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£399*

i q Dre feaiures there is Quickroute 316
sheet schematic capture; 1/to 8 lay

i

¥ < ufe plugs
aufemaiically updatin

features and fools.

autoroufing, net-list pori,
Gerber impori/viewing; b
connectivily checking §
the basic set.of over 260's
further 184 symbols. More
available separately”

and library pack 1 which includes IR - c
symbols are available in additional library packs: 10 géc]:ui:s gine
o » E Jusi £149°,
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Mission to Mars (Part 2) ©
Foliowing last: month's introduction to the Red Planet, Douglas Clarkeson
joins the Pathfinders expeditions roving robots and looks back at the

ill-fated Mars-96 mission,

ETI “Hedgelink” Infra-red detector 19

Askad how.to detect our prickly friends late at night, Terry Balbimie cama
up with an infra-red link from garden to houss, and an ingenious switching

suggestion. “Call home, Mrs. T1” s
Spiced Circuits ) = 31
Starts this month: Owen Bishop presents an intreduction to SPICE circuit
simulation through SpiceAge, with exercises. -

The “Fader-Fuzz” 35

Subtlety is the magic of even the heaviest guitarists - Robert Penfold's
Fader-Fuzz lets you'fade in the fuzz, and fade it out again at the touch of
a switeh.

Review: EDWinNC DeLuxe 3 ! 43

Andrew Armstrong looks atthe new low-cost EDWin package - a
professional PCB CAD packaga now available at a constructors’ prica.

Experimenting with Video (Part 3) 47

In‘the third part of the series; Robin Abbott concludes the circuit of a PIG-
controlled mutti-pattern video mixer/fader. Plus: controlling the fader over
a:senal link.

The Little Mule eleciric fence controller 52
Tired of the local wildlife cleaning out your garden pond? Bob Noyes has
devised an electric fence controller than works with pulses for longer *
battery life.

Computer Radio Control for Home Automation 57

Using radio link modules and a Turbo Pascal demo program, Dr. Pei An
shows how his complter can control up to 255 receivers for domestic
contro}

. ETI 1996 Project and Feature Index 70
R eg u l a rs To help you locate the project you want to build; and gst the information:
News 4,5
PCB foils 67, 69
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“Tardis” telephone
box defies foes in
downtown Brompton

To the.callbox that Knows it
all, it must be a far cry from
patrollina the shores of time
and'space to monitoring
londen's Earl's Colrt tibe
station,

Linlike it famaous fictional
relative, the Tard|s:styie police
watch box/is fitted outside as
weall'as inside with the latestin
vandal-proof commiunications
technology, it has been/usad
aver 1,000 times by members
of the public seeking police
assisiance since its installation
twelve months ago. Su
by Racal Acoustics, a member
of the Racal Electronics

Group, the Vandal Resist Telephons was modified for L
the Meiropolitan Pollce and linked to a'wide-angle covert

ning cenfre via the PSTN
lic switch telephone network) also activates the camera,
The 'phone also Incorparates a sensitive microphone that
enabiles with switching centre to manitor sotinds up to 80 feel
from the watch box: The camera's-ay w of the caller and
the strrolindings Is recorded as a dig ge that can be
stored for later in 10N I necessary
As theielephone |s constructed on a single sheet of
good, old fashioned stainless steel with no protuding wires
or parts, itis v resistant to assault by himan ar alien
foes, and will simply, switch itself off afier a minute if
riggered by anything thal declines toispeak to |t
The traditional-style watch box was installed after a
survey showed that 66 percent of grime In the gentral sector
of the Brompton division of the Metrapalitan Palice ogcurs
around the Earl's Court Road underground exit - not such a
far ery from the furthest reaches of the galaxy, after all,
man sald: “We reqlired atelephone
which |s sasy toiuse'ln an emargency situation, as well as
being sasy for touri te," Pernaps thie watch box
made famous | ar Whno give
a clear sighal'th € s law as wall
as that of the Time Lords. Racal te] are ta be'found
In locations ranglng from'the deep/mines of Africa to
hospital operating theatres in Southampton - but, unlike
their ime-travelling counterpart, they stay'there. We hope.,.

Tinypak comparators
with rail-to-rail input

National Semiconductor have brought in two cmos
comparators that combine rail to rail input stages and a
guaranteed low 1 microamp maximum supply current
over a wide 2V to 8V supply voltage range.

The ultra-low-power LMC7215 and LMC7225 introduce
design flexibility to power-supervising and analogue
conditioning applications in important consumer and
industrial devices such as laptop computers, cellular
phones, metering systems, hand-held electronics, and
alarm and monitoring circuits. The LMC7215 has a push-
pull output stage that allows operation with a minimum
amount of power when driving any load. Using the
LMC7225's open-drain outputs, designers can connect an
external resistor so that the output can be used as a
level-shifter to any desired voltage up to 15\

Other significant features are input common made
voltage that exceed supply voltage rails for systems
needed to monitor large input signals or operate from
single supplies, minimum operating voltage at +2V
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(guaranteed at +2.7V and +5V) for systems with low
voltages or multiple supply voltages, and & low typical
supply current of 0.7uA for battery-powered devices.
Both components are supplied in SOT23.5 TinyPak format
as well as a standard SO-8 package.

For more information contact the National
Semiconductor European Customer Support Centre tel.
00 49 180 5327 832 Fax 00 49 180 5121 215 (from UK).
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Radio spectrum pricing
receives support

Science and Technology Minister lan Taylor has announced
that proposals for the management of the radio spectrum
based on market forces have received “strong backing” in
the form of responses io the Government’s White Paper on
radio spectrum management (Spectrum Management: into
the 21st Century, Cm 3252, 17 June 1998).

Mr. Taylor told the UK Radio Spectrum Conference in
London in January: "Demand for this important resource is
outstripping supply and its effective management is crucial
to continued growth and success. | congratulate the radio
industry on its impressive contribution to wealth creating,
competitiveness and jobs ... 6% support for the White

Electronics Workbench
EDA for mixed-signal
circuit simulation

Robinson Marshall((Europe) have announced Electronics
Workbench EDA, a Spice simulation tool/(based on the
Berkeley Spice 3F) that offers established speed and
features at a|price level|(below £800 in the UK) that will
make it more widely available to design engineers. Over 10
times faster than the previous version; the new simulation
package has 14 types of analysis to give more
comprehensive investigation of the behaviour of circuit
designs on-screen: Click-and-drag schematic control is
used!with 8,000 analogue component device models and
more than 200 digital' components and ICs in TTL and
cmos, to simulate analogue, digital and/mixed
analogue/digital cireuits, export to standard/pcb layout
packages and import and export standard Spice netlists,

Designers canuse the Monte Carlo features to perform
statistical analysis of eircuit responseto random variations
ofi device parameters within a distribution of tolerances.
This allows engineers to simulate the effects of real-world
device tolerances oncircuit designs before the design'is
built'or manufactured. The packagealso has distortion
and Fourier analysis features. The Distortion analysis

_ ne numbers, replace the initial 0 with.

your Ionél bverseas ar.:cess code plus the dlglts 44,

Paper proposals on spectrum pricing demonstrates
widespread acceptance by the industry of the nead for new
spectrum management tools. | am delighted with the high
level of support for our plans to infroduce the new, market-
based spectrum management methods, such as spectrum
pricing and auctions, that are now neaded to mest the
challenges that lie ahead. The Radiocommunications
Agency is now working with the industry to refine our
proposals in preparation for legislation.”

The White Paper attracted 120 responses from radio
users, manufacturers and others. 86% expressed a definite
view supported spectrum pricing. 87% supported
administrative pricing and 48% the selective use of auctions
as proposed in the White Paper. Copies of the analysis gan
be ssen on the RA's web site at
www.open.gov.uk/radiocom/rahome.htm or from the
Radiocommunications Agency - fel. 0171 211 0211.

calculates the magnitude of the harmonic components and
allows the observation of the AC spectral distortion at any
point in the circuit: The Fourier analysis calculates the
spectral components of the transient response; including
magnitude and phase. The data can be used for analysing
networks and other frequency-dependent systems.

Other analysis tools include transient, DG operating
point; AC frequency, noise, temperature sweep with
transient, DC and'AC response, modellparameter sweep
likewise, DC sensitivity, pole-zero, transfer function and
waorst case.

Itis interesting that the availability ofiever' more
powerful tools for PC use represent a shift from Unix-
based systems to desktop PCs in engineers. Robinson
Marshall'sees this as part of a “revolution in the way.
electronics designers work ... comparable to'the way PC-
based word processing and spreadsheet programs
revolutionised writing and ‘accounting tasks'in the early
1980s:" In part'thatirevolution was the start of a move
away from ceniralised or dedicated systems to the
flexibility of desktop systems and networking. Many
designers, of course, have been working on small PG
systems since cad first became available to/them, and are
also beneficiaries of gradually falling prices throughout the
industrial software sector. \

Electronics'Workbench EDA runs under Windows 95,
NT or. 3.1 with Microsoft compatible mouse, 8MB of ram
(12MB for Windows NT),(16MBideally) and 5MB of hard
disk space.

Forinformation contact Robinson Marshall at Nadella
Building, Leofric Business Park, Progress Close, Coventry
CV32TF. Tel. 01203 233216 Web www/info@rme.co.uk
emalil sales@rme.co.uk.

MODSMODSMODSMODSMODSMODS

Variped ETI Vol.26 No. 2
For constructors who experience difficulty in abtaining the
27C18, the 27C32 can be substituted. The pin eonnections
are almost identical, but pin 21 is A11 insiead of
pregramiming voltage. In the Variped this pin is connected fo
Veg, so that addresses 800H to FFFH will be addressad
instead of 000H to 7FFH. Therefore the data must be
prograrmimed into this range.
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B’S ice is the new SPICE simulation package offering a
complete range of features and simulation options at a truly
unbealable price.

The SPICE 3F5 engine in this powerful 32 bit package
makes light work of even the most complex designs and
there is "no” limit on maximum circuit size.

Fully integrated and interactive B> Spice is the new choice
for circuit design and simulation. Try it for 30 days with
complete confidence and if your not impressed then return it

[C2]
| i

Includes a complete and dedicated model
editing package

Fast 32 bit SPICE 3F5 engine

Windows 3.X, 95 & NT

CD ROM or 3.5" disk

Hereis whal}some of thase who have already
tried B” Spice have fo say about it
ng’ Spice offers outstanding value for money. I can highly
recommend it." Mike Moare CHfUK

""This professor and his students really appreciate the ease of
use with which a schematic can be entered and a design

simulated B’ Spice is remarkable.” Professor Richard
Sandige, University of Wyoming

"B’ Spice is easy fo use and the graphics are excellent.” Ray
Lewis, Carier Burgess Consultanis

Tel: 01603 872331

email: rd.research@paston.co.uk

@ earcs
RD Research

Research House, Norwich Road, Eastgate, Norwich. NR10 4HA
Postage & packing £4.50. Prices quoled are + VAT, A1 mademanic 29 ackrowledgad

Professional SPICE software at an unbeatable price
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Fully integrated and interactive

simulations by choosing op
and dialoguss. Run tha =
your results withou! lzaving tha

Flexible visualisation of results
Resulls can be displayed in graphs. tables or
directly in veltmaters and ammetars. Change
from typical to worst case analysis and include
the sitects of temperature on components

You can customise everything, right down lo
the colour of an indwvidual trace so you ses just
what yeu need.

Versatility

A plsthoma of compenents includs resistors,
capaciters, inductors, mutual inductors /
transionmers, controlled sources, bi f
junction transistors, 2ener diod
MESFETs, JFETs. MOSFETS,
regulators, operationz] amplifiers, opfo-
couplers, voltage comparaiorns, quariz crystals,
|BIS 1D buffers and switching matrix
connectors and much more All devices and
model parameters can be edited to suit
your needs. You can siso mpiiment
hierarchical circuits in your designs.

Power

The Gn.zi;mil on circuit size is avaiabis RAM,
Wiih B Spice there is no limit on the number
of components or nodss in the circuit.

Models [
There are [itarzily thes

as commescial libranas from manufacturers
such as, Motorola, Texas Instruments,
Burr-Brown, Maxim, National
Semiconductor, Comlinear, AMP, Elantec,

gpackans, ¥u
and edit your own cu

Commands

AC frequency sweep.
DC cparating point. -
Transientanalysis
Fast lourisr

MNaoise

Sensithvity

Distortion

Ti(sma

mal franstar)

Just some of what B* Spice has to offer

Simulation Option.

Waveform Analysis

d oo & multpl

Devices & Stimulus for Simulation
Sinusgidal, consiant, periodic pulss,

wial, e frequencyFM, AM,
voltage, AC volfage, VCO, Ver, izt
linear exponential, palynomial farbitrary
solrce, voltage-cont {lage, vollage-
controllad current, cument-controlisd ge

lled current, Lossy and ideal

compatred.

Datz Analysis
Position & wit




RUSSIAN BORDER GUARD BINOCULARS E£1799
Protishly the beet binocwiars in the woridi nng for brochura
VEGARUSSIAN MULTIBAND Worid communusations recesver,
Swavetanos (Sshat LW, 1FM 1MW) rﬂe'nujfa-n'—amiac"na
tee;aop-:ae.ﬁ TS o battery. Larpe, typeesly Russen ey

3 el VEGA
HEW LASER POINTERS <Smw. 75 metre range, hand heid unt
s o two AA battenes (sunpled)) 570nm. £29 /i DS045
MULTIBAND RADIO Comgact gensral purmoss racin receiver
covering =1, ph. Iv, ch s Sguelch vol and tuning £24 ref MB1
DIVINING RCDS £3.98 a pair! ref EF111
MOONSHINE BIBLE 270 page book covaring the production of
sicnohc from potsioes, nce, (ars eis Dewings of simpie homs
mads sts nght thiough to commercal systems. £12 ref MS3
NEW HIGH POWER MINI BUG Win 3 rangs of 500 metres or
e 3nd up 0 100 hors use from 3 PP3 this will be popedar Bug
messwes less than 1° square! 226 R LOTIOR. .
BUILD YOU OWN WINDFARM FROM SCRAP New
pubication ghves siep by Slep giste o busSng wind generalors
Armed win ths publication and a good local sorap yard could make
you = sulicent inelactnetyl £12 ref LOTSY
PC KEYBOARDS P52 connecier, inp quaity sutshis for 256/
355/455 etc E10 ref PCHB. 10 5r £65
TRACKING TRANSMITTER rarge 1 55 méss SOCTous on
AL betlenss, Eizo ransmis info On o Orecton 2nd moionhvors
win any FM raco. 15" square. £635 ref LOT101
ELECTRIC DOOR LOCKS Comaziets lock with both Yale lock
and 12v cperated ceagiock (keys ncioded) £10 ref LOTES
SURVEILLANCE TELESCOPE Superd Russian zoom
telesonce adusstable from 15x 16 600 compiets with metal tnpod
(mpcsiie lo use winxs (55 on the higher saftings) &6mm kente.
izather canmying c3se £140 ref BARSS
WIRELESS VIDEO BUG KIT Trarsmis video and sudio
signais from a minsture CCTV cameda (inciuded) to any standasd
tesvision| AT the componends incioding a PP3 battery will it into 2
Cig=reite caciel will the Ens reguinng = hole about 3mm dameter,
Suppiied with t2lesoopie aarisl bt 3 place of wire about 4" long Wit
il grve B range of up to 100 matres. A single PPIwEl prohably ohe
i=s3 han 1 hows use: E99 REF EPTS (probably not loensahiel)
GPS SATELLITE NAVIGATION SYSTEM Mss=ty Gamin.
the GPS38 = hand hald, pocket szed, 255, postion. afitude. graohic
comgEss map befcer efc £172 red GRS
CCTV CAMERA MODULES =20xzemm, 30 grams. 12v
100mA. auto slectrons sratier, 36mm F2 lens. COR, 512x452
PO, video outpud & v pp (75 ohm) Wons drectly into a seart o
Vids0 nput on 3 tv or video: (R sensEve: £79 65 ral EF13T.
IR LAMP KIT Sutsbie for the sbove camers. ensbies the camera
to be used m tofsl darkness! £6 A EF 138
INFRA RED POWERBEAM Handn=id battery powsred lamp. 4
nh refiecior. Wrypdon but, pives oot powesiul infrared ightt 4 D el
requred £73 et PEY
MONO VGA MONITORS, Perdsct condtion, Compsg, 14°, 3
moning warmanty £28 ref MVGEA
SUPER WIDEBAND RADAR DETECTOR Dstects ootn radar and
Bser X K ard KA t=nds 360 degree coverage front and rear wave.
puides, may be Biegal 1o sse! 1,192 Tl 5° £148 il RD2

9 WATT CHIEFTAN TANK LASERS
Deutile besm unts desigred 1o it in the gun barmel Fa tank, eachuni
has two sem conductor lasers and motor drive undts for as

7 e range, No Crut dagrams dus o MOD, new e £50.0007 457
£185 Eachunt has two galium Arsensis mection izsars, 1 x Swalt,
1ax3wen, S00nmwavelengtn, 28vc, S00Az puise freqiency. Thaunts
S0 condaEn =n alactromc recener o detect refiected egnaks fom
twpes £190kx oe RSELOTS

TWO WAY MIRROR KIT inciudes special adnesve fim to make,

two w=y maTon(s) up to 60T (giass nod includied) mchudes &l
Fstructions £12 ref TW1

NEW LOW PRICED COMPUTER/WORKSHOP/HI-FIRCB
UNITS Comnglate prtaction from faulty equipment for everybady!
Infirie et fits mstandard IEC lead {edtends t by 750mm), filed inlees
than 10 saconds, resettest button, 10A mting £6 89 esch FLOTE
Orapackof 1021 £49 90 ref LOTE. If you wam a box of 100 youcan
have one for £2500

WIND UP FLYING PARROT! Ganure parct tret fsps sz wings
e flies for up 1o 50 meters £6 ref EF2

RADIO CONTROLLED CARS FROM £6 EACH!! an
retlums  from famous manufastiurer, single channsl
[l right Soraards backwards] £6 ref LOTY. Twe channal with mase
Ezatures £12 ref LOT2

THOUSANDS AVAILABLE RING/FAX FOR DETAILS!
MAGNETIC CARD READERS (Swpes) £595 Cased wih
Tyteads designed to read standard credd cards! thoy have 3 wires
coming out of the head so they may wigs as wes? compiste with
ccntrsl eicironics PCE. just £9 95 ref BARI

WANT TO MAKE SOME MONEY? STUCK FOR AN
IDEA? We kave con 145 is (et give you
sformistion oa setfing up dferent businesses, you panse these =t
your sute usng the ted edior on your PG Also inciuded s the
oeTificate enabing you to reproducs {and self) the manusls 55 much
25 you sl £14 ref EP74

COIN OPERATED TIMER KIT Compiete with cansiof
mechansm. adiusistis time delay, reiay culput, put 8 comsict on
ampiiing you el TV s, videos, frdpes. dnnks cupboanis, HIF)
takes SGpe and £1 coins. DC operated, price just £7.90 ref BAR2ZT
ZENITH 500 X MAGNIFICATION MICROSCOPE Zoom,
metal consiruction, bult i ight shimp Sm, group viewing screen,
ofs of accessories £29 ref ANAYLT

AA NICAD PACK Pack of 4 tagged AA nicads £2 03 ref BARS34
NIGHTSIGHTS Modsl TZS3 with infra red Bluminator, viows uo to
75 metres i full darkness i infrared mods, 150m rangs, 45mm lens
13 deg angle of view, focussing range 1.5m to infinty 2 AA batferiec
required S50 weight £193 ref BARGYT, 1 years warmenty
LIQUID CRYSTAL DISPLAYS Bargain prices,

16 character 2 line, 9924mm £2.99 ref SM1623A

20 character 2 line, 83x19mm £3 93 ref SM20204

16 character 4 line, 6225mm £5.99 re! SMC16404

TAL-1, 110MM REWTONIAN REFLECTOR TELESCOPE
Russan Superb sstronomical ‘scope. everytheng you need for some
eenioUs star gEzng! up 1o 165 magniicstion. Send or f=x for farher
infoxmasbon ref TAL-1, £249

SOLAR EMERGY/GENERATOR PLANS For your home
Ioads of ;nfo on cesignang systems Sto£7 ref PV

SOLAR COOKERS Comex guide iobuiring soiar powsrsd
CockErs, nciEies pians. fecpes, cookong fimes ate £7 ref SBCH

WOLVERHAMPTON
ELECTRONICS STORE
NOW OPEN IN WORCESTER ST
TEL 01902 22039

CENTRAL POINT PC TOOLS Award winning software. 1,300
WS checker, memory opltimisss, &=t optimiser, fie comoression
Fow evel fematting backup schedifier. csic defragmantar undssste
4 caicuiators, Dbase, disc egicr, over &0 viewer=. remate computing.
E=swoid profection. encnyiion, comprerenshe manual suppled
s £8 rel il &7 35" dsis

COLOUR CCTV
VIDEO CAMERAS,
BRAND NEW AND,
CASED, £119.

PERFECT FOR SURVEILLANCE,
INTERNET,VIDEOCONFERENCING,
SECURITY, DOMESTIC VIDEO

Works with most modern video’s, TV's,
Composite monitors, videograbbercardsetc
Pal, 1v P-P, composite, 75chm, 1/3" CCD, 4mm F2.8,
500x582, 12vdc, mounting bracket, aulo shutter,
100x50x180mm, 3 months warranty, 10 or more £99 ea
MICRO RADIO It's iy, just 5 thick. auto tunning comgssts with
hesdohones FM FS 53 i EP35

HANDHELD SCANNERS 10 crannel tust in charger, LCD
display E118 ref B1108, 100 channat model £223 ref B110E
SMOKE MACHINE 423 cubic metres 3 min from ths mans
operated machans £209 ref G028, smoks fand £25 (5 #res) ghves
about 7 § howrs use ref GOO2AA

Check out our
WEB SITE

full colour interactive
1997 catalo

http://www.pavilion.co.uk/bull-electrical
IEM FS2 MODEL 150Z CASE AND POWER SUPPLY
Compigie with fan sto and 200 welt power suoply. E9.85 il EPST
1.44 DISC DRIVES Starciard PC 3 5" drives but refurms so they wil
nesd astenton SALE PRICE £4.99 r2f 5765

1.2 DISC DRIVES Standard 525" drives bot retums 5o they wil
resd sttention SALE PRICE NOW ONLY £3.50 ref £P53

PP3 NICADS Unised bt some siorage manks.  £4.99 1= EPS)
GAS HOBS AND OVENS Brand new gas sppiances. parfect for
s figls 2ic. Base 3 bumer hob £19 ref BARS316. Basic small ot
in oven SALE PRICE £53 ref EF73

ENERGY BANK KIT 100 655 8 100mA panss, 100 Godes
connection detads efc £98 nFEF112

PASTEL ACCOUNTS SOFTWARE, does everyihing for 2l
s2Zesolbusinesses, Nohudes wordprocessar, reporlwites, windowing
netwoniabi= up to 10 slatons, mufipis cagh books efc 200 pege
cangFehenshe manual M days fres Echnical suppon (01342-326000
try befors you buyl) SALE PRICE £3.95 ref SA12 SAVE £120111
PC PAL VGA TO TV CONVERTER Corwerts a coiow TV inin
abasic VGA screen Compiste with bust i psu. lead and sheare - ldeai
for laplops o achaspupgrada Suppled nmhm&hmegﬁa:m
SALE PRICE £25 REF SAS4

YUASHA SEALED LEAD ACID BATTERIES Two sazes
‘cuTently Svadatis thes montn. 12v 152 a1 £18 ref LOTE ana &y 104H
at st F6 1= LOTT

ELECTRIC CAR WINDOW DE-JCERS Complete win cabia,
plug et SALE PRICE JUST £4,99 REF 2A28

AUTO SUNCHARGER 155:300mm soiar with dodeand 3

e e
BULL ELECTRICAL]

250 PORTLAND ROAD, HOVE, SUSSEX .
BN35QT. (ESTABLISHED 50 YEARS).
|MATIL ORDER TERMS: CASH, PO OR CHEQUE]
WITH ORDERPLUS £3.50 P&P PLUS VAT.
24 HOUR SERVICE £4.50 PLUS VAT,
OVERSEAS ORDERS AT COST PLUS £3.50

PLEASE ALLOW 7-10 DAYS FOR DELIVERY PHONE ORDERS
WELCOME (ACCESS, VISA, SWITCH, AMERICAN EXPRESS)

TEL: 01273 203500
FAX 01273 323077
E-mail bull@pavilion.co.uk

metre isad fMied with & oo phug 12v 2eal B12.98 REF AUGIIPS
PROJECT STRIPPERS Sma? caced LNITS =) fr sifipprg
iots of useful poodies Tokading 2 STan case 120X 1 50S0mmwiEn feet
el andctsofcamocrents SALEPRICE JUSTE10 FORFIVERES
MOt ora pack of 20 ke £1955 raf MD2

SOLAR POWER LAB SPECIAL You gt TWD 548" By 130mA
soigroeiis 41LED's wie burrer swich pius 1 relay or motes Supedh
vaius it SALE PRICE JUST £4.99 A== SATT

13.BV 1.9A PSU cas=d win les0s Just £5 .55 REF MAGIDE:
UNIVERSAL SPEED ROLLER KIT Desgnad by us fr
e CImotor Bt ok & any 12v motor up 1o 30A. Complsta with PCB
eiz A hegt oink my be regqueed £17 00 REF: MAG1T

SOLAR NICAD CHARGERS 4 x 2A ci2 £3 23 et 6P476, 2 x
Csoe £555 ref 2477

VIEWDATA SYSTEMS mads by Pnfips compiete with infermal
1200773 modem, keytoard, peu elc RGB and compos2e culpuls:
mermTnven sindalier el SALEPRICE £12.99 RE- SA18
MEGA POWER BINOCULARS Made by Hetiss, 20 x
megndfiesien, preomon ground fully coated oofes 60mm obiectives
shock resisisnt caged piisTs, oose and neck slap £89 f HPHY
GIANT HOT AIR BALLOON KIT Buss 3 4 5m crcumfence.
1.6m hghfully functsmng efoon. can be launched with fomes mades
bumes pio. Reczabia (until you loose 1) £12 50 el HA

AIR RIFLES .22 A= uz=d by the Chinese anmy for training puposss,
sothere 3 jot about! £35. 55 ReFEFTE 500 pelliets £4 50 ref EFE0
VIDEO SENDER UNIT. Trarsms both aufio and ¥ideo sgrals
fromegher avideo camens, wideo recorder, TVor Camzderelctoany
=andan TV et in 3 10 rangs! (e TV 103 spate channsl) 12v0OC
op. Pnce is 25 REF: MAG15 12v psu & £5 mxtra REF: MAGSP2
*MINATURE RADIO TRANSCEIVERS A pzr of walkes t2ices
with 2rangs up 1o ko 7 open counfy. Units messure 22 155mm
inchxing cases and eafpiees 2PP3eqd £37 00 pr REF: MAGM
“FM TRANSMITTER KIT nousad in 2 standasd wodeng 134
aiantari| the tay uns Eractly ofihe mains 50 l2sts foreves) why pay
£7007 oy pices 1B REE E}’—Q(ﬂl?muyr"ﬂm
Bust ang tesisd version now cvasshis o the zbove und ot £45
EXMEs

*FM BUG BUILT AND TESTED superior design 1o k. Supged
to detectve sgences O battesy reqd £14 REF MAGH

GAT AIR PISTOL PACK Complete with prstol, darts and pafets
£14 55 Ref CFE20 extra pelets {(500) £4 50 mf EFEQ

8“X12" AMORPHOUS SOLAR PANEL 12v 155x310men
130mA SALE PRICEE495 REF SA04

FIBRE OFTIC CABLE BUMPER PACK 10 metres i £498
ref MAGES13 ide! for epermenters! 30 m for £12.96 ref MAG T3

MIXED GOODIES BOX OF
MIXED COMPONENTS = WEIGHING 2 KILOS
YOURS FOR JUST £5.99

4X28 TELESCOPIC SIGHTS Sutasie for 21 2r rdles. ground
lenses. good Eght gathenng propertes. £24 55 ref AT
GYROSCOPES Remember these” wed we hanve fourd = company
thet =i manuiactures these popuisr soeific toys. perfect gt or b
educations! use it €5 red EPTO

HYPOTHERMIA SPACE BLANKET 215x1S0om asisminsed
foil blanket, refiecis move than S0% of body het Al sudstisforiha
construction of two way mamoes! £3 33 each ref 0D

NICAD CHARGERS AND BATTERIES Standsrd wwersal
mEnS oporaiad charger, takes 4 bafts « 1 PPS, £10 e POID
Neads- AA sz= {4 pack]) £4 ref 4P44 Csue 2 pack) £4 el 4F73. D
$Ze (4 pack) £9 ref 8212

LENSTATIC RANGER COMPASS Of flied capsule. strong
fretsl case, Brpe uminous poms Sight s with magrying viewer
Somm dia. 8o £10 93 e OEDe

RECHARGE ORDINARY BATTERIES UP TO 10 TIMES!
VWEh the Battery Wisrd! Uses ths Btest puise wave charge system
1o charps i popuiar brands of ordmary batterss AAA. AA C. D four
&t 3 tmed Led system shows when batienes are charped, sudomaticaly
reEcis unsuizbis osS= compists with mains adagtor ésmw
Prce is £21.95 ref £P31

TALKING WATCH Yes. it actualy teiis youthe time at tha press of
& button Also festures 5 voioe =i that wakes you up and t=3s you
wiat the fime 51 L o=l inchdled £7 S9d EP26

RUBBER COATED HELIOS Srocuizrs 10 x 25, fusy cosfed
opics EAS efRP, saﬁesaacmm‘qﬁr'ﬁeuydw_mmndi?s
=l RP2

PHOTOGRAFPHIC RADAR TRAPS CAN COST YOU
YOUR LICENCE! The row mufiband 2000 radsr detecinr can
preventven the most responshis of diivers from iosing thes loencel
Adystable sudible siarm with 8 flasiing leds gves instent wemeng of
radar zones Deteciz X, Ko 3nd Ma bands. 3 mie rangs, ‘overthe Gt
‘aroond bands’ and fesr rap fasiibes Moo sZE Ut 4 2502 S TT,
Can pay for Tsaf in just one cayi £89 122 EP3

3" DISCS As ussdon aldes Amstrad machines, Spactnem plisTs sl
£3 each ref BARSIO

STEREOC MICROSCPES BACK IN STOCK Russ=n 200«
compiels wih lenzes, Eghts flsrs clc oo very comprabansie
microsoope tat would nommaly be around the £700 mark, our price
& just £295 (Tull money back gesrantee) full detass in calaiogie
SECOND GEMNERATION NIGHT SIGHTS FROM E748
RETRON Russanmght sgit, 1 8% infrared iamp, 10mind, siandard
W42 tens, 119G £349 ref RETY

LOW COST CORDLESS MIC 500 rarge, 93 - 105mhz. 115,
123 x 26 x 38mm Ov PP battery reoumed £17 ref MAGISDY

SAE FOR FREE
COLOUR CATALOGUE

*SOME OF CUR PRODUCTS MAY BE UNLICENSABLE IN THE UK
WE BUY SURPLUS STOCK

FOR CASH
SURPLUS STOCK LINE 0802 660377




DIFFERENTIAL THERMOSTAT KIT Perfact for haat
recoveRy, solaegystems boder efficizncy et Twosersorswill operaie
archywhsn atemp difiorence [=isiabi) s detecind Allcomponerss
=nd pob 629 eflOT23

MAGNETIC RUBBER TAPE Ssfadnesns 10 metre rest, BT
wigie perfect for 2 sorks of spplcations! £15 ref LOTST

RADIO METERS - REMEMBER THESE? Glass b ona
gdpizy sand T2t contsins four vanes that roi== when exposed o
surEght, sseentiic novelty for £2.99 el SC120

HAINS POWER SAVER Ul mads plug in ot fisd msecoeds.
TEN [EoUte yOE enetgy theEUmcion by 15% Wiorks with indgss
Scidening Fore, conventona! bults e Mas 2A rarg. £5 each e
LOTTA, pacx of 10 £65 ref LOTT2

YUASHA SEALEDLEAD ACID Batters sz aqupment butox
tagen pree gt £5 99 esch rf YA 1':ﬂamcra‘35\:\a-n

DC 7O DC CONVERTERS

DRSS it 10-40viis et Sv BA £15 DRM128 gt 1740vde
ot 12v 8A £18 DRMISE inpet 20-40w0c cufpat 15y 8A £16
CRMZLE inmet 29-40vris oetpes 24v 84 £12 DRSS gt 1740wk
ozt 12v 3A £10 BYS1SE bpe 20-20vdc cutput 15v SA £20
ERSIAS rout 28-4Dvdo cutput 24v 34 £5

INSTALL A COINBOX FOR LESS THAN E20 Comvertany
S phene Sio -2 Combox with s il soime mods regured plas
hingss el & fock £19 FCEBTY

HITACHI LM225X LCD SCREENS 7ix!S0enm gandard 12
wity connisctor, S40G00 oots. tec St shwet. 15 sech el LA
VARIABLE CAPACITORS Dzl gang S0:33¢45mm reducion
pearng, eninown sapacity gt probably cood qusily (rallary spec)
general purpose rede tuner. £9 el VT

ELECTRONIC FLASH PCB Sma pen fited with componens
ncluding 2 flach tube Just conmect 124k ol & fasies, varsts
spead potentiometer. £6 ref FLS1

THIEF PROOF PEN! fAmanrg e bl pont pes ESsd with s
Sornberston lock on the end that only you Wnowl £2 43 ref TPZ
JUMBO Bl COLOUR LEDS £C3 win 15 fted 250 5 gant
seven segment Gspiays (55mm) £5 ref A

HOME DECK CLEARANCE Thess unts mast be cearsd!
leace 2 ninfra red remicts gwerly keyboaTd 2nd (eceiver, 2 sEncEd
UHF modulsior. a standard 120675 8T approved modem and icads
of chipe. capacaors, Godss. ressios oo af for just £10 f BARES.
6.8MW HELIUM NEON LASERS hew units. £55 =0 LOTSS
COINSLOT TOKENS You may have 2 152 for These? mixed bsg
of 100 fokens £5 ref LOT2D

PORTABLE X RAY MACHINE PLANS Eazsy to constiust
pars on @ saTpie and chesp way 10 B 8 heme Xy maching!
Efscove device, Xvaysesidasambles canbe usadforsspenmanta!
puorposes. Mot 3oy or for minors) £65%2 Ral FAXPY
TELEKINETIC ENHANCER PLANS Wystfy 2ra amazs your
{friereds by cresiing mction With 10 known apparent msans of causa
Uses no slocincal or mechsmcal connectons, ro spessl gorvneds:
ﬁaﬂﬁmmﬂrﬁ#ﬂﬁﬂ%ht‘mm

g Shows, piyo BEECRS T SEoUS pment
of tue drangs and amaring piyche phanomanoa
L4t R FITRE

ELECTRONIC HYPNOSIS PLANS & DATA 7rs o==
Shows Severstways b put subiscis uader your ecntrol Inclusad s afl
wolume Tefrence ftend and zaveeal consfruction plans that whsn
sszambiiad can prode highly sfechve stmul. Thsmasaimustbe
used catoosly. [ = for U as enterlaienent & perties el only, by
these srperanced o 2 s £S5kt Rad FEHZ
GRAVITY GENERATOR PLANS Tris uniqus pian
gETesTHES 3 Smpks s5echncal phanamena that prodoces an anti-
grEviy sfect You can ectiady budd & small madk spdceshen st of
STDie MESTES 2 WioLUt 2y VDS meane. causs o 1o lovisata
E10fcst Ref FAGRAL
WORLDS SMALLEST TESLA COIL/LIGHTENING
DISPLAY GLOBE PLANS Produces up o 750000 vais &
dsciarngs aoenmentwith extecrdinary HY effecs. Plasmama s,
& Eing's fre Cotora, extclent stencs proisct of convversaton
pece £5iset Rel FETCIAGS
COPPER VAPOUR LASER PLANS Progucses 100mw of
- ight Hgh ocherencyand speciel gy sraaro Argen
E&Hhﬁﬁﬁﬂduﬁamwmmmrmm s
parboedar desgn was developed at the Atomuc Energy Commsson of
NEGEV o Brasd £105at ReFFAOVLY
VOICE SCRAMBLER PLANS Mostue soid si5ts sy=em

AND VIBRATION DETECTOR PLANS Uarasessoe davics
#nzdies one 2 hear 3 whoin naw worid of srencls | ten throogh wats
windows: floors e Hany appacaiions shown, from bw esfcrcament,
rrs betanin mecheal hearDeat. o mechancal devices E6/set R
FHGAT

WOLVERHAMPTON ELECTRONICS
STORE NOW OPEN IN
WORCESTER ST TEL 01902 22039

ANTI DOG FORCE FIELD PLANS Higriy efietia cmut
produces Sme vanabls puses of socousioal anergy that doge canral
toissE 553 Ref FDOG2

LASER BOUNCE LISTENER SYSTEM PLANS Alcws you
B hear sounds from 2 pramees withcad gaineng atcess £t et Rel FT
1EESTA

LASER LIGHT SHOW PLANS Co 2 youwrssT pane chowtves
metfods: £5 Ref FLLSY

PHASOR BLAST WAVE PISTOL SERIES PLANS
Hangheld h2s brge bersducey &nd ey capsciy wen ersmal
controls E6ket Ref FIPSFL

INFINITY TRANSMITTER PLANS Teizchors Foa grabbed)
room manss. The wsmats n homesfice secunily 2nd seiely! sarpis
o v T3l your home o Ofice phone, posh a secrst one on your
Iéep’xwﬂ&:m&harﬁ]&msarﬂanﬂmsﬁ]
"ﬂl?'irlu.ﬂ PEOCY MEESa0

—m
& Re«' Fr‘:_n.EGka
BUG DETECTOR PLANS sttt somems geitrg thagoods on
youi? Eagy to consingt dewcs loosles =y hadden sowte O radn
2nsegyt Snfs out and finds bugs end offer sources of bothersome
rirfeence Detscts low, Mgh and U freguencias £55a Red FJ
BN
ELECTROH.AGNET]C GUN PLANS Prosscts a mets! obeect
BORiTes a0 mon ES e FENL2.
EI.ECTRIC MAN PLANS, SHOCK PEOPLE WITH THE
TOUCH OF YOUR HAND! £5%et Ref FEMAL
PARABOLIC DISH MICROPHOMNE PLANS Legizn o dsane
Sounce and VRS 00EN WIndOWSs SSond SETES In Tard o gelor
hostds premses Uses satalits tschnology o gaiher Gistant sounds
and focus tham o our utra sensdhve eiscions. Pias asoshow an
optonal wirsisss nlk system. £8/set =f FPNS
2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND
HIGH DC VOLTAGE, SOLID STATE TESLA COIL AND
VARIABLE 100,000 VDC OUTPUT GENERATOR PLANS
Operaiss on S-12vde, many poschils svpenmente £10 Ref BT/
TCLd
MEGA LED DISPLAYS PCafoed win Ssevensegmani dsninys
=ach messenng 55 x 38mm £S5 ref LEDS
MOD TRANSMITTING VALVES SJ1B0E £80 ref LOT112
SWITCHED MODE PSU'S 244 w=x +5324 1284 5034 -
12024 Thera i ais0 20 optioral 3 3v 758 rad svesabls 12072400V
P Cacad, 1T5RE0185mm. EEC w5t Sutsble for PC uss (5 ditnve
connsctars 1 miboerd) £15 1 LOTISE

Check out our
WERBSITE

full colour interactive
1997 catalogue

httpy//www.pavilion.co.uk/bull-electrical

VIDEO PROCESSOR UNITS?/6v 10AH BATTSR4Y BA
TX Mot oo sirn what Ba function of thees unBx iy but they containdy
ks good Snppers!  Messures SDCEEIVmm, on b= front aa
controis for scan gpead, eran defsy, soain made, loads of connsctans
on the rear. insada 23 Oy 10AH sealed lead aovt hase ool and 3 EA7
ZévimTods tansgformer {mEns in). sold ssesen mayhave cnaortan
beokan innhs el dus B poor stnage £1599 VP2

RETRON NIGHT SIGHT Ssccgneondda standng manat 300m
1 174 moonight, hermatealy zaaled runs on 2 AA banteries, B3mm
F15ie= 20mw ntared leser wdiuded. £325 ref RETRON.
Mﬁ.KEYDURD\WCHE‘MNGGUM T E-ﬁm?rq your==d

fme greeci coond rtsindacphcratis noe
wEhcutasacond metching Lnt Usoon ileps
Eetaaing and buggng. E6S=t RefFIVSS.
PULSED TV JOKER PLANS Limie fang heid devics uifess
puisa sechnigues 19530 Wil complately danupt TV pctirs and coandd!
works on P too! DISCREDON ADVISED fRex R TS
BODYHEAT TELESCOPE PLANS Hghly directioral long
rEgs 0vEe USes Tecerd oiogy D detect the O of IWing
boades A'a?ma"ah:tscm hesteais B r@nﬂad’!:rs&u:ﬂ =
ot Eyrel Tyoeece
or vory F‘=‘E:7@ soe=nce progect E8iset Ref Fradny
BURNING, CUTTING CO2 LASER PLANS Froses =
Wwdr&mdwr‘aa’mretqm'smwa

e
1 prevent thrd panty

g GUm, “ podiia
tRe £799 ref SCIW0
HMINI FM TRANSMITTER KIT Very high gon preamp. supisd
ompists with FET efechsl microphaons. red o cover 55-105
A bt easily chang=d B cover 63-130 Wiz Warks with a common
Sv [FP3) banteey, O2W RF. £3 Rel 1001
3-30V POWER SUPPLY KIT Varatis stanized power poly
fx lzb == Shoricemui proiscied sonba kb = or gt
use 24v 3A banvsiormer is needed in complsts e i £14 Rl 1007
1 WATT FM TRANSMITTER KiT SupoSed weh gezo efsctic
e, E30vdC AL Z5300 you Wil gt nearly 2wt £15 12 1008
FM/AM SCANNER KIT Wil nct gt jeubsvs tatumthe oot
your saFbut you will haar fings on B rade thalyou would nothearon

eona oftha el

\ﬁmﬁwﬂarﬁm@ém%mfﬁmﬁemam
nwedng oSngand e preessig melsas ut T so a Baly
candxisis ac 2q sfechve girscted soergy besm wespon sguinst
siEeabrmdtha ezt s el nte St are i a g
encrgy sraam of pesront of ot pantcles. The dovice S easdly
appicabis B burming and eiching wood. culSng. plastcs. tadiss o5
£12%s2t Rel FALCT
MYSTERY ANTI GRAVITY DEVICE PLANS usss =mgi=
consepe Chgecte foat in 3 and move 9 $He texh Difiee ooty
L COTVETSENON MNeTs, ManC track of stenca peoeect Thiset
Ref FIANTIK
ULTRASONIC BLASTER PLANS Latcratory esesce of sane
shock waves. Biow holss in metal prodacs “ooif steam, abomizs
Bgdes Many chearing uses for PO boards peaiery, coms, smalipans
=i Efieat Red FALET
ULTRA HIGH GAIN AMP/STETHOSCOPIC MIKE!
SOUND

y /250 {wven TV) Covers S0-180m3a on bt AM and FM

BULL ELECTRICAL

250 PORTLAND ROAD, HOVE, SUSSEX .
BN3 5QT. (ESTABLISHED 50 YEARS),
MAIL ORDER TERMS: CASH, PO OR CHEQUE
WITH ORDER PLUS £3.50 PEP PLUS VAT.
24 HOUR SERVICE £4.50 PLUS VAT.
OVERSEASORDERS ATCOSTPLUS£3.56

FLEASE ATLOW 7-10 DAYSFOR DELIVERYPHONE CADERS
WELCOME (ACCESS,VISA, SWITCH, AMERICAN EXPRESS)
TEL: 01273 203500

FAX 01273 323077

E-mail bull@pavilion.co.uk

Saltin Swat ampifier, ine spesier £18 e 1013
3 CHANNEL SOUND TO LIGHT KIT Wirstsss sysssm, mars
tperatzd, copants sancenly adeetmant for each channel, 1200w
power hending, micTophone included €17 Raf 1012
4 WATT FM TRANSMITTER KIT Sm=d bt powsrid £M
Transniner, 3AF stages mcrophons and sudo preamp ncladed £24
Ref10W
STROBE LIGHT KIT Acfsutic fam 450 bz (=2 ot s 2
Somaninnsl Shobes) Mass ooevated . £17 Ref 1037
COMBINATION LOCK KiT 3=y programmatis completa with
mypad will Twitch 28 mans. By deoperation £13ref 1114
PHONE BUG DETECTOR KIT o= dovice wil wam you £
somebody & eavESHopEng on youwr Ene £Sred 1130
ROBOT VOICE KIT ini=restng cirmu that digioris your voice!
afustabie. snower Tne phons wil a Sificrent voeos! 12w O red 1134
TELEPHONE BUG KIT Smai bug powersd by s ‘phors rs
£t rasamaes 3 000 23 e phons = pose upl E12 Hef 1935
3 CHANNEL LIGHT CHASER KIT 200 wets por camnad
speed end direction concroissuppied Wi 12 LEDS (ratan ftnees
st o make It mars, tot SopEd) 3-12ac £17 0
12V FLOURESCENT LAMP DRIVER KIT Ligtt o 4 2
tubes from your car Battsqy! 9v B traasformenalss regquired. £8 ref
HBs
HELPING HANDS Perfact for those fidaly jobs thaf nesd s
nends. § ba3 ard s0cket ot magnier £7 95 i YOSTA
VOX SWITCH KIT Soond sctmted s dsl o i
buggieg ame recogers e, adusiabls sensinaty. £10 r2f 1072
PREAMP MIXER KIT 3 input mono misar, sap bass and trabis
conlrois phus sdindusl level contols, 18ve, nput sans 100mA,. £15
e 1052
SOUND EFFECTS GENERATOR KIT Sroduces sounds
rarging from bard cheps o sirens. Compista with speaier, add sound
o o yous projecs for st 80 e 1045
15 WATT FM TRANSMITTER (BUILT) £ ==g= righ power,
preampraquirsd 12-18v, G Ssplond piane g (ropen opois.
£55 ref 1021
HUMIDITY METER KIT &sds inio = precson LCD humidty
fetse, Bic desgn, pob, lod dispiay and &5 componenis nciudsa €79
PC TIMER KIT Four channsl oot cortralisd by your PC, will
swichtaghcurent mass with relays (sopeSed]). Soiwaresuoplsd so
yousanpiog channels ndowhatyou WhEnFR yoUwEE
Mesnum systemmooafigereton 5255 VGA 41 640 sl port.
it with ren 100k free £2499
MAGNETIC MAREBLES Tray have been sround for s numbar of
yeare but et gres rse o cunostyend amazsmend Apeck ol 12s st
£355 ref GURIO
NICKEL PLATING KIT Prefescnal stsctopiatoyg et that wil
fransionm MUSEng BATTs ok ehoapEsces I 3 hoursl Wil plats orty
st won, brors, gun el copper. weldsd siver seiceed o brarsd
s Kinsides enngti o piats 1 (00 sg rches Yeawiisisonssd
& {2 supply, 8 conarer and 2 12v pht bus T45 mlf NKES
Minature adjustable timers, 4 pole c/o cutput 3A 240v,
HY12305, 12vDC adjustsble from 0-20 secs. £4.55
HY1280M, 12vDC adjustable from 0-80 mins. £4.93
HY2405S, 240v adjusiable from 0-5 secs. E£4.99
HY24080m, 240v adjustable frem G-80 mins. £699
B-UGGIHGTAPE RECORDER Smal voice acthsted racorder,
iin reaTpteees. £75 SSref AR 2SS
PMRSUMYFMIWMWFWWMTiH&.
S00mA cutpe Bargaen prco £5.99 ref WAGEDS
COMPOSITE VIDEO KIT. Corvents compeste vides v sana-
re= Hsyme, Vsyrs, and vides 12 DT £1200 REF: MAGEP2.
FUTURE PC POWER SUPPLIES Tres= zrs 25013550,
4 onve connacters | mother boarg connecior. 150wElL 12vEn ke
inict and oniof swich E12Ref £F 5
VENUS FLY TRAP KIT Grow yowroancamvaoros plantwith ths
smpe G E3 fEF
67X12° AMORPHOUS SOLAR PANEL 12v 155:310wm
130mA Bargain poee oot £5959 a9 REF MAGEPZ
FIBRE OPTIC CABLE BUMPER PACK 12 mistres for 455
= MAGSP 3 Eaali for expenimentsd 0 mifor £12 99 1 MAGIER
ROCK LIGHTS Usisasithngs these two precas of reck st glow
wihan Tebbed wgeher! befvad D case mniE3 s paT REFEF S
3 by 1" AMORPHOUS SOLAR PANELS 145, T00mA 10
WS, abemeneen frame. soraw termina’s. £55 raf MAGLS
ELECTRONIC ACCUPUNCTURE KIT Bcesioansacioess
verson insisad of nesgiss? good io erpeniment wath: £5 red P30
SHOCKING COIL KIT Suidths s baftzrycpeeaisd e inta
2 s of s, a0 p=ts worms oot of the growund! £3 =l 7735
H!GH POWER CATAPULTS trged arm beacs for s=bayy,
t=mperad el yoles, Siper sifength bxtex power tande Depaturs
speed of ammeniion & I exoees of 200 miles per heaxi Rangs of over
0 meres! F3 95 RS
COMPAQ POWER SUPPLIES WiTH 12V DC FANS =
2quipmant pUs Soms oie s nol but woeth 8 for the fan s
protabiyehon 300 wall PCuntwith TEC inpa T3 Sheachef T
BALLON MANUFACTURING KIT Srsh mags === b
iows =0 a8 fargs, Iongiestng bafoon hours of fund £3 50 ref GVEESH
903V 4A TRANSFORMERS cresss mount 27 2 L0T128
MEGA LED DISPLAYS Busid your e a cloci or samatnrgweth
thete mega 7 eag cmsiaye 55mm fagh, 28 wida Scnapehiorpey
£4 95 ref LOT15 o 3 bumper ook of 5 depinys o st £29 ref
LOTI7
SOLID STATE RELAYS
CAPDC-00F 330w cparstion, 0200w 1A £250
SMT2000073 3-24vdc operation, J3-750ves 28 £4 S0

SAE FOR FREE
COLOUR CATALOGUE

WE BUY SURPLUS STOCK

FOR CASH
SURPLUS STOCK_LINE_0802 660377




to Mars

Last month, Douglas Clarkeson scanned the Martian geology and the space
missions of the last 35 years. In this second part, the roving machines of
Pathfinder, and the ill-fated Mars-96 are the focus.

he Mars Pathiindsr Mission is a radical

deveiopment from the previcus Mars Viking

Lander mission. The key role of Pathfinder is to

land and establish a base observational site with

also the added scientific valus of a ‘rover’ vehicle
that can scout round the main bass station. Mars Pathfinder
was scheduled for launch from the Kennedy Space Cenire,
Florida betwesn Dscember 5th 1996 and January 3rd 1997.

The keynote of the Mars Pathfinder mission as part of the

Discovery Programme is ‘faster, batter and cheaper’. The cost
of the mission will be within $280 million - at around cne tenth
or less of the cost of the Viking twin lander mission. A lot of
research and development, however, over a long period of time
has gone into the technology of this mission - especially of the
rover vehicle. Unlike the Viking missions which each had
separate landers and orbiter vehicles, Pathfinder has no
suppaorting orbital craft.

The landing site

The specific landing site for the Pathfinder landing was
selected after an intense process of scientific consultation and
review. One problem with Mars landings is that sites require to
be at a sufficiently low height to ensure sufficient braking effect
using parachutes in the thin atmosphere. Thus landings on
high points of Mars would have to be undertaken solely with
rocket braking.

Figure 11 shows the complex descent modse of the
Pathfinder Spacecraft. The thin dtmosphere of Mars implies
that sven with parachutes deployed, the craft will siill be
traveliing relatively rapidly - around 50 metres per second at a
height of 60 metres above the Martian surface. The braking
rockets will quite literally fire at the last possible moment to
achieve a touchdown at around 0.25 mv/s on the surface. At a
height of around 300 m a clutch of airbags will be inflated to
cushien the moment of impact.

CRUISE STAGE SEPARATION
1@ (E5006m, E100m's)

LANDING -3¢ min
{1235, 7elamis)

‘ LANDING - $man

PARACHUTE DEPLOYMENT
(6-11km, 356-450ms)
LANDMNE - 1203

@L i HEATSHIELD SEPARATION
{5-5%am, $5-135m)

p'-t_mamm- 1002

ENTRY

[1.3%m, £5-25m)
LANDING - 803

; (1.5, 60-75ms)
Il LANDING -255

- @ RADAR GROUND ACQUISITION

Figure 11 Complex descent mode of the Pathfinder
Spacecraft (Courtesy NASA)

LANDING SEPARARATIONERIDLE DEFLOYMENT b

@ AIRSAG INFLATION
G20, 52-58m
LANDING - 32

ROCKET IGNITION . '
{50-70m, 52-64m's)
LANDING -4s

DEFLATIONTETAL LATCH FIRING
LANDING +15min

AMBAG RETRACTIONLANDER FEGHTING
LANDING #115min
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Table 5: Key parameters of the
Mars Pathfinder craft

Launch mass 880 kg
Mass at entry to Mars 570 kg
Mass at landing 360 kg
Diameter of craft on surface 275m
Mast height above ground 1.5 m

The choice of landing site is also influenced by the
consideration of maximising the available solar radiation. At the
anticipated July 4th landing date, the sun should be directly
overhead.

The landing site selecied is near the mouth is what is
considered to be a giant catastrophic outflow channel at a
location called Ares Vallis some 527 miles south east of the site
of the Viking 1 Lander of 1976. It is anticipaied that this site will
contain a wide range of material including debris from old
impact craters. |t should be possible, for exampls, to analyss
material from the reworked channels that would have been
disturbed at some tims in Mars's gsclogical past.

The ‘eye’ of the Pathfinder probe will be a state of the art
sterec vision CCD camera system that will allow vision of
+ 180 degrees in the horizonial plane and + 83 fo -72 degrees
in elevation. Each image provides data on an array of 258 x
256 active elemeants. Just as with the Viking lander, ihe visual
data of suriace detalls, avidence of wind activity, stc. is a key
requirement of the mission. A filter whes! incorporated into the
imaging assembly allows selection of up to thirteen filters to
characterise a range of geologic categories. In addition, a lens
in the sub system can be selected to image any wind blown
deposits that come into contact with a small magnet on the
lander asssmbly.

While the atmoesphere on Mars is very thin, it is planned fo
determine wind patterns by monitoring wind socks at various
heights above the lander.

Atmospheric Structure
Instrument/Metrology package (ASI/MET)
The hallmark of the Mars Pathfinder mission could be
described as ‘more for less’ with experiments reflecting
improved sensitivity and function against a background of
reducing costs. The ASI/MET package has a main function
of providing meteorological data at the landing site for the
duration of the mission. In addition, a sensitive
accelerometer with a wide dynamic range will monitor the
acceleration experienced by the crait as it descends towards
the suriace in the last 100 km of its approach. At initial entry
into Mars's thin atmosphere, the braking acceleration will be
in the micro-g region, while the landing event is likely to
occur in the range 30 to 50g. The on board monitoring of
the dynamics of the craft will also provide informatjon to
determine how well the modelled descent conformed to its
actual descent. )

The packags includes zlSo a Tavis magnetic reluctance
diaphragm tc measure pressure during descent and also

after landing. An array of thermocouples will be used to

measure temperature at various haights above the lander
surface after landing. Cne sensor will be available to monitor
temperature during the descent.

A wind sensor |s designed to operaie at the top of the
mast on the craft and consists of an array of six hot wire
elements. Increasing wind speed will characteristically cool
the elemenis. Also, a series of three wind socks will be
depioyed at various hieights above the surface. The crafi
imaging system will repsatedly image the orientation and
angle of these devices in order to record variation in wind
speed above the Martian surface. The dynamics of surface
wind has a key role in the erosion of surface featurss of
Mars.

Figure 12 gives an idea of the dasign of the Mars
Pathfinder craft deployed on the surface.

IMAGER FCR MARS
PATHFINDER (IMP)

TARGET ASSEMBLUES

.

/“,‘:‘HERM{)COUFI__E LOCATICNS
i
/ _ NEAR-FIELD MAGNETIC TARGET
A
7 ,.—
7 IMP FHOTOMETRIC TARGET

-

IMP PHOTOMETRIC INSTRUMENT ELECTRONICS \

APXS
APXS DEPLOYMENT
ASUMET MECHANISM

ACCELEROMETERS

Figure 12 Design of Mars Pathfinder Craft deployed on the Martian surface (Courtesy NASA)
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Rotational and orbital dynamics

Once the Pathfinder craft has landed, a ranger code sent to
the craft from earth will activate a radio ranging code of
precise and constant frequency. By measuring time of flight
(ranging) and frequency shift (doppler) the absolute motion of
the Pathfinder site on the Mars surface will be determinad at
any one time with an accuracy of a few metres. This in turn
will provide details of any precessional ‘wobble’ that Mars.
may have. This could provide a relevant clue in the process
of unravelling previous climate changes of the planet.

The Mars microrover
The key feature of the Pathfinder mission is the increased
scope for observation provided by its ‘microrover’, called
Sojourner, illustrated in figure 13. A key constraint in the design
of such a vehicle has been its weight. NASA scientists have
succeeded in designing it successfully within its weight limit of
11.5 ka.

The vehicle is designed with independeant high gear ratios of
2000:1 on each of its six whesls in order to allow it to
negotiate difficult terrain and in particular soft sandy deposits.

Figure 13 Above Diagram of ‘Sojourner’, the Mars rover of the
Pathfinder mission (Courtesy NASA)

Figure 14 indicates one of the prototype six whes! rovers
developed praviously by scientisis at JPL. Nota the
independent steering on rear and front ends.

The raver is essentially powered by means of a solar array
of gallium arsenide on germanium which will provide a
maximum of 16 watis of power at a voltage of around 16 V. A
lithium batiery of 150 watt-hours’ capacity will provide ressrve
power for in fiight checks and also for activities at times when
no solar power is available.

The microrover is only 830 mm by 480 mm in size, has
whesls 13 cm in diameter and has a top spesd of 0.4 m/s with
normal driving power requirement of 10 W. Sojourner will
probably only travel a faw metres from the main station in order
to achieve iis key goals.

The microrover is designed to withstand the axireme gold
(-110 C) of a Martian night. Sensitive electronic componsnts
are housed'within a ‘warm slectronics box’ which utilises
primarily heat insulation and resisfive heating components
(active during the day) to maintain component iempsratures
within the range - 40 C to + 40 C during the Martian ‘day’.

The microrover is characterised by a complex electronics
sub sysiem for computer control of data capture from an amray
of instruments and also conirol of power distribution. For its
diminutive size, the microrover is an exceedingly smart vehicle.
The actual vehicle is controlled and guided by switching its set
of whesels independently and also controlling rear and front
steering motors. For a specific excursion, the rover is provided
with information about its end point co-ordinates though will
autonomously use laser striping and camera System to
determine the presence of obstacles in its path and hence
‘think’" for itself,

Advanced software technigues is the key to'command and
control of the micro rover. The key part of the systemis a
Silicon Graphics workstation which acts as the micro rover
control station. Back at base at Pasadena, a ‘Mars room’ filled
with sand and rocks is being set up 1o practice operations with
duplicate systems. This is to bring the operations team up to
speed when the time
comes fo direct and
control the micro rover
for real.

The Rocker bogie
system provides
excallent maobility. While
the technology of the
Mars rover is
considerable bearing in
mind the specialist
tasks it has to
underiake, the wide
availability of siate of
the art technology in
theory allows other
teams of technology
players - such as in
universities and caolleges
- 1o replicate their own
autonomous rover

Figure 14 NASA
prototype of present
Sojourner vehicle using
rocker bogie design
and with six wheels
(Courtesy NASA)
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Figure 15 View of prototype rover
‘Robbie’ - a considerably more
massive vehicle weighing

2 tonnes (Courtesy A)

vehicles. It would be quite a spur to
innovation to arganise a Mars race
across some inhospitable corner of
our planetary surface.

For those science fiction fans
who are aware of the film ‘Forbidden
Planet’, there is in figure 15 possibly
a passing resemblance to Robbie,
the wizard robot who starred in the
flm. In our figure 135, Robbie, or big
Robbie as may be more apt, weighs
about 2 tonnes and is 4 metres long
and two metres wide. This was
obvicusly a design for 2 ‘gst away
from it all' excursion from a main
Mars landing site.

Alpha Proton X-Ray Spectrometer (APXS)
One of the key scientific experimenis implementad on the
Rover is designed to locally characterise the elemental
composition of material on the surface of Mars. The Alpha
proton x-ray spectrometer used to determine this data is one
of a dasign which previously was deveioped for the Russian
Vega and Phobos missions.

It operates by irradiating specimens with alpha particles in
order to interact with tha nuclsi of the atoms which in turn
produce characterisiic x-ray spectra and also protons. Analysis
of the returned x-ray spectra, scattered alpha particle specira
and protons can identify elements present with and also
provide information on their relative abundance.

Elements with atomic numbers 9 1o 14 (flucrine, neon,
sodium, magnesium, aluminium and silicon) provide very
characteristic proton specira, while scattered alpha particle
spectra provide betler detection of lighter glements such as
lithiumn, beryllium, boren, carbon, nitrogen and oxygen.

The APXS head is deployed on a mechanism that allows
selection of sampling site. The sensitive electronics of the
equipment is housed within the Rover in a tempsrature
controlled unit. The data from this probe will certainly ba of
interest 1o scientisis engaged in the cument and future study of
Mars ariginating meteorites since this will give a bass line on
the typical composition of Mars rocks,

Table 6: Key parameters of the Mars-96 craft

Orbiter mass 6000 ka
Orbiter cross section 3x3m
Orbiter height am
Scientific instruments 17

Planned orbit height 300 km
Small station mass 50 kg |
Small station cross section 1.08x 1.08m
Height 0.6 m
Penetrator mass B5 kg
Penetrator length 2m
Penetrator diameter 06m
Mission lifetime 700 days

The Mars-26 mission

The efiorts of Russia in solar system studies over the next
10 to 15 years will be dirscted towards Mars. The Mars-86
project was the first major mission in this-series. Mars-96
had planned to deploy an orbiter, two small autonomous
stations and iwo penetrators to investigate underiving
suriace composition. The Russian mission was to be an
‘experiment rich’ mission with 23 separate experiments,
many of them developed in the UK. The launch of Mars-96
mission took place on November 16th 1996 from the
Baikonor cosmodrome and was due to arrive at Mars during
September 1997.

After an apparently successiul launch by a Proton rockst
with first stage separation at 165 km, booster rockets failed
to engage to lift the craft out of Earih's gravity. Cenirollers
briefly regained contact with the craft though this was lost
aiter some three minutes. The craft fell into the deep waters
of the Pacific Ocean near Easter Island. This is both a major
blow to the scientific investigation of Mars and to the
Russian Space Programme, which badly nesds some
successful missions. It is felt, howsver, that much of the
resources and expertise of the Russian Space Programme is
tied up with the development of the Space Station - leaving
insufficient to properly configure and validate the function of
other complex missions such as Mars-98. ‘

UK groups active in developing instruments for Mars-96
include Imperial College London (magnetic field
measurement), Mullard Space Laboratory Holmbury
(investigation of ancient water flow) and Kent University (soil
composition and water detection).

It is imporiant, however, 10 appreciate the wide scope
and compiexity of the instrumeni-load of Mars-96. Also,
Russia is developing a rover vehicle such as the Pathfinder
*Sojourner’ for inclusion in future missions to the red planet.

Mars-96 was very much an Alladin’s cave of scientific
instrumentation with a high degree of international ¢o-
operation in many of the itams which involves most of the
states of the European Union, especially France, Belgium
and Germany. A significant number of projects also involve
co-operation betwesn Russia and the USA.

The spacecraft has been manufactured by the Lavochkin
Association, based in Moscow. Key Russian scientific groups
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Figure 16 Design of the small station lander of Mars-96 project (Courtesy NASA)

Table 7: Summary of Orbiter experimental packages of

the Russian MARS 296 mission

Description Function

- ARGUS Stereo spactral imaging system

PFS Planetary R Fourier spectrometer

TERMOSCAN Mapping radiometer _

SVET Mapping high resolution spectrophotometer

SPICAM Muttichannel optical spectromster

UVS-M Ultraviolet spectrophotometer

LWR Long wave radar ' Sioate el

PHOTON Gamma specirometer

NEUTRON  Neuiron speciromater

MAK Quadropole mass spectrometer

ASPERA-S  Enesrgy/mass ion specirograph

FONEMA ‘Fast emnidirectional non-scanning
energy/mass ion analyser ;

DYMIO Omnidirectional ionospheric energy-mass
specirometer o

MARIPROB lonospheric plasma spectrometers

MAREMF  Hectron analyser and magnetometer

ELISMA Wave complex

SLED-2 Low energy charged particle spectrometer

PGS Precision gamma spectromster

LILAS-2 ‘Cosmic and solar gamma burst s
pectrometer

EVRIS Stellar oscillations photometer

| F{AEIU;S:M ~ Radiation and dc;simeh'y'conuol complex

involved in directing the mission include the Space Research
Institute, the Instituie of Geochemistry and the Anaiytic
Chemistry of the Russian Academy of Sciences. Scientific
experimants are summarised in the following table 7.

The penetrator expsrimenis would probably have been
related closely to the form of experiment planned for the
previous Phobos missions. A wide range of detailed
experimenis were also planned for analysis of the plasma
environment at the orbiter. The desiagn of the small station is
indicated in figure 16.

Thus, like Pathfinder, Mars-86 was configured with a
sophisticated stereo camera system. Mars-96 had planned
to carry more, however, in terms of instruments to measurs
the specirum of radiation frorn the sun and also background
of gamma and neuiron radiation.

The IR-Radiometry and Photometer experiment was
designéd to determine the thermal inertia of the Martian
surface within daily and seascnal temperature regimes. Such
studies would have provided insight into the origin’of local
and regional winds and the occurrence of associated dust
storms. The system would have been able to map surface
conditions with an accuracy of 0.5 degres and with a spatial
resolution between 0.1 and 1 km per pixel. The instrument
would have been able to detect concealed heat sources as
may occur in the vicinity of areas of historic volcanic activity.

The wide angle stereoscopic TV camera was built around
3 CCD arrays and had a spatial resolution at 300 km orbit of
898 m. It was specifically designed to look at larger time-
varying phenomena such as dust storms and cloud aciivity.
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The multifunctional high resolution sterecscopic TV camera
was {o provide imaging to spatial resolution of 12'm .over
wavelength bands from 400 nm to 1000 nm. The highest
imaging resolution of the Mars-98 orbiter would have besn
about three times betier than the Viking resalution, but ten
times poorer than that of the Mars Global Surveyar.
Converssly, however, it could have scanned the surface faster.

An uitra compact quadropole mass spectrometer had
been implemented o analyse the lon and neutral atom
compeosition at the orbit of the satellite. This would have
provided general data on a range of parameters and included
daia on the relative Isotopic ratios of isotopes of oxygen,
nson and-argen and also hydrogen and deuterium.

One unigue experiment on board Mars-96 was 2 neutron
spectrometer 10 detect neutrons emitiad as a result of
interactions of galactic and solar cosmic rays with surface
material of Mars. On earth, cosmic rays are largely absorbed
within the atmosphere but on Mars the surface is exposed
directly to cosmic ray bombardment. The deiecior sensitivity
would have allowed water to be detecied under layers
equivalent of 100 g/cm2 and measure ice thicknesses up to
250 g/cm?2 at the polar cap. The deisector itself would have
detected nsutrons by the interaciion with a Helium isotope fo
release gamma rays.

On a similar thems, the gamma-spectrometer would have
used a range of gamma ray detection systems o measure
the natural radioactivity of surfacs rocks and also the induced
gamma ray €missions arising from cosmic ray bombardment
of the surface.

Of key interest to Mars scientists is to dstermine the
extent of occurrence of ice-bearing rocks under the Martian
surface. The GRUNT long-wave radar experiment would have
probed the Martian suriace with pulsed radio frequencies in
the frequency range 0.17 to 5 MHz. This experiment would
have determined both the depih of occurrence of ice-bearing
racks and 'their geegraphic distribution. This experiment could
provide useful insight into where the water on Mars has gone.

A multichannse! optical specirometer would have-aliowad
analysis of variation of water, carbon monoxide and ozone in
the Martian atmosphere with also temperature profiles and
asrosol profiles being detsrmined. The spatial resolution of
imaging data would have been at around 8 km.

Minerals tend to have characteristic absorption bands
within the solar spectrum so that as they are receive light
from the sun, absorption will take place at key wavslengths -
enabling specific minerals to be identified. The high resolution
mapping spectrometer would have undertaken mapping of
the Mars surface over 14 spectral bands and 32 tracks, each
of which on the surface would be 0.75 km wide. The
instrument would have been able to scan 40% of the planet’s
surface in a year.

A word to our educators

The current round of Mars exploration is being used by
educators in the-USA ‘as a2 means of engaging the interest of
young peaple in science in general. Afier all, people put more
effort into things that they find stimulating and interesting. As a
paralled, is there any intention to include these new
davelopments in science education in the UK?

Comment

With the advent of Surveyor and Pathfinder, the degres of
knowledge of Mars will - if all goes well - increase
significantly. Recent developments'in analysis of Martian

meteorite samples will act to force the pace of an automated
sample recovery mission where a lander can sslect samples
for recovery to earth.

A manned landing on Mars, while technically possible,
would at present be so expensive that it is at least 20 years
off and dependent on a succassiul outcome o the
International Space Siation. It would ciearly, however, be a
mission with a high level of international coeperation. Wiih the
dsbate of Europsan Monetary Union in play, the huge budget
deficit of the USA, and the continuing political and economic
uncertainty in Russia, the main current players will no doubt
seek sources of new funding - such as the amergent
economies of the Pacific Rim.

It is perhaps, also, just the time for Hollywood to fall to
earih with a Mars exploration blockbuster. s
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POWER AMPLIFIER MDDULES-TUFIN ABLES—DIMMEFIS—

LBUBEPEAKEHE—‘!S INGH 5T 12 RA _!(AMPLIFIEHS
THOUSANDS PURCHASED

BY PRQF“SIOHAL USERS Thess mndsaiu now oy & == ha' gualiry, — =nd at a resigtic prics. Four
———————au -mum.mmmmm.dmmmmwmnltmmum MIMM
Whan comparing prices. NOTE Sut sl models inciuds torcids! powar supply, integral ket sink, gisss iRee PCE. and

ul--d:nﬁu powsTa compatible Yu metsr. All medeis are open and shen circait prosl.

THDUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Oulput power 110 walls
R.M.S. into 4 ohyms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rale 45V/uS,
T.H.D. typlcal 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-Fei Culpul power 200 walls
R.M.S. inlo 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Faclo: =300, Slew Rate 50V/uS,
T.H.D. typical 0.601%, Inpul Sensifivity 500mV, S.N.A.
-110 dB, Size 300 x 155 x 100mm.

PRICE £64.35 + £4.00 P&P

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

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHAMMELS DRIVEN
FEATURES: *independent power lies with two d s * Twin LED. Vu melers *
Level coatrols * lliuminated onlofl swilth * XLR connectors # Standard T75mV inputs * Opon.and short circuil
prool & Latest Meos-Fets for stress lree powsr unmm-mur’mtm*mmmuu irUar;Iml

distortion # Aluminiym cases + MXFE00 & MXF300 fan cooled with D.C.
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.
SIZES:- MXFZ0O W19 zH3';:" (2UxD11"
MXF400 W18 xH5" (3U)xD12™
MXFEO W19 xH5%:" (3U2D13"
MXFROW19 sHE " (3UnD14%."
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £328.00 MXF900 £449.15
SPECIALIST CARRIER DEL £12 50 EACH

OMP/MF 300 Mos-Fet Oulput power 300 walis
R.M.S. into 4 ochms, frequency response 1Hz - 100KHz
-3dB, Damping Factnr >300, Slew Rate 60ViuS,
T.H.D. typical 0.001%, Input Sensitigjly 500mV, S.N.R.
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 - £5.00 P&P

OMP/MF 450 Mos-Fet Oulpul power 450 walls
R.M.S. inlo 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Faclor >300, Slew Rate 75V/uS,
T.H.D. typical 0.001%, Inpul Sensitivity 500m¥, S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Proteclion, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 - £5.00 P&P

OMP/MF 1000 Mos-Fet Output powar 1000 watls
A.M.S. inte 2 ohms, 725 watis R.M.S. inlo 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Faclor 300, Slew Rsle 75ViuS, TH.D. typleal
0.002%:, Inpul Sensitivity 500mV, S.N.A. -110 dB, Fan
Cooled, D.C. Loudspsaker Prolection, 2 Second
Anti-Thump Delay. Size 422 x 300 x 125mm.
PRICE £259.00 +~ £12.00 P&P

Advanced 3-Way Stereo Active Cross-Over, housed in a 197 x 1U case. Each channel has three level conlrols:
bass. mid & lop. The removable front tascia allows access 1o the programmabls DIL switches o adjust the
mmrkmmmm:mmum-mptwmmﬂz@wm Bass invert swikches
cneschb; A TTSmV i wiput. Fully ible with OMP rack amplifier and modules.

Price !:'l 17.44 + £5.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE 1M TWO VERSIONS:

INPUT SENS S500mV, BAMD WIDTH 100K Hs.
! o PEC (PROFESSIOMAL EOL TBLE]) - INFUT SENS
STERED DISCO MIXER with 2 x T band 775mV, BAND WIDTH S0KH= ORDER STANDARD OR PEC.
L & R graphic equalisers wilh bar
LED Yu msters. MANY OUTSTANDING WE 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.

B Efects Usefuf combination of the (60p STAMPED) FOR COMPLETE LIST.
m % ?'mmtlmq}« 3 McKenzie and Fane Loudspeakers are also available.
£144,99 + EEODP&P SIZE: 482 x 240 x 120mm
: ; ; ' B 100 WATT A 4.5, MED-100 GEN. PURPOSE e R, EXCELLENT 1sco.
PP 2+ 8" 100 R.M.5. MEB-100 G QSE, LEAD GUITA MID, D
| ;’,::'ﬁ':; i inperrs ml!:'ﬁmﬁm e e con of a paro twezer produces an improred | gps. FREQ. 72Hz. FREQ. AESP. TO 4KHz, SENS 67dB. PRICE £32.71 - £2.00P4P
s amodsinriniprigodmibisiyedis R e T e are s r not requied | 10° 100 WATT R.M.S. ME10-100 GUITAR, VOCAL. KEYBOARD, DISCO, EXCELLENT M
it Ay ety bt o ki dedlic ety et RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENSS7dB. PRICE £3374 - 6250 PP
i 10" 200 WATT R.K.S. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, s:cm.m HIGH POWER MID.
. TYPE 'A' (KSN1036A) 3" round with proteciive wire mesh. Ideal for |\ aes. FREQ. £5Hz, FREQ. RESP. TO 3.5KHz, SENS 5568. £43.47 - £2.50 P&P
- bookshell snd medium sized Hi-Fi apeakers. Price £4.90 — SOpP&P. || 127 100 WATT R.M.5. ME12-100LE GEN. PURPOSE, LEAD GUITAR, msco STAGE MONITOR.
TYPE ‘B' (KSM1005A) 3%~ super horn lor general purposs speakers, | RES.FREQ. 43Hz, FREQ, RESP. TO EKHz, SENS 10048, PRICE £15.64 - C3.50 P&P
Ty disco and P.A, systems elc. Price £5.99 = 50p PAP. 12° 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, PA., VOCAL, STAGE
~  TYPE'C' (KSH101BA) 2°x5" wide ﬁlpﬁﬂ‘ﬂﬂ horn far quality Hi-Fi sys- MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 8248, PHICE £36.87 - .50 PAP
% tems and quallly discos eic. Price £6,99 = 50p PAP. 12° 200 WATT R.M.S. ME4 2-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL. EXCELLENT MID.
: wd quaty . on PAP. AES. FREQ. Sz, FAEQ, RESP. TO 6KHz. SENS 88dB. PRICE £46.71 - £3.50 PAP
1 TYPE D' (KSN1025A) 2'x5” wids disparsion horn. Upper frequency || 12° 300 WATT R.M.S ME12-300GP HIGH POWER BASS. LEAD GUITAR, KEYBOARD, DISCO ETC.
= response retained extending down to mid-range (2KHz). Suitable lar high | RES. FREOD. 47Hz, FREQ. RESP. TO 5KHz. SENS 10348, PRICE £70.19 + £3.50 PEP
quality Hi-Fi systems and quality discos. Price £0,99 + 50p PAP. 15~ 200 WATT R.M.S. ME{ 5-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.
TYPE 'E' (KSH103BA) 3%~ horn twealer with attractive silver finish trim, || RES. FREQ. 4&Hz, FREQ. RESP. TO SKHz, SENS $3dB. PRICEE£S50.72 - C4.00PAP
Sultable lor Hi-Fi monitor systems sic. pm CMQ 50p P&P. 15" 300 WATT R.M.S. ME15-300 HIGH FOWER BASS. INCLUDING BASS GUITAR.
| LEVEL CONTROL Combines. on a o plate, level control | FES- FAEQ- 38Hz. FREQ. RESP. TO 3KHa. SENS 10348. PRICE £73.34 - £4.00 PAP

and cabine! input jack socket. #5x85mm. Price ©4,10 - 50p P&P.

Au. BRGEHDEH unltssoﬂﬂswmn EB10-50 which mmwuw‘e.ﬂ 4 &4 8ochm)
BASS, SINGLE COME, HIGH COMPLIANCE, ROLLED SURROUND
B~ SOwalt EBB-50 DUAL IMPEDENCE. TAFPED 4/8 OHM BASS, HI-FI, IN-CAR.

i J 4 RES. FREQ. 40Hz, FREQ. RESP, TO TKHz SENS 97dB. PRICE £8.90 - £2.00 PAP
Aniew range of quality loudsp 3, designed totéke g# of the fatest 10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-F1, IN-CAR.
spaaker technalogy 3nd enclosurs designs Both madals ufilizs shudic quality RES. FREQ. £0H2. FREQ. RESP. TO SKiz, SENS. 53dB. PRICE£13.65 - £2.50 P&P
. 12° castatuminium boudspeslers with faciory BiSd grilles, wics gspersion 10° {00WATT EB10-100 BASS, HI-FI, STUDIO.
hors, estroded alu m comer piotection: and stesl AES. FREQ. 35Hz. FREQ. RESP. TO‘.!KR:. SENS 56d8. PRICE£20,39 - C3.50PAP
§ ball comers. comphimentad with heavy ety black covering. The enclosures 12° 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
arafitted 3= standarg with 1 1p tatsfor optional loudepsakerstands RES. FREQ. FAEQ. HESP. TO 3 KHz, SENS 83dB. PRICE£42.12 - CA1.50 PAP

FULL RANGE TWIn CONE, HIGH COMPLIANCE, ROLLED SURROUND

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 5%4" GOWATT EB5-80TC (TWIN CONE] HI-FI, MULTI-ARRAY DISCO ETC.

¥ AESPONSE FULL RANGE 45Hz - 20KHz

RES. mst: £3Hz, FﬁEg n%s; TC:: zgnxgzﬁ EE{'E az&e _— PRICE £9.99 - £1.50 PAP

{BIFC 12-100WATTS (1004B) PRICE £158.00 PER PAIR 6's" GOWATT EBE-60TC (TWIN ARRAY DI :

ibl FC 12-200WATTS (1004B) PRICE £175.00 PER PAIR RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 8448 PRICE £10.99 - 1.50P&P

prtglopdan e itetettivg 8° GOWATT EBS-60TC (TWIN CONE) HI-FI, urm-nauwr DISCOETC.
WAL RES. FREQ. 40Hz. FREQ. RESP. TO 15KHz, SENS 83d PRICE £12.99 - £1.50 P&P
. OPTIONAL STANDS PRICE PER PAIR £49,00 ] 10° 6OWATT EB10-80TC (TWIN CONE) HI-F1, Mum ARRAY DISCO ETC.
o Dslivery £6.00 per pair ! RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz. SENS 9848, PRICE £16.49 - £2.00 PAP
ﬁm

e
fra) |
150 WATTS (75 - 75) Sterso, 150W PROVEN TRANSMITTER D!smus mﬁm GLASS FIBRE
Bridged Mans PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
250 WATTS (125 — 125) Stareo, 230W COMPLETE WITH CIRCUIT AND INSTRUCTIONS
Bridged Mono IW TRANSMITTER E5-108Mi. VARKAP CONTAOLLED PROFESSIONAL S8
400 WATTS (200 — 200) Sterso, 400W || FERFORMANCE RANGE UP TD IHIEES, SI2E 34+ {iem SUPPLY 12V 3 25ANR.
Bridged Mono PRICEC14.85 - C1.00PAP
ALL POWERS INTO 4 OHMS FM MICRO TRAMSHITTER 100-104MHz, VARICA® TUNED, COMPLETE WITH
Features: rdvsmsmmm:mms:hmvﬂamm.
+ Starso, bridgable mono * Cholce of |

,,;g“m;._!ma inputs = L & R lovel B-K- ELECTRDNICS

on-off ® §
UNITS 11 & 5 COMET WAY, SOUTHEND-ON.SEA;

PRICES: 150W £49.90 250W £99.99
mwmoe 25 mtmnca : theg -
| POSTAL CHARG EE PER DROER £100 MINIMUM Oﬁc'.ﬂ&.

CROERS FROM SCHOOLE, COLLEGES, GOVT. BOMNES, PLCo ETC.
FRICED I:SHIV.. OoF V-.A.T- SALES COUNTER Vlé’ﬁ AND EESEX 552 BTR

ACCESS ACCESTED BY RPOST, PHONEOREAX. el 071702 - 52?572 Fax 217824202493




Want to detect wildlife in the garden? Terry Balbirnie’s infra-red link creature-

detector will be on the alert - especially for hedgehogs.

his infra-red link deiecter circuit, nicknamed the

“Hedgelink”, was produced in response to a

reguast from a hedgeheg lover. He nesded a

circuit that would pravide a signal inside the

house to inform the family that cne of thair
favourite prickly prowlers might be paying them a visit. This
would avoid the children having o take it in tums to keep
watch over the garden every night.

Look, no wires

It was necessary far the system to avoid trailing wires going
te the house. He also wanted an aliernative to a radio link,
as radio links can be axpensive to build into a smallish
project these days. It had to be reliable and needed to
opsrate over a sufficient distance for the purposs.

3

The circuit developed for the task uses an infra-red link
between a iransmitter section (placed near the hedgehog
position) and a raceiver (probably situated behind a window
indoors). There should be no prablem siting the transmitier
correctly, becauss a supply of food will naturally detarmine
the position of any visiting hedgehog. Tha transmitter is
triggered when the critier operates a home-made switch
placed at ground level. A signal then passes io the distant
receiver, which is aclivaied and a buzzer sounds. This type
of circuit overcomes the problems mentioned esarlier and is
relatively easy to construct and use.

Before building the Hedgelink, check that there are
suitable locations for the units. They should be no more
than about 10to 15 metres apart and with ne mare than
one pane of window glass separating them. It is imporiant

e e
T e e et s et
CALFKALINE BATTERY
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for there to be a clear line of sight between the transmitter and
receiver. Obviously, the closer the two sections are placed, the
gasier they will be to align later.

Rapid pulse

infra-red may be produced at the required low power by
means of an infra red light-emitting diods (LED). These devices
Wwork in a similar way to the familiar visible-light LEDs often
used as indicator lights. However, although infra-red LEDs may
be fed with a continuous current as with their visible-light
counierparis, in practice they are often operated with very
short pulses of high current - possibly several amps. Using
pulses provides & much greater range than could be obtained
with a continuous current. In this circuit, the LED is pulsed with
a current of 3A approximately (compare this with the 20mA or
so normally used with a visibie-light LED). Continuous .
operation at such a current would lead to rapid destruction of
the device - hence the need for very short on states with
relatively long off ones. This allows the heat produced 1o be
dissipated inio the air before the next pulse arrives.

In this system, the range is increased furiher by using a
plastic lens at the transmitter to direct the infra-red into a
parallel beam. A maiching lens at the receiver then focuses
the beam on to the detector. Over a very short disiance it
would be possible 1o dispense with ihe lenses and the system
would operate with very little care nesded to direct the
transmitter towards the receiver. Using lensss, the two
sactions will need 1o be aligned fairly accurately but thisis a
fairly simple procedure and may bs regarded as part of the fun
of using the project.

Practical arrangement

The transmitier is battery-operated and will probably be
situated in the garden. A good method would be to atiach it
to a wooden post. This could be pushed into the earth at the

correct angle so that the beam is picked up by the detector
inside the house. As well as the on-off switch, the transmitier
has a test switch which is used to make the unit work
continuously for setling-up purposes. There is also a small
socket which is used to connect the irigger (hedgshog)
switch.

The transmitter uses a 6V supply and nesds about 1mA
while on standby. When iriggered, it draws some 3A but only
in very short bursts and only for about half a second each
time. The proiolype used a battery pack consisting of 4 “AA”
size cells and these are periectly adequate for the purpose. If
the unit is switched on for a few hours every night and not
triggered too often, they will provide several months of service.

The receiver Is likely to be placed on a windowsill inside the
house facing the garden. This section contains a photo
detector which is particularly sensitive to infra-red of 950
nanometres wavelength (so-called ‘near infra-red’) which is
used here. No more than one pane of glass should be
present, since infra-red is absorbed and reflected by this to
some extent and so the range is reduced. When a signal from
the transmitter is detected, a circuit is activated and a buzzer
bleaps. Although not loud, the sound is distinctive and will be
easily hearti above other noises in the house such as from the
television. The receiver uses a 8V supply and draws some
5mA on standby. This rises a litile while the buzzer is.
sounding. A set of six “AA” cells was usad in the prototype
and these should give several months of service,

A valuable feature of the system is that it will work correctly
even when there are strong aliernative sources of infra-red,
such as the sun or security lights, reaching the detector. False
triggering is rare, although such random operation will
probably cccur every now and again. This preciudes the use
of this circuit for serious security applications - for example, to
monitor & garden shed - unless the chance of an occasional
false alarm is recognised.
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SW3

Figure 1: the Hedgelink transmitter - circuit diagram
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The trigger switch is home-made and will have a very light
action. There should not be too much of a problem making the
hedgehog operate such a switch and some ideas on how one
might be constructed are given at the end. It will be more
difiicult trying o prevent cais and possibly other animals from
operating it. The user will need to be aware of this. Soms
readers will be able to exercise their expertise at making some
device which will allow & hedgehog to operate it while
preventing a cat from doing so. This is all part of the fun of
hedgehog hunting!

How it works - the transmitter

The circuit for the infra-red link is shown in figure 1 (transmitter)
and figure 2 (receiver). Consider the transmitier section first.
IC1 i= a NE556N dual timer consisting of two identical sections
IC1a and IC1b. IC1a is conifigured as a monostable, while IC1b
is used as an astable. Taking the monostable IC1a first: when
switch SW1 (hedgehog switch) closes, a low pulse is
transferred via capacitor C1 o the trigger input, pin 6. The
output (pin 5) will then go high for a certain time then revert io
low. The period of operation depends on the values of resistor
R3 and capacitor C4 and with those specified will be 0.5
ssconds approximately. Since the exact timing is not crucial,
the componsants ars fixed in valus.

Should switch SW1 be left in a closed condition, this will not
affect operation. This is because capacitor C1 only allows a
momentary pulse to flow. It would be necessary to open the
switch contacts and allow C1 to discharge through R1 and R2
then close them again for a further cycle to be initiated. Pin 6 is
kept normally high through resistor R2 and this prevents the
false operation which is likely to occur otherwise. When test
switch SW2 is closed, it will allow a constant trigger signal to
be applied to IC1 pin 6. The monosiable will'then operate
continuously and this will be useful for alignment purposes at
the end.

Returning to the astable based on IC1b: as long as its resst
input, pin 10, is kept high, the device will be enabled and
provida a string of pulses at the output, pin 8. With IC1a at
standby, pin 5 and hence pin 10, will be low and ths astable
will be disabled. With IC1a triggered, pin 5 will go high for 0.5
seconds and IC1b pin 10 will be kept high for this time. A burst
of pulses will then be produced at pin 9. The rate at which
thess are given depends on the values of resistors R4, B5 and
capacitor, C5. Since it is not particularly important, no
adjustment is provided.

Diode D1 modifies the action of IC1b. Without it, the circuit
would provide pulses with approximately equal on and off
states. Here, short pulses with relatively long spaces are
required for the reason mentioned earlier. With the diods
connected, capacitor C5 charges quickly only from the supply
via R5, since, in effect, R4 is bypassed by the forward-biased
diode. This gives the short high state. Pin 13 then goes low to
allow the capacitor to dischargs ready for a further cycle. This
will aceur slowly because the current must now flow through
R4. This is because the dicde is reverse biased and thersfors
behaves as @n open circuit.

Amplified pulses .

The pulses supplied at pin 9 allow base current to flow fo
Darlington transistor Q1 with the current limited by resistor R6.
Amplified pulses of current will then flow through the infra-red
light-emitting dicde, LED1, in the collector circuit. The current
here is limited by R7. Since this has a very low value, the
current will be around 3 to 4 amps.

A bipolar dual timer (NE556) should be used for transmitter
secticn IC1, rather than the cmos type (ICM7558). The bipolar
variant is robust and more appropriate to this type of circuit. in
theory, capacitors G2 and €3 should be included to dscouple
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Figure 2: the Hedgelink receiver - circuit diagram

the unused “control voltage”™ pins. Tests on the.
prototype shawed that it works periectly well without
them but to avoid any passibility of instabllity, they
should be included. Capaciicr CB provides a reserve of
energy. This will allow ihe necessary high-current pulses
to be produced even when the batiary is becoming
weak.

How it works - the receiver

Hefarmring ta the receiver circuit diagram in figure 2, the
infra-red is picked up by infra-red photodiodz D1. Asis
usual with devices of this type, it is used in reverse bias.
High gain amglifier IC1 is used to boost the pulses
derived from D1 output to a level which can be
processed by the rest of the circuit. ¢

IC1 is a sophisticated device which not only contains
thres stages of amplification but has saclions which
reject signals which have been picked up from infra-red
sources other than the transmitter. it rgjects, for
sxample, the mains flicker from filament light bulos
which has a different medulation fromn the pulse signal.
Most of the procassing takes place within the chip, so
vary few external components are requirsd. IC1 nesds a
5V supply yet the main battery ling is at a nominal V.
Voltage regulator IC3 with associated capacitors C8 and
C8 provide a 5V ouiput for the entire circuit apart from
the buzzer. IC1 has twin outpuis - one (pin 8) providas a
paositive oufput when a pulse is detecied and the other
(pin 9) a negative one. Only the positive output is used
here.

The niext section of the circuit centres an IC2 which
is an aperaticnal amplifier (op-amp) used as a voltage
compactor. This behaves as a leval detector, and its
action is as follows. When the voltags applisd to pin 3
({the nan-invarting input) excesds that at pin 2 (the
inverting input) the output, pin 6 will be high. In other
cases it will be low. Pin 3 receives a certain voltage
which depends on the adjustment of preset RV1. Inthe
absence of pulses, IC1 pin 8 will be lew so the op-amp
inverting input will be at a lower voltage than the non-
inverting one. In the standby stale, IC2 pin 6 wil
therefore be high and will have no efiect on fol!owing
sections. When pulses are deiecied, IC2 pin 2 voliage
will exceed that at pin 3 and the output will go low in
sympathy.

False triggering 2

At the end of censtruction, RV1 will be adjusted so that
only relatively powerful pulses received from by the
transmitter will causs IC2 pin 2 to rise above the voltage
set at pin 3. Low-level random pulses which may be
picked up and which manage o bypass the rejection
circuitry within IC1 will be insufficient to exceed the
standing voltage and will have no effect. If the voltage
at pin 3 is set too low, there may therefore be a
possibility of some false triggering.

Dual timer IC3 operates in a similar way 1o IC1 in the
transmitter section - that is, there is a monostable (IC33)
which, while activated, enables an astable (IC3b) to
generats pulsss. In the recsiver circuit, the CMOS
variant is used. With IC2 pin € providing low pulses,
IC3a trigger input, pin 8, will be activated when the first
one arrives: The output, pin 5, will therefors go high for
a certain time which is sst by the values of resistor R3
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Easy to Use Graphtcal Interface under
both DOS and Windows.

Netlist, Parts List & ERC reports.
Hierarchical Design.- -

Extensive component/model libraries.
Advanced Property Management.
Seamless integration with simulation and
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fik Edit Yiew IEJ-! Eﬂlnﬂ Gragh  Sysiem Help ]

@ Non-Linear & Linear Analogue Simulation.
Event driven Digital Simulation with
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Partitioned simulation of large designs
with multiple analogue & digital sections.

Graphs displayed directly on the
schematic.

B Design

32 bit high resolution database.
Multi-Layer and SMT support.

Full DRC and Connectivity Checking.
RIP-UP & RETRY Autorouter.

Shape based gridless power planes.
Output to printers, plotters, Postscript,
Gerber, DXF and clipboard.

© Gerber and DXF Import capability.

Call now for your free demo disk
CI C e m C e (\ or ask about the full evaluation kit.
Tel: 01756 753440. Fax: 01756 752857.
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Figure 4: the Hedgelink receiver - component layout

and capacitor C5. With those specified it will be a fittle more
than two seconds. This timing could be easily changed if
required by increasing the value of R3 or C5 in prapartion and
this alters the buzzer operating time. While IC1a output pin 5
is high, the astable section is enabled and provides pulses at
a rate of about 5 per second. Here, it is resistors R4 and R5 in
conjunction with capacitor C6 which provide the fiming. The
current pulses are applied to the base of transistor Q1 with
current limited by BB. Amplified pulses will then flow through
piezo buzzer, BUZ1 in the collector circuit. This will then
sound with a warbling tone.

Construction

1. Transmitter )

The topside component layout is shown in figure 3. Begin by
drilling the three fixing holes in the PCB and soldering the ic
socket and tast switch SW2 iri position. Follow with all
resistors and capacitors. Note that C6 is of the slectrolytic
type and must be soldered with.ihe correct polarity (this is
clearly marked on its body). Mount capacitors C2 and C3 on
the underside of the PCB - these are shown in dofted lines.
Sleeve their end wires using pieces of insulation siripped frem
connecting wire allowing only 1mm at each end to make the
connections. This will prevent shori-circuits being caused
with other tracks on the PCB. These capacitors were omitted
in the prototype and readers may wish io check thai the
circuit works before using them. @B:0One end of each
capacitor is soldered direct to IC1 socket pads at pins 3 and
11. The other ends are soldered to the large OV land area.
Mount diede D1 - it is very important that the cathode
(striped) end is soldered to the lower pad --that is, the cns
connected to IC1 pins and 8 and 12. Solder the Darlingion
transistor in position - the metal tab must face the ic position
(see photograph). Solder the negative (black) wire of a PP3-
type battery snap 1o the paint labelled “0V" and a 10 cm
piece of light-duty stranded connecting wire 1o that marked
“+BV". Solder similar pieces of wire to the "SW1" pads.
Mount the infra-red LED. The tab on the metal base denotes
the anode (positive) end lead and this is the one connecied
to the upper (+6V) track. Use the whole length of the lsads
and bend them so that the body projects horizontally as
shown in ithe photograph. Attach it so that it may be moved a
little allow for some adjustment later. Insert the ic into its
socket taking care over the orientation. Set the test switch
the left (test position).

2. Receiver

The topside component layout is shown in figure 4. Begin by
drilling the thres mounting holes. Add the three ic sockets
and the buzzer. The positive pin of the buzzer is marked on
the body and must be soldered to the largs copper land area
which connects to +9V. Add all resistors and capacitors. C3.
C7 and C10 are electrolytics and must be connected with the
correct polarity. Add the regulator taking care that the flat
face is towards CB/C9. Solder the infra-red dstector, D1, with
the flat face points towards C1. Adjust RV1 approximately
threse-guarters of its total rotation clockwise (as viewsd from
the upper edge of the PCB). Solder the negative (black)
battery snap wire to the “0V" pad and a 10 em piecs of
stranded connecting wire to "+8V" one. Insert the ics making
sure they are the right way round. These are all cmos, so
observe anti-static precautions by touching something
earthed (a water tap, for example) before handling the pins.

ELECTRONICS TODAY INTERNATIONAL

24



Surplus always
LOW COST PC's
SPECIAL BUY

‘AT 286'
40Mb HD + 3Mb Ram

LIMITED QUANTITY only of these 12Mhz HI GRADE 286 syztems
) n the LISA to an indusirial spacification, the system was
desixiad for folzl reflabily. The compact case houses tha mother-
ard, PSU and EGA video card with single 5%* 1.2 Mb floppy tisk
ve & Integral 40Mb hard disk drive 1o the front Heal time dock
"h batery backup i providsd as standard. Suppled in ﬁ(d us=d
condiion compleiz with enhanced keyboard, 640k + 2Mb RAM,
DOS 4.01 and 80 DAY Full Guarantee. R=ady to Run !
DrderasH_iGRADEm 0”‘ y 5!2_9' oo () .
Dptional Fitted exiras: VGA graphics card £29.00
1.4Mb 3% fioppy disk drive (instead of 1.2 Mb) £19.85
W: erfect 6.0 for Dos - when 31" FDD option ordarad~ £22.50
NEZG00 Ethamst (thick, thin of twisted) network card £29.00

LOW COST 486DX-33 SYSTEM

Limited quantity of this 2nd user, supwb small size daskiop unit.
Fully featured with standard simm conneclors 30 & 72 pn. Supplied
wilh keyboard, 4 MD of RAM, SVGA monitcr oulput, 256k cache and
- 120 Mo IDE dive with singa 1.44 Mb 35" fiopoy disk drive
Fully tested and guarantaed. Fully expandahls o

Many other op lable - call for f £399‘30 ©®

FLOPPY DISK DRIVES 315" - 8"
5%" or 3%" from only £18.95 !

Massive purchases of standard 54* and 31" diives enablss es
pressnl prane product &t industry beating low pricas! All units (u
si3led] are BAAND NEW or emoved from often brand new egquip-
and are fully tested. aligned and shipped 1o you with a 80 day
g es and opsvata from standard voltages and are of standard
szz. All are IBM-PC compatible (d 3'2* suppenad on your PC)
3¥%" Panasonic JU353/4 T20K or equivalent RFE
335* Mitsubishi MF355C-1L 1.4 Meg. Laptops enly
3%* Mitsublshl MF355C-D. 1.4 M=g. Nen ispiop
54" Teac FO-55GFR 1.2 Msg lfar?%.’.! po’s) AFE
5%° Teac FD-55F-03-U 720K 4080 (for BBC's eic) RFE
5%" BRAND NEW Ritsubizh] MF50185 350K
T oD cass with ntegral PSU for HH S
§" Shugart 800/801 8* 55 refurbisned & tastad
&” Shugart 610 8° SS HH Brang N
8" Shugart 851 8 doubls sded raf
Mitsubishl M2894-63 8 ble sxfad NEW
Mitsubishi M2898-83-02U 8° DS sim NEW
Dual 8™ casad drives with integral power Supply 2 Mb

HARD DISK DRIVES

End of line purchase scoop! Erand new NEC D2245 6° 85 Mbyte
crive wih Indi y standard SMD interlace, replaces Fuitsy

l=nt mode! Full manus! Only £299.00 or 2 for £525.00 (5}
34" FUJI FK-309-28 20mb MFM IF RFE £59.95{C}
3'%* CONNER CP3024 20 mb |DE UF {or agquiv JRFE
3%" CONNER CP3044 40mb IDE LT (or equiv.|HFE
3%* RODIME BO39575 45mb SCSI UF (Mac & Acomi)
" WESTERN 5

£285.00(E}
£499.00(E}

3% DIGITAL 850mb IDE UF Brand New  £185.00(C)
54" MINISCRISE 3425 20mb MFM IF [or squiv.) RFE  £48.65(C)
S SEAGATE S5T-238R 30 mb ALL UF Refwb 9.95(C}
%" CDC 34205:51 40mb HH MFM UF RFE 1estad £69.95(C
5i* HP 57548 B20 Mb SCS! RFE1sstad £89.00(C
54" HP C3010 2 Gbyts SCSI differential RFE tesied  £195.00(C)
B FUJITSU M2322K 160Mb SMD UF RFE tested £195.00{E)
Hard disc controlisrs for MPM , IDE. SCS), ALL etc. from £16.95

THE AMAZING TELEBOX

Converts your colour monitor into a QUALITY COLOUR TVH

TV.SOUND &
VIDEO TUNER

CABLE COMPATIHLE ©

TELEBOX i= an affractive fully cased mains powersd init, con-
g 2l giectronics ready 1o plug into & hast of vidas menitors
m by makers such as MICROVITEC, ATARI, SANYO, SONY,
c MMdDOHE_ PHILIPS, TATUNG, AMSTRAD stc. Tha comp
video output will alzo plug directly info mos! vidao recardars, aliowing
recspton of TV channels not normally recsivable on most tslevi-
sion recelvers' (TELEBOX MB). Push button controis on tha front
panel alow reception of 8 fully tuneabls 'off air’' UHF colour tslevision
- TELEBOX MB covers virtually al telsvision freguences
VHF ana UHF ncluding the HYPERBAND zs used by most eabls
TV operators. A com
for dire:

2 viiso cutpit i koeated on the rear paneat
£ction 1o mes! makes of monior or deskiop computer
For complsta compatibiity - even for monitors with-
integral 4 wall audio amplifier and low level HI R
provicsd as standard

ST for compasits vidso i
TELEBOX STL as ST but fitted with
TELEBOX MB Multipand VHFIUH
Forgverseas PAL versions stale 5.5 or
recaption Telsbox
fvica. Shippng code on &ll Telsboxe's is (B)

DC POWER SUPPLIES

Virtually every type of power

supply you can imagine.Over

10,000 Power Supplies Ex Stock
Call for info 7 list

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS

IC's -TRANSISTORS - DIODES
OBSOLETE - SHORT SUPPLY - BULK
6,000,000 items EX STOCK

For MAJOR SAVINGS - CALL FOR SEMICONDUCTOR HOTLIST

VIDEO MONITOR SPECIALS

One of the highest specification
A monitors you will ever see -
At this price - Don't miss it!!
Kitsubishi FA:H‘ISE%G._M‘ SVGA eciour mordor with fne

LENT iisie used conciion. Ordler
TR & Swbvel Basa £4, Only £119 5 uneeia
VGA cabla for IBM PC includsd. y = A

Extamal cables for otfer types of computars CALL

As New - Used on film set for 1 week only!!
15% 0.28 SVGA 1024 x 768 res. colour monitors.
Swivel & tilt etc. Full 90 day guarantee. £145.00 (£)

Surplus always
wanted for cash!

19" RACK CABINETS

Superb quality 6 foot 40U
Virtually New, Ultra Smart

Less than Half Price!
Top quality 19° rack cabtanats mads in UK by
Optjma Enclosures Ltd. Uniis fzaturs
gasigner, smoked acrylic keckabls front door,
full haight lockabiz half louvared back doos
&nd loguverad removable side panals. Ful
adjustable niemal fadng struls, ready pun
for any cont ion of equipmant m
plus ready mounlad intsgral 12 way 13
sockat swichad mains distribution strip
thesa racks some of the most versatil
have ever sold. Racks may be stacked sids by sids and thargier
require only two sida panels to stand singly o7 in muSipls bays.
Overall dimiensions are: 774" Hx 2%" D x 22' W. Order as:

OPT Rack 1 Complste with removabile side pansls.  £335.00 (5)

OPT Rack 2 Rack, Less sids pansis £225.00 (G)

| 32U - High Quality - All steel RakCab

Made by Eurocrait Enclosures Lid to the highes! possible spec,
rack features all steel construction with Temovabis
sida, front and back doors. Front and back doars™sre
hinged for easy access and all are lockatls with _~
five secure 5 laver barrel locks. The frent docr
is constructed of doubls walled stesl with a 3

i
=
s

=
£ i

S
io=

g
s
i<

J BECRRT AR RN
VERRORERRTISLEISNNT,

Just In - Micravitec 20" VGA (800 x 600 res.) colour monitors.
Good SH condition - from €283 - CALL for Info

PHILIPS HCS35 (sama style as CM3833) altrectively siyled 147
colour monifor wilh both AGB and standard composiie 15.625
Khz video inputs via SCART socksl and separate phono jacks.
Int=gral audio power ami: and spaaker {27 all audio visual usas.
Will connect deect 1o Amiga and Atard BB computars. Idsal for ail
video monitoring / security appications with direct connection
to most colour cameras. High quality with many fzatures such as
front wncealeﬂllfap controis, VOA conrection button ele. Good
used condition -~ fully tested - guarantssd

Dimensions. Wid 3 H1Z30 1000 D, Only £95
PHILIPS HCS31 Ultra compact 9" colour videc monitar with stan-
dard composite 15.625 Khz video input via SCART sockst. ld=al
for all monstating / security apphcations. High quafity, ex-egquipment
fully tesled & guaramead (possble minos screen bums), In altrac
fve sguare black plastic case mesasuring WID* x H19* x 13%° DL

240V AC mamns powersd. Dnly £79.00 (D)
KME 10° 15010003 high dsfinition colour monitors with 0.28° dat
pitch. Suparb clarity and modem styling. |
Operates from any 15.625 khz sync RGB video:
source, with RGE analog and composile sync
such as Atari, Commodore Amiga, Acom
Archimedas & BEC. Measures oaly 135" x 12" x
11". Good vzed condition. Only £125

20" 22" and 26" AV SPECIALS

Superbly made UK manutacture. PIL all sod stats colour monitors,
compists with composite video & optional sound input, Attiaciive

teak style case. Parlact for Schools, Shops, Disco, Clubs, el In
EXCELLENT ittis used condifion with full 50 day guarantes.

20"...£135 22".,.2155 26"...£185/H

SPECIAL INTEREST ITEMS

MITS. 2% FA4SETKL 14" Industrial spec SVEA moniors
ZKW to 400 KW - 400 Hz 3 phass power sourcas - ex stock
IBM 8230 Typs 1, Toksn ting basa unit driver
IBM 53F5501 Token Hing ICS 20 port lobe modulss
IBM MAU Token ring distribufion panel 8228-23-5050N
AIM 501 Low disiorbon Oscator SHz to 330Kh2, IEEE £550
Trend DSA 274 Dala Anatyzer with G703(2M) 64 Vo £POA
Marconl 6310 Programmable 2 1o 22 GHz swesp generator £6500
HP1650B Logic Analyser £3750
HP3781A Psattem gensralor & HP3T82A Enver Dstecior SPOA
HP APOLLO RX700 systam units £35
HPB621A Duzl Programmsbis GPIB PSUO-7 V 180 walis  £1800
HP3081A Industria workstation c\w Barcode swipa readsr £175
HP5264 Rack mount vasiabis 0-20V @ 20A metered PRU £675
HP54121A DC 1o 22 GHz four channsl test st SPOA
HP75B0A A1 B pen HPGL high £1850
EG+G Brookdsal 85035C Pre: £650
mspection system EPOA

View Eng. Mod 1200 compul ¥
Ling Dynamics 2k\W programmabis visstion =51 system ©POA
Computer control 1056 x 560 mm X Y tshis & controdiar £1425
Keithley 530 CV capacitor / voltags analyser £POA
Racal ICR40 dual 40 channs! voe racordar sysiem £3750
Fiskers 45KVA 3 ph On Ling UPS - Naw batts Dec.1985  £9300
ICI R5030UV34 Cizanins ulttasonic clzaning system EPOA
Mann Tally MTE45 High speed Ine printer
Intel SBC 486/1335E Mulfibus 485 systemn. EMb Ram
Zeta 3220-05 AD 4 pen HPGL fa5f drum plottass ¢
Nikon HFX-11 (Ephighot) exocsure control unit 21450
Motorola VME Bus Boards & Components List. SAE/ CALL EPOA
Trio 0-16 'aic linsar, metered 30 amp bench PSU. Now £550
Fujitsu M3041R 600 LPM band printer £1850
Fujitsu M3041D 500 LPM printar with natwosk interfase £1250
Perkin ElImer 25998 Infrated spactrephotometer £PO
VG Electronics 1035 TELETEXT Decoding Margin Mater  E3750
Andraws LARGE 3.1 m Sataitts Dish + mount (Fee Voyeosr) £950
Sekonic SO 150H 18 channel digital Hybrid chari recorder  £1835
TAYLOR HOBSON Tallysurf amp¥fier / recorder £750
System Vidzo 1152 PAL wavelom monitor £485
Test Lab - 2 mir square quistissd acoustic lest cabingts £300
Kanwood 9501 PAL Vacioescopa - NEW £65
Piease call for further details on the above items

£245
EFDA
£850
£750
£95

deslg styls’ smoked acrylc front panel 1o §
enabis status indicatlors to b2 seen through tha &
pansl, yet remain unobirusive. Infemally ths rack
teatures {ully slotted rainforced vartical fixin
meambears to take the heaviest of 18" rac
equipment. The tvo movabis venical fivng struts
(exiras avaieble) are pre pu d lor standard
‘cage nuts’. A malns distribution panel ntamal
ty mounted 1o the boltom tear, provides Bx IEC 3
i Euro socksts and 1 x 13 amp 3 @n switched 3
ulility socket. Overall vanidation is provided by
fuily louvered back door and doubls skinned top section
with top and side louvres. The top panal may bs removed for
cf integral fans to tha sub plate elc. Other fsatures includa:
casiors and fioor levelers, prepunched uliity panal at lowsr rear for
cabla [ connsctor access sl Suppiisd in excellent, signtly uzs=d
condition with ksys. Colour Royal blus. Extamal dime
mm=1625H x 6350 x 603 W. (54" Hx25 D x238° W) y
Sold at LESS than a third of makers price !!

A superb buy atonly £195.00 ©

Over 1000 racks - 19" 22" & 24" wide
3'to 44U high. Available from stock !!
Callwith your requirements.

Tha ultimate in ‘Touch Screen Technoloay' mada by the sxpers -
MicroTouch - but soid a1 a price below cost !l Systam consiste of
a fial translucent glass laminated panal measuting 29.5 x 235 om
connaciad 1o an slsclronic controlisr PCB. The controller produces
a standard serlal RS232 or TTL output which continuously ghes
simpla saral data containing positional X & Y co-oidinaiss as fo
whare a finger is touching the panel - as the finger moves. the data
nstanily changss. The X & Y miormation is given at an incredible
matrix resolution of 1024 x 1024 posions over the = s07EEn
size !! A host of available transiation software enaties diract con-
rectien to & PC for a myriad of applications including: eontrol pan
&iz, pomiing davices, S systems, contrediers for the deabled or
compuler un-treined elc atc. Imagine using your fingsr wifh
Windows', instead of a mouse || {a diver is indssd avafiabla !) The
applications for this amazing product are only limitsd by your
imagination!! Complate system incluting Controlier, Powear Supply
and Data suppiiad 2l an incredible price of only:

Full MICROTOQUCH soffwers support pack - £1 45- 00 (1]
and menusls for (BM competitla PC's £2295 RFE - Tastsd

LOW COST RAM & CRU’S

INTEL 'ABOVE' Memaory Expanslon Board Fulllength PC-XT
and PC-AT compalibls card with 2 Mbytes of memory on board.
Card is fully salectable for Expanded or Extendad (285 processer
&nd above) mamory. Full data and driver disks supplied. RFE.
Fuu‘r tested and guarantesd. Windaws compalbie. - 9.95(A1)
Half length B bit memory upgrade cards for PC AT XT =xpands

memcty aither 256k or 512k in 64K staps. May aiso bausadta i

in RAM above 640k DOS limil. Complete with data. _

Order as: XT RAM UG. i255k. £34.95 or 512k £39.95 (A1)
SIMM SPECIALS

1 MB x9 SIMM S chig 120ns Only £16.50 (A1)

1MBx9 SIMM3IchiD E0nsE19.50 or 7ons  E22.05 (41)

1MBxS SIMMSchp EGns £21.50 or 70ns  £23.75 (A1)

4 MB 70 ns 72 pin SIMM _-with parity- Only £95.00 (A1)
INTEL 485-DX33 CPU £55.00 INTEL 485-DX85 CPU £69.00 (A1)
FULL RANGE OF CO-PROCESSOR'S EX STOCK - CALL FOR £55

FANS & BLOWERS

EPSON DO412 40x40x20 mm 12v DC £7.85 10/ £65
A PAPST TYPE 612 60x60:25 mm i2v DC £8.9510/£75
MITSUBISHI MMF-D8D12DL 6025025 mm 12v DC £4,85 10/ £42

MITSUBISHI MMF-08C12DM 80x80x25 mm 12v DC £5.25 10/ £49
MITSUBISHI MMF-08B120H 52x82x25 mm 12v DC £5.55 10/£53
PANCAKE 12-35 82:52x18 mm 12v DO £7.5510/ €69
EX-EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm specdy 110
or 240 v £6.95. 80 x B0 x 38 mm - specify 116or 240 v £5.85

0 IMHOF B26 1900 rack mnt 3U x 19 Blower 1100240v NEW £79.95

Shipping on all fzns [A). Blowers (B). 50,000 Fans Ex Stock CALL

Issue 13 of Disp/ay News now available - send large SAE - PACKED with bargains!

-ELECTRONICS -

Al proes for L Mainiend, UK customers add 17,55 VAT to T
Unverstes and Local Authorties - minimesn
[B=E550 [CEER 50, (D=E1200,

Standsrd Coneditions 2o L
nofce Crosrs subiet to stock Disonunts for voiuma. Top CASH prices paid for surpius goods. Al tademade et sdnoweded € Deney

U gteitny s .ottt 3 [ALL MAIL & OFFICESH [| ONDON SHOP DISTEL® I| _ ALL T ENQUIRIES
$ 5% "eni. Sumn' .8 Ssess “see® | Open Mon-Fri 9.00-5:30 OpgpMon - Sat 5:00 - 5:30 The Qriginal
s ti. 0% : s & 2 Dept ET. 32 Biggin Way South Norwood EE On line Database nlal 879 4414
saee - aen - sssen » - . UDDEI' Nommd gm&m‘; mmm+mm
LONDON SE19 3XF Seihurst Park SH Rail Stations RETURNING SOON ! FAX 0181 679 1927

cofBaiand

OTAL order amount. Minimurm ordes £10. Bora Firke 2ot orders acorpiad fom Govermiment, Schoos,

accolnt ot £50. Cheques over 100 are subiedt 19 10 working days Gesrance
{F=E£15.00, (F=S1800, (G=CALL Alow epprxc 6 days for shiopng - st CALL Sostiand
Uriess stated quarantsed for 90 days Al pirerisss on & refum B0 Dese bass. Al nghes resened 10 chanee prices |
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Testing

At thisstage, it would be agocd ideatocanry out a tesi o
confirrm that both units are working correctly. Make 2 twisted
conneclion belween the positive (red) batiery snap wire on the
receivar and the +9V wire already soldered fo the circuit pansl.
Conniect the 9V battery pack (six cells) taking care over the
polanty. The buzzer will probably blesp as the connaction is
made. Connect the BV battery pack (four cells) to the
fransmitter in the same way. With the LED on the transmitter
painting towards the dstector on the receiver, the buzzer should
bleep. After a short time check that the metal backing of the
LED and that of the transistor in the fransmittér remain cool.
The LED must nct be allowed to become hot in opseation, If it
does, check the circuil - particularly at the connections to the
dicde and the onentation of ihis component.

If nothing happeans it is easy 1o check if the receiver section
is working by pointing an infra-red TV remote control at |t and
pressing a channgl sslection button. If the buzzer now bleeps,
the fauit is in the transmitier. You cannot check ihe transmitter
by pointing it at the TV and sesing what happens - TV remaote
contral systems use a digital code and this transmitter uses no
code - nothing will happen,

Little boxes

The boxes for the transmitier and receiver section ars identical
although, It using the specified components, the arrangement
of the paris inside is differant (se2 photographs).

Begin with tha transmitter. Make holes for the on-off switch
and for the socket which will be used to connect the trigger
switch. In the prototype, a 2.5mm “power” type socket was
used. Howsver, any small soccket such as 2 3.5 mm mono
jack typs could bs used. Hold the circuit pans| in position
using a few pieces of scrap wocd or cardboard so that it is
raised about 20mm above the base of the box and with the
LED about 80mm from where the lens will be. The battery
pack should fit snugly alongside (ses photograph). Measura
ihe sxact position of the LED and mark the front of the ease
direcily in line with it. Using this as the centre of a circle, mark
out the large hole which will bz ussd for the lens. The
specified lens has a rim which is used to secure it in position.
The hole should therefore be that of the diameter of the lens
part itself - that is, 30mm approximately. The best way o cut
this is te drill a series of small holes on the inside of the ling,

jgining them using a small hacksaw and cutting the hole to
size by filing it up to the lina. Fle away any PCB slots on the
case in the vicinity of the lens position so that the surface is
ilat, and attach the lens using a little quick-sstting spoxy resin
adhesive around the rim. Take care not to get any on the
actual lens or the efficiency of the syatem will be impairad.

In-line

Position the circuit panel so that the base of the LED is 80mm
behind the lens. Check that it is in line with the centre of the
lens and mark the base of the box through the mounting
hales in the PCB. It would be & good idea tc make elongated
holes so that the position of the LED may be adjusted in the
direction of the lens for best effect at the and. Secura the
circuit panel using plastic stand-off insulators (spacess) of the
correct length on the bolt shanks. Small adjustments to the
alignment may be made by bending the LED leads as
required. Since the infra-red is emitted through an angle of
only 20 degrees, the lens “catches™ most of it. If a differant
lens is used, it must be transmissive to near infra-red, and the
LED must be placed the distance of its infra-red focal Jength
away. With the batiery pack supported between the side of
the box and the circuit panel, no further support should be
needed. Attach the on-off switch. Mount the triggar switch
socket and wire it up. '

Mount the on-off switch on the receiver cass. Drill soma
holes in the lid above the buzzer position for the sound 1o
pass through. Mount the PCB as for the transmitter with the
infra-rad detector taking up a position 80mm behind the lens
and in line with its cenire. Again, elongated holes may be
made in thé case so that the exact distance may be adjusted
at the end. The battery pack should fit betwean the circuit
pane! and the case, using adhesive fixing pads if necessary.
For both seclions, solder the positive (red) battery snap wire
1o one terminal of the on-off switch. Connect the other
terminal to the positive wire already soldered to the PCB. The
lids of the cass may be left off while tests are made.

Carry cut some trials to gain practice at aligning the two
sections. Note, however, thal excessive testing with the
transmitter in continuous mode will soan run the batteries
down. Fix the transmitter in position and walk slowly
backwards holding the receiver and trying to kesp the buzzer
blesping. Decide on a suitable pasition for each section.

ELECTRONICS TODAY INTERNATIONAL




10% DISCOUNT TO ALL ETiI READERS

0-12* (300mm) Digital LCD Calipers £99:95 EBQ 95 ine

% MEASURE [NSIDE, OUTSIDE AND DEPTH.
ZERO ANYWHERE ON THE SCALE, CONVERTS
METRIC TO IMPERIAL AND VICE VERSA

BOTH THESE CALIPERS MEASURE TO A RESOLUTION AND REPEATABILITY OF
0MmmU.0005" AND ARE POWERED BY ONE STANDARD 1.5v SILVER OXIDE BATTERY,
THE PRICES INCLUDE A FOAM LINED CARRY CASE, VAT, POST AND PACKING
{F 0L ARE NOT COMPLETELY SATSFISD WITH YOS PLECHASE SIFLY BESTUSTN T TO US WITHIN T DAYS
FOR AN IMEDUITE NO OUIEE £ FEFUND. THS CFFES DOES NOT AFFECT YOS STATLTORY BGHTS)

From: KPL, 226 WHITEHORSE ROAD,
CROYDON, SURREY, CRO 2LB

oea: (0181 665 1041

10 DRDER ' PR MORE DETAILS AND
OTHER SPECIAL DFFERS.

Looking for Some New
Loudspeakers?

Have you considered making your own? Speaker Design is a CAD

package for PC Windows that takes care of all those long-winded
calculations. Derives box responses, cabinet sizes & crossovers for
speakers for the home, car or stage. Supplied on 3 HD disks for only
£28.96. For more details & an order coupon write to:

°2° Three

=2 Crowns

%2° Publishing

PO Box 5773, Laindon, Essex SS15 5FJ tel: 0410 225257

See also Monitor Internet at hitp:/Avww.monitor.co.uk under "Three
Crowns' for more info, or email: Scrowns@bj-clark.demon.co.uk.

ANS521 135 STK734102 595 TEA2026C 450
AN5732 140 . STK73805 450 TEA5170 1.40
ANB3Z7 985 STRA4I 18.98 TUA2000-4 425
ANESTT 850 STR451 2089 USedB 235
BAS114 155 STR3125 550 UAAIGOE 300
BAG218 185 STR&21 550 UPC1i7a 1.05
BAG213 120 STR4030 1115 UPC1182H 515
HAT1423 165 STR20005 500 UPCizI8H 220
HA13118 250 STR40020 400 UPC1425 150
KAGZ10 489 STRS0103A 385 UPD1937 300
080 STR34C41 375 23AA14 071
LA4183 135 STASS04S 375 254833 1.40
LAkiss 1% Sthiree i 2= -
- 1705
LA4588 255 STADIE0S 450 B ehony
LA7835 235 STRDS00S 10,00 \
250V Working
LB1415 225 TA2Z 185 DN Uor
Lh307 025 TA7271 2s0 TGN L0
LM317T 150 TA7280 225 U
MAG1EE] 475 TA7281 200 JOUF (Spack) 170
: 220F (zach) 0.40
14GBE| 675 TA7698 5.00
5 33UF (2a¢h) 055
151383 585 TAS200 350
MEEESS 330 TAS210 abp S o
MB3TI0 170 TARZ14 300 Jurse)
MB3756 8.00 TA8215 200 [ naand
STKO78 500 TAB20S 395 IUF {5pack) 148
: : 95 L7UF(Spack) 150
STK 400 TASSSD 13.00
STK451 1050 TA7S339 A3 o
STK2250 745 TDA3S00 499 ??%FF‘(“’_‘?‘}I e
STKe121/2 700 TDA35S5 gpp 7UF(e=cn
STK4141/2 550 TDA3650 8.53 IC.DATABASE ON
STK414272 650 TDA38%0 18.99 FLOPPY DISK
STK41622 625 TDA4400 b2 ot Erportaed ekl s culn &
STKe171/2 810 TDA4500 )
STKa12172 B50 TDA4S03A
€20
565
7.05
7.05
585
1.80
325
415
285
115
375
3.85
100
7.50 pelil
405
4.05 J.J. COMPONENTS
4.05 63 THE CHASE. EDGEWARE,
475 MIDDX: HAB 50N, ENGLAND
6.50

Hotlines No 081381 1700/081 952 4641
Free Fax order Line only ; 0800 318458
. General Fax 081381 1700

FREE 1555 CATAL GOUE

PIC16C84 and BIM Transceiver
Development Platform in one !

A hardware development platform for exploring high speed,
PC-PC, half duplex, two way Radio Data Communications |

INCLUDES:-

10MHz PIC16C84
BIM-418-F Transceiver
9.Pin D-Type Connector
2-Wire RS8232 Interface
Transmitter On LED
Receiver On LED

1/4 Wave Wire Antenna

Radao-Tech Limiad CYPHERNET -IM
Mesnsas only: 32 x 58mm x 177mm

Supplied with a free firmware driver the Cyphemet transceiver
will permit you to link PC's and transfer data using Windows
terminal mode. Only 79.95 each

Combined power and RS232
data cable. Only 6.95 each,

Dedicated PIC16C84 programming tool for re-programming the
internal control firmware, permitting the user to explore and
develop applications of their own. Only £ 94.95 each.

Unit featired above is Licence Exampl 1o MPT 1340 within thg UK Export Versions on 433 82MHz
1o ETS300-Z20 svadabis with 1 and 10mW oulput power. Pricss exciude VAT and Carriage.

Radio- Tech Limited, Overbridge House, Weald Hall Lane
Thomwood Common, Epping, Essex CM16 6NB.
Sales +44 (0) 1992 576107 (4-lines) Fax +44 (0), 1992 56 1994
hitpifiwww.radio-tech.co.uk E-mail radtec@radtec.demon.co.uk

New Free 1997 Catalogue

’r

EPOS
Telemetry
Security
Metering

Radio - Tech Limited

Helping l-lin!dnif With 4 AT

. Riilsnnmcﬂmm Spread

Spectrum
Frequency
Agile

Modems

. J—_I I / P& _::‘
i 9 & © [a
Moy £:5_§= Agmsay s Ity

Antenna

hnitwwew sBSic-Eh ook,

Dev. Tools

Tl =44 5) VEED STEVIT () Fu » &6 I IBT RGP
\ ’

To Request a Copy of the Radio - Tech, Fourth
Edition Radio Data Module Catalogue Contact:

Overbridge House, Weald Hall Lane
Thormwood Common, Epping, Essex CM16 8NB.
Central Office +44 (0) 1992 57 6107 (4-lines)
Fax +44 (0) 1992 56 1994
Technical Support + 44 (0) 1992 57 6114

E-Mail radtec@radtec.demon.co.uk




For best resuits, the/infra-red should pass through the window at
right-angles. Of courss, if glass can be avoided so much the
batter. Attach the transmitter to a pliece of wood or other
suppart. With both units switched on and with the transmitter
switch in the test position, carefully align them so that the buzzer
continues to bleep. If aiming for maximum range, it will be
necessary to take great care over alignment and RV1 will need
to be adjusted for maximum sensitivity. it may also be necessary
to alter the relative position between the LED and/or detector
and the respective lens. To adjust RV1, rotate the slider slightiy
clockwiss. This may increase the tendency towards false
triggering although in the prototype this was still extremely rare.
Note that maximum sensitivity is not oblained by adjusting RV1
fully clockwise. This'is because the “off” voltage at IC1 pin 8 (and
therefore at IC2 pin 2) is about 0.15V. If RV1 is adjusted fully
clockwise, OV will appear at pin 3. The op-amp will then be
normally off and will trigger IG2 once enly. It will then be
incapable of triggering again. For maximum effect, RV1 should
be adjusted clockwise up the point when it will not trigger then
slightly anti-clockwise. Switch off the transmitter, set the on-
board switch to the right (operating) position and attach the lids.

Foiled again
Attention may now be given to the switch which will be
triggered by the hedgehog. Parents with children of school age

will find that designing and trying various types of switch is'an
excallent application of the National Curriculum in both Science
and Design & Technology (in practice, almost all children follow
these subjects). Some of the simplest ideas involve using
pieces of aluminium foil (cooking foil) ket slightly separated.
The hedgehog on its visit will stand on these and push these:
together. Suitably-placed pieces of springy foam plastic will
aiso allow the "switch” contacts to part when the hedgehog
leaves. Another idea would be to use a non-mercury position
switch. If this were to be set just off, any sfight movement
would trigger it. There are many solutions and a lot of fun may
be gained by constructing a switch which behaves best for the
purpose - particularly trying 1o make it selective against other
visiting animals. Connect it to the plug using a piece of Iwin
wire.

it may be possibie to operate the receiver section using a
plug-in mains power supply unit-with an output of 9 to 12V dc.
However, there are “spikes” produced on the mains due to the
operation of equipment nearby. This may cause false
triggering. One particular problem is the switching on of
fluorescent lights. Note that the transmitter must.not be used
under damp conditions unless care is taken with
waterproofing, since moisture reaching the circuit panel will
cause problems.

Happy hunting!

Transmitter section:

d

A’

Resistors: All 0.6W 1% metal film
R1, R2, R3 10M
R4 iM

|
L

Semuconductors
MNE556N dual bipolar timer
1N4148
‘TiP122 power darlington
high-power infra-red LED (see

=
7 5k6
i__ R6 1k
= R7 0.47R
: capacnors-
J' Cc1,C5 100n metallised polyester - 5mm
pin spacing
l c2, C3 10n ceramic (if required - see
) text)
:‘i c4 47n metallised polyester - 5Smm
i. pin spacing
Gﬁ 1000u 10V radial electrolytic
=

N1
A\ d 5

193}
‘.
17
%
%

i

4

spadns
cio 220u 10V radial onectromtq-_ -

Semiconductors

IC1 TBA2800 lrma-red pm-ampiiﬁer
IC2 LF351 op-amp

Ic3 NE 556 bipolar dual timer

ic4 : MC78LOSACP regulator

D1 i Infra-red photodiode

Q1 ZTX300

Miscellaneous

SwWi SPST toggle or rocker switch.

2 off 14-pin dil sockets, 8-pin dil socket. PCB mounting

piezo buzzer suitable for dc operation, PP3 battery

- connector, holder for 6 AA size cells and alkaline cells to fit,
infre-rad traﬂsmiasiva p!asﬁc lens. Plastic case size: 150 x
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including the GCSE syllabus with interactive, full colour
graphics to enable Tearning through doing’.

Electronics Principles 4.0 £99.95%

I.Eﬂ 135

Inpuis & oulpuls use elecironics symbols.

Scientific noiation avoided where possible fo make
numbers & calculations meaningful.

Experiment with standard fexitbook examples, even
check your homework!

Hundreds of elecironics formulae available for circuit
investigation.

Mutii-user sife licence for schools & colleges.
Produce CHP slides & student handouts.

Contains all of the extended version 3 and many more
digital and analogue topics. Plus: Microprocessor &
microcomputer operation, registers, arithmetic and logic
unit, ROM, RAM etc. Addressing modes and full
instruction sef can be executed on the screen.

Complete Package just £49.95*
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Telephone 01376) 514008.
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boards
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EASY-PC Professional: Schematic
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By Owen Bishop
An introduction to the circuit simulation with software -
the “soft breadboard” for designers.

Part 1 - What is SPICE?
SPICE is a computer program that was originally intended for
designers of integrated circuits. Circuits buitt from discrate
components are easily assembled and tested on a
breadboard. If it does not operate exactly as intended,
compenents and connections can be changed until it is
running satisfactorily. This technique is no use for designing
ics -manufacturing an ic involves many complex (and
expensive) stages and it is important to know that the design
is correct and that component values are suitable bsfore
making the masks for even the first chip. Using a computer to
simulate circuit action is an essential prelude to ic
manufacture. S0, the Simulation Program with Integrated
Circuit Emphasis was born, and became known as SPICE.
The centre for development of SPICE was tha University of
California at Berkelfey, USA, beginning in the 1960s and
producing numerous versions during the next thres decades,
Once developed, the applications of SPICE for designing non-
ic structures became obvious and the demand for it graw.
SPICE itself is in the public domain, so its routines are not
copyright and provide an ideal starting point for writers of
electronic simulation software. Proprietary SPICE simulators
tend 1o be enhanced versions of SPICE, with the fundamental
SPICE routines as their core, but with better facilities for
entering the circuits and data, and they presant the
calculated data in more sophisticated graphic routines than
were available in the original SPICE. (The University of

R1 [
1k0
B1
e
9
D1 R2
3ve JAN 66

Figure 1: simple constant current generator circuit

Berkeley at California is ang of the bast-known SPICE
suppliers.) There are now many successful SPICE-based
simulators, some of which we shall look at later in this series.
One of these is SpiceAge, which has probably departed
further than most other simulators from the original SPICE
format in the direction of greater user friendliness, an
increasing number of extra analytical routines and superior
flexibility and clarity in the display routines. Yet it still retains
SPICE compatibility. To see what SPICE and SpiceAge can
do, we will take a working example, based on a simple
constant current generator (figure 1).

Netlists

All SPICE analyses are based on a netlist, which is the way
we inform the computer of the nature of the circuit it is
being asked to analyse. A netlist is simply a list of the
components, their values, and the electrical connections
between them. Figure 2 shows the SpiceAge netlist of the
current generator in figure 1. There are two ways of
abtaining tne netiist. The simpler of these (and the one |
have found easier) begins with a sketch on paper, like
figure1 but not necessarily so neatly drawn! Next, number
ihe nodes, which are the points to which the components

‘are connected. You can give the nodes names instead of

numbers if you prefer. We use numbers here, and adopt the
SPICE convention of allocating ‘0’ to the ‘ground’ or OV
nede. Figure 2 is the result of running through the
components and typing in their.details on the screen as you
might do in an ordinary word-processor. The order in which
you list the compenents does not matier to the computer,
though soeme sort of system is helpful if you need to refer
back to the nellist later. We tend to work to the order:
power sources, resisiors, capacitors, inductors, discrete
semiconductors, ics. .

The other way of obtaining the netlist is to begin with the
schematic circuit diagram. You draw the schematic on
screen, using a special graphics program, after which the
program works out the netlist for you. The schematic
capture program that operates with SpiceAge is called
Geseca, and we shall see this in action next month.

The SpiceAge netlist format is very similar to that used
by SPICE, though there are small points of difference. For
instance a SPICE netlist begins with 2 one-line title
statement, whereas in SpiceAge we can have any number
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Edil Netwurk Analyse

SPICEAGE - [NeUist Edilar -c:\spiceageinets\®.cmp]
Fregueuw Time Presentation Wlnduw

value we like, including
values not normally
available from suppliers.
This illustrates one of the
advaritages of simulators:

Constant current sink, Zener stabill sed, load current 50mA "‘ you do not need a vast
B B1 +out:1 -out:0 v=8.000000 ]| stock of components in all
R R1 pl:1 p2:2 v=1.00000k ij“ S;i?‘e:'e r:';a:]‘:;“::re‘i
: a = try to
R R2 P1 4 p2:0 v=66.00000 || obtain that ‘odd’ value
R Rload p1:1 p2:3 v=50.00000 | | until you have checked
> Q1 npn Ba:2 Co:3 Em:4 1| with the simulator that it
Z D1 an:0 ca2 v=3.900000 || =actually works and that

ogne of the more readjly
available values will not
|| serve just as well. Also,
“||" you can never burn out or
|“j damage the componeants.

On the breadboard
Just to check that the
simulater gives the right

4
.

results, set up the sams
circuit on a breadboard. We
do nat usually do this but,
when you are first using a

Flgure 2: the SpiceAge netllst correspondmg to figure 1

simulator, it is often a good

of lines beginning with an asterisk (%), which are reserved for
headings and remarks. The lines listing components begin
with a letter to indicate component type. For example, ‘R’
indicates a resistor, and ‘B’ indicates a consiant voltags
source (battery). Following the eomponent type is a number
or name teo identify which particular component is being
described (for example, R1, Rload). Then come its pin
connections. For example, “+out:1’ indicates that the
positive terminal of the batiery is connected to nede 1.
Component values are defined by the ‘v = ' siaiemenis.
Hers we have a 9V batiery (the valt unit is assumed by
default), and a 1kR resistor (the 'k’ is necessary to specify
kilchms instsad of the default unit, ohms, defined by the its
scientific designation of a capital Omega). The values were
calculated on paper before typing in the neilist. R1 issstas
1kR se as to allow a current of about 5mA to flow to the
zener (R1 = (9 - VZ)/0.005). This puts the base of the
transistor at the zener voltage, VZ, which is 3.9V. To just
turn on Q1, we need a base-emitier voltags of 0.6V, so we
make R2 = (VZ - 0.8)/iload). Rload is arbitrarily set at 50W,
a value within the range that we want the circuit {0 be able
to regulate the load current.

The >’ symbol indicates that the parameters of the
component are defined in a library file, one among many
provided with simulators such as SpiceAge. Here the full
filename is ‘npn.lib’, and this file listed under subdirectory
‘libs” in the ‘spiceage’ directory. ‘'npn’ is what is known as a
generic modsl of an npn transisior. It is a simple modal
which is reasonably accuraie for most iransisior-based
simulations. Because few parameiers are being taken into
account, it has the advaniage that the analysis runs quickly.
The three staiements completing this line define the node
connections of base, collector and emitter.

The symbol ‘Z' indicates a generic zener diode model, a
compenent that is not available in SPICE. Here we have
specified the zensr voltage as 3.9V. We can give it with any

idea to run it alongside a
real, breadboarded circuit. It confirms that you are using the
simulator correctly and helps you understand what its results
mean. Uss 56 chms in series with 10 ohms to obtain B2. For
Rload, use a 220R (or 250R,) variable resistor (presst or pot)
adjusted to 50R, measured with a multimeter. It is not as sasy
as it sounds to =si the pot to exactly 50R, which illustrates
anothsr advaniage of simulators - components can be given
exactly the right values, including non-standard ones. For the
transistor, we used a general purpose low-signal transistor, a
BC548, but any similar transistor would do. The zener is a
BZX79C, 3.9V, with a tolerance of +/- 5%

To measure the load current, place a testmeter in series
with the load. When the circuit is switched on, the meter
shows a lead current of 44.3mA instead of the intended 50mA.
Further maasurement shows that the base voliage is only
3.71V instead of the theoretical 3.3V. This is within the 5%
tolerance limits and you may obtain results closer to the
expecied values with your circuit. Bui the emitier voltage is
2.97V, so this still provides a bass-emitter voltags drop of
0.74V, sufficient to turn Q1 on. However, the emitter voltage in
theory should have besn 3.9 -0.6 = 3.3V, comesponding to a
current of 50mA through R2. With a pd of only 2.97V across
R2, the load tument is reduced to 2.97/66 = 45mA. Could we
increass the current by reducing R27 Or would we do betier to
select another zener? '

DC analysis

SpiceAge provides a mode of analysis known as DC
quiescent. It calculates the steady-state voliages at all nodes
and the steady-state currents in all branches. In doing this, it
takes non-linear components such as transistors and diodes
into account, In these instructions we use arrows (=>) to
indicate a sequence of button-clicks. First click on Time =>
Probe nodes ... (or click on the 'Probes’ button) to display the
Probe Control Panel. Click to select Probe 1 and then select
node 4 as the Output node and node O as the reference node.
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Figure 3: the graph of cumrent versus the value of R2

Make sure the v (voitage) option is selecied (there should
be a dot inside the diamand shape). Click on OK. To initiate
the analysis click on Analyse == DC quiescent. A table of
results appears, showing the voltages at all nodes 1-4,
relative to the reference node, node 0. The base voitage is
3.84V, and the emitter voltage is 3.12V. Rsturn to the Probe
Control Panel, and select the current (i) opticn for Probe 1.
Repeating the DC guiescant analysis displays & table of
currents through the branches of the network. For Rioad;
we find the current is 44.3mA. Although the zener (bass)
voltage is correct in the simulation, the load current is low,
roughly the same as on the breadboard.

Perhaps we can do better by substituting a more precise
model for the transistor, one that takes account of more
parameters; this takes longer to analyse but, with anly one
transistor in the circuit, the increased time is immaterial.
Return to the netlist (click Window => 1 Nellisi). Replace
‘npn’ with \BC548BPlib’. Re-running the tests shows
resulis similar to those already obtained, the load current
increasing slightly to 46.76mA. Even though, with a full
SPICE model, we are working with about 40 parameatars,
we slill do not get the reguired load current. Perhaps the
simple eguations we usad for ¢alculating the original
component values (especially R2) were not sufficiently
preciss.

A better value for R2 can be looked for by sweeping its
netlisted values over a given range. Amend the netlist o
include the range. Aiter the oiher entries for R2, type ‘vs=60
vi=70". These are starting and finishing values for the
swesp. Click on Analyse => Tolerances and Temp... . Under
Function, select Value sweep, under Mode seleci Linear and
make N=11. This gives R2 eleven sieps from B0R to 70R.
Select Analyse => Quisscent sweep, and SpicsAgs
performs a DC quiescant analysis for eleven evanly spaced
values of R2, displaying the results as a graph (figure 3). We
can see that load current falls with increasing R2.
Positiening the cross-hairs as shiown reveals that to obtain
50mA requires the sample number to be N=32.7. On a
100-step scale from B0R 1o 70R, this corresponds o a
resistance of 80 + N/10 = 63.8R. Knowing that the zener
has 5% tolerance, there is no peint in obtaining a resistor of
this exact value. Instead, use the nearest standard value
(62R) or, for greater precision, & 5681 fixed resistor in series
with a 10R mulli-turn pot. The pot allows the circuit to be
aligned for a given zener diode. You could try this with the

breadboarded ‘circuit to see how close you can gst to
50mA. On the simulator, altering R2 to v=63.9 gives Rioad
= 49.97mA, which is close enough.

Compliance

The circuit is intended to give a constani current even when
the resistance of the load varies. It is important to know the
compliance of the circuit, the range of values of Rload over
which iload remains close to 50mA. A quiescent swesp tells
us this. On the Rload line of the neilist, type ‘vs=50 vi=
250'. Set the sweep values as before. The quiescent sweep
provides figure 4, in which current is constant (at 49.97mA)
up to sample numbier 30. To obtain a smoother curve, this
sweep was done for 101 steps instead of 11. Current is
constant until N = 30. With a resistance range of 50R fo
250R, this corresponds to 50 + 2 ¢ N = 110R. This is the
maximum load resistance for absolute compliance. *The
cross-hairs indicate the point where the current has
dropped by 5% to 47.5mA, sample number N = 35.178,
equivalent to a load of 50 + 2 ¢ N = 120R. This result
compares very well with a breadboarded trial, in which you
vary the pot uniil the current bngins io fall and then
measure its resistance.

The minimum compliant value is found in a similar way,
using ‘vs=0 vi=20". Current is constant down toc N =1,
equivalent fo a resistance of 0 + 0.2 ¢ N = 0.2W. Thus the
circuit is compliant over the range 0.2W to 120W . Check
this on the breadboarded circuit.

AGE | [Quicocrot swoep - clipicesgeinets|tc [F13]

E MMM’EHRMMMM Help 5]
= =001
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Figure 4: the graph showing load compliance at an aiming
current at 49.97 milliamps.

Projects: (Use a breadboarded circuit and/or SpiceAge or
other simulator. Answers next month.)

1) Plotvarious node voitages, while swesping the valus
of Rlead, to find out why compliance ceases when the
current exceeds abeut 110 ohims.

2) Design a constant current circuit based on figure 1,
but using a 5.1V zener, and 1o sink a current of 10mA. Over
what range is it compliant to 2%:7

SpiceAge is available from Those Engineers Lid., 31
Birkbeck Road, London NW7 4BF Tel 0181 906 0155 Fax
0181 908 0989. Prices for SpiceAgs simulation software ars
from £85 plus VAT upwards. A demo kit is available.
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" Music Enhance

Fader-Fu

Conventional fuzz and distortion effects are either “on” or “off”, but Robert
Penfold’s Fader-fuzz can be faded gently in or out on command, with traditional
value-overdrive style distortion.

tandard distortion ("fuzz") musical effects are

produced by clipping the input signal to produce a

harsher sound with containing a large number of

harmaonics. Some units offer a distortion level

confrol that enables the degree of added “fuzz” 1o
be presel. However, it is nol normally possibis o coniro! the
distortion level whils

The Fader-fuzz distortion effect offers some degree of
conirol over the effect during performancs. To simplify the
mechanical side of consiruction, it uses a foot-operated switch
rather than a pedal. When the switch is pressed down, the
distoriion effect is “faded” in. Releasing the swiich resulis in the
sfiect being “faded” out 2gain. The atiack/decay time can be

varied from a few

actually playing the guitar.

milliseconds to ong

The effect can only be ™\ 7\ N ,f\\ /\\ second or so. This
. = . f \ \ / A ie fa3j
switched on and off with a @ _* / \ ,f \ [\ f \ / \ method of control is fairly
footpedal. This does not oo \ ] \ \ / \ \ basic, but it allows the
allow the effect to ba - \/ \., \./ \/ \/ player to control the
varied in an expressive . " gftect with a fair degree
fashicn, ke fo? exa:'np'e PERNERUPRNGLEVEL of precision, and s
I . q =, e '
+ — T 7 T 7 7 . . s
the waa-waa efiect, which ® ov L\ [V [\ [ \ enables the distortion to
can be varied by psdal i \ / \ / \ / \ / be used in 2 more subtly
dutnngT:la C’DU';.-}-E 'o? each N R ATIVE GG LEVEL arhs;;c manner than
note. This is not of much usual.
use when playing N P N P N
\ f 4 \ 'y LY
“machine gun” fashion, @ o\ o N J N f N J N Hard or sofi
but with skilful use it can ) U/ \_/ \_/ U/ \, P There are two types of

greatly enhance slower
“mood” pieces using
suitably sustained notes.

Figure 1: (a) the sinewave input signal (b) hard clipped signal
c) soft clipped signal

clipping: hard and soft.
Broadly, hard clipping is
iends o be produced by
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Figure 3: the circuit diagram of the Fader-fuzz. IC3 is used an
an n-channel mosfet

overdriving a semiconductor amplifier, or a clipping amplifier
which uses silicon diodes. Soit distortion tends to be
produced by overdriving a valve amplifier, or a clipping
amplifier based on germanium diodes. Figure 1 shows the
difference between the two types. Waveform (a) represents a
sinewave input signal, and waveform (b) shows the resuit of
subjeciing this to mild hard clipping. With hard clipping there
are well defined positive and negative clipping thresholds. No
matter how sirong the input signal is made,; the autput signal
will not go significantly beyond the clipping levals.

Soft distortion doas not provide well defined clipping
levels, and thers is no true clipping level at all. As the output
signal voltage rises, the gain of the circuit decreasses, and
the tops of waveforms: become rounded.

Figure 1(c) shows the effect of strong soft clipping on a
sinewave signal. Hard distortion tends to produce a *
squarewave or pulse output signal regardless of the input
waveform. Soft distortion tends to refain the original wave
shape to some degree. It siill generates strong harmonic
distortion, but the higher frequency harmaonics are less
strong than with hard distoriion. This gives a less “bright”
sound, and what is generally called a “thicker™ fuzz sffact.

The original “fuzz” efiect was produced by soft clipping,
and it is this version that seems to be back in fashion. Jimi
Hendrix (with Marshall amps)-style soft distortion is perhaps
more musical than the hard variety, and it has the advantaga
of producing much less intermodulation distortion. The
imporiance of this becomes apparent if you play mare than
one notie at a time. With soft clipping thisis quite
acceptable, but with hard distortion the result is usually very
discordant. The unit featured here provides variable soft
distortion.

How it works

Figure 2 shows the block diagram for the fader distortion
unit. The input signal is fed to an amplifier which has
adjustable voltage gain, and then to the clipping amglifier.

In arder to give good resulis the clipping amplifier must
be fed with a high signal level, otherwise the intraduction of
the distortion will produce a large rise in the ouiput level,
plus what might be anly limited distortion. The gain of the
amplifier is adjusted to suit the guitar pickup in use. The
circuit can accommedaie low ouiput pickups, high output
types, and anyining in between.

The distortion level is governed by a voltage controlled
resistor connecied in the feedback loop of the clipping
amplifier. With a strong positive bias fed to the voliage
confrolled resistor it has a fairly low resistance, and there is
only low voltage gain through the clipping amplifier. The
clipping diodes are also in the feedback loop, but they have
litile influence on the vaoltage gain of the circuit as they are
virtually shert circuited by the voltage controlled resisior.

oaiay
v.CONT. ca | FOOT
RERISTOR TIMER SWTCH
caN =TT e
rl;ir—l |
e e m&"”w ——o ouruT

Figure 2: the block diagram of the Fader-fuzz
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The circuit
Figur= 3 shows the circuit
lizaram for ihe fader distortion
unit. The jnput amplifier is based
on IC1, whichisusedina
siandard non-inverting mode
circuit. B1 and R2 bias the non-
inveriing input of IC1, and set the
input impedance at 50k, VR1
enables the closed loop voltage
gain o be varied from about five
to just over 100. G4 couples the
output signal from IC1 to a
simple inverting moda clipping

If the bias voliage to the voltage controlled rasistor is
steadily reduced, iis resisiance rises and the voliage gain
of the clipping amplifier steadily increases. As the gain
increases, the dicdes have areater influence on the voltage
aain of the circuit. and produce strongsr distortion.

The control potential for the voltage controlled resistor
is produced by a simple C-R timing circuit. Pressing the
foot switch causes the charge on the capacitor to diminish
and the distortion to rise. Releasing the foot switch results
in the charge voltage on the capacitor returning to its
original level, and the distoriion fading out. A
potentiometer controls the charge/discharge rate of the
capacitor, and this is used to set the fade-in and fads-out
time.

amplifiar based on IC2. D1 and
D2 are the clipping diodss, and thess are germanium dicdes.
D1 conducts on positive cutput half cycles, and D2 conducts
on negative half cycles. RS and RS sst the closed loop voltage
gain of IC2 at 5.6, but this is reduced by the shunting effect of
the diodes when they are biased into conduction.

The forward threshold voltags of a silicon dicds is well
defined, and occurs at about 0.8 volts. The turn-on voliage of
a germanium dicde is rather vaguely defined. A germanium
diode starts to conduct at quite a low voltage, but exhibits a
high resistance. The forward resistance falls somewnat as the
applied veltage is increased, and it reaches a very low
resistance at around 0.2 volis. This gives the required rounding
rather than flattening of clipped oulput signal, and a good soft
distortion effect.

=]

thay
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TEACHERS - STUDENTS -
HOME USERS, ETC.

With this non commercial version of our software
produced for single users, this is your dream come true!

Software as you are probably aware has no real material
value, but is priced to recover the enormous costs of
development. The software house tries to evaluate how
many units will sell at a specific price to generate the
amount needed and produce a healthy profit.

As the electronics marketplace shrinks, due to expanding
competition, it means that, in reality, powerful user
friendly software. such as EDWin, must be very
highly priced and therefore remains inaccessible to the
individual and small businesses.

Until today .... Norlinvest, one of the biggest software
houses in the electronics sector, has decided to put
onto the market a “Non Commercial™ version

of their EDWin software, which is
known worldwide.

Your opportunity to save £££££’s

This is the first truly seamlessly integrated suite of
software running in all Windows formats .... simulation,
schematics and PCB design. At last allowing amateurs.
teachers. students. .... in a word any “individual™ to
take advantage of current technology, without any
restriction. ’

To avoid misunderstanding — there is no difference
between the industrial software at £3.515.25 VAT inc.
and the “NC Deluxe 3™ at £114.00 VAT inc. — the
difference rests solely in the licence. In other words.
industry is subsidising the development costs and the
individual can now take full advantage of this.

Computer Compatibility
To run the program you will need:
« Windows 3.x, Win95 or Win NT,
* a min. 386 processor
» 8mb of RAM + CD-ROM Drive

[ hoamss —
[ | | ViISA |

All Major Credit
Cards Accepted

1. EDWiKNC Basic: Schematics, PCB Layout with Basic
Autorouter and Poslprocessing. Max. 100 compaonent

database and 500 symbol Device Library. £49.00.

| The De Luxe 1 version has the above, but also includes
—~| Professional Libraries and unfimited database components. ~ £79.00.

De Luxe 2 is the same as the basic version, but with

Professional Libraries and adds Mix-mode Simulation. £73.00.
De Luxe 3 all the above plus the Arizona Autorouter, £114.00.
Options: Professional Libraries £24.00.
Professional Database (Unlimited componenis) £24.00.
Mix-mode Simulation £24.00.
EDSpice Simulation £49.00.
Arizona Autorouter £24.00.
Thermal Anglysis £19.00.

Post and Packing £5.00 UK. Overseas £10.00 for CD-ROM version
{3Y=" disks add extra £10.00)
Prices include VAT

aca ~Y applj,
m!nimu‘:s""c rnsﬂtuﬁlfns foal
order two gy gy,
€ms,

ELECTRONICDESIGNFORWINDOWS  NONCOMMERCIAL

Swift Designs Ltd.. Business & Technology Centre, Bessemer Drive, Stevenage. Herts. SG1 2DX.
To order or for more information telephone: 01438 310133 fax: 01438 722751 or Email: designs@swiftdesigns.co.uk




IC3 is a cmos dual complementary pair and inverier.

In this circuit it is only the N channe! mosfeat of one
complementary pair that is utilised, and no connections are
made to the other pins of IC3. This mosiet acis as the
volitage controlled resistor, and it is connscted in parallel with
RB. The source and drain terminals are at pins seven and
eight respectively, and the resistance betwesan thase is
confrolled by the voltage applied to the gate terminal at pin
six. The mosfels used in cmos logic devices are
enhancement types, which means that they are normally
switched off and require a forward bias in order to bring them
into canduction. In this respect they aré more like a bipolar
transistor than a junciion gate fel. such as the 2N3819. A
junction gate fetl. is a dspletion modse davice which is
normally switched on and requires a reverse bias in order to
switch it off. A junction gate fet. can not be used in place of
IC3.

Under standby conditions RS and R10 bias the gate of
IC3 to almost the full supply voltage. The forward bias voltage
fed to IC3 is much less than this because the source terminal
is at the half supply bias level at the sutput of IC2. Howsver,
the forward bias is strong enough to produce a low
resistance through IC3, and minimise the effect of the
clipping diodes. The veltage gain of IC2 is well under unity

with IC3 biased hard into conduction. Operating S2 reducas
IC3's gate voltage to a littte under half the supply voltage,
which means that the gate is taken slightly negative of the
source terminal. IC3 is then cut off, and exhibits a drain-to-
source resistance of many megohms. The clipping amplifier
then works normally, giving the soft distortion effect. The gain
of the circuit is largely controlled by DT and D2 rather than
R8, giving what is effectively still less than unity voltage gain.

With VR2 at minimum resistance S2 provides almost
instant but “click” fres switching betwasn zero and maximum
distortion. At higher resistances VR2 and C7 provide a simple
delay circuit which results in the distertion being “faded” in
and out. A delay of a second or so is achieved with VR2 at
maximum resistance. The circuit has been designed to
minimise any increase in the output level as the distortion is
introduced, but the peak output level still increasss by a few
dB. It would probably be possible to remove this _buirt-'in swell
effect using 2 compressor circuit, but this is not really
waorthwhile as it seems to enhancs thé sffect rather than
dstract from it.

The current consumption of the circuit is approximately 4
milllamps, increasing to about & milliamps when SW2 is
closed. A PP3 size battery is therefore adequate to power the
unit.

A

Figure 4: details of the stripboard component layout
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Figure 5: the underside of the stripboard panel

ELECTRONICS TODAY INTERNATIONAL




WANTED

TOP PRICES PAID

For all your Test Equipment. Receivers,
Transmitters etc.
Factory Clearance, Prompt Service and Payment.
We buy and sell worldwide.

HTB ELEKTRONIK
Alter Apeler Weg 5
27619 Schiffdorf, Germany
Tel: 0049 4706 7044 Fax: 0049 4706 7049

HIGH QUALITY LOW COST |

C.C.T.V. CAMERA (32mm 2 320m)
LOW LIGHT LEVEL.
AUTO ELECTRONIC
| COMPOSITE VIDEO CUT VIA BNC PLUG-
SMALL DISCRETE SIZE.

| | CAMN BE USED WiTH PC DIGITISER.
| Ths super quatty CCD PUB camers cam be connected into
|your existing TV o video muing the AV chamel smd can be
|used for discrete sveillsnce or observing your property -
| extermally gong 5 guitshis prool boutng  Can scconitodate Ty nu:-:m'.ﬁ;tz;u
i sireet Behting using &3 built in electronic s&uﬁ:f Excellent when using with 1 infra red scugrce - Budlyin
| widke angle fived focus Jens the camena has 3 resolistion of 330 TVL

| Special offer price of only: £59.95 Plus VAT (P&P £3.50.) (Total £73.94).
( £49.99 Plus VAT for 10 or more.)

For full ranse of CCTV prodocts send SAE to:

 Direct CCTV Limited, Direct Iouse, Florence Street, Middlesbrough. TS2 1DR|

Build your own computer
Features:- 16 Digital I/O’s

- 12 Analog imputs

- 16 Timers

- 2 High speed counters 2.5kHz

- Direct LCD control

- RS232 Serial interface

- I’'C bus

- One wire bus (touch memory)

Contact: Diamond Chip

B Tel: +27 12 803 6287

Fax: +27 12 803 4350

E-mail: stefan@dchip.com

Internet: http://www.dchip.com

excl.

L &3 00
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STEVENAGE-

Professional Sub-Contract Manufacturing & Suppliers to the
Electronics Industry

Do you have a requirement for any of the following services:

PCB Assembly (Conventional and  Product Design/Consultation
Suriace Mount) Full Procurement Service

Wave & Hand Soldering PCB Test & "Bum in” Facilities
Complete Equipment Enclosure Design & Manufacture
Manufacture PCB Artwork Manufacture
Device Programming from hand Circuits Drawn Professionally
writien shis or PC 3'/5" disc Kit Procurement & Supply
Cable Hamess Assembly/loom Component Sales

Manufacture Refurbishment a speciality

Card Cage and Module Wiring Tcp Cuality Work al Reasonable
Full Inspaction Rates

Phone Steve on (01438) 360406 or fax detalls of your requirements to us

on (01438) 352742
EQT LTD, Cromer House, Caxton way, STEVENAGE, HERTS, SG1 2DF

If you need Valves/Tubes or RF
Power Transistors etc. ...then try us/

We have vast stocks, widespread sources
and 35 years specialist experience in meeting our
customers requirements.
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Tuned to the needs of the Radio Amateur

Chelmer Valve Company, 130 New London Road,
Chelmsford, Essex CM2 ORG. England.

44-01245-355296/265865

Fax: 44-01245-490064

Tel:

GOOD VALUE
BURGLAR ALARM KITS
Professional Quality, Glass PCB,
Timed Entry, Exit Delays (audible),
Open & Closed Circuits,

Anti Tamper, Panic etc, -
Siren Driven Direct, 12v DC,
Fraction of price
at only £8.50
inclusive,

Full easy instructions,
~Money Back Guarantee.
Quantity discounts available.
‘Also available FM Transmitter kits at
£5 inclusive.

Tr_ade':_Enqu'iries Welcome.

C&G Trading, 65 Roseland Road,
Waunarlwydd - Swansea. SA5 4ST,
Tel: 01792-874246
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Construction

Dstails of the stripboard layout are provided in figure 4, with
the underside of the board shown separately in figure 5. The
board measures 41 holes by 21 copper strips. Once the board
has been trimmed to the correct size, make the breaks in the
copper strips and drill the two 3.2 millimetre diameter mounting
holes. The 4007UBE used for IC3 is a cmos device, and it
therefore requires the standard anti-static handling precautions.
Use a holder for this device and do not plug it into place until
the board and the hard wiring have been completed.

The TLO71CP is not a static-sensitive component, but |
would still recommend the use of holdérs for IC1 and IC2 as
well. Germanium dicdes are more vulnerable to heat damage
than silicon davices, and it is therefors important to take dus
care when fitting D1 and D2 to the board. | donot find it
necessary to use a heat-shunt when fitting germanium diodes,
but the soldered joints must be completed without any
procrastination.

There are two basic approaches to the mechanical sids of
construction. The unit can be built as a self-contained effects
unit complete with a built-in footswitch (S2), or S2'canbe an
external footswitch. A built-in switch is a neater and cheaper
solution, but an external type with a proper foat pedal is easier
to use. If 82 is built into the main unit it must be a heavy duty
typs mounted on the top panel of the case. The case must be-
reasonably crush-proof typs, and a discast aluminium box is
ideal. However, this type of case tends to be quite expensive,
and a box of folded aluminium consiruction represents a good
low cost alternative. | wouild not recommend the use of a plastic
cass, even for psople with small fest, for cbvious reasons.

If an external footswitch is used, the strength of the case is
not a maior consideration. [t is siill advisable to use a metal
case though, as this will shield the circuit from sources of
mains “hum” and other electrical noise. A small metal
instrument case is used as the housing for the prototype. The
connection to SW2 is made via a'standard jack sockst
mounted on the front panel of the case. The footswitch should
be supplied complete with a standard jack plug and lead.
Whather SW2 is an external switch or built-in, it must be a
push-to-make, nonlocking switch (also known as a
“momentary action” switch).

On/off switch SW1 can be a normal switch, or a pair of
make contacts on JK1. With this second method the unitis
switched on when the guitar lead is plugged into-JK1, and
switched off again when it is removed. This method is favoured
by many people wio find that it reduces the risk of the unit

being left switched on. It might not be impossible to obtain a
standard jack socket having a single set of make contacts; but
a type having twin changeover contacts can be used.
Connections are then made to only two of the six switch tags.

Figurs 6 provides details of the hard wiring, and this
diagram should be used in conjunction with figure 4. Two
versions of the wiring are shown in Figure 6. The upper section
shows the wiring if SW1 is a separata switch, and SW2 is built
into the main unit. The lower section shows the correct wiring if
SWH1 is part of JK1, and SW2 is an external foot swiich.

In use

The guitar is connected to JK1, and JK2 is connected to the
amplifier; in both cases using standard screened guitar leads. A
little experimentation will be needed in order to find the
optimum setting for VR1. Results seem to be bast if VR1 is set
for the highest gain (set as far in a clockwisa direction’as
possible) without the signal becoming clipped at the output of
IC1. With the distortion switched off, give VR1 the most
clockwise sstting that gives distortion free resulis. it is possible
that very high output guitars will cause IC1 to become
overlcaded even with VR1 fully backed off. The volume control
off the guitar must then be ussd to reduce the instrument’s
ouiput to an accepiable level.

If the unit is functioning correctly, operating S2 should
*fade” the distoriion in and out very smoothly and obviousiy
with VR2 set for a medium fo long delay time. If VR2 is ssat for
a very short delay the effect will simply be switched in and out
by $2, but it should provide “clean” switching with no “clicks”
or other glitches. ;

%
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Resistors (all 0.25 watt 5% carbon film)
R1,2 100k (2 off)
10Kk (4 off)

Bi
Si
S2

JK1 1 6.3 |
JK2 Standard 6.35mm jack soc
Medium size metal case, 0.1 inch pit:
41 holes by 21 copper strips, 8-pin dil holde
holder, battery connector, control knob, wire,
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r Auns on any PC unnéng Windows 3.1, Windows 85 or
( I, S 1 g I I ‘ :.r 4 Windows NT with a8 ménimum 2M3 RAM

Amexf‘qmss;[je]wsa Will work with any Windows supported printer 2nd monitor
For Windows 3.1, ‘95 or NT -

I’I g0 nr_mn lti \ﬁf:h\mmnlrl pchi

{- - Internet =

"_ Visit our WWW site at www.niche.co.uk for more information

and a working demo. The demo is also available via anonymous FTP
from ftp.demon.co.uk in the dir /pub/ibmpc/win3/apps/pcbdemo/ as

= pcbdemo.zip. Inlernef e-mail pcb@niche.demon.co.uk.

H Bl

4 Produce Single or Double sided PCBs. *
7111 Ch1: |/ Print out to any Windows supported printer.
| Toolbar for rapid access to commonly

- “| used components.

| ||VHelpful prompts on screen as you work.
v'Pad, frack & IC sizes fully customisable.
v'No charges for technical support.
1v Snap-to-grid sizes 0.1", 0.05" 0.025"
| and unrestricted.
v/ SMT pads and other pad shapes.
| | Prints at the resolution of your printer, much
higher than the screen shot shown here.

1 .l o o = < . “”“1"
Fani ® 1s IR B 1 -

Niche Software (UK) R

12'Short Hedges Close, Northleach, Cheltenham GL.54 3PD. Phone (01432) 355 414
Available in South Africa from JANCA Entetprises, PO Box 32131, 9317 Fichardipark at R299,00

= h

Looking for the price?
It's just £49.00 all inclusive/lia»

...no VAT...no postage...

...Nno additional charges for
overseas orders.

Dealers and distributors wanted.

ROBOTICS!

Crewe+ Alsager Faculty

PIC MICROCONTROLLERS

Beginners Course on 16C84. One day course. Fee: £125,
includes lunch, 16C84 chip and Development Board plus
software.

Advanced Course on 16C84 and 16C71. One day course
including look-up tables, long delays, keypads, 7 segment
displays and A-D couaversion. Fee: £125 includes lunch and
16C71 reprogrammable Microcontroller chip, with 4 channel

Complete Teach Yourself Package including PSU, Switch
i_AUSCLE %{Lﬁgﬁjpmmtmcﬂmﬁd Y | Input Board, Keypad Board, Development Board, 7
e e ekl S el b Db D e Segment Display Board and Buzzer, LED Output Board,
: 30 Lo Analog Development Board and 115 page course book.
plus software. Fee: £145 + £6 p+p + VAT.

SERVO - IR LCD CONTROLLERS Four-day Course - Understanding Microcontrollers
§ U Gt bt R/C S (12 [0 8se LT EREES Lo Course Fee: £395, includes lunches and the complete teach
;c,gdw ehvess : 330y 235 ety yourself package. Accommodation available.

P;mm e

For dates and further details contact Dave Smith,

Please call 1o receive further detalls on 2ny of the sbove producs Crewe+Alsager Faculty,
The Manchester Metropolitan University,
MILFORD INSTRUMENTS Hassall Road, Alsager, Stoke-on-Trent, ST7 2HL
Creative Products for Enquiring Minds Tel: 0161 247 5437 Fax: 0161 247 6377
01977 683665, Fax 01977 681465 E-mail D.W.Smith@MMU.AC.UK
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= | Train in PIC Assembler
' Ask about our new training package, video based with experiments in
=2 program development, supplied with a development board, and PIC16C84
and also with a free copy of PICDESIM. Due for release April 1897.

The 2 - | Develop in BASIC for the PIC
The M,crocontra'ler Easy to usepBA’S?C in a Windows based envir?nment. No need for

meess,ona!s assembler, UV eraser or programmer to get going with PIC devices.
16C74 based medule has 8K EEPROM, 27 lines /0, A/D inputs,

PWM output, LCD display drive, 12C bus, RS232 interface to a PC.
D eve’ OP ’n Assem bl e r External RAM and more.  16C57 Module Kit (8K 4MHz) £30.00, Built £36.00

Qur Windows based PIC development 16C74 Module Kit (8K 4MHz) £35.00, Built £42.00
environment (PICDESIM) staris . 16C74 Module Kit (8K 20MHz) £40.00, Built £46.00
where MPAS%VE and MPS)IM leave Com pl l e BA S I C Compiler (compiles to standalone chips) £50.00
off. Develop in a single pregram,  Once your program is working on an FED BASIC module then you can compile it
assemble and simulate, follow to native PIC16C74 code. Completely compatible with FED BASIC you can now

our program in the edit 5 iz
zuindgw? Single step, skip produce standalone chips requiring no external EEPROM. chpiler-Esu.ao

over, conditional, unconditional Progr am PIC's

and timed breakpoints
view output on a logic analyser Program 16C54/55/56/57/58, 16C62XX, 16C64, 16C71,73,74 etc. (upgradeable

style waveform display. Up to to other devices). Serial link to PC uses standard RS232 port (3 wire interface).

50 times faster than MPSIM. Supplied free of charge with PICDE (Windows based assembler), MPSIM and
£30.00, £25.00 if purchased MPASM. Programmer Kit £40.00, Pre-Buiit £560.00
with our programmer. PIC16CT74/JW - Erasable, 20MHz £24.00 C h :
. PIC16C74-04 OTP 4MHz, £8.00, 20MHz £20.00 IPS
http:/iwww.ibmpcug.co.uki~gmwarner/fed.htm PIC16CS7XT/P OTP 4MHz, £5.00, 10MHz £6.00
Prices are inclusive, please add £3.00 for PIC16C84-04P EEPROM erasable 4MHz £6.00, 10MHz £8.00
P&P and handling to each order. Cheques/POs 12C508-04 OTP 4MHz - NEW 8 pin PIC £3.00
payable to Forest Electronic Developments. 241.C65 8Kx8 EEPROM (12C) £5.00
(BARCLAYCARD | Forest Electronic Developments
| VISA | 10 Holmhurst Avenue, Christchurch, Dorset. BH23 5PQ
_ Phoneffax 01425-270191, Technical 01425-274068
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EDWinNC - V. DeLuxe3

PCB CAD software - new low-cost
ackage without commercial licence
114.00 Swift Designs Litd.

ecently (see News, ETI February 1997) a PCB CAD

(computer aided design) program with a

professional pedigres has besn made available far

amateur use at a very competitive price. You would

expect a pcb cad system intended for industrial
use to compare favourably in terms of facilities and functionality
with lower-cost ones purely for amateur use, in which case it
would be expecied to be popular. Sceptics may wonder
whethier the cad system is really a professional program, or if it
is just being marketed claveriy.

This is where | declare my bias: | have long been a user of
the predecessor to EDWin (Visionics' EE Designer, a DOS-
based program), and have used EDWin for the past two years
for industrial designs. EDWin has, until now, been sold in the

lower cost indusirial market (in the £1000 to £5000 range rather To make this possible there is usually a library of

than around £25,000) which is the area in which very many cad schiematic symbeols which contain information about the layout

systems in regular industrial use are positioned. shape to be used, and about which schematic pin goes fo
CAD software is generally more complicated in its functions which pin on the pcb. Often power supply gins are ot shown

than, for example. a word-processing program, so that to explicitly, but are-assumed to go to ground and 5V unless

evaluate a specific program, the first thing is 1o understand the otherwise specified.

functions which a pcb cad system must have, and those which This is whare, in most pcb cad packages, you generate a

it may include to maks it more usaful. The background netlist and then load it into the layout program. EDWin,

information | am drawing on for this is a good working however, integrates the process. Instead of having schematic

knowledge of EDWin and of two ofher widaly used industrial symbals with a link to layout shapes, there are davicas with

cad systems in approximately the £3000 price range, a passing links to layout and schematic symbols. Placing a device on the

familiarity with one of the lower cost systems, and a brief schematic page (or on the layout) places both the layout

evaluation of four others. symbol on the layout and the schematic symbol on the

schematic page. Connecting a pin on &ither layout or

The basics schematic stores the connection information, so that the

The basic requirement for pcb cad is to be able to place pads corresponding connection can be mads on the other view, All

and tracks on to 2 layout. All the systems | have seen use the information is stored as one file, and in effect the layout

component shapes, for example, 16-pin dil, and attach the window and the schemalic capiure window are different views

tracks to the companent so that if the component shape is of the same set of information.

moved the track end follows it. Some systerns try to keep
orthogonal tracks orthogonal as a component is maved, but
most systemns rubber-band the tracks and leave the user to
move the bend points to make everyihing line up.

In all but the simplest cad systems, a compenent will include
pads on both sides of the peb, and very likely on inner muiti-
layars as well. it will also include drilling information for the pads,
a solder resist mask for top'and bottom of the pads, and a
component outline for the silk screen layer. The silk scresen
normally ineludes a user-definable dsfault position for
component number, and maybe value as well.

More advanced cad systems, and all the ones | have made
significant use of, incorporate what is often called “schematic
capture”, which is a means fo ganerate connection information
(usually called a *netlist”) from a circuit diagram. This connection
information is then used to define the connections on the pch.
This has long been, for me, the most impartant aspect of CAD.
When this works properly, there is no longer that risk of ] . . ! L
connecting to pin 32 instead of 33 on a large expansive IC. E;%ﬁ{;’ ,J,;?;‘éﬁ’:,ﬁ;'&ﬁf,{'&?ﬁgﬁ&g T A6 tagtac Al
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Normally one would start by drawing the circuit diagram;
which with EDWin's devices means that all the layout shapes
are ready to be viewed in the Jayout window. When you have
done this, the next step is to display the layout window and
draw the pcb outline.

Layout _

So far so good. When you have a peb shape and a set of
components shown on the layout 'screen, you have 1o
position the components on the peb and connect the tracks.
Different programs give you different aids to do this, up to.
auto positioning and aute routing of tracks. In practice, few
boards seem to benefit much from the automatic placement
and rolting tools of the lower-cost industrial software. Still,
auto positioning is available in EDWin, and this ean at least
start the process of positioning components ready for the
tracks to be conpnected.

Much of the task of positioning the components must be
dane manually, and one should ideally position componenis
in a logical order according to the connections that need 0
be made betwesn them: What most packages do is 1o show
you dotied lines connecting the components together (often
still referred to as “ratsnest), to illustrate how tracks will have
to cross each othar. EDWin provides this function via an
option to show the nearest connections of the component
currently being moved. This is illustraied by figure 1, showing
a component being moved on a partly routed pcb.

The most imporiant aspect of thissori ofcad is a
guarantes that the connections on the layout mateh the
schematic, Different software packages show what connects
to what in different ways, from displaying each unrouted
connection as a thin or dotied line to highlighting the next-
nearest connection. Edwin will highlight pins on the same nst,

‘and show dotied lines connecting to the nearest relevant
pad. To route atrack, it is necessary o click the cursor in the
centre of a pad. Net name, layer, and width information is
‘then displayed in the status line at the bottom of the window.

Many cad programs insist that you connect only to pads,
so that a connection siructure like that shown in figure 2 has
one track laid on top of another connetting to the IC pin. In
some cases this can necessitate moving two sets of bends if
a track is to be moved. EDWin has a particularly powerful
connection sysiem that can allow T-junctions. If this function
is selected, connections can be made to any irack on the
correct net, rather than to an actual pad. A bending point,
which can be moved, is created at the joining point.

Indeed, if the track to be joined to is on another layer;
EDWin will automatically create a via hole and connect to the
track. These frack-joining functions only seem like a sge'cia]
feature whan you have to fight with a cad system that does
not include something similar.

Track routing

On ihe subject of track routing, the layer of a whole track or
just a segment of it can be changed, with via holes baing
automatically added or removed as necessary. Equally, track
or segment widths can be changed with a click of the
CUrsor.

A particularly useful functien is the ability to swap gates
or pins at the layout stage in‘order to uncross connections.
Many cad systems require you to return to the schematic,
make the change, generate a new netlist, load the nstlist into
the layout, and procesd. in EDWin you select, for instance,
GATE SWAR, click on the two gates whose connections are
visibly erossing on the layout window, and the gates are
exchanged on both layout and schematic. .
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Figure 4: Tool bar for
component editing in
the layout window
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IC1

Figure 3: Simulator window with time domain and frequency domain output graphs

Figure 2: T-junction
track connection
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Individual pins can be changed equally easily. There is a
logical pin swap function which will allow you o exchange,
for example, two identical input pins, but not to swap one of
them with an output. There is also an absolute swap function
to allow you to make any alteration you need.

If, for example, you uncross the tracks to a connector, the-
connections on the schematic will immediately refiect this
change, but they will be shown at odd diagonal angles until
you move the bending points to tidy up; This is so much
quicker and easier than the possiblg alternative that it does
not seem like a problem.

A corollary of the way that the schemaiic immediately
reflects the layout is that you can draw the layout from
scratch, and then use similar technigues to peb layout to
create a comprehensible schematic. This has bean useaful in
situations where an old design has to be updated, and/the
drawings have been lost, or the revisions do not match. Or, if
you need to repair something and a circuit diagram is not
available, a section of the layout can be copied and used to
create the relevant circuit diagram section to find the faulf.

An important aspect of cad layout is design rule checking.
EDWin has a clearance cheack function which will pinpoint
short circuits, or pads and tracks stc too close togethar, with
the required spacing being user configurable. There are also
tools to check that all necessary connsctions are mads, and
to help you to pinpoint missing connections. A simple
connection check function will tell you which nets contain
missing connections, and then the nets mapping will show
you which component pins are connected in each separate
group (a group can consist of as litile as ons unconnected
pad).

Simulation

EDWin cantains a very effective circuit simulator. The
simulation information.is contained in a set of schematic
symbols, and various parameters of the models can be set.
For examplg, figurss for a real mosfet can be applied to the
general mosfet symbol once it has been placed on the
schematic, just as different values can be assigned o
resistors. Various signal generator and measurement symbols
(without corresponding layout shapes) can alsc be placed,
and the simulation can be run. Typically, the pari of the circuit
to be simulated would be drawn first; then when optimised
the rest of the schematic would be drawn prior to layotit.
Figure 3 shows the simulation of a simple signal conditioning
circuit, with a window lllustrating how camponsant
parameters, in this case an op-amp, can be altered.

The drawback of the simulator is that it doss not uss
Spice models, so | cannot download the Spice model for a
new chip from the Internet and use it. On the plus side, the
simulator models can be configured in many ways, so that a
reasonably accurate simulation of a parlicular cp-amp or
whatever can be created. It is also much easier fo use than
many Spice implemeantations. it runs quickly, and normally
produces helpful results. | check parts of many of my designs
on the EDWin simulator before building the first prototype,
and reach the final design stage noticeably quicker as a
result. A Spice add-on is available in any case for those who
need it.

Overall, EDWin has a different type of user interface
compared to other cad systems | have ssen, with toolbars for
editing different items. Figure 4 shows ithe toolbar for
components, as an example. When tools on the left are
seiected, different tool options appear on the right.

Buttons on the right in'this illustration are; from the top: rotate
component 80 degress, rotate component any angle, change
component placement side (useful to put surface mouni
devices on the back of the board), relocate named
component, swap component positions, display component
ratsnest while moving, display component tracks while:
moving, and display component outline while moving. This
last can speed up the procedure on slow PCs.

‘There are keyboard shortcuts, but they are not so short or
memorable as some | have encountered. The controls look
complicated and, to some extent, they are. CAD programs
perionm a more complex and pracise function than ordinary
wordprocessing programs, and all take some effort to learn at
first. My experience is that the first layout in a:new cad system
takes longer than the manual ariwork equivalent, but after that
speed improves dramatically. =

Several aspects are not as you might expect on a Windows
cad system, but these are largely items that do not impact on
the real use of the softwars. For example, you cannot use.
TrueType fonts even on the schematic - you merely have a
choice of various sizes of plain lettering.

Muitiple designs cannot be open at once - but for the most
part you can only work on one design at a time any way.

Also, instead of having a large window in which child
windows are created, like most other Windows programs, it
has a separate title bar at the top of the screen with menus for
File, Options stc, and separate movable windows for
schematic capturs, layout, postprocessing, simulation, and
library part editing.

Thera is only one omission that causes me any concem,
and that is in the creation of ground planes. EDWin cannot fill
an area with 2 piane, automatically connecting to tha relevant
net'and giving clearance around other connections, by drawing
the ground plane on screen. Instead it generates a separaie
Gerber plot layer with a negative plot - all the tracks that the
plane must not connect 1o are drawn wider to give a suitable
gap. This plothas to be negatived photographically or in
software and'added to the plot of the layer for the plane. This
makes it difficult to see the immediate effect of the earth plans.
The facllity to remove little odd bits of plane that cannot
connect to anything also does not currently exist. Howaver |
believe this is to be addressed the next time that the program
is upgraded.

Other cad systems also have efrors and omissions, and
overall | find that the balance between the good features and
the items | wish were better favours EDWin over the other
similarly industrially priced cad systems | have encolntered.
Now that the fully functional program has besn made availabla
without a licence for commercial use, | belisve that those home
censtructors wiio use it will find it exceptionally good value.

Swift Designs issue non-commercial EDWin NC in a sefies
of versions from the basic lavel at £49 with a 100-component

-database limitation, to Deluxs 3, raviswed hers, which «

includes the Arizona Autorouter. Swift alsa have a bolt-on exira
for Spice3F5 (€49 including VAT) that will accept
manufaciurers’ cods modals and netlist import to allow the
reconstruction of schematic drawings. Contact Swift Designs
Ltd. have a web page at www.Swiftdesigns.Co.UK or Te!
01438 310133.

ETI with Swift Designs have arranged a 10%
discount card for ETl readers next month and a free
copy of EDWin NC to be offered the following month in
an ETI reader competition.
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DIL Sockets 2
Stam Sed Pin
EPmBILO3™ £0.05
14 Pin DIL 0.37 £0.11
16 Pin DiL 011
18 Pm DIL 037 £0.1
20 Pin DIL 037 £0.12
24 Pin DIL 067 £0.13
28 Pin DIL 0.6™ £0.13
40 Pin DIL 0.6 £0.19
Turned Pin
& Pin DIL 037 £0.11
14 Pim DIL 03" £020
5 Pin DIL 0.3 023
I8 Pm DIL 037 £D0.35
20 PmD £039
M4 PnDILOS” D46
Pm DIL 067 £0:2
44 Pin DI D6 £0.78
SIL Header Strip
| x 35 Way Stmight £0.33
2x 36 Way Smmight  £0.32
1x36 “ra, o0 D55
2 x 36 Way o0F £0.78
20 Way Socket Strip  £0.54
Transistor Sockets
TOIES Base Socket £034
T03S Bas= Socket £022

IDC Cable Sockets

10 Way Socket £023
14 Wy Socket 034
16 Way Socket £031
20 Way Sockzt £035
26 Wy Socket £030
34 Way Sociket N4z
40 Wy Socket Nt
) Wey Socket £0.75
PCB Box Headers
10 Way Srmight '~ £027
14 Way Str=ight £036
W Sn:;gt £036
20 Way Straight £041
26 Way Strsizht £0.-
34 Way Serzight 032
40 Way Smaizh 083
=) Way Straight £0.96
10 Way 50° £038
16 Wy 90° £0.47
20 Way 907 £0.53
26 Way 90° £ 58
34 Way of° 072
40 Way 90° £0.83
50 Wy 907 0.99
PCB Latch
Headers
10 Way Stright 050
16 Way Strzight 070
20 Wiy Smrmicat 078
25 Way Straight £1.00
gysemm o
20 Wy e Iis
S0 Way Straight £129
10 Way %0° £0.58
: £0.78
] ingE2
£1.06
£1.14
£].62
£1.74

D Type Connectors
Solder Bucket

9 Way Male PI% £0.29
9 Way Female Sockzt £0.30
15 Way Male Pinz £035
13 Way Femal= et £0.39
15 \'b&) HD. Ph.z £0.4
15 Wey HD, Sockst £0.78
-,3 Way Male !‘fu £0.49
23 Way Femsl £0 .4
25 Way Mais Flu £0.48
I3 Way Fs £030

9 Way Male Pi EL20

W? Fm}eﬁ,‘kﬂ £1.20
25 Wy Mals Fiu £1.26
235 Wey Female Sid.t( £1.25

Right Angled PCB

9 Way Mats Pl £037

9 we\-' fl:i:ﬂ.: £035
ay 2 u"‘ 3

IR et o

Pilastic D Cavers

9 Wzy Cover - Grey £030

_!!2 &'3\' Euva' - Grey

=y Cover - Grey
23 Way Cover - Black
35 Way Cover -
25 Wsy D Cm &Ela:k
ver | Case
25 10 23 Cover / Casz
Audio Cannectors

3 Smm Steren Chassis 3k20.34
W' Moo Lins Socket  £0.33
Moo Chassis Sacket £0 40
" Stzreo Plog E£040
" Stereo Line Socket 2038
Ye" Stereo Chessis Bt £0.44
DIN Serles
2 Bin Live B £021
2 Pin Chassis £0.15
3 Pin Line Fi £0.27
Pm 5 £038
4 Pin Lins Plog 02
4 Pin is £0.26
3 Pin Lin= Plug 1865 €030
3 Pm Chessis Skt 1EG® £032
3 Pin Lin= Pluz 240° 024
3 Pin Chassis Sk 240°  £0.32
3 Pin Line Plez 366° 24
5 Pin Chassis Sl 3607 £032
6 Pio Line Pin £027
6 Pin £0.32
7 Pin Line Plu 032
i Liss a3
Piti nEcckr.‘ £0.36
Phono Series
Red Linz P 020
Line £0.20
Yellow Line £0.20
White Line Ph'.lg £ 20
Line £070
Hleck Line Socket £0.20
Yellow Line Socket £0 2%
Whit= ]_!zrc Socket £0.20
Socket 020

Blsk Chessis Socket
Gald Plst=d Plog - Red
Gold Pisted Plug - Black £0.76
NLR Series - metal

See Next / Last Months Ad. for
ELECTRONIC COMPONENTS

Al Availshle in - Red, Sleck,
Gresen, Bloe, White or ‘r.‘:iiow
2mm Solder Plegs
2mm Socksts

&K
&g
1=
it
8

i
D

BEE
ég‘

e
s
ik

zgﬁaagsazss
¢
o
g

3 Pin [EC Linz Socket  £0.96
3 Pin [EC Line Plug £l.B3
3 Pin Cimssrs Sockst £0.56
aPm Chassis Plug £0,72

SPDT C/Of 5 x 10mm
QPDT 92 x 10mm

BA 125V 34 250V
6.2 mm

SPDT C/Off & x 13mm ﬂlﬂ
SPDT C/0 Bizsed 2 Wiy EI 34
SEBT CD Bizsed 1 way £
DPDT E2x 13

DFDT COfT 12 x 13mm £0.76
DEDT CO Bizsad 2 way£1 28
DPFDT CO Biased | wey£128
Standard

g Hole

£024
DEDT GO 125 x 33mm {027
Rotary Switches

S
Miniature Round
250mA 125V 28 x [0mm
;}\mm O Mounti Hnl:
oa Latching
Blsck PTM £025

Red PTM
Yeilow FIM

EA"OVPnshmTtp
SPSTI0x 11 x22mm  £0.62
DPDT.ZOxenm £1.12
Hiuminated

154 230V Pushon Tas

T 30xi4mm Red ™ £0.84
DFDT 30x35mm Red £1.40
DEDT 30n?3mm Amber £1.40
DPDT 32Smm Green £1.40
PCB Mountir
1A 24Vde DPFDT 5V £144
1A "‘W’:i: DPDT 12V £1.44
3A 110V SPDT 6V 3R
3A l%l.'l\’ SPDT 12V
3A 110V SPDT &V .72
SA 110V SPDT 12V £0.72
3A 110V DPFDT 6V £0.93
3A 110V DPDT 12V £0093
$A 240V DPDT 6V £1.76
3A 240V 12V £1.76
10A 240V EPDT 6V £12%
10A 240V SPDT 12V £1.48
104 240V SPDT 24V £1.44
Computer Accessories
Adsptors

Drive Cebie AB 5459

Cahle XIDE
Power Cable 3%-2 x 3% £I.ﬁs
Power Cable 5742 x 5% 224
Power Cable 5%4-2 x 3% £224
i Y 8224

2w

ilﬁz
£1.65

ies
Many more

General Purpose Plastic » i
£IJ 3 3

75 x56x 23mm

121 x 95 x 6lmm
Piece

wo
133 x 70 x 3Tmm

izes availshle

162 x 102 x 37mm

102 x 70 x 37mm

133 x 102 x 37mm
102 x S0mm

x
76 x 51 x 25mm
12x

1x25
102 x S0mm

178 x 127 x 63mm:
203 x 132 x 76mm,
102 x 102 x 63mm
133 x 102 x 65mm
132 x 102 x Tamm
Steal/.

19 Wzy Grey Ribbon £0.11
E‘g %‘ay Grey Rabben mJI
26 Wey Grey Ribbon. £028
34 Way Groy Ribhone £035
40 Way Grey Ribbon £0.48
gg Wy Grey Ribbm 913
En sc: Zoz E;? X

T 1 )
IL5WGE 6%
16 SWG E £0.72
18 SWG E £0.78
0SWGE £0.81

SWG E: £0.83

H4SWGE £0.87
26 SWGH £0.57
28 SWG E £0.99

0 SWG E £102
SWG £1.05
MESWGE £1.10
36 5WG E d £L.14
3E SWG - £120

WG E i £

‘;’In;:;d Copper Wire

(<4

'v}.&bk
16 SWG Timed £0.72
12 SWG Tinned £0.78
20 SWG Timned £n
inned

evervthing from D
Aoy, st A% SAT (80p of Sll.m.pu) or
with &?‘mﬂ poraiy-y o

Development Glass Fibre Pl‘mmml.st
x Bozrd 952 127 £0904 4x £ Sinpls Sidad £1.56
IMatrix Bozrd 100 x 160 £1.26 6x 12”7 Single Sided  £5.14
25% . 027 9x 128k Sidad £7.71
(R ] £990 100 x 160mm Single £116
93 x 127 £1.30 203 x | 14mm Smgle £25]
120x 100 £130 233 x |60mm £442
100 x 160 EL80 4x§7 Double Si £1.99
481 % 60 £328 6x 12" Douhle § £5.73
sidboard 175 x 67 £302 9x i2 Boghls Sided 864
sihoard 203 x 75 E63E 100 x 160mm i242
Jumpwire Kit  £3.36 103 x H4mm Double 309
bl Kh E548 233x Doubls £490
g Materials PCB Equipment -
foiter Film 10pes  £1.53 PCB 3 T £135
Film ltgz £% UV Exposge 7920
Eich reca £22]1 Progsssn ngIcsﬁ'umEllS.?ﬂ
E?z:::m Pen Eflil% PCB;: cmicals
h u{nﬁﬂh& y 100ml £4.42
““E PCB Treesfers g{'ﬁ?&'ﬁg{lh 053
oy getzils available.  Femic C. £1.41
PCHB [élm[nllel TF;::;.: C = 1 I £273
Plain Copper Clad inmng Pow II}CI! 03
100 x 160mm Single  £0.70 BCB Hhix Spray 26
£1,00 Lxr,rus Speny 110m} ﬂ 12

2 Smphwﬂ_l'm:k Conzr £2.08
Fibee Gless Pen 8337

BEBLLLEEE

-
=1
LhldEsESrTRR

B

Smm Ez-[‘nlm.:r Lnd
Smm TriCologr Lad

ey
Ea

T Segment DHspla:
S6" R=d C. i

=
J'a

036
£025
£036
i0.25
£0.72
£033
£0.48
£04%
£1.52
£1.52

043V Cells, Screw Terminals
100mA 26 x 46mm

200mA 35 % SEmm £1L
A03mA 45 x 75mm £1.70

E0mA 66 x 95mm 2956
I0D0mA 76 x SSmm £352

Fﬁmﬂ Digital
Multimeter

A 1B rampe LCD, 355 Dj
|mltimetzr jdeal for K sn

B Voits

[ 200mV-2.20-200-1000V
2004LA-2-20-200mA-10A

HResicramce

£33




Experimenting with Video

A digitally controlled mixer/fader

Robin Abbott - second half of the video mixer/fader begun last month. *

ast month we locked at the circuit diagram and
the sofiware operation of the video mixer/fader.
This month we will look at the operation of the
signals in the circuit in 2 little more detail, the
construction, testing and seiup of the
mixer/fader, and the control of the fader over the serial link.

Detailed pattern generation

We will look in 2 litle more detail at the setting of the
signals around the circuit for the various wipe patierns. This
information is of use for exparimenters who would like to
extend the operaticn of the circuit.

The majeority of the slide patterns are controlied using the
faur signals SWINVERT, SWDIRECT, SWFALL and SWRISE
as labelled on figure 3 (the circuit diagram) shown in the first
half of this project last month. These signals are sst as
follows:

SWDIRECT: This signal is used by the PIC to swiich tha
video signal directly on or off. It is used in the vertical wipe
patterns. When the SWINVERT signal is low, then the
SWDIRECT signal is low to turn the video signal on, and
high to turn it off. The SWDIRECT signal is wire OR'd with
the outputs of the horizontal comparators, and therefore
should be centrolled with the TRIS registers of the PIC,
gffectively operating ths output of the PIC as an open drain
signal. The SWDIRECT signal is driven from port B of the
PIC, which has its internal pullups enabled.

SWINVERT: This signal inverts the outpuis of the
horizontal comparators and the SWDIRECT signal when sat
high. This is used in some effects to reverse the direction of
the fade or wips.

SWRISE and SWFALL: These signals control the
norizonial comparator outputs. The horizontal comparators
have open collector outputs, and are connected to the
video switch output by analogue switches, For simple
horizontal wipes (pattern numbers 4 and 5) only the
SWRISE signal is enabled. For wipes with horizontal bars
(such as pattern 10), both the SWRISE and SWFALL signals
ara enabled.

For horizontal wipes the PWM output (PWM1 on Port C2)
must vary to change the position across the line at which
the comparators switch. This signal (SLIDEVOLT) is on pin
17 of the Pic on tast monih's circuit diagram. Far simple

SWITCH

VIDED DOWN: 0

DOWN: 312

2 SWITCH olela

VIDEO DOWN: 312 | DOWN: 0

=)
=

3 SWITCH NEEE

o
VIDEG BRI

4 HIGH 1| o| 1 | SUDEVOLT | SLIDEVOLT
IMPEDANCE <5V ov

5 HIGH 1| o| o | SUDEVOLT | SUDEVOLT
IMPEDANCE ov =5V

B SWITCH i

VIDEO SEET&9

SEE7&8

i |
ﬁﬂe 7 0 olo]o| vean VGAIN
-5V ov

SWATCH
8 “vioeo |°f°f°

DOWN: G
GAP: 312

DOWN: 155
GAF_: 1]

DOWN: 155 | DOWN:

SWITCH
g LAl (R GAP: 0 GAP: 31

VIBEO

[ E=]

- HIEH | 4| 4| 4 | SupEvolt |supevolt
IMPEDANCE +5V +25V

1 HIGH 1 1 g | SUDEVOLT | SLIDEVOLT
IMPEDANCE 225y <5V

i 3
et
:{;‘;FTE?; 12 m“ o| o] o| swirch:o | switcH:1
iLT

Figure 1: Signal setting for fader and mixer patterns

wipes where only the SWRISE comparataor is enabled, the
voliage varies between 0 and 5V. For the wipes with
horizontal bars the voltage varies between 2.5V and 5V -
tris can be seen on figure & last month. The PWM registers
are s&t to O for OV output, and 255 for 5V cutput.

For video fades the signal is enabled using SWDIRECT,
however, the second PWM ocuiput on PIC port RC1 (pin 16)
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Figure 2: the component layout and links on the main PCB
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is used to gensarate a fads
voltage bstween 0 and 5V. This
is shown as VGAIN on the
circuit diagram. When the PWM
ouiput is at 3V then the fade
voltage is set to -0.5V and the
video signal is set to full on.
When the PWM output is at QV,
the fade voltage is set to +0.5V
and the video signal is full off.

Figure 1 this month shows
the setling of the various signals
in the circuit for each pattern.
The columns labelled Start Fade
and End Fade show ihe state of
the voliages in the circuitsat the
start and end of the fade or
wipe. Fordhe harizontal efiects
these columns show the state of
internal variables in the program
which control the herizantal
fade. The source code for the
program (which is available in
magnetic form - see the end of
inis ariicle) usas ihess variables,
and should be consulied o see
how they are used.

Construction

The sync separator board
featured in the first aricle in this
series in ET1 Vol. 26 No. 1
(February 1997) should be
constructed as shown in that
article. However, one important
change must be made: the
78L05 device must be changed
io a 7805 device, as the iotal
current consumption on the +5Y
rzil rises 1o about 260mA. The
tab of the 7805 should be
towards the input of the board.
A heatsink should be fitted.

There are two boards to build
for the mixar/fader: the first is
the main video mixer/fader, the
second is the keypad and
display board. The board
component averlay for the main
board is shawn in figure 2. The
board is single sided, and there
are 14 wire links. f no senal
control from a PC is required,
then the componenis connected
to pins 25 and 286 of the FIC
may be left out.

Construction is
straightforward. Use sccksts for
all the ics on the board. Start
with the wire links, then insart all
the ic sockets, resistors,
capacitors, and finally the
remaining components. Finish
with the connectors.



Printed Circuits in Minutes

Direct From LaserPrint!
81/2"x11" 1. LaserPrint®
* Or Photocopy 2. Press On**

#*Use standard
household iron 3. Peel OFF

or P-n-P Press.

Use Standard Copper Clad Board
5 Sheets £12.50, 10 Sheets £25.00 + VAT.
Add £2.50 postage
PRESS-N-PEEL ETCHING SUPPLIES LTD
18 Stapleton Road e Orton e Southgate

Peterborough PE2 6TD e Tel: 01733 233043

Laser Pointers
Wavelength 660-680 mm.

Max Qutput < 3 mW.

Laser Range up to 200 meters.
Uses two AAA batteries (supplied).
Ideal for demonstrations and lecturing.

Onl

£28y %

inc. VAT
& postage

Also CCD Camera Modules;

|bAw Standard, low lux & pinhole, £65
bAy Standard with sound, £70
Colour from £180

Neonuts Liek
2 Chase Cottages,

New Road, Aldham,
Essex COB6 3QT Tel. & Fax 01206 213322 *

Fuwayrs of Quality
Electronic Thingies at
Very Friendly Prices

The following features applb w0 2l of our PC mntm! cards:
Standard 8 bit ISA, base address fully selectable via dip switches, Installation

instructions, application notes, circuit schematic and software examples in ‘C’,
BASIC and assembler (on 35" floppy).

All connections 1o the cards made via a standard 25 way female D-type
connector on the end plate,

24 Digital VO’s: Fully progmmmable TTL fevel digital VO's, based ’
around the 8255, £29
8 Channel Relay: Completely isoluted programmable relay output card.

3 contacts available per channel, NO, NC and C. Contacts rated

1A @ 30v DC. (Readback Featire!) £35
Isolated 1/O: For ultimate protection this vinually indestructible card
offers 8 opto isolated inputs and 4 relay outputs. £35

25 Way terminal board: This board allows simple screw terminal access
for all of the above cards. Suitable 25 way connector cable availahle at £6. £14

151-s, The Exchange Building, Mount Stwan Square, Cardiff, CF1 6EB.
Tel (01222458417 Fax (01222 25797 www.vsliec demon.co.uk
ALL Prices INCLUSIVE of vat and delivery (UK Only) Same day dispstch

LASERS

Argon ion / Helium Neon 7 Diode / Carbon Dioxide

Colours include red,yellow, gresn,turquoise, blue and
infra-red. Quiput powers range from 0.2mW to
aver 20 Watts. Applications include ressarch,
light shows, imoge projection, medical or
industrial. New and Second hand.
Pictured hsre iz 0 30mW cyan/blus argon
ion gir cooled laser head and o miniture
TmW rad HeMe laser tube only 147mm long.
Second hand blue (488nm) argon ion ?
lasers slart from only £100 +VAT.

LASERTECH

Mill Road, Great Barion, Bury Si. Edmunds, Suffolk, IP31 2RU
Telephone 01284 788108 Fax 01284 788135

Radio Receiver Trainer

An Invaluable Learning and Design Tool for all Experimenters

The Radio Receiver Trainer contains eight
receiver building blocks and a comprehensive

: tn_umn_g manual. ;

Simply connect the building blocks to

| build AM, SW. Superhet and Direct Conversion
receivers. Decode SSB and CW. Use proven building

blocks to develop and test your own designs.

_Mmi Order To: Pyrﬂlﬂld E]ectromcs LTD

204 Ferndale Road,
Brixton,

London SW9 SAG
Phone (0171) 738 4044 Fax (0171) 274 7997

{Out oF office hours oitlesng by ansWenng machine)

| Pncmg Complete £129.00 E
2Tt £89.00 2
(Excludes case & headphones)
P&P is £5 (UK), £8 (EC), £12 (World)
: ‘Add Vat to total price
Building Blocks: 'Bandspread Tuner
' RF Oscillator
Mixer
1F Ampl:ﬁer
AM Detector
B_eat Frequency Oscillator
Audio Filter
Audio Amplifier
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Figure 3: dispiay board component layout with links

| .
| Seecsee
‘ SKT1
|

|

¢ h ]

DISP1

‘ l.'l_l.:
DISP2
(AR A EE NN

DOWN. up
@ @
| e °
7
‘ END START
a []
et e

For testing purposes the variable resisior VR2 can be
wired up directly, or can be temporarily replaced with a
preset. Do not be tempied to increase the valus of this
resistor, as it drives a relatively low impedance input en ihe
PIC. Initially sst VR1 to the centre position.

The keypad and display board, shown in figure 3, is
also straightforward. There are three wire links on this
board. The push buttons are miniature types on a 0.1in
pitch. The displays are 0.3in devices which should aiso be
socketed to raise them from the boeard.

The connections between the boards use IDC
connectors and 168-way ribbon cables. The connection o
the sync separator board uses 16-way IDC conneclors ona
0.1in pitch, and the connection between the main board
and the display board uses 16-pin DIL connectors. Keep
the cable between the main board and the sync separator
board as short as possible. The 16- way IDC cennectors on
a 0.1in pitch may be atiached to ihe cable by assembling
the connector around the cable, and then gently sgueezing
the connector on to the cable using a vica. The DIL
connecicr may be assembled on to the cable, and plugged
in to a scrap socket soldered to a small piecs of veroboard,
the whole then being squeszad togsther using a vice and
then removed from the scrap socket.

Figure 4: the video mixer/fader power supply

1H4801

L Zv 12V ) ’ 2 +VE INPUT TO SYNC
z 'l;» . SEPARATOR BOARD
o 1000u
: T
£ oy . 0 oV
g AE
= 1000a
3 of lvyy T
N B o VEINPUT TO SYNC

12012, 500mA  1N4901 SEPARATOR BOARD

The mechanical construction of the project depends on
ihe power supply to be used. The layout is not critical and
the case does nol need screening. The only external
cutolts required are for connectors, and for the push
butiens and display. The display should be mounied behind
a red filter, and the display board can be mounted using the
fixing nuts and washers for the push butions:

The power supply

The power supply should be greater than +/- 9V and
capable of driving at least +250mA and -100mA. A simple
500mA, +/- 12V transformer in the circuit shown in figure 4
is adequate for this project.

Testing

Connect the three boards togsther, and connect a power
supply o the sync separator board, which should have
been set up as described two months ago. Check that the
power supply o the ies on the main board is eorrect, then
power down and insert the ics and displays into the two
boeards. Power up again. If all'ls well, the displays should be
showing 01. Connect a video signal and a monitor to the
sync separator board and the two decimal points should
come on, showing the presences of a video signal with
synchronisation signals being detected successiully.

Cheek that the mixer/fader operates successiully:-as
shown in last meonth's article (under “Operation of mixer’).
The cnly adjustment which needs to be made is VR1, Select
patiern 9, and set VR2 fo slowest fade speed. Start the
fade, and press either of the. UP/DOWN buttons again to
stop the fade; adjust VR1 until the fade bars are
symmeirical on ihe videc monitor.

PC control of the mixer/fader
The mixer/fader is connected to a PC (or any suitable
computer with'a three-wire serial port capability). The serial
port operates at 9600bps. The cable requires three wires.
Connectiohs between the fader/mixer and the computer are
shown in figure 5.

The control of the mixer/fader is straightforward,.and
may be accomplished from a terminal emulator, or from a
Basic control program. When the fader/mixer powers up it

MASTER

PC CONNECTOR TYPE
MODULE

9-WAY
MALE

SERIAL SKT

9-WAY
FEMALE

25-WAY | 25-WAY
FEMALE MALE

Figure 5: the serial interface wiring
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x

=» | Resistors

e | All 1 percent tolerance
P R 680k

5 ‘R2,3 (omitted)
1,7i R4,5 100k
i R6, R7 (omitted)

RB to R14,18,22 300R
R15,16,21,24  4k7
R17.25 22k
1 2k7

e ———— |~

Ic4
IC6
Qi
Q23,5
Q4

D1

Miscellaneous

Conni 9-pin D connector

Conn2 16-way IDC socket .

Disp1,2,3,4 7-segment 0.3in displays, =
common anode i

SW1 to SW4 Pushbutton switches, 0.1in pinout |

PL2 16-pin dil socket

PCBs for main and display boards;

6 x appropriately sized ic sockets;*

case as described. o

sends 3 ‘K’ characier on to the serial interface. The ‘K
character is also sent when a fade or wipe is complete, and
this may be used by a centroling program to determine ihe
seguence of a programmed fade or wipe.

Ascii codes 65 to 76 (Letiers ‘A’ to 'L) start fade patierns 1
to 12. To start a fade or wipe, simply send the Ascii code to
the fader/mixer. For example, to siart patiern 2 send a ‘B’
character to the fader/mixer. When the fade/wipe is compleie
the fader/mixer will return a "K' character. Ascil codes 97 o
109 (Letters ‘g’ to I') start an unfade of patterns 1 to 12.
Therefors to fade the video piciure back in using patiern 2,
send character ‘b’ to the fader/mixer.

To s=t the speed of the fade, Ascii codes 48 1o 57
{characters '0" 10 '9’) are used. Code '0’ is the fasiest spesd
and ‘9’ is the slowest. The speed sent {o the fader/mixer is
used for all future fades which are staried from the serial
interface. As soon as the keypad is used to start or end a fade,
the spesd set on VRZ is used again.

Finally, the ‘+’ character will pause a fade in progress whan
it is received by the fader/mixer, or restart it if it is already
paused.

Figure 6 is a summary of the control codes used by the
fader/mixer. Figure 7 shows the QBasic commands required to
drive 2 s=nzal port on a PC to drive the fader/mixer.

QBASIC COMMAND 1

OPEN "com1:9600,n,8,1.bin.cd0,cs0,ds0,0p0,rs"
FOR RANDOM AS #1

OPEN COM PORT 1. (REPLACE COM 1 WITH ICOM 2 TO USE COM-~
PORT 2). ALSO DISABLES ALL HARDWARE PORT OPERATION

QBasic is-a DOS program supplied with the MS-DOS and
Windows 95 gperating systems.

Obtaining paris .
A disk containing the source code and Intel hex format file for
the compiled code, which is too extansive to publish here, is
available for the project from Forest Electronic Developmenis
(FED) at 10 Holmhurst Avenue, Christchurch, Dorsst, BH23
5PQ (01425-270191 for credit card sales). The cost of the disk
is £5.00 inclusive of post and packing. The sourcs file disk
includes a text file describing how to assemble the files on the
disk using Microchips assembler or FED's PICDE assembler.

Alternatively, a PIC16C74-04 preprogrammed with the code
for the project is available from FED for £15.00.

All the other paris used in the project are available from
Maplin or Farnell.

| ascil |

HUMERIC CODES| CHARACTER | EEFECTON HUEHYANCH

43 BAUSE CURRENT FADEWIRE

15.57 T-7 SET FADE SPEED FOA FOLLOWING FADES
DRIVEN FROM SERIAL INTERFACE. O ISFASTER.
3iS SLOWEST

.75 o STAHT FADE - PATIEANS 1 TO 12

a7 o108 H-T START UNFADE - PATTERNS 1 TO 12

Figure &: summary of the control codes used by the mixer/fader

EFFECT

PRINT #1,7A%; PRINT CHARACTER 'A' TO THE SERIAL PORT (MUST HAVE BEEN
OPENED AS SHOWN IN OPEN COMMAND ABOVE. REPLACE 'A'
WITH ANY CHARACTER REQUIRED

INPUT #1:A% READS A CHARACTER FROM THE SERIAL PPORT. THIS COMMAND

WILL WAIT UNTIL A CHARACTER IS RECEIVED, AND CAN BE USED
TO WAIT UNTIL THE MIXER/FADER SENDS A 'K' CHARACTER AT
THE END OF A FADE OR WIPE

Figurs 7: QBasic commands of use with the serial port
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The Little Mule
Electric fence controller

Guard your goldfish - but mind you don’t get a kick out of this project!
by Bob Noyes :

ver the past few years our garden pond has

become the local 24-hour take away for all

soris of wild animals-as well as the

nelghbourhood moggies. Cats in particular

seem to think they have a divine right to help
themselves to a nice juicy goldifish, and no amount of shoes
slung in their general direction has any effect. We've iried
covering the pond with netting, but this prevented the local
frog population from migrating between nearby ponds; it
was also extremely awkward to mainiain the pond and
pumps, etc. String with tin foil that spun inthe wind was
another method we tried but afier a couple of weeks the
novelty had worn off-and it had no-efiect at all.

In the end, more drastic action was needed so the
solution was to build and install an eleciric fence, the idea
being 1o repel unwanted animals with a short, sharp shock,
not 1o harm or kill them, "man traps” being illegal, guite
apart from humanitarian (7) censiderations. The name given
to this project is The Little Mule: a rather apt name after

your author received several such short, sharp shocks
during the design, building and lesting of it. (A full-size
"Mule®, like the sort some farms use for livesiock in figlds,
would no doubt have bean semewhat sharpar without being
any shorter.)

As well as protecting the pond, our fence has besen
designed for general purpose use 1o protect such things as
strawberry patches, Kitchen gardens and could even be.
used by farmers for livestock control such as fencing off
small areas.

The principle

To generate a high voltage is quite easy with modarn
electronics; an oscillator fesding a step-up transformer
produces a constant high voltage, but the power
consumption is too high for batiery power. In order to get
any reasonable life, such as'a month or so, from one battery
charge a car batiery or a larger type would be required -
hardly practical for the smali area being protected. But

0l £

31
Z2R W
Ty

0J

| oL e FIEZO

BATTERY OV IN

BUATER -VE {(BATTERY FROBLEM)
BATTERY +VE (VIA FUSE IN LEAD AND KEYSWITCH)
BY EARTH POINT

BUZZER +VE (BATTERY PROBLEM)

LED -VE CRPIEZO BUZZER ANE

LED <VE OfR PIEZD BUZZER +VE

DISCHARGE QUTPUT {TO BV VIA KEYSWITCH)

E=TOmMMEOme

| BUZZER
A13
G3
BCios
oF
HT COIL <VE OUT (TO CCIL PCINTS) a
HT COIL -VE CUT (7O COIL POINTS) TAKE GREAT CARE WHEN TESTING AS THE BACK o

EMF FROM THE COIL CAN BE FELT ON THE PCB

Figure 1: the circuit of the Little Mule
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— " EMETY BIRO CASE OR
SIMILAR STRONG TUBING

METAL STAKE

TO REDUCE TRACKING IN DAMP CONDITIONS
THE WIAE IS FED THROUGH AN CLD BIRO TUBE
WHICH IN TURN PASSES THROLUGH A RUBBER
GRCMMET MOUNTED IN THE METAL STAKE

METAL OR BIROTUBE

WOOD STAKE

~

GROMMET

Figure 2: fence and case insulation

OUT THROUGH
THE METAL CASE

METAL CASE

|
“—/ ks
. - THREE LAYERS OF STICKY-BACKED
FOAM WRABPED AROUND WIRE TO
IR | 0D INSULATION WHERE THE GASLE

- PASSES THROUGH THE CASE

f
/
{

HT CABLE

iy e

STICK-BACKED FOAM
MOUNTED IN LARGE
HOLE IN CASE

w

when looking at the problem legically, a constant high
voltage is not required because an animal, onee touching
the wire, will soon move after the first feeling of discomfort.
So a fence with short pulses of high voltage spaced one
every one 1o two seconds or so would be quite satisfactory.
A step-up'transformer such as a car's High Tension coil only
requires a fast pulse in the primary to produce a high
voltage peak in the secondary. When the primary has a
voltage across it, current flows, and quite heavy currenis at
that. So, to minimise the power required to run the fence for
any length of time from one charge, very short pulses of
primary current are used. With thers being no current
flowing (in the coll) for most of the time, the average current
is reduced considerably to the point where a small & volt

1.2 amp-hour rechargeable battery will last over a month
between charges.

How the circuit works

IG1b, a two-input Schmitt NAND gate, is wired as an
oscillator with a very uneven mark:space ratio. R2 and D3
reduce the time for which the ouiput is-at'logic 0. Thesa
two components in the resistor timing section have no

effect in the charging of C1 because D3 is reversed
biased, so the charging rate is set by R3. When C1 has
charged to approximately 60 percent of the power supply
voltage it is'seen as a “1" and the output of the NAND pin
4 goes to legic 0.

D3 now becomes forward biased, so that Gi
discharges much meore rapidly due to the extra current
flowing in R2'in series with D3. This long charge time and
short discharge time is at the heart of the low power
consumption. It must be rememberad that this type of
oscillator does not fully charge or discharge C1 because
of the Schmitt action of the gate. The voltage across G
oscillates batween 40 and 60 percent. This means that
when switched on there is a longer initial delay before the
first pulse, becausa G1 must charge up from 0 to 80
percent before pin 4 goes low, whereas undar normal
operating conditions it only varies from 40 to 60 percent.
The output of the gate pin 4 is normally high (6 volis) with
very short low pulses. This is now inverted by IG1a, ,
because when the inputs of 2 NAND are tied together an
inverter is formed. Now the autpui of IC1 pin 3 is low most
of the time, but pulsing high.

C1 DISCHARGE TIME

HOT TO SCALE
WV IC1 PIN 4
¢ C1 DISCHARGE TIME >
o
+V
DARLINGTON OFF
ov \ IC1PIN3

\
DARLINGTON 'ON TIME

LONG BATTERY LIFE PRODUGED BY USING A VERY SHORT BURST OF
POWER. is. KEEPING THE DARLINGTON OFF MOST OF THE TIME

0 COLLECTOR
BASE - )
._@) W
)
[J O EMITTER
BASE —————
TIP

COLLECTOR ————
EMITTER ———

O

NOTE: HEATSINK IS CONNECTED TO COLLECTOR

126

Figure 3: the oscillator charge/discharge cycle, with a typical pnp Darlington circuit
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CAR HT CTIL
(ELECTRONIC IGNITION ONES

ARE BEST BUT MOST WORK)
HTOUTTOFENCE / | NOTE:THE LED MAY BE REPLACED
_ =V | WITH A 6VOLT PIEZO BUZZER
{POINTS) % CAPACITOR DECAY-le- 5.
=\ ¥ 9 f—tEnavi=i® .
e 28 , S \
% | e=—8 5 @ IEDIVE-HS: \:
- ==
=8 | e |
s So—rae il L LOW VOLTS
ﬁ o LED - CHARGE
o BATTERY WHEN
LED FLASHES
i
VE _'o_
— s
8V BUZZER = s
+VE T aa
& & |
(SEETEXT)
8V 1.2aH KEstrrcu" ©, 4§ |KevswicH Bl
o POWER /—--- CAPACITOR DECAY PATH =
ov| o— ¢ o METAL 80D
| | IN GROUND
) o-.—qf\:—
SLOW BLOW

Figure 4: connections to the Little Mule PCB

The step-up transformer used here is a car’s HT coil.
Although normally run at 12 volts in a car electrical system,
it works equally well at 6 volis, albeit with a lower output
voltage. As an alternative, a smail 6 volt mains transformer
was tried, having had several turns removed from the
secondary: this was then wired back to front with the
secondary used as the primary and the primary used as the
output. This-was very time-consuming and not as effective
as using a car's HT coil - a component designed for the job.
One can be obtained from a breaker's yard more cheaply
than buying it new.

The resistance of the primary of the HT coil is only a
couple of ohms, so a power Darlington, Q4, is used to
switch it on and ofi. There is a power diode built into the
Darlingten to help protect if from high voltages induced
back into it from the primary of the step-up transformer (see
figure 3). R6 is used to switch off the Darlington and to
prevent leakage currents from swiiching it on. R7 is only
rated at half a watt as a precaution becauss, if it were
switched on all the time, the dissipation would reach one
third of a watt.

Q1 provides the drive current for the Darlington. In order
to reduce the heating in the Darlington Q4, it must be
turned on and off quickly. The principle is that when it is ON
there is a large current flowing through it but next to no
voltage across it {only junction voltages), and when it is OFF
there is no current through it but 6 volts across it. Heating
or power dissipated is a function of volts X current, so
keeping one of them low at any one time ensures safe, coal
running. Q1 is in turn turned on by IC1a pin 3, but this can
only supply less than 1 mA, so R4 limits the output current
of IC1a to below 0.5 mA, but enough to drive Q1.

As can be seen from the timing diagram, heavy currents
flow in very short bursts. To try to average these out, a vary
large capacitor, C2, at 10,000 uF, is used as a kind of
reservoir which charges up and acts like another battery to

supply these heavy current spikes caused when the
Darlington turns on. The one used is a 10,000 uF 10-volit
axial type, but the PCB has been laid out to give the option
of using a radial ype insiead.

To increase battery life there is no “ON” LED, as this
would draw a steady current well above that of the Little
Mule circuit itself, so the efiective battery life would be
halved. Even a flashing LED would draw a significant
amount of power over the life of one charge of the battery.

A low battery indication is needed, and a moving coil
meter is unsuitable due to environmental considerations,
while a digital voltmeter is expensive, and would draw some
current. The answer was to build a low volis dstector.
Special chips are available, but these are costly and more
accurate than is needed here, s0 | decidad to build ons
myself using the two remaining gates in IC1.

Low volt detector

The heart of a low-volt dstector, or over-volt detector for
that matter, is some kind of voltage reference. The cheapest
type is the zener diode, a device that will, if not over
stressed, maintain a fairly consiant voitage across itself by
conducting to retain this voitage, but when the voltage falls
below its rated value then the currenl through it will fall
close to zero.

D4, R8, RG, R10 and Q2 form a simple low voliage _
detector. When the batiery is fully charged, approximately
6.5 volts appears on the anode of D1 (whose function is
reverse battery protection). The voltage drop in D1 is
perhaps 0.6V, so that approximaiely 5.8V appears on the
top of D4. This causes D4 to conduct, and switches on Q2
via RB. This seis IC1c pin 9 to lagic 0, which keeps the
pulsed alarm switched off.

RS guarantees that, whan the battery volts fall, the
residual conduction of D4 is not sufficient to switch on Q2.
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HT COIL PRIMARY weo/\_;
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. FOR RADIAL C2 CAPACITOR
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Figure 5: the Little Mule component layout on the PCB

TAKE GREAT CARE SINCE THE BACK EMF OF THE COIL CAN BE FELT ON THE BOARD
£25 NEVER USE A MAINS SUPPLY FOR THIS PROJECT 282

When the battery voits drop, Q2 tumns off and R10 pulls up
pin 9 of IG1¢c enabling thé oscillator to pulse slowly. The speed
of flash is set by C3 and R11. This pulsing has two functions:

a) to indicate via the “low volis™ LED that the battery is low
and neads recharging. A pulsing LED is more distinctive in
bright daylight. The LED can be replaced by a 8 volt piezo
sounder if an audible output is required.

b) The pulsing reduces the overall current flow on an
glready low batiery.

When the batiery is in good condition, IC1 pin 10 is high.
This is inverted by IC1d. The output of this inverter is
connected to Q3 via R12 to switch the “low volts™ LED on
when relevant (that is, in low battery conditions).When this
“low battery voltage” LED fiashes the battery should be
charged or replaced with a charged one.

For constant uss, that is, 24 hours, seven days a week, it
is advised that two batteries are used: while one is powering
the Litile Mule the other one can be slowly charged. Charging
rechargables slowly increases their life expectancy over
constant rapid charges.

In no circumstances should this project be mains-
powered, as this device has been designed to work out
of doors and the risk of electrocution is too high. For
this reason there should be no mains charger built into
the Little Mule as again this would require a mains
supply, which is not safe.

To make charging the battery a safe operation the Mule
must be turned off. | strongly advise that a key switch is used,
so that it can be turned off and the key removed for safety
reasons, for example when children are around, as the
combined effect of an electric shock and, possibly, the
presence of deep water could be lethal. (Little children, of

course, should not be allowed to run unattended around even
quite small ponds, because of the risk of drowning.)

Turning the Littte Mule off breaks the +6 volt supply from
the battery, but-the I0,000uF capacitor, like all-big capacitors,
holds the 6 volts long enough to power the Litile Mule for
several seconds after switching off - so another pair of
contacts that close when the power contacts on the key
switch open are used to discharge this 10,000uF. A current
limiting resistor R1 is used, because no electrolytic capacitor
should ever be shoried out directly - let alone one of this size.
The current could damage both the switch and the capacitor.
When the key switch is turned off, the “low volts™ LED briefly
fiashes as the volts across C2 die away. Wait another few
seconds before touching the battery to charge or change it.
Never touch the battery connections when the Mule is in
operation, as a jolt can be felt on the terminals, caused by the
back EMF from the cail.

Safety first
Before insialling the Mule several safety aspects must be
considered:

1) As already stated, there must not be any mains supply
taken to the Mule for any reason.

2) The electric fence must not be set up on or near the
boundary of your property such that anyone not on your
property can get a shock.

3) Children must be kept well clear and if in any doubt the
fence should be switched off and the key removed. Most
children will frighten away any animal short of a rogus
elephant, anyway - not too common in places like Reading.

To sum it up, geod technical safety and common sensa
must prevail, and the safety of other people must be
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considered an absolute priority - although the energy of each
jolt is small, it does hurt and could possibly be dangerous to
someane not in good health, for instance, with a dicky heart.
Although the jolt from the shock might not be lethal, falling
back and hitting one's head could have devasiating
consequences. (And be sure to warn members of your family
and visitors that there is an electric fence around your
precious fishpond - or they may get a “surprise” that they
won't thank you for as well as a shock. Most people know
what an electric fence is, but some cily types may not - or
they may think it means Colditz!)

installation Of The Fence

The term “fence” is a little over the top when all it really is, is
a strand of wire mounted at an appropriate height {to deter
next door's Tom and his mates) and insulated from its
support posts. On my pend, the “live™ wire is mounted about
15cm above the ground. (This is to deter small animals.
Farmers would pernaps mount an electric fence wire at
about-60cm or so from the ground to deter catile, pigs sic
from straying.) The part of the post carrying ihe live cable
should be made of an insulating material and have a tracking
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distance of at least 10cm. This is to allow operation in wet
weather, when tha rain could easily cause the current io
track over shorter distances (see diagram fer 2 praciical post
top). As well as the live wire mounted at the desired height,
a good earth is always required o give the high voltage
wire a ground reference. This should be in the form of a
metal spike at least 40ems long banged into the ground, and
a couple of cans of water poured around it to make as good
an earth as possible. A lead is connected io the spike from
the Little Mule. In very dry conditions a watering can of water
poured around the earth stake every so ofien is always a
goad idez, but turn the Mule off before doing so, just
in case - safety first.

The case | used was a metal one, very well earthed fo the
0 volts of the battery and the earth stake. The case s;hould be
large enough to hold the project with enough room for the HT
coil to be mounted in such a fashion that it cannot track 1o
any of the wiring or the PCB; either may possibly cause
permanent damage. As well as being large enough, it must
be weatherproof, as being installed outside it will be
subjected to all sorts of adverse weather conditions. Although
a plastic box could be used, the key switch should be
earthed, as a charge could build up in it with respect to
earth if it is not. Screws, washers eic should be brass or at
the very least chromed to prevent them from rusting.

The batiery is mounted under the Littie Mule on a shelf
but completely protected from the elements. This means the
Little Mule does nat have to be opened up 1o charge the
battery - an important consideration in the rain. The HT lead
from the coil o the fence should be a car’s HT lead with a
crocodile clip on it to be attached to the fence. These have
very good insulation, but a large hole packed with sticky
backed foam increases the insulation where the HT lead
emerges from the metal case of the Mule (ses figure 2
again).

This circuit should never be used in any other
context apart from the fence. It is not a toy and
must not be used to shock people as a prank or
used in public places.

A buzzer and D2 have bsen included; this is to show the
battery has been connected round the wrong way. This is
very easily done if the battery is changed in the dark. DI will
prevent any damage to the circuit, so if the battery is
changed and the Little Mule switched on and the buzzer
sounds, turn the Little Mule off immediately and reverse the
battery connections. No waiting is required as long as the
circuit is switched off right away, because C2 will not have
charged up due to D1 being reverse biased.

A fuse has also been included in the positive battery lead
rather than in the main body of the Litile Mule; this is to fully
protect tHe battery from damage to the leads going into the
device. Always, when a rechargeable battery is used, it
should be fused, because extremely high currents are
available due to the low internal resistance of rechargeables.

To indicate that the fence is working without the “ultimate
test”, a neon can be connected to the fence by just one
wire. The other lead is left to float pointing away from the
wire. The pulse will cause a slight flicker in the neon - easily
seen at night.

Do not touch the neon or use a neon screw
driver to test the fence because a kick can still be
felt even through the 270k or so in the
screwdriver.
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Figure 1: the computer/radio
home automation system
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Digital radio
building blocks

Using 418 MHz licenced SAW radio modules, Dr. Pei An’s digital data control
system can talk to up to 255 receivers

he subject of this article is a radio digital data
control system for home automation
applications. The complete system consists of
one radio tfransmitier with up to 255 receiver
units with difierent addresses. Each receiver ean
centrol up to four mains sockets. The transmitter is
connected to the Centronics port of a computer. Four bits of
data issued by the port can be transmitted to any one of the
receivers. These four bits control the four mains socksts of
that receiver. The transmitting distance is about 50 metres in

buildings and 200 metres in the open. This system is
illustrated in figure 1,

In Part 1, we will se2 how to construct the radio
transmitter and receiver modules which are the building
blocks of the system. The radic transmitter and raceiver
modules use low power FM radic transmitter and receiver
modules TMX-418-A and SILRX-418. The transmitter is
type-approved to the Radiocommunications Agency
specification MPT 1340 in the UK. This avoids the nead ta
submit the final project for approval,
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Figure 2: block diagram of the transmitter and receiver

Working principles

Transmission of digital data from a transmitier to a receiver is
achisved using parallel-io-serial encoder and senal-ic-parallel
decoder pairs, HT-12E and HT-12D. Inside the transmitter, ihe
encoder (HT-12E) converts 12 bits of parallel data into sarial
encoded data. The first 8 bits of tha data represent an
address, and the other 4 bits are the actual data o be sent.
The encoded serial data is used to modulaie a 418 MHz radic
frequency signal using the FM modulation scheme. After this,
the modulated radio frequency signal is transmitied to the
surroundings by the FM radio transmitter module TMX-418-A
(figure 2zg).

At the receiver, the radio signal picked up by the antenna is
demodulated by the FM radio receiver module SILRX-418-A.
The demodulated serial data is-fed info the serial-icparaliel
decoder (H-12D), which converis the serial data back 1o
paraliel data (figure 2b). The address bits are comparad with
the pre-sst address of the deceder. I they maich, the 4-bit
data is laiched to the output. If the address does not maich,
the decoder ignores the data. As 8-bit binary data has 255
possible combinations, the maximum number of receiver
addresses is 255.

The radio transmitter. and receiver
modules
Thanks must go io the radio transmitter and receiver modules
which make the radio link so easy to implement. The modules
are a 418 MHz surface acoustic wave conirolled FM radio
transmitter and receiver, specially designed for radio telemeatry
and telecommand applications. They have been alignad by the
manufaciurer, removing the nead for frequency alignmeant
(indeed, they must not be adjusied by the user). As such they
are type-aporoved by the Radiocommunications Agency,
removing the need to submit the project for type-approval, so
long as the cusiomised circuits mest the RA requirements.
These modules use state-of-art radie frequency electronic and
surface mounting devices, which makes them both small in
size and reliablz in opsration.

The transmitter TMX-418-A

The physical dimensions and pin functions of the TMX-418-A

transmitter are given in figure 3a. The transmitter requires a

power supply at pin 3. Pins 1 and 4 are connected togsther

internally and form the ground. The transmitter operatss over a

wide voltage range from 8 VDC to 12 VDC with a typical
current sink of about 6mA at 6V and T4mA at 12V,

The datz modulation input (which raquires a cmos
logic level at the same power supply voitage) is

supplied to pin 5. An antenna is connected to pin 2.

18.7mm

The block diagram of the module is given in figure
4. The digital data at cmos logic levels is supplied to
DATA IN (Pin 5). The data first passes through a B/C
low-pass filier, which restricts the bandwidth of the

TOFIN4INTERNALLY
TOPIN & INTERNALLY

Figure 3: the TXM-418-A radio transmitter module and the
SILRX-418 receiver medule

FIN SPAGING: 2 5erm PIN SPACING: 25¢mm
PN FUNCTIONS
el
R
1 AFGROUND | 2 REGND
2 RF-OUT | 3 OETECT
E vco | 2 | =o
| 4 GND . | s Voo
L _5 DATAIN | B ‘ AE QUIT
NOTE: FIN 1 IS CONNECTED 7 | DATACIH

NOTE: FIN 2 IS CONNECTED

medulation signal to 10kHz at the -3dB point (10kHz
is the upper limit of the input data frequency). The
filttered data is then fed into 'a wideband frequency
modulator which accepts signals of frequencies from
DC to 10 kHz. The modulator drives a varicap dicde,
the changing capacitance of which is used to modify
the frequency of the next stage, a radio fraquency
oscillator. The central frequency of ihe oscillator is
accourately sat by 2 surface acoustic wave (SAW)
resonator in the 418 MHz band (417.20 io 418 MHz).
The oscillator has a 418 MHz band pass fiter to
ensure that any spurious emission out of the band is
within the limits as spacified by the MPT1340
specification. The final filtered RF output appesrs on
pin 2.
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Figure 4: block diagram of the transmitter and receiver modules
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The antenna for the transmitter has thres versions, the

2. The transmitter module must be directly and permanently

helical type, the loop type and the whip type (seefigure 5). The  connected to the transmitting antenna without the use of an

helical antenna has a small size (17 mm length and 2.5 mm
diameter). It has a high 'Q’ factor and therefore needs to be
optimisad for the exact wavelength in use. The loop antenna
consists of a loop of PCB track, which is funed by a variable
capacitor. The whip-type antenna is a wire, rod, PCB track or
combinations of these. The optimum total length should be
16.5cm. Figure 5 compares the performances of these
antenna.

Radiocommunication Authority MPT1340
The radio transmitter module is type-approved to the RA
MPT1340 for licence exempt use within the UK for telemetry,
telecommand and in-building security, provided the following
requiraments are met:

1. The transmitting antenna must be one of the three
variants given gbove (ses figure 5).

external feed. Incraasing the rf power level by any means is not
permitted

3. The module must not be modified nor used ouiside iis
specification limits

4. The module may only be used to send digital data.
Speach or music is not permitted

5. The equipment in which the module is used must camy
an inspection mark located on the outside of the equipment
and clearly visible; the minimum dimensions of the inspection
mark shall be 10 by 15 mm and the letter and figure height
must be not less than 2 mm. The wording shall read: *MPT
1340 W.T. LICENCE EXEMPT"

6. The trimmer control on the module must not be easily
accessible to the end user. This control is factory set and must
never be adjusiaed.

Failure to meet the above conditions invalidates the
modules' Type Approval. Further information on MPT1340

A HELICALTYPE

LY

28 TURNS OF 0.5mm DHA ENAMEI | ED COPPER WWRE
VWOUND ON A 2 5mm DIA. FORNER

B.LOOP TYFE
—{@ Pin2{RFOUT)
Tirim wide track
Fn 1 (GND}
Ceparter 155
C. WHP TYPE

16.5cm (OETIVUMG
WIFE. FOD PUB THACK OR COMBINATION

® Fn2FEFoUT

ANTENNA PERFORMANCE CHART
| HELICAL
ULTIMATE FERSCRMANCE JI Vi SIS
EASCOFSETAP vy S SIS
SEZE SIS L v
IMMUNTTY TO PROXINITY DE-TUNNG |/ R S

Figure 5: types of antenna for the TXM-418 radio transmitter

specification issued by the RA (DTI) may be cbtained from the
RA's library service on +44-(0)171-215-2072 if required.

The receiver &
The physical dimensions and pin functions of the SILRX-418-A
receiver is shown in figure 3. The recsiver requires a power
supply at pin 5 and the radic signal input at pin 1. Pins 2 and 4
are the ground. The module operates over a voliage range
from 4.5V to 9VDC with a typical current sink of about 13mA.
The block diagram of the module is given in figure 4. The
incoming radio frequenicy signal, picked up by the antenna, goes
to a 418MHz band pass filter via a capacitor. A radio frequency
preamplifier boosis the signal before it enters the first mixer stage.
The first local oscillator runs at a frequency of 433.92 MHz, which
is produced again by a surface acoustic wave resenator. This
signal is mixed with the received 418 MHz signal to preduce the
first intenmediate frequency signal at 15.92 MHz. This is then fed”
to the second mixer, where a second local oscillator running at
18MHz produces the final intermediate frequency at 80kHz. This
is then amplified and demodulated to produce an audio
frequency signal. A camier detect signal is also produced. To
improve the signal-to-ncise performance, the audio signal is
processed by a third order lower pass fiiter. This signal is fed to
an audio buffer with its cutput (pin 8) centred around the half of
the power supply. It also passes through a data slicer, where the
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Figure 6: data encoder (HT-12E) and decaoder (HT-12D) pairs showing a typical application
analogua audio signal is converted into a digital signal and is daia sheet). The serial data output is from pin 17. Pins 9 and
output from pin 7. The ouiput signal has a COMS logic level. 19 are connected to the negative and the positive ralls of the
Any of the types of antenna praviously described in the power supply. !
transmitter section should be used with the medule. However, the The operation of the HT-12E encoder is initially in stand-by
| criteria for the receiver antenna under MPT 1340 are not as mode. Upon the receipt of a -TE signat (low active), it begins a

restrictive as those that apply to the transmitier, As an alternative 4-word fransmission cycle and repeats the cycle until the -TE
to the integral antenna as used for the transmitter, it is permitted signal becomes high. Each word contains two pericds: the

| to use an extemnal amangement connected by a coax feader. If pilot code period and the code period, as shown in figure 9.
the range of the system is o be optimised, other types of The pilot code pericd has a 12-bit length period and is at logic
antenna may be used. low. The code period also has a 12-bit length period and
The data encoder and
decoder
Encoder, HT-12E R
The HI-12E and HT-12D are ¢cmos LSI STAND-SY MoDS
encoder and decoder ics designed for | e
digital code transmitting and receiving. Thay | AR s

v
have a wide operating voltage from 2.4V up b ~oomEvTs
10 12V with a typical stand-by current - CHOSE DE RESTOF
typically 1uA, and on-board oscillators - . i

which only require one external 5 percent

4y
|
j
]

resistor: The pin-out and pin functions are sars aonmess ™, MO
shown in figure 6. Typical applications of the . JATGHED 2
devices are given in figure 7. SESIAL SNCODED DATA v 1ES
The HT-12E encodes’12 bits of parallel il . —
data into serial data. It transmits this data - g ]
upon the receipt of-a low-going signal at v
the TRANSMIT ENABLE pin (-TE, pin 14). LB fratn? i -
The 12 bits of data consist of 8 bits of ' e e
" address (A to A7 connected to pins 1 to o E
8) and 4 bits of data (DO to D3 connected oA EMCOED DATA : 3=
to pins 10 to 13). Therefore the icial TTANSMITTED AGAN ' | 0 Armegect~ S | ATHsansoa
address combination is 28. The external ! (IMRLETED TR
oscillator resistor is connected batwaan '
Diﬂs 15 and 16. T.he Choice Of the A FLOW CHART OF THE CPERATION OF THE ENCDOER . FLOW CHART OF THE OFSRATION OF THE DECCOER
resistance value will be given later (details
of this can bs found in the component Figure 7: flow chart of the operation of the encoder and decoder
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Figure 8: encoded serial data format

contains the serial encoded data. The encoder detects the

logic state of the 12 bit inputs (AQ-A7 and D0-D3) and R

transmits this infermation during the code period. The logic
lzvels '0" and 1" are enceded as shown in figure 9. The order

of data bit transmission is from AQ to A7, then from B0 to D3.

The decoder

The works

HT-12E (encoder)

1.1M 3kHz
750k 4.3kHz

0 1o A7. The latched data is ouiput from
pins 10 to 13. The senal data is input at
pin 14. The exiernal oscillator resistor is
connectad betwean pins 15 and 16. Fin
17 is the valid transmission indicator
output. Pins 9 and 18 are connected to
the negative and positiva rails of the power
supply.

The external oscillation
resistor
The resistors required by the devices are 5
percent resisiors. The frequenciss of the
HT=12E and HT-12D should follow the
refationship: &

Fosc, HT-12D = 50 x Fose, HT-12E

The following iable gives the resistance
values for 3kHz and 4.3kHz oscillation
frequencies of the encoder (ihe present
circuit uses the 3kHz oscillation
frequancy). For oiher fregquenciss, pleaze
refer to the manufacturar’s daia shest.

HT-12D (decoder)

R Fosc
82k 150kHz

33k 240kHz

The transmitter

The HT-12D decoder receives the 12-bit word and interprets

the first B bifs as the address and the last 4 bits as data. Whan
thie received address maiches the decoder’s preset address,
the VALID TRANSMISSION (VT) output goes high and the 4
bits are laichad to thz dala output pins. The pressl address for
the encoder is determined by the logic states at pins 1 o 8 for

Figure 2 gives the block diagram of the transmitter; figure 10
gives the circuit diagram. The transmitier consists of four units:
the computer interfacing unit, the encodar unit. the radio
fransmitter unit and the power supply unit. The first one
manages the interfacing betwesen the encoder ic and the

sy
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madule
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Figure 8: circuit diagram of the radio digital data transmitter system
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Figura 10: the circuit diagram of the radio digital data receiver

Centronics port). The CLOCK is connscted to the
DB1 of the DATA port (pins 3 of the pori). The
second shift register is used for loading the data
bits from 9 1012. As can be ssen from the circuit
diagram, the DATA-a and -b (pins 1 and 2) of IC2
are connected to Q8 of IC1. The CLOCK input
{pin 8) of IC2 is connecied {o that of IC1. This
scheme of cascading allows 12 bits of data to b
loaded serially into the register. Software
conirolling the data loading will be discussed later
in the article.

The first B bits of the shift register outputs (Q1
to Q8) supply the address (AD to A7) to the
enceder and the other four bits (Q9 to Q12)
supply the data (DO to D3). 5
The encoder unit
This circuit is built around an HT-12E encoder ic.
The ic converts an 8-bit address and 4 biis of
data into a serial data form. The serial data is
output from DATA DUT (pin 15), provided that the
-TE input (TRANSMIT ENABLE, pin 14) is set low.
In the present circuit, it is connecied to the DB2 of
the DATA port of the Centronics port (pin 4 of the
Centronics connector). While loading the daia into
the 74L3164 shift register, DBZ2 issetto 1" to

Centronics port of the computer and provides a 12-bit parallg!
data for the encoder ic. The encoder unit converts the 12-bit
paralls! daia into the serial data. This serial dala is used as the
maodulating signal in the radio fransmitter unit. The modulated
radio signal is sent out from the antenna. The works of each
unit is explained in detail as follows:

The computer interfacing unit

This circuit is based on two 74L5164 8-bit serial-to-parallel
shift registers, IC1 and IC2 (see figure 10). For IC1, when the
CLOCK input (Pin 8) goss from low to high, the logic level on
the DATA-a and -b (pins 1 and 2) is fransferred to Q1. The next
clock pulse alzo transfers it to Q1, and the logic level
previously present on Q1 is shifted to QZ. The third clock pulse
transiers the data to Q1, and in the same time shifis the data
on Q1 to Q2, and that on Q2 to Q3. Eight clock pulses will
enable an 8-bit data fo be fully loaded into the register serially.
In the present circuit, DATA -a and -b are both connected o
tha DBO of the DATA port of the Centronics pori (pin 2 of the

inhibit the encoder from outputting data. After the
data has been loaded successiully into the shift register, DB2
bscomes ‘0, and enables the encoder to transmit data aqain.
The data is fed into the radio transmitter unit to modulate the
radio-frequency camer signal.

The radio transmitier unit

The serial data generated by the HT-12E encoder is fed into
pin 5 of the TXM-418-A radio transmitter module. A radio-
frequency modulated signal emerges from pin 2 of the module.
In this design, a helical type of antenna is used.

Power supply unit

The power supply unit requires a 12 to 15VDC power supply. It
has 7808 +8VDC and 7805 +5VDC voltage stabilisers. The
+8VDC powers the radio transmitter module and the +5VDC
powers the computer interiacing and the encoder circuit.

The Receiver
The block diagram of the receiver is given in figures 2a. Figure
11 gives the circuit diagram of the
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Figure 11: the component layout of the radio transmitter

CENTRONICS CONNECTOR

receiver. The receiver is composed of
three uniis: the radio receivar unit, the
dacoder unit and power supply unit.
The radio receiver unit recaives tha
transmitied radio signal, detecis it and
amplifies it. Then the signal is fed into
the decoder unit where it is decoded
into parallel daia.

PIN 4 CONNECTCR®
PIN 2 CONNECTOR®
PIN 3 CONNECTOR®
PIN 25 CONNECTOR®

The radio receiver unit

In this unit, a SILRX-418 radio receiver
module is used. The radio frequency
signal is picked up by a whip anienna
and the signa! is fed into pin 1 of the
module. The demodulated signal is
autput from pin 7. This signal is then
fed into the decoder unit.

" 33-WAY FEMALE
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Figure 11: the component layout of the radio receiver

The Decoder unit

The decoder unit is based on the HT-12D decoder ic which
is paired with the HT-12E encoder. The decoder receives
the serial data at pin 14, checks it for errors and outputs
the received data if it is valid. The first 8 bits are treaied as
address bits and must match the pre-sst address of the
decoder (set by SW1 dip switches connected to pins 1 to
8). If the two addresses match, the next four data bits are
compared to the last data stored. If the data matches threz
times, the VALID TRANSMISSION output (pin17) will go
high. If not, the VT output remains low.

The Power Unit

The power unit requires a 8-15VDC power supply. It
incorporates a 7805 +5V voltage regulator which supplies
+5VDC to the circuit.

Programming

B0, DB1 and DB2 of the DATA pori of the Centronics port
control the whole operation of the transmitier. However, o
program the transmitter, readers should know a little bit
about the works of the Centronics port.

When loading the address and daia into the shift
register, first DB2 (which is connected the -TE input of the
encoder) is set to high to stop the ic from outputting data.
Then the first MSB (most significant bit) of the parallel data
is put on DBO while DB1 is low. A low-to-high transition on
DB1 (which is connecied to the CLOCK input of the shift
register IC) will enable the data to be shifted to the 1st
register output. The second MSB, third MSB and so on are
then put to DBO in sequence. The clocks will shift the 8-bit
serial data into the register outputs.

After the data is successiully loaded to the registar. DB1
is brought low which enables the encoder ic to send out
the encoded serial data.

A demonstration program written in Turbo Pascal 6 is
listed at the end of this article.

Construction and testing

The transmitter and receiver are constructed on single-
sided PCBs (figure 12). The antennz of the recsiver is
constructed using a piece of copper wire, 16 cm long. It is
connected to the antenna connector on the PCB. The
component layouts are shown in figure 13. The
construction is quite simple: after soldering all the

components on the PCB properly, the system should work
straight away. There is no adjustment needed for the
transmitter and the recaivers.

Oscilloscopes are not essential for testing. A multimstar
and a couple of LEDs are sufficient. The transmitter is
connected to the computer and the power is supplied to
the transmitter. The demonstration program is loaded into
the compuisr. This program simply loads an 8-bit address
and 4 bits of data to the shift register. The value of the
address varies from 1 to 255 and the value of daia varies
from O to 15. For iesting purposes, the program
continuously loads the data which is input intc the PC at
the beginning of the program and "0’ to the shift registers in
turns. The program also requires the time periods for the
data and for '0'. As a result, a voliage oscillation is s
generated at the receiver end.

This system, however, only allows.a computer o
operate as a controller. It would be very ussful if the
computer could also gather information. This is known as
the remote sensing. The present system can be modified
for such a purpose, and the details will be discussed in
future articles.

Technical support

Please direct your enquiry to Dr. Pei An, 11 Sandpiper
drive, Stockport, Manchestar SK3 8UL, Tel/Fax/Answer:
0161-477-9583. E-mail: PAN@FS1.ENG.MAN.AC.UK.
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4K7 8-way SIL resistor network

100 nF ceramic disk

HT-12D

7805

2-way PCB connector

8-way PCB connector

= | 8-way PCB mounting dil switch
- SILRX-418 radio receiver module

‘and receiver pairs can be

-Tech Ltd. Overbridge

iornwood Common,
Tel: +44 (0)1992-576107. Other
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The demonstration program

The program will ask for an address first (0-15), then the ﬁrst
time delay (T1) and the secend time delay (12). After this the
program will send 1" for all the data lines. It will delay a time
period T1 and then send 0" for all the data lines. After another
time delay T2, the transmitter will send 11’ again. This will
continue until RETURN is pressed.

[Program radic ceontroller;
{Pascal demonstration- program for
driving the radio data communication
system written by Dr. Pei An, 30/10/56}
{74LS164 latches the data sent serially
by the computer’'s Brinter port.
DB0,DB1,DB2 and D33 are loaded with
address A0,A1,22 and A3
DB4,DB5,DB6 and DB7 are loaced with
data D0,D1,D2 and D3}

uses
dos,;ert, araph;

Var
address, i, j,swaddress, sdata:integer;
weight:array[1..12] of integer;
delaytime, lighttime:real;
P address:integer;

Procedure Input printer address;
{Univexrsal auto detection of printer
base address}
{$000:50408 holds the printer base
‘address for LPT1
S000:S040A holds the printer base
address. for LPT2
$000:5040C holds the printer base
address for LPT3
5000:5040e .holds the printer base
address for LPT4 :
$000:50411 number of parallel
interfaces in binary format}
var
Ipt: array[1 4] of integer;
number of 1pt, APT number , code: _nteger'
‘kbchar:char;
begin
elrsce;
LPT number:=1; {defaut printer}
number of Ipt:=mem[50000:50411];
{read number of parallel portsj)
number_of Ipt:=(number of lpt and
(128+64)) shr &;
Ipt[il:=memw[S0000:50408];
: {Memory read procsdure}
Ipt[2] :=memw[$0000:5040A];
Ipt [3] :=memw[$0000:5040C] ;
Ipt [4]:=memw[$0000:5040E];
textbackground (blue); clrser;
texteoloriyellow) ;
textbackground(red) ;
window(10,22,70,24); cleser;
writeln('Number of LPT installed :
¢, number. of lIpt:2); e
writeln(’ Addresses for LPTl1 to LPT 4:
SpE[l]:3, 7 v, 1pel21:3,0 1,
1pt{37:3," ~“, ipt[41:3):
writét‘Sélect LPT Eo be used (1,2,3,4)
=V

deTay(SDO},
if number of 1pt>1 then begin
{select LET1 through LPT4 if more
than 1 LPT installed}
repeat
kbchar:=readkey; *{read input key)
val (kbchar, LPT number, code);
{change character to value)
unrtil (LPT number>=1) -and
(LPT number <=4) and
(1pC[LPT number] <>0);
' end;
clrscr; P address:=1pt[LET number];
writeln(‘Your selected printer
interface:LPT! ,LPT number:1
);write ('LPT ' Address: s
‘,BE_address:3);
delay (1000);
textbackground (black) ;window(
1,1,80,25); clrscr;
end; =F=%

Procedure bit. weight;
{Find the weight of the binary bits}
begin
weighc[l]:
for i:=2 to L2 do weight[3i ] =weigh
£[i-11%2;
end;

Procedure send data(address,data:integer);

{Send the address tc the 74LS164 shift
register} Ll

{when sending address, the Transmit
Fnable (—PE) must be high to =stop
transmit}

{During leading, (1) DB0O is lpaded with
the data swiil,
(2) DBl (CLOCK) is made from low—
to-high-then-low

(3) DB2 (-transmit enabie) is kept
high all the time}
var
swiarray[l..12]1 of byte; .
begin
for i:;=8 downte 1 do
begin
swli)=

Af address>=weight[i] then begin
address:=address-weight [1];
swlil:=1

end;
end;
for i:=4 downto 1 do begin
swiB+i]:
if da*a>~we‘gh*[1] then heg1n
data: -duta dElght[l],
swiB8+il:
end;

end;

{loading address and data into the

FALS164 registers)

for i:=12 downte 1 do
begin
port [P addressl:=swlils4;
{DBO=swiil; DB1=0, DB2=—TE=1}
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delay(l); {a delav}
port [P _address] i=swi]+2+4;
{DBO=swili], DR1=1(loading inio
register), DB2=—TE=1}
delay (1) ; {a delay for leoading the
bit}
port [P_address] i=sw[i]+4;
{DB0=swii], DB1l=0; DB2=-TE=1}
end;
end;

Procedure transmit(flag:boclean);
{Start or guit the encoded data
transmitting depending on FLAG}
begin
if flag then port[P _address]:=0 eise
port [P address] :=4;
end;

Procedure intialization;
begin.
textbaekground (blue) ;
textcolor(yalilow) ;
clrscr;
writeln(’ Radic Digital Bata
Communication System’);
writeln;
writeln(’ This program demonstrates
that 255 digital data receivers
are controiled by');

writeln(”’ a PC controlled
transmitter wvia the printer
port’);

writeln;

textcolor (1ightred) ;

writeln;

write(” Input the address of the

receiver .(1 through to 255) :
*) ; " readln (swaddxess) ;

write(! Inpuf the data to be sent
to the receiver (1 = 15 )
: *); readln(sdata);

write( Input the light OFF period
(in second, minimum: 8.1 z): *);
readln (delaytime) ;

wricel(”’ Input the light OGN
period (in sccond, minimam: 0.1
s): *); readln(lighttime):

if delaytime <0.1 then delaytime:=0.1;
if lighttime <0.1 then delaytime:=0.1;
end;

Procedure scrszenshow;
{show general information about the

project}
var
Gd, €ém ,x1,%2,yl,y2: Integer;
begin

Gd := Detect; InitGraph(&d; Gm, “*);
if GraphResult <> grOk then Halt (1);
setcoelor (yvellow) ; setbkcolor(blue);
settextstyle(l,horizdir, 6);
{ Center text on screen: }
SetTextJustiiy (CenterText,
CenterText);
OutTextXY (Succ (GetMaxX) div 2,
50, 'Innovative Interfacing’);

setcolor (cyan) ;
%1 := I0; Vie:= 205 x2¢i=
:= 100;
SetLinesStyie(0,1,3);
Rectangle(x1, yi, %2, v2):
settextstyle(0,horizdir,3);
OutTextXY (Succ (GetMaxX) div 2,
140, 'presente’) ;
settextstyle(l,horizdir,4);
CutTextX¥ (Succ(GetMaxX) div 2,
220,'418MHz Digital Dbata
Communication’) ;

620; y2

setcolor (lightred) jsettextjustify
(lefttext,centertext) ;
settextstyle(1l,horizdir,3); 5
OutTextXY (40, 330,°'* Connected to PBC
Centrenic port*); 13
OutTextX¥ (40, 330+40,'*
418MHz FM radic link');
OutTextXY (40, 330+80,’'* 4-bit data
transfer from PC to receivers’);
OutTextXY (40, 330+120,'*  Up to 255
receiver addresses’);
readin;
CloseGraph;

end;

DTI approved

{*ir*_*i_r*_*******i'ua_in Program**>***xxxxx*x}

begin
sScreenshow;
clrsecr;
input_printer address;
intialization;
bit_weight;
repeat
transmit (false);
{stop Eransmission}
send_data (swaddress,sdata) ;
{loading address and data (light
on) te the shift register}
transmit (Erue);
{start transmission}
delay (30) ;
{transmission lasts 20 ms}
‘transmit(false);
{stop transmission}
gotoxv (35,23); writeln(‘Light On “};
delay (round (lighttime*1000-30));
{delay a specified time period-1}
send_data(swaddrgss,ﬂ);
{loading address and data (light
off) to the shift register}
transmit (true);
{start transmission}
delay (30) ;
{transmission lasts 20 ms}
transmit (false);
{stop transmission}
gotoxy (35,23); writeln('Light off’);
delay (round (delaytime*1080-30));
{delay a specified time periocd-2}
until keypressed; §
readln;
end.
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ETl Contents Index - 1996

This index is divided into two sections: Technical and
Construction (all articles with a constructional project), and

Features, which contain our leading topic features.

Technical and Construction

50 Hz mains field dstector

8051/80535 Single Board Computer (Part 1)
8031/80535 Singie Board Computer (Part 2)
8051/80535 Single Board Computer (Part 3)
8031/80535 Single Board Computer (Part 4)
8031/80535 Single Board Computer (Part 5)
89C51/52 flash microcontroller programmear
Aritique radio restoration (Part 1)

Antique radio restoration (Part 2)

Antique radio restoration (Pari 3)

Antique radio restoration (Part 4)

Audio Ouiput Level Indicator

Auto Dimmer

Background white noise gensrator

Basic for the PIC contraller (Part 4){final part)
Basic Microcontroller (Part 3)

Burstfire Controller

Camplight

Charge Chzcker for AA NiCads

Chopper tremolo sffect

Computer game headphone amplifier

Data Bus Manitor

Designing low distortion oscillators

Digital Thermometers - build, calibrate and use
Driving Triacs with the PIC microcontroller
Easyguard small burglar glarm system
Electrenic guard dog - bark producer
ETV/Kanda Systems design compstition
Fool’s Paradise - PIC keypad emulator
Games port tutorial

High voitage bench PSU

High voliage elecirolytic capacitor reformer
Hood Washer Watch

Keypad contraller dimmer

L arge matrix display (Part 1)

Large matrix display (Part 2)

Love Finder, a St. Valentine’s Day project
Mains cperated lighter sockst

Microamp microphone amplifier (Part 1)
Microamp microphone amplifier (Part 2)

Off You Go self-timing switch

PC Alarm

PC Heartbeat monitor

Phongy Phone

PIC programmer with two chips and a PC
Portable 20W amplifier

Portable audic mixer (Part 1)

Portable audio mixer (Part 2)

Sep
Apr

1596
1996

May 1996

Jun
Jul
Sep
Jul
Aor

1996
1996
1996
1996
1996

May 1996

Jun
Jul
Jun
Aug
Nov
Feb
Jan
Jdun
Oct
Apr
Sep
Jul
Cct
Jan
Mar
Mar
Dec
Jul
Dec
Sep
May

1996
1996
1996
1896
1986
1996
1996
1996
1996
1996
1996
1886
1596
1696

1996

1896
1996
19986
1986
1996
1996

Dec 19986

Jul
Aug
Apr
Apr
May
Feb
Dec
Nov
Dec
Oct
Feb
Jan
Nov
Mar
Jun
Apr
May

Pre-Herizian Radio - Needles and Fastnet (Pari 1) Sep
Pre-Herizian Radio - Nesdles and Fastnet (Part 2) Oct

Process Timer and Controller (Part 1)
Process Timer and Controller (Part 2)
Process Timer and Controller (Part 3)

Aug
Sep
Oct

Process Timer (Part 4) - expansion bus controller  Nov

1996
1996
1996
1996
1996
19986
1996
1996
1996
1996

1996

1996
1996
1996
1996
1996
1996
1896
1936
1996
1996
1596
1996

Pulse width modulator model train controller Dec 1996
Quick RF bug sniffer Nov 1998
Real time 8-channel logic analyser Feb 1996
Rechargeable PSU May 19986
Sentine! Alarm Sensor Watchdog Feb 1998
Signal generator for aligning radios Aug 1996
Simple diode LED tester Aug 1996
Simple distribution amplifisr Aug 1996
Simple mains signal controller (Part 1) Oct 1896
Simple mains signal controller (Part 2) Noy 1996
Solar-powered plant-watering system Jul 1896
Sound Tally % Jun 1986
Squarer square wave generator Oct 19986
Swest talk 10-second voice recorder Mar 1996
Test gear . Jul 1996
Torch Pad " Jan 1996
Tri-colour frost alert Jan 1996
Using the I12C bus Mar 1996
Video check video lock (Part 1) Feb 1936
Video check video lock (Part 2) Mar 1996
Winning Dice Dec 1886
Features

Biomass Enargy Aug 1986
Electronics and the Web May 19396
Fusel Csell Technology Nov 19386
Here comes the sun - the Ulysses solar mission  Jan 1996
Hughes Microphonss (Part 1) Feb 1896
Hughes Microphones (Part 2) Mar 1986
Magnetic Levitation and trains Oct 19396
Nanotechnology Apr 1986
RSL Radio - Getting on air Jul 1986
Solar Power Mar 1836
Terrestial Flight Telephone System Aug 1996
The Disk Drive of Tomorrow Feb 1996
The Robobugs of MIT Dec 1996
Wave Power Sep 1996
Wind Power Jun 1996

Previous years

We will be gradually adding indices for recent years whan we
have room aver the next few montns. Chack your Contents
page when new issues armrive.

Back issues and copy articles

Back issues of ETI for the last twelve months can ke obtained
from Back lssues, Readers' Services Department, Nexus
Special Interest, Nexus House, Boundary Way, Hemal
Hempstead, Herts HP2 7ST for £3.05 per issue inc. postage.
Please send enquiries about older items with the title, month,
year and the name of the ariicle, to the Photocopying Service,
Readers Senvices Depariment, Naxus Spacial Interest, Nexus
House, Boundary Way, Hemel Hempstead, Heris HP2 7ST.
Copies £3.50 for the first article or part article, £3.00 per article
thereafier. UK post and handling £1.00. Overseas add 30 per
cent, £1.50 minimum carriage. A £3.50 search feg! appliss
where full datails of the article are not supplied. Please coniact
the Readers Services Depariment for assistance. Staff in other
depariments cannot supply photocopying or back issues.
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CONTACT

Cooke International
ELECTRONICTEST & MEASURING INSTRUMENTS
Unit Four, Fordingbridge Site, Main Road, Barnham,
Bognor Regis, West Sussex, PO22 OHD U.K.
Tel: (+44)01243 545111/2 Fax: (+44)01243 542457
CATALOGUE EVAILABLE

pies
s

CONTACT

Cooke International
ELECTRONIC TEST & MEASURING INSTRUMENTS
Unit Four, Fordingbridge Site, Main. Road, Barnham,

Bognor Regis, West Sussex, PO22 OHD U.K.

Tel: (+44)01243 545111/2 Fax: (+44)01243 542457

CATALOGUE NOW ALSO AVAILABLE ON DISK

TRANSMITTERS

Fully comprehensive

guide to building and using
short/medium range radio transmitters
and receivers. Includes detailed and
practical information on all aspecis of
construction, from simple FM room
transmitters to more sophisticated and
poweriul audio and data transceivers.

Manual includes:

» AM, FM and UHF Transmitters from micro power up to

3 Watis. Covers simple ‘bugs’ as well as circuits operating

on 27MHz and 418MHz etc.

» TRACKING AND SIGNALLING. How to build micro

circuits for finding animals, cars etc.

> CRYSTAL CONTROLLED TRANSMITTERS.

High stability circuits.

» RADIO PAGER AND RADIO CONTROL. How

to build coded radio keys, multi-channel remote

controls, radio alarms eic.

> RECEIVER CIRCUITS. Wide range of receiver

projects for building high security audio links and tranceivers.

» EXTENSIVE assembly information. Includes

seciions on consiruction, testing, mics, aerials, coils and

miniaturisation.

Over 100 detailed PCB, strip-board and point to point

designs. Manual comes with FREE micro transmitter PCB.
(Sama of the cmasis indiuded In the manual may not be used legaly in the UK).

Make cheques/POs payable to
FREE

JCG ELECTRONICS
P.O. Box 73, York YO2 1YJ
P.C, B, Wide range of Audio/Radio kits available.
Send stamp for list. Mail order only
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Classnfled

@n

Send your requirements to:

dy Forder
01442 66551

ETI Classified Department, Nexus, Nexus House,
Boundary Way, Hemel Hempstead, HP2 75T
Lineage: 75p per word (+ VAT) (minimum 15 words)
Semi display: (minimum 2.5cms)
£10.50 + VAT per single column centimetre
Ring for information on series bookings/discounits.
All advartisements in this section mus! be pre-paid.
Advertisements are accepled subject fo the 1erms and conditions
printed on the advertisement rate card (available on request).
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TURN YOUR SURFLUS
TRANSISTORS, ICS ETC INTO
CASH immediate ssiifement.

Wa also welcoms the oppodtunity o quole
for complete {actory clzarance

Coriact
COLES-HARDING & CO
Unit 58, Queens Road. Wisbech,

Cambs PE13 7PQ
BUYERS OF SURPLUS INVENTORY
ESTABLISHED OVER 20 YEARS
Tel: 01945 584188 Fax: 01945 475216
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newest and most advanced in a long lins
of powerful, low-cost simulators first
introduced in 1988, Today, more thin
73,000 licensees uss Electronics
« Workbench EDA. Ttis 10 times faster
than the previous version and on most
circuts is as fast s higher-priced
compeiitors. With industry standard
SPICE 3F and more than 8,000 device
maodels, itdelivers exceptional
performangce.

Raobinsan Marshall (Europe) Ple
Nadella Building, Progress Close,
Leofric Business Park, Coventry CV3 2TE.
Tel: 44 (0) 1203 233216
Fax: A4 (0) 1203 233210
emuail: salesErmeco.uk

PICSTART 18C Development
System for 2840 pin PIC's £80.
Quickroute 3.5 PCB design
software £45. Tel 01624 851482.

ALMOST NEW issuss of all ETis
from May 75 to May B3. Plus others
o Oct 87. Offers accepted. Phone
0115-942-9102. All calls refurnad.

SERVICE TRADING co

57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB
TEL 0181-995 1560 FAX 0181-985 0549
ACCOUNT CUSTOMERS MIN, ORDER £10

Tose
Mocsry Friaey
SCIENTIFIC

S W WIRE COMPANY

ENAMELLED COPPER WIRE
TINNED WIRE SILVER
PLATED COPPER WIRE
SOLDER EUREKA WIRE
NICKEL CHROME WIRE
BRASS WIRE L1 TZ WIRE
BIFILAR WIRE MANGANIN
WIRE TEFZEL WIRE NICKEL
SAE BRINGS LIST 18 RAVEN
RD LONDON E18 1HW

FAX 0181 559 1114

To advertise
call our friendly
sales team today
on 01442 66551

TRANSFORMERS

V1

TRANSFORMERS

For valve and transistor circuits

Technology Ltd

Standard and custom design
large 2nd small quantities

Aoad, Cowes, Ise of Wight PO31 7LP

available.

88-108MHz FM
TRANSMITTERS

Professional PLL transmitter, Stereo Coder, and
Compressor/Limiter kits licensable in the U.K.
Also very stable VFO transmitter kits. Prices
from under £10 and a ‘Ready Built’ service is
Contact us for a free brochure
including prices and more detailed information.

18 Victoria St, Queenshury, BRADFORD, BD13 1AR
Tel 01274 816200 Email veronica@legend.co.uk
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Variable Voliage

HT Filament chokes high & low voltage

Unit 24E, Samuel Whites Estate, Medna

Te! 01983 280592 Fax 01983 280583

SOFTWARE

SMART CARD PRODUCTS
Smartcards, Readers/Encoders,
Evaluation & Development Kils...
http:iwwwegoldnet'users/ci9t/epsion. htm)
E-MAIL: epsilon@ powertech.no
EPSILON ELECTRONICS
Brynsengvn.1A,
0667 Oslo, Norway

TEL/FAX +4722840810
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ELECTRONIC PLANS, laser
designs, solar and wind
generalors, high voltage teslas,
surveillance devices, pyrotechnics
and com-puter graphics tablel. 150
projects. For catalogue, SAE to
Plancentre Publications, Unit 7, Old
Wharf Industrial Estate,

Flggd, Ledbury, Herefordshire, HR8
2HS.



KITS PRINTED CIHCUIT ELECTRONIC

DO YOU WISH TO LEGALLY
TRANSMIT AUDIO SIGNALS OVER
BRITISH TELECOM CIRCUITS!

Manufacturers of approved Interface
Equipment for use on public switched

PRINTED CIRCUIT BOARDS
Designed & Manufactured
@ Frotofype or Prodoction Quanlifies
@ F=st turmaround avallable
0 FC8s mmmw
@ Almos! ¥ fifes accepied
EHTPCJMBIVuTm(CMmf
HPGL / itew 2 many others:

telephone network, for narrow or wide
band private circuits, also manufacturers
of telecom line safety barriers.

PARTRIDGE ELECTRONICS

56 Fleet Road, Benfleet, Essex S57 5JN, England.
Tel: 01268 793256 Fax: 01268 565759
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iob too small - frade or private - for quick

friendly seivice comtact - Hichard -

TelFax 01954 260504

SPACE COULD
BE FILLED WITH
YOUR AD

TO ADVERTISE WRITE TO OUR CLASSIFIED
DEPARTMENT AT NEXUS SPECIAL INTERESTS,
NEXUS HOUSE, BOUNDARY WAY, HEMEL
HEMPSTEAD, HERTS HP2 7ST.
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Corner

wo ETIs:ago, & report from
‘the Federation of the
Electronics Industry led me
once more to the subject of
whether it is the job of
schools and colleges tc bridge the gap!
betwasan technical expertise and
understanding management.

it is nat a new subject, of course. Apart
from the cutput of the coffee machine. it
quickly becomes the most imporiant
complaint of technical trainees embarking
on their first employment, and frequsntly
keeps running up until they ratire.

- This'is not just anidle concem or the
excuss of the less-than-motivated. The
botiom-line requirements of getting the
product developed and running the
business/workshop/nation (without which,
no development at all) as a going concem
often ssem to fight with each cther.

The business is driven by competition
and the nesd to survive towards “faster,
cheaper products and bigger promises”,
while the designers, if they hava any
respect for their profession at all, are driven
by “doss is work, doss it do the job”, and
they must achieve this aim without a
bottomless expenditure of lifeblood-draining
and irreplacesble resources {time and
monsy, to the rest of us).

Of course it is daft that these two aims
should conflict when we all know that both
the public and industry want reliable,
versatile and efficient technology - don't
they? The trouble is that all customers have
limitations on their resourcss - not just
commercial ones. (Well, | do, and | bet you
do, too.) The lure of the lower-cost has a
hypnotic effect that can only be unleamed
by bitter experience. And then there is that
other ald favourite, “it-must-be-better-

becauss-it-costs-more". That is a game

‘that managements enjoy, when they can
‘get away with it, for obvious reasons.

Colleges and Universities in particular

“have been blamed fer not raising the
‘awareness of their technical

‘undergraduates o managament neads -
costing, overheads, regulations,

documentation, designing to a price,

:negotiation of contracts, record-keeping,
working In teams. More colleges are
involved in'indusiral placemant now, which

is a valuable start. Of course, many
technical graduates go into management at
an early siage, but they often achisve their
management skills at the expense of their
practical engineering skills, and it is easy to
get out of touch with the dilemmas of the
people on the design desks.

In theory, schools should be the ideal
placs to instil some basic understanding by
teaching technology students to consider
the demands of development in terms of
miaterial resources (How much will it cosi?
How is proiect fime costed in?) as well as
numan resources (How do you keep on
terms with your supenvisors/customers/
colisagues even when they annoy you?).

But schools and colleges can hardly be
expected 1o tumn out ready-formed mini-

managers when they must also cencentraie

on teaching the complexities of maths,
science and electronics - disciplines that
nesd concentration as much as experience.

The cnly answer is for industry itseif to
give employees more fraining - and that, in
tum, nesds everyone in the team to
understand the importance of quality
control and supervision on the jeb, and -
just as imporiant - how to be supervise and
be supsrvised. Experience is good - ‘bitier’
experience is not so desirable.

| oover dat= The

The Challenge = Things that electronics hasn't fixed yet

There is no doubt that fuel cells will become increasingly imporiant in the futurs i:h.l! what we
really need is a fuel cell that can use readily available liquid fuels, such as petrol; draw on
atmospheric air without the need to filter out all pollutants, and still provide the power output
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Next Month...

Volume 26 no. 4 of Electronics Today International should find its way to your newmhaiar
than usual, thanks to our leader article on a developing GPS system for mm)mnbiles .. TEITY {

Hempsiesd, HPZ TST. Telephons 11447 §5351. Facsimis 01443
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seeking last month ... Robert Penfold has designed us a freaznr-meltdown alarm (no rﬁam feat
in the middle of winter) ... Ever wanted to sing with yourself? For most of us ﬂlaonlyupﬁon! _ 13108 3766085 £k 210 A7 QAN Pl T
Tom Scarfe has thought of a voice harmoniser to make one voice sound like two ... Dr. PelAnis ?-;T?mﬂm ot Prives by Wiitios L3 et
working on applications for his Home Computer Radio Control project ... We have a Fast Fiver = =

from Owen Bishop, who also continued his series on Spice ... and more. . Nexus House, Boundaxy Way,
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NEW!

FEATURES OF ELECTRONICS WORKBENCH VERSION

WHAT'S MEW
WHAT'S NEW

Electronics Workbench Version 5.0

Electronics Workbench Version 5 with analog, digital and mixed A/D con

ENERA
COMEOMNENTE
MPONENTE

SPICE simulation, a full suite of analyses and over 4,000 devices. Still

the standard for power and ease of use. Now ten times faster. Siill the

same low price.

Join over 75,000 customers and find out why more engineers and
hobbyists buy Electronics Workbench than any other SPICE simulator.

You'll be working productively in 20 minutes, and creating better

designs faster. We guarantee it!

L7199~

High-End Features

TRUE MIXED ANALOG/DIGITAL
FULLY INTERACTIVE SIMULATION
ANALOG ENGI.‘-IE
DIGITALENGIN

TEMPERATURE CCNNDL

YE
YES
SPICE 3F5, 32-811
NATIVE, 3Z-BIT
EACH BEVICE

PRO SCHEMATIC EDITOR YES
HIERARCHICAL CIRCUITS YES
VIRTUAL INSTRUMENTS YES
OM-SCREEN GRAPHS YES
ANALOG COMPONENTS OVER 150
DIGITAL COMPONENTS CVEER 200
DEVICE MODELS OVER 4,000
MONEY.BACK GUARANITEE 30-DaY
TECHNICAL SUPPORT FREE
Powerful Analyses
DC OPERATING FOINT YES
AC FREQUENCY YES
TRANSIENT YES
FOURIER YES
NOISE YES
DISTORTION YES

30-DAY MONEY-BACK GUARANTEE

VEESION 5.0 FOR WINDOWS 95/NT/30

Itehinson Marshall (Evrope) Ple
] 03 2 2 ] 6 della Buitding, Progress Close. Leofric Business Park,
mum\ UK CV3 ‘rf

Fax: 44 (0)1203 233 210  E-mail: sales@rme.co.uk

/

SAME ‘
GREAT ,
kel

POWERFUL NEW
VERSION!
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Werkb ench
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It's at your * : L | Ov 1_8-,0
local Maplin (o high quality
store g products

A=

With more than 40
stores nationwide and.
many new stores on the
‘way, there should be a
Maplin store near you.

A

Same day
despatch

=i _Over £50
Every order is processed ! ‘_ in discount

on the day of your call. vouc‘her_s |

24 hour ordering — see | “\\\\ %% : :
catalogue for details. e “‘\“ There's more than

: \“ I TEES £50 in vouchers
SO inside to save you
= @GS & even more money.

Free technical |
support

Available on all products.
Call 01702 556001

__ it i '
' Free delivery

- There’s no delivery
25 years Qf charge on orders over

New! Updated
twice a year

Now it's produced in March

and September, you can { exper ie{".ce : £30 (inclusive of VAT)
be sure the products are Sapa ) . or any size business
ﬁght up e dzte. . Britain's best selling electronics account order.

catalogue is now in its 25th year.
Nobody can match our experience.

Only £3.45

Available at WH Smith, John Menzies or any Maplin store, or you can order _ >
your copy direct on 01702 554000 (add 50p for P&P). _ &
If you live outside the UK send £8.45 or 21 IRCs for airmail in Europe or _M APLI
‘surface mail outside Europe; £16.00 or 37 IRCs for airmail outside PROE
 Europe to: Maplin MPS; PO. Box 777, Rayleigh, Essex, England SS6 8LU. Priority Reference Code MAO12
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