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Contact Quickroute Systems for a free
demonstration pack & brochure. Prices quoted
exclude post & packing, and VAT,

i quickroute systems Limited
14 Ley Lane, Marple Bridge, Stockport, SK6 5DD. UK.

Tel/lFax 0161 4497101 &

email infec@quicksys. demon.co.uk

VISA

jPersonal £68 m

The Personal Edition gets you started with schematic & PCB
drafting for just £68. Og The full set of editing & placement tools
are included, with support for 2 copper layers & 1 silk screen
layer. You can also create your own custom symbols. Note that

the manual is provided on disk.
Designer £149

The Designer Edition of QR 3.5 includes schematic capture &
automatic generation of a PCB ‘rats-nest’. Routes can then be
manually routed, and checked against the schematic. The full

manual 1s also included.
£249
|

PRO

The PRO Edition is our base professional product with suppont
for B copper layers. It includes schematic capture, automatic

PCB rats-nest generation, an auto-router and suppon for a range.
of CAD-CAM outputs. Also included is our extended library pac [

(CMOS, Surface mount PCB symbols, etc).
PRO+ £399

PRO+ is our fulk professional product. It supports advanced
schematic capture (global nets), copper fill, enhanced
auto—rouing and a range of export and import capabilites
mctudmg GERBER import, and SPICE & SpiceAge support.
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Features

Projects

Shape changing

The
Electronics
Engineer’s PC
in this new series, Paul Stenninp
takes a look at Electronics
Workbench, an electronic circuit
simulation package

Noise
Masker

Robert Penfold devises an
electronic solution to the
increasingly pervasive
problem of noise pollution

Electronic
Cycle Alarm

Wofried about having your bike
stolen? TherSimon Brown's cycle
alarm may be the solution to

your worries

28 The ETI Basic

40

microcontroller 52

In part 3 of this premier project,
Robin Abbott looks.at some other
wversions of the ETI PIC based
controller module, which! offer the
user a range of additional options

Desligning a PIC
microcontroller ’56
based-project

In Part 6 of/thisshoti.lu_torial series,
Bat-Trgpak concludes fiistook at the

cifcuit and design of a IC baged™
alarm ¢lock

Regulars

robots 1 0

A look at the potentially revolutionary
work of a British inventor which

@ News 6 i

could have an enormous impact on

the lives of all of us

Bar-code reader

Dr Pei An has developed a system
which allows a PC to read any
bar-code, even the one on the front

cover of ETI!

18

® Roundup

Timed Isolatoy

_A useful device which will
automatically switch off Q1ains _ﬂ-_
equipment after a specified period
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Pico Releases PC
Potential =

2=

—T:P..—J T instrument'
Pico's Virtual Instrumentation enable you to use your F-Tr—’l g - } solftvare.
computer as a variety of useful test and measurement " "\
instruments or as an advanced data logger. N . ~Pondtempersture |

o

" | Porwd g

/ 4

Hardware and software are supplied together as a package
- no more worries about incompatibility or complex set-up _
procedures. Unlike traditional 'plug in' data acquisition cards, PicoLog A bl 1!% b
they simply plug into the PC’s parallel or serial port, making Aot tete _ "‘! )
them ideal for use with portable PC's. logging software. '

Call for your Guide on 'Virtual Instrumentation'. ETTRYTTTE TR
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NEW from Pico TC-08 Thermocouple to PC Converter
8 channel Thermocouple Interface

@ Connects to your serial port - no power supply required.
® Supplled with PicoLog datalogging software
for advanced temperature processing, min/max detection and alarm.
® 8 Thermocouple inputs (B,E,J,K,N,R,S and T types)
® Resociution and accuracy dependant on thermocouple type.
For type K the resolution is better than 0.1°C .

TC-08 £ 199
TC-08 - calibration Certificate £ 224

complete with PicoLog, software drivers and connecting cable.
A range of thermocouple probes is available.

So4-16 & SLA4-52 Logic Analysers 4 D(?-700 Virtual Instrument

Pocket sized 16/32 channel Logic Analysers Dual Channel 12 bit resolution

® Connects to PC serial port. Digital Storage Scope

® Up to 50MHz sampling. Spectrum Analyser

® Internal and external : '- : Frequency Meter
clock modes. = : Chart Recorder

® 8K Trace Buffer. Data Logger

Voltmeter

SLA4-76 £ 219 " The ADC-100 offers both a high
SLA4-52 £ 349 sampling rate (100kHz) and a high
with software, power resolution. It is ideal as a general
supply and cables purpose test instrument either in the
lab or in the field. Flexible input ranges
(x200mV to +20V) allows the unit to
connect directly to a wide variety of signals.
ADE- 100 with PicoScope £199
ADE-10 with Pi i 2
3 Eiatined 8.5kt ‘ th PicoScope & PicoLog £219
@ Lowest cost in the Pico range The ADC-10 gives your computer a single channel of
@ Up to 22kHz sampling analog input. Simply plug into the parallel port.
® 0 -5V input range ADE-10 with PicoScope £49

arriage UK free, Overseas £9 Oscilloscope Probes ( x1,x10) £10 PicoScope & PicoLog £59

| Pico Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, Cambridge. CB3 7QJ
' | Tel: (0)1954 - 211716 Fax: (0)1954 - 211880 E-mail: 100073.2365 @compuserve.com

Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT

ELECTRONICS TOD_AY_INTERNATIONAL
&




PORTABLE X RAY MACHINE PLANS Easy to construct
plang on a simple and cheap way fo build a home X.ray machine!
Effective device, X-ray sealed assemblles. can be used for
experimental purposes. Not a toy or for minors! £6/set. Ref FIXP1.
TELEKINETIC ENHANCER PLANS Mmystify and amaze your
flends by creating motion with no known apparentmeans Of Causa.
Uses no elestrical or mechanical connections, no spedial gimmicks
yetproducespostivemotonand effect. Excellentbor scienceprojeds,
magic shows, party demonstraions or serious research &
development of Ihs strange and amazing phychic phenomenon.
£4/set Ref FITKEY.

ELECTRONIC HYPNOSIS PLANS & DATA This data shows
several ways to put subjects under your control. Included Is a full
volume reference text and several construction plans that when
assembled can produce highly eflectve stmuli, This matenal must
be used cautiously. itis for use as entertainment at partes eic only,
by those experienced in its use. E15/set. Ref FEH2,

GRAVITY GENERATOR PLANS This unique plan
demonstrates a simple efectrical phernomena that produces an ant-
gravity effect. You can actually build a small modk spaceship out of
simple materials and without any visible means- cause it1o levitate.
£10/set Ref FAGRAT.

WORLDS SMALLEST TESLA COIL/LIGHTENING
DISPLAY GLOBE PLANS Produces up to 780,000 voits of
discharge, expeiiment with extraordinary HV eflects, ‘Plasma in a
jar, 5t Eima's fire, Corona. exceilent science project or conversation
piece. Eset Ref F/BTCIALGS

COPPER VAPOUR LASER PLANS Produces 'IOOrnw of
visible green light. High conerency and speciral quality similar to
Argon laser but easier andless costly 1o build yet far more efficent
Thispariculardesgnwas developed at the Atomic Enamy Commision
of NEGEV in Israei, £10/set Ref F/CVLY.

VOICE SCRAMBLER PLANS Minature solid stale system
turns speech sound into Indecipherable noise that cannot be
understood without a second malching unit. Use on telephone 1o
prevent third party listening and bugging k6/set Ref FA/SS.
PULSED TV JOKER PLANS Lmie hand heid device utilises
puise technigues that will completety disrupl TV picture and sound!
works on FM too! DISCRETICN ADVISED. £8/set Ref F/TJS
BODYHEAT TELESCOPE PLANS Highly directional (ong
range device uses recent technology to detect thepresence of living
bodies, warm and hotspols, heatleaks etc Intended for security, law
enforcement, research and devetopment. etc Excellent security
device of very interesting scrence project E8Mset Ref F/BHTY.
BURNING, CUTTING CO2 LASER PLANS Pmjects an
invisible beam of heat capabie of burming and medting matenals over
8 considerable distance. This laser is one of the most efficent,
converting 10% input power irto useful output Notonly isthis device
a workhorse in welding. cutiing and heat processing matedals butit
1S also a likely candidate as an eflfecuve directed enaigy beam
weapon againsl missdes arcraft, ground-to-ground. etc. Partide
beams may very well yilize alaser of this type to blast 8 channelin
the atmosphere for a high energy stream cof newtrons of other
partcles. The device is casily applicable to bumning and etching
wood, cutting, plastcs, textiles elc E12/set Ref FACT.
MYSTERY ANTI GRAVITY DEVICE PLANS Uses simple
concept Objects float In air and move to the tough. Defles grawity,
amazing gift. conversation piace, magic trick or science project £6/
set Ref FIANT1K.

ULTRASONIC BLASTER PLANS Lavcoratory source of sanic
shock waves Blow holes in metal, produce ‘cold’ steam, atomize
liquides Many cleaning uses for PC boards, jewlery, coins, smalt
parts etc. £6/5et Red FAULBY.

ULTRAHIGHGAN AMP/STETHOSCOPICMIKE/SOUND
ANDVIBRATION DETECTOR PLANS Ultrasensitive device
enables one to heof a whole new world of sounds Listen through
walls, windows. ficors etc Many applicaions shown, from lgw
enforcement, nature Iislening. medical heartbeat. to mechanical
devices £6/5et Ref FIHGAT

ANTI DOG FORCE FIELD PLANS Highiy effective drcult
produces tme varnable pulses of accoustical energy that dogs
cannot tolerte £6/5et Ref FIDOG?

LASER BOUNCE LISTENER SYSTEM PLANS alicws you
to hear sounds from a premises without gaining access. £ t2/set Ref
FALIST1

CRAWLING INSECT ROASTER PLANS Harmiess high
frequency energy pulses destroy pests as they crawlinto
the energy fieidi £4/set Ref F/RCR1

LASER LIGHT SHOW PLANS Do it yourseif pians show three
methods £6 Ref FALSY

PHASOR BLAST WAVE PISTOL SERIES PLANS
Handheld, has large transducer and battery capadity with extemal
controls. K6/set Ref F/PSP4

INFINITY TRANSMITTER PLANS Telephone line grabber/
room monitor. The ultmatein home/office secufity and safety! simple
to usel Call your home or office phone. push a secret tone on your
teiephone to access either. A) On premisas sound and voces or B)
Existing conversation with break-in capability for emergency
messages £7 Ref FITELEGRAB.

BUG DETECTOR PLANS isthat someone getting the goods on
you? Easy to construct device ocates any hidden source of radio
energyl Sniffs out and finds bugs and other sources of bolhersome
interference. Delects low, high and UHF frequénaes E5/set Ref F/
BD1.

ELECTROMAGNETIC COIL GUN PLANS Projects ametal object a
considerabie distance-requires adult

ELECTRIC MAN PLANE, 8HOCK PEOPLE WITH THE
TOUCH OF YOUR HAND! £5/s¢t Rel FEEMA1
PARABOLIC DISH MICROPHONE PLANS Listen todistan)
sounds and volces, open windows, sound sourcesin 'hard to get'or
hestlle premises. Uses sateliite technology to gather distant sounds
and focus Ihem to our uitra sensitve etectronics Plans also show an
opional wireless link system, £8/set ref F/PM5S

2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND
HIGH DC VOLTAGE, SOLID STATE TESLA COIL AND
VARIABLE 100,000 VDCOUTPUTGENERATORPLANS
Operates on 9-12vdc, many possible experiments. £ 10 Ref FAHVMT/
TCL4.

MINI FM TRANSMITTER KIT Very high gatn preamp, supplied
complete with FET electret microphone. Designed to cover 88-108
M2 but easily changed to cover 63- 130 Mhz. Works with 8 common
v (PPJ) battery. 0.2W RF. £7 Ref 1001.

ELECTRONIC SIREN K(T Impressive Swattpoweroutput 1deal
for carike glarm etc. 6-12v dc max curment 1A, 1.2xh2 £6 Ref 1003,
330V POWER SUPPLY KIT vanabie, stabilized power supply
for lab use. Shomtsircuit protectsd, suitable for profesional or amateur
use 24v 3A transformer is nesded to complete the kit £14 Ref 1007,
1 WATT FM TRANSMITTER KIT Supplied with piazo eiectric
microphone 8-30vdc At 25-30v you will get nearty 2 watts! £12 ref
1009.

FM/AM SCANNER KIT weil not quite, you have to tum the knob
yourself butyou will heer things on this radio that you would not hear
on an ofdinafy radio (even TV). Covers 50- 160mhz on both AM and
FM. Bult in S watt amplifier, Inc speaker, £15 ref 1013,
MOSQUITO REPELLER KIT Modern way to keep midges at
bay! Runs for about @ month on one 4.5 battery. £7 Ref 1015,

3 CHANNEL SOUND TO LIGHT KIT Wirsless system, mains
operated, separate sensitivity adjustment for each channei, 1,200 w
power handling. microphone included. £14 Ref 1044,
MOTORBIKE/CYCLE TREMBLER ALARM KIT Adjustable
sensitivity, precet alam time, auto resst Could be connected to horn
atc £12 Ref 1011,

06 MINUTE TMER KIT adjustabie. will switch up 10 2A mains
Perfact for alarms. photography, etc. £7 Ref 1020.

4 WATT FM TRANSMITTER KIT Small byt powerful FM
transmitter, 3 RF stages. microphone and audio preamp included.
£20 Ref 1026.

STROBE LIGHT KIT Adustabie from 1-80 h2 (a lot faster than
conventional strobes). Mains operated. £16 Ref 1037.
ULTRASONIC RADAR KIT Ideal as amovement detector with a
r‘aorlgge of about 10 metms, autornate your cat flap? 12v dc, £15 Ref
LIQUID LEVEL DETECTOR KIT Usefui fortanks, ponds. baths,
rain alarm, leak detector etc. Will switch 2A mains. £5 Ret 1081.
COMBINATION LOCK KIT 9key, progmmmable, compiete with
keypad, will switch 2A maing. 9v dc operaton. £10 raf 1114,
PHONE BUG DETECTOR KIT This device will wam you i
somebody is eavesdropping on your ine. £6 ref 1130,

ROBOT VOICE KIT Interesting circait that distorts your veicel
adjustable answer thephone with a differentvolcel 12vdcE9ref 1131
TELEPHONE BUG KIT Smail bug powered by the ‘phone line,
starts thansmifting as soon as the phone Is picked up! £8 Ref 1135
FUNCTION GENERATOR KIT Produces sinuscidal, saw tooth
and square waves from 20-20khz, separate level controls for each
shape. Wil produce all 3 together. 24vac. £16 ref 1008,

3 CHANNEL LIGHT CHASER KIT 800 watts per channel,
speed and direction controlssuppited with 12 LEDS (you canfinacs
instead to make kit mains, not supphed) 3-12vdc £17 ref 1026
12VFLOURESCENT LAMP DRIVER KIT Lightup4 foottubes
from your car battery! 9v 2a transformer also required, £8 ref 1069.
VOX SWITCH KIT Sound actvaied switchideal formaking bugging
tape recorders etc, adustable sensitrvity. £8 ref 1073,

INCAR SOUNDTO LIGHT KIT Putsome atmosphereinyour cat
with this mini 3 channel sound to light, Each channet has 6 leds. £10
ref 1086,

TW HI Fl AMPLIFIER KIT Usefu, powertul, ideal for audo
systems. intercoms eic. 12-18vdc £7 ref 1025.

PHONE CALL RELAY KIT Useful device that operates a relay
whenever the phone fings. Switches maing at 2A. £10 ref 1122,
LEAD ACID CHARGER KIT Two automatic charging rates,
visualindication of battery state, ideal for alamm tystems etc, 100mA
12vdc £12 ref 1095,

CAR ALARM KIT works on voltage drop and vibration. entry/exit
delays. adjustabie alarm duraton, Ideal caravans etc £12 ref 1019,
PORTABLE ALARM KIT Sased onmercury swieh, alm contnues
{0 sound untll reset by owner. Buzzer Inc. £11 ref §150.
PREAMP MDXER KIT 3 lnput mono mixer, sep bass and treble
controls plus Individual level controls, 18vdce, input sens 100mA £15
ref 1052.

METAL DETECTOR KIT Range 15-20¢m, complete with case,
9vdc, £8 ref 1022

SINGLE CHANNEL SOUND TO LIGHT KIT Mains operated,
add rnythum to your party for onty £8 ref 1006

SOUNDEFFECTS GENERATORKIT Produces sounds ranging
from bird chips to sirens. Complete with speaker, add sound effects
to your projects for just £9 ref 1045,

GUITAR PREAMP KIT Compiete with tone contrals, small enough
to fit in any gumar, basad on TLOB2 IC, 9-12vdc £8 Ref 1091,

16 WATT FM TRANSMTTER (BUILT) 4 stage hgh power,
preamp required 12-18vdc. can use ground plane. yagi or open
dipole_ £69 ref 1021.

TELEPHONE AMPLIFIER KIT Very sensitve amplifier which
usaes a pickup coll {supphied) will let you follow a conversation with out
hoiding the ‘phone. £11 ref 1059

'30“ OF OUR PROIXJCN MAY BE UI'I..IGIOABLB IN THE UK
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HUMIDITY METER KIT Buids into a precision LCD humidity
meter, 9ic design, pcb, cd display and all components included £49
PC TMER KIT Four channel output controlled by your PC, wil
switch high current mains with refays (suppiied) Sofftware suppfied
S0 you can program the channels 10 do what you want whenever you
want Minimum systermn configeration 1s 286, VGA. 4.1,640k, senal
port, hard drive with min 100k free £24.99

DIVINING RO DS Expensive technology cannot challengethe fool
proof artofwater dvining. passed downfiom generaton togeneraton
Seeing is believing. Use in the home, garden. countryside or desert,
i's drvinedy simplel £4.99 a pair ref E/3.

HUGE BUBBLE MAKING KIT Youll be amazed at the the size
olthe bubbles you can acheive with this bubble making kit. Once you
have gotthe knackitis possibie to make bubbies of up to 40 feetlong
£11.99 ref E53.

FM CORDLESSMICROPHONE Thisunitis an F M broadcastng
station in minature, 3 transistor transmitter with efectret condenser
mic+fetamp design resultinmaxmum sensifvity andbroad freque ncy
response. 80- 105mha, 50-1500hz. 500 foot range In open country!
PP3 battery required. £15.00 ref 15P42A.

MAGNETIC MARBLES They havebeen around for a number of
yearsbut stil give rise to cyrioslty and amazement A pack of 12Isjust
£3.99 re{ GIR20

STETHOSCOPES A tully functoning siethcscope for all those
Inticate projects. Enables you to slen to motors, pipes. heartbeats,
walls, insects eic £6 re! MARGPS.

NICKEL PLATING KIT Proffesional etectroplating kit that wil
transform rusting parts into showpieces in 3 hours! Will plate onto
stea, lron, bronze. gunmetal. copper, weided siver sdldered orbrazed
Joints. Kitincludes encugh toplate 1,000 sqinches You will also need
a 12v supply, a container and 2 12v ight buibs. £39.99 ref NIK39.
SHOP WOBBLERSISmall assemblies designed to take D size
battenes and ‘wobbie’ signs about In shops! £3 59 Ref SEP4F2
OMRON ELECTRONIC INTERVAL TMERS.

"eeNEW LOW PRICES TO CLEARIN»******
Minature adjustable timers, 4 pole o/o output 3JA 240y,
HY1230S, 12vDC adjustable from 0-30 secs. £4.99
HY1210M, 12/DC adjustable from 0-10 mins. £4.99
HY1260M, 12vDC adjustable from 0-80 mins. £4.99
HY2460M, 24vAC adjustable from 0-60 mins £2.99
HY243H, 24vAC adjustable from 0-3 hours. £2.99
HY2401S, 240v adjustable from 0-1 secs. £4.99
HY2405S, 240v adjustable from 0-5 secs. £4.99
HY24060m, 240Qv adjustabie from 0-60 mins £6.99
DRINKING BIRD Remember these? hook onto wine glass (sup-
plied) and they drink, standup,dfink standup ETC! £4 each Ref EF1
SOLAR POWER LAB SPECIAL You get TWO 6'%5° v 130mA
solar colls, 4 LED's, wire, buzzer, switch plus 1relay or motor.Suped
value kit just £5.99 REF: MAGGPE
BUGGING TAPE RECORDER Small voice activated recorder.
UsEs micro casseftecomplete with headphones £28.99 ref MAR29P1
PLUG IN ACORN PSU 19v AC 14w , £2 33 REF MAG3P 10
POWER SUPPLY fuly cased with mains and o/ teads 17v DC
‘900mA ouviput. Bargain pnce £5 99 ref MAGEPY
9v DC POWER SUPPLY Standard plug Intype 150ma 9y DCwith
lead and DC power plug. price for two Is £2.99 ref AUG2P4
13.8V 1.9A psu cased with leads Just £9 99 REF MAGI0P3
INFRA RED REMOTE CONTROLLERS Onginaitymade for hi
spec sateide equipment but perfect for all sorts of remote control
projects Our dearance price Is jus! £2 REF: MAG2
MAINSCABLE Precwl black 2 core 2 metre lengths ideal for
repairs, projects et¢, 50 meires for £1.99 ref AUG2P7.
COMPOSITE VIDEO KIT. Converts composite video into sepa-
rate H sync, V sync, and video 12v DC. £8.00 REF: MAG8P2.
UNIVERSAL PC POWER SUPPLY complete with fiyleads.
switch. fan sfc. 200w at £20 REF: MAGZ0P3 (265x 155x125mm).
GYROSCOPE About3" high and an excelent educationattoyfor all
ages! Price with Instruction booklet £6 Ref EF15,

FUTURE PC POWER SUPPLIES These are 285x 135x60mm,
4 dnive connectors 1 mother board connector. 150watt. 12v fan, iec
inlet and on/offt switch, £12 Ref EF6.

VENUS FLY TRAP KIT Grow your own camivorous plantwiththis
simple kit £3 ref EF34.

TWEETERS 2* diameter good quality tweseter 140R {ok with the
above speaker) 2 for E2 REF: MAG2PS or 4 for £3 REF: MAG3P4
6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA. Bargan price just £5.99 ea REF MAGEP12.

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99
ref MAGSP13 [geal for expenmenters! 30 mfor £12.99 ret MAG13PY
ROCK LIGHTS Unusual things these, two pieces of rock that glow
when rubbed togethen belived to cause ren'E3 a pair Ret EF29.

3 by 1° AMORPHOUS SOLAR PANELS 14 5v, 700mA 10
wafts, aluminium frame. screw terminails. £44.95 ref MAGAS.
ELECTRONIC ACCUPUNCTURE KIT Buildsintoan electronic
version instead of needes! good to experiment with. £7 ref 7P30
SHOCKING COIL KIT Buiid ths littie battery operated device into
all sorts of things, aiso gets worms out of the ground £7 ref 7P36.
FLYING PARROTS Easity assembled kit that builds a parrot that
actually flaps its wings and flies! 50 m range €6 ref EF2

HIGH POWER CATAPULTS Hinged amm brace for stabifty,
tempered steel yoke, super strength latex power bands. Departure
speed of ammunitionisin excess of 200miles per hourt Range of over
200 meires! £7 89 ref RS,

BALLON MANUFACTURING KIT Batish made, smai bicb
blows ino alarge. longlasting balloon, hours of funt£3.99 refGIVEISR

WE BUY SURPLUS STOCK FOR CASH

FREE CATALOGUE

1995 100 PAGE CATALOGUE NOW
AVAILABLE, 45P STAMP OR FREE
ON REQUEST WITH ORDER.
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Industrial
Single Board PC

The AMC-350A comes equipped with a
803865X-40 or 80486SLC-33 CPU. Also
included are two serial RS-232 ports, a bi-
directional parallel port, an IDE hard disk drive
interface (which controls up to two hard disk
drives), and a watchdog timer. The watchdog
timer ensures that the CPU will be reset if it
stops due to a program or EM| problem,
allowing the AMC-350A to be used in stand-
alone systems or unmanned environments.
With its industrial grade reliability, the AMC-
350A can operate continuousiy at up to 140°F
(60°C) temperatures.

The AMC-350A is specifically designed as a
compact all-in-one CPU card which
incorporates a PC/104 connector into its
design, making non-passive backplane
applications possible. The 4-layer CPU card
turns any system into a 16-bit 386 compatible
computer. Its highly compact form and
numerous features make it an ideal
cost/performance solution for high-end
commercial and industrial applications where
CPU speed and mean-time-to-repair are
critical. In addition, its all-in-one configuration
frees up valuable expansion slots. Built using
CMOS technology, the AMC-350A consumes
very little power.

The AMC-350A provides 4 SIMM (Single In-
Line Memory Module) sockets for its on-board
system DRAM. Each socket accepts one 256KB
1MB or 4MB SIMM. Total on-board memory
can be configured from 1MB up to 16MB.

ews...

—— ———

Galr [=E3aiu@my Booster Charger

The fatest in car products from Maplin Electronics is the Car Battery
Booster/Charger. Costing £39.99, it is a high quality, powerful battery charger
which supplies a useful 15A charge and is also capable of providing a short
boost charge or even starting a car.

The compact charger will prove a useful tool to anyone who uses
machinery, such as the building and farming industries, or the motor trade. it
will also prove valuable to most car owners in winter
when engines and batteries are cold and indifferent
towards starting - thanks to its ability to supply a healthy
12V 100A boost for up to 5 seconds.

The charger is housed in a robust case with a built-in
handle and can be wall-mounted. Two sturdy feads,
terminating in heavy-duty crocodile clips, carry the
charge to the battery. Built-in overload protection is
provided and reset with a push switch.

For further information,
telephone (01702) 552911.

MQP Electronics has announced support for many more devices in their
range of production devices programming equipment.

Support is now available for the full range of microcontrollers from several
leading manutfacturers. The microcontrollers can typically be programmed 8 at
a time, at very high speeds. Manufacturers supported include Motorola with
their 68HC705 and 88HC711 series and NEC with the popular 75P and 78P
series. A gang module is alsc avallable for the SGS-Thomson ST6 family.

This year, for the first time, MQP also offers gang programming of FLASH
SIMM modules, up to 128Mbit and beyond, as well as in the PCMCIA format.

Another recent addition to the S2000 gang programming system is a
single site universal programming module. This makes the system arguably
the most versatile production programming system available.

MQP Electronics provides programming solutions for both development
and high volume production. All MQP programmers offer comprehensive PC
software support, with batch controlled modes to automatically deal with the
special
programming
options required
by users and
converters are
available to deal
with all package
vanants.

i For further details,

| contact MQP on
01666 825146.
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BULL CLEAROU

WIRELESS VIDEO BUG KIT Transmits video and audio
signals from a minature CCTV camera (included) to any standard
televisioni All the comp ts Including a PP3 battery will it into a
cgarette packet with the lens requiring a hole about 3mm diameter.
Supplied with telescopic aenal but a piece of wire about 4° long will
stil give & range of up to 100 metres. A single PP 3 will probably give
less than 1 hours operafing time. £98 REF EP79. (probably not
licensablel)

GOT AN EXPENSIVE BIKE? You needone ofurbottie alams.
they look like & standard water bottle, but open the top, insert a key
1o aclivate a motion senscr alarm buiitinside. Fits all standard botte
camiers, suppiied with two keys. SALE PRICE E7.99 REF SAX>
GOT AN EXPENSIVE ANYTHING? You need one of our
casad vibration alamns, keyswitch operated. Tully cased just M i to
anything from videos (o caravans, provides a years protecton from
1 PP3 battery, UK made SALE PRICE £4.99 REF SA33.
DAMAGED ANSWER PHONES These are probabiy beyond
TEpMr SO they are just £4.99 each. Mainly response 200 machines.
REF SA30,

COMMODORE GAMES CONSOLES Just a few ofthese laf!
to dlear at £5 ref SA31. Condition unknown.

COMPUTERDISC CLEAROUT weare ieftwith alotofsoftware
packs thatneed clearing sowe are seiling atdisc value only! 50 discs
for £4, thats [ust 8p eachli{our cholce of discs) SALE PRICE £4 ref
EPES

IBM P82 MODEL 160Z CASE AND POWER SUPPLY
Complete with fan et¢ and 200 watt power supply. SALE PRICE
£8,95 ref EPE7

DELL PC POWER SUPPLIES 145 watt +5-5412-12,
150x 150x85mm compiete with swilch. Meads and IEC soctkel.
SALE PRICE £9.99 ref EP55

1.44 DISC DRIVES Standard PC 3.5° drives but returns s they
will neeq attention SALE PRICE £4.99 ref EPS3

1.2 DISC DRIVES Standard §.25° drives but retums so they will
need attanbon BALE PRICE £4.99 ref EPES

PP3 NICADS New and unused but some storage marks. SALE
PRICE £4.99 ref EP52

SOLAR PANELS 3voutput with two fiieads, 100x60 mm pack of
10 SALE PRICE £6.99 ref EP56

DELL PC POWER SUPPLIES (Customer retums) Standard
PC psu's complete with fly leads, case and fan, pack of two psus
SALE PRICE £5 FOR TWO1| refl EP61

GASHOBS ANDOVENS B8rand new gas apphances, perfectfor
smali flats etc, Basic 3 burnar hob SALE PRICE £24.99 ret EPT2.
Basic small buiitIn over SALE PRICE £79 re! EP73

BITS AND BOBS we have a quantity of cased modems,
multiplexers efc different specs but ideal stnppers SALE PRICE E4
each ref EPE3

RED EYE SECURITY PROTECTOR 1,000 watt oltdoor PIR
switch SALE PRICE £8.99 ref EP57

ENERGY BANK KIT 100 6°x6° 6v 100mA panels, 100 diodes,
connacton detarls etc. £69.95 ref EF 112

CCTV CAMERA MODULES 45X70X29mm. 30 grams, 12v
100mA. auto electronic shutter, 3.6mm F2 lens, CGIR, 512x492
pixals. video outputis v p-p (75 ohm). Works directy itto a scart or
video input on & tv of videc. IR sensitive. £79 95 ret EF 137

IR LAMP KIT Sutadie for the above camera enables the camara
to be usad infotal darkness! £5.59 ref EF138.

PASTEL ACCOUNTS SOFTWARE, does everything for all
sizes of businesses, Includes wordprocessor, report wnter,
windowing, networkable up fo 10 statons. multiple cash books etc.
200 page comprehensive manual. 30 days free technicat support
(0345-326009 try before you buyl) Current retail price is £129,
SALE PRICE £9.95 ref SA12, SAVE £120/1

MINI MICRO FANS 12V 1.5 sq SALE PRICE £2 Rel SA13.
REUSEABLE HEAT PACKS. Ideal for fishermen, outdoot
enthusiasts eldery or infirn. wamming food, diinks etc, defrosting
pipes etc reuseable up o 10 times, lasts for up to 8 hours per go,
2.000wh energy, gets up 1o 90 degC. SALE PRICE £9.65 REF SA29
12V 2AMP LAPTOP psu's 110x55x40mm {Includes standard
IEC socket) and 2mlead with plug. 100-240v IP. SALEPRICEES 88
REF SA15.

PC CONTROLLED 4 CHANNEL TIMER Control {onvofftimes
etc) up to 4 tems (8A 240v each) with this kit. Complete with
Software, relays, PCB efc. £25.99 Ref 95/26

COMPLETE PC 300 WATT UPS SYSTEM Top of the range
UPS system providing protection for your computer system and
valuable software agalnst matns power fluctuations and cuts New
andboxed, UK made Provides up to S mins running tme inthe event
of compteie power falure to allow you lo run your sysiem down
correctly. SALE PRICE just £88.00.

SOLAR PATH LIGHTS Low energy walilights powered by the
sun builtin PIR 50 they work when you waik past. Includes solar
panel & rechargeable bat $ALE PRICE £18.9REF EP62

BIG BROTHER PSU Cased PSU, 6y 2A output, 2m ofp lead,
+.5m Input lead, UK made 220v. SALE PRICE £4 98 REF EPY

WANT TO MAKE SOME MONEY? STUCK FCR AN
IDEA? We have collsted 140 business manuals that give you
information on settng up different businesses. you peruse these at
your leisure using the text edltor on your PC Also included is 8
cerniflcate enab#ng you 1o reproduce the manuals as much as you
likg! SALE PRICE €14 REF EP74

RADIO PAGERSBrmand new, UK made pocket pagers dearance
price is just £4.99 each 100x40%15mm packed with bits: Ref SEPS
BULL TENS UNIT Fuily built and tested TENS (Transciutaneous
Electncal Nerve Stmulation) unit, complete with electrodes and ful
Instructions. TENS s used for the radief of pain etc in up to 70% of
sufferers. Drug free pain resied, safe ana sasy to use. can be usedIn
conjuncion with analgesics etc. £49 Ref TENA

COMPUTER RS$232 TERMINALS. (LIBERTY)Exceient
quality modern units (like wyse 50,5) 2xRS232, 20 function keys, 50
thro to 38,400 baud. menu driven poft, screen, cursor, and keyboard
setup menus (13 meny's) £29 REF NOV4,

PC PAL VGA TO TV CONVERTER Converts a colour TV Into
abasic VGA screen Complete with builtin psu, lead and saware_, [dea!
for laptaps or a cheap upgrade.Supplied in kit form for home
assembly. $ALE PRICE £25 REF SAM

EMERGENCY LIGHTING UNIT Complete unitwith 2 double
bulb floodfights. bulttin charger 8nd aute switch Fully cased. 6v 8AH
lead acid req'd {seconahand) £4 ref MAGAP1 {

SWINGFIRE GUIDED MISSILE WIRE. 4,200 metre reel of
ultra thin 4 coreinsulated cable, 28ibs breaking strain, less than fmm
thickd 1 deai alamms, intercoms. fishing, dolls house's etc, SALEPRICE
E13.99 ref EP51

ELECTRIC CARWINODOW DE-ICERS Compiete with cabie.
plug etc SALE PRICE JUST £4.99 REF SA28

ASTEC SWITCHED MODE PSU M3 1012 Gives +5 @ 3.75A.
+12@1 .54 - 12@ 4A 2307110, cased, BM41012 £5.99 ref AUGSEP3,
AUTO SUNCHARGER 155x300mm solar pang with diodeand 3
metrelead fitted with acigarplug. 12v 2watt. SALE PRICEES. 99 REF
SAZ5.

TOP QUALITY CENTRIFUGAL MAINS MOTORS SALE
PRICE2 FOR JUST £2.60 REF SA38

ECLATRON FLASH TUBE As usedin police carflashing fights
eic, full spec supplied, 60- 100 fashes amin. SALE PRICE £6.99 REF
SAS.

24v AC SEWATT Cased power supply. New, SALE PRICE JUST
£9 99 REF SA40

MILITARY SPEC GEIGER COUNTERS Unused ansttaightfrom
Her majesty’s forces SALE PRICE £44 REF SA16
MICRODRIVE STRIPPERS Smai cased tape drives ideal for
stripping, lots of useful goodies including a smart case, and lots of
components. SALE PRICE JUST £4.88 FOR FIVE REF SA26
SOLARPOWER LABSPECIAL You get TWO 6°x6° 6v 130mA
solar celts, 4 LED's, wire. buzzer, switch plus 1 retay or motor. Superb
vaive it SALE PRICE JUST £4.99 REF SA27
RGB/CGA/EGA/TTL COLOUR MONITORS 12° In good
condition. Back anodised metal case SALE PRICE £48 REF SA16
SWITCHED MODE PSU ex equip, 60w +5v @54, -5v(.5A,
+12v@2A- t2v@ 5A 120/220v cased 24 5xB88x55mm IECinput socket
£6.99 REF MAGTP{

PLUG iN ACORN PSU 13v AC 14w _ £2 99 REF MAG3P 10
POWER SUPPLY fully cased with mains and o/p leads 17v DC
S00mA output. Bargain price £5 99 ref MAGEP9

ACORN ARCHMEDES PSU+5v @

4 4A on/alf Sw uncased, selectable mains inpul, 145x100x45mm
SALE PRICE £4.99 REF SA1

13.8V 1.8A psu cased with iaads Just £9.99 REF MAGHOP3

PPC MODEM CARDS. These are high spec plug In cards made
Tor the Amstrad laptop computers 2400 baud dial up unit complele
with leads Clearance price is £5 REF: MAGSP1

200 WATT INVERTER Converts 10-15v DC Into sither 110v of
240v AC. Fully cased 1 15%x36x 156mm, complete with heavy

duty pow ertead, cigarplug, AC outiet sccket Auto overioad shutdown,
auto short drcuit shul down, auto input over Yoltage shutdown, auto
inputundervoitage shutdown (With audible alam). autotemp control,
unit shuts down If overheated and sounds audible atamn. Fused
feversed polarty protected oufput frequency within 2%, voltage
within 10%. A well built unit at an keen price. Just £64 99 ref AUGES.
UNNERSAL SPEED CONTROLLER KIT Designed by us for
tha C5 motor but ok for any 12v motor up i 30A. Complete with PCB
eic. A heat sink may be required. £17 00 REF: MAG1T
COMPUTER COMMUN ICATIONS PACK Kit contains 100m
of 6 core cable, 100 cable clips, 2 line drivers with RS232 interfaces
and &ll connectors etc Ideal low cost method of communicating
between PC's over aiong distance, Compiete idt £8.99.
ELECTRIC MOTOR KIT Comprenensive educational kit in-
cludes all you need to build an etectic motor. £9.99 ref MAR10P4.
VIEWDATA 8YSTEMS made by Phillips, compiete with intemal
1200/75 modem, keyboard, psu etc RGB and composite outputs,
menu dnven, aytodialler etc. SALE PRICE £12.89 REF SA18
AIRRIFLES .22 As used by the Chinese army for treining puposes
sothere is & lot aboutl £39 35 Ref EF78, 500 pellets £4.50 ref EFS0.
PLUG IN POWER SUPPLY SALE FROM £1.50 Piugsinto
13A sockei with outputlead three types avaiiable, dvdc 150mAE1.50
ref SA19, 9vdc 200mA £2 00 ref SA20. 8 Svdc S00mA £2 rel SA21,
VIDEO SENDER UNIT, Transmits both audio and video signals
from exther avideo camera, video recorger, TV or Computer etctoany
standard TV set in & 100 ranged {tune TV to a spare channef) 12v DC
op. Price is €15 REF: MAG1S 12vpsuls £5 extra REF. MAG3P2

'SQHI Or OUR PROWCI‘! MAY BE U'IU(ZNSABL! IN THE ux

T SALE

"FM CORDLESS MICROPHONE Smail hand heid unit with a
500 range! 2 transmit power levels, Reqs PP3 9v batiery. Tuneable
to any FM receiver, Price Is E15 REF: MAG15P1

'MINATURE RADIO TRANSCENERS A pair of walkie talkies
with a mnge up 10 2kmin open country, Units measure 22x52x155mm
Including cases and earp'ces. 2xPP3 req'd £30.0Cpr.REF: MAG30
FUTURE PC POWER SUPPLIES These are 295x135x60mm.,
4 drive conneclors  mother board connector 150watt, 12v fan, lec
fnlet and or/oft switch. SALE PRIGE £7.99 REF S5A 22

“FM TRANSMITTER KIT ntoused in a standard working 134
adapler!! the bug runs directly off the mains 5o lasts forevert why pay
E7007 or price s £15 REF. EF62 Transmits fo any FM radio. (this is
in kit torm with full Instructions. )

*FM BUG BUILT AND TESTEDsuperiordasign to kit Suppliea
to detective agancies Iv battery req'd. £14 REF: MAG 14
TALKING COINBOX STRIPPER COMPLETE WITH
COINSLOT MECHAN ISMS arginally made to retail atE79 each,
these units are designed fo  canvert an ordinary phone into a
payphone. The units have the locks missing and sometmes broken
hinges. Howeverthey can be adaptedfor theiroriginal use or used for
something ése?? SALE PRICE JUST £2. 50 REF SA23

GAT AIR PISTOL PACK Complete with pistol, dans and peilets
£12.95 Ref EF82 extra pellets (500) £4 50 ref EF80

6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm
130mA, SALE PRICE £4.90 REF SA24

FIBRE OPTIC CABLE BUMPER PACK 10metres for £4.99
ref MAGSP 13 ideal for expermentersi 30 m for £12.89 ref MAG13P1

RACAL MODEM BONANZA! 1 Racal MP51223 1200/75
moxdem, teephone lead, mains lead, manual and comms software,
the cheapest way onto the net! all this for just £13 ref DEC13.

IVAIL ORDER TERMS: CASH, PO OR CHEQUE

BULL ELECTRICAL

256 PORTLAND ROAD, HOVE, SUSSEX .
BNJ SQT. (ESTABLISIIED S0 YEARS).

WITH ORDER PLUS £3 POST PLUS VAT,
. WBLCOME

© PLEAYE ALLOW 7-10 DAYSFOR uwvmmms omns:

SIDE LEVER 177 AIR RIFLE Swerb, iow priced general
purpose fifle, 18° tapered, rified barrel, fulty adjustable open sights,
wooden stock, very accurite with low recoll, 4 1. £39.95 ref R/3
4X28 TELESCOPIC SIGHTS Sutable for all air rifies, ground
lenses, good kight gathering properties. £19 95 ref R/7
RATTLE BACKS Imerestng things these, small pisce of soiid
perspex like materal that it you try to spin it on the desk it only spins
oneway! infactifyou scdnitthe ‘wrong way it stops of its own accord
and go's back the other wayl £1.99 ref GIJ01.
GYROSCOPES Rememberthess? well we have found acompany
that sfill manufactures these popular saentific toys, perfect gift or for
educational use etc. £6 rel EP70
EDIBLE LONGLIFECANDLES Madetrom Olec Beel Steannso
you can eat them in an emergency altemativery, you could just ight
them| Each canale burns for approx 10 hours. 2 for £2.99ref O/N326
HYPOTHERMIA SPACE BLANKET 215x150cm aluminised
Toll bianket, reflects more than 90% of body heat Also suitabie for the
construction of two way mirrors! £3 99 each ref OAL041.
LENSTATIC RANGER COMPASS O filed capsule. strong
metal case. large luminous palnts: Sightiine with magnifying viewer.
50mm dia, 86gm. £10.99 ref O/K604.
RECHARGE ORDINARY BATTERIES UP TO 10 TMES!
With the Battery Wizard] Uses the |atest pulse wave charge system
1o charge all popularbrands ofordinary batteries AAA AA C, D, four
atatmetLed systemshows whanbattenes are charged. avtomatically
rejects unsultable celis, complete with mans adaptor. BS approved.
Price is £21 95 ref EP31.
TALKING WATCH Yes, ftactually tes you the ime atthe press of
& button, Also faatures & volce alamn that wakes you up and talls you
what the time is! Lithium call indluded, £7 99 ref EP26.
PHOTOGRAPHIC RADAR TRAPS CAN COST YOU
YOUR LICENCE! The new multibana 2000 radar detector can
pteventeven themostresponsble of driversirom losing theirlicence!
Adjustable audible alamm with 8 flashing leds ghves instant waming of
radar zones. Detects X, K_and Ka bands, 3 mile range, "over tha hil
‘around bends' and ‘'reartrap faciites. micro sizejust4 25°x2 5% 75°,
Can pay Tor itself in just one day! £79.95 ref EP3.
SNOREBUSTER! Asmallwnstwatch style device that detects the
noise ofsnoring andinstanty produces a stmulation tothe wrist ofthe
snorer without waking them The bio feedback effectively prevents
future bouts of snoding, thus reducing Snorebusierto only occasional
use. 10 of 1.000's s01d. £24.99 ref LA15999.
WORLDS SMALLEST TAPELESS MEMO PENI Notonlyis
the a smart pen but will record 20 seconds of memos etc No more
scatching about for scaps of paper] £38.99 ref AA213681
ELECTRIC TYREINFLATOR Highpower micro air compressor
infiates tyres, airbeds tootballs elc Indudes pressure gauge £14 98
ref JB231
MAMOD STEAM ENGINE SP2 Powerful compactmodel sieam
enging complete with fuel etc. £39 95 ref SP2.
SANYO NICAD PACKS 120mmx t4mm 4.8v 270 maH suitable
for cordiess phones elc. Pack of 2 just €5 ref EP78.

WE BUY SURPLUS STOCK FOR CASH

1895 100 PAGE CATALOGUE NOW
AVAILABLE, 45P STAMP OR FREE
WITH ORDER.

PORTABLE RADIATION DETECTOR

WITH NEW COMPUTER INTERFACE £59

A Hand held personat Gamma and X Ray detec
tor. This unit contains two Gelger Tubes, has a 4

digit LCD dispiay with o Piezo speake!, giving a
oudio visual Indication. The unit detects hig
enargy electromagneatic quanta with an eneig
from 30K eV to over 1.2M eV and @ meqasuring
range of 59999 UR/h or 10-99990 Nt/h. ret NOV18
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ATTENTION ALL
NORTH AMERICAN READERS!

Did you know that you can order an

annual subscription to this magazine

direct from our official U.S. subscription
representative?

For more information and rates contact:
Wise Owl! Worldwide Publications,
4314 West 238th Street,
Torrance, CA 90505 4509
Tel: (310) 375 6258
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OMPUTER :
NOWLEDGE CALL NOW ON:

0891 515 066

MODEM DOWNLOAD SERVICEV21 UP TO V42bis & V.FC.
* Over 330 file areas to downioad from *

The latest Shareware, updates & Additions via daily
file links to Europe & USA for the PC, Amiga & Atari

Areas of specialisation include DOS, 05/2,
Windows/Windows NT, DESQview, Novel, Virus
Protection, Dbase/Clipper, Engineering/Electronics &
recently DOOM + Much More.
Recreational
" Multi User Games Available *

Calis cost 39p per minute cheap rate & 49p per minute at all other times.
MODEM PARAM's: -8 Data Bits, No Parity, 1 Stop Bit.

Komputer Knowledge, 3 Station Cottages,
Ched dlngton LU7 OSQ

Aoty ./
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WE HAYE THE WIDEST CHOICE OF USED
OSCILLOSCOPES IN THE COUNTRY
TEKTRONIX 7000 SERIES QSCILLOSCOPES
Avaliabie from £200 - PLUGHNS SOLD SEPERATELY
TB(THNI! TASATS 40n 100MAZ Decay CUmors..... oo 21300
[ a—

TEXTROMIX TAS455 Duw Trace 80MWrC Oeey
TEXTROMX 2465 4 Channel J00MHZ Dviny Seesu Cursors .. 1750

485 Dust Treos J6OMH2 S0 e 0180
TEXTAOMIX 475 Dusl Trace 2000z Daisy Sweep . 0500
TEXTRONIX 465 Dual Trace 100MHZ Sweep p— - ]
TEXTRONIX SCE04 Dust Trace S0M-r In TMS0S.. . —e o0
TEXTRONEX 2213 Dual Trpo 500z Deixy .
TEXTRONX 455 Dudl Vrace SOMIZ Otldry Swp. ST,
PHRUPS PREZYY Ousl Traos 500tz Doty Seoap L0
HITACH V223 Dual Trace 2064 Dutay Sweso
BECKMAN 9020 Dual Trace 2Gh+z Deimy A28

HAWIEG 412 Dusl Trace 206z

GO\JLDOGHWMT@.MMH_———_
GOULDOSM00S! Dualraco J0MMY . €989
KIKLESUS S50 Dumi Tracet Y042 ...

GOULD OSe000 Bust Trace 108k Dotal . (250
GOULD 054000 Dusl Trace 100z Ogaw Somge ... .20
HP. 1751A Dusi Trace 100WHz Analogoe Storege . —-

THES 19 JUBT A SANPLE - MANY OTHERS AVARLABLE

fay

HP, S341A Frequency Counter SOMHZ - 1.5GHr LED
RAGAL 17235 Frequancy Courer 1.3GHT [Optors GPIB &
Swbl

FAGALTANA 1251 ww-f'rmsmiw__w_ﬂ
MARCOM 2437 Ureversal Courser Tarvar B - rmc‘%um
RAGAL 9918 Frocuency Courser 10HT + S20MME oo

FACAL BO0BA Uriverssl Cournter Timer 10HZ - 200MKZ.
SOUARTRON 7085 &' Bigft Mcroomceasor Vol
AGIDEHmsA 1400
scuwmmnsnl‘h 1 agn AR wn (EEE . S0
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A ook inte the future as envisioned
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Walking mechanism with legs

MOVABLE PALLET

or the past 17 years, a North London electrical
engineer and computer programmer, Joe Michael,
has had a dream - a dream which started when
he was still a student, a dream to design and
build the world’s first shape-changing robot.

The shape-changing robot idea was initially conceived as
some way of moving atoms and molecules to create new
types of matter, but as a student of biochemistry he quickly
realised that such a technique was either impossible or, at
best, extremely difficult to implement. It was then that he hit
on the idea of using a fractal-like system of small interlocking
cubes that can slide over each other and, in so doing, form
any desired shape.

In pursuit of this idea, he studied electrical engineering and
computing, spending most of his time and money working on
the idea and developing it 1o a stage where he could
demonstrate its practicality. After years of work, and the
expenditure of over £35,000 in securing world-wide patents,
his dream will become a reality when the first prototype units
are completed in early 1996,

The concept developed by Joe Michael is already attracting
considerable interest from a variety of disciplines from all around
the world. Indeed, at a recent nuclear industry exhibition in
Lyons, France, his modest stand was visited by over 150
leading engineers, most of whom were highly impressed, and
now eagerly await the first practical demonstration.

SPECIAL CUBES WITH

TURNTABLES TO TURN
PALLETES &

Pallet transportation system
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An L-streamer in action i

.

FLAT SURFACE

P §
The concept ;
Most people are now familiar with fractals, a matbmtml
concept which many mathematicians ndw.agree lies behind
the structure of many living organisms, focks, crystals, et¢. in
fact, crystals are a very good way of inifially thinking aboul‘t Joe
Michael’s shape-changing robots; how trystaline structures
can grow and change shape as a resulf of new crystals |
growing onto the surface of existing onés, :

In a similar way, a fractal shape-changihg-rabot is tapable
of changing shape and, in so doing. mimicking any machines
or physical structure. This is because at any size, from nano
technology dimensions to thousands of cubic metres, the
basic cubic units from which such robots are built can be
made to form any desired shape and, with the addition of
special tool/sensor units, any functionality.

Fractal robots are thus built out of identical copies of
motorised robotic cubes. These can move relative to each
other under computer control to implement shape-changing
functions. Cubes are interlinked by electrical and data contacts
to route electric power and data signals from neighbouring
robotic cubes (any one or more of which may contain a powet
source and/or the source of the computer signals and/or a
connection to the outside world).

Their unigue symmetrical internal mechanisms allp\fv_any
cube to pick up any other cube, move it around (wit .
separating while moving) and lock them togetherto-eect
semi-permanent structures. As well as lockifg, the
symmetrical mechanism can detach cuties allowing faulty
cubes 1o be removed. Such cubes would be moved out of the
structure by another functioning robotic cube and then be
replaced by an identical mass- prgdubf,ad robotic cube to affect
self-repair in seconds, no mattér hew bad the damage.

The robotic cubes can also pick upi and move other objects
such as palettes, steel girders and midchine tools provided
they have simple compatible 45 degre€ stets cut into them.
With electrical contacts inside the slots allowing an-interface.
between the robotic cubes, tools can be remotely controfled.

.

-
1

SOUD BLOCK

PLATES CONTAINING
—— ACTIVE MECHANISMS
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Thus, not only can the robotic cubes move abjects and tools
around a structure but also use them focally to make
dynamically re-configuring robotic machines.

The shape-changing properties of the robot can be used to
erect new structures in minutes along with all necessary heavy
production tools and interconnecting cables. The shape-
changing properties of the robot can be used to pick up pre-
terminated electric, hydraulic and pneumatic cables along thelr
mid sections and transport them around in complex paths to
automatically connect two or more points together.

This type of system allows pre-packaged, automatic, self-
repairing factories to be built with no human intervention. Large
robotic cubes perform heavy tasks while smaller cm-sized
cubes perform more intricate tasks with greater local access.
By simple changes of software and production tools, different
factories can be synthesised allowing huge diversity to be
achieved with relatively few standard pieces of equipment.
Indeed, shape-changing robots are, in theory, flexible enough
to assemble their own factories and build more of themselvest

Technical concepts

As a starting point in our examination of this technology, we
need to define what we mean by a shape-changing robot. The
following is a brief definition:

A shape-changing robot Is a finite resoiution
electromechanical device that acquires dynamically
programmed geometric shapes though the use of a computer
or computers, these shapes being limited only by the minimum
resolution of the electromechanical mechanism and/or the
software running on the computer(s).

As we have already seen, Michael's shape-changing robot
is built out of a collection of cube-shaped robotic cubes. These
have electromechanical locks that connect with neighbouring
cubes and also enable them to slide with respect to each other
without detaching. The locks carry power and data between
the robotic cubes. There are electronic controllers in each
robotic cube and each such cube has a unique address. The
robotic cubes attach or detach from each other under
computer control. Computers located internally inside the
robotic cubes issue control instructions to the controllers, or

DIRECTION OF GROWTH
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An L-streamer

S

Grouping using fractal cube sizes

relay instructions from an external control computer.

From this outline we can produce a set of
specifications for a standard robotic cube;
they are as follows:-

1. A robotic cube must be able to receive power from any of
the six faces.

2. Power received on one face can be directed to any number
of faces. Power drains caused by short circuits are limited
and/or isolated from the rest of the supply. There should be no
leakage (such as earth leakage). Power is switched between
faces under computer control. Instructions for power
management are calculated locally within a cube or received
externally through the network.

3. Robotic cubes talk to their neighbours using networking
ports. The networking port can be sither serial or parallel.
Parallel methods allow greater bandwidth but cost more in
terms of wiring and hence serial methods are preferred.

4. The robotic cubes route network signals from one face to
another under computer control. Short circuits and earth
leakages are detected and the network cables isolated to avoid
damaging electronic devices.

5. There must be a minimum of one master computer holding
and issuing control messages to robotic cubes. The remaining
robotic cubes are slaves impiemented using a minimal
controller for receiving and executing movement instructions
received through the networking ports. The computer can sit
Inside a robotic cube or reside externally and be linked with
wires or by telemetry. The computer should be able to interrogate
the status of each robotic cube’s controlier. Multiple computers
can be present in a structure and these should co-operate and
share the loading of the computational task by localising sub
tasks. Tasks that are inherently parallel should be carried out
by separate computing centres within the same structure. A
collection of autonomous robotic cubes must have at least one
computer with sufficient capabilities to turn into a control
centre for Jocal control and task execution. For large structure®
there should be many such computers to take local control.

6. Robotic cubes with less than six active faces for power,

DIRECTION OF GROWTH
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networking and other features may be present but the
operating system for the software must be notified of these
facts so that software can cater to these special conditions.
Robotic cubes with less than six active faces for power,
networking and any other conditions described below may be
present due to defects or other reasons but so long as they
inform the operating system of the status of each face, the
software should cater for a vast number of such special cases
where they are introduced deliberately or through fault
conditions.

7. Instructions calculated locally or received through the
network allow a robotic cube to lock any of its faces to any of
its six neighbours. The locks should be strong to give rigidity to
the structures erected.

8. Robotic cubes sliding past each other under computer
control should do so without rubbing harshly between faces
and without separating when they are sliding (separation
should take place only if requested by the controlling
computer). Robotic cubes should be able to travel upside
down as well as scale walls made of other cubes. The sliding
mechanism should be of a low friction type in

the direction of the slide. However, it

should not be slack to avoid
vibrations and wobble
when being moved.

- ELECTRICAL
9. Robotic cubes CONTACT
should not be PR
powered whilst
being moved.
This avoids

having to use
batteries within the
cubes to move

them and/cr having
to use sliding electrical
contacts that supply
power to move the cubes. The
configuration details prior to power
off should be retained with non-volatile
memory or by the operating system. The controllers on board
each robotic cube (if fitted) should power up into on-line status
within milliseconds after power is applied. The robotic cube
electronics should be resilient to frequent loss of power and
surges on the power line.

10. Robotic cubes should sense other cubes attached to its
face and interrogate it using the networking system. Fault
conditions detected are communicated through interrogation
and networking.

11. It should be possible to move a deeply buried robotic
cube within a structure without having to move the remaining
robotic cubes.

12. Robotic cubes should be switched off in the locked
position if their sole function is to give structural strength
whether temporary or permanent to save power and avoid
over heating.

13. Robotic cube computers and other related equipment
should ideally run cool. That is, they should not require
extensive ventilation. (Facilities to erect ventilator ducts should
be available in software for large and complex structures.)
14. Robotic cube electronics and electrical circuits must not
be prone to moisture damage, vibration and radio frequency
interference. Electrical connector pads should be designed to
mate in a gas tight join to minimise corrosion defect rates.
15. Robotic cubes should be able to synchronise their

45° MOUNTED LOCKS

SOLENQID OPERATED ELECTRICAL CONTACT PADS (OPTIONAL)

Structure of an active plate

activities using a single electrical wire that can be networked
{that is routed from one cube face to another). This routeable
synchronising line Is vital for large collections of robotic cubes
to synchronise their collective activities
16. The locking mechanism locks cubes together. The locking
mechanism should also be able to lock to dead cubes and to
robotic cubes which have tools attached or to objects that
have only the minimum of necessary grooves cut into it.
17. Robotic cube controllers and/or their computers should
audit their recent movements so as to enable the operating
system to recover from simple faults.
18. Large and small robotic cubes should be allowed in-a
structure to form fractal mechanical structures. This facility
should be made available as an interface on at least one of the
larger robotic cubes which is compatible with the smaller scale.
The computer software should make no distinctions in the
functions and facilities available and the transition between the
smalier and larger excepting the physical characteristics such
as dimension, weight, strength etc.
19. Rebotic cubes should be able 1o pick up tools with a
minimal interface between itself and the
tool.
20. Tool manufacturers
should be able to write
driver software to
control the tool
under full
automation and
integrate it with
the operating
systems
running the
robotic cubes
using an open and
clearly decumented
set of interfaces.

The robotic cubes ¢an be thought.
of as optimal space filling atoms that can
be instructed to move from one place to another under

computer control. it is the total computer control of shape and
geometry that allows shape-changing rebots to be built. The
two basic mechanisms for changing geometry are known as
the normal streamer and the L-streamer and these provide the
necessary movements to synthesise all known shapes.

All the cubes can be identical, in other words uni-cellular,
thus making the manufacturing operation relatively
straightforward and cheap. Symmetrical uni-cellular cubes with
the above listed desirabie properties, together with the two
algorithms for moving cubes around, present the smallest
possible set of atomic concepts that allows a fully functional
shape-changing robot to be built.

Of course there have been several kinds of cellular robotics
systems proposed over the years, including hexagonal
designs, cellular linkage robots and multi-cellular designs but,
by and large, these are inefficient systems, since they involve
more than one kind of cellular robotic component.

Internal mechanisms

The internal mechanisms of a robotic cube are extremely
simple in both construction and operation. Cubes start life as'a
cubic frame to which plates are attached that contain the
mechanisms. If the cubic frame has one or more active plates
attached, then it becomes a proper robotic cube. The
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remalning faces do not have to be fitted with anything.

The robotic cube can be hollow and in some respects the
need for a frame is unnecessary if a sufficient nurmber of the
plates can be bolted together without reducing mechanical
integrity. Frames can also be fitted with passive plates which
have no mechanisms. Or they can be fitted with plates that
have tools attached and, by fitting plates to just five sides, one
can make it into a hollow bucket to carry materials such as
parts in a robotic assembly line.

Each active plate has electromechanical mechanisms to
push out wedges at a 45 degree angle from its surface. Thes
wedges are always operated in opposing pairs using an
electric motor. Thus the left and right pair of wedges extend
and retract by the same amount at all times. There are
electrical contact pads on the wedges for connecting electrical
signals between one face plate and ancther.The wedges also
act as the locking mechanism if all four wedges are inserted
simultaneously.

A pair of wedges can insert itself into the face of a
nelghbouring robotic cube for which a perfectly fitting slot has
been machined at a 45 degree angle. This neighbouring cube,
with its totally symmetrical and identical mechanism, must have
its wedge pair retracted in order for this to be possible. The
stot is machined with a taper to allow the wedges to enter
without jamming. The slot Is carefully machined so that it has a
ledge on which the wedge can sit. The engineering is such that
when the wedges are sitting in the slot, there is a separation
distance between the two faces. This prevents the faces from
rubbing when they are sliding under cormputer controt.

To slide a robotic cube under computer control, the wedges
have serrated edges which engage gear wheels in the
neighbouring robotic cube. This forms a rack and pinion
mechanism which allows heavy objects to be moved. To
increase lifting capability, the gear wheel can be replaced by a
helical screw to give a better rack and pinion mechanism.

The serrated edges engage the helical screw and, with
each turn, move the neighbouring robotic cube by one thread
length which gives enormous power amplification. Furthermore,
since the serrations rest on the length of the helical screw, a
very good weight distribution is achieved across the length of
the screw. The centre of a robotic cube is mostly empty and
that could be used to house a very powerful motor for heavy
lifting.Note that the cube that is being moved does not need
any powet, it is the opposing cube that is moving it through its
rack and pinion mechanism.

A robotic cube on the move has only one pair of wedges in
contact with the helical screw. This means that all four helical
screws can be connected together to turn at the same time
using a single motor. This means that, in theory, only three
motors would be needed per face, of which only one has to be
powerful enough to operate the helical screws. This is referred
to as the primary motor.

Motor count could be cut by installing clutch mechanisms
etc. and by making the robotic cubes with multiple faces into a
more compact single mechanism - but that approach would
only increase engineering complexity and increase field
reliability problems. The preferred motors for use in these
robotic cubes are stepper motors or, failing that, brushless
motors. This increases field reliabllity as it reduces the
possibility of brush components failing in use.

Apart from micro switches to detect positioning, there are
no other mechanisms in a robotic cube.This means that the
mechanical construction of a single robotic cube is far simpler
than any conventional robot.

The only other component is a printed circuit board with a
micro controlier with about 1K BRAM and 10K ROM; the main
function of this is to listen to the data signals coming down the
contacts on the wedges. The power aiso comes from the
wedge and so there are power conditioning circuits in the
printed circuit board.

Instructions that the robotic cube receives are very simpie.
In a minimal instance, the messages can be ‘are you there?’
which then responds with its unique hard coded address,
‘operate wedges’, ‘operate primary motor' and ‘route power
and data wires from one face to another’. (By default, power
and data are not routed from one face to another to avoid
short circuits dissipating the power and signals and to minimise
environmental leaks. If leakage is detected, then power is shut
down straight away from a face, regardless.)

Of course, a microprocessor could be used with much
larger RAM, ROM and other computing functionality. This
would be an overkill for most applications, but it does raise the
possibility of using a shape-changing robot to create a self-
repairing, auto-configuring, and potentially very powerful
parallel computer - given, of course, an operating system
which could handle such a dynamic parallel architecture.

Robotic cube movement

There are two forrns of movement, the normal streamer and
the L-streamer. Streamers are thin rods similar to tentacles that
grow out of the surface of a shape-changing robot body.

The normal streamer is a rod-like protrusion which can grow
out of a surface at right angles to that surface; it is Normal to
the surface. It is extended, one cube at a time, by attaching a
cube at the rear of the rod and pushing it out. The L-streamers
derive their name fromn the L shape that characterises the tip of
the streamer. It grows by attaching cubes, one at a time, to the
front of the streamer. The steps for growing both types of
streamer can, of course, be reversed to shrink a streamer with
as much ease as to grow it.

t.-streamers can be grown in any direction and the
direction of growth can be changed. Once a streamer is
erected, the rest of the shape-changing robot can travel over
this streamer with little or no difficulty to re-assemble itseif at
the other end. This is how the shape-changing robot can
squeeze through namrow entrances to re-assemble itself at the
other end.

Instead of moving individual robotic cubes, groups of
robotic cubes can be clumped together and use the same
algorithms to achieve the same desired effect. Grouping is an
important software tool in minimising the flow of instructions in
a structure. Grouping simply imvolves, of course, the use of
fractally larger robotic cubes.

Normal streamers are used to erect pylons. However, any
movement in one direction which may get supplemented with
a filing operation at the base is classified as a normal streamer.
Reversing the steps wifl reverse the growth of the streamer.
These mechanisms can also work with integer multiple
collections and fractally larger robotic cubes.

Streaming is a very important attribute of shape-changing
robots since it essentially allows the robot ‘body’ to move by
flowing like a fiquid. This means that like a liquid it can be
made to flow through small apertures the size of which is
limited onty by the dmensions of individual cubes. This would, for
example, allow large shape-changing robots to be put in a
dangerous environment, such as a nuclear reactor
containment vessel, with onty a minimal opening into that
dangerous environment.
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Robotic pick-up mechanisms

By using L-streamers and N-streamers, any structure can be
erected in an orderly manner with the aid of multiple collections
and fractally larger robotic cubes. However, that in itself is not
enough to create large structures or machines. Such structures
also need the means to move objects which are not robotic
cubes, as well as having the means to interact with the world
with the aid of tools sensors etc.

The robotic cubes can be used to move other objects
around if they had protruding wedges, as illustrated for a palette
system. Such wedges are at times difficult to manufacture into
a product and in those instances we can go a stage further by
reversing the condition and require the work piece to have slots
cut into so that a robotic cube can insert its wedges into it to
pick it up.

Manufacturing

Robotic cubes measuring one to three centimetres are
adequate for the vast majority of operaticns requiring high
dexterity to be found in manufacturing. Bearing in mind that
shape-changing robots are self-repairing, these robotic
assembly lines would work day and night without stopping,
producing indisputably high guality products.

Another advantage of shape-changing robots in production
assembly work is that they require far less energy to operate.
Instead of moving a large robotic arm and its entire mass, for
small movements perhaps only cne robotic cube and the
attached work piece to needs to be moved. For more delicate
work, even less power is required since smaller fractal robots
with smaller mass and power consumption can be used.

Of course the most intriguing attribute of the shape-changing

Using these techniques, a shape-
changing robct could install an
environmental shield around itself using
plates that have been cut with slots. Or a
system of girders with siots cut into them
that act as structural supports when
erecting large and complex structures.
These girders can be used as supports
when travelling up and down structures
without stressing the structure.

An important type of special handling
tool is the turntable, used to re-orient
cubes in different directions. This is
important because, using normal
movements, a robot cube-cannot change
its relative orientation with respect to
another robotic cube without the aid of a
turntable to rotate it. In an ideal situation,
there are three separate turntables available to turn the robotic
cube in any of the three rotational axis.

Rotation can also be used to switch in different tools
attached to different faces of a robotic cube.Tools and sensors
for special purpose appiications are fitted with electrical contacts
identical in specification to that of the wedges so that they are
compatible with the robotic cubes and their controlling software.

A shape-changing robot can grip a cable afl along its mid
sections and cary it through complex contours by deforming
around the obstacles. This cable could be hydraulic, pneumatic,
electrical or fibre optic. If the cables are pre-terminated, or if
there are terminating tools available then potentially all
machinery to be found in a factory floor can be rearranged and
re-cabled using shape-changing robots.

Shape-changing robots can also cope with situations where
cables have to run into a progressively narrowing pipe, or the
pipe divides into two. Since they are fractal in nature, the
shape-changing robot simply switches to using smaller
cubes,or divides into multiple robots using streamers and, if
necessary, into totally detached walking/crawling machines
connected by telemetry.

We have just stated how shape-changing robots can be
used to move tools around to make a factory. The shape-
changing robots can also be used to take tools to the work in
situations where conventional robots cannot possibly operate.

For example, conventional robots when assembling cars can
only get so far within the car before they are impeded by the
doors, the engine etc. But shape-changing robots can switch to
smaller cubes and enter the work piece using a streamer 1o, for
example, tighten up nuts and bolts, tuck in carpeting, connect
up wiring, test vibrations etc.

Pallet movement mechanism

— robot is that it Is capable of making

| copies of itself in a factory made up of

| itself. In other words it could become

. seif-replicating. Alternatively, shape-
changing robots can take the next
step in their own evolution by using
smaller fractal cubes.

The smallest components of sub
millimetre sized robotic cubes could
be manufactured using the photo
lithographic techniques that are being
employed at the moment to build
micro mechanical structures such as
electric motors that are-smaller than a
pin head. It is then possible that the
shape-changing robots can
build/maintain and repair these very

— same photo lithography machines
{which are large in comparison to the small robotic cubes) to
make a truly self-sustaining machine system that can
manufacture, repair and renew all its compenents including
itself. This process could be applied even to.the electronicsm -
after all, they too are produced using photo lithography: all that
is needed is a source of raw materials.

The shape;changing robot acts as the glue between all the
different kinds of tools to be found on thg factery floor. The
configuration'of any machine is thus defined by software rather
than by hardware; this means that increasing production,
changing the groduct being made or to"making a copy of the
machine tool or factory, becomes a matter of giving the system
the correct sequence of commands.

In the future, not onty will the factories that produce shape-
changing robots and other goods be fully.autdmated, but the
factory to produce factories of all descriptions would also be
automated.

Fault recovery

in large complex structures, it is not always possible to ensure
that all cubes are functioning. However, unlike normal machines,
cubes can repair themselves from almost any kind of isclated
fault. Any cube that becomes faulty is simply picked up by a
functioning cube and deposited elsewhere in the structure, or
ejected altogether.

When more than one cube becomes faulty in a clump, the
functioning cubes that are attached to these clumps can detach
from the faulty part of the structure or, if the clump is small
enough, move them elsewhere in the structure as before.
Because cubes are clones, repalrs are effected by substituting
other cubes from a reservoir of spare cubes held elsewhere In
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the structure.

This means that to critically damage or destroy a shape-
changing robot one would have to damage a very high
percentage of the cubes and/or destroy all the central
computers and power scurces connected to the robotic cubes.
Since multiple copies of the computers and power sources can
be carried in a large structure, the possibility of destroying such
a machine in one blow is therefore remote.

Applications
The potential applications for

inside the reactor complex which could be moved into danger
areas under operator control to very guickly erect protective
walls and seal off radioactive areas.

Shape-changing robots can help in a number of ways inside
a damaged installation. For example, they could squeeze
through small holes as streamers and take with them cameras,
lighting and any other special equipment that can be squeezed
through the hole. Under operator control, the shape-changing
robots then install the lighting and cameras for initial monitoring
of the accident. The robotic cubes can then be used as structural
___ supports to prevent further

shape-changing robot
technology, especially for

robots with a very small fractal |
dimension, is enormous.
Indeed, it would be fair to say
that there is not a single area
of human activity which would
not be affected by the use of
such systems. In the rest of
this article we will look at just a
few of the potential
applications which have
already attracted considerable
interest.

Cne area that has already
attracted a lot of interest is the |
use of shape-changing robots |
to both contain, limit and then
clear up accidents involving
nuclear material, such as the

collapse.
- Conventional equipment can
malfuncticn in a highly
radicactive environment if
sensltive electronic
components are used. That
possibility can be avoided with
lead shielding. However,
specialised robotic cubes
could be constructed that have
no electronics and instead
have a mechanical or fluidic
| computer inside it,in many
ways not dissimilar to an old
fashioned washing machine
controller. This is possible
because the instruction set for
the robotic cube is very simple.
Shape-changing robots could
also be utilised to minimise the

e

45° MOUNTED LOCKS

Wedges operating in
opposing pairs

disaster at Chernobyl. Intense
radiation from a nuclear accident can prevent any kind of repair
work which involves human operators from being undertaken .
This means that the machinery involved in such operations has
to be operated remotely, but the problem here is that standard
remote control equipment, such as robaotic rovers, either cannot
operate in high radiation environments (due to the effect of
radiation on electronic equipment and signal transmissicn), in
confined spaces or on undefined terrain. Shape-changing
robot,s on the other hand, could In theory be built to overcome
all these difficulties.

In a typical nuclear installation, the reactor is never directty
accessible for servicing or repairs because it is contained in a
concrete containment dome. This, in turn, is surounded by
installation specific buildings that can make access difficult after
an accident. Indeed, access constraints pose one of the main
problems in clearing up catastrophic reactor failures. a factor
which can make it impossible to use conventional systems.

In the case of a chemical and/or a pressure explosion that
nips the dome off the reactor and destroys other pans of the
installation, not only is the reactor damaged but so are buildings
within the installation. There is debris everywhere and the general
terrain of the installation remains undefined at all times during the
emergency. A remotely operated robot has to negotiate this
terrain, a legged robot could become trapped in the debris, and
small robots with caterpillar tracks would be of little use.
Furthermore large robots would not be able to enter the building
and, even it they did, could cause further damage.

However, if the installation is fitted with shape-changing
robots, they can start working seconds after an accident and
because any system built using robotic cubes is self-repalring it
will work even if some are damaged by the accident. It is
envisaged that there would normally be shape-changing robots

* effect of other potentially
disasterous accidents. Even in this modern day and age, there
are no safety systems for ocean-going liners, femies, super-
tankers, aircraft carriers and nuclear-powered ships that can
prevent a ship from sinking once it starts to take in water,
Suppose a nuclear power pack is damaged in a nuclear
powered ship. To contain leaks, it is vital that some kinds of
systems are still in operation that is, to its best abilities, self-
repairing and able to contain the ieaks regardless of the
damage. Shape-changing robots are just that - technology that
can erect new walls, floors, supports and shielding while actively
repairing itself against damage as an incident develops.

A similar kind of situation applies when an oil tanker spills its
load due to ship damage or running aground. The shape-
changing robots are far cheaper than the repair bill of around a
billion dollars for a catastrophic oil spill. Shape-changing robots
with inflatable buoyancy bags can be deployed to encircle the oil
that has leaked and, significantly, hold it back from drifting so
that it can be dealt with by emergency measures. This, of
course, would only happen if the ol leak in the first place could
not be plugged in time by the shape-changing robots fitted to
such super tankers.

Space applications

Spacs offers perhaps the biggest range of potential application:
for shape-changing robots. The ability to change shape and
synthesise physical structures reliably, cheaply with self-repair
and without human intervention is the most important demand
made by space-related applications. It is that hurdle which holds
up a vast majority of projects. Shape-changing robots for space
is the most significant development that will push space
research into the next century. To see how all this will come
about we can look at existing problerms and see how shape-
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changing robots will overcome these.

Space structures built with shape-changing robots can be
sent from earth in the form of loose cubes and then be made to
deform into the desired structures when delivered to their desired
orbit or planitary location. The launch phase to deploy a shape-
changing robotic vehicle follows normal procedure. Shape-
changing robots are packed into every avalable nook and cranny
to deliver the maximum payload into space. On deployment of
the payload, the initial phase of changing shape is the erection of
the solar panels to supply the necessary energy.

Shape-changing robot applications go beyond simple
sateliite technclogy. Exploration probes and landers can be built.
Complex satelites can be assembled n space using simpler
docking mechanisms built of more shape-changing robots. They
can be used in the construction of space stations without taking
expensive space walks. Absence of gravity allows complex and
exctic structures to be built very quickly. Each shuttle payload
can be self-unipaded and left in docking orbits and then all the
shape -hanging robots can be brought together to quickly make
the desired structure.

Such robots can make space travel much safer by repairing
damaged and faulty systems on the way. They could be
programmed to craw! about all sorts of nooks and crannies that
even on a manned mission are not easily accessible and ensure
that any damaged and faulty systems are repaired for the best
possible mission cutcome,

Shape-changing robots are ideal for sending to moons and
planets where their reconfigurability and self-repair capabilities
would be particularly useful. Indeed, if their first task on landing
was to form an automatic assembly system to make more
cubes using locally available materials then it might be possible
for a base to be built prior to any manned landing without the
necessity of sending very heavy paylcads from Earth.

Making the cubes smaller

Further miniaturisation using photolithography could conceivably
shrink the robotic cubes to micron or even sub-micron
dimensions. At this size they would still function in an dentical
manner to their larger equivalents, but by being so small would
open up a whole range of new applications.

These micron scale cubes would still use the same computer
software as the larger scales because each cube has a minimal
controller that obeys the basic instructions to move left, right,
forward, backward, up, down, attach, detach and return "what's
your address™? Anything else that it does not understand is
ignored or passed on to any tools that may be attached.

B
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One of the potential applications for such ultra-small shape-
changing robots would be n medicine. Using cubes of 1 mm
size and below would allow them to be directly injected into the
patient and then under control of an external computer perform
otherwise complicated surgery to remove cancers, cysts, blood
clots etc.

Surgical shape-changing robots could squeeze through tiny
holes no bigger than the largest cube and spread out once it has
reached the other side which means that it can be used to
perform pinhole surgery where the robot cuts its way into the
patient and spreads out inside the body to perform the required
operation around the affected area.

Another application area would be in the construction of wafer
scale electronics where, instead of splitting a silicon wafer into
large nurnters of individual camponents, they could all be left on
the same wafer and a miniature shape-changing robot employed
to configure or reconfigure the interconnection between
all the components.

Uttra-small dimension shape-changing robots could also be
used to build smart materials that could repair themselves in
case of damage, react in diflerent ways to the external
ervironment, change colour, texture, or shape on demand.
Indeed, as with most aspects of shape-changing robot
technology the potential range of applications seems limitless.

Conclusion

Without a doubt, Joe Michael's development of the concept of
a shape-changing robot based upon fractal mechanics is both
intriguing and potentially very useful. However, despite the
years that the inventor has spent upon the project it is still only
in the conceptual, wooden block and computer modelling
stage and, like most engineering projects, there are doubtless
an enomous number of problems still to be ironed out.

Many of these problems will doubtless come to light when
the inventor has completed construction of the first working
prototype cubes in the next few months. Hopefully, he will then
be able o give practical demonstrations of how the system will
work, and now that he has secured world-wide patents, use
these demonstrations to gain further funding for continued
development.

We at ETI think that this is a great idea and wish Joe
Michael good luck in his pursuit of a dream that could easily
change the way that we do a great many things. We look
forward to seeing the prototype and even more eagerty await
the ammval of the first commercial shape-changing robots. Let's
hope we will not have to wait too long!

Anyone wanting more
information about shape
changing robots can
contact the inventor, Mr,
Joseph MICHAEL, at:
E.C.C. Ltd

23 Portland Rise

ASSEMBLY TOOLS

London N4 2PT.

United Kingdom.

Tel: +44 181 800 9914
Fax: +44 181 800 9915
Internet E-mail:

Robotic cube based assembly system

joe@stellar.demon.co.uk
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Fig.1. Complete bar code reader (pen-type} system

ar coding was first developed for use in retail

application to assist with automatic supermarket

checkout. Nowadays it is used for many other

applications, such as the card key entry,

autornatic library checkout, stock logging, video
recorder settings etc.

A practical bar code reading system
consists of four elements:

(1) It is, of course, no good having a bar code reader without
a suitable bar code label to read; this consists of white and
dark bars.

(2) An optical bar code reader converts the printed bar code
pattern into electronic signals.

(3) An amplification/decoding circuit which interprets the
signals into numbers (from O to 9) or characters (from A to 7).
{4} An I/O circuit for interfacing to a computer. A complete bar
code reader system is illustrated in Figure 1.

Bar code readers

Bar code readers we see in everyday life have many shapes.
The most common ones are the hand-held bar code pens
{also referred to as ‘the wand’), the hand-held bar code guns
and bar code readers built inside the counter. Aithough their
shapes vary, their working principle is the same for most of
them. Bar code optical readers emit a beam of light which
creates a tiny light spot on the bar code label. The diameter of
the spot is smaller than the thinnest bars on the bar code
{Figure 2}. The light reflected from the bar code is detected by
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Fig.2. Principles of bar code reader

a photo detector. Because light reflected from a white area’ls
different in intensity than that from a dark area , the photo
detector will respond differently. Therefore, as the bar code
reader scans across the bar code label, a signal in sympathy
with the pattem of the bar code 1s produced (Figure 2). The
relative movement between the bar code label and the light
spot is produced either by keeping the bar code label
stationary while moving the fight spot, or by keeping the spiot
stationary while moving the bar code label.

The bar code pen
The pen is held by hand and the tip of the pen runs over the
surface of the bar code label. The optics of this type of reader

varigs slightly from one design to another. Figure 3 shows the
structures of three types. The light emitted by LEDs (Figures 3a
and 3b) or light emitted from an optic fibre (Figure 3c) is
focused on the bar code label by a small sapphire sphere
mounted at the tip of the pen. Light on the bar code label is
reflected back through the sphere intoe the pen and received by
a photo detector. The signal generated by the photo detector
is amplified and decoded into numerical or alphabetical digits
by eiectronic circuits.

Bar code gun

There are two types of bar code guns. The first one utilises a
laser light source and a rotating mirror systermn while the other
uses a charge coupled device (CCD) light sensor. In the first
case, a narrow laser beam is intercepted by a rotating mirrar,
which causes the laser beam to scan across the bar code
label. The light reflected by the bar code is detected by photo
detectors {Figure 4a). The other type utilises a CCD device.
The bar code is iluminated by a LED array. The image of the
bar code is focused on to the CCD sensor by a lens. The CCD
device contains several hundred light sensitive cells in a smalt
area (or in & row). The voltage output from a single CCD cell
depends on the intensity of light on it. Therefore, the pattern of
voltage level from the CCD sensors indicates the pattern of the
bar code label (Figure 4b).

Bar code reader built in the counter

There are two types of bar code readers. The first one has a
fixed light beam and the other has a scanning beam. For the
first type, the light beam emittect by a laser source travels
through a transparent window to the bar code label. The label
has to be moved over the window to allow the light beam to
scan the bar code (ser Figure 5a). The light reflected back
from the label is detected by photo detectors. The other type
incorporates a rotating mirror system to make the laser beam
to scan across the window in a fraction of a second. As a
result, it does not matter whether the bar code label moves or
not. The moving beam scans so rapidly that the label appears
to be standing still even through it is being moved (Figure 5b),

The bar code
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Several bar code standards
are available nowadays.
They are based on an
encoded pattern of wide
and narrow dark/white bars
l to represent alphabetical or
numeric characters. The
Universal Product Coding
(UPC) was created in the
United States of America in
1973. In this scheme, a
unique number is allocated
to a particular manufacturer
who can then add a
number that is specific to a
product. In 1977 Europsan
Article Number (EAN)
standard came into being.
Most bar code labels on

S articles in supermarkets,
books-or newsstand
magazines in the UK have
an EAN ¢ode on it,

OPTICAL M = ? "l
FIBRE

OPTICAL
FIBRES

ELECTRONICS TODAY INTERNATIONAL

19



BODY OF THE BAR CODE GUN

FHOTO DETECTOR ARRAY

BAR CODE LABEL BAR CODE LABEL

[ )
‘ -i ENCLOSURE
|
{ b 1 |~
| 3
- |
4 ROTATING |, -
| MIRRQRA | P |
SCANNING } <
DIRECTION [ | 2
QF THE
LIGHT SPOT I
g ]
LASER SOURCE LED ARRAY

fal

Fig.4. Various designs of bar code guns

The format of the EAN bar code

Have a look of the bar code label printed on the front page of
this magazine. The section on the left is a standard EAN label,
The small one on the right has nothing to do with the EAN, so
we can ignore it. The EAN label has two areas with one area
above the other. The upper area consists of bar strips and the
lower consists of 13 numerical digits, arranged into three
seclions. The first section contains only one digit, '¢'. The
second section {the left hand section) contains 6 digits
‘770142 and the third one (the right hand section) contains 6
digits '722092". These sections are separated by two thin bars,
which are known as the guard. Ancther guard also appears at
the end of the bar code.

These 13 digits are spiit into four functional parts, a prefix, a
manufacturer number, an item reference number and a check
digit. The prefix has 2 digits; the manufacturer number has 5
digits; the item reference has 5 digits and the check digit has 1
digit. The bar code for ETl magazine is "8770142722092". '97’
is the prefix; ‘70142" is the manufacturer; ‘722092 is the
product number. In fact, the prefix *97" indicates a publication.
The number '7" indicates a magazine. ‘014272209" is the ISSN
number and ‘2’ is the check digit.

EAN bar

encoding
- set Number LeftHandA LeftHandB Right Hand
0 0001101 0100111 1110010

fip= 0011001 0110011 1100110

é 0010011 0011011 1101100

3 0111101 0100001 " 1000010

4 0100011 0011101 1011100 [
5 0110001 0111001 1001110

6 0101111 0000101 1010000 |
7 0111011 0010001 1000100 ]

8 0110111 0001001 1001000

9 0001011 0010111 1110100

BODY OF THE BAR CODE GUN

| Encoding of digits using
bars
Each digit in the EAN code is
expressed by a combination of seven
dark or white bars of a fixed width as
fiustrated in Figure 6a. A dark bar
corresponds to 1 and a white bar
| corresponds to 0. Multiple dark bars
adjacent to each other appear as a
wide dark bar. In theory, there are 128
(27) possible combinations of bars.
Digits O to 8 on the left hand side of
the code are coded differently from
those on the right hand side to
indicate whether the code is read from
[ feft to right or from right to ieft. The
right hand codes have an even parity,
i.e. even number of 1's. Left hand
digits are encoded using a mixture of
| “Left Hand A, with odd parity, and "Left
Hand B', with even parity. Thus, 30
bar encodings are used in the EAN

Encoding
of the first
digit
Number

| CCD UNEAR ARRAY

ENCLOSURE

Prefix Data Data Data Data

5

Data
2

P> o> 00>
|
.

Y
P> PPN
0o ®EDDP> > P
WP ODE>>DOOPF
| (]
P D OO PO E > D
IO PEP OO D>

)2

\
|
|

coeding. Table 1 lists the bar encoding for digits 0 to 9, Figure
8b shows samples of the bar codes. Not again that "0’
represents a white bar and "1

represent a dark bar

The use of Left Hand A and B in the left hand side codes
enables the 13th digits (the first digit) to be encoded. This is
why there are no bars for the first digit in the label! The
relationship between the digit and the pattern of the usage of
Left Hand A and B 1s shown in table 2.

in apphcation, a calkculation using the first 12 digits is
performed after each bar code reading to generate a
checksum value for detecting errors occurred during the
reading. On the basis of what has been explained, can readers
work out the bar code label on ETI magazine now?

Building a computer-based

bar code reader

Using commonly available materials, it is possible to design
and construct a simple pen-type bar code reader. It is
connected to the Centronic port of a pc and the computer can
read the bar code and display the waveform generated by the
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bar code reader on the screen. The software of the system is
not In the ready-to-use state. lts maln purpose is to show
readers how the bar code system works and encourage
readers to develop their own software.

This bar code system consists of a bar code reader pen
and a box which contains the amplification and Interfacing
circuits. The complete system is shown in Figure 1.

The electronics of the bar code reader
Figure 7 gives the circuit block diagram of the bar code reader. It
consists of 6 units, namely, the optical reader unit, the input
slage, the amplification unit, the A/D converter unit, the pc
interfacing unit and the power supply unit. The optical reader unit
generates the voltage patterns when it travels over the bar code
label. The input stage is used to interface with the phote diode.

- DARK STRIPS REPRESENT 't

WHITE STRIPS REPRE SENT 0"

BINARY VALUES 1

(a) BASIC WHITE AND DARK BAR STRIPS

EXAMPLES

0 0 9

LEFT HAND B 'O"
0160111

RIGHT HAND ‘o
1111100

LEFT HAND A '0"
08 101

{b) SEVEN DARKWWHITE BAR STRIPS REPRESENT A NUMERICAL DIGIT

Fig.6. Encoding numerical digits using bars
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The signal from this is amplified by the amplification unit and is
then converted into digital form by the A/ conversion unit. The
interface unit enabies the computer to read the digitized signals
via the printer port. The circuit diagram is shown in Figure 8.

The optical reader unit and the input
stage

The photo detector 1s a BPW34 which is a 7 mm2 planar
silicon FPIN photodiode and is highly sensitivity to red light. it is
housed In a two pin epoxy package. The signal from the
photodiode is amplified by a FET op-amp which is configured
as a standard differential amplifier. The capacitors around the
op-amp are used for reducing ripples from AC lighting and
controliing the response time.

The amplification unit

The signal from the input stage is amplified further by an op-
amp which is configured as a standard non-inverting amplifier.
The gain of the amplifier is set by R6 and R7 and is calculated
by 1+R6/R7. R6 is 200K and R7 1K. This gives an
amplification of about 200. Resistors R4 and RS are used to
set the quiescent voltage to about 0.012V. The output from the
amplifier 1s a signal with an amplitude between OV and 2.5V,

The A/D converter unit

The A/D converter is a ADC0B04 CMOS successive-
approximation A/D converter. Only a timing resistor (connected
between Pins 19 and 4) and a capacitor are used for
generaling the clock signal and an external band-gap voltage
reference Is used to set the voltage reference for the converter.
The power supply is 5V with a typicat current consumption of
about 1 3 mA. The maximum data conversion rate is about
8700 Hz. In most cases, the analogue ground {Pin B), the
digital ground {(Pin 10) and Vin{-) (Pin 7} are connected together
as a single ground.

-CS {Pin 1) is the chip select. To enable the converter, this
pin must be held low. At the low-going edge of the -WR {Pin
3), the A/D converter starts the A/D conversion. During a
conversion, -INTR (Pin 5) is at logic high. When a conversion is
completed, -INTR goes low. When -RD (Pin 2) is taken low, the
converted data will appear on the output lines DBO to DB7
{Pins 18 through to 11); otherwise these lines are in high
impedance state. In the present circuit, the converter is
configured in a free-running mode by connecting the -INTR and
-WR together and the -RD input is held low all the time.
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The PC interfacing unit and the Céntronic
port

The Centronic port of pcs consists of three separate /0 ports;
the Data port, the Control port and the Status port. The Data
port is an 8-bit cutput port, which sends data to the printer.
The Control port is a 4-bit output port, which issues
commands to the printer. The Status port is a five-bit input port
which reads the information from the printer into the pc. For
the LPT1 Centronic port, which is allocated on the mother
board of the computer {not on the expansion card), these ports
correspond to three /O addresses: 888, 890 and 889,
respectively. Because the Centronic port only has 5 input lines,
in order to read an 8-bit data generated by the A/D converter a
suitable Interface has to be used.

A 7415241 tri-state octal buffer (G is used in the interfacing
unit. It has two sets of tri-state buffers, each containing four
buffers. Each set has an enable input, Pin 1 for the first set and
Pin 19 for the second. When Pin t is taken iow, the first set of
buffers works (i.e. the outputs will follow the status of the
inputs). When pin 19 goes high, the second set of buffers
works. Pin 1 and 19 are connected together to form a Data
Sedection Line (DSL). By putting the line low and then high, the
computer can read the 4 bits connected to the first set of
buffers (DBO, DB1, DB2 and DB3) and the other 4 bits
connected to the other set of buffers (DB4, DBS, DB6 and
DB7) in turns. Operating in such a manner, the 8-bit data from
the A/D converter can be read into the computer in two halves.
By manipulating the bits of the two readings, an 8-bit data can
be formed.

The power supply unit

The power supply unit incorporates a 7805 5V voltage
regulator for suppiying the 5V DC to the circuit. A 8-15V DC
external power supply is required.

Construction
The electronics are mounted on a single-sided PCB board (see
section at end of magazine). The component layout is shown in
Figure 10. The circuit board is mounted in a plastic box, A
suggested arangement is iliustrated in Figure 12 and shown in
the photes.

Figure 11 shows the detail of the construction of the bar
code pen. The optics of the pen are similar to the one shown
in Figure 2{1). An LED and a photo detector are mounted side
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|
e & '
-® — -8
H |
|
POWER SUPPLY
uNIT
g |
i - |
‘e15V OC
Fig.7. Circuit block diagram of the bar code reader

by side on a smalt piece of strip board with their active areas
facing in the same direction. The board is fixed inside a tiny
piastic box. A hole was drilled on the side wali of the box and a
plastic iube glued over the hole. The inside of the tube is
painted black. A conical plastic tube was mounted on the
other end of the tube with a tiny glass bead (2-3 mm in
diameter) installed on the tip. The bar code pen is connected
to the control box by two pairs of wires. The first palr supply
the power to the LED and the other transfers the signal

Resistors ‘
(0.25 W, 1% metal film resistors)

e 2R3 10M

R4,A6 200K

R5 500R |
R7 1K

R8 10K

R9 270R

[ 2N B R BN

Capacitors
C1,82

c3

c4

cs

C6,C7

1000CpF ceramic disc
® 33pF ceramic disc

® 10uF eletrolytic

® 150pF ceramic disc

L 100nF ceramic disc
Semiconductors

IC1 CA3140 operationat amplifier

IC2 NES230 operational amplifier

IC3 ADCO804 8-bit A/D converter

IC4 74L.5241 tri-state octal buffer

IC5 TLE2425C 2.5V precision voitage reference
IC& 7805 +5V voltage regulator

LED13 mm super bright LEDs

LED25 mm standard LEDs

D1 BPW34ino filter) photodiode

e 00000 0

Miscellaneous

J1,J2,43 2-way PCB connector pairs
J4  3B6-way Centronic female ¢connector
J5 6&-way PCB connector pair

J6  5-pin DIN connector pair

SK 2.5 mm power socket

SW Toggle switch

[ 2% BN 2N N N 4
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BAR CODE LABEL

CIRCUIT BOARD

oM 36-WAY CENTRONICS FEMa LE CONNE CTOR

2 [
Lloy! |
4 s
o +
b {ole ] - - [—
s A g ca -
J_O 10u
Ré
200k
cz
- 1000p
R?
| 1k
+5Y
! Ra
[=H 1 5 (20 b |
E}_ Bl LT
0ave D&t L cs
[reh- Hiva paz  CLKIN w 150p
— L 18] 2v3 DB ca
s e e
L Mhw Dess W5V
Byva D86
2], = acelie RSY n
L]
NOTE:
(1] CA3140
1C2 NE5230
IC3 ADCOBO4
Ica 7418241
IC5 TLE2425C
IC6 TH05
LED1 3mm SUFER BRIGHT
LEDZ2 5mm STANDARD
D1 BPW34 (NO FILTER)

Fig.10. Component
overlay of the bar
code reader

[

&a
Iy

SK

CONNECTED TO THE PRINTER PORT OF A PC

generated by the photo diode to the control box.

The small box for the optical reader can be
purchasad from Maplin Electronics. The tube is made using the
casing of a biro.

if readers encounter any difficulty in obtaing the glass
beads, please contact Dr. Pet An at 58 Lamport Court,
Lamporl Close, Manchester M1 7EG, U.K.
Tel. 0161-272-8279.

Programming

The control program of the data logging system is written n
Turbo Pascal 6. The program is based on the LPT1 port. The
following is the list of the demonstration program.

Program list of the demo software

Program Barcoder_reader;
uses
crt.graph;
var
bytel,bytel, truebyte
bitweight .bit

:byte;
. array [(1..8B] of

byte;
P_address, : k, durmmy :integer:
v rarray [1..1000]) of
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GLASS BALL PLASTIC TUBE

(3mm DIAMETER) {INSIDE PAINTED BLACK) PLASTIC BOX [30x20x15)
{PAINTED BLACK INSIDE AND
COVERED BY A BLACK LID)

GLUED JUNCTIONS
CONICAL CAP .
4 - __Th! XL = F -
10| =
15mm J_ 100mm .
! CIRCUIT BOARD:
POSITIONED IN
THE BOX
f SCREENED
DIN TYPE § PIN o
: ; CONNECTOR CORE CABLE
Fig.11. Construction of the bar code pen
PLASTIC ENCLOSURE
S
ELECTRICAL CABLES
o BN g e T e O

ﬁ_lﬁ_l\i
[ iy ol \J . Jm«:n

DIN TYPE 5-PIN

FEMALE CONNECTOR

CONNECTED TO THE 8
BAR CODE PEN

+ =| | DC POWER SUPPLY

36-PIN FEMALE
Fig.12. Suggested arrangement of the bar code reader CENTRONICS CONNECTOR
controller
M B AR — integer;
sum, average: real;
220 datafile:text;
& 200 | 1 ‘ f {variables: bytel=4 high bits, byte2=4
ir | low bits, truebyte=8 bit byte from the
E 180 | 4 ‘ \ ' A/D converter}
@ |
g 160 } 1y l | n' ﬂ. | Procedure initial_bit;
2 ﬂ ﬂ N { I "H {Initialize binary bitweight and bit})
S unr i flil 1] W [ begin
& Ll h ] Jm i ' for i:-1 to 8 do begin bitweight (i]
o 120 } A' [V | I | | I u | bit[i]:=0; end;
g -il i | 1 \r‘.‘ i for j:=1 to 8 do begin
Y 100 | | j | | | for i:=1 to jl do
2 I I bitweight [] : =bitweight []*2
" | iV U | end;
end;
60 b i P PO e | : AR .
56 100 150 200 250 300 aso 400 450
DATA POINTS Procedure Ipput_printer_address;
{Input the address of the printer}
begin
| Fig.13. Voltage signal output from the bar code reader writeln{ 'Configure the address of the
— |
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-l;

printer port’);
writeln{'LPTl on motherboard is 88B');
writeln{'LPT1l on I/0 card. check the address
of your computer, 956 for example’);
write {'Input the address of the printer
port: '});
readln(P_address);
end;

Function voltage:real:
{Logging data into pc)

var
gum:real;
il:integer;
begin

initial bit;
port [P_address+2] :=0;
{CONVERT=0, DSL=1}

repeat

byrel:=port|P_address+1l]; {read
1st byte, check BUSY line and wait it to become
high}
until bytel6666128; {riote: BYSY
line is inverted in the PC)

bytel: =port[P_address+l]; {DSL-=1,
read the high 4 bhits)

port {P_address+2]: 2; {DSL=0)

byte2:=port|P_address+l]; {read
the 4 low bits}
{binary format
of bytel and byte2
bytele
...nhhhG (high 4 bits)
byte2:
.. 11110 {low 4 bhits)
note: .=%o not
care, h,l=data})
bytel::=bytel and 1203
...hhhh0 = 000hhhh()}
bytel:=bytel shl 1;
left, bytel = 0000hhhh}
byte2:-byte2 and 120;
,11110 = 00011110}
byte2: -byte2 shr 3;
right, byte2 = 11110000}
truebyte:=bytel or byte2;
11110000 or 0000hhth = 111llhhhh}
Voltage:={truebyte);

{00011110 and
{shifec 1 bit
{00011110 and
{shift 3 bits

{bytel or byte2

end;

Procedure delaytime;
var kk:integer;
begin
for kk:=1 to 300 do dummy;=10;
end;

Procedure read_barcode;
begin

for k:=1 to 500 do begin
V(k]:=round{voltage) ;delaytidie; end;
end;

Procedure print_barcode;
begin

for k:=1 to 500 do writeln{v[i]):5):
end;

Procedure save_data;
begin
readln;
assign{datafile, 'c:barcode.dat’)?
rewrite(datafile);
for i:=1 to 500 do writeln{datafile,i,*
%V leiofers
close(datafile);
end;

Procedure crtinitializatioh;
{show initial data on the screen})
begin

writeln;

writeln(It.tttttit-it!.-ttttt.-ﬁiitittiititiiki‘ﬂt"ﬂ-mi

ke kb ksrar skt bbbtk

writeln{' IBMPC 8 input 8 bit
analogue to digital

converter program'};

WEibLeln( o etrt sttt sttt a v b b ar b v bkt b b e bbb bt
ek ’-ttt.'t.'ltitﬁittttintk'lﬁ!‘l—ﬁtttl)‘.
writeln;
writeln:

end;

procedure display results; |
begin

gotoxy (40,7) ;write{voltage-7:13)¢ { show
results on crt}
end; \

Procedure Plot;barcode;
var
Gd, Gm = Integer;
begin
Gd := Detect; InitGraph{Gd, Gm, '‘!;
if GraphResult €6669999 gr0Ok then Halt({l};
OutText {'vVoltage from barcode reader’);
moveto{1l.V[1])}
for k:=2 to 800 do begin lineto(k,300
(F°[k))) ;end

readln;
CloseGraph;
end;

Procedure Scan:
{barcoder scan procedure}
begin
repeat
writeln{ Please use your barcoder reader pen'}:;
{repeat
sum:=0;
for k:=1 to 50 do sum:=sum+voltage;
average:~sum/50;
until {(voltage66bbround (averageé));)

writeln('Start reading barcode’);
read_barcode;
plot_barcode;
save_data;
writeln{'Finigh reading barcode'});
readln: ]
until keypressed;
end;

Procedure Ahalysis_barcode;

begin
end;
{z=mssrr=s=cc= =Ma 1N program=== B
begin
clrser;
input_printer_ address;
crtinitialization;
scan;

gotoxy (10,19) jwrite{ 'Thank you for running
this program’);

readln;
end.
Decoding the bar code
Figure 13 shows the voltage signal of a bar code sample read
into the computer. To write a software to decode the bar code
signal into numerical digit is certainly a challenge. & is also a
difficult task.
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EASY-PC, Schematic and PCB CAD

Over 19,000 Installations

Still BRITISH
In 80 Countries World-wide! Only DESIGN
¢ Runs on:- PC/XT/AT/
286/ 386/ 486 with AWARD
Hercules, CGA, EGA e 1989
or VGA display and e e
many DOS emulations. ﬁqw ; j&,{fﬁ“

» Design:- Single sided, || e oo Dliadls
Double sided and g T
Muiti-layer {8) boards. ool paiin — e in

» Provides full Surface e e D
Mount support, : =i e T

¢ Standard output
includes Dot Matrix / e hm W« -
Laser / Ink-jet Printer, ~ ool App——, K}T:L@_‘
Pen Plotter, Photo- t T N =
plotter and N.C. Drill. Tlpedne X Eﬂ;{} il

+ Tech Support - free. N ‘q.hi,"'j“ b Pt

« Superbly easy to use. - ‘,'(-;"'L

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

Integrated Electronics CAD

= —

Affordab_le Electronics CAD

$980|  c£a9s)

[LAYAN: New Electro-Magnetic layout
£ Simulator. Include board parasilics in
your Analogue simulations. Links with
and requires EASY-PC Professional XM

and ANALYSER Ill Professional

- EASY-PC Professional: Schematic
| Capture and PCB CAD. Links directly to
T (ANALYSER [ll, LAYAN and PULSAR.

iPULSAR:Bigital Circuit Simulator

4, —= )
Y

| From $37s |

{
£195
|

Analogue |
" & Digital |
_ =|Simulation| #

Cmw T PR T VT I W

‘ANALYSER 1li: Analogue Linear Circuit
Simulator - B
FILTECH: Active and Passlve Filter
Design program )

$TOCKIT: New comprehensive Stock

e =1 £
(From $186| €98

}From $195 £98|

T?rom $276 £145)

e 1
$275 £145

control program for the small or medium
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Schematic CAD I |
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Engineers. |
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USS$ prices include Post and Packing
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‘% And PCB Design
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Prices from UKE195 / US$375
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Number One Systems

UK/EEC: Ref: ETI, HARDING WAY, ST.IVES, CAMBS., ENGLAND, PE17 4WR. Email: sales@numberane.com
Telephone UK: 01480 461778 (7 lines} Fax: 01480 494042 International +44 1480 461778

Ref: ETI, 126 Smith Creek Drive, Los Gatos, CA 95030 =
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€245
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T E L N E T

8 CAVANS WAY,

BINLEY INDUSTRIAL ESTATE,
COVENTRY CV3 2SF

Tel: 01203 650702

Fax: 01203 650773

Mobile: 0860 400683

JEINE]]

{Premises sltuated close to Eastern-by-pass in Coventry with easy access
to M1, M6, M40, M42, M45 and M&9)

OSCILLOSCOPES

Gould 053000/ADVANCE 3000 — 30MHz Dual ch.. .£200
Gould 5110 — 100MHz Intelligent oscilioscope . ..£850
Hewlett Packard 17404, 1741 A, 177444, 100MHz dual ch . _trom £350
Hewlett Packard 1707 A, 17078 — 75MHz 2ch .. from E£275
Hewlet Packarg 19808 - 100MHz, 2 Channal, HPIB Prog ble........ . E750
Hewlett Packard 54201A - 300MHz Di lizing . L1750
Hewlett Packard 54501 A - 100MHz - Digitizing 4 channel .£1950
Hewlett Packard 541000 - 1GHz Digitizing . ...£4500
lwatsu TS 8123 - 100 Mhz - D. Storage ....£850
Klkusul COS 6100 — 100MHz, 5§ Channel, 12 Trace . EATS
Lecroy 140 - 100MHz - D.8.0. ..£3250
Nicolet 3091 — LF D.5.0. LE1100
Phlllps PM 3315 - 60MHZ - DS. 0. ...E750

Phillips 3211, 3217, 3240, 3243, 3244, 3261,

3262 (2ch + dch trom £125 ta £350

Philips Pr 32954 - dOOMHz Dual Channe! £1950
Philips PM 3295 - 350MHz Dual Channel. £1500
Tektronlx 468 - 100MHz - D-S.0. ..£800
Tektronix 2213 — 60MHz Dual Channel . . £425
Tektronix 2215 60MHz dual trace . . ; ..£450
Tektronlx 2235 Dual trace 100MHz (portable : s ..£800
Tektronlx 2335 Dual irace 100MHzZ {portable) ..E750
Tekironlx 2225 — S0MHZ dualch . . ...£450
Tektronix 2465A - 350 Mhz 4 channal . 2950
Tekironlx 464/466 — 100MHz An storage.. -trom £350
Tektranlx 465/4658 — 100MHZ dual ch . «from £350
Tektronlx 475 - 200Mhz Dual Channel. ... LEa75
Tektronix 7313, 7603, 7613, 7623, 7633, _tram £300
Tektronix 7704 — 250MHz 4 ch, from £650
Tektronlx 7304 — 500MHz . from £850
Telequipment D68 - 50MHz Dual Channel _E200

Other scopes avallabte loo
SPECTRUM ANALYSERS

Advantest 4133B — 100KHz — 20 GHz (60 GHz with ext. mixers) £8995
Alltech 727 — Spec. Analyser 22.4 GHZ with } £2000
Alltech 70727 — Tracking Gengrator (10KHz — 12 4 GHz)}

Antritsu MS26104 - 10KHz - 2.2GHz .. £6250
Advantest 41338 - 10KHz - 20GHz (SOGHz with gxt. rnlxers) £8995
Eatonjalitech 757 — $0KHz — 22 GHz.. £2750
Hewilett Packard 3580A - -5H2-50KHz . .£995

Hewlett Packard 37098 - Constellation Analyser with 15709A High Impedancse
(3

Interface {As New).. 750

Hewlett Packard 182T with BSSQA {10MHz — 21GHz) E3750
HP 35682A = 25KHz Analyser, dual channel. ) £2500
Hewlett Packard 356014 - Spec!rum Analyser interface... .E1000
Hewlett Packard BT54A - Network Analyser 4 - 1300MHz -£3250
Hewlett Packard 853A with 85%8A -{0.1 - 1500 MHz) £3500
Hewlett Packard 853A with 8559A - (0.01 — 21GHz). e . £4250
Hewlett Packard 8565A - (0.01 -22GHz) . ... £4000
Hewilett Packhard 1417 + B552B + 8555A - (10MH2- 1BGHz) ... £1600
Hewletl Packard B756A - Scalar Network AN (10MHz = 18GHz)...... o= £2250
Hewlett Packard 85054 - Network Analyser (S00KHz — 1.3GHz} . .£4000
Hewlett Packard 35624 Dual Channel Dynamic Slg Analyser £7500
Hewlelt Packard 8590A 15 10KHz-1.5GHZ......... £4350
Marcon| 2370 - 110MHz ... .£995
Marconl 2371 — 30KHz - 200MHMz .. g £1250
Polrad 641-1 - 10MHZ — 18GHZ..........o . £1500
Rohde & Schwarz ~ SWOB 5 Polyskop 0. 1 - 1300MHz . ..E2500
Sehlumberger 1250 - Frequency Response Analyser £2500
Tektronix TL14 with 7603 mainframe (1.8GHz) . — LE£2000
Tektrondx 27109 Khz - 1.8 GHz... .. £4250
Tektronix 496pP - 9KHz - 1.8GHz (Programmable}...... S ..E4500

Texscan ALS1A {4MHZ - 1GHZi 2 i L£850

ANRITSU ME 4628 DF/3 Transmission Analyser . .£3000
Anritsu MG6&42A Pulse Panem Generalor E1500
Datalak: DL 1080 Programmable Transient Recorder L£350
Datron 1061 - Precislon MulIMEter . ... ...t oo omeeee -..£650
Dyanpert TP20 Inteliplace — Tape pael Tester — " Immacualte condition ... £1950
E.LP. 54pA - Frequency Counter {26 § GHz), s = £3500
EIP 331 - Frequency counter 18GHz. LETO0
Farnell 55G-520 Signal Generator (520 MHZ). .£409
Farnedl TTS 520 Transmilier Test Set . ....£400
Farnell TSV 70 Mkll Power Supply (TOV-5A or 35 A) £200
Ferrograph RTS-2 Audio Tesl Set with ATU 1. SRS )
Heiden 1107 — 30V-10A Programmable Power Supply (IEEE) . £650
Hewlett Packard 4853A - Protocol Analyser, ..£2985
Hewilett Packard 3437A System vollmeter £350
Hewiett Packard 3456A Dighal valtmeter B850
Hewlett Packard 5420A Digital Signal Anatyser o E350
Hewlett Packard 8011A Pulse gen. 0.1Hz-20MHz . ES00
Hewlett Packard 8620C Sweep osclllatar mainframe £400
Hewlett Packard B750A Storage normaliser. £375
Hewiett Packard 86844 5.4GHz to 12.5GHz Skg-Gen.._. £3500
Hewlett Packard 86408 — AM/FM Signal Gen (512MHz) .£85¢
Hewlett Packard 5340A — 18GHz Frequency Counter ... .., .£800
Hewlett Packard 5356A — 18GHz Frequency Converter haad .£450
Hewlett Packard 432A - Power Mater (with 478A Sansor) ... . £275
Hewlett Packard 435A or B Power Mater {with B481A/B484A) rom 5750
Hewilett Pachard 34384 Digital multimeter .. =

Hewlen Packard §181C D.C._ cument source. E‘I 50
Hewlett Packard 3711A/3712A/3791 B/37938 Microwave Link Analyser !13500
Hewlett Packard 5385A Frequency Counter - 1GHz - {HP1B}

with OPTS 001/003/004/005 .. ... ..£995
Hewlelt Packard 6623A Triple output syslem pOwar supply. .£1950

Hewtlet! Packard 3586A Selecilve level meter . £1750
Hewletl Packard 33254 - 21MHz Synthestser/Funclion Gen.. £1500
Hewleti Packard B152A - Optica) Average Power Meter £1250
Hewlett Packard 81588 - gllcal Attenuator {OPTS 002 + 011) £1100
Hewlen Packard 3488A - H¥ - 18 Switch control uni
ganous Plug-Ins available).. o £650
ewlefl Packard 3581C - Selective Volimeter ...£%00
Hewlett Packard 3708 A - Noise & Interlerance Test Set. .KB500
Hewlett Packard 4192A - LF Impedance Analyser {5Hz — 12MHz) ..EB000
Hewlett Packard 42614 - L.C.R. Meter (Digital) £500
Hewlett Packard 42718 - L.C.R. Mater EDIgllal) .£800

HEWLETT PACKARD 6261B

Power Supply 20v-50A £500 Discount for Quantities

Hewlett Packard 43424 - ‘Q' Meter.. ... . _.£995
Hewleti Packard 49544 - Protocol Analyser EERp—— - . £3500
Hewlett Packard 81164 - Puise/Funclion Generalor (1MMz — 50MHMz) . _£2750

Hewletl Packard 83498 - Microwave Broadband “Amplifier {as naw) 2 ~ 20GHZE4700
Hewlett Packard 8350B - Sweep Osallator Mainlrame (vanous Plug-Ins available) exira.£2650

Hewietl Packard B856A - Synthesised Signal Gen {100KHz — 990MHZ) LLE1750
Hawlett Pachard B6B3A - Mcrowave Signal Gen (2.3 6.5GHz). . £3500
Hewlett Packard 85018 - Mogulabon Analyser {150KH2 — 1300MHz) .£4250
Hewlett Patkard 8903A - Audio Anatyser (20Hz — 100KHz)..... .£2600
Hewleflt Packarg 8303B - Analyser (20Hz — 100KHZ). ... .£3250
Hewlelt Pagkard 34554 61/2 Diga M/Mater {Autocal). L7850
Hewlett Packard 33264 - Two Channel Synihaslser . L £3750
Hewlett Packard 4348A - (TIMS) Transmission lrnpanrmenl M/Ser . E2000
Hewietl Packard 86014 - Generator/Sweeper (110 MHZ). ..£300
Hewiett Packard 8660C - Synth Signal Gen. {1300 MHZ) .. LE1750
Hewlett Packard 3575A Gain/Phase Meier {(1HZ - 13 MHZ) .. ..-.£500
Hewlett Packard B165A - 50 MHZ Programmabie Signal Source. -£1650
Hewlett Packard 3745 A - Selectrve Lavel Measuring Set. LE1750
Hewlet! Packard 60024 - Autoranging P.5.U. 50V - 104 E650
Hewletl Packard B403A - Modulator £500
Hewlett Packard 334A - Disiortion Analyser. .. _£300
Hewlet Packard 3394 - Distortion Measuring Sef.. .£1500
Hewlett Packard 53144 (NEW) 100MHZ Universal Coumer . ; £250
Hewlett Packard 93508 - (NEW) 20GHZ - Microwave Freq. Counter . L2500
Hewlet! Packasd 83018 - Modulaton Analyser ..£4250
Hewletl Packard B903A - Audio Analysar £2600
Hewlett Packard 89038 - Audo Analyser... ... ... £3250
Hewlett Packard 8116A - Pulse/Funct. Gen (1mHz - 50 MHZ) . £2750
Hewlett Packard 8349B - Microwave Broadband Amp {as new} . £4700
Hewietl Packard 83508 - Swaep Oscillator Malnframa (Various F'Iug-lns) £2650
Hewtlet! Packard 8683A - Microwave Slg. Gen. (2.3 - 6.5 GHZ). £3500
Hewletl Packard 8656 A - Synthesised &?-g. Gen {100KHZ - 990 MHZ . £1750
Hewlet! Packard 4954A - Projocd Analyser . £3500
Hewlet! Packard 4192A - L.F Impedence Analyser (SHZ 1IMHZ}. £8000
Hewlet! Packard 4261A - LCR Meter {digal . £500
Hewlet! Packard 42718 - LCR Meter {Dgnal. .£900
Hewlett Packard 43424 - “O° Meter. .£935
Hewleti Packard 37084 Noise + Interderance Test Set. £8500
Hewlel! Packard 66234 - Triple Guipul system P.S.L). £1950
Hewlet! Packard 3581C Selective Voltmater. .£900
Krann-Hle 2200 Linl og Sweep Generator £995
Krohn-Hite 4024A Oscillator . = £250
Krohn-Hlte 6508 Phase Liater . £250
Mareonl 24324 50044Hz digilal tre. meter . .E200
Marconl 2337A Automalic dist. mater._......... .£150
Marcon| - 2019A - BOKHz - 1040MHz - Synthesised Signal Generator..

_ t‘l950
Marconi2305 Nodulahon Meter... S
Marconl 2871 Defta Comms Analyset
Marconi 6500 Automalic AmplAude Analyser
Philips PM 5167 10k HzZ function
Philips PM 5565 - Wavelorm Morstor
Philips PM 5567 - Vectosscope .
PhlliI:s PM B226 - 6 Way Pen Resorder
Phililpe 5190 L F. Synthesiser (GF.18.)
th.ps 5390 Programmabie R/F Signit Gen (1020 M
Phoenix 5500A - Telecomms Analyser with vanousl
Powersense - Powar Line Analyser.
Racal Dana 92420 Progiammabla PSU 25V-2A .,
Racal Dana 92465 Programmabye PSL) 25V-10A
Racal Dana 3100 40-130MHz symhesiser.
Racat 1992 - 1.3GHz Frequency Counter . ..
Racal Dana 9081 Synih sig. gen_ 520MMz .
Racal Dana 3084 Synth. s gen. 104MHzZ .
Racal Dana 9303 True RM5/AFevel meter.
Racal Bana 9917 UHF trequency meler S60MHzZ.
Racal Dana 9302A R/F millivoltmater (new varsion)......
Racal Dana 9082 Synihesised amAm sig gen (520MHz
Racal 9301A - True RMS R/F Milkvoltmeter

ace Ophon'su

Racal 8921 - 3GHz Frequency Counter, . £450
Rahda & Schwarz - Scud Radho Coda Test Set.. ...£995
Raohde & Schwarz SUF 2 Nose Generator ... .£300
Schiumberger S.1. 4040 Stabilock - High accuracy 1GHz Radrq‘l’esl Set... .£5950
Schlumberger 4323 Ragio Code Test Sel e £1500
Schivmberger 2720 1250 MHz Frequency Counter ..£500
Systron Donner 1702 Synthesised Sig Gen 1GHz...... .£990
Systron Danner 60548 or D 18GHz or 24GHz Freq Counter .fromEBOO
Telequipment CT7T Curve Tracer... ...£250
Tektronlx TMS003 + AFG 5101 Armtmry Function Gen £1750
Tektronix 1240 Logic Aratyser .. E750
Tektronlx 1480 Wavelorm Monitor, POA
Tektronix 651 HR Monlor ... ..POA
Tektronix DAS3100 ~ Series Loqnc Anaiyser .E560
Tektronix — Plug-ins — many available Such as SCSO-ﬂ SW503 SGSUZ

PG508, FGS04, FG503, TGS01, TRS03 + many more. EPOA
Tektrordx 576 - Curve Tracer (with Tasi Rxture). .................. _E1250
Tektronlx AMS03 + TM501 + P6302 - Cument Prabe Amplifier.. ... .£995
Tektronix PGS06 + TG501 + SGSA3 + TM503 - Oscilioscope Calibrator . £1995
Tektronix CGS5001 - Programmatde Oscillescope Calibrator Generator £7500
Time 9311 Programmable Resstance .E609
Time 9814 Voliage Callbraior... ..£750
wayne Kerr B905 - Precision L.C.A. Meter. .. £850
Wiitron 560 Scalar Network Analyser £800

MANY MORE iTEMS AVAILABLE — SEND LARGE S.A.E. FOR LIST OF
EQUIPMENT
ALL EQUIPMENT I$ USED - WITH 30 DAYS GUARANTEE.

PLEASE CHECK FOR AVAILABILITY BEFORE ORDERING — CARRIAGE
& VAT TO BE ADDED TO ALL GOODS
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Paul Stenning takes a lodk
at a software package

which lets you design
circuits on youf PC

tend to regard myself as a practical electronics

engineer. Maost of my designs are based on

experiment and | do not normally calculate much

if | can avoid it. | studied electronics at college

some years ago and have a reasonable
understanding of the theory. However, | normally find that
designing circuits by calculation takes longer than hooking
together a few components and making some measurements,

| have tned conventional analysis (SPICE) software in the

past, but | normally found this to be difficult to use. This usually
involves manually creating a netlist from the circuit and keying it
in - a time-consuming and error-prone procedure. In theory, it
should have been possible to create netlists from schematic
capture software, but | had little success getting this to work
properly. The numerical resuits were often difficult to interpret
which made me wonder if it was worth all the effort!

Electronics Workbench
"Electronics Workbench” offers a difterent and much more
logical approach to circuit simutation. The circult diagram is first
drawn on the screen, using components supplied. Test
Instruments are then connected, and the setup is 'switched
on’. The results are displayed on the instruments in a similar
manner to real instruments.

Pravious versions of Electronics Workbench have had
separate programs for anatogue and digital circuits, with no

tronics

Electronics.
Workbench

The efectronics lah [n a computer”

tacilities 1o readily mix the two. Version 4 is a true mixed-mode
simulator, allowing analogue and digital circuitry to be
combined in one design.

So we have the ability to analyse analogue, digital and mixed
signal circuits, in what appears to be close to real-life situations,
for just £199 + VAT, But how does it stand up in practice?

installation

Electronics Workbench Version 4 is avallable in versions for
Microsoft Windows, MS-DOS and the Apple Macintash. |
reviewed the Windows version on a 4865X computer with
4MB of RAM, running MS-DOS 5.00 and Windows for
Workgroups 3.11.

The software is supplied on two 720K 3.5 disks. When
installed, it takes up about 3.5MB of hard disk.

Instatlation was uneventful, except for one guestion about
whether | wished to use North American ANSI or European
DIN component symbols. There is no mention of this in the
installation guide or the other manuals. Both variants are
shown in the Quick Reference Card, but | didn't find this until
after installation!

| chose the default ANSI standard because it is the one |
am most familiar with and the one used in this magazine. In the
DIN standard, logic gates and many other components are
represented by rectangles containing characters - most
confusing!
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Copy protection

From reading the Installation Card, | was
initially womied that | was about to
encounter some horrendous disk-based
copy protection system that would not
allow normal backup operations (I have lost
software in the past due to this, when a
hard drive failed). | understand that some
previous versions of Electronics Workbench
had this affliction, but this current version
seems to be more polite. | was able to copy
the original disks for safety and then install
the software from the copies.

During installation, the product serial
rnumber and the user's name is requested
and written to the floppy disk. When the
software is started for the first time only, it
requests the entry of a specified word in the
User's Manual - a simple and effective
scheme that makes pirate copies useless!
The first time | tried this, it did not work,
prebably due to a minor discrepancy
between the software and the manual, but the second time it
was fine.

A single Hidden System file is written to the hard disk and
the software wilt not work if this Is missing. Having successfully
installed the software, | deleted it manually from the hard disk
and then tried to install it again. This was also successful,
confirming that the copy protection is not too restrictive and
that an accidentally lost installation can be replaced.

Screen layout
The screen layout is tidy and uncluttered. The top secCtion
contains the usual windows title and menu bars and, below
this, are the buttons to select different component libraries and
the test equipment icons. The contents of the cument library is
displayed in the 'Parts Bin' down the left side of the screen,
leaving a large area (referred 1o as ‘The Workbench') for
drawing the circuit.

| started by working my way through the Getting Started
and Tuterial sections in the User’s Guide. This is clearly written
and guides new users gently through the software. it obviously

Elecironics Warkbench z

File Circuit Window Help

L Edil  Clreuil Window Help
| LI s i

i " et

LR @RI = 1 @O Ot

e : ~__ Deseriplion
|l The 7493 chip counts up to F. At full count, the buzzer goes on.
“aliNoublemclick the l'7"1L(’jgi|: Analyzer icon to see the waveforms,

does not try to teach the user about electronics, but the
circuits used to illustrate the tutorial are straightforward and
probably readily understood by most people with at least a little
electronics knowledge.

Components
A good selection of common components are included with
the software; however, there 1s an American bias to the devices
offered. For example, the Zener dicdes all have 1N type
numbers, rather than the BZX79 style numbers commonly
used in the UK. Also, the AC voltage source defaults to 120V
60Hz. Additional components can be created and the defaults
modified, but this requires some understanding of SPICE
models. Perhaps the UK distributors might consider including
an additional disk of European components within the price of
the software.

| found a couple of minor errors in the component models.
For example, the forward voltage drop of the LEDs was set at
0.75V, whereas in reality it should have beent about 2V. This is
easy enough to correct, but how could a silly efror like this
remain, in a standard ccmponent, in
Version 4 of the softwara?
Approximately 350 different components
are included with the software as standard.
An additional 2100 are available in four
add-qn libraries which are available at extra
cost.
As well as actual components, “ideal”
components are’included. These are useful
for comparing the performance of real
components with ideal parts and for
proving whether a non-working circuit is
due to the peculiarities of a specific
component.

Connections

Connections are made by simply dragging
a wira from one compeonent terminal to
ancther - the wires being routed tidily
autornatically. Wires can also be connected
from components to other wires,

whereupon connector dots will
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File Edit Circut Window Help
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appear automatically.

| sometimes wished for a method of routing the connections
manually, as things can get somewhat untidy if one is not
carefut. However, the purpose of the schematic drawing is for
entering circuits for analysis; the software is not really intended
for circuit diagram illustration.

A PCB export package is available as an optional add-on
module, for those who want to use Electronics Workbench as
a schematic capture front-end. | personally wouldn't bother
with this sort of thing though. | find trying to get two unrelated
programs to communicate successfully is a superb way of
wasting time! It Is much easier and more productive to use a
PCB design package that includes schematic editing and
capture as standard.

Test Equipment

Having drawn the circuit, the next stage is tq add the
appropriate test equipment. A selection of instruments are
included, including a Multimeter, Logic Analyser and Function
Generator.

The Oscilloscope has just two channels, in commaon with
most bench units. | would have preferred a couple of extra
channels. | sometimes wanted to monitor the input and output
of a circuit, as well as a couple of intermediate points. Two
channels can be limiting at times and | think four would be
more realistic.

A Bode Plotter allows frequency responses to be measured
and displayed. The Word Generator and the Logic Convertor
allow digital circuits to be tested and analysed. One feature |
appreciate Is the ability of the Logic Convertor to produce a
logic clrcuit from a truth table. | have spent hours working this
sort of thing out on paper in the past!

Only one of each of these instruments can be used in a
circuit. The instruments can be displayed by double-clicking on
them and can. then be set up as required.

Ammeters and Voltmeters are included in the Parts Bin, and

)
=

ALTH

£0 /0
000
b

can be used in any quantity. On AC, these read in RMS terms.
The manual does not state whether they will read on a
fluctuating OC signal - it appears to be some sort of
average value.

Circuit analysis

Once everything is connected up, the analysis is started by
clicking on the On switch at the top right corner of the screen.
The software will analyse the behaviour of the circuit from the
switch-on time until a steady state is reached. The displays on
the test equipment update as the analysis continues and

can normally be adjusted as necessary without restarting

the analysis.

The time taken for analysis cbviously depends on the
complexity of the circuit, the analysis seftings and the speed of
the computer. The software will use a maths co-processor if
one is fitted and | imagine this would make a significant
difference. The process can seem slow if you are watching it
but, if you consider the level of calculations involved, it is quite
impressive.

The software does not take into account the maximum cument,
voltage and power ratings of the components. The fuse and lamp
components will blow if over-run, but the other components just
continue working. | appreciate that this sort of caiculation would
slow the analysis, so it could be a selectable option.

For example, | created a circuit where a 1N4001 diode
{rated at 50V and 1A} was half wave rectifying a 1000V AC
supply and carrying a continuous cumrent of over SA! A real
diode would never survive this. The diode model does have an
entry for reverse breakdown voltage (set in this case to 49.9V)
but this seems to have littlie effect. It is possible to work around
the current limits by adding fuses but this sort of thing shoutd
not be necessary.

It would also be useful (sometimes) to know the power
being dissipated by a resistor. This can be established by the
insertion of suitable ammeters and voltmeters, and multiplying
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the readings manually but | would have expected to be able to
get the results automatically.

| feal that the interface betwean the analogue and digital
circuits may need some more work In places. For example, the
input protection diodes on logic gates are not simulated and
diodes would have to be added externally if a logic input was
prasented with an analogue input

Other Circuits

I have entered some of my own experimental circuits, which |
know from experience had various problems, | was impressed
to see that the software reproduced most of these - including
an amplifier that worked fine with sine waves but was prone to
nnging with square waves. This sort of thing can be difficult to
prove In practice, even with the appropnate test equipment.

| could not simulate a tniac circuit that was prone to erratic
behavior. This is probably due to the lamp model being purely
resistive and not having the low cold resistance {and high initiai
current) that real lamps have.

Obviously the software cannot allow for layout problems
and external nolse, so some circuits will still need to be proved
on the bench. Indeed, it would be foolish to commit to a
design without proving it in practice but, with most of the
design work already carried out using Electronics Workbench,
the time involved in proving the circuit can be considerably
reduced.

Documentation

Electronics Workbench is supplied whh two main manuals. The
User’s Guide contains the tutorial, menu reference and general
information needed for unning the software. | would
recommend reading most of this manual and working through
the examples to appreciate the power and flexibility of the
software. The Technical Reference manual contains useful
detailed Information on the test equipment and components
and also describes the SPICE models used. Both manuals are
clearly written and produced to a very high standard. | liked the
idea of spreading the documentation over two manageable
manuals, rather than having one bulky publication.

System Requirements

MS-DOS version

386 or higher processor, 4MB of RAM, 5MB hard
disk space, VGA display, Microsoft or
compatible mouse and installed driver, MS-DOS
3.0 or greater. Supports math co-processor if
available {(recommended).

Windows version
As MS-DOS version above, with Microsoft
Windows version 3.1 or greater.

Macintosh version

Apple Mac with 68020 processor or higher, 4MB
RAM (2MB available), System 6.0.5 or System 7.
Does not support Macintosh Plus, SE, Classic,
and PowerBook 100.

The same manuals are
provided with the DOS
and Windows versions of
the software. There are
some sectlons for DOS
users only, but the
emphasss is definitely
towards Windows users
which may give DOS
users the impression that
they have been left
behind.

Conclusion

QOverall, | am very
impressed with
Electronics Workbench. |
will certainly be using my
copy for many of my
future designs - the
software has convinced
me of the value of circuit
analysis! | particularly like-
the way the software
gives the feel of real
components and
instruments, rather than
abstract netlists and
charts of results. As a
‘practical’ engineer, it
suits my way of thinking
and working.

Supplier Details
Product Title - Electronics
Workbench version 4
Publisher - Interactive
Image Technologies Ltd,
111 Peter St., Suite 801
Toronto, Ontario, Canada,
M5V 2H1. Tel (from UK)
001 416 977 5550. Fax
001 416 977 1818.

UK Distributor - Robinson
Marshall (Europe) Pic,
Nadella Building, Progress
Close, Leofnc Business
Park, Coventry,
Warwickshire, CvV3 2TF.
Tel 01203 233216. Fax
01203 233210.

Price - £199, plus £5.99
postage, plus VAT (total
£240.86). 30 day money-
back guarantee.

Four additional
component libraries are
available, price £29.95
each or £99.00 for set of
four. PCB Export add-on
module £49.95. All prices
are subject to postage
and VAT and are comect
at the time of writing.
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Mega Download

Internet

Bulletin Board
0891516 126

No Subscriptions

Full Download Access
on your First Call

All Speeds to 28,800

Zmodem, Ymodem,
Xmodem, Kermit,
Sealink & others

New Files Daily

0891516 126

Over 13,000 files
for immedicte
download

Thousands
of GIF files

Your own Intemet
email address for
contact with the
rest of the world

Science &
Technical
Programs

Super, Full Colour
ANSI Graphics

Mega Download
0891 516 126

Megadowniood. PCBox 3463, Londen 5E19 108
Coks charged per minuta
3o cheap rale, 2%p oll other tmes




Radio -
Tech

Radio - Tech Limited

A Leading Name in the Supply of
Licence Exempt Radio Data Modules

A MIMBER OF

Vi

Low powrs

Applications:

@ Remote contro] systems

® Data transfer and networks
® Wire free PC-PC modems
® Wire free security alarms

Our 173.225MHz, 173.250MHz
and 418MHz modules are DTI
Type Approved and Licence

Transmitters :

[PA?T No

MPT | Freq

MHz

][TXM-J,}B-A

1340 1 418

TXM-418-F

1340 | 418

TXM-433-A

N/A | 433.92

10000

Exempt within the UK.

TXM-433-F | N/A | 433.92 20000 |

TXM-4689- 3.0

UK-00

1328
1344

173.250
173.225

1000 | 1.0

1000 | 100 | 50

TXM-418 or 433-A TXM-4689- 1328 | 173.250

UK-03 1344 | 173.225
[ M e i S| R, R
Key: MPT = DI Type Approval §pccuﬁ7:anon. FRF = Dutput Power inlo

Receivers :
PART No

WANTED

we urgently require sales
representatlives in
countries outside the EEC

Price
1+

Power
V)
5.0

RSSI Data

Rate

Freq
MHz

RXM-418-A 418 10000 29.05

Generous Quantity Discounts
Available. We will beat any
published price !

RXM-433-A 433.92 10000 | 5.0 29.95

-
SILRX-418-A | 418 5000 | 45-9 | 2250

SILRX-433-A | 433.92 5000 |45-9 | 2395

RXM-4666-60 | 173,225

‘ 1]
; | | 173.250
SILRX418 or 433-A
Key: RSSI = Received Signal strength Output. CD = Carrier Detect Output

The BIM High Speed Transceiver :

Part No MPT Dat»
Rate

1000 | 5.0 31.62

[

Radiomatr =

Price
1-+

Freq

Power | ERP
MHz

V) |mW
5.0

BIM-418-F 1340 418 40000 0.25 49.95

50 1.0 49.95
The BIM Remote Packet Controller Board

-
b

411

BIM ETS
The BIM Engineering Kit,

43392 | 40000

BIM-418 or 433-F

To assist new customers unfamiliar with the BIM, we are
offering an enginecering kit comprising: Two PCB's each
conlaining a BIM-418 or 433 transceiver, status LED’s, bit
ereor rate LED bar graph, P1C microcontroller with test
firmware, antenna and batteries. Using the kit you will be able
to simulate dala transfer at vp 1o 400K0bps, conduct range
tests, evaluate various data protocols and finally transmit your

own data. BIM-418.DEV,
Only £ 149.95

Delivery: Most items are available from stock. Antenna & Screening cans now available.

Orders: Prices exclude curriage and VAT. Radio - Tech Limited, Overbridge House, 41 Weald Hall Lane,
Thornwood Common, Epping, CM16 6NB. Telerhone and credit card orders welcome.
Tel: Sales 0181-368-8277 Fax 0181-361-3434, Admin 01992 - 575107 Fax 01992 -561994 «©

Cul your development timescales by half * You can avoid developing
your ewn RF protocol for the BIM. The RPC makes the BIM as
simple to use as an IC. Just load in a paralle] nibble/s and receive it
the other end! The RPC board comes complete with a BIM on 418
or 433MHz, a PIC micro with user E’PROM, 4 . bit parallel
interface with contro! lines and antenna.

Only £ 79.95
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SEETRAXICABRRANCGIER PeB DESIGN

RANGER3 - DOS £2500
- Windows\NT £2900

Hierarchical or flat schematic linked to artwork.
Unlimited design size, 1 micron resolution
Any shaped pad, definable outline library
L Pin, gate & outline swapping - auto back annotation
[ Split power planes, switchable on - line DRC
I COQOPER & CHYAN SPECCTRA
autorouter (SP2)
Inputs: OrCAD, Cadstar,
I PCAD, AutoCAD DXF

Outputs: Postscript, Windows bit map

R2 & R3 Outputs: 8/9 & 24 pin printers, HP
Desk & Laser Jet, Cannon Bubble Jet,
HP-GL, Gerber,

NC Drill, AutoCAD DXF

WI’TH CO(JPER & CHYAN AUTOROUTER

i RANGER2  £150

]

Upto 8 pages of schematic linked to artwork

Gate & pin swapping - automatic back annotation

Copper flood fill, Power planes, Track necking,
Curved tracks, Clearance checking,
Simultaneous multi-layer auto-router

ﬁRANGERZ UTILITIES £2£ =||

COOPER & CHYAN SPECCTRA auto-router (S¥1)
Gerber-in viewer, AutoCAD DXF in & out

UPGRADE YOUR PCB PACKAGE
TO RANGER2 £60

TRADE IN YOUR EXISTING PACKAGE TODAY
Seetrax CAE, Hinton Daubnay House, Broadway Lane, Lovedean, Hants, PO8 OSG
Call 01705 591037 or Fax 01705 599036  + VAT & FP All Trademarks Acknowledged

FIELD ELECTRIC LTD ot
TEL: 01438 353781 FAX: 01438 359397 T 4

MOBILE: 0836 640328
UNIT 2, WILLOWS LINK, STEVENAGE, HERTS SG2 BAB

102 KEY IBM COMPATIBLE KEYBOARD TERMINMEU TO6 PIN MM OINTYPE PS2PLUG  800¢/p 375
1%

v 1 n% ED LEAD
PSU NEW RE TYPE ANEJARD PLUG 155 ¢p 5.
SUN\‘ 9" COLOUR RGB TRINITRDN VDU r {B%G conneclion supplied}

NEC CMV 123ne 12" COLOUR \.'GNSVGA X EDU v 5 el
NEG CMY 103 9" COLOUR VGA/SVGA 300 &0 1
CCl BARCODE READER READS HIGH & Low DENSITY CODSS sg.

7

Lnos €

ASTEC SA 301206 +5 @2A +10 @1.8A-15 @ 3A NEW BO
240v to 110v 80w AUTO TORDIDAL TRANSFORMER NEW

E‘aéER”E&%%B%‘ﬁ%“N? 'GE? @ﬁg NEW mclﬂrr 10-14y OUTPUT D 1250v ;m%% ]38
ELAER SLOWPRQ?RQM. RFA%{E%/E&PROM EDITING & INTERFACE NEW BOXED 325030 oo 180

HP 17274 275 Mhz STORAGE USCILLOSCDPE 0.0 ch 2-3 00
glLEEASgE)%TNFGANSNOTURSIPSLDTHANSFGHMERS/COMPUIEH HARCWARE/TEST EQUIP/TELEPHONE EGLIP/

PLEASE ADD 17.5% VAT TO ORDER. RING FCR C/P PRICES NOT SHOWN.
OFFICIAL ORDERS AND OVERSEAS ENQUIRIES WELCOME.

% FOR SALE *x»

DEFENCE & AEROSPACE INDUSTRY
ELECTRONIC EQUIPMENT & COMPO-
NENTS ALL HIGH QUALITY SURPLUS
MANY SPECIALS. WE STOCK 1000 +

ITEMS & IF WE DON'T STOCK IT WE MAY
BE ABLE TO GET IT FOR YOU

PLEASE WRITE OR PHONE FOR LISTS
OR REQUIREMENTS

MAYFLOWER ELECTRONICS
48 BRENDON ROAD,
WATCHET, SOMERSET, TA23 OHT
TEL (01984) 631825 FAX 634245

Create your own NN ghile Robot v:

CONTROLLED BY COMPUTERS VIA PRINTER PORT
EXPENDABLE TO RADIO CONTROLS

. Innovative in terfaclng
En terprise

Gther PC Interfaclng kiis are avallable|
Canworic and RS5232 Explorer ks, Centronic and RS232 24-iine prugnmma:.lu I!O wd‘
Data logging sysiems, riple steppar motor boards, Hadio controliers, way Our cataksguel
Add £2 PAP 1 UK (£2.5 atvoad) and  make cheque payabia 1 lnnovative Imarfacirg Enterpns e
58 Lamport Court, Lamport Close, Manchaster M1 7EG, UK. TolFax: +A4-{0) ¥t 272-8270

HIGH QUALITY LOW COST
(&7 V. CAMERA
EXTREMELY LOW LIGHT LEVEL

AUTO ELECTRONIC SHUTTER.
oM !'()Srll;iEcvl!DEO OUT VIA
SMALL DISCRETE SIZE.

CAN BE USED WITH PC DIGITISER.
This super quality CCD camera can be con-
necled inlo your existing TV of video using

the AV channel and can be used for discree
surveillance or observing your property exlernally using a suitable weatherproof hous-
ing. Can accommexdate lighting levels ranging from daytight 1o sireet lighting using its
built-in electronic shutter. Exccllont when using with an infra red source. Buill-in wide
angle fixed focus lens, the camera has a resolulion of 380 TVL. Can be housed inside
un empty Moodlight case, {extra). Camera size only 45mm x 45mm.

Special offer price of only: £79.95 plus VAT p&p £3.00)
For full range of CCTYV products send SAE to:
DIRECT CCTV LTD.,, DEPT ETI, UNIT 6,

CARRICK COURT, FORREST GROVE BUSINESS
PARK, MIDDLESBROUGH TS2 1QE
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Robert Penfold devises an
electronic solution to the
increasingly pervasive problem
of noise pollution

he problem of noise pollution is one that seems to home is now equipped with hi-fi equipment, power tools

have steadily grown over the past twenty years or “ghetto blasters” etc and it is virtually certain that one of these
so. The generally accepted reason for this devices will cause annoyance to someone before too long.
escalation is an increase in the range of electncal A certain amount of noise pollution is probadbly something
and electronic gadgets that can generate high that has to be accepted as a fact of modern lite, but-are there

enough sound level to cause annoyance to others. The average  ways of counteracting the noise ff you fing yourself at the

NOISE TUNE

GENERATOR ||| AMPUFIER ]!’ = '| CONTHOLS

Fig.1. The sound masker block diagram
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Fig.3. The approximate frequency
responses of the tone controls with
maximum boost and cut

receiving end rather too often”? There are actually several
mechanical and electronic means of counteracting noise.

= Probably the most effective methed {and the least comfortable)
is to use ear defenders or earplugs. The RS/Electromail
catalogue lists a fair range of devices to block sounds, such as
the “Tracer Earpiug” (662-485). With my ears, at any rate,
earplugs such as these are very effective at combatting the
*thump-thump-thump" from neighbours' hi-fi systems etc. The
problem with devices such as these is that they tend to give
you a sori of “shut off from the rest of the world” feeling that
many people find unacceptable. Wearing them can aiso
become a little uncomfortable after an hour or so.

Masking

There are a few slectronic means of counteracting noise. The
most simple method, but one that can be quite effective, is to
use electronically generated sounds to mask the offeriding
noise. At its most basic, this just entails using your own hi-fi
system, television set or whatever to produce sounds that
cover up the noise from your neighbours. In practice, this basic
method tends to be unsatisfactory. One reasen for this is that
you may simply want to "put your brain into neutral” and relax
without any background music or other distractions. Another

=

R15
18k
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4n7
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100k
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Fig.4. Component layout for the stripboard panel

problem is that most programme sources are intermittent in
nature and the noise from your neighbours during the quiet bits
can be more irritating than continuous noise.

These is a third problem, which is simpiy that your sounds
might not be geod at masking the noise from your neighbours:
Sounds tend to mask similar sounds very well, but are
ineffective at blocking disparate sounds. It seems to be the
fregquency content that is of prime importance here. For
instance, low frequency sounds are good at masking other low
frequency sounds, but middle and high frequency sounds tend
to stand out clearly above them.

There is an slectronic solution to these problems in the form
of a noise geperator. “Hiss™ type noise covers the full audio
range and is therefore reasonably effective at masking any
noise, regardless of jts frequency content. It Is continuous, with
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Fig.5. Underside view ofthe stripboard panel

no gaps for the neighbours' noise to sneak through. Most
people do not find “hiss™ type noise too distracting. In fact, jt
can be quite relaxing, particularly if a normal “white” noise
source is filtered to provide so-called “pink™ noise.

"Pink" noise gives what is still a *hiss” type sound, but with
greatly reduced high frequency content. The sound of “pink”
noise is generally perceived as being less aggressive than that
of “white" noise and it is often likened to the sound of gentle
rainfall. This is possibly the reason that many pecple find the
sound of “pink” noise quite relaxing. Compared to “white”
noise, the "pink” variety is less effective at masking high
freguency sounds, due to its lower high frequency contert.
This is not normally of any major imporiance, since low
frequency sounds travel better through walls and windows
than high frequency sounds. In fact, it means that "pink” noise
wilt usually be well matched to the noises that you are trying
to masgk,

The device featured here is a “pink” noise generator that
has built-in tone controls which provide the usually bass and
treble boost and cut. This enables the sound to be adjusted to
give what is deemead to be the most relaxing effect and also
enables, say, extra bass content to be produced if the
offending noise is predominantly at low frequencies. The noise
generator can directly drive earphones or headphones, or its
output can be connected to a hi-fi system if loudspeaker
operation is required.

How It Works

The block diagram of Fig.1 shows the general make-up of
the noise masker. The first stage is the basic noise generator
circuit, which produces a normal “white” noise signal.
Generating electrical noise is not difficult, since it is preduced
by all electronic components. The problem in this case is
generating a strong signal using components that are designed
to produce as lithe noise as possible. Noise can be produced
digitally, or using neise analogue components. After a few
experiments with various noise sources, an opto-isolator was
used as the basis of the noise generator in this circuit. This
method is inexpensive and seems to provide consistently high
neise levels. The noise output is still somewhat weaker than we
require in this application, but a modest amount of
ampiification is all that is needed in order to bring the noise
signal to a satisfactory levei

“White" noise contains ali frequencies at equal levels. “Pink”
noise also contains all frequencies, but there is the same signal
level in any single octave band. For example, the noise is at the
same level from 20Hz to 40Hz as it is from 20kHz to 40kHz.
Clearly there is a much wider frequency span from 20kHz to
40kHz than there is from 20Hz to 40Hz, but there is only the
same signal level in each band. In order to convert “white"

BAC 4 KL
=|H|=‘
° @
Rv1 RvVZ

Fig.6. Details of the hard wiring
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noise to “pink” noise it is merely necessary to use some low-
pass filtering to provide a 3dB per actave roll-off right across
the audio range. In this case, the lowpass fiter is a passive
type and it is therefore followed by an amplifier which
compensates for the overall signal loss through the filter.

The “pink” noise signal is then processed by a standard
bass and treble tone control circuit which, if necessary, enables
the sound of the noise to be contoured. For example, if the
noise to be masked is predominantly at tow frequencies, some
bass boost should enable it to be masked effectively without
having to resort to very high volume leveis. The tone control
circuit is only needed if the noise generator will be used as a
stand- alone unit driving earphones or headphenes. If the unit
is used in conjunction with a hi-fi ampiifier, the tone control
circuit is not really necessary, because the hi-fi system will
presumably have either built-in tone controls or a graphic
equaliser.

Fig.2 shows the full circuit diagram for the noise masker.
IC1 is the opto-isolator used in the “white" noise generator. On
the input side, R1 is used to provide a small current to the
LED. On the output side, R2 acts as the collector foad resistor
for the transistor. No connection is made to the base terminal
of the transistor (pin 6), but a collector current flows due to the
ieakage induced by the infra-red “light” from the LED. Although
there is no obvious reason why this arrangement should
provide a relatively high noise level, it is a fact that a normal
opto-isolator is quite noisy and does produce plenty of noise
when ysed in this way.

On the prototype, a 4N27 is used for IC1, but any "bog
standard” opto-isolator (TIL111 etc) seems to provide similar
results. However, the opto-isolator must be a type which has
the standard 6 pin DIL encapsulation and pinout arrangement
and it must also be a type which has a transistor at the output
{not a Dadington pair, photo-diode plus a transistor, etc). High
speed or otherwise "improved” devices might not work as well
and would be more expensive, so # is better to use a low
cost type.

IC2 1s used as the basis of the first amplifier stage and
this is a conventional non-inverting mede circuit. RS and R6
are the negative feedback circuit and they set the closed-
loop voltage gain of the circuit at about 100 times (40dB).
R3 and R4 bias the non-inverting input of IC2 and set the
input iImpedance of the amplifier at 50k.

The output of IC2 is direct coupled to the passive lowpass
filter. The required roil-off rate of 3dB per octave is an awkward
one, since the ultimate roll-off rate of a single pole C - R filter Is
double this at 6dB per octave. An approximation of a 3dB per
octave roli-off is obtained by using a four stage filter with a
resistor In series with all but one of the filter capacitors. The
basic idea is that as the attenuation provided by one of the
capacitors starts to go above 3dB per octave, ils series
resistor limits its effect and prevents the full 608 per octave
rate from being achieved.

Above a certain frequency, the series resistor prevents its
capacitor from having any further effect, but the next resislor
and capacitor in the filter then take over and contmue to
provide a roll-off at approximately 3dB per octave. C7 has no
series resistor, but the fact that the attenuation rate reaches
6dB per octave at the freguencies above the audio range is of
no practical significance. The filter only provides an
approximation of a 3dB per octave roll-off, but its accuracy is
perfectly adequate for the present application and quite a good
“pink" noise sound is obtained.

The cutput from the iowpass fitter is coupled tc volume
control VR1 and then 1o the second amplifier stage. This is
another non-inverting circuit, this time based on IC3. R13 and
R4 form the negative feedback network and they set the
closed loop voltage gain of IC3 at about 22 times (22dB}. The
value of VR1 and the input impedance of the ampiifier (1 10k}
are made relatively high so that they do not place excessive
loading on the lowpass filter.

IC4 is used as the basis of the active tene contyol circuit,
which is a conventional inverting mode type. VR3 is the treble
control and it operates in conjunction with C12 and C15 as a
negative feedback network. The basic principle of operation is
very straightforward and is dependent on the fact that C12 and
C15 have a relatively low impedance at high audio frequencies.
The closed loop voltage gain of the circuit is therefore largety
controlled by the setting of VR3. With its wiper towards the
C15 end of its track, the amount of negative feedback is large,
and the voltage gain is less than unity. Taking the wiper to the
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C12 end of the track gives a small amount of feedback and
considerably more than unity gain. At middie and low
frequencies, the impedance of C12 and C15 is large in relation
to the value of VR3, effectively swamping it and giving
approximately unity voltage gain at any setting. VR3 therefore
controls the gain of IC4, but only at treble frequencies.

VR2 is the bass control and its operation is also dependent
on the fact that two capacitors have a relatively low impedance
at high audio frequencies. In this case, the capacitors are C13
and C14 and, at high audic frequencies, they effectively short
circuit VR2, making its setting imelevant. R15 and R18 form the
negative feedback network and set the voltage gain of the
circuit at unity. At bass frequencies, the impedance of C13 and
C14 is high in relation to the track resistance of VR2 and VR2
can then exercise considerable control cver the closed-loop
gain of IC4. Taking VR2's wiper to the R15 end of the track
gives increased gain - taking it to the R18 end of the track
produces lower gain. R16 and R17 form a simple mixer which
integrates the two tone controls and ensures minimai
interaction between them.

The tone controls provide up to about 15dB of boost and
cut at the extremes of the audio range, or around 12dB at
most frequencies within their respective frequency bands, Fig.3
shows the approximate frequency responses of the tone
controls in the prototype noise masker. The upper response is
with both controls set for maximum boost and the lower
response is with them both set for maximum cut.

The current consumption of the circuit is about 4 miliamps
and the unit can therefore be powered from a small (PP3 size)
9 volt battery. However, if it is likely to be used for long periods
of time, it would be more economical to use a higher capacity
battery, such as six HP7 size cells in a holder.

Construction

Figs.4 and 5 respectively show the component layout and
underside view of the stripbocard component panel. This has 62
holes by 20 strips and it can conveniently be a piece cut from-
a standard 160 x 100mm board. Start by drilling the two
3.3mm diameter mounting holes and then make the 37 breaks
in the copper strips. These can be made using the special tool
or a hand-held twist drill bit of about 4.5 to 5mm in diameter.
Make sure that all the breaks cover the full wigth of the board,
but do not cut so deeply into the board that it becomes
seriously weakened.

Next, the components are added, working methodicaly
across the board. Although none of the integrated circuits are
MOS types, it is still a good idea to fit them in holders. A six-
pin holder for IC1 might be difficult to obtain, but they are
available from some

Do not overlook any of the link wires (there are a dozen in
all). These are made from 22 or 24 swg tinned copper wire. At
this stage, only fit single-sided solder pins to the board at the
places where connections to the potentiometers etc will
eventually be made. Tin the tops of the pins with a liberal
amount of solder.

Practically any medium sized plastic or metal case should
accommodate this project. The clrcuit is fairly sensitive to stray
pick up of electrical noise, particutarty mains “hum™ when a large
amount of bass boost is used. This gives some advantage in
using an all-metal case earthed to the negative supply rail, as
this will hefp to screen to circuit against sources of interference.
The general layout of the unit is not critical, but avoid having
long connecting wires from the circuit board to the potentiometers
and the output socket. The board is bolted in place using 6BA
or metric M3 fixings, including spacers to hold the underside of
the board a little way off the base panel of the case.

The hard wiring is shown in Fig.6, which should be used in
conjunction with Fig.4. This wiring is very straightforward and
should present no difficulties. JK1 is a 3.5mm jack socket on
the prototype, but this can obviously be changed for a
standard jack, phono socket, or any other type of socket that
suits your particular setup.

In use

The output level from JK1 is typically about one volt peak-to-
peak, which should be ample to drive most hi-fi amplifiers.
Simply connect JK1 of the noise generator to a spare high
level input of the ampilifier via a screened lead. Quite good
results are obtained if the output of the unit is used to drive a
pair of crystal earphones. These seem to provide an earplug
action, giving two lines of defence against the offending noise.
Another 3.5mm jack socket must be added in parallel with JK1
in order t0 accommodate two earphones.

Headphones of the type sold as replacements for use with
personal stereo units aiso work well but, due to their relatively
low impedance, C17 must be replaced with a 220u 10 volt
capacitor. Otherwise, there will be a very noticeable lack of low
frequency output from the headphones. JK1 must be replaced
with a stereo 3.5mm jack socket and it should be wired so that
the two phones are connected in series {ignore the earth tag
and connect the other two tags to the circuit board). The
output of the unit is inadequate to drive most other types of
headphone or low impedance dynamic earphones properly,

Noise masking is not a viable way of tackling high noise levels,
but it seems very effective at rendering unwanted background
noise INNOCUcUs. It also seems to work well with a wide range of
s0unas, including hi-fi systems and burglar alarmns.

component retailers, s o
Alternatively, it is not
difficuft to trim an eight-
pin holder down to size.
The non- electrolytic
capacitors will fit neatly
into this component
layout provided they are
miniature printed circuit
mourding types having
7.5mm {0.3 inch} lead
spacing. Fitting other
types of capacitor into
this layout would almost
certainly be problematic.
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POWER AMPLIFIER MOOULES-TURNTABLES-DIMMERS-

LOUDSPEAKERS-19 INCH STERED RACK AMPLIFIERS

THOUSANDS PURCHASED

HIGH POWER, TWO CHANNEL 19 INCH HACK BY PROFESSIONAL USERS

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

MXF600 (300W + 300W) MXFO00 (450W + 450W)

ALL POWER RATINGS A.M 3%, INTO &4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: windependen power supplies with iwo loroldal franstormers & Twin LE.O. Yu metars &
Level controls & Huminaled cniol switch & XLA canneciors & Siandard 775mY Inputs % Open and short Chrcult
proot % Latesi Mos-Fets lor stress free power delivery into victuslly any loed & High siew rats % Very low
dislortion # Alsminlum cases & MXFE00 & MXFI0D lan cooled with 0).C. loudspeaker and thermal proteclon,
USED THE wORLD OVER IN CLUBS, PUAS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 xM3"" (2UDIT"
MXFADC W 19 aNS %" (3UNDI12™
MAFE00 WS xHS %" (3UNDTI”
MXFI00 W19 M5 %" (3unDi1ad
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600£329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

Advanced 1-Way Stereo Active Cross-Over, housed In a 197 x 1U case. Each channel has three izvel controls?
bass, mid & lop, The removabls front fascia sllows access 1o the programmable DIL swhchas lo adjusi the
cross-over lrequency: Bass-Mid 250/500/800HZ. Mid- Top 1,8/3/5KH2, ai) a1 24dB per oclave. Bass inver] switches)
on each bass channel. Nominal TT4m¥ Inpulioutpul. Fully compalible with OMP rack amplitier and moduies.

Price £117.44 + £5.00 P&P

Acw enjoy oekd wids reputation lor gu , raliabilily and performance ot 3 replisnc price. Four
Modals dre 3 Db 10 941 the Aeeds of tha profensionst snd hobby market be. Indusiry, Leifure, strumental and Hi-Fi
ctc Whan comparing prices. MOTE that sl modets iclude loroldsl power aupply, Inlegral hasl sink, giana libre P. C.B and
érive clrcwiis 10 pomer & comoabibis Yu méles AlF MEME B4 GDEN ANG Bhort circull proal,

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Oulpul power 110 walls
R.M.S, inlo 4 ohms, frequency response THI - 100KHz
-3d48, Damping Facior >300, Slew Rale 45V/iuS,
T.H.D. typical 0.002%, Inpul Senshivity 500mV, S.N.R.
-130 dB. Size 300 x 123 x 60mm.
PRICE £40.85 + £3.50 PAP

OMP/MF 200 Mos-Feit Oulpul power 200 walts
R.M.S. Into 4 chms, Irequency response 1Hz - 100K Hz
-34B, Damping Factor >300, Slew Rale 50V/uS,
T-H.0. typical .001%,.Input Sensltivily 500mV, S.N.R.
110 dB. Size 300 x 155 x 100mm,
PRICE £64.35 + £4.00 P&P

OMP/MF 300 Mos-Fet Output power 300 walls
R. S, Into 4 chms, Irequency response 1Hz - 100KHz
-3dB, Damplng Faclor >300, Slew Rale 60V/uS,
T.#.0. typical 0.001%, Input Senshivity 500m¥, S_N.R.
-110 dB. Size 330 x 175 x 100mm,

PRICE £81.75 + €5.00 P&P

OWP/MF 450 Mos-Fet Output power 450 walls
R.%.S, Inlo 4 ohms, frequency response THz - 100KHz
-3d8, Damping Factor >300, Slew Rate 75V/uS,
T.H.O. typical 0.001 %, Input Sensittvity 500m¥, S.N.R.
110 dB, Fan Cooled, D.C. Loudspeaker Prolection, 2
Second Anil-Thump Delay, Size 385 x 210 x 105mm.
PRICE £132.85 + £5.00 P&P

OMP/MF 1000 Mos-Fet Dutpul power 1000 walls
R.M.S. Infp 2 ohms, 725 walls R.M.S. Intc 4 ohms,
frequency response 1Hr - 100KHz -3dB, Damplng
Factor >300, Slew Rate 75V/uS, T.H.D. typical
0.002%, Input Sensitlvity 500mV¥, S.N.R, -110 dB, Fan
Cooled, D.C. Loudspeaker Prolecilon, 2 Second
Antt-Thump Delay. Size 422 x 300 x 125mm.

PRICE £259.00 + £12.00 P&P

NOTE: MOSFEY MOOULES ARE AVANLABLE IN TWO YERSIOMS:

LIRS (L NEELTE]S « ECHO & SOUND EFFECTS»

STEREQ DISCO MIXER with 2 & T bana
L & R graphic equallsers with bar grapgh
LEQ ¥Yu meters. MANY OUTSTANDING
FEATURES:- Including Echo with repeat §
wpeed comirel, DJF Mbe wilh tath-ovar
switch, & Channels with Individuat faders
phas Cross fade, Cur Keadphone Monltar. 8
Sound Effecis. Usehd combinabon of the
tatiawing lnputs- 3 lurntabies (mag), 3
mics, § Line for CD, Tape, Video etc,

Price £144.99 + €5.00 P&P SIZE: 4B2 X 240 X 120mm
[PIEZO ELECTRIt. TWEETERS - MOTORO

Join the Piero revoltion! The low dynamic mass {no volce coll) ol 3 Plezo iweeler produces an improved
fransient responye with a iower dislortion level Than oedinary dynamic lweeters. As 3 crossover a mot required
these units can be added lo aEisting speaker syslams ol up 16 100 wans (mose Il twe are pul tn series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER

3 TYPE '& {(KSN1038A) 3" round with protective wire mesh, Ideal for
"’E@wva.

bookshell and medium sized Hi-Fl apeakers. Price £4.90 + 50p P&P.
e

TYPE "B (K5N10054) 34" super horn for general purpose speakers,
discoand P A. systems etc. Price £5.99 + 50p P&P,

TYPE 'C' (KSN10184) 27x5" wide dispersion horn lor quailly Hi-F) sys-
tems and quality discos elc. Price £8.99 + 50p P&P,

TYPE 'D' {KSN1025A) 27x6° wide dispersion harn. Upper frequency
response refalned extending down lo midrange (2KHz), Sultable for high
quality Hi-Fi sysiems and qualily discos. Price £9.99 + 50p PEP.

TYPE ‘E'{(KSN1038A) 3% horn tweeter with atiractive silver tinish trim,
Suitadle for Hi-FI monitor systems elc Price £5.99 + $0p P&P.

LEVEL CONTROL Combines, on a recessed mouniing plate, kevel control
and cabinel input jack socket. 85x85mm. Price €4.10 + 50p P&P,

STANDARD - INPUT SENS 300mY, BAND WIDTH LOCKHE.

PR (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
774mV, AAND WIDTH 30K He. OADER STANDARD OR PEC.
———
LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE {(A4) 5.A.E.
{60p STAMPED) FOR COMPLETE LIST.

McKenrzie and Fane Loudspeakers are also available.
MINENCE:- INSTRUMENTIS, P. A,

ALLEMINEMCE UNITS 8 ONMS IMPEDANCE

8° 100 WATT A M.S. MES- 100 GEN. PURPDSE, LEAD GUITAR, EXCELLENT M0, Di5CO.

RES. FREQ. 72H1, FREQ. RESP. TO 4KMz. SENS 97dB. PRICE £32.71 + £ .00 PAP
10° 100 WATT ALM.S. ME10-100 GUITAR. YVOCAL, KEYBOARD, 015CO, EXCELLENT MID.

RES, FREQ. T1Ha, FREQ. RESP. TO ?KHz, SENSSTdR. PRICE £33.74 + £2.50 PAP
10" 200 WATTA.M.§, ME10-200 GUITAR,KEYB'D, DISCO, VOCAL, EXCELLENT MIGHPOWER MID.
RES.FREQ, £5Mz, FREQ RESP. TO 1.5KHx, SENS 99d8B. PRICE C43.47 + £2.50 PAP
$2° 100 WATT ALM.5, ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR,
RES FREQ. 491z FREQ, RESP, TO SKHR. SENS 100d6. PRICE £35.82 + £3.50 PAP
127 100 WATT A.M.5. ME12-100LT (IWIN CONE} WIDE RESPONSE, P.A, VOCAL, STAGE
MONITOR. AES. FREG 42Hz, FREQ. RESP. TC 10KMz, SENS 98d8. PRICEE36.67 + £3.50 PAP
127 200 WATT ALM.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID.
RES.FREQ. 58Hz, FREQ RESP, TO 8 Hx SENS 98d8. PRICE £48.71 + £3.50 PAP
12" 300 WATT A.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARO, ISCO ETC.
RES. FREQ. 47Hz, FREQ, RESP, TO 5KMz, SENS 10308, PRICE £70.19 + €3.50 PAP
15° 200 WATT LW, 5. ME18-200 GEN, PURPOSE BASS, INCLUOIHG BASS GUITaR.

RES.FREQ. 46Hz, FREQ. RESP. TO KMz, SERS 9948, PRICE £50.72 + £4.00 PAP
15° 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING 8ASS GUITAR.

RES,FREQ. 39Hz, FREQ. RESP. TO 3KMHz. SEAS 10308, PRCELT73.04 + £4.00 PLP

RAENDERS:- HI-FI, STDI0, IN-CAR,
ALL EARBENDER UNITS B ONMS (Except EES 50 4 EB10 50 which are dual Impedance lapped iJ 4 & 8 ohm|

DUDSPEAKERS

A naw range ol quality loudspeakers, designed o take advaniage of the lafes!
speaker iechnology and enclosure designsg, Bolh models wiilize studip qualily
12" cas1 aluminlum ioudspeshers with lactory lied grilles, wide glapersion
canslant directivity horns, exliuded gluminum corner proleciion and steel
badl cornars, complimened wilh heavy duly black coversng. The enciosures
are fitted as s1andard with top hats loe eplional loudspeaker siands

POWER RATIMGS QUOTED IN WATTS RMS5 FOR EACM CABINET
FREQUENCY RESPONSE FULL RANGE 4 3HZ + 20K NI
b FC 12-100WATTS (100dB) PRICE €459.00 PER PAIR
IBIFC 12-200WATTS {100dB) PRICE £975.00 PER PAIR
SPECIALST CARRIER OEL. §12.50 PER PAIR
OPTIONAL STANDS PRICE PER PAIR £49.00
Deilvery £6.00 per palr

-

THREE SUPERB HIGH POWER
CAR STEREQ BOOSTER aMPLIFIERS
150 WATTS (¥s + 7s) Stereo, 150W
Bridged Mono
250 WATTS {125
Bridged Mono
400 WATTS (200 + 200) Slereo, 400W
Bridged Manc
ALL POWERS INTO 4 OHMS
Features:

# Jiereo, bridgable mono W Choice of
high & jow level {nputs W L & R level
mlruls * Flemnu on-0H W Speaksr &

iN-CAR STEREQ BOOSTER AMP

Lid i

125) Slereo, 250w

PRICES: 150W £49.99 250w £99.99
A00W £109,95 PAP £2.00 EACH

POBTAL CHARGES PER OADEA £1.00 MINIMUM. OFFICIAL

ORDERS FROM SCHOOLE, COLLEGES, GOVT, BOOIES, PLCe ETC.

PRICES INCLUSIVE OF VAT HALES COUNTER. VISA ANO
ACCESS ACCEFTEDBY POST, PHONE ORF AX.

I ANSMITTER BRY

BASS, SINGLE CONE, MIGN COMPLIANCE, ROLLED SURRDUND

B” SO0wati EPS-50 DUAL IMPEDEMCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.

RES. FREQ. 40Hz, FREQ. RESP, TO JXHZ SENS 97dB. PRICE £8.90 + £2.00 PAP

40" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-F), IN-C2R,

RAES. FREQ, 40HzZ, FREQ. RESP, TO $KHZ, SENS, 9948, PRICE £13.65 + £2.50 PP

10" 100WATY EBE10-100 BASS, HI-F, STUDIO.

RES. FAEQ. 35Hz, FREQ. RESP. TO 2KHz, SENS 9648,

12" 100WATY EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.

RES. FREQ. 26Mz, FREQ. RESP. TO 3 KMz, SENS 93dB. PRICE £42,12 + £3.50 PAP

FULL RANGE TWIN CONE, HIGN COMPLIANCE, ROLLED SURROUND

5%" 6OWATY EB5.-60TC {TWIN CONE}HI-FI, MULTI-ARRAY DISCO ETC.

RES. FREQ. 63Hz, FREQ. RESP, TO 20KHz, SENS 92dB,

4%:" AOWATT EB6-80TC (TWIN COME} HIF. MULTI-ARRAY DISCO ETC.

AES. FAEQ. 36Hz, FRED. RESP. TO 20KHz, SENS 54dB.

8" SOWATT EBE-60TC (TWIN CONE) HI-F|, MILTI-ARRAY DISCO ETC,

AES. FREQ. 4DHz. FAEQ. RESP. TO 18KH2, SENS BB, PRICE £12.09 + £1.50 PAP

10" 5OWATT EE10-60TC (TWIN CONE} H-FI, MULTI ARRAY DISCO ETC.

RES, FREQ, 15Hz, FREQ, RESP. TO 12KHz2, SENS Y848, PRICE £16.49 + £2.00 PiP
-

PRICE £30.39 + £3.50 PAP

PRICE C0.90 + £1.30 PAP

PRICE £10.99 + 1.50 PAP

PROVEN TRANSHMITYER DESIGNSINCLUDING GLASS FIBRE
PRINTED CIRCUIT 80ARD AND HIGH QUALITY COMPONENTS
COMPLETE WiTH CIRCUIT AND INSTRUCTIONS
3w TRANSMITTER #0-10BMMz YARICAP QONTRQLLED PROFESSIONAL
PEAFORWANGE, RANGE UP 10 J WILE S, SIZE 381 123 SUPPLY 12¥ § & SaMP
PRICE £14.85 « C1.00 P4 F
FM MICRD TRAKSMWTTER 100-100MM; YARICAP TUNED. COMPLETE WITH

YERY SENS FET MIC RANGE |N—mn. SI7E 56 1 ﬁmm SUPPLY §¥ BATTERY.

PHOTO: 3W FM TRANSMITTER

B.K. ELECTRONICS

UNITS 1 & 5 COMET WAY, SOUTHEND-DN-SEA,
ESSEX. 5582 BTR
l. 01702 - 527572 Fax: D1702-420243

Tel
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tis a sad fact of life that crime is on the increase,
in particular theft. The cycle alarm is an elegant
electronic solution that helps protect your cycle
from theft. This easily constructed alarm can also

protect other items that attract casual theft,
unattended suit-cases for example.

Worried about having your bike
stolen? Then Simon Brown’'s cycle

alarm may be the solution to your
worries.

The alarm works by recording the position of any item to
which it is attached and monitonng it for change. Should change
be detected, then a piezo sounder will omit an ear-plercing
sound. This principle was designed to protect cycles that are
often parked in various positions, from horizontal to vertical. The
position s recorded by the electronic alarm as the normal
position and then distinguished from any other posttion that
would indicate unwanted attention. This is achieved by the use
of four mercury tilt switches configured into what | believe to be
a unigue electronic solution to movement detection. The four tilt
switches are mounted at different angles so whatever position
the cycle is left, some switches will be closed and some will be
open, or ali the switches closed or all the switches open.

The state of gach individual switch is recorded in an electronic
memory circuit and then constantly monitored for a change of
state which wouid indicate that the cycle was receiving unwanted
attention. Any change of state in the switch pattern will result in
the alarm being sounded. In this way, the cycle could be parked
at any desired angle prior to setting the alarm and locking the
switch pattern into memory. Once the alarm has been set, any
change in the switch pattern will result in the alarm being
activated. Setting is achieved by a simple key switch operation
and a fiashing LED Indicates that the unit is armed.

Electronic circuitry

At the heart of the electronic system is an array of mercury
tiit switches. These consist of two contacts which are mounted
In a sealed tube along with a small quantity of mercury. If the
tube is held vertically, the mercury will run to the bottom and
bridge the gap between the contacts, thus completing an
electrical circuit. If the tube is inverted, or even laid horizontally,
the mercury will run away from the contacts and open the
electrical circuit.

To make the alarm sensitive, four of these switches were
used and mounted at different angles. No matter how the
bicycle is parked, either all the switches will be open circuit, all
closed circuit or a mixture of some open circuit and some
closed circuit. This pattern needs to be memarised when the
alarm is activated, and then monitored; should it change the
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alarm needs to be sounded.

The circuitry is constructed from CMOS logic. CMOS was
chosen because it works over a very wide range of supply
voltages and uses zero power when the signal inputs are not
changing and very little when they are, making it ideal for battery
operation. The four mercury tilt switches are connected between
the D input and ground of four D type latches (IC2). The D input
is also pulled up to Vee via a 648 resistor. In this way, if the switch
is closed, a logic 0 is presented to the D input and, if the Switch
is open, a logic 1 is presented to the D input. This logic state is
stored by the latch when commanded by the (clock) input.

This input is activated by a transition of a logic 0 changing
to a logic 1 (pulse). This pulse is generated at switch on by the
reset generator.

The reset generator is constructed from two logic gates - a
single capacitor and a resistor. When the alarm is switched on,
the capacitor is in a discharged state and soon charges via the
resistor {electrolytic capacitors are very poor at holding a
charge in the absence of power). The values shown take about
one second for the capagcitor to charge - the resulting
waveform ¢an best be described as a ramp. This ramp is
converted into a pulse and inverted by the first logic gale
(inverter) and further sharpened by the second logic gate and
inverted back to the same direction as the ramp only with
sharp edges. The CMOS inverters will ignore the ramp until it
reaches half the supply rail and then they will change state very
quickly. Thus, the reset command is generated about one
second after the alarm is switched on and the tit switch states
are then locked into the D latches.

The latched logic and the logic produced by the tilt switches
is then monitored for change in IC3 (magnitude comparator).
This chip has eight inputs arranged as four A inputs and four B
inputs. it can compare them and detect if they are equal or
not. The chip is designed to compare two four bit binary
numbers and indicate if A is greater than B, d B is greater than
A or if they are equal;, hence its name, magnitude comparator.
The A greater than B and B greater than A outputs are not
used in this design. The A=B output connects pin 3 A=B input
to A=B output when A=B. This should always be the state if
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the alarm has been set, the latches loaded with the swiich
pattern and the bicycle not moved. If the bicycle is moved,
then the switch pattern will change and not equal the pattern
latched in the D types. A wil not equal B on the magnitude
comparator and a logic 0 will be presented for our circuit
configuration i.e. pin 3 at Vee. This logic is inverted by the
Logic gate and will turn on the SCR which will sink current and
develop a potential difference across the sounder. This will
produce a high pitched 103 dB ( decibels) of sound.

The SCR was necessary so &s to latch the alarm. The
altemative would have been a switching transigtor, but this
would enable the alarm to be silenced if the cycle was moved
to such a position that the original switch pattern was restored.
Once the SCR is switched on by the logle, it will function as a
transistor and sound the atarm, but it will not switch off, no
matter what logic state Is présented to its gate, even if the
original switch pattern is restored. D1 is necessary to stop the
SCR from being activated when the alarm is switched on,
because the switch pattern is not latched until the reset pulse.
During this time, the D types are set to random states that may
or may not match the switches so the alarm would scund until
C1 charges and latches the switch pattern. D1 stops the input
to the SCR going to Logic 1 until the reset pulse has occurred.
This is because it conducts when the resst generator is
producing a logic 0, and therefore stops the SCR gate going to
logic 1, when the reset generator is producing a logic 1 (i.e.
after the latches have been loaded D1 is biased to open circuit).

Resistors

¢ R1 5600hms

® R2TORY 6K8 ohms

Capacitors

e C1 47Mid radial

electrolytic
{MAPLIN FFOB3)

e C2 10 Mfd radial

electrolytic
(MAPLIN FFO4E)

Semiconductors

e IC1 40106 HEX INVERTER
WITH SCHMITT INPUT
(MAPLIN Qwasu)

e IC2 40174 HEX D LATCH
{MAPLIN QW46U)

e IC3 4063 MAGNITUDE
COMPARATOR
{MAPLIN QwW41U)

® SCR CP106D
{MAPLIN UM74R]

® LED. FLASHING 3mm
{MAPLIN UK33L)

Miscellaneous

& SW1 toSW4 miniature tilt switches
{Maplin FE11N)
{Maplin HF23F}
{Maplin UM47R}

{Maplin FE44X)

& Battery clip to suit PP3-
& Piezo sounder
& Key switch

C2 delays this pulse because the D latches and the magnitude
comparator response is not instant. This is called propagation
delay and is verv small and is measured in nanoseconds

Construction

The ICs were installed using sockets but this is not necessary.
The switches are wire-mounted devices that can be bent into
their final position. It is important that all the positions are
different to get the best performance out of the alarm - some
experimenting with the final positions is inevitable. Any flux left
on the PCB atter soldering In the components should be
cleaned off with flux remover as CMOS logic works at very
high impedances and can easily be upset by any residue on
the PCB. The on/off switch was the key operated kind for
obvious reasons as the alarm would be less than useless if an
ordinary toggle switch was used, enabling the thief to disarm
the alarm

Battery life

This depends upon a number of things; in particular, how often
the alarm is sounded and the quality of battery used. If long
periods of duty are required, use an Alkaline battery. The battery
life can be extended by omitting the LED. Further battery
economies can also be made by increasing the value of the tiit
switch pullup resistors R2, R3,R4, and R7. Values approaching
100k should still provide a logic 1 when the tilt switch is open

Case

The case is down to individual choice. The prototype was
housed i transparent acrylic tube with a pair of suitable
engineered end caps. The unit was then fixed to the cycle with
tie wraps. But there are numerous other solutions.
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STEVENAGE

Professional Sub-Contract Manufacturing & Suppliers to the
Electronics industry

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

PCB Assembly (Conventional and  Product Design/Consuitation
Surface Mount) Full Procurement Service

Wave & Hand Soldering PCB Test & "Bum in" Facilities
Complete Equipment Enclosure Design & Manufacture
Manutacture PCB Artwork Manufacture
Device Progfamming from hand Circuits Drawn Professionalty
written shts or PC 3'(:" disc Kit Procuremant & Supply
Cable Hamess Assembly/foom Component Salds

Manufacture Refurbishment a speciality

Card Cage and Module Wiring Top Quality Work at Reasonable
Full Inspection Rates

Phone Angela on (01438) 360406 or fax details of your requirements to |
us on (01438) 352742
EQT LTD, Cromer House, Caxton way, STEVENAGE, HERTS, SG1 20F

ONMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX = 0131 667 2611

The supplier to use if you're looking for -
* A WIDE RANGE OF COMPONENTS AIMED AT
THE HOBBYIST »
* COMPETITIVE VAT INCLUSIVE PRICES «
* MAIL ORDER - generally by
RETURN OF POST «w
# FRIENDLY SERVICE *
* 1995/96 CATALOGUE NOW AVAILABLE

Open: Monday-Thursday 9.15-6,00
Friday 9.15-5.00 Saturday 9.30-5.00

Price £2.00 %
=N =
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Surplus alays

wanted for cash!

THE ORIGINAL SURPLUS WONDERLAND!

THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS
LOW COST PC's - ALL EXPANDABLE - ALL PC COMPATIBLE

SPECIAL BUY

AT 286

- ’
A0Mb HD + 3Mb Ram l'-"""'l.

LIMITED QUANTITY only of these 12Mhz HI GRADE 286 sysiems
Made in the USA (o an indusirial spacillcallon, the sysiem was
dasigned for rofal relabiity. The compact case housas the mother-
biard, PSU and EGA wideo card wih single 5%° 1.2 Mb foppy disk
drive & Integral 40Mb hard disk drive (o the lront, Real lime clock
with baltery backup 158 provided as standand Supplied in good used
condilion compiele with enhanced keyboard, 640k + ZMb AAM,
DOS 4,01 and 90 DAY Full Guarantee. Ready o Run i

)

5

PC SCOOP

COMPLETE

W
COLOUR SYSTEM

ONLY £95.00 hoeeoam

A massive bulk purchase enables us 10 bring you a COMPLETE
rosdg 1o run colour PC system at an unheard of pricel
The Display Electronics PCS9 szstem comprises of fufty com-
palible and sxpandable XT PC wih 256k ol AAM, 5%" 36Uk top-
gy disk dnve, 12° CGA eolour monitor, slandard 84 key key-

oard, MS DOS and all conneciing cables + just plug In and go
11 1dea! students, schools or anybody wishing to leam the world of
PC's on an ulira low budget Don't misg this cpportunity.

Fully guaranteed for 90 Da&s'aer P £99.00 €

Order as HIGRADE 86 ONLE Y £ 149 OO0
£29.00

calLk FOR QTY DisCouUN
Optional Fitted axtras: VG A graphics card
£24.95
£490.00

1.4Mb 3%" floppy disk drive (Instead af 1.2 Mb|
NE20C0 Ethemaet {i . thin or twistad) nelwork card
FLOPPY DISK DRIVES 3%"- 8"
5%" from £22.95 - 3%," from £24.95
Massive purchases of standard 5%" and 3%™ dnves enables us 1o
presen! pime product at industry beating low pricest All units {unless
slated) ate BRAND NEW or removed irom often brand new equip-
menl and are fully tested, aligned and shipped 1o you with a 90 day
guatantee and operate from standand voltages and are of standand
size All are IBM-PC compatible [f 3% suppored on your PC}.

3% Panasonie JU3E3/4 T20K or aquivalent £24.95(8
%" Milsubishl MF355C-L 1 4 Mey Lapiops only * €36.95(8
3A° Milaubishi MF355C-D 1.4 Meg Non laptop £29.95(8
S Teac FD-55GFR 1.2 Meg £29.95(8
5%° BRAND NEW Mitsublshl MFSO1B 360K £22.95(8
Cata cable invluded in price

Shugart 800/601 8' S5 relurbished & tested £195.00(E
Shugart B51 B" double sided relutbished & testad £250.00

Mitsubish] M2694-63 B* double sided NEW £275.00E
Mitsublshl M2696-63-02U 8" DS simine NEW £285.00

housed In a smart cage wih

Dual 8* dirzes with 2 mbyte capaci
£499,00{F)

buill in power supply. ideal as axterior drves!

HARD DISK DRIVES

End of line purchase scoopd Brand new NEC D2246 B* 5 Mbyte
of hard disk sioragel Full industry standard St4D interface. Ulira
hl speed dala ransler and access time, replaces Fujilsu equivalent

|3

maodel complele with manual. Only £299.00(E)
3% FUL FK-308-26 20mb MFM IiF RFE £59.9 Ci
31" CONNER CP 3024 20 mb IDE VF (or equiv JRFE £69.95{C
3%" CONNER CP3044 40mb IDE UF {or equiv. JAFE £89.00(C
3%" RODIME RQI057S 45mb SCSII/F (Mac & Acomn £99.00(C
5% MINFSCRIBE 3425 20mb MFM IfF (or equiv.) RF £49.95(C
5%" SEAGATE ST-238R 30 mb ALL I/F Refurb £69.95(C
5%° CDC 94205-51 40mb HH MFM )fF AFE lested £69.95(C
8" FUJTSU M2322K 160Mb SMO I/F RFE tested £195.00(E)

Hard dise controllers for MFM | I0E, SCSI, ALL aic. from £16.95

THE AMAZING TELEBOX

The TELEBQX consisis of an atractive fully cased mains powered
unit, containmg all elecironics ready 1o plug inle a hos! of videe moni
1ors made by makers such as MICADVITEC, ATARI, SANYOQ,
SONY, COMMODORE, PHILIPS, TATUNG, AMSTAAD sie. The
composile video outpul will alsocglug directly Into most video
recorders, skowing recaption of TV channels nol normally recelvable
on most telewsion recevers”® (TELEBOX MB). Push buflon controls
on 1he Irgn| panel allow reception of B fully luneable 'o¥ alr' UHF
colour television channels TELEBOX MB covers wirtually all tesew-
slon trequencies VHF and UHF Including the HYPERBAND as
used by mosi cabls T¥ operalors. A composite wdeo outpul is
localed on the rear panet ko direc) connaction 1o Most makes of
montor of deskiop video Sysiems. For complete compalibility - even

for monnors wighout sound - an injegral 4 watt audi amplfier and
low tevel HI Fl audio outpul are prowsded as standard,

TELEBQXK ST for compashe video inpul type monitors £34.95
TELEBOX STL as ST bui whh inlegral speaker £37.50

TELEBOX MB Muliiband VHF-UHF -Cable- Hyperband tuner £69.95
For gverseas PAL verslons siale 5.5 or 6mhz sound specitication,
"For cable ! hyperband recephion Telebox MB sheuld be cornected

16 cabie lype sarvice. Shipoing cods on all Taleboxes Is (B)
FANS & BLOWERS

MITSUBISHI MMF-DED12DL 60 x 25 mm t2v DC £4.95 10/ £42
MITSUBISHI MMF-09B12DH 92 8 25 mm 12v DC £5.95 10/ £53
PANCAKE 12-3.592 x 18 mm 12v DC E7.95 10/ €59
EX-EQUIP 120 x 38mm AC tans - lesied speeity 110 or 240 v £6.95
EX-EQUIP 80 8 38mm AC tans - tested specily 110 or 240v  £5.95
YERO rack moun! 1 x 19° fan may specify 110 or 240v £45.95 g
IMHOF B26 1900 rack mn 3U x 19° Biower 110/240v NEW E£79.95

Shipping on all tans (A}, Blowers (B). 50,000 Fans Ex Sfock CALL
IC's -TRANSISTORS - DIODES
OBSOLETE - SHOAT SUPPLY - BULK

5,000,000 items EX STOCK

For ATAJOR SAVINGS - SAE or CALL FOR LATEST LIST

Issue 13 of Display News now available - send large SAE - PACKED with bargains!

Opilonal Fitted exiras: 640k AAM

Surplus always
wanted for cash!

19" RACK CABINETS

Superb quality 6 foot 40U
Virtually New, Ultra Smart

Less than Half Price!
Top qualhz 13* rack cabingls made in UK by
Opilima Enclosuraa Ltd, Units teature
designer, smohed actylic lockable frent doot,
full helgh! lockable half louvered back deor
and remgvable sxe panels, Fully adjustable
intemal fixing struts, ready punched for any
configuration ol equlpmeni mounting plus
ready mounted imegral 12 way 13 amp socket
swilchad mains distribution strip make these
racks some of the masi versatile we have
ever sold. Racks may be siacked side by side and Iherefore requlie
only two side panels lo s1and singly of i bays
Ovarall dmensions amy: 77%" W x 32'%%" O x 22" W. Order as:
OPT Aack 1 Complela with removable side panels. £335,00 {G)
OPT Rack 2 Rack, Less side panels £225.00 (G)

FIELEEPITRITIIIONT 4
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2nd lloppy drive, specily 5%" 360k or 3% 720k
Above pricas lor PC99 offer ONLY.

[ 32U - High Quality - All steel cabinet ]

VIDEO MONITOR SPECIALS

One of the highest specification

)‘ monitors you will ever see - A
At this price - Don’t miss it!l

Mitsubjahl FAJMISETKL 14° SYGA Multlayne monnor with fina
$.2B dot pitch Jube and guaranieed resaluton of 1024 x 768 A
o varialy of Inputs allows connection 1o a hosi of
computers includng IBM PC's in CGA, EGA VGA &
| SVGA modes, BBC, COMMDDORE (including
i Amiga 1200), ARCHIMEDES ang APPLE. Ma
fealures Efched facepate, lext swiching and Low
EXCE FMS!TATION MPH specification. Full 90 day warranty.
Supphed in LLENT Imie used condifion. _
Orer as Ms-svga  ONly £139
Tt & Swivel Base E£B.00 Leads tor IBM PC £8.95 (A}
External Cabies for other computers £ CALL

PHILIPS HCS35 (same styla as CMBBJ33) attractively styted 14°
colour monftar with both AGB and standard compesite 15.625
Khz video Inputs via SCART sockat and separate phono jacks
Imagral audio power amp and speakef for all sudlo visusl uses.
Wil conrect duect 1o Amiga and Atarl BBC cemputers Ideal for
all monhoring { securlly apphcalions with direcl connection o
mos! colour camaras. High %uahty wilh many leatures such as from
concealed flap controls, VCR cotraction button ele. Good used

congdhion - tully 1esied with a 30 day guarantee
1ot x MI2K- x 15580 0. 0n|¥ﬂ£99

Dimensions:

Special Gfter save £16.95 - Order TELEBOX 5T &
HCS35 together - giving you a quality colour TV & AV
system for Only £122.50 (E)

KME 10° high definfion cofour mondors. Nice tight 0.28° dot pitch
tor suparb ¢la:y and modem styling., Operates from —
any 15.625 khz syne RGH video source, wah RGB .
apalog and composite syne such as- Alarl,
Cammodore Amlga, Acoin Archimedes & BBC.

Measures only 13%" x 12° 2 11°. Only £125 (E}

Good used condinon. 90 daEauaranme_

KME 10° as sbove for PC EGA standard £145.00 (E)

PHILIPS HCS31 Ufira compact 9° colour video monitor with stan-
dard composlie 15.825 Khx vidao input vla SCART sockel, Ideal
lar all monitoring / securly applcalions. High quallty, ex-aquipment
tully tested with a 3 day guarantee (possible Tinor scioen burns),
In athaciive square biack plasiic case measuring W10° x H10" &
13%* D. Mains powered  Limited Quantity - Only £79.00 (D)

20" 22" and 26" AV SPECIALS

Superbiy made UK manulaciure. PIL all scid stale colour monnors,
complatg with composia video & optional sound INputs. Attractive
todk style case. Perfec! lof Schools, Shops, Disce, Clubs. ewcIn
EXCELLENT Ittle used condion with full 90 day guarantea.

22".,.£155 25"..£185m
DC POWER SUPPLIES

Virtually every type of power

s:.bpply you can imagine.Over
10,000 Power Supplies Ex Stock
Cajll ftor Info / list.

SPECIAL INTEREST

Z2a's 3220-05 AQ 4 pan HPGL RS232 fas! drum plottar

20"...£135

£1950

M VOA - Yideo Dhsinbution Amps. 10 32 oul £3a75
Trio 0-18 vdc bench PSU. 30 amps New £470
Fujiisuy M3041 600 LPM Dand printer £1950
VG Elactronies 1035 TELETEXT Decoding Margis Meter  £3750

Andrews LARGE 3 1 m Sateline Dish + mount (For Yoyege:'] £950
RAED TOP (A Heal sesking missie {nol ammed i) POA

KNS EMC 7 Ling Interlerence 1esier NEW £1200
Thurlby LA 1608 jogic analyser £375
INTEL SBC 486/1335E Mulibus 486 system BMb Ram £1200
GEC 1.5kw 115y 60hz pows! source €650
Brush 2Kw 400 Hz 3 phase fruquency converer €850
Anton Plitar 75 kW 400 Hz 3 phase Irequency converiar POA
Newton Darby 70 KW 400 Hz 3 phase iequency converter  POA
COMPONEDEX T1000 Portable TELEX 1esier NEW g£250
Sakonlc SD 150H 18 channel digital Hybnd chan recorder  £1285
HP 75804 A1 & pan MPGL high speed drum plotier 1850
Coamputar MCA1613APC 16mm aulo irls lenses ‘C' mount €125
Seaward PAT 2000 dual vonage computersed PAT iaster  £585
Densel MUD 0185AH 1KVa UPS sysiem with Dalls NEW £575

NO BREAK UNINTERRUPTIBLE PSUI'S

Made by Eurocraft Enclosures Lid 10 the highes! passible spec,
rack teaturgs all steal consiruciion with re movable

side, o and back doors. Fronl and back doors ate

hingec for essy access and all are lockable wih
fevg sacura 5 lever barrel locks. The fronl doar :
ls gonstrucied of double walled steel with a
‘dasignar style’ amoked aciylic front panel to
enatia stalus indicalors 1o bé seen through the
psnel yel remain unobtiusive. Intemally 1he rack |
paluras full siotted rewniorced vertical fizing mem- |
bers wo take the heaviest of 19" rack equip-
mant The twe movable vertical flxing struls |
{extras available) are pre punched for standard (&
‘cagerits’, A mains disiribution panel internal- |
ty mounted to the botlom raar, provides 8 1EC 3 |
pimn Euro sockets and 1 % 13 amp 3 pin switchad S
ullllly sockal., Overall venliiation Is piowaed by %
tuily louvered back doar and double skinned 10p section
with 10p and si«de loyvres. The top pana) may be removed lor filing
ol Inragral tans 10 the sub plate etc. Other teatures include: fitied
castors and ligor levelers, prepunched ulity panel al lower rear for
cable [ corneclor access otc. Supphed in excelent, shightly used
congition with keys. Colour Royal blue. Extemal dimensions 84" H x
25" D x23%™ W

Sold at LESS than a third of makers price If

A superb buy at only £1 9500 (G}

Owver 1000 racks in all sizes 19" 22" & 24"
Ato 44 U. Available from stock !!
Call with your requirements.

TOUCH SCREEN SYSTEM

The ulimate in 'Touch Screen Technolcgy' made by the experts -
MieraTouch - bul soid &t a price below cost Il System consisls al
a fial Iransiucent glass laminated panel measuring 29.5% x 23.5 cm
connected to a PCB with on board scphisticaled electronics. From
1he tmard comas a standard serlsl AS232 or TTL oulpwt The cut-
put eantinuously ghwes simple senal dala conlaining postional X & Y
co-omimalas as to where a finger s touching the panel - as the fin-
ger mowves, |he data instantly changes. The X & ¥ lnformaton is
given at an Incredible matrilt resclution of 1024 x 1024 positions
aver #he screen size I So, no position, however small falls detec-
hon. A host of aveilable Iransiation sofrware énables dwec con:
nechon 1o a PC lor a myilad ol appkcations iheluding  antrol pan-
ols, ponting devices, POS syslems, controllers for the disabled or
compuler undramed efc etc Imagine using your finger In "Windows'
instead of 3 mouse !l {3 drver 13 indeed available 1} The appiice-
tions for this amazing product are onfy fimited by Your Imagina-
tion!! Supphed as a tomplete system including Controller, Power
Supply and Data al an ncredible price of only £145— OD

AFE. Full Software Suppor Availatie = Fully Gusrsntesr - L]
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LOW COST RAM & CPU'S

INTEL 'ABOVE' Memory Expansion Bosrd. Full length PC-XT
and PC-AT compalible card with 2 Mbytes o memory on board.
Carg is fully selaciable for Expanded or Extended (286 procassor
and abava) memory. Fuil data end drivaer disk supplled. In good
used aandmion fully tested and guaranteed.
Wintows compatibie Qroer as; ABOVE CARD  £59.95(a1)
Huaif length 8 bit memory upgrada cards for PC AT XT expands
meamaory eliber 256k or 512k in 64k steps. May also be used lo ik
In RAM above 640k DOS mit Complete wilth dala.

Orger as: XT RAM UG. 256 k. £32.95 0r 512k £38.95 {a1)

SiMM
1MB 29 SIMM 8 chip120ns onl

£19.50 (A1
1 M8 x9 SIMM 3 chip B0 ns 3.50 70ns £26.00 (a1
1M8x0 SIMMBehipBOns E22.50 70ns £28.00 (a1
4 M8 70ns 72 pin SIMM module only 125.00 (A1
SPECIAL NTEL 485-DX33 CPU £79.99 (A1)

EMERSON ACCUCARD UPS, brand new 8 Bit hall lengith PC
compatile card for al (BM XT/aT compatibles, Card piovides DC
power to 8l Intemal sysiem componants in the avent of power Sup+
gly falure The Accusaver soltware provided uses only Bk ol base
AWl and automatically copies all syslem, expanded ang video
memory 10 the hard disk inthe event of koss of power, When power
is saurned the maching Is relurned to the exacl stalus when the
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load with an inductive content, e.g. the aforementioned tumble
dryer, or a washing machine.

An added benefit is that the three controlling pushbutions
are also isolated from the mains, operating at low voltage (1 2v).
An advantage is to allow ancther use in a kitchen where, for
example, a dishwasher or washing machine is installed next to
the sink. The IEE Reguiations state that it must be impossible
to both have a hand in the sink area and on a socket outlet at
the same time. The isolator unit could be mounted under the
sink with the ring main outlet and a remote control box or panel
with the pushbuttons and optional countdown LEDs mounted
in any convenient position.

Continuing the theme of isalation, in the quiescent state the
transformer primary is double-pole isolated from the maing by a
relay. An alkaline battery is used to provide power for the “ON"
pushbutton and the relay coil while the transformer is isolated,
thereby allowing the timing cycle to be initiated. However, a
double-pole mains-rated (override) pushbutton can also be
provided on the main unit to short circuit the isolator, thereby
starting the timer if necessary without the battery.

This article shows the timed isolator made up as two units,
the main unit and the remote control. There is no reason why
these cannot be combined; the LLEDs are optional as are the
“Reset” and “Off" controls.

Delay is set by a DIL switch on the PCH, in muitiples of 15
minutes or 30 minutes depending on the wiring of the PCB,
giving maximum delays of 4 or 8 hours. The delay period is
determined by counting mains cycles and is therefore quite
accurate and predictable, helping to eliminate the risk of power

Esssssssssasnsnnsnssssannssrnns

being removed until, for example, the washing machine has
completed its cycle.

Changing the delay time means opening the case and
changing the DIL switch setting to a calculated value or
consulting a reference table (given later). This feature is quite
deliberate and improves the tamperproof qualities of the
system. However, there is no reason why four small toggle
switches or similar ¢ould not be used, if desired.

The project also presents an opportunity to provide MCB
{Miniature Circuit Breaker) or better still RCD {Residual Current
Device) protection to the appliance, more on which later.

How It Works

In the quiescent state, relay coritacts RLAI isolate the mains
transformer and the load from the supply. Pressing pushbution
PB2 connects battery Bl to the relay coil via D5. The relay
contacts then energise T1 and the load. D5 is included to
prevent reverse current through B1, a potentially explosive
situation in the case of an alkaline battery.

C4 and R13 provide a reset pulse to IC2 and ICS, and a
preset enable pulse to IC4 to load data from SW1. Mains
waveform pulses are fed to TR via potential divider R1, B2 and
diode D2. TRl is wired as a collector follower with R3, forming a
high gain amplifier. The effect is to limit both polarity and
amplitude to within the bounds of the power supply. 1C1, CI,
and G2 form a 12v regulated supply.

Putses from TR1 of either 50Hz or 100Hz are counted by
IC2. The 100Hz frequency is produced by BR1 full wave
rectifying the 50Hz sinewave from T1. On reaching a count of
10000, IC2 is reset by the AND-gate network
built around IC3. Diode OR-gate D8, D7, R6 is
necessary as the reset pin is shared by the “on-

s | o

EARTH TO BOX
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reset” configuration C4, R13.

This reset putse on 10000 is aiso fed to 1C4
which is wired as a down counter. IC4 therefore
counts down on every 10000 pulses from TR1
until reaching zero, having been preset to “n”
(set by SWH) on power-up. At this point RE, C3,

993
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@(CATHODES:
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Above: Component overlay LED display
board

Left: Main unit internal unit with optional
contractor
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R7, D9 produces a pulse from the "CARRY-OUT" pin of IC4,
presetting IC4 to repeat the cycle and clocking IC5. In this way
IC4 is connected as a modulo-n divider depending on the
binary number set up on SWi1.

IC5 counts from 0 to 9; outputs O to 8 are connected to an
LED moving-dot display formed from LED1 to LED 9. ¥hen
the “@” output goes high, it takes the clock inhibit pin of IC5
high to prevert further counting. TR2 has been kept turned
hard on by the path to ground via R5 and IC5. When IC5 pin
11 goes high at the count of “9", TR2 turns off, releasing the
relay contacts. Power is therefore withdrawn from the circuit.
As smoothing capacitors C1 and C5 discharge, the fact that
the clock inhibit pin of IC5 is kept high by the "9" output as the
supply voltage falls helps prevent any nulsance retriggering of
the circuit.

At any time during the counting cycle, pressing PB3 pulls
the reset/preset line high by shorting C4. The count on all
chips therefore starts again and a new timing cycle is initiated.
Pressing PB1 interrupts the ground path from TR2's base via
R5, ending clrcuit operation immediately. R4 Is included to stop
TR2's base floating.

TR2 is a small signal, high gain transistor which would not
normally be used to switch such a large load as RLAT.
Howenver, it is always hard on or completely off, and therefore
power disslpation is minimised. D1, D4, and D5 are specified
as 1N4001 where the current requirement is approaching the
75mA maximum of the 1N4148.

B1 should last quite some time as only a bnef pulse is
required on each occasion the unit is activated. An alkaline
battery is recommended as they tend to be leak-resistant
and capable of maintaining p.d. and current capability
for some years.

Output devices
The relay used in the prototypes were from Maplin, who state
the contacts are rated at 5A resistive. Some of this capability 1$
used by 71, a very small although inductive load. A 5A limit
would restrict use of this project to small loads, e.g. my
computer printer which | have a habit of leaving switched on. A
number of the electrical accessory manufacturers have made
available iarger relays (contactors) designed to fit into modern
consumer units. They are available from specialist electrical
outiets and electricat wholesalers, and are made by such
names as MK, Merlin Gerin, Hager, Crabtree, etc. This type
tends to be DIN.rgil mounting, and so to use them you need to
obtain some DIN rail. RS/Electromail can supply, but it might
be worth asking your source of contactor if they can supply the
rail as well, if only to save the postaget Alternatively, some
contactors made for industrial use are screw mounting. but tend
to be rather larger and more expensive. The prototype used the
DiN-rail mount Hager E220 which, with a 20A rating, is perfect
for controling large appliances. Figure 2 shows the six
connections to the Hager device, looking at the front of the unit.

Industrial contactors may provide more facilities which may
be of use under special circumstances. For exampilg, normally
closed contacts would mean the timer could interrupt supply
for a given period of ime. This could be achieved using the
spare Normally Closed contacts on RLA1, but would mean
the contactor coil remaining energised for most of the tme.
Auxiliary contact blocks can often also be fitted in
combinations of Normally Open (N.O.) and Normaity
Closed (N.C.).

If you use DIN-rait, you have the opportunity to include a
Minature Circuit Breaker (MCB), which is effectively a very fast

DR..c3 v d
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Component layout for main PCB

e —

overcurrent protection device. The 5316s (168A), 59103 (10A),
or even 5906s (6A) could be included here depending on your
application.

Alternatively, you could install a Residual Current Device
(RCD), which monitors current flow in both Live and Neutral
supply lines. A difference (@ RESIDUAL of (Live Current
Neutral Current)) indicates a current to earth, the only other
path available. A fauit condition is likely to exist under these
circumstances, and therefore the RCD will trip, isclating the
supply. There are various types, some combining over-current
with residual current protection, often known as an "RCBO"
These only break the live side of the supply, and therefore do
not provide full isolation. A double-pole type, with a sensitivity
of 30mA or better still, 10mA, Is recommended. Examples are
the Mk 6318s and Mk 5718s. My preference for double-pole
isolation 15 based upen the possibility that Live and Neutral
connections can be reversed. This could be due to an error by
the constructor or whoever installed the house wiring. How
many of us have chacked?

You are recommended to consult a qualified electrician if
you have the slightest doubt.

Construction

There are two PCBs which are very straightforward to
construct, following the usual rules of orientation, etc. | tend to
use PCB connectors (as listed in the Parts List) as they make
for a very neat job and easy removal of the PCB if necessary.
However, when constructing the remote PCB, P, P2, and P3
are best connected to pushbutions directly with flexible wire
due to lack of space.

Remember that D1, D4, D5, BR1 and RLA1 require larger
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hotes than most components, as do all of the PCB connectors.
It 1s much easier to drill out an “empty” PCB.

Start by soldering the IC sockets in place, followed by
resistors, capacitors (except C1), connectors and then
semiconductors. Fit C1 and RLAI last as they make the board
unwieldy if installed at an early stage.

Don’t forget the link from R1 to either T1 or BR1 depending
on your chosen clock frequency/time delay. There is only one
other link in the project, connecting to the “south” side of R3.

Beware of P4 and P11, although they connect together the
order of connections is mirror image.

If you mount the remote PCB in a separate enclosure, use a
six-pin DIN plug and socket with some six-core “signal” cable
to make the interconnection. The following table is based upon
the colours in the Maplin cable as per the components list.
References for P4 and P11 are counting from 1 to 6, starting
from the top.

The DIN socket is not numbered at the back. Pin 6 is the
centre pin. if you look at the socket with the chassis connection
nearest, count anticlockwise from bottom right as pin 1.

The project can be used in a number of different ways so
the choice of case and final layout will depend on the intended
use. | have not included a fuse (other than FI to protect T1 and
RLA1) as it is anticipated that the unit will be connected to the
mains supply via a fused plug. ff this is not the case, you must
include a fuse to suit the total load at the mains input. My
layout is shown in Figure 5, and allows for the opticnai
contactor.

if you follow my example and purchase a 9 x 6 x 3 black
enamel “Adaptable Box” for the main unit from an electrical
wholesaler you will find you have a box of remarkable quality
for a relatively small outlay. Prices vary, so shop around. The
size | have used is the smallest that is reafistically suitable but it
is not the most common, you will more easily get 9 x 9x 3 or
12 x 12 x 3. Note that a larger case will be required if adding
MCB or RCD protection as described earlier. The boxes are
steel and highly suitable for mounting in the back of
cupboards, under workbenches etc. | mounted all of the

Table 1
References for P4 and P11

Signal Cclour P11 _B-pin DIN P4

Ov Black 8 Pin 6 {centre} 1

Start Biue 5 Pin 1 2

out Green 4 P2 3 |
| Clock  White 3 Pin3 iy '

Reset Yelow 2 Pin 4 5

+ve Red 1 Pin 5 6

electronics on the reverse of the lid, bringing only the incoming
supply through the box itself. This makes it easier to mount the
box on a wall, but please remember to earth the box and lid.
Another advantage of this method is that it is a lot easier to
assemble the project and inter-wire on a fairly flat steel sheet
than in a box 3" deep!

The range of adaptable boxes come in galvanised or black
enamel finishes, the lalter being cheaper. They are also
available “"plain” or "knockouts”™. | use the knockout type as
they have 20mm holes available all round, and are the same
price. When buying your box ask for a Pirelli 251 cable gland,
or an equivatent “stuffing gland”, and make sure you get a
locknut or lockring for it. You can then press out one of the
knockouts using a blunt tool in the centre of the knockout and
a hammer, install your gland through it, and secure your
incoming flex cable very neatly.

The remote unit, «f built in the spacified case, is an exercise
in small, neat construction! The PCB as been designed to just
fit. With the height of the LED’s there is no need to secure the
board in the case. There are knockouts in the side of the case
where the lid can trap the cable once fitted. Two holes are
provided in the base for screw fixing, but remember to stick
some insulating tape or other materlal over the screw heads to
prevent a short circuit with the bottom of the PCB. You will

Table 2
100Hz clock (dotted link on Overlay)

| DIL Switch Setting Total Delay LED count every
 Minutes (Hrs:Min) . Seconds — (Min:Sec) . r —_

0 (0000) 15 (0:15) 100 (1:40)

1 (0001) 30 030 T 200 (3:20)
| 2 (0010) i e (0:45) 300 (5%00) i
" 3(0011) 60 (1:00) 400 (6:40) !

4 (0100) 75 {1:15) 500 (8:20)

5{0101) 90 (1:30) 600 (10:00)
| 6(0110) 105 (1:45) 700 (11:40)
71T 120 2:00) 800 (13:20) |

8 (1000) 135 {2:15) 900 (15:00) I
9(1001) 150 T RS 1000 (16:40) 1
[ 10 1010) 166 12:45) 1100 (18:20)
11011 180 (3:00) 1200 120:00) :
12 (1100) 195 (3:15) 1300 (21:40) 1

13 (1101) 210 3:30) 1400 {23:20)

14 (1110) 225 (3:45) 1500 (25:00) 1
T15(1119) 240 (4:00) 1600 (26:40) ‘

=" S— = e - — _ i L =l |
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Table 3

50Hz clock {solid link on Overlay}

DIL Switch Setting  Total Delay LED count every
Minutes {Hrs:Min) Seconds (Min:Sec}
0 {0000} & 30 (0:30) 200 (3:20)
il (0001} 60 (1:00) 400  (6:40)
2k ~ {0010) 90 (1:30) 600 (10:00)
4 011 120 (2:00) 800 (13:20)
. gk T o100 150 (2:30) 1000 T 64
[ 5 (0101) 180 (3:00) 1200 (20:00)
6 (0110) 210 @:30) 1400 (23:20)
|7 (0111) 240 {4:00} 1600 (26:40)
8 (1000) 270 {4:30) 1800 (30:00)
9 1001) 300 (5:00) 2000 @3:200 |
© o (1010) 330 (5730) 2200 (36:40)
1 (toin) 360 (6:00) 2400 {40:00)
12 (1100) 390 (6 30) 2600 (43:20)
13 ) 420 (7 00) 2800 (46:40)
14 (1110) 450 (7 30) 3000 (50:00)
[ 15 111) 480 (8 00) 3200 {53:20)

need to bend the connections to the pushbuttons at right
angles to the body to make them fit. The location of the
controls on the lid is only critical in as much as taking care not
10 foul components on the PCB. Figure 4 provides a scale
template for the relative position of holes for the prototypes.
Take a photocopy if you want 10 avoid damaging this
magazine, but piease check it matches with your PCB, etc,
before using it! it should be possible to replace the “on* and
“reset” pushbuttons with a subminiature toggie switch, DPDT,
centre off, momentary action. | have not tested this idea but it
would save space.

Pressing the START button PB2 will close the relay
contacts, energising the load or contactor if used. The first
LLED will light {About the 11 o'clock position with the remote

-U Resistors
> 2 RI 220K {A220K)
m 2 R26,7,8,9,
wamaef] 10,11,12,13 100K {A100K)
m ® R3 1K8 (A1K8)
® R4 47K {A4TK)
|—‘ ® RS 10K {A10K)
E ® R14 1KO (A1KO)
| Capacitors
oG 1000u 35v Electrolytic
{FF18L))
® C2 10n Disc Ceramic
(WXTTJ)
® C34 10u 50v Electrolytic
(FFO4E}:

board upright). The LEDs will count antictockwise, at the end of
the count the unit and load will turn off.

Setting the delay depends on the clock frequency chosen at
time of construction and the number set on DIL switch SW1
The table below gives the various combinations.

Pressing PBI at any time will turn the load and the unit off
prematurely. Pressling PB3 resets the count for a fresh time
delay without interrupting the supply to the appliance.

Note that if you tum the unit off with PBI and wish to turn it
on again almost immediatety, press PB3 (Reset) and then PB2
(Start) as C3 and C5 take 30 seconds or so 1o discharge.

My cat now sleeps soundly in the knowiledge he will not
wake 10 see the world revolving at an alarming rate on what
appears {0 be-a very warm day

il 1
!ﬁ @ C5 220u 35v Electrolytic
> (JL22Y}) |
]
E Semiconductors
m e Ic1 78L12ACZ Voltage Regulator i
WwWQ77Jd)
F @ C2 4020 14 stage binary counte
it |
m {QX11M) |
o IC3 4081 Quad 2-Input AND-gat
e | {QW4BC)
® IC4 4516 Binary Presettable
Counter (QWB7U}
@ Cs 4017 Decoded Decade Counter
{QX09K)
o TR1 BC10SC NPN Blpolar Transistor
{QB33L)
e TR2 BC179 PNP Bipolar Transistor
{QB54L)
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o D145 1N4001 Rectifier Diode
{QL73Q)
® D2,36,7,89 1N4148 Signal Diode
(QLBOB)
& BR1 WOOS Bridge Rectifier
{QL37s)
e LED1-9 Red 5mm LED
{WL27E/AQ12N)
Miscellaneous
e T 6v=-0-6v or 0-12v 100mA Sec
{WBODA)
0-240v Pri Malns Transformer
& RLA1 12v 200 ohm coll
240v 5A DPDT Relay
(YX38G)
¢ PB1 Push to break pushbutton
{FHE0Q)
& PB23 Push to make pushbutton
(FH59P)
e BI Alkaline “PP3" (ZB52G)
® SwW1 4 way SPST DIL switch
(JHOB1)
e CM Hager E220 Contactor
{Optional)
16 pin DIL sockets x 3
(BL19v)
14 pin DIL socket x t
{BL138U)
® P4, P11 6way PCB Connectors as
Mapiin BHESV/YW12N/YW25C
¢ PS5 3 way PCB Connector as
Maplin BX97F/BX96E/YW25C
®: P6,P7 3 way Mains Connectors as
Maplin JY95D
@& P8,P9 2 way Mains Connectors as
Maplin JYS3B
® P10 2 way PCB Connector as
Maplin HB59P/RK65V/YW25C
e FI Panel Mounted fuseholder
(DAS9P) & suitable fuse
{up to 5A) - see text. .
® Insulated L |
Spacers, 20mm. (FS38R)
® 35mm “Top Hat” DIN rail {see text).
® MK 2757WHI single 13A socket or eguivalent
(note the unswitched type also suitable), |
MK2200 mounting frame.
® 6 pin DIN chassis socket {HH36P) ‘
@ & pin DIN plug. {HH29G)
® 6 Core cable. XS54.)) |
® 3 Core Mains Flex (XR10L)
13A Piug
#® Cable Gland (see text)
® PP3 connector (HF28F)
® Boattery Hoider 9" x6 “x 3"
# adaptable box
[see text) for main unit.
# Maplin case Box 321 (FK3iQ)
@& Cable Ties, Nuts, Bolts, etc.
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Hameg
IOMHL
Oscillo-
scope

The new winter ’95/96 edition has 280
pages packed with over 4000 products.

P New editions to our computer section
further extending our range of PC components and
accessories at unbeatable prices

D Free competition with a chance of winning a
Hameg 30MHz oscilloscope

® 100's of new products including;
Books, Component Packs, Connectors,
Switches, Test Equipment and Tools.

# New range of oscilloscopes from Hameg and extended
range of mohile phone batteries and accessories

P Latest PIC Microcontroller IC’s and programmer

P New 70cms mobile transceiver for the novice radio
amateur enthusiast

B> 280 pages, 26 sections and over 4000 products from
some of the worlds finest suppliers

% Available at most newsagents or direct from Cirkit
2 Out 26th October 1995
P> Send for your copy today!

Cirkit _yx =

Cirkit Distribution Ltd

Park Lane - Broxbourne - Hertfordshire . EN10 7NG
Telephone: 01992 448899 - Fax: 01992 471314
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cvc Chelmer Valve Compan

We offer below a selection of our CVC PREMIUM range of audio valves. These C*/C BRAND valves are
from selected world wide sources, processed in our special facility to provide low
noise/hum/microphony PRE-AMP valves and POWER VALVES burnt-in for improved stability and
reliability. Use this sheet as your order form. If you require matched pairs, quads or octects etc. Please

allow £1,00 extra per valve for this service and mark alongside the valve type number 'M2, M4, M8' etc
as required.

| UNIT PRICE | QTY. | TOTAL PRICE |UNIT PRICE | QTY.| TOTAL PRICE
PRE-AMP VALVES ] RECTIFIERS

ECCBI/12AT7WA 5.00 EZ80

ECCB2/12ZAUTWA 4.50 EZK1

ECC83/12AXTWA 5.00 GZ32 7.00
ECCB5 | 500 — gz 7.00
ECCB8 4.00 GZ34 6.00
ECF82 5.00 GZ37 6.00
ECL82 | 5.00 SU4G 5.00
ECL86 | 5.00 SV4GT 400
EF86 | 4.50 5Y3GT 3.50
EBOF (GOLD PIN) 9.00 | 5ZAGT 3.50

EBICC (GOLDPIN) | 620
t SOCKETS
1

S B T O N e e o

E82CC (GOLD PIN) !
ER3CC (GOLD PIN) 620 | [BIA e o e By } 1.60
EB8CC (GOLD PIN 7.20 | FB9A Gold Pltd (S1ete Chasals o PTBY 3.00
6EU7 6.0 | [ OCTAL o comarrcsy | 1.80
6SLTGT | [OCTAL Gold Pt some e 4.20
95N7GT 4.50 i i 4 PIN groe 243. 3008 e1c} 3.30
6922 5 00 i 4 PIN JUMBO (FOR 211. v £1.00
7025

, 4 PIN JUMBO o 3t2s | 15.00
— e 5 PIN (Fe 2rm [ 300
EL34i6CAT 7.50

|
|
1
1
1
| 1[7 PIN arecnicm 4.50
EL34 (Large Dia) |_ 8.50
{
]

Screening Can (o ECCEY i) 2.00
EL34/6BOS

|
4.00 | Anode Connecter o 307
ER4L/718¢ 5.50 | Anode Connecter oo Mat9.ac) 1.60
7; Lt J Retainer g sLEWGE eic) J 2.00
K177

9.2 i
12.00 I . - q MATCEING CHARGES

K188 12.50 POST & PACKING (UX) 2
KT28 (Goid Spec 19.80 i TOTALEXC. VAT
2A3 (Staie 4 Pin or Ocialj 14.50 ) VAT @1712% (UK & EEC)

22.00 ] TOTAL TO PAY = —

50.50 |
27.00 | __] Please make CHEQUES payable to
6.50 'CHELMER VALVE COMPANY or pay bty
8.00 ACCESS/MASTER CARD/VISA, give detils
5.00 | T T T | T
12.00
10.20
46.00
11.00
13.50
13.50
11.00
8.00
10.50
34.00
30.00
TOTAL CARRIED FORWARD

Valve amplifiers sound better still with CVC PREMIUM valves!

1—H-'r-l' -

e | =

Signature Exyiry Date
| Name

| Address

f — e b = = =

Post Code

130 New London Road, Chelmsford, Essex CM2 ORG, England. Telephone 01245 355295/265865 or FAX. 01245 49006




The developer of this unique
project, Robin Abbott, looks at
some other versions of the ETI PIC
based controller module. These
offer the user a range of additional
options which make them ideal for
specific applications

his month we will look at the versions of PIC

Controller BASIC which operate on the 16C5x

senes of processors. In the original article, it was

stated that there would be a version of PIC

Controller BASIC which would operate on the
16C56. However, it has very litle RAM and the extra program
requirements of the paged memory system used on the 16C5x
series meant that the version which was eventually produced
was too limited in capability for seripus use.

The 16C57 and 16C58 processors, however, have the
advantage of 70 bytes of RAM each and 2K of EPROM. This
means that versions of PIC Controller BASIC for these
processors allow extensions 1o the BASIC language which are
described in this article. The 16C57 is provided in a 28~pin
package which supports three /O ports and so, for the BASIC
application {which uses 4 bits of port A), there are 16 /O pins
and one input for the real time counter. The 16C58 is provided in
an 18-pin package, and uses the same circuit and board layout
as that shown in last month's article for the 16C84 device.

The 16C57 and 16C58 processors are a better processor
than the 16C84 for the BASIC project in every respect with the
exception of interrupt support and upgrading. Although it is
possible to upgrade the 16CB4 device to the latest version of
PIC Controlier BASIC, it is only possible to do this with the ‘57
and *58 versions by using the more expensive erasable
devices. However, One Time Programmable (OTP) versions of
the ‘57 and '58 are available at a very reasonable cost.

Circuit description
Figure 1 shows the circuit diagram for the 16C57 version of
PIC Controller BASIC. The essential circuit is identical to the

18-pin version shown in the October issue of ET). The serial
port is a low-cost interface which relies on the voltage on the
incoming data line to provide the negative supply on the
outgoing data line. The oscillator can be a crysial or ceramic
resonator. /0 on this module type is provided on a 20-way IDC
connector which allows connection 10 application circuits
through 20-way cable. The voltage regulator is optional, the
circuit will work up to 6V but, if greater voltages than this are to
be used, then a regulator must be provided. For application
circuits which will use less than 30mA then a 78L05 may be
used; for greater current consumption, use a 78M05 (500mA)
or 7805(1A) device.

IC2 is the EEPROM device; either 24LC16 or 24LC65
devices may be used. However, a different program is used in
the PIC for each device.

The brown out protection circuit is based around TR1 which
ensures that the PIC is reset if the power supply falls below 4V,
Interestingty, Microchip has recognised that brown out
protection should be provided on the chip and the latest
devices (the 16C2X series} all have a brown out protection
circuit and an enable bit in the configuration fuses.

The 16C58 version uses the circuit shown in the October
issue of ETI. However, the component references are identical
to those shown in Fig. 1 and It is possible to build the circuit
from Fig. 1. The 1/O connector for 18 pin versions of BASIC is
a 16-pin DIL IC socket.

Versions of the '57 and ‘58 devices are available for 4MHz,
10MHz and 20MHz clock frequencies. The clock frequency is
hard programmed in to the code to save on program space.

Construction and testing
Construction is straightforward. Use sockets for IC1 and iC2.
The circuit board overlay is shown in Fig. 2 for the 16C57
version and the overlay for the 16C58 is shown again in Fig. 3;
this is the board which was given away with the October issue
of ETI. The 168C57 version has three wire links. Use thin single
core hook up wire as the finks must not interfere with PL3.
Insert wire flinks and IC sockets first, then resistors, capacitors,
voltage regulator and transistors. Finally, insert PL1 and PL2.
Testing is very straightforward. Without IC1 or IC2 in circuit,
connect the power supply and check that the socket for IC1
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has +5 between pins 2 and 4. Power down, insert IC1 and {C2
and connect to the host PC. Start the PICBASDE program and
check that the module 1s detected. There are a number of test
programs provided with PICBASDE. Provided that they don't
use interrupts, any of these may be downloaded to the module
to test it. It is recommended that a program which uses no
external devices is used,

The use of PICBASDE is fully explained in the November
issue of ETI.

Extended BASIC

The BASIC language provided for the '57 and '58 is extended
to level 1. This provides new program constructs and various
commands o drive external hardware.

The new commands and facilities in level
1 PIC Controller BASIC are as follows:

®LED driving. A new command provides for the M4540
device which allows 4 digit, 7 segment LED displays,
or up to 36 external devices to be driven from 2 output
pins on the BASIC module.

@®LCD driving. New commands provide a simple 4 bit
interface to those LCD modules (the majorily) which
use the Hitachi chip set.

@ Infra red transmission and reception is supported to
send 8 bit numbers between two PIC BASIC modules,
which may be separated by up to 10m.

@ A fast data protocol is provided to send information on a
clocked data line between two PIC BASIC modules.

@ The width command measures pulse width of either
polarity on an input pin.

® The clacks command sends any number of clocks of
either polarity on an output pin.

@ The wait command pauses program execution for any
time between 1mS and 30S.

® Shift left and shift right operators provide fast
multiplication and division by 2.

Some of these new commands and constructs are detailed in
the rest of this article.

Parameter passing to functions and local
variables

The extended RAM which is available in the ‘57 and '58
devices allows PIC Controfler BASIC to make use of the stack
1o provide parameters in functions, recursive functions and
locai variables in functions.

Function parameters aliow numbers to be passed to
functions and subroutines. These are set up in the same way
as normal functions and subroutines using the TYPESUEB and
TYPEFUNC keywords. For example, the following program
caiculates the Centigrade equivalent of Fahrenheit
temperatures from O to 100 in 10 Fahrenheit steps and puts
them in the array temps, which can be read in the debugging
window on the host PC.

typefunc ftoc{temp)
dim temps{11] .8

for i=0 to 100 step 10
temps[i/10=ftoc (1}

ELECTRONICS TODAY INTERNATIONAL

53



‘ AN N

e TN

QTR:G‘ LK1e-e G-O Q.

wCia] 1
aAs

| 4= _I
E——

naxt
m

ret
end

Local variables are variables which are declared in a function
or subroutine. They may then oniy be used in that function. if
the same variable is declared in the main program and in a
function or subrouting, then the local vanable takes precedence
in the function or subrouting, but is invisible outside it. Local
variables may oniy be of 8 or 16 bits in length and should be
declared using the DIM statement. |ocal variables must be
dectared at the top of the function or subroutine.

For example, the following version of the function floc works
exactly the same as that shown above, but uses a local
variable. It is less efficient of RAM usage and is only shown
here as an example. Local variables do not appear in the
debugging window,

func ftoc{x}
d 8
i=( }*53/9
return 1
end

The final advantage that local variables and parameter
passing gives is that recursive functions may be used. To
consider a typical use for recursive functions, consider the
factorial function. The factorial of a number X is defined as
X(X-1)(X-2)...(1). Thus, the factorial of 4 is 4*3*2*1 which is
24, The alternative definition of factorial of X is to say that
factorial(1) is 1, and if x is greater than 1 then factorial(x) is
x*(factorial(x-1)). This latter definition is used in the recursive
function factonal shown below:

ypefune facterialix)

Recursive functions can often be a very neat method of
calculating results, or performing comptex operations.
However, they consume stack memory very rapidly and &
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simple test program based on the factorial function shown only
worked up to factorial8) (which exceeds the range of 16 bit
numbers), factorial(9) caused the stack to overwrite the system
variables and BASIC crashed.

Device driving commands

Most of the commands in the following sections allow the user
to define any pin on the YO ports of the PIC to be used for
peripheral device connections. These pins are defined using
the port definition form. This is the form used for the serout,
seroutstring and serin commands which were shown in the
November issue of ETI. Consider the width command. The
width command looks at the current state of an input pin,
locks for a puise of the opposite state and measures its width.
Thus, if the pin is high, then the width command waits until the
pin becomes low, then measures the time before it goes high
again. The width command needs one parameter which is the
pin on which a pulse is to be measured. The pin is defined as
the address of the port+16°bit number. Thus, bit number 4 on
port A is defined as ADDPORTA+16'4. The following example
program shows how to measure the width of a pulse on port
B, bit 5; the result can be read in the debugging window.

const portpin=ADDPORTB+16*5
dim x.16

x=width({portpin}

monitor{})

The resutt returned depends on the processor frequency.
For example, with a 4MHz clack, the result is in units of 10uS;
with a 20MHz clock the result will be in units of 2uS. Thus, the
above program will measure a 1TKHz sguare wave as x=100
with a 4MHz clock, and x=500 with a 20MHz clock.

Next Month...

Next month we'll take a look at the 16C64 version
of PIC BASIC, which offers futher extensions to the
language.
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Bart Trepak concludes his
construction of a PIC based

alarm clock

s discussed earlier in this series, five switches will [
be reguired to set our clock (plus the pressure Fi
[ | ig. 12 A )

mat) and these have been connected as a 6x1 [ Keyboard subroutine

matrix as shown in Fig 5. During the KEYBD '::KBE i< é.,Bgn',’: s | flowchart.

routine, the digit drives are switched off and port
line B6 is redefined as an input while the rest of port B remains
programmed as outputs. Each cutput port is then switched
high in turn using the BSF instruction and the line B6 read |
using the BTFSS instruction

The PRESSURE MAT input is a bit of a problem because, IS BS HIGH ? RETURN WITH W = 01h | (
unlike the other keys, it does not have a momentary action and
could be on for long penads of time (if you are in bed) and
especially during periods when the other keys may have to be
read. You may, for example, want to set the alarm time when L
you are already in bed and the mat “switch” is closed and you |
will almost certainly want to operate the snooze button next MAKE B1 HIGH
morning when this is the case. During the fime that the other ,
keys were being scanned, the output B5 would be at 0 Volts
which would have the effect of placing a 1k resistor in parallel IS B6 HIGH 2 { RETURN WITH W =.02h)
with the 10k pull down resistor if the mat switch were closed. - |
This would prevent the voltage at B8, resulting from a possible
closure of another switch, from rising above half the supply rail IN
which may not be enough to register as a switch closure. The ' MAKE B1 LOW [
solution to this is to programme the line B5 as an input {high
impedance) during the time when the mat status is not N M SN G, I
required. This means that even if it is closed it will not affect the |
voltage at B6 and will not interfere with the operation of the e o —— '
rest of keyboard. Because the reverse would also be true, with &
operation of other switches preventing the mat status to be | MAKE B4 HIGH |
read, the lines BO-B4 will also be defined as inputs during the T
period when the mat switch Is read which occurs only during | :
the alarm routine, |
The Key scanning flowchart is shown in Fig. 21a and like

the CONVRT routine it returns with a number in the W register ’

MAKE B0 HIGH |

[ 4
MAKE B0 LOW |

15 BE HIGH ? | RETURN WITH W = 10R )

which depends on the key pressed. If no key is pressed, the In
routine returns with O0h in the W register. This is written as a | MAKE B4 LOW
subroutine called KEYBD in the final programme and is called ! T

from the main routine after the DISPLY routine. The value | '

8 ! . | RETURN WITH W - DOh
returned is further processed in the routine marked KEY
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(FIG.21), where it is compared with the LKP register (Last Key
Pressed register defined as 14h) and if it is different, the new
value is stored in LKP and the programme goes back to the
beginning to display digits and continue counting which takes
10mS and forms the keyboard debounce delay.

If the key currently pressed matches that already stored in
the LKP register from the previous scan, bit 0 in a FLAG
register {defined as 13h and shown in FIG. 21b) is tested and if
it is clear, it is set to one and the function of the key is
performed. The next time the subroutine is called, the chances
are that the same key will still be pressed so that the LKP
register will match the number returned by the KEYBD routine.
This time however, bit O of the FLAG register will already be set
so that the function of the key will be ignored. Only when a 0Ch
is returned whan the key is released will bit 0 be clearad
enabling a new function (or the same oneéj to be performed
when a key is pressed.

Each key will therefore operate only the first time that it is
pressed so that to set 11:15 PM from a display of 12:00 AM,
the mode button will have 1o be pressed until the SET TIME
mode is reached (i.e. colon on but not flashing) and the SET
HOURS button pressed and released 23 times and the SET
MINUTES button 15 times. Although this may seem very time-
consuming, it does not take that long and s perhaps not as
annoying as the fast set button on some clocks which runs the
clock at a faster rate. Here the required setting is invariably
missed and the procedure of going through the whole 24 hour
sequence has to be repeated. For those interested, the setting
method could be converted to this by altering the value loaded
into the HSREG and/or TBREG to make the clock count faster
and the key processing routine changed to continuously
increment the hours or minutes as long as the relevant key
were held down. It would make an interesting exercise to gain
experience in programming the PIC micro-controller.

The function of each key and the order in which they are
scanned is determined by the programme and this could easily
be changed to make the controls more (?) logical or easier to
iay out on the front panel. Here the switches are numbered S1
to S5 reading from top to bottom of the printed circuit board
and the functions assigned to them are SNOOZE, ALARM
ON/OFF, MODE SELECT, SET HOURS and SET MINUTES
respectively. Initially the programme can be developed with
only one function implemented, say SET MINUTES to check
that the KEYBD routine is working correctly before the logic for
the other switches is worked out.

The switch functions are perhaps best understood with the
aid of the flowcharts shown in Fig. 22. The corresponding
code for this can again be found in the final programme fisting
under labels S1 to S5. The set hours and set minutes (S4 and
S5) are not shown because they consist simply of calling the
subroutines INCRH and INCR and since the appropriate
register for the current mode will already have been loaded into
the FSR, the correct register for that mode will be incremented.
The MODE SELECT function (S3) Is shown and s bastcally
also an increment instruction operating on MDREG, bt since
there are only three modes this register must be reset to zero if
a count of three is reached so that only modes 0, 1 and 2
(corresponding to RUN, SET ALARM TIME and SET TIME) are
possible. This could easily be changed so that a fourth, fifth or
greater mode were possible for setting alternate alarm times or
switch off times it required. Note that it Is most important that
this register is cleared to zero during the initial power-up
routine otherwise it could start with an initial value greater than
three which would be most confusing - not only to the

Fig. 21
Keyboard routine
I flowchart.

('KEYBOARD ROUTINE )

h CALL KEYBOARD
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programme but also to the programmer.

The ALARM ON/OFF switch ($2) should only be allowed to
operate if the alarm is not aiready on to prevent the alarm
being switched off by pressing this once it has sounded. The
alarm output (PORT B7) cannot be ysed to ¢check this because
the alarm may not actually be sounding when the clock is in
the alarm mode as it could have been cancelled temporarily by
the snooze button or indeed by the occupant getting out of
bed. Instead, bit 1 of the FLAG register is set when the alarm
time is reached and this is tested instead. Only if this test is
passed is the alarm LED (bit 2 in the INDFLG register) toggled.
The logic for the SNOOZE switch {S1) is slightty more
cornplicated because it is only allowed 1o operate once after
the alarm has sounded. Another bit in the FLAG register (bit 2)
Is used to rernernber if the snooze switch has been pressed by
setting it if it is. The effect of pressing the SNOOZE button is to
increase the number stored in the TMTMR register by ten but
to understand the logic R
behind this it is first [_
necessary to consider the $2 (ALARM ON/OFF)
alarm sounding routine. The
flowchart for this function is
shown in Fig. 23,

Y < ALARM (FLAG, 2}™>
SET?

N
I TOGGLE ALARM LED

Don’t be alarmed
The software development for
the clock is now nearing its
end and it only remains to
design the logic required to l
actually sound the alarm |
when required, This is done
in the ALRM subroutine, but
before we develop the
flowchart, it would be best to
recap on what is required,

The first step to take
before deciding if the alarm is
to be sounded is, of course,
to see if the current time (as
stored in the HRCTR and
MINCTR) has reached that
stored in the alarm time
registers and, indeed, if the
alarm has been set in the first
place. This can be easily
done using the XOR function
as discussed before - not
only on the hours and
minutes counters but also on the INDFLG register which
contains AM/PM and alarm ON/OFF information. Because the
alarm is to be maintained, if necessary, for more than a minute,
a successful inittal comparison should be noted after which the
registers need no longer be compared.

Since the alarm is to remain active for ten minutes, a
separate counter (TMTMR or Ten Minute TiMeR designated
15h and loaded with .10 when the above registers match) is
decremented at the same time as the MINCTR is incremented,
and this is used to time the alarm interval. This has not been
shown on the flowchart as it belongs more properly to the
INCR (increment counters) subroutine. The code for this has
been added to the beginning of the INCR subroutine shown in
Fig. 24. Operating the SNOOZE switch postpones the alarm
for a period of ten minutes by adding another ten to the above
counter when this switch is pressed using the “addwf TMTMR"

I MAKE MDREG =0

( GOTOBEGIN )

instruction. The alarm is then potentially activated only if the
count remaining in this timer is less than ten minutes, but
made inactive if it is greater than this which would be the case
if the SNOOZE button had been pressed. Since only one
operation of the SNOOZE button is allowed during each alarm
period, more than ten cannot be added by repeatedly pressing
this switch.

Assuming that the time remaining in the TMTMR register is
less than ten minwutes, the atarm would still only be required if
the occupant were still in bed so the mat switch would need to
be tested at this point. The alarm would only be cancelled
when the count n the TMTMR reached zero which would take
ten minutes so that before this happened, any return to beg
would immediately restart the alarm. By this time, it is hoped,
the owner would be well and truly awake.

Finally, because a pulsed alarm is more effective than a
continuous tone at waking people from their slumbers, the
output is switched on only if the

o e — e

colon is on resulting in the alarm
being switched on and off every
half a second.
The flowchart for this is shown
in Fig. 23 and it should now be
quite easy to code using the
mnemonics given in Fig. 3. The
only new technique required is
how to determine if the contents
q——t\s/noozs Fuueb [ of the TMTMR register are less
g | than ten. The simplest way to
b do this is to load ten into the W
“SET SNOOZE FLAG  register and subtract it from
r (FLAG?) _I TMTMR using the *subwf
| TMTMR,w" instruction, having
I | aoowototmimR | | first set the carry bit in the
.__%‘_ STATUS register. If TMTMR
(" GoTomeGin ) contains a value of ten or less,
—_———— the carry bit in the STATUS
register {bit 0) will be cleared
indicating that a “borrow" has
occurred, while, if the value is
greater it will remain set.
Although not used here, by

5t {SNOOZE)

N /AI.ARM IFLAG, 1>

N SET?

¥

Fig. 22 _ loading W with the contents of
ﬁ:\;‘gﬂa’r‘:"cmns another register, this technique

could be used by extension to
compare two registers to decide
B which of the two was greater or

smaller or by testing the zero bit
(bit 2) if they were equal. The SUBWF Instruction could
therefore also be used to test equality instead of the XOR
instruction used earlier.

The listing for this part of the programme is shown at the
label ALRM in Fig. 24 which is the complete listing for the
alarm clock. Note the additions 1o the list of “equ” statements
at the beginning of the programme and the changes in the
INILTLSE routine which now contains the initial conditions
required in all the relevant registers to ensure that at switch on
the initial time stored is 12:00 AM with the clock In the RUN
maode and the alarm time set to 12 00 AM but disabled.

Because the ALRM routine drives port B7 which has to be
on continuously while the alarm is to sound, the DISPLY routine
which also shares the rest of the port B lines must be altered
to make sure that B7 is not reset when the LED displays are
switched on and off. In the original listing for this routine (Fig.
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13) the value returned from the CONVRT routine was simply
re-written to port B to switch the appropriate display segments
on, Since bit 7 in the CONVRT table is always zero as it does
not drive any segment, it would be reset as soon as the
DISPLY routine was called. One way around this would be to
have two look-up tables with one having bit 7 set and the
other cleared. Then choose which table to use depending on
whether the alarm was to sound or not. The solution adopted
here is to “inclusive or” the

understand although their uses may not be so obvious. The
RLF f,d instruction, for example, takes the value of the most
significant bit in the register *f" and places it into the carry bit in
the STATUS register while the value of the camry bit is pushed
into the least significant position and all the other bits are also
shifted one place to the left. This is shown in Fig. 25, along
with the corresponding situation for the RRF f,d instruction,
which depicts the contents of a register before and after these
instructions have been executed.

data from the {ock-up table ‘ | One application of these
with port B using the illg}riasubroutine i m instructions is to shift information
IORWF PORTB, same flowchart senally out of an I/O pin in, say, a
instruction which loads the remote control transmitter
seven segment data into application, Alter every shift
the port while leaving BY 7 operation, the carry bit in the
unchanged, instead of the STATUS register (bit 0} could be
original MOVWF fested and the relevant I/Q port bit
instruction. For this to i set or cleared using the “BSF 1,b"
work, however, the other | or "BCF f,b” as required. A similar
bits in port B must first be routine could then read an input
reset; otherwise, data from pin and set or clear the carry bit
the last digit displayed and shift this into a register to
would be mixed with the reproduce the transmitted word at
new data. All cutputs the receiver. A separate output on
axcept BY are therefore the transmitter couid be used to
cleared using an ANDLW | synchronise the shift operation at
instruction before the digit the receiver to keep the two in
is displayed which step or the received signal
accounts for the slightly sampled at precise time intervals
longer DISPLY routine in provided that the clocks in the
the final version of the transmitter and receiver were
programme compared with stable enough for the application.
that originally shown. ngﬂf:r?é:T(%:m:;‘J This is not the only use of these
instructions, however. Just as with
Around and i, normal decimat numbers, where
around |- SET ALARM FLAG shifting the position of the digits
This ends our series as e | one place to the left is equivalent
far as the "Digital Clock for of multiplying the number by ten
the Unemployed” is = TMTMR < 107 while shifting them one place to
concerned and it only the right effectively divides it by
remains to programme a ten, with binary numbers the effect
chip and plug it into the 5 similar except that the value is
socket on the board to not increased or decreased by a
complete it. The software | MAT swwc? factor of ten but two. The RLF
has been futly described Eroen instruction can therefore be used
and many other techniques | as a convenient way to multiply a
mentioned so it should be | number stored in a register by two
an easy matter to rmodify a {provided that the carry bit is first
the design to, say, take !"— e COLeN or? cleared) while the RRF can be
week-ends and even used to divide it by two. Care must
pubiic holidays into | ¥ be taken to ensure that the carry
account or to allow two (or I SWITCH OFF ALARM I [ SWITCH ONALARM | bit is taken into account i
more?} snooze operations [ - ) necessary. Successive shifts will
before the alarm sounds & multiply or divide the original
constantly. Many of the 1 number by 4 ,8 and sc on
routines could be used as { provided an overflow {or underflow)
L —— 4 does not oceur.

they are or slightly modified - — -
for other projects where,
say, a keyboard and/or a display is required. In some cases,
even the printed circuit board may remain the samel

Perhaps the only major instructions listed in Fig. 3 not used
in this series are the “Rotate Left Through Carry” and “Rotate
Right Through Carry” instructions (RLF f,d and RRF f,.d). The
operation of both of these is similar and quite simple to

PIC and mix

This serigs of articles has only scratched the surface of the
possibilities opened up by designing with micro-controllers.
The PIC16C5X series has many other features which have not
been used in the clock project but which ¢an be useful in cther
applications.
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All the devices in the series have, for example, a Watch Dog
Timer (WDT) which runs independently of the main clock and
will reset the processor every 18mS or so. This time can be
extended by assigning the prescaler to the WDT, although not
if it is already being used by the RTCC register. In use, the
CLRWODT (Clear Watch Dog Timer) instruction is inserted into
the programme so that this instruction will normally be
executed before the WDT times out, ensurning that the
processor is not reset. If due to noise, or other malfunction, the
contents of a memory location get corrupted or for some other
reason the programme crashes, the WDT will time out because
the CLRWDT instruction will no longer be executed regularly or
at all and the processor will be reset allowing it to restart the
programme correctly. By reading certain bits in the STATUS
register, the programme can differentiate between a reset
caused by the WDT and the reset which occurs when power is
first applied. This means that overwriting any previously stored
conditions by the normal initialisation routine can be avoided.
This feature is useful in electrically noisy environments such as
cars or applications where a programme malfunction could
have bad or even dangerous consequences.

If this function is not used, the WDT must be disabled by
suitably programming the Configuration EPROM. This is not
part of the main EPROM used for programme storage and
consists of four bits. Two are used to select the clock type (i.e.
RC, crystal etc.) one disables the WDT when set to zero while
the fourth bit, when set to zero, prevents the contents of the
programme memory being read out in a meaningful way - thus
preventing someone from copying your design. To help with
identifying programmed and code protected chips, there is
also another 16 bit EPROM which can be programmed with a
user identification code.

Another useful feature is the ability to put the circuit to sleep
by executing the SLEEP instruction. This switches off the clock
and shuts down the circuit so that current consumption falls to
only a few micro-amps making it very useful in battery powered
applications and eliminating the need for an on/off switch. In
this condition, the output pins remain in their previously set
conditions as inputs or outputs driving high or low and the
WOT (if it is enabled) keeps running. The circuit may be
awakened by a WDT time out or a reset pulse to the MCLR
pin. Again, bits in the STATUS register can be read to
determine what caused the device to wake up and the
programme executed accordingly. This feature can be used in
remote control transmitters for example where the circuit needs
to be switched on when a key is pressed and switch off
automatically when the transmission is finished.

Perhaps the best thing about the PIC series is the fact that
the EPROM versions are also available at greatly reduced
prices in a plastic package without the window. This, of
course, means that the device can only be programmed once
(One Time Programmable or OTP) and cannot be erased so it
IS not suitable for developing new programmes but is ideal for
use in a finished project enabling the EPROM part to be used
again to develop a new application. The only limitation is that
the oscillator type is not programmable in the OTP device so
that the required type must be purchased but even this is
about to change.

We should at least mention two other members of the
PIC16CXX family which share all of the features of the
PIC16C5X.These include virtually the same instruction set but
also have more advanced features such as interrupts and a
deeper stack enabling more subroutines to be nested i.e.
called from within subroutines. They also have some hardware

features which will make them useful in more advanced
applications.

The first of these is the PIC16C71 which has a built in A/D
converter and a four way input multiplexer. This could be used,
for example, to measure and display temperature at four
different locations. The obvious application which springs to
mind is to measure and display the house temperature and use
this to control the heating while the other channels could
measure the freezer, greenhouse and hot water temperatures
and sound an alarm if the temperature moves outside the
preset levels.

The other device is the PIC16C84 which has an EEPROM
programme memory instead of the EPROM of the 16C5X
series. This enables the device to be reprogrammed electrically
without first erasing it with UV light which can make the whole
process of developing programmes a lot faster. As well as this,
the PIC16C84 has a small EEPROM memory which can be
wrtten to during programme execution. This enables the
device to retain data even when the circuit is switched off. This
can be extremely useful in some applications (e.g. milometers,
digital locks - or keeping a running total of grass cut to date in
that all-singing, all-dancing lawnmower perhaps?) and removes
the need for back-up batteries when non-volatile storage of
data is required.

Both of these devices are available in 18 pin DIL packages
and use the same mnemonics (and to a large extent the same
architecture) as the PIC16C54 micro-controller described
together with one or two new instructions to support the new
functions. This makes it very easy to “upgrade” to these or
convert programmes from one device to another. The
PICSTART programmer and software can also be used to
develop programmes and programme these devices, despite
the fact that they have a 14-bit wide programme memory
instead of the 12-bit one of the earlier device making the
PICSTART-16B even better value for money. The down side is,
of course, that they cost more but still not as much as an
equivalent CMOS design would cost - even if you could build it.

The trouble with technology is that it aiways seems to
create as many problems as it solves. With all these micro-
controllers at my disposal, | find that far from not being able to
get up in the morning, | now cannot get to sleep thinking about
my next project! The Alarm Clock has fallen into disuse (by me,
at any rate) and as for watching soap operas, | find myself stil
looking at a screen all day but the programmes on mine are
rather different compared to those on the other screen in the
corner of the lounge.

FIG 24 - COMPLETE PROGRAMME FOR
ALARM CLOCK

IBASEELELASE S s S S ER Al AR RS Sttt R Attt Rt R
EA R TR AR T AR A TN TR R AN TR AT T ATl b *

MDREG equ 08h 2 MoDe REGister -
RUN=0, SET ALARM=1, SET TIME=2

MINCTR equ 09h : MINute DiSPlay

HRCTR equ 0Ah ; HouR DiSPlay

INDFLG equ 0Bh ; INDicator FLaG holds
status of AM/PM, COLON & ALARM
DYCTR1 equ OCh DelaY CounTeR 1
DYCTRZ2 equ ODh Dela¥Y CounTeR 2
HSCTR equ OEh Half Second CounTeR
TBCTR equ O0OFh Time Base CounTeR -
counts 120 half seconds

ws Wa ma  wy

AMNREG equ 10h :  Alarm MiNute REGister
AHRREG equ 1llh 2 Alarm HouR REGister
AINDFG equ 12h i Alarm INDicator FlaG
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("G equ 13h H
TONED
KP equ l4dh .
’Tessed register
TMTMR equ 15h 1
counts alarm and snocze time

FLAG register O=KEY
Last Key

Ten Minute TiMeR -

LIST P-16CS4 ; f=inhxlé
INCLUDE “PIC.H"

.Qi-'...‘...'*'-'l."Ii.""‘...*'...."iiﬁﬁ'..'..
H
EEREXENETER RS RS RRE R RS SRR RS R R AR E AR RS}

goto START
e I T I Ity
:

L R R Y N R R A A SR R R A R R RS

DISPLY

movlw 00h

tris PORTA
H make port A o/fp

tris PORTB
5 make port B o/p

clrf PORTA
; switch off digit drives

movlw 80h

H ¥e 1000 0000
andwf PORTB, same
. clear PORTB except B7

#edevnseaLED DISPLAY SUBROUTINE® “¥2sv e st

swapf O,w
: load tens of mins into w
andlw 0OFh
4 mask MSDs by ANDing with 0000 1111
call CONVRT
v no - deccde Segments
iorwf PORTB
i switeh on segment drive
bsf PORTA, 0
i switch on digit drive

call DLY
H delay for

becf PORTA, O
b switch off digit drive

movlw B80h

’ ie 1000 0000
andwf PORTB, same
; clear PORTB except B7

movE O, w
i load units of mins into W
andlw oFh
] select units of mins for display
call CONVRT
: decode segments
iorwf PORTR
.} switch on segment drive
bsf PORTA.1l
. switch on digit drive

call DLY
; delay for

bcf PORTA,1
G switch off digit drive

movlw 80h

§ ie 1000 0000
andwf PORTB, sdme
- clear PORTB ex¢ept B7

incf FSR, same
; increment FSR to point to

Hours

*
swapf 0,w

g Swap counter pointed to by FSR(10’s HRS}
andlw OFh

¥ mask MSDs by ANDing with 0000 1111
btfss STATUS, 2

§ is diglt zero? ie STATUS,2 is set
call CONVRT
no - decode segments (skipped if digit=0)

incf FSR,same
c point to indicator flag
register

iorwi O,w
g add colon (to be modified later)
decf FSR, same
. resef pointer
iorwf PORTB
3 switch on segment drive
bsf PORTA,3
: switeh on digit drive

call DLY
5 delay for

bef PORTA, 3
7 switeh off digit drive

movlw B0Oh

% ie 1000 0000
andwf PORTB, same
p clear PORTB except B7

movE 0,w
i lgad counter pointed to by FSR
andlx OFh
select units of hours for display
call CONVRT

~

5 decode segmernts
iorwf PORTR
i switch on segment drive

bsf PORTA. 2
H switch on digit cdrive
) call DLY
H delay for
bef PORTA, 2
¥ smitch off @igit drive
movlw 80h

H ze 1000 0000
andwf PORTB, same
% clear PORTR except BY

decf FSR, same
g rezet pointer

retlw 00
% RETURN FROM SUBRCUTINE

;..a't‘i‘*t'tittitt'tttiilttﬁtﬁilﬁﬁii'tﬂfﬂfﬂi"."

[T 22 FER SRR AR AR EER R EREE S X

CONVRT addwf PC, same
;e +4BCN. 75EG CONVERSION SUBROUTINE® * tu*& 4

retlw 3Fh
5 sggment drives for 0

rétlw 12h
g segment drives for 1

retlw 4rh
i segment drives for 2

retlw S7h
7 segment drives Eor 3

retlw 72h
H segment dxives for 4

retlw 75h
: segment drives for S

retlw 7Bh
y segment drives for 6

retlw 13h
; segment drives fég 7

retlw TFh
H segment drives fer 8

retlw 77h
g segment drives for 9

;'ttlt.I"ﬂf.i'tl!‘l"it'*....ttiﬁi'l..ldll'.'t'.‘
2RSS NESRRAREREE R R SRR R R EEREES S ]
DLy movliw .4
:n--ra_oanﬂtt-DEmy ROUTINE**t+tsht st isstiatad
movwf DYCTR1 H
load DYCTRL with 4 decimal
D1 movliw .100
movwf DYCTR2 :
lgad D¥CTR2 with 100 decimal
D2 decfsz DYCTR2, same
F decrement and skip if zero
goto D2
H if not zerg
decfsz DYCTRI1
: decrement DYCTR1 if DYCTR2 is zero
goto D1
; reload DYQTR2 if DYCTR1 is not zero
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reclw 00
i RETURN FROM SUBROUTINE if DYCTRL is =zero

AR RS R R R R R R R R NN R R N R R A S B )
i

(AR R RS EE R LR R RS N R EE TR ENNEE Y EE TN Y

INCR nop

;m*e* **TNCREMENT COUNTERS SUBROUTINE® *#*=+*
movf TMTMR, same
btfsc STATUS,2

H is TMTMR =0 ?

]

goto INCR1
» TMTMR is zero = cancel alarm

decf TMTMR, same
B not zero ~ decrement

goto INCRM

INCR1 bcf FLAG,
5 clear Alarm time reached
flag
bcf FLAG, 2
; clear SNOOZE key pressed flag

INCRM incf 0, came

A INCREMENT MINUTES - POINTED TCO RY FSR
movfE O,w
andlw OFh

H and with 0000 1141 to mask MS bits
xorlw 0OAh

" compare with Ah (10 decimal)
btfss STATUS,2
retlw 00

; not = 10
movlw 0&h

§ equal to 10
addwf 0, same

5 add 6 to file pointed to by FSR
movE O, w

3 place in W register
xorlw 60h
btfss STATUS, 2

Fl equals 60?
retlw 00

3 no
clrf 0O

: set to zero

movf MDREG, same
btfss STATUS, 2
% RUN mode? bit will be set if it is
retlw 00
F n¢ - do not change hours

INCRH incf FSR, same
5 change pointer to hour

register
incf 0,same

i INCREMENT HOURS
movE O,w
andlw OFh

: mask MS bits
xorlw OAh

Fl compare with Ah (10 decimal)
btfss STATUS, 2
goto CHECK1

f not = 10 ~ check if counter = 12
movlw 06h

H egual to 10
addwf 0,same

B add & to file pointed to by FSR

CHECK1

movf 0,w
i COUNTER EQUALS 127
xorlw 12h
btfss STATUS, 2
r equals 127

goto CHECK2
5 ne - check if counter = 13
incf FSR, same
i change pecinter to
indicator register
movlw 40h
5 ie 0100 Q00O
xorwf 0,same

toggle AM/PM flag

retlw 00
CHECK2 movE 0.w
£ COUNTER EQUALS 13?2

xorlw 13h

btfss STATUS, 2

retlw 00
; no

moviw 01h
; yes

movlf 0
' set houxs register to 01

retlw 00

5

B AR SR BN NEYE) IEEEEEEEER N R XN (2R S NN N X RN e - 1]
; * . o v e Raid e e e
IR R RN R R EEREE R R R R Y T X ]

KEYBD movlw 6&0h

sreEREAUEY READIND ROUTINE***sswssstadlasnerns
tris PORTB

: make BO-B4 & B7 o/ps and BS5 & B8 inputs
movlw B0h

ie 100G 0000
~ andwf PORTB, same
i clear bits 0-& B? does not change

bsf PORTH, 0

) set BO high
nop
btfsc PORTEB, 6
;) B6 high?
Fetlw 0lh
[ Sl pressed
bcf PORTH, 0
7 no - chear Bf
bef PORTE, ]
; set Bl high
nop
bt fs¢ PORTB, 6
i B6 high?
retlw 02h
i 52 pressed
bcf PORTH,1
; no - clear Bl
bsf PORTR, 2
J set R2 high
nop

btfsc PORTE, 6
;  B6 high®

retlw 04h
§ 53 pressed

bcf PORTR, 2
; no - elear B2
[ 4

bsf PORTE, 3
% get B3 high

nop

btfsc PORTB, &
: B& high®?

retlw 08h
3 54 pressed

bcf PORTR, 3
[ no - clear B3

bsf PORTE, 4
F set B4 high

nop

btfsc PORTR, 6
7 B6 high?

retlw 10h
i 85 pressed

bef PCORTH, 4
: no - clear B4

retlw 00

§ no keys pressed
H
;.liit.illq'..""Qﬁtl.I..iﬁ'i'tl'ﬁ'.'.t'l‘l."'nn

(AR AR EEL R R EERE RN E YR Y TN N RN
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ALRM nop ? Mt gignal, L te H, presclr 256 o RTCC

jreev e b e b e AT ARM SUBROUTINE*t*#* s+ sssedaniiaw movlw .224
btfsc FLAG,1 ? move 244 degimdl into
] has aldim time been reached? movwf RTCC
gofo CHKTMR : ; RTCC - gives 10m& with 3.276BMhz xtal
yes - c¢heck if TMTMR is zero ;
movE AINDFG,w movlw 12h
g no movwf HRCTR 5
xorwf INDFLG,w load HRCTR with 12
d compare INDFLG with AINDFG movwf AHRREG
bt fss STATUS, 2 movlw ocoh
goto NOALRM [ movwf MINCTR .
not the same - switeh off alarm load MINCTR with 00
movE HRCTR,w movwf AMNREG
xorwf AHRREG,w movlw 04h
1 compare hours movwt AINDFG H
btfss STATUS, 2 set AINDFG to AM, colon off and alarm on
goto NOALRM 7 clrf MDREG
not the same - no alarm : set MDREG to 0 ie. run mode
movf MINCTR, w movlw .50
d sane movwf HSCTR
xorwf AMNREG,w load HSCTR with 50 dec to count halfsgecs
i compare minutes moviw .120
btfss STATUS,2 E load TBCTR with Z (temporary) so that
goto NOALRM P movwf TBCTR 0
not the same - no alarm clock runs faster (change to 120 later)
moviw .10 clrf INDFLG
i same - alarm time reached 8 INDFLG am, colen and alarm off
movwf TMTMR ; clrf FLAG
lpad Tea minute timer with 10 clrf TMTMR
bsf FLAG,1 4
4 set ALARM TIME flag BEGIN movf RTCC,w
g btfss STATUS, 2
CHKTMR bsf STATUS,0 H H test if w {RTCC} = 0
set carry bit goto BEGIN
movlw .10 4 w {RTCC) not zerc
.- check if TMTMR is less then 10 §
subwf TMTMR, w movlw ,224
btfsc STATUS, 0 5 if RTCC=0 mcve
5 is garry bit reset? ie. result negative movwf RTCC
goto NCALRM b p 2724 dec. into RTCC
no time > 10 mins SNOOZE ¥
movlw SFh MODE movf MDREG,w ;
i yes - snpoze is over - check mat places MDREG into w
tris PORTB btfsc STATUS, 2
: make B5 and B7 o/p all others i/p 3 test if MDREG=0
bsf PORTB.5 goto RUN
i make B5 high 5 yes
nop xorlw Olh
btfss PORTB, 6 H no XOR MDREG (w)} with O1lh
test Bé& btfsc STATUS, 2
goto NOALRM d i test if MDREG=1 = Z bit will be set if
mat riot ¢losed - no alarm
btfss INDFLG.O ” it is
§ is colon on® goto SETARM
goto NOALRM i i Y€s
no - makes alarm switch off for 0.5sec 5
bsf PORTB,7 SETTIM movlw §9h
g switch on alarm 5 ne - set time routine
retlw 00 movwf FSR
i i set pointer to time registers
NOALRM bcf PORTBR™ bsf INDFLG,O ¢
g switch off alarm (B7) switch colon on
retkw 00 goto PROG
;tli.lilt.llﬂll.tillattaitttttuiiltt!t.'ﬁ"t-"ﬂ“tt? 'SETARM movlw loh
IR A RSS2 R R RS RS SRR ESERERREEZE RS TRE T3 ¥ Set alm rnutine
’ movwf FSR
START nop : set pointer to Alarm registers
H goto PROG
;"t*ﬂ*fiiINITIALISE ROUTINE.'I'I’.'IIII.'Q!'."I’l’ f
INTLSE movlw (0h RUN movlw 0%h
; ie 0000 0000 7 RUN ROUTINE
tris PORTA movwf FSR
; make PORTA o/p = load address of MINCTR into FSR
movwf PORTA A i
make PORTA 0000 decfsz HECTR, same
tris PORTB goto RUNEND 5
i mkae PORTB i/p exept B4 if HSCTR not zerg go to RUNEND
] movlw .50
movlw 07h movwf HSCTR :
7 ie 0000 0111 if zero - reload with 50 dec
OPTION movliw 0lh
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xorwf INDFLG, same
¥ toggle bit & (eolont) of INDFLG
decfsz TBCTR, same
goto RUNEND i
if TBCTR is not zero
movliw .120
; reload TBCTR with 2 (change to 120
movwf TBCTR ¢
later) if TBCTRe=O
call INCR
RUNEND movlw 0%h
movwf FSR
; load address of MINCTR into FSE

call ALRM
PROG call DISPLY

call KEYBD
- RETURNS WITH VALUJE OF KEY IN W
xorwf LKP, same
d compare returned wvalue
befss STATUS.2
3 with Last Key Pressed register
goto NTSAME 7
not the same
movwf LKP
8 same - place W into LKP

movE LKP, same
check if LKP = (¢ ie. no key pressed
bt fss STATUS, 2

goto KEY
2 key pressed
becf FLAG,Q
; no key pressed - clear key actioned flag
goto BEGIN
KEY befsc FLAG, O
4 has key already been actioned?
goto BEGIN
: flag. 0 set - wes
hsf FLAG,0

s no - ser flag,0 and action

bt fsc LKP,Q
goto 51
7 81 pressed
btfsc FLAG, 1
1s alarm on?

goto BEGIN
3 yves - no other keys valid
btfsc LKP,1
a no - test other keys
goto S2
5 S2 pressed
btfsc LKP,2
goto 53

i 83 pressed

movi MDREG, same
btfsc STATUS, 2
& MDREG=07? ie RUN mode
goto BEGIN
b yes - d¢ not set hours/mins

btfsc LKP,3
h no
goto 54
I 54 pressed
goto 55
: 5% pressed
81 btfss FLAG,1
£ SNOOZE - is alarm on?
goto BEGIN
H no - goto BEGIN
btfsc FLAG,2
B ¥es - is snooze flag clear?
goto BEGIN
; no - snooze already operated
bsf FLAG,2

2 yes - set snooze flag

movlw .10

addwf TMTMR H
add 10 to alarm timer

goto BEGIN

52 movlw Q4h
] ALARM ON/OFF

xorwf INDFLG, same
3 toggle alarm indicator

goto BEGIN
83 incf MDREG,same
5 MODE SELECT
movlw (3h
xorwf MDREG, w
bt fsc STATUS, 2
H MDREG=37
clrf MDREG
G yes - clear MDREG
goto MODE
84 call INCRH
5 SET HOURS
goto BEGIN
s5 call INCRM
E SET MINS
goto BEGIN
NTSAME movwf LKP
r store new value in LKP
goto BEGIN

;
'.Ii"i'l!'.ill'.lifillilltlwﬁbi".t*tl'itliﬂ'i"t'
IR AR R RENE A A RN EEEENE SRR AN ENEEEE NN X

ORG 1Ffh

END

MadLab|
PIC
KITS

Everybody's 1alking about the PEC 1hese days - the hotiest microcontroller
on the hobbyist markel. It's cheap. robust. easy 1o inierface 1o the outside
world, and a brecze 10 program. Now's your chanee to build a kit featuring
one of these chips. MadLab® at the Edinburgh International Science
Festival has developed an exciting range of PIC kits which allow you to
explore the eapabilities of this powerful device.

All MadLab kits include a professional pcb and full instructions. l

MAD MUSIC MACHINK £12.00 - our simplest kit and an excellcnt
introduction 10 the PIC. Pre-programmed with 4 tunes {stale Scoliish, Soaps
or Kids mixes). You can also play your own tunes over 4 oclaves.
LOTTOMANIA £11.00 - could win you a forture in the National Lottery.
And much more. Also simulaies the rolling of dice, a | or 2-player reaction
game. and a tracker game which iests how quick thinking you are.
RAZLLL DAZZLER £13.50 - a stylish picce of electronic jewellery.
A ring of superbright LEDs around a circulur pcb displays an ever-changing
pallemn of light. Wear i1 as a badge or pendant and get noticed.
SPYCATCHER £14.00 - a sophisticated security alarm with multiple
sensors, silent mode and security code. The infra-red sensor triggers the
piczo alarm when a light beam is interrupted. Also includes a magnetic
swilch which can be atached to a door or window. In fact most ol the
feawures of a professional burglar alarm for a fraction of the cost!
SPACLFLAG £15.00 - our most advanced kit. When the SpaceFlag is
waved in front of your eyes a scrolling message magically appears in space.
Any message (up 1o 24 characters) can cusily be programmed using the on-
board pushbuuions. As featured in New Scientisr.

All kits require a PP3 baitery {£1} except the Razzle Dazzler which needs a
miniature 12V battery (75p) All prices are inclusive, P&P is £1.50 (UK).
Piease make cheques and PO's payable 1o MadLab Ltd, Send your order 10!
MadLab (Dept. ETE), 149 Rose Sireet, Edinburgh EH2 4LS
No callers please. Allow 28 days for delivery. Please send a SAE for funher

details on MadLab kits. including our range of educational ¢lectronic kits.
E&OE
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Is your PCB design package not
quite as "professional” as you
thought? Substantial trade-in
discounts still available.

'Board Board

« Full inw rﬂum irem
and zoom while routing

Output drivers - mmw.asw

« Printers - 9 & 24 pin Dot matrix,
HPLaserjet and PostScript _
« Penplotters - HP, Graphtec 3 Houston S
- . Ehomptomhg ml Ggﬂ::r 3X00 and 4X00 1
) « Excellon and Annotated _ it
llllillhllltiilll. mnrsnimnnnnmmﬁ‘n o drill drawings (8M2)

For futher information contact
Tsien (UK) Limited
Aylesby House
Wenny Road, Chatteris
Cambridge, PE16 6UT
Tel 01354 695959
Fax 01354 695857
E-mail Sales@tsien.demon.co.uk
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My .
Jeasonal Javings
Subscribe today and take your pick from Britain’s f
favourite hobby magazines. -

This may be the toughest decision you will make this Christmas... Should you ensure '
your special friends don’t miss out on super subscriptions to their favourite '
magazines? OR spoil yourself with a gift you deserve at a price that won't bite?
With these irresistible offers plus price frozen rates you can probably afford to do both.

e VY L "

| The more you spend the mare you save!!! ¥

‘a7 It's Your Choice
4 Super savings.

Save Once EXCLygy,
Subscribe now and receive Rev:e“.’v :
up to 5 extra issues free! 20upe

Save Twice
What’s more,
subscribe to more

o than one magazine

and we’ll give you a

' fantastic free binder!

What could be better?
FREI M) o L The Best Gets

Save Three Times! Better !
WORTH In addition, for this offer only, -
* £6.95 we’ve kept the Summer 1995 The Perfect Gift

prices so you’'ll beat any future For Everyone,

price rises until 1998 with a two : <
BINDER year subscription. Including You!




Order now - From the comfort of your armchair

Five Simple Steps to a Good Read....

« Just tick v the relevant box for a 1 or 2 year subscription.

» Then tick v/ the magazines you wish to subscribe to.

» Remember to tick v/ the box for a gift subscription or for yourself.

« If you have ordered more than one subscription don’t forget to tell us which
binder you require.

» Fill in the coupon with all your details and send this page with your payment to
the address below. Then sit back and look forward to a good read.

| e WY
| e STt =, S I R R——— .
: Your Exclusive Christmas Subscription Order Form ]
[ 1
E ONE YEAR i
1 One year subscription tick here O Saving per E‘
: g:.l':)scﬂpllon g?:'t’:'scnpuan LK. Ep.rgggj, Sterling UsS$ Extra issues LSQUBMQB.Y_& !
I Eice O/Seas cover price 1
[ Qawis O Archimedes World £45.00 £56.00 £58.00 $104.00 12 + 2 extra 1S5ues 540 :
E DET12 (O Electronics Today Int.  £25.80 £34.70 £36.20 $54.00 12 + 2 extra issues 41p i
1
! Q HA13 O Ham Radio Today £21 60 £28.40 £29.60 $53.00 12 + 2 extra issues 46p ]
+ Qce13 [  Citizens' Band £21.60 £25.80 £26.50 $48.00 12 + 2 exira issues 41p ]
] l
' TWO YEARS }
! Two year subscription tick here U Saying per i’
I ) Gift Your { UK, Eurcpe &  Sterling uss £dra issues issue on today's i
: Subscription Subscription ERe O/Seas cover price \
| Oawie O  Archimedes World £80.00 £112.00  E£116.00  $20B.00 24 + 5 exira issues 65p i
1 QeT13 O  Electronics Today Int. £51.60 £69.40 £72.40 $108.00 24 + 5 extra issues 45p 4
1 OHR14 O  Ham Radio Today £43.20 £56.80 £59.20 $106.00 24 + 5 exira issues 52p k
Y Qacei4 QO Citizens' Band £43.20 £51.60 £53.00 $96.00 24 + 5 extra issues 47p ?
i -
1 O Ciaim for your fres binder here. ONLY if you have subscriped to more than one magazine. 'ﬁ
) Please staie which binder you would prefer (027 Archimedes Worid (1 028 E ectronics Today inl. g
3 OozaHam Radio Today (O 030Chizens' Band e
(O Please commence my subscription(s} from the next available issue. 5:_

if renewing/extending please quote subscription number................ S A o TR
. | enctos3 my Cheque/P.O. for B ... e made payable to Nexus
or please debit my Access/Visa account:

Q000 0000 Q000 0000 ekl

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

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

T T PR T T T T P PR s L P L R

embasnanans N LT TR P PO T EP e EE L P TRE

Photocopies of this page are acceptable. Not to be used in conjunction with any other offe-.

This offer is open to al readers - until 15t February 1986.

Pieasa post this coupon to; Nexus Subscription Services, Toewer House, Soverelgn Park, Lathkll Street, Marketl Harborough,
Leicestesshire LE16 9EF.

I Plaase tck this box if you would prefarinct to receive mait fram other companies which may be of interest to you Q
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PROFESSIONAL CIRCUIT AND PCB DESIGN AIDS FOR WINDOWS || |

CADFAK for Windows [f~

CADPAK is especially suited to educational,
hobby and small scale schematic and PCB
design. CADPAK includes both schematic

drawing and 32-bit PCB drafting tools but as
an entry level product, there is no netlist link
between them.

= SIS ILUBTRATOR
e EN Vew [eon  Beet Conspre Lo

The schematic drawing module of CADPAK,
1515 lilustrator, enables you to create circuit
diagrams Hie the ones in the magazines.

® Runs under Windows 3.1 making full use
of Windows features such as on-line help.

B Full control of appearance including line
widths, fill styles, fonts, colours.

B Automatic wire routing & dot placement.
@ fully automatic annotator.

m Complete with device and
comprehensive package libraries for
both through hole and SMT parts,

B Advanced roule editing aliows deletion
or modification of any section of track.

B Gerber, Excellon and DXF outputs as well
as output via Windows drivers. Also
includes Gerber viewer,

B EIxports diagrams to other applications
via the clipboard.

B CADPAK is also available for DOS.

CADPAK FOR WINDOWS ........ £ 149

Call or fax us today for a

demo pack. Please state

whether you would like a
DOS or Windows pack.

Prices exclude postage {£5 for UK) and VAT, ISIS
ILLUSTRATOR and ARES for Windows are also available
separately. All manufacturers trademarks acknowledged.

CADPAK FOR DOS ..................£ 79

FPROPAK for Windows M

PROPAK has alf of the features in CADPAK pius
netlist based integration, automatic power
plone generation and a powerful auto-router,
PROPAK includes enough schematic copture
and PCB design functionality for all but the
most demanding applications.

PROPAK's schematic drawing editor ISIS
ILLUSTRATOR+ includes even more features than
1515 ILLUSTRATOR. PROPAK s 32-bit PCB design
tool, ARES for Windows. is our most powerful
and easy to use yet.

B Multi-sheet and hierarchical designs.

B Netlist link between modules guarentees
consistency between schematic and PCB.

Netfists are also compatible with SPICE-AGE
and most other electronics CAD packages.

[ |

B Generaftes a full bill of materials.

B ASCH data import factity.

B EHecticaf rules and connectivity checkers.
[ ]

Ratsnest display with automatic update
during placement and routing.

B Multi-strategy autorouter gives high
completion rates.

B Power plane generator creates ground
planes with ease.

B PROPAK is also available for DOS.
PROPAK FOR WINDOWS ........... £ 495
PROPAK FOR DOS ................... £ 395

abcenter

E I e ¢ t r oon i c s
53-55 Main St. Grassington, N. Yorks, BD23 5AA
Tel: 01756 753440 Fax: 01756 752857

e



l ETI Book of Electronics 0 85242 928 2 £10. 95
' P&P + 10% MINIMUM £1 (UK only) Cverseas + 20%

| Telephone orders (01797) 366905
11 encloss my remittanze of £..........

| Please make cheque payabls to Bailey Distribution

: and send to the address below.

1 Please charge my Mastercard/Visa

00310 0000 0000 0000

v

: Complat«a detalls and remm to Bailey Distribution,
| Learoyc Road, Mounttield Road Ind. Estate, New Romeey.
| Kent, Th28 8XU.
| Please trck this box it you do not wish to recelve information
Lfrorn any other caretully setted companies O

High quality Bleppng motar kils (all includng stepping
motors) ‘Comsiep independan! conlrol of 2 steppmg
motors by PC [Via the paralial pod} with 2 motors and
scltwark

Wit £67.00 ready built |, | £99.00
Softwara suppor and 4 digrial inowns kit £27.00
power inferacs &A kh L36.00
powet mierlace 8A kWA - L4600

Stappet kn 3 (manual mdtol] Includes 200 step

[s1engeng mator &no corrol circult . A3

V¥ are How sIOCkmg A range of stappnpg mators and

kns @ drve mern please ask for The slepping motar

data sheal lor tull informaton

Inverlor foredad hranslofmars 225VA
secongaty |

10.5-0-105
primary 0-260-285 £29.95

LEDs 3mm or Smm rod of green | Ip each
yellow . g ."p each
cabile les. . 1p eacn [5.9S per. 000
2950
High quality phoro raslsl copper clad epoxy glass
boards
Dimensions single siged deble sided
x4 Inches £1.09 £1.23
4z8 Inches La.75 £2.99
Gx12 inches £6.20 -
12512 inches £12.25 -
Rechargeable Baltenas
AA [H - b £0.49
AA T00maH £1.7%
& 2AH wiil salder tags £260
D 4AH whh solder 1ags £49s
12A4 wiln solder lags £1.55
AAA [HP16) 18OmAH . £175
AA SDOMAH wilth 3older tags £1.55
& (HP11) V.6AH .
D (HP2) 1.2AH £2.60
PRI 8.4V 110mAH B4 08
Sub € whh soKler lags . .. . £2 50
173 AA with fags {philps CTV) . £1 95

Standarg charger charges 4 AA cells In S nours of
4Cs or Os i 12-14 hours « 1xPP3 {1, 2, 3 o 4 cells
may b charged &l & ime)

High powsr Charger &s above but chargos the €& and
Dshsnourum(:iundl)lmn!lbechmedhh
ords . £10.95
Hichel tietal Hyaryr!a AA caly Ngh clpacuy with no
memory. I chargeo ab 100ma ana dscharged al
250ma or less 1100mAH capachy (lower C.IDaCmf lur
tugh chscharge Tates).

Special ofar pigase chack for avn\lanllwly

nuck of 4 47 £ 16mm nicad batienes 171mmalsmm

dis wilh 10d & black eads 4.8v £85.95
(Computer gracde capacrors whn scrgw terminals
58000ut B0v £4,95

1 5v ac 80v dc motor 4mim x 22mm shall SOmm dia %
B0 lang body (szchudng the shaft) A has replacabwe
Ihgrmal luse and brushes . _£4 95 each £3.95 100,
7 sagmant comman anrode ! bt display $2mm £045
LM337k TOJ case vanabh ragulahr £1.95
£1.44 100+

GaAs FET ‘ow leakage current SBB73C13,85 sach
£9.85 10+ £7.95 100,

BS250 P channal mosiet £0.45, BCSS9 fransstoc
£3.95 per 100

TAL805 hen dwariot €40.00 per 100, used 8748
Microcantroher [3.58

51852 UHF Limiing
package wih daa sheel .95
AM27502 [1,25 each 90p l00+ CDKEWUB le
100+, 6p 1000+

LC 16 surtace

Smclelt light gun lerm rated with a ack pug and PP3;

clip grves 3 Sl when pointed at 50nz Mem&hght

with oulpu] wavae jorm chan

DE-DC convance Resspdny model Y12PS 12v I 5v

200ma out 300v wpul lo culpwl [solation with data

£4.95 sach of pack of 10 [39.50

Hour counter used 7 g 240v a¢ S0H7 . E1.45

OWERTY neyboard 58 kay pﬂ qualty swhches New
..... £6.00

Anw ngo:l C large sleupi\o molae ldv 7 5 step

27ohm BAMmM dwa body 6 Jawvn shah £8.95 or £200,00)

for & bos ol 30

Polyasie: capadiors box fype 22.5mm (cad prch

0.9u 250vdc 18p cach 14p 100~ 9p 1000+

1uf 250v0c 30p each, 20p 100+, 10p 1000~

3.3 100wdc 30p each. 20p 100, 15p 1000

1ul 50v bepotar awecirolytic axial leads 15p sach, 7.5p

1000+

0.22ul 250v polyesicr axe ieads 15p each, 7.5p.

1000+ Polypropylene Tul 400vdc (Wima MKPLD)

27 Smm pach

3202001 Tmm case TSP ¢ach SOp 100+

Pnitigs 123 seres solid gluminiim Laal Eads

33uf 10v 8 2. 2uf A0p sach, 25 100+

Pridps 408 serdes long Ide 22ul 8Jv andi M0p anch

15¢ 1000+

Mulitayer AVX ceramic capacitors &l Sam pich 100w

1C0p), 150pt, 220ptf. 10.000p0 (O Y0p each, Sp

100+, 3.5p 1000+

S500p! COMQMSSIoN NMMmar

50 uf 370vac moior stan capaciior (Galectrol :ypa

compring no potis) £5.95 of £49.50 for 10

Soid carbon resglons very (ow Ihduciance waeal jor

RF clicults

27phm ZW. 6Bohm 2W 285p each 15p each 100+ we

have & ranga of 025w 05w 1w and 2w scin carbon

rasmlons please sand SAE for sl

P.C. 400W PSU (Inkel part 201035-001) with stantard!

moftwrboard and 5 chak dwe conneclors, lan and.

maing nietfoutiel connectors on back and swilch on,

e side (kop hod iowet case} dme

212491 49mm excluding +wiich £6.50 each

£128.00 for 8§

WX 180 Onghai multimelar 17 rangas 1000vHc F50vat

ZMohm 200mA translsiol Hie 9v and 1/5v banary les|
= £12.95

AMD 27756-3 Eproms C2.00 each, £4.25 100+

DIP gwitch 3PCO 12 pan (EAG SDC-3-023) 60p each

40p 100=

Disk drve boxes lor $.25 dish drve with mom lar a

pawer supply hght griy plasiic 67x268x247mm £7 05|

or £49.50 for 10

Hand hekd uliesoni remele CONNG| . £3.95

Cv248% gas selay 30 x 10mm dia wibh 3 wie

larminals will giso work 13 B Peon Aght 20p @ach or

£7.50 par 100

All proucts adveined ac ngw and unJsed unkesy

ciherwise staled. Wide range of Ch0S TTL T4HD

TAF Linear Transistons ks rechargesbie battares
CApacons 1008 #ic. akways I slock.

Please aod £1 85 towsrds PiP
val hohuged i all phces

JPG ELECTRONICS

BK Electronics .
Bull Electrical ... .
Chelmer Valve )
Cirkit Distribution ... . .-
Classified Section . ... ...
Cricklewood Electronics

Direct CCTV . Pl
Display Electromcs - g
E@IT] {4 pwiod mv Y
Field Electrlc ........
Innovative Interfaces . . . .

JPG Electronics . . .
Komputer Knowledge . .
Labcentre Electronics .

Maplins . ... .
Mayflower Electronics . , .
Megadownload . . .. ... ..
Milford Instruments .. .. ..
MQP Electronics . .. .. ..
Niche Software . :
Number One Systems , .
Omni Electronics . . . .
Pico Technology .

Radio Tech . .
Robinson Marshail . . .
Seetrax CAE ...........
Stewans of Reading .
Strategic Tests . ... ..
Telnet

JJComponents .. ........

Madliabr ¢ v o & st & 57 oo 62 s

Tsien (UK) ... ...........
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James Gale

| 01442 66551

Send your requirements to:
ETI Classified Department, Nexus, Nexus House,
Boundary Way, Hemel Hempstead, HP2 75T
Lineage: 75p per word {+ VAT) {(minimum 15 words)
Seml display: (minimum 2,5cms)
£10.50 + VAT per single column centimetre
Ring for information on series bookings/discounts.
All advertisements In this section must be pre-paid.
Advertisements are accepted sublect to the terms and conditions
printed on the advertisement rate card (avallable on requast).

——— i

VARIABLE VOLTAGE
TRANSFORMERS

INPUT 2207240V AC 50/60
OUTPUT D-260V

D.5KVA 2 5 amp max

1KVA 5 amp max
(256 58 inc VAT]
2KVA 10 amp max £59.40 £8.50
AKVA 15 amp max

(£102.40 Inc VAT)
SKVA 25 amp max £130.15
{Plus Carriage)
Bury dwacl Irom tha Imponers Keenes! phatas in e country
COMPREHENSIVE RANGE OF
TRANSFORMERS-LT-ISOLATION & AUTO
{1240V Ausn Tanwtar siliher cased with Amancan sockal snd
mams fead of opem ame b Avadabie b Minediaie Geirery,

WIDE RANGE OF XENON FLASHTUBES
Wrlte/Phone your enquires

ULTRA VIOLET BLACK LIGHT
FLUORESCENT TUBES

4440 wahl E14 00 (callars oy} {E£16.45 me VA
2N 20 walt £9.00 fcarars onky) {£10.58 nc VA
12m & walt $4.80 + T5p pAn (i'BSZ!r(VA

9in B wan £3.96 » 50¢ php 24inc VAT)
6n 4 wall £3 96 « 500 pbp (rsaqmvm
230V AC BALLAST KIT
Foor edtu:r Ga. B o0 1230 subas £6 05 + 1,40
pAp (DB.75 lne VAT)
The above Tubss are sultadie foi Forgad Bank Nale
dolaction setumty martung ekt
Omar Wavo Lengtha of LY TUBE avallibio piease
HNIGHIONC YRR onquIney
400 WATT UV LAMP ~

Griy £38 00 + £4,00 pAp {C40.38 Inc VaT}
160 WATY SELF BALLASTED BIACK
LIGHT mERCURY BULE
Availabic whh BC or ES Hitng, Pnce inc VAT
12¥ D.C. BILGE PUMPS
500 GPM 1% fad 3 amp £19 58
1750 GFH 130 hewc § amp £M4

& pBp and VAT [26.55
55
Als5 now avadabe 24V D.C. 1750 GPH ¥5h haad

$amp (655 All dengned o be wsed

Wl
submerged. PRICES. INCLUDE PAP & VAT

SUPER HY-LIGHT STROBE KIT
Dealgeu tor Dhacn, Theatresl vaes olc
Approk 16 oules, Adjusmbie 3pasd £50.00 ¢ £3.00 php
(6228 mc AT}
Case and reflocior £24.00 « E100 odp (E31.73 nc VAT)
SAE foe  Tunthar  delmils includitg  Hy-Light and  In-
| ssinal Strove Kits.

jfoliowing removable com

“BOFFINS SPECIAL™-

UNIQUE OFFER
Surplus Preclsion Medical Unh, internafly in
excellem condftion Designed pllmnrlly 1o syecl &
precize controflabie smoum of fhuld from & medical
zyringe {imlter nol supplled). Contains 1he
nents: Dual Micro,
Processor Boards and EPROMS Eacap Pracislon
12¥ DC Molor with 300:1 Geaf Box and opticar
ancoder coupled ko 8 preclafon (hieaded drive
mechanlsm. Mains supply wih 6 3 1.5V Ni-Cad
AA, cails back-up. L.C.D. Digriat read-out 17mm
high whh legends. Audible warning.
These ar- soic for e drsmanting of the éxcepliona)
quakity regrel no Circuits avaslable.
Rmiculousry .00 + €4.00 pip
(£28.20 Incl VA

SKVA ISOLATION TRANSFORMER
As Mow Ex sgupment hully strooned Ling Norss
Suppression, LR 150/280n Translonmae mifh Mermenal
covars And Jnool-Out cable dnires Prmary 1202404
Secondary 1207240V 5060 He .00%5 of Capacrienca. Sue
L.37 X W.10 X H.160m Weigit 42 Kioa
PRICE (120.00 «VAT
o5 wampnouss. Carnboe on riguant.

240V AC CENTRIFUQAL BLOWER

. | Naw Mandl. Sumplus Skelelon Blowsr sutabla for

mounimg sce an enclosure o cool equipment.
Overall w20 130x110x85m. Oultet B0 IS (mpellor
60mm chp ¥ 50mm long. V4,10 incd PAP & VAT

SEWING MACHINE MOTOR
Brand naw 2207240v ACDC SEW-TRIC 2 lead Brush
Motor. Size L. 100me g M. 70mm x W.55mm. Spmdie.
1/4in. dia x 14, 10ng. L1410 inel. PAP & VAT

GEARED MOYORS
71 APM 20ib nch losque reversable 115V AC inpur
Including cepaciew and ‘ranslorm@r for 240V AC
operalion Frice inc VAT & pap £27.13

SOLID STATE EMT UMIT

Input  230¥240¥ AC, Oulput apgccm 15KV,
Producmg 10mm spark. Bultdn 10 sec Imer.
Eagdy lor 20pee. 30 sec 1o continuous.
Cosigned tor Dotter Ignllien. Oosens of uses Tn (he
helc of physics and elecironics. eg supplyng neon
of aigon Tubas elc Prce less case 8,50 « £2.40
PAp (L1281 ine VAT) NMS

EPRAOKM ERASURE KiT
Buid your own EPROM ERASURE Jor a Iraction of the
pncé ol a made-up uni It of pans less case includes
12in 8 watl 2537 Angst Tube Banas! und, pair of bi-pin
laads. neon mdicalon, ofvioll swhch, satety Mcrogwitch
and arcun £15.00 « £2 00 pSp (€13.98 inc VAT)
WASHING MACHINE WATER PLIMP
Hrand new 240V AL, Fan cocled. Can be used fora vanoty
olpu;poms irdel 1" w0 outlel Tin. da Priog mciudes pip
& VAT £11.20 each o 2 1or 120,30 mciusve.
WICACSWITCH
Pya 15 amp changeover lever microswilch, type S171

Brand new price 3 tor £7.05 Inc VAT & p&p

uo-m,-rmr

SERVICE TRADING CO

57 BHIDGMAN HOAD CHISWICK, LONDCIN W4 588
51-995 0549 0181-995 1560
ACCOUNT CUSTOMEHS MIN, ORDER £10

Ampee
Parking Space

SMART CARD PRODUCTS
Smaricards, Readers/Writers,

OEM couplers, Evaluation kils
and more.

EPSILON ELECTRONICS
Brynsengvn. 1A, 0667 Oslo,
Norway TEL/FAX
+4722640810

L.F. HANNEY
Your Electronic
Component Specialist for
Avon, Wilts & Somerset..
77 Lower Bristol
Road, Bath, Avon.
Tel: 01225 424811

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC INTO
CASH immediate settlement.
We alsc welcome the opportudity 1o quote
for complele lactory Clearance
Conlact;
COLES-HARDING & CO
Unh 58, Queens Road, Wisbech,
GCambs PE13 7PQ
BUYERS OF SURPLUS INVENTORY
ESTABLISHED OVER 20 YEARS
Tel: 01845 584188 Fax: 01945 475216

LEN COOKE
ENTERPRISES
For the best value in Used
Electronic Test Instruments
We buy, sell and service ascilloscopes, signal
generators, frequancy counters, spectrum
Analysers, Power melars, log lesiers, elc
Spare parts avallabie for most Textronic
SCopes
Tel: 0181-813-3346
Fax: 0181-574-2339
Moblle: 0802 177752
Mali order sddress: Unh 5, Scuthal)
Emerprise Centve, Bridge Road,
Southal, Midds, UBZ 4A}
We engineer what we buy, we support

what we sell.

==
visa
=

DISCOUNT FOR BULK ORDERS

COOKE INTERNATIONAL
SUPPLIER OF QUALITY USED TEST INSTRUMENTS,

ANALY SERS, BRIDGES, CALIBRATORS, VOLTMETERS
GENERATORS, OSCILLOSCOPES, POWER METERS. ETC
ALWAYS AVAILABLE

ORIGINAL SERVICE MANUALS FOR SALE
COPY SERVICE ALSO AVAILABLE

EXPORT, TRADE AND UK. ENQUIRIES WELCOME
SEND FOR LIST OF EQUIPMENT AND MANUALS
ALL PRICES EXCLUDE VAT AND CARRIAGE

OPEN MONDAY TO FRIDAY 9AM - 5PM
‘COOKE INTERNATIONAL
ELECTRONIC TEST & MEASURING INSTRUMENTS

Unit Four, Fordingbridge Site, Main Road, Barnhan), Bognor Regis,
West Sussex, PO22 0EB Tel (+34) 01243 545111/2 Fax (+44) 01243 542457

WANTED TEST EQUIPMENT & MANUALS TO PURCHASE

SHIPPING ARRANGED

LIVERPOOL

PROGRESSIVE RADIO

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

47 Whitechapel
Tel: 051 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS'
Open: Tues-Sat 9.30-5 30

SCIENTIFIC

S W WIRE COMPANY

ENAMELLED COPPER WIRE
TINNED WIRE SILVER
PLATED COPPER WIRE
SOLDER EUREKA WIRE
NICKEL CHROME WIRE
BRASS WIRE LI TZ WIRE
BIFILAR WIRE MANGANIN
WIRE TEFZEL WIRE NICKEL
SAE BRINGS LIST 18 RAVEN
RAD LONDON E18 1HW

FAX 081 559 1114

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

DIY PLANSH Windgeneralors,
petrol  generators, inverters,
portable welding generators,
engine crane, electric bike, solar
projects, boats and the famous
Homebuilt Dynamo. Plus books on
sterling  engines, mechanical
wonders, ihe writings of Thomas
Tesla, electromagnets etc.
Hundreds of exciting projects. 2 x
1st stamps for descriplive
catalogue. Jemmett Engineering 8
Hallam Gardens Pinner Midalesex
HAS 4PR

Black and White
Monitors 5” screen
Accept composite video
signal operate on 12 volt
D.C. Pre-owned but lested
and working Only £85 inc.

postage & packing
Alsco Trading,
Aslley House, Johnson Street,
Tyldesley Manchester M29
8AB. Tel 01942 893573

COMPONENTS

EPROMS PLDs
CONTROLLERS copied or
programmed. We supply
devices/convert discrete logic 1o
PiLDs. PCB for ETI PIC project
card supplied at £10. PO Box
1561, Bath 01225 444467
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PC SCIENTIFIC & TECHNICAL
PROGRAM LIBRARY
low casi sgeciahst sehware and

BOARDS

pCcB's, PROTOTYPES AND

PRODUCTION, Arnwork copied

or raised from your draft designs

or schematics. Quoteline 01232

473533 or write 1o P Agar, 36

5W‘Joodcot Avenue, Belfast, BTS
A

P.C.B. Arwork Layout, Product
Design,Schematic, Surface mount
component design, Supply and
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M.G.C. Electronics
TEL:- (0378) 958252
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arh out e
We have Bu larges: soenitc #nd Techi il S0t BNy 85
el 55 1M DEE| MEBNSIIAM LRy ITY avakaine atpwheii
[Sotware suppbes ob GO RO of Flogpy Dacover The frud gams)

01708 379404,

ALPH
BETA Tel: 01708 379054 Fax:

Of Sharme e w our 000,000 woéd Mypsewn boon “The:
Encyciopeda of Sharewars’

or phonoan youl omes Mag Crach cars actepied You ko

fodiive 3 ; apecat offer vOucher
PDSL. Winsca %nmn Ry, Crawborough

b
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FAX YOUR ADVERT
ON 01442 66998
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Start training now with the specialists for
the following courses. Send for our
. brochure — without obligation or

Telephone us on 01626 779398  en s

[J Telecomms
Tech C&G 2710
Radio Amateur
Licence C&G
Micro-
processor
) Intreduction to
Television

Name

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TG14 SUN

APOLOGY

@ Fi MICRO BUG TRANSMITTER BE- 108MHZ 500 METRE RANGE KT
® FM BUG AS ABOVE 1000 METRE RANGE KIT £4.75BUILT £8.00
FM ULTRA SMALL BUG 15MM X 20MM X 1 5MM 88-108MHZ 100 METRE
RANGE BUNT/BOXED £15.00
® Fas TELEPHONE TAP BUG POWERED FROM THE AND TRANSMITS
BOTH SIDES OF THE CONVERSATION 88-108MHZ SOOMETRE RANGE KIT £10
BUILT/ BOXED £14.00
& Fa 1JA 3 WAY ADAPTER BUG BUILT/TESTED £25.00
® FM BUG HOUSED IN A PRIMARY PHOINE SOCKET 88-108MHZ 500 METRE
RANGE KIT £15 O0BUILT £23 00
® TRACKING TRANSMITTER AND RECEIVER 418MHZ 2KM RANGE FOR
TRACKING OF VEHICLES, PEOPLE, ANIMALS ETC £90.00
& BUG CONSTRUCTORS MANUAL - A BOOK CONTAINING DOZENS OF VHE,
CRYSTAL CONTROLLED BUGS, TELEPHONE TAPS, INANITY
TRANSMITTERS ETC £4.00
& 4 WATT FM BROADCAST QUALITY TRANSMITTERS B88:10BMHZ KIT £4C
RUILT/TESYED/AUGNED  £40 OC
® 15 WATT Fam BROADCAST QUALITY TRANSMITTERS 8B-108 TUNED TO
YOUR SPECIFICATION, BOXED/BUIT/ALGNED £100.00
@ 30 WATT Fm BROADCAST QUALITY TRANSMITTER AS ABOVE
BOXED/BUIT/ALIGNED £165.00
@ INFARED CAMERA SIZE 40mm a 40mm x 40mm [SEE IN THE-DARK CAPABILITY)
FLUGS DIRECTLY INTO VICR ETC ONLY &
® LASER DIODES 1mW 470N RED
@ LASER DIODES Smw 670NM RED 00
® LASER DIODES 3mW 6330NM RED OVER 10 TWAES VISIBLY BRIGHTER
THAN THE 6700NM LASERS, EQUIVALENT TO THE HE-NE LASERS, £175.00
® 250 WATT 12V DC TO MAINS AT IJVERTER IDEAL FOR RUNNING A TV.
FRIDGE, STEREQ), UGHTS ETC WHEN ON THE MOVE IN YOUR CAR OR
WHEN CAMPING/CARAMANNING FROM THE CAR BATTERY. £140
® AA SOLAR POWERED BATTERY CHARGER L0,6¢
® WATCH AS YOU BUILD RADIC) RECBVER KIT WHICH INCLUDES STEP BY
STEP CONSTRUCTION GUIDE ON A YH5 TAPE AND ALL COMPONENTRS
TO BUILE THE RADIO. £2%
@ PC/IBM COMPATIBLE RELAY CARD LSED TO CONTROL RGBOTICS,
PROCESS CONTROL, HOME AUTOMATION, LAMPS ETC. PROGRAMS
ON 3.5 OR 5.25 INCH DISKS PLEASE STATE WHEN CRDERING.  C45.0
@ AlL KITS SUPPLIED WITH HIGH GUALITY PCB AND COMPONENTS. PRICES
INCLUDE VAT WITH ORDERS LESS THAN £10.00 PLEASE ADD £1.00 P&P,
ORDERS OVER £10 PLEASE ADD £2.50 P&P. SEND 5.A_E. FOR FULL CATALOGUE
CONTAINING FUSES, RF TRANSBTORS, CAPS, RESISTORS, DISPLAYS, TRIACS,
AMPS, LASERS, FIBRE OPTIC LINKS, KITS ETC AND MUCH MORE!
CHEQUES/POSTAL ORDERS PAYABLE TO: M.G.C. ELECTRONICS, THE FIRS,
MAIN ROAD, LONG BENNINGTON, NEAR NEWARK, NOTTINGHAMSHIRE,
NG23 5D). TEL [0378] 958252

PRBUILT

APOLOGY by R Grodzik to NJD Limited

In the June edition of Electronics Today International” |

touch-switch interface.”

The source for the circuit described in this article was in fact a
circuit which was developed and manufactured by NJD Limited
of 10 Ascot Industrial Estate, Sandiacre, Nottingham, NG10
5JD, United Kingdom. {(Manufacturers of professional Lighting

use such circuits in their products, notably the LOGIC T12,
TS10R and LOGIC $12, afl touch sensitive switch panels and
the “SAVER" touch sensitive panel for the handicapped.

| would like to apologise to NJD Limited completely and
unreservedly for any misleading impression which | may have
given to the effect that the circuit was developed by me as
indeed this was not the case and acknowledge the copyright
held by NJD Limited on their designs of this and any of their
other circuits,

contributed an article (beginning on page 46) entitled “4-channel

and Lighting Controf Equipment). NJD Limited manufacture and
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hree-dimensional imaging
systems have been a constant
theme In science fiction films
images hovering in the air in
front of the actors as if the
subjects of the image were really there. As is
very often the case, science fiction has a
habit of becoming fact and, in this instance,
for the last couple of months, shoppers in
New York's Union Sguare have been
astounded to see completely Ife-like
images of products floating above the
pavement In front of Bradlees, a well known
department store.

The technology which produces these
three-dimensional floating images is causing
considerable excitement in the advertising
and entertainment industries. tt was invented
by Dimensional Media Associates of the US
and is now being further developed in
conjunction with CRL. of Hayes in Middlesex,
the former research division of Thom EMI.

Surprisingly, the technology is not based
on holography but on a complex systern of
polarisers, lenses and filters which build up
the image, focused in free space, from
multiple image sources. The technique is
capable of generating true three-dimensional
volumetric displays that look amaost saolid.

The big advantage it has over
holographic systems lies in the fact that for
the first time it is possible to generate full
motion, high resolution images which can
not only be seen by viewers without the aid
of special glasses but can also be generated
virtually in real time.

It is understood that advertising
companies are gqueuing up to buy systems
as soon as they become commercially
available. In the meantime the world's
second demenstration system is being
installed in London and should be projecting
three-dimensional images outside the
Knightsbridge store of Emporio Armani in
time for Christmas.

There has been quite a lot of work done

Next Month...

on 3-0 imaging systems, primarily using
holography or flexing/rotating mirrors. Much
of this work has been funded by the US
Dept of Defence whose main interest it
seems is the construction of battlefield
display systems which will show the exact
location of aircraft, both friend and foe,
within the battle zone. However, virtuat reality
systemns seem 10 have put some of this work
onto the back bumer.

The development of 3-0 imaging
systerns has also attracted the interest of
civilian alr traffic controllers for whom it
would offer an excellent way of looking at,
and control of, aircraft movements. But
judging by recent announcements from
America's Federal Aviation Authority, the
whole concept of air traffic control is about
to change, thanks to anather bit of military
technology - the satellite-based global
positioning system (GPS).

It is being proposed that all aircraft are
fitted with GPS systems which can accurately
deterrmine the aircraft's position and height
to within a few metres. This data would then
be relayed by sateliite to a systern of ground-
based computers that would maintain a
safety zone around each aircraft and
automatically order a shift in course if the
safety zones of two aircraft overlapped.

This essentially means the end of the
human alr traffic controller, but because
there is no longer any need to stick to
predefined air corridors it should be possible
to increase considerably the number of
aircraft in the air at any one time and
thecretically Improve punctuality with fights
being up to 20% shorter.

In Britain, the CAA are also examining this
so-called 'free flight' technology but,
understandably, severe reservations are
being expressed by both existing air traffic
controllers and by many pilots. The piots are
particularly concemed about how failsafe the
systern actually is, a legitimate concem since
there will be no human backup.

In the January 1996 issue of Eleclronics Today International we will be continuing our
premier autumnn project, the £T1 Basic programmable micro controller.

Dr Pei An shows how to build a heartbeat monitor and, from Terry Balbirnie, there is
an electronic guard dog project which will bark at any unwelcome vistors. Meanwhile,
if you blow a fuse and are plunged into the dark Bob Noye's torch pad will allow you to
find the torch that will help you mend the fuse. There is a 16-channel MIDI-controlled
audio mixer project from Tom Scarff and Bart Trepak concludes his practical look at
designing a project around the PIC micro controller.

The main feature article will be looking at the Ulysses solar mission and we will also
be reviewing some more PC software of interest to readers.
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MIXED-MODE SIMULATION.
THE POWER OF VERSION 4.

N ore Fower
Version 4 Electromcs More Pover

o

complex cincuits. Faster.

N On average, Hectronics
Analog, Digital & §5 WO rk e nC h Workbench Version 4 is
Mixed Circuits 3 b in 3 compuier more than 5 times faster
Hectronics Workbench H The electronics 1a than Version 3.
Version 4 is a fully integrated i‘“
schematic Gipture, simulator
and graphical waveform ?g More Parts
generator. It is simple to ‘ﬁ Multiple parts bins
mix analog and digitdl parts 0 conuiin over twice the
in any combination. \U componernts of
%b Version 3.

: , )
Design and Verify k)
Circuits... Fast! More Models
Hectronics Workbench's _ Over 350 real world analog
simple, direct interface S and digittl models are
helps you build circuits \T\, included free with
in a fraction of the time. Hectronics Workbench.
Try ‘what if” scenarios and ‘E}‘ And, if you need more, an
fine tune your designs B additional 2,000 models
painlessly ; are available.

Incredibly Powerful. Incredibly Affordable.

If you need mixed-mode power at a price you
can afford, take a look at this simulator and
graphical waveform generator that mixcs analog
and digital with case.

Elecoonica Waorkbrench
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True mixed-mode sioudition:  Simultaneous AM transmissior,
digitization and pulse-code modulation of a signal.

BETTS ‘96
STAND No 284

With over 20.000 users world-wide, Electronics
Workbench has already been tried, tested and accepted
as an invaluable ool to design and verify analog and
digital circuits. With Version 4 true mixed-mode
simulation is now a reality with incredible simplicity.

Electronics Workbench™

The electronics lab in a computer™

Order Now! Just £199*

44-(0)1203-233-216

Rﬂ Robinson Marshall (Europe) Plc

Nadella Building, Progress Close,

Leofric Business Park,

Coventry, Warwickshire CV3 2TF

Fax: 44 (0)1203 233-210

E-mail: rme@cityscape.co.uk ‘V_!
Shipping charges UK 45.99. All pnces are plus VAT,

All irade marks are the propesty of their respective owners

Electroni's Workhench is a trademark of [nieractive Image :
Technologies lid., Torone, Canada. =

* 30 Day money-back guaranice

Australi 2-519-3933 » Brazd: 11-453-5588 « Cyprus 262-1068 « Denmark: 33-25-0109 « Finland. 0-297- 5033 = France. 149085000 = Genruny: 711-62-7740 = Greece 1-524-9981

Hungary. 1-2150082 = India- 11-5441343 « Israel: 3647-5613 = laly: 11-437-5549 ]lpﬂ.n 3-3382-3136 + Malaysla: 603-TT78945 = Mexico 5-396-3075 = Netheriands: 18-031-7666
New Zealand: 9-267-1756 = Norway: 22-167045 + Pomugal: 1-814-6609 = Singapore: 4620006 » Slovenia 61-317830 « South Africa: 351-68309 » South Koma. 2-2-222-3431
Spain: [-553-3234 « $ri Lanka: [-B6-5970 + Sweden, 8:740-5500 * Thatand: 66-2-3-6552 + United Kingdom: 203-23-3216
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With over 14,000 products
the new Maplin Catalogue
Is now bigger than ever
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THE EIFFEL TOWER THE NEW MAPLIN CATALOGUE
Built in 1889 by Alexandre Gustave Eiffel, Built for 1996 by Maplin, the new catalogue is
the Eiffel Tower is 984 feet high and almost 1,200 pages long and gives an unrivalled
gives an unrivalied view of the view of the whole world of electronics.
whole of Paris, Now Only £2.95

Weller Temperalure Controlled

RANGE OF SATELLITE RECEIVERS
AND ACCESSORIES

|

LOMPREHENSIVE RANGES OF
TEST EQUIPMENT

Soldering Iron £44.07
l -
!
Astra 1D

T

COMPLETE RANGE OF PCB | 20MHsfbsciloscope with OVER 60 PAGES OF TOOLS AND i
MAKING EQUIPMENT | Functight Generator £349.99 { SOLDERING ACCESSORIES o S 4 2599
JUST LOOK AT THESE SUPERBEB EXAMPLES!

‘BIG NAME' H!-F| SEPARATES AND
ACCESSORIES

L |

WIDE RANGE OF SECURITY : FULL RANGE OF TRANSCEIVERS, JIre g
DEVICES AND ALARMS i £9.994 7 RECEIVERS AND SCANNERS [0 VN Yy

| T N T L ) s ET O KGO

Get your copy now from WH SMITH, John Menzies and Maplin stores nationwide
Or order direct NOW on 01702 554161

Catalogue Mail order Price £3.45 (inc p&p}. Prices refer to the 1996 Maplin Catalogue and are inclusive of VAT
All items are subject 10 availability. E&CE. Maplin Electronics, PO. Box 3, Rayleigh, Essex, England $56 8LR




