ELECTRONIC
TODAY INTERNATIONA

A LOOK AT HOW

GLOBAL
POSITIONING
SYSTEMS CAN PLACE
YOU

WITHIN METRES

Build a cur li
reminder

Make a
meter
Measure minute
changes in the,

earth's magne,
field

Low cost data acquisition for IBM PCs & compatibles
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.
A unique range of easy to use data

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

PicoLog

Scope, voltmeter,

"Virtual instrument" software
package. Storage oscilloscope with trigger, timebase,
rulers and offset functions.
Realtime spectrum analysis
with min/max frequency and
signal averaging. Multiple
meters on screen (digital and
bargraph).

spectrum analyser

Printer and file handling support

Advanced data logging software package

1

1OC Virtual Instrument
Dual Channel 12 -bit resolution
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) allowsthe unit to
connect directly to low output
sensors such as4microphones or
to high level signals (+200V
with a x10 scope probe).
/00 with PicoScope £199
PicoScope & PicoLog £209

NEW
from

PICO
Digital Storage Scope
Spectrum Analyser
Voltmeter
Frequency Meter

y

ive
Lowest cost

Up to 22kHz 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.

Chart Recorder
Data Logger

my

10

Channel 8 -bit

11

11
Channel 10 -bit

Digital output
Up to 18kHz sampling
0-2.5V input range
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.

i

Collect, store, display and print
data from 1 sample per ms to
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.
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Channel 12 -bit

8

Channel 16-bit+sign

High resolution
Up to 17kHz sampling
0-5V input range
The ADC 12 is similar to
the ADC 10 but offers an
improved 12 -bit (1 part in

Highest resolution
220Hz sampling
2Hz sampling - 16 -bit
The ADC 16 has the
highest resolution of the
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
12 with
serial port.
PicoScope £85

,ove l0 with
, 2.)ell with
,ive
PicoScope £49
PicoScope £85
a 16 with
PicoScope and
PicoScope and
PicoScope and
PicoLog
£115
PicoLog £59
PicoLog £95
PicoLog £95
PicoLog for ADC 10/11/12 £25. Oscilloscope Probes (x1, x10) £10 Carriage UK free. Overseas £6

,i

=Pico Technology Ltd., Broadway House, 149-151 St Neots Road, Hardwick, Cambridge. CB3 7QJ.
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Indicator

24

This little add-on indicator circuit
from John Lanigan can be added to
any PC and will show which clock
rate it is running at.

28

Bite Alarm
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Those lazy days fishing will never be
the same again, after you construct
Bob Noyes' project to sound an
alarm whenever a fish has taken
the bait.
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Clinic

Part 3 of the series that shows
readers how to repair, maintain,
upgrade and build circuits for their
personal computers. In this issue,
we look at the CPU, coprocessors,
cache memory and making good use
of the BIOS software.

Volume 23 No.7

Features
Projects

Video Light Meter

44

this project, Terry Balbirnie
shows how to build a small light
meter that should help video users
to produce better images.
In

Magnetism and
Magnetometers

An Introduction
to MIDI

0

of this series, Robert
Penfold continues his introduction to
the mysteries of MIDI - the now
universally accepted standard for
communications between electronic
musical instruments.
In Part 3

Regulars
News and events diary 6
Balbirnie's Workshop
Terry Balbirnie divulges some more
practical hints and tips for the electronics enthusiast.
65
Talkback
Your letters, and ideas, plus club
news.
68
PCB foils
74
Open Forum

Part 1 of this two part article, Keith
Garwell looks at the design of sensitive instrumentation that can detect
minute changes in the Earth's
magnetic field.
In

Where on Earth
Am I?

2

Global Positioning Systems rely on a
complex fusion of space technology
and electronics to give a position
accurate to just a few metres. We
look at how such systems work and
now that their price has dropped to
just a few hundred pounds, how they
are being used.

Microprocessor
Motor Control
Hot on the heels of his FORTH
programmable Experimenter's
Computer project, Jim Spence
shows how to use this processor
board to accurately control a number
of stepper motors.

Car Lights
On Reminder

56

Build this cheap and simple project
from Len O'Connor and you need
never worry about leaving your lights
on and running down your car's
battery.
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Competition
this issue of ETI we
have another great
competition
for readers to enter. Win a Maplin
Blood Pressure Monitor, worth £75.
In

CAVANS WAY,
BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF
Tel: 0203 650702
8

7C

MEN

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 1602- 2 Channel D.S O
Gould 1604 -4 Channel D.S O
Gould 1421 -2 Channel D.S O.
Gould 0S4000, 0S4200, 054020, 0S245
Hewlett Packard 1740A, 1741A, 17744A, 100MHz dual ch
Hewlett Packard 182C - 100MHz 4 ch
Hewlett Packard 1707A, 1707B - 75MHz 2ch
Hitachi V.U22 - 40 MHz Dual Channel
Nicolet 3091 - LF D.S.O
Philips 3055 - 60 MHz Dual Channel
Tektronix 2201 - 20MHz D.S O. dual ch.
Tektronix 2213 - 60 MHz Dual Channel
Tektronix 2246 100MHz-4 channel
Tektronix 2215 60MHz dual trace
Tektronix 2235 Dual trace 100MHz (portable)
Tektronix 2335 Dual trace 100MHz (portable)
Tektronix 2225 -50MHz dual ch
Tektronix 465/465B -100MHz dual ch.
Tektronix 475 - 200MHz dual ch
Tektronix 468 -100MHz D.S.O. dual ch
Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4 ch
Tektronix 7704 - 250MHz 4 ch
Tektronix 7834/7844 - 400MHz 4 ch
Tektronix 7904 - 500MHz
Phillips 3070 -100MHz 2+ 1 channel + cursors, as new
Phillips 3206, 3211, 3212, 3217, 3226, 3240,
3243, 3244, 3261, 3262 (2ch

+

4 ch.)

Solartron Schlumberger CD1740 - 20MHz 4 ch
Other scopes available too

£1300
£1750
£375
from £125
from £350
£350
from £275
£300
£1100
£550
£675
£425
(as new) £995
£450
£800
£750
£450
from £350
£450
£850
from £300
from £650
from £750
from £850
£900

from £125 to £350
£250

SPECTRUM ANALYSERS
Ailtech 727 -20GHz
Advantest TR4131 -10KHz - 3.5GHz
Hewlett Packard 3580A - -5Hz-50KHz
Hewlett Packard 8590A - 10KHz - 1 5GHz - (as new)
Hewlett Packard 182T with 8559A (10MHz - 21GHz)
Marconi 2370 - 110MHz
Hewlett Packard 4953 Protocol analyser
Tektronix 492 - 21G Hz
Tektronix 7L18 with 7603 main frame 1 5 GHZ - 18GHZ
Texscan AL51A (4M HZ - 1 GHZ)

£2200
£4500
£1250
£4500
£3750
£1250
£2500
£6000
£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
B&K 2515 Vibration analyser
£4500
Datron 1061A Autocal digital multimeter (61/2 digits)
£850
Daymarc 1735 Transistor tester/sorter (with all jigs)
£5000
Dranetz 305 Phase meter
£250
Dymar 1585 AF Power meter
£175
Dymar 2085 AF Power meter
£200
Farnell RB 1030-35 Electronic load 1Kw
£450
Farnell AMM/B Automatic modulation meter
£150
Farnell 2081 R/F Power meter,
POA
Feedback TWG300 Test wavefarm generator
£200
Fischer Betascope 2040/2060 Coating thickness computer & non
destructive coating measurement instrument & many jigs and extras
all for £2000
Fluke 8840A Multimeter (IEEE)
£450
Fluke 515A Portable calibrator
£500
Fluke 8010A Digital multimeter
£125
Fluke 8922A True RMS voltmeter
POA
Fluke 95020 Current shunt
POA
Gay Milano FTMIC/FTM3C - FTM - Fast transient monitor
£250
General Rad 1658 LCR Digibridge
£250
General Rad 1621 Precision capacitance measurement system
POA
Hewlett Packard 180TR Display unit with 8755B swept. amp. an.
£350
Hewlett Packard 3200B VHF oscillator, 10-5000MHz
£175
Hewlett Packard 3400A RMS voltmeter
£150
Hewlett Packard 3406A Broadband sampling voltmeter
£175
Hewlett Packard 3437A System voltmeter
£350
Hewlett Packard 3456A Digital voltmeter
£650
Hewlett Packard 3476 Digital multimeter
£100
Hewlett Packard 3478 Digital voltmeter, 4 wire system, 1 EEE
£650
Hewlett Packard 3702B/3705A/3710A/3716A Microwave link analyser£1500
Hewlett Packard 3730A Down converter (with 3738A or 3737A)
£200
Hewlett Packard 3760/3761 Data gen + error detector
each £300
Hewlett Packard 3762/3763 Data gen + error detector
each £350
Hewlett Packard 3777A Channel selector
£250

Hewlett Packard 3779A Primary multiplex analyser
£800
Hewlett Packard 400E/F AC voltmeter
£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 tEE
£1400
Hewlett Packard 5342A Microwave freq. count. 18GHz
£1400
Hewlett Packard 7402 Recorder with 17401A x 2 plug -ins
£300
Hewlett Packard 8005B Pulse generator
£250
Hewlett Packard 8011A Pulse gen. 0.1 Hz-20MHz
£500
Hewlett Packard 8013B Pulse gen. 1 Hz-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 8445B Automatic presetter
£700
Hewlett Packard 8601A 110MHz Gen/sweeper 110MHz
£350
Hewlett Packard 8620C Sweep oscillator mainframe
£500
Hewlett Packard 8750A Storage normaliser
£400
Hewlett Packard 938A Freq. doubler
£250
Keithley 197 20MHz with -IEEE
£400
Lyons PG73N/PG75/PG2B/PG Pulse gnerator
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 2610 True RMS voltmeter
£900
Marconi 2830 Multiplex tester
£1250
Marconi 2831 Channel access switch
£500
Marconi 6920 Power sensor
£400
Philips 5390 1GHz signal gen
£1250
Philips PM 5167 10MHz function gen.
£400
Philips 5190 LF synthesizer w/th G.P.I.B.
£800
Philips PM 5519 Colour TV pattern gen
£400
Philips PM 2525 Multimeter WF 'IEEE
£850
Philips 5716 Pulse generator high freq. MOS
£600
Philips PM 5770 Pulse gen. - 1 MHz-100MHz
£150
Philips PM 6672 1GHz timer/counter WF IEEE
£650
Philips PM 8272 XYT chart recorder
£500
Photodyne 800 Fibre optic attenuator
£350
Projectina CH9345 Microscope
£800
Racal 9009 Modulation meter
£225
Racal Dana 202 Logic analyser + 68000 disassembler
£250
Racal Dana 9242D Programmable PSU 25V -2A
£300
Racal Dana 9246S Programmable PSU 25V -10A
£400
Racal Dana 3100 40-130MHz synthesiser
£750
Racal Dana 5002 Wideband level meter
£650
Racal Dana 5003 Digital m/meter
£150
Racal Dana 9000 Microprocessing timer/count. 52MHz
£550
Racal Dana 9081 Synth sig gen 520MHz
£550
Racal Dana 9084 Synth. sig. gen. 104MHz
£450
Racal Dana 9087 1.3 GHz low noise sig. generator
£2750
Racal Dana 9303 True RMS/RF level meter
£650
Racal Dana 9341 LCR databridge
£250
Racal Dana 9500 Universal timer/counter 100MHz
£200
Racal Dana 9917 UHF frequency meter 560MHz
£175
Racal Dana 9919 UHF frequency meter 1GHz
£275
Rohde & Schwartz BN36711 Digital Q meter
£400
Rohde & Schwartz URV5 - 18 GHz R/F Millivolt -meter (with various
probes)
£1850
Solartron Schlumb 1170 Freq. response analyser
£250
Tektronix TM503, SG503, PG506, TG501 Scope calibrator
£2000
Tektronix 834 Data comms analyser
£500
Tektronix TM5003 + AFG5101 arbitrary function generator
£1750
W&G SPM12 Level meter 200Hz-6MHz
£500
W&G PS12 level generator 200Hz-6MHHz
£500
W&G SPM60 Level meter 6KHz-18.6MHz
£500
W&G PS60 Level meter 6KHz-18.6MHz
£500
W&G SPM6 Level meter 6KHz-18.6MHz
£250
W&G PS6 Level generator 6KHz-18.6MHz
£250
W&G SPM6 Level meter 6KHz-18 6MHz
£250
Wavetek 157 Programmable waveform synthesier
1300
Wayne Kerr B424/N LCR Component meter set
£200
Wayne Kerr 4250 LCR meter
(as new) £1000
Wayne Kerr 642 Autobalance universal bridge
£200
Weller D801/D802 Desoldering station
£175
Weller D900 Desoldering station
£ 150
Wlltron 352 Low freq. differential input phase meter
350
Hewlett Packard 8640B with OPT 001
.£825
Marconi 2022E (10KHZ- 1.01GHZ) SIG GEN
£ 1850
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 8 VAT TO BE ADDED TO ALL GOODS
-

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
CARRIED FORWARD

PRF-AMP VAi,VRS
ECC81/12AT7
ECC82/12AU7
ECC83/12AX7
ECC85
ECC88
EF86
E81CC(GOLD PIN)
E82CC
E83CC
E88CC

5

00

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
6SN7GT
6922

QTY.

TOTAL PRICE

.

RECTIFIERS

..

4 50

GZ3'

5.00
5 00
3.20
3.50

r:71[1./6
ARA.
., _....
.

5U40

v-InT
5Z4GT

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

1
1

60
60

1.75

3.00
11.00

MATCHING CHARGES*
POST & PACKING (UK)

3

00

TOTAL EXC. VAT

POWER VALVES
2A3 (4 PIN)
2A3 (OCTAL)
211
300B
311A
845

EL34/6CA7
EL84/6B05
EL 84/7 189A

KT66
KT77
KT88

KT8 (GOLD

Q)

6L6GC
6L6R GC/5881
6\-6GT

6-6B
6=56A

6550A
6550A -S
581A

VAT Cad 171/2%

14.00
14.00
22.00
50 50
9.50
29.90
7.50
4.00
5.10
9.20
12.00
12.50
18.50
6.50
8 00
5 00
10.20
40 00
11.00
13.50
11.00

TOTAL CARRIED FORWARD

'F71'[Iill lllf

(UK & EEC)
TOTAL TO PAY

*MATCHING, if required; state valve types & if PAIRS,
QUADS or QCTETS - 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

Fori
..rd}'

N
.ante

Address

Post Code

.

Triri lifflamilliklmitialt
.Tzlip3i71Lrm ;le
awl

/

761J-14i'iIIIIiriRF.1 M6!

130 New London Road. Chelmsford, Essex CM2 ORG, England. Telephone 0245 355296/265865 or FAX. 0245 490064.
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PCB

software for Windows

Pentica Systems of Wokingham has launched a new entry level version of its powerful Tango circuit design and board layout
software, which runs under Windows and offers users work-station class performance at one fifth of the cost. TangoPRO
Schematics Lite and TangoPRO PCB Lite are both sub -sets of the higher end TangoPRO software, with the benefit of the
Windows environment. Their capacity and features are suitable for 80% of PCB designs being produced today.
TangoPRO Schematic Lite offers powerful placement and editing tools, keyboard short-cuts and instantaneous netlist generation. There are over 20,000 unique library components and new components can be created on the fly. Advanced features
include intelligent wires and busses and support for user defined attributes.
i-..:_
.a-,.sp:.r,a
Junctions and bus entries are placed automatically. Capacity is up to 200
components, 500 nets and three sheets per design.
The PCB design program includes a CutiCopy' Paste capability for moving
selected items to and from the Windows Clipboard. design error indicators
with on -screen highlighting, enhanced report formats and improved attribute
editing, with the ability to change reference des,gnators on previously placed
components. The 32 bit database gives imperial and metric support down to a
tenth mil, or 10 microns. Capacity is for 200 components, 500 nets, and six
layer designs.
TangoPRO Lite Schematics costs £175 and the PCB design program £685.
For further details on these two products contact Pentica Systems on 0734
792101.

70W Titanium

Composite Tweeter
The latest product to be added to the fully comprehensive
range of speakers and sounders from Maplin Electronics is
the 70W Titanium Composite Tweeter. This is a dome
tweeter, where the diaphragm is made from pure titanium
which is ion deposited onto an advanced, glass -fibre reinforced, soft polymer lin diaphragm. The composite that
results offers increased stiffness with high internal damping,
combining the advantages of pure metal domes while
retaining the low distortion of soft dome, leading to detailed
sound reproduction for the best musical quality. Efficiency is
up to 93dB
and the voice
coil is ferrofluid
cooled. The
Faceplate is of
a fibre rein-

forced
polymer.
This tweeter

Ultra bright laser diode

modules
dmatronic. the leading semiconductor laser diode moduli; manufacturer, has released a new addition to its world beating range of
OEM laser diode modules - a 633rxn wavelength option: The now
wavelength optics are availablei the popular LDM115 (11mm
diameter) and the LDM14.5'(16mm diameter) package styles. ;
The 6,33nm wavelength offers 9 Canes improvement in vi ibility
over the 670nm versions available to date. This improvement in
visibility makes both indoor and ou4door operations such as ajign
ment, pcsitiónïng,and levelling far simpler and effective. Particular
applications include machine toed alignment, target sighting,
patient positioning, 'robotic control and bar code systems.
These highly reliable modules have been specifically designed to
make the user's life easy. They feature simple DC operation (4-6V
DC) and low current consumption of around 60mA. The focusing
optics can be adjusted by the user with a simple tool provided
with each module," so that the focus of the laser can be optimised
for his own application. The integrated output power stabilisation
circuitry regulates the laser output to be always

is available

from all
branches of
Maplin
Electronics and
costs £13.95.
For more
details ring
0702 552911.
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PC based PLD

trainer

ffs.raria Logic Devices (PLDs) are row very widely.used and there is a considerable need for systems which can be used to traìri
PC

a menu driven
super
engineers in their use. To cater for this need, Southampton based Flight Electronics International has !enriched
could also use it
own
working
on
t"heir
engineers
basal nJ. salt ring system, the PAL 1 racer. It is aimed at unìversit es and colleges, although
-,..5

art dcv about PALs and PALASMs, eventually using it as a laboratory tool for PAL programming.

;'it Etronics claims that it is the only cornpleiely self contained system available which successfu'ly, introduces students to the world of
riot only saves time, resources and money,
PLZe. wrest the need, to source the hardware, software and documentation separately. This
äsc assures that lecturers are provided with an integrated teaching tool that gives students more than Just a cursory glimpse of the

wee

real

of ndustry.

-e. PAL Trainer will run: on IBM

XT, AT, or compatible PCs and consists of a Complete

tracing course ranging from initial logic design to

PC simulation, device programming and testing, there
are 18 ready to run examples. Programming of actual

devices is done with the aid of a GAL prdgrarnmer and
test unit which is connected :.o the PC via an interface
card and cable, The programme Is controlled by software running on thoPC. Prograìhming is performed with
the aid of the widely used industry standard PALASM V4

programming language,
The programmer/test unit has one ZIF 24 -way
textool for programming and three ZIF 24 -way textools
for testing, there is a matrix display. four 7 segment
displays, a LED array, ten debourtced switches and a
variable frequency ccunte. There is a separata demonstration area for use with the worked examples and
jumper wires allow the ,Os of the PLD to be quickly and
simply connected to other areas of the main beard.
Theiull training system, costs £695 and for further
details contact Flight 'Electronics International Ltd, on
0703 227721:

Cutting PCBs
by laser
Tne Berkshire based company Tracks
CAD Systems has launched a multifunc-ion laser prototyping machine which is
amed at anyone who involved in the
ze relopment or production of high
oersity Printed Circuit boards, in partic:hose used with surface mounted
:e.`ces. Modern PCBs call for closely
pins and conductor or isolation
or more times finer than
three
cer_rs.
cars.
tnat have been traditionally
ced using chemical etching or
Tsnanical cutting. With its laser system,
T-acKs nas been able to easily cut seven
cc^c..ctor paths, separated by 40pm
seal cr channels between two IC pads,
the iaser raving a cutting resolution of
1 um arc an accuracy of 2um.
This laser system will cut standard
FR4 PCB materials or copper coated
ceramic material with equal facility and all
track edges will be clean and square to a
degree impossible to achieve in any other
way. The laser will not wear, so maintenance is simple and repeatable quality
assured. In addition, the system does
away with the need to treat large quanti-

ties of highly polluting aqueous chemical

solutions.
The system can be installed in any
normal laboratory or production area
and, apart from power, compressed air
and water has no special requirements.
A floating focus system is used on the
laser, to eliminate risk of optical hazard.
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The system can be directly driven from a
PC CAD system for flexible prototyping.
With more powerful laser cutters, it can
be used to cut metal stencils, cut and
score ceramics, make board corrections
and label products.
For more information, contact Tracks
CAD Systems on 0344 55046

386 system on an STEbus
board.
Arcom Control Systems has developed a powerful new 386SX single board
computer for embedded control applications, which fits on a single standard
STEbus board. Compatible with PC based development and debug tools and
offering a DOS like, but royalty free, stand alone operating environment, it delivers
far superior real time performance to conventional embedded PCs. Called the
SCIM386T, the board provides a complete hardware solution for many embedded
tasks, but is also highly configurable, offering a choice of three expansion routes STEbus, SCIM mezzanine bus and signal conditioning system.
The board is available with 25 or 16MHz versions of the 386SX CPU. Eight
surface mount memory sites allow up to 4MB of dynamic RAM to be fitted. This
can be extended to 16MB, using the SCIM mezzanine bus expansion facility.
Further hardware includes a 32 pin EPROM socket for the stand alone operating
environment
and application
firmware,
keyboard interface, real time
clock, a
parallel port
and two serial
ports.
For more
information,
contact Arcom
Control
Systems Ltd of
Cambridge on
0223 411200.

Profile Plus
Indoor FM

Aerial

New from Maplin'Electronics is the
profile Plus Indoor FM Aerial. This unit
is a unique innovative design of an
indoor aerial that would pass any critical eye test for modem styling. This
bi-directional aerial is suitable for all
FM applications in the frequency
range 88 to 108MHz. It includes an
integrated low noise signal
amplifier/booster, for weak signal areas.
The aerial measures 320 x 220 x
50mm and is coloured slate grey. It
requires two AA batteries and is
supplied with a ftyylead 2m long. It
costs £19.95 and is available from all
branches of Maplin Electronics or via
mail order_ For further details ring
0702 552911.

Negative differential resistance
Negative differential resistance (NDR), a novel transistor effect.
that occurs in compound semiconductors, is fang exploited
by advanced device researchers in a bid to build a new, highly
compact, digital logic family. NDR logic cuts through much of
the complexity of trâditional gate design, by exploiting the
folded current -voltage it -V) curves of advanced super lattice
transistors. While standard transistors have only one operating
point, a variety of experimental devices built with super lattice
junctions can have two or more stable points, which are used
to implement several logic functions with the same circuit.
While the new approach to digital logic offers the usual
advantage of speed that comes with hetero-junction transistors, it more importantly could form the basis for a new kind of
Ultra Large Scale Integration (ULSI) technology. In the past,
gallium arsenide technology was used for its speed advantage,
but that proved to be a critical factor only in niche areas, such
as microwave technology. The new generation of NDR logic
designs indicates a new direction for compound semiconductors, augmenting the speed advantage with large gains in functiònal density,
As the voltage across the junction increases, the resulting
'urrent begins to increase in a manner similar to a conventional
n diode. However, at a critical point, the resonant tunnelling
ect kicks in and the current begins to decrease as the voltage
ncrea'v s. The negative slope of the -V curve in this region
epresents the unique hegatve differential resistance of these

diodes, the basic effect that is now being tried in novel logic families.
At Texas Instruments. Central Research Labs. (Dallas); Ti
researchers were the first to build a three -terminal resonant
tunnelling device that directly modulated the potential inside the
super lattice junction. Previous. devices had simply been monolithic realisations of the RT diode HBT pair.
The University of Michigan group is attempting to push the
technology to the next stage by developing a comprehensive
set of design principles and simulation tools. Rather than
focusing on specific devices, the group is learning general rules
for controlling, the NOR effect in logic design. A device simulator that solves the quantum mechanical equations that
govern resonant tunnelling effects has allowed the researchers
to explore design aspects of the NDR devices. The group.has
also built a circuit simulator.that takes either data generated by
the device simulator or actual experimental data to simulate.
NDR logic designs.
In addition, different digital logic styles, making use of the
more complex behaviour of NDR transistors, have been developed. In conventional circuit design, logic O and values are
represented by 0 and +5V levels. The -V characteristics of the
NDR devices allows for.multiple logic values via. multiple stable
operating points. The University of Michigan group is using a
logic representation that exploits two stable points in the -V
characteristic to represent Boolean logic, with two positive
voltage levels
1

I
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Big successes for ARM RISC

..

rifler. This company, jtintl y owned by Acorn .::.
has signed an agree rr®nt which wi ll äilci iv: [488r1
RISC
technology into products jointly developed ty
etectrorirs and semiconductor giant Samsung to embed ARtv16, ARM7, and ARM610
aid
consumer electronics converge. These will include
Sarong and ARM for the emerging markets: where computing, Communications,
products such as hard disk drives, laser
plus
traditional
TV,
more
h re'ess personal d'igita' assistants, cellutar'faxiphones and interactive
3

{SC processo r company Advanced RISC Machines Ltd seems to be on to ü
Apple and VLSI, has just announced Iwo significant developments. Firstly

rimers and multimedia processors.

The second development is the announcement by IBM that the ARM RISC technology is to form the heart of its new Serial Storage
Achitecture (SSA) Interface. This technology, developed at IBM's UK research facility in Havant, s seen as a key component inlinking the
ompuiers of the future and will replace existing serial and SCSI interlaces. it is an extremely powerful interfacing system capable of full
:uplex operation al a minimum 20MB/s in each direction, with sophisticated error detection, isolation and recovery features. SSA is
oestired to be a standard for communications wth peripherals such as disk drives:

Low cost microcontroller development

kit

Mitsubishi has introduced a new low cost Designer's Kit which will enable users
to cost effectively develop 16 bit microcontroller applications. The easy to use
kit comes as a complete system and is simply installed on a PC with a text
editor. At the heart of the kit is a DB16 designer board which incorporates an
M37702S1 ASP chip that is representative of the Mitsubishi 16 bit range and
boasts the widest range of features available in single chip microcontrollers.
The on -board device operates in microprocessor mode and together with
an M5M82C55 I/O expanded mapped in page zero, preserves the I/O operations by replacing the ports used as data and address buses. Ample space is
provided for user software by 64KB each of battery backed RAM and EPROM.
A decoder chip select is also included. Other on -board features include 52 I/O
lines, together with eight 8 bit analogue to digital inputs. There are two serial
ports with RS232 drivers, eight 16 bit multifunction timers and a watchdog
timer, three external and 16 internal interrupts.
The software provided with the kit is a relocatable assembler which allows
software to be written in pure Assembly language with user defined macro
functions. Example programs in source code format can be used as templates,
including those of the on board Debug monitor. This monitor includes facilities
to examine and set processor registers and memory contents, upload
programs from host to RAM, go to program from an address, set break point in
RAM, fill memory and read analogue port. Drivers are also provided for serial
and analogue to digital ports.
The designers kit operates from 5V supplies and comes complete with serial
cable and 9 to 25 way adaptor, comprehensive documentation, software and the development board. The kit costs £299 and
for details of suppliers contact Mitsubishi in Hatfield, Herts., on 0707 276100.

Event Diary.
27-29 June

4-7 July.
5 July

14 July
16 July

5th Satellite Systems for Mobile Communications & Navigation Conference, Institute of Electncal
Engineers. London. Tel: 071 240 1871
York. Tel:
HF Radio Systems and Techniques Conference. Institute
071 240 1 871
Talk on p ropagation. Sudbury and District Radio Amateurs. Tel: 0787 313212.
Special Event Station in Woodhalt School,. Sudbury and District Radio Amateurs. Tels 0787 313212
Rooms, Beulah
Clu b, Al Saints Ree l chu
Annual Outing. Crystal Palace and Distr ict t

le.;

eft

081 699 5732.

20-24 July
13 Nov.

eers. Church

nferenc

19-21 July

College Cambridge. Tel: 071 240 1871
it _ Birmingham. Tel. _- 240 1871
,...,bition Ce....
Electrotech 94. National -,,,t,d
M idland Amate ur Radio Society rally at Stockland Gre en Leisu re Centre, Slade Road, Erdingto n,
Birrnirtgham. Doors open at 10am, admis sion E li For further details ring 021 422 9787 or 021.443118e
(evenings only).

f1

.

If you are organising an event which you would like to have included in this section, please Send full details to
Arc;us House, Boundary Way, Hemel Hempstead, Herts. HP2 7ST, clearly marking your envelo pe Event Diary.
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SEALED LEAD ACID Battery, 6v 80/100 AH made for BT, ex
equipment but ok £45 each ref APR47 Ideal electric vehicle etc
ASTEC SWITCHED MODE PSU Gives +5 3.75A, +12@1 5A,
-12@.4A 230/110, cased, BM41012. £9 99 ref APR1OP3.
TORRODIAL TX 30-0-30 480VA, Perfect for Mosfet amplifiers
etc. 120mm dia 55mm thick. £18.99 ref APR19.
MOD WIRE Perfect for repairing PCB's, wire wrap etc Thin
insulated wire on 500m reels Our price just £9 99 ref APR10P8
12v MOVING LIGHT Controller Made by Hella, 6 channels
rated at 90watts each Speed control, cased £34 99 ref APR35
ELACTRON FLASH TUBEAs used in police carflashinglights
etc, full spec supplied, 60-100 flashes a min £9 99 ref APR10P5
24v 96WATT Cased power supply New £13 99 ref APR14
STETHOSCOPE Fully functioning stethoscope, ideal for listening to hearts, pipes, motors etc £6 ref MAR6P6
OUTDOOR SOLA R PATH LIGHT Captures sunlight during
the day end automat ically switches on a built in lamp at dusk.
Complete with stales lead add battery etc.£19.99 ref MAR20P1.
ALARM VERSION Of above unit comes with built in alarm and
pir to deter intruders £24 99 ref MAR25P4
CLOCKMAKER KR Hours of fun making your own clock,
complete instructions and everything you need £7 99 ref MAR8P2
CARETAKER VOLUMETRIC Alarm, will cover the whole of
the ground flooragainstforcred entry. Indudesmains powersupply
and integral battery backup. Powerful intemal sounder, will take
external bell if req'd Retail £150+, ours? E49 99 ref MAR50P1
TELEPHONE CABLE White 6 core 100m reel complete with a
pack of 1(X) dips Ideal 'phone extns etc £7 99 ref MAR8P3
VIEW DATA RETURNSE6 madebyTandata, includes 1200 75
modem, k/bd, RGB and comp o/p, pdnterport No PSU £6 MAG6P7
IBM PC CASE AND PSU Ideal base for building your own PC
Ex equipment but OK. £14.00 each REF: MAG14P2
SOLAR POWER LAB SPECIAL You get TWO 6'x6' 6v
130mA solar cells, 4 LED's, wire, buzzer, switch plus 1 relay or
motor.Superb value kit just £5.99 REF: MAG6P8
SOLID STATE RELAYS Will switch 25A mains. Input 3.5-26v
DC 57x43x21mm with terminal screws £3.99 REF MAG4P10
300DPI
DTP MONITOR Brand new. TTUECL inputs, 15'
landscape, 1200x1 664 pixel complete with 0 rcuit diag to help you
interface with your projects. JUST £24 99 R EF MAG25P1
ULTRAMINI BUG MIC 6mmx3.5mm made by AKG,.5-12v
electret condenser. Cost£12ea,Our?fourfor£9.99 REF MAG10P2
RGBICGA/EGA/TTL COLOUR MONITORS 12' in good
condition. Bad( anodised metal case. £99 each REF MAG99P1
GX4000 GAMES MACHINES returns so ok for spares or
repair E9 each (no games). REF MAG9P1
C64 COMPUTERS Retums, so ok for spares etc £9 ref MAG9P2
FUSELAGE LIG HTS 3 foot by 4' panel 118' IN elk with 3 panels
that glow green whe n vantage Is applied. Good for nightbghts.front
panels, signs,disco etc 50100v per strip. £25 ref MAG25P2
ANSWER P HONES Returns with 2 faults, we give you the bits
for 1 fault. you have to find The other yourself. BT Response 200s
EIS w REF MAG 18P 1. PSU E5 ref MAG5P12.

M

SWITCHED MODE PSU

ex equip, 60w +5v e5A, -5v@.5A,
120/220v cased 245x88x55mm IECinput
sod(et E6.99 REF MAG7P1
PLUG IN PSU 9V 200mA DC £2 99 each REF MAG3P9
PLUG IN ACORN PSU 19v AC 14w £2 99 REF MAG3P10

+12ve2A,-12v@.5A

NEW BULL ELECTRICAL STORE

WOLVERHAMPTON
BRANCH
NOW OPEN AT 55A WORCESTER

ST TEL 0902 22039
100MHZ OSCILLOSCOPES now in
stock, 12x10cm screen, delayed
sweep, 1Mohm/25pf inputs , modeschl, ch2, add, chop, alt, dual. 460x
305 x 200mm, 17kgs, £267+Vat in-

cludes insurance and carriage.

INFRARED LASER NIGHT SCOPES
Second generation image intensifier
complete with hand grip attachment
with built in laser lamp for zero light

conditions. Supplied with Pentax
42mm camera mount, 1.6kg, uses
1xPP3,3xAA's (all supplied)£245+Vat

o/p leads 17v DC
900mA output Bargain price E5 99 ref MAG6P9
ACORN ARCH M EDES PSU +5v @ 4 4A on/off sw uncased,
selectable mains input, 145x100x45mm £7 REF MAG7P2
GEIGER COUNTER KIT Low cost professional twin tube,
complete with PCB and components £29 REF MAG29P1
SINCLAIR 0613' wheels completewith tube, tyre and cycle style
bearing £6 ea REF MAG6P10
AA NICAD PACK encapsulated pack of B AA nicad batteries
(tagged) ex equip, 55x32x32mm £3 a pack REF MAG3P11
13.8V 1.9A psu cased with leads Just £9 99 REF MAG10P3
360K 6.26 brand new half height floppy drives IBMcompatible
industry standard Just E6 99 REF MAG7P3
PPCMODEM CARDS These are high spec plug in cards made
for the Amstrad laptop computers. 2400bauddi al up unit complete
with leads. Clearance price is £5 REF: MAGSP 1
INFRA RED REMOTE CONTROLLERS Originally madefor
hi spec satellite equipment but perfect for all sorts of remote control
projects Our clearance price is just E2 REF: MAG2

TOWERS INTERNATIONAL TRANSISTOR GUIDE.

into

separate H sync, V sync, and video 12v DC E8 00 REF: MAG8P2.
LQ3600 PRINT ER ASSEMBLIES Made by Amstrad they are
entire mechanical printer assemblieslndutng
prnthwd.stepper
motors etc etc In fa cteverymmg bar the case anddectrorecs. ageed
strippers £5 REF: MAOSP3 o 2 for £8 REF: MAOCP3

the bug runs directly off the mains so lasts forever why pay £700?
or price Is 026 REF' MAG26 Transmits 10 any FM radio.
'FM BUG KR New design with PCB embedded coil for extra
stability Works toany FM radio. 9v battery reqd E5 REF: MAG5P5

'FM BUG BUILT ANDTESTEO superiordedgn to kit. Supplied
to detective agendas 9r battery req'd £14 REF. MAG14
TALKING COIMBO% STRIPPER ongirelly made to retail

or

£79 each, these units are designed to convert and ordinary phone
Intoapayphone The units have the locks missing and sometimes
broken binges. However they can be adapted (critter
original use
or used for something else?? Price ls)ust £3 REF: NAG3P1

100 WATT MOSFETPARSame specas 25/(343 end 2SJ413
(8A.140v 100w) 1

N

dtannel, 1P channel. E3 a pair REF: MAG3P2

TOP QUALITY SPEAKERS Made for HI Ft tdevrsions these
are 10 watt 4R Jap made 4' round with large shielded magnets

Good quality. £2 each REF: MAG2P4 or 4 for £6 REF: MAG6P2
TWEETERS 2' diameter good quality tweeter 140R (ok with the
above speaker) 2 for E2 REF: MAG2P5 or 4 for £3 REF: MAG3P4
AT KEYBOARDS Made byApncotthese g Leidy keyboards need
just a small mod to run on any AT, they work perfectly but you pill
haye to put up wrth 1 or 2fofdgn keyapsl Pane E6 REF: MAG6P3
PC CASES Again mixed types so you lake a chance next one cm
the ode E' 2 REF:MAG12 or two the same for E23 REF: MAG2OP4

COMMODORE MICRODRIVE SYSTEM

mini storage
device for C64's 4 times faster than disc drives, 10 times faster
than tapes Complete unit just £12 REF:MAG12P1

of them are infrared) 500:1
polarizer built in so good for holography. Supplied complete with mains
power supply.790x65mm. Use with

PROXM(TY SENSORS These are small PCB's with what look
Ilke a Source and sensor LEDon one end and lots of
components on
the rest of the PCB Conpldewnh 11y leads. Pack of 5 £3 REF: MAG:
3P5 or 20 for £8 REF: MAOBP4

wave lengths .63um,1.15um,3.39um
(2

EXTREME CAUTION AND UNDER
QUALIFIED GUIDANCE. £349+Vat.
'PC PAL' VGA TO TV CONVERTER
Just plug in and it coverts your col-

our television into a basic VGA screen,
perfect for laptops, saves lugging
monitors about or just as acheap
upgrade. Intro price £49.99 +Vat.
AMSTRAD 1512DD
1512 BASE UNIT AND KEYBOARD AND TWO
5.25" 360K DRIVES ALL YOU NEED IS A MONITOR
.

AND POWER SUPPLY WAS£59.00
NOW ONLY £39.00
REF: MAG39

3FT X 1FT 10WATT SOLAR PANELS

14.5v/ 700mA
NOW AVAILABLE BY MAIL ORDER

£33.95
(PLUS

5200

SPECIAL PACKAGING CHARGE)

TOP QUALITY AMORPHOUS SILICON CELLS HAVE ALMOST A
TIMELESS LIFESPAN WITH AN INFINITE NUMBER OF POSSIBLE

APPLICATIONS, SOME OF WHICH MAY BE CAR BATTERY
CHARGING, FOR USE ON BOATS OR CARAVANS, OR ANYWHERE A PORTABLE 12V SUPPLY IS REQUIRED. REF: MAG34

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

1994 CATALOGUE.

:

COMPOSITE VIDEO KIT. Converts composite video

FMTRANSMITTERhpused ìn a standard working 13Aadapten!

SCHOOL STRIPPERS We have quite

A

very useful book for finding equivalent transistors, readouts, specs
etc. £20 REF: MAG2OP1
SIN CLA IR C6 MOTORS We have a few left without gearboxes.
Theseare 12v DC 3,300 rpm 6'x4', 114' OP shaft. £25 REF: MAG25
UNIVERSAL SPEE D CONTROLLER KR Dengned by us
for the above motor but ok for any 12s motor up to 30A Complete
with PCB etc. A heat si rat may be required. £1700 REF MAG17
VIDEO SENDER UNIT.Trene ilaooth audio and Ode, signals
from alter e video camera. Mdeo recorder. Nor Computer etc to
anystandard Nsenn a 100' ranger (tune Tito a spa rechannel) 12v
DC op. Price isEl5REF: MA01512vpsuisESextra REF: MAOSP2
'FM CORDLESS MICROPHONE Small hand held unit with a
500'range! 2 transmit power levels. Reqs PP3 9v battery Tuneable
to any FM receiver. Price is E15 REF: MAG15P1
LOW COST ALKIE TALKIES Pair of battery operated units
Ole a tango ecab out 200'. Ideal for garden use or as an educational
Ioy. Price IsEBa pair REF: MAG 8P1 2 x PP3 req'd.
'MINATORE RADIO TRANSCEIVERS A pair of walkie
talkies with a ra nge of up to 2 kil ometres in open country. Units
measure 22x522c 156nnt Complete with cases and earpieces. 2vPP3
req'd. £30.00 pa If REF: MAG30.

switch, fan etc. Two types available 150w at £15 REF -N_tnAG .íi
(23x23x23mm) and 200w at E20 REF: MAG20P3 (23x23x23mM

NEW HIGH POWER LASERS
15mW, Helium neon, 3 switchable

,

POWER SUPPLY fully cased with mains and

SPEAKER WIRE Brown 2 core 100foot hank E2 REF
LED PACK of 100 standard red 5m lads E5 REF MAG5P4
UNIVERSAL PC POWER SUPPLY complete with

,,

PLEASE SEND 45P , A4 SIZED SAE FOR YOUR FREE COPY
rmisnlN oboe cases car co Table oaasxs nun« oovvuamn soronbI.
WelaltrM'nice s

of

Saaisktm uingasan.4' AU' ov°.wZ,
FORttc
okra MOTO fsmmvrr TO CHANGE PRICES AreLIfICAT,Jx9 WITHOUT xsas
Ipnn nanas MAR TO STOCK QUOTATI OM W 6LNOCT GroiN Poo Wren:

Tau mans

merlon STATED.

'SOME OF OUR PRODUCTS MAY BE UNLICENSABLE

PI

THE UK

BULL
ELEC TRICAL
250 PORTLAND ROAD HOVE SUSSEX
BN3 5QT
MAIL ORDER TERMS: CASH POOR CHEQUE
WITH ORDER PLUS E3.00 POST PLUS VAT.
PLEASE ALLOW 7

- 10

DAYS FOR DELIVERY
WELCOML

T FLEPIIONE ORDERS

TEL: 0273 203500
FAX: 0273 323077

V=
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a few of the above
units which are 'returns' as they are quite comprehensive units
they could be used for other projects etc. Let us know how many you
need at just 50p a unit (minimum 10).
HEADPHON ES Ex Wgin Atlantic 8pairsforE2 REF:MAG2P8

S HOOFERS EAR? Original made lo dip over the earpiece of
te lephone to amplify the sound -r) also works q cite well on the cable
ru mere dung the well Price Is E5 REF: MAO 5P7

DOS PACKS Microsoft ve rsion 3.3 or higher complete with all
manu als or pnce lust E5 REF: MAG5P8 Worth it just for the very
comprehensive manual! 5.25' only.
DOS PACK Microsoft version 5 Original software but no manuals hence orty E3 REF: MAO3P6 5 25' only

CTM644COLOUR MONITOR Madetow orkwith the CPC464

home computer Standard RGB input so will work with other
machines Refurbished £59.00 REF:MAGea
PIR DETECTOR Made by famous UK alarm manufacturer these
are hi spec, long ra ngeinternal units. 12v operator Stighl marks on
case and unboxed (although brand new) £8 REF: MAGCP5
WINDUPSOLA R POWERED RADIO AM/FM radio camper e
with hand charger and solo hand! E14 REF: MAG14Pt
COMMODORE 64 TAPE DRIVES Customer returns at £4
REF: MAG4P9 Fully tested units are £12 REF: MAG12P5
MAINS CABLES These are 2 core standard black 2 metre mains
cades fitted with a 13A plug on one end, cable the other Ideal for
projects, low cost manufacturing etc Pack of10for£3REF MAG3P8
Pack of 100 £20 REF: MAG20P5
MICROWAVE TIMER Electronic timer with relay output suitable
to make enlarger timer etc £4 REF: MAG4P4
MOBILE CAR PHONE £6.99 We almost,
ete in car
phone excluding the cox of *Melon rs narrowly hidden u nder seat.
Can be made to laminate with 12v also has beat in tight sensor so
chaplayonyelumlreteswhendark. Totalycorrnangt REF MAG6P6
ALARM BEACONS Zenon strobe made to mount on a n external
bell box but could be used for caravans etc. 12v operation Just
connect up and it flashes regularly) £5 REF: MAG5P 11
FIRE ALARM CONTROL PAN EL High quality metal cased
alarm pend 350x165x80mm.Wlm ke y. Comes with electronics but
no infcmtalon sale mice 7.99 REF. MAG8P6
REMOTE CONTROL PCB These are receiver boards for
garage door opening systems Another use? £4 ea REF MAG4P5
6"X12 AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA Bargain price just £5 99 ea REF MAG6P12
FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4 99
ref MAG5P13 ideal for experimenters! 30 m forE12 99 ref MAG13P1
LOPTX Line output transformers believed to be for hi res colour
monitors but useful forgetting high voltages from low ones! E2 each
REF: MAG2P12 bumper pack of 10 for £12 REF: MAG12P3.
:

BOTH SHOPS OPEN 9-5.30
SIX DAYS A WEEK
PORTABLE RADIATION DETECTOR

£49.99
A Hand held personal Gamma

andX Ray detec

tor. This unit contains two Geiger Tubes, has a 7
digit LCD display with a Piezo speaker, giving an
audio visual indication. The unit detects high
energy electromagnetic quanta with an energy
from 30K eV to over 1,2M eV and a measuring
range of 5-9999 UR/h or 10-99990 Nr/h. Su pplle d
complete with handbook.
REF:

MAG50

EXPRESS COMPONEÌ\ TS
MAINS IONIZER KIT. Very useful

ïtait itaa-eases the flow of negative
..12L

hdps clear cigarette smoke, dust,

?zü.

etc- Helps reduce stress and

t.r) problems. £15. kit, £20

=

COS,IBINATION LOCK. Electronic
Le, combination lock suitable for
w
cars,houses etc, easily programle Includes mains 2Arelay o/p. 9v
peation £10 kit, £14 built.
R

VARIABLE POWER SUPPLY.
Szabuzed, short circuit protected. Gives
3-3J.K DC at 2 5A, ideal for workshop
crliratory £14kit,£18built 24VAC

:wired
LEAD A CID CHARGER. Two automatic charging rates(fast and slow),
visual indication of battery state Ideal
for alarm systems,emergency lighting,
battery projects etc. £12 kit,£16 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 different voice!. £9 kit, £13
built.

PHONE BUG DETECTOR. This deice will warn you if somebody is
eavesdropping on your 'phone line £6
kit £9 built.
PITONE BUG. Small bug powered by
the telephone line. Only transmits when
the phone is used. Popular surveillance product £8 kit, £12 built

STROBE LIGHT Bright strobe light
with an ad justab le frequency of l-60hz.
(a lot faster than conventional strobes!)
£16 kit, £20 built.
4W FM TRANSMITTER. 3 RFstages,
audio preamp. 12-18vDC. Medium
powered bug £20 kit, £28 built
3 CHANNEL LIGHT CHASER. 3x
800w output, speed and direction controls, can be used with 12 led's (supplied) or TRIACS for mains lights (also
supplied). 9-15v DC. £17 kit, £23 built.
25W FM TRANSMITTER. 4 stage, a
preamp will be required. (Our preamp
below is suitable) £79 built.(no kits).
SOUND EFFECTS GENERATOR.
Produces any thing from bird chips to
sirens! add sounds to all sorts of things
£9 kit £13 built.

FM/AM SCANNER. Well not
quite,you haveto turn the knob yourself
but you will hear things on this radio
(even TV) that you would not hear on
an ordinary radio! A receiver that covers 50-160MHZ both AM and FM Built
in 5w amplifier £15 kit, £20 built.
CAR ALARM SYSTEM Works on
vibration and/or voltage drop from door
etc being opened. Entry and exit delays
plus adjustable alarm duration Low cost
protection! £12 kit, £16 built.
15W FM TRANSMITTER. 4 stage,
high powerbug.You will need a preamp
for this (see our preamp below which is
ok) £69 built. (no kits).
1W FM TRANSMrTTER. 2 stage including preamp and mic. Good general
purpose bug. 8-30VDC.
£12 kit,£16 built.

BULK PACKS
PREAMP MIXER.

3 channel input,
independent level and tone controls.
Ideal' for use with the hi power FM
transmitters. £15 kit, £19 built
TREMBLER ALARM. Designed for
bikes etc, adjustable sensitivity, preset
alarm time, auto reset. Could be adapted
for all sorts of "borrowable" things £12
kit,£16 built
ULTRASONIC RADAR. A project
that can be used as a movement detector
in an enclosed space. Range about 10

metres,12vDC. Good basis for
car,shed,caravan alarm etc.£14 kit, £19
built.

PHONE CALL RELAY Very useful
kit that incorporates a relay that operates v. hen the phone rings. Can be used
to operate more bells, signalling lights
etc. Good for noisy enviroments or if
} ou have your headphones on! £10 kit,
£14 built

PORTABLE ALARM SYS'T'EM.
Small 9v alarm system based on a met -cur} switch The alarm contitues to
sound until disabled by the owner.
Rbl77er included. £11 kit £15 built

800W MUSIC TO LIGHT EFFECT.
Add rhythm to your music with this

simplsound to light kit £8 kit, £12
built
MOSQUITO REPELLER Modem
wa\ to keep the midges away! Runs for

FUSE PACK NO 2
1 25" fuses again ideal for
spares etc. Just £1.00

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

I

30 mixed

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

ELECTROLYTIC PACK

WIRE PACK
25 Metres of insulated wire for just
£1 00, good for projects etc

I

100 small mixed electrolytic

SLEEVING PACK

capacitors just £1.00

100 assorted pieces of sleeving for
connectors etc. Yours for just £1.00

ELECTROLYTIC PACK 2
50 larger electrolytic mixed

DIODE PACK

capacitors

100 assorted diodes for just £1.00

RESISTOR PACK NO I
250 low wattage resistors, ideal for
most projects etc. Just £1 00
RESISTOR PACK NO

LED PACK
20 light emitting diodes for £I 00

TRANSISTOR PACK

2

Hi wattage pack, good selection of
mixed wattages and values 50 in all,

50 mixed transistors, another bargain
at £1.00

bargain price just £1.00

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

10

things that make a noise for just
E1.00!

POT PACK
RELAY PACK NO

1

mixed relays for £1, Chats just 17p
each.

6

CONNECTOR PACK
10

different connectors, again for £1

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

10 pots for £1, (5 different types) a
snip at £1.00

10

DISPLAYS
seven segment displays for
£1.00

ORDER 10 PACKS OR MORE
AND CHOOSE ONE FREE
PACK!!
FREE COMPONENT CATALOGUE WITH EVERY ORDERT!

99p
KITS 'N MODULES
Post

about a month on one
1.5v battery. Frequency is
set to drive away mosquitos etc £7 kit,
£11 built.
3 CHANNEL SOUND TO LIGHT.
Can be used anywhere as no connection
is made to hi fi. Separate sensitivity

channel,
for
each
1,200Wpowerhandling. Microphone
included. £14 kit, £19 built
MINI METAL DETECTOR. Detects
pipes,wires etc up to 20cm deep. Useful before you drill those holes! £8 kit,
controls

£12 built.
0-5 MINUTE TIMER. Simple time
switch adjustable from 0-5 mins,will
switch 2A mains load. 12v op. Ideal for
laboratory, photographic projects etc.
£7 kit, £11 built
7 WATT III FI AMPLIFIER. Useful,
powerful amplifier 20hz-15hz, 1218vdc. Good for intercoms, audio systems, car etc £7 kit £11 built.
INCAR SOUND TO LIGHT. Put
some atmosphere in your car with this
kit. Each channel has 6 led's that create
a beautiful lighting effect! £10 kit, £14
built
VOX SWITCH This is a sound activated switch, ideal for use on transmitters, CB's, tape recorders etc. Adjustable sensitivity, built in delay. Mic input. £7 kit, £11 built.

LlQ1f1 D LEVEL DETECTOR. low a telephone conversation without
Useful item, can be used to detect holding the handset to your ear! £11 kit
fluid levels in watertanks, baths, ponds £15 built.
fishtanks etc. Could also be used as rain
SWITCH PACK
alarm with an easily constructed sen10 switches for just £1.00
sor. £5 kit, £9 built.
FM TRANSMITTER. Mini FMtransmitter 2 transistor, comes with FET
minature mic and is tuneable from 63 to 12v FLOURESCENT. Auseful kit that
will enable you to light large Iluuroacw t
130MHZ. £7 kit, £11 built
FUNCTION GENERATOR Gener- tubes from your car battery etc 9v mains
ates sinusoidal, saw tooth and square transformer required £8 kit, £12 built.
waveforms from 201¢ up to 20khz. SepaKNOB PACK
rate level controls for each waveform
10 knobs for just £1.00
24vac. £15 kit, £20 built
5 WATT SIREN. Powerful siren kit
with an impressive 5 watts output. Ideal
REMEMBER! YOUR FREE COPY
for alarms etc. £6 kit £10 built.
OF OUR CUT PRICE COMPOTELEPHONE AMPLIFIER Very
sensitive amplifier which using a'phone
NENTS CATALOGUE SENT
WITII EVERY ORDER!!!
pickup coil (supplied) will let you fol -

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,VISA, CHEQUE OR POSTAL ORDER.
Cheques and postal orders should be payable to Express Components.
ALL PRICES ARE SUBJECT TO 99p POST AND VAT. Some ofourproducts
may be unlicensable for use in the UK (particularly the FM transmitters.)
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Where
on Earth
aim 1?

of US military satellites can now be used to pin point your position in
three dimensions, to within just a few metres anywhere on the surface of our
planet. We look at how this system works and how it is being used as the basis
for a range of new devices that could affect all our lives.

A network

uring the Gulf War, the US military and their allies
Dmade unprecedented use of high technology to
give them a strategic advantage over theiriragi
opponents. This allowed them to attack key targets
with enormous precision and minimum risk to their
own forces. Remember the news shots of cruise missiles flying
low along a main street in Baghdad? Missiles capable of
locating and destroying a specific building or installation and so
accurate that they could fly into an air conditioning duct on a
concrete bunker. There were also SAS teams who were
capable of moving across the desert at high speed, under cover
of dark, to accurately locate and destroy Iraqi supply columns
and SCUD missile launchers.
The technology wtiich allowed the allied forces to precisely
target missiles, aircraft and troops gave them an enormous
edge. It was based on a highly sophisticated network of satellites, orbiting the Earth at a height of 20.200 kilometres, known
as GPS, or Global Positioning System. Witb this system, the
US military and NATO allies can pinpoint any piece
of hardware with anaccuracy in three dimensions ranging from a few metres to a few
centimetres or even less.
This is no ordinary military
development, since the US has
made it possible for anyone
to use it, on a somewhat
less accurate level, to
locate their

geographical position or that of some piece of mobile equipment. All over the world, nasc.hant ships, yachtsmen, commercial and private aircraft are now using GPS systems to track
their current position. Transpoft companies are using It to locate
their vehicles, emergency senees are using it to identify the
nearest team to a particular incident, even taxi companies are
using it to locate the nearest cab to a customer.
Very soon GPS systems wöl atfiuence the lives of all of us.
The big car companies, for exampie, are developing techniques
which will allow drivers to know exactly where they are on an
electronic atlas. Air traffic control systems are being developed
which will utilise GPS to allow increasing numbers of aircraft to
fly on busy routes. GPS systems are so accurate that they are
even being used to measure and survey new buildings, roads
and bridges. to remotely check for dangerous distortions in
dams and earth move;
: m e -?t
ke zones.

The development of OPS
-.s taken over twenty years
to develop at a reputed cost
running into tens of billions of
dollars. It was first
conceived by the US
Navy in 1973 as a
navigation aid and
was then known
as the Naystar
Global
Positioning
System.
This was
based
upon a

technology
derived
from
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er. land based, radio beam navigation systems, such as the well

:n Loran in America and the Decca in Europe. These had been
II for maritime navigation
c.. -Poses.
The designated function of Naystar GPS was, like Loran and
=cca, to provide an accurate all weather naval navigation system.
-:,./ever, this function was broadened as a result of its being merged
the US Air Force 612B programme, to provide highly accurate
-- e dimensional positioning which could be used not just by naval
essels, but also by aircraft and for the new generation of smart
ssiles.
The GPS concept was the subject of an enormous amount of very
careful design work, both from the practical aspect and from the
strategic aspect. The system had to be capable of very high accuracy,
out also had to be proof against jamming by an enemy. The result of this
design work was the launch of a test satellite in June 1977.
The first test system was sufficiently successful to persuade the
Pentagon to go ahead with launching a network of GPS satellites. The
first of these were launched from the USAF's rocket launch facility at
Vandenburg Air Force Base in California, in 1978 and a limited two
dimensional positioning system was first possible in October of that
year. Three dimensional positioning was demonstrated two months

How GPS works

3-2yeloped during and after World War

.

later.

This early system relied on just a small number of satellites and
thus provided only a few hours of operation each day. To give a 24
hour global, high accuracy, three dimensional positioning capability
required the launch of a lot more satellites, so that at any time at least
one and preferably more satellites were above the horizon at any position on Earth. These have been launched over the years, using the
space shuttle or Delta rockets.
At the moment, the GPS satellites system can provide full two
dimensional high accuracy positioning, 24 hours a day, anywhere on
the surface of the Earth, but it is still only capable of providing about
22 hours per day worth of full, high accuracy, three dimensional positioning, depending of course on latitude and altitude. The network is
expected to be completed -and fully operational with 24 hour three
dimensional positioning capability by mid 1995.
The only real problem which remains is the fact that GPS signals
will not penetrate buildings or rock and consequently a GPS receiver
can be effectively shielded from the satellites, thus reducing its ability
to give an accurate position. This can lead to problems with accurate
positioning in built up or mountainous areas. Another source of problems is ionospheric distortion, a signal distortion which can easily
account for a positional error of 20 or 30 metres.
The signal shielding problem can, to a degree, be overcome by use
of advanced software techniques in the receiver, coupled with an
increased number of GPS satellites. The ionospheric distortion
problem, on the other hand, is overcome by having the satellite
produce two signals at different frequencies. Since the degree of
distortion varies with signal frequency, it is thus possible to compare
the two signals and compensate for the ionospheric distortion. Again,
this is a problem which requires advanced software in the receiver for
a satisfactory solution.

The military and civilian modes

A

The fascinating thing about the US military GPS system is that it is
probably the only military system which civilians are allowed to use.
Indeed, the US government has guaranteed free access for civilian
users until at least the year 2005 and probably longer. However, they
are not giving civilian users unlimited access, otherwise they would be
handing over the technology to any potential enemy.
The result is that, although a GPS system in stand alone mode has
a positional accuracy of about 20 metres, this is degraded to 100
metres in civilian systems. Civilian systems can, however, be used to

The GPS system consists of a
network of satellites orbiting Earth at
an altitude of 20,200 kilometres twice
per siderial day (a siderial day is 23
hours and 56 minutes long), This
means that they cover the same track
each day, but four minutes earlier.
There are six orbiting planes of three
satellites at 55 degrees inclination to
the horizon.
Each of the eighteen satellites in
current operation transmits continuously on the same frequency, the
carrier frequency being 1575MHz. The
actual signal is transmitted using
spread spectrum modulation, which
means that the carrier wave is phase
inverted by a pseudo -random code
running, at 1.023MHz. In order to
recover the signal, it is multiplied by a
replica of the code used in the satellite. There are two versions of this
code. the norma Ïçi it ar version and
the secret, highly accurate,. Odin.
P-

code
which identifies the satellite, its
current position and the current time
'
;one cog'e containing thi s rnr0r155Ir©n
is .1O.2& bits long and re peated once
every millisecond. Timing has to be
very accurate and on each satellite is
derived from an atomic clock.
Using this system, the receiver
finds the position using two techniques. Firstly, it measures the
Doppler shift of the signal that results
from the satellite's motion relative to
Earth. Secondly, it measures the
signal propagation delay between
several satellites. The data from these
two techniques is combined try the
controlling computer with data on the
satellite orbits and the exact position
of the satellites in those orbits, to
generate the receiver's exact position.
Accurate position calculation
requires that a lot of factors are taken
into account. Thus, corrections need
to be made for ionospheric distortions
and even the effect of relativity (due to
an increase in frequency from the
signal interacting with the gravity
gradient) has to be taken into account
and corrections made to the calculations. GPS systems rely upon an enormous amount of highly sophisticated
computation to produce their results,
hence their need for powerful
processor chips.
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achieve much higher accuracy when used in other modes.
Thus, a five metre accuracy is possible when used in differential
mode with corrections from a reference receiver at a known
location. Even greater accuracy, down to a few millimetres, is
possible when the system is used with carrier phase tracking.
The primary military and civilian use for GPS systems is in the
form of real time, stand alone systems, rather than those
involving linkage with other receivers and a considerable
amount of post processing. For this reason, it is the stand alone
mode which is degraded in the civilian versions.
This degradation, known as 'Selective Availability' is
achieved by use of a secondary code, the P or 'precise' code,
that is transmitted by the satellite along with the conventional
positional and time data. This P -code contains the information
which allows far greater positional accuracy to be obtained. This
P -code can be changed at regular intervals to prevent enemy
access and has also been designed so that an enemy can not
generate spurious GPS signals and thus deceive the receiver
into giving a false location.
Of course, as one would expect, the Russians have an
equivalent GPS system known as GLONASS. To date, this
Russian system has not been used commercially, but moves

are underway to incorporate it into the GrPS network with the
development of combined GPS/GLONASS receivers. Such
combined receivers will have the benefit of a far larger number
of satellites and thus be less prone to error.

The commercial application of GPS
A practical GPS system consists of two components, the radio
receiver/antenna system and the signal analysis computer.
Thanks to the military origin of the system, the radio

receiver/antenna system is already available as highly integrated
units, indeed GEC Plessey Semiconductors has produced a
single chip which contains most of the receiver electronics.
Similarly, the analysis computer can be one of the high power
microprocessor chips that are now widely available and here the
Transputer seems to be a common choice. All this means that
the actual hardware for a basic commercial GPS system can
now be obtained for just a couple of hundred pounds.
The relative low cost of commercial GPS systems has meant
that over the last few years there has been an enormous boom
in the sales of sets. As one would expect with a system that
was initially conceived as a maritime navigation aid, the first big
market to appear for commercial GPS was among professional
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systems that require high accuracy. In many busy and confined
navigation channels, such as the Channel and large navigable
rivers like the Mississippi or the Rhine, GPS systems can be
used to accurately keep a vessel in navigable channels and also
in the correct channel to avoid collisions with vessels going in
the opposite direction.
The maritime emergency services have also started to make
considerable use of GPS. Here, the International Maritime
Organisation was one of the first to realise that search and
rescue operations could be made much more effective if a GPS
system was used to give an accurate position of a vessel in
distress. It is now an IMO requirement that all commercial
vessels carry a GPS receiver, which means that search and
rescue craft can be sent directly to a site and locate it using
their own GPS receivers.
Private and commercial pilots were also quick to realise the
potential of GPS as an additional aid to navigation. For years
they had been relying upon a network of VHF radio beacons to
provide accurate fixes, while commercial jets also had an Inertial
Navigation System, or INS, for navigation across oceans. Pilots
used a combination of these two position location systems, with
radar, altimeters and of course voice links with air traffic control,
to provide accurate navigation.

P amateur boat owners. Boat owners were also the first to
peneft from 24 hour GPS coverage, because the wide, uninter-Joted horizon at sea allowed position fixing with a network of
-ewer satellites, while sailors did not need the more complex
-nee dimensional positioning capability of the full GPS system.
There was initially considerable competition from the existing
_oran and Decca navigation systems, but as the price of GPS
-as come down, it has become more popular, particularly in the
Professional market and with the serious yachtsman. Indeed,
one only has to pick up a copy of any on of the yachting magazines to find dozens of adverts for GPS equipment, at prices
anging from three or four hundred to several thousand pounds.
This increasing popularity is due to a combination of factors.
Firstly, the decreasing cost and secondly, the integration of
GPS systems with electronic charts and course plotting software that will run on personal computers. Amongst certain
professional users the very high accuracy of differential and carrier
phase tracking GPS systems has been employed with considerable success. For example, oil rigs are now routinely positioned
in oil fields such as the North Sea with enormous accuracy,
thanks to GPS, in fact so accurately that a production platform
can be exactly positioned above the well head left by a drilling rig.
Ferry companies are amongst the other users of GPS

a

o

GPS on a chip
For anyone interested in experimenting with GPS
systems, GEC Plessey Semiconductors has made
life a lot easier with the development of a single IC,
including all the active circuitry needed to convert
global positioning information in rf spread spectrum
form to a 4.309MHz if form, that can be used for
subsequent processing. The diagrams in this box
show how this chip, the GP1010, functions, as well
as a basic applications circuit.
For more information on the GP1010 contact GEC
Plessey Semiconductors, in Swindon on 0793
518000.
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The problem with the network of beacons is that it automatically creates a system of lanes in the sky, along which aircraft
travel from one beacon to another. The result is a localised build
up of aircraft in a particular part of the sky, thereby putting limits
on the number of aircraft which can safely fly a particular route.
The other limitation is that many leisure flyers, such as micro lights, small aircraft and balloons may be unable to properly
utilise the beacon system.
This is less of a problem over oceans, where there is no
beacon network and pilots have to rely upon their INS. But INS
systems are notoriously inaccurate and can quite often register
a drift of one degree per flying hour, a drift which can result in a
serious positional error after a long ocean flight.
The use of GPS systems solves all these problems. They can
give accurate positional fixes to within 100 metres on the horizontal and 150 metres in the vertical, which means that there
need be no positional drift over oceans, deserts, etc., and
where air traffic is heavy, many more lanes can be created and

the separation between aircraft reduced. Furthermore, because
GPS systems are cheap and lightweight, they can be installed in
any type of aircraft, even microlights.
Perhaps the most spectacular use of GPS systems in terms
of accuracy is in ground based surveying with the aid of carrier
phase tracking. Besides being used in building and civil engineering construction surveying, it can be used to create
extremely accurate maps. Maps that are being combined with
satellite images to provide information on a wide range of
geological, economic and environmental subjects. They can, for
example, be used to accurately measure movements in the
tectonic plates of the Earth, or in a major fault line and thus help
predict earthquakes.
Stand alone GPS systems are also being used by freight
companies to accurately locate the position of heavy goods
vehicles, trains or even individual freight containers. These
systems involve linking'the GPS to either existing voice VHF
networks for automatically relaying vehicle position within a local
area, or via the Inmarsat satellite system for global position
location. This not only enables the operator to accurately locate
the vehicles in a fleet, thereby optimising their use, but it also
allows them to track any stolen vehicles. This is a particularly
important feature of the system when one considers that goods
vehicles and their freight loads worth over £500 million are
stolen every year and most of them are never located.
Automatic location of mobile units with the aid of GPS
systems is also proving useful to the various emergency
services, since it allows police, ambulance and fire services to
locate the nearest appliance to an incident and thus reduce the
time taken to reach it. A similar system is also being deployed
by the London cab company, Computacabs, to enable them to
get a cab to a customer as quickly as possible and also via VHF
links to warn drivers of problems on the roads, check customer
credit cards and advise on optimum routes. Other potential
users of such systems include bus companies and service/maintenance vehicles for power and telecommunication companies.
Surprisingly enough, GPS systems are also being used in
applications which do not involve position location. In fact, GPS
systems can also be used as very accurate time and frequency
sources (the satellites all contain highly accurate atomic clocks)
and moreover, as a time source which is globally synchronised.
The BBC time signal is no longer derived from a time source in
Greenwich, but from a GPS receiver.

The future of GPS
As we have seen, GPS systems are already being employed in

a wide range of non military applications. However, the develop-

ment of GPS applications is still in the early stages and we have
yet to see some of the most exciting of these developments,
which look likely to have an impact on the lives of nearly all of us.
The application which will undoubtedly have the widest
impact is the development of GPS systems for cars. All round
the world, the major motor manufacturers are working on such
systems. These products range in sophistication from a simple
emergency beacon to full scale navigation systems, complete
with electronic map displays. Prototype in car navigation
systems are already undergoing tests in Japan, the US, the UK
and Germany.
Probably the most sophisticated of these projects is being
developed by a consortium of Japanese car companies. It
involves storing a high precision 50,000:1 vector map database
in the car as part of the GPS system, which is displayed on a
PC quality flat screen display. This database is linked to a
sensor system, allowing the car to be precisely positioned on
the map with the aid of dead reckoning and map constraints, all
based upon a GPS reference. This gives the navigation system
far greater accuracy than is possible with the GPS system alone.
Because the navigation system must not distract the driver,
the Japanese system will only function when the car is
stationary or moving at under ten miles per hour. At higher
speeds, it will simply display trunk roads without any finer detail.
The problem of driver distraction has led some European developers to propose a purely voice command system (I can see
this driving people mad very quickly!, Ed.).
Car navigation systems based on GPS could be on the
market today and, indeed some simpler systems are, but their
further development is constrained by one major factor - the
lack of high precision electronic map data for many areas of
potential use. It is the availability of such maps that has allowed
the Japanese to gain an early lead in this market.
Car navigation systems may well prove to be the big
commercial market for GPS systems but the future for this technology is no less exciting in other areas. For example, in
maritime applications, experimental GPS receivers are now
being linked with communications systems that utilise the low
flying COSPAS SARSAT satellites to continuously report on a
vessel's position. In future they will probably be linked to
geostationary satellites as part of a system which will allow
accurate control of shipping movements.
Moves are also afoot to use GPS systems to replace some
elements of air traffic control and permit planes to fly much
closer to each other. Again, this will rely upon GPS systems on
the plane continuously reporting exact positions to air traffic
control, via a geostationary satellite. Problems associated with a
failure of the actual GPS system have now been overcome and
the safety aspect of relying on GPS has been satisfactorily resolved.
Another aeronautical application for GPS is for precision
approach and landing systems. This is a particularly important
development, since it will considerably improve safety at countless airports, particularly in the third world, where no MLS
system is installed.
This article has, hope, shown that satellite base global positioning systems are likely to have a considerable impact over
the coming decade in a wide range of different non military
applications. GPS should improve efficiency and safety in a
great many transport operations, and allow scientists and engineers to measure minute movements in the environment,
providing vital clues to climatic changes or impending earthquakes.
This is one piece of military expenditure for which we should
all be thankful!
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These modules now enjoy a world-wide reputation for quality, reliability and performance al a realistic price. Four
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rices,NOTE--etc. When comparing prices,
NOTE Thal all models Include toroidal power supply, Integral heat sink, alas, libro P.C.B. and
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compatible Vu meter. All models are open and 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 £40.85 + £3.50 P&P

OMP/MF 200 Mos-Fet Output power 200 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor > 300, Slew Rate 50V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W
100W) MXF400 (200W + 200W)
MXF600 (300W 300W) MXF900 (450W - 450W)

-110 dB. Size 300 x 155 x 100mm.
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PRICE £64.35 + £4.00 P&P

ALL POWER RATINGS R,U .S. INTO 4 OHMS, BOTH CHANNELS DRIVE N
FEATURES: *Independent power supplies with two toroidal transformers Twin L.E.D Vu meters
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XLR connectors * Standar d 775mV inputs * Open and short circuit
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OMP/MF 300 Mos-Fet Output power 300 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor > 300, Slew Rate 60V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 330 x 175 x 100mm.
PRICE £81.75 + £5.00 P&P
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OMP/MF 450 Mos-Fet Output power 450 watts
R.M.S. Into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 75V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm
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PRICE £132.85 + £5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms,
frequency res ponse 1Hz - 100KHz -3dB, Damping
Factor -300, Slew Rate 75V/uS, T.H.D. typical
0.002., Input Sensitivity 500mV, S.N. R. .110 dB. Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti -Thump Delay. Size 422 x 300 x 125mm.
PRICE £259.00 + £12.00 P&P

4sNsxsced 3-Way Stereo Active Cross -Over, housed in a 19" x 111 case. Each channel has three level controls:
m,d A top. Thu removable front fascia allows asses s to the programmable DIL switches to adjust the
oeac.ur frequency: Saes -Mid 250/500/900Hz, Md.Top 1. S. 3/5KHz, all at 24dB per octave. Bass Invert switches
n. nab. bass Channel. Nominal 775mV inputioutpld. Fully compatible with OMP rack amplifier and modules

as

Price £117.44 + £5.00 P&P

1@E0 DISCO MIXER with

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz.
PIC (PROFESSIONAL EQUIP MENT COMPATIBLE) - INPUT SENS
77 amO, SAND WROTH SONS. ORDER STANDARD OR PEC.

(I

2 x 7 band
graphic equalisers with bar graph
meters.
MANY OUTSTANDING
IOWES> including Echo with repeat &
mid control, DJ Mic with talk -over
E d., 6 Channels with individual faders
cress fade, Cue Headphone Monitor. 6
mat Elects. Useful combination of the
bouts 3 turntables (mag), 3
:3,5 Lire for CD, Tape, Video etc.

I

R

t V

Iwig

j e £144.99

+ £5.00 P&P
SIZE: 482 x 240 x
TRI TW
ER - MOTOROLA

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

McKenzie and Fane Loudspeakers are also available.

Ts i"Teelln11 .
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ALL EMINENCE UNITS 8 OHMS IMPEDANCE
Jsi tie Flew 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.
rxxxm response with a lower disto Mon level than ordinary dynamic tweeters. As a crossover is not required RES. FRED. 72Hz, FREO. RESP. TO 4KHz, SENS 97dB.
PRICE £32.71 + £2.00 P&P
arts can be added to sanding speaker systems of up to 100 watts (more it two are put in series FREE 10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID.
RES. FREO. 71 Hz, FREO RESP. TO 7KHz, SENS97dB.
EMI L AMATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.
PRICE £33.74 + £2.50 P&P
200 WATT MM3. .6111 0-200 GUITAR, KEYB'O, DISCO, VOCAL, EXCELLENT HIGH POWER MID.
TYPE 'A' (KSN1036A) 3" round with protective wire mesh. Ideal for 10"
RES. FREO. 65Hz. FRED. RESP. TO 3.SKHz, SENS 99dB.
PRICE C43.47 - C2.30 PEP
Tookshel' a red medium sized H i.Fl Speaker.. Price C4 90 + 50p P&P.
12" 100 WATT R -M3. ME12-100LI GEN. PURPOSE. LEAD GUITAR, DISCO, STAGE MONITOR.
TYPE'B' KSN1006A) 35, super horn for genera purpose speakers, RES.FREO. 49Hz, FRED. RESP. TO 6KHz, SENS 100dB.
PRICE C96.64 - C3.50 PAP
and PA. systems etc. Pri ce C5.59
12" 100 WATT FLM.S. ME12.1OOLT (TWIN CONE) WIDE RESPONSE. PA.. VOCAL. STAGE
50p PEP.
1"TYPE
TYPE 'C' (KSN7016A) 2"x5" wide dispersion horn for quality Hi -F1 sys- MONITOR. RES. FRED 42Hz, FRED. RESP TO10KHz, SENS 95d13.
PRICE C36.67
C3.50 PAP
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO. VOCAL, EXCELLENT MID.
tems and quality discos etc. Price £6.99 + 50p P&P.
PRICE C46.71
£3.50 PAP
TYPE 'D' (KSN1025A) 2'46' wide dispersion horn Upper Irequ ency RES. FRED. 58Hz, FRED. RESP. TO 6KHz, SENS 95dB.
12' 900 WATT R.MS MEl2.3000P HIGH POWER BASS, LEAD GUITAR, KEYBOARD DISCO ETC.
response retained extending down to mid -range (2KHz). Suitable for high RES. FRED. 4710, FREO. RESP. TO 5KHz,
SENS 103dB.
PRICE C70.10
TYPE E
C3.50 PAP
quality HI -Fi systems and quality discos. Price £9.99 - 50p PEP.
15' 200 WATT RA1i-11516.200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.
TYPE'E' (KSN1038A) 3z,' horn tweeter with attractive silver Finish trim. RES. FRED. 46Hz, FREO. RESP. TO 5KHz, SENS 99dB.
PRICE C50.72 + C4.00 P&P
15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR.
Suitable for Hi-Fi monitor sysle HIS etc. Price C5.99 + 50p P&P.
PRICE 073.34 + C4.00 P&P
LEVEL CONTROL Combines, on a recessed moon fing plate, level control RES. FRED. 39Hz, FREO. RESP. TO 3KHz, SENS 103dB.
and cabinet Input lack socket. 8 5x8 Smm, Price C4.1 0 + 50p P&P.
EARBENDERS:- HI.FI, STUDIO, IN -CAR, ETC
ALL EARBENDER UNITS 8 OHMS (Except EB8-50 a EB10-50 which are dual Impedance tapped @ 4 a ohm)
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND
FLIGHT CASED LOUDSPEAKER
8" 5Owatt EB8-50 DUAL IMPEDENCE, TAPPED 4/B OHM BASS, HI-FI, IN -CAR.
RES. FREO. 40Hz, FREO. RESP. TO 7KHz SENS 97dB.
PRICE C8.90 + £2.00 P&P
+ rree ange of quality loudspeakers, designed to lake advantage of the latest
10" 50WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/B OHM BASS, HI-FI, IN -CAR.
Renewer technology and enclosure designs. Bon models utilize studio quality
RES. FRED 40Hz, FREO RESP. TO 5KHz, SENS. 99dB.
PRICE 013.65 + C2.50 P&P
mr
aluminium loudspeakers with factory flied grilles- wide diapnrslan
10" 1 OOWATT EBIO-100 BASS, HI-FI, STUDIO.
mart directivity horns. extruded aluminium comer protection and steel
RES. FREO.35Hz, FREO. RESP. TO 3KHz, SENS 96dB.
PRICE 030.39 + C3.50 P&P
Hers. compli minted with heavy duly black coverinq. The enclosures
12" ZOOWATT EB72-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
am
es standard with lop hats for optional loudspeaker stands
R ES. FRED. 26Hz, FREO. RESP. TO 3 KHz. SENS 9308.
p RICE £42.12 + C3.50 P&P
F ULL RANGE TWIN CONE, NIGH COMPLIANCE, ROLLED SURROUND
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET
5 'a' 6OWATT EE6.6OTC (TWIN CONE) HI-FI, MULTI -ARRAY DISCO ETC.
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz
R ES. FRED. 831z, FRED. RESP. TO 20KHz, SENS 92d63
P RICE £9.99 + C1.50 P&P
Sid PC 12-100WATTS (100dB) PRICE 0159.00 PER PAIR
5 'A' 6OWATT 568-009C [TWIN CONE) HI -fl, MULTI -ARRAY DISCO ETC,
WPC 12-200WATTS (100dB) PRICE 0175.00 PER PAIR
ES. FRED. 38Hz, FRED. RESP. TO 2»KHz. SENS 94.113
P RICE 010.99 + 1.50 P&P
B ' 60WATT E584SOTC (TWIN CONE) HI -Fl. MILTI-ARRAY DISCO ETC.
SPECIALIST CARRIER DEL. £12.50 PER PAIR
RES. FRED. 40Hz, FREO. RESP. TO 18KHz, SENS 89dB.
PRICE 012.99 + C1.50 P&P
OPTIONAL STANDS PRICE PER PAIR 049.00
10" 6OWATT EB1 O -ROTC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.
Delivery £6.00 per pair
RES. FREO. 35Hz, FREO. RESP. TO 12KHz, SENS 98dB.
PRICE C16.49 + £2.00 P&P
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THREE SUPERB HIGH POWER
CAR STEREO BOOSTER AMPLIFIERS
+ 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
150 WATTS (75

Features:

*

*

Stereo, bridgable mono
Choice of
high & low level Inputs
L & R level
controls
Remote on-ott
Speaker &

*
PUCE& 150W £49.99 250W £99.99
*
*
400W £109.95 P&P 02.00 EACH
PVSTAL CHARGES PER ORDER [1.00 MINIMUM. OFFICIAL 'gpfjWfI<t
ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLC. ETC.
PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND
.111W,MI
ACCESS ACCEPTED SV POST, PHONE OR FAX.

RANSMITTER HOBBY KITS
PR OVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRI !NTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS
3W

TRANSMITTER

80-108MHz,

VARICAP

CONTROLLED

PROFESSIONAL

PEA IFORMANCE, RANGE UP T03 MILES, SIZE 38 z 123mm, SUPPLY 12V @ 0.5AMP.

PRICE 014.85 + C1.00

PIP

FM MICRO TRANSMITTER 100.108MHz, VARICAP

=I]

TUNED, COMPLETE WITH
MFA Y SENS FET MIC, RANGE 100-300m, SIZE 56 z 46mm, SUPPLY 9V BATTERY.

PRICE £8.90 + C1.00

=l

PIP

al

PHOTO:3W FM

+=

UNITS 1 S 5 COMET WAY, SOUTHEND-ON-SEA,
ESSEX. 552 STR.
Tel.: 0702-527572

Fax.: 0702-420243
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stepper motors

This month, Jim Spence looks at an application for the
ETI Forth Experimenters Computer - using it to accurately control the rotation of a stepper motor.
for next to nothing. The old daisy wheel printers

ave you ever experimented with a stepper motor?
Did it work? Were you
pleased with the results? This
is a practical article, the inten+5v
tion of which is to tell you how to
use stepper motors and make them work
PHASE
for you in your application Described is an
unusual way of driving the ordinary stepper
motor and obtaining a much improved
PHASE 2
performance. Stepper motors seem to be
used everywhere - in printers, disk drives,
robots, fruit machines, in fact anywhere
PHASE 3

+

12V

1

where mechanical positioning is important.
This is good news for the average electronics enthusiast, if there is such a thing.
Why is it good news? Well, you can pick
up at a car boot sale, or better still at a
Radio Rally, 'junk' disk drives and printers

PHASE 4

Figure 2: 2 x 75463 ICs as drivers
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(if

you can lift

e

have about 5 stepper motors in and these would have cost

a'ortune to buy new.

Types of stepper motor
The two most common types of stepper motor are unipolar and
polar. The type you are most likely to encounter is the
,nipolar, which is shown in Figure 1. They come in two types, 5
...ire and 6 wire. Bipolar motors only have two windings and
:-'erefore 4 wires (Figure 1d), while modern motors have 8 wires
and can be wired either as unipolar or bipolar (Figure 1 c).
Before you can use one of these motors you must establish
nvo things. Firstly the common connection, as in the case of
7_
figure 1 a and 1 b, and secondly the sequence of the phases.
The colours of the wires are of no help, as every manufacturer
appears to have their own scheme.
The first step can be achieved with a meter. Usually, the
motor windings will be between about 6 and 150 ohms.
Obviously, the resistance between two windings will be twice
that of the resistance between the common connection and a

winding.
Having established the phases, you must determine which
phase steps the motor to which position. Do this by wrapping a
piece of stiff wire round the shaft of the motor, to act as a kind
of clock hand or pointer. Connect each phase in turn to a
power source and mark the top of the motor. You will easily
establish the sequence of phases this way.

Typical Motor Characteristics
Basically, a stepper motor is a motor capable of revolving in
fairly accurate discrete steps, a kind of digital motor if you like
Stepper motors have definite characteristics, they are good for
some things but not for others. To begin with, they are not very
fast in terms of RPM. An average stepper motor will go up to
about 1000 steps per second if driven correctly and this translates to 150 RPM for a 1 8 degree per step motor, driven in half
step mode. Now for a ballerina that's fast, but for a motor it isn't
and it certainly wouldn't be suitable for use on the end of a
garden strimmer! Having said that, modern motors are capable
of quite reasonable speeds, as high as 10,000 steps per
second without appreciable loss of torque.
Stepper motors also need special arrangements to make
tnem work. You can't simply connect them up to a battery and
watch them go round. As you will see later, the arrangements
for driving this type of motor can make all the difference.
So what's the good news? Well, in spite of the special
arrangements needed for driving, for positioning type applications they make life very simple because there is no need to
have a constant feedback (as in closed loop). They can also be
very accurate. For example, you can do things like move in
extremely small increments. All of these options are simply not

MOTOR

(a)

possible or practical with an ordinary motor.
With these properties, the motor lends itself to 'positioning'
applications such as plotters and CNC (computer numerically
controlled) machines, the main advantage being that there is no
feedback required as to the position of the machine This is
known as an open loop system. For example, all you would
need to do is to tell the motor to advance a certain number of
steps and this would cause an exact and repeatable location to
be realised.
In practice there is always some kind of feedback, even in an
open loop system. Take a pen plotter. At switch on, how would
the controller know where the pen was if there wasn't a 'home'
position? There could also be an intermediate monitoring position so that whilst plotting, if this position was crossed. The
controller could work out if it should have been there or not,
issuing an error if an anomaly occurred.
The point is that in a system like this, the monitoring is
minimal. In contrast, a closed loop system requires a constant
update of the position A closed loop system is 'safer' in the
sense that if external forces interfere with the motor, e.g. you
stick your hand in the machine, the effects are known immediately and corrective action can be taken, whatever that may be. An
open loop system would not know if anything had gone wrong
until the monitoring position, if any, which may be too late.

Fundamentals of stepper motor control
Although this text is of a practical nature, there are a few fundamental things about stepper motors which must be covered in
order to make sense of the rest of the text and to enable you to
put your 'junk' motor to good use

Steps
Most stepper motors, you are likely to encounter, will step
either 7.5° or 1.8° per step This will give 48 and 200 steps per
revolution respectively. Ninety degrees per step is also common
but these are usually geared down. Obviously, the smaller the
step, the better the resolution that can be obtained for a given
gear ratio.

Pull -in and Pull-out Rate
The pull in rate is the maximum switching rate at which a loaded
motor will start without losing steps. The pull-out rate is the
maximum switching rate a loaded motor can go at. The pull -in
rate is always lower than the pull-out rate and from this statement it can be seen that, if you want to drive a motor at its full
speed, the pull-out rate, then you must progress to this, stepping slowly at first and increasing gradually to the pull-out rate.
This is called ramping.

MOTOR

MOTOR

(b)

(c)

DIPOLAR

UNIPOLAR TYPES

Figure

MOTOR

1:

Motor winding types

500mA PER PHASE

1A PER PHASE

Figure 3: Using an ULN2803 as a driver

Lg

MOTOR

Resonance

aVE

Certain operating frequencies
cause the motor to resonate.
You can actually hear this and
it may cause the motor to lose
steps. These frequencies
should be avoided.

)e)

ro)

Figure 4: Forcing resistors improve motor performance

General
There are, of course, many
other parameters but for practical purposes the above will
suffice. It is also important to
realise that the motor will
behave very differently when
installed in a machine than it
does when it is driving
nothing.

WITHOUT FORCING RESISTOR

Motor drivers
How you drive a stepper
motor can make all the difference. You may be able to stop
a motor with your thumb and
finger when it is driven by one
method, but take the same
motor and drive it differently
and it will be unstoppable and
probably consume less
average current.

WITH RESISTOR

CHOPPER DRIVER

Figure 5: 3 types of drive arrangement
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Unipolar
As mentioned earlier, there are
two broad types of motor unipolar and bipolar. This,
however, refers as much to
the way motors are driven as
to the way the motors are
constructed. Some motors are
designed to be driven either
way. For example Figure 1 c.
The term unipolar, meaning

15

19

199
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PHI
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SENSE2

SENSE1

03

D6

15

ov
Figure 6: Driver circuit
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i

resistor. Using a resistor also gives improved torque and as a
rule the higher the value the resistor, the better the improvement, providing the current is maintained.
The jargon used is L/nR, where nR is the sum of the external
resistance plus the winding resistance R. The idea is to maintain
the rated current but with a higher voltage. For example a 20
Ohm 10V motor (0.5A per phase) driven in V4R mode would
have a 60 Ohm series resistor (60+20=80=four times phase
resistance) and be driven with a 40V supply, thus maintaining

_-e 7,,vection through the windings.
The old full height 5 1/4in disk drives have a small 12V.
motor to position the heads. This is driven very simply
er.-ec
..'. o 75463 driver chips (see Figure 2). This is a very simple
indeed and am sure that no attempt is made to get the
=
-a mum performance from the motor. However, for this appli.O: n it obviously fits the bill.
A more practical and modern circuit for driving a stepper
-_.cr this way is to use an octal driver chip, ULN2803. This
-:-edible device has eight Darlington driver outputs capable of
ng 500mA each, at up to 50V. The outputs may also be
__ eled to give greater output current and all this for less than
see Figure 3). Be warned here however, the device is an 18
DIL with no heat sink, so don't put your finger on the top to
f it's getting warm. still have a blister!
I

4

the 0.5A. See Figure 4.
It is normal practice for manufacturers to quote torque ìn the
performance figures using a particular L/nR value.
The forcing resistor needs to be fairly hefty and the above
example would require a 20W resistor which would get quite
hot, therefore probably requiring a heat sink. This is the main
problem with the forcing resistor arrangement, it is very inefficient. The alternative is to dispense with the resistor but still
use a high voltage and monitor the current in the phase
winding. Just as the current begins to exceed the rated value,
switch off the supply. As the current falls switch the supply back
on again, so on and so forth at high speed. This is called chopping, see Figure 5. This is the best arrangement of all and
because of the near ideal waveform, gives very much improved
performance. For unipolar types of drive, it is usually adequate
to use either direct or L/nR types of driving arrangement.

I

More performance
main problem with the circuits shown so far is in obtaining
pull-out rate (maximum speed). If the motor is fed with
'ated current at a low 12V voltage, it may take, say 10 ms,
.ne winding to become fully energised. This will be the deter- ng factor for the maximum speed. In order to get more
--ormance, the motor can be driven with a higher voltage but
---ugh a resistor to limit the current. The effect of this is to
e ce the time taken for the winding to reach its maximum
e- gy and thus increase the maximum speed. It is common
=-actice to use a resistor, which is generally called a Forcing
full

-

Bipolar
This method of driving stepper motors gives quite a remarkable
improvement in performance over unipolar. The phases need to
be driven in opposite directions and so the driver circuit needs
to be able to source current as well as sink it. In the unipolar
arrangement, the unwanted phase is simply switched off. In the
bipolar arrangement the phase is either connected to ground or
+ve. The main disadvantage, in the past, has been the difficulty,
and complexity of the driving circuits, but there are now ICs
available which take care of all the driving complexities.

34-36V

Chop It

CV

The maximum performance which can be obtained from a
stepper motor will be achieved with a bipolar circuit and some

Figure 8: Power supply circuit
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Figure 7: Driver circuit 2

ELECTRONICS TODAY INTERNATIONAL
21

07

D8

`
1-

--VL4G
L...

form of chopping mechanism driving a motor designed for
bipolar operation. This can be achieved fairly simply using just 2
IC's, Figure 6. The first IC (L297), is the controller IC and the
second (L298N) is the driver IC. This is very similar to the L293,
except the package enables it to handle greater currents. The
two sense lines monitor the voltage across the motor windings
and cut off the current at a predetermined value. This value is
set by the input Vref. It is beyond the scope of this article to go
into the details of this circuit, as the circuit proposed in Figure 7
performs almost as well. For a lower cost system, the added
expense of the chopper circuit will make no practical difference.

common, twice as much torque is available. If phase 1 and
phase 3 are opposite each other, physically on opposite sides
of the motor, one will be pushing and the other will be pulling so
to speak. This gives double the torque that can be obtained
from a unipolar system. A five wire motor also works driven by
this method. Although current is flowing through the other two,
unused phases, it has the same magnitude and direction. They
therefore cancel each other out and do not mechanically affect
the operation of the motor. This is not ideal, but it does give
good results. A bipolar motor only has four wires and this circuit

The Circuit

Construction and Testing

The philosophy behind the circuit in Figure 7 was to construct a
general purpose high performance stepper motor driver,
capable of working with as many different types of motor as
possible. The circuit is configured to drive a bipolar motor, but
as you can see, a unipolar motor is shown connected. We can
get away with this by leaving the common connections unconnected. The circuit will even work with a 5 wire type although
some losses can be expected and the 5 wire motor may not
reach its maximum performance. It will, however, perform far
better with this circuit than it will with the unipolar circuit.
IC1 is a general purpose motor controller capable of supplying
1A per channel, which is more than adequate for a lot of motors.
The board has an on board variable voltage regulator which will
need a heat sink. This is so that the current can be adjusted to
suit the particular motor. Also, there is a Link on the board
which is for an ammeter. Four output lines from the computer are
needed as well as +5V and ground. This is provided by the 6 way
connector Only 4 wires are needed for the motor (see How It
Works) and two pins are provided for the power input.
In practice, the circuit will supply about lA for short periods
without getting too hot. 300 to 500mA is a realistic figure for
continuous operation and you will be surprised how powerful
some motors can be at this current.

Use of the PCB Is highly recommended, unless very low
currents are to be used, You will notice that the PCB has large
areas of copper connected to the ground pins and this is to
help dissipate the heat from the IC. The chip is physically
bonded to the ground pins for this purpose.
It goes without saying that for once an IC socket should not
be used. Solder in all the components except the IC, taking
particular care over the orientation of the diodes.
Connect up a power supply and check that the regulator IC
is working and varies the voltage as you turn VR1. If everything
is functioning correctly, solder in the IC Make absolutely certain
you get it the right way round.

is ideal

for driving one of these.

After completing the board, connect a motor to the 4 way
connector, a suitable power supply to the two pins, +5V and
ground, to the six way connector and an Ammeter across the
pins marked Link.
With nothing
connected to DO PH1 PH2 PH3 PH4
D3, there should
r
5V
be no current
DO
Dl
flowing. Connect
s 02
DO to the +5V pin
D9
GND
and adjust VR1 to
give about
150mA. The
motor should jerk
C2
at this point, indicating current
flowing through it.
The actual current
depends very
much on the type
of motor you have
connected.
150mA is a fairly
Figure 9: PCB component overlay
safe starting point.

Power Supply
Modern stepper motors have winding resistances as low as 1 to
2 ohms. A low voltage supply can therefore provide adequate
currents. Older, cheaper motors however, have winding resistance's of 50 ohms and up. Connecting unipolar motors to run
in bipolar mode effectively doubles the resistance. The practicality of the above means that to drive motors with a high resistance, a high voltage supply is needed. The circuit shown in Figure
8 will provide about 35V, which is the maximum rating of Cl.I

How It Works
REG1 is a virtually indestructible variable voltage regulator.
Resistors R1 to R3 limit the current to about 1.5A and VR1
controls the voltage output, which will swing -between 3 and
36V. Cl and C2 help to reduce the noise caused by switching
the motor windings. IC1 is an L293 which is intended as a
general purpose motor driver, not just stepper motors. Diodes
D1 to D8 prevent the normal voltage spikes exceeding the OV
and 36V rails, usually associated with inductive loads. There
exists a variation of the IC, L293D, which has the diodes
already built in. If you are using this chip, then the diodes are
unnecessary.
As mentioned earlier, only 4 wires are required. The common
connections are simply not used (see Figure 7) Figure 7 shows
a 6 wire unipolar motor connected to IC1, ready to be driven in
bipolar mode. Because current flows through two phases, for
example from phase 1 to phase 3, rather than from phase 1 to

IC1

REG1

L293 or L2930
L200CV

RI, 2,3

1R0.25W
820R 0.25W
VR1
10K lin pre-set
C1, 2 0.1pF
D1-08 BYW98-100 *
4 x PCB pins, 1 x 6 way PCB connector, 2 x PCB
way terminals
* Diodes must have a Trr of less than 200ns, not
needed if type L293 is used.
R4
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-plus always
-.eel for cash!
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LOW COST PC's

-

ALL EXPANDABLE - ALL PC COMPATIBLE

SPECIAL BUY

PC SCOOP

AT 286

COLOUR SYSTEM

QUANTITY only of these 12Mhz HI GRADE 286 systems
e USA to an industrial specification, the system was
reliability The compact case houses the motherboard,
- _ v.-: E3A video card with single WA" 1.2 Mb floppy disk drive &
meagra 40Mb hard disk drive to the front Real time clock with bat __ 's provided as standard. Supplied in good used condition
_2 -_woe n -h enhanced keyboard, 640k + 2Mb RAM, DOS 4.01
arc Sc DAY Full Guarantee. Ready to Run !
JkH

_a

.=a asHIGRADE286

ONLY .£169.00 (E)

-cno-a

Frtted extras: VGA graphics card
_-_' floppy disk drive (instead of 1 2Mb)
?_C E:-ernet (thick, thin or twisted) network card

£29.00
£32.95
£49.00

FLOPPY DISK DRIVES 3.5"- 8"
5.25" from £22.95 - 3.5" from £24.95
- __chases of standard 5 25" and 3 5" drives enables us to
_
--Ts product at industry beating low prices! All units (unless
a_ a BRAND NEW or removed from often brand new equipare fully tested, aligned and shipped to you with a 90 day
and operate from standard voltages and are of standard
are IBM-PC compatible (if 3 5" supported on your PC)
-" =anasonic JU363/4 720K or equivalent
£24.95(B)
Mitsubishi MF355C-L. 4 Meg. Laptops only
£36.95(B)
- -' Mitsubishi MF355C-D 1.4 Meg Non laptop
£29.95(B)
-eac FD-55GFR 1.2 Meg
£29.95(B)
3-RAND NEW Mitsubishi MF501B 360K
£22.95(B)
;a_ e included in price
£195.00 E
9x.gen 800/801 8" SS refurbished & tested
6-eGiam 85 8" d ouble sided refurbished 8 tested
£250.00 E
ulturorshi M289443 8` sided switchable NEW
£250.00 E
rDmeisni M289 6-63-02U 8' DS slimline NEW
£285.00(E
:u,a 6' _-ves with 2 mbyte capacity housed in a smart case with
ear Dower supply Ideal as exterior drivesl
£499.00(F)

_T
a-

i

1

1

r

HARD DISK DRIVES
ee

Y tine purchase scoop! Brand new NEC D2246 B 85 Mbyte
-astorage! Full industry standard SUO Interlace. Ultra hi

-

E'

e

.ansfer and access time, replaces Fujitsu equivalent
co-olete with manual Only
£299.00(E)

=JJ1 =K-309-26 20mb MFM I/F RFE
D-ONNER CP3024 20 mb IDE I/F (or equiv )RFE

E'

-

£59.95(C
£69.95(C

-' ZONNER CP3044 40mb IDE I/F (or equiv )RFE
£99.00(C)
=2 -DIME R03085S 70mb SCSI I/F (Mac & Acorn) £129.00(C)
MINISCRIBE 3425 20mb MFM I/F (or equiv) RFE £49.95(C)

_'
_

-a

_

SEAGATE ST -238R 30 mb RLL I/F Refurb
94205-51 40mb HH MFM I/F RFE tested
LJfTSU M2322K 160Mb SMD I/F RFE tested
_s_ _ontrollers for MFM IDE, SCSI, RLL etc. from
,

£69.95(C)
£89.95(C)
£195.00(E)
£16.95

THE AMAZING TELEBOX
=averts your colour monitor into

a

QUALITY COLOUR TV!!

ONLY

A massive bulk purchase enables us to bring you a COMPLETE

ready to run colour PC system at an unheard of price!

The Display Electronics PC99 System comprises of fully compatible and expandable XT PC with 258k of RAM 514' 380k floppy
disk drive, 12 CGA colour monitor, standard 84 key keyboard,
MS DOS and all connecting cables - lust plug In and go 1f Ideal
students, schools or anybody wishing to am the world of PC's
on an ultra low budget. Don't miss this opportunity.
Fully guaranteed for 90 Deus.
£99.00 (E)
Order
PC99COL
Odd ional Fitted extras: 640k RAM
£29.00.
2nd floppy drive, specify 5W 360c or 3W 720k
£29.95.
Above prices for PC99 offer ONLY.

u

One of the most amazing surplus deals
that we ever been able to offer you!
The PhIllps VP410 Laser Vision player, in as new condition, unit tea lures full computer control, Plays standard 12' LaserVision disks with
startling visuel and audio quality In two channel stereo or mono.
When controlled by a computer. it may also be used as a versatile
high quality storage / retrieval medium. It will play back either
LaserVision CAV (active play) or CLV (Long Play) discs (which covers most types of commercially available video discs), Some of the
many features of this incredible machine are:
RS -232 INTERFACE
RGB / COMPOSITE VIDEO OUTPUT
BNC+SCART INTERFACE
PAL / RGB DECODER
IR+WIRED REMOTE CONTROL
FAST RANDOM ACCESS

SPECgRú

VIDEO MONITOR SPECIALS
Superb quality 14' FOREFRONT MTS-9600 SVGA Multisync

-

Multimode monitor 0 28' dot pitch with resolution of
01
1024 x 768 The multi mode input allows direct connection to a host of computers including IBM PC's in
CGA, EGA, VGA & SVGA modes, BBC, COMMODORE (including Amiga 1200), ARCHIMEDES
etc. The H version will also function with the ATARI in
all modes l,,c H RES monochrome Complete with
'text' switch:no for WP use Sy ncs dow n to 15 kHz
Srspbed in EXCELLENT kte used fur-dsis wit full 90 da
Order as MIS -9600 I H for ATARI
£11u59.W
All modes ae above Order as /ATS -9600 I S
£139.00 (E)
ELECTROHOME ECM-1211SBU 12' VGA multisync monitor with
resolution 640 x 480 Multi input selection; 9pin CGA/ EGA 15 pin
VGA or 5 BNC connectors 0 31 pitch Compatible with PCs, Amiga,
Atari and others In good used condition (possible minor screen
burns). 90 day guarantee
£99.00 (E)
KME 10" high defineon odour mongers Nice tight
0 28" dot pitch for superb clarity and modem
styling Operates f rom env 15.625 khS sync RGB
video source, with RGB analog and composite
sync such as Atari, Commodore Ant iga, Acorn
Archimedes & SOC. Measures only 13.5' a12'x
11". Only £125 (E)
Good used condition 90 day guarantee.
KME 10" as above for PC EGA standard £145.00 (E)
NEC CGA 12' colour IBM-PC compatible. High
quality ex -equipment fully tested anal a 90 ray
guarantee. In an attractive two lone ribbed grey
plastic case measunng 151. x 13'W x '2'H. The
Imat cosmetic bezel has been removed lm contractual reasons.
;

PURCHASE only £399.00)E)

BBC Model B APM Board
£100 CASH FOR THE MOST
NOVEL DEMONSTRABLE
APPLICATION
BBC Model B type computer on a board. A maim purchase allows us
to offer you the PROFESSIONAL version of tile BBC computer at a
parts only p rice. Used as a Iront end graphics system on large net worked syst erns the architecture of the BBC board has so many ernilarities to th e regular BBC model B that we are sure that with a bit of
experimentation and ingenuity many useful applications will be found
for this board!! It is s applied complete with a connector panel which
brings all the I/O's to 'D' and BNC type Connectas - all you have lo
do is provide +5 and +12 v DC. The APM consists of a single PCB
with most major ic's socketed. The ids are too numerous to fiat but
include a 6502 / 6512 CPU, RAM and an SAA5050 teletext chip.
Three 27128 EPROMS con! aln the custom operating system on
which we have no data, On application of DC power the system
boots and provides diagnostic Information fo
the video output. On board DIP switches
and jumpers select the ECO NET address
and enable the four extra EPROM sockets
for user software. Appx. dims: main board
(B)
13" x 10". I/O board 14" x 3". Supplied tested with circuit diagram, data and competition entry form

Only £29.95

2 for £53

19" RACK CABINETS
Superb quality

(E)

TUNER!
LEBOX consists of

an attractive fully cased mains powered
w-_ -;ng all electronics ready to plug into a host of video moni-=_e by manufacturers such as MICROVITEC, ATARI,

5.4,ti*0 SONY, COMMODORE, PHILIPS, TATUNG, AMSTRAD

-'lore. The composite video output will also plug directly
se_e'.able
oeo recorders, allowing reception of TV channels not normost television receivers' (TELEBOX MB). Push

_

,

-_,

-

on
on the front panel allow reception of 8 fully tuneable

_-=

colour television channels TELEBOX MB covers virtualand UHF including the HYPER MC as used by most cable TV operators. A composite video
:_ated on the rear panel for direct connection to most
-a as cf -onitor. For complete compatibility - even for monitors
=-_d - an integral 4 watt audio amplifier and low level Hi Fi
are provided as standard
ST for composite video input type monitors
£32.95
STL as ST but with integral speaker
£36.50
-=-___.30X MB Multiband VHF -UHF -Cable- Hyperband tuner £69.95
- _ =-as PAL versions state 5 5 or 6mhz sound specification
_
7yperband reception Telebox MB should be connected
_
e
socket Shipping code on all Teleboxes is (B)
z -

=_. son frequencies VHF

_

«_

_=OX
_EOX

DC POWER SUPPLIES
10,000 Power Supplies Ex Stock
Call for info / list

Power One SPL200-5200P 200 watt (250 w peak).Semi open
frame giving +5v 35a, -5v 1. 5e. +12v 4a (8 a peak), -12v 1.5a, +24v
4a (6a peak). All outputs full y regulated wit h over voltage protection
on the +5v output AC input selectable for 110/240 vac Dims13" x
5' x 2.5'. Fully guaranteed RFE.
£85.00 (B)
Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v
(2A). 5v ® 20A & 12v @ 1.5A. Switch mode.New.
£59.95(B(
Astec AC -8151 40 watts. Switch mode. +5v @ 2.5a +12v @ 2a.
-12v ® 0 la 6-1/4' x 4' x 1-3/4" RFE tested
£22.95(B)
Lambada LYS -PV -12 200 watt switch mode +12V DC ® 29a
semi enclosed, 10' x 5' x 5". RFE and fully tested.
£59.95(C)
Conver AC130 130 watt hi -grade VDE spec.Switch mode.+5v
15a, -5v @ la,+12v @ 6a.27 x 12 5 x 6 5cros New.
£49.95(C)
Boshert 13090.Switch mode.ldeal for drives & system +5v@ 6a,
+12v ® 2.5a, -12v © 0.5a, -5v ® 0.5a.
£29.95(B)
Farnell G6/40A. Switch mode. 5v ® 40a.Encased
£95.00(C)

SPECIAL INTEREST

Zeta 3220-05 AO 4 pen HPGL RS232 fast drum plotter
Avitel 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
117-3'3USHI MMF-D6D12DL 60 x 25 mm 12v DC £4.95 10 / £42 RED TOP IR Heat seeking missile (not armed t!)
al!
MMF-09B12DH 92 x 25 mm 12v DC £5.95 10/ £53
Rhode & Schwarz SBUF TV test transmitter 25-1000mhz.
z t,.,IKE 12-3.5 92 x 18 mm 12v DC
£7.95 10 / £69
complete with SBTF2 Modulator
=z-EGUlP ' 20 x 38mm AC Ians - tested specify 110 or 240 v £6.95
Calcomp 1036 large drum 3 pen plotter
DUfP 5 x 38mm AC fa ns - lasted specify 110 or 2 40 v £5.95
Thuriby LA 160B logic analyser
__x mount 10x19' fan tray specify 110 or 240 v
£45.95
GEC 1.5kw 115v 60hz power source
Ma -OF 526 1900 rack rant 3U x 19 BlOwer 1101240v N EW £79.95
2Kw 400 Hz 3 phase frequency converter
---_ _ _- a fans (A) Blowers (B). 50,000 Fans Ex Stock CALL Brush
Anton Pillar 75 kW 400 Hz 3 phase frequency co nverter
Newton Derby 70 KW 400 Hz 3 phase frequency converter
Nikon PL -2 Projection lens meter/scope
Sekonlc SD 150H 8 channel digital Hybrid chart reco rder
OBSOLETE - SHORT SUPPLY - BULK
HP 7580A Al 8 pen HPGL high speed drum plotter
Kenwood DA -3501 CD tester, laser pickup simulator
Computer MCA161 3APC 1&nm auto ais lenses
m ount
MAJOR SAVINGS - SAE or CALL FOR LATEST LIST Seaward PAT 2000 dual voltage computerised PAT tester

FANS & BLOWERS
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IC's TRANSISTORS DIODES

1

5,000,Q00 items

=s

Issue 12

EX.

STOCK

£2100
£575
£470
£2950
£95
POA
£5995
£450
£375
£950
£850
POA
POA
£750
£1995
£1850
£350
£125
£585

foot 40u

Top quality 19" rack cabinets made in UK by
Optima Enclosures Ltd. Units feature designer, smoked acrylic lockable front door, full
height lockable half louvered back door and
removable side panels. Fully adjustable intermal fixing s truts, ready punched for any config-

Superbly made UK manufacture PIL all solid state colour monitors,
complete wit h composite video & optional sound inputs. Aerac five
teak style ca se. Perfect for Schools, Shops, Disco. Clubs, etc.
In EXCELLE NT lithe used condition with full 90 day guarantee

22"....£155 26"....£185

6

Virtually New, Ultra Smart
Less than Half Price!

Only £49.00(E)
20" 22" and 26" AV SPECIALS

20"....£135

Laser Video
Disk Player

r

£99.00

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

TV SOUND
& VIDEO

_

Surplus always
wanted for cash!

THE OFFER OF 1994 !
Computer
Controlled

COMPLETE

40Mb HD + 3Mb Ram

soue

SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

uration of equipment mounting plus ready
mounted integral 12 way 13 amp socket
switched mains distribution strip make these
racks some of the most versatile we have
ever sold. Racks may be slacked side by side and therefore require
only two si e panels to stand singly or in bays
Overall dimensions are 77-1/2" H x 32-1/2" D x 22" W. Order as:
Rack 1 Complete with removable side panels
£295.00 (G)
Rack 2 Rack, Less side panels
£175.00 (G)
:

Over 400 racks in all sizes from stock
Call with our requirements.

!

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
July 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 CARO £59.95(A1)
Had length 8 ät memory expansion cards for PC AT XT
expands memory either 258k or 512k in 64k steps. May also be
used to 6íl in RAM above 640k DOS limit. Complete with data and
software diagnostics. Order as: XT RAM UG. 256k £32.951A1)
Specify 5.25 or 3.5' software diskette
512k £38.95(A1)
1 MEG tc 9 SIMM 9 chip 120os only
£29.95(Ar)

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
Order as: MUD 1
EMERSON ACCUCARD UPS, brand new 8 Bit half length PC comfor
petlble card
all IBM XT/AT compatibles. Card provides DC power
to all Internal system components in the event of power supply fail.
are. 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 01 power. When power is returned
the machine is retumed to the exact status when the power ailed !
The unit features full sell diagnostics on boot and is supplied with full
fitting instructions and manual. Normal rice £189.00

£575.00(G)

Only £99.00(8) or

2p

for £195(c)

of Display Yews now available - send large SAE - PACKED with bargains!
LONDON SHOP

Open Mon -Sat 9:00-5:30
21 5 Whitehorse Lane

South Norwood

-FL FCTROlY1CS ESTABLISHED
25 YEARS

LONDON SE25

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

r

081 679 1888

ALL MAIL & OFFICES

I

ALL 12 ENQUIRIES

Open Mon -Fri 9.00-5:30
Dept ETI. 32 Biggin Way
Upper Norwood
LONDON SE19 3XF

i

4414
081FAX679
081 679 1927

All prices for UK Mainland. UK customers add 17 5% VAT to TOTAL order amount. Minimum order £10 Bona Fide acc aunt orders accepted from Govan ent,
Schoo Is. Universities and Local Authorities - minimum account order £50. Carnage charges (A)=£3, (A1)=£4.00, (B) =£5.50, (C)=£8.50, (D)=£12.00, (E)=£t5 .00,
(F)=£1 8.00, (G)=CALL Allow approx 6 days for shipping - aster CALL Scotland surcharge CALL. A6 goods supp lied lo our Standard Conditions of Sale and
unless stated guaranteed for 90 days. All guarantees on a return to base basis. All eights reserved to change prices / specifications without prior notice Orders
subjec t to stock. Discounts for volume. Top CASH prices paid for surplus goods. All trademarks etc acknowled ged. © Display Electronics 1994. E & 0 E
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In this month's PC project, John Lanigan shows how to build a simple little display which
will indicate how fast your PC is running.

`,.

r:r ,ar.'rdr.rrär:r;.&iti:.;......1

.:..

aalte
:

he old IBM XT spends more time in bits on my

tweaking that. It started out as a Portable with twin floppy drives
and a built-in mono monitor. Now it is in a new case with
uprated power supply, 3-1/2in and 5-1/4in floppies, hard disk,

desk than in one piece running software. It's the
one that gets all the tinkering, adding this,

-F
o

+eV

R2

R1
1k

1yI

*ZI
\

220R

ICta

b

SW1
R3
68R

NOTE:

ICi
LEDO and
SW1

i

SN7400 OR SIMILAR
CC 7-SEG LED DISPLAYS
EXISTING TURBO' SWITCH

b

12

13

IC1d
Oa

OV

0

c

'

Od

01 _

O

0~i Fig. 1. Turbo indicator circuit
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e

a

match that of the permanent segments. This is necessary
because 5 of the permanent segments are driven by each of the
remaining 2 gates. If the current to the switched segments was
not limited they would be noticeably brighter than the rest.

a

0

Assembly and Testing

9

e

d

4+a

c

dp

.9

Fig. 2. Seven segment display

our display and turbo motherboard. It was while was
z.,tting in the turbo board that thought about digital speed
-motors, like those on
_:me of the flashier AT
_ ones. It is not necessary
14
13
12
11
10
9
build a counter and
Decoder -driver circuit to
splay the two speeds at
r.nich turbo boards
-crmally run. All we need is
3
4
5
6
2
7
a switching element (a turbo
Fig. 3. 7400
s .vitch for example) and a
logic.
7.1e hard -wired
The 7 -segment display provides a crude but universally
-ecognisable rendering of the digits 0 to 9 by illuminating 2 or
-pore bars of its 7 bar array. For any given 2 digits, several of
:ne illuminated bars will be the same. For example, 0 and 8,
...,here the only difference is the centre bar. The board used for
:ne XT had a base speed of 4.77 and in turbo mode 9.54 MHz.
-o show 4.8, and in turbo mode 9.5, 10 of the segments
evolved remain unchanged, including the decimal point of
course. A 4 becomes a 9 by adding one more segment and an
5 is made into 5 by removing 2 segments (see Figure 2). If we
can hold the unchanging segments on and switch only those
-hat change, we can produce a display of the
CPU speed with a simple logic circuit.
I

I

1

I

Before starting this project you should determine the switching
levels on your turbo switch, SW1. Almost certainly, it will be
switching between 0 and 5V, but it is always more comfortable
to be sure. You need to find the 'high' side of the switch for
connecting up anyway. You can check this with a 20k-ohmN
meter set to the 10V range. You should connect the common
lead to a known ground such as the chassis metalwork. If you
have more than 5V, (up to 15V), on your turbo switch, you must
use a potential divider network to reduce it to 5V. Use high
value resistors to minimise the current drawn down the network.
Assembly should not present any problems with only a few
components. Start with the low profile parts, the resistors, then
the IC followed by the 7 segment displays. While
soldering, do not
concentrate on one
device at a time. Move
N1
from one to another as
N2
this will avoid overheating and possible
damage. This is particularly important if you
Pin out and logic table
have difficulty with one
joint. Do not keep trying to complete it in one go, move to
another component so that the first can cool.
When all the parts and the leads are in place, connect to a
DC supply set at less than 5V. usually use 3.5 or 4V, in case
have forgotten a current limiting resistor that should be
protecting something either expensive or impossible to replace
on a Sunday afternoon! Now connect the lead that goes to the
turbo switch, SW1, to a 10k resistor and then to the supply. If
you get the expected response - a dim 4.8 on the displays you can take the supply up to 5V. Grounding the lead to SW1
should change the display to 9.5.
I

I

FRONT PANEL MOULDING

How It Works
the diagram (Figure 1), with SW1 open, the 2
inputs of IC1 a are held high, giving a low output.
This keeps LED1 a turned off and at the same
time holds the inputs to IC1 b low. A low on both
inputs switches IC1 b output to high, so lighting
the segments LEDOb and Oe. A truth table is
given in Figure 3 and the display segments are
identified in Figure 2.
IC1 c and IC1 d have permanent high outputs,
because their inputs connect to the OV line.
These outputs drive the segments LEDOa, c, d, f,
g and LED1 b, c, d, p, f, g. They are the permanent segments.
Closing SW1 pulls IC1 a inputs low and consequently the output goes high, lighting segment
LED1 a. The same 'high' connects to the inputs of
IC1 b causing its output to go low and turn off the
segments LEDOb and Oe.
The 2 resistors, R2 and R3, in the lines to the
switched segments adjust their brightness to
In

FRONT CHASSIS PANEL

FRONT PANEL FIXING SCREWS

MOTHERBOARD

Fig 4 Mounting inside A Pc
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LED Shot?

drive power supply but make sure you don't pick the 12V line!
use a lot of 5A screw or block connectors for this sort of thing.
For the switch, it is probably easiest to solder directly to the
switch terminal. If you have one of the older PCs whose hard
disk drives do not self park on power off, park your disk heads
before dismantling or moving the case. This precaution will save
you from considerable anguish later. Do not use the switch lead
for your 5V supply. It may work, but more likely you will be trying
to draw more current than was expected of the switch.
I

the circuit does not perform as expected, trace the connections on the board and compare to the diagram. If you don't
have a display at all, even when you turn up to 5V, then switch
off and start checking the power supply connections.
Meaningless shapes or unexpected numbers on the display
mean that the connections to the segment pins are incorrect. If
you are using a socket for the IC and/or displays, then look
carefully to ensure there are no bent pins. Of course, you didn't
insert ICs the wrong way around did you? (Yes so did I.)
Those of you in -the -know will have realised that NAND gates
are not essential for this project. It will work perfectly well with
inverters, like SN7414, as that is exactly how a NAND gate
behaves when both inputs are connected together. The 7400
however, has just the right number of gates and it was on the
top of the 'bits box' when started work on the prototype.
Some applications may need to show different figures from
those given, but the How It Works section should allow the
confident beginner to alter the circuit to display any value from
0.0 to 99.
If

.rs

Er

I

LED1

Micro Surgery

LEDO

.--4 R2 `--. *--I R3 1---+

not possible to describe fitting the board into all of the
possible case types They are, however, largely similar and the
metalwork should not be too difficult.
Most cases have a lift and slide -off top, secured with a
number of screws around the base of the unit. Under this is a
chassis of sheet steel to which most of the sub -assemblies fix.
The front panel moulding is held by screws to the front of the
chassis from inside (see Figure 4), so some of the peripheral
devices and driver cards may have to be removed first. There is
usually a void between the front panel and the metalwork to
which it mounts. This is where we will be fitting the new circuit
board. You need to find a place for the circuit board that puts
the 7 segment displays near to the front panel moulding. It may
be necessary to mount the board on stand-offs or spacers,
depending on the distance from the moulding to the chassis.
The prototype was mounted on a sub -chassis that eventually
made it easier to fit. If possible, pick a space where there is
some room for a little adjustment This will allow you to align the
board/assembly when all the surgery has been completed.
When you are satisfied with the position of the board, fit it
temporarily and measure from a fixed point on the metalwork,
such as one of the holes for the front panel moulding fixing
screws, to the LED display. Take care, as this dimension
locates the cut-out in the front panel. Mark out the hole on the
front of the panel and cut it out.
This is best done by drilling in the corners and cutting
between them, then filing or scraping to your marked lines.
Better still, if you know a toolmaker or machinist, ask them to
do it for you, because the results of any poor craftsmanship will
be visible on the front panel!
To finish off the front panel, cut a piece of tinted Perspex and
either glue or heat -stake (melt the panel and the Perspex
together with a soldering iron) it in place, over the hole. If you
have been unlucky cutting the hole and have made less than a
perfect job, it may be useful to fix the window on the outside. In
this case, you will have to glue it of course. A useful 'dodge' is
to use a bezel to cover the hole, so it is not so important to cut
a good hole. With the front panel back on, you will need to
adjust the position of the circuit board to align it with the
window.
There are 3 connections to make - to SW1, the 5V and OV
lines. The supply is fairly easy just connect to the nearest disk
It is

f--{

R1

I--

11

1
SW1

OV

+5V

Fig 5 PCB

Corr.00nent overlay

None of the components are difficult to obtain. Only
the 7 -segment displays are important in that they are
low current, high brightness types.

Resistors
R1

1k

220R
R3
68R
(all 1/8 W 5% carbon film)
R2

Semiconductors
Cl

SN7400 4 2 -input NAND gate
1
low current, high brightness,
common cathode 7 -segment LED display (MAPLIN
QY54J)
LEDO and

Miscellaneous
PCB or suitable Veroboard
Machine screws, nuts, washers and spacers
Connecting wire
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ESR ELECTRONIC COMPONENTS

Station Road, Cullercoats.

Tyne & Wear NE304PQ
Fax. 091 252 2296
Tel. 091 251 4363
74LS01
74LS02
74LS03
74LSO4
74LS05
741 SOB

7dL5O9

741510
7415107
7415109
741511

7415112
7415113
7415114
741512
7415122
7415123
741.5125

1415126
749.513

7475132
747.5133

£0.22
£0.14
£0.29
£0.14
£0.14
£0 14
£0 23

[0.14
CO

23

CO21

[017

£0.32

£0.14
CO 21

[0.36

0.30

0024
f0.24

£0.15
£0 14

£0.40
£0.32
£0.32

'415266

741527
7415273
'1IL5279
74L530
741532

1415305
7415361
'415368
741537
7415373

7410u74
74LS375
74LS377
74LS378
74LS38
74LS390
74LS393
741.3395

7415399
741640
741542
741547
741551
741_5670

f0.32

£0.30
£0.32
£0.36
£0.32
£0.24
£0.24

[0.24

C014
14
C0.14
C0.32

[13

4027
4028
4029
4030
4031

4033
4034
4035

4092
4043
4044
4046
4047
4048
4049
4050
4061

C0.21

0.14

[0-32
M 1)
£0.34
£0.32
£0.62
f0.62
£0.19
£0.25
£0.24

026
0.62
014
[0

2S

[0.72

014

£0.a

74LS75
74LS76
74LS83
74LS85
74LS86
74LS90
74LS92
74LS93

£0.19
£0.25

0.25

£0.31

£0.35
£0.20

f0.23
£0.35
£0.25

ENAMELLED
COPPER
WIRE
All 2oz Reels
14 SWG
£0.63
16 SWG
£0.67

18SWG
20SWG

£067
£072

22 SWG
24 SWG
26 SWG

£0.76
£0.80
£0.89
£0.91
£0.93
£0.93

34SWG
36SWG

£099

38 SWC

E1

04
10
£1 22
£1

0 7058
CO

[1.24
[0.31

0.31
C0.31

C0.20
C0.20
C0.36

£0.17

4071

4072
4073
4070
4076
4077
4081

£0.38

4611

£0.31

£0.56

0 7799

4536

454,

4543
4556
4556
4560
4566
4572
4584
4585
4724
40106
40109
40163
40174
40175
40193

£1 51

[1,79

09

£010

8F185
BF194

C0.13

C0.30
C0.30

f0.28
C0.45

0.37

A162

f0.14

ro13
0.40

0.40

29
£0.32
CO

0.32

BC5113

£0.22

8C517
8C527

[0 20

E0.14

016

0.17
0.17

C0.20

00,01

[0.10
[0.10

£041
[0.36
C036
[0.36

£0.08

MJI1015

[0.09
E021

BC639
BC640
BCY70

CO 21
CO 21
CO 21

OCY71

VI 20

BC141

6C142

C0.31

130110

20

CO

f0.21

80137
80138

TIP121

-

032

77742[
-iP4

nn,e

or,d,o

[017
C0.08

0.08

6-n

C0.08
0206.
CO 08
-08

902408

502444
80246

TIP31C
TIP32C

£0.34
£0.32

Y
41061

C106
£041

80441

1,48640
21X57f`

10e12'

£031

£027

CO

E008

rl74.-Zn
rn»
81408.600& C0.84
TIC2360
C0 96
CO20
014C

LUAU

R0001 AIORS
781.05

CO

24

£CÚ

0.48

E0.33
£0.34
E0.63

48

(4.46
f3.59

f3.00
(3.65
(3.15
C3,57
C3.56
E6 98
C1 53

6116.10
6264-10
62256.10
4164.15
41356.10

f3.06
(5.35
E1.78

(2.90

5110008

[5.61

CD

TIC'

CO 7-1

01332 342130V
13562 BA 200V

£0.54

78112
78115

C0.34
C1.18

791
19L12

CO
CO
CO

24

[0-34

£046

{1.96

79115
7805
7812

C0.25

0.24

tels

f0.32
f0.70
£0.31

f0.50
£0.46

f0.34
£0.36
£0.60

CO 28
CO M
CO 28

M8380.118.98.45mm
'4B597 5C

113ni.ó45rnm

LM317T
LM723
L200CV
LM323K
LM338K

£0.56
£0.29
£1.16
£2.70
£5.52

_

£0.09
£0.10
£0 10
£0.10
£0.08
E0.12

£0.13
£0.13
£0.50
£0.54
£0.36

f0.48
£0.04
£0 05
£1.14
£1.14

01 39

OIL SOCKETS

[0

32

BPn
11 Pn

CO07
C011

18 Pm

0.15
0.16
0.19
0.22
0.25

£0.98
Ci 44

£1.56
£1 82
C2 50

016

16Pm

20 P

in

24 Pin
28 Pin
4(1

Pn

ELECTROLYTIC RADIAL CAPACITORS

LU.LO

£0.38
£0.38
£0.38

5mm Red LED
5mm Green LED
5mm Yellow LED
5mm Orange LED
3mm Red LED
3mm Green LED
3mm Yellow LED
3mm Oronge LED
5mm Flashing Red
5mm FIseleng Gree n
5mm Bi Colour
5mm Tn Colaue
5mm P14414 Fleet
3mm Plaslc Bezel
0 3" 7 Segment Display Red
common anode

common calhode

28

028

7905
7912
7915

DEVICES

OPT

24

70

C0,36

10041044034

75.51 . 25mm
-e 5oe 111 e 57. 22.33n.
6431 Bd. 74.61 .40mm
M0280. 100 e :6.41mm

µF
0 47

10
22

16V

25V

-

-

-

-

4 7

10
22
47

100
220
470

1000
2200
4700

[IF
0 47
0
2 2

£0.05
£0.05
£0 06
£0 06
£0 09
£0 15

£0.22
£0.37

10
22
47
100
220
470
1000
2200

4700

£0 19

£0.29
£0.57

£0.05
£0.06
£0.09
£011

100V

£0.07
£0.06
£0.06
£0.08
£0.08

450V

£0.15
£0.18

£0.44

£0 11
£0 31
£0 57

16V

25V

-

-

-

-

£0.09
£0.12
£0.09

£0.10
£0.10

£0.11

£0 13
£0.21

£0 18

-

£0.33
£0.52
£0.90

£0.13
£0.24
£0.40
£0.64

-

63V

f0.10

£0.12
£0.13
£0.16
£0.21
£0 42

f0.69
£1.05

-

-

100V

£0.15
£0.10

f0.10
f0.10

£0.12
£0.17
£0.20

-

£8, 34

£1 75

-

-

-

3arnp 250v 6 4mm se mounlin9

OpF to 100nF
pF-1 nF £0 06, 1n2 -2n7 £0 07,
3n3 -4n7 £ 0 12,
10n & 12n£007
Polystyrene 160V 5% 47pF to 10nF
47p -2n2 £0 09, 2n7 -10n £012

SPST Toggle
SPDT Toggle
SPDT CO Tog
DPDT Toggle
DPDT CO Toggle
DPDT CO Toggle

1

£0.29
£0.39
£0.49

9 Pin

15
15
23
25

Pin
Pin
Pin
Pin
9 Way
15 Way
23 Way
25 Way

D

D

CO

30

£0 39

£090

£0 40
£0 48
plastic
plastic
plastic
plastic

£0 49
£0 50
£0 30
£0 33
£0 36
£0 36

cover
cover
cover
cover

RESISTORS
00.60100 PRESETS Enclosed Mae

025W5%CF 012 541.46
0.5W5%CFE12 Sereee

aVert1051-IM0015W

[0.915 100

£1 72/100
1% MF E24 Selles
POTS Log or Lin 470R -IMO 25mm

025W

dia025in shaft

£0.42

*

PRESETS Skeleton Horz
or Vert 1006 -IMO 0 1W

PLEASE STATE VALUE REQUIRED

Link Lead Female 9 to Female 9
Lead Female 9 8 25. Female
menial Pnnier Lead 2m

E3 99
E2 99

£2 99

C

C Link

9 6i

25

£1.81

£1.95
£2.48
£2.48
£2.33
£2.48

9 Way D Mini Male to Male
25 Way D Mini Fern ale to Female
lo Male
25 Wa
9 Way D Female llole emale

0 Melee* Me le
0 Female to Female

25 Wa y
25 Way

D

9 Web Male l0 25 Wan Female
9 Way Female to 25 Way Male
25 Way Melt to 9 Wan Female
25 Way 0 Male to 38 Way Cemror,c
25 Way Null Modem female Female
25 Way Null Modem Meet, Female
25 Way Null Madam Male le Male
RS232 51004 Promena. Male . Female
RS232 Jumper Boo Male le Female
R5232 Tester j7 LEDs, Male- Female

Dena Switch Boma
Serval Switch box -2 Way A/B
Serval Switch box -3 Way A/B/C
Serial Switch box - 4Way A/B/C/D
Serial Switch box - Cross over
Parallel box
- 2 Way A/B

-3

Way
4 Way

- 3.5" DS D0

A/B/C/

AIB/C:0

Gesso
-no

Discs Pack 011

0

Zener Modes 2V7-33V

BZY88400Mw
BZX851 3W
N4001
1N4002
N4003
N4004
1N4005
1N4006
1N4007
1N5400
1N5401
1

1

1

f0.08
£014
£0.06
£0.07
£0.07
£0.07
£0.07

f0.08
£0.08
£0.09
£0.09

1N5402
1N5404
1145405
1145907
1745408

f0.09

111914

[0.16

C3.02

16516
144146

[0.0.

C632
[3.02

137133

[0.13

[6.58

0447
0490

£0.28

£9 20
£13.16
£15.15

0491
0A202

£2.71
£2 71

Male to Male

Adaptors

Parallel box
Parallel box
Parallel boo

£4.50

£5.40
£3.75
£3.80
£4.78

6232 Lead gels pins) Male M ale
5232 Lead tall pins) Female - Male
emromli 36 Way Lead Male - Male
Gender Changera
9 Way D Mini Feme le to Female

£011

DIU DES

aads

5232 Lead Male 25 to Female 9
ull Modem Lead Female 25 -Female 25

£015

*

COMPUTER ACCESSORIES

9 Way

£0 76

£1 20
PDT CO Toggle
£1 20
(biased l way)
£015
DPDT mini slide
Rotary Wafer 1P -12W, 2P -6W,
£0 78
3P -4W, 4P -3W
f2 70
Key Switch SPOT
£0 25
Push to make
£0 28
Push to break
£0 63
Latching Push Sqr
£025
PCB Tact x6mm

CONNECTORS

D

00.59
£060
£064
£068

(biased)

[2.71
[2.71
E2.71

£396
[3.02
f3.02

£19.69
£11.84
£1711
£18.43
£20.42
£4.56

BA157
BA158
BA159
1N4149
OA200

£011
19.11

00.14
0.15
£0.05

£007
£010
£0.27

£0.10
£0.10

£010
£0.06
£0.10

£17 95
£6 45
£28 48
£4 26

f5 45

ORDERING INFORMATION
All prices exclude VAT
25 carriage to all orders and VAT (17.5%).
No minimum order charge.
PI ease send payment wish your ord er.
PO/Cheques made payable to
ESR Electronic Components
VISA
Access & Visa cards accepted
Offical orders from schools & colleges welcome

Please add

E1

CALL IN - OPEN: MON-FRI 8.30-5.00 SAT 10.00-5.00
ELECTRONICS TODAY INTERNATIONAL

27

99

Ceramic Mer, Dee 100 8 63V

450V

£0.19
£0.22
£0.34
£0.48
£1.06

E1

SWITCHES

3 5 DSO D Disks Pack of 50
3 5 DSHD DIsks Pack o110
3 5" DSHD Disks Pack of 50
3 5 x 50 Disk Storage Box
3 5' 0 100 Disk Storage Box

-

£0.10
£0.10

COPPER CLAD UN -COATED
0070
£074

l'tm AC IT (1175

Disks

£1 11
ELECTROLYTIC AXIAL CAPACITORS

1

47

£0.05
£0.05
£0 06
£0 09
£0 12

63V
£0.05
£0.05
£0.05

12 0

052

W021.5A200V

13 Boe

£6 B3

£13

1

27C512
27C010

£0.82

£420
£636
£630

£10 19

E252

[1.18
(0.35
[0.42
[0.72

C0ó6

7250.75.56n25mm

E346
E519
E679

£1 05

27C256-20

L114' A HI

£1.47

E981

E1 DO

£0.40

MAR

Ix12'

E239

1,0150

VOI TAGE

1x12'

£661
£461

TIC106D

240

£1.20

£462
£693

£515
£777

E2 BB

0

C0.26

£1.79

£1.65

£567
E399

0.38

£0.10

PHOTO RESIST PAPER COMP
Double Sided
Single Sided

PHOTO RESIST GLASS FIBRE
Double Sided
Single Sided

1

£2 58

[0,72

El .5°

BREADBOARD
E5.56
£3.30 175x67mm
81 x 60mm
£3.74 203 x 75mm'
£7.38
175 x42mm
'Supplied on mounting plate with terminal

22000m
2241. 16000m

^aSf [0.16 514256-8 E561
CO al
8034.
THVHISIORS
I RIA(:S
RRIOC;F RFC:TIFI3RS
20105Ds
4i 5210244
[030 W0051 54.509
C.0.19
T 1010f ro
BC1641

£1 50

£4.80
£6.20

454m

88

CO

27C12620 C3.31
27258.20
C3.99

[0.44

119

[104

27C64.25
21728-20

LÓ62

£0.90

0220

276426

£0.48

95 x 431mm

00

R4'.1S

TIP3OC

Tisza

C0.47

£1.16
244142
74425E
C4.68
24426E
C2.61
24427E
C8.82
CO 12
24428E
29435E
[5.31
£7.50
24448E
EP%IU19S&

07.28
E0.35

£0.27

18mm Thick

1x8'

[0

27328-20

[053

60

nw
C0,38

1.1142004

£0.31
£0.63
£0.31

E0.37

70

£1

£0 78

0.1' PITCH

127mm

[] 44

F I

111N203

2716

(0.50

BD2433

f2

0.48

£1.12
£0.63

LPst4

72

64 x25mm
64 095mm

T10B4CN
114733

£108

C032

802313

[0.08

en

STRIP BOARD

1744

4.0.39
spare blade
Alfac Transfers - full range in stock
How to Make PCBs leookl E250- No Her

f9

TL082CP

TIP,L7
TIP295$
TIP29C
TIP3055

31

95 x

£1 60
£1 40
£17 44

S malt ewe

12'

TL

012

£0

£7631

£0 27

r0 Is
£066 :deM

Opaque Drafting Filer IA41

Ise siliknmck
114mm
2203 100mm

710611

C211

TIP, 42

0.38

30232
60237

TL062

b3

£0.46
£0.46

T'Pi7ç

f3

C1

'ipt32

CÓr2

BD202

71742030
11061

TL064
TL72L
71<P
0 078 TCP
TL074CN

(0.37

8Úii5

BD201

f0.16

i0420Ó2

(176
[224
[t 36

00,79

w

0.30

i

Ferne cmo,M.ima0.000M.a
eepaea.. Unn Se lS
am ebne Pen 114190 01

£2 45

[0.45

Plug RGB
N Socket RGB
BNC Comp Pliers

£0.55
£0.70

44/sheet

C0.62
CO 68

N

l'CR I-17U11'N'.6N

ED

0.68

SOP UHF seem
F 5l,,p RGSB
F Plug 906

£6 60
£0 62
£0 87

j

£1.08
£0.80

socket

tender Smear Mee

0.66
0,80

Tg8gpp4822105

E0.37

C8.18

£0.11

[1 00
11_54

CI 24

4'

(022

0203
90204

£0.16

00166
00187

Il

1841205

F

87
09

NE5534

[1 70
02

REID UM

C2.70

£2.70

4E5532

El 35

£017

£0.13
£0.13

f0.28
f0.16

CO 21

E15.26
[3 93
03 00
C4 25
£740

T in alepnGG Pa wder 9Dg
P CB Pa1rhm9 Block

CO

405664
465674

21

[2 97
[11.5S

navw e,.m labt

£0.26

46531

028

MP5A42
MRF415

£0.23
£0.24
£0.82
£0.42
£0.35
£0.39
£0.40
£0.40
£0.40
£0.40

£0.12
£0.12

CO28

C8.31
Ce 41

47
El 35

[0:48

1443915
MC3340
MC455b

[B 41

n

1M381

1'039L.

31

E810

Rua Aua sorer

(0.96
[0.58
[0.68

BNC Salde. Plug 758
BNC. Gump Plug 504
8NC Cnmp Plug 758
BNC Solder SEI
BNC Chasse Ski
PL2595 2mm
PL25911 mm

0eoe4r leuy5 tching Trey

[2.57
Cl 12

1'03900

0£0 32

Phut.

1.1031304

1.611458

36

roii

0.36

£0 93

BNC Solder Plus 606

03111

XS 25Wa tt
ST4 Stand
35Watt Gas Iron
'Gascal Gas Iron
Low Cost 15 Watt Iron

CO 31

C0.25

M377

Antex Soldering Irons
M 12 Watt
C 15Watt
G 18Watt
CS 17Watt

Desolder Pump
Antistatic Pump
22SWG 0 5Kg Solder
18SWG 0 5Kg Solder
1mm 3 yds Solder
Desolder Braid

£0.96

1443934
LM718C4

039

C1

C1.22
C1.70
C0.43

1.613924

C0.19

0

E0.66

1M366
1M381

0.38
0.13

[211
£1-60
[1 80
CO 40
(0.42

L12.23

BD139
BD140
BD150C
BD165

[0.33
[0.38

10J11016
MJ2501
MJ3301
MJE340
M3E350

M'5413

E020

80135

f0.36

14.4540
14E740

£008
[00B

BC[30

BCY72

C0.21

841154

CO 21

C0.25
C0.27

£0.34

0u5ti

08

CO

BC637

£0.41

6112084
1343264
011500
6115084
BU52£

[0.08
C009

8C558C
8C5 -59C
BC5808

0,41
0,41

911126
811205

£0.20

BC549C
BC650C
8C556A
BC557C

0.13

B5170
85W56

0.20

£0.33

f0.28

85107

I

lb

[0.98

1'43594

CO35

8FX84
8FX85
BFY50
BFv5:

f0.39
£0.37
£0.72

1E351
LF353

019
019

E029

£0.22
£0.28

iCM7556
LM3014
1M34BN

031
CO 31
031

CO

f0.35

Lu

RF CONNECTORS

SOLDERING IRONS

£0.28

CL78

047

517X29

801'52

[0.24

BC54BC

£0.16

05459
Bf469

[0.10

BC528
BC537
8C546C
8C547C

£1.67

13E451

E0.10

BC463
BC476
BC479
BC490

57
C0-60
CO

0,92
0.92

0.10

BC441
BC461

0.57

85355
85423

C010

BC414C

0.31

[3.84

010

BC3213
BC -337
BC 338

C0.10
C0.10

BF254
8F337

30

£0.10

BC327

[0.65
C010

05195
Bf2M
85257

[0.24

lNilla

£0.80

BF160
8F182

C0 09

8C308

C0.40

ACV17

6C1BL

CO

10.40
£0.40
£0.40
£0.44
Cn 22
£0.32
£2.48
£1.00
CO 37
CO 33

CM7555

CO

BC182L8
BC183
BC1831
8C1B3LB

0-32

[050

8C26113
BC307

BC1829.

£0.26
f0.32

80X54C

0907

8DX53C

C1.44

BC179
BC182

[0.40
[1.40

08

£0.13
£0.24

BC17B

C0.38

(1.78
[0.49
£050

CA3130E
CA3110

Co 08

60X32
80X33C
80X34C

BC253
BC2618
BC2528

C0.10

£0.50
£0.65

£0.52
£0.52
£0.53
£0.42

E010
(0.10

6C1720
o^."

£1.720

452/
4527
4528
4529
ea12
4532
4534
4536

010

CA311E
CA324
CA555
CA7410E
CA747CE
CA3046
CA3080

BD650
BD707

CO
CO

8C238C
BC239C
8C251

50

130648

[0 08

8C2t41
8C2370

f009

BC154
BC157
8C159
BC160
8C170
BC1700
8C171
BC171B
BC172

£13.18

CO!:

CO

£0.72
£0.72
£0.08

C0.09

BC214

£0-62

BD534
BD535
BD536
BD646

[0.08
[0.08

8C2I3LC

16
27

C090

BC1a3
BC149

£0.28
£0.26
£0.55

4621

CO

BC118
BC132
BC134
BC135
BC140

f0.17
f0.14

1.13.411

CO

f0.47

£0.33
£0.72
£0.72

f0.72

BC212LB
BC213

CO20

8C116

0.20
[0.17
0.17
017
0.30

4099
4502
4503
4508

(0 25
E023

BC109C
BC114
BC115

[1.86
f0.16
0.20

41440

£0 80

6C106C
BC109

C0.29

£0.21

BC207C
BC208
BC209A
BC212
BC21ZL

BC107
8C107B
BC108
BC108A

0.56
[0.34
0.46

4082
4085
4086
4089
4093
4094
4095
4097

£018

40149
40161

C0.25

4070

£0.28
£0.25

8C20613

AC126
AC127
AC128
AC187
AC188

C0.22
C0.2n
C0.35

£0.18

2N2218A
2N2219A
2N2222A
2N2646
21429014

BC186
BC204C

f0.29

243772
243773
243819
243620
243904
243905
243906
240036
245296
245321
246107

£0.17

4065
4067
4063
4069

£0.26

243771

0.38

f0.25
f0.25

2N1711
2N1893

2143053

£0.18

4052
4063
4054
4066
4060
4063

£0.31

243054
243055
243440
243702
243703
243704
243705
243705

£059

C0.31

2N1613

2429054
242907
242926

16

C0.29

[0.14

0.21

CO

4041

4612
4614
4515
4516
4518
9520

[0.21

16
0
CO21

4040

4510

£0.14

f0.17

40SWG

A026

[025

14L573
741574

28 SWG
30 SWG
32 SWG

[021
[0.30

4022
4023
9024
4025

£0.21

74LS221

141526

4013
4014
4016
4016
4017

0.21

[0 .14

'415268

4011
4012

C0.31

741522

74LS251
74LS257

4010

£019
CO 23
CO26
£0.16

4021

0.24
CO25
0.24
0.42
0.24
£0.24
0.24
0.24

74LS242
74LS243
74LS244
74LS245
74LS247

£0.17
£0.40
£0.28
£0 31

4019
4020

[0.31

74L5174
7415175
7416190
7415191
7415192
7416793
7415195
7415196
7415197
741520

74LS241

£0.21

4002
4006
4007
4008
4009

C0.31

£0.14

C048

74L5240

4001

4018

(021

74L5165
7415170

74L571

£0.17

0.31
[0.18
[0.35
[0.27
0.16
0.31

(0.21
[0.21

7415136 [0-16
7415136
[0.24
7415139 C0.25
741514
f025
7415145
E0.56
7415147
[1.26
7415148
£0.70
741515
[9.14
7415151
0.25
7415153
0.25
7415154
0.70
026
7415155
7415156 [016
7415157 (0.22
10.25
7415158
7415160
0.32
7415161 [0.32
7415162 0.44
7415153 [0.32
7415164
[0 26
7415173

4000

LINEAR ICs

TRANSISTORS

4000 Series

74L5. Sec ïe9
74LS00

BITE

ALARM

builds three different bite
detectors for anglers,
designed for varying
stages of the National
Curriculum.

T1P

INSULATOR

CONTACT

//

FILE TO TH S SHAPE

LINK

-

SOLDER TO SLEEVE

1
CUT OFF CABLE CLAMP
SLEEVE CONTACT

his project has been
designed to be compatible

CUT JACK COVER AS
SHOWN AND USE TO
HOLD DETECTOR ARM

with the new National
Curriculum ideals, where
students of varying ability face

Jack plug modification

LENGTH OF ARM
TO SUIT REQUIRED
PULL ON LINE

ROTATE JACK SOCKET
TO SET THESE POSITIONS
THEN DO IT UP TIGHT

LINE HELD

POSITION A

POSITION B

DETECTOR SW OPEN.

DETECTOR SW CLOSED

FISHING LINE HAS PULLED ARM UP
FROM REST TO MAKE CONTACT ON
THE JACK SOCKET SETTING OFF ALARM

FISHING LINE LOOSE
DETECTOR ARM ON
REST POSITION

Detector mechanics

the same problems but choose different
levels of technology to overcome them.
The object in this case is to indicate
audibly, via a beeper and visually through
an LED, when a 'bite' is detected while
fishing This can be extremely useful,
either when using two rods as a monitor
for the second, or for night fishing.
There are three versions of this alarm
to allow for the varying abilities of students,
but all three use the same detector, box,
LED and beeper, although the electronics varies from a couple of components to a dozen or more. Here are the
three models, together with their appropriate levels within the National
Curriculum and as assessed by the CDT
Head of Department at Denefield School,
Reading.
Model 1000 - very basic, no active electronics, suitable for pupils working at
level 3, minimum.
Model 2000 - simple two stage circuit
using a thyristor and a 555 IC, suitable
for pupils working at Level 6 or at a range

of levels from 4-7, provided they use the
circuits and data supplied for justifying
their solutions.
Model 3000 - a digital approach using 3
CMOS ICs. The complexity of this circuit
is such that pupils using it could, if it is
used as a basis for their own development of a bite alarm, achieve the highest
levels. With the right description and
folder work, this model is suitable for
pupils working at Level 7 or higher.

General Background
There are a lot of good quality bite alarms
on the market, but their prices seem well
out of the reach of many enthusiasts.
Several of those looked at seem to draw
a fair amount of current when switched
on but not indicating, which means
battery replacement would be a frequent
occurrence and with a good quality PP3
costing £2 a go, also expensive. So here
are my cheaper, low current versions.
The single most important part of the
Bite Alarm is the detector. Somehow,
this must detect the increased tension
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caused by a fish pulling on the line but be
able to ignore the constant tension due
to current or wind. Many of the ready
made units use a disc, which the line
rotates when pulled tight and an opto
detector is used to monitor dark and
transparent sections of this disc. The
manufacture of this rotating disc module
in production terms and quantities is relatively easy, but trying to make a one off
with tools readily available to the amateur
is quite a different matter. The most difficult problem is making a spindle to run
freely, but strong enough to take the
punishment handed out during a day's
fishing in all weathers and to survive the
average fishing box. Several attempts
were made, but all ended up using tools
or materials not always available to the
amateur. Another approach was required
and this was to use a standard 1 /4in
mono jack plug socket. This, with slight
modification, was found to be ideal cheap, strong and effective.
The spring contact of the socket on
the sleeve terminal is bent slightly backwards, to reduce the pressure it exerts
on the jack plug. The tip contact on the
plug is filed to produce a flat (as per
diagram), so that when it is plugged into
position A, no contact is made with the
socket tip contact, but when the plug is
rotated to position B, contact is made.
By loosening the shaft contact, by
bending it back slightly, we have reduced
the current handling capacity of the jack
plug/jack socket, but this is unimportant
as we are only going to pass a few
milliamps through it.
All three versions of the Bite Alarm
use this type of detector switch. By filing
different amounts off the tip contact on

-

The position of the jack plug on the
lever arm is also important as the metal
HOLE SIZES TO SUIT SWITCHES AND LEDs USED
TOP OF BOX
to the right of the jack plug acts as a
POWER
BASE OF BOX USED AS TOP
counterbalance weight, making this
SCREW -ON PANEL IS BACK
57mm
heavier and effectively decreasing the
1000/2000/3000 ALL USE SAME SIZE BOX
force required to turn the lever. Too
TERRY CLIPS BOLTED ON BACK OF BOX TO SUIT
heavy and it keeps the lever in position B,
ROD REST
too light and it only detects Great Whites
- quite rare here on the Thames.
RIGHT HAND
FRONT OF BOX
The fishing line is passed under the
SIDE
detector lever arm in position A so that
when the line is pulled taught by a fish,
40mm
the lever moves to position B. In order for
15mm
3 BEEPS /CONT SWITCH
ARM STOP
this to happen easily, the bite alarm is
BOLT HOLE
clipped on to the rod rest by a couple of
3mm CLEAR
1000
USED
ON
NOT
65mm
POSITION
# ONLY USED ON 3000
small terry clips. The top of the rod rest
TO SUIT
has a short bar mounted on it, which has
57mm
two uses. Firstly, it stops the Bite Alarm
SOUND
BITE LED
RESET
from rotating on the rod rest and
secondly, it holds the rod in the correct
25mm
25mm
position above the detector arm, to the
left of the Bite Alarm. All three versions of
Box Drilling
the alarm use this
type of detector
-ne jack plug, the
JACK PLUG IS SHOWN N POSITION A
DETECTOR ARM
switch, as well as
T1P
NOT
MADE)
WITH
distance between
TEXT)
(CONTACT
CUT TO SIZE (SEE
using the same type
i;
JACK PLUG FILED AWAY
-ne
position A and B
PP3 BLACK
PP3 RED
POWER
OV
+9V
of
box. The switches
oan be varied to suit.
JACK
nP
SWITCH
o
CONNECTIONS CUT SNORT
CONTACT
SOCKET
are all mounted in the
mare must be taken
ANO A CAP FITTED FOR
O
B}OWN
NEATNESS
same position where
BEo U
BLUE
-.ot to file away too
applicable - this is to
SOUND ON/OFF
SLEEVE CONTACT
-such or the tip
allow an upgrade at a
DETECTOR SWITCH
connection is broken
BEEPER
TIP AND SLEEVE TERMINALS
R1
(12V
BUZZER)
later date if skill and
as this goes up the
CONNECTED TOGETHER
560R 1/2W
REAR OF LED
confidence increase
jack
entre of the
NOTE:

22mm~-1-11.

-11>

11

o;ug. To reduce the
-orce required to turn
: e jack plug in the
socket, a simple
ever is used. The length of this lever can
.ary to suit, but remember the longer the
ever, the less force is required to turn the
_ack plug, but the further the lever must
oe moved. For practical purposes,
several levers can be made to suit condions, short for fast moving water and

ANY COLOUR LED 0 2"
(FLAT SIDE OF BASE
SHOWS VE SIDE)

Qrcu-t

>

-roe

LED

during the life of the

_

B.!= ;: rtn Version 1000
-

sional look. These come In different
colours and can be used to instantly
recognise which one is most suitable for
the conditions, e.g. blue for slow water
and red for fast water, etc.

alarm.

All three versions
have a LED as well
as switchable sound which indicates a
'bite'. The sound can be switched off if it
is thought that it might disturb the fish or
other people nearby. All versions have
been extensively tested and their varying

POWER SWITCH

onger for water that is still or slow

USE BATTERY CLIPS

-owing.
The jack plug top is also modified.
The two connectors are cut off as near
_o the base as possible to allow them to
of, soldered together. The screw thread
-as two flats filed in it in order to stop the
e, er turning without turning the jack
o

JACK SOCKET MOUNTED AT AN ANGLE
TO SET POSITIONS A AND B

ANY COLOUR WIRE CAN BE USED
COLOURS GIVEN AS GUIDE ONLY

ug.
A short length of the screw cap is cut

cover these shorted connections
a^d to hold the lever arm in place. If only
^e arm is going to be used on each
aok plug, it is advised that it is glued to
--e jack plug to give added support.
emember several lever arm jack plug
assemblies can be made. The top of the
sort length of screw cap can be filled
.h glue gun glue and a small screw cap
-sert can be fitted to give it a profes-

BOLT HOLDING ARM REST PILLAR
POSITION TO SUIT ARM

=T to

.VE RESISTOR SIDE
OFF
SOUND
SWITCH

-VE OV SIDE

SLEEVE WIRES
AFTER SOLDERING

DO NOT DRILL HOLE FOR RESET
AS IT IS NOT USED ON THE 1000

ON

ON BASE WITH GLUE GUN

SMALL HOLES MAY BE DRILLED
IN BASE TO IMPROVE SOUND OUTPUT

Wiring layout for 1000 version of Bite Alarm
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complexity only determines the way a
bite is indicated. It doesn't affect the
sensitivity of detection, which remains
the same in all three. Each version is
equally useful, something not usually
found in graded ability projects.

Bite Alarm 1000
This is the simplest version, but is still a
very rewarding project which effectively
has no active electronics.

PPS
POWER
SWITCH

A

I

1-CT"'OJ
SOUND ON/OFF
LED

SLEEVE
CONTACT

JACK SOCKET

TV
CONTACT
DETECTOR WATCH

How It Works
When the Power switch is On, the +9V
from the PP3 battery goes to the jack
RESET OR
BUTTON IYI
socket tip terminal. If the jack plug on the
(PRESS
Nu
TO
detector lever is in position A, i.e. fishing
NABE)
100n
line loose, the circuit is effectively broken
PP3 BLACK
as no contact is made to the tip of the
0p
jack plug. However when the jack plug is
Circut diagram for version 20CC of Bite alarm
rotated to position B
3 x MOUNTING HOLES M3 CLEAR
by the action of the
contacts close,
line being pulled
+9V VIA POWER SWITCH 'A'
J' LED -VE
switching 9V to R4. R4
taught by a fish, the
DETECTOR SLEEVE CONTACT
T BEEPER VIA SOUND SW.
and R5 produce a
tip contact of the
9V TO BEEPER AND LED 'C'
voltage divider and
jack plug make
current limiter, essential
contact with the tip
to the safe operation of
DETECTOR TIP CONTACT 'O'
contact of the jack
W RESET BUTTON
the thyristor.
BATTERY -VE 0V'E'
socket and a circuit
'O' RESET BUTTON
Thyristors vary
NOT
F'
USED'
is made. The jack
considerably in their
plug must have its
sensitivity and if a
two terminals
TAKE CARE FITTING Cl AND C3, 01, IC1
different
one is used, it
MUST BE FITTED CORRECT WAY ROUND
connected together
must
have
a similar
Component oser a, for version 2000 of Bite alarm
as shown in the
diagram. The +9V now flows into R1, the
current limit resistor and into the positive
19rTE
side of the LED. The negative side of the
BEEPER
LED
LED (the lead nearest the flat on the side
of the LED) completes the circuit to
SOUND O W OFF
battery M.
DETECTOR
®B
-O9
If the Sound switch is On, 9V is also
DT
SLEEVE
PP3 0V
passed to the positive side of the beeper,
RESET
TO NANE)
0V
the red lead. The black lead goes to
9N
battery OV. A low current, low price
OF
mJ
buzzer rated at 12V is used in my
NOI USED
®FA,
projects although any small low current
piezo sound (active type with oscillator
Wring diagram for version 2000 of Bite alarm
built in) will do.
Although in this version there is plenty
distinct parts, both of which use compospecification. C2 is used to try to remove
of room, it is recommended that the
nents commonly found in school projects
any RF (radio frequency) signals that may
alarm is built to the drawing and the
- the latch, built around a thyristor and
be present, shorting them down to OV. If
controls fitted roughly where indicated the oscillator, built around the 555 timer.
present in any quantity they could cause
this then allows the project to be
the thyristor to turn on, giving a false indicaupgraded if required later, as the other
How It Works
tion.
projects use the same box, etc.
The latch part of the circuit uses the
When the detector lever is in position
Although this is the simplest of the
property of a thyristor that once it is
B and the alarm power is switched On,
three alarms it does have the advantage
turned on it stays on, even if the input
the thyristor turns on, effectively going
that when the detector lever is in position
signal is removed. It will stay on until the
from open circuit to short circuit. This
A, not indicating a bite, no current flows
current passing through it is taken away.
turning on to a short circuit condition will
at all, so increasing the life of the battery.
The input signal comes from the detector
remain, even if the detector lever drops
Current is only drawn while indicating.
switch which, when in position A,
back from position B, removing the gate
receives nothing as the switch is effecsignal from the thyristor. From now on,
Bite Alarm 2000
tively open. When rotated to position B
the thyristor applies 9V to the 555.
This circuit can be broken down into two
by a fish on the line, the detector
In the oscillator, the 555 is connected

F

O

O.'O

L

C
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1

received via a series of logic functions,
these include D type RS stat, NAND Schmitt
gates (must be Schmitt type for the oscillator to work) and a walking 1 counter.

OK. Some batteries deteriorate quite
quickly even thought they are not being
used, so it is a good idea to check it
before going fishing. It is easy to see the

standard, slow running oscillator. Cl
--a, be altered to suit anything from
_ 2 4F 16V to 22pF 16V. The speed of
: s:illation will change accordingly - the
er the capacitor the slower the oscils- on. A LED with its current limit resistor
,s connected to the output of the
=soillator pin 3 and will then flash, indi=aang a bite. If the sound is switched On,
beeper will pulse. This pulsing is
-ore distinctive than it being on continu-_sly, as in the 1000 model. To stop the
aarm the detector arm must be returned
position A and the reset button pressed.
The reset button bypasses the
-istor, so the current flows through the
-_set switch and not through the
ristor. Electricity always takes the path
east resistance, so reducing the
7, -rent through the thyristor turns the
aarm off. Usually, the current through the
ristor is reduced to zero by breaking
--s circuit, using normally closed
_ntacts on a press switch. The thyristor
:_ -Jrned off by pressing the switch and
=cening the normally closed contacts,
_
s breaking the circuit. In our case,
_, sassing the thyristor has the added
antage that it can be used as a `test'
When the alarm is in the fishing
--on.
_
_ ox without the detector lever and jack
_ _g plugged in, simply switching the
=a -m On and pressing the reset button
ould start the oscillator. This is
_e ause the reset switch bypasses the
-, stor and applies power directly to the
but only while the reset button is
-g pressed The beeper should sound
s r. ached on and the LED should flash
brilliance of the LED and volume of
Beeper should show if the battery is
a_ a

advantage of using this method of resetting over the method normally used.
It is recommended that the layout is
followed to allow for a later upgrade to
the 3000 if so required.
There are more wires connecting up
this alarm PCB than in the 1000, but if
different coloured wires are used, there
should be no difficulty. They should be
connected one at a time, checking with
the circuit. Small holes are drilled under
the alarm to allow the sound out, as in
the 1000 unit.
A good quality PP3 battery, i.e. an
alkaline type is recommended, more
expensive but they don't have to be
changed so often. Although unplugging
the detector arm should reduce the
residual current flow to zero, it is recommended that the alarm be switched off
when stored and, at the end of the
season, the battery should be removed
to prevent it from leaking. Despite what
the manufacturers say, batteries still leak
when left in damp conditions.

.

Bite Alarm 3000
This is the most sophisticated of the
three alarms and hence the most complicated. It gives the option of only having 3
beeps to indicate a bite, or will indicate
continuously at the flick of a switch. The other
advantage is that it may be reset either
automatically after 3 beeps or manually,
even though the lever is in position B.
This alarm works by using 3 digital
CMOS ICs and processing the signal

How It Works
This alarm, with all these extra features,
still uses the same detector switch as the
other versions, but the inclusion of R2,
R3 and Cl makes its operation slightly
different, by allowing the alarm to be
reset in the active B position.
When the lever is in position A, i.e. the
detector switch is open circuit, Cl
charges up via R2. This is passed to the
detector switch and is at 9V when
charged. When the lever is in position B,
this 9V in Cl is applied to the clock input
of IC1 a, the D type stat, via the detector
switch. This is normally held down by R3.
The charge held by Cl allows the clock
input to receive a logic 1 before the
action of R3 discharges Cl back to a
low, via the potential divider action R2,
R3 680K to 27K - 25:1.
This somewhat complex action is
required to allow the reset of the stat to
operate and not be retriggered by the
lever moving from B to A or even staying
in position B.
Once the clock input has received a
low to high transition and assuming the
stat is not being reset, a 1 will appear on
the Q output pin 1 of IC1 a. This 1, or 9V,
will stay on the Q output until reset by a
reset signal on pin 4. The Q output is
used to enable an oscillator which
supplies the pulses for the LED and beeper.
The oscillator is built around IC2d and
is fed to the input of the counter IC3, as
well as being inverted by IC2c and used

JACK J 0
SLEEVE

K
0

D.C..OV

A

+9V

RI

R6

)4

R6
toi

R2
660

0v

=Ot

0-4F

01

6

JACK

ICI

6

4

0

13

3 B!lPSIICCNT

0

17

D

=

1034

TIP

54
470k

CL

/0

C1

MOM

R3
0711

4

Z

15-1=1"->
C2

C3

E

Co
2

G

470

1C2a

0V

R

15

0

p

0

40-0

C4

lu
0V

DV

I

0

NOTE:

ICI
102

IC3
01
01

BEEPER

4017
4003
0013

01

80237 OR 50107
1144146

4-4/.
X.
8011100WOFF

0X
Rt

14p

6608 1,2W

.F1? LOg am tor version
30X c+Btte alarm
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to drive the output transistor 01 to
power the LED and beeper. A transistor
ìs required to amplify the current output
of the CMOS IC which can only supply
1 mA or so directly.
The counter IC3 is a walking 1 type,
which means that when the first pulse is
received, assuming the counter has
previously been reset, the output corresponding to count 1, pin 2 goes high, all
the other remain low. On receiving the
second pulse from the oscillator, the
count 1 output goes low and the count 2
output pin 4 goes high. On receiving the
third pulse from the oscillator pin 7,
count 3 output goes high and pin 4 goes
low. The pulses, as well as going to the
counter, go to the LED and beeper, if
switched on. So far, 3 flashes on the LED
along with 3 beeps will have passed. The
fourth pulse will cause pin 10 of IC3 to
go high and pin 7 to go low. Assuming
the 3 beeps option has been selected,
pin 6 of IC2 will be high, pulled up by R7.
Now the 4 output on the counter pin 10
makes pin 5 on ClI b high. Two highs in
on a 2 input NAND makes the output go
low, so IC2 pin 4 goes from a high to a
low - this is fed to IC2 pin 2, the input, to
another NAND gate. Any low into a
NAND causes its output to go high,
regardless of the other inputs. This high
on the output of IC2a pin 3 resets the
counter as well as the D type, returning
the bite indicator to its start position,
regardless of the position of the detector
lever. All this from the generation of the

PARTS LIST

Model 1000

fourth pulse happens so quickly that the
beep is never heard, so it is cancelled
before it has had time to sound or even
illuminate the LED.
If the 3 beeps function is not selected,
IC2 pin 6 remains low (switched to OV by
the selector switch), ensuring a high on
the output pin 4 no matter what is on pin
5 due to the counter, so the oscillator will
run on until reset by pressing the reset
button. This puts a low on IC2 pin 1
causing pin 3 to go high, resetting the
counter and D type.
D1, R6 and C4 form a switch on reset
so that when the alarm is first powered
up from the power switch, C4 from being
fully discharged by D1, charges up via
R6. So to start with, IC2 pin 1 is low until
C4 charges up to above 60% of rail, or
about 6V. During this charging up time,
pin 3 is high, resetting IC1 a, the D type
and IC3 the counter, but as soon as pin
1 reaches 60% of rail it is
seen as a 1 and
IC2 pin 3 goes low, cancelling the reset.
If all this seems a bit complicated, it is
advised that the truth tables are
consulted on the NAND operation.
Although 102 is a NAND Schmitt, its truth
table is identical to a normal NAND, like
the 4011. The difference is only in the
hysteresis allowing it to be used as an
oscillator, unlike a normal NAND gate.
IC1 b is not used in the circuit but. as
is required by all CMOS ICs, all unused
inputs are either tied up or down. i.e.
connected to rail or OV and, not left
unconnected to float.

It will be noted that the first beep is
longer than the others - this is due to the
fact that C2, the timing capacitor for the
oscillator, charges up to rail volts, i.e. 9V,
when the oscillator is off, so C2 must
discharge from 100% to 40% of rail,
taking longer than continuous oscillation
where it only charges from 40-60% and
back to 40%.
Although three possible options are
given in this article, there are several
other approaches to overcome the Bite
Alarm problem. Even following one of the
suggested circuits, there is still a lot of
experimenting to be done with the lever
length and shape, where to mount the
jack plug, even the possible use of a
counterbalance weight and so on.
have experimented with making a very
small alarm, actually mounted on the rod.
Although it adds weight to the rod it still
works, even if it does get in the way a little.
I

.croc rent overlay for version 3000

Miscellaneous

R1

560

Capacitors

IC -I

LED1

Red or green, 0.2in

Cl

1

round LED
12V buzzer
1 Jack socket (mono)
1 Jack plug (mono)
1 box
1 On/Off switch, 1 pole On/Off
1 On/Off sound switch, 1 pole
On/Off
2 small Terry clips to suit
1 battery connector
1 battery, PP3

Model 2000
Resistors

NE 555 timer
8 pin IC socket

thyristor 2N5061 or similar
red or green 0.2in round
1 Jack socket (mono)
1 Jack plug (mono)
1 buzzer
1 On/Off switch, 1 pole On/Off
1 On/Off sound switch, 1 pole On/Off
1 press to make switch
1 box
1 battery connector
1 battery, PP3
Vero pins 0.1 in to suit
T1

LED1

Model 3000

R1

560

Resistors

R2

R2

R4

47K
27K
4K7

R5

1K

R3

Capacitors
Cl
C2
C3

10pF 16 V Rad Elect
0.1 pF 25V Ceramic
47pF 16V Rad Elect

R1

R3

R4
R5
R6
R7

560
680K
27K
470K
15K
47K
47K
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of Bite alarm

a^a 9000 luck with the fishing too!

C2
C3

04
C5
ICs
IC1

IC2
IC3

0.22ÚF
2 u2 TANT 16V
47pF 16V Radial
1 pF 16V Radial
47pF 16V Radial

4017 CMOS
4093 CMOS
4013 CMOS

Miscellaneous
IC holders, 2 off 14 pin,

1 off 16 pin
BC107
D1
IN4148
1 On/Off switch, 1 pole
On/Off
1 On/Off sound switch, 1 pole
On/Off
3 beeps switch, 1 pole On/Off
1 press to make switch
1 box
1 Jack socket (mono)
1 Jack plug (mono)
1 buzzer
1 battery connector
1
battery connector
1 battery, PP3
Vero pins 0.1 in to suit

01

EASY -PC, Schematic and PCB CAD

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

gâ((rP81
19

rY

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, Photoplotter and N.C. Drill.
Tech Support -free.
Superbly easy to use.

BRITISH

DE_

Only
£98.00!
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Options: -500 piece Surface Mount Symbol Library £48,
1000 piece Symbol Library £38, Gerber Import facility £98.

Electronic Designs Right First Time?
Affordable Electronics CAD

Integrated Electronics CAD
Schematic Capture
a_

z
Analogue
& Digital
Simulation

-

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

$196.00

£98.00

$376.00

£195.00

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

$476.00

£245.00

PULSAR: Digital Circuit Simulator
- 1500 gate capacity.

$196.00

£98.00

PULSAR Professional: Digital Circuit
Simulator - 50,000 gate capacity.
ANALYSER Ill: Linear Analogue Circuit
Simulator - 130 node capability

$375.00

£196.00

$195.00

£99.00

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

$376.00

£195.00

Z -MATCH for Windows: NEW Windows

$476.00

£245.00

$276.00

£145.00

U52 Picas
include Port

UKF prices
exclude P&P
end VAT

based Smith -Chart program
for RF Engineers

And PCB Design

.

FILTECH: Active and Passive Filter
Design program

Prices from

U K£195

I US$375

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

Number One Systems
UK/EEC:
USA:

operate a no penalty upgrade policy. You can
upgrade at any time ro the prof esdona/ version of a
program just for the difference ln price.
We

end Pechxrg.

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
Avenue, Los Altos, CA 94024
Granger
1795
Ref. ETI,
MASTERCARD, VISA Welcome.
Telephone/Fax: (415) 968 9306
tla4all
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SYSTEM 200 DEVICE PROGRAMMER
SYSTEM:

[3)'17AI\
ne,

Programs 24, 26, 32 pin EPROMS, EEPROMS, FLASH and Emulators as
standard, quickly, reliably and at low cost.

Expandable to cover virtually any programmable part including serial E2, PALS,
GALS, EPLD's and microcontrollers
from all manufacturers.
DESIGN:

4 WATT PPO FM BROADCAST (built)
TRANSMITTER: with low pass filter

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.

SUPPORT:

Modulation

75KHz wide band
Range
up to 4.2 miles
Supply
10-16 volts AC/DC
Current
250mA
Audio Input
100mV (ADJ)
Frequency Range
88-108MHz FM
Stability
+/- 20KHz
Size
W. 70mm, D. 90mm, H. 50mm

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

MANY USER CONTROLS
7 WATT PPO FM BROADCAST

KIT: 3 WATT TRANSMITTER 80 - 100MHZ:
Coil tank controlled up to 3 miles range. supply
12V DC at 0.5amps
£52.50

m

All prices include VAT
Please add £1 P&P payment with orders to:

MOP ELECTRONICS Ltd.
GERMANY 089-/4602071
Park Road Centre,
NORWAY 0702 17890
Malm esbury, Wiltshire, SN 16 OBX UK
ITALY 02-92-10-3 554
TEL. 0666 825146 FAX. 06 66 825141 FRANCE (1) 69-30-13-79
SWEDEN 08-735-5360
LSO FROM ELECTROSPEED UK

1905 Pesi.grìer

£49
All

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

Please send 2

x

1st

slass stamps for our catalogue

EPROM EMULATOR

Only

For Windows 3.1

Only 11mm high, k plugs directly Into
your Eprom socket. Compatible with
standard Eproms. Allows faster
product development.

Inclusive.

Data Is written to the emulator directly
from your computer, via a 4mm cable
which plugs Into the emulator.

Produce Single or Double sided PCBs.
Print out to any Windows supported printer.
Toolbar for rapid access to commonly used
components.
Helpful prompts on screen as you work.
Pads sizes fully customisable.
No charges for technical support.
Snap -to grid sizes 0.1", 0.05" 0.025" and
unrestricted.
SMT pads and other pad shapes.
Positive reviews by Robert Penfold and
Stenning, copies available on reauest.

e So

(built)

TRANSMITTER: Higher watt version of
above transmitter 7 mile range £52.50

ASK FOR FREE
INFORMATION
PACK

Phone (0432) 355 414

£23.50

The MicroRom Eprom Emulator offers non-volatile storage and can
download a 27256 file in only 1 SECOND. Prices from £99 + VAT

TEL / FAX 081 880 9889
SquareWave Electronics Ltd., Imperial House, 64 Willoughby Lane,
LONDON N17 OSP

OMNI ELECTRONICS
174

Dalkeith Road, Edinburgh EH16 5DX

031 667 2611

The supplier to use if you're looking for

(Access and Visa welcome)

-

* A WIDE RANGE OF COMPONENTS AIMED
AT THE HOBBYIST*
* COMPETITIVE VAT INCLUSIVE PRICES *
* MAIL ORDER generally by
RETURN OF POST *
* FRIENDLY SERVICE *
-

re

22 Tavistock Drive, Belmont, Hereford, HR2 7XN.
Please Note: Since PCB designer is so easy to use, and to keep costs down, PCB Designer has an On -Line
manual, in Windows Help format A FREE tutorial is also supplied

Open: Monday-Thursday 9.15-6.00
Friday 9.15-5.00 Saturday 9.30-5.00
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PC CI n c
This month in PC Clinic, we examine the heart of every PC - the CPU.
We look at how it can be made to work faster with the aid of
coprocessors, clock doublers and cache memory. We will also be
looking at the BIOS software and its Power On Self Test routines, which
enable us to track down system faults.
generation of processor chip every 44 months, but under
the very heart of every personal computer, no
competitive pressure from manufacturers of new very powerful
matter what its make or design, there is a
RISC based processors, this development rate has been accelprocessor chip of some sort. In the IBM PC and
Peak power from the Pentium will be more than doubled
will
to
erated.
this
processor
chip
belong
all compatibles,
later this year with a 150MHz version and the next generation,
the Intel x86 family of processors, the familiar 8086,
code named the P6, is already undergoing testing prior to
tit:286, 80386, 80486 and most recently the Pentium. These
launch next year, only 30 plus months after the Pentium. The P6
z-Pcessor chips were all originally designed and manufactured
looks set to at least double the power output of the best
4!,the US semiconductor giant Intel, although the processor in
Pentium.
es:jr PC will not necessarily be manufactured by Intel, but
So why do we need more power? The answer is simply that
-aybe by one of the half dozen or so, mostly US based, manunew software applications, particularly those which are highly
=_'urers
of 'clone' processors. These 'clone' processor chips
ire.;
graphics oriented, need more and more power. Try running
tea all run the same software as those from Intel, but often have
Windows or a CAD/DTP package on an old 8MHz 286 and then
,ntly
fs
; different performance ratings.
compare it with the same software running on a 66MHz 486.
-he function of the processor chip, or Central Processing
On a slow machine, such software is virtually unusable, it
- - CPU for short - is to execute the sequence of instructions
cannot perform all the calculations and update the screen suffioh make up the program code. This code and its associated
ciently quickly to prevent the display hardware having to wait for
:a:a is stored in memory and accessed by the CPU under
the processor.
_ =-:rol of the clock timing signals. In general, the faster the
This means that if you want to have a more powerful
dev can be made to run; the more instructions can be
computer, but do not want to buy an entirely new system, then
cIte39
muted in a given period and therefore the more powerful the
you will need to look at upgrading the processor. On the
ri91z
_(__essor is in computational terms.
following pages we will show some of the ways in which this
all
stored
in
memory
and
instructions
and
data
are
J-ogram
Libt
=-:_essed within the CPU in binary form
:44t; are organised in units of eight bits, or
_-_ Byte.
Since most instructions and data
PRICE AT LAUNCH/
HIGHEST MIPS/
NUMBER OF
_ _ _oy more than one byte, a processor
exalt
MIPS AT LAUNCH
TRANSISTORS
CURRENT PRICE
__ ce speeded up by handling two or
1441;
tit 4:: cytes in parallel. Thus, a 16 bit
.75
$444
1494
= -_:essor is approximately twice as fast as
8086
June 1979
tei- :1 ;4 t processor and likewise a 32 bit
29,000
DISCONTINUED
4211ifaster,
assuming
of
_ s four times
- 7_ -se that they are all running at the same
2.66
$380
8/54 'ate.
h processing power of a personal
134,000
$8
1.3
is thus dependent upon a combiPan
-_- 41 of clock speed and the number of
104i
11.4
$299
WC: - can access from memory and
386
J
October 118$
«44)
t44-_:es during any one clock cycle. This
275,000
_ ___o ng power is most commonly rated
5
Mt"
Per
Millions
of
Instructions
of
$950
=_ =
or MIPS. The very first processor
et;:a
486
August 1989
-ange, the Intel 8086, was launched
' 978 and had a power rating of just
$317
1.2 million
23 wiL S. Five generations of processor
300
$900
IZZEIXIXIDVID
the Pentium, launched in March
ar PENTIUM
_p a rating of 112 MIPS. This is about
Marsh 1993
VOVE)VIDe
33' r'sic: the processing power of the
E ft)££££)£)
eide d in the very first IBM PCs.
_ -_
3.1 million
k_-=- :ally, Intel has launched a new
t

-

=
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Generations of Intel CPUs
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Coprocessors
A coprocessor is essentially a piece of hardware, we

could call it an assistant processor, which is designed
to perform high speed operations which would otherwise have to be executed using much slower software
routines, monopolising the main processor It is called
a coprocessor because its hardware is very closely

integrated with that of the main processor so that in
essence it extends the processor's instruction set with
number of new special purpose instructions, that
can replace frequently used software routines.
a

Thus,

function

ìn

a

coprocessor might perform a specific

In

specific applications, a coprocessor can give

enormous improvements

in

processing speed

Most people, when they talk about coprocessors,

think about maths coprocessors,
designed to perform

a

a

coprocessor

range of complex arithmetic

operations which are not normally included in

a

processor's instruction set, such as calculations
involving sine and cosine. However, coprocessors can
also be used for other operations.

Some networking and communications systems
use special coprocessors to relieve the main

processor of the overheads inherent in communications and error checking Similarly, advanced multimedia systems that are designed to handle video
images use special image compression and decompression coprocessors Indeed, literally hundreds of

different types of coprocessor have been designed for

In theory, we can improve the performance of a system
by changing the CPU, A faster processor
with a wider data width will give us more processing power, so if we
swap a 286 for a 386 we
should get about five times the processing power. Similarly, by changing
from a 286 or earlier
processor to a 386 or later, we can overcome the memory limitations that were
inherent in these
earlier systems

it is

two or three instruction cycles which would

otherwise need a code sequence lasting fifty instruc-

tions

REPLACING AND UPG
But, unfortunately, changing processors is not that easy and in all
but the most recent systems
certainly not a case of simply removing one chip and plugging in another,

The problem is that
there are too many sub-systems and interrelated components for us to
simply be able to change
the current processor for a more powerful one.
We therefore have to think about the complete system,
about the fact that the clock circuitry
will be the wrong frequency and about the fact that the address,
data, and control lines of the new
processor could be entirely different. Not forgetting the simple fact that the
processor chip could
be a different size and have a lot more pins.

What this means is that simply changing the processor chip more often
than not also involves
changing the whole motherboard. However, we can improve the
processing power of a system in
certain applications with the aid of a maths coprocessor. The type of
applications where this will be
of value are those which involve a lot of mathematical calculations,
rather than simply moving and
manipulating data bytes - in other words applications such as image transforms in 3-D
CAD packages, or system simulations.
Thus if you are running this type of mathematically intensive application
on a 286 or 386 based
PC, then a coprocessor of some sort will give quite a
considerable boost in performance since it
will allow calculations to be performed using hardware rather than
software. The result is a reduction in the number of processor cycles needed to perform a
specific calculation and thus an overall
improvement in the speed at which the application works,
With the 486 and Pentium processors, the situation is slightly different
since both chips were
designed to include a maths coprocessor integrated on the same slice of
silicon as the processor.
However, when the 486 was first launched there were apparently
some problems associated

the 80x86 CPU family alone.
The most commonly encountered coprocessor is

the maths coprocessor and there are two principle
types - the Intel 80x87 range and the Weitek range

sure that the power is disconnected before installing

coprocessor chip comes with a diagnostic program
then run this, otherwise enter the system's CMOS set-

and that any static is fully discharged Before

attempting to insert

up program and check that it indicates that a maths

mance than a typical Intel version, but programs will
have to be specially written to take advantage of it

straighten them with pointed nose pliers, Then make

carefully recheck that the chip is installed properly

Although the 486DX has

the socket is well supported

The Weitek maths coprocessors offer a better perfor-

a

math coprocessor on the

CPU chip, some systems also have provision for instal-

lation of a Weitek 4167

it in the socket, first check that no
pins are bent or damaged. If they are bent, gently

chip is installed. If

READ OUT

as it is easy to crack a track
M/IO

socket. Finally check that

ADDRESS LINE

simple, with the 387 being mapped into the high I/O

the orientation of the chip

READ/WRITE

correct by matching the dot

Address line

on the top of the chip to the

data transfers. Far more efficient is the much more
closely coupled Weitek extended maths coprocessor
interface, since it makes full use of both the address

or the motherboard

all these things, press the
Chip firmly in place On

that the coprocessor runs about three times faster

some motherboards, it will
be necessary to set a

checking to see

jumper or DIP switch to

if

your motherboard supports it.

The most common choice of maths coprocessor is

Coprocessor is installed
You will have to check your

socket When choosing

tion for details on which

it is

important

that it matches the system into which it will be
installed Thus,

if

it is going into a 20MHz 386 system

then the coprocessor will have to be

a

20MHz 387, a

25MHz 386 will require a 25MHz 387 and so on
When installing a coprocessor chip, always make

DATA BUS

BUSY
ERROR

PROCESS EXTERNAL REQUEST

inform the system that a

relatively easy, since nearly all motherboards designed
for these processors have a dedicated coprocessor

coprocessor,

,..'

RESPONSE
STATUS

ADDRESS AND
COMMAND
DECODER

the Intel family and adding one to a 286/386 system is

a

.

4

Having carefully done

than the conventional 387 interface and it is thus worth

A.

<
4

be transferred simultaneously. This interface means

2

ADDRESS STROBE

dot or notch on the socket

and data bus, thereby allowing commands and data to

SELECTS

CONiLLNDTATA
is

address space of the 386 (A31 high and M/IO low).
distinguishes command transfers from

1

A31

when pushing a chip into a

nying this section, the 386/387 interface is relatively

2

does not, then switch off and

sure that the board under

by being over enthusiastic

As one can see from the two diagrams accompa-

it

WEITEK
WH -1167

386

motherboard documenta-

CHIP
SELECT

<.

jumper or switch needs to
be set. When this has been

'r

4.-#F".'..
ADDRESS/DATA
READ/WRITE

ADDRESS STROBE

done, check it by switching
DATA BUS
(32 BITS)

the PC on and checking for
any error messages If your

Coprocessor interfacing
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ING THE CPU IN A PC
v-m the

coprocessor and rather than withdrawing the chip, it was decided simply to disable the

ooprocessor and relabel the device the 80486SX, as opposed to the 80486DX which has the

=ocrocessor.

Apart from the presence or absence of the coprocessor, these two 486 chips are identical,
is simply a matter of removing the SX

adding a maths coprocessor to a 486SX based system

1

:hip and replacing it in the same socket with a DX chip of the same speed
At this stage in the development of the 80x86 family of processors, Intel introduced a new
-nnovation which allows the user to increase the power of a system by simply replacing the
processor chip. This technique

i

is

known as clock doubling (now we also have clock tripling

and clock quadrupling) and overcomes a lot of the earlier problems associated with the close

elationship between the processor and allied systems
The clock doubling technique is an ingenious one, since it allows the processor to run at
vice the speed (a clock tripler runs at three times the speed, and so on) that would otherwise
oe permissible. This means that, for example, a processor could run at 66MHz on a mothermmard which is only rated for 33MHz. In this way, a processor chip is upgradable without having
7:: upgrade the whole motherboard and, equally important, all the problems associated with
signing and building very high speed motherboards are overcome. Board designers can thus
optimise their design to give the best speed at the lowest cost
System manufacturers have also discovered that this gives them a great flexibility, a single
-motherboard design can be used in a range of different models simply by changing processor
ad peripherals This of course reduces the need for expensive stock holding, allows them to
-espond quickly to the development of new processors and new system requirements It also
acts as a good sales incentive to be able to say to customers that a system is relatively future
=goof and can easily be upgraded, a factor which has encouraged a great many manufacturers
use Zero Insertion Force - ZIF - sockets for processor chips, thereby making removal and

Using a DX chip
As can tie seen from the charron page 35, the
80x86 family of processor chips has become
bigger, more powerful and much fester This posed
an enormous problem for system designers, the
processor was getting too fast for the system,
Memory access times were becoming toe fait for
the type of memory chips which could economically
be used on a PC, high clock speeds were starting
.to give rise to board design problems dole to such
factors as signal propagation delays.
These factors Oa meant that, aittiegh it was
i`sästble to build much fester system boards, It was

uneconomic to push motherboard clock speéde
much beyond the 30MHz area. Neither was it practical to do so, since the number of waft states
entailed in accessing standard memory chips would
effectivety slow the system back down to that sort
of level;

Preceesor manufacturers were nevertheless
capabte;.òf'making;their process©r chips run at
iubstantiailÿ Higher speeds. Furthermore, users anti
software producers had an insatiable demSüd for
more power There are"of course only two Ways In
which processing power Can be increased for a
given type of processor., One way is to increase
clock speed and the other is to increase the data
bus width, but data bus width increase also adds a
substantial overhead to system board production
costs and would entail the use of an entirely new
expansion bus Interface:
The solution to these problems involved carefully examining the system and looking at which
parts of the circuit needed to operate at high speed
and which could continue to operate at lower
placement very easy
speed. The high speed components would then be
integrated onto the same slice of silicon es the
CPU, thereby allowing the processor to work at
maximum speed.
The result was the DX2, or clock doubling chip, which is in every way compatible with a DX Chip but runs twice as fast internally The bus Interface unit on a
DX2 chip allows the processor to work with the lower speed external circuitry with a 2:1 speed reduction, so that In such situations, the DX2 functions exactfy like
a DX. However, the area of rtfernory currently being accessed is mapped onto an 8tt block of memory within the DX2 chip, the processor cache, so that whenever
the processor needs to access this memory, use its internal registers or perform a floating point operation, It Cati do so at twice the external clock speed.
In practice this clock doubling technique means that a processor can effectively spend 90 to 96% of its time
.,b,+E
s,.+rr
operating'at the higher speed, thus effectively increasing the processing power of a systetn by betWeer
70 and 80%, Indeed ,this is a technique which can be extended even further, Intel ties just
launched -Its clock tripling series of DX4 processors (not as one would
iwicallyeeectjousdrupling!) offering internal clock speeds of up to
00MHz,'
kt theory therefore, one can simply double the processing power
se's 25W -1z 486DX by replacing the DX chip with a 50MHz DX2
chip. On some motherboards this simply involves replacing
the DX chip with a corresponding DX2. Many newer designs
of motherboard have 11F sockets for the processor chip,
thus making removal and replacement very easy.
Not ,all motherboards are the same and on Older boardii there is an
additional socket for what is called an ©verDrive chip, the function of
which corfesponda to that of a DX2 and not, as some vendors would
bave one believe, a coprocessor. Another type of Overdrive socket
found on more recent 486 system boards is the P24T socket,
which allows the system to be upgraded to a Pentium Doing
so wilt simply involve putting the P24T chip into the 238 pin
socket provided for it on the, motherboard, which will then preempt the
existing 486 processor,
to the:case:of'Sn original, 486SX with a maths coprocessor socket. ft is
possible in some cases to upgrade the system to run a DX2 chip. Thus, a
20.MHz 486SX could be replaced by a 40MHz DX2. This will entail carefully
=sing out the old CPU chip and replacing it with the new one, but before attempting
le do this and certainly before Guying the replacement processor chip, it lea good
e-ea to check with the manufaotufer that such an upgrade is feasible
In practice, upgrading from a DX to a DX2 is not quite that simple.
One major problem is that an increase in processor speed also means an
I_ocease in power consumption and thus in heat output, A 0X2 chip conaume3àbotut4Q46'More
er.tttan me equine* 1 Xand outputs a:000'espordi it IY
-'creased amount of heat. This means, that if You upgrade from a DX to a.0X2. you will reed to take spec !Ughassures to 'dissipate the. additional heat.
d such fans can be readily obtained from the many
A miniature fan which is mounted directly on top of the processor chip is one Solution tòdh is problem
:erdors of PC upgrade equipment. Since overheating, where the chip temperature exceed s 185F, can easily dama9e the processor chip (and bear in mind that
tnis is probably the most expensive component in the system wed a new one can cost yeti Several hdnlrèrJ curds) is also a geod:Idea'to use an audible

:x,aa,.. .:Rta'<Ja:r+
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Inside an Intel CPU
The Pentium is the most powerful member of the Intel 80x86
family of processor chips. By every standard it is a truly massive
chip, the packaging is a pin gate array (PGA) and measures
2.13in square with 273 pins Inside the packaging is a 0.8
micron fabrication technology BiCMOS chip with 3.1 million
transistors etched on it and at 66MHz it draws over 13W of
power. All of which allows it to deliver 112 MIPS of processing
power. On these two pages we take a look at what is inside a
Pentium chip and compare it with a typical 486DX.

Instruction decode
At the heart of every processor is an area of circuitry which
converts the instruction code into a sequence of operations
which are performed by the other parts of the CPU. The
circuitry which performs this function works at two levels.
Simple instructions, such as moving a byte of data between
registers, are initiated directly by the circuitry, but more Complex
instructions require a more sophisticated approach: In essence
these instructions are executed by small programs stored within
the microcode ROM, which is part of the decode circuitry. They
are stored as sequences of simple instructions. It should be
noted that nearly all simple instructions are executed in one
clock cycle, whereas complex instructions usually take two or
more.

Code cache
To overcome the need to use wait states when accessing relatively slow RAM, the Pentium has a high speed 8KB instructions
cache.

Code TLB
Translation lookaside buffers for the code cache.

Clock driver
This circuitry provides the complex synchronisation pulses, all

NO BRANCH PREDICTION

32 -BIT INTERNAL

PREFETCH BUFFERS

AND EXTERNAL
PATHWAYS

RUDIMENT ARY FPU

derived from the main system clock,
which are necessary to ensure that the
processor works properly.
BUS INTERFACE UNIT

CACHE

ALU

FPU

Bus interface logic

/e

This interlace logic connects the address,
data and control buses of the main
system to those within the CPU.

INTEGRATED
8 kB CACHE

Data TLB
Translation lookaside buffers for the data
cache.
SINGLE
FIVE -STAGE
INTEGER
PIPELINE

REGISTERS

Data cache
To overcome the need to use wait states
when accessing relatively slow RAM, the
Pentium has a high speed 8KB data cache.

Block diagram of a 486
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predictions. If the BTB prediction is wrong, then the pipeline is
flushed and the correct instruction fetched, thereby causing a 3
clock cycle delay.

Control logic
The control logic circuitry handles the processor control bus
and things such as interrupts, I/O requests, etc.

Complex instruction support
This is the part of the instruction decode circuitry which handles
complex instructions that rely upon the ROM microcode. This
circuity can be regarded as a processor in its right, but one
which is embedded within the much larger processor.

Pipelined FPU
This is a pipelined floating point arithmetic unit with dedicated
addition, multiplication and division circuitry. The use of dedicated circuitry means that no matter what the precision of the
calculation, addition and multiplication is performed in just 3
clock cycles Division will produce 2 bits of quotient per clock
cycle. However, because of the pipelined architecture, it can

actually achieve one addition or multiplication per cycle after the
litai two cycle latency to fill the pipe is complete.

Superscalar integer execution units
:he Pentium, there are two parallel five stage integer pipelined
arthmetic logic units. The fact that there are two integer ALUs
reans that the processor can fetch and decode two integer
^structions at a time and, if possible, execute them in parallel.
This means that when processing simple instructions, the
processor's power can be considerably increased thanks to this
parallelism

SEPARATE

B

kB INSTRUCTION CACHE

INSTRUCTION CACHE

BRANCH PREDICTION

FPU

PREFETCH BUFFERS

REGISTER
STACK

PARALLEL FIVE -STAGE
INTEGER PIPELINES
V -PIPE

Instruction fetch
There are two 32 byte instruction prefetch
Duffers, which process instruction
addresses sequentially until it reaches a
branch instruction. It then calls upon the
Drench target buffer to find the new instruc_ion

BUS INTERFACE UNIT

ALU

ALU

X

address.
64 -BR INTERNAL

Branch target buffer
The BTB contains information about
Drevious branches and predicts whether
:ne prefetched branch instruction will result
n a branch or not. If not, then the prefetch

AND EXTERNAL
DATA PATHWAYS

REGISTERS
PIPELINED FPU
WITH DEDICATE
ADDITION, DIVIS ON
AND MULTIPLICATION
CIRCUITRY

SEPARATE
8kB CACHE

, III continue sequentially, otherwise the
second prefetch buffer will begin to
orefetch instructions based upon the BTB

DATA CACHE

Block diagram of a pentium
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first powered up, or when it is reset by the reset circuitry, it
is incapable of using programs straight from disk. In fact, it will know nothing about
the system of which it is a part. It will not even be able to input data from the
When any processor is

keyboard or output data to the screen. The only information that the processor has
coded into it is a single memory address where it expects to find the start of a
program, or a pointer to the start of a program.

Because the processor cannot yet load data from disk, this power
up/reset system initialisation program has to be stored in non-volatile
memory. Because it performs the task of actually defining the system
and because it is permanently stored in ROM, it constitutes what is often
referred to as firmware.

The PC is no different to any other computer system in this respect
and this initial program is known as the system BIOS If you look carefully
at the motherboard you should be able to locate the one or two ROM
chips

in which it is stored (they often have a printed label stuck on top of
the chip which identifies the source of the BIOS).
The name BIOS stands for Basic Input/Output System. Initially, the

BIOS was developed by IBM, but comparable versions of BIOS are now
produced by a number of other manufacturers, foremost of which are

AMI and Phoenix The different types of BIOS are all more or less identical, although the system has changed slightly over the years and old

versions of BIOS may not work properly with some modern software.
The first function of the BIOS program is to test the system, to check
that all its various components are working properly This is the so called
Power On Self Test, or POST, feature If any failures are found then they
are reported as coded signals output on a special POST output port (this
can only be accessed if you have the appropriate hardware) Errors are

also signalled as coded beeps from the system's internal speaker.
Having checked that the system is running properly, the BIOS soft-

ware then sets up a basic input/output system which allows user
programs to have easy access to all the system components, by
simply communicating with the BIOS I/O routines. This gives all

PCs a universal software interface, irrespective of the actual
system design and thus allows software to be easily moved from
one PC to another without any compatibility problems. It also
makes it far easier for the programmer, since he does not have to
write specialist routines to directly communicate with disk drives,
video cards, etc.
The final function of the BIOS program is to act as a bootstrap
loader for the rnain operating system. In most PCs, this would be
MS-DOS, but it could equally well be DR -DOS, one of the many

systems, in particular Windows 3.x. This is because the BIOS
handles switching between real and protected mode operation
and these early BIOSs were written before specifications on this
operation were standardised
Replacing the BIOS chip with a more modern version will unfortunately not do the trick and allow one to run this type of software
- you will also need to replace the keyboard controller chip, since it
seems that this chip is also involved in switching modes.
Unfortunately finding any details of how the BIOS actually works is
extremely difficult, a task made even harder for anyone living outside
the US since all the BIOS producers are American.
However, unless you are involved in designing PC systems at
firmware level, it is not really necessary to know about the inner
workings of BIOS What is important, however, is the fact that
BIOS is the lowest level at which the system will operate A system
will run BIOS even without any functioning keyboard, display, or
disk drives This means that we can use BIOS to help us when
attempting to repair a faulty system.
We can thus remove all the adapter cards and monitor the
POST codes to prove that the motherboard is functioning properly,
thereby proving that the fault lies in one of the adapter cards If the
motherboard is faulty we can use the POST codes to tell us where
the fault lies A knowledge of BIOS can also be of considerable use
when developing hardware and software which interfaces directly
to the PC - t s the most fundamental level at which the system
operates

beeps

POST Error Beeps

Problem area Sound sequence
Power supply or system bored
uoUs

System board, display board, or PSU
System board or power supply
beeps
System board or power supply
display
Disk drive, disk controller, or cable
for disk

different flavours of UNIX, or OS/2. The bootstrap loader searches
for the operating system on disk, loads it and then transfers control
to it.
One thing to remember is that BIOS routines can be extended
and regularly are. The video display card will probably have a ROM
containing a set of routines which extend the function of standard
BIOS so that it can handle the hardware of the particular video
display Similarly, a hard disk controller may have a BIOS extension
on the card. These applications card extensions of BIOS allow the
operating system and hence application programs to utilise these
devices, despite the fact that they are all probably very different
from each other
As has already been mentioned, older versions of BIOS can
cause problems. A fairly general problem is that they can restrict
the type of hard disk that can be used. Other problems are more
applications oriented, but on some older 286 ATs the BIOS may
cause problems when attempting to run advanced operating

Repeet g MOO qT.c

One short beep and bidnk
One

5110f?

Problem area Error code number
System board 100-199
Battery error
161
Configuration error
162
Time and date error
163
System options not set
165
Memory error 200-299
301, 303, 305
Keyboard
Keyboard fuse 305
Parallel port
401
Floppy disk drive
600-699 (except 602)
Reference disk 602
Math coprocessor
701
Serial port
1100-1299
Hard disk drive 1700-1799
System board video
2400-2499
Pointing device 8600
Hard disk drive 10400-104 99
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1,

-9"f:

One long and'0'ne at
One long and two

beep and frlainpt

Some of the more common POST Error
Codes
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Using a POST probe card to check

adapter cards one by one, except the POST card, reapplying power
between each card removal. If the symptoms stay the same then the
motherboard is probably failing. It is here that the POST card really
comes into its own, since without it, problems can be very hard to track
down. Shorts are a major source of problems and using the area indicated by the POST error code can be further traced with the aid of the

processor status

hen you boot up your PC, one of the first functions of the BIOS

Jtines is to perform a range of Power On Self Test, or POST, routines.
These POST routines will check every part of the PC, the memory, the
:ommunications ports, the keyboard, video display and the disk drives.
_Mess your machine is faulty you will in most cases not be aware that
-

logic probe.
First check the supply voltage and ground leads to the suspect chip.
If a voltage is missing, then trace the line to its source. Shorts may be
produced by defective resistors, ICs, or decoupling capacitors. In fact,

:-e tests are taking place. Remember the way that your keyboard lights
cash and the double beep before the hard disk is accessed and DOS
jaded? These are the POST routines at work However, if your
-achine is faulty, POST error codes could provide you with a valuable

such capacitors should always be checked, since this can be the cause
of the failure.

a-d accurate guide as to what is wrong

With a POST card, it is a lot easier to track down and repair faults on

There are three different ways in which the BIOS POST routines will
us what is wrong with the system The first is that it will generate a

a PC system board and it is surprising how often a fault is caused by

the failure of a very cheap and easily replaced component. If you know
what you are looking for, there is often every chance that a faulty board
can be successfully repaired - forget those people who say that it is not

sequence of beeps on the internal speaker, with the beep sequence
-cughly indicating the fault area. The second way relies on the video
splay functioning, and POST generates one or more error messages

worth doing and far better to just chuck the board away and replace it
with a new one
Note that this table can only be approximate, since the exact error
codes used are different for each type of BIOS and for each type of

nich indicate where faults have been located.

The third way is probably the most powerful, since it can be used to
agnose faults in a motherboard without functioning video display or

-syboard. Here, the error codes are output through an I/O port (on
--ost EISA and ISA systems this is port 80) and can be displayed using
a special plug in adapter card, commonly referred to as a POST card.
--e error codes displayed on the POST card's two digit hexadecimal
splay can be used to accurately pinpoint a fault to a specific area of

nardwa'e platform Thus POST code 04 in Phonex BIOS signifies an
error with the 8253/4 programmable interval timer chip, on the C&T
BIOS t -at the 8237 DMA controller has failed and on AMI BIOS that
-here s a fault either with the 8259 programmable interrupt controller or

wt^ t'e CMOS

7-e motherboard, or even a specific component
At some stage in their lifetime, most PCs will generate some sort of

=OST code error This is particularly likely to happen when adding or
moving expansion boards or altering the
_ nfiguration. It is

aso likely to
-appen when

-e

internal
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boards with the
same chipset,
meaning that
although generally correct,
some codes
may point to
the wrong
error.
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_-e start looking for
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The first step in any fault

teating procedure using a
LOST card is to check the power supply to the system board (with the
'.' cro 2000 POST card this is easy since the card has a built in logic
-- be and voltage test circuitry). Next, try removing and reinserting
adapter cards in order to ensure that they are not the cause of the
=-colem (not forgetting to switch off the power every time you remove
reinsert a card)
If
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RAM.

oroer to get detailed information from the POST codes, it is
essential to have a list of the codes
and their associated errors for the

In

For anyone involved in

serious PC maintenance and
repair a POST card is a good investment since it makes
tracking down most faults on a PC a lot easier. A good example of such
a card is the Micro 2000 POST Probe card and its associated diag-

nostic software, with which one can track down faults at all levels of
functionality, even faults on boards unable to produce POST codes.
For more details on the POST Probe card contact Micro 2000 in

Letchworth, on 0462 483483.
Watch out in future issues of Em for our special build it yourself
POST card project!

you still have no luck, then power down the system, remove all the
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Cache Memory
Over the last few years, we have seen processor clock rates go
up from 12MHz on a 286 AT to 66MHz on a Pentium or
486DX2 system. At the same time we have seen the amount of
RAM in a system go up from 640K to 4, 8, or even 16+ MB,
and the amount of hard disk storage go up from 20MB to
200MB or more. By any standard, a modern PC is thus an
extremely powerful computer.
However, despite the powerful processor, lots of memory
and a big disk we can no longer say that the performance of
one make of PC is much like another, simply because it has
the same processor, runs at the same speed and has the
same general architecture. You only have to look at the benchmarks published by some of the PC magazines to realise this.
The truth is that, as well as bringing enormous processing
power, high speed systems have also brought with them a lot
of problems for the computer system designer. Problems
which, in the way that they are solved, or are not solved, can
make enormous differences to the performance of seemingly
similar systems.

The problem with bottlenecks
The main reason for these design problems lies in the bottlenecks which can occur in the flow of data and instructions
between the processor and the various types of memory used
in the system. Bottlenecks can seriously reduce the actual
processing power of the system, compared with its theoretical
potential power and are moreover exacerbated by processor
intensive applications such as Windows, CAD and DTP
systems.
The reason that these bottlenecks exist is fairly simple. They
are due to the fact that parts of the system are working much
faster than data can be accessed from, or stored to, other part
of the system. Thus, the access time of a standard RAM
memory chip is longer than the fetch cycle of a 66MHz 486,
the result being that the processor has to wait maybe two or
three clock cycles for memory to be accessed. If we take
statistical standard usage of a system with standard reasonably fast RAM, then the effective speed of a 66MHz system is
reduced to an equivalent of one running at less than 55MHz,
simply because the processor has to wait for memory.
The result of having a processor that is too fast for the available memory is quite a serious reduction in power. Computer
system designers try to overcome these slow access speed
related bottlenecks by using a special type of memory known
as cache memory.
Cache memory is simply a block of memory which works at
a higher speed than the ordinary RAM memory. By transferring
the block of data and/or instructions currently being used into
this cache memory, it is possible to eliminate a high
percentage of the delays that would otherwise occur. This
makes it possible for the system designer to more closely
approach the theoretical maximum power of a given
processor.

Memory hierarchy
In order to understand how cache memory works, we need
to look at how a computer uses different types of memory.
We can divide the memory resources of a computer into a

In PC Clinic next

hierarchy and on most systems there are two levels - short
term, fast access RAM memory and long term, slow access,
disk memory.
No programmer would attempt to write a program which
ran directly from disk memory, in theory it could be done, but it
would be terribly slow. Instead, the program stored on disk is
transferred to RAM memory and run from there. The same
applies to data - rather than slow down the system by
accessing the disk directly for each byte of data, a whole block
of data is transferred to RAM memory and accessed there.
The function of a CPU cache is to add another one or two
levels to that hierarchy, which lie above RAM memory. At the
highest level is the primary, or on chip, cache. The 486 has an
8KB cache on the processor chip and the Pentium has two
8KB caches. The level below this and immediately above RAM
memory is the external or secondary CPU cache, which
consists of between 64K and 1 MB of very fast static RAM.
If we think of RAM memory as being short term memory,
then the primary and secondary CPU caches are a type of
selective memory in which are stored the most commonly
requested pieces of program code and data. Thus, when the
processor accesses instructions or data from main memory, a
copy is simultaneously transferred to cache memory and all
future accesses to that information will be to cache memory
rather than main memory. This means that only the first access
will be slowed down, all subsequent accesses will be at top
speed. So, the more primary cache memory that is built into
the actual processor chip, the better the overall improvement in
performance. There are, however, limits to the amount that can
be put on a processor chip, and anyway it is pre-set by the
chip manufacturer, hence the need for external cache memory.
Once again, a simple statement such as 'the system has 256K
of cache' is insufficient to indicate performance quality,
although of course, broadly speaking, the larger the cache the
better the performance improvement.

Cache operation
The type of cache design used is very important, since there
can be very significant differences in performance between
different designs, especially when the cache is fairly small.
There are three commonly used secondary CPU cache
designs, fully associative cache, direct mapped cache and set
associative cache. Of these, the fully associative cache is too
slow for today's processors.
The cheapest and easiest design for a manufacturer to
implement is the direct mapped cache, but this will only offer
good performance if it has been properly designed. Indeed, if
badly designed, a direct mapped cache can actually degrade a
system's performance so that it is worse than a cacheless
system. This is the result of a process called thrashing and can
be a really serious problem when running multi-user operating
systems.
Set associative cache offers all the best features of the
other two designs but with few of the associated problems. It
is fast and flexible and this technique has been used by the
Intel designers for the primary processor cache on the 486 and
Pentium. It is also the favoured design among top range PC
manufacturers and is particularly good with multitasking operating systems.

Next month...

month we will be looking at how memory is used and organised in a PC, at upgrading the
memory in
your system and at tracking down elusive memory faults
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POWERFUL SCHEMATIC CAPTURE,
PCB DESIGN AND A UT OROUT I NG
ALL FOR JUST £395...

i

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

PROPAK AR for DOS provides

iS

14J

all

Attractive, easy to use graphical interface.
Object oriented schematic editor with automatic wire routing,
dot placement and mouse driven place/edit/move/delete.
Netlist generation for most popular CAD software.
Bill of Materials and Electrical Rules Check reports.
Two schemes for hierarchical design
Automatic component annotation and packaging
Comprehensive device libraries and package libraries
including both through hole and SMT parts.
User definable snap grids (imperial and metric) and Real
Time Snap to deal with tricky SMT spacings.
Manual route editing features include Auto Track Necking,
Topological editing and Curved tracks.
Autorouting for single, double and multi-layer boards
Non autorouting PROPAK is available for just £250 if you do
not need or want the router.
Full connectivity and design rule checking
Power plane generator with thermal relief necking.
Graphics support to 800x600 Super VGA.
Output to dot matrix and laser printers, HP and Houston
plotters, Postscript devices, Gerber and Excellon NC
machines plus DXF and other DTP file formats

.ltll(9
01

ISIS ILLUSTRATOR

CADRA![
Two Programs for the Price of One

Schematic Drawing for Windows

ISIS SUPERSKETCH
A

superb schematic drawing program

for DOS offering Wire Autorouting,
Auto Dot Placement, full component
libraries, export to DTP and much more.

Exceptionally easy and quick to use. For example, you
can place a wire with just two mouse clicks - the wire
autorouter does the rest.
PCB II
High performance yet easy to use manual PCB layout
package. Many advanced features including curved tracks,
auto track necking, DXF export, Gerber and NC file
generation, Gerber viewing and more.

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

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

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

cJbcent3cn
Electronics

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

educational discounts available.
WE HAVE MOVED

53-55 Main

-

NOTE NEW ADDRESS

Prices exclude p&p (£5 for U. K) and VAT.
All manufacturas' trademarks acknowledged.

Sf, Grassington, North Yorks. BD23 5AA.
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video light meter circuit

Is it bright enough for
good camcorder pictures?
Terry Balbirnie's light
`meter' will tell you -

instantly!
odern camcorders will
operate in extremely low
light levels. However, the
picture quality is often not
very good under these conditions - a fact avoided in the advertising
hype. Although some models do perform
better than others, insufficient light
shows itself with grainy pictures and
degraded colours. The black -and -white
viewfinder picture gives little indication of
performance. Poor recordings will only
show up when the tape is played back
through a full-size colour TV and it may
then be too late for a re -take. If the
camera operator had been made aware
of the problem at the outset, some extra

light could have been laid on or the

shots, arranged to exploit the existing
light more effectively. Without a lot of
practice, the eye itself is not good at
judging light intensity, because of its
ability to adjust to the conditions.
This Video Light Meter will indicate the
ambient light level and hence the performance to be expected from the
camcorder. In use, it will normally be
pointed from the subject position
towards the light - that is, it measures
incident light. When a push-button
switch is operated, one of the LED bars
in a display glows to indicate the
brightness. Since no current is drawn
until the switch is pressed, and even
then less than 30mA, a miniature
battery will have a very long life.

Circuit Description
The Video Light Meter comprises
four main parts - the light sensor
itself, bargraph driver, LED display
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and stabilised supply for the light -sensing
section.
Figure 1 shows the complete
circuit diagram. The
light
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Wiring diagram

sensor is phototransistor, 01, which has
a window in the end that allows light to
enter and strike the base -collector junction. The effect is equivalent to a photo
diode and the light causes a small
current to flow, which is subsequently
amplified by transistor action The
brighter the light, the higher this current
will be, up to a point. Increasing light
intensity will therefore cause an
increasing current to flow through load
resistor, R1, and this will result in a
greater voltage being developed across
it. A falling voltage will then appear
between 01 collector and emitter. It is
this reducing voltage which operates the
rest of the circuit. Note that no bias is
needed for the specified phototransistor,
so the base is left unconnected.
The circuit is powered by a 9V or 12V
battery. However, the phototransistor
section is fed from a 5V supply derived
from voltage regulator IC1. Without this,
the voltage between 01 collector and
emitter would decrease as the voltage
available from the battery fell with age.
This would be interpreted by the rest of
the circuit as brighter light and would
upset the bargraph operating points. As
it is, the circuit will operate correctly until
the regulator fails to deliver a 5V output
This will happen when the battery voltage
drops below 7V approximately. After that,
the regulator output voltage will fall in
sympathy. It is therefore necessary to check
the battery every so often and the method
for doing this is described at the end.
With phototransistor
O1 in bright light,
approximately 0 7V will
be developed between
its collector and emitter.
As the light level falls, it
will approach that of the
supply, e. 5V. This
voltage is scaled down
by the potential divider
consisting of fixed
resistor, R2 and preset
potentiometer, VR1 It is
then applied to the
input, pin 5, of bargraph
driver IC2. This device
accepts a smoothly
changing voltage so
that as it increases,
successive outputs 1 to
10 (pin 1, then pins 18
to 10 respectively), go
low in turn to provide
current sinks The first
output operates at
0.125V and the tenth
one at 1 25V, so the
i
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voltage provided by 01 collector needs
to be divided by four. This is achieved
when VR1 wiper is at approximately mid track position. However, the voltage at
the wiper may be adjusted through wide
limits. This provides the adjustment for
the correct operating levels and will be
made at the end of construction.
Capacitor Cl promotes stable operation.
The bargraph display, IC3, consists of
ten horizontal LED bars. All the positive
(anode) ends - pins 11 to 20 respectively
- are connected together and hence to
the positive supply rail. The other
(cathode) ends of the LEDs (pins 1 to 10)
are connected to the corresponding IC2
outputs. As each output goes low, the
corresponding LED bar glows. No
conventional series resistors are required
since current -limiting is carried out on
chip with R3 determining the LED operating current, in this case 13mA approximately.

Construction
Before proceeding, decide on the type of
box to be used as an enclosure. This will
depend on the size of battery being
used. Any small 9V or 12V battery will be

suitable. In the prototype unit, a subminiature cylindrical 12V battery of the
type used in cigarette lighters was
chosen (see Parts List). Using this allows
the small plastic box specified in Buy
Lines to be used. A PP3 battery may be
used if preferred, but the box will need to
be larger.
Construction is based on a single sided PCB and Figure 2 shows full
topside details (parts placement
diagram). Drill the two mounting holes
then solder the two IC sockets into position. Follow with all fixed resistors (flat
with the board), capacitors, Cl and C2
(observing the polarity of C2), preset VR1
and voltage regulator IC1 (taking care
with the orientation, see Figure 3). Cut
01 base lead short and gently bend the
other two leads at right -angles (see
photograph). Solder 01 into position, so
that its top points to the left Do not
insert IC2 or IC3 into their sockets yet.
Adjust VR1 to approximately mid -track
position.
Solder 8cm pieces of light -duty
stranded connecting wire to the pads
marked 'S1' and 'Batt -'. If a PP3 battery
is being used, solder the negative wire of
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the battery snap to the pad marked 'Batt
Drill the holes in the case for the
switch and for circuit panel mounting.
Insert IC2 and IC3 into their sockets. It
would be wise to touch something which
is earthed, such as a water tap, before
handling IO2 pins, because this device is
static sensitive. The product lettering on
IC3 as used in the prototype was on the
right hand side - if it is inserted the wrong
way round, it will not work.
Mount the circuit panel temporarily
and carefully measure the position of IC3.
Make a hole in the lid of the box directly
above this and the same size. Mount the
panel on short stand-off insulators so
that when the lid of the case is in position, the display is level with the face of
the box. Mark the inside of the box
opposite 01 position, remove the circuit
panel again and drill a hole with the same
diameter as Q1 at this point. Fit the
switch and complete the wiring as shown
in Figure 4. Replace the circuit panel and
adjust the phototransistor leads so that
its face protrudes slightly through the
hole drilled for the purpose.
If the sub -miniature 12V battery is
used as in the prototype, mount it in the

Miscellaneous

Resistors

ee area of the circuit panel,

as shown in
:ne photograph, using a pair of Velcro
-wing pads. The connecting wires may be
soldered to its terminals using minimum
neat from the soldering iron. A PP3
oattery could be secured to the base of
:he box in the same way.

R1

R2
R3
VR1

Miniature push -to -make switch
Miniature alkaline 12V battery
type GP23A or PP3 battery and
battery snap (see text).

470
56k

S1
B1

1k

47k

Capacitors
Cl

Testing

C2
trolytic.

basic test can be made by pointing the
sensor towards bright light and pressing
:he switch. By slowly covering the hole
,vith a finger, there should be a response
Tom the LED bars. If this test works, it is
Then only necessary to adjust VR1 for
correct operation. The lid of the case will
need to be in position (although not
screwed down yet) so that Q2 receives
ght only through the hole. Adjustment to
!R1 is made in a series of small steps
,vith the lid replaced after each one.
cover the sensor with black tape to
prevent all light reaching it. It will probably be found to be impossible to adjust
lR1 so that all LED bars are off. It will
Therefore be set for the first bar to represent total darkness. Press the button and
adjust VR1 so that the first bar is on and
Jst before the point of changing to the
second one.
Set the camcorder on a tripod and
zoom in on a detailed picture such a
colour magazine advertisement pinned to
a wall. Vary the amount of light in the
'oom and make some test recordings to
cetermine the level at which picture
cuality just begins to degrade. Point the
sensor towards the camera from the
subject position and note which bar
operates. The other bars may then be
nterpreted and labelled. Colour -coding
could be used, possibly red, orange and
green, but this was not thought worthwhile in the prototype. Note that it is
normal for there to be a slight overlap so
Is possible for two adjacent bars to be
Iuminated at once. After making any final
adjustments to VR1, it only remains to
secure the lid and put the Video Light
Meter into service.
The device may also be used in
'effected light mode, by pointing the
sensor towards the subject. Experiment
-o find out which method gives the best
'esults.
A

470n ceramic
47p 16V PCB elec-

18 -pin d.i.l. socket; 20 -pin W.I.
socket. PCB materials, plastic box

Buy Lines

Semiconductors
01
IC1

IC2
IC3

Most of the components for the Video
Light Meter are freely available. The
MEL12 phototransistor may be obtained
from Maplin. The box used in the prototype was type T2 size 75 x 56 x 25 mm
from Maplin. A larger one will be needed
if a PP3 battery is used.

MEL12
LM78L05
LM3914
10 -bar red LED

display

OUT
COMM
IN

Cl

0000000000

0000000000

Battery Check
The condition of the battery should be
checked every so often. To do this, cover
:ne sensor so that no light can enter.
cress the button and observe the display.
-The first bar should light. If a higher one
glows, the battery must be replaced.

B1

sl

-ve
Vidio liligt meter component overlay
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FURTHER DETAILS FROM ARGUS SPECIALIST EXHIBITIONS

2 up to 4 children)

At 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.

Board

Board

pture.

erratic Capture Design Tool

BoardMakerl

£395

Entry level

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

Direct netlist link to Boardfvtaker2
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

- Advanced level
the features of BoardMakerl +
Full netlist support - BoardCapture,
OrCad, Schema, Tango, CadStar and others
Full Design Rule Checking
both mechanical and electrical
Top down modification from the schematic
Component, renumber with back annotation
Report generator - Database ASCII, BOM
Thermal power plane support with full DFIC

BoardMaker2
AH

NEW

Raute :1

Gridiess re-entrant autorouter
routing

-

p

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

;',Output drivers
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£200

supportSimultanéöüs

-
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Included as standard

Printers - 9 & 24 pin Dot matrix.
HPLaserjet and PostScript
Penpiotters - HP, Graphtec & Houston
PhotQplotters - 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
Aylesb t House
We flny Roäd, Chatteris

CambridgePE16 6UT
Tel (0354) 695959
354, 695957
ax.

tsien

MAGNETISM AND
MAGNETOMETERS
Magnetism is a subtle and mysterious force that influences a lot
of things around us. Keith Garwell embarks on a practical exploration of how to measure minute changes in a magnetic field
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auroras and similar heavenly signs. Down to earth, measurements of local magnetism are very helpful to the archaeologist,
amateur or otherwise. Unfortunately, while one can go into
many a local shop and buy a combination
voltmeter/ammeter/ohmmeter for only a few pounds, one
cannot easily go into one's local emporium and buy a
magnetism meter (magnetometer) and certainly not for a few
ponds. Hopefully, am about to
redress this balance, at least in
part.
Before delving into the nitty
gritty, it may be as well to know
something of what we are talking
about.
The first dreadful shock to
older readers will be to discover
that Gausses are out and a new
unit is in, to whit the Tesla. This
--is a very large unit - the field
which would generate 1V along
a wire 1m long moving at
1 m/sec.
If you cast your mind back to
the classroom, you will hopefully
remember that the earth's
magnetic field has a horizontal
component that appears just
West of North. Indeed, if you look at your friendly large scale
Ordnance Survey map you will find a note giving the deviation
between true North and Magnetic North, the Magnetic North
being currently some 5 degrees West of true North.
You may also be able to remember something about the
'angle of dip'.
Imagine an ordinary magnetic compass mounted on its side
so that the needle could point downwards. Orienting the
compass case North/South would leave the needle pointing
downwards at an angle of some 67° to the horizontal.
Remember, these are approximate UK figures, they differ both
locally and globally.
If you think about it, this is all fairly reasonable as the North
Pole isn't really where the compass is pointing when it is horiI

zontal, because it will be at a tangent to the earth's surface and
the earth being a sphere, it will be pointing out into space. Only
if it were pointing downward as well would it be pointing to the
true (well, nearly) origin. However, everybody is used to
compass needles which only rotate in the horizontal plain and
it's much more convenient too.
Figure 1 suggests the situation. Unfortunately, if drawn to
scale the situation gets worse. The line set by the dip angle
points to the interior of the earth In fact the source of the
earth's field is believed to be due to some form of dynamo
effect within the earth's core which has a very high iron content.
This is expected to be a fluid or
semi fluid movement which will
perhaps account for the continuous change in position. My
Ordnance
Survey map shows the
LAT 53'N
67°
yearly change as 9 minutes of arc
to the East.
The earth's field, or to give it its
more usual name in exalted circles,
the geomagnetic field, is quoted as
153°
two vectors with respect to true
North and a true horizontal
(tangent). Where I'm sitting, these
are 18.5 micro Teslas at 5.3° West
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of North and 48.6 micro Teslas at 67.6°. Further North, for
instance, at Eskdalemuir, the figures are 6.3 West and -69.3°
(Ref. Dr D R Barraclough. British Geological Survey. Edinburgh).
These figures are from time to time upset by disturbances
which have various effects on our environment. The changes
are quite small, primarily being a change in direction. There is a
small daily variation of around 15 minutes of arc in the horizontal, but a disturbance (often referred to as a magnetic storm)
may amount to as much as one degree and last for a day or
two. The corresponding variation in field strength is normally
about 4 nano T for the horizontal and maybe 20nT for the
vertical. A 'storm' may produce a change of a few hundred nT.
This

suggests
that, for
those interested in the
earth's field,
the equipment should
be able to
show
changes of a
few minutes
of arc, not
necessarily in
absolute

MIRROR

It is now possible to obtain semi -conducting versions of the
Hall -effect device. For simple indications of magnetic intensity

this type of device is convenient and portable, but the linearity of
the devices is more or less in direct proportion to their cost and
sensitivity. For example, in the Electromail/RS catalogue one
available at around #8 generates 9mV per mT. Changes in the
earth's field are rather beyond them and they are not inherently
suitable for determining direction. However, they are very small
and simple to set up and are thus ideal as probes for investigating magnetic circuits.
The most versatile is the fluxgate magnetometer and modern
electronic components have really brought this type to the fore.
A fluxgate magnetometer is
portable, its sensitivity is good
and with care in construction
can be very accurate, reading
NON-MAGNETIC
down to nano Teslas. It is also
TRANSPARENT
direction sensitive, which has
ENCLOSURE
the advantage that it can
distinguish more than one field
and unwanted fields, such as
the earth's, can be balanced
SUSPENSION
out.
Briefly, it consists usually of
two ferrite rods, each of which
carries a winding. The rods are

values.

Types Of

MAGNET

SUSPENSION

Magnetometer And Their Characteristics
There are several types of magnetometer, some more suitable
for a particular kind of task than others. They can be classified
by the basic principles on which they operate.
The oldest type and one of the simplest to construct is the
moving magnet. It consists of a simple magnet, operating in the
same way as a compass except that the magnet is suspended
by a thread either of a metallic but non magnetic material such
as phosphor bronze, or in this day and age nylon or similar. The
most important features are that it must not have a twist in its
construction, discounting threads such as cotton and it must be
thin enough to allow free movement of the magnet.
This type of device is not really portable because of the
flimsy nature of the suspension. If it is to be ported, then some
special feature must be incorporated to support the magnet
whilst in transit. Consequently, this type is popular for fixed
stations where the interest is primarily in changes of direction in
the geomagnetic field. As it is always aligned with the field, it
cannot show change in magnitude. shall discuss later the
design of such an instrument in two forms - one that is read by
a visible indication and one that is read electronically.
One of the latest types makes use of the Hall -effect.
Consider a block of some conducting material (Figure 2), the
three visible faces being A, B and C. A current is maintained
between face A and its corresponding hidden face, with the flux
to be measured applied to face B. This flux will cause electrons
to diverge towards the C face or its hidden counterpart, establishing a voltage between the two faces (I seem to remember
Fleming had a rule about the direction of motion).
I

MIRROR
COPPER CRADLE

Az
FERRITE

arranged side by side and the windings excited by a pure (no
harmonics) AC drive. Around the pair of rods is arranged a third
winding, the sense winding. Any external field causes the
second harmonic of the excitation to be generated and it is this
harmonic which is used to indicate field strength. The construction of this type will be discussed in a fairly simple form in detail.
The earth's horizontal field (18.5pT) will give an output of around
3V DC on the divide by 10 range. The windings don't have
many turns (300 is the most) and the electronics can be assembled on strip board. This will be followed by the enhancements
which can be made to improve it further.
There is one other type that must be mentioned, which
depends on atomic behaviour - the proton precession magnetometer. This also has the advantage that it is portable and it
measures total flux from whatever direction. It is useful in that a
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general survey of flux density can be carried out, without the
necessity of pointing it in the right direction. The other side of
the coin is that it is unable to distinguish more than one source
of flux.
The principle is that a small container of liquid, usually

alcohol, is subjected to a strong steady field, the polarising field,
perhaps by means of a coil wrapped round the container. This
field is switched off and the frequency of precession of the
protons is measured by means of the same coil, or a second
one. This frequency indicates the flux strength remaining after
the polarisation is removed. The effect dies away in a few
seconds, allowing measurements to be repeated fairly rapidly.
As it has a limited, use am not proposing to give more detail in
this article.
I

Moving Magnet Magnetometer
The MMM is constructed fairly easily from items to be found in
most bits and bobs boxes. A fair bit of patience is needed with
the setting up and a bit of dexterity in making it, but otherwise it

copper wire. The fixtures in the fishing line are best sealed by
heating. The big advantage of copper wire is that the joints can
be soldered and Figure 4 suggests a possible construction.
The type of magnet is not dramatically important. The longer
and more powerful it is, the better it will align itself in the
magnetic field and the small magnets used to operate read
relays and security switches may be too small. However, can
see no reason why several should not be set end to end until
the available length is four or five inches.
tried cheating, with quite good results. As it happened,
had some small disc magnets about a half an inch in diameter.
A ferrite rod about 5in long was cut in half and the magnet
arranged in the centre. Incidentally ferrite rod is extremely hard
and you will not be able to saw through it without a diamond
saw. Much simpler is to make a small notch at the centre with a
hack -saw, then put pressure on this point until it snaps. Maybe
was lucky, but having made the shallow notch held it against
the thumbs of both hands with my fingers and just applied
thumb pressure. It snapped with quite a clean break, but in any
case the two original ends

1

I

I

I

I

I

WALL

WALL

SCALE'

should be fairly straightforward. Don't make a start until you
have read the whole of this section, as there are one or two
points which are critical
It consists of a suspended magnet to which a small mirror is
attached. If you know a dentist, then the small surface silvered
inspection mirror is ideal. Failing that, a small mirror can be cut
from a back silvered mirror, about 3/4 of an inch square will do.
The device will be very susceptible to drafts and therefore
must be enclosed within a suitable draft proof enclosure. It must
also be transparent, of course. Figure 3 suggests the arrangement. Sweet jars, jam jars and unused gold -fish bowls are all
typical of the type of container which is suitable. The gold -fish
bowl will require a lid. Don't use any absorbent material such as
wood, because it is not dimensionally stable and of course iron
or steel is out. The amateur electronic engineer's favourite aluminium - is ideal.
Since the modus operandi is to shine a light on the mirror
and use the reflection as the indicator, moulding marks on
glass jars can be a nuisance. However, you will be very unlucky
if you cannot find a large enough clear patch as the movement
is very small. It may just be necessary to experiment a little
when you come to set it all up An excellent scheme if you are
handy with Perspex is to make a case up and there is no need
for it to be circular.
The suspension can be either fine fishing line or very thin

were quite square so they
were used as the inside
ends against the magnet. A
cradle or stirrup was made
from thick copper wire as
shown and some Araldite
or similar resin will
complete this part of the
exercise.
The next requirement is
a small bulb with preferably
a straight filament, because
we shall have to use the
image of the filament as the
indicator. A round MES

:SUSPENSION

CRADLE

SOLDER JOINT

MIRROR CEMENTED
TO BRASS TUBE

-COPPER CRADLE

FERRITE

MAGNET

12V is probably the best. Run it from a suitable transformer and
either adjust the voltage down or add a series resistor, to
extend the life of the bulb and limit any filament movement. Only
enough light to see the projected image clearly is needed.
A lens will be required which is capable of projecting an
image of the filament onto a surface 2 or 3 metres away. This is
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PHOTO -TRANSISTOR
OR
DIODE

MIRROR

BLADE

cheap plastic eye glass lenses? Alternatively, a small laser
would do the trick. And set you back about £60!
Figure 5 suggests the layout in plan view. Before any
construction starts, it is essential to decide on the location to be
SUSPENSION
used. There are one or two restrictions. The first depends on
the minimum distance D between the mirror and the scale, the
very least is 2m, 4m is nearer the mark. The arithmetic behind
this statement comes in a moment.
Just as importantly, there must be absolutely no movement
COPPER CRADLE
between the support for the magnet, i.e. its enclosure, the lens
assembly and the scale. If it's at all possible, much the best
arrangement would be to mount the assembly on an aluminium
shelf fastened to a brick wall. Then fasten the scale on the
BLADE
brickwork also as suggested in Figure 5.
A wooden building would be unsuitable because there would
MAGNET
be too much movement dependant on weather conditions.
However, if there is no option, the only suggestion have is
either a rigid aluminium frame to which all the parts are
attached, or to mount the magnet assembly and lamp on a
concrete base and arrange that the spot from the mirror shines
in through a window.
Figure 5 is drawn as if it were attached to a wall which runs
due East-West, in which case the magnet will be slewed by just
5° and Figure 5 will work like a charm. In practice walls are not
built conveniently and accurately in this way, so as a conseR4
quence the mirror may have to be attached at an angle to the
1M
magnet. This can best be done by rehashing Figure 4 slightly,
so that the stirrup is extended vertically by a piece of the same
copper wire, cementing the mirror to a piece of brass tube and
sliding it over the extension. Then attach the extension to the
suspension. The mirror can then be turned relative to the
magnet until it all works and then be fixed with a dab of cement.
See Figure 6 for the alternative to Figure 4.
Now some fairly simple arithmetic.
The sort of movement we are looking for is around 5 minutes
of arc or less and up to 1°. To arrange that 1 minute of arc gives
one millimetre of movement on the scale:
I

LEDI

1 minute = 1/(360 x 60)th part of a circle and this must be
1mm. The circumference of a circle is 2icr, but in our particular
case the distance D in Figure 5 is the radius, so the circle is 21cD
and this equals 1/(360 x 60).
So, D=360 x 60/2 x TC = 3438mm.
However, the reflection from the mirror will turn through
twice the angle of the mirror movement so in fact the above
distance can be halved to 1719mm, say 1.72m.
The minimum D of Figure 5 is 1.72m and in fact it would be
easier to read changes if it could be made greater than this. To
cover the general case therefore, given the distance D in
metres, one minute of arc will be represented by D x 0.582mm.
(D x 4000 x m/360 x 60). If it's more convenient the other way
round then, if there are M millimetres of scale per minute of arc,
then the required distance D in metres will be M x 1.72.

10k

also a matter of experiment. happened to have one or two
lenses in my 'photographic' box and an old projector lens
seemed to be best.
Remember, the lens will of necessity be separated from the
mirror by the 'anti draft' container. It is best to make a mock up
of this part of the device so that you are sure it will work.
Clearly, the more elegant the lens, the clearer the image of the
filament will be. However, the object of the exercise is really to
give a patch of light that has some clearly defined point which
can be used as the reference, not necessarily a perfect image of
the lamp filament.
If you don't have lenses, how about trying one of the fairly
I

Setting Up
There are no short cuts, it's just a painstaking job of getting the
magnet assembly and lamp lens assembly together on a rigid
non magnetic base as the first step.
It may need a fair bit of patience to set the mirror so that the
reflection appears in the right place - after the magnet assembly
has finished swinging! If the mirror is movable in respect to the
magnet, use a dab of cement (one of the resin glues is good)
which is not quick setting so that you have time to adjust it
before the cement hardens.
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Don't take the readings too seriously for a day or so as
does need time to settle.

it

Making The Moving Magnet Magnetometer
Machine Readable
The MMM as built so far can only be read by inspection.
However, as we now all have chart recorders (ETI April 94 et
seq), a much better picture of the way the geomagnetic field
changes can be obtained if the readings
are recorded It also helps to avoid the
slightly embarrassing moments when in
the middle of a social evening one has

have to be changed. A little experimentation may be called for.
The next step is to move the device so that w ith the magnet
free to move and when it has settled down to po inting
North,
the output from the op -amp is roughly in the mid die between
the limits noted above.
If using a cover, it may up set the readings when
fitted. Try
carefully moving the device c loc kwise or anticlockwise to see if
the reading can be restored.
One point which nearly forgot and
may not be obvious. The 12V supply
must be regulated. The current
consumption is very small, about 20
mA, so the power supply need not be
anything very extravagant.
I

to announce "Excuse me a few
moments, just have to go and read my
magnetometer".
A quite simple arrangement is
The Fluxgate
suggested in Figure 7, in which the ends
Magnetometer
of the magnet have been extended with
Those who are have worked with
thin aluminium blades. One of these
magnetic amplifiers or mag -amps will
intercepts the light from an LED shining
find the workings of the flux gate
onto a photo transistor and there is no
magnetometer familiar. The FGM to be
absolute need for a blade at each end of
described illustrates all the principles
the magnet, it's just a simple way of
involved, but leaves the enthusiast
making sure it remains balanced by
room for experiment and enhancement.
adding an identical weight at each end
It is also designed to be adjustable in
It is best to use infra -red devices
gain and offset so that it can be a bit of
encapsulated in black infra -red transa jack of all trades, but with adjustment
missive plastic to reduce the effect of
and enhancement at least master of
ambient light. Even so, you may find it
some
necessary to enclose the device in a
For example, its sensitivity is such
light proof cover
that it gives about 3V for the horizontal
One can obtain the two infra -red
component of the earth's flux, with the
devices in one moulding, which makes
design sensitivity reduced by 10 If
mounting much easier. However, be
required. therefore. the gain can be
careful - some of these are switches,
altered sc that it gives 5V for 50mT,
the detector includes a trigger so the
f OuT de, volt This is a convenient scale
device does literally switch from one
where direct readings of field strength
state to the other. Such a device is not
are required. enabling both horizontal
suitable for this application as the
and vertical components to be
detector must be a linear device.
measured.
Figure
9a: Plan view of Fluxgate Magnetometer
A suitable circuit is suggested in
Similarly, its circular sensitivity is
showing
sense winding arangement
Figure 8. This shows a photo transistor
about 3V for 7° as developed,
as the sensor but a photo diode is a
(7mV,/minute) This sensitivity to rotation
suitable alternative. Two comments are valid here. A photo tranmeans that the normal small changes in the earth's field (5 to 10
sistor frequently does not have its base connected and the base
mins of arc) would produce an output change of 35 to 70mV.
connection is often not available. Secondly, the photo diode is
usually operated in the reverse biased mode
suggest the value of R1 as 1K for the first trial R2 and R3
are 100K and 10K respectively and R4 is 10M. Using a CA3140
as IC1, output can swing between 0 and approximately 9V. Aim
for somewhere round the middle of this range when setting up.
Setting the device up is quite tricky, as the blade of the
magnet has to just intercept the beam To do this, note the
maximum and minimum v tages at the output of the op -amp.
One is with the blade fully overing the photo device and the
other with the blade fully withdrawn. R3 can be adjusted to help
get this right. If this is not sufficient, then the value of R4 may
I

I

Figure

91a:

End view of Fluxgate Magnetometer

Next month...
We will continue with building the tluxgate magnetometer, plus two
other magnetometer designs,
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Headlight

Reminder
MON ROR

LIOPES
SNTTCN

Don't let your car battery go flat by
forgetting to turn off your lights. L.S.
O'Connor builds a lights -on reminder for
your vehicle.

OSC

P1000
SOUNDER
MONITOR
DOOR

Osc9

Fig 1,Car lights on test block diagrams
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PZ1

SOUNDER

car lights still on. It has a
variable volume control,
enabling you to set your
own desired volume level
and is built from three
separate modules Monitor Lights checks
whether the lights are on
or off, the Monitor Door
checks whether the door is
open or shut and the
Switch, which is activated
if the lights are on and the
door is open, switching on
the two oscillators that
drive the piezo sounder
(see Figure 1).

How It Works

0007A OS
100mA 00

Car lights on test circoot

-IR.

7

rreminder circuit
warns you with
a warbling tone
should you try to
exit your vehicle with the

Pall
ICI

T

IMPORTANT
This circuit has been designed for negative earth
vehicles only and will not function with the positive

earth type.
To determine your cars polarity, look at your
battery terminals and note which terminal is
connected to the car's chassis. If it is the negative
terminal then your car is a negative earth, if it is the
positive then it will be positive earth. Most cars are
of the negative earth type.
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The circuit is based upon a
quad two input NAND

Construction

gate, IC1, and a dual version of the 555 timer, IC2. IC1 a is
connected as an inverter and checks whether the door is open
or closed. With the door closed, the door switch is open circuit
and R1 pulls the input high, so the output is low (see Figure 3
for truth table). However, when the door is opened, the door
switch grounds the input of IC1 a, changing the output to a high.
This is fed to one half of the input of IC1 b, the other half
being connected to the car's side lights
power feed. R7 is a pull
down resistor and ensures
that the input is low when
the lights are switched off.
The output of IC1 b remains in
a high state until both the
inputs are taken high so with
the lights switched on and the
door open, the output would
change to a low. This is fed to
IC1 c wired as another
inverter, which is used to
provide the correct logic level
mequired by the IC2a and IC2b
meset pins.
Both IC1 a and IC1 b are
zonnected as astable multivibrators,
producing square wave outputs.
IC2a is operating at 4Hz and is determined by the formula
1,44/(R2+2R4)C1, while IC2b is operating at 1.8KHz 1.44/ (R3+2R5)C2. Both
IC2a and IC2b are held switched off by
;he low output from IC1 c, connected to the reset pins 4 and 10,
so therefore they are only allowed to oscillate when the reset
oins are taken high. This only occurs when the lights are on and
me door is open. The output of IC2a is fed via R8 to the control
nput of IC2b, which has the affect of modulating the output of

The prototype used an ABS box from Maplin (Part no: YU52G).
This has slotted walls to accept the PCB and internal dimensions of 49.5 x 99.5 x 40mm. The Veroboard was cut to fit the
slots and was 39 strips x 14 holes. Using these dimensions, cut
the tracks at the various points (see photograph of layout). Next, solder the appropriate
links and then the components (smallest first).
When complete, solder suitable lengths of
cable from the various points on the circuit
board to reach the fuse holders and the 4
way terminal block, where they are to be
fitted.
The terminal block was mounted to the
lid on the inside,
using two 6BA
nuts and bolts
and the fuse
holders at
either end of the
box. These were
done last to ensure that neither
fouled the PCB. Insert the PCB as
near to one side of the box as
possible and mark the position of the
piezo sounder, so you can drill a suitable amount of holes to allow the sound
through the box. Also mark the positions of your fuse
holders and the 4 way terminal block, ensuring that they do not
block the PCB. An additional hole was drilled at one end and a
grommet fitted, to allow for the through cables connecting to
the various points of the car.
Finally, with the fuse holders and terminal block in place,
solder the positive feed from the terminal block (position 1) to
the fuse holder FS1, and from FS1 to the positive cable from
the circuit board. Solder the lights from the terminal block (position 3) to the fuse holder FS2 and from FS2 to the lights feed
cable, from the circuit board. Connect the -ve cable from the
circuit board to Position 2 and the door switch cable from the
circuit board to Position 4 of the terminal block.

]

Testing
With the unit fully assembled, testing can be carried out as
follows. Using a PP3 battery or similar, connect the positive
terminal to Position 1 of the terminal block and the negative
terminal to Position 2. Link Position 3 to Position 1, which
simulates the lights being switched on. Now momentarily link
Position 4 to Position 2 to simulate the door being opened

3213 by changing the threshold set internally, giving us the
;.arbling affect.
The output of IC2b is passed through C3 and VR1 to
:nve the piezo sounder directly, with VR1 setting the desired
plume level.
D1 protects the circuit from reverse polarity connections
and R6, R9, ZD1 and ZD2 clamp any high voltage spikes
resent in car electrical systems to a safe level. C4 and C5
smooth the supply.
FS1 and FS2 are there should the circuit start to draw an
excess of current due to a fault.

0

4

ea,

,..,3Ii.
4,73.

4343431611t.

e174,..3,
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PARTS LIST

and the sounder should now be operating.
Remove the link from Position 3 to 1 to simulate the.lights
being switched off. Momentarily link Position 4 to Position 2 and
the sounder should remain silent.
If any of the above tests fail, then check all your connections,
the cutting of the tracks and that all of the components have
been inserted the correct way round. Finally, check the fuses.

Installation
There should be no problem with the installation, provided that
you follow these procedures. You will require a suitable multi meter in order to make the correct connections.
Normally, would recommend disconnection of the car
battery prior to fitting, but due to the ever increasing number of
car radios that are security coded and cars fitted with microprocessor controlled management systems which require a
constant source of power for their operation, it would be advisable to do the installation with the battery still connected.
Ensure that both FS1 and FS2 are removed and that the car
ignition switched off. Locate a constant source of power and
using auto type cable, connect to Position 1 of the terminal
block, housed inside the control box. If you use the Scotch Lock type connectors, this will allow you to crimp your cables in
parallel with the existing cable and so avoid the need to break
the existing cable. Next, find a suitable earth and connect to
position 2 of the terminal block.
Now connect position 3 of the terminal block to the live feed
of the car's side lights. Switch on your side lights and they
should still come on, even with the ignition switched off. found
the best place to make a connection was down by the side light
itself, unless of course you have easy access to behind the side
lights switch, in which case you can make your connection
their.
Wherever you decide, check with your multimeter that it is
the live feed for the side lights, by switching the lights off and
observing that the power is indeed removed.
Connect Position 4 of the terminal block to the door switch
on the driver's side, which operates the car's interior light. If
there is a single wire on the door switch, this means that
the switch is earthed by the cars' chassis and operation
of the switch connects this wire to earth and completes
the circuit. All that is required is to make your connection to that single wire. If, on the other hand, you have
two wires attached to your door switch, then this means
that the switch is of the plastic type and that there is a
separate earth to the switch. Operation of the switch
just connects the two wires together and you need to
make your connection to the non -earthed wire, which
can be found by switching your multimeter to the ohms
position and attaching one probe to the car's chassis
and the other to either of the two wires. Make your
connection to the wire that breaks the continuity when
the door switch is operated.
Making sure that the side lights are now switched off,
insert both FS1 and FS2 into the fuse holders, switch
the lights back on and open the door. You should hear
the sounder emitting the reminder tone. You can now
adjust VR1 to the desired volume level. When you either
switch the lights off or close the door, the sounder
should cease.
Finally, fit the lid and tuck the control box up under
the dashboard. If any of the above fails, then re -check
all your connections and fuses.
R1, 7 47K

R2, 3, 4, 5
R6, 9
10
R8
100K
VR1

1K2

10K

Capacitors
Cl
C2

C3
C4
C5

100uF 25V DC Radial
0.22uf 25V DC Polyester

10iF 25V DC Axial
100N Mylar
474F 25 V DC Radial

Semiconductors

I

IC1

4011 CMOS QUAD 2 -Input NAND

IC2

556 CMOS DUAL 555 Timer

D1

IN001

ZD2

15V Zener
Piezo Sounder

PZ1

Miscellaneous

I

o

U

m

eo

o
o

Approximate
Cost: £8.00

a

ABS Box (Internal) 49.5mm x 99.5mm x 40mm
2 x Fuse Holders 20mm Flush
2 x Fuses 100 NA Q/Blow 20mm
1 x Rubber Grommet
Stripboard 0.1 in Matrix, 39 Strips x 14 Holes
4 Way Screw Terminal Block
2 x DIL Sockets, 14 Way
2 x 6BA Nuts and
Bolts (countersunk)
Requhed length
of Auto Cable
(16 0.2^ßm

Logic tor car lights on tester

2
Component layout on stripboard and track cutting positions
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SURVEILLANCE
A SMALL SAMPLE OF OUR RANGE

KR

MODULE

PROF
FINISHED

ROOM TRANSMTTER RT1 An extremely

9.95

13.75

19.00

MAINS TRANSMITTER MT4 Can be connected

19,75

31.50

46.00

TELEPHONE TRANSMITTER TT S Small enough

12,75

17.50

25.00

Meters miniature transmitter wit h

long battery life

Dimensions: 20 x 20mm

inside any equipment that is mains powered.
Dimensions 35 x 20mm
to conceal

wee aldephone

Will trans mit both sides ot

a oomarsation (series connection)
Dinansio n: 10 x 20mm

TELEPHONE SOCKETTRANSU ITTER TSTS

29.00

14.74

Replace your telephone socket Wth this one within
which a transmitter has been concealed

ROOM AND TELEPHONE TRANSMITTER RTT

31.50

45.50

68.00

AUTOOMHATICTELEPHONE RECORDER
RS2 Record telephone conversations with
the interleaf unit and your own tape recorder.

16,90

25.90

39.00

Operates as a room Iransm liter, then switches to
telephone immutable mode during telephone calls
Dimensions- 30 x 25mn

Dimensions' 36 x 50mm

AUTOMATIC TELEPHONE RECORDER ATR1

34.96

TELEPHO NE TAP ALERT TTA1 usual warning

21.95

'

D

Wailons

59.00

and made in Britain.

45.00

42.75

69.00

95.00

59.00

89.00

125.00

IÖ

145.00

MINN

Orders can be despatched
within 48 hours subject to

detector. Rangs between 0Mhz and 600Mhz. Silent
operation. Dimensions: 70 x 50mm

availability.

1

RECORDING BRIEFCASE RBC1 Completely
deaeet recordings at a value for money price.
SHOTGUN MICR OPHONE AMPLIFIER SMA

45.00

24.95

zo

21.95

34.89

45.00

TELEPHONE AMPLIFIER TAS Connected directly
to the telephone, this une WI amplify both aides ofa
telephone call De...mil," 25x 52mm

10.96

16.95

19.98

PROFESSIONAL SOUND TO LIGHT UNIT
9K72 Custom built for deco or Mine use. Audio s''

21.93

Ideal log surveillance . The arrplilier will pick LP sounds
from a long distance.

SIGNA LUNG TRANSMITTER SILT Sends

a

continual audio pulse. Can be integrated Into alarm,
t,addng or warning systene. Dimensions: 20 x 50mm

VISA AND ACCESS WELCOME

WE HAVE THE WIDEST CHOICE OF USED
OSCILLOSCOPES IN THE COUNTRY
FROM C200 PL paws SOLD SEPERATELY

44.95

it,

nal

into bass, and and treble bards, *nth internal
microphone and spotlight option.
Dimensions 210 x 45mm

9.95

£950
£800
£700

TEKTRONIX 2245A 4 Channel 100MHz Delay Sweep Cursors
2235 Dual trace 100 MHz Delay Sweep
WNKLJPS 3065 2+1 Channels 100MHz Dual TB Delay Sweep
TEKTRONIX 465 Dual Trace 350MHz Delay Sweep
TEKTRONIX 475 Dual Trace 200 MHz Delay Sweep
TEKTRONIX 465 Dual Trace 100 MHz Delay Sweep
TEKTRONIX 2215 Dual Trace 60 MHz Delay Sweep
TEKTRONIX 455 Dual Trace 50 MHz Delay Sweep
TEKTRONIX SC504 Dual Trace BOMHz to TM503B

d weed

MICRO METAL DETECTOR MMD Detect the

-

T!CTSIYIIX 7000 SERIES OSCILLOSCOPES

32.49

16.95

presence of ferrous and various non-ferrous malais
Usdul for an those DIY jobs. Dimensions: 40 x 25mm

Mele e«, aaK new

WNW ratty Swam
1WIE06'+S Owl T,aNEOMW Delay
P1lLpEvp},Taisr,a.50440. Veer `YMa
_
_
GOULD 0S1100 Dual Trace 30MHz
I

C750

£550
£450
£450
£400
£500
.

TACO

£400

£160
_
0125
W ATSU SS5702 Dual Trace 20MHz
.
£200
GOULD 05300 Dual Trace 20MHz
.£125
GOULD 082508 Dual Trace 15MHz
.
.
£200
TELEOUIPMENT D32 Dual Trace 10MHz Mains/Battery
£2000
Storage
150MHz
Digital
2430
Dual
Trace
TEKTRONIC
TEKTRONIC 466 Dual Trace 100MHz Delay Sweep Analogue....Storage
£450
£450
H P 1741A Dual Trace 100MHz Delay Sweep Analogue Slorgae
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KERHLEY 224 Programmade Currenl Source
PHILLIPS PM6309 DISTORTION Maler 0 01%
H P 53414 Frequency Counter 1 3GHz (GPIB 6 High Slab)
WY MILANO Line Vollage Analyser
..
H P 7470A Plotter 2 pen HPIB
1
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BLACK STAR EQUIPMENT (pop all units £5)
APOLLO 10- 100MHz Counter Timer Ratio/Period/Time interval etc
£222
£525
APOLLO 10 -100MHz (As above with more luncltons)
£119
METEOR 100 FREQUENCY COUNTER 100MHz
[145
METEOR 600 FREQUENCY COUNTER 600MHz
£199
METEOR 1000 FREQUENCY COUNTER 1GHz
JUPIOR 500 FUNCTION GENERATOR 01Hz 500KHx Sine/So/1'n
£119
.
.
ORION COLOUR BAR GENERATOR Pal/TV/Video
All other Black Slar Equipment available
-
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BRUEL & KJOER Vibration Exciter System
Consisting et Exciter Control 1047: Power Amp
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£600
RACALIOANA 1991 Nanosecond Universal Counter
£450
RACAL 9302 RF Millwoltmeter True RMS1OKHz=1 5GHz
£500
RACAL 93018 RF Millivollmeler True RMS 10KHz-1 SGHz
RACAL 9009 Automatic Mori Meter 10MHz-1 5GH2 Wide Deviation
,.

..

080586115111A

£600
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£800
moAwTA¢I.ecrowP»F,d.IAYr. m_
RACAL GRI

n5e

mew:.
55124aHL
HP
5ewYy
WN
aRM6rDtMe.IM.mIMGKnnb
HP 55408E19CanDOE

MAIM! AVL®FCVaMnwON1lent

05WLETI POCP.*RD 0705* OSCILLOSCOPES 000L
MARCONI

.

) ) ) )

R686IE,50MwW»WI13e55595145.1GN51W

THIS IS JUST A SAMPLE - MANY OTHERS AVAILABLE

TRACE DELAY SWEEP

-

) )

GIGO

....

London

Tel: 0532 744822
Fax: 0532742872

For products you can rely
upon to give amazing results

31.50

Dimensions: 38 x 52mm

CAMERA DETECTOR CD8 Detects hidden video
cameras (even miniature CCD models).
Dimensions: 63 x 38mm

Leeeds LS16 6QE

All our products are designed

of privacy on your telephone hne.

RF DETECTOR RFD1 Highly sensitive hand-held

O A T O N G
ELECTRONICS LIMITED

For information on Active
Antennas, RF Amplifiers,
Converters, Audio Filters, the
Morse Tutor and Speech
Processors send or telephone
fora free catalogue and
selective data sheets as
required.

Adapt the tape recorder included to record telephone
calls automatically.
of any

Clayton Wood Close
Wst Park

f
22

OSCILLOSCOPE PROBES Swilchable x1: x10 (POP £3)

Manuals suppled

H

C12

possible

This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists. Pleaza cha ck availability
before ordering CARRIAGE all units £16 VAT to be added to Ta al of Goods and Carriage

BRIDGE AUDIO

STEWART OF READING

eo<A

071-837 4423

110

WYKEHAM ROAD,

<rYE.iS

READING, BERKS RG6 1PL

Telephone: M7341 268e41 Fax (07341 351696 Callers Walcotne Sent -5.309m rAonFd lunnl SPm Thursk

ELECTRONICS TODAY INTERNATIONAL

59

MIDI

EXPLAINED
n last

month's article, the subject of MIDI modes
slightly perplexing one, but in this context a 'program' is
was covered, and a start was made on the related
normally a set of sound generator parameters. This message is
subject of
therefore used with a
channel
synthesiser to change
messages. In this article
ALWAYS
from one sound to
we will consider all the
CHANNEL PRESSURE CODE
another. For instance,
CHANNEL NUMBER
remaining channel
this message could
messages in some
be used to change an
1
1
0
1
X
X
X
detail. These are the
X
HEADER BYTE
instrument from a
most important
trumpet sound to a
messages, since they
ALWAYS 0
guitar sound.
are the ones that are
EXAMPLE VALUE = 121
1
1
1
1
Although
1
this might
1
used to play notes,
not
seem
to be
o
a
o
provide touch sensitivity
PRESSURE VALUE DATA BYTE
particularly
useful,
and pitch bends,
most
instruments
will
change to a different
Fig.1 The program change message is a simple two
byte type
respond
to
this
type
set of sound generator
of message very
settings, etc. Every MIDI user needs to know what channel
rapidly, making it possible to use program changes mid messages are available, and have at least a fundamental undersequence. This is a form of channel message and it is therefore
standing of the way in which they function. Anyone who is
possible to individually change the sound of each voice of an
involved in the writing of MIDI software and/or the design of
instrument operating in mode 4 or a multi -mode. This may still
MIDI hardware needs to
seem to be a clever
understand every bit of
but not particularly
every MIDI channel
useful feature, but it
ALWAYS 1
message. Full details of
can greatly enhance
PITCH WHEEL CHANGE CODE
MIDI channel message
the capabilities of a
CHANNEL NUMBER
coding will therefore be
sequencer system,
provided, for those who
1
1
0
particularly a budget
X
X
X
HEADER BYTE
need it. If you are not
system.
Suppose you
into do-it-yourself MIDI
have
an
eight channel
ALWAYS 0
software or hardware,
instrument
operating
EXAMPLE
VALUE
=
15
this sort of detailed
1 1
in mode 4. On the
information is of purely
face of it, this system
PITCH CHANGE VALUE (LSB)
academic importance.
can only operate
As note on and note off
using eight different
ALWAYS 0
messages were fully
instrument sounds
EXAMPLE VALUE =99
covered in last month's,
(one per MIDI
article they will not be
a
o
o
channel).
0
However,
o
o
o
PITCH CHANGE VALUE (MSB)
considered again here.
by using program
change messages it is
All Change
possible to use
Program change
several times this
TOTAL
PITCH
CHANGE VALUE ((99 x 128) + 15 = 12687
messages are one of
number of sounds. A
the most simple forms
,
0
0
0
channel could play a
0
a
o
1
of MIDI channel
piano sound first,
message. The name of
then a cello sound,
this message ìs a
Fig 2. Pitch wheel change messages provide 14 bit
resolution
then a bass guitar
1

l

l

1

4
14
1°1°1°1°I 'II I'lll
l

1

1

1

1
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1

1

performances. The slave units have to be carefully set up so
and so on. By having several different sounds on each channel,
that they always provide the correct sounds, as they follow the
to
have
is
possible
in
turn,
it
quite
with each one being played
program change messages from the master instrument. It
different
or
more
hundred
of
a
but
a
total
eight channels
should always be possible to assign any set of sound generator
sounds.
parameters to any program number and many instruments have
There is an obvious limitation in that our example system can
facilities that make it easy to copy a group of settings from one
provide no more than eight different sounds at any one time.
program number to another. Getting everything set up correctly
For most users, this is not a major drawback though, since they
may not be very time consuming, but it is advisable to have a
would not wish to use large numbers of sounds simultaneously.
'dummy run' to ensure that everything will be all right on the
voice
Of course, even with a system that has a separate
night.
program
change
MIDI
channels,
assigned to each of the sixteen
messages are still a useful means of squeezing a little bit more
General MIDI
power out of the system.
The original MIDI specification did not make any recommendaAlthough only envisaged originally as a means of switching
tions about the type of sound assigned to each program
an instrument from one sound to another, program change
number, There probably seemed to be no point in doing so at
messages can be used to change any MIDI device from one set
the time the MIDI specification was devised, but more recently,
of control settings to another. These messages could therefore
music has become available in the form of standard MIDI
be used to control a lighting unit, MIDI patchbay, audio mixer,
sequencer files, which can be played on a MIDI sequencing
non
Some
digital effects unit, or any MIDI equipped device.
system.
program
change
use
of
instrument MIDI units do make
The problem with this approach to recorded music is that it
of
this
method
out
that
fair
to
point
it
is
only
messages, but
gives a different result
always
is
not
control
on each system, due
used. There seems
ALWAYS
to different sounds
:o be an increasing
PROGRAM CHANGE CODE
being assigned to each
use of system excluCHANNEL NUMBER
program number.
sive messages to
Program 23 might be a
control patchbays,
X
X
x
o
X
0
HEADER BYTE
piano sound on
grand
mixers, etc. Where
the
system
used to
an instrument or
ALWAYS 0
the
produce
can
other MIDI unit
EXAMPLE VALUE = 120
sequencer file, but it
ce controlled via
4 4 4 4 4 4 4
1
could be a banjo,
program change
PROGRAM NUMBER BYTE
0
0
0
0
saxophone, jet plane,
messages, this is
or anything on the
often a very easy and
systems used to reproform
of
aftertouch
Fig 3 Overall key pressure is the more simpe
convenient means of
duce the sequence. It
control. Generating
to
add
a set of standard
necessary
deemed
was
therefore
particularly
difficult,
mme right system exclusive messages can be
this
is
known
as General MIDI.
to
MIDI
and
to
sound
assignments
you
are
trying
that
of
equipment
is a slightly obscure piece
pursue
further
at
the
present time,
will
we
is
a
subject
This
not
control.
but if you wish to produce Standard MIDI files that others can
Practically any MIDI controller can produce program change
play back properly on their systems, you must adhere to the
messages. Most keyboard instruments can be set up so that
standard sound assignments. If not, you are free to assign
:-ey will transmit the appropriate program change message
whatever sound you like to any program number.
each time they are set to a new program number.
A program change message is a two byte type which uses
L'cnsequently, there should be no difficulty in getting the slave
method of coding shown in Figure 1. The header byte has
the
-struments to follow changes implemented on the master
the
program change code (1100) in the most significant nibble
-strument.
the channel number in the least significant nibble. This is
and
in
potential
have
great
Program change messages
by the program number, which in decimal numbering is
followed
in
'live'
performances
their
usefulness
work,
but
sequencing
in the usual MIDI data range of 0 to 127. Note that equipment
E-ould not be overlooked either. For any user of program
manufacturers do not necessarily number programs from 0 to
:flange messages, there are a couple important points which
127. Some use numbers from 1 to 128, others have sounds
-ust be kept in mind. One of these is simply that this is a form
arranged in banks, giving program numbers such as A-1 and D_
channel message. If you have several instruments or voices
7. The equipment manuals should clarify the relationship
_- instruments operating on different MIDI channels and you
between the manufacturer's method of numbering and the true
-_quire them all to switch to a new program number, a different
program values.
This
for
each
channel.
=-cgram change message is needed
This is not just of academic importance. When using equipthat
has
the
slave
system
in
a
simple
:- blem does not arise
ment from several different manufacturers it is quite easy to end
-struments in an 'Omni on' mode, or all operating on the same
up selecting the wrong sounds due to differences in the
-mannel.
numbering methods. Most modern instruments have the full
Sequencing using program change messages is usually
complement of 128 different sounds, but many older instru:e straightforward. It is not normally necessary to become
ments only have 63 or 99. Again, it is a matter of checking the
.dived in getting a certain sound assigned to a particular
equipment manuals to determine exactly what each instrument
_- gram number. There should be no difficulty in using the
can achieve With some modern instruments, there is the luxury
the
appropriate
:e'ault settings of the instrument and using
of several banks of sound data, with each one containing 128
The
same
messages.
change
=-:gram numbers in the program
1

-ct true for those who

different sounds.

use these messages during 'live'
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Pitching In

improved control over the dynamics of an instrument. It is a
theory, a pitch wheel change message can be generated by
feature that is certainly more than a little desirable.
any MIDI control unit, but in practice it is unlikely to be produced
Velocity sensitivity was not common in the early days of
by any means other than operating the pitch wheel of an instruMIDI, and any form of after touch was virtually unknown. Things
ment. This message is a three byte type which uses the method
have changed over the years and it is probable that all current
of coding shown in Figure 2. The header byte has the pitch
MIDI keyboard instruments implement at least basic velocity
wheel change code (1110) in the four most significant bits and
sensitivity. Most now have some form of after touch as well. Of
the channel number in the other four bits. The seven bits of data
course, after touch is not restricted to keyboards and it can be
ìn each of the next two bytes are combined to produce a 14 bit
implemented on practically any form of MIDI controller. MIDI
value.
guitars represent the only common exception. With a guitar, it is
The first data byte
only possible to control
provides the seven least
ALWAYS 1
the dynamics of the
significant bits - the
KEY PRESSURE CODE
notes by plucking the
second data byte
CHANNEL NUMBER
strings more or less
furnishes the seven most
viv
hard. This can be
significant bits. In decimal
o
o
x
x
x
x
HEADER BYTE
handled by the velocity
terms, the total pitch
values in note on
change value is obtained
ALWAYS 0
messages and after
by multiplying the most
EXAMPLE VALUE = 31
touch does not really
significant byte by 128
apply to any sound that
and then adding the least
o
o
o
,
,
,
NOTE VALUE DATA BYTE
is percussive in nature
significant byte. 14 bit
and of relatively short
resolution gives a pitch
ALWAYS 0
duration. It only applies
wheel value in the range
EXAMPLE VALUE = 35
to sounds that can be
1 1
0 to 16383. The zero
sustained for a long
pitch change value is
o
o
,
o
,
0
,
PRESSURE VALUE DATA B m
period (wind, organ,
8192 (01000000000000
strings, etc.).
in binary). Sending higher
MIDI provides two
values gives an increase
versions of after touch,
in pitch and lower values give a decrease in pitch.
and the more basic form is channel after touch. This type is also
The human ear is very sensitive to changes in pitch and can
known as 'overall' after touch. The data value in this type of
readily detect stepping rather than smooth changes. Even so,
message Is a sort of average figure for all the keys that are
14 bit resolution almost certainly provides a substantial amount
being played on that particular MIDI channel. Although this gives
of overkill. In practice, it is unlikely that varying a pitch wheel
only a rather unrefined me -hod of control. it is still a great
would result in a series of MIDI messages having the data value
improvement on having no after touch facility at all.
incremented or decremented one at a time. Doing this would
This after touch message is a simple two byte type. Figure 3
almost certainly result in a severe case of MIDI choke. Pitch
shows the bit -by-bit make-up of a channel key pressure
wheel changes are a potential cause of MIDI choke anyway,
message. The header byte carries the channel key pressure
and this type of message is probably best used in moderation.
code (1101) and the channel number. The second byte is the
channel pressure data byte. A value of 0 is used for no presUnder Pressure
sure, through to 127 for maximum pressure.
As explained in the previous article, MIDI accommodates touch
The other form of after touch message is the polyphonic key
sensitive keyboards via the velocity values in the note on and
pressure type. This provides individual after touch for each note
note off messages. These values are a measure of how hard a
that is played, which clearly provides very precise control of the
key is pressed initially and how quickly it is released.
dynamics of a piece. In theory at any rate, in terms of the
MIDI has provision for additional touch sensitivity in the form
amount of expression that can be put into your playing, it
of 'after touch' messages. The data value in an after touch
makes electronic instruments the equal of any acoustic instrumessage reflects the amount of pressure applied to the key.
ments. Although polyphonic after touch was a rarity until quite
After touch messages are only transmitted for notes that are
recently, it is now becoming much more common. It is even to
sustained for a reasonably long time and they are therefore only
be found on some low cost MIDI keyboard instruments.
sent after a key has been held down for a suitable length of
Polyphonic after touch is a three byte message which uses the
time. This would typically be after a key had been pressed for
arrangement shown in Figure 4. The header byte contains the
about half a second to one second. Any significant changes in
polyphonic key pressure code (1010) and the channel number.
the pressure applied to the key thereafter will result in further
The second byte contains the note value. The system of note
after touch messages.
values used here is identical to the one used for note on and
I suppose that a keyboard could
implement after touch
note off messages. The third byte carries the key pressure
without having normal (velocity) touch sensitivity, but in practice,
value.
any keyboard that has after touch will also have velocity sensitivity. The latter controls the initial volume of a note and might
In Control
also have some effect on the filtering or other sound generator
Last and by no means least, we reach the MIDI control change
settings. If a note is sustained for long enough, after touch then
message. Originally this type of message was used to control
takes over and varies the volume of the note in sympathy with
any aspect of an instrument which was not covered specifically
changes in the pressure applied to the key. Compared to just
by one of the other MIDI message types. This included control
having velocity sensing, this system clearly gives greatly
over the sound generator circuits. An update to the MIDI specifiIn
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switching type, but the value in the third byte is the new setting
for the control. This normally works on the basis of 0 for
minimum and 127 for maximum.
The two exceptions to this are controls 8 and 10, which are
respectively the balance and pan controls. These have 64 as
the central setting, 0 as full left volume and 127 as full right
volume. If more than 7 bit resolution is needed, controls 0 to 31
are paired with controls 32 to 63, so that up to 14 bit resolution
can be accommodated. Control numbers in the range 0 to 31
carry the most significant bytes, while those from 32 to 63 carry
the least significant
bytes. Control 0 is
ALWAYS
paired with control
CONTROL CHANGE CODE
32, control 1 is
CHANNEL NUMBER
paired with control
33,
and so on
BYTE
HEADER
through to control
31 which is paired
ALWAYS 0
EXAMPLE VALUE = 15
with control 63.
4
This works in a
manner that is
CONTROL NUMBER BYTE
similar to the way
in which the pitch
ALWAYS 0
EXAMPLE VALUE = 14
wheel message
4
provides 14 bit
resolution.
CONTROL CHANGE VALUE (MSB)
o
o
0
o
a
controller varieties.
However, the pitch
The switch type is
wheel change
ALWAYS
only used to
CONTROL CHANGE CODE
message carries
switch something
NUMBER
CHANNEL
the
two 7 bit bytes
on or off, such as
in
message,
one
some form of
X
X
HEADER BYTE
X
X
whereas they are in
effects unit. The
separate messages
continuous type
ALWAYS 0
for a control
provides variable
EXAMPLE VALUE = 47
change.
control and is used
Note, however,
for something like
CONTROL NUMBER BYTE
o
o
o
that it is perfectly in
a volume or
order to change
balance control.
ALWAYS
0
only the higher
A switch type
EXAMPLE VALUE = 64
control number if
control is operated
1
1 4
4
4
4
only minor adjust using a three byte
CONTROL CHANGE VALUE (LSE)
o
o
o
o
o
o
ment of a control is
message. The first
required. Control of
byte is the header
the most significant
type, which
TOTAL CONTROL CHANGE VALUE ((14 x 128) + 64 = 1856)
and least significant
contains the
bytes is totally
control change
0
o
o
0
0
0
0
0
0
0
independent.
code (1011) and
Figure 5 shows an
the channel
controller
oath
bytes
of
a
continuous
change
r.ae
lo
sequence
example six byte
number. The next
sequence which
is
the
number
byte
changes both bytes of a high resolution control.
on gives some 128
of the control which must oe
This method of obtaining high resolution control has proved
27 The switch type
4.iI1
different controls numbered -rs"
to be something less than universally popular and many
e range 64 to 127, but
controls are those having n . I....
consider it to be an inefficient way of handling things. Few
. c^s and operate in a nonsome of these now have soc: a
instruments seem to utilise the higher control numbers and have
standard fashion. This inciuoes a -e.. r.nich operate as contin7 bit resolution for the continuous controls. In fact some do not
uous controls. We will not co -s Per :^ese special cases at the
even implement 7 bit resolution and only utilise the five or six
Originally
present time. The third byre co^:-o:s :ne on/off setting.
most significant bits of the coarse control. However, there are a
were
for
'off'
recogo.seo
nere.
ihich
0
values
were
only two
few instruments which do use the full 14 bit resolution, or someand 127 for 'on'. The Detailed MIDI Specification altered this
thing close to it.
and recent equipment should accept values from 0 to 63 as
'off' and 64 to 127 as 'on'. MIDI controls having numbers from
Next month
0 to 63 are the continuous types, but these are used in pairs. If
we will consider MIDI controller assignments, special funconly seven bit resolution Is adequate, only controls from 0 to 31
tion controls and system messages.
are used. The message then takes the same basic form as a

cation banned the general use of control change messages to
control the sound generator circuits, but control of the sound
generator circuits via these messages is still permitted, provided
it is done strictly in the prescribed manner. This is something we
will consider in detail later.
The MIDI controls are now primarily used as a means of
controlling such things as master volume and switching built-in
effects units on and off, rather than as a means of mak
adjustments to the sound generator circuits. When .,s ^g a MIDI
-3
instrument that is not as young as it used to be. bear
that it might not
conform to the
current MIDI
recommendations
and could use
MIDI controls for
practically any
purpose.
There are two
4 4
4 4 4, 4
1
broad categories
of MIDI control
o
o
o
change message.
These are the
switching and
4
4,
4,
4
4
1
continuous
.-'-
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In this month's ETI competition you could win a
sophisticated electronic blood pressure monitor from
Maplin Electronics.
With the increasing popular awareness of the importance of living a healthy lifestyle, it is hardly surprising that
electronics systems are being employed to monitor body function and warn the user of impending problems,
without the need for a lot of medical knowledge and otherwise complex measuring techniques. An example
of this kind of electronic device is the newly released Maplin Blood Pressure Monitor.
This is an easy to use digital blood pressure tester which has been specifically designed to remove the
complexities of measuring blood pressure and pulse rate, particularly for those who are not familiar with the
technique The monitor takes readings from the left index finger and shows the systolic and diastolic pressures, as well as
pulse rate on an LCD display.
The system is very easy to use and at various stages in operation will display a 'ready to measure' and
`heart' symbol to indicate the current stage of the
operation. The monitor has its own pump, so no manual pumping is required, it will automatically inflate to a pressure of
around 200mmHg and then
start decreasing the pressure gradually.
Once measurement is complete, the
monitor bleeps, deflates automatically and
then displays the blood pressure and
pulse rate. These alternate every few
seconds until the monitor is reused or
switched off. Also shown is the 'ready to
measure' symbol. If it is not reused immediately the monitor will switch itself off
automatically after 1 1/2 minutes, to
conserve power.
To win this sophisticated blood pressure
monitor, valued at £75, simply find all
twelve of the hidden words in the
following puzzle. To make it easier we will
give you one clue - all the hidden words
come from the text on this page.
Send your list of the words you have
found, written on a postcard or the back
I
of an envelope, to: ETI, Blood Pressure
Monitor Competition, Argus House,
Boundary Way, Hemel Hempstead, Herts.
HP2 7ST
All entries must be received before August
30th when a draw will be made from all
correct entries to decide the winner.
Rules. The competition is open to all UK
residents other than employees of ASP
and Maplin or their families. The prizes are
as stated and there is no cash alternative.
The editor's decision is final and no correspondence can be entered into.
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PROGRAMMER EPROM. E2PROM & FLASH for all types 1k 127161 to b meg (2X080112.5 to
soli. Connects to printer port on IBM. fast program (27512 = 45 secs) Comprehensive editor
software Regimes 15-30 volt AC or DC power supply (optional extra £6.50)
only 199.95
ROM EMULATOR. Works on ANY computer with a printer port Code sent to printer appears in
rom on target board. Fast download, switch/Mc to emulate up lo 22k Routs.
only £39.95
PC SCOPE. Fut k bit
converter connects to printer port on IBM PC Supplied with Scope and
Voltmeter software with Data and AID routines to write your own programs.
only £29.95
PICI6C5//55/56/57/80/71 PROGRAMMER, Runs o0 111M PC, with editor software, protection
fuse blowing etc. requires 15-20 volt AC or DC power supply (optional extra 86.50)
only £69.95
LOW COST PCII6C54I56/71/8d I.C.E. Connects to priser port on IBM PC. In circuit emulator
with single stepr3o with breakpoints etc.
Supplied with connection information and PIC DEY 54 or PIC DEV 71 software as below.
may
25

ATTENTION ALL
NORTH AMERICAN READERS!

Al)

Did you know that you can order an
annual subscription to this magazine
direct from our official U.S. subscription
representative?

D19.95

PIC DEY 54. Integrated Text editor. Assembler1 Disassembler,' Simulator for 54Ì55,156,157 Pics. Runs
on IBM PC Single step trace, go with breakpoint etc. etc. Everything you need to write and debug
programs. Runs with or without the I.C.E unit.
Software only 129.05
PIC DEY 71. As abase but for PICI6C71 84 controllers
Software ody £29.05
ASM5I s 515051. Text Editor Assembler plus simulator for Micro controllers 8051 r52. Runs un
IBM PC. Full control of registers & memory, label disassembly. program trace. single step

For more information and rates contact:
Wise Owl Worldwide Publications,
4314 West 238th Street,
Torrance, CA 90505

etc

Software only 119.95
ASM18 SIM48. Same as Asm51 hm for 674849 Micro controllers.
Software only £18.95
All hardware tunes a I2 month parts & labour GYnnl11. S.A.E. or telephone for further details.
Please add £I 50 for Post/pacing

4 REIN

JOHN MORRISON (MICROS) Dept ETI.
GARDENS, TINGLEY, WEST YORKSHIRE WF3 1JR
Telephone 0532 537 507

Tel: (310) 375 6258
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Ashley, tel: 0304 812723.
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If you run a club that is concerned with some aspects of electronics and computing we would like to hear from you so that
we can include your club in our regular listing.

Feedback
Here at the editorial offices of ETI we want to provide you, our
readers, with the sort of magazine that you want to read. We
can of course guess what you would like to see in each issue of
ETI, but a far better way is to rely upon feedback from readers.
To help us in this process we are instituting a new concept, the
'Feedback Box'. We are asking readers to take a few minutes
and write down on the back of a postcard the ratings which
they would award to each article in this issue. Ratings should
vary between 1 and 10, with 1 being poor and 10 being brilliant.

Where on Earth am I?
Computer controlled stepper motor
C - Turbo speed indicator
D - Anglers bite alarm
E - PC Clinic
F - Video light meter
G - Magnetism and magnetometers
H - Car lights on reminder
- An Introduction to MIDI
A

-

B -

I

Just write the article letter followed by your score for that article
and send to
Feedback Box August 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
'goodies bag' of electronic components.

T.B.Grant. Glamorgan.

Club contacts
Our regular list of amate_

British Amateur Electrcr
Contact the club secreta-. '.'J.F.Davies on 0606 883713

Crystal Palace and Ds:
Club, tel: 081 699 5732
Lincoln short Wave Rec
Lincoln. tel: 0427 78535

London Live DIYHi-F
'
Launcelot Dow, 7 P
South, Lower Edmo' -:
,

OMIZI2

_z

7.

-

u

A

J

._.._

_

9NT.

Midland Amateur
021 422 9787 or 02"

I

Klww9u

9.

S___

-_

N

:
rtc9,395131

-

(evenings only).

Sudbury and District Rao
Amateurs, tel: 0787 3' 32'2
c.::h
Thanet Electronics C
group for school age people in East
Kent. Contact the club secretary Roy
.
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Practically SpBaking

by Terry Bdlbirnie
Health and Safety

terminate in a small consumer unit from where it will feed the
circuits for power sockets, heating and lighting.
There will be a double -pole switch and separate fuses - 5A
for lighting. 10A for heating and 15A for power sockets (only 5A
if used for low -power experimental equipment). Rather than
conventional fuses. miniature circuit breakers (MCBs) will be
found more convenient cecause they can be instantly reset.
Earthing must be ef`icent and any exposed metalwork earth
bonded according to ates: EE regulations.
For safety reasons
consumer unit must be of the type
containing a RCD Reso,ua C ,rrent Device) - see illustration - or
have separate RCDs for each c c . The H98 PowerBreaker
RCBO units are useful. beca,.se :tee. combine miniature circuit
breakers with RODs, These are a. a aale n ratings from 6A to
32A.
A fluorescent light, rather tna^ :ne tungsten filament, variety
should be used because it is e a:i e shadow free and
promotes safe working A spotbig't could also be used for close
work. If a heater is needed. use the infra -red bathroom type
rather than a free-standing one This should be wall -mounted,
as high as possible and operated Through a cord switch.
You should fit a smoke detector in case the soldering iron or
other equipment is left switched on and touching something,
causing insulation to melt and burn. This must be of the type
which can `repeat' in the house. An add-on circuit which can
provide a repeat facility using an ordinary cheap smoke detector
will be given as a project in a future issue.
Another must is to provide some means of communicating
with the house in an emergency. A simple bell push with a loud
buzzer in the house will do, but more useful is a two-way system
with a buzzer at each end. This can be built using 3 -core wire as
shown in Figure 1. Of course, a cheap intercom is even better
It is essential to provide a good lock on the door - this will
prevent a child entering in your absence You are likely to leave
things lying around with their lids removed and this could injure a
child playing. They could end up with a very nasty burn trying
their hand at soldering! In addition to a lock, it may be necessary
to provide an intruder alarm arranged to give a warning inside
the house. A circuit for such a simple alarm will also be
described as a project in a future issue.
Where a mains supply must be avoided, either because of
the cost of installing it or on grounds of safety, then some alternative means of operating the workshop will need to be found
We shall she how this can be done next month.

Last month, we looked at the siting of a workshop inside the
house. However, this will not be possible for many readers. An
alternative idea is to use a partitioned section of the garage or a
garden shed. This will be relatively inexpensive to set up, but the
drawback is that such places are likely to be damp and certain

.

aspects of safety must be taken into consideration if mains electricity is to be used.
First decide if mains electricity is really needed. It is possible
to operate a workshop without it and if there is any hesitation
over safety, this must be the course to follow Such a mains -free
workshop will be discussed next month.
If you do decide to lay on mains power, you should use a
qualified electrical contractor to provide advice on how to install
it. Unless you know your IEE Wiring Regulations you should not
attempt this job. If a supply already exists, it must be checked
by a competent electrician to ensure that it was properly
installed in the first place and is fit for the purpose. The
Electricity at Work Regulations apply to private houses as well
as work places - the person installing the supply is responsible
for the safety of those using it.

St LI
CALL HOUSE

Considerations

SV

WORKSHOP
BUZZER

These are the most important points to consider The wiring
from the supply must be of adequate current rating, carry an
earth conductor and be of the correct physical type. It must
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New from Argus Books!
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_o r c--ei updated edition of
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Putting Scanners into
Practice
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ISBN 1 85486 1066 9 £9.95
p&p + 10% minimum £1. U K zmmi^tu >ee-seas - 20%.
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Yes1I would like to subscribe to ETi magazine for O 6 months O 1 year.
PI eas e commence my subscriptio n from the
issue.
IOf renewiexfending, please quote subscription number
Electronics Today Intemallonst Subscription Rates
6 months (slit Issues) New Subscribers Only.
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Bite alarm
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Inventor loreldsl lranlormers 225VA 10,5-0-00.5
primary 0.260.285 secondary
£29.95
LEDs 3ntm or 5mm red or green

Bp each

l l p each
yellow
High Mnelly red, green or Wiens 5mm ....30p
each

Cl.tl lbw

1p each 35.95
per loto
per 10.090
High googly photo meet copper Uedepoxy glees
boards

£49.50

staple

double

£2.75

¢w.

tided
£190

3t4 hones

458 Inches
6x12 inches

12x12mchee

r>!

sldte

1

al

\

Aa (HP7) 500mAH

b

£220
£2.60
£A-95

£250

f195

Standard charger chargea 4 AA cells in 5 hours
nr 401 or Os in 12-14 hours
1aPP3 0,2,3 or
a cells may be charged at a time)
C5.95
High power charger as above but charges the
Cs and Os In 5 houro AAs Ca and Ds must be
charged In 25 oras
L1095
Special otters please cheek for evalleblOY
42 x 18mm dia 1.2v
£1.15
Stick o14 171mm n 16mm data Willi red & black
loads d.By
C5.95
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£200 00 fora box of 30
Polyester capacitors box type 22 5mm lead pitch
0 9uf 250vdc
18p each 14p 100+ 9p 1000+
luf 250vdc
20p each, 15p 100+, 10p 1000+
2.2uf 250vdc (27.5mm pitch)
30p each, 20p 100+,

:
'

..-.

erevi

15p 1000+
30p each, 20p 100+, 15p 1000+
50v bipolar electrolytic axial leads
15p each,
7 5p 100+
0 22uf 250v polyester axial leads
15p each, 7 5p
100+
3

3uf 100vdc

luf

luf

N[ERNnoaI

400vdc (Wima MKP10) 275mm

Mullilayer AVX ceramic capacitators all 5mm pitch

£1.55

:-^_i

91ïAH
s..
l3.,bYcntctnn instniments plotie¢-

;

raw
FA 95
£1 55
£1 75

.;-

.--.-%].
p
-i VL/IOeNRIr
'
h`
' 'tgfl`/ tl 14 pinioi-mathx pr7ftter5

309g

fl 75

AA 700rnAH
C 2AH with solder lags
SAH with Solder lags
1/2AA with solder tags
AAA (HP16) 10mAH
AA 500mAI l with solder tags
C)HP111 1.6AH
DIHP2) 1.2AH
P
6.4V 110nAH
Sub C with solder tags
1/3 AA with solos. lags (pnilpsCTV

_i
ì ._
:;

ad

*Spyk power plane

lI/

32x29x17mm case
75p each 60p 100+
Philips 123 series solid aluminium axial leads
33uf 100 6 2.2u1 40v ..... .... 40p each, 25p 100+
Philips 106 series 22uf 63v axial .... 30p each, 15p

£12.25

-

Airpax A82903 -C large stepping motor 14v 7 5' step
27ohm 68mm dia body 6 3mm shaft
£8 95 or

Polypropylene
pitch

Rechrg9Me Meese

lY1lYtd(LdCSiSlze

*
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HAM RADIO TODAY

1000+

Ham Radio explained,
appreciated and discussed
[from a practical point of view.
HRTT is

100v

1000, 150pf, 220p1, 10,000pf (10n) 10p each, 5p 100+
3

5p 1000+

500pf compression trimmer 60p
40u1 370vac motor start capacitor (dialectrol type
containing no pcbs).
£5 95 or £49 50 for 10
Welwyn W23 9W 120ohm 35p each 20p 100+
680 ohm 2W metal film resistor 4p 100+, 2p 1000+
Solid carbon resistors very low inductance ideal for
.

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
PC 400W PSU (Intel part 201035-001) with
standard motherboard and 5 disk drive connectors,
fan and mains inlet/outlet connectors on back and
switch on the side (top for tower case) dims 212
x 149 x 149mm excluding switch
£26 00 each
£13800 for 6
MX180 Digital mullimeter 17 ranges 1000vdc 750vac
2Mohm 200mA transistor Hie 9v and 5v battery

There are features on construction,
conversions, packet radio and club news to
appeal to experts and novices alike.

test
£12 95
AMD 27256-3 Eproms £2 00 each, 1 25 100+
DIP switch 3PCO 12 pin (ERG SDC-3-023) 60p each
40p 100+
Disk drive boxes for 5 25 disk drive with room for
a power supply light grey plastic 67x268x247mm
£795 or £4950 for 10
Hand held ultrasonic remote control £3 95
CV2486 gas relay 30 x 10mm dia with 3 wire
terminals will also work as a neon light 20p each
or £7 50 per 100
A23 12v battery for car alarms or lighters 75p each
£50 00 per 100

FIRST with news. FIRST with reviews,
HAM RADIO - Today!

1

Computer grade capacitors with screw terminals
1)000u1 20v

£2.50

51090019V£1.96, 68055u1 151£295, 16000uí 16v
Ct 50.56000u180v £4.95
70045ment common anode led display 12mm ...

Aß:0 low drop
npackag

7512nd

7912 12v

out

Sv

egulatbr 20220

IA regulators

....

too
Lta3379 T03 case tenable regWeror

£Ia4100-

(20.000 per
,

£1.95

GaAs FET low leakage current 58573
£12.95
each £9.5510£7.95 100
85250 P channel muster £0.45, BC559 transistor
£3.95 per 100
74L505 hex Inverter
C1000 per 100. used 6748
Mier2contrnler 33.30
5L962 UHF Limiting amplifier LC 16 surface
mounting package with data sheet
_[Lori
AM27502 £1.25 each 99p Mt. CD4007Ue IOp
+O06p 1000.
Sinclair light gun lennmred with crack plug Ana
PP3 trip gives a signal when pointed at 50ha
Pickering ght with output Wave town cheat ....

£395
DC -DC convertor Reliability model V P512it In
5v
ou1300v input to output lactation with
data
. 0.95 each or peak of 10E39.50
Hour counter use 7 digit 240v 4d 30 re £1.45
OWERTY keyboard 56 key good quality switches
new
£5.00
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sLrBSTION

All products advertised are new and unused unless
otherwise stated
wide range of CMOS TTL 74HC 74F Linear
Transistors kits rechargable batteries capacitors
tools etc always in stock
Please add £1 95 towards P&P vat included in all
prices

b. [SACK

ISSUES

HOTLINE
0737 768611

Published 1st
Friday of
every month
only £1.80

Order your copy from
newsagent now or
subscribe and we'll
deliver every issue FREE!*

JPG ELECTRONICS
276-278 Chatsworth Road
Chesterfield S40 2BH
Access Visa Orders (0246) 211202
Caller. welcome

ELECTRONICS TODAY INTERNATIONAL

70

*

UK

only./

e

James Gale
0442 66551

Send your requirements to:
ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP27ST
Lineage: 65p per word ( VAT) (minimum 15 words)
Semi display: (minimum 2.5cros)
£.6.70 + 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).
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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.
,

2, Mt

"ell»

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:
321 457 7994, Fax: 021 457 9745.

a=2r11aa srm¢

aw

NEW VHF MICROTRANSMITTER
KIT tuneable 70-115MHz, 500

=I:

SURVEILLANCE KITS
MR71 MICRO TRANSMITTER, 25mm x 20mm including
sensitive mic., tuneable 80-115MHz. 500M range Kil £4.95

Assembled £8 95
MTT1 TELEPHONE TRANSMITTER 35mm x 10mm,
powered from line, discreetly transmits all conversations
500M range, 90-120MHz Kit £5 95 Assembled E10 95
All prices "cluck pip SOW 2a2ra class stamps for
tklermre CngraatPOaWryable to:

Start training now with the specialists for
the following courses. Send for our

brocs - without obligation or
Telepticne us on 0626 779398

Name
D

D

ETI 8/94

Telecomms
Tech C&G 2710
Radio Amateur
Licence C&G
Microprocessor
Introduction to
Television

.

Radio & Tdliecammuurications Correspondence School
12 MoorVierß DirrNe. Teignmouth, Devon T014 9UN
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THIS SPACE
COULD BE
WORKING FOR
YOU!
CALL 0442 66551

F alçâaDlr SiEAXERS
Send for our FREE price list PL22:
All we ask for is a large S.A.E.
36p stamp or $2 bill U.S. overseass

(EurSSTE International reply Coupons

Pa DESIGNS (Total Klts)':
Focal, K EF Constructor, Seas, etc.
DRIVE U NITS FOCAL. KEF, Audax.
Coles, Pee rleas, Seas. Sian, Flac Metal
Dome, Scanpeak, etc.
Also Group/Disco Units
CROSSOVER NETWORKS Active & Passive Components,
Accessories, Polypropylene Caps.
AUDIO AMATEUR PUBLICATIONS
BACK ISSUES:
Speaker Builder, Audio Amateur & Glass
Audio, LIS Cookbook + books
Full details from

FALCON ELECTRONICS
(Dept E.T.I. Tabor Holme, Mudbano n,
Norfolk eia MT (0504) 78272
(Proprieto re Falcon Acoustica Ltd

selector 10W £5

-

K.I.A.,

1

Regent Road. Ilkley LS29... New
+ Directions!

EXCEL PRODUCTS (Dept ETI)
Unit 14 Sunn.ngdale.

eahops Stonford, Hurls CM23 2r,

HEATHKIT U.K. Spares and
service centre / educational
products distributor. Cedar
Electronics, 12 Isbourne Way,
Winchcombe, Cheltenham, GL5
5NS Tel: (0242) 602402.

COURSES

SLIDER VARIABLE Power supplies, 9-25V. DC - regulated
£3 - 100 watt poweramps - 3
heatsinks £9 - Stereoamps -

RACKS
EQUIPMENT
19" RACK -MOUNT

EQUIPMENT?

Frames, cabineis and flight cases for
rack - and no n -rack - ego ipment.

A wide range of

a

chess° r es available.

For further information and brochure

contact:
GROVESTREAM ENGINEERING
SERVICES, 29 Silverdale Road,
Tadley, Hants RG26 6JL.
Tel/Fax: 0734 813395

FOR DETAILS OF

ADVERTISING
RATES CALL
JAMES ON
0442 66551

COMPONENTS
EPROM, PLDs + Microcontrollers
copied or programmed. we supply
devices/convert discrete logic to
PLDs. PO Box 1561 Bath 0225
444467.

SOFTWARE
SHAREWARE
REFERENCE GUIDE

Find out what really n evadable in

PD!

Sharewarescientific, electronics. maths. education. ere You'll
Std therm a0 here, every dung you need in one
book Thousand, of the hen PD d shareware
pr
urns toe DOS a
Widow,, droonbed m
dThu with the hardwre
requiteraewt far eaclr.
Thu n probably the mwt compkre
up -Iodate
rewurt reference book available today.
For your copy, red
SO by chee.
qu PO, cast or
Day bb Aura' boa lo:
PDSL,
Crow
Tel 4492 M32N Fax 44R 001173

ad

PLANS
ELECTRONIC PLANS,

laser

designs, solar and wind generators,
high voltage teslas, surveillance
devices, pyrotechnics and computer graphics tablet. 150 projects.
For catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

FOR SALE

COOKE INTERNATIONAL
SUPPLIER OF QUALITY USED TEST INSTRUMENTS
ANALYSERS, BRIDGES, CALIBRATORS, VOLTMETERS,
GENERATORS, OSCILLOSCOPES, POWER METERS. ETC
ALWAYS AVAILABLE

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

ELECTRONICS TODAY INTERNATIONAL
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FOR SALE
"BOFFINS SPECIAL"

VARIABLE VOLTAGE
TRANSFORMERS

LEN COOKE
ENTERPRISES

-

UNIQUE OFFER

Surplus Precision Medical Unit ,nmrrWly in excellent cm-elision. Designed prime dr lo elect a prore
controllable amount al fluid from a medical synnpe
OUTPUT O -260V
(amt not supplied) Coniane the Wowing removPrice
P&P ed» component Dual Move Processor Bonds and
Feud Precision 12V DC Molo, with
0 5KVA 2 5 amp max
£31.90
.00 (PROMS
Gear Box and optical encodes coupled to e
£44.53 inc V AT) 300.1
eon threaded drive mechanism Mains supply
1 KVA 5 amp max
f41.15
£7 00 poll
-A 6 x 1 5V Ni -Cad A A cells back-up L C D
(166.58
Ogiel read-out 17mm high with legends Audible
*Ar
2KVA 10 amp max
(59.40 1D1A
V
)
told Io the dismantei ling el the eacepnonal
(£79. 78 icc VAT) These
ea
3KVA 15 amp max
(78.65
18.50 AtalRldlcâusar lnnwnd
a (20.00 [A00o6pts N
w

f6

prl

(£102.40 inc VAT)

5KVA 25 amp max

£139.15

UNIT 5
SOUTHALL ENTERPRISE CENTRE
BRIDGE ROAD
SOUTHALL MIDDX. UB2 4AE
Tel: 081 813 9946 Fax: 081 574 2339

1E29.20 incl VATI

12V D.C. GEARED MOTOR
(Plus Carriage) 12V DC Ree.tSible
preANCnEulll Mola Dodd
Avg 01ect hen Woe Impo'twa Keenan pope rn Pe country sprats no Md admen I2V-2R rpm. BV -20 rent BV.12
COM ARE HENSWE RANGE OF
Rao VAE work as lavar vdlaper arai still stame
TRANSFORM ER S -LT -ISOLATION & AUTO
reeawude toque Ideal Ion Iohotlta etc Sc. L
IIC UDII Aula !undo eider road we, Moran loam aal 48.,.. W 20
N. 38mm. Shaft: 3mm die a 10mn
Dare am o open ION type Steads IA rmmebemdeMr
log. Pm. moo EOP P&P (CIO 00 kw VAT)

We Buy, Sell, Repair & Calibrate

n.

NIIE RAISE Of XENON RAfNRINI
Wn'Ee,Rsw+e rywr,rrqu!ae
FLOURESCENT TUBES
41140 wan L'12.00 (callers only
21120 wan E7.4
75 peu
12m B wan
'SOONa
Bis 6 wan E3. NI 50p pap

-(I
(4.8-

(CIS 10 ire VAT)
(010.21 tee VAT)

I

10552,rí VAT
CES

Be wan C395-50pp60

230V AC BALLAST KIT

For either bin, 9in or 12ín tubes

24

id VAT

(C5 24 me VAT)

BILGE PUMPS

meads

8165A Programmable Signal Source
3580A Spectrum Analyser
141T/8552B/8554B
8590B opt. 001 Spectrum Analyser
54500D Digitising Scope
9303 Audio Analyser
Marconi 2955 Comms Test Set
Marconi 2018 RF Signal Generator
Marconi 2019 RF Generator
Marconi 2022D RF Generator
Marconi 2370/1 Spectrum Analyser
Racal 9303 RF Level Meter
Racal 9902A Frequency Counter
Bradley 192 Scope Calibrator
HP
HP
HP
HP
HP
HP

10 incl P&P & VAT

SEWING MACHINE MOTOR
Bleed new 220,240V AC/DC SEW TRIC 2 laud &v.0
Motor Size

1/4in dia

L

xlin

100mm x H 70mm
long (1410 lent

x

W 55mm Spindle

P&P&VAT

hayon

SAVE POUNDS!!!
el Me

price of a
s unit kit of parts lees case mdudes
12in 8 wa 0 2537 Ary9 Tube Ballast una,
of popoli
leads, neo n indicator on /off switch, safes oecrawpcb
and circuit (15.00+1200 p&p
(11998 inc VAT)

as

SUPER HY-UGHT STROBE KIT
Designed for Disco. Theatrical use etc.
Approx 16 joules Adjustable speed £80.00+0300 p&p
(E62 28 inc VAT)
Case and reflector (24.00+03 00 p&p (031 73 inc VAT)
SAE for further details including Hy -Light and in -

duemal Shute

(14

60mm long

STATE ENT UNIT
AC Ourpul moos 15KV.
Producing 10nen spark BaMln 10 Ea im..
le
20
30 sec to continuous.
EaWr modified
dro
Mr bodes
34C, Donne of uees
heldel prraics and elec uonArs eg Pu00FyuM near
Or agni loan em. Prick ice case C11.604 C2-40
p&p (112.81 etc VAT) NMS

500 OPH 15ft head 3 amp f19 96
1750G PH 15ft head 9 amp (3455
Also now available: 24V D C 1750 GPH 15h head
5 eon Cß 65 MI desge d M de used
sudearOed. NOCES ECLUDE P&P S VAT

EPROM ERASURE KIT
Budd ynue own EPROM ERASURE la a

x

80110
heur 230/240V

ópópeAVAi12566

0.0

an enclosure to cool equipment Overall

130010x85mm Outlet 80x35mm Impellor 60mm

71

(1 8 75 inca

400 WATT UV LAMP
042 89 inc VAT)
Only (34.00+ 02 50 p&p
160 WATT SELF BALLASTED BLACK
UGHT MERCURY BULB
Available with BC or ES fitting price inc VAT

12V

mA unting inside

GEARED MOTORS
RPM 201b Inch torque reversable 115V AC input including capacitor and transformer for 240V AC
operation Price inc VAT & p&p (23.50.

£605+£140

P&P

Electronic Test Instruments

240V AC CENTRIFUGAL BLOWER
New Manul Sorplva Skelelon Glows, so dodo idi

n.

ULTRA VIOLET BLACK UGHT

Kata

Balatine Calibrator
Tektronix 2215 Scope

Budd your own lorged bank note detector Can
detect counterfeits amongst a guanuty of notes
Complete kit of parts less case 240V a c
including 5 uV black light tube, starter and
holder a pair bl -om tube holders Total once
in(lud.nl pfiv & VAT only f13 99

Tektronix
Tektronix
Tektronix
Tektronix

WASHING MACHINE WATER PUMP
Brand new 240V AC fan cooled Can be used for a sanely of
purposes Inlet /tin outlet in dAa Price includes p&p &
VAT f11 20 each or 2 for f20 50 inclusive
1

Pye 15 amp changeover lever mmroswrtch, type 5171
5

for

f7

05 inc VAT & p&p

SERVICE TRADING CO

57 BRIDGMAN ROAD, CHISWICK, LONDON W45BB
FAX 081 995 0549 061-9951560
Showroom earn
ACCOUNT CUSTOMERS MIN ORDER E10
AFpndeY/FridaY

TELEPHONE: 081 813 9946 FAX: 081 574 2339

ample

Pl e,

465
2235
2211 Digital Storage
492 Spectrum Analyser

DC Power Supplies 0-50V/2A
Gould 0S3000 40Mhz Scope
Hameg 203-6 20Mhz Scope
Ferograph Recorder Test Set
Wayne Kerr 4225 LCR Meter

1

MICROSWITCH
Brand new price

£2,500
£1,500
£1,450
£4,500
£2,500
£2,650
£3,000
£1,650
£1,850
£2,000
£1,750
£850
£195
£1,200
£1,000
£450
£450
£750
£1,200
£5,500
from £50
£250
£295
£395
£525

Space

BURGLAR ALARMS
fRES- TECHNICAL ADVICE

m TECHNICAL & SCIENTIFIC

SUPPLIES

FREE

fREE
TRADE

DESIGN GUIDE
FULL
UE
c16&ATALOG
FREE DELIVERY
PAGE

COLOUR

ENQUIRIES

WELCOME

Professional second user equipment.
Components
Special spares.

2A FAUNS ROAD. Ai

LIVERPOOL L9 OLR

TEL:051523
8440a
FAX: 051.523 8121 11

SWC SCIENTIFIC
WIRE COMPANY
ENAMELLED COPPER WIRE
TINNED WIRE SILVER
PLATED COPPER WIRE
SOLDER EUREKA WIRE
NICKEL CHROME WIRE.
BRASS WIRE LI TZ WIRE
BIFILAR WIRE MANGANIN
WIRE TEFZEL WIRE NICKEL
SAE BRINGS LIST 18 RAVEN
RD LONDON E18 1HW
FAX 081 559 1114

Transducers

Instrumentation
Professional Consultancy
PO Box 19,

ID

NEWMARKET
TRANSFORMERS LTD

Please write, phone or fax anytime
Hythe, Southampton, Hampshire SO4 6X0.

Tel. 0703 848666

PROGRESSIVE RADIO
87/93 Dale Street
Tel: 051 236 0982 051 236 0154
47 Whitechapel
Tel: 051 236 5489

Liverpool

2

'THE ELECTRONICS SPECIALISTS'

Open: Tues -Sat 9.30-5.30

Fax. 0703 897079

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

0

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC INTO
CASH immediate settlement
We also welcome the
opportunity to quote for
complete factory clearance
Contact

Solid State Relays
SwrtCh 2..^iv harn

transistor, logic or computer
outputs 3-32V D C control
optically isolated
4A pcb mount £5 45
10A tag connect £8 54
delivery incl apply for full range
Eric Jones, Dept. ETI, 01
65 Birchwood Av., Hatfield AL10 OPT
Tel: 070 726 5936 Fax 070 727 0877

ADVERTISING

COMPELEC
1994 BARGAIN UST
THE ELECTRONIC ESSENTIAL MILLIONS OF
COMPONENTS AT UNBEATABLE PRICES
FOR A FREE COPY PHONE, FAX OR WRITE
(TRADE ONLY)

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

COMPELEC,
14 CONSTABLE ROAD, ST IVES.
HUNTINGDON, CAMBS. PE17 6EQ

0480 300819
WE ALSO PURCHASE ALL TYPES OF
ELECTRONIC COMPONENTS, LISTS TO
ABOVE ADDRESS

ELECTRONICS TODAY INTERNATIONAL
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COULDN'T BE
EASIER SIMPLY CALL
JAMES ON
0442 66551

WANTED

ARGUS BOOKS
FOR THE
PUBLISHING
SPECIALIST
THE FULL
RANGE OF
ARGUS BOOKS

Pecewrs, Transmitters, Test Equipment,
dents,
Cable and Electronic, Scrap.
Bzxas..
Plugs
PCB's,

and Sockets, Computers,

Zoriputer Scrap, Edge Connectors.
TAP PRICES PAID FOR ALL TYPES OF
ELECTRONIC EQUIPMENT.

19.9,3

are available from

A.R. Sinclair Electronics,
Stockholders, 2 Normans Lane,
Rsihiry Heath, Welwyn, Herts AL6 9TQ.
Telephone: 0438 812 193.
Hob 0860 214302. Fax: 0438 812 387

QG

all good book
and hobby

,..r.d,o

.w.

141

shops or con-

..or

tact Argus

M

STAND OUT FROM THE
REST WITH

Books direct

SPOT COLOUR

Complete List.
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COMPLETE LIST, Argus Books,
Argus House, Boundary Way,
Hemel Hempstead, Herts. HP2 7ST
OR PHONE 0442 66551 EXT. 203

CALL JAMES ON 0442
66551 FOR ADVERTISING
DETAILS
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WAY, HEMEL HEMPSTEAD HP2 7ST
Rader Lineage 65p per word + VAT minimum 15 words.
Semi-display £8.70 per single column cm plus VAT. No reimbursements for cancellations.
AM ads must be pre -paid.
Name
A iC

Daytime Tel. No:
Date

S

F_E

&JE

DEBIT MY ACCESS/BARCLAYCARD No.

E.p -w Date
FOR SALE

1

r

COMPONENTS

PLANS

OTHER - PLEASE STATE

ELECTRONICS TODAY INTERNATIONAL

73

u

Open
It is

normal practice today for

electronics system engineers to
incorporate microprocessor
systems into their designs.
Indeed, you will probably find a

microcontroller chip embedded into the most
mundane of products Doing so makes the

they are men who have faith in their vision and
the technical and commercial acumen to turn
that vision into reality.
If a country is to succeed in high technology manufacturing then it needs people like
this. People like Bill Gates in the US, a man

own commercial and technical genius has,

face of changing customer needs.

just twenty years, allowed him to build from
and in the process become one of the world's

the same direction

Rather than design a complex chip from

richest men. Or, on this side of the Atlantic

scratch as a purely hardware implementation,
is

in

scratch the world's largest software company

hardly surprising, therefore, that chip
in

it

often much quicker and cheaper to use a

in

Robert Madge, a man who foresaw the future

demand for computer networks and developed

job. Chip manufacturers have found that such

the technology for them. An outstanding busi-

an approach allows complex products to be

nessman and engineer, he has built up a

quickly developed to exploit new niche markets

discover that a British designed and produced
microprocessor is being adopted by two major

company valued at over £300 million from
nothing, in under ten years Just as ARM has
been successful without government aid and
intervention, so the above two examples and

semiconductor manufacturers as their choice

many more like them, have also been

the face of this trend,

it is

good to

for an embedded processor to be employed

in

future chip designs.

successful without and often

in

Indeed, if the government really wants to foster

processor manufacturer set up jointly by Acorn

the growth of new high technology industries,

Computers, Apple and chip manufacturer

then

VLSI. The two big semiconductor producers

agement for such individuals.

are Samsung, one of the world's top ten, and

it

should provide the appropriate encour-

These people are the modern equivalent of

IBM, who besides being still the world's largest

the great Victorian engineer industrialists, such

computer company are also, surprisingly, the
world's biggest semiconductor company
With licensing agreements like these, ARM
has placed itself among the top players at the
very leading edge of semiconductor and information technology. It shows what is possible,
since this is a company founded by men of
technical vision as well as men of commercial

as Parsons, Bell and Eddison. Such people are

rare, but not that rare. Governments should

help them by freeing them to do what they do

might like to think that they can. They just

will always be wrong. Leave such decisions to

bank manager or civil servant, but not to the

the engineering entrepreneur, give him tax

founders, the men who have the technical vision

breaks and free him of red tape, but don't tell

that others so often lack. Equally importantly,

him what to do.

This is a typical high technology venture,

Nextblo

a..

In the next issue of ETI we will be bringing you a number of interesting and useful projects. They
Include a handy transistor tester from Robert Penfold, a caravan tow bar alarm from Terry
Balbirnie and for PC users. a handy little alarm which will warn you It your PC is getting too hot
and prevent any damage to expensive components. We will also be concluding the computer
controlled stepper motor project and continuing our look at measuring magnetism with the
Construction of a flux gate magnetometer.
In the next issue we will also be introducing the start of a sensational new computer project,
the ETI Transputer board. This high power super -processor board could be the main building
block for a parallel computer, a sophisticated robot vision system, or a high speed signal

processor.
We will also be continuing our regular series. Robert Penfold will delve further into the
mystenes of MIDI and PC Clinic will look at the organisation and upgrading of memory systcns.
The `Tomorrow's Technology' feature looks at the fascinating advances being made in the
fusion of biochemistry with electronics the world of bioelectronics.
-

Terry Pattisson
Circulation & Promotions Manager

Debra Stupple
Production Manager
Tony Dowdeswell
Group Editor
Stuart Cooke
Group Advertisement Manager
Claire Jenkinson
ISSN
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ment of high technology, however much they

the street and extremely risky to the average

was not founded by UK Government

MANAGEMENT
Managing Director

Governments cannot direct the develop-

one that may have seemed risky to the man in

It

or EEC directives, or aided by subsidies.

Marie Quilter
Classified Sales
James Gale

best, build high technology businesses.

don't have the expertise for a start
Furthermore, committees of so called experts
will never agree on the proper direction for the
application of grants and subsidies, the
compromise agreements of such committees

acumen
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Hellen Taylor
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spite of,

governments, civil servants and their like.

The British company is ARM, the RISC
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the UK, another example is someone like

dedicated embedded microcontroller to do the
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be and how they will be used, coupled with his

design and, of course, easier to change in the

designers are moving
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whose vision of what personal computers should

design simpler, cheaper to make, quicker to
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M & B RADIO (LEEDS)
THE NORTH'S LEADING USED TEST/EQUIPMENT DEALER
SIGNAL GENERATORS
.
MARCONI 2018 80KHZ TO 520MHZ SYNTHESIZED
MARCONI 2020 50KHZ TO 520MHZ SYNTHESIZED .. .
MARCONI 2008 10KHZ TO 520MHZ INC RF PROBE KIT ..
MARCONI 2015(2171 SYNCRONIZER OMHZ TO 520MHZ..
.
.. .
MARCONI 2016 OKHZ TO I20MHZ AM/FM ..
MARCONI 2015 10MHZ TO 520MHZ AM/FM .....
ADRET 740A 100KHZ TO 120MHZ SYNTHESIZE

14P172213
.

I

.

L750
L500
L300

025

L200
L195
L1450
H P0683D 2 3GHZ TO I3GHZ OPT001/003 SOLID STATE GENERATOR
..- -.. .
...
L4750
HP3336A SY NTHESIZER/LEVEL GENERATO
. L650
HP8640A 500KHZ TO 5I 2MHZ OPT001
HP13660B 500KHZ TO 5I2MHZ OPTOOI
. L650
HP064OB 500KHZ TO 512MHZ OPT001 AVIONICS VERSION.
L1000
H P8620C SWEEPER MAINFRAMES (AS NEW)
L300
HP8620C/86220A RF PLUG-IN IOMHZ TO Iì00MH
L1200
HP8620C/8629013 RF PLUG-IN 2GHZ TO B 6GHZ
.. . .
0750
HP4206A IOKHZ TO MHZ OSCILLATOR ... ...
..
L250
FARNELL SSG 1000 10KHZ TO 100MHZ SYNTHESIZED (AS NEW)
L1500
FARNELL 5502000 OKHZ TO 2000MHZ SYNTHESIZED (AS NE
I

I

I

I

I

.2250

FARNELL 5S0520 10MHZ TO 520KHZ SYNTHESIZED
L400
POLRAD 1106ET BGHZ TO 4 6GHZ WITH MODULATOR ..
L400
GIGA GR1101A 12GHZ TO BGHZ PULSE GENERATOR (AS NEW)
.

I

...................__._..._....
SAYROBA MAM FREQUENCY OSCILLAOR IOHZ TOEKIR...... LXIO
RMQDE SCHWARZ SNCI 1.EGH2 TO 126GMZ ________ 450
IIIMHA 11410 TO4SGM2
TEKERONOMIA PAL TELEVISION TËSTSIGNALGËNEMTÖM [300
ADRET 10230* MHZ SYNTHESIZED SOURCE

........._... _LNS

HPMAA SYNTHESIZED SIGNAL GENEMTOR3GHZT0 I1G12

..... .......

.........

HP3586A SELECTIVE LEVEL METER 50HZ TO 32 5MHZ
TEXSCAN VS -60C SWEEP GENERATOR 1000MHZ

....

L6200
£1850
.... £450

...
..

21.51132211.0.4016

B&K 2073 HZ TO 20KHZ AUDIO ANALYSER
......[2750
HP358 A WAVE ANALYSER SHZ TO 50KHZ (AS NEW)
[850
HP7582A 0.02HZ TO 25.5KHZ DUAL CHANNEL AUDIO ANALYSER
.£3000
HP8558B IOMHZ TO I500MHZ WITH 182T MAINFRAME
[2000
HPI41T 85528/B553B 110MHZ WITH 8443A TRACKING GENERATOR
. .. ....
[2000
HP 141 T 8552A/0554B 100KHZ TO 1250MHZ (AS NEW)
[1250
HP141T 85S5A/8552B IOMHZ TO IBGHZ SPECTRUM ANALYSER
SUPPLIED WITH ADDITIONAL HP8553B KHZ TO 110MHZ RF PLUG[2000
IN
... £1500
HP8444A TRACKING GENERATOR OPT058
HP0S53B HZ TO OMHZ LATE MODEL ANALYSER PLUG -INS ... [200
WAYNE KERR RA200 FREQUENCY RESPONSE ANALYSER
C400
... L 1500
HP]SBOA 5KHZ TO 50KHZ AUDIO ANALYSER
HP]581 C SELECTIVE VOLTMETER SHZ TO 50KHZ
[750
... L750
TEXSCAN AL5I 4MHZ TO 1000MHZ ANALYSER
EATON 2075B NOISE GAIN ANALYSER OMHZ TO 2GHZ
.. [2000
OSCILLOSCOPES
TEKTRONIX SC504TM503/DM501 PORTABLE BOMHZ SCOPE/DVM
I

I

I

I

I

I

I

I

TEKTRONIX
TEKTRONIX
TEKTRONIX
TEKTRONIX

475200MHZ DUAL TRACE
465 100MHZ DUAL TRACE

................ £600
0400

.

465B 100MHZ OSCILLOSCOPE
466 100MHZ STORAGE

.[345

L400
.... £395
..

AILTECN S33X.I I CALIBRATOR I

21511H2 DELTA TIME AND DELAYED SWEEP(AS NEW [5547A
TEKTRONIX 433/247A11011S13106H24CHANNEL STORAGE

..._......_ ..............._..............._..._....._..............._

TEXTROMHXNO]UTAIMI*19002143 IGH2 OSCILLOSCOPE
PHIUPS P1432175O1MZ 2 CHANNEL DELAYED TIMESISF
I WATSU1 06111
6111 0WHZ 4 CHANNEL CURSOR READOUT.
KIILUSUI C4100 I OOMHZ 5 [11ANNEL _.................._____
NICOLET 4094A DIGITAL OSCLLOSCOPE (TOCiSARI
TELEQWPMENT 034 SMHZ PORTABLE (CADS HMA1
GOULD 0540010130 DIGITAL STORAGE ._..._.........._.__..._
GOULD 051585 15MHZ 2 CHANNEL
TEKTRONIX 7704,7A110A240021/715AN 4 CHANNEL ..._
TEKTRONIX S IOJNI BIOW1A2WKA20N OSCILLOSCOPE

LAM

(TN

1

_

[/N
£N
[IM

I

_

LIRE
LIS

LSN

HP3SSC0 HP3S5D ATTENUATORS

N

BIRD TINUUNE 0343 LOW 141E ATTENUATORS (NEW) .._
_L I
BIRD TERMAUNE IIKMW COAXIAL RESISTOR .....
_.. 45
SAMOA 16PM 150W ODE ATTENUATORS .._..._......__..T _..45
NARDA11 DIRECTIONAL COUPI£R46OMHZ TO 950MHZ LIRA
HARDA 3022 BI DIRECTIONALCOUPLER IGH2 TO 4024Z ..._ _ 0000
KENO OP I PHASE METER IHL TO IMKHZ/NEWUE .
(ISO
IWATIUI SC710410142 TO 1000MHZ FREQUENCY .COUNTER _ 002E
RACAL 1009 MODULATION METER 30MMZ TO 1500 MHZ
1215
I

MM

RACAL P9R150MH2 TIMERCOUNTER.._..._..._.__._.....___..LA
RACAL 9905M SOMHZ TIMER COUNTER...._
......._LIA
RACAL 9915 10HZ TO 525MHL FREQUENCY COUNTER ........._(ISO
RACAL 9919 10112 TO 1100MIZ FREQUENCY COUNTER
000
RACAL
RACAL 0IANIA
ANA 9W0051OMMEMICCROPROC SSiINNG ETMERRCC ER
NTERN

UN

TEST EQUIPMENT
EFRATROM FRT ATOMIC FREQUENCY STANDARD _._..._..._.. OSSI

RACAL DANA 1000 MCROPROCRSSNG DVM...._......__...._
RACAL DANA $003 WIOEEANO LEVEL METER

HPl1EOA PATTERN OFNERATOI4ERRORDETFCFOR __..._......_ UM
HP143A DATA GENERATOR .......
....._......... UM
H FN(10010MAL MULTIMETER LCD .........
..............
[410

RACALDANA MMH
EST BLJS ANALYSER R
ß(2M
RACAL DANA 9302 RF MILLIVOLTM[TER (0K11Z TO 13E0E114Z ._ £430
RACAL DANA 1002 THERMAL PRINTER ..__ ........................ _..... LIRA

i

.

I

I

05MHZ MICROPROCESSOR CAL MEASUREMENTS

NARIflM

HPNOSA VECTOR VOLTMETER ACCESSORIES 1000MHZ
HP3400A TRUE RM5 VOLTMETER ANALOGUE

L6114

(143

1193403C TRUE PPE VOLTMETER DIGITAL
HPI.ORA BROADBANDSAMPLNG VOLTMETER
MI1 IASA RANGE CALIBRATOR........._.._...._........._
HPI I51T* POWER SPLITTER 180112 (NEW) ...._...._.._..._
HPIOS29A LOGIC COMPARATOR
1191941 VARIABLE ATTENUATOR IGHZ TO ZGHZ
H1,S35ZA 12511HZ FREQUENCY

LIRA
£323

SIN

0SM

4S

SIS

COUNTER..._..._._.........,.

£125

MARCONI2300e MODULATION METER 1103MHZ
LIN
MARCONI MIA DISTORTION FACTOR METER
002
MARCONI 2431 SMMHZ FREQUENCY COUNTER _........_..._._ LIRA
MARCONI 24314 560MHZ FREQUENCY COUNTER _._.._._..._ £302
MARCONI I604 ELECTRONIC VOLTMETER 1S00M0 ._..._..._
43
MARCONI 2603 RF MLUVOLTMETER I500MHZ...._........__..._._ 055
MARCONI 2410/4 TV LINEAR DISTORTION ANALYSER
01111
MARCONI CHI TEST LINE GENERATOR INSERTOR
MARCONI 2914A INSERTION SIGNAL GENERATOR ._..._
LIM
MARCONI 114 PROGRAMMABLE INTERFACE UNIT _...._..._._ (402
MARCONI 2100 LCR BRIDGE BATTERY _...._..._......._. ow02 Iran L90
F ARME LL $01104/35 ELECTRONIC LOAD ......._........._._
(491

-.--------

AINE LL TOPS 3D TRIPLE OUTPUT DIGITAL PSU
023
FARNELA 13W500m. POWER SUPPLY
L93
F ARNE LL 0201E POWER SUPPLY 0.30 VOLTS AMP.... ......._
LA
FARLL 530/20 POWER SUPPLY 0.30 VOLT 20AMP ......_.._ £108
FARNELL LA520 RF AMPLIFIER ISMHZ T05201HZ ......._.__._LI SS
FARNELL TAN TRUE RMS SAMPLING RF METER 015 NEW) GHZ
F

N

1

L]M
FLUKE »%[ FROG CONSTANT CURRENYNOTAGE CMNMTOL
..._._.._..._..._ ..................._-___.._...... _...._.._....._..._._.OM
REITE W* FREQUENCY COMPARATOR .__..._........_..._ L650
PRECISION
......._LILY
EXACTEXA 134PEOSON
[ALIBRATORRATOR..._.__..
BALLANTINE 61250 PROD TMHAMPUTLOE TESTSET..._ ISIS
HALCYON 58U1521A LRNVEPSILL TEST ST STEM ._.._...___ U
AVG 800 11 L/2 AC/DC BREAKDOWNOONISATION TESTERM
._
(IM

0110

[102

d0

RACAL 1013 TWO TONE GENERATOR SYNTHE50ED ........._.....
WAYNE KERR CT414 LCR BRIDGE BATTERY PORTABLE
Of
PHILIPS 9141232*
PEN RECORDER .................._..._..._ 011
DYMAR 2083 AF POWER METER
SIN
TEKTRONIX 528A VIDEO WAVEFORM MONITOR.._...._
000
TEKTRONIX 576 CURVE TRACER/172 PROD TEST FIXTURE ._
450
TEKTRONIX 13E LOGIC ANALYSER 32 CHANNEL 20MNZ ..._
£409
TEKTRONIX 118 LOGIC ANALYSER II CHANNEL 500212..._ LAS

SI430
Wµ

SIEMENS U2223 PSOPHOPETERANEWL........._LSM
SIEMENS DI
L1
0HMHZ...._
430
WANDES W21 Os LEVEL N1502IIOSCILLATOR
25
_
WANDALB GOLTERMAN lPM 19 LEVEL METER 5412-02-15MHZ
1

MANDEL iGOLAUTOMATIC
WANDEL

_

19

DULLTENERATOR

1NM5425
AUTOMATIC
METERZLTI Z0
RAVELi NOEIL3433ELECTRONICVOLTMETEROSHZ
VOLTMETER
TO....
CRUEL

3AN.._E. TZ64...A...MA1NS_

_

410

4f0
LMf

DISTURBANCE ANLYZER.FITTTED WITH
one
Fnvi....roPN6020
L1210

2AOmm-.wiROOI

*GER........._..._..._...._._..._ ................_.._..
SCHWMERO/6910P
ECHLUA
ANALYSER_..
ETERI50.1HZ

[I]M

IOMHZ TO MHZ ..._._
402
METER
LAS
WR INDICATOR
HASA/£1A RF POWERPOW METER IUMHZ TO
_ (430
HP435WM82H RF POWER METER TO KH2 TO11G
L050
HP435MNRH RF POWER METER 1002 HZ TO 4202
_ 402
HP4MA
IT Rf
METER IOMH2TO IBGMZ _.._....._._CIOM
......._., _£4350
HP4347DAMPALPOWERMETER
DIGITAL

MARCONI 0293*
AWICON1655RF

.

1

LCD

ECTOR-....TO
I

CRYSTAL

RF

DETECTOR--

NZ.._..._..._.........._ _LILO
10 W%.1T
114._..._ LION

AM/40 5 9 101112 TO 18NMH2

BULK PURCHASE SPECIALS
BECKMAN DM110 DIGITAL MLRTIPETERS WITH CASE/PROBES ...430
SOLARTRON 7045 HIGH SPECIFICATION BENCH OVM ..........__..LM

AVO 8 MKV

MULTII

BIRD43THRULINE
SIEMENS PDRM82 PORTABLE LCD RADIATION METER (NEW) .... £IS
EX GERMAN ARMY PORTABLE RADIATION METERS
£35

ALL PRICES PLUS VAT AND CARRIAGE ALL EQUIPMENT SUPPLIED WITH 30 DAYS WARRANTY

86 Bishopgate Street, Leeds LS1 4BB
Tel: (0532) 435649 Fax: (0532) 426881

HEWLETT PACKARD Spectrum Analysers
HP 141T / 8555A 10 MHz to 18 GHz System
Complete with 8552B IF Section
High Sensitivity to -125 dBm
Resolve to 100 Hz
Scan up to 8 GHz full screen
£1700.00

HP 141T / 8554B 100 KHz to 1250 MHz System
Complete with 8552B IF Section
High Sensitivity to -122 dBm
Resolve to 100132
£1000.00
FREE
of charge one HP 8553 B
With the purchase of any of the above systems we will supply
All systems covered by 30 day warranty
All prices plus Vat and carriage

0

86 Bishopgate Street, Leeds LS1 4BB
Tel: (0532) 435649 Fax: (0532) 426881
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UIGITAI SI GRACE OSCILLOSCOPE os-303o':awr

Star Quality, Reliability,
and World Class
:
Performance
.
e.
e
yl£26995
Model OS-3020 illustrated above
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OS -9020A GWO3D £269.95

Maplin Electronics are pleased to
announce their superb new range
of precision, laboratory grade
Oscilloscopes from Goldstar.
The range starts with the super
value-for-money, 20MHz Dual -trace
Oscilloscope, OS-9020A. Features
include a large 6in., high luminance
CRT with internal 8 x 10cm graticule,
TV field or line triggering and X -Y
mode producing Lissajous patterns
for phase shift measurements.
For higher frequency applications,
the 40MHz Dual -trace Oscilloscope,
OS -9040D, is ideal for TV and video
signals and a trigger delay facility allows
observation of fast leading edges.
For RF signals and high-speed logic
N
applications, the highly specified
100MHz triple-trace Oscilloscope,
OS -9100D, has 3 independent input
channels and is ideal for simultaneous
display of 3 logic pulse trains for
timing comparison

1

The dual -trace, 40MHz Oscilloscope,
OS-904RD, is similar in specification
to OS -9040D, but with the additional
facility of a digital readout on the CRT
The readout displays information such
as timebase and attenuator settings,
and on -screen measurements can be
performed using movable cursors, the
value appearing on the CRT screen.
Top -of-the -range is the excellent
20MHz Digital Storage Oscilloscope,
OS -3020, with on -screen digital readout and measurement facilities. The
digital storage function enables one-off
events to be captured and stored for
detailed analysis. Stored waveforms can
be printed out on a suitable X-Y plotter
via the built-in RS232 interface.
Repetitive high-speed waveforms
up to 20MHz can be digitised using
equivalent sampling techniques
and pre -trigger mode allows events
occurring before the triggering point
to be captured.
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OS -9040D GWO4E
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£399.95
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OS-904RD GW06G £499.95
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OS -9100D GWO5F

1

1

tl

£699.95

models are supplied complete with probes, mains ad, spare fuses and detailed operating manual Full details
and specifications can be found in the 1994 Maplin 1,11 Colour Catalogue, available from WHSMITH and
selected branches of RSMcColl in Scotland for £2 95 (£3 45 by post direct from Maplin) To order, Phone th Credit
Card Hotline, 0702 554161, or send your Mail Order to P O Box 3, Rayleigh, SS6 21311, or visit your local Maplin store
Please note latest models all now cream in colour as Model OS-3020

All

1

ELECTRONICS.

ux

AGENTS FOR

GoldStar

Visit our stores in: Birmingham, Brighton, Bristol, Cardiff, Chatham, Coventry, Dudley; Edinburgh, Glasgow, Ilford,
Leeds, Laic ester, London (Edgware, Forest Hill and Hammersmith), Manchester (Oxford Road and Cheetham Hill),
Middleduo ugh, Newcastle-upon-Tyne (The Metro Centre, Gateshead), Nottingham, Portsmouth, Reading,
Sheffield, Slough, Southampton, Southend-on-Sea, Stockport, Milton Keynes plus new stores opening soon
Phone 0702 552911 for further details.
All items subject to availability, prices include VAT and are subject to change Carriage charge per order £5 70,
Handling charge £1 40 per order Overseas customers please phone 0702 552911
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OS -3020 GWO7H £749.95

GoltiilStar
Technology with the human touch

WHETHER ELECTRONICS IS YOUR HOBBY
OR YOUR LIVELIHOOD .. .
YOU NEED THE MODERN ELECTRONICS MANUAL
ORDER NOW
a

and get
FREE SUPPLEMENT
plus our

The essential

GUARANTEE

30 DAY MONEY BACK

reference Work
Easy-to -use format

gr3.1

RW15anmae

Clear and simple layout

poteotw

Regular Supplements
I

.'

Sturdy ring -binder

News of latest developments
Full components checklist

Extensive data tables

Detailed supply information
Ready-to-transfer PCBs

EVERYTHING YOU NEED TO
KNOWABOUT ELECTRONICS!
If

Comprehensive subject range
Detailed assembly instructions
Professionally written

the fascinating and fast -changing world of electronics is your livelihood, your
study subject or simply your passion, the revised edition of THE MODERN
ELECTRONICS MANUAL is the reference work for you to have at your side.

The Base Manual contains information on the following
subjects:
BASIC PRINCIPLES: Symbols, components and their

characteristics, passive component circuits, power supplies,
acoustics and electroacoustics, the workshop, principles of
metrology, measuring instruments, digital electronics,
operational amplifiers, timers, physics for electronics.
CIRCUITS TO BUILD: Construction techniques, radio, telephony,

microcomputing, measuring instruments, vehicle electronics,
security, audio, power supplies, electronic music (over 25
different projects).

DATA: Diodes, transistors, thyristors and triacs, digital and
linear i.c.s, microprocessors.

The Manual also covers Safety, Specialist Vocabulary with
Abbreviations and Suppliers.
OVER 1,000 pages, with over 900 diagrams and photographs, A4
looseleaf format weighing over 3.5kg.
ALL -IN -ONE AND EASY-TO -USE: A sturdy ring -binder allows you
to use the Manual on your workbench. The looseleaf format also
means you can slot in the regular supplements as they arrive-so
all your information is there at a glance.

REPAIRS AND MAINTENANCE: Basic circuit operation for

EXTENSIVE GLOSSARY: Should you come across a technical
word, phrase or abbreviation you're not familiar with -simply turn
to the glossary included in the Manual and you'll find a

radio, television, audio/hi-fi, telephones.

comprehensive definition in plain English.
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Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy
with the Manual, for whatever reason, simply return it to us in good condition within 30 days and we
m will make a full refund of your payment - no small print and no questions asked.
frA
(Overseas buyers do have to pay the overseas postage c harge).
1 PT.

RE

M
M
M
M

1MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

- at last - the most

reference work ever produced at a price
omprehen
the revised dition of T
MODERN ELECTRONICS MANUAL
provides you with
matio yo need
th essent

n afford,

Over 1,000 pages of well -organised and clearly explained information

is

brought to you by an expert editorial team whose combined experience ensures
the widest coverage.
Regular supplements to this unique publication, each around 160 pages,
mean that you will always be kept abreast of the latest developments from
around the world as they occur
baby alarms - plus - many more
requests for new information Through
PL

LAR

Unlike a book or encyclopedia, the
Manual is a living workcontinuously extended with new
material. Recent or upcoming
supplements include radio,
superconductors, electric motors,
basic electronic building blocks for
beginners which can be joined
together to construct elaborate
circuits, filters, IBM PC and
compatibles (including
updating/expanding PCs).
Supplements are sent to you
approximately every two months.
Each supplement contains approximately 160 pages all for only £23.50
+ £2.50 p&p. You can of course
return any supplement (within 10
days) which you feel is superfluous to
your needs.

-

RESPONDING TO
YOUR NEEDS
We are able to provide you with the

most important and popular, up to the
minute, articles in our supplements.
Our unique system is based on readers

this service you are able to let us know
exactly what information you require in
your Manual. You can also contact the
editor directly in writing if you have a
specific technical request or query
relating to the Manual.

ASSEMBL NG

.

;:

popular devices

Wimborne Publishing Ltd.,
6 Church St, Wimborne,
Dorset BH21 1JH
Tel: 0202 881749 Fax: 0202 841692

;;<

There's nothing to beat the
satisfaction of creating your
own project. From basic
principles to circuit -building,
the Manual describes clearly,
with appropriate diagrams,
how to assemble radios,
loudspeakers, amplifiers, car
projects, measuring
instruments etc.
The revised edition of The
Modern Electronics Manual
contains practical,
easy -to -follow instructions for
building a wide range of
projects. It shows you how to
make fun gadgets such as a
remote control door opener
and a digital rev. counter for
your car. It also tells you how
to construct useful devices
like test gear, security and

ELECTRONICS MANUAL
THE MODERN
of information.
over
Now
"

1,000 pages
contains
Revised Edition of Basic Work:
Regular Updates: Approximately 160 - page supplements of additional information which are forwarded to
you immediately on publication. These a re billed separately and can be discontinued at any time.
Presentation: Durable looseleaf system in large A4 format (297mm X 210mm)
Price of the Basic Work: £39.95 + £5.50 p&p (to include a recent supplement free).
send me THE MODERN ELECTRONICS MANUAL plus
a FREE SUPPLEMENT. enclose payment of £45.45
(99.95 plus £5.50 postage and packing). Should I decide not to keep the Manual
I will return it to you in good condition within 30 days for a full refund of this
payment. I shall also receive the appropriate supplements several times a year.
These are billed separately and can be discontinued at any time.

PLEASE

I

FULL NAME
(PLEASE PRINT)

ti

ORDER FORM
Simply complete and return the order form with
your payment to the following address:
Wimborne Publishing Ltd, 6 Church Street

Wimborne Dorset BH21 JH
We offer a 30 day MONEY BACK
G UARANTEE - if you are not happy with
the Manual simply return it to us in good
condition within 30 days for a full refund.
1

Overseas buyers do have to pay the overseas postage see below.

ADDRESS

OVERSEAS ORDERS:

All overseas orders must be
a money -back guarantee of
satisfaction If you are not entirely happy with the Manual return it
within a month for a refund of the purchase price (you do have to
pay the overseas postage). SEND £39.95 PLUS THE POSTAGE
SHOWN BELOW:
AIR MAIL ONLY El
EIRE
EUROPE (E E C Countries)
AIR MAIL ONLY £20
SURFACE MAIL £20, AIR MAIL £26
EUROPE (non EEC)
U SA & CANADA
SURFACE MAIL £25, AIR MAIL £32
FAR EAST &AUSTRALIA
SURFACE MAIL £31, AIR MAIL £33
REST OF WORLD
SURFACE MAIL £25, AIR MAIL £44
Note surface mail can take over 10 weeks to some parts of the
world Each manual weighs about 4.5kg including the free supplement when packed

prepaid and are supplied under

POSTCODE

1
1

1

SIGNATURE

Il

I

II

Please charge my Visa/Mastercard/Access

enclose cheque/PO payable to Wimborne Publishing Ltd.

All payments must be made in E's Sterling payable to Wimborne
Publishing Ltd. We accept Mastercard (Access) and Visa credit cards

1
1

