0 Detailed Specification was published
and this lays down specific uses for many of the control
numbers. When using MIDI controls, it is as well to bear in mind
that some instruments of the 1980s do not fully conform to the
current specification. Instruments manufactured in the 1990s
should fully adhere to the recommendations.
Under the current scheme of things, most of the MIDI
controls are not used for adjusting the sound generator circuits
of a synthesiser. There are a few controls which can be used for
this purpose and they have to be used in the manner described
in the detailed specification, but this is a subject we will consider
in detail later. Most of the MIDI controls are used for more
general control, such as master volume, balance, sustain and
soft pedals, etc. Table 1 shows the current recommendations
for the MIDI control functions. The control numbers that are not
included in Table 1 have not yet been assigned a function.

99
100
101

121-127

Function

Modulation Wheel
Breath Controller
Foot Pedal
Portamento Time
Data Entry Knob
Main Volume
Balance
Pan

Expression Controller
Effect Control 1
Effect Control 2
General Purpose
LSB For Controls 0 to 31
Sustain Pedal
Portamento
Sostenuto
Soft Pedal
Hold 2
General Purpose
External Effects Depth
Tremolo Depth
Chorus Depth
Celeste (Detune) Depth
Phase Depth
Data Increment
Data Decrement
Non -Registered Parameter
LSB
Non -Registered Parameter
MSB

Registered Parameter LSB
Registered Parameter MSB
Channel Mode Messages

There is a slight problem in assigning specific functions to the
MIDI controls. Although these controls are mainly used with
instruments for such things as the sustain pedal and controlling
external effects units, they are also used to control audio
mixers, lighting systems and various other non-musical pieces
of equipment. It is still permissible for the MIDI controls to be
used for non-musical functions, but the equipment manuals must
clearly indicate that they are being used in a non-standard fashion.
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Sound Control
Although MIDI controls should no longer be used arbitrarily to
control the sound generator circuits of a synthesiser, there are
some control numbers specifically set aside for this purpose.
There are two types of control, which are the registered parameters and the non -registered parameters. The basic idea is
that, wherever possible, a standard set of controls should be
used. These are the registered parameters. Unfortunately, with
the instrument manufacturers using a variety of sound synthesis
methods, there is only very limited scope for a standard set of
controls. As yet, there are only five registered parameters - see
Table 2.

Registered
Parameter No.

ro

0
1

2

3
4

Function

Pitch Bend Sensitivity
Fine Tuning
Coarse Tuning
Change Tuning Program
Change Tuning Bank

written to controls 6 and 38, as for a new registered parameter
value. There is an alternative method of altering a registered or
non -registered parameter. The parameter to be altered is
selected in the normal way, but the value is then incremented
by the value written to control number 96, or decremented by
the value written to control number 97. This method is presumably included as a quick means of making minor changes to the
setting of a control.
It is acceptable for devices to respond to changes in registered parameter values at start-up, but the reception of nonregistered parameter messages should be disabled at power
up. The point of this is to avoid accidentally scrambling the
sound generator settings of an instrument. When using MIDI,
you need to bear in mind that operating the controls of a device
in the system will often result in the appropriate MIDI messages
being sent. For example, changing an instrument from one
program to another will usually result in the appropriate program
change message being sent. This sort of thing is generally
useful, since it provides an easy means of generating a wide
range of messages. It can, however, provide problems for the
unwary.

Altering the sound generator settings of an instrument might
result in a series of control change messages being sent. If
received by the right type of instrument these would presumably
result in the slave instrument changing its sound in sympathy
with the master instrument.
In practice, it is the nonThe effect of the control
registered parameters that
ALWAYS 1
change messages is unpreCONTROL CHANGE CODE
you are more likely to use.
dictable if the two instruCHANNEL NUMBER
These can control virtually
ments are of different
anything the equipment
types,
but there is a strong
HEADER BYTE
manufacturer desires and
possibility that the sound
can be assigned to the
generator settings of the
ALWAYS 0
parameter numbers in any
CONTROL NUMBER (124)
slave instrument would be
4,
4
4,
- 4 4,
way the manufacturer sees
well and truly scrambled. If
0
CONTROL NUMBER BYTE
0
0
fit. However, it is a requireyou wish to change nonment that the equipment
registered parameters, it
ALWAYS 0
manuals must give a full list
will first be necessary to
DATA VALUE (0)
of parameters and their
4
4,
4
4
4,
4
use the appropriate control
numbers.
0
0
0
0
0
0
0
DATA BYTE
settings to switch on this
0
In order to change the
feature. It is advisable to
ALWAYS 1
value of a registered paraswitch it off again once you
CONTROL CHANGE CODE
meter, first the number of
have
made the necessary
CHANNEL NUMBER
that parameter must be
changes.
written to controls 100
The degree to which the
X
HEADER BYTE
(LSB) and 101 (MSB). This
sound generators of an
gives a 14 bit value and up
ALWAYS 0
instrument can be
CONTROL NUMBER (127)
to some 16384 different
controlled via MIDI control
4,
4
4
4
4
control functions. The new
change messages varies
CONTROL NUMBER BYTE
value for the selected
substantially from one
control is written to control
instrument to another.
ALWAYS 0
number 6 (MSB) and 38
Some provide quite
DATA VALUE (0)
(LSB). Of course, if 7 bit
comprehensive control via
resolution is sufficient, only
0
0
0
0
0
0
0
this route, but others largely
DATA BYTE
control 6 needs to be used,
or totally ignore this
but a dummy value should
method. Control via system
Fig.1 The six byte sequence needed to switch to
be written to control number
exclusive messages seems
mode 3.
38, otherwise the receiving
to be the preferred method
device might wait for this
these days. This may seem
LSB before implementing the new value. Obviously, it would fail
to go against the general spirit of MIDI, which encourages a
to implement the new value if no LSB was received.
large degree of standardisation between instruments from
Much the same system is used to alter a non -registered
different manufacturers. On the other hand, the non -registered
parameter, but the parameter number is written to controls 98
parameters are not standardised and it is not practical for them
(LSB) and 99 (MSB). The value for the selected control is then
to be standardised to a worthwhile degree. Therefore, regard -

Mr4-1-1-r-
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less of which method is used, any large scale alteration of the
sound generator settings normally requires some form of dedicated programmer or control program.
I OUT71

THRU

Channel Mode Messages
As can be seen from Table 1. the control numbers from 121 to
127 are used for 'channel mode messages'. These are really a
separate category of message, rather than being a normal
control change message. These messages still use the same
three byte format, but in most cases the final byte is always 0
and is really just a dummy byte. The channel mode messages
are used for changing mode via MIDI, plus a few other functions. Table 3 gives details of the seven channel mode
messages.

MIDI PROCESSOR

r1

rfith

II

II III II

II1

Ecrui

II III 11 111

SYNTHESISER (LOCAL OFF)

Control Number Function Data
Reset All Controls Always 0
121
0 = Off, 127 = On
122
Local Control
Always 0
123
All Notes Off
Omni Mode Off Always 0
124
Omni Mode On Always 0
125
126
Mono Mode On Number Of Channels
Poly Mode On
127
Always 0

Fig.2 It can be necessary to use local off when using a MIDI processor.

ALWAYS 1

SYSTEM MESSAGE CODE
MESSAGE I.D. CODE

X

The reset all controls message is a relatively new one, and it
simply sets all the MIDI controls back to their default settings. It
is presumably included to provide a quick means of resetting
the controls back to sensible states if their settings should accidentally become scrambled. The all notes off message is not
intended to be used as a normal method of switching off notes.
It is a message that can be sent if a malfunction should occur,
with notes being left 'droning'.
Controls from 124 to 127 are used for MIDI mode changing.
and this operates on the basis of switching 'Omni' on or off,
and switching between 'Poly' and 'Mono'. If you require mode 3
for example, there is no mode 3 message as such. Instead you
would use controls 124 and 127 to switch Omni off and Poly
on. This six byte sequence is shown in Figure 1. When using
these messages it is clearly better to think in terms of the new
mode names, rather than the old names or mode numbers.
Mode change messages terminate any notes that are playing at
the time. MIDI instruments do not always respond rapidly to
mode change messages, so it is best to allow a second or two
after one of these messages before continuing to play an instrument. The third byte in the Mono on message indicates the
number of channels to be set to mono mode. In most cases.
this byte will have a value of zero and all the available channels
are then set to mono mode.

X

X

Fig.3 The coding used for a system messaae header byte.

SYSTEM MESSAGE CODE
SONG POSITION CODE

4,
0

4,

0

4,
0

HEADER BYTE

ALWAYS 0
DATA BITS 0 TO 6

0

D6

D5

04

03

D2

D1

DO

DATA BYTE 1

ALWAYS 0
DATA BITS 7 TO 13

0

D13

D12

010

D9

D8

D7

DATA BYTE 2

Local Control?
Fig.4 The method of coding used for song position pointer messages.

The local control on/off message can also use a value of other
than zero in the third byte. This operates just like an ordinary
MIDI switch type control, with a value of 0 being used to switch
off local control and a value of 127 being used to switch it on.
But what exactly is local control? For most instruments it is the
keyboard, but not all MIDI instruments are keyboard types.
Local control is any built-in means of playing an instrument (the
strings and fretboard of a MIDI guitar for example). Here we will
only consider local control in terms of a keyboard instrument,
but the general principle applies to any form of instrument that
has some form of local control.
With local control switched on, the instrument functions

normally. Playing notes on the keyboard produces the appropriate response from the sound generator circuits and suitable
MIDI messages are transmitted from the MIDI OUT socket. With
local control switched off, playing notes on the keyboard results
in the appropriate MIDI messages being transmitted at the MIDI
OUT socket, and the sound generator circuits will respond to
messages received at the MIDI IN socket. The sound generators do not respond to the keyboard though. In effect, switching
off local control converts the instrument into a separate MIDI
keyboard and synthesiser module.
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and stops the drum machine's internal sequencer. The MIDI
clock message is roughly analogous to a conventional clock
signal, but it is acceptable for it to be sent continuously. The
slave sequencer is stopped and started using the stop and start
messages. There is also a continue message, which has a
different effect to the start type. A start message always starts
the sequence 'from the top', even if the sequence had previously been stopped half way through. The continue message
starts the sequence from its current position, wherever that may
happen to be. The MIDI clock messages are sent at a rate of 24
per quarter note, incidentally. These are all simple single byte
messages.
The song position pointer message is a system common
type, but it is used in conjunction with the system real-time
messages. It is used to move to any desired point in a
sequence. The header byte is followed by two data bytes which
together provide a 14 bit value. Figure 4 shows the way in
which this system operates and it is basically the same method
that is used to provide 14 bit values in pitch wheel change
messages. This gives a range of 0 to 16383, but the smallest
change this message can produce is six MIDI clocks (1/16th
note). Using single clock resolution would presumably prevent
the system from handling reasonably long sequences. To start a
sequence at a given point, first a song position pointer message
is used to take the sequencer to the appropriate point in the
sequence, then a continue message is used to start the
sequencer.

This is perhaps not a feature that most users will require very
often, but it does have its uses. When using a synthesiser as a
sound module, it is not a bad idea to switch off local control so
that there is no risk of unwanted notes being played by
someone accidentally leaning on the keyboard. It can also be
useful in an arrangement of the type shown in Figure 2. Here,
the MIDI output signal is being processed and fed back into
synthesiser. If the synthesiser must play the undoctored notes
and the processed signal, local control should be on. If only the
processed notes should be played, local control should be
switched off.

System Messages
So far we have only considered channel messages, which are
the messages that go through the MIDI system in large
numbers during everyday use. The system messages tend to
have more specialised functions and it has to be said that in a
few cases they are not particularly relevant to current MIDI
systems. However, the system messages are certainly a very
important aspect of MIDI, and are something that all MIDI users
need to understand in reasonable detail.
System messages are directed at every slave unit in the
system. Like any other MIDI message, not everything in the
system will necessarily respond to them, but everything should
process these messages to see if they are applicable. The most
significant bit of a system message is always set to 1, just as for
a channel message. The next three bits carry the system
message code (111). No channel numbers are used with
system messages, so the four least significant bits are free to
carry the code that indicates the message type. This enables up
to sixteen different system messages to be accommodated, but
not all of the available codes are actually used at present. Figure
3 shows the way in which a system message header byte is
coded.
System messages are divided into two broad categories,
which are the system common and the system real-time
messages. We will consider the system real-time messages
first. These are mainly concerned with synchronising one MIDI
unit to another, or possibly several slave units to the MIDI
controller. This is only necessary when one or more of the slave
units is being controlled by a built-in sequencer of some kind,
rather than being controlled directly by the master unit. Many
users prefer to have everything under the direct control of the
master unit and this is certainly the method of control that I
favour. However, if you wish to have (say) a MIDI drum machine
under the control of its integral sequencer, it must be synchronised to the master sequencer. Table 4 lists the system realtime messages, and gives their four bit binary codes.

Binary
1000
1001

F

1010
1011

1100
1101

1110
1111

Common Sense
The active sensing is not used a great deal in practical MIDI
systems and it is not implemented on many items of equipment.
It has been included in the specifications of some recent instruments however, so it might be used to a greater extent in the
future. It is just a simple fail-safe system that silences all the
sound generator circuits of the slave instruments if a fault
should occur, such as a broken cable. This avoids having slave
instruments stuck with notes playing.
With active sensing in use, there must be a gap of no more
than 300 milliseconds between one MIDI message and the next.
If receiving units do not receive a MIDI message of some kind
for more than 300 milliseconds, they shut down their sound
generators. If a gap of more than this is about to occur, the
controller will send an active sensing message to prevent the
slave units from shutting down. The default is for no active
sensing messages to be sent and this facility only comes into
operation once the MIDI controller has sent the first active
sensing message.
The system reset message does precisely what you would
expect. It simply resets the slave instruments back to their
default switch -on settings and switches off all notes. Many
modern instruments have built-in memory circuits which
remember the current settings when the instrument is switched
off. When switched on again, instruments of this type simply
carry on where they left off, rather than starting from a set of
default settings. The correct effect for the system reset
message with such instruments is debatable, but in most cases
this message is simply not implemented. It is probably not a
good idea to experiment with this message!

Message Type
Clock Signal
Undefined
Start
Continue
Stop
Undefined
Active Sensing
System Reset

Next month
we will consider system exclusive messages
and General MIDI.

A conventional clock signal for a drum machine is a regular
series of pulses and starting and stopping the clock signal starts
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C1 BARGAIN PACKS

BARGAINS GALORE

BARGAINS GALORE

In fact...cheapor than £1 because if you buy 10 you
can choose one other and receive it free!
1 x 12v Stepper Motor 7 5 degree Order Ref 910
1 x 10 pock Screwdrivers Order Ref 909.
2 x 5 amp Pull Cord Calling Switches. Brown Order

Speed Controller for 12v DC Molars Suitable for motors
with horse powers up to one third and drawing currents up
to 30A Gives very good control and speed. Uses mosfets
and is based on a well tried circuit which appeared in the

Ultra Thin Drills, actually 0.3mm To buy these regular

Model Engineer some time ago The complete kit with case
and on/off switch is available. price £18 Order Ref 18P8
Ea -British Telecom Insulation Teeter Offer We have a
quantity of these that are slightly faulty There has been no
attempt at repairing them. They are not missing any parts
so should be repairable The moving coil movement is in
perfect working order so even if you cannot repair the
instrument to perform all its original functions, you would be
able to use it for another instrument that you need. We
supply a circuit diagram of the instrument and chances are
that you will find the fault and be able to repair it Pnce of
the instrument with circuit diagram is £3 Order Ref 3P176,
Fig 8 Flex. Fig 8 flat white pvc, flexible with .4 sq. mm
cores. Ideal for speaker extensions and bell circuits. Also
adequately insulated for mains lighting. 50m coil £2. Order
Ref 2P345 12m coil £1. Order Ref. 1014
Friedland Underdome Bell. Their ref 792. A loud nnger
but very neat. r diameter, complete with waN fixing screws,
£4 Order Ref 4P75
12v 10emp Switch Mode Power Supply. For only 19 50
and a little bit of work because you have to convert our
135W PSU. Modifications are relatively simple - we supply
instructions. Simply order PSU Ref: 9.5P2 and request
modification details Price still £9 50
Are you making Mini Bugs? We can offer the ideal box.
White plastic without any decoration or pnnting This has an
on/off switch in the top left-hand corner and a hole just
above to take a telescopic or wire aenal The case is large
enough to take a PP3 battery and a PCB arid when finished
it will have a really professional look. Box with switch £1.
Order Fief 1006. Size approximately 4"x3"x1 1/2" thick and
its cover is held by four screws
Siren/Nom/Hooter/Klaxon. It isn't any of these - it does the
same job but is quite nice to look at and could even be
described as ornamental it is Swiss made and in a grey

equipment, this box is extremely tough and would be ideal
for keeping your small tools in, internal size approx.
101/2"x41,2"x6" high. Complete with carrying strap, pnce £2.
Order Ref 2P28313,

Ref 921

5 x reels Insulation Tape. Order Ref 911
4 x 14mm Ball -races Order Ref' 912
2 x Cord Grip Switch lamp Holders Order Ref- 913
1 x DC Voltage Reducer 12v -6v. Order Ref 916
1 x 10 amp 40v Bridge Rectifier. Order Ref 889.

Lightweight Stereo Headphones Moving

coil

so

superior sound Order Ref: 896
2 x 25W Crossovers For 4ohm loudspeakers. Order
Ref- 22

2 x Nlcad Constant Current Chargers. Easily adaptable to charge almost any nicad battery. Order Ref: 30,

18v -0-18v lOva Mains Transformer Order Ref: 813.
2 x White Plastic Boxes, With lids, approx. 3" cube
Lid has square hole through the centre so these are
ideal for light operated switch Order Ref: 132.
2 x Reed Relay Kits You get 8 reed switches and 2
coil sets Order Ref 148.
12v -0-12v Ova Mains Transformer. PCB mounting.
Order Ref 938
1 a Big Pull Solenoid Mains operated Has 1/2" pull.
Order Ref 871
1 x Big Push Solenoid Mains operated. Has 1/2" push.
Order Ref 872
x Mini Mono Amp. 3W into 4 ohm speaker or 1W
into 8 ohm Order Ref: 495
1 a Mini Stereo 1W Amp Order Ref: 870
15v DC 150ma PSU Nicely cased. Order Ref 942
1

x In -Flight Stereo Unit is a stereo amp Has two

1

most useful mini moving coil speakers Made for BOAC
passengers Order Ref. 29
1 a 0-1mA Panel Meter. Full vision fact 70mm square.
Scaled 0-100. Order Ref: 756.

2 x Lithium Batteries. 2.5V penlight size Order Ref:
874.

2 a 3m Telephone Leads. With BT fiat plug. Ideal for
'phone extensions, fax, etc. Order Ref 552.
1 x 12V Solenoid. Has good 1/2" pull or could push if
modified. Order Ref: 232.
4x
Switches With neon on/off lights. saves
leaving things switched on. Order Ref: 7.
2 a 6V 1A Mains Transformers. Upright mounting with
fixing clamps Order Ref 9.
2 a Humidity Switches As the air becomes damper,
the membrane stretches and operates a micro switch.
Order Ref 32
5 x 13A Rocker Switch Three tags so onioff, or
changeover with centre off, Order Ret 42
Mini Cassette Motor. 9v. Order Ref 944
1

a Suck or Blow -Operated Pressure Switch Or it

can be operated by any low pressure venation Such as
water level in tanks. Order Ref: 67.
1 x 6V 750mA Power Supply. Nicely cased with mains
input and 6V output lead. Order Ref' 103A
2 x Stripper Boards Each contains a 400V 2A bridge
rectifier and 14 other diodes and rectifiers as well as
dozens of condensers, etc. Order Ref: 120
12 Very Fine Drills For PCB boards etc. Normal cost
about 80p each. Order Ref 128.

5 a Motors for Model Aeroplanes. Spin to start so
needs no switch. Order Ref: 134.

6 x Microphone Inserts. Magnetic 400 ohm, also act
as speakers Order Ref 139.
6 a Neon Indicators In panel mounting holders with
lens Order Ref: 180.
1 x In -Flex Slmmerstat Keeps your soldenng iron etc
always at the ready. Order Ref: 196.
1 x Mains Solenoid. Very powerful as I/2" pull, or could
push if modified. Order Ref: 199.

1 a Electric Clock. Mains operated Put this in a box
and you need never be late. Order Ref 211
4 x 12V Alarms. Makes a noise about as loud as a car
horn. All brand new, Order Ref 221.
2 x (6"x4") Speakers. 16 ohm 5 watts, so can be joined
in parallel to make a high wattage column Order Ref
243
1

a Panostat. Controls output of boiling ring from

simmer up to boil. Order Ref: 252.
2 x Oblong Push Switches. For bell or Chimes, these
can switch mains up to 5A so could be foot switch if
fitted in pattress. Order Ref: 263.
50 x Mixed Silicon Diodes. Order Ref. 293
1

x 6 Digit Mains Operated Counter Standard size

but counts in even numbers. Order Ref 28
2-x 6V Operated Reed Relays One normally on, other
normally closed Order Ref. 48
1 x Cabinet Lock. With two keys Order Ref 55.
61/2" 8 ohm 5 watt Speaker Order Ref 824
1
a Shaded Pole Mains Motor 3/4" stack, so quite
powerful. Order Ret 85

2 x 5 Aluminium Fan Blades Could be fitted to the

plastic case. could be free standing or screwed down

indoors or out It is mains driven and when switched on it
makes a shocking noise (its loudness is adjustable). You
could switch it on to scare an intruder or arrange for your
burglar alarm to do the same Price £5. Order Ref. 5P226.

Medicine Cupboard Alarm Or it could be used to warn
when any cupboard door is opened. The light shining on the
unit makes the bell ring Completely built end neatly cased.
requires only a battery. £3. Order Ref: 3P155.
Don't Let It Overflow! Be it bath, sink, cellar. sump or any
other thing that could flood This device era tell you when
the water has nsen to the pre-set levelt Adjustable over quite

a useful range Neatly cased for wall mounting, ready to
work when battery fitted £3 Order Ref 3P156
Very Powerful *Ms Motor With extra long (21/21 shafts
extending out each side. Makes it ideal for a reversing
arrangement for. as you know, shaded pole motors are not

reversible £3 Order Ref 3P157

Soler Panel Bargain Gives 3v at 200mA Order Ref
2P324.

When we supply the we will include a list of approximately WO of our other Cl bargains.

40W -250W Light Dimmers On standard plate to put directly
in place of flush switch. Available in colours, green. red, blue

and yellow. £2.50, Order Ref 2 5P9. Or on standard 3x3
cream metal switch plate, £3. Order Ref. 3P174.
45A Double Pole Mains Swttch. Mounted on a 6x31/2
aluminium plate, beautifully finished in old, with plot light.
Top quality, made by MEM. £2, Order Ret 2P316
Amstrad r Disk Drive Brand new and standard replacement for many Amstrad and other machines, £20. Order
Ref: 20P28.

Touch Dimmers 40W -250W, no knob to turn, just finger on
front plate, will give more. or less light, or off Silver plate on
white background, right size to replace normal switch £5,
Order Ref. 5P230
Motorise that Trolley!
You could with Sinclair CS hid hp
I2i haticn, motor
Still available, price £21. Order Ref: 2119

12/24 DC Solenoid. The construction of this is such that
will push or pull. With 24V this is terrifically powerful but is
sell quite good at 12V. £1. Order Ref: 877
Don't Stand Out In The Cold Our 12m telephone extension
lead has a flat ST socket one end and flat BT plug other end
£2. Order Ref 2P338
20vi r 4 Ohm Speaker mounted on baffle with front grille.

£3. Order Ref 3P145 Matching 4 ohm 20W tweeter on
separate bathe. £1.50, Order Ref: 1.5P9.

LCD 31/2 Digit Panel Meter
This is a multi range voltmeter/ammeter using the AD converter chip 7106 to provide 5 ranges each of
volts and amps. Supplied with full data sheet. Special
snip price of £12, Order Ref 12P19

Telephone Extension Wire 4 core correctly colour coded.
intended for permanent extensions 25m coil, £2. Order Ref
2P339.

Ref: 845.
2 x Cases. 21/2x21/4x13/4 with 13A pins Order Ref 565.

Completely enclosed in plated steel case. Brand new. Our
special offer pnce of £9.50. Order Ref 9.5P1

Ref: 793.

4 a Different Standard V3 Micro Switches Order Ref
340

4 a Different Sub Min Micro Switches Order Ref
313

You Can Stand On MI Made to house GPO telephone

Ultra Sonic Transducers Two metal cased units, one
transmits, one receives Built to operate around 40kHz.
Price £1.50 the pair, Order Ref. 1.5P/4.
Power Supply with Extras. Mains input is fused and filtered
and the 12V DC output is voltage regulated. Intended for
high class equipment, this is mounted on a PCB and, also
mounted on the board but easily removed, are two 12V
relays arid Piezo sounder,C3, Order Ref 3P80B
Insulation Tester with Multimeter Internally generates
voltages which enable you to read insulation directly in
megohms The multimeter has four ranges. AGOG volts, 3
ranges DC milliamps, 3 ranges resistance and 5 amp range.
These instruments are ex -British Telecom but in very good
condition, tested and guaranteed OK, probably cost at least
£50. yours for only £7.50 with leads. carrying case £2 extra,
Order Ref. 7.5P/4

Mains Isolation Transformer. Stops you getting "to earth"
shocks. 230V in and 230V out 150 wen. t7.50. Order Ref.
7 5P/5 and a 250W version is £10, Order Ref 10P97
Mains 230V Fan Best make "PAPST". 41/2" square, metal
blades. M. Order Ref 8P8.
2MW Laser. Helium neon by Philips. full spec. £30, Order
Ref 30P1 Power supply for this in kit form with case is £15,
Order Ret 15P16. or in larger case to house tube as well
£18, Order Ref 18P2 The larger unit, made up, tested and
ready to use, complete with laser tube £69. Order Ref: 69P1

12v Bohm speaker, only £1.50 and waterproof
Solar Charger Holds 4A.A nicads and recharges these in 8
hours. in very neat plastic case £6, Order Ref 6P3
Ferrite Aerial Rod Er long x
diameter, made by Mutard.
Complete with two cods, 2 for C1, Order Ref 832P.
Air
iced Trimmer Caps 2-20pf, ideal for precision
tuning UHF circuits, 4 for £ 1 Order Ret 81813
Modem Amstrad FM240 As new condition but customer
retum, so you may need to faun find. et Order Ref 6P34.
Amstrad Power Unit. 13.SV at 1.9A or 12V at 2A encased

and with toads and output plug, normal mains input N.
Order Ref 6P23.
SOW &teens Transformer Two available. good quality, both
with normal primaries and upright mounting, one is 20V 4A.
Order Ret 3P106. the other 40V 2A. Order Ref 3P107, only
£3 each
Protect Box Size approx 8-x4'x41/2" metal, sprayed grey.
louvred ends for ventilation otherwise undnlled. Made for
GPO so best quality, only £3 each, Order Ref. 3P74

Sentinel Component Board Amongst hundred of other
parts. this has 15 ICs. all plug In so do not need soldering.
Cost well over £100. yours for £4. Order Ref. 4P67
Sinclair 9V 2.1A Power Supply Made to operate the 138K

Spectrum Plus 2. cased with input and output leads.

£1 Super Bargain
12V axial fan for only £1 ideal for equipment cooling,
brand new, made by West German company Brushless
so virtuaNy everlasting. Needs simple transistor drive
circuit, we include diagram Only £1, Order Ref 919.

above motor Order Ref 86.
1
a Case. 31/2x21/4x13/4 with 13A socket pins Order

4 a Luminous Rocker Switches. 10A mains Order

costs a fortune However, these are packed in half dozens
and the price to you is £1 per pack, Order Ref 7978

High Power Switch Mode PSU Normal mains input, 3
outputs. +12V al 4A. +5V at 16A and -12V at 1/2A.
Philips 9" High Resolution Monitor Black and white in
metal frame for easy mounting. Brand new, still in maker's
packing offered at less than price of tube alone. only EIS,
Order Ref 15P1
High Current AC Mains Relay This has a 230v cod and
changeover switch rated at 15A with PCB mounting with
clear plastic cover £1, Order Ref 965
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Originally listed at around £15. are brand new. our price is
only C3. Order Ref 3P151
Experimenting with Valves. Don t spend a fortune on a
mains transformer, we can supply one with standard mains
input and secs of 250-0-250V at 75rnA and 6.3V at 3A. £5.
Order Ref 5P167

15W 8 Ohm fr Speaker & 3' Tweeter. Made for a

discontinued high quality music centre, gives real hi -ft and
only £4 per pair, Order Ref. 4P57.
Water Pump Very powerful, mains operated, £10. Order
Ref 10P74
0.1mA Full Vision Panel Meter. 23/4" square. scaled 0-100
but scale easily removed for re-wnting, £1 each, Order Ref:
756

VU Meter

Illuminate this from behind becomes on/off

indicator as well. 11/2" square, 75 each, Order Ref 366.
Amstrad Keyboard Model KBS This is a most comprehensive keyboard. having over 100 keys including, of course,
full numerical arid qwerty Brand new, sell in maker's
packing. O. Order Ret 5P202
1 RPM Motor. This is only 2W so will not cost much to run.
Speed is ideal for revolving mirrors or lights. £2, Order Rel.
2P328

Unusual Solenoid Solenoids normally have to be energised to pull in and hold the core. this is a disadvantage where
the appliance is left on for most of the time. We now have
magnetic solenoids which hold the core until a voltage is
applied to release it. £2. Order Ref. 2P327
Mein* Fitter. Resin impregnated. nicely cased. pcb mounting £2. Order Ref 2P315
MOVA Mains Transformer Secondary voltages 8v -0-8v
So you could have 16v at 12A or By at 25A Could be ideal
for car starter charger. soil heating, spot welding, carbon rod
welding or driving high powered amplifiers etc. £15, Order
Ref 15P51

Prices include VAT. Send cheque/postai order or ring
and quote credit card number. Add £3 post and packing.
Orders over £25 post free.

liSeN FACTORS
PILGRIM WORKS STAIRBRIDGE LANE
BOLNEY

SUSSEX .RHI7 SPA

Telephone (0444) 881965 phone for Fax
Callers to 12 Boundary Road,
Hove. Sussex

THE DEFINITIVE 'OFF -AIR'
FREQUENCY STANDARD

WHATEVER YOUR
RESULTS

Still OH'',

£1 95.. VAT

Have you completed your A -Level

carriage extra

Provides 10MHz. 5MHz & 1MHz
' Use it for calibrating equipment that relies on quartz crystals.
TCXOs. VXCOs. oven crystals
Phase locks to DROITWICH (rubidium controlled and
traceable to NPL)
' For ADDED VALUE also phase locks to ALLOUIS (cesium
controlled and traceable to OP French eq to NPL)
British designed and British manufactured
' Options available include enhanced receiver, sine wave
outputs and 13MHz output for GSM. Prices on application_

studies in a Science and Mathematics?
Were your grades lower than you
expected?
Were you hoping to train in Electronics
to a higher level?

Output frequencies 10MHz. 5MHz, 1MHz
Short term stability - better
than lx1 0 - (1 sec)
Typical - 4 x 10 - a (1 sec)
Long term - tends to

2x10 1'(1000 sec)

If your answers are YES to the questions
you should consider a:

SUPERB DUAL TRACE SCOPES, TELEOUIPMENT 061A, 10mV SENSITIVITY,
10uS-500mS/DIV (6 x5), X -Y INPUTS, Z -MOD, INT/EXT/TV TRIGS, ETC.
£69
HP 608F SIG GEN IC-155MHz AINCW
£95
PLESSEY TCTIO SIG GENANAL 50-300 BOS
MURHEAD K231A TEMP CONT PRECISION STD CELL £195
£59
MARCONI TF2212 SY DISPLAY
£99
LEVELL TI412 TRANSISTOR CHARACTC METER
£35
MK 4420 STATISTICAL DIST ANALYSER
C39
BACHARACHIAV2 MERCURY SNIFFERS
£95
DAWE 1405D(R.S I SOUND LEVEL METER
£95
QUAD 303 STEREO POWER AMPS
POA
DRAKE 14942700 MATCHING NWORK & PS7 PSI)
PHILIPS P163065 10261Hz DUAL TRACE & T43
£750
£95
SCOPES 4S6 6MHz SINGLE TRACE
£149
SCOPE( 4DIOBL.S. 10MHz WITH EXTENDED LF TAT
£195
LEADER LBO -9C ALIGNMENT SCOPE
£175
IWATSU SS5116 DUAL TRACE 10MHz
£165
TELEQUIPMENT D1011 10MHz DUAL TRACE
TEKTRONIX 2215 801/42 DUAL TRACE DEL TS
£450
£249
TEKTRONIX 453A 50MHz DUAL TRACE DEL TS
£395
H P 8505A VECTOR METER 1GHz
£215
TELEQUIPMENT 0137A 25MHLz, 2T DEL TS
£295
HITACHI VC 6015 10161-1z DIGITAL STORAGE
£149
HP1340A X -Y DISPLAYS
£69
OERTUNG V20 SINGLE PAN BAL 0 'mg 200g
ANALYTICAL BALANCES WITH WEIGHTS 250;
269
ALARCON, 72330 WAVE ANALYSER 20ir-508Kx
£149
£95
LEVELL TM66 MICRO VMETER 450MHz

£75
ROBIN 0M200 LIGHT METER 0-5015 LUX
£1010 225
TEKTRONIX 545 PLUG -INS, VARIOUS
FROM £95
XT S WITH MONITORS AND KEYBOARDS
285
LEVELL TM3B MICRO V -METER 344Hz
POA
HP495I C PROTOCOL ANAL & 181796 RS232C:1/24
TIME ELECTRONICS 2004 DC V STANDARD 0.005%
POA
TIME ELECTRONICS 20094 DC V POT 0.02%
POA
POA
HP6131 C DIGITAL VOLTAGE SOURCE
POA
HP6140A DIGITAL CURRENT SOURCE
POA
UNG DYN VIE GEN 4116 8 PA330 PWR OSC
0375
UD12026 SONAR SCANNER SURFACE UNIT
RADIOMETER BM DIST METER 2014z-20KHz
POA
E136
CITOH CX6000 6 -PEN 44 PLOTTER CENT/RS232
2149
GOULD 2400 4 -PEN CHART RECORDER
FROM E35 TO £139
X -Y RECORDERS A3 8 A4
f175
PHILIPS PM6456 FM STEREO GENERATOR
MARCONI TF2300 FALAM MODULATION METER
£195
McKENZIE 7DAY TEMP/440140TV RECORDER
£125
FEEDBACK SS0603 1MHz SINE/S0 OSC
POA
COMMUNICTAIONS RECEIVERS HE LF. VHF.
279
LCR BRIDGE WAYNE KERR CT492
2195
LCRO BRIDGE AVO 8151
£145
LCR BRIDGE MARCONI TF2700
2125
LCR BRIDGE MARCONI TET701
£95
LCR MARCONI TF1313 0 25%
E95
LCR COMPONENT COMPARATOR AVO C2457S

HIGHER NATIONAL DIPLOMA IN
ELECTRONICS AT WALSALL COLLEGE
OF ARTS & TECHNOLOGY
Contact us, WHATEVER YOUR RESULTS, for friendly

advice and in most cases, a solution to your problem
Assistance will be given in finding accomodation

For further details write to:
CENTRAL ADMISSIONS or contact
CENTRAL ADMISSIONS
on Ext. 7619

WALSALL COLLEGE OF
ARTS & TECHNOLOGY

L ISTS AVAILABLE BUT 10004 OF UNLISTED BARGAINS FOR CALLERS. ALL PRICES EXC. OF P&P AND VAT
QUALITY ELECTRONIC EQUIPMENT ALWAYS WANTED

St. Paul's Street, Walsall WS I I XN
Telephone: 0922 720824 Fax: 0922 29967

HALCYON ELECTRONICS
423. KINGSTON ROAD, WIMBLEDON CHASE. LONDON SW20 8JR
SHOP HOURS 9-5.30 MON-SAT. TEL 081-542 6383. FAX 081-542 0340

Quality with Equality

Enter a World of Electronics Hobby Information with

Popular Electronics
Get the latest electronic technology and information!
Discover the high -voltage 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
modifications for stereos, 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
articles, monthly columns, hobby -oriented departments. and much more
in Popular Electronics.

POPULAR ELECTRONICS SUBSCRIPTION ORDER FORM
Popular Electronics. P O. Box 338, Mt. Morris. IL 61054 U.S.A.

A GUIDE TO TODAY'S SATELLITE TV

Popular Electroiilcs
DEMON AND ENSIALI
YOUR OWN
SATELLITE -TV
SYSTEM
A componenebvoornoonere primer On
amt doing Your own
inetaltalion

200 CRVIMELS TO
01005E FROM
A act a. bxlmy's saieme-

TV troLoly. lind

preview ot tomorrow§
aye/erne

BURL) A SOLIDSTATE BEVERAGE.
COOLER
Easy -to -MAW

pmeeet keeps 000.
favorer beverage

at the parted
torperetino almost
rnclerediely
11411%

YES! I want to subscribe to Popular Electronics for 1 full year (12 issues)
for only $26.45 (U.S. Funds only).
Please print clearly

aCcA.11

1, .5,

SPECIAL COLUMNS
-Circuit Circus. Think Tank,
Computer Bits, DX Listening,
Antique Radio, Amateur Radio,

Name

Address

Scanner Scene.

City, etc.
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ETIT

Computer controlled

stepper motors
This month Jim Spence concludes his project using the ETI Forth
Experimenter's Computer to accurately control the rotation of a
stepper motor, with a look at the necessary software.
ast month we looked at
how stepper motors work
and the circuitry that would
allow one to be accurately
controlled by a computer. We
could use any computer with a suitable
parallel input/output card for testing this
board, so long as all the inputs are TTL
compatible. For the purposes of this
article I will, however, assume you have
built the Forth Experimenters Computer
published in the April 1994 and
subsequent issues of ETI. This versatile
single board computer with its in-built
FORTH language is an ideal platform to
test out such devices.

Table 1
WAVE STEP SEQUENCE
STEP

A

B

C

D

1

1

0

0

2

0

1

0
0

3

0

0

1

0
0

4

0

0

0

1

Step Sequence
The basic ways to step a stepper motor
are 1 PHASE ON or WAVE, (Table 1) and
TWO -PHASE -ON (Table 2), both of
which are full step sequences. These can

be combined to produce a half step
sequence (Table 3).

The above sequences hold true for either
unipolar or bipolar. The only difference is
the way you connect the wires to IC1.
Connect unipolar type motors, those with
5 and 6 wires, as described in the
previous text, in the sequence the motor
steps round. In the case of the bipolar
motor, connect them as shown in Fig
chop1. If it doesn't work then simply
reverse one of the windings.
There are advantages and
disadvantages of both single and half
step methods of stepping (see table 4).

Advantages
Equal torque for each step.

A
1

2

1

3

0
0

4

B

1

C
0
0

0

1

1

0

0

1

1

0

D

STEP

A

B

C

D

1

1

0

0

2

1

1

0

3

0

1

0

0
0
0

4

0
0

1

1

1

0

1

0

0

1

1

0

0

1

0

0

1

7

0
0

8

1

6

Disadvantages

revolution.

Advantages

Half step

Disadvantages

1

Table 3
Half STEP SEQUECE

5

WARNING - watch the current, single
stepping consumes far more current than
fast stepping.
When you get bored watching the
motor single step in response to you
typing (stepf) you will notice that the
motor is continuously drawing current.
Also, if you try to turn it by hand, it
appears to be 'locked'. To switch off the
motor type 0 outs. You may like to define
a word to do this, for example Box 3.
Box 4 shows how to implement

Resonance more likely.
Fewer, therefore larger steps per

TWO PHASE SEQUENCE
1

time.

Single step

Table 2
STEP

3 to the port. There is just one
complication and that is the variable
LAST -STEP. This simply remembers the
last step so that each time the word is
called it can advance to the next step.
You should now be in a position to try
out this word and see if it actually does
advance the motor one half step at a

In the half step position motor only
has half torque.

More steps per revolution.
The following software will be based on
half step mode. This will be easy to
change to full step if required.
First define a word for the output port
we will be using (Box 1) Assuming that
D0 -D3 on the board is connected to DO D3 on the computer, we will define a
word called (stepf) 'step forward' which,
each time it is called. will move the motor
one half step forward (Box 2).
As you can see from this, it is simply
outputting the steps as required in Table
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Resonance much less likely.
Higher clock frequency required for
same speed.

continuous stepping and also has a little
error checking. This will probably not
work! Why? The simple reason is that it
will try to step the motor too fast, unless
by chance you are using a good motor.
The stepping rate without a delay is
about 1200 steps per second. Before we
deal with this let's just go through the
error checking. This is a word which is
likely to be used interactively. It expects a
value on the stack in the form of 20 step
to step the motor 20 positions.

Now it's more than likely that from
time to time you will forget to put
something on the stack before typing
step. The word depth leaves the number
of items on the stack. The word 0= will
leave a true value if the value on the
stack is 0. So, if you type step without
first putting anything onto the stack,
depth will return 0 and 0= will return
true. The 'if' will then activate and abort
the program after displaying the
error message.
Now to deal with the program working
too fast. We obviously need a delay. This
could be put in the do loop just after (or
before) (stepf). As this delay is a
fundamental requirement for the motor to
work, it is probably best put in the lowest
level word of all. This would be in the
word outs (box 5).
We have also defined a new variable
so that this can be adjusted to gauge the
effects of the pull -in and pull-out. Don't
forget that you must recompile all the
words after outs so that the newly
recompiled words will use the new
version of outs. In other words, load
them in again.
By now you should have enough
words to make the motor whiz round to
your heart's content. If you have a 48
step motor, half step mode would be 96

steps per one complete revolution. If you
wanted it to turn 15 times you wouldn't
need to get your calculator out, simply
type 96 15 step.
To backwards step, you simply
reverse the sequence of steps, in our
case from 1, 3, 6, 2, 4, etc. to 9, 8, c, 4,
6, etc. You can write another word called
(stepb) to step backwards.
I mentioned earlier about ramping,
increasing the speed of a motor after it
has started. One solution is in boxes 6
and 7. Box 6 defines the essential
variable required to store the ramp
values. The idea is to step the motor 7
times at the slows rate, then step it
another 7 times at an increased rate and
then do the rest of the steps at the final
rate. In practice, this works quite well. Of
course 7 is a completely arbitrary number
of steps, it's up to you to experiment with
this in your application.

Improvements
There are lots of improvements which
could be made. How about a variable
which controls the direction of the step
and perhaps another which controls full
step or half step? If the motor is
connected to something with a large
mass, then consideration should be
given to stepping the motor back just

ELECTRONICS TODAY INTERNATIONAL

63

before stopping. This would have a
braking effect. Another idea which
springs to mind is, instead of having the
step sequence controlled by a 'case'
statement, what about loading a byte
with some value and rotating this to
obtain the correct sequence?

Further Thoughts
As it stands, the circuit needs 4 wires
to control the motor. It is tempting to
consider reducing the number of control
lines required. Perhaps this could be
done by using the specialist circuitry as
shown in Figure chop1. It would still need
4 lines for full control - 1) cw/ccw, 2)
clock, 3) half/full and 4) enable.
Depending on the application, you may
get away with just direction and clock but
without an enable this would leave the
motor consuming power at stand still.
Advances are being made all the time
in the design and manufacture of stepper
motors. This article has concentrated on
the types most likely to be found by the
average amateur.
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L293 or L293D
REG1 L200CV
1R 0.25W
R1,R2,R3
R4
820R 0.25W
VR1
10K lin pre-set

01,02 0.1pF
D1 -D8 BYW98-100
4 x PCB pins
1 x 6 way PCB connector
2 x PCB 2 way terminals
(Maplin JY92A)
' Diodes must have a Trr of
less than 200ns, not needed if
type L293 is used.

One method of ramping

Step with error checking
step
depth 0=
check somethin
stack
:

decimal
rstep
\

)

if

cr ." Number of
steps not specified"
abort
else
0 do

begin loop for number
of steps

x

of step
rampl

e' -v4 be'l

adjust delay to firs
ramp value
dup
number o

(stepf)

do one step

Basic out put word

loop

continue until all done
endif
0 outs
switch motor off
leave
loop

Outs with delay

Step forward Word

el
adjust del a,

deci

stepf)

Step forwaId
last -step

variable del -value
300 del -value

of 3 dup outs

U

!

do

do next forward step
case

ramp value
dup
number Q

delay
del -value @ 0 do loop

Step

MO

endof
.1

of

outs
\ Stepper output port.

?leave
leave if
loop
else continu to lo
Tampa @ del -value

0 p!:

delay:

of c dup

Defining ramp variables

Error in
variable last -step "
endcase
last-sten

Word used to switch off
motor

I

adjust delay to fir

variable ramp.,

step motor

define 3 ramp variable
variable ramp2
for 3 ramp stages
variable ramp3

else continue to loop

300 rampl
initialise varaibles
100 ramp2
50 ramp3
!

!
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loop
last -step @ outs
\ sto
delay
0 out
turn off
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You are always welcome

at Hilton for the
'94 Woodworker Show

"AffUS
SPECIALIST

EXHIBITION

Rechargeable

- powerful 2.4 volt, adaptable and very
Importantly fitted with an automatic lock, this is a
truly versatile tool. Rotational speed Is slow enough to give
control over the tool, and the sturdy moulded plastic body
affords a comfortable grip, for either right or left
handed users.

'Craftmanshiy is evide t a! lhaun

NATIONAL WOODWORKER SHOW
22-25 September 1994
4 Star hotel with indoor swimming pool and steam bath
Hilton National Cobham only 10 minutes from Sandown
Park

This tool is sturdy, it was tried. amongst other places removing well
imbedded screws from a door. once the slot in the head had been cleared it
was the work of a moment, the lock is automatic: a flick of the wrist started
the screw, then the motor took over and drew the screw out with ease.

Coach transfers to and from the Show
A Special Evening with Andrew White.

The next test applied was in the editorial offices. where we were
undergoing changeover to a new computer system.
This meant new flat packs desks, needing the insertion of several hundred
screws into chipboard. It must be said that the holes were pre -drilled, but for
all that the tool inserted hundreds of screws with ease on one charge.

A COMPLETE PACKAGE
Once again Argus and Hilton have joined forces to offer
accommodation at the Hilton National at Last Year's Prices.
£34.50 each guest each night including full English breakfast and
VAT. Again a special coach is available to take you to the Show
each morning (leave 10am - return 6pm, except Sunday 5pm)
Add £5 for coach transfers each day.

Final test was to dismantle and rebuild an electric lawnmower - the worst
case, the cross point screws were filled with that "baked on" mixture of grass
cuttings and mud. almost impossible to remove, and after several seasons of
use the screws were well rusted in place - again no problem the job was
accomplished quickly and easily.
The tool comes complete with reversible blade, instruction sheet and mains
charger and lead. An overnight charge brings it back to full power.

ALL GREEK TO ME

On Friday 23rd at 7.30pm, Andrew White will give a wide
ranging talk, illustrated by the authors contemporary slides
of architectural fragments from Anatolia and specimens of
English furniture. Andrew White traces and identifies the
profound influence of Classical Greek design and motif in
the development of furniture design in Britain over the last
three hundred years.

The reversible bit for cross point or conventional screws is included, this is
standard hexagon shape, spares are readily available.
Final nice point is a recessed hook to allow the tool to be hung on the wall when
not in use. Priced at 8 modest £15.99* this is a tool which can be extremely
useful in the workshop. around the house or car, or even on those Sunday working parties at the track.

Credit Card Orders 0442 66551 124 HRSI
... it's faster by phone!
*please add £1.20

Mel Min MUM HMO M=M NMI MOM MEI MINN
Please supply

cheque !P.O. for

0

COST
The Andrew White Evening is £12 each person, including a supper
buffet in the Brooklands Suite.

ROHTI2 @ £15.99 + £1.20. I enclose my

made payable to ASP or please debit

You do not have to be resident to book and enjoy the
Andrew White evening.

my AccessNisa N.B.
I enclose my cheque /P.O. for £
my AccessNisa

Signature

payable to ASP or please debit

TO BOOK
Please call Heidi Ross at Hilton Reservations (0345) 581595 and
quote Woodworker Show. A £10 deposit is required to reserve
your room and full prepayment is required for attendance at the
Andrew White Evening.

Expiry

Name

MEI

Address

H I LTON

Post Code
Please allow 28 days for delivery U.K. Overseas upon request
Coupon to: ASP Reader Offers, ASP Reader Offers, Argus House, Boundary Way,
Hemel Hempstead. Herts. HP2 7ST.

COBHAM

DINERS
DISCOUNT
VOUCHER

Argus Woodworker Show Dining
Discount Voucher

Data Protection: Occasionally we may make names and addresses available to carefully vetted companies who sell goods and services by mail that we believe to be of
interest to our readers, it you prefer not to receive such mailings please tick this box. j

This roucher entitles the holder to a 20% discount off dinner in Terraces Restaurant.

NM MIMI IMMO MEM MEM MOM IIIMEM MEM

ELECTRONICS TODAY INTERNATIONAL

66

200417

ma'

'4

NATIONAL

WOODWORKER

SHOW

THE WONDERS

OF WOOD!

SANDOWN EXHIBITION
CENTRE, ESHER, SURREY
FREE car parking Easy access

Demonstrations by top
craftsmen

Easy reach of London
Coach parties welcome
Well sign -posted for motorists

Competition displays
including toys, furniture, chair
making, wood turning and carving.

By car: Sandown is just 15 minutes from the M25 (junction 10)
and national motorway network, 35 minutes from central London
and 30 minutes from Heathrow or Gatwick.

Admission

Trade stands -

Adults. £6.

retailers & distributors,
colleges and more!

$e*

Children

Don't miss it!

By rail: British Rail's Esher station from Waterloo is in the
immediate vicinity Trains -journey time just 21 minutes - run at
least every haft hour. more frequently at peak times.
Free courtesy bus to and from station to exhibition

years£4

r 5-c 1111 pz6gemyntesi

peening
10am-6daily

Bus services run regularly from central London and neighbouring
towns of Guildford and Kingston-upon-Thames

excieopatm_Su5np2m5th

MINIM

I

COMPETITION ENTRY FORM
If woodworking is your skill, why not enter an exhibit in the
National Woodworker Show competition'?
Complete this coupon to receive details and entry form (one per
exhibit) and send to Argus Specialist Exhibitions (C)
Argus House, Boundary Way, Hemel Hempstead, Hens HP2 7ST

ADVANCE
Use this coupon to

I Adults
Senior citizens
Children(5-16
years)

NAME

aim am am me

TICKET DISCam
OUNT

save money

when you buy

Standard
Entrance

Advance
Discount
£5.50
£3.50
£1.50

£6
£4
E2

tickets in advance,
No of tickets
.................. -

NAME........................................................

ADDRESS
ADDRESS....
POST CODE

L

Clostng dates for palms. 4th July for Shoo catalogue entry
PAUL CLOSING DATE 30th August 1994

No of
.mry forms

...................POST
CODE
Complete
coupon and
return to Argus
Argus House,
Specialist EvhIbitions
Boundary Way,
at
Thai's is no firnit
Hemel Hempstead,
to the number of
Hefts HP2 7ST
tickets you rnay order
.11111parties available
on request, Hurry'

Organised by Argus Specialist Exhibitions, Argus House,
Boundary Way, Hemel Hempstead, Hera HP2 7ST
Telephone: 0442 66551

Fax: 0442 66998

offer closes
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Practically Speaking
by Terry Balbirnie
Mains Free Zone

0

ver the past two months, we have looked at the
setting -up of a workshop inside the house,
garage or garden shed. It may be necessary to
°
avoid a mains supply either for reasons of safety
(perhaps because the location is damp) or because
it is too expensive to install on account of the distances involved.
Do not despair! It is perfectly possible to operate a mains free workshop, but an alternative power supply is needed.
:T,

Battery Power
A 12V car -type battery can be used as a supply for soldering,
lighting and testing experimental circuits. However, where the
battery is regularly run down to a low state of charge (so-called
cyclic use) you will need a 'leisure' battery. These are designed
chiefly for caravan and boat users and will withstand the type of
cyclic use which a standard car battery will not. The illustration
shows one from the Exide Portapower range. These are available in three capacities and are fitted with a carrying handle
that makes them easy to move around.
A leisure battery will provide years of service, so long as it is
not abused by overcharging, short-circuiting or being left in a
discharged state. If any lead -acid battery is left discharged it
will soon be ruined. The battery should be charged promptly
when there is any sign of the output voltage falling to less than
about 11V on load (e.g. by lights dimming slightly). A narrow scale voltmeter covering the range 10 to 15V will be described
as a constructional project in a later issue and this will be found
useful for battery checking. It is a good rule to maintain the
battery in as high a stage of charge as possible, as even slight
abuse will lessen the capacity of the battery and it may
never recover.
Wherever the battery is used, standing idle or on charge, it
is essential to keep it well away from sparks, naked flames,

etc., and always site it in a well -ventilated area. There may be
some hydrogen gas around and lighting this will cause an
explosion. Remember also that a battery will not hold its charge
indefinitely and during periods of non-use, it should be charged
every three months. At the same time, the electrolyte level
should be checked according to the manufacturer's instructions. This will also be a good time to lightly smear the terminals
with Vaseline to prevent corrosion. The battery is unlikely to
require topping up unless it has been carelessly charged or is
nearing the end of its useful life. If the level is low, top up with
distilled or de -ionised water - never tap water.

I'm On Charge
Leisure batteries must be charged with respect. To avoid any
chance of sparking and possible ignition of hydrogen gas, the
battery should be connected before the charger is switched on.
Similarly, it should be switched off before disconnecting the
battery. If a car -type battery charger is used, its terminal voltage
should first be measured. This should not exceed 14.4V. Also,
the battery should not be charged for more than 12 hours
continuously. Note that the maximum charge rate must never
be exceeded. A constant -voltage charger with current limiting
will be described as a constructional article in a future issue.
The Labcraft TP2 MkVI (available from caravan dealers) is a
complete battery management system. It has a compartment
into which the battery is placed. It may be fitted with one of two
chargers - 4A or a 10A (maximum) switched mode type. Both
are fully regulated so that the battery cannot be overcharged.
There is a fused output socket and a voltmeter which acts as a
state -of -charge indicator. The unit has a carrying strap so that it
may be conveniently carried back to the house for charging.
The chargers are also available separately for free-standing use.

My Resistance Is Low
When using any lead -acid battery as a power supply,
remember that it has an exceptionally low internal resistance.
This means that if it is short-circuited by applying, say, a piece
of thick wire to its terminals, an enormous current will flow perhaps several hundred amps! This will generate a lot of heat,
probably melt the wire, possibly burn the skin and pose a fire
risk. It will also damage the battery itself.
For these reasons, it is essential to provide a fuse in the
positive feed wire close to the battery. A 5A or 10A fuse in an
enclosed car -radio type fuse holder will be adequate for workshop purposes. This should be used with proper battery
connectors. Do not use crocodile clips on the terminals. With a
unit such as the TP2, of course, there are already connectors,
fuse, etc., fitted. From here, the appliances may be plugged
into a distribution board made by mounting 2 -pin chassis
sockets in a plastic box. The American flat -pin type would
be suitable.

Next month
we shall continue by looking at the choice of battery
capacity to suit individual needs and look at the type of
equipment available for use in a mains -free workshop.
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Airpaa 582903-C large stepping motor 14v 7.5 step
£8.95 or
27ohm 68mm dia body 6 3mm shall
£20000 for a box of 30

emitter Weeds! transformers 225VA 105-0-10.5
£29.95
primary 0-260-285 secondary
6p each
LEDs 3mm or 5mm red or green

SYSTEM 200 DEVICE PROGRAMMER

Polyester capacitors box type 22.5mm lead pitch

11p each

yellow

18p each 14p 100- 9p 1000ftit intensity red, green or yellow 5mm ....30p 0.9uf 250vdc
209 each. 15p 100-, 10p 1000luf 250vdc
each
30p each.i2k))1100000-...
2.2uf
250vdc
(27
5mm
pitch)
per
1000
I p each £5.95
Cable ties
per 10,000
L49.50
30p each. 20p 100-, 15p 1000,
High quality photo resist copper clad epoxy glass 3 301100vdc
15p each
luf 50v bipolar electrolytic axial leads
boards.
7 5p 100
double
single
15p each, 7.5p
Dimensions
0,22uf 250v polyester axial leads
100 seded
sided
£123
£1.09
3.1 inches
Polypropylene lut 400vdc (Wima MKP10) 27 5mm
£2.99
£2.75
4x8 inches
pitch
75p
each
60p
100
£6.20
902 inches
32x29x17mm case
£12.25
12x12 inches
Philips 123 series solid aluminium axial leads
40p each, 25p 100 33uf
10v
8
2.2u1
40v
Rechargable batteries
Philips 108 series 22u/ 63v axial .... 30p each, 15p
AA (HP7) 500rnAH
AA 700rnAhl

C 2AH with solder tags
4AH with solder tags
1/2AA with solder tags
AAA (HP16) 180mAH

AA 500mAH with solder tags
C(HP11 ) 1 BAH

D(HP2) 1 2AH
PP3 8 4V 110mAH

E0.99
£1.75
£3.60
£4.95
£1.55
£1 75
£1 55
£2.20
£2.80

SYSTEM:

standard, quickly, reliably and at low cost.
Expandable to cover virtually any programmable part including serial E;', PALS,
GALS, EPLD's and microcontrollers
from all manufacturers.

1000

Multilayer AVX ceramic capacitators all 5mm pitch
100v

100pf, 150p1, 220pf. 10.00001(1On) 10p each. 5p 100-

35p 1000

500p1 compression trimmer 60p

UK design, manufacture and support.
Same day dispatch, 12 month warranty.
10 day money back guarantee.

RF circuits

27ohm 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

£2600 each
a 149 x 149mm excluding Switch
£138.00 for 6
MX180 Digital multirneter 17 ranges 1000vdc 750vac
21.1ohm 200mA transistor Hfe 9v and 1 5v battery
£12.95
test
AMD 27256-3 Eproms £2..00 each. 1.25 100
DIP switch 3PCO 12 pin (ERG SDC-3-0231609 each

£1.45
42 x 16mm dia I.2v
Stick of 4 171mm a 16mm ddia with red & black
£5.95
leads 4.8v

Computer grade capacitors with screw terminals

£2.50
f 20v
87000u1 10v £1.95.68000uf 15v £2.95, 10000uf 16v
£1.50. 58000u f 60v £4.95

40p 100
Disk drive boxes for 525 disk drive with room for
a power supply light grey plastic 67a268x247mm

7 segment common anode led display 12mm ...
£0 45

LM2931A75.0 low drop out 5v regulator 10220 £7.95 or f49.50 for 10
£0.85 Hand held ultrasonic remote control £3.95
package
7812 and 7912 12v IA regulators .... £20 00 per CV2486 gas relay 30 x 10mm dia with 3 wire
terminals will also work as a neon light 20p each
100

ASK FOR FREE
INFORMATION
PACK

or £7.50 per 100
A23 12v battery for car alarms or lighters 75p each

. £1.95

El .44 100 -

GaAs FET low leakage current S8873 ... £12.95

E50 00 Per t 00

each £9.95 10 -E7 95 1013-

All products advertised are new and unused unless
otherwise stated

BS250 P channel mosfet £0.45, BC559 transistor
£3.95 per 100
74LS05 hex invertOr £10.00 per 100, used 8748
Microcontroler E3.50

m

wide range of CMOS TTL 74HC 74F Linear

Transistors kits rechargable batteries capacitors
tools etc always in stock
Please add E1.95 towards P&P vat included in all
prices

SL952 UHF Limiting amplifier LC 16 surface
E1.95
mounting package with data sheet
AM27S02 £1 25 each 90p 100 CD4007U8 10p
100.6p 1003+
Sinclair light gun terminated with a lack plug and

MOP ELECTRONICS Ltd.
GERMANY 089-/4602071
Park Road Centre,
NORWAY 0702 17890
Malmesbury, Wiltshire, SN16 OBX UK
ITALY 02-92-10-3 554
TEL. 0666 825146 FAX. 0666 825141 FRANCE (1) 69-30-13-79
SWEDEN 08-735-5360
ALSO FROM ELECTROSPEED UK

JPG ELECTRONICS

PP3 clip gives a signai when pointed at 50hz
flickering light with output wave form chart

DC -DC convertor Reliability model V12P5 12v in
5v 200ma out 300v input to output Isolation with
£4.95 each or pack 01 10 £39.50
data
Hour counter used 7 digit 240v ac 50 Hz El 45
°WERT` keyboard 58 key good quality switches
£5.00

SUPPORT:

Solid carbon resistors very low inductance ideal for

400W PSU (Intel part 201035-001) with
High power charger as above but charges the P.C.
motherboard and 5 disk drive connectors.
Cs and Ds in 5 hours AAs Cs and Ds must be standard
£10.95 Ian and mains Inlet/outlet connectors on back and
charged in 2s or 45
switch
on the side (top for tower case) dims 212
Special otters pleas. check for availability

new

Not a plug in card but connects to the PC
serial or parallel port; it comes complete
with powerful yet easy to control software,
cable and manual.

Welwyn W23 9W 120ohm 35p each 20p 100-)
680 Ohm 2W metal film resistor 4p 100-, 2p 1000 -

£4.95

E3 95

DESIGN:

40uf 370vac motor start capacitor (dialectrol type
£5 95 or £49.50 for 10
containing no pcbS)

£2.50
Sub C with solder tags
L1.95
1/3 AA with solder tags (philpsCTV
Standard charger charges 4 AA cells in 5 hours
or 4Cs or Ds in 12-14 hours 1xPP3 (1,2,3 or
£5.95
4 cells may be charged at a time)

LM337K TO3 case variable regulator

Programs 24, 26, 32 pin EPROMS, EE PROMS, FLASH and Emulators as

276-278 Chatsworth Road
Chesterfield S40 2BH
Access Visa Orders (0246) 211202

=

Callers welcome
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ADVERTISEMENT DEPARTMENT, ARGUS HOUSE, BOUNDARY
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Rates: Lineage 65p per word - VAT minimum 15 words.
Semi -display £8.70 per single column cm plus VAT. No reimbursements for cancellations.
All ads must be pre -paid.
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ETI
Classified

James Gale
0442 66551

Send your requirements to:
ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP2 7ST
Lineage:65p per word
VAT) (minimum 15 words)
Semi display: (minimum 2.5cms)
£8.70 VAT per single column centimetre
Ring for information on series bookings/discounts.
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (available on request).

FOR SALE
VARIABLE VOLTAGE
TRANSFORMERS
OUTPUT 0-260V
Price

"BOFFINS SPECIAL" UNIQUE OFFER

LIVERPOOL

Surplus Precision Medical Unit internally in excellent condition Designed Primarily to elect a P.c..
controllable amount of fluid from a medical s, ring/
Ilene, not supplied) Contains the following remov-

PROGRESSIVE RADIO

P&P able components. Dual Micro Processor Boards and
£31.90
£6.00 EPROMS Escap Precision 12V DC Motor with
1 Gear Box and optical encoder coupled to a
£44.53 inc VAT) 300
threaded drive mechanism Mains supply
£41.16
£7.00 precision
with 6 x 1 5V Ni- Cad A A cells back -up L C D
IC56.58 inc VAT) Digital read-out 17mm high with legends Audible

0.5KVA 2 5 amp max
1 KVA 5 amp Max

£59.40

2KVA 10 amp max

£8.50

£78.65L'79.78 inc

£8.50

3KVA 15 amp max

warning

VAT) These are sold tor the dismantling of Inc excepnnra

(1'102.40 inc VAT)

quality components regret no Circuits available

Rirkulously low price (20.00 - (4 .00 P&P
(£28.20 ,nei VAT)

£139.15

5KVA 25 amp max

D .C. GEARED MOTOR
(Plus carriage) 12V D C 12V
Reversible precrsion - built Motor Output

Buy direct Fran the Importers Keenest prices in the country

COMPREHENSIVE RANGE OF
TRANSFORMERS -LT -ISOLATION & AUTO
!110-240V Auto transfer tube rased with American ware and
mem lead or open Irene type Avertable for ermedute dement

MOE IMAIGE OF XENON R.ASIMMES
WM./Phone your *abut/roc

Surplus Skeleton Blower suitable to,

including capacitor and transformer for 240V AC

400 WATT UV LAMP
(42.89 inc VAT,
Only 034.00* C2 50 Dap
180 WATT SELF BALLASTED BLACK
UGHT MERCURY BULB
Available with BC or ES fining puce inc VAT
& p&p and VAT 125.55

operation. Price inc VAT & p&p C23_50.

SOUD STATE ENT UNIT

Input 230/240V AC Output agorae 151(V
Producing 1 Ornm spark Buin in 10 sec tenet

Essay modified for 20 sec 30 sec to conanuous
Oesened for boiler ignition Dozens of UM er the

12V D.C. BILGE PUMPS
500 GPH 1511 head 3 amp (19 98

ITSOGP H 15ft head9ampf30 55

II a'r

Also's:iv/available 24V 0.0 1750 GPM 151, head
5 amp (35.55 Al' designed to be used
sirbrnergea PRICES OICLUDE P&P & VAT

EPROM ERASURE KIT
BM your own EPROM ERASURE for a fraction of Me
price or a made up unit lid of parts less case includes
12in 8 wan 2537 Angst Tube Ballast unit. pair of bepin
ieads, neon mclocator on, off switch, safety rncrosvmch
and circuit (15 00-12 00 p&p
1(19.98 inc VAT)
SUPER HY-LIGHT STROBE KIT
Desagned for Disco. Theatrical use etc.
Approa 16 Joules

Adiustable speed ESO 00 + f 3 00 P&P
(E62 28 inc VAT)
Case and reflector C24.00 (300 p&p IC31 73 inc VAT)

SAE for further details including Hy ,Light and in.
dustnal Strobe Kits

held of phytacs and electronics, lag supplying neon
Os argon tubes etc Price less case L11.50 -1- C2 40
p&p IC12.81 Inc VAT) NMS

WASHING MACHINE WATER PUMP
Brand new 240V AC fan cooled Can be used fora variety o
Purposes Inlet 1
owe, 1 in ea Puce incAes p&p

VAT Ell 20 each or 2 for 00 50 ieries,w

MICROSWITCH
lye 15 amp changeover lever PPPIOSWeeh, type S1 71
Brand new price 5 for 17 05 inc VAT & p&p

FAX 081 995 0549 081-995 1560
ACCOUNT CUSTOMERS MIN ORDER E10

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
Mobile: 0831 630820

Mall Order Address 179 Northolt
Road, Harrow, Middx. HA2 OLY.
We engineer what we buy, we support
whet we sell.

AmpIe

P.4"87 Space

HUNTINGDON, CAMBS. PE17 6EQ
0480 300819
WE ALSO PURCHASE ALL TYPES OF
ELECTRONIC COMPONENTS, LISTS TO
ABOVE ADDRESS.

COLES-HARDING & CO.
Unit 58, Queens Road, Wisbech,
Cambs PE13 7P0
BUYERS OF SURPLUS INVENTORY
ESTABLISHED OVER 15 YEARS

Tel: 0945 584188
Fax: 0945 475216

Solid State Relays
Switch 240V from

transistor. logic or computer
outputs 3-32V D C control
optically isolated
4A pcb mount £5.45
E.8.54

delivery incl. apply for full range

SCIENTIFIC

S WC 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

Ede Jones, Dept. ETI, 01
85 Birchwood An., Hatfield AL1O OPT
Tel: 070 726 5936 Fax 070 727 0877

-:,FIODUCT

FOR SAL

SUIT ELECTRONIC ENTHUSIAST WITH
SOME MECHANICAL ABILITY
SPARKING PEN. WRITES ON METALS_ USED IN
INDUSTRY FOR 25 YEARS. SMALL ELECTRO
MECHANICAL UNIT NEEDS UPDATING TO EC. SPEC.
DRAWINGS, ASSEMBLY DETAILS, NAME & LOGO. UV
TEST DATA, SAMPLE PARTS. TEST RIG, SALES
LEADS, ETC 01500 ONO PLUS VAT

PLANET MANUFACTURING
081 447 0145

BURGLAR ALARMS
FREE TECHNICAL ADVICE
FREE

FREE
TRADE

DESIGN GUIDE

COOKE INTERNATIONAL

16 PAGE FULL COLOUR

SUPPLIER OF QUALITY USED TEST INSTRUMENTS

CATALOGUE
& FREE DELIVERY
O
STOPla

ANALYSERS, BRIDGES, CALIBRATORS, VOLTMETERS,
GENERATORS. OSCILLOSCOPES, POWER METERS. ETC

ALWAYS AVAILABLE

ENQUIRIES
WELCOME

2A EALING ROAD, AINTREE, LIVERPOOL L9 OLR

TEL:051-523 8440
FAX: 051-523 8121

TO ADVERTISE
IN ETI
CLASSIFIED
CALL 0442 66551

opportunity to quote for
complete factory clearance
Contact:

1994 BARGAIN LIST
THE ELECTRONIC ESSENTIAL MILUONS OF
COMPONENTS AT UNBEATABLE PRICES
FOR A FREE COPY PHONE, FAX OR WRITE
(TRADE ONLY)
COMPELEC,
14 CONSTABLE ROAD, ST IVES,

10A tag connect

57 BRIDGMAN ROAD. CHISWICK, LONDON W45BB

LEN COOKE
ENTERPRISES

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC INTO
CASH immediate settlement
We also welcome the

SAVE POUNDS!!!
90,1d your own forged bank none detector Ca,
oetect courterfets amongst a ouaretty of notes
Complete kn of parts less case 240V a c.
including 5' uV black Ight tube. saner anc
node% a peir 51 - pin tube holders Tone pore
inciudrnii p&p & VAT only C1399

SERVICE TRADING CO
Showroom open
A+ondarFndar

COMPELEC

240V AC CENTRIFUGAL BLOWER

New Manuf

71 RPM 201b etch torque reversal* 115V AC is

1(6.75 ircl)

Open: Tues-Sat 9-30-5.30

reasonable torque
Ideal for Woo etc See L
40mrn W 29 non H 39mm Shah. 3enrn du x I Omrn
long Price (800 50p p&p (f10 00 MC VAT)

GEARED MOTORS

16 05 - (1 40

Liverpool 2
'THE ELECTRONICS SPECIALISTS

rpm Will work at lower voltages and Bull retain

230V AC BALLAST KIT
P&P

47 Whitechapel
Tel: 051 236 5489

Mail Order Transformer
Specialists.
Toroidal and Laminated
Transformers, 3VA to 1kVA
Fast delivery. Competitive
prices. Quality guaranteed.
Phone: Michael Dornan on 0638
662989 for Immediate Quote

speeds no load app. 12V-28 rpm, 9V-20 rpm, BV -12

mounting inside an enclosure tO COO eppornent Overall
ULTRA VIOLET BLACK LIGHT
size 130s1 10,65rnin Outlet 80x35mrn impellor 60mm
FLOURESCENT TUBES
Via x 60mm long (14.10 incl. P&P & VAT
aft 40 wan fl 2.00 {callers only)
(C14.10 inc VAT)
21120 Waft (7.44 T1 25 p&P
SEWING MACHINE MOTOR
(( 1 0 21 inc VAT)
12m 8 watt (410- 75p p&p
(C6 52 Inc VAT) Brand new 220/240V AC/DC SEW TRIC 2 lead Brush
9)116 wan (3.96 + 50p p&P
(05.24 inc VAT) Motor Size L. 100mm a H 7Ornrn a W 55mm Spindle
eirn 4 wan (3.911- 50P p&P
115241m VAT) 1.41.die x 1 in long f 14.10 incl. P&P & VAT
For ether 6-rt. 9tn or 12-e lobes

87/93 Dale Street
Tel: 051 236 0982 051 236 0154

NEWMARKET
TRANSFORMERS LTD

LOW COST STATE OF THE ART

SPEECH RECORD/PLAYBACK
"NODULES only requires microphone, speaker. battery £19.95

p&p £1.00 Phone Cliff 0602
522646. Low cost blue L.E.D.s
P.O.A.

ORIGINAL SERVICE MANUALS FOR SALE
COPY SERVICE ALSO AVAILABLE
EXPORT, TRADE AND U.K. ENQUIRIES WELCOME
SEND I.ARGE S.A.E. 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, Barthian). Bognor Regis,
West Sussex, P022 OEB Tel (+ 44) 0243 545111/2 Fax + 44) 0243 542457
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FOR SALE

COURSES

* * FOR SALE * *
DEFENCE & AEROSPACE INDUSTRY
ELECTRONIC EQUIPMENT & COMPONENTS ALL HIGH QUALITY SURPLUS
MANY SPECIALS. WE STOCK 1000 +
ITEMS & IF WE DON'T STOCK IT WE MAY
BE ABLE TO GET IT FOR YOU
PLEASE WRITE OR PHONE FOR LISTS
OR REQUIREMENTS

Start training now with the specialists for
the following courses. Send for our
brochure - without obligation c,r
Telephone us on 0626 779398 ETI 8/94
Telecomms
Tech C&G 2710
Radio Amateur
Licence C&G
Microprocessor
Introduction to
Television

Name

MAYFLOWER ELECTRONICS

48 BRENDON ROAD,
WATCHET, SOMERSET, TA23 OHT

KIT tuneable 70-115MHz, 500
metre range, sensitive electret
microphone, high quality PCB,
SPECIAL OFFER complete kit

ONLY £5.95 assembled and

ready to use £9.95 inclusive P&P.
3 Watt FM transmitter kit £15.95.

Credit card orders Telephone:

SURVEILLANCE KITS
20rnm inctuding
MRT1 MICRO TRANSMITTER SS m m
5XiS/ range K rt El 95
..-esnie 30-"
Assembled E9 36

MITI TELEPHONE TRANSMITTER 35mm a lOmm
powered from hie, dieCreeny transmAs all CCOVerilI10113

SXIM '1,90 SD' 2DMHz Kt CS 95 ASSeMbled I '0 95
Ai paces tclude p&p Send 2,2na class stamps
to

EiAD
U CP9: Trpt
EXCEL
PRODUCTS
Unit 14. Sunronmdale,

ETI)

Bishops Storlford, Harts CM23 2PA

021 457 7994, Fax: 021 457 9745.

Cheques/PO's to: C.E.C. (Dept
ETI), 1678 Bristol Road South .
Birmingham B45 9TZ. Send 2 x
1st Class stamps for details of
these and other kits.

HEATHKIT U.K. Spares and
service centre / educational

products distributor. Cedar
Electronics. 12 Isbourne Way,

Winchcombe, Cheltenham, GL5
5NS Tel: (0242) 602402.

SOFTWARE
ENCYCLOPAEDIA of SHAREWARE
Find out .hat nails is ssailahle in PO Sr Shareware - hem raur.
graphics. busineks. scientific_ electsonics, rtudh. education. etc
You II trod them all here, everythmg you need ,n .ine ton
Tinesands of the test PO A: Shareware
NEW
programs for DOS it Minden,
ressurienuents fee each

inviable inday For you/ copy. send
£210 be cheque. PO. cash or pas by
AccessiVita to -

40 ASTD CAPACITORS + catalogue 50p. K.I.A. 1 Regent Road;
Ilkley. LS29. Murphy F.M. radios
£12. T. Aerial MW -LW -VHF boxed!!

EDITION

Now extends to
more than
250,000 words.

PDSL. Buncombe Hse, Beacon Rd. Criss intugh,
Sussex, T16 I VI., Tel 089166)298 Fax GO; 6674'3

PLANS
ELECTRONIC PLANS, laser

COMPONENTS
EPROM, PLDs + Microcontrollers
copied or programmed. we supply

devices/convert discrete logic to
PLDs. PO Box 1561 Bath 0225
444467.

RACKS
EQUIPMENT

Frames, cabinets and flight cases for
rack - and non -rack - equipment.
A wide range of accessories available.
For further information and brochure
contact
GROVESTREAM ENGINEERING
SERVICES, 29 Silverdale Road,
Tadley, Hants RG26 6JL.
Tel/Fax: 0730 813395

SOCIETY
ELECTRONIC ORGAN Construc-

Ledbury, Herefordshire, HR8 2HS.

PANELS

Hard & Floppy Disk Drives,
Controllers/Adapters, Motherboards.
PSU's. Memory, Keyboards.

ALUMINIUM OR STEEL
cut to size

etc. etc...

Ex-1BM and NEC machines..
For stock list and low prices:
Phone 081 441 4189
or Fax 081 364 9495

SAE to P.M.S.

320C High Road.
Benfleet
Essex SS7 5HB
Tel: 0268 793381

AD Tecnnology Ltd
46 Salisbury Road, Barnet, Herts. EN5 4JN

ARGUS BOOKS PUBLISHING
FOR THE SPECIALIST
THE FULL
RANGE OF
ARGUS BOOKS
all good book
and hobby
shops or con-

rniu Me Naew4,

Ka

tact Argus

Se,"

Books direct

high voltage teslas. surveillance
devices. pyrotechnics and comPublications. Unit 7, Old Wharf
Industrial Estate, Dymock Road,

COMPUTER PARTS

are available from
19 RACK -MOUNT
EQUIPMENT?

designs, solar and wind generators,

puter graphics tablet. 150 projects.
For catalogue. SAE to Plancentre

PANELS

Stereoamps £10 30 + 30 watt. 5p
selector T&B + sockets.

ENLARGED

dercrilied in derail with the hardware
This n pcolsehly the most complete up
iodate shareware Friesen., hone

12 Moor View Drive, Teignmouth. Devon TQ14 9UN

COMPUTER
SPARES

KITS
NEW VHF MICROTRANSMITTER

Radio & Telecommunications Correspondence School

tors Society. Meetings, various
centres, magazine, Help, advice.
87 Oakington Manor Drive, Wembley. Middlesex. 081 902 3390.

CALL JAMES GALE ON
0442 66551 TO ADVERTISE

fora 1993
Complete List.

COMPLETE LIST, Argus Books,

Argus House, Boundary Way,
Hemel Hempstead, Herts. HP2 7ST
OR PHONE 0442 66551 EXT. 203
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Open Forum
t is now twelve months since I
took over as editor of ETI, with
the clear brief to make it the
most popular and widely read
practical electronics magazine in
the country. No easy task, but one that, with a
lot of fumbling and experimentation, is on the
verge of being achieved.
If you are a regular reader, you will have
noticed changes in the magazine. There are
more pages and they are printed on better
paper, so hopefully you will find the diagrams
and photographs clearer and the text easier to
read. These changes have, we think, made the
magazine look better and more pleasant to read.
The editorial has also changed slightly.
Hopefully, ETI is still providing you with the
type of projects which you have traditionally
come to expect, but I am also attempting to
broaden the appeal of the magazine so that it
will be read by people who are not necessarily
committed electronic project builders and also
by those who find the traditional projects technologically conservative.
To achieve these aims, I have added electronically oriented feature articles which should
appeal to anyone with a general interest in,
and understanding of, technology. I am also
trying to make the magazine of interest to the
enormous number of PC users who have an
interest in computer technology, hence the PC
Clinic series and projects to make useful PC
add-ons.
For the technologically adventurous, there
are the high quality projects, such as the
world's first Transputer project in an electronics magazine, or the FORTH experimenter's computer.
These projects put the builder at the forefront of technology and will be of equal interest
to commercial and academic readers as they
are to our traditional hobbyist readers
The next stage in the editorial development
of ETI is to encourage some positive feedback
from you, the reader. One of the major problems with any magazine is that one only
receives the criticism for mistakes that are
made, never any comment about things that
are going right. In other words, I need to know
what you think of each article and whether
there is anything you would especially like to

see in the magazine over the coming months.
We have already started to gather this type
of information. The observant amongst you will
have noticed in previous issues a little piece
tucked away on the letters page entitled
Feedback. The initial trials have been very
successful and I would now like to take this
opportunity to encourage more readers to
respond to what will be a regular monthly
questionnaire.
It will be extremely helpful to me if, just
once in a while, readers will take a few minutes
and write down on the back of a postcard the
ratings which they would award to each article
in the current issue. Ratings should vary
between 1 and 10, with 1 being poor and 10
being brilliant, and if there is something that
you would like to see covered in ETI, why not
make a brief note of it after the ratings list.
Only by knowing what you, the readers,
want can I endeavour to make ETI better.
don't want ETI to be simply the best electronics magazine in Britain but the best in the
world - together we can do it!
Thanking you for your support.

I
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Just write the article letter followed by your
score for that article and send it clearly marked
to Feedback Box September 94, ETI, Argus
House, Boundary Way, Hemel Hempstead,
Herts. HP2 7ST.
To add an extra incentive, all replies
received before August 30th 1994 will go into
a draw and the winner will receive a couple of
handy cases for ETI projects, so don't forget
to put your name and address on the card.
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0142-7229

ETI is normally published on the first Friday in the month preceding the cover date
The contents of this publication including all articles, plans, drawings and programs
and all copyright and all other intellectual property rights therein belong to Argus
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Next Month...
Next month we will start the construction of EP's world beating single board Transputer project, from
designers Mark Robinson and Andy Papageorgiou. We will also be starting the construction of Stephen
Smith's Power On Self Test card, that will enable any PC owner to accurately locate faults in the hardware. For electronic music enthusiasts there is a Hall Effect Swell Pedal from Robert Penfold, as well as
the next part of his MIDI tutorial.
For fans the FORTH Experimenter's Computer, there is a project to use this board to decode the
National Physical Laboratory Rugby 60kHz time signal. There is a handy 12V lead acid battery charger
from Terry Balbirnie and we will also be concluding Keith Garwell's magnetometer project.
The main feature will be a look at the technology behind the global optical 'Information Super
Highway', that is already destined to change the way we work, the way we shop and the kind of enter
tainment that comes into our homes.
Don't miss October's ETI. Why not place an order with your newsagent now?
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4t last, a fully functional upgradeable
PCB CAD system to suit any budget.
Substantial trade-in discounts are
available against other "professional"
PCB design packages ...
...

call now for details.

3I

aptare

095

Schematic Capture Design Tool
Direct netlist link to BoardMaker2
Forward annotation with part values
Full undo/redo facility (50 operations)

Single -sheet, multi -paged and hierarchical designs
Smooth scrolling
Intelligent wires (automatic 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

I

I

aker

BoardMakerl - Entry level

£95

PCB and schematic drafting
Easy and intuitive to use
Surface mount and metric support
90, 45 and curved track corners
Ground plane fill
Copper highlight and clearance checking

BoardMaker2 - Advanced level
All the features of BoardMakerl +
Full netlist support - BoardCapture,

£295

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 ASCII, BOM
Thermal power plane support with full DRC

Router

1

Gridless re-entrant autorouter

Wi

aTS

Simultaneous multi -layer routing

7

SMD and analogue support
Full interrupt, resume, pan
and zoom while routing

0 C:

AA

Output drivers

-

£200

Included as standard

Printers - 9 & 24 pin Dot matrix.
HPLaserjet and PostScript

.1!.

111111111111111111

1111111111111111111111111111111

r3

Penplotters - HP, Graphtec & Houston
Photoplotters - All Gerber 3X00 and 4X00
Excellon NC Drill and
Annotated drill drawings (BM2)

Call, write or fax for more information
or a full evaluation kit
Tsien (UK) Limited
Aylesby House
Wenny Road, Chatteris
Cambridge
PE16 6UT
Tel (0354) 695959
Fax (0354) 695957

tsien

Sept 1994 -Aug 1995

BS 5750
Part 2 1987
Level

Quality Assurance
RS12750

ON SALE FROM
2ND SEPTEMBER

ONLY

Over 800 colour packed pages
with hundreds of Brand New
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Products at Super Low Prices.
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Available from all branches of WHSMITH, John Menzies in Scotland
0

'F

ONLY Eason El Son in N. Ireland ONLY and Maplin stores nationwide.

The Maplin Electronics 1995 Catalogue - OUT OF THIS WORLD!

