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Low cost data acquisition for IBM PCs & compatibles

A unique range of easy to use data acquisition products designed for use with IBM compatible
computers. Combined with the software they allow your PC to be used as a host of useful test and
measurement instruments, or as an advanced data logger.

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

Each device comes with a comprehensive manual. C, Pascal and Basic drivers are included for users
who wish to write their own software. Software supplied on 3.5" disk.

Collect, store, display and print
- data from 1 sample per ms to 1
| per day. Record average,
min/max values or scaled

PicolLog

Pond Lngetwaas .

PicoScope "Virtual instrument” software
_package. Storage oscillo-

scope with trigger, timebase,
i I rulers and offset functions. At i
puddd & |Realtime spectrum analysis ?\ s }'

latl T3
Pote ‘. f

_'

[
with min/max frequency and J =i values (linear, equation, table
LE o = [WITD i , € look up) Report types: monitor
:‘x"ﬁ” signal averagmg(. MU:UF”Z A‘ %L_k (with min/max alarms), y-t
S==wma— | meters on screen (digital an i
Scope, voltmeter, _ bargraph). v graphs, x-y graphs, tabulation.

spectrum analyser Printer and file handiing support Advanced data logging software package

NEW ;4@@ 100 Virtual Instrument

Dual Channel 12-bit resolution

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

NEW

from

PICO

@ Digital Storage Scope
@ Spectrum Analyser
@ Voltmeter

® Frequency Meter

@ Chart Recorder

ADC 100 gitggi%%icg%?cﬂl?gg £209 @ Data Logger
ADC 10 ADC 1 ADC 12 ADC 16

1 Channel 8-bit
@ Lowestcost
@® Up to 22kHz sampling
@® 0-5Vinputrange
The ADC 10 gives your
computer a single channel
of analogue input
Simply plug into the
parallel port and your
ready to go.

ADC 10 with
PicoScope £49

PicoScope and
PicoLog £59

11 Channel 10-bit
@ Digital output
@ Up to 18kHz sampling
@ 0-2:5Vinputrange
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.

ADC 11 with
PicoScope £85

PicoScope and
PicoLog £95

1 Channel 12-bit
@ Highresolution
@® Up to 17kHz sampling
@® 0-5Vinputrange
The ADC 12 is similar to
the ADC 10 but offers an
improved 12-bit (1 partin
4096) resolution compared
to the ADC 10’s 8-bit (1 part
in 256).

ADL 12 with
PicoScope £85

PicoScope and
PicoLog £95

8 Channel 16-bit + sign
@ Highest resolution

@® 220Hz sampling

@® 2Hz sampling - 16-bit
The ADC 16 has the
highest resolution of the
range, it is capable of
detecting signal changes
as small as 40uV. Pairs of
input channels can be
used differentially to
reject noise. Connects to
serial port.

ADE 16 with
PicoLog £115

PicoLog for ADC 10/11/12 £25. Oscilloscope Probes (x1, x10) £10. Carriage UK free. Overseas £6

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

TEL: 0954-211716 FAX: 0954-211880

VISA
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Features
Projects

Where on Earth
Am i1? 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.

Turbo Speed
Indicator

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.

Bite Alarm

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.

PC 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.

Video Light Meter 44

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

Magnetism and
Magnetometers

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

Car Lights
On Reminder

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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An Introduction
to MIDI

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

Regulars

News and events diary 6
Balbirnie’s Workshop

Terry Balbirnie divulges some more
practical hints and tips for the elec-
tronics enthusiast.

Talkback 65

Your letters, and ideas, plus club
news.

PCB foils 68

Open Forum 74

Qompetition

In this issue of ETI we
have another great
competition

for readers to enter. Win a Maplin
Blood Pressure Monitor, worth £75.




Hewlett Packard 3779A Primary multiplex analyser.................. £300

8 CAVANS WAY, Hewlett Packard 400E/F AC volimeter . ............... wevroh A mepe 150
Hewlett Packard 4204A Oscillator $0Hz-1MHz ... .. ... ............. £250
BINLEY INDUSTRIAL ESTATE’ Hewlett Packard 435A Power meter {lass sensor). . ................ .E350
COVENTRY CV3 2SF : Hawlett Packard 456A AC Currentprobe. ..., ....................POA
. Hewlett Packard 415€ SWR meter............. 3 5 ey pd e N L €275
Tel: 0203 650702 Hewiett Packard 4193A Vactor impedance meter .. .................£3500
Fax: 0203 650773 Hewlett Packard 5335A Universal counter with 1EE ........,.......£1400
ila* Hewlett Packard 5342A Microwave freq. count. 18GHz ............. £1400
MObIIe' 0860 400683 Hewlett Packard 7402 Recorder with 17401A x 2 plug-ins ............ £300
(Premises situated close to Eastern-by-pass in Coventry with easy access Hewlett Packard 8005B Pulse generator ............................ £250 |
to M1, M6, M40, M42, M45 and M69) Hewlett Packard 8011A Pulse gen. 0.1Hz-20MHz .................... £500
m Hewlett Packard 8013B Pulse gen. THz-50MHz . ..................... £750
Hewlett Packard 8012B Pulse generator ................coovviieen.. £750
Gould 1602- 2 Channel D.S.O. . ... ..ottt i i cae e £1300 Hewlett packard 8406A Frequency comb. generator ................. £500
Gould 1604 -4 Channel D.S.O. . ... ... ittt £1750  Hewlett Packard 8443A Tracking gen/counter with 1EEE ............ £450
Gould 1421 -2 Channel D.S.O. ... .. ..ottt £375  Hewlett Packard 8444A Tracking Generator. .. ...................... £750
Gould 0S4000, 0S4200, 0S4020,08245 ...................... from £125  Hewlett Packard 8445B Automatic presetter ........................ £700
Hewlett Packard 1740A, 1741A, 17744A, 100MHz dual ch ....... from £350  Hewlett Packard 8601A 110MHz Gen/sweeper 110MHz .............. £350
Hewlett Packard 182C - 100MHz4ch................ ...l Hewlett Packard 8620C Sweep oscillator mainframe ................. £500
Hewlett Packard 1707A, 1707B - 75MHz 2ch Hewlett Packard 8750A Storage normaliser ......................... £400
Hitachi V.U22 - 40 MHz Dual Channel ......... ..., Hewlett Packard 938A Freq. doubler ...................cccccuuuv... £250
Nicolet 3091 - LF D.S.O. ... .ottt it aaees £1100  Keithley 197 20MHZ With TEEE . . . ..\ veeee s e ee e s ee e eeaannss £400
Philips 3055 - 60 MHz Dual Channel............... £550  Lyons PG73N/PG75/PG2B/PG Pulse gnerator from £225
Tektronix 2201 - 20MHz D.SO.dualch. .................... ... ..., £675  Marconi 2019A 80KHz-1040MHz SIG GEN. .\t £1850
Tektronix 2213 - 60 MHz Dual Channel .............. ... ... ... ..., £425  Marconi 2432A 500MHz digital freq. meter
Tektronix 2246 100MHz-4 channel ......................... (as new) £995  Marconi 2337 Automatic dist. meter ............. ...l

Tektronix 2215 60MHz dualtrace ....................... ...l £450  Marconi 2356 20MHz level oscillator
Tektronix 2235 Dual trace 100MHz (portable)
Tektronlx 2335 Dual trace 100MHz (portable)

£800  Marconi 2306 Programmable interface .................coeeeeen...
£750  Marconi 2610 True RMS voltmeter ..............covuueeiennnenn..

Tektronix 2225 -50MHz dualch..........co ot iiii i £450  Marconi 2830 Multiplex tester........................

Tektronix 465/465B -100MHz dualch. ......................... from £350 Marconl 2831 Channel acCess SWItCh . . .. v o or e e
Tektronix 475 - 200MHz dualch ................ £450  Marconi 6920 POWET SENSOT ... .. onwvne et e
Tektronix 468 -100MHz D.S.O0. dualch...... ... ...ccoiiiiii i, £850  Pphilips 5390 1GHz signal gen .. .............ceeeen...

Tektronix 7313, 7603, 7613, 7623, 7633, 100MHz 4ch ........... from £300  phjlips PM 5167 10MHz function gen. ..................ccooeeenn... £400
Tektronix 7704 - 250MHz 4ch ... from £650  philips 5190 LF synthesizer wth G.P.IB. .............coovvnnn.... £800

. Tektronix 7834/7844 - 400MHz 4 ch from £750  phijlips PM 5519 Colour TV pattern gen. .....................cee....
Tektronlx 7904 - 500MHz . ...... ... .. ... ... . . from £850 Philips PM 2525 Multimeter WF 1EEE . .........ooeueeeeannennnn..

. Phillips 3070 -100MHz 2+ 1 channel + cursors, asnew ............... £900  philips 5716 Pulse generator high freq. MOS . .........coueunene....
Phillips 3208, 3211, 3212, 3217, 3226, 3240, Philips PM 5770 Pulse gen. - TMHZ-100MHZ .................c......
3243, 3244, 3261,3262 (2ch +4ch.) ......oovveveea.... from £12510 £350  philips PM 6672 1GHz timer/counter WF 1EEE
Solartron Schlumberger CD1740 - 20MHz 4ch...................... £250  Phillps PM 8272 XYT Chart reCOrder . .. ... ....ooueueineineineanens.

Other scopes available too Photodyne 800 Fibre optic attenuator ..................cc.oooeuee..

SPECTRUM-ANALYSERS Projectina CH9345 MiCroscope ...........oiiiiii i iiiinnann,

Racal 9009 Modulationmeter . .......... ... i

: Racal Dana 202 Logic analyser + 68000 disassembler................ £250

Advantest TR4131 -10KHz -3.5GHz ...l Racal Dana 9242D Programmable PSU 25V-2A ..................... £300
Hewlett Packard 3580A - -5Hz-50KHz ... Racal Dana 9246S Programmable PSU 25V-10A. .................... £400
Hewlett Packard 8590A - 10KHz - 1.5GHz - (as new) Racal Dana 3100 40-130MHz SyntheSiSer . ..................c........ £750
Hewlett Packard 182T with 8559A (10MHz - 21GHz) Racal Dana 5002 Wideband level meter . ..........ovueeeeeaeeenan... £650
Marconi 2370 - 110MHz . ...t Racal Dana 5003 Digital M/Meter . ..............cooeeesnreneenen., £150
Hewlett Packard 4953 Protocol analyser............. ' Racal Dana 9000 Microprocessing timer/count. 52MHz .............. £550
Tektronix 492 - 21GHz .........cooiiiiiiii Racal Dana 9081 Synth sig gen 520MHZz ...............c.covenen.. £550
Tektronix 7L18 with 7603 main frame 1.5 GHZ - 18GHZ............. £3500  pacal Dana 9084 Synth. sig. gen. 108MHZ ... ovoeeeneseenennn., £450
Texscan ALSTA (AMHZ - 1GHZ) .....ooiiiniit e £1300  Racal Dana 9087 1.3 GHz low noise Sig. GENErator ................. £2750
MISCELLANEOUS’ Racal Dana 9303 True RMS/RF level meter ............cccouuvuen... £650

Anritsu ML93B/ML92B Optical power meter with sensor ........... .. £2000 ::g:: 3:2: 3232, bﬁﬁ;’;ﬁ,ﬁ?{,‘ﬁ?ﬁc‘au}@'; 100MHz . oo ggg
Anritsu ME538C Microwave system analyser (BX + Tx) ............. £3500 oo cal Dana 9917 UHF frequency meter 560MHz. .. ... . ........... £175

B&K 2511 + 1621 Vibrationtestset ............... ... .coiiiiin..
B&K 2511 Vibrationmeter ....... ...
B&K 2515 Vibration analyser ............c.coiiiiiiiiiiiiiieaa.
Datron 1061A Autocal digital multimeter (6'/2 digits)

Racal Dana 9919 UHF frequency meter 1GHz
Rohde & Schwartz BN36711 DigitalQmeter ........................
Rohde & Schwartz URV5 - 18 GHz R/F Millivolt-meter (with various

-

7 N = Lo 7= S £1850

Daymarc 1735 Transistor tester/sorter (with all jigs) golarlrzm Schlumb 1170 Freq. response analyser.................... £250
3”"""1 ggg f\’;";e ey co90c000eo00czosconoso EILIITIRSTE Tektronlx TM503, SG503, PG506, TG501 Scope calibrator .. ...... .. £2000
Dymar 2085 AF Power meter """"""""""""""""""" Tektronix 834 Datacomms analyser..............ccooiiiiiiieaenn. £500
ymar O MBS aoang0000000000000 02 ROEEEEEIEEE c 22 o Tektronix TM5003 + AFG5101 arbitrary function generator-. . ..... ... £1750

Farnell RB 1030-35 Electronicload 1KW ............c.c.viiiinen...
Farnell AMM/B Automatic modulation meter........................
Farnell 2081 R/F Powermeter, ...,

W&G SPM12 Level meter 200Hz-6MHz .............................
W&G PS12 level generator 200Hz-6MHHz ..........................

. W&G SPM60 Level meter 6KHz-18.6MHz ...........................
Feedback TWG300 Test wavefdrm generator ....................... W&G PSEB0 Level meter 6KHz-18.6MHz . . . ... .o

Fischer Betascope 2040/2060 Coating thickness computer & non W&G SPMS Level meter 6KHz-18.6MHz

destructive coating measurement instrument & many jigs and extras W&G PS6 Level generator GKHz-iB 6Mle """"""""""""""
.......................................................... all for £2000 N

Fluke 8840A Multimeter (IEEE) .............ovviiiiieeniinnnaannns £450

Fluke 515A Portable calibrator .............. ..., £500

W&G SPM6 Level meter 6KHz-18 6MHz ............... ... ..coooan.
Wavetek 157 Programmable waveform synthesier ...................
Wayne Kerr B424/N LCR Component meterset .....................

Fluke 8010A Digital multimeter ......... . ... .coiiiiiiiiiiinnenn. £125 w
ayne Kerr4250 LCRmeter ...........ooviiiiiaiinan...

'l::u::e ggg:o‘\ (T:rue RtMi votltmeter """"""" :8: Wayne Kerr 642 Autobalance universal bridge ......................

Ly RICISEIII 5000000000 000qga 200 L LT Weller D801/D802 Desoldering Station ..............c..ccoeeeunn..
O oM IC A T st lansieniimenitor. -0 -8 £250  \eller D900 Desoldering station . ..........c.c.eeiiiiiiininiininannns
General Rad 1658 LCR'Dllglbndge. ................................. £250 Wiltron 352 Low freq. differential input phase meter
General Rad 1621 Precision capacitance measurement system ....... POA Hewlett Packard 8640B with OPT 001
Hewlett Packard 180TR Display unit with 8755B swept. amp. an. ..... £350 Marconl 2022E (10KHZ - 1.01GHZ) SIGGEN """""
Hewlett Packard 3200B VHF oscillator, 10-5000MHz ................. £175 e = e
Hewlett Packard 3400A RMS voltmeter ...................ooooil.t. £150 SPECIAL OFFERS - Phoeni 00A Tel lyser. ex. demo. as
Hewlett Packard 3406A Broadband sampling voitmeter .............. £175 9 nix 55004 Telecoms analyser, ex. demo, a

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

Hewlett Packard 3437A System voltmeter
Hewlett Packard 3456A Digital voltmeter
Hewlett Packard 3476 Digital multimeter. ............cooviviinnan..

Hewlett Packard 3478 Digital voltmeter, 4 wire system, 1EEE ......... £650 _ .

Hewilett Packard 3702B/3705A/3710A/3716A Microwave link analyser£1500 Lo~ 0st now £1500.

Hewlett Packard 3730A Down converter (with 3738A or 3737A)....... ESOLI MANY MORE ITEMS AVAILABLE - SEND LARGE S.AE FQO
Hewlett Packard 3760/3761 Data gen + error detector........... each £300 OF EQUIPMENT ALL EQUIPMENT ¢S USED - WITH 30 DA
Hewlett Packard 3762/3763 Data gen + error detector........... each £350 GUARANTEE. PLEASE CHECK FOR AVAILABILITY BEF
Hewlett Packard 3777A Channelselector ...........ccoviieenennen.. t*ZI N ORDERING - CARRIAGE & VAT TQ BE ADDED TO ALt GOODS

‘__-‘!_'—_-————_—____4
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EV Crelme Vaive Company

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

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

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

A selection of the more popular types are listed below.

Price list & order form for CVC PREMIUM Audio Valves

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

PRE-AMP VALVES CARRIED FORWARD . , .

ECC81/12AT7 RECTIFIERS
ECC82/12AU7

ECC83/12AX7 Gz32
ECC85 GZ34/5AR4
ECC88 504G

EF86 15Y3GT
E81CC(GOLD PIN) 574GT
B8 — - SOCKETS

E83CC : SOCKHIS

E88CC ' BOA(PCB)
E8OF BOA (CHASSIS)

E83F . OCTAL (CHASSIS)
6SL7GT 4 PIN (UX4)

6SN7GT 4 PIN (FOR 211 + 845)

6922 MATCHING CHARGES*
POST & PACKING (UK)

TOTAL EXC. VAT
POWER VALVES VAT @171/2%
2A3 (4 PIN) (UK & EEC)

2A3 (OCTAL)
211

300B

S11A *MATCHING, if required; state valve types & if PAIRS,

Y QUADS or QCTETS - Allow £1.00 per valve for this service.
EL34/6CA7 '

EL84/6BOS Make CHEQUES payable to
EL84/7189A |'CHELMER VALVE COMPANY or pay by
KT66 ACCESS/MASTER CARD/VISA, give details:

S [(TI T I I T T IIIIITI1]

KTs8 (GOLD Q) . ;
FL6GC Signature ...... SR T O S )

SLAWGC/5881

TOTAL TO PAY

Name T e i b s el

Address

...... Past Code ..ciernsiniiessegen

Valve amplifiers sound better still with CVC PREMIUM valves:

130 New London Road, Chelmsford, Essex CMZ00 ngland.  Jelephone 0245 355296/265865 or FAX. 0245 490064:

\Wwww americanradiohistory com
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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 genera-
tion. 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.
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 Cut/Copy: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 rein-
forced, soft polymer 1in 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

| coail is ferrofluid
cooled. The
Faceplate is of
a fibre rein-
forced
polymer.

This tweeter
is available
from all
branches of
Maplin
Electronics and
costs £13.95.
For more
details ring
0702 552911.

ELECTRONICS TODAY INTERNATIONAL
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PC based PLD trainer =
Prosammatia Looic Devices (PLDs) are now very widely used and there is & copssderable need for sysﬁams which-can be used to train
scents and engineers in thair uge. To cater for this need, Southampton based Fight Elec u’omcs International has ?aUnched @ menuy driven PC
Besed PLD fraining Systém, the PAL 1za;npr it is aimed at Lniversities and colieges, aﬂhouqh-ergqhars‘woﬂm; on their. own could also usa it
50 learn quickty about PALS. agd PALASMS, euentually using it as a laboratory took for PAL programming. . :
f&tﬁsﬂmmcs claims that it is the only completely self contained system avalatis wfnqh cuccessfully. ntroduces csiucfents to tha world of
Plis, weihout o nead to source the. hergiware software and dccumentaﬁon separa‘ew This' r)qt onéo;r saves time, resources and meney.
st #5¢ ensures that lec*urus are 'prowdpd with ap’ mtegrmed teachlng 100! that glyas studeﬂts m@r&m?an jusr a-cursory gumpse oT the real
'worig of industry, 4
Tre PAL Trainer wﬁ i on'IBM XT AT, o[compa-ibin PCs and consists of & comple‘te %rammgmu;m rang?rn tmnrrmt:al legic d&sngn to
: : e N ] ! PG simulation, device programming and testing, there
are 18 ready to run examples. Programming of actual
devices s done with the aid of a GAL programmer and
test unit which is connected 1 the PG viz an interface
card and ceble, Thnﬂ@gp'ammaﬂs controlied by soft-
war furining on the PC. Prograinming ts parformed with
the aid of the widely used industry standard PALASM V4
programming language. . | ]
The programmerftest unit has-cne 2IF 24 way
textool for programming and thres ZIF 24-way textodls
for testing, there i is & matrix dispiay, four 7 segment .
dlsplays alED array, tan debounced switches and 4
variable freouency ccunter, There i is & separate demon-
stration area for use with-he warked examples and -

simply connected to other areas of the'main board:
 The full trairing system costs €695 and for further

datanls cqmacf’ Fh‘g"l! Etectroms Intgrnatiofial Lid, or
: 0703 22 ??21 '

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

ties of highly polluting aqueous chemical
solutions.

The system can be installed in any
normal laboratory or production area

Cutting PCBs
by laser

jumper wires ailow the pins of the PLD 1o be quickly and - :

The Berkshire based company Tracks

CAD Systems has launched a multifunc-

sion laser prototyping machine which is
mead at anyone who involved in the

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.

score ceramics, make board corrections
and label products.

For more information, contact Tracks
CAD Systems on 0344 55046

gvslopment or production of high
=nsity Printed Circuit boards, in partic-
ular those used with surface mounted
2z, ces. Modern PCBs call for closely
soacad pins and conductor or isolation
. three or more times finer than
f~os2 that have been traditionally
oroclced using chemical etching or
scnanical cutting. With its laser system,
Tracxs nas been able to easily cut seven

ol
he iaser "avmg a cutting resolution of
pm anc an accuracy of 2pm.

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 mainte-
nance is simple and repeatable quality
assured. In addition, the system does
away with the need to treat large quanti-

ELECTRONICS TODAY INTERNATIONAL
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board.

STEbus, SCIM mezzanine bus and signal conditioning system.

environment

386 system on an STEbus

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 -

The board is available with 25 or 16MHz versions of the 3865X 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

Profile Plus
indoor FM
Aerial.

1‘ New from Maptin-Electronics is the
profie Plus Indoor FM Agrial. This unit

and application
firmware,
keyboard inter-
face, real time
clock, a
parallel port
and two serial
ports.

For more
information,
contact Arcom
Control
Systems Ltd of
Cambridge on
0223 411200.

I‘ is a unigue-innovative design of an’
indoor asnal that would pass any crit-
ical eye test for modem shyling. This
bi-directional aerial is suitable for all
FM apolications in the frequency-
range 88 to 108MHz. It includes an
integrated fow noise signal
-amplifier/boosier, for weaak signal areas.

The aerial measures 320 x 220 X
50rmm and is coloured slate grey. It

_requires two AA batienies and is

- supplied with a fivlead 2m long. It
costs £18,95 and is available from all
branches of Mapilin Electronics or via |
mail order. For further details fing

| 0702 552911

o

Negative differential resistance (NDR}, a novel transistor effect
that occurs in compound semiconductors, Is beingexploited -
by advanced device researchers in a bid to build a new, highly
compact, digital fogic family. NDR logic cuts through much of
the complexity of fraditional gate design, by expioiting the
folded current-voitage (1-V) curves of advanced super lattice
transistors. While standard transistors have onjy one operating
point, a variety of experimental devices built with super lattice
Junctions can have two or mare 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 hetsro-junction transis-

| tors, i more importantly could form the basis for a new kind of
Ultra Large Scale Integration (ULS) technoiogy. In the past,
-gallium arsenide technology was used for its speead advantage,
but that proved to be a critical facter only in niche areas, such’

_ as microwave technology. The new generation of NDR logic
designs indicates a new directicn for compound semiconduc-
tors, augmenting the speed advaniage with large gains in func-
tional density,

. As the voltage across the jupction increases, the resulting
current begins to ingrease In a manner similar o a conventional
p-n dicde. However, at a critical polnt, the resonant tunneliing
eflect kicks in and the current begins to decrease as the voltage
ncreases. The negative siope of the IV curve in this region
represents the unigue negative differential resistance of these

' Negative differential resistance ==

B

dindas, the basic effect that is now being tned in novel logic families.

At Texas Instruments Central Research Labs. (Dallas), Th
researchers were the first to build a three-terminal resonant
tunnelling device that directly modulated the potential inside the
super lattice junction. Previous davices had simply been mong-
lithic realisations of the RT dicde 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 leaming general rulgs
for controfting tha NDR affect in logic design. A device simu-
lator 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 buitt a cirguit simulator that takes either data generatod by
the device simulator or actual experimental data to simulate.
NDR logic designs. - LB

In addition, different digital logic shyies, making use of the
more complex behaviour of NDR transistors, have been devel-
oped. In conventional circuit design, logic 0 and 1 valugs are
represerted by O and +5V fevels. The |-V characteristics of the
NDR devices aliows for muttiple 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
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Big successes for ARM RISC

‘”C {)TOCQSSOF campany Advanced RISC Machines Ltd seems to be on 10 a winner, This company..jointly owned by v
Apple and VLSI. has just announced two significant developments. Firstly it has signed an agrearfignt which wil aliow Kaman
ef:cirwcs and ssmiconductor giant Samsung to embad ARMB, ABM?, and ARMB10 RISC 1echnology into praducts jointly developed by
Samsung and ARM for the emerging markets, where computing, communicaions, and consumer glectronics converge. These will include
wireiess personal digital assistants, celluiar fax/phones and interactive TV, plus more traditional products such as hard disk drives, laser
prmtars and multimedia processors.

The second developmant is the announcement by BM that the ARM RISC technology is to form the heart of its new Serial Storage
Architacture (SSA) Interface. This technology, developed at 1BM’s UK research facllity in Havant; is seen as a key eamponent in linking the
computers of the future and will replace existing serial and SCS! interfaces. It is an exiremely powerful interfacing system capabla of full
duplex operation at a minimum 20MB/s in each direction, with sophisticated error detection, isolation and recovery featuregs, SSA is
dastined to be a standard for communications with peripherals such as disk drives:

Low cost microcontroller development kit |

Mitsubishi has introduced a new low cost Designer’s Kit which will enable users l
to cost effectively develop 16 bit microcontroller applications. The easy to use l

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
M37702S1ASP 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 1/0 expanded mapped in page zero, preserves the /0O opera-
tions 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/0
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
| Sy : 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

DK IS Dasigner'n Kit
Fur Mitsubinn
18 b icrecontsolers,
SV A
VERSI ©

| for details of suppliers contact Mitsubishi in Hatfield, Herts., on 0707 276100.

Event Diary.
i 27-29 durie  5th Satellite Systems for Mobite Communications & Navugatlon Conference, Institute of Electrical
Englneers. London. Tel: 071 240 1871

4-7 July HF Radio Systems and Techniques Conference, Instltute of £ pr;m_c_a[' vEng,}nee‘rsg Ut*giver@rty :mf York. Tel:
| " o7t 240 1871 | ‘ ; Al e U e

5 July Talk_ on propagation. Sudbury and District Radio Amateurs. Tel: 0787 313212. ..

14 July Spec;ai Event Station in Woodhall Scti ‘Sudbury and District.Radio Amateurs. Tel: 0787 31

16 July Annual Outing.’Crystal Palace and Dlstr F R io Club, All Saints Pansh Church: RoOMS,’ B

081 699 6792

19-21 July Siectronic Engineeri

| College Cambridge. Tel: 071 240 1871 _
20-24 July  Electrotech 94. National Exhibition Centrs; Birmingham. Tel: 07:

| 13 Now. Midland Amateur Radlo Society rally at Stockland Greeh Leisur S

{evenings only} =

If you are organising an event which you would like to have included in this section, please send
Argus House, Boundary Way, Hemel Hempstead, Herls. HP2 75T, clearh/ marking your envelope
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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. £3 99 ref APR10P3,
TORRODIAL TX 30-0-30 480VA, Perfect for Mosfet amplifiers
etc. 120mm dia 55mm thick. £18.99 ref APR19.

MOD WIRE Perfect for repairing PCB's, wire wrap etc Thin
insulated wire on 500m reels. Our price just £9 99 ref APR10P8
12v MOVING LIGHT Controller Made by Hella, & channels
raled al 90watts each Speed control, cased £34.99 ref APR35
ELACTRON FLASH TUBE As used in police car flashinglights
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 listen-
ing lo hearts, pipes, motors etc £6 ref MAREPS

OUTDOOR SOLAR PATH LIGHT Captures sunlight during
the day and automatically switches on a built in lamp at dusk.
Camplete with seales lead acid battery etc.£19.99 ref MAR20P1.
ALARM VERSION Of above unit comes with built in alam and
pir to deter intruders. £24 99 ref MAR25P4

CLOCKMAKER KIT Hours of fun making your own clock,
complete instructions and everythingyou need £7 99 ref MARSP2
CARETAKER VOLUMETRIC Alam, will cover the whale of
the ground floor againstforcred entry. Includes mains powersupply

and integral battery backup. Powerful intemal sounder, will take |

extemal bell if req'd Retail £150+, ours? £49 99 ref MARS0P1
TELEPHONE CABLE White 6 core 100m reel complete with a
pack of 100 clips Ideal 'phone extns etc £7.99 ref MARSP3
VIEWDATA RETURNS £6 madeby Tandata, indudes 1200 75
modem, k/bd, RGB and comp o/p, printerport No PSU.£6 MAGEP7
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 x6" 6v
130mA solar cells, 4 LED's, wire, buzzer, switch plus 1 relay or
motor.Superb value kit just £5.99 REF: MAGEP8

SOLID STATE RELAYS Will switch 25A mains. Input 3.5-26v
DC 57x43x21mm with terminal screws £3.99 REF MAG4P 10
300DP! A4 DTP MONITOR Brand new, TTL/ECL inputs, 15
landscape, 1200x 1654 pixel complste with ¢reuit diag to help you
interface with your projects. JUST £24 89 REF MAG25P1
ULTRAMINI BUG MIC 6mmx3.5mm made by AKG,.5-12v
electretcondenser. Cost£12 ea, Our? fourfor£9.99 REF MAG10P2
RGB/CGA/EGA/TTL COLOUR MONITORS 12' in good
condition. Back anodised metal case. £99 each REF MAGO9P1
GX4000 GAMES MACHINES returns so ok for spares or
repair £9 each (no games). REF MAG9P1

C64 COMPUTERS Retums, sookforspares etc£9 ref MAGIP2
FUSELAGE LIGHTS 3 toat by 4' panel 1/8" thick with 3 pangis
thatglow greenwhen a vohage is applied. Good fornightlights front
panels, signs,disco etc 50-100v per strip. £25 ref MAG25P2
ANSWER PHONES Returns with 2 fauits, we give you the bits
for 1 fault, you have to find ‘he other yourself. BT Response 200's
£18 ea REF MAG18P1. PSU £5 ref MAG5P12.

SWITCHED MODE PSU ex equip, 60w +5v @5A, -5v@.5A,
+H2v@2A-12v@.5A  120/220v cased 245x88x55mm {ECinput
socket £6.99 REF MAG7P1

PLUG IN PSU 9V 200mA DC £2 99 each REF MAG3P9
PLUG IN ACORN PSU 19v AC 14w , £2 99 REF MAG3P10
POWER SUPPLY fully cased with mains and o/p leads 17v DC
900mA output Bargain price £5 99 ref MAGEP9

ACORN ARCHMEDES PSU +5v @ 4 4A on/off sw uncased,
selectable mains input, 145x100x45mm £7 REF MAG7P2 -~
GEIGER COUNTER KIT Low cost professional twin tube,
complete with PCB and components £29 REF MAG29P1
SINCLAIR C6 13* wheels completewith tube, tyre and cydle style
bearing £6 ea REF MAGEP 10

AA NICAD PACK encapsulated pack of 8 AA nicad batteries
(tagged) ex equip, 55x32x32mm. £3 a pack. REF MAG3P 11
13.8V 1.9A psu cased with leads Just £9 99 REF MAG10P3
360K 6.25 brand new half height floppy drives 1B Mcompatible
industry standard. Just £6 99 REF MAG7P3

PPCMODEM CARDS. These are high spec plugin cardsmade

for the Amstrad laptop computers 2400 baud dial up unit complete |

with leads. Clearance piiceis £5 REF: MAG5P1

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

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

SINCLAIR CE MOTORS We havea few leftwithout gearboxes.
Theseare 12v DC 3,300 rpm 6°x4", 1/4" OP shaft. £25 REF: MAG25
UNIVERSAL SPEED CONTROLLER KIT Designed by us
for the above motor but ak for any 12v motor up lo 30A. Complete
with PCB etc. A heat sink may be required: £17 00 REF: MAG17
VIDEC SENDER UNIT. Transmitsboth audicandvidao signals
from ailher & video camara, ideo recorder, TV or Computer etz to
anystandard TV satin 2 100’ rangel{tune TV1c & sparechannel) 12v
DCop. Priceis£ 15 REF: MAG1S 12vpsulsES exira REF: MAGSP2
“FM CORDLESS MICROPHONE Small hand held unitwitha
500' range! 2 fransmit power levels. Reqs PP3 9y battery Tuneable
to any FM receiver. Price is£15 REF: MAG15P1

LOW COST WALKIE TALKIES Pair of battery operated units
wilh a range of about 200", ideal for garden use oras an educational
toy. Price is £6 a pair REF: MAG 8P1 2x PP3 req'd.
“MINATURE RADIO TRANSCEIVERS A pair of walkie
talides with a range of up to 2 kilometres in open country. Units
measure 22x52x 156mim. Camplete with cases and earpieces, 2xPP3
req'd. £30.00 pajr REF: MAGIL,

COMPOSITE VIDEO KIT. Converts composite video into
separate H sync, V sync, andvideo 12y DC_£8 00 REF: MAGBP2.
LQ3600 PRINTER ASSEMBLIES Made by Amstradthey are
entire mechanical printer assembiies including prnthead, slepper
motors etcetc Infacteverytting barthe case and siectronics. agood
stripper! £5 REF: MAGSP3 or 2 Tor £8 REF: MAGEP3

NEW BULL ELECTRICAL STORE

WOLVERHAMPTON
BRANCH

NOW OPEN AT 55A WORCESTER
ST TEL 0902 22039

100MHZ OSCILLOSCOPES now in
stock, 12x10cm screen, delayed
sweep, 1IMohm /25pfinputs, modes-
chl, ch2, add, chop, alt, dual. 460 x
305 x 200mm, 17kgs, £267+Vat in-
cludes insurance and carriage.

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

NEW HIGH POWER LASERS

15mW, Helium neon, 3 switchable
wave lengths .63um,1.15um,3.39um
(2 of them are infrared) 500:1
polarizer built in so good for hologra-
phy. Supplied complete with mains
power supply.790x65mm. Use with
EXTREME CAUTION AND UNDER
QUALIFIED GUIDANCE. £349+Vat.

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

AMSTRAD 1512DD
1612 BASE UNIT AND KEYBOARD AND TWO
5.25" 360K DRIVES . ALLYOU NEED IS A MONTOR
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 $2.00 SPECIAL PACKAGING CHARGE)
TOP QUALITY AMORPHOUS SILICON CELLS HAVE ALMOST A
TIMELESS LIFESPAN WITH AN INFINITE NUMBER OF POSSIBLE
APPLICATIONS, SOME OF WHICH MAY BE CAR BATIERY
CHARGING, FOR USE ON BOATS OR CARAVANS, OR ANY-
WHERE A PORTABLE 12V SUPPLY |SREQUIRED. REF: MAG34

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

1994 CATALOGUE.

PLEASE SEND 45P, A4 SIZED SAE FOR YOUR FREE COPY
MINDW GKIOUS ORDER. (500 TRADE DEDERS MM QOVERNMENT SCHOOLS,
UNTVERSITIEL & LOCALAUTHORITIES WELCOME AL 00UDY SFHLES. SUB 5CTTO
OUR CONTTTIONS CF EALE AND LILESS OTHERWISE BTATED QUARANTER: FOF, 30
DATS LIQHTE BESERVEL TO CHANGE PRICES & SPECIFICATITNG WITHOUT
HOTICE OMDERS FUBAACT TO STOCK. QUOTATICNS WILLINOLY GTVEN FOR QUIAMTT.
TIEB HIHHER THAN THOSE STATED.

“SOME OF GUR PRODUCTS MAY BE UNLICENSAALE N THE UK

MAIL ORDER TERMS: CASH PO OR CHEGUE

250 PORTLAND ROAD HOVE SUSSEX
=z BN35QT

WITH ORDER PLUS £3.00 POST PLUS VAT.
PLEASE ALLOW 7 - {0 DAYS FOR DELIVERY

TELEPHONE ORDERS WELCOME =
Wi

TEL: 0273 203500
FAX: 0273 323077 —
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SPEAKERWIRE Brown 2 core 100 foot hank £2 REF: MA!
LED PACK of 100 standard red 5m leds £5 REF MAGS5P4
UNIVERSAL PC POWER SUPPLY complete with Ayl
switch, fan etc. Two types available 150w at £15 REF-MAGTE
(23x23x23mm) and 200w at £20 REF: MAG20P3 (23x23x23mm
“FMTRANSMITTER housed inastandard working 13A adapter!
the bug runs directly off the mains so lasis forever why pav ET007
or price |s £26 REF' MAGRE Transmits 10 any FM radio

‘FM BUG KIT New design with PC3 embeddea cotl for exira
stability. Works 1o any FM radio 9 battery req'd £5 REF: MAGSPS
*FMBUG BUILTANDTESTED superiordssign lakil Supplied
la detectve agencies. Qv ballery raq'd E 14 REF MAG14
TALKING COINBOX STRIPPER originaily made to ratall ay
£79 each, these units are designed to convert ang ordinary phone
intoapayphone. The units have theilooks missing and sometimas
broken hinges. However they can be adaplec for their adginal usa
or used fot someth ng eise?? Price it just £3 REF: MAG 371

100 WATT MOSFET PA IR Same spec as 25K343 and 254413
[8A.140v,100w) 1 M channal, 1 Pchannel, £3 apair REF: MAGIP2
TOP QUALITY SPEAKERS Made for Hi Fl televisions thase
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 £2 REF: MAG2P5 or 4 for £3 REF: MAG3P4
AT KEYBOARDS made by Apncotthese quality keyboards nesd
just a small mod to run on any AT, they work perfectty but you wii
have 1a put p with § or 2 foreign keycaps! Price E6 REF: MAGEP3
PC CASES again mixed hpes 5o y©u take a chance next one off
the pile £12 REF:MAG12 of two the same tor 520 REF. MAG20P4
COMMODORE MICRODRIVE SYSTEM mini storage
device for C64's 4 times faster than disc drives, 10 times faster
than tapes Complete unitjust £12 REF:MAG12P1

SCHOOL STRIPPERS We have quite 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 manyyou
need at just 50p a unit (minimum 10).

HEADPHON ES Ex Virgin Attantic 8pairsfore2 REF: MAG2P8
PROXMITY SENSORS Thesa are small PCB's with what look
like 2 source and sensor LED on ane end and lots of components on
the rest of the PCB, Compiste with fiy leads. Pack of 5£3 REF: MAG:
3PS or20 loi £8 REF: MAGEPY

SNOOPERS EAR? CGnginal mage 1o dip over the earpiece of
telephone to ampiify the sounchit also works quite well on the cable
runring alang the walll Price 1s £5 REF: MAG5P7

DOS PACKS Microsokt version 3.3 or higher complete with all
manuals or price just £5 REF: MAGS5P8 Worth it just for the very
comprehensive manuall §.25° only.

DOS PACK Microsoft version 5 Original software but no manu-
als hence onty E3 REF: MAG3PE & 25 only

CTME44 COLOURMONITOR Madeinwork withthe CPC464
home compyter. Standam RGR input so wik work with other ma-
chines Refurbished £59.00 REF:MAGS8

PIR DETECTOR Made by famous UK alarm manufacturer these
are hispec, long rangeintemal unis. 12v aperation, Slightmas on
case and unboxed {although biand new) K8 REF: MAGERS
WINDUP SOLAR POWERED RADIO AMIFM radio compiete
with hand charger and solar panal! £14 REF: MAG14P1
COMMODORE 64 TAPE DRIVES Customer returns at £4
REF: MAG4P9 Fully tested units are £12 REF; MAG12PS
MAINS CABLES These are 2 core standard black 2 metre mains
cables fitted with a 13A plug on one end, cable the other Ideal for
projects, low costmanufacturing etc Pack of 10for€3 REF: MAG3P8
Pack of 100 £20 REF: MAG20P5

MICROWAVE TMER Electronic timer with relay output suitable
to make enlarger timer etc £4 REF: MAG4P4

MOBILE CAR PHONE £6.99 wel aimost complete in car
phone exxcluding the bex of slectroncs nomally hidden under seat.
Canbe made toliuminate with 12v also has bullt In hght sensor so
display only inumi hendark Toraly o' REF: MAGEPS
ALARM BEACONS Zenon stiobe made tomounton an extemal
bell box but could be used for caravans etc. 12y operation Just
connectup and it flashes regularly) £5 REF: MAGSP11

FIRE ALARM CONTROL PANEL High quality metal cased
alam pand 350x165xH0m . With kay. Comes with electronics but
noinformaton. sate price 7.89 REF; MAGSPS .
REMOTE CONTROL PCB These are receiver boards for
garage door opening systems Another use? £4 ea REF; MAG4PS
6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA Bargain price just £5 99 ea REF MAGBP12

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4 99
ref MAG5P 13 ideal for experimenters! 30 m for£12 99 ref MAG 13P1
LOPTX Line output transformers believed to be for hi res colour
monitors but useful for getting high voltages from low ones! £2 each
REF: MAG2P 12 bumper pack of 10 for £12 REF: MAG12P3.

BOTH SHOPS OPEN 9-5.30
SIX DAYS A WEEK

PORTABLE RADIATION DETECTOR

£49.99

A Handheld personal Gamma and X Ray detec-
for. This unit contains two Geiger Tubes, has a4
digit LCD display with a Piezo speaker, givingan
audio visuai indication. The unit detects high
energy electromagnetic quanta with an enargy
from 30K eV fo over 1.2M eV and a measurlhg
range of 5-9999 UR/h or 10-99990 Nr/h. Suppiled
complete with handbook.

REF: MAG50




EXPRESS COMPONENTS

MAINS [ONIZER KIT. Very useful
wx that mwreases the flow of negalive
oo, Bedps clear cigarette smoke, dust,
poihem oo Helps reduce stress and
s=pwatory problems. £15. kit, £20
Tk

COMBINATION LOCK. Electronic
5 = combination lock suitable for
Blaes, cars,houses elc, easily program-
=azke [ncludes mains 2Arelay o/p. 9v
spezaiion £10 kit, £14 buill.
VARIABLE POWER SUPPLY.
Saabaized, short circuit protected. Gives
3-3{r DC at 2.5A, ideal for workshop
selaboratory £14kit,£18built 24VAC
raquired

LEAD ACID CHARGER. Two auto-
matic 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 1o the 'phone line and
acuvates a cassette recorder when the
handset is lifled. Ideal for recording
phone conversalions elc!. £8 kit, £12
busht.

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

PHONE BUG DETECTOR. This de-
vice will wam you if somebody is
zavesdropping on your 'phone line. £6
ki £9 built.

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

STROBE LIGIHIT Bright strobe light
wilh an adjustable frequency of 1-60hz.
(a lot faster than conventional strobes!)
£16 kit, £20 built.

4W FM TRANSMITTER. 3 RF stages,
audio preamp. 12-18vDC. Medium
powered bug £20 kit, £28 built

3 CHANNEL LIGHT CHASER. 3x
800w oulpul, speed and direction con-
trols, can be used with 12 led's (sup-
plied) or TRIACS for mains lights (also
supplied). 9-15v DC. £17kit, £23 built.
25W FM TRANSMITTER. 4 stage, a
preamp will be required. (Our preamp
below is suitable) £79 built.(no kits).
SOUND EFFECTS GENERATOR.
Produces any thing from bird chips (o
sirens! add sounds 1o all sorts of things
£9 kit £13 built.

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

15W FM TRANSMITTER. 4 stage,
high powerbug.You willneed a preamp
for this (see our preamp below which is
ok) £69 built. (no kits).

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

£12 kit,£16 built.

BULK PACKS

PREAMP MIXER. 3 channel input,
independent level and tone controls.
Ideal* for use with tlie hi power FM
transmitters. £15 kil, £19 built
TREMBILER ALARM. Designed for
bikes elc, adjustable sensitivity, presel
alarmm 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 amovement detector
in an enclosed space. Range about 10
metres,12vDC. Good basis for
car,shed,caravan alarmetc.£14 kil, £19
built.

PHONE CALL RELAY. Very useful
kit that incorporates a relay that oper-
ates when the phone rings. Can be used
1o operate more bells, signalling lights
eic. Good for noisy enviroments or if
you have your headphones on! £10Kit,
£14 built

PORTABLE ALARM SYSTEM.
Small 9v alarm syslem based on a mer-
cury switch The alarm conlitues to
sound until disabled by the owner.
Buzzer included. £11 kit £15 built
800W MUSIC TO LIGHT EFFECT.
Add rhythm to your music with this
simplesound to light kit £8 kit, £12
buih.

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

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 any where as no conneclion
is made to hi fi. Separale sensitivily
controls for each channel,
1,200Wpowerhandling. Microphone
included. £14 kit, £19 built

MINI METAL DETECTOR. Detects
pipes,wires etc up to 20cm deep. Use-
ful before you drill those holes! £8 kit,
£12 built.

0-5 MINUTE TIMER. Simple time
switch adjustable from 0-5 mins,will
switch 2A mains load. 12v op. Ideal for
laboratory, photographic projects etc.
£7 kit, £11 built

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

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

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

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

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

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

ELECTROLYTIC PACK 1
100 small mixed electrolylic
capacitors just £1.00

ELECTROLYTIC PACK 2
50 larger electrolytic mixed
capacilors

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

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

RESISTOR PACKNO 1
250 low watlage resislors, ideal for
most projects etc. Just £1.00

DIODE PACK
100 assorted diodes for just £1.00

LED PACK
20 light emitting diodes for £1 00

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

TRANSISTOR PACK
50 mixed transistors, another bargain
at £1.00

bargain price just £1.00

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

RELAY PACKNO 1
6 mixed relays for £1, thats just 17p

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

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

each.

CONNECTOR PACK
10 different conneclors, again for £1

DISPLAYS
10 seven segment displays for
£1.00

FUSE PACK NO 1
40 mixed 20mm fuses, ideal for
repairs etc, or just 1o stock up the

ORDER 10 PACKS OR MORE
AND CHOOSE ONE FREE
PACKI!!

spares box! Just £1 00

KITS 'N

LIQUID LEVEL DETECTOR.

Useful item, can be used to detect
fluid levels in watertanks, baths, ponds
fishtanks etc. Could atso be used as rain
alarm with an easily constructed sen-
sor. £5 Kit, £9 built.
FM TRANSMITTER. Mini FM trans-
mitler 2 transistor, comes with FET
minalure mic and is tuneable from 63 to
130MHZ. £7 kit, £11 built.
FUNCTION GENERATOR . Gener-
ates sinusoidal, saw tooth and square
waveforms from 20hzupto 20khz. Sepa-
rate level controls for each waveform
24vac. £15 kit, £20 built
5 WATT SIREN. Powerful siren kit
with an impressive S waltts output. [deal
for alarms elc. £6 kit £10 built.
TELEPHONE AMPLIFIER Very
sensitive amplifier which using a'phone
pickup coil (supplied) will let you fol-

FREE COMPONENT CATA-
LOGUE WITH EVERY ORDER!!

MODULES

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

SWITCH PACK
10 switches for just £1.00

12vFLOURESCENT. A useful kit that
willenable youto light large flourescent
tubes from your car battery etc 9vmains
transformer required. £8 kit, £12 built.

KNOB PACK
10 knobs for just £1.00

REMEMBER! YOUR FREE COPY
OF OUR CUT PRICE COMPO-
NENTS CATALOGUE SENT
WITH EVERY ORDERI!!

How to place your order...

By phone

0273 771156

.0273 206875
By Post...PO box 517 Hove Sussex BN3 5QZ

Payment by ACCESS,V1SA, CHEQUE OR POSTAL ORDER.
Cheques and postal orders should be payable to Express Componenls.

ALLPRICES ARE SUBJECT TC 99p POST AND VAT. Some of our products

: be unlicensable for use in the UK (particularly the FM transmitters.)
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A network 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
Pplanet. 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. [

flavigation aidand
was then known
less acturate level, to 1 ' T e R as the Navstar
' locate their . i o R Global
Y ey ! ' J T Positioning
] Systemn,
This was
based
upen a
tech-
nology
derived
from
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2z 2r, land based, radio beam navigation systems, such as the well
«own Loran in America and the Decca in Europe. These had been
zzveloped during and after World War |l for maritime navigation
PATDOSES.

The designated function of Navstar GPS was, like Loran and
Teoca, to provide an accurate all weather naval navigation system.
—owever, this function was broadened as a result of its being merged
«7in the US Air Force 612B programme, to provide highly accurate
e dimensional positioning which could be used not just by naval

=ssels, 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
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 posi-
tion 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 posi-
tioning, 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 prob-
lems 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
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

f
How GPS works

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 continu- -
ously on the same frequency, the
carrier frequency being 1575MHz. The
actual signal is transmitted using -5
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 satel-
hte. Th re are twq

code. :

" Each satellite has |ts «
which identifies the satellute, its
current position and the current time
?'"he code containing this information.
i bits long and rep
every millisecond. Timing has to
very accurate and on each satellite is
derived from an atomic clock.

Using this system, the receiver 4
finds the poslition using two tech-
niques. 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 by 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 calcula-
tions. GPS systems rely upon an enor-
mous 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. are underway to incorporate it into the G'ﬁ’S network with the
Thus, a five metre accuracy is possible when used in differential development of combined GPS/GLONASS receivers. Such
mode with corrections from a reference receiver at a known combined receivers will have the benefit of a far larger number
location. Even greater accuracy, down to a few millimetres, is of satellites and thus be less prone to error.

possible when the system is used with carrier phase tracking.
The primary military and civilian use for GPS systems isinthe  The commercial application of GPS

DA pas S www americanradiohistory com

form of real time, stand alone systems, rather than those A practical GPS system consists of two components, the radio
involving linkage with other receivers and a considerable receiver/antenna system and the signal analysis computer.
amount of post processing. For this reason, it is the stand alone Thanks to the military origin of the system, the radio
mode which is degraded in the civilian versions. receiver/antenna system is already available as highly integrated
This degradation, known as ‘Selective Availability’ is units, indeed GEC Plessey Semiconductors has produced a
achieved by use of a secondary code, the P or ‘precise’ code, single chip which contains most of the receiver electronics. !
that is transmitted by the satellite along with the conventional Similarly, the analysis computer can be one of the high power
positional and time data. This P-code contains the information microprocessor chips that are now widely available and here the
which allows far greater positional accuracy to be obtained. This  Transputer seems to be a common choice. Al this means that
P-code can be changed at regular intervals to prevent enemy the actual hardware for a basic commercial GPS system can
access and has also been designed so that an enemy can not now be obtained for just a couple of hundred pounds.
generate spurious GPS signals and thus deceive the receiver The relative low cost of commercial GPS systems has meant
into giving a false location. that over the last few years there has been an enormous boom
Of course, as one would expect, the Russians have an in the sales of sets. As one would expect with a system that ]
equivalent GPS system known as GLONASS. To date, this was initially conceived as a maritime navigation aid, the first big
Russian system has not been used commercially, but moves market to appear for commercial GPS was among professional
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2nd amateur boat owners. Boat owners were also the first to
oenefit from 24 hour GPS coverage, because the wide, uninter-
-uoted horizon at sea allowed position fixing with a network of
‘zwer satellites, while sailors did not need the more complex
“~ree dimensional positioning capability of the full GPS system.
There was initially considerable competition from the existing
Loran and Decca navigation systems, but as the price of GPS
~as come down, it has become more popular, particularly in the
orofessional market and with the serious yachtsman. Indeed,
one only has to pick up a copy of any on of the yachting maga-
zines to find dozens of adverts for GPS equipment, at prices
ranging 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 soft-
ware 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 consider-
able 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

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.

0 T
I |
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The problem with the network of beacons is that it automati-
cally 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 hori-
zontal 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 engi-
neering 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/main-
tenance 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 devel-
opers 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 tech-
nology 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 count-
less airports, particularly in the third world, where no MLS
system is installed.

This article has, | hope, shown that satellite base global posi-
tioning systems are likely t0 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 engi-
neers 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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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- ' N B 002
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS {49)S.AE 80p STAMPED FOR CATALOGU

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W - 100W) MXF400 (200W + 200W)
MXFE00 (300w + 300W) MXF300 (450W + 450W)

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOYH CHANNELS DAIVEN
FEATURES: *independent power supplies with two toroidal transtormers % Twin L.E.D. Vu meters *
Eawed controls % filuminated on/off switch % XLR connectors % Standard 775mV inpuls % Open and short circult
oroof w Lslest Mos-Fets for siress free power defivery inta virtually any load * High slew rate % Very low

_ Ss=ortion & Aluminium cases * MXFS00 & MXF900 tan cooled wih D.C.I ker and thermal pr i
WSED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.
SIZES:- MXF200 W19"'xH3'2" (2U)xD11"
MXF400 W19"xH5%+" (3U)xD12"
MXF600 W19 xH5%+" (3U)xD13”
MXF900 W19"xH5%4" (3U)xD14%"
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12 50 EACH

DMP X023 REO 3-WAY ACTIVE CROSS-OVER

Aswmmced 3-Way Stereo Acllve Cross-Over, housed in a 19” x 1U case. Each channel has three level controls:
=es1. mid & top. The ramovable Monl lascla allows access to the programmable DIL switches lo adjust the
=m-cwer {requen ans-Mid 250/500/800H:, Mid-Tap 1.8/3/5KHz, all al 24dB per octave. Bass invert swilches
o= esch bassch {eminal T75mY inp pul. Fuily compatible with OMP rack amplifier and modules

Price £117.44 + £5.00 P&P

SYEREO DISCO MIXER with 2 x 7 band
II & R graphic equalisers with bar graph
=D Yu meters. MANY OUTSTANDING
FEATURES:- including Echo with repeat &
;-,s-i control, DJ Mic with talk-over
wwilich, 8 Channels with individual faders
s cross fade, Cue Headphone Monitor. 8
Sommd ENects. Useful combination of the
‘wiiowing inputs:- 3 turntables (mag), 3
mmcs, 5 Line for CD, Tape, Video etc.

e £144.99 + £5.00 P&P SIZE: 482 x 4 x 120
PIEZO ELECTRIC TWEETERS - MOTOROLA

Juin e Piezo revolution! The low dynamic mass (no volce coil) of a Piezo tweeter produces an improved
e response with & lower distartion level than ordinary dynamic tweeters. As a crossover is not required
Bmae mmits can be added lo existing speaker systems of up to 100 walts (more if two are puf in series FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.
. TYPE ‘A’ (KSN1036A) 3" round with protective wire mesh. Ideal for
a‘ bookshelf and medium'sized Hi-Fi apeakers. Price £4.90 + 50p P&P.

P TYPE ‘B’ (KSN1005A).2%" super horn lor geribral purpose speakers,
disco and P.A. systems oic. Prica £5.99 + S0p P&P.

-~ 8 TYPE ‘C' (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fi sys-
:S;t tems and quality discos etc. Price £6.99 + 50p P&P.

TYPE ‘D’ (KSN1023A) 226" wide dispersion horn. Upper frequency
rasponse retained extending down e mid-range (2KHz). Suitable tor high
quality Hi-Fi syslems and quality discos, Price €9.99 - 30p P&P.

. TYPE'E' (KSN103BA) 30" horn tweetar with altractive silver finish trim.
Suilable tor Hi-Fi monllor systems elc, Price £5.99 + 50p P&P.

LEVEL COMYROL Combines, on a recessed mounting plate, level control
and cabinelinpul jack socket. 85x85mm. Price £4.10 + 50p P&P.

s TYPE E

-

E® 1

E &

OMP M 1S LG IRTI TSR (4]« ]V¥ 3 SUPPLIED READY BUILT AND TESTED.

These modules now enjoy a world-wide repulation for quality, rellabllity and performance al a realislic price. Four
models are available to sult the nasds 5ithe professionai and hobby markel i.s. industry, Leisure, mstrumental and Hi-Fi
elc. When comparing prices, NOTE lhal all models Include loroldal power supply, integral heat sink, glass libre P.C.B. and
drive circulls to power a compatible Vu meler. All models are open and shorl circuil proof.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output power 110 watts
R.M.S. into 4 ohms, Irequency 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.
-110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 + £4.00 P&P

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

PRICE £81.75 + £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 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.
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 response 1Hz - 100KHz «3dB, Damping
Factor >300, Slew Rate 75V/uS, T.H.D. typical
0.002%, Input Sensitivity 500mV, S.N.R. <110 4B, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti-Thump Delay. Size 422 x 300 x 125mm.

PRICE £259.00 + £12.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz.

s ————
=i FLIGHT CASED LOUDSPEAKERS)

+ mew “ange of quality loudspeakers, designed to 1ake advantage of the latest
sesser echnology Hnd enclosure designs, Both models wilize stidio quality
T == aluminium foudspeaners with Tactory finted grilies. wias dispersion
=mr=sant directivity Harns, exiruded aluminium carnor protection and steal
| =r-ers. complimented with heavy duty black covering, The enclosures
&= Tiec as standard with lop hals lor optional loudspeaker stands

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

il FC 12-100WATTS (100dB) PRICE £159.00 PER PAIR
B FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR
SPECIALIST CARRIER DEL. £12.50 PER PAIR

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

THREE SUPERE HIGH POWER
CAR STEREQO BOOSTER AMPLIFIERS
150 WATTS (75 + 75) Stereo, 150W
Bridged Mono
250 WATTS (125 + 125) Stereo, 250W
Bridged Mono
400 WATTS (200 + 200) Stereo, 400W
Bridged Mono
ALL POWERS INTO 4 OHMS
Features:

* Stereo, bridgable mono * Choice of
high & low level Inputs * L & R level

i R REOQ BOOSTER AMP

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

POSTAL CHAROES FER DADER EVD0 MINIMUM. OFFICIAL
FROM SCHOOLE, COLLRGES, GOVT. BODIES, PLCe ETC.
PRICES INCLUBIVE OF V.AT. BALER COUNTERA.
ACCESE ACCEPTED BY RPOBET, BHOME OR FAJ,
o —

§ FN MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH

PEC (PAOF L EQUIFMENT IBLE) - INPUT SENS
T75mY, BAND WIOTH 50K 2. ORDER STANDARD OR PEC.
s = o= = — =il
[WVE4 LA LARGE SELECTION OF SPECIALIST LOUDSPEAKERS

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

McKenzie and Fane Loudspeakers are also available.

RUMENTS. P:&.. DISCO:

ALL EMINENCE UNITS 8 OHMS IMPEDANCE
8" 100 WATT R.M.S. MEB-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 + £2.00 P&P
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID.

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE£33.74 + £2.50 P&P
10" 200 WATY R.M.5. ME10-200 GUITAR, KEYB'D, DISCO, YOCAL, EXCELLENT HIGH POWER MID.
RAES. FRECG. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 93dB, PRICEC43.47 ~ £2.50 P&P
12" 100 WATT R.M.S. ME12-100L0 GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.

RES FREQ. 49Hz, FREQ. RESP. YO 6Kz, SENS 100dB. PRICE €3E.64 + £3.50 PAP
12" 100 WATT RM.5, ME12-100LY [TWIN CONE) WIDE RESPONSE, P.A., YOCAL, STAGE
MONITOR. RES, FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 5808, PRICE £38.87 + 3,50 P&P
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, YOCAL, EXCELLENT MID,

RES. FREQ, 58Hz, FREQ. RESP. YO 6KHz, SENS 980B. PRICEC46.71 ¢ £3.50 PP
12" 300 WATY R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC. |
RES. FREQ. 47Hz, FREQ. RESP. TO 5KMz, SENS 103d8. PAICECTC.18 + £3.50PAP
13" 200 WATY R.M.5. ME15.200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £50.72 + £4.00 P&P
15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR.

RES. FREQ, 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICEE73.34 + £4.00 P&P |

AS:- HI:FL, STUDIC, IN-CAR. ETIC]
ALL EARBENDER UNITS 8 OHMS (Excep! EB8-50 & EB10-50 which are dual Impedance tapped @ 4 & 8 ohm) I
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND
8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/6 OHM BASS, HI-FI, IN-CAR.
RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 + £2.00 P&P
10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.
RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS, 99dB. PRICE £13.65 + £2.50 P&P
10" 100WATT EB10-100 BASS, HI-Fl, STUDIO.
RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB.
12" 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
REE. FREQ. 26Hz, FREG. RESP, TO 3 KMz, SENS 930B. PRICEE42.12 + £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND
5%." BOWATT EBS-60TC (TWIN CONE} HI-F, MULTI-ARRAY DISCO ETC.
RES. FREQ. 534z, FREQ. RESP, TO 20K Mz, SENS 3248,
6%:" COWATT EBB-BATC (TWIN CONE} HI-Ft, MULTI-ARRAY DISCO ETC,
RES. FREQ. 384z, FREQ. RESP. TO 20KHz, SENS %4d8. .
8" SOWATT EBS-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE £12.99 + €£1.50 P&P
10" 6OWATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.
RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 + £2.00 P&P

___ - -
ANSMITTER HOBBY KIT
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS

3% TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP.

PRICE £14.85 + £1.00 PAP

PRICE £30.39 + £3.50 P&P

PRICE £9.99 + £1.S0 P&P
PRICEE10.99 + 1.S0 P&P

VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY.

PRICE £B.80 + £1.00 PLP PHOTO: 3W FM TRANSMITTER

B.K.ELECTRONICS

UNITS 18 5 COMET WA Y, SOUTHERND-ON-SEA,
ESSEX.SS256TR,
Tel.:0702-527572 Fax.:0702 -420243
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NEC MultSyne 2A

This month, Jim Spence looks at an application for the

stepper motors

ETI Forth Experimenters Computer - using it to accu-
rately control the rotation of a stepper motor.

. ave you ever experimented with a stepper motor?

i

Did it work? Were you
| pleased with the results? This
" is a practical article, the inten-
tion of which is to tell you how to
use stepper motors and make them work
for you in your application. Described is an
unusual way of driving the ordinary stepper
motor and obtaining a much improved
performance. Stepper motors seem to be
used everywhere - in printers, disk drives,
robots, fruit machines, in fact anywhere
where mechanical positioning is important.
This is good news for the average elec-
tronics 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”

for next to nothing. The old daisy wheel printers (if you can lift

MOTOR

Figure 2: 2 x 756463 ICs as drivers
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2nei have about 5 stepper motors in and these would have cost
= fortune 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
unipolar, which is shown in Figure 1. They come in two types, &
«.ire and 6 wire. Bipolar motors only have two windings and
tnerefore 4 wires (Figure 1d), while modern motors have 8 wires
and can be wired either as unipolar or bipolar (Figure 1c).

Before you can use one of these motors you must establish
=wo things. Firstly the common connection, as in the case of
Sigure 1a and 1b, 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 trans-
lates 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
them 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 applica-
tions 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
sxtremely small increments. All of these options are simply not

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 posi-
tion 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 immedi-
ately 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 funda-
mental 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 state-
ment 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, step-
ping slowly at first and increasing gradually to the pull-out rate.
This is called ramping.

MOTOR MOTOR MOTOR MOTOR
A -
o~ YYYYYY Y \—0
AMAMAMA il
O=YYYYYY Y \—

(a), (b) (&) (d)

UNIPOLAR TYPES

Figure 1: Motor winding types

BIPOLAR
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Resonance - VE wE
Certain operating frequencies \ &
cause the motor to resohate. L — 1
You can actually hear this and
it may cause the motor to lose ‘ '
steps. These frequencies - —
should be avoided. 1= )

—_—

General

Figure 4: Forcing resistors improve motor performance

There are, of course, many
other parameters but for prac- -
tical purposes the above wil
suffice. It is also important to
realise that the motor wiill
behave very differently when [
installed in a machine than it
does when it is driving

-

WITHOUT FORCING RESISTOR WITH RESISTOR CHOPPER DRIVER

Figure 5: 3 types of drive arrangement

]

nothing.

Motor drivers

How you drive a stepper
motor can make all the differ-
ence. 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.

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 1c.
The term unipolar, meaning

L
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Figure 6: Driver circuit 1
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girection through the windings.
The old full height 5 1/4in disk drives have a small 12V

-0 75463 driver chips (see Figure 2). This is a very simple
~-zut indeed and | am sure that no attempt is made to get the
~z<mum performance from the motor. However, for this appli-
=200 it obviously fits the bill.

4 more practical and modern circuit for driving a stepper
~2:2r this way is to use an octal driver chip, ULN2803. This
~=r=dible device has eight Darlington driver outputs capable of
=7<ing 500mA each, at up to 50V. The outputs may also be
==z eled to give greater output current and all this for less than
<7 (see Figure 3). Be wamed here however, the device is an 18
27 DIL with no heat sink, so don't put your finger on the top to
=== if it's getting warm. | still have a blister!

More performance

Tr= main problem with the circuits shown so far is in obtaining
== full pull-out rate (maximum speed). If the motor is fed with
rated current at a low 12V voltage, it may take, say 10 ms,
27 the winding to become fully energised. This will be the deter-
=ining 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
===.ce the time taken for the winding to reach its maximum
=-2rgy and thus increase the maximum speed. It is common
~-zctice to use a resistor, which is generally called a Forcing

12V

=3
4.700u
12v 1

=4

Figure 8: Power supply circuit

L )
—_—
1000

GND DO D1 D2 D3 +5V

resistor. Using a resistor also gives improved torque and as a
rule the higher the value the resistor, the better the improve-
ment, providing the current is maintained.

The jargon used is L/nR, where nR is thé 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 L/4R mode would
have a 60 Ohm series resistor (60+20=80=Ffour times phase
resistance) and be driven with a 40V supply, thus maintaining
the 0.5A. See Figure 4.

It is normal practice for manufacturers to quote torque in 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 ineffi-
cient. 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 chop-
ping, 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.

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. |

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

..l

[? -4 o o 9J
T NOTE:

| Ic1 L293
REG1 L200C |
'S D1 D2 |D3 |Da D1-DB FAST HODES <100pS Tpyp i
|
2 |7 |10 |15 [18 [t ‘
|
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Figure 7: Driver circuit 2
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form of chopping mechanism driving a motor designed for
bipolar operation. This can be achieved fairly simply using just 2
IC’s, Figure 8. The first IC (LL297), is the controller IC and the
second (L298N) is the driver IC. This is very similar to the 1.293,
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.

The Circuit

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 uncon-
nected. 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 1A for short periods
without getting too hot: 300 to 500maA is a realistic figure for
continuous operation and you will be surprised how powerful
some motors can be at this current.

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 resis-
tance's of 50 ohms and up. Connecting unipolar motors to run
in bipolar mode effectively doubles the resistance. The practi-
cality of the above means that to drive motors with a high resis-
tance, a high voltage supply is needed. The circuit shown in Figure
8 will provide about 35V, which is the maximum rating of IC1.

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. C1 and C2 help to reduce the noise caused by switching
the motor windings. IC1 is an LL293 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

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
is ideal for driving one of these.

Construction and Testing

Use of the PCB s 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 Maxe absolutely certain
you get it the right way round.

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-
D3, there should
be no current
flowing. Connect
DO to the +5V pin
and adjust VR1 to
give about
150mA. The
motor should jerk
at this point, indi-
cating current
flowing through it.

PH1 PH2 PH3 PH4|
. - - k]

MOTOR

The actual current al I,

depends very '

much on the type ‘nw 3

of motor you have @ =

connected.

150mA is a fairly
safe starting point.

W Gl 12930rl293D

‘P ReG1 L2000V
B Ri23 1R 0.25W

Figure 9: PCB component overlay

s R4 820R 0.25W

fw'. - VR1 10Kin pre-set

Sl 2 WLlulF

- D1-D8 BYW98-100 *

- 4 xPCB pins, 1 x 6 way PCB connector, 2 x PCB 2
way terminals

.« " Diodes must have a Trr of less than 200ns, not
needed if type L293 is used.

Nextmonth ... | :
software for driving the stepper motor
scribed in thig month's article,
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Samplus always
. wanted for cash!

SPECIAL BUY

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

PC SCOOP

Surpius always
wanted for cash!

Computer
Controlled

LOW COST PC's - ALL EXPANDABLE - ALL PC COMPATIBLE THE OFFER OF 1994 !

AT 286
40Mb HD + 3Mb Ram

_WAT=D QUANTITY only of these 12Mhz HI GRADE 286 systems
w=z2z = 22 USA to an industrial specification, the system was
- reliability. The compact case houses the motherboard,
_ 27z =GA video card with single 5%" 1.2 Mb floppy disk drive &
rmegra 40MDb hard disk drive to the front. Real time clock with bat-
= .2 (s provided as standard. Supplied in good used condition
zg-=== »=h enhanced keyboard, 640k + 2Mb RAM, DOS 4.01
arc 3 DAY Full Guarantee. Ready to Run !

COMPLETE
COLOUR SYSTEM

ONLY £99.00

A rmassive bulk purchase enabies us to bring you a COMPLETE
readg to run colour PC system al an unhsard ol price!
The Display Elecironice PCS8 system comprises af fully com-
patible and exrandable XT PC with 258k of RAM, 51" 360k flopp
(disk drive, 12" CGA calour monitor, standard B4 key ke

MS DOS and ell connecting catvas - |ust Plug in and ge !l idaal
Students, Echoois of anybody wishing 16 (sam the world af PC's
on an ulra |ow budget. Don't misa this apportunity.

= JFul s
Zr=er 2s HIGRADE 286 ONLY £f69. o0 ® ully guaranteed for 90 Da&smr L £99.00 1)
1_cmora Fitted extras: VGA graphics card £29.00 | |Optional Fitted exiras: 640k RAM £29.00.
St floppy disk drive (instead ot 1.2 Mb) £32.95 | |2nd floppy drive, specify 5%* 360k or 3%" 720k £29.95.
= ~ernet {thick, thin or twisted) network card £49.00 Above prices for PC99 offer ONLY.

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

rchases of standard 5 25" and 3 5" drives enables us to
e product at industry beating low prices! All units (unless
< BRAND NEW or removed from often brand new equip-

e fully tested, aligned and shipped to you with a 90 day
and operate from standard voltages and are of standard
A are IBM-PC compatibie (if 3 5" supported on your PC)

>anasonic JU363/4 720K or equivalent £24.95(B)
" Witsubishi MF355C-L. 1.4 Meg. Laptops only * £36.95(B)
" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £29.95(B)
Teac FD-55GFR 1.2 Meg £29.95(B)
3RAND NEW Mitsubishi MF501B 360K £22.95(B)

* Z== zzo.e included in price.
Srugar 800/801 8" S5 relusbished & tested £195.00(E
Toeoss 851 8" dhuble sided relurbished & testad £250.00(E
wshi M2894-63 8* sided switchable NEW £250.00(E
Wasabishi M2896-63-Q20 87 DS slimling NEW £285.00(E

ZuaA ' 2rves with 2 mbyte capacity housed in a smart case with
power supply. ideal as extenor drives! £499.60(

HARD DISK DRIVES

 purchase sooop! Brand naw NEC 02246 8* 85 Mbyte
s siorage! Full industry standard SMD interface. Ubra hi
=== Z='3 transler and accass time, replacas Fujitsu squivalent
~olete with manual, Only £299.00(E)

1 =K-309-26 20mb MFM I/F RFE £59.95(C

“ONNER CP3024 20 mb IDE I/F (or equiv )JRFE £69.95(C
NER CP3044 40mb IDE |/F {or equiv.)RFE £89.00(C)
DIME RO3085S 70mb SCSI I/F (Mac & Acomn) £128.00(C)
MINISCRIBE 3425 20mb MFM |/F {or equiv ) RFE  £49.95(C)
SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95(C)
CDC 34205-51 40mb HH MFM I/F RFE lested £89.95(C)
SJJITSU M2322K 160Mb SMD I/F RFE tested £195.00(E)

ntrollers for MFM , IDE, SCSI, ALL etc. from £16.95

E AMAZING TELEBO.

Ziamwerts your colour monitor into a QUALITY COLOUR TV!
w 2

TV SOUND
& VIDEO

TUNER!

TELEBOKX consists of an attractive fully cased mains powered
ing all electronics ready to plug into a host of video moni-
by manufacturers such as MICROVITEC, ATARI,
ONY, COMMODORE, PHILIPS, TATUNG, AMSTRAD
« more. The composite video output will also plug directly
geo recorders, allowing reception of TV channels not nor-
E able on most television receivers* (TELEBOX MB). Push
< ols on the front panel allow reception of 8 fully tuneable
colour television channels. TELEBOX MB covers virtual-
- sion frequencies VHF and UHF in¢luding the HYPER-
used by most cable TV operators. A composite video
zcated on the rear panel for direct connection to most
onitor. For complete compatibility - even for monitors
nd - an integral 4 watt audio amplifier and low level Hi Fi
: are provided as standard.
T=_=30X ST for composite video input type monitors £32.95
T=—=30X STL as ST but with integral speaker £36.50
T=L=30X MB Multiband VHF-UHF-Cable- Hyperband tuner £69.95
= s PAL versions state 5.5 or 6mhz sound specification
wyperband reception Telebox MB should be connected
e socket. Shipping code on all Teleboxes is (B)

' FANS & BLOWERS ‘
o so3U MMF-D6D12DL 60 x 25 mm 12vDC  £4.95 10 /£42

WTS_SUSHI MMF-09B12DH 92 x 25 mm 12v DG £5.95 10/ £53
SRNCAKE 12-3.592 x 18 mm 12v DC £7.95 10/ £69
QUIP 120 x 38mm AU fans - tesled specily 110 or 240 v £6.95
LIPS0 x 38mm AC lans - tested specify 110 of 240 v £5.95
=< mount TU x 19° fan tray spacily 110 or 24Qv ~ £45.95
526 3900 rack mnt 3U x 19 Blowsr 110/240v NEW £79.95
=1 fans (A). Blowers (B). 50,000 Fans Ex Stock CALL

TRANSISTORS DIOD

OBSOLETE - SHORT SUPPLY - BULK

5,000,000 items EX STOCK

=zr MAJOR SAVINGS - SAE or CALL FOR LATEST LIST

i

B

VIDEO MONITOR SP

Multimode monitor 0.28" dot pitch with resolution of

i put

CGA, EGA, VGA & SVGA modes, BBC, COM-

MODORE (including Amiga 1200), ARCHIMEDES

etc. The H version will also tunction with the ATARI in

all modes inc Hl RES monochrome. Complete with

‘text* switdhing fer Wp nse.wsrzncs down td 15 kHz.

Suppliad In EXCELLENT litle ssec condition tull 90 day guaranioe
Order as MTS-9600/ H for ATARI £159.00 E}
All modas as sbove Order 33 MTS-9600/ 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. G 31 pitch. Compatible with PCs, Amiga,
Atari and others In good used condtion (possible minor screen
burns). 90 day guarantes £99.00 (E}
KME 10" high definition coicur monaces. Nice tight
0.28" dot pitch for superb ¢lerity and mademn
styling. Operates from any 15 £25 kh2 sync RGB
videc source, with RGE analog and composite
sync such as Atari, Commadore Amiga, Acom
Archimegdes & BBC. Measurss only 13.5"x 12" x
11". Only £125 (E)
Good used condition. 30 daé g‘uAarantee.
KME 10" as above for PC standard £145.00 (E)
NEC CGA 12° cotour IBM-PC compatible. High
Quality ex-squipment tuily t=stad with a 90 day
guarantea. In an attractive two tone ribbed gray
plastic case meesunng 15'L x 13'W x 12'H. The
fromt cosmetic bezel has been emoved for con-

tractual reasons. 0n|y E49.00(E)
20" 22" and 26" AV SPECIALS

Superbly made UK manufacture. PIL all solid state colour monilors,
complete with compcsie video & optional sound inputs. Aftractive

| teak style case. Perfect for Schools, Shops, Disco, Clubs, ate.

In EXCELLENT fitie used condition with full 90 day guaranjes.

20"...£135 22"...£155 26"....£185

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

DC POWER SUPPLIES

10,000 Power Supplies Ex Stock

Call for info / list
Power One SPL200-5200P 200 wait {250 w peak).Semi open
frame giving +5v 35a, -5v 1.5a, +12v da (Ba peak), -12v 1.5a, +24v
4a (6a peak). All outputs fully requlatad with over voltage protection
on the +5v output. AC input selectable for 110/240 vac. Dims13" x
§" 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 1a, 6-1/4° x 4° x 1-3/4" RFE tested £22.95(B)
Lambada LYS-PV-12 200 watt switch mode +12V DC @ 29a
semi enclosed, 10" x 5* x 5. RFE and fully tested. £59.95(C)
Conver AC130 130 walt hi-grade VDE spec.Switch mode.+5v @
15a,-5v @ 1a,+12v @ 6a.27 x 12 5 x 6. 5¢cms.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

£2100
£575

Trlo 0-18 vdc bench PSU. 30 amps. New

Fujitsu M3041 600 LPM band printer

DEC LSI/1102 CPU board

RED TOP IR Heat seeking missile (not armed !!)

Rhode & Schwarz SBUF TV test transmitter 25-1000mhz.

complete with SBTF2 Modulator £5995
Calcomp 1036 large drum 3 pen plotter £450
Thurlby LA 160B logic analyser £375
GEC 1.5kw 115v 60hz power source £950
Brush 2Kw 400 Hz 3 phase frequency converiar £850
Anton Plilar 75 kW 400 Hz 3 phese fraquency converter POA
Newton Darby 70 KW 400 Hz 3 phase freguancy converter POA
Nikon PL-2 Projection ians meter/scope £750
Sekonlc SD 150H 18 channal digital Hybrid chan recorder  £1995

£1850
£350
£125
£585

HP 7580A A1 8 pen HPGL high speed drum piotter
Kenwood DA-3501 CD tesler, iaser pickup simuiatar
Computar MCA1613APC 18mm autg iris lenses 'Cl-mount
Seaward PAT 2000 dual voltage computerised PAT tester

i +1 Laser Video
One nfﬁ.mnsl amazing surplus deals DISk Player

that we ever been able to offer you!

The Phlllps VP410 LaserVision player, in as new condition, unit fea-
turas full computar contral, Plays standard 12° LaserVision disks with
startling visual and audio quality in twa channet sterec or mono,
Whan cordrolled by a computer. ii may aiso be used as a versatie
high quality gtorage / retrisval madium. It will piay back either
LaserVision CAV {actve play) or CLV {Long Play) discs (which cov-
ers mos! types of commercially available videa discs). Some of tHe
man{afaawres of this Incredible machna are:

RAS-232 INTERFACE RGB / COMPOSITE VIDEG QUTPUT
BNC+SCART INTERFACE PAL/ RGB DECODER
IR+WIRED REMOTE CONTROL FAST RANDOM ACCESS

pECIAL PURTHRSE o 0299 00,

cAsH!
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| BBC Model B APM Board
NOVEL DEMONSTRABLE
APPLICATION
BBC Model B type compuier on a board. A majo: purchasa alows us
parts only price, Used as a front end graphics system on large nai-
worked systems the architectura of the BEC board ras so marny sim-
ilarities to the reguiar BBC modet B that we are sure thal with a bit of
for this board!! It is sugplied complete with a connector panel which
brings all the I/0's to [' and BML Iype connectors - all you have lo
do is provide +5 and +12 v OC, The APM consists of a single PCB
include a 6502 / 8512 CPU, RAM and an SAAS050 leletext chip.
Three 27128 EPROMS contain the custom operaling system on-
which we have no data, On application of DC power the System
the video output. On board DIP switghes
and jumpers se}ect the ECONET addrass
d ble th xtra EPROM k
and enable the four extra OM sockets 2 for £53 ®
13" x 10". I/O board 14" x 3". Supplied test-
ed with circuit diagram, data and competition entry form
"
19" RACK CABINETS
Virtually New, Ultra Smart
Less than Half Price!
Top quality 19" rack cabinets made in UK by
er, smoked acrylic lockable front door,
height lockable half louvered back door and
remavabie side panels. Fully adjuslable inter-
uiation of equipment mounting plus ready
mounted integral 12 way 13 amp socket
switched mains distribution strip make these
evar sotd. Racks may be stacked side by side and therefore require
only two side panels to stand singly or in bays
Ovarall dimansions gra: 77-1/2" H x 32-1/2"'D x 22" W. Order as:
Rack 2 Rack, Less side panels £175.00 (G)
Over 400 racks in all sizes from stock !
Call with your requirements.
INTEL 'ABOVE' Memory Expansion Board. Full length PC-XT and
PC-AT compatible card with 2 Mbytes of memory on board. Card is
fully salactabie for Expanded of Extendad (286 processor and
condition tully tested and guarantesd.
Windows compatiole. Order as: ABOVE cARD £59.95a1)
Hall length 8 bit memory expsnsion cards for PC AT XT
used ta fill n AAM above 840k DOS limit, Compiete wilth data and
sohware diagnostics. Order as: XT RAM UG. 56k £32.95A1
Specify 5.25° ar 3.5° softwara d skatte 512k £3B.S5(A%
. . '
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
rupt is 15 minutes. Complete with full manual
Order as: MUD 1 £57500(G)
EMERSON ACCUCARD UPS, brand new 8 Bit half iength PC com-
iz all Intarnal systsm components in the event of power supc:a/ fal
urg, The Accusaver saltware provided uses only 6k of bass RAM
and nummal.'icmlg copias all system, expanded and video memory to
the machine 15 retumed 1G tha exact status wher the powar failed !
Tha unit features lull self diagnastics on boot ond is supplied withrfull
fitting instructons and manual. Normal price £189.00

£100 CASH FOR THE MOST
win 100
to offer you the PROFESSIONAL verslon of the BBC compuler at 8
experimentation and ingenuity many uselul applications will be found
wilh most major ic's socketed. The ic's are 160 numerous to hst bul
boots and provides diagnostic intermation 1o
Only £29.95
for user software. Appx. dims: main board
Superb quality 6 foot 40u
Optima Enclosures Ltd. Units feature desi?n-
ull
nal flxing struts, ready punched for any config-
racks some of the most versatile we have
Rack 1 Complete with removable side panels £295.00 (G)
LOW COST RAM UPGRADES
abova) mamary. Full data and driver diek supplied In good used
expands memory eithar 256k or 512k in 64k steps. May also be
1 MEG x 9 SIMM 9 chip 12012 only £28.85(A7)
sealed lead acid batteries in matching case Approx time from inler-
patible card for all IBM XT/AT compatibles. Card provides DC power
the hard disk in the avent of loss of power, Whan power I8 seturmed
only £99.00¢s or 2 for £195;

ALL ‘@ ENQUIRIES

081679 4414

FAX 081 679 1927

fect Irom Government,
)=£4.04. (B}=£5.50, (C}=£8.50, (0)=£12.00, (E)=£15.00,
goods supplied 1o our Standard Conditions of Sala and

- H ] ]
Issue 12 of Display News now available - send large SAE - PACKED with bargains!
R A A :***« ¢ ¢ [LONDON SHOP DISTEL © The Original [ALL MAIL & OFFICES
sz ese sese s seces ese Open Mon-Sat 9:00-5:30 FREE On Ilnel Database Open Mon-Fri 9.00-5:30
- MY e . . . . 215 Whitehorse Lane Info on 1000's of items Dept ETI. 32 Biggin Way
sess s PEw © sccee o . [ South Norwood V21,V22, V22 BIS Upper Norwood
- LONDON SE25 081 679 1888 LONDON SE19 3XF
-ELECTRONICS -
L ;Sl\llhprirlzes for UK Mainland. UK'cust'?mers add 17 5% VAT to TOTAL order amount. Minimuonrggr EAO, Bona Fide account ortars ac
i 2 [ ] chools, Uni and Local Authorities - minimum account order £50. Carriage charges , A1
- VISd ESTABLISHED | (F)=£18.00, {G)=CALL. Aliow approx 6 days fof shipping - faster GALL. Seotlang surw\r%erge( 5&. (All
- 28 YEARS | unless stated guaranieed for 90 days. All guataniees on & feturn tg base bases. All rights reserved o chan

2 prices / specifications without prior notice. Orders
subject Io stock. Discaunis for volumeg. Top CASH pricas paid for surplus goods, All iragemarks sto acknowledged. © Display Electronics 1994. E & O E.

www americanradiohistory com




Turbo

speed indicator !

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.

e a5 0

S

he old IBM XT spends more time in bits on my tweaking that. It started out as a Portable with twin floppy drives
- desk than in one piece running software. It's the and a built-in mono monitor. Now it is in a new case with
one that gets all the tinkering, adding this, uprated power supply, 3-1/2in and 5-1/4in floppies, hard disk,

icta —————

\’ :::?TE: SN7400 OR SIMILAR : 4 :::“ . }
LEDO and 1 CC 7-SEG LED DISPLAYS —E il ‘
swi EXISTING TURBO' SWITCH ob A - i ’
o 1 P
1b 1c 1dp 11 -1g
' L P 19" AYR YR 7
* va 4 o::/ od x ot 1 Dg/
‘’w’w’vw’ v/
a——&—& 5 & 4. = - X - + 3
OV ot ’

Fig. 1. Turbo indicator circuit
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NET R
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e Cc
| —— B A — ) A
d dp
4+a=9

Fig. 2. Seven segment display

zglour display and turbo motherboard. It was while | was
outting in the turbo board that | thought about digital speed
ndicators, like those on

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.

Assembly and Testing
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-ohm/V
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-

s2me of the flashier AT
cones. It is not necessary 14 13 12 11 10
22 build a counter and [1 1
secoder-driver circuit to [
Jsplay the two speeds at
w/nich turbo boards
normally run. All we need is
= switching element (a turbo
s witch for example) and a
Tle hard-wired logic.

The 7-segment display provides a crude but universally
~scognisable rendering of the digits 0 to 9 by illuminating 2 or
more bars of its 7 bar array. For any given 2 digits, several of
<ne illuminated bars will be the same. For example, O 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.
To show 4.8, and in turbo mode 9.5, 10 of the segments
nvolved remain unchanged, including the decimal point of
course. A 4 becomes a 9 by adding one more segment and an
3 is made into 5 by removing 2 segments (see Figure 2). If we
can hold the unchanging segments on and switch only those

shat change, we can produce a display of the et =

CPU speed with a simple logic circuit.

How It Works

In the diagram (Figure 1), with SW1 open, the 2
inputs of IC1a are held high, giving a low output.
This keeps LED1a tumed off and at the same
time holds the inputs to IC1b low. A low on both
inputs switches IC1b 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.

IC1c and IC1d have permanent high outputs, |
because their inputs connect to the OV line.
These outputs drive the segments LEDOa, ¢, d, f,
gand LED1b, ¢, d, p, f, g. They are the perma-
nent segments.

Closing SW1 pulls IC1a inputs low and conse-
guently the output goes high, lighting segment
LED1a. The same ‘high’ connects to the inputs of
IC1b causing its output to go low and turn off the
segments LLEDOb and Oe.

The 2 resistors, R2 and R3, in the lines to the
switched segments adjust their brightness to

iN1
ouT
IN2

Fig. 3. 7400 Pin out and logic table

] segment displays. While
soldering, do not
concentrate on one
device at a time. Move
from one to another as
this will avoid over-
heating and possible
damage. This is particu-
larly important if you

— = 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.

N1 | IN2 |QUT|

1
1
1

FRONT PANEL MOULDING

FRONT CHASSIS PANEL

/

/
@2 «—— FRONT PANEL FIXING SCREWS

MOTHERBOARD

S

Fig. 4. Mounting inside A Pc
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LED Shot?

If the circuit does not perform as expected, trace the connec-
tions 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 |.)

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.

Micro Surgery

It is 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

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.

» olle #

] elle

@ LED1 o) |@LEDO g

] ofle .

- alle '

| va

SW1 0V 45V

Fig & PCB Component 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.

SLHVS

Resistors

R1 1k

R2 220R

R3 68R

(all 1/8 W 5% carbon film)

1S

Semiconductors

CH SN7400 4 2-input NAND gate

LEDO and 1 low current, high brightness,
common cathode 7-segment LED display (MAPLIN
QY54J)

Miscellaneous

PCB or suitable Veroboard

Machine screws, nuts, washers and spacers
Connecting wire
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ESR ELECTRONICCOMPONENTS

Station Road, Cullercoats.

yne & Wear NE304PO
Tel. 091 251 4363 Fax. (091 252 2296

TALS Stiries ] [ tAasnsistors M LINEARICs SOLDERING IRONS RF CONNECTORS,

74L500 £0.22 4000 £0.17  JN1613  £0.31 BC186 £0.33 BD534  £0.47 CA311E £0.28 ﬁan;ezxv%mdermg Irons o BNC Solder Plug 50R  £0.93
74801 £0.14 4001 £0.21  2N1711 £0.26 BC204C  £0.72 BD535 £0.50 CA324 £0.35 Ry att P BNG Solder Plug 768  £0.96
740502 £0.29 4002  £0.17  2N1893  £0.29 BC206B £072 BD536  £0.65  CAB55 £0.22 2 1awa" Bk BNCCnmp Pluy S0R  £0.88
74803 £0.14 4006  £0.40 2N2218A £0.28 BC207C  £072 BDG4S  £0.52  CAZAICE  £0.28  G18Want -y BNC Chmp Plug 78R £0.68
740504 £0.14 4007  £0.28 2N2219A £0.25 BC208  £0.72 BDE4B  £0.52 CA747CE  £0.39 S 17Watt €1y BNE Sotoer Sk £1.08
74L505 £014 4008  £0.31 2N2222A £01B BC209A £0.72 BD650 £0.53 CA3046 £0.37 XS 25Watt e BKE Chassis Skt [0.20
741508 £0.23 4009  £019 2N2646 £0.80 BC212 £0.08  BD707 £0.42  CA3080 £0.72  ST4Stand 9 PLIZI S 2mm (0.6
3508 £0.14 4010 €023 IN2MdA €025 BCIUZL o0 BD36T  £0B0 L4310 LO8F  3oWaltGaslion % elassiimm £0.82
74,810 o4 4011 €026 2N290S4 €023 BC2IZIA £O.0B  BDNZZ 178 codiay precy | CoscatzGasron A AND UHF sockel £0.68
7405707 £0.23 4002 L0116  2N2307  €0.20  BC213 £0.08 HDXIIC L0.49 = Low Cost att lron - f UHT £045
" LA3240 322 Desolder Pum| £300 SQR UHF sockay
7405109 €021 4013 £0.41  2MR926  £0 ;g 862 g !‘lLC gg og gg:ggg Egﬁg TL7621 D90 oo Rume o F Plug RGES £0.30
Tz Bn a0 TOR INia: c0s GCZIA  foon EOXEAC  £0S0 [ T 225WG 0 5Kg Solder 740 FPugRGO £0.27
& : ; 0. . 18SWG 0 5Kg Solder £6 60 ug
7aicThe) coa doiel TOugs) chgose LEOREQUSCIE) ROGs SR o31 AMIIA €025 4| geSoider £0 62 N Socket RGB £1.40
Tasiie ron A4 €959 INa702 €509 BE23%C  E050 BFigs  fon pan 231 Desolder Braid £087 BNC Crimp Pliers £1744
o AL . (] . g
;:tg}%, Eg';: 4089 £048 2NITH3  E010  8C261 €013 BFi9a Bone L Ef
7405123 o3 4020 . 2N3T04 £0.10  BCZ52 £0.13 8Fi95 €919 ppagcan £0.27 =
jadize oz 2 o3 s 800 BCINS  £041 BEIN L0 Lwan 281 aliamcinota 635 Ofeounofinin s
;i 4022  £0 - . YELY i ke i
Tesue €02 (9% 02 3M3Tl  E1d BCzBIB  fuSc  BF2SS FO3D  Lmist 1 e = S 23.35 Tl gEner 209 Du
TSy LO18  ozy  coz1  2M312  E1B1 BC30T €010 BF3YL  £O.35  LM3sE [0.88  Ciew Dristung Film (A4 wres £0 44/sheot  Small knif & spare bla w3
g 4&‘3% E0.21  Lece goig  2N37731 F1.29 BC308 €010 BF355  £0.38 MR 1650 Famic Cnioride 0Bky - (245 Alfac Transfers - éul‘;"gség Elock |
MSI33 £0.35 (000 gon QNIMA  [OW0 HCIZ  fO1O  BFAZ) 013 LMEMN  fO Erin Sare P G @ fogg 1o o Meke PCBs (Bockl ‘ui
dme sols i @i M pe oo o e o e oB L UUNURL
g W1 i . 14 5 -
wEs fods R @i M oo st ie sl D3 (M M i Saniam o aRidun 8% gham B9
. .10 013 BFGs £ , } -20 175 x 42 - k g
7ALS148  £0.56 ig;? 5817; IN403E £0.31 acaat (04D AFxEE €03 JRYEEe 27 95 x 127mm £150 Supplied on mounting piate with terminal
74L51487 €126 £o56 2 £057 BC46Y a0 BFHES £03z LM3NS €270 e
AL ST & 2 | mm Thic |
TSue £ Gu  pas NG f0e7 Boie  foas B0 G0 WESE R LTI udee Dwbesdst  Sngesies oo st
i o & 4 " £1.79
nisist fu2s  4o3c B30 Acis (030 BCam  e0dr g epas Nemal £1E G ti6s 81 £¥i £1%0
TALS1BZ  £0.26 g7 0.3 27 £0.30 L3800 £0.24  B5107 E£0.27 N% Zern 043 9 x |2'2 Eg !93:74 g g Eg _}g Eg gg
7L8188  £0.70  4ng3 o2z ACt 28 £o28°  AODIE £02z 85170 T MES532 £0' B0 }(z]:]z £909 E1019 £8,
MUS165 026 4043 028 G187 E0.45  BE517 0020 BswaEs £1.35 o £0.66 COPPER CLAD UN-COATED
TALE166 £0.96 4044 £0.16 C1 88 €037 BCHIT £0.20  AUY2E 170  THAl20s £€0.90 160 100mm  £184 £2.20 j5)
FILS157 046 o Agni £3.84 BCHA LO.20 BU205 £382  1gazigs £0 68 {g:x :;Omm 2 s o 1o
. Scan 1205 100mm
Jusise (038 a7 028 e BE . BRI sufeey L3 Tdraowm poas 3 Tomm 359 £t 5% G
" m
J6I8181 (0.32 sus LW aDie2  fogz  BCHAIC €00 BUBOC 184 TDAZD30 £118 B
MISIS D0MY, dgo  codo  Goiol. oMAMRT BLSiSC  cOiE lBusces  cm7e ipuert €036 CASACITORS w
;ngy‘eﬁs ft% :: §05l 50.36 c,gﬂ £0.13 BCE&UE EO 13 g:’;ﬁ Ejg ;tgg} fg'.;; Cararmic Mirw Digc 100 & 634 Jamp 250v 6 4mm ¢ mounting ]
052 0.25 @pCIpEA  £0.34 BCS56A L0.0B  Zyasa 078 TLOTICP  £0:32 1 0pF 10 100nF SPST Toggle €0,
JuS165 £0.48 4083 €025 pCipsc  [016  SCSSTC  €00R  esip (360 LR 3 1pF-1nE £0 06, 1n2-2n7 £0 07, SPDT Toggle £0 60
s oAtk F%S  IeEfos £097  BCSGBC  L£008  |arran 163 TLOMSECN 048 3n3-4n7 £0,12, SPDT CO Tog £0 64
Juflia foas oen L0 pdigec 017 GCSNEC L0068  wuiyes €219 Tast | £03 10n & 12n £0.07 DPDT Toggle £0 68
7405178 £0248 4063 €0 114 £0.4)  BCSBER  L008  ppymE n  TLoeIC .38 Polystyrene 160V 5% 47pF 1a 10nF DPDT CO Toggle £076
ce €0.28  Bc)s P04l BCEIT 021 150 JL084 £0.63 47p-2n2 £0.09, 2n7-10n £0.12 DPDT CO Toggle
74L5190 €025 < £0.18  BCitE £0.4t BOE3E  £0N 7 fygo TLOB4CN €036 S (biased) £1.20
;:leg? fo—ﬁ“A :%7 ﬂ.?ﬁ BC118 £041. RACRIS €02 w30 £0 40 ':i;"i:;%m f_gg; CONNECTORS DPDT CO Toggle
74&19% f:%zi zoes? o goas s SE?’;% £021 MBS €042 OiNaoa  gp.ad Pl Sooyel (biased 1 way) £1.20
745195 £0.24 4070 €017 BCI35 €036 OCYIN f020 oosld £032 gnasz €196 9Pin £0.29 0 DPOT minislide £015
7406186 €024 4070  £020 GC180 L0258 BCYR2  fozo  SosAfl L0407 Gnarse  fes 15PN £0.39  £0.39 Rotary Wafer 1P-12W, 2P-6W,
MARLT £7.28  JN426E £2 61 15PINHD £0.49 £0.90 1 o
7405197  €0.26 4072 £037  pCial €027 80136  £0.20 A 3P-aW, 4P-3W £0.78
4 8 T2 €035 ZN427E  €R.82  23Pin £040  £049 :
740820 €016 4073 €097 @42 €031 BDlsd 0.2} Sl . i Key Switch SPST £270
A - TIE'Zz €037 ZNa28E  £@32  25Pin £048  £050
74L621 €014 4075 K017 BCId  £0.34  BDI3?  £023 a5t £037  zNgssE  £5.30 9 Way plastic cover £0 30 Push to make £0.25
740872 f014 4076 £030 BC49 g0 BOYAM  £0.22 . ¢ : P Push to break £0 28
TiP127 £0.40 INSABE £2.50 15 Way plastic cover £0 .33
745221 £0.40 4077  £0.17 BCI64  £0.36 BD139  £0.23 453,  go4p - : 23 Way plastic cover €036  Latching Push Sqr £0.63
7405240 £0.32 4081  E£014 BCI57 €012 BD140  £0.24 [ oids LR O % BBy hestic cover £03%  PCBTact6x6mm £0 25
745241 £0.32 4082 £021 BCIE9  £0.12 BDIsoc €082 [ C1Y) RXR RAM %
745242 £0.32 4085  £0.28 BC160 £0.28  BD165 042 L0009 £112 3716 Ta ‘s RESISTORS
7415243 £0.30 4086 £0.26  BCI70 - £0.16  BOI66  £03%  mipjoss  £063 2723 £48 QIUNSMCEEdScnes L0010 PRESETS Enciosed rion
74l5244 £0.32 4089 £0.58 : '3 TIP29C  £0.31 20 OSWat CREI2Sercs  £0951100 Ve 100R —IMO01SW  £015
d. BC171 £011  BD201 £0.40 27728-20 3. 59 i
7415245 gg.gﬁ iggi go'.]sg 8198 £016  BO202 £040 TIP3055 E£063 2764-26  £3.01 0 25W 1% MF E24 Series  £1.72/100 PRESETS Skeleton Horz
5 . )

7405247  £o. - TS B8 lieds 3B POTS LogorLi470R-1MO 26mm orVert 100R- 1MOO1W €011
fo2s (0% [958 GCi7%e £013 ©00:  foap TPAIC  £034  i7amdp £315  de025nsnat Fo.02

.. o 5 A o) £n AN Tip32C £0.32 o & + PLEASE STATE VALUE REQUIRED
2415268 £0.24 d08s #0486 BCIZ :50; aDa2. 7 J; 2

z £3.99

3 2 BCi78 018 £032 “RPAC 072 . .
JLsze  £0.34 R 33 DEN 1047 soem  foss Teets  (ods 1rCZE0 E3B7 YWD ACCESSORIES DIOIES
218266 £0.1%  Lgoj £pa0 BCIB2  £008 BDIY  £032 TPAC  LO38 I3556  celes  Leads
sy (004 .08 £1.40 HCE2L  FOOR  BD2@  foz  Eod £0.48 317540  (1.83 RS232Lead Male 25 to Female 9 iy ACEDAERy
I8N 0.3 L5yp  fp26  BCIB2L8 £008  8D240B €037 T3 EOM2  grea'in  £308  Nuil Modem Lead Female 25-Female 25 €299 BZYBBAOOMw  £0.08
7418273 025 o0 g3y BE183 £0.08  BDIs38  EQ50 TIPSO £0%3  59956.10  £5.35  PCLink Lead Female 9 to Female 9 £299 BZXB513W  E014
;:tggg Sg.:: s512 fo3z BCIAML  foo08 AD2ais €083 VNIDEM [044  ,iha.is £1.78  PCLink Load Femu g %25 Female 98 25 €450  1N4001 £0.06

14 77 BLIG3LS [0S BO24E  £1 06  WNBSAF LV BD 4135610 L2330  Parallel Prinser Lead 2m £5.40
e @07 BCiee . Epos  BOS)  £02f  ZTXHC €016 5110008  Ch&1 K379 Leec fall ma) Male Male £375 1Nao02 £0.07
JALS36T O Loix pg'yy  BOIBAL £008  BDas? £441  ITaSG0 C06  §34258-8 (561  RSJ32 Lead (all pms) Femaie - Male £3.80 1N4003 £0.07 (!

A61 £0 27 _ _ Centrorucs 36 Way Lead Mai=— Male £4.78  1N4004 £0.07
78837 €08 4523 £0.26 TRIACS THYRISTORS BRIDGE RECTIFIERS Gender Changars 1N4005

£0.07
JLSII E032 431 (pe2 Z01GRDA €082 poyppan 030

= 9 4Wxy D Mg Fermwle to Female £1.81
748374 '£0.32  L85¢  ghae TICZ06D  £0.68 w0051 5A50v £0.19  gyway D Min Mate to Male £1.95 1N4006 £0.08
7815375 £0.38 48 g TiCez60 72 TIC1060 E0:40] WIOP 50200V, £0.20 7 yyay D Mins Fpmale to Female £248  1N4007 £0.08
74US377  £032 o B0 BYA £08a T8O Loss SR2IAI00 €0.38  25Way b Mim Mats o Male £248  1N5400 £0.09
Jaisse. €01 TIER2EO LT 54 vondopv fram Sy 233 1Nsao1 £0.09
1N5402 £0.09
TaSies foze HARIMVAHE DILSOCKETS MY w:sgm;-::?&;ﬁamme £27 1Nsaoa £0.11
T2Eas 7 €082 gPin €007 Adaptars 1N540 g
32t§3§§ E‘{,-é‘; T2 Bios 75 # 51 » 25mm €082 14Pn 011 9 Way Male 1035 Way Femals £2.71 1?1226? S} ,1
70540 €014 T4 Boa 111 0 572 22mun €088 16Pm FO.1E O Wy Femalz 10 25 Way Male £271 ]
a8 £0 25 PAB1 Bos 79 e B9 « 40mm £1.44 18Pn E0.15 25 Woy Mailo 1o 3 Way Female £2.71  INS40B RIS
5 fo.72 'MB2 Bow 10C « 76 « A1mm f158  20Fn £0.16  25Way D Male (0 38 Woy Cenuonic £388  yyg14 0.%
74154 0. 2 Boe s a3 en £0.18 25 Way Null Madaem Feona ¢ - Femole £3.02 18818 £0.00
J4L857 014 ME3 Bos 1182 38 » 45mm erez  34EM 8 2E Wiy Mull Modem Mate 10 Fmmale £302 X
T4L8670 £G.69 MBS Boe 155 x 100 « 5imm £2.50 20 Fin FG.25  25Way Null Modem Male 1o Male €302 IN4148 £0.65

RAS232 Swige Protscios Male - Famale 632 pyind £0.13

TALST74 028 A RS232 Jumprn Box Maie 1o Femafe £3.02  gaay £0.28
741575 £0.19 R A5232 Tester | 7 LEDs) Male - Female £8.59 0.
74L576  £0.25 iy 16V 25V 63v 100V 450V Data Switch Boxes 0aso .07
741883 £0.31 047 o - £0.05  £0.07 = Serial Switch box — 2 Way A/B £920 OA91 £0.10
741585  £0.35 10 o = £0.05 £0.06 £0.15 Senal Switch box - 3 Way A/B/C £1316  0a202 £0.27
741886  £0.20 22 = = £0.05 £0.06 £0.18 Serial Switch box - 4 Way A/B/C/D £1515 o otTe
741590 £0.23 47 - - £0.05 £0.08 — Senal Swilch box — Cross over £19.69 9
74L892  £0.35 40175 £0.36 . 10 £0.05 £0.05 £006 £0.08  £0.44 Parallel box Way £11.84 BA158 £0.10
740893 £025 o153 foso LM323K  £270 2 £0.05 £0.05  £0.09 = Parallel box -3 Way A/B/C/ £1711  BA159 £0.10
’ - LM338K £6.52 47 €006 £006 £011 Parallel box -«(w;qua,'cfb £18.43  4\4149 £0.06
100 £0 06 £0.09 £0.11 S Parallel box Cross £20.42 0A200 £0.10
ENAMELLED B 0PTG DEVICES PR £009 £012 £031 Disks - 35" DSOD Disks Fack el 10 £4.56 :
COPPER - 35/ DSDD Disks Pack of 50 £17 95
€0 470 £015 £019  £057
WIRE 5mm Red LED 09 Yoo £022  £0.29 i iy DSHD Disks Pack of 10 £6 45
5mm Green LED €010 5500 £037 057 L " DSHD Disks Pack of 50 £28 48
All 20z Reels 5mm Yellow LED £010 4700 _ £111 X ?gngkkStSotvage ng £4 26
14SWG  £0.63  5mm Orange LED £0.10 o E 3 SeEpE e
el cos DI S o ELECTROIYTIC AXIAL CAPAGITORS
18 SWG £o.g7 3mm Green LED £0.12 .F 16V 25V 63V 100V 450V -
20SWG  £0.72  3mm Yellow LED £013 047 - = = £0.15 - §
22SWG  £0.76  3mm Grange LED £013 10 L = £010 £010 £0.19 All prices exclude VAT .
24SWG  £0.80  Smm Flashing Fed £0.50 22 L = £010 £0.10 £0 gz Please add £1 25 carriage to all orders and VAT (17.5%).
aowe  fogr  ommBRRgani poies TR 012 fo1z foas No minimum order charge.
gy omm BMCelour £0.35E 2 Z  £003 €013 E017 £1.08 Pl d ith 4
30SWG  £0.93  Smm Tri Colow £0.48 35 £010  £011  £016  £0.20 i gase send payment with your order.
gi swg £0.93  5mm Pisghic Resel £0.04 100 £010 £013  E£021 - - PO/Chaques made payable to I
s £0.99  3mm Plastc Bezel £005 220 £013 E018  £042 = = i
36SWG  E1.04 03”7 Segment Display Red 470 £0.21 £0.24  E0.69 = — ESR Electronic Components VISA
38SWC E1.10  common anode £1.14 1000 £0.33  £0.40  £1.05 - - Access & Visa cards accepted
40SWG  £1.22  common cathade £11a 2200 £0752 1 £0°6 I NI N z

Offical orders from schools & colleges welcome

CALLIN - OPEN: MON - FRI830 5.00 SAT 10.00-5.00
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BITE ALARM

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

| designed to be compatible
~ with the new National
' Curriculum ideals, where
students of varying ability face

INSULATOR
FILE TO THIS SHAPE

TIP GONTACT

P / LINK - SOLDER TO SLEEVE

s

l =

CUT JACK COVER AS
SHOWN AND USE TO
HOLD DETECTOR ARM

Jack plug modification

\ CUT OFF CABLE CLAMP

'SLEEVE CONTACT

=1 i)

LINE HELD
UHDER ARM

POSITION A DETECTOR SW OPEN.

FISHING LINE LOOSE
DETECTOR ARM ON
REST POSITION

'/ y ROTATE JACK SOCKET
TO SET THESE POSITIONS !
. THENDOIT UP TIGHT
f—

Detector mechanics

LENGTH OF ARM
TO SUT REQUIRED
PULL ON LINE

POSITIONB DETECTOR SW CLOSED

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

the same problems but choose different
levels of technology to overcome them.

The object in this case is to indicate
auglibly, 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 elec-
tronics varies from a couple of compo-
nents to a dozen or more. Here are the
three models, together with their appro-
priate levels within the National
Curriculum and as assessed by the CDT
Head of Department at Denefield School,
Reading.

Model 1000 - very basic, no active elec-
tronics, 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 develop-
ment 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 rela-
tively easy, but trying to make a one off
with tools readily available to the amateur
is quite a different matter. The most diffi-
cult 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 back-
wards, 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

b



-

The position of the jack plug on the

HOTE: lever arm is also important as the metal

HOLE SIZES TO SUIT SWITCHES AND LEDs USED

48ram.

s
ARM STOP

BOLT HOLE J— _¢_

3mm CLEAR B

POSITION

TO sullT

RESET." BITE LED SOUND

V.

T 25mm 25mm
22mm

TOP OF BOX to the right of the jack plug acts as a
POWER ~—— o, BASE OF BOX USED AS TOP i i i
_e} T O Er e oAk coun'terbalance wglght, maklng this
57mm heavier and effectively decreasing the
1000/2000/3000 ALL USE SAME SIZE BOX 0
force required to turn the lever. Too
TERRY CLIPS BOLTED ON BACK OF BOX TO SUIT H i i
D Eer hea\{y and it Ll<eeps the lever in posmop B,
too light and it only detects Great Whites
p—— S - quite rare here on the Thames.

SIDE The fishing line is passed under the
detector lever arm in position A so that
when the line is pulled taught by a fish,
the lever moves to position B. In order for

Mol 4 |- 3BEEPS/CONT SWITCH ) ) ) )
M d this to happen easily, the bite alarm is
{% - NOT USED ON 1000 clipped on to the rod rest by a couple of
l #RONCYIUSED ON(300 small terry clips. The top of the rod rest
has a short bar mounted on it, which has
57'“'"] two uses. Firstly, it stops the Bite Alarm

from rotating on the rod rest and
secondly, it holds the rod in the correct
. position above the detector arm, to the

Box Drilling

left of the Bite Alarm. All three versions of

- — — the alarm use this

ne jack plug, the — | type of detector
i DETECTOR ARM JACK PLUG IS SHOWN N POSITION A q
distance between CUTTO SIZE (SEETEXT)  (CONTACT WITH TIP NOT MADE) switch, as well as
the position A and B N JACK PLUG FILED AWAY using the same type
) . PP3 RED PP3 BLACK )
2an be varied to suit. JACK POWER  ,gv ov of box. The switches
~ GONNECTHONS CUT SHORT SSeRET L SWITCH o .
Care must be taken AMD A CAP FITTED FOR el st o— T are all mounted in the
ot to file away too PEATHESS = BLUE - RED , same position where
q -0 L e q i~ A
much or the tip SLEEVE CONTACT SOUND ON/OFF applicable - this is to
connection is broken DETECTOR SWITCH p o allow an upgrade at a
= i AND SLEE MINALS i i
as this goes up the CONNECTED TOGETHER | mcam o e || [ (12V BUZZER) 1 later date if skl and
centre of the jack @ o | corTfldencellncrease
oiug. To reduce the (FLAT SIDE OF BASE ‘ LY _l during the life of the
"l 1 SHOWS .VE SIDE) LED
arce required to turn up{- alarm.
ne jack pIug in the Cicust for simpie Bits alamn - Varsion 1000 All three versions
socket, a simple : — ——————————— have a LED as well
2ver is used. The length of this lever can sional look, These come in different as switchable sound which indicates a
.ary to suit, but remember the longer the colours and can be used to instantly ‘bite’. The sound can be switched off if it
=ver, the less force is required to turn the  recognise which one is most suitable for is thought that it might disturb the fish or
‘ack plug, but the further the lever must the conditions, e.g. blue for slow water other people nearby. All versions have
22 moved. For practical purposes, and red for fast water, etc. been extensively tested and their varying
ssveral levers can be made to suit condi- — — —
Tons, short for fast moving water and FOMERITRITCH
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
0 the base as possible to allow them to
=2 soldered together. The screw thread
nas two flats filed in it in order to stop the
=.er turning without tumning the jack
plug.

A short length of the screw cap is cut
2 to cover these shorted connections
2nd to hold the lever arm in place. If only
2ne arm is going to be used on each
ack plug, it is advised that it is glued to
=ne jack plug to give added support.
=zmember several lever arm jack plug
assemblies can be made. The top of the
snort length of screw cap can be filled
«1h glue gun glue and a small screw cap
~sert can be fitted to give it a profes-

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

ANY COLOUR WIRE CAN BE USED
COLOURS GIVEN AS GUIDE ONLY

BOLT HOLDING ARM REST PILLAR

| POSITION TO SUIT ARM
+VE RESISTOR SIDE
SLEEVE WIRES
OFF VEOQVSIDE  AFTER SOLDERING
SOUND
SWITCH

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

FiX ON BASE WITH GLUE GUN

SMALL HOLES MAY BE DRILLED
IN BASE TO IMPROVE SOUND OUTPUT

Wiring layout for 1000 version of Bite Alarm

ELECTRONICS TODAY INTERNATIONAL
29

www americanradiohistory com




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.

How It Works
When the Power switch is On, the +9V
from the PP3 battery goes to the jack
socket tip terminal. If the jack plug on the
detector lever is in position A, i.e. fishing
line loose, the circuit is effectively broken
as no contact is made to the tip of the
jack plug. However when the jack plug is
rotated to position B e

POWER
SWITCH

PRIRED op g oY

—% Bo- 'J
NOYE:
‘ €1 558
at  2Ns08
SLEEVE T
CONTACT
2 JACK SOCKET T
Fipl I L
| = ct
com.ac‘r - gy loon
DETECTOAlSWITCH | I
— O H ——
o
1 A4 | RESET
a7 BYTION
|—-—-—,L a1 1 o ! EC‘! {PRESS ?
i To
e s e
t1li1ﬁnn
PP3 BLACK ov |
o —— & GG e— ] I
Circut diagram for version 2000 of Bite alarm

by the action of the
line being pulled
taught by a fish, the
tip contact of the
jack plug make
contact with the tip
contact of the jack
socket and a circuit
is made. The jack
plug must have its
two terminals
connected together

+9V VIA POWER SWITCH A’ (—#r-a

DETECTOR SLEEVE CONTACT 'B' - —

9V TO BEEPER AND LED 'C" of——{.g

3 x MOUNTING HOLES M3 CLEAR
APt e |

7

-
d i
q +

LS IICS

TAKE CARE FITTING C1 AND C3, Q1,1C1
MUST BE FITTED CORRECT WAV ROUND

Cemponent overlay 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
side of the LED. The negative side of the
LED (the lead nearest the flat on the side
of the LED) completes the circuit to
battery OV,
If the Sound switch is On, 9V is also

passed to the positive side of the beeper,

the red lead. The black lead goes to
battery OV. A low current, low price
buzzer rated at 12V is used in my
projects although any small low current
piezo sound (active type with oscillator
built in) will do.

Although in this version there is plenty
of room, it is recommended that the
alarm is built to the drawing and the
controls fitted roughly where indicated -
this then allows the project to be
upgraded if required later, as the other
projects use the same box, etc,

Although this is the simplest of the
three alarms it does have the advantage
that when the detector lever is in position
A, not indicating a bite, no current flows
at all, so increasing the life of the battery.
Current is only drawn while indicating.

Bite Alarm 2000
This circuit can be broken down into two

p————— .7 BEEPER VI4'SOUND SW.

*_$_ E .__j__,-ru:n-vs
E |

DETECTOR TIP CONTACT 'O A 0—'-—* ‘W AESET BUTTON
BATTERY -VE OV E' 4_—4. H ‘G'RESET BUTTON
* *O«- A

NOT USED F' i )

contacts close,
switching 9V to R4, R4
and R5 produce a
| voltage divider and
current limiter, essential
to the safe operation of
the thyristor,

Thyristors vary
considerably in their
sensitivity and if a
different one is used, it
must have a similar

: -

DETECTOR
SWITCH
¥ SLEEVE
nv T |

PPIOV

NOT USED

BEERER

s_ciunu ONOFF
Hu-—c/

RESEY {PHESS'TDME)
=3 f

Uﬁ”ﬁo ke

distinct parts, both of which use compo-
nents commonly found in school projects
- the latch, built around a thyristor and
the osaillator, built around the 555 timer.

How It Works

The latch part of the circuit uses the
property of a thyristor that once it is
turned on it stays on, even if the input
signal is removed. It will stay on until the
current passing through it is taken away.
The input signal comes from the detector
switch which, when in position A,
receives nothing as the switch is effec-
tively open. When rotated to position B
by a fish on the line, the detector
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specification. C2 is used to try to remove
any RF (radio frequency) signals that may
be present, shorting them down to QV. If
present in any quantity they could cause
the thyristor to tum on, giving a false indica-
tion.

When the detector lever is in position
B and the alarm power is switched On,
the thyristor turns on, effectively going
from open circuit to short circuit. This
tumning on to a short circuit condition will
remain, even if the detector lever drops
back from position B, removing the gate
signal from the thyristor. From now on,
the thyristor applies 9V to the 555.

In the oscillator, the 555 is connected

ELECTRQ_NICS TODAY_INTER_NATIONAL
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=: 2 standard, slow running oscillator. C1
—a, be altered to suit anything from
2 2uF 16V to 22uF 16V. The speed of
=saillation will change accordingly - the
-ger the capacitor the slower the oscil-
=on. A LLED with its current limit resistor
* is connected to the output of the
zzciliator pin 3 and will then flash, indi-
z27ing a bite. If the sound is switched On,
=== beeper will pulse. This pulsing is
~—are distinctive than it being on continu-
-_sly, as in the 1000 model. To stop the
= zm the detector arm must be returned
2 position A and the reset button pressed.
The reset button bypasses the
—v.ristor, so the current flows through the
=35t switch and not through the
swristor. Electricity always takes the path
7% least resistance, so reducing the
current through the thyristor turns the
= zm off. Usually, the current through the
“wristor is reduced to zero by breaking
=72 circuit, using normally closed
-cntacts on a press switch. The thyristor
= umed off by pressing the switch and
z22ning the normally closed contacts,
= .s breaking the circuit. In our case,
avoassing the thyristor has the added
=avantage that it can be used as a ‘test’
=.1on. When the alarm is in the fishing
-ox without the detector lever and jack
2'ug plugged in, simply switching the
= z-m On and pressing the reset button
==ould start the oscillator. This is
secause the reset switch bypasses the
syrstor and applies power directly to the
233, but only while the reset button is
zeng pressed The beeper should sound
=+ itched on and the LED should flash.
= prilliance of the LED and volume of
eeper should show if the battery is

¢
2

i

LI

()

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
advantage of using this method of reset-
ting 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 recom-
mended 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 stlll leak
when left in damp conditions.

Bite Alarm 3000
This is the most sophisticated of the
three alarms and hence the most compli-
cated. 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

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

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 C1 makes its operation slightly
different, by allowing the afarm to be
reset in the active B position.

When the lever is in position A, i.e. the
detector switch is open circuit, C1
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 C1 is applied to the clock input
of IC1a, the D type stat, via the detector
switch. This is normally held down by R3.
The charge held by C1 allows the clock
input to receive a logic 1 before the
action of R3 discharges C1 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 10 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 IC1a. 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 IC2¢ and used

JACK J o —
SLEEVE \
sV AB - —p—
| A8
100
2
68K ov ls
i
JACK D o— ICa
TP 3
— 3o
|
[ e
| 2z00n | | RO -
el 27k R
L v——I —-l—— -
NOTE:
[T 9
€2 4093
€3 1013 )
@ BC237 0A ACIOY 1
o1 INnde E
|
agram for version €35 NOT q,se?
000 of Hte aiarm i

13 BEEPS\CONT
0—
L_ o l
———0 0 +—O
RESET i
_l—_ o F _.__01__'
BEEPER ]
SOUNDONI:F:’
O H O
N
\
-0 N 4+ —HJ

—$

Ai
550R 12w

— |
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to drive the output transistor Q1 to
power the LED and beeper. A transistor
is required to amplify the current output
of the CMOS IC which can only supply
1mA 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 corre-
sponding 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 puise 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 & of IC2 will be high, pulled up by R7.
Now the 4 output on the counter pin 10
makes pin 5 on IC1b high. Two highs in
on a 2 input NAND makes the output go
low, s0 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

¥ Model 1000

R1 560

LED1 Red or green, 0.2in
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

I

ASIT SLUV.

Model 2000
Resistors
R1 560
R2 47K

- R3 27K
R4 4K7
R5 1K
Capacitors
C1 10pF 16 V Rad Elect
c2 0.1uF 25V Ceramic
C3

47uF 16V Rad Elect

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 8V. During this charging up time,
pin 3 is high, resetting IC1a, the D type
and IC3 the counter, but as soon as pin
1 reaches 80% of rall 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 IC2 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.

IC1b is not used in the circuit but, as
is required by all CMOS ICs, alf unused
inputs are either tied up or down, i.e.
connected to rail or OV and, not left
unconnected to float.

Miscelianeous

IC1 NE 555 timer

1 8 pin IC socket

T thyristor 2N5061 or similar
LED1  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 0.1in to suit

Modei 3000
Resistors

R1 560

R2 680K
R3 27K

R4 470K
R5 15K

R6 47K

R7 47K

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 osgillation
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 stil
works, even if it does get in the way a little.

1 3

Somponent overtay for version 3000 of Bite alarm |

1 2nd good luck with the fishing tool

1

Capacitors

C1 0.22uF

C2 2 2 TANT 16V
C3 47uF 16V Radial
C4 1uF 18V Radial
c5 47uF 16V Radial
ICs

IC1 4017 CMOS
IC2 4093 CMOS
IC3 4013 CMOS
Miscellaneous

IC holders, 2 off 14 pin, 1 off 16 pin
Q1 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 0.7in to suit
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EASY-PC, Schematic and PCB CAD
Over 18,000 Installations ERITISH
in 80 Countries World-wide! m
e Runs on:- PC/XT/AT/ AWARD
286/ 386/ 486 with ;
Hercules, CGA, EGA 1989
or VGA display and o —
many DOS emulations. ﬂlég""‘"]‘“ b
« Design:- Single sided, || *——&edie s T,
Double sided and e i
Multi-layer (8) boards. || :—golpem=a o Jgdpimn,
e Provides full Surface || <= e o R
Mount support. et ineere b L
o Standard output '
includes Dot Matrix / Wi et s
Laser / Ink-jet Printer, || = ~<.,=9}?;‘—““£«== T 13
Pen Plotter, Photo- o™ ==
. plotter and N.C. Drill. || «—aiislin.. B L=
} e Tech Support - free. ol i) s b
« Superbly easy to use. . —.*&'-‘Tzﬂi-' b
Options:-500 piece Surface Mount Symbol Library £48,
1000 piece Symbol Library £38, Gerber Import facility £98.

| |ntegrated Electronics CAD _Affordable Electronics CAD

I

........ T EASY-PC: Entry level PCB and $195.00 £98.00 |
g == Schematic CAD.
I ‘im EASY-PC Professional: Schematic $375.00 £195.00
i I Capture and PCB CAD. Links directly
Schematic Capture | ' *' - to ANALYSER Ill and PULSAR.
R T = pro EASY-PC Pro’ XM: Extended Memory $476.00 £245.00
| 4 | Lr*n‘rm‘nj Version - Greatly increased capacity
- o PULSAR: Digital Circuit Simulator $195.00 £98.00
Anal i 'r';-*;’:*:ﬁxv-—-{ ~ 1500 gate capacity. |
nalogue | _: I===={ PULSAR Professional: Digital Circuit $376.00 | £196.00
& Dlgltal ‘{ §i=_‘= —— Simulator ~ 50,000 gate capacity.
I | : el ol
“leas . R ————m—— ] ANALYSER III: Linear Analogue Circuit $195.00 £98.00
-iISimulation e — Simulator ~ 130 node capability

»_ —— - —
ANALYSER lll Professional: Linear $376.00 £196.00

Rt in de S hode capaniy.

] Z.MATCH for Windows: NEW Windows | $476.00 | £245.00
@ And PCB Design
- —

NN PZAT 7 ‘M - FILTgfsli-;:nA;rtci’v;r :r?]d Passive Filter  $276.00 | £145.00

" We operale a no penalty upprade policy. You can USS pricas uKe prices
P rices fro m U K£ 1 9 5 I U S $ 3 7 5 upgrade ar any time 1o the professional version ofa | include Post | oxchide P&P

based Smith-Chart program
for RF Engineers .

| program just for the difference in price. | and Pecking. and VAT
For full information, please write, phone or fax:- e TECHNICAL SUPPORT FREE FOR LIFE
o PROGRAMS NOT COPY PROTECTED.
Number One Systems « SPECIAL PRICES FOR EDUCATION.

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

Telephone UK: 0480 461778 (7 lines) Fax: 0480 494042 International +44 480 461778
USA: Ref. ETI, 1795 Granger Avenue, Los Altos, CA 94024

Telephone/Fax: (415) 968 9306 MASTERCARD, VISA Welcome.
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SYSTEM 200 DEVICE PROGRAMMER

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

standard, quickly, reliably and at low cost.

Expandable to cover virtually any pro-
grammable part including serial E2, PALS,
GALS, EPLD’s and microcontrollers

from all manufacturers.

DESIGN: 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: UK design, manufacture and support.

Same day dispatch, 12 month warranty.
10 day money back guarantee.

ASK FOR FREE
INFORMATION
PACK

MQP ELECTRONICS Ltd.
Park Road Centre,
Malmesbury, Wiitshire, SN16 0BX UK
TEL. 0666 825146 FAX. 0666 825141

= K

GERMANY 089-/4602071
NORWAY 0702 17890
ITALY 02-92-10-3 554

FRANCE (1) 69-30-13-79
SWEDEN 08-735-5360

ALSO FROM ELECTROSPEED UK

Q)

DL

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

_ 75KHz wide band
up to 4.2 miles
10-16 volts AC/DC
250mA
100mV (ADJ

Moduilation
Range.
Supply
Current.
Audio Input
Frequency Range. 88-10BMHz F
Stability = +/- 20KHz
Size ~ W.70mm, D. 90mm, H. 50mm
MANY USER CONTROLS £23.50

7 WATT PPO FM BROADCAST (buil
TRANSMITTER: Higher watt version o
above transmitter 7 mile range _ £52.50

KIT: 3 WATT TRANSMITTER 80 - {00MHZ:
Coil tank controlled up to 3 miles range. supply
12V DC at 0.5amps. £52.50

All prices include VAT
Please add £1 P&P payment with orders to:
A BLERT 5 FHs Waryl P
Balte 1 AFL Tok 0RAR 871983
@l
Please send 2 x 1st slass stamps for our catalogue

For Windows 3.1
Runs on any PC running
Windows in standard or
enhanced mode g
with 2MB

WCB Designer

v Produce Single or Double sided PCBs.

v Print out to any Windows supported printer.
v" 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.

v SMT pads and other pad shapes.

v" Positive reviews by Robert Penfold and Paul
Stenning, copies available on request.

Phone (0432) 355 414 (Access and Visa welcome)
Niche Software

22 Tav1stock 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

Only 11mm high, It pluge directly Into
your Eprom eocket. Compatible with
standard Eproms. Allows faster
product development.

Data ls written to the emulator directly
from your computer, via a 4mm cable
which pluge into the emulator.

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 0SP

OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX - 031 667 2611

1

The supplier to use if you're looking for —
* A WIDE RANGE OF COMPONENTS AIMED
AT THE HOBBYIST %

* COMPETITIVE VAT INCLUSIVE PRICES %
* MAIL ORDER - generally by
RETURN OF POST %

% FRIENDLY SERVICE %

Open: Monday-Thursday 9.15-6.00

.
Friday 915-5.00 Saturday 9.30-5.00 mmwm
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PC Clinic

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.

~w. 1 the very heart of every personal computer, no
. matter what its make or design, there is a
W . Processor chip of some sort. In the IBM PC and
%= == all compatibles, this processor chip will belong to
the Intel x86 family of processors, the familiar 8086,
23286, 80386, 80486 and most recently the Pentium. These
a7ocessor chips were all originally designed and manufactured
=, the US semiconductor giant Intel, although the processor in
wour PC will not necessarily be manufactured by Intel, but
~aybe by one of the half dozen or so, mostly US based, manu-
“zsturers of ‘clone’ processors. These ‘clone’ processor chips
~ 1 all run the same software as those from Intel, but often have
s 2ntly different performance ratings.

The function of the processor chip, or Central Processing
_n7 - CPU for short - is to execute the sequence of instructions
w7wch make up the program code. This code and its associated
227z is stored in memory and accessed by the CPU under
=znwol of the clock timing signals. In general, the faster the
2 2¢< can be made to run; the more instructions can be
=m=outed in a given period and therefore the more powerful the
Zraoassor is in computational terms.

=-ogram instructions and data are all stored in memory and
cracessed within the CPU in binary form

generation of processor chip every 44 months, but under
competitive pressure from manufacturers of new very powerful
RISC based processors, this development rate has been accel-
erated. Peak power from the Pentium will be more than doubled
later this year with a 150MHz version and the next generation,
code named the P6, is already undergoing testing prior to
launch next year, only 30 plus months after the Pentium. The P6
looks set to at least double the power output of the best
Pentium.

So why do we need more power? The answer is simply that
new software applications, particularly those which are highly
graphics oriented, need more and more power. Try running
Windows or a CAD/DTP package on an old 8MHz 286 and then
compare it with the same software running on a 66MHz 486.
On a slow machine, such software is virtually unusable, it
cannot perform all the calculations and update the screen suffi-
ciently quickly to prevent the display hardware having to wait for
the processor.

This means that if you want to have a more powerful
computer, but do not want to buy an entirely new system, then
you will need to look at upgrading the processor. On the
following pages we will show some of the ways in which this

=2 are organised in units of eight bits, or = e = —

272 Byte. Since most instructions and data
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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 other-
wise 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
a number of new special purpose instructions, that
can replace frequently used software routines.

Thus, a coprocessor might perform a specific
function in two or three instruction cycles which would
otherwise need a code sequence lasting fifty instruc-
tions In specific applications, a COprocessor can give
enormous improvements in processing speed

Most people, when they talk about COProcessors,
think about maths coprocessors, a COprocessor
designed to perform a 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 communica-
tions and error checking Similarly, advanced multi-
media systems that are designed to handie video
images use special image compression and decom-
pression coprocessors. Indeed, literally hundreds of
different types of coprocessor have been designed for
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
The Weitek maths coprocessors offer a better perfor-
mance than a typical Intel version, but programs will
have to be specially written to take advantage of it
Although the 486DX has a math COprocessor on the
CPU chip, some systems also have provision for instal-
lation of a Weitek 4167
» Asone can see from the two diagrams accompa-
nying this section, the 386/387 interface is relatively
simple, with the 387 being mapped into the high 110
address space of the 386 (A31 high and M/I0 low).
Address line 2 distinguishes command transfers from
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
and data bus, thereby allowing commands and data to
be transferred simultaneously. This interface means
that the coprocessor runs about three times faster
than the conventional 387 interface and it is thus worth
checking to see if your motherboard supports it.

The most common choice of maths COprocessor is
the Intel family and adding one to a 286/386 system is
relatively easy, since nearly all motherboards designed
for these processors have a dedicated COprocessor
socket When choosing a coprocessor, 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

' REPLACING AND UPG

In theory, we can improve the performance of a system by chianging the CPU, A faster processor
with a wider data width wil 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 eariier
Processor to a 386 or later, we can overcome the memory limitations that were inherent in these
earlier system%,

But, unfortunately, changing processors is not that easy and in all but the most recent systems
it is certainly not a case of simply removing cne chip and plugging in ancther. The problem is thaf
there are too many sub-systems and interrelated companents for us ta simply be able to change
the eurrent 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 abolt the fact that the adaress, data, and control fines of the new
processor coutfd be entirely different. Not forgetting the simple fact that the processor chip could
be a different size and have a lof more pins.

What this means is that simply changing the processor chip mors 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 caleulations, rather than simply moving and
maniputating data bytes - in other words applications such as image transforms in 3-D CAD pack-
ages, or system simulations.

Thus if you are running this type of mathematically intensive application on a 2886 or 386 based
RC, then a coprocessor of some sort wil give quite a considerable boost in performance since it
will allow calculations to be performed using hardware rather than software. The result is a reduc-
tion in the number of processor cycles needed to perform a specific calculation and thus an overall

improvement in the speed at which the appiication works.
With the 486 and Pentium processars, the situation is slightly different since both chips were
designed to include a maths coprocessor integrated on the same siice of gilicon as the processor.

However, when the 486 was first launched there were apparently some problems associated

sure that the power is disconnected before installing
and that any static is fully discharged Before
attemnpting to insert it in the socket, first check that no
pins are bent or damaged, If they are bent, gently
straighten them with pointed nose pliers. Then make

coprocessor chip comes with a diagnostic program

then run this, otherwise enter the system’s CMOS set-

up program and check that it indicates that a maths
chip is installed. If it does not, then switch off and
carefully recheck that the chip is installed properly

sure that the board under =

the socket is well supported I - e READ OUT =4

as it is easy to crack a track MIO

by being over enthusiastic l I __—1\31_ T ] SELECTS

when pushing a chip intoa | »

socket. Finally check that ' - (ADDRESSLINE 2 COMMANDDATA

the orfentation of the chip is ’ I F= READ/WRITE —

correct by matching the dot | ADDRESS STROBE 4

on the top of the chip to the I l e N B SR e

dot or notch on the socket l ‘;— == =1

or the motherboard | L ERROR N | [
Having carefully done [ PROCESS EXTERNAL REQUEST STATUS

all these things, press the e

chip firmly in place On J

some motherboards, it will

be necessary to set a ml'

jumper or DIP switch to %gms: Bl i §2{ZCT

inform the system that a ey

coprocessor is installed 386 K,— WTL1167

You will have to check your (. |

motherboard documenta- Lt

tion for details on which & M- | AooRessipaTA

jumper or switch needs to READ/WRITE £y

be set. When this has been !_ ADDRESS STROBE .

done, check it by switching = £

the PC on and checking for — Tﬁr‘::-"—;, A g'z‘:%’s

any error messages. If your ———

) SR

Coprocessor interfacing
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. Using a DX chip

ING THE CPU IN A PC | ::cconmominmpenn
+ B0xB6 family of processer chips has bgcome
s+ the coprocessor and rather than withcrawing the chip, it was decided simply to disable the bigger, more pawerfu: and much faster. This pased
N . (B ice the 804865 od 1o the 80486DX which has th . anenormeus preblem for system designers, the
=xorocessor and relabel the device the 804865X, as opposed to the 80: which has the " processor was getting too fast for the systom.
STOrOCessor. Memary access Hmes were becaming too fast for

Apart from the presence or absence of the coprocessor, these two 486 chips are identical, - ihe type of memory chips which could economically
=2 adding a maths coprocessor to a 486SX based system is simply & matter of removing the SX be 1{3.9‘3'0“ a PG, high C{Ock speeds were starting

B Tyl T 4 kot with & DX chio oF th cod io giveTise to board design problems due te such -

g=0) replacing it in the same socket with & DX chip of the same sp factors as signal propagation delays.

At this stage in the development of the 8B0x86 family of processors, Intel introduced a new * These factors alf meant that, aithough i was
~novation which allows the user to increase the power of a system by simply replacing the ble to buitd much faster system boards, it was

srocessor chip. This technigue is known as clock doubling (now we also have clock tripling uneconomic to push mottierboard clock speeds
rch beyond the SGMHZ area. Neither was it prac-

a;“:d rslock‘quadrupllng) and overcomes a \Qt of the earlier problems associated with the close e L e
-=iationship between the processor and allied systems entalled in &ccessing standard memory chips would
The clock doubling technigue is an ingenious one, since it allows the processer to run at effectively slow the system back down t6 that sort
~wice the speed (a clock tripler runs at three times the speed, and so on) that would otherwise of '9;?[ g 4 ;
o= permissible. This means that, for example, a processor could run at 66MHz on a mother- > F T??Q'SS"’ marmfacture{s e ngvgrthelggs
=K p &, ] : capabie: ihg:their processo? chips run &
=oard which is only rated for 33MHz. In this way, a processor chip is upgradable without having substantiafly highet speeds. Furihermore, users and
22 upgrade the whole motherboard and, equally important, all the problems associated with software produgers had an insatiable demand for
gesigning and building very high speed motherboards are overcome. Board designers can thus more power. There. are of caurse onfy two ways In

zotimise their design to give the best speed at the lowest cost W,mh BIOgspsie howey car1 be m?r%s‘ed Jim
given type of processor. One way (8 e increase

System manufacturers have also discovered that this gives them a great flexibility, a single clock speed and the other & to increass the data
arotherboard design can be used in a range of different models simply by changing processor bus width, but data bus width increase alsa adds a
and peripherals This of course reduces the need for expensive stock holding, allows them to substantiaf averhead to system board production
~zspond quickly to the development of new processors and new system reguirements [t aiso ORIl it (et der ol IR DA

expansion bus interface.
=cts as a good sales incentive to be able to say to customers that a system is relatively future The solution fo these problems involved care-

croof and can easily be upgraded, a factor which has encouraged a great many manufacturers | fully éxamining the system and fooking at whigh
13 use Zero Ingsertion Force - ZIF - sockets for processor chips, thereby making removal and parts of the circuit needed to operate at high spesd
replacement very easy and whlph co}uid ooijimue 10 operats at lower
spesd. The high speed components wouid then be
integrated onto the same sfice of silicon as the
1 GPRU, thereby allowing the processor fo work at
maximum speed.
The result was the DX2, or clock doubling chip, which is in every way compatible with 2 DX ¢hip but runs twice as fast internally. The bus interface unit on a
DX2 chig allows fhe processar 1o work with the jower speed external circuitry with a 2:1 speed reduction, so that in such situations, the DX2 functions exactly like
a2 BX. Howevet, the area of memory currently being accessed is mapped onte an 8K block of memory within the DX2 chip, the processor cache, so that whensver
the processor needs to aceess this memory. use it internal registers or perform a ficating point aperation, it tan do so at twice the externat clock speed.
ce th}s clock doubling techmque means that a processor can effectively spend 90 to 95% of its time

70 afid B0%. Indeed thls s a teohmque which can be extended evsn further, Inte) has | just - ey
aunched fts clock tripling series of DX4 precessors {not ag one would g
iogically expeet,squadrupling!). offering internal clock speeds Of up to
00MHZ, :

in theary therefore, one can simply double the processing power = : ;
o, say, d 26MHz 488DX by replacing the DX chip with & 50MHz DX2 s i . Cﬁﬁw
chip. On some motherbeards this simply involves reglacing "

the DX chip with & correspanding DX2. Many newer designs B e
5 motherboard have ZIF sockets for the processer chip, -

thus makmg ramcwai and replacement very easy., ;

Not alt matherboards ars the same and on older boards therg 18 an
additional socket for what is callsd an OyerDrive chip, the function of
wilich coffesponds to that of a DX2 and act, as same venders would
save one believs, & coprocessor. Another type of dverdrive socket
isund on mar@ recent 486 system boards Is the P24T sotket,
which allows the system to be upgraded to & Pentium. Doing o
sa will simply involve putting the P24T ehip inte the 238 pin
sacket grovided for it on the, mothsrboard which will then preempt the
ex:sting 488 processor.

i the ‘dase. of an original 4865X wrth a maths coprocessor sockst, it is
zossible in some cases 1o upgrade the system to run a DXZ chip. Thus, a
ZOMHz 48688X could be replaced by & 40MHz DX2, This will entail carsfully
szsing out the old CPU chip and repiacing it with the new one, but before attempting
> do this and cerlainly befere buying the replacement processor chip, Klsa goad
Fsa 1o check wn:h the manufacturer that sush an upgrade Is feasible
in practice, upgradmg from a DX to a DX2 s not quits that simple.
Cne major probiem is fhat an mcrease in prooessor speeck alsa meems an

A mirtature ?an WhiCﬁ is mounted drrecﬂy on top of the processor Cl“ﬁﬁ e one solutleﬂ He3 this problem aﬂd sueh fang can be read;ly obtamed from the many
JO{S of PC upgrade eqummem Since overheatmg, where the Chlp temperature exceeds 185F, caﬂ easliy damage the processor ohtp (and bear in mmd that
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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 rela-
tively 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 .

AND EXTERNAL * | PREFETCH BUFFERS -

PATHWAYS \if , - RUGIMENTARY FPU

4 : i
;:n E /
Pt :
Es F
%1 derived from the main system clock,
%f{ ! ‘ which are necessary to ensure that the
e | processor works properly.
BUS INTERFACE UNIT | CACHE ALU | o e ‘ '

, Bus interface logic

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

d-ide

INTEGRATED i
8 kB CACRHE

el
=

.

5
B

willls —
| : & : Data TLB
Translation lookaside buffers for the data
—— | cache.

SINGLE REGISTERS & \
FIVE-STAGE %
INTEGER o Data cache |
PIPELINE i i Pamm— 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, 1/0 requests, etc.

Complex instruction support

This is the part of the instruction decode circuitry which handles
complex instructions that refy 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 dedi-
cated 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
cvcle. However, because of the pipelined architecture, it can
actually achieve one addition or multiplication per cycle after the
nitial two cycle latency to fill the pipe is complete.

Superscalar integer execution units

'n the Pentium, there are two parallel five stage integer pipelined
z7thmetic logic units. The fact that there are two integer ALUs
means that the processor can fetch and decode two integer
nstructions at a time and, if possible, execute them in parallel.
Tris means that when processing simple instructions, the
processor's power can be considerably increased thanks to this
oarallelism

SEPARATE 8 kB INSTRUCTION CACHE I

[ INSTRUCTION CACHE l : “{ BRANCH PREDICTION '

I PREFETCH BUFFERS 4 FPU
e 8, § ]| |
' U-PIPE V-PIPE
Instruction fetch : +
There are two 32 byte instruction prefetch |
ouffers, which process instruction Isus INTERFACE UNIT ALy | ALy -
addresses sequentially until it reaches a S m
l oranch instruction. It then calls upon the ‘ |
- branch target buffer to find the new instruc- )
Jion address. X
64-BIT INTERNAL ) = 1 f

Branch target buffer AND EXTERNAL : E ﬁ s

S . DATA PATHWAYS
The BTB contains information about I | REGISTERS b4
arevious branches and predicts whether ‘ - - . PIPELINED FPU
e prefetched branch instruction will result ?iPBAg:;EIE o & fg?ﬁgﬁ:ﬁvﬁ%rq
~ a branch or not. If not, then the prefetch —~—— = H AND MULTIPLICATION
«ill continue sequentially, otherwise the \ ) SIRCUITRY,
second prefetch buffer will begin to J DATA CACHE I

orefetch instructions based upon the BTB

| Block diagram of a pentium
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BIOS == what is it and how can it be used?

When any processor is 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
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 iden-
tical, 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 main operating system. In most PCs, this would be
MS-DOS, but it could equally well be DR-DOS, one of the many
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.

Ore 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

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 unfor-
tunately 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 - it 12 the most fundamental level at which the system
operates

F_ — ™ = . =
Some of the more common POST Error .. -
Codes '
Ptoblem area Error code number
System board 100-189

Battery ermor 161

Canfiguration error 162
Time and date error 163
System options not set 165
Memory error  200-289
Keyboard 301, 303, 305

Keyboard fuse 305
Parallel port 401
Floppy disk drive
Reference disk 602
. Math coprocessor 701
© Serialport | 1100-129%
Hard disk drive 1700-1799
System board video
Pointing device 8600
Hard disk :!_rlye,gmoo-l 0499

600-699 (except 602)

2400-2499
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Using a POST probe card to check adapter cards one by one, except the POST card, reapplying power

processor status - between each card removal. If the symptoms stay the same then the
.'‘nen you boot up your PC, one of the first functions of the BIOS motherboard is probably failing. It is here that the POST card really
-cutines is to perform a range of Power On Self Test, or POST, routines. comes into its own, since without it, problems can be very hard to track
Trese POST routines will check every part of the PC, the memory, the down. Shorts are a major source of problems and using the area indi-
-smmunications ports, the keyboard, video display and the disk drives. cated by the POST error code can be further traced with the aid of the
_nless your machine is faulty you will in most cases not be aware that logic probe.

Ao tests are taking place. Remember the way that your keyboard lights First check the supply voltage and ground leads to the suspect chip.
<2sh and the double beep before the hard disk is accessed and DOS If a voltage is missing, then trace the line to its source. Shorts may be
saded? These are the POST routines at work, However, if your produced by defective resistors, ICs, or decoupling capacitors. In fact,
machine is faulty, POST error codes could provide you with a valuable such capacitors should always be checked, since this can be the cause
and accurate guide as to what is wrong of the failure.

There are three different ways in which the BIOS POST routines will With a POST card, it is a lot easier to track down and repair faults on
=1 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
ssquence of beeps on the internal speaker, with the beep sequence the failure of a very cheap and easily replaced component. If you know
~aughly indicating the fault area. The second way relies on the video what you are looking for, there is often every chance that a faulty board
2 splay functioning, and POST generates one or more error messages can be successfully repaired - forget those people who say that it is not
wnich indicate where faults have been located. worth doing and far better to just chuck the board away and replace it

The third way is probably the most powerful, since it can be used to wiih a new one
3agnose faults in a motherboard without functioning video display or Noie that this table can only be approximate, since the exact error
“ayboard. Here, the error codes are output through an I/O port {(on codes used are different for each type of BIOS and for each type of
Tost EISA and ISA systems this is port 80) and can be displayed using nargware platform. Thus POST code 04 in Phonex BIOS signifies an
= special plug in adapter card, commonly referred to as a POST card. arror with the 8253/4 programmable interval timer chip, on the C&T
The error codes displayed on the POST card's two digit hexadecimal BIOS trat the 8237 DMA controller has failed and on AMI BIOS that
2 splay can be used to accurately pinpoint a fault to a specific area of shere s & fault either with the 8259 programmable interrupt controller or
e motherboard, or even a specific component with the CMOS RAM.

At some stage in their lifetime, most PCs will generate some sort of In croer o get detailed information from the POST codes, it is
S0OST code error This is particularly likely to happen when adding or essential to have a list of the codes
-smoving expansion boards or altering the e and their associated errors for the

~onfiguration. It is version of BIOS installed in the

250 likely to system under test. In most
~appen when cases, the BIOS POST diag-
2 internal nostics are very accurate,
cattery fails since individual versions of
znd needs BIOS are specifically
zolacing. tailored to individual hard-
Tre fact that ware designs. However,
—2se can all it should be noted that
czuse POST some versions of BIOS,
=r7ors means in particular AM

in21 whenever a BIOS, are written for
=08ST erroris a wide variety of
=ncountered, the boards with the
frsistepis to same chipset,
cneck that the meaning that

satteries are OK, although gener-

inat all adapter ally correct,
cz0ds are inserted some codes
coperly, as are all may point to
2ables and that the wrong
=2 gystem config- error.

~-z1on is correct.
Znly then should
o-e start looking for

fzulls.

For anyone involved in
serious PC maintenance and
repair a POST card is a good investment since it makes

The first step in any fault tracking down most faults on a PC a Iot easier. A good example of such
2zating procedure using a a card is the Micro 2000 POST Probe card and its associated diag-
=0ST card is to check the power supply to the system board (with the nostic software, with which one can track down faults at all levels of
Woro 2000 POST card this is easy since the card has a built in logic functionality, even faults on boards unable to produce POST codes.
=-zbe and voltage test circuitry). Next, try removing and reinserting For more details on the POST Probe card contact Micro 2000 in
=2apter cards in order to ensure that they are not the cause of the Letchworth, on 0462 483483.
=rcplem (not forgetting to switch off the power every time you remove Watch out in future issues of ETI for our special build it yourself
zr-einsert a card) POST card project!

¥ you still have no luck, then power down the system, remove all the

ELECTRONICS TODAY INTERNATIONAL
41

www americanradiohistory com




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 bench-
marks 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 bottle-
necks 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 reason-
ably 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 memaory.

« The result of having a processor that is too fast for the avail-
able 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

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 1MB 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 oper-
ating systems.

[

‘Next month...

In PC Clinic next month we will be locking 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 AUTOROUTING
ALL FOR JUST £395...

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

Attractive, easy to use graphical interface.

' Object oriented schematic editor with automatic wire routing,
‘ et dot placement and mouse driven place/edit/move/delete.
o (L Netlist generation for most popular CAD software.
e —F &g Bill of Materials and Electrical Rules Check reports.
Y e Two schemes for hierarchical design
sd 18 e -:ﬁuj & Automatic component annotation and packaging
F i e Comprehensive device libraries and package libraries
al c VL . N - including both through hole and SMT parts.
F 1T User definable snap grids (imperial and metric) and Real
LS I [ ) L Time Snap to deal with tricky SMT spacings.
r¢_ s : | Manual route editing features inciude 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

CADPAK ISIS ILLUSTRATOR
Two Programs for the Price of One Schematic Drawing for Windows

I1SIS SUPERSKETCH
A superb schematic drawing program & L,
for DOS offering Wire Autorouting, o
Auto Dot Placement, full component ; Al
libraries, export to DTP and much more. = [ !
e

Exceptionally easy and quick to use. For example, you - 2
can place a wire with just two mouse clicks - the wire
autorouter does the rest. 0=

Rz

PCB Il Running under Windows 3.1, ISIS ILLUSTRATOR lets
High performance yet easy to use manual PCB layout you create presentation quality schematic drawings like
package. Many advanced features including curved tracks, you see in the magazines. Furthermore, when the
auto track necking, DXF export, Gerber and NC file drawing is done, transferring it to another document is
generation, Gerber viewing and more. just a matter of pasting it through the Clipboard.

Alan Chadwick writing in ETI (January 94) concluded... Now used by a number of prominent technical authors to
"At £79 [ thought this was an excellent buy.” illustrate their latest books and magazine articles.

Call us today on 0756 753440 or fax

_ . 0756 752857 for a demo pack - state

)( e m C e r\ ﬁ_ e & DOS or Windows. Multi-copy and
educational discounts available.

Pri dude pé&p (£5 for UK d VAT.
WE HAVE MOVED - NOTE NEW ADDRESS ,, Frices excude pap o o mg;;,edged
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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 condi-
tions - 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 ot 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 perfor-
mance 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.

and stabilised supply for the light-sensing
section.
Figure 1 shows the complete
circuit diagram. The
light

Circuit Description

The Video Light Meter comprises
four main parts - the light sensor
itself, bargraph driver, LED display
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sensor is phototransistor, Q1, which has
a window in the end that allows light to
78LOS CUT OFF SHORT Qnter and strikelthe{bgse—collector junc-
'AND NOT CONNECTED tion. The effect is equivalent to a photo
diode and the light causes a small
current to flow, which is subsequently

ob
I ) o amplified by transistor action The
=z

brighter the light, the higher this current
will be, up to a point. Increasing light
intensity will therefore cause an

OUT o
COMM =

PIN DIAGRAM OF VOLTAGE PIN DIAGRAM OF increasing current to flow through load
REGULATOR PHOTOTRANSISTOR resistor, R1, and this will result in a
) (LOOKING AT PINS) greater voltage being developed across

B it. A falling voltage will then appear
Pin diagrams . .
e between Q1 collector and emitter. It is

— this reducing voltage which operates the
g rest of the circuit. Note that no bias is

needed for the specified phototransistor,
so the base is left unconnected.

§1 The circuit is powered by a 9V or 12V
pattery. However, the phototransistor
——d section is fed from a 5V supply derived
‘ from voltage regulator IC1. Without this,
1 ———— thelvoltage between Q1 collector and
emitter would decrease as the voltage
R o available from the battery fell with age.
]g g:g This would be interpreted by the rest of
o P the circuit as brighter light and would
IZ] : ;g g:g gpset thelbarlgra[oh operating points. Ag
3. b e 1 it is, the circuit will operate correctly until
g;g el m— the regulator fails to deliver a 5V output
. This will happen when the battery voltage
I_Jl] @Q drops below 7V approximately. After that,
M (8 the regulator output voltage will fall in
I sympathy. It is therefore necessary to check
= the battery every so often and the method
Wiring diagram for doing this is described at the end.

With phototransistor

1 Q1in 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, i.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
u one at 1.25V, so the
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voltage provided by Q1 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 C1 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 1C2
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 oper-
ating current, in this case 13mA approxi-
mately.

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 sub-
miniature 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 posi-
tion. Follow with all fixed resistors (flat
with the board), capacitors, C1 and C2
(observing the polarity of C2), preset VR1
and voltage regulator IC1 (taking care
with the orientation, see Figure 3). Cut
Q1 base lead short and gently bend the
other two leads at right-angles (see
photograph). Solder Q1 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 IC2 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 posi-
tion, the display is level with the face of
the box. Mark the inside of the box
opposite Q1 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



ree area of the circuit panel, as shown in
tne photograph, using a pair of Velcro
“xing 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
“ne box in the same way.

Testing
A basic test can be made by pointing the
sensor towards bright light and pressing
“he switch. By slowly covering the hole
with 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
with the lid replaced after each one.
Cover the sensor with black tape to
orevent all light reaching it. It will prob-
ably be found to be impossible to adjust
/R1 so that all LED bars are off. It will
-nerefore be set for the first bar to repre-
sent 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
Jetermine the level at which picture
cuality just begins to degrade. Point the
sensor towards the camera from the
subject position and note which bar
cperates. The other bars may then be
nterpreted and labelled. Colour-coding
could be used, possibly red, orange and
green, but this was not thought worth-
«hile in the prototype. Note that it is
rormal for there to be a slight overlap so
7 is possible for two adjacent bars to be
luminated 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
reflected light mode, by pointing the
sensor towards the subject. Experiment
70 find out which method gives the best
results.

Battery Check

The condition of the battery should be
checked every so often. To do this, cover
ine sensor so that no light can enter.
>ress the button and observe the display.
The first bar should light. If a higher one
Jlows, the battery must be replaced.

! Resistors
g R1 470
1 R2 56k
: R3 1k
w VR1 47k
5 Capacitors
-

C1 470n ceramic
C2 47 16V PCB elec-

trolytic.
~  Semiconductors
. Q1 MEL12
. IC1 LM78L05
IC2  LM3914
A IC3  10-barred LED

display

Miscellaneous
S1  Miniature push-to-make switch
B1  Miniature alkaline 12V battery
type GP23A or PP3 battery and
battery snap (see text).

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

Buy Lines

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 proto-
type was type T2 size 75 x 56 x 25 mm
from Maplin. A larger one will be needed
if a PP3 battery is used.

ouT

IN

v

B1 -ve

S1

Vidio liligt meter component overlay
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GOOSEDALE

Moor Road, Bestwood (M1 Junction 27)

NOTTINGHAM

= »10am - 6pm —
Saturday & Sunday 30/31 July 1994

Flying, Boating,
Model Car Racing,
Crafts & much more...

| Flying - KING TEAM & TEAM ZAHN Trade displays

ENTRANCE: Aduit £4, Chiidren & Senlor Citizens £2.50, Famlly £10 (2 adults & up to 4 children)
ORGANISED BY

FURTHER DETAILS FROM ARGUS SPECIALIST EXHIBITIONS
ARGUS HOUSE, BOUNDARY WAY, HEMEL HEMPSTEAD, HERTS HP2 7ST TEL: 0442 66551
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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 ptai Board

- Call, write or fax

r a full evaluation k
- Tsien (U ',) Lu[mt g
y “House

Wenny Road, Cha

1 ;
Tel (0354) 695959. e
- Fax (035114) 695957



MAGNETOMETERS

Magnetism is a subtle and mysterious force that influences a lot
of things around us. Keith Garwell embarks on a practical explo-
ration of how to measure minute changes in a magnetic field

: magnetic field can be used to indicate likely

5.' changes in propagation. For the astronomer, the
" same changes are likely indicators to the advent of
auroras and similar heavenly signs. Down to earth, measure-
ments 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
pognds. 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
1m/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 hori-

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 contin-
uous change in position. My
Ordnance Survey map shows the
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
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 hori-
zontal, 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 inter- S—

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 investi-
gating 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

ested in the
earth’s field,
the equip-
ment should
be able to
show
changes of a
few minutes
of arc, not
necessarily in
absolute
values.

MIRROR ~ _
-

MAGNET ~

Types Of

can be very accurate, reading
down to nano Teslas. It is also
direction sensitive, which has
the advantage that it can
distinguish more than one field
and unwanted fields, such as
the earth’s, can be balanced
out.

Briefly, it consists usually of
two ferrite rods, each of which
carries a winding. The rods are

NON-MAGNETIC

TRANSPARENT
/ ENCLOSURE

—— 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
t0 be measured applied to face B. This flux will cause electrons
to diverge towards the C face or its hidden counterpart, estab-
lishing a voltage between the two faces (I seem to remember
Fleming had a rule about the direction of motion).

SUSPENSION

MIRROR
COPPER CRADLE

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 construc-
tion of this type will be discussed in a fairly simple form in detail.
The earth’s horizontal field (18.5uT) 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 assem-
bled 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 magne-
tometer. 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.

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.

I 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 smail 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
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

WALL

should be fairly straightforward. Don't make a start until you
have read the whole of this section, as there are one or two
pdints 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 arrange-
ment. Sweet jars, jam jars and unused gold-fish bowis are all
typical of the type of container which is suitable. The gold-fish
bow! 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

image of the filament as the
indicator. A round MES

ISUSPENS'O" ___— MIRROR CEMENTED
A4 s / TO BRASS YUBE
a

LRADLE

SOLDER JOINT ———— 9
\\ _ COPPER CRADLE

s
£ =
BRI

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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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

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
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
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
brickwork also as suggested in Figure 5.

A wooden building would be unsuitable because there would
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 conse-
quence the mirror may have to be attached at an angle to the
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:

1 minute = 1/(360 x 60)th part of a circle and this must be
1mm. The circumference of a circle is 2nr, but in our particular
case the distance D in Figure 5 is the radius, so the circle is 2rnD
and this equals 1/(360 x 60).

So, D=360 x 60/2 x t = 3438mm.

However, the reflection from the mirror will turn through
twice the angie 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 ©/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.

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 it
does need time to settle.

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 (ET! 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 heips to avoid the
slightly embarrassing moments when in
the middle of a social evening one has
to announce “Excuse me a few
moments, | just have to go and read my
magnetometer”,

A quite simple arrangement is
suggested in Figure 7, in which the ends
of the magnet have been extended with
thin aluminium blades. One of these
intercepts the light from an LED shining
onto a photo transistor and there is no
absolute need for a blade at each end of
the magnet, it's just a simple way of
making sure it remains balanced by
adding an identical weight at each end

It is best to use infra-red devices
encapsulated in black infra-red trans-
missive plastic to reduce the effect of
ambient light. Even so, you may find it
necessary to enclose the device in a
light proof cover

One can obtain the two infra-red
devices in one moulding, which makes
mounting much easier. However, be
careful - some of these are switches,
the detector includes a trigger so the
device does literally switch from one
state to the other. Such a device is not
suitable for this application as the
detector must be a linear device.

A suitable circuit is suggested in
Figure 8. This shows a photo transistor
as the sensor but a photo diode is a
suitable alternative. Two comments are valid here. A photo tran-
sistor frequently does not have its base connected and the base
connection is often not available. Secondly, the photo diode is
usually operated in the reverse biased mode

I 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 voltages at the output of the op-amp.
One is with the blade fully covering 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

Figure 9a: Plan view of Fluxgate Magnetometer
showing sense winding arangement

have to be changed. A little experimentation may be called for.

The next step is to move the device so that with the magnet
free to move and when it has settled down to painting North,
the output from the op-amp is roughly in the middle between
the limits noted above.

If using a cover, it may upset the readings when fitted. Try
carefully moving the device clockwise 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 he
anything very extravagant.

The Fluxgate
Magnetometer

Those who are have worked with
magnetic amplifiers or mag-amps will
find the workings of the flux gate
magnetometer familiar. The FGM to be
described illustrates all the principles
involved, but leaves the enthusiast
room for experiment and enhancement.

Itis also designed to be adjustable in
gain and offset so that it can be a bit of
ajack of all trades, but with adjustment
and enhancement at least master of
some

For example, its sensitivity is such
that it gives about 3V for the horizontal
component of the earth’s flux, with the
design sensitivity reduced by 10 I
required. therefore, the gain can be
aiterea se that it gives 5V for 50mT,
10uT per volt This is a convenient scale
where direct readings of field strength
are required. enabling both horizontal
and vertical components to be
measured.

Similarly, its circular sensitivity is
about 3V for 7° as developed,
(rmV/minute) This sensitivity to rotation
means that the normal small changes in the earth’s field (5t0 10
mins of arc) would produce an output change of 35 to 70mV.

Figure 9b: End view of Fluxgate Magnetometer

Next month...

We will continue with building the fluxgate magnetometer, plus two other magnetomeater designs.
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| The new enlarged
Catalogue is out now!

Included in this issue:
» A further 16 extra pages
> £200 worth discount vouchers

» 100’s new products

» 256 pages, 26 sections, over 4000 products from
some of the worlds finest manufactures and
suppliers

» Expanded entertainment section with in-car amps,
speakers, crossovers and low cost disco equipment

» Further additions from Europe's leading kit
manufacture - Velleman

» Available from most large newsagents
or direct from Cirkit

» Send for your
copy today!

Cirkat |

CIRKIT DISTRIBUTION LTD

Park Lane - Broxbourne - Hertfordshire - EN10 7NQ
Telephone (0992) 448899 - Fax (0992) 4?1314
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AMPLIFIERS from
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UK Distributor for the
complete ILP Audio Range

BIPOLAR AMPLIFIER MODULES
Encapsulated amplifiers with integral

heatsink.

HY30P 15W Bipolar amp £9.95
HY60 30W Bipolar amp £12.62
HY6060 30W Stereo Bipolar amp £26.46
HY124 60W Bipolar amp (4 ohm) £20.69
HY128 60W Bipolar amp (8 ohm) £20.69
HY244 120W Bipolar amp (4 ohm) £27.38
HY?248 120W Bipolar amp (8 ohm) £27.38
HY364 180W Bipolar amp (4 ohm) £42.86
HY368 180W Bipolar amp (8 ohm) £42.86
MOSFET AMPLIFIER MODULES
Encapsulated amplifiers with integral
heatsink.

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

CLASS A AMPLIFIER MODULE

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

POWER SUPPLIES

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

100 VOLT LINE TRANSFORMERS

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

PREAMPLIFIER MODULE |
General purpose preamplifier for a wide

range of applications.

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

Jaytee Electronic Services

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

£36.60
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Don’t let your car battery go flat by = = —
forgetting to turn off your lights. L.S. souneR
O’Connor builds a lights-on reminder for uowron s
your vehicle. A |

Fig 1.Car lights on test block diagrams | l
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Tordetermine your car's polarity, look at your
battery terminals and note which terminal is
connected to the car's chassis. If If is the negative
terminal then your car is a negative earth, if It is the
pesitive then it will be positive earth. Most cars are
of the negative earth type.
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gate, IC1, and a dual version of the 555 timer, IC2. IC1ais
connected as an inverter and checks whether the door is ppen
or closed. With the door closed, the door switch is open circuit
and R1 pulls the input high, so the cutput is low (see Figure 3
for truth table). However, when the door is opened, the door
switch grounds the input of IC1a, changing the output to a high.
This is fed to one half of the input of IC1Db, 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 IC1b 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
IC1c wired as another
inverter, which is used to
provide the correct logic level
required by the I1C2a and IC2b
reset pins.

Both IC1a and IC1b are
connected as astable multivibrators,
oroducing square wave outputs.
IC2a is operating at 4Hz and is deter-
mined by the formula
1.44/(R2+2R4)C1, while IC2b is oper-
ating at 1.8KHz 1.44/ (R3+2R5)C2. Both
‘C2a and ICG2b are held switched off by
the low output from IC1¢, connected to the reset pins 4 and 10,
s0 therefore they are only allowed to oscillate when the reset
oins are taken high. This only occurs when the lights are on and
“ne door is open. The output of IC2a is fed via R8 to the control
aput of IC2b, which has the affect of modulating the output of

(%

¥ l-\
,'I»..a“ 3

/J g P>
1Z2b by changing the threshold set internally, giving us the
warbling affect.

The output of IC2b is passed through C3 and VR1 to
2rive the piezo sounder directly, with VR1 setting the desired
solume level.

D1 protects the circuit from reverse polarity connections
znd R6, R9, ZD1 and ZD2 clamp any high voltage spikes
aresent 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
=xcess of current due to a fault.

ELECTRONICS TODA

Construction
The prototype used an ABS box from Maplin (Part no: YU52G).
This has slotted walls to accept the PCB and internal dimen-
sions 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 photo-
graph of layout). Next, solder the appropriate
D'I 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,

ﬁ 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 suit-
able 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 (posi-

tion 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.

-

1y
o

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

4 Ty

e

o e ® BsgadecuwwS # & s 8 8
SR ] v

LI ) Dy v *_ b

+t s @ » v '.

r e ¥ -

LR N (N . $ 20 T T T

® e 9 - .

aab® ]

[ N L ]

LI ] s ® OMH-QQ(-Wc-ach-OMOQO .
s 0 [ OIUCM e 4 8 ¢ % a8 .
0 L A 29 00 008 ]
* 4t . ® > ST =33 P 8 & 0 8
s 8 b L) .oM—H—‘-ﬂ‘—_‘...;-oo—;ﬂ!—::

Y INTERNATIONAL

57

www americanradiohistory com



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 micro-
processor controlled management systems which require a
constant source of power for their operation, it would be advis-
able 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
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R2,3,4,5
R6,9 10
R8 100K
VR1 10K

1K2

Capacitors

C1 100pF 25V DC Radial
Cc2 0.22uf 25V DC Polyester
C3 10uF 25V DC Axial

C4 100N Mylar

C5 47uF 25V DC Radial

Semiconductors

IC1 4011 CMOS QUAD 2-Input NAND
IC2 556 CMOS DUAL 555 Timer

D1 INOO 1

ZD2 18V Zener

PZA1 Piezo Sounder
Miscellaneous

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 0.1in Matrix, 39 Strips x 14 Holes

4 Way Screw Terminal Block

2 x DIL Sockets, 14 Way

2 x 8BA Nuts and

Bolts (counter-
sSunk)

Required length
cf Auto Cable
(16/0.2mmy

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 connec-

A|lBI|E
Q ] 1
. o [ 1]t
Approximats T To
Cost: £8.00 1j1]6¢0
'ii"’ . Logic for car lights on tester
e
Bz

tion 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

51— @ @ .
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Component layout on stripboard and track cutting positions
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Clayton Wood Close
DA Tﬂ ”6 West Park
Leeds LS16 6QE
ELECTRONICS LIMITED Tel: 0532 744822
Fax: 0532 742872
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Dimensions: 10 x 20mm
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MIDI

EXPLAINED

In Part 3 of Robert Penfold’s series on MIDI, he takes an in depth look
at channel messages

subject of
channel
messages. In this article
we will consider all the
remaining channel
messages in some
detall. These are the
most important
messages, since they
are the ones that are
used to play notes,
provide touch sensitivity
and pitch bends,
change to a different
set of sound generator

- . nlast month’s article, the subject of MIDI modes
Il . was covered, and a start was made on the related

slightly perplexing one, but in this context a ‘program’ is
normally a set of sound generator parameters. This message is

ALWAYS 1

CHANNEL PRESSURE CODE
CHANNEL NUMBER

x|

x|

HEADER BYTE

ALWAYS 0

v

EXAMPLE VALUE = 121

PRESSURE VALUE DATA BYTE

Fig.1. The program change message is a simple two byte type

settings, etc. Every MIDI-User needs to know what channel
messages are available, and have at least a fundamental under-
standing of the way in which they function. Anyone who is
involved in the writing of MIDI software and/or the design of

MIDI hardware needs to
understand every bit of
every MIDI channel
message. Full details of
MIDI channel message
coding will therefore be
provided, for those who
need it. If you are not
into do-it-yourself MIDI
software or hardware,
this sort of detailed
information is of purely
academic importance.,
As note on and note off
messages were fully

covered in last month’s,

article they will not be
considered again here.,

All Change
Program change
messages are one of
the most simple forms
of MIDI channel
message. The name of
this message is a

therefore used with a
synthesiser to change
from one sound to
another. For instance,
this message could
be used to change an
instrument from a
trumpet sound to a
guitar sound.
Although this might
not seem to be
particularly useful,
most instruments will
respond to this type
of message very

rapidly, making it possible to use program changes mid-
sequence. This is a form of channel message and it is therefore
possible to individually change the sound of each voice of an
instrument operating in mode 4 or a multi-mode. This may still

4
* v v v v ¥V ¥

TOTAL PITCH CHANGE VALUE ((99 x 128) + 15 = 12687

ALWAYS 1
PITCH WHEEL CHANGE CODE
CHANNEL NUMBER

HEADER BYTE

ALWAYS 0
EXAMPLE VALUE =15

PITCH CHANGE VALUE (LSB)

ALWAYS 0
EXAMPLE VALUE =99

PITCH CHANGE VALUE (MSB)

1

i

Q9 o 0 1 1

Q

0

Fig 2. Pitch wheel change messages provide 14 bit resolution
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seem to be a clever
but not particularly
useful feature, but it
can greatly enhance
the capabilities of a
sequencer system,
particularly a budget
system. Suppose you
have an eight channel
instrument operating
in mode 4. On the
face of it, this system
can only operate
using eight different
instrument sounds
{(one per MIDI
channel). However,
by using program
change messages it is
possible to use
several times this
number of sounds. A
channel could play a
piano sound first,
then a cello sound,
then a bass guitar



and so on. By having several different sounds on each channel,
with each one being played in tumn, it is quite possible to have
eight channels but a total of a hundred or more different
sounds.

There is an obvious limitation in that our example system can
provide no more than eight different sounds at any one time.
For most users, this is not a major drawback though, since they
would not wish to use large numbers of sounds simultaneously.
Of course, even with a system that has a separate voice
assigned to each of the sixteen MIDI channels, program change
messages are still a useful means of squeezing a little bit more
power out of the system.

Although only envisaged originally as a means of switching
an instrument from one sound to another, program change
messages can be used to change any MIDI device from one set
of control settings to another. These messages could therefore
be used to control a lighting unit, MIDI patchbay, audio mixer,
digital effects unit, or any MIDI equipped device. Some non-
instrument MIDI units do make use of program change
messages, but it is only fair to point out that this method of
control is not always

performances. The slave units have to be carefully set up so
that they always provide the correct sounds, as they follow the
program change messages from the master instrument. It
should always be possible to assign any set of sound generator
parameters to any program number and many instruments have
facilities that make it easy to copy a group of settings from one
program number to another. Getting everything set up correctly
may not be very time consuming, but it is advisable to have a
‘dummy run’ to ensure that everything will be all right on the
night.

General MIDI
The original MIDI specification did not make any recommenda-
tions about the type of sound assigned to each program
number. There probably seemed to be no point in doing so at
the time the MIDI specification was devised, but more recently,
music has become available in the form of standard MIDI
sequencer files, which can be played on a MIDI sequencing
system.

The problem with this approach to recorded music is that it

used. There seems
-0 be an increasing

—4  gives a different resuft
on each system, due

Jse of system exclu-

sive messages to

control patchbays,
mixers, etc. Where 1 1 ] o X X

an instrument or |

ALWAYS 1 to different sounds
PROGRAM CHANGE CODE being assigned to each
‘ CHANNEL NUMBER program number.
Program 23 might be a
X HEADER BYTE grand piano sound on
the system used to
ALWAYS 0

other MIDI unit can !

produce the

oe controlled via L

EXAMPLE VALUE =120 sequencer file, but it

orogram change
messages, this is o 1 1 1 1 0

could be a banjo,

0 PROGRAM NUMBER BYTE saxophone, jet plane,

often a very easy and
convenient means of |

Fig.3. Overall key pressure is the more simpie form of aftertouch

or anything on the
systems used to repro-

zontrol. Generating
ne right system exclusive messages can be difficult, particularly
‘it is a slightly obscure piece of equipment that you are trying to
control.

Practically any MIDI controller can produce program change
messages. Most keyboard instruments can be set up so that
*ney will transmit the appropriate program change message
=ach time they are set to a new program number.
Consequently, there should be no difficulty in getting the slave
~struments to follow changes implemented on the master
~strument.

Program change messages have great potential in
s=quencing work, but their usefuiness in ‘live’ performances
=~ould not be overlooked either. For any user of program
-nange messages, there are a couple important points which
Tust be kept in mind. One of these is simply that this is a form
=i channel message. If you have several instruments or voices
~#instruments operating on different MIDI channels and you
=quire them all to switch to a new program number, a different
crogram change message is needed for each channel. This
~-oblem does not arise in a simple system that has the slave
~struments in an ‘Omni on’ mode, or all operating on the same
sannel.

Sequencing using program change messages is usually
Juite straightforward. It is not normally necessary to become
~volved in getting a certain sound assigned to a particular
aragram number. There should be no difficulty in using the
ssfault settings of the instrument and using the appropriate
=-ogram numbers in the program change messages. The same
< not true for those who use these messages during ‘live’

duce the sequence. It
was therefore deemed necessary to add a set of standard
sound assignments to MIDI and this is known as General MIDI.
This is not a subject we will pursue further at the present time,
but if you wish to produce Standard MIDI files that others can
play back properly on their systems, you must adhere to the
standard sound assignments. If not, you are free to assign
whatever sound you like to any program number.

A program change message is a two byte type which uses
the method of coding shown in Figure 1. The header byte has
the program change code (1100) in the most significant nibble
and the channel number in the least significant nibble. This is
followed by the program number, which in decimal numbering is
in the usual MIDI data range of O to 127. Note that equipment
manufacturers do not necessarily number programs from O to
127. Some use numbers from 1 to 128, others have sounds
arranged in banks, giving program numbers such as A-1 and D-
7. The equipment manuals should clarify the relationship
between the manufacturer’s method of numbering and the true
program values.

This is not just of academic importance. When using equip-
ment from several different manufacturers it is quite easy to end
up selecting the wrong sounds due to differences in the
numbering methods. Most modern instruments have the full
complement of 128 different sounds, but many older instru-
ments only have 63 or 99. Again, it is a matter of checking the
equipment manuals to determine exactly what each instrument
can achieve With some modern instruments, there is the luxury
of several banks of sound data, with each one containing 128
different sounds.
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Pitching In
In theory, a pitch wheel change message can be generated by
any MIDI control unit, but in practice it is unlikely to be produced
by any means other than operating the pitch wheel of an instru-
ment. This message is a three byte type which uses the method
of coding shown in Figure 2. The header byte has the pitch
wheel change code (1110) in the four most significant bits and
the channel number in the other four bits. The seven bits of data
in each of the next two bytes are combined to produce a 14 bit
value.

The first data byte

improved control over the dynamics of an instrument. It is a
feature that is certainly more than a little desirable.

Velocity sensitivity was not common in the early days of
MIDI, and any form of after touch was virtually unknown. Things
have changed over the years and it is probable that all current
MIDI keyboard instruments implement at least basic velocity
sensitivity. Most now have some form of after touch as well. Of
course, after touch is not restricted to keyboards and it can be
implemented on practically any form of MIDI controlier. MIDI
guitars represent the only common exception. With a guitar, it is

provides the seven least

only possible to control
| the dynamics of the

significant bits - the

ALWAYS 1

second data byte

KEY PRESSURE CODE

notes by plucking the
CHANNEL NUMBER I

furnishes the seven most

strings more or less
hard. This can be

significant bits. In decimal 1

HEADER BYTE handled by the velocity

terms, the total pitch
change value is obtained

values in note on

ALWAYS 0 messages and after

by multiplying the most i
significant byte by 128

EXAMPLE VALUE = 31 touch does not really

apply to any sound that

and then adding the least

significant byte. 14 bit
resolution gives a pitch

1 NOTE VALUE DATA BYTE is percussive in nature
and of relatively short
ALWAYS 0 duration. It only applies

wheel value in the range
0 to 16383. The zero | h

EXAMPLE VALUE = 35 to sounds that can be

sustained for a long

pitch change value is \
8192 (01000000000000 |

1 PRESSURE VALUE DATA BY period (wind, organ,

in binary). Sending higher

Fig.4. Polyphonic key pressur

| strings, etc.).
J MIDI provides two

S 2 three oyte message

values gives an increase
in pitch and lower vaiues give a decrease in pitch.

The human ear is very sensitive to changes in pitch and can
readily detect stepping rather than smooth changes. Even so,
14 bit resolution almost certainly provides a substantial amount
of overkill. In practice, it is unlikely that varying a pitch wheel
would result in a series of MIDI messages having the data value
incremented or decremented one at a time. Doing this would
almost certainly result in a severe case of MIDI choke. Pitch
wheel changes are a potential cause of MIDI choke anyway,
and this type of message is probably best used in moderation.

Under Pressure

As explained in the previous article, MIDI accommodates touch
sensitive keyboards via the velocity values in the note on and
note off messages. These values are a measure of how hard a
key is pressed initially and how quickly it is released.

MIDI has provision for additional touch sensitivity in the form
of “after touch’ messages. The data value in an after touch
message reflects the amount of pressure applied to the key.
After touch messages are only transmitted for notes that are
sustained for a reasonably long time and they are therefore only
sent after a key has been held down for a suitable length of
time. This would typically be after a key had been pressed for
about half a second to one second. Any significant changes in
the pressure applied to the key thereafter will result in further
after touch messages.

| suppose that a keyboard could implement after touch
without having normal (velocity) touch sensitivity, but in practice,
any keyboard that has after touch will also have velocity sensi-
tivity. The latter controls the initial volume of a note and might
also have some effect on the filtering or other sound generator
settings. If a note is sustained for long enough, after touch then
takes over and varies the volume of the note in sympathy with
changes in the pressure applied to the key. Compared to just
having velocity sensing, this system clearly gives greatly

ELECTRONICS TODAY INTERNATIONAL

versions of after touch,
and the more basic form is channel after touch. This type is also
known as ‘overall’ after touch. The data value in this type of
message is a sort of average figure for all the keys that are
being played on that particular MIDI channel., Although this gives
only a rather unrefined msthod of control, it is still a great
improvement on having no after touch facility at all.

This after touch message is a simple two byte type. Figure 3
shows the bit-by-bit make-up of a channel key pressure
message. The header byte carries the channel key pressure
code (1101) and the channel number. The second byte is the
channel pressure data byte. A value of O is used for no pres-
sure, through to 127 for maximum pressure.,

The other form of after touch message is the polyphonic key
pressure type. This provides individual after touch for each note
that is played, which clearly provides very precise control of the
dynamics of a piece. In theory at any rate, in terms of the
amount of expression that can be put into your playing, it
makes electronic instruments the equal of any acoustic instru-
ments. Although polyphonic after touch was a rarity until quite
recently, it is now becoming much more common. It is even to
be found on some low cost MIDI keyboard instruments.
Polyphonic after touch is a three byte message which uses the
arrangement shown in Figure 4. The header byte contains the
polyphonic key pressure code (1010) and the channel number.
The second byte contains the note value. The system of note
values used here is identical to the one used for note on and
note off messages. The third byte carries the key pressure
value.

In Control

Last and by no means least, we reach the MIDI control change
message. Originally this type of message was used to control
any aspect of an instrument which was not covered specifically
by one of the other MIDI message types. This included control
over the sound generator circuits. An update to the MIDI specifi-

62

www americanradiohistory com |




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 prescrioed 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 making fine
adjustments to the sound generator circuits. When usng 2 MIDI
instrument that is not as young as it used to be. bear in ming
that it might not

switching type, but the value in the third byte is the new setting
for the control. This normally works on the basis of O 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, O 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 O to 31
carry the most significant bytes, while those from 32 to 63 carry
the least significant

conform to the

! bytes. Control Q is

ALWAYS 1

current MIDI - CONTROL CHANGE CODE | paired with control
recommendations | CHANNEL NUMBER | 32, control 1 is
and could use v ¢ v v v v paired with control
MIDI controls for 7 1 x| x| x| x HEADER BYTE 33, and so on
practically any ' through to control
purpose. ALWAYS 0 31 which is paired

There are two

EXAMPLE VALUE =15 with control 63.

broad categories

This works in a

of MIDI control

(=]
o
©
o
Py

b ———
Y

change message.
These are the

1 CONTROL NUMBER BYTE manner that is
similar to the way
ALWAYS 0 in which the pitch

EXAMPLE VALUE =14

switching and
continuous

wheel message
provides 14 bit

A4
controller varieties, I o | e | o I g |11} ]o CONTROL CHANGE VALUE (MSB) resolution.
The switch type is | - - However, the pitch
only used to ALWAYS 1 wheel change
switch something T CONTROL CHANGE CODE message carries
CHANNEL NUMBER

on or off, such as
some form of

the two 7 bit bytes

effects unit. The 1 0 1 1

in one message,

continuous type

X HEADER BYTE whereas they are in
separate messages
ALWAYS 0 for a control

provides variable

EXAMPLE VALUE =47

control and is used change.
for something like y T ‘ ‘ * + * { Note, however,
a volume or 0 ! ¢ ! e 2| Vg po CONTROL NUMBER BYTE that it is perfectly in
balance control. order to change

A switch type ALWAYS 0 only the higher
control is operated l iy R T I R EXAMBLENAN s 64 control number if

using a three byte

message. The first ¢

only minor adjust-

0 CONTROL CHANGE VALUE (LSB) ment of a control is

byte is the header
type, which
contains the

TOTAL CONTROL CHANGE VALUE ((14 x 128) + 64 = 1856)

required. Control of
the most significant
and least significant

control change
9 0 0 0 1 1 1

code (1011) and

0

bytes is totally

1 0o]o]o o| o f o .
independent.

the channel |
number. The next

C 5. A s byte ssquence to ghange both bytes of a continuous controller

Figure 5 shows an
example six byte

byte is the number

of the control which must oe ¢hanesd
different controls numberec o
controls are those having numosrs
some of these now have spsc “'ans and operate in a non-
standard fashion. This inciuass a fewriwhich operate as contin-
uous controls. We will not consider these special cases at the
present time. The third byte ccarc's the on/off setting. Originally
only two values were recognised nere, which were O for ‘off’
and 127 for ‘on’. The Detailed MIDI Specification altered this
and recent equipment should accept values from 0 to 63 as

‘off’ and 64 to 127 as ‘on’. MIDI controls having numbers from
0 to 63 are the continuous types, but these are used in pairs. If
only seven bit resolution is adeguate, only controls from 0 to 31
are used. The message then takes the same basic form as a

Amich gives some 128
127 The switch type
i7e range 64 to 127, but

()

sequence which
changes both bytes of a high resolution control.

This method of obtaining high resolution control has proved
to be something less than universally popular and many
consider it to be an inefficient way of handling things. Few
instruments seem to utilise the higher control numbers and have
7 bit resolution for the continuous controls. In fact some do not
even implement 7 bit resolution and only utilise the five or six
most significant bits of the coarse control. However, there are a
few instruments which do use the full 14 bit resolution, or some-
thing close to it.

Next month i

we will consider MIDI controfler agsignments, special fune-
tion controls and system messages. J

| : ) ' - £
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 Competition

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 alterate every few
seconds until the monitor is reused or
switched off. Also shown is the ‘ready to
measure’ symbol. If it is not reused imme-
diately 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
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 corre-
spondence can be entered into.

ELECTRONICS

TODAY INTERNATIONAL

c|=| <[z c|a|wm(o|w|=lo| g <[z
2| |m (> m| =] [z = =

<|H|=g|alojg|z|c|<|o|o|=H|=
Z|m|m | — = X m| Q= |al<lo|=
LW CCOIr =< mIgo<Z=1|v

=G Q<[ || O — |~ KO | 1| F | =
o<z =l |w|z| 2 2| m<|w
Z—=A~N A= Zimmala ci<lvn
XK= O W |»|um o w — = o a
plielelrdialididieEolialbIEol-SAle
||| = Z < |G O|—| | < <D<
c=|z |20 0z 1w o e T olma
AT |O| <~ v = =< 3> | va| = || va| |
m| & | €0 |w»|z|T|m v R = 0o sc
<|THCIO|R[T|H QIO |0|m|Z|N

FROGRAMMER EPROM. E2PROM & FLASH for all ¢ pes 2k (2715 o § (27C080 123 10
25 volt. Contects to printer pors on 1BM, fast program (27512 = 45 secs), Comprehensive editor

software Requires 15-36 volt AC or DC power supply foptional exstra £6.50) only £99.95 A nENT’o N A L L

ROM EMULATOR. Warks un ANY computer with Bu?:inlcr part. Code sent Lo printer appeas in

rom on target board. Fast download, swilchable to emubute up 10 32k Roms. only £39.95

PC SCOPE. Fast 8 bit A/D convertes connects 1o prinier pon on [BM PC. Supplicd with Scope and

Yoltmeter software with Dats and A} D routines tnl‘wv'rl: y':)ur own programs - onlyp;n.vﬁ NOR TH AMER’CAN READERSO'
PICIGCS4/55/56/57/84/71 PROCRAMMER. Runs on 18M PC, wilh editor software, protection
Tuse blawing et sequires 15-20 vol: AC or DC pawer supply {optional exlra £6.50) only £69.95

l.?':h' wifT rfusv(‘:.]s:;sen:‘:m L{.‘Lf. Connects to printer port on 13M PC. In circuit emulntar Did you know that you can order an
WILE SE yle L] t feakpoints cic.

mggﬁmﬁmim information and PIC DEV 54 or PIC DEV 7 software g below.  unly annual subscription to this magazine
:’:?ﬁﬁé%:m;r:kg:“;'ggl.f‘c.:_:gs';';ﬂF:::"::ﬁ“;‘:za::-’:;ﬂ;a;2&2‘.’:@?&::::3& direct from our official U.S. subscription
rograms. Runs with or without the 1. unit, Saftw nly £19.9. H

PIC DEY 11. As above bui for PICISCT1/84 controtlrs Saftmare only £20.98 representative?

ASMSE] » SIM31, Teat Editor/ Assembler plus simulatos for Micro comtroles 8051152, Runs on
i8M PC Full control of registers & memory, |.sbel disassembly, program trace. single siep

A Software anly £19.95 For more information and rates contact:
ASMAS + SIM4B. Same as Asm5 | but lor 874849 Migio contraliers. Software anly £19.95 Wise Owl Worldwide Publications
All hardware carries o, 12 month parts & labour Guarantee. S.A.E. or telephone for Turther details. [} ’
Please add £1 50 for Post/ pacing 4314 West 238th Street,
JOHN MORRISON (MICROS) Dept ETI. Torrance, CA 90505
4 REIN GARDENS, TINGLEY, WEST YORKSHIRE WF3 1JR Tel: (310) 375 6258
"Telephone 0532 537 507 l: (310) 375 62
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Dear ETI

| have developed a small circufwr on re2te= a7 =

useful. This circuit monitors an :t 2=
and latches the peak value 0
output could be processed fu*f:'
to drive two seven segment disg
such a circuit would be, for exam
system where the peak vibratic™ z
and displayed.

(&) I&\l
SN (R VYR

1

The circuit is based arounc 2 ¢ 727 o7 C E3and a
latch, IC1. The comparator congianty <o e inputdata,
on inputs P, with the current peak wz'u= Gn Fouts G F ine Input
data is greater than the current o2z- w2 w= Then T2 = “grzater
than** Q line from the compara:z o4 simale MOT gate,
|C2a, inverts this signal, causing 7= 2222 72 2% 212720 ~0 IC1.
In order for the start-up to be cz=7¢, = Fe co=0t y-,-< value
to be zero, a reset upon power Lo 2 o=z 2. =7 CF and
IC2b. IC4 and IC5 are hexadecima 2322 27273 U832 10
display the higher current value 2= =3

The component values USEZ 7 17 2 2 7IuT 272 23 °C OWS

IC1 7418273

IC2 74L.804

IC3 741.8684

IC4,5 Hex Display (RS 582-72<
RN1 3K resistor SIL

R1 330K

R2,3 3300ohm

C1 1uF

Vee +5V

T.B.Grant. Glamorgan.

Club contacts
Qur regular list of amatet: r

Ashley, tel: 0304 812728.

If you run a club that is concerned with some aspects of elec-
tronics and computing we would like to hear from you so that
we can include your club in our regular listing.

Feedback

Here at the edjtorial 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.

A - Where on Earth am I?

B - 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

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.

British Amateur Electronics Couz
Contact the club secretzny M
J.F.Davies on 0606 88z <2

Crystal Palace and Disirzi'm2o s
Club, tel: 081 699 5732

Lincoln short Wave Rez a Cluz
Lincoln. tel: 0427 7&8

London Live DIY Hi-F:
Launcelot Dow, 7 P\_.”*”*:s
South, Lower Edmonien
ONT.

G B
1
(85}

021 422 9787 or 02‘ 431188
(evenings only).

Sudbury and District &
Amateurs, tel: 0787 3* 2

Thanet Electronics Clut. A vouth
group for school age peopie in East
Kent. Contact the club secretary Roy

‘
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Health and Safety

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 elec-
tricity 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
atternpt 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.

Considerations

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

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 efficent and any exposed metalwork earth
bonded according to 7 EE regulations.

For safety reasons. tns consumer unit must be of the type
containing a RCD (Res.duz Curren: Device) - see illustration - or
have separate RCDS or eacn cireut, The HI98 PowerBreaker
RCBO units are useful. bscau ¥ combine miniature circuit
breakers with RCDs, Thess ar acis in ralings from 6A to
32A.

A fluorescent light, rather than the tungsten filament, variety
should be used because it is re ativelv snadow free and
promotes safe working A spotignt could also be used for close
work. If a heater is needed. use s 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 alter-
native means of operating the workshop will need to be found
We shall she how this can be done next month.

[0

1 | +

HOUSE
‘31 9v BATTERY BUZZER
CALL HDUSEI + | L
| L
+
WORKSHOP D sz
BUZZER CALL
T WORKSHO
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. New from Argus Books!

‘SCANNERS 3 - &
Putting scanners inio =222 by Peter Rouse. l SCANN
ootassééésioocoonooouooo..eoooo.tc

This is the 4th revisec anccompistzly updated edition of ] ERS

Scanners. This new ec Ter Szs ssen the largest ever ] e
number of changes anc moms T the point of being a ¢ ‘ 2

virtual rewrite, and con:z Th ng you need to know

<l 1y e

to put your scanner to betzr uss i a1

There is vastly more infarmize = =osos ey peany B articularly those

by coastal stations = BNl TR SRRy SR A ncluded for the i

1st time is a section ual frequency )

listings for these ser = 'HZ are given, !

including cordless = 3 amateur radio, . - N |
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practice Puﬁ‘ S .

Scanners 3 - Puthng Scammers imto Practice. L Ce

ISBN 1 85486 1066 9 £9.95 1§

pP&p + 10% minimum £1. U K amry Owerseas = 20%, |
| Telephone orders 0679 66505, '

| enclose my remitta”: 1 i TegUE papaole to Bailey

Distribution and send '« e aeirus 0 s Mzstercard/Visa !
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| Expiry Date |
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| Address
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mary 0-260-285 secondary . f29
D8 3mm or Smm 1ag or grlm

z‘alow 2 1P B8
gt inlanslly red. green of yollow Smn . 30p
@

Cableles _..... ipeach £585. ... .. pat 1000

£48, per 10,000
High qu-llly phuln rasis| CopPper olad spoxy giun

mmorwom single doubls
wideq slded
3xd |ncnes £1.09 £1.23
&2E Inthes L2735 £2.99
6x 12 indhes £6.20 ot
12x12 inches £1235 wso,

Rochergable batteries

Stardard charger chames 4 AA cells in 5 hours
or 4Cs or Ds in 12-14 hours + 1xPP3 1,23 of
a cells may be charged at a time) . £505
High power charger 49 sbova but charges ihe
Ca ard Os in § Hours AAs Ca ane s myst pe
charged in 23 or 45 . £10.65
Spacim olters ple
42 2 1€mm aia 1.2
Stick ot 4 171mm x
leads 4 8v .

3A000uF 20v 2 50
BT000UI 1OvET1 88, BHDMUHMQQS 10000 16v
£1 50, S8000ul 504 (495
Eusegmem common angde led display 12mm .

a

LM2931ATS.0 iow grop aut Sv reguiatar TO2R0

?aclugc e Al AT s
1512 ana 1972 12y 1A regulaiors ... . £20.00 per
LM337K TO3 case variable ragulstor | £1,85
£3.44 100 =

GaAs FET low ioauga :urmm 58873 ... £129%
each £0.85 10+£7.85 1
BE250 P channel mr.'slet £0 -ia, BCSS9 transision

740508 hax Invertor  £10.007 par 100 usga Brd8

Microcontroiar £3 50

51952 UHF Limning empiifier LC 16 surfpce

muuﬂllsag packaga with datasnesr. . . 1.9
I:l 25 each 90p 103~ CD4007UR 10p

100-8p 1000

Sinctair ight gun 1errinated with a jack piug and
r93 clip glvas 3 signal when poinled Bl 50hz
Iquerlng N1 w th Bulpul wave form chart

DC-DC Convertor ReHability medel V12P5 12v In
Sv 200ma ow1 300w input 10 odipul 15olation wuh
dasa ., ... £4.9% each of pack of 10 £38.50
Hour Counter used 7 aigit 240v A 50 Hz  £1.45
QWERTY hayboard 58 hy gaod qn alty imlfshes
new

&R (HP?) 500mAH £099°
AH 7S

© 2AM with scider 1893 £3580
LAH with solder fags 405
1/2AA with 30idor lags B185
AM (HP16) 180mAH P75
AA SCOMAH with soider 1aa5 £1.569
P11} 1.8AH £220
L' 1.24H £260
V 110mAH £4.95

Sub € wilh soicar tags £2 50
173 AA with solder tags (philpsCTV £195

45 x 149 x 148mm excluding switch

£3 95 par 100

Airpax A82903-C large stepping molor 14v 7 5' slep
27ohm 68mm dia body 6,.3mm shaft £8950r

£200.00 for a box of 30
Polyester capacilors box type 22 5mm lead pitch

0,9uf 250vdc 18p each 14p 100+ 9p 1000+
1uf250vde ........ 20p each, 15p 100+, 10p 1000+
2.2uf 250vdc (27.5mm pitch)  30p each, 20p 100+,

15p 1000+
33uf 100vdc ...~ 30p each, 20p 100+, 15p 1000+
1uf 50v bipolar eleclrolytic axial leads 15p each,

7 5p 100+
0.22uf 250v polyester axial leads 15p each, 70.’6p
Polypropylene 1uf 400vdc (Wima MKP10) 27 5mm

32x29x17mm case 75p each 60p 100+
Philips 123 series solid aluminium axial leads
33ul10va&22ufd4dv ..... ... 40p each, 25p 100+
Philips 108 series 22uf 63v axial .... 30p each, 15p
1000+

Mullllayer AVX ceramic capacitalors all 5mm pilch

AOODfJOSgpf 220pt, 10,000pf (10n) 10p each, 5p 100+
5p 1
500pf compression trimmer 60p
40ul 370vac motor start capacitor (dialectrol type
containing no pcbs). £5 .95 or £49 50 for 10
Welwyn W23 aW 1200hm 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

C 400W PSU (Intel part 201035-001) with
slandard motherboard and 5 disk drive conneclors,
fan and mains inlet/outlet connectors on back and
swilch on the side (top for tower case) dims 212
£26 00 each
£138.00 for 6
MX180 Digital multimeter 17 ranges 1000vdc 750vac
2Mohm 200mA lransistor Hle 9v and 1 5v baltery

1

test 5

AMD 27256-3 Eproms £2 00 each, 125 100+

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 67x2668x247mm
£7 95 or £49.50 for 10

Hand held ultrasonic remote conlrol £3 85

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 ballery for car alarms or lighters 75p each
£50 00 per 100

All products advertised are new and unused unless
olherwise slated
wide range of CMOS TTL 74HC 74F Linear
Transistors kils rechargable batteries capacitors
tools elc always in stock
Please add £1.95 towards P&P vat included in all
prices”

JPG ELECTRONICS
276-278 Chatsworth Road

Chesterfield $40 2BH
Access Visa Orders {0246) 211202

Callers welceme
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rﬁ'om'a practical ;

SUBSCRIPTION
& BACK I1SSUES

HOTLINE
0737 768611

Order your copy from
newsagent now or
subscribe and we’ll

deliver every issue FREE!"
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There are features on constructlon
conversions, packet radio and club news to
appeal to experts and novices alike. |

FIRST with news, FIRST with reviews,
HAM RADIO — Today!

* UK only
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Send your requirements to:

James Gale
0442 66551

ETiClassified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP2 7ST
Lineage: 65p per word {~ VAT) {(minlmum 15 words)
Semi display: {(minimum 2.5cms}

£8.70 + VAT per single column centimetre

Ring for information on series bookings/giscounts.

All advertisements in this section must be prepaid.
Advertisements are accepted subject ta the tarms and conditions
printed on the advertisement rate card (availabla on request).

STOP CAR THEFT
FOR JUST £8

Revolutiomary e = mw

W T EOTTWSE T
VErs o7 mCL EI IT R
ORDER NCW =CW “EnlS F
PEACE JF ST

NEW VHF MICROTRANSMITTER
KIT tuneable 70-115MHz, 500
metre range, sensitive electret
microphone, high quality PCB,
SPECIAL OFFER complete kit
ONLY £5.95 assembled and
ready touse£9.95 inclusive P&P.
3 Watt FM transmitter kit £15.95.
Credit card orders Telephone:
021 457 7994, Fax: 021 457 9745.
Cheques/PO's to: C.E.C. (Dept
ETI), 1678 Bristol Road South ,
Birmingham B45 9TZ. Send 2 x
1st Class stamps for details of
these and other kits.

COURSES

Start training now with the specialists for |
the followang courses. Send for our
brochure — without obligation or

Tm us on 0626 779398 ETI 8/94

Name

O Telecomms
= Tech C&G 2710

U Radio Amateur
Licence C&G
O Micro-
processor
-0 Introduction to
Television

" Radio & Teecommunications Correspondence School
12 Moor Ve Drrve. Teignmouth, Devon TQ14 SUN

SUMMER RAM JEDGN SEFYICES
Circuit Dagram = ey T s
'Deln.ilsr-: [ | :!_g = Vimshiewrer T Pars

I you =—ermse-am 1 e T T T L
TEQUUTMT *T = s e 4 gemearar
PCB desigz mazagm Cnecone £
great OF Sl I i Tamis=  Smemme
T L T el i
1f you desre ¢ Jumir v o1 cftmmr Tt ds ROt
e w ol B omee wy
John Parsicw m v €% 3K gevtime_
97 Ot Some S srommere Summ. T EDG

THIS SPACE
COULD BE
WORKING FOR
YOU!
CALL 0442 66551

SURVEILLANCE KITS

1 MRT1 MICRO TRANSMITTER, 25mm x 20mm including
'| sensitive mic., luneable 80-115MHz. 500M range Kil £4.95
Assembled £8 95
MTT1 TELEPHONE TRANSMITTER 35mm x 10mm,
powered from line, discreelly transmits all conversations.
500M range, 80-120MHz Kit £5 95 Assembled £10 95

All prices inzluoe php, Sene 2xgng class slamps for

caimiogue ‘P 0.1 payable {0:
EXCEL PRODUCTS (Dept ETI)
Unit 14, Sunringdae,
Biahop's S\anlir.; Hurts CM23 2PA

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

RACKS

EQUIPMENT

19" RACK-MOUNT
EQUIPMENT?

Frames, cabinets and flight cases for
rack - and non-rack - eguipment.
A wide range of accessaries available.
For further information and brochure
contact:

GROVESTREAM ENGINEERING
SERVICES, 29 Sliverdale Road,
Tadley, Hants RG26 6JL.
Yol/Fax: 0734 813395

FOR DETAILS OF
ADVERTISING
RATES CALL
JAMES ON
0442 66551

SLIDER VARIABLE Power-
supplies, 9-25V. DC - regulated
£3 - 100 watt poweramps + 3
heatsinks £9 - Stersoamps +
selector 10W E£5 - K.LA.
Regent Road, llkley LS29... Naw
+ Directions!

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 realty @ svalable in PD &
hareware - ham radip, grophics, business,
scicotific, electronics. Wi, cducation, ete. Yol
find them all bete, cvery thing you need in one
boak, Thousands of the best PD & shareware
programs for DOS & Windows, deseribed in
detanl with the Sardware requirements for cach,
This 1t probably the most complete and up-to-
date sh [ book availabie tuday.
For your copy, send 12.50 by cheque, PO, cash or
pay by Accenaf Vi to:
P05, Winscombe Hse, Beacon Rd.,
Crowborough, Sussex, TN6 1UL,
Te) €892 661198 Fax 0892 647473

—

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

FOR SALE

e
o
Fljcpn DIY SPERAXERE

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.
(Europe - 3 |nternationa! reply coupons)
SYSTEM DESIGNS (Tolal Kits)
Focal, KEF Canstructor, Seas, efc.
DRIVE UNITS FOCAL KEF, Audax,
Coles, Peerless, Seas, S are, Elac Matal
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, L/S Cookbook + books
Full detalls from

FALCON ELECTRONICS

(Dept E.T.1.} Tabor House, Mulbarton,
Norfolk NA14 BJT (0208} 73272

(Proprietors: Falcon Acoustics L1d )

-

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

DISCOUNT FOR BULK ORDERS

EXPORT, TRADE AND U.K. ENQUIRIES WELCOME
SEND LARGE S.A.E. FOR LISTS OF EQUIPMENT AND MANUALS
ALL PRICES EXCLUDE VAT AND CARRIAGE

SHIPPING ARRANGED

OPEN MONDAY TO FRIDAY 9AM - 5PM
COOKE INTERNATIONAL
ELECTRONIC TEST & MEASURING INSTRUMENTS
Unit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis,
West Sussex, PO22 0EB Tel (+ 44) 0243 545111/2 Fax + 44) 0243 542457

ELECTRONICS TODAY INTERNATIONAL

www americanradiohistory com



FOR SALE

"BOFFINS SPECIAL' - o —
e race [ LEN COOKE
Surplus Preciaion Medicat Und. lhy in-excel-
TRANSE O Bl ERS e i e
OUTPUT 0260V B e g ENTERPRISES
Price &P | atie companents Ouat Miero Processor Roards and ol I S
05KVA 2.5 amp max £31.90 £6.00] EPAOMS  Escap Pvecmonl 12v OC Molmd with
£44.53 inc VAT)| 300! Gea: Box and opucal encoder coupled Io 8
IKVASampmax  £4115 " £7,00| X3, avded de rechinum, Mans wery UNIT
! x 1-La cells cK-up 4
(£66.68 ing VAT) Digdsl read-oul 17mm high with legends Audible 3 = e
2KVA 10 amp max £59 t_;g £8.6 : ‘?'n'-"""': Bl e e SOUTHALIL ENTERPRISE CENTRF¥
78 Inc VA ase Bre i ! 3 4
3KVA 15 amp max £7(8 65 £8, 50’ auality components regrel na cr.;uns syEIDbIE BR | DG E ROAD
(£102. 40 inc VAT)| Fesioustine Brce :t:zzodoz% et i SOUTHALL MIDDX. UB2 4AE
. ol ) o
S5KVA 25 amp max £139.1 2.0 -
Plus Carriage, 1240 CACERRED, MGTO LY o : e .
ke o e K,,_“},,,,_.,m,mgw’ 13V DX Rewuibie precigon il Mor Quis Tel: 681 813 9946 Fax: 081 574 2339
T K Y R A,
asonabie lowsl - -
{110 280V Mg tramter wiher ciged wih Amarcen ocket snd :&unw 2‘9‘“‘“}1 ;;'“or ] h'éi?m"::lxgavm we Buy, sell, Repalr & callbrate
malmmuwjlmm mhmmdehm long Price: £8.00 + 50p p&p (E10 00 inc VAT)
40V AC CENTRIFUGAL BLOWER i
mni mEE Mm Hm New mgﬁ’ SIHDE: Skelntan E':';J?!l £l [ﬁhlﬂ for EIeCtronlc TeSt InStruments
— m’;ﬁmm ing inside an 1o cool I Overall
e g LLOUMESCENTIVBES I a0 s, PP B yayper €0mm HP 8165A Programmable Signal Source £2 500
20 v up:;a" €10 21 ::vn;  SEWING MACHINE MGTOR HP 3580A Spectrum Analyser £1,500
g:ns 8 wati £4.80 + 750 pBp lse 52unc vAT) | Brand oeiv izq &Aw el 2 Cglucy HP 141T/8552B/8554B £1,450
% (3,98 lotor Size mm x mm X mm_Spindle
Poibeit g4 (g Jeine VATL 17ain diax i long £14.10inc) PP & VAT HP 8590B opt. 001 Spectrum Analyser £4,500
230V AC BALLAST KIT GEARED MOTORS HP 54500D Digitising Scope £2,500
:Erpenhersln, 9in or 12in tubes [6&58;5“43 A 71 RPM 20Ib nch lovqm nwevsable 1':"5\/2433 x\c HP 9303 Audio Analyser £2,650
incl .
400 WATT UV LAMP Price inc VAT & p&p £: Marconi 2955 Comms Test Set £3,000
Only £34.00+£250 pp  £42 B3 inc VAT) @ St w;:;u STA:_E‘;::l:IT Marconi 2018 RF Signal Generator £1,650
RECIWATISELFBALLASTED DRaCY Input 2307240% AC. Ouwput oporox 15KV, Marconi 2019 RF Generator £1,850
Available with BC or ES fitting, price inc VAT oG seng L TOmm Stpank B 1l O A 00CH (e Marconi 2022D RF Generator £2,000
& ohp and VAT £25.55 % Esuly modied for 20 sec. 30 sac 1o contmuats M i 9370/1 Spect Anal ’
SEPUNIIS mﬁ‘xﬁmm am&::;m arconi pectrum Analyser £1,750
500 GPH 15f[head3amp[|998 atgon tubes atc, Price lss case £8.60 5 [240 Racal 9303 RF Level Meter £850
Hsoepmsnheaasamp:a pupmzm e VAT) M Racal 9902A Frequency Counter £195
50 now available: 24VDC.175OGPH1511 head H
& sy £35 55, A des gned SAVE POUNDSHI Bradley 192 Scope Calibrator £1,200
sunmorged. PRICES IMCLUDE NPEVM ’ :ulgg‘vuur ::mel:zsrg:d b:nsk( r;ole:ell;yecu;rn(:fer; Balatine Calibrator £1,000
£PAOM ERASURE KIT O slate Mt of rarte locs case 240V 25 Tektronix 2215 Scope £450
B, EPROM ERASURE for 2 Hracton of the Completebnof parts less case 240Vac .
B T o ror IS ALt nclding 8 Y back ght ube sarer anc Tektronix 465 £450
12in 8 wart 2537 Arg Tuba Ballest un, pav of .o {neluttng 9o & VAT only £13.99 Tektronix 2235 £750
leads, neor indicator. on/off swilch, satety micraswitch 3 Tek ix 2211 Digital
andclrcun£15:(:£20&z&'::r 'raoa(S:r:a inc VAT) WASHING MACHINE WATER pUMpd Tgk:rgg;i ot (Iag:ltta Stzraagie Egggg
SUPER AY- 5 Brand new 240V AC fan cooled Can be used f r rum Analyser
Designed for Disco. Theatrical use ste. p(rjarpos::“;nleﬁ /z.ni?m i Prs .HSTLS;TE'J& DC Power Su ﬁ)ies 0-50V/2 AY < f £56
Approx 16 joules_ Adjusiable speed £60.00+£300 p&p | VAT £11 20 each or 2 for £20 50 mclusive pp rom
Case and reflector £24.00 + £3.00 p&p (%:%272;:»?\)//{%) MICROSWITCH Gould OS3000 40Mhz Scope £250
SAE lor further details including Hy-Light and m-| Pe 15 amp changeover lever microswitch, type $171 Hameg 203-6 20Mhz Scope £295
dustal Strobe i, Brandinew pricel5ifori 7,06 /inc VAT °__1&” Ferograph Recorder Test Set £395
SERV'CE TRAD'NG CO [ ] Wayne Kerr 4225 LCR Meter £525
57 BRIDGMAN ROAD, CHISWICK, LONDON W4 538 —'“‘ TELEPHONE: 081 813 9946 FAX: 081 574 2339
,,,“,,,d"““,"“w',d,, ACCOUNT CUSTOMERS MIN_ ORDER £10 P,",‘:f,‘,‘, Spacel -

BURGLAR ALARMS SW SCIENTIFIC |
FPIATECHNICAL ADVICE WIRE COMPANY
ENAMELLED COPPER WIRE

TR DESIGN GUIDE TINNED WIRE SILVER
16 PAGE FULL COLOUR PLATED COPPER WIRE
BCATALOGUE SOLDER EUREKA WIRE
& FREE DELIVERY NICKEL CHROME WIRE.
TRADE | o (YP @I BRASS WIRE LI TZ WIRE
SHC

® TECHNICAL & SCIENTIFIC @
‘.S U P P.'.'L | B
® Professional secaﬁd user equipment.
® Components |
. ®Special spares
'Transducers ; ;

m& BIFILAR WIRE MANGANIN
WIRE TEFZEL WIRE NICKEL

2A EALING ROAD, AINTREE, LIVERPOOL LS OLR SAE BRINGS LIST 18 RAVEN

o TEL:051-523 8440 RD LONDON E18 1HW

FAX: 051-523 5121 FAX 081 559 1114

44 Instrumgntatlgn_ ' . _Solid State Relays
3 Professional Gonsultancy : TRANSFORMERS LTD transistor, logic or computer
o i Mail Order Transformer i st -contral
Please e, phons o fax anytime Toroidi?gglc?llis;rsﬁinated ‘:gApfa%Tgfl:R;Clﬁésﬂ
‘ PO Box 19, Hythe, Seuthampton, Hampshire 504 6XQ. Transformers, 3VA to 1kVA. delivery incl aply for full range
i’o TBI 0703 8 66 Fax. ﬂ-’ﬂa 897379 e Fast delivery. Competitive 85 Blrcl:v‘v::oo; /ex?: ::t'iiesldlhﬂo OPT

prices. Quality guaranteed. Tel: 070 726 5936 Fax 070 727 0877
Phone: Michael Dornan on 0638
662989 for Inmediate Quote

TURN YOUR SURPLUS |
LIVERPOOL TRANSISTORS, ICS ETC INTO ADVERTISING
CASH immediate settlement
PROGRESSIVE RADIO 9 CED IRt - IN ETI
opportunity to quote for
87/93 Dale Street completefactory Ciearance C qm AE‘ LI;TEC COULDN'T BE
Tel: 051 236 0982 051 236 0154 Contact: THE ELECTRONIC ESSENTIAL MILLIONS OF i
47 Whitechape COLES-HARDING & CO. | | < aST s dectimerncss EASIER
Tel: 051 236 5469 Unit 58, Queens Road, Wisbech, CompeLEC, SIMPLY CALL
Liverpool 2 ambs o 14 CONSTABLE ROAD, ST IVES,
‘THE ELECTRONICS SPECIALISTS' BESTAS L?sF Het DHSIY/%% o EAF?S :E':LZZG:’RggngS@:mz ::l:f; JAMES ON
- Tues- ' Tel: 0945 584188
Open: Tues-Sat 9.30-5.30 Faex: 0945 475216 ELECTRONA(B:(():‘(J)gdigggrss, LISTS TO 0442 66551

ELECTRONICS TODAY INTERNATIONAL
72

www americanr