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GAS MASKS RUSSIAN, new and boxed. NATO filter. £ 39. 
LOW COST NIGHT VISION system, Russian handheld complete 
with infra-red illuminator. 100m range. Runs on 2 AA batteries, just 
£109.95. 
COBRA NIGHT VISION equipment also stocked, more into on our 
web site at www.cobra-optics.co.uk. 
ELECTRIC SCOOTERS 18kph. 24V motor. 6 hour charge time. 
22kg weight, max load 90kg, running time up to 1 hour, range 
15km. 8.5A motor, 24V. direct drive. Our Price f229.95. Ref 
ESCOOT. 
VOICE CHANGERS Hold one of these units over your phone 
mouthpiece and you can adjust your voice using the controls on 
the unit. Battery operated, £ 15. Ref CC3. 
EMMINENCE LOUDSPEAKERS 12m, dia.. 50W nom, 100W 
peak. 16 ohm impedance. Pack of 4 just £39.95. Ref SPEAK39 
PIR SECURITY SWITCHES These brand new swivel mounting 
PIR units will switch up to 2 kilowatts. Adjustable sensitivity, light 
level and time delay (9 seconds to 10 minutes), 15m detection 
range, mains operated, waterproof. £5.99 Ref PIR1PACK or a 
pack of 5 for £22.95 Ref PIR5PACK or 10 for £39.95 Ref 
PIR 1 OPACK. 
12V 12Ah SEALED LEAD ACID BATTERIES, 100mm x 150mm 
x 95mm. 4kg. £ 15 each. Ref SSLB. 
SEALED LEAD-ACID CHARGER AND FLOAT CHARGER. 
Complete unit will charge 12V lead acids and maintain them with 
an automatic trickle charge. Charger on its own is £15 Ref LAC or 
charger and a 12V 12Ah battery (all fully cased) is f25 Ref ACB. 
AERIAL PHOTOGRAPHY KIT. This rocket comes with a built-in 
camera! It flies up to 500 feet ( 150m), turns over and takes an aer-
ial photograph of the ground below. The rocket then returns with its 
film via its parachute. Takes 110 film. Supplied with everything 
including a launch pad and 3 motors no film). £29.98 Ref Astro. 
BUILD YOUR OWN WINDFARM FROM SCRAP. New publication 
gives step-by-step guide to building wind generators and propel-
lors. Armed with this publication and a good local scrapyard could 
make you self-sufficient in electricity! £ 12. Ref LOT81. 
MAGNETIC CREDIT CARD READERS AND ENCODING INFO, 
£9.95. Cased with flyleads, designed to read standard credit 
cards! Complete with control electronics p.c.b. and manual cover-
ing everything you could want to know about what's hidden in that 
magnetic strip on your card! Just £9.95 Ref BAR31. 
77 KILO LIFT MAGNET. These Samarium magnets measure 
57mm x 20mm and have a threaded hole (5/16th UNE) in the cen-
tre and a magnetic strength of 2.2 gauss. We have tested these on 
a steel beam running through the offices and found that they will 
take more than 170Ib. (77kg) in weight before being pulled off. 
Supplied with keeper. £ 19.95 ea. Ref MAG77. 
HYDROGEN FUEL CELL PLANS. Loads of information on hydro-
gen storage and production. Practical plans to build hydrogen fuel 
cell (good workshop facilities required). £8 set. Ref FCP1. 
STIRLING ENGINE PLANS. Interesting information pack covering 
all aspects of Stirling engines, pictures of home made engines 
made from an aerosol can running on a candle! £ 12 STIR2. 
12V OPERATED SMOKE BOMBS. Type 3 is a 12V trigger and 3 
smoke cannisters, each cannister will fill a room in a very short 
space of time! £ 14.99. Ref SB3. Type 2 is 20 smaller cannisters 
(suitable for mock equipment fires etc.) and 1 trigger module for 
£29. Ref SB2. Type lisa 12V trigger and 20 large cannisters. £49. 
Ref SB1. 
BRAND NEW NATO ISSUE RADIATION DETECTORS, SALE 
PRICE JUST £69.95. Current NATO issue standard emergency 
services unit. Used by most of the world's military personnel. New 
and boxed. Normal retail price £400. Bull's bargain price just 
£69.95. Ref PDRM. 
BASIC GUIDE TO BIO DIESEL. How to make diesel fuel from 
used kitchen oil. £6. Ref BIOE 
SAVE £££££s. RCB UNITS. Inline IEC lead with fitted RC break-
er. Installed in seconds. Fit to any computer, monitor, office equip-
ment and make it safe! Pack of 10 just £9.98. Ref LOT5B. 
INFRA-RED REMOTE CONTROL WATCHES, £16.99. 
VIBRATING WATCHES, vibrate when your phone rings. £ 16.99. 
PULSE WATCHES, display your pulse. £ 16.99. 

www.quemex.co.uk 
STEPPER MOTORS. Brand new stepper motors. 4mm fixing 
holes with 47.14mm fixing centres, 20mm shaft. 6.35mm diameter. 
5V/phase. 0.7A/phase. 1.8 deg. step (200 step). Body 56mm x 
36mm. £ 14.99 each. Ref STEPS. pack of 4 for £49.95. 
BASIC GUIDE TO LOCKPICKING. New publication gives you an 
insight! £6, Ref LPK. 
NEW HIGH POWER MINI BUG. With a range of up to 800 metres 
and 3 days use from a PP3 this is our top selling bug! Less than 
1 in. square and a 10m voice pick-up range. £28. Ref LOT102. 
IR LAMP KIT. Suitable for CCTV cameras, enables the camera to 
be used in total darkness! £6. Ref EF138. 
INFRA-RED POWERBEAM. Handheld battery powered lamp. 4mn. 
reflector, gives out powerful pure infra- red light! Perfect for CCTV 
use. nightsights. etc. £29. Ref PB1. 
YOUR HOME COULD BE SELF-SUFFICIENT IN ELECTRICITY. 
Comprehensive plans with loads of info on designing systems. 
panels. control electronics etc. £7. Ref PV1. 
200 WATT INVERTERS, plugs straight into your car cigarette 
lighter socket and is fitted with a 13A socket so you can run your 
mains operated devices from your car battery. £49.95. Ref SS66. 
THE TRUTH MACHINE. Tells if someone is lying by micro tremors 
in their voice. battery operated. works in general conversation and 
on the 'phone and TV as well! £42.49. Ref TD3. 
INFRA-RED FILM. em. square piece of flexible infra- red film that 
will only allow IR light through. Pertect for converting ordinary 
torches, lights, headlights etc. to infra- red output using only stan-
dard light bulbs. Easily cut to shape. 6in. square. £ 15. Ref IRF2 or 
a 12in. square for £29.95. Ref IRF2A. 
SMOKE ALARMS. Mains powered, made by the famous Gent 
company, easy fit next to light fittings. power point. Pack of 5 £ 15. 
Ref SS23. pack of 12 £24, Ref SS24. 
CCTV CAMERAS FROM £25. Check out our web site at 
www.eetestuff.co.uk and www.home-echt.co.uk. 
14 WATT SOLAR PANELS. Amorphous silicon panel fitted in an 
anodised aluminium frame. Panel measures 3ft. by 1ft. with 3m 
leads for easy connection. 3ft. x lft. solar panel £79. Ref MAG45. 
Unframed 4 pack. 8-9W (3ft x tft.) £99, Ref SOLX. 35 watts of 
solar power for just £99. 4 panels, each one 3ft x lft. and pro-
ducing 8W min.. 13V. Pack of four £99. Ref SOLX. 

AIR RIFLES FROM LESS THAN £40, 
CROSSBOWS, WIDE RANGE OF BB 
GUNS, AMMO, TARGETS, PISTOLS, 
REPLICA GUNS, UZI MACHINE GUN 
REPLICAS (BB), REPEATERS, LASER 

SIGHTS, ELECTRIC BB, GAS BB 

www.alrplstol.co.uk 

e INKJET CARTRIDGES 
FROM JUST £3 AT I 
www.officebits.co.uk q 

aim - - - mi0 

POY/ERSAFE DEEP CYCLE BATTERIES 

-e 

iliÁt 
6V 100AH £39 EACH 

NEW 12V 12In. SQUARE SOLAR PANEL. Kevlar backed. 3 watt 
output, copper strips for easy solder connections. £ 14.99 Ref 
15P42. Pack of four just £39.95. Ref 15P42SP. 
NEW UNIVERSAL SOLAR CHARGER. Chartes AAAs. AAs. Cs 
and D-type NiCads. £9.99. Ref UNISOL. 
12V SOLAR POWER WATER PUMP. Perfect for many 12V d.c. 
uses, from solar fountains to hydroponics! Small and compact yet 
powerful, works direct from our 10W solar panem in bright sun. Max 
HD: 1711, trae flow = 8 Lpm. 1.5A. Ref AC88. £18.99. 
SOLAR MOTORS. Tiny motors which run quite happily on voltages 
from 3V- 12V d.c. Works on our 6V amorphous tin panels and you 
can run them from the sun! 32mm dia., 20mm thick. £ 1.50 each. 
MAMOD STEAM ENGINES and a full range of spare parts. Check 
out www.mamodspares.co.uk. 
SUPER WIDEBAND RADAR DETECTOR. Whistler 1630. Detects 
both radar and laser. X. K and KA bands, speed casseras and all 
known speed detection systems. 360 degree coverage, front and 
rear waveguides, 11m, x 2-7M. x 4-6M., fits on visor or dash. new 
low price £99. Ref WH1630. Other mooels available at 
www.radargun.eo.uk. 
BUG DETECTORS. A new detector at a sensiole price! Detects 
bugs hidden in rooms, computers etc.. between 1-200MHz. 
adjustable sensitivity. 9V PP3 battery required. £29.95, Ref 
BDET2. 
GIANT WEATHER BALLOONS made by Totex, we blew one up to 
711, diameter then it popped due to stones on the ground! £13.89. 
Ref TOTEX. 
PHILIPS VP406 LASER DISC PLAYERS, sale price just £9.95. 
Scart output. just put your video disk in and press play, standard 
audio and video outputs £9.95. Ref VP406. 
12V DC SIRENS. Very loud. suitable for indoors or outdoors. two-
tone. 160mm x 135mm. finished in white with bracket. £4.99, Ref 
SIR2A. 
FREEZER/MAINS FAIL ALARMS. Designed to fit around the 
mains cable on a freezer this alarm will sound if the device is 
unplugged from the mains supply, battery operated. cased, built in 
sounder. Ideal for Ns. Hi-Fi equipment etc. £7.01, Ref FRE2. 
BARNET CROSSBOWS. We stock the entire range of crossbows. 
check out our web site at www.xbows.co.uk. 
HOT AIR BALLOON KITS. Everything you need to build a 1 -7m 
high. 4.5m in circum. hot air balloon, launch over a small burner or 
heater. £ 12.49, Ref HAI. 
CROOKES RADIOMETER. Fascinating glas, bulb contains 
blades driven around by the sun. £9.99. Ref SCT2OB 
GIANT TV OR PC VIEWING SCREEN. Turn your TV into a super-
size screen, converts small screens into a super size 26in. £26.99. 
Ref SVGA2. 
RADIOSONDES. Made by Valsala, unused, they measure pre, 
sure. temperature and humidity. Model RS80. good stripper at £ 15. 
Ref SONDE. 
AIR WIND POWER MODULE. Produces near's,' 400 watts cf 
power from the wind. 1.14m blade. 12V d.c. output. 3 year war-
ranty. built-in battery regulator. £549. Ref AIR1. 
WORMERIES. The ideal solution for your kitchen waste! Supplied 
complete with worms. Turn your rubbish into liquid feed! Two sizes 
available. small ( idea. for 1-2 people). £25.45. Ref WM2. and a 
large one (ideal for 4 or more). £42.44. Ref WM1. 
COMPLETE WIRELESS CCTV SYSTEM. Includes monitor. carr-
era, up to 100m range. audio and video. UK lega!, complete with 
infra- red lights. £ 169. Ref WMS333. 
PELTIER MODULES. 56W. 40mm x 40mm. 16V, sealed edges. 
new and boxed. Suppled with 18-page Peltier design manual fea-
turing circuit designs, design information etc. 1 module and manu-
al is £29.99. Ref PELT1, pack of 4 modules and manual is £99.99, 
Ref PELT2. The manual on its own is £4. Ref PELT3. 
DC MOTOR. 12V d.c.. general purpose model motor. 70mm x 
50mm. 12V d.c.. permanent magnet. 4mm x 25mm shaft. £6. Ref 
GPM1. pack 0110 is just £40, Rd l GPM2. 
180R.P.M. MAINS MOTOR. Induction type. 90mm x 70mm..50mm 
x 5mm shaft. 12A continuous rating. thermal protected. £22, Rel 
MGM1. 
SOLID STATE RELAYS. PC B. mounting, these relays require 3-
32V d.c. to operate but will switch up to 3A ac. mains Pack of 4 
£5, Ref SPEC1B. 
12V RELAYS. 2 x 2 cio 16A contacts p.c.b. mount (will fit Vero). 
tray of 25 relays for just £9.95. Ref SPEC1. 
VENNER TIME CONTROLS. Designed to be wired in permanent-
ly they will switch up to 16A 240V a.c. motorised with dial and pins. 
New and boxed. £ 15, Ref VTS. 
GYROSCOPES. We still sell original 1917 design, hours of fun for 
all the family, complete with stand. string, box and info. £6. Ref 
EP70. 
INNOVATIONS. We also sell a wide range of innovatve products 
for the home, these are at www.seemans.eom. 
INVERTERS. Convert 12V d.c. into 240V mains (modified sine 
wave), 300 watt ( 150 watt continuous). £59.95. Ref VER3. 600 
watt model (330 watt continuous). £79.97. Ref VER4. 
10 WATT SILICON SOLAR PANEL, 10 year le. waterproof, 
365mm x 365mm x 26mm. 14V, 10W. 1.8kg. framed. £84.99. Ref 
PAN. 

BULL ELECTRICAL 
UNIT D, HENEIELD BUSINESS PARK, 

FIENFIELD. SUSSEX BN5 9SI. 
TERMS: CASH. PO OR CHEQUE WITH 
ORDER PLUS £5.00 P&P ( UK) PLUS VA'F 

24 HOUR SERVICE £7.50 ( UK) PLUS VAT 
OVERSEAS ORDERS XI' COST PLUS £3.50 
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'phone: 01273 491490 Fax 491813 

Sales @ bullnet.co.uk 

STICKY LABELS. Small address labels etc. are very useful and 
can be ordered online at www.stIckon.co.uk. 
MICROSOFT TRACKBALL AND MOUSE. Called the Microsoft 
Ballpoint this has 4 buttons, a trackball and PS2 connector. Will 
work with most PCs. £5.99, Ref EP50. 
MAXON WALKIE TALKIES, up to 2 mile range, UK legal, 300 
channel, 2 x walkie talkies, £74.95, Ref. Maxonl. Chargers £ 14, 
Ref. Maxonc. battery packs £12. Ref. Maxonb (otherwise uses 
AAA batteries). 
2-WAY MIRROR KIT. Contains enough material to make up to a 
500mm x 2200mm mirror (excl, glass), full instructions. £ 19.95, 
Ref WF001. 
.22 AIR RIFLE. Under lever type. powerful Chinese training rifle, 
£38.26. Ref A1047. 500 pellets. £2.68. Ref A1091. 
.22 AIR RIFLE STANDARD TYPE. Chinese training rifle. on legal 
limit for air rifles. £29.75, Ref A1040. Pellets £2.68. Ref A1091. 
SHUT THE BOX. Check out www.bullybeetco.uk for a range of 
pub games and magic tricks. 
WANT TO MAKE SOME MONEY? STUCK FOR AN IDEA? We 
have collated 140 business manuals that give you information on 
setting up different businesses, you peruse these at your leisure 
using the text editor on your PC. Also included is the certificate 
enabling you to reproduce (and sell) the manuals as much as you 
like! £ 14. Ref EP74. 
ANICS CO2 GAS POWERED PISTOL Russian handheld pistol 
powered by Sparklets CO2 cylinders (give approx. 70 shots), fires 
steel BB. Pistol f58.22. Ref AGA101. tub of 1.500 BB shot £5.10. 
Ref A1015, pack of 5 CO2 cartridges £3.50, Ref GASS 
33 KILO LIFT MAGNET. Neodynium, 32mm diameter with a fixing 
bolt on the back for easy mounting. Each magnet will lift 33 kilos. 
4 magnets bolted to a plate will lift an incredible 132 kilos! £ 15. Ref 
MAG33. Pack of 4 just £39. Ref MAG33AA. 
BSA METEOR AIR RIFLE. UK made .22 rifle top quality profes-
sional air rifle. £84.15. Ref BSAMET 500 Lazapell pellets £5, Ref 
LAZAPELL. 
MAMOD 1313 TE1A TRACTION ENGINE. Attractive working 
model of traditional steam engine. £85, Ref 1313. 
MAMOD STEAM ROADSTER (white), magnificent working steam 
model car. £ 112. Ref 1319. 
MAMOD STEAM WAGON. Working model steam wagon finished 
in blue. £ 112. Ref 1318. Brown version (with barrels). £ 122, Ref 
1450. 
POCKET SPY MONOCULAR. Clever folding monocular with 8 x 
21 magnification, made by Helios, with case. £ 14.99. Ref MONOC. 
KEVLAR BRITISH ARMY HATS. Broken or missing straps, hence 
just £8 each. Rd l KEV99. 
CCTV SYSTEMS, £24.99. Complete with camera. 20 metres of 
cable. p.s.u. and info simple connection to scarf, £24.99. Ref 
CCTVCAM2. 
FM BROADCAST BAND HIGH POWER TRANSMITTERS can be 
viewed and bought online at www.veronica-Idts.co.uk. 
TONER CARTRIDGES FOR COPIERS AND PRINTERS can be 
bought online at www.natIonaltoners.co.uk. 
VELOSOLEX. Traditional French style two-stroke moped (engine 
over front wheels), black only. £695. Ref VELO. Delivered direct in 
a box, you need to fit the pedals etc then register it with your local 
DVLC. 
HYDROPONIC GROWING SYSTEMS. Complete, everything you 
need apart from plants and light. contains grow tank. nutrients, 
pump, tester etc. GT205 710mm x 390mm. NFT system. £31.45. 
Ref GT205. GT424 1070mm x 500mm. NFT system. £58.65. Ref 
GT424. 
ELECTRIC BIKES, £679. Viking. built-in indicators, radio. lights, 
13mph, 5 hour charge. Shimano gears. up to 50 mile range. horn. 
26m, wheels. suspension, no licence needed. key operated, £679. 
Ref VIKING. 
PIR PCBs. These contain a standard PIR detector circuit with all 
components. easy to wire up and use. Pack of 4 £6, Ref PIR8. 
NEBULISER, WATER ATOMISER. Ultrasonic module that you 
place in water. atomises the water into a very fine mist. many 
applications from special effects to scientific. £69. Ref NEB6. 
PORTABLE X-RAY MACHINE PLANS. Easy to construct plans 
on a simple and cheap way to build a home X-ray machine! 
Effective device. X-ray sealed assemblies. can be used for exper-
imental purposes. Not a toy or for minors! £6/set. Ref F/XP1. 
TELEKINETIC ENHANCER PLANS. Mystify and amaze your 
friends by creating motion with no known apparent means or 
cause. Uses no electrical or mechanical connections, no special 
gimmicks yet produces positive motion and effect. Excellent for 
science projects, magic shows. part demonstrations or serious 
research and development of this strange and amazing psychic 
phenomenon. £4/set, Ref ETTKE1 
ELECTRONIC HYPNOSIS PLANS & DATA. This data shows sev-
eral ways to put subjects under your control. Included is a full vol-
ume reference text and several construction plans that when 
assembled can produce highly effective stimuli. This material must 
be used cautiously. It is for use as entertainment at parties etc 
only, by those experienced in its use. £ 15/set. Ref F/EH2, 
GRAVITY GENERATOR PLANS. This unique plan demonstrates 
a simple electrical phenomena that produces an anti-gravity effect. 
You can actually build a small mock spaceship out of simple mate-
rials and without any visible means cause it to levitate. £ 10/set. Ref 
F/GRAl. 
TESLA COIL/LIGHTNING DISPLAY GLOBE PLANS. Produces 
up to 750.000 volts of discharge, experiment with extraordinary HV 
effects. 'Plasma in a jar'. St Elmo's fire, corona, excellent science 
project or conversation piece. £5/set, Ref F/BTC1/LG5. 
COPPER VAPOUR LASER PLANS. Produces 100mW of visible 
green light. High coherency and spectral quality similar to argon 
'aver but easier and less costly to build, yet far more efficient. This 
particular design was developed at the Atomic Energy 
Commission of NEGEV in Israel. £ 10/set, Ref F/CVL1. 
VOICE SCRAMBLER PLANS. Miniature solid-state system turns 
speech sound into indecipherable noise that cannot be under-
stood without a second matching unit. Use on telephone to prevent 
third party listening and bugging. £6/set, Ref FNS9. 
PULSED TV JOKER PLANS. Little handheld device utilises pulse 
techniques that will completely disrupt TV picture and sound! 
Works on FM too! Discretion advised. £8/set. Ref F/TJ5. 
BODYHEAT TELESCOPE PLANS. Highly directional long 
range device uses recent technology to detect the presence of 
living bodies, warm and hot spots, heat leaks etc. Intended for 
security, law enforcement. research and development etc. 
Excellent security device or very interesting science project. 
£8/set. Ref F/BHT1. 
BURNING, CUTTING CO2 LASER PLANS. Projects an invisible 
beam of heat capable of burning and melting materials over a con-
siderable distance. This laser is one of the most efficient, convert-
ing 10% input power into useful output. Not only is this device a 
workhorse in welding, cutting and heat processing materials, but it 
is also a likely candidate as an effective directed energy beam 
weapon against missiles, aircraft, ground-to-ground etc. Burning 
and etching wood, cutting, plastics, textiles etc. £ 12/set. Ref 
FIC7. 

www.bullnet.co.uk 
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I Visit our website 
www.distel.co.uk 

THE ORIGINAL SURPLUS WONDERLAND! 
THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 

GIANT 10" 7-SEGMENT DISPLAYS 
A bulk purchase enables us to bring to you these 
GIANT 7-segment digital displays at a now affordable 
price!! The 10" character size gues exceptional read-
abdity at long distances and enables a host of applica-
tions including. score boards. digital clocks, coun-
ters, event timers etc. As the units are a simple 
electromechanical device and operate from 12V DC, 
simple switching via writhes, relays. PIC or PC may 
be used to control single or multiple dicjts. Units feature 
integral 'Zero Power' memory which greedy simplifies 
desgn. For an excellent DIY practical article, see tie May issue of 
'Everyday Practical Electronics' magazine. Ideal School/ College con-
struction protect. Suppled in good RFE condition, corrplete with data sheet. 

Less than 30% Only £29.95(B) or 4 / £99.000)) 
of makers prig> I order Rw44 Order PH26 

THE AMAZING TELEBOX 

TV SOUND & 
VIDEO' TUNER 
CABLE CDMPATIBLE • 

Converts your colour monitor Into a QUALITY CDLOUR TV!! 

The TELEBOX is an attractive fully cased mains powered unit, containing all 
electronics ready to plug into a host of video monitors or AV equpment which 
are frtted with a composite video or SCART input. The composite video output 
will also plug directly into most video recorders, allowino reception of 'TV 
channels not normally receivable on most television receivers' (TELE-
BOX MB). Push button controls on the front panel atore m›epikin of 8 fully 
tuneable 'off air UHF colour television channels. TELEBOX ILE covers virtu-
ally all television frequencies VHF arid UHF including the HYPERBAND as 
used by most cable TV operators. Ideal for desktop computer video sys-
tems & PIP (picture in picture) setups. For complete compebility - even for 
monitors without sound - an integral 4 watt audio amplrfier aid low level Hi Ft 
ardo output are provided as standard. Brand new - fully guaranticed. 

TELEBOX ST for composite video input type monitors £36.95 
TELEBOX STL as ST but fitted with integral speaker £39.50 
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95 
For overseas PAL versions state 5.5 or 6 mHz sound specification. 
'For cable / hyperband signal reception Telebox MB should be con-
nected to a cable type service. Shipping on all Telebaxs, code (B) 

State of the art PAL (UK spec) UHF TV liner module 
with composite 1V pp video & NICAM hill stereo sound 

outputs. Micro electronics all on one small PCB only 73 x 
60 x 52 mm enable full tuning control via a simple 3 wire link to 

an IBM pc type computer. Supplied complete with sImple working 
program and documentation. Requires + 12V & + 5V DC lo operate. 

BRAND NEW - Order as MY00. Only £39.95 code (9) 
See www.disfel.co.uk/data my00.htm for picture + full details 

HARD DISK DRIVES 21/2 " - 14" 
2','' TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm H) New £59.95 
2W TOSHIBA MK4313MAT 4.3Gb laptop (8.2 mm H) New £105.00 
21/2 ' TOSHIBAMK6409MAV 6.1Gb laptop (12.7 mm H) New £98.00 
214' TOSHIBA MK1614GAV 18 Gb laptop ( 12 mm H) flew E149.95 
214" to 31/2 " conversion kit for Pc's, complete with connirctocs £15.95 
31/2 " COMPAQ 313706•1321 (IBM) 9 b ULT/SCSI3 New £199.00 
31/2 " FUJI FK-309-26 20mb MFM I/F FE £59.95 
31/2 " CONNER CP3024 20 mb IDE I/F (or equiv.) RFE £59.95 
31/2 " CONNER CP3044 40 mb IDE I/F (or equiv.) RFE £69.00 
3W QUANTUM 40S Prodri ve 42mb SCSI I/F, New FIFE £49.00 
5W MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95 
534" SEAGATE ST-236R 30 mb ALL I/F Riskin, £69.95 
5W CDC 94205-51 40mb HH MFM I/F RFE tested £69.95 
5W HP 97548 850 Mb SCSI RFE tested £99.00 
514' HP C3010 2 Gbyte SCSI differential RFE tested £195.00 
8' NEC D2246 85 Mb SMD interface. New £99.00 
8' FUJTTSU M2322K 160Mb SMD I/F RFE tested £195.00 
8" FUJITSU M2392K 2 Gb SMD I/F RFE tested £345.00 
Many other floppy & H drives, IDE, SCSI. ESDI etc from stock, 
see webslte for full stock list. Shipping on all drives is code (C) 

IC's -TRANSISTORS - DIODES 
OBSOLETE - SHORT SUPPLY - BULK 

10,000,000 items EX STOCK 
For MAJOR SAVINGS 

CALL or see web site www distel co uk 

COMPUTER MONITOR SPECIALS 
Legacy products 

High spec genuine multysync. 
CGA, EGA, VGA, SVGA 

Mitsubishi FA3415ETKL 14- SVGA Muitisync colour monitor with fine 
0.28 dot pitch tube and resolution of 1024 x 768. A vaii-
ety of Inputs allows connection to a host of computers 
including IBM PC's in CGA, EGA, VGA & SVGA 
iodia. BBC, COMMODORE (including Auriga 1200), 
ARCHIMEDES and APPLE. Many features: Etched 
faceplate, text switching and LOW RADIATION MPR 
specification. Fully guaranteed, in EXCELLENT little 
used condition. Tilt & Swivel Base £4.75 

VGA cable for IBM PC Included. Only £129 (E) cG73 
Order as 

External cables for other types of computers available - CALL 

Generic LOW COST SVGA Monitors 
We choose the make, which includes Compaq, 

Mitsubishi, IBM, etc. Supplied ready o run with all 
cables, Standard RTB 90 day guarantee. 

14" 
£59.00 

15" 
£69.00 

17" 
£79.00 

Supplied in good used condition. Shipping code (D) 

VIDEO MONITORS 
PHILIPS HCS35 ',same style as CM8833) attractively styled 14" 
colour monitor with Beth RGB and standard composite 15.625 
Khz video Inputs via SCART socket and separate phono jacks. 
Integral audio power amp and speaker for all audio visual uses. 
Will connect direct to Amiga and Atari BBC computers. Ideal for all 
video monitoring / security applications with direct connection 
to most colour cameras. High quality with many features such as 
front concealed flap controls, VCR correction button etc. Good 
used condition - fully tested - guaranteed only pan nn 
Dimensions: W14' x H1234" x 151/2 ' D. •••••'•••••••••• (E) 
PHILIPS HCS31 Ultra compact 9" colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket. Ideal 
for all monitoring / security applications. High quality, ex-equipment 
fully tested & guaranteed (possible minor screen burns). In attrac-
tive square black plastic case measuring W10' x H10* x 13v D. 
240 V AC mains powered Only £79.00 ID) 

INDUSTRIAL COMPUTERS 
Tiny shoebox sized industrial 40 Mhz 386 PC system measuring 
only (mm) 266 w X 88 h X 272 d. Ideal for dedicated control appli-
cations running DOS, Linux or even Windows! Steel case con-
tains 85 to 265 V AC 50 / 60 hz 70 Watt PSU, a 3 slot ISA passive 
backplane and a Rocky 318 (PC104) standard, single board com-
puter with 8 MByte NON VOLATILE solid state 'Disk On Chip' 
RAMDISK. System comprises: Rocky 318 (PC104) SBC ISA card 
with 40MHz ALi 386SX CPU, 72 pin SIMM slot with 16 Mbyte 
SIMM, AMI BIOS, battery backed up real time clock. 2 x 9 pin D 
16550 serial ports. EPP/ECP printer port, mini DIN keyboard con-
nector, floppy port, IDE port for hard drives up to 528 MByte 
capacity, watchdog timer and PC/104 bus socket. The 8 MByte 
solid state 'disk on a chip' has its own BIOS, and can be fdisked, 
formatted & booted. Supplied BRAND NEW fully tested and guar-
anteed. For full data see featured item on website. Order as 0G36 

100's of applications inc: Only £99.00 ID) 
firewall, routers, robotics etc 

TEST EQUIPMENT & SPECIAL INTEREST ITEMS UtrliliiessssemceorkneadreNEpWre,oiwtenmelin 

MITSUBISHI FA3445ETKL 14 Ind spec SVGA monitors 
FARNELL 0-60V DC 0 50 Amps, bench Power Supplies 
FARNELL AP3080 0-30V DC @ 80 Amps, bench Suppy 
KINGSHILL CZ403/1 0-50V 0 DC 200 Amps - NEW 
1kW to 400 - 400 Hz 3 phase power sources - ex stodc 
IBM 8230 Type 1, Token ring base unit driver 
Way ne Kerr RA200 Audio frequency response analyser £2500 
INFODEC 1U, 24 port, RJ45 network patchpanels. 4TH93 £49 
3COM 16670 12 Port Ethemet hub - RJ45 connectors in D97 £69 
3COM 16671 24 Port Ethemet hub • RJ45 connectors £89 
3COM 16700 8 Port Ethernet hub - RJ45 connectors NEW £39 
IBM 53F5501 Token Ring ICS 20 port lobe modules £P0A 
IBM MAU Token ring distribution panel 8228•23-5050N £45 
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE I/O £550 
ALLGON 8380.11805-1880 MHz hybrid power combiners £250 
Trend OSA 274 Data Analyser with G703(2M) 64 i/o £P0A 
Marconi 6310 Programmable 2 to 22 GHz sweep generator £4500 
Marconi 2022C 10KHz-1GHz RF signal generator £1550 
HP1650B Logic Analyser £3750 
HP3781A Pattern generator & HP3782A Error Detector £P0A 
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts £1800 
HP6264 Rack mount variable 0-20V 42 20A metered PSU 
HP54121A DC to 22 GHz four channel test set 
HP8130A opt 020 300 MHz pulse generator, GPIB etc 
HP Al, AO 8 pen HPGL high speed drum plotters - from 
HP DRAFTMASTER 1 8 pen high speed plotter 
EG+G Brookdeal 95035C Precision lock in amp 
Keithley 590 CV capacitor / voltage analyser 
Racal IC R40 dual 40 channel voice recorder system 
Fiskers 45KVA 3 ph On Line UPS - New batteries 
Emerson AP130 2.5KVA industrial spec.UPS 
Mann Tally MT645 High speed line printer 
Intel SBC 486/133SE kAultibus 486 system. 8Mb Ram 
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HP6030A 0-200V DC @ 17 Amps bench power supply £1950 
Intel SBC 486/125C08 Enhanced Multibus (MSA) New £1150 
Nikon HFX-11 (Ephiphot) exposure control unit £1450 
PHILIPS PM5518 pro. TV signal generator £1250 
Motorola VME Bus Boards & Components List. SAE / CALL £P0A 
Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550 
Fujitsu M3041R 600 LPM high speed band printer £1950 
Fujitsu M3041D 600 LPM printer with network interface £1250 
Siemens K4400 64Kb to 140Mb demux analyser £2950 
Perkin Elmer 299B Infrared spectrophotometer £500 
Perkin Elmer 597 Infrared spectrophotometer £3500 
VG Electronics 1035 TELE-TEXT Decoding Margin Meter £3250 
LightBand 80 output high spec 2u rack mount Video VDA's £495 
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995 
B&K 2633 Microphone pre amp £300 
Taylor Hobson Tallysurf amplifier / recorder £750 
ADC SS200 Carbon dioxide gas detector / monitor £1450 
BBC AM20/3 PPM Meter (Ernest Turner) + drive electronics £75 
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5650 
ANRITSU ML93A optical power meter £990 

t 1,605A0 
R&S FTDZ Dual sound uni 
ANRITSU Fibre optic characteristic test set £ 

R&S SBUF-E1 Vision modulator £775 
WILTRON 6630B 12.4 / 20GHz RF sweep generator 

££51725500 TEK 2445 150 MHz 4 trace oscilloscope 
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955 
TEK TDS380 400Mhz digital realtime + disk drive, FFT etc £2900 
TEK TDS524A 500Mhz digital reaftime + colour display etc £5100 
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser £3950 
PHILIPS PW1730/10 6010/ XRAY generator & accessories £P0A 
VARIACS - Large range from stock - cell or see our webalte 
CLAUDE LYONS 12A 240V single phase auto. volt. regs £325 
CLAUDE LYONS 100A 240/415V 3 phase auto, volt. regs £2900 

ALL MAIL TO 
Dept PE. 29 / 35 Osborne Rd 

Thornton Heath 
Surrey CR7 BPD 

Open Mon - Fri 9.00 - 5:30 

I Surplus always 
wanted for cash! 

19" RACK CABINETS 
Nie Europe's Largest Stocks of 

quality rack cabinets, 
enclosures and accessories. 

Over 1000 Racks from stock 

This month's special 

33 / 42 / 47 U - High Quality 

All steel Rack Cabinets 
Made by Eurocraft Enclosures Ltd to the highest pos-
sible spec, rack features all steel construction with - 
removable side, front and back doors. Front and 
back doors are hinged for easy access and all 
lockable with five secure 5 lever barrel locks. 
The front door is constructed of double walled 
steel with a 'designer style' smoked acrylic front 
panel to enable status indicators to be seen 
through the panel, yet remain unobtrusive. 
Internally the rack features fully slotted rein-
forced vertical fixing members to take the heavi-
est of 19" rack equipment. The two movable 
vertical fixing struts (extras available) are pre 
punched for standard 'cage nuts'. A mains dis-
tribution panel internally mounted to the bottom 
rear, provides 8 x IEC 3 pin Euro sockets and 1 x 
13 amp 3 pin switched utility socket. Overall ventila-
tion is provided by fully louvered back door and double skinned top 
section with top and side louvres. The top panel may be removed 
for fitting of Integral fans to the sub plate etc. Other featwes 
include: fitted castors and floor levelers, prepunched utility panel at 
lower rear for cable / connector access etc. Supplied in excellent, 
slightly used condition with keys. Colour Royal blue, some grey 
available - CALL - Can be supplied in many other configurations. 

33U 
Order as BC44 

External dimensions 
mm=1625H x 635D x 
603 W. (64" H x 25" 
Dx 2334"W) 
Only 

£245 

42U 
Order as DT20 

External dimensions 
mm=2019H x 635D x 
603 W. (79.5" H x 25" 
Ds 23%"W) 
Only 

£345 

47U 
Order as RV36 

External dimensions 
mm=2019H x 635D x 
603 W. (88" H x 25" 
Ds 233/4 "W) 
Only 

£410 
Call for shipping quotation 

COLOUR CCD CAMERAS sv_ 
Undoubtedly a miracle of modern technology & our special buying power ! A quality product fea- 

turing a fully cased COLOUR CCD camera at a 
give away price ! Unit features full autolight sensing for /i# 

use in low light & high light 
applications. A 10 mm fixed focus 
wide angle lens gives excellent focus 
and resolution from close up to tong 
range. The composite video output will 
connect to any composite monitor 0; TV 
via SCART socket) and most video 
recorders. Unit runs from 12V DC so 
deal for security & portable applica-
tions where mains power not available. 

Overall dimensions 66 mm wide x 117 deep x 43 high. SuppRied 
BRAND NEW & fully guaranteed with user data, 100's of applica-
tions including Security, Home Video, Web TV, Web Cams etc. etc. 

Order as LK33 ONLY £79.00 or 2 for £149.00 03; 

SOFTWARE SPECIALS 
NT4 WorkStation, complete with service pack 3 
and licence - OEM packaged. ONLY £39.00 (Di 
ENCARTA 95 - CDROM, Not the latest - but at this price I £7.95 
DOS 5.0 on 3W disks with concise books c/w OBasic. £14.95 
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks £55.00 
Windows 95 CDROM Only - No Licence - £19.95 
Wordperfect 6 for DOS supplied on 31/2 " disks with manual £24.95 

shipping charges for software is code B 

SOLID STATE LASERS 
Visible red. 670nm laser diode assembly. Unit runs from 5 V DC ai 
approx 50 mA. Orginally made for continuous use in industrial bar-
code scanners, the laser is mounted in a removable solid aluminium 
block, which functions as a heatsink and rigid optical mount. Dims of 
block are 50 w x 50 d x 15 h mm. Integral features include over tem-
perature shutdown, current control, laser OK ouput, and gated TTL 
ON / OFF. Many uses for experimental optics. comms & lightshows 
etc. Supplied complete with data sheet. 

Order as TD91 ONLY £24.95 (A) 

DC POWER SUPPLIES 
Virtually every type of power supply you 
can imagine.Over 10,000 Power Supplies 

Ex Stock - Call or see our web site. 

RELAYS - 200,000 FROM STOCK 
Save ££ITS by choosing your next relay from our Massive Stocks 
covering types such as Military, Octal, Cradle, Hermetically Sealed, 
Continental, Contactors, Time Delay, Reed, Mercury Welted, Solid 
State, Printed Circuit Mounting etc., CALL or see our web site 
www.disteLco.uk for more information. Many obsolete types from 
stock. Save £££Cs 

1  
At pricifsf 'or UK Mainland. UK customers soi 17.5% VAT to TOTAL order amount. Minimum order £ 10. Bona Fide account orders accepted from Government, Schoot, 
Universibei and Local Authorities - minimum amount order £50. Cheques over £100 are subiect to 7 working days clearance. Carriage charges (A)=£3.50, (Bffl.50. (C)£10, 
(D)e£15.00, (E)=£18.00, (F)=CAU_ Allow approx 3 days for shipping - faster CALL. At goods supplied to our ttandard Conditions of Sale which can be viewed at our website and 
uniese stated guaranteed for 93 clays. AN guarantees cm a retum to base basis. At rights reserved to change prices / specificabons without prior notice. Orders subied to stoat 
Discounts for volume. Top CASH pnces paid for surplus goods All trademarks. tradenarnes etc adviowledged. © Display Electronics 2032. E & 0 E.. 
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I 18 Million Items On Line Now! 
Secure ordering, Pictures, Information 

www.distel.co.uk 
email= admin@distel.co.uk 

ALL eit ENQUIRIES 

0208 653 3333 
FAX 0208 653 8888 
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NEXT MONTH 
FREEBIRD 
An automated flight control system for model gliders. 
Following a number of prototypes, this article describes 
how to make and install into a model glider a low cost 
electronic stabilisation system that helps model gliders 
to fly a little more straight and level. Glider flight times 
have been increased by an average of three times. The 
real power of Freebird is that the flight correction algo-
rithm can be modified by re-programming a PIC16F84 
microcontroller, which handles the attitude detection 
and flight correction, all in real time. A portable 
computer has been used in conjunction with 
EPE Toolkit Mk3, to provide full "in the field" tuning of 
the software. 

EPE MORSE CODE 
READER 
Morse is not dead! It may seem so to the uninitiated, 
but in fact it is "alive and keying". This design can be 
used as a Morse learning aid, or to satisfy the curiosity 
of those who just want to "eaves-drop" on what radio 
operators are saying. There are three main aspects to 
its design: 
• A handheld unit receives Morse, via audio input 

(internal microphone), or direct signal connection or 
Morse key, and translates it for display on an l.c.d. 
screen. 

• Using a PC, Windows-based software can input the 
signal being repeated from the handheld unit, con-
vert and display the code on the monitor, and store 
the translation to disk. The unit can be used on its 
own, it is not necessary to use it with a computer. 

• The PC software can also output Morse to the hand-
held unit, for display on its screen, or monitoring as 
an audio signal. There are several modes of output: 
translation of a text file to Morse direct keying of 
alphanumeric characters for immediate translation to 
Morse; use of the keyboard as a Morse key with the 
duration of keypresses simulating Morse dots and 
dashes. 

VINYL TO CD PREAMP 
It is not difficult these days to produce your own 
CDs. Even if your present computer does not 
boast a CD "burner", one can usually be fitted 
easily and inexpensively. However, if you want to 
make CDs from vinyl records things are not 
always straightforward. This easy-to-build unit 
provides the correct equalisation for the record 
deck pick-up plus scratch and rumble filters to 
"clean up" the signal from the record. You can, 
of course, use it to play records through virtually 
any modern amplifier, but by transferring them 
to CD you can retain the value of your records 
since they will not get worn if you no longer 
need to play them repeatedly. 

NO ONE DOES IT BETTER 

SEPTEMBER 2002 ISSUE ON SALE T 

DON'T MISS AN 

ISSUE - PLACE YOUR 

ORDER NOW! 
Demand is bound to be high 

HURSDAY, AUGUST 8 
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PO Box 6935 BISHOPS STORTFORD Herts C1023 4WP 

.11,1,•• '•-av  

QUASAR ELECTRONICS LIMITED 

TEL: 0871 717 7168 FAX: 07092 203496 

ADD £2.00 P&P to an orders (or 151 Class Recorded frt. Next day 
(Insured £250) £7, Europe £5 00. Rest of World £ 10 00). We accept all 
mator credit cards Make cheques/PO's payaole to Quasar Electronics 
Prices include 17.5% VAT MAIL ORDER ONLY 
FREE CATALOGUE with order or send 2 o 1st class stamps 
(refundable; for details of over 150 kits & publications. 

1990 

VISA 

7;ila 

PROJECT KITS 
Our electronic kits are supplied complete with all components, high quality PCBs 
(NOT cheap Tripad strip board!) and detailed assembly/operating instructions 

• 2 x 25W CAR BOOSTER AMPUF1ER Connects to 
the output of an existing car stereo cassette player, 
CD player or radio Heatsinks provided. PCB 
76x75mm.1046KT. £24.95 
• 3-CHANNEL WIRELESS LIGHT MODULATOR 
No electrical connection with amplifier. Light modu-
lation achieved via a sensitive electret microphone. 
Separate sensitivity control per channel. Power 
handing 400W/channel. PCB 54x1 12mm. Mains 
powered Box provided 6014KT £24.95 
• 12 RUNNING LIGHT EFFECT Exciting 12 LED 
light effect ideal for parties, discos. shop-windows & 
eye-catching signs. PCB design allows replacement 
of LEDs with 220V bulbs by inserting 3 TRIACs. 
Adjustable rotation speed & direction. PCB 
Next 12mm. 10261R £15.96; BOX (for mains opera-
(ion) 2026E1X £9.00 
• DISCO STROBE LIGHT Probably the most excit-
ing of all light effects. Very bright strobe tube. 
Adjustable strobe frequency, 1-60Hz. Mains powered. 
PCB, 60x68mm. Box provided 8037KT £28.95 

• ANIMAL SOUNDS Cat, dog, chicken & cow. Ideal 
for kids farmyard toys & schools. SG1OM £5.95 
• 3 1/2 DIGIT LED PANEL METER Use for basic 
voltage/current displays or customise to measure 
temperature, light, weight, movement. sound lev-
els, etc. with appropriate sensors (not supplied). 
Various input circuit designs provided. 3061KT 
£13.95 
• IR REMOTE TOGGLE SWITCH Use any TVNCR 
remote control unit to switch onboard 12V/1A relay 
on/otl. 3058IR £10.95 
SPEED CONTROLLER for any common DC motor up 
to 100V/5A. Pulse width modulation gives maximum 
torque at ah speeds. 5-15VDC. Box provided. 30871C1 
£1295 
• 3 8 CHANNEL IR RELAY BOARD Control eight 12V/1A 
relays by Infra Red ( IR) remote control over a 20m range in 
sunlight 6 relays turn on only, the other 2 toggle onion 3 oper-
ation ranges determined by jumpers. Transmeter case á all 
components provrded Recener PCB 76x89mm. 3072KT 
£52.95 

PRODUCT FEATURE 
COMPUTER TEMPERATURE DATA LOGGER 
PC serial port controlled 4-channel temperature 
meter (either deg C or F). Requires no external 
power. Allows continuous temperature data logging of 
up to four temperature sensors located 200Mo from 
motherboard/PC. Ideal use for old 386/486 comput-
ers. Users can tailor input data stream to suit their 
purpose (dump it to a spreadsheet or wnte your own 
BASIC programs using the INPUT command to grab 
the readings). PCB just 38mm x 38mm. Sensors con-
nect via four 3-pin headers. 4 header cables supplied 
but only one DS18S20 sensor. 
Kit software available free from our website. 
ORDERING: 3145KT £23.95 (kit form): 
AS3145 £29.95 (assemNed); 
Additional DS18S20 sensors £4.95 each 

• SOUND EFFECTS GENERATOR Easy to build. 
Create an almost infinite variety of interesting/unusu-
al sound effects from birds chirping to sirens. 9VDC. 
PCB 54x85mm. 1045KT £13.95 
• ROBOT VOICE EFFECT Make your voice 
sound similar to a robot or Darlek. Great fun for 
discos, school plays, theatre productions, radio 
stations & playing jokes on your friends when 
answering the phone! PCB 42x71mm. 1131KT 
£8.95 
• AUDIO TO LIGHT MODULATOR Controls intensi-
ty of one or more lights in response to an audio input. 
Sate, modern opto-coupler design. Mains voltage 
experience required. 3012KT £6.96 
• MUSIC BOX Activated by light. Plays 8 Christmas 
songs and 5 other tunes. 3104KT £7.95 
• 20 SECOND VOICE RECORDER Uses non-
volatile memory • no battery backup needed. 
Record/replay messages over & over Playback as 
required to greet customers etc Volume control & 
buift-in me. 6VDC. PCB 50x73mm. 
3131KT £12.95 
• TRAIN SOUNDS 4 selectable sounds whistle 
blowing, level crossing bell. 'clickety-clack' & 4 in 
sequence. SGO1M £6.95 

MI FACTOR 
PUBLICATIONS 

THE EXPERTS IN RANI 
UNUSUAL INFORMATION! 

Full details of all X.FACTOR PUBLICATIONS can be land in 
our catalogue NB Minimum order charge «trip:es and pins 
is f5 W PLUS normal P&P 

• SUPER-EAR USTENING DEVICE Complete plans to 
Dodd your own parabole dish microphone. Listen to distant 
voices and sounds through open endows and even walls! 
Made Iron readily wadable parts R002 tsso 
• LOCKS. How they reek and how to pick them This fact 
filled repon will teach you more about locks and Me art of 
lock pidung than many books we have seen at 4 times the 
pace Packed with information and illustrations. R0011 £3.50 
• RADIO 8 TV JOKER PLANS 
We show you how to build three different circuits for disrupt-
ing TV picture and sound plus FM radio! May upset your 
neighbours & the aultionfiesfi DISCRETION REQUIRED. 
R017 £3.50 
• INFINITY TRANSMITTER PLANS Complete plans tor 
building the famous Infindy Transmeter Once installed on the 
target phone, device acts like a room bug Just call the target 
phone 6 activate the und lo hear all room sounds Great for 
horne/olfice seanty, R019 £3.50 
• THE ETHER BOX CALL INTERCEPTOR PLANS Grabs 
telephone calls out ol thin airl No need to vardin a phone 
bug Simply place the device near the phone lines to hear the 
conversations taking place, R025 £3.00 
• CASH CREATOR BUSINESS REPORTS Need ideas for 
making some cash, Well nos could be 4,51 what you need! 
You get 40 reports (approx 800 pages) on floppy disk that 
grue you Information on setfing up deferent businesses the 
also get valuable reproduction and duplicaten nghts so that 
you can sell the manuals as you like R030 £7.50 

• PC CONTROLLED RELAY BOARD 

Convert any 286 upward PC into a dedicated auto-
matic controller to independently turn on/off up to 

eight lights, motors & other devices around the 

home, office, laboratory or factory. Each relay output 
is capable of switching 250VAC/4A. A suite of DOS 

and Windows control programs are provided to-

gether with all components (except box and PC 
cable). 12VDC. PCB 70x200mm. 30741R £31.95 
• 2 CHANNEL UHF RELAY SWITCH Contains the 
ulnae transmitter/receiver pair as 30A15 below plus 
the components and PCB to control two 
240VAC/10A relays (also supplied). Ultra bright 

LEDs used to indicate relay status. 3082KT £27.95 
•TRANSMITTER RECEIVER PAIR 2-button keyfob 

style 300-375MHz To with 30m range Receiver 
encoder module with marched decoder IC. 
Components must be built into a circuit like kit 3082 

above. 30A15 £14.95 

• PIC 16C71 FOUR SERVO MOTOR DRIVER 
Simultaneously control up to 4 servo motors. Software & 
all components (except servos/control pots) supplied. 
5VDC. PCB 50x7Ornm. 31021(1 £15.95 

• UN1POLAR STEPPER MOTOR DRIVER for any 

5/6/8 lead motor. Fast/slow & single step rates. 
Direction control & on/off switch. Wave, 2-phase & 

hall-wave step modes. 4 LED indicators. PCB 

50x65mm. 3109KT £14.95 
• PC CONTROLLED STEPPER MOTOR DRIVER 
Control two unipolar stepper motors (3A max. each) 

via PC printer port. Wave, 2-phase & ha/-wave step 
modes. Software accepts 4 digital inputs from exter-
nal switches & will single step motors. PCB fits in D-

shell case provided. 3113KT £17.95 

• 12-BIT PC DATA ACOUISMOWCONTROL UNIT 
Similar to kit 3093 above but uses a 12 bit Analogue-
to- Digital Converter (ADC) with internal analogue 

multiplexor Reads 8 single ended channels or 4 dif-
ferential inputs o- a mixture of both. Analogue inputs 

read 0-4V. Four TTL/CMOS compatible digital 
input/outputs. ADC conversion time elOuS. Software 
(C. OB & Win), extended D shell case & all compo-
nents (except sensors & cable) provided. 31161(1 

£52.95 
• LIQUID LEVEL SENSOR/RUN ALARM Will Indi-

cate fluid levels or simply the presence of flue. Relay 
output to control a pump to add/remove water when ft 

reaches a certain (wet 101901(7 £5.95 
• AM RADIO KIT 1 Tuned Radio FrequencyIront-
end, single chip AM radio IC & 2 stages of audio 

amplification. All components inc. speaker provid-
ed. PCB 32x102mm. 3063KT £10.95 

• DRILL SPEED CONTROLLER Adjust the speed 
of your electric drill according to the pe at hand. 
Suitable for 240V AC mains powered drills up to 

SURVEILLANCE 
High performance sunenlance bugs Room transmdfers suppled we sensitne electret microphone & battery befriended AO transmit-
tors can be roomed on an ordinary VHFFA1 radio behveen 88.108MHz Available m Kit Form (KT) or Assented & Tested (AS) 

ROOM SURVEILLANCE 
• «TX - MINIATURE 3V TRANSMITTER Easy to build & guar-
anteed to transmit 300m 0 3V Long battery life 3-5V operation 
Only 45x18mm 3007KT £6.95 053007 £11.95 
METS MINIATURE 9V TRANSMITTER Our best selling bug 
Super sensitre, high power , 500m range 0 9V (over 1kv eh 
18V supply and bener awe') 45x19rnm 3018111 £7.95 AS3018 
£12.95 
HPTX - HIGH POWER TRANSMITTER Ho, performance 2 
stage transminer gives 
greater stalely & higher brat 
ey recepoon 1000m range 6- , 
12V DC operation Size I 
70x15mm 3032KT £9.95 
AS3032 C18.95 
• MMTX • MICRO-MINIATURE 9V TRANSMITTER The inmate 
bug tor as see pertormance and price Just 15425mrn 500e 
range 0 9V Good stabler 6-18V operation 3051KT £8.95 
AS3051 £14.95 
• VD • VOICE ACTIVATED TRANSMITTER Operates only 
when sounds detected Love staracty current Venable bagger sen-
sifivrty 500m range Peaking brae suppled lor maxenum RF out-
put. OrVott drat& 6V operation Only 63x38mm MKT 02.95 
AS3028 £24.95 
HARD-WIRED BUG/TWO STATION INTERCOM Each station 
has es own ampere speaker and me Can be set up as either a 
hardwired bug or two-staten intercom 10m x 2-core cabie sup-
pled 9V operation 3021KT £15.95 (kit form only) 
• TRVS - TAPE RECORDER VOX SWITCH Used to automati-
cally operate a tape recorder (not suppled) ye its REMOTE soda, 
et when sounds are detected All conversakons recorded 
Adjustable sensenty turnoff delay 115x19mm 3013KT £.95 
AS3013 £21.95 

700W power. PCB, 48mm x 65mm. Box provided. 
80741R £17.95 

• 3 INPUT MONO MIXER Independent level corn-

trol for each input and separate bass/treble controls. 

Input sensitivity 240mV. 18V DC. PCB 60rem x 

185mrn 1052KT £16.95 
• NEGATIVE1POSMVE ION GENERATOR 

Standard Cockcroft-Walton multiplier circuit. Mains 
voltage experience required 30571(1 £10.95 
• LED DICE Classic intro to electronics & circuft 
analysis 7 LED's simulate dice roil, slow doom & land 

on a number at random. 555 IC circuit 3003KT £9.95 

• STAIRWAY TO HEAVEN Tests hand-eye co-ordi-
nation. Press switch when green segment of LED 
lights to climb the stairway • miss & start again! 

Good intro to several basic circuits 3005KT £9.95 

• ROULETTE LED 'Ball' spins round the wheel, 
slows down & drops into a slot 10 LED's. Good intro 

to CMOS decade counters & Op-Amps. 3006KT 

£10.95 
• 12V XENON TUBE FLASHER TRANSFORMER 

steps up al2V supply to flash a 25mm Xenon tube. 
Adjustable flash rate. 3163KT £13.95 
• LED FLASHER 1 5 uftra bright red LED's flash in 

7 selectable patterns 3037MKT £5.95 
• LED FLASHER 2 Similar to above but flash in 
sequence or randomly. Ideal for model railways. 

30521AKT £5.95 
• INTRODUCTION TO PIC PROGRAMMING. 
Learn programming from scratch. Programming 

hardware, a Pl6F84 chip and a two-part, practical, 
hands-on tutorial series are provided. 3081KT 

£21.95 
• SERIAL PIC PROGRAMMER for all 8/18/28140 
pin DIP serial programmed PICs. Shareware soft-
ware supplied limited to programming 258 bytes 
(registration costs 14.95). 309657 £10.95 
• ATMEL 89*(051 PROGRAMMER Simple-to-

use yet powerful programmer for the Atmel 
8901051. 89C2051 & 8904051 uCs. Programmer 
does NOT require special software other than a 

terminal emulator program (built into Windows). 
Can be used with ANY computer/operating sys-

tem. 3121KT £24.95 
• 3V/15V TO 9V BATTERY CONVERTER Replace 

expensive 9V batteries with economic 1.5V batter-

ies. IC based circuit steps up 1 or 2 'AA' batteries to 
give 9V/18mA. 30351R £5.95 
• STABILISED POWER SUPPLY 3-30V/2.5A 
Ideal for hobbyist & professional laboratory. Very 

reliable & versatile design at an eztremely reason-
able price. Short circuit protection. Variable DC 

voltages ( 3-3001. Rated output 2.5 Amps. Large 
heatsink supplied. You just supply a 24VAC/3A 
transformer PCB 55x112mm. Mains operation. 

1007KT £16.96. 

TELEPHONE SURVEILLANCE 
• MTTX - MINIATURE TELEPHONE TRANSMITTER Attaches 
anywhere to phone line Transmits only when phone e used' 
Tunee your rade and hear both panes 300m range Uses Inn 
as aerial di power source 2005mrn 301081 £8.95 853916 
f14.95 
• TRI - TELEPHONE RECORDING INTERFACE Automateally 
record all conversations Connects between phone line & tape 
recorder (not suppled) Operates recorders eth 1 5-12V battery 
systems Powered from line 50x33mm 3033KT £9.95 AS3033 
£18.95 
• TPA • TELEPHONE PICK-UP AMPLIFIERAVIRELESS 
PHONE BUG Place prd-up cod on the phone line or near phone 
earpiece and rear both sees or the conversation sorer £11.95 
AS3055 D0.95 

HIGH POWER TRANSMITTERS 
• 1 WATT FM TRANSMITTER Easy lo construct >hers a 
crisp clear bone Two-stage cane Kr induces microphone and 
requires a serve open dipole aerial 8-30VDC PC8 42x45mm 
1P39KT £12.95 
• 4 WATT FM TRANSMITTER Composes three RF 
stages and an audio preamplifier stage Pezoelectre 
microphone supplied or you can use a separate preempt,. 
fier circuit Antenna can be an open dipole or Ground 
Plane Ideal project tor those who esh to get started in the 
fascinating world of FM broadcasting and want a good 
basic circuit lo experiment with 12-18VDC PCB 
44x14.6rnm 1028KT. £22.95 AS1028 £34.95 
• 15 WATT FM TRANSMITTER (PRE-ASSEMBLED It 
TESTED) Four transistor based stages with Pheps BLY 
88 in final stage 15 Watts RF power on the •r 88-
108MHz Accepts open Opole, Ground Plane, 5/8, J. or 
VAGI antennas 12.18VDC PCB 70x220mrn SWS meter 
needed for alrgnment 1021KT £99.95 
• SIMILAR TO ABOVE BUT 2.5W Output. 1631KT (103.95 

• STABILISED POWER SUPPLY 2-30V/SA As kit 

1007 above but rated at 5Amp. Requires a 
24VAC/5A transformer. 109661 £27.95. 
• MOTORBIKE ALARM Uses a reliable vibration 
sensor (adjustable sensitivity) to detect movement 
of the bike to trigger the alarm & switch the output 

relay to which a siren, bikes horn, indicators or 

other warning device can be attached. Auto- reset 
6-12VDC. PC13 57x64mm. 1011KT £11.95 Box 

2011135 £7.00 
• CAR ALARM SYSTEM Protect your car from 
theft. Features vibration sensor, courtesy/boot light 

voltage drop sensor and bonneVboot earth switch 
sensor. Entry/exit delays, auto- reset and adjustable 
alarm duration. 6-12V DC. PCB, 47mm x 55mm 

10191(1 £11.95 Box 2019BX £8.00 
• PIEZO SCREAMER 110dB of ear piercing noise. 

Fits in box with 2 o 35mm piezo elements bait into 

their own resonant cavity Use as an alarm siren or 
just for fun! 6-9VDC 3015KT £10.95 

• COMBINATION LOCK Versatile electronic 
comprising main circuit & separate keypad for 

remote opening of lock. Relay supplied 3029KT 

£10.95 
• ULTRASONIC MOVEMENT DETECTOR Crystal 

locked detector frequency for stability & reliability. PCB 
75x4Omm houses all components. 4-7m range. 
Adjustable sensitivity Output will drive external 
relay/circurts. 9VDC. 3049KT £13.95 
• PIR DETECTOR MODULE 3.1ead assembled 

unit just 25x35mm as used in commercial burglar 

alarm system. 3076KT £8.95 
• INFRARED SECURITY BEAM When the invisible 
IR beam is broken a relay is tripped that can be used 

to sound a bell or alarm. 25 metre range. Mains 
rated relays provided. 12000 operaron 3130KT 

£12.95 
• SQUARE WAVE OSCILLATOR Generates 

square waves at 6 preset frequencies in factors of 10 
from 1Hz-100KHz. Visual output Indicator 5-18VDC 

Box provided 3111KT £8.95 
• PC DRIVEN POCKET SAMPLER/DATA LOG-

GER Analogue voltage sampler records voltages 
up to 2V or 20V over periods from milli-seconds to 
months. Can also be used as a simple digital 

scope to examine audio & other signals up to 

about 5KHz. Software & D•shell case provided. 
3112KT £18.95 
• 20 MHz FUNCTION GENERATOR Square, tri-
angular and sine waveform up to 20MHz over 3 

ranges using 'coarse' and 'fine' frequency adjust-

ment controls. Adjustable output from 0-2V p-p. A 

TTL output is also provided for connection to a 
frequency meter. Uses MAXIMS IC. Plastic case 
with printed front/rear panels & all components 
provided. 7-12VAC. 3101KT £89.95 

RGA0 30-In-ONE 13%01 Electronic Projects Lab 
Great introduction to electronics Ideal for the budding electron-
ics expert! Build a radio, burglar alarm. water detector, morse 
code practice circuit, simple computer circuits. and much more! 
NO soldering, tools or previous electronics knowledge required. 
Circuits can be built and unassembled repeatedly. 
Comprehensive 68-page manual with explanations, schematics 
and assembly diagrams. Suitable for age 10+. Excellent for 
schools. Requires 2 x AA Datienes. 
Order Code EPL030 ONLY £14.95 (phone for bulk discounts). 
130, 300 and 500-in-ONE also available. 

WEB: http://www.QuasarElectronics.com 
email: epesales@QuasarElectronics.com 

Secure Online Ordering Facilities 
Full Kit Listing, Descriptions (5) Photos 

Klt Documentation & Software Downloads 
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Enhanced `PICALL' ISP PIC Programmer 
Kit will program virtually ALL 8 to 40 pin* 
serial and parallel programmed PIC micro-
controllers. Connects to PC parallel port. 
Supplied with fully functional pre-
registered PICALL DOS and WINDOWS 
AVR software packages, all components 
and high quality DSPTH board. Also 
programs certain ATMEL AVR, SCENIX 
SX and EEPOM 24C devices. New devices can be added to the 
software as they are released. Blank chip auto detect feature for super-
fast bulk programming. Hardware now supports ISP programming. 
'A 40 pin wide ZIF socket is required to program 0.3in. devices (Order 
Code AZIF40 O £15.00). 

it will program virtually ALL 8 to 40 pin* 
serial and parallel programmed PIC micro-
controllers. Connects to PC parallel port. 
Supplied with fully functional pre-
registered PICALL DOS and WINDOWS 
AVR software packages, all components 
and high quality DSPTH board. Also 
programs certain ATMEL AVR, SCENIX 
SX and EEPOM 24C devices. New devices can be added to the 
software as they are released. Blank chip auto detect feature for super-
fast bulk programming. Hardware now supports ISP programming. 
'A 40 pin wide ZIF socket is required to program 0.3in. devices (Order 
Code AZIF40 O £15.00). 

3144KT Enhanced 'PICALI2 SP PIC Programmer nhanced 'PICALI2 SP PIC Programmer £59.95 
AS3144 Assembled Enhanced 'PICALI2 ISP 

PIC Programmer 
ssembled Enhanced 'PICALI2 ISP 

PIC Programmer £64.95 
AS3144ZIF ssembled Enhanced 'PICALI2 ISP PIC 

Prowammer cAy ZIF socket £79.95 

ATMEL AVR Programmer 
Powerful programmer for Atmel 
AT90Sxxxx (AVR) micro controller fam-
ily. All fuse and lock bits are program-
mable. Connects to serial port. Can be 
used with ANY computer and operat-
ing system. Two LEDs to indicate pro-
gramming status. Supports 20-pin DIP 
AT90S1200 & AT90S2313 and 40-pin 

DIP AT90S4414 & AT90S8515 devices. NO special software 
required — uses any terminal emulator program (built into 
Windows). The programmer is supported by BASCOM-AVR Basic 
Compiler software (see website for details). 

3122KT ATMEL AVR Programmer £24.95 
AS3122 Assembled 3122 £34.95 

Atmel 89Cx051 and 89xxx programmers also available. tmel 89Cx051 and 89xxx programmers also available. 

PC Data Acquisition & Control Unit 
With this kit you can use a PC 
parallel port as a real world 
interface. Unit can be connected to a 
mixture of analogue and digital 
inputs from pressure, temperature, 
movement, sound, light intensity, 
weight sensors, etc. (not supplied) to 
sensing switch and relay states. It 
can then process the input data and 
use the informatior to control up to 11 physical devices such as 
motors, sirens, other relays, servo motors & two-stepper motors. 

FEATURES: 
• 8 Digital Outputs: Open collector, 500mA, 33V max. 
• 16 Digital Inputs: 20V max. Protection 1K in series, 5-1V Zener to 

ground. 
• 11 Analogue Inputs: 0-5V, 10 bit (5mV/step.) 
• 1 Analogue Output: 0-2.5V or 0-10V. 8 bit (20mV/step.) 
All components provided including a plastic case ( 140mm x 110mm x 
35mm) with pre-punched and silk screened front/rear panels to give a 
professional and attractive finish (see photo) with screen printed front 
& rear panels supplied. Software utilities & programming examples 
supplied. 
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• FREE 'scope and logger software 

• Write data to disk, a web page or email 
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• Connect 80 LabJacks 

to one USB port 

DAQI.ab Software 
Data Acquisition, Control, HMI, analysis 

• Data acquisition and logging 

User screens with components in text 
form, on a graph or a animated image. 

• An industrial symbol library with over 

3800 images 

• Data analysis features 

• Sequences for automation and control 
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80-048 Electronic digital caliper for 
both imperial (0-6 inches) and metric 
(0-150mm). Accuracy +1-0.001". 
Simple touch button facility to change 
from metric to imperial (and vice versa). 
On/off and zero button, inside and 
outside measuring plus locking screw 
to hold measurement. Uses a standard 
watch battery (included). Metal 
construction. Supplied in a neat plastic 
storage case. £34.95 

80-042 SWitch mode PSU (ATX type) 
for computers. Mains input to DC 
output. +5V 32A,+3.3V 25A, + 12V 
© 8.5A, -5V 0 0.4A, - 12V @ 0.7A, +5V 
(aux) 0 0.75A, maximum 330W. Made 
by AC Bel, Part No. API7506. Case size 
150 x 145 x 105mm. Fan cooled. 
£12.95 

80-082 Test leads with crocodile clips. 
4mm plug one end to an insulated 
crocodile clip the other. One red and 
one black. 200mm long. £1.00 

Olt> 
58-067 CR2016 lithium battery. 3V. 
20mm diameter x 1.6mm high. £1.00 
58-068 CR2025 lithium battery. 3V. 
20mm diameter x 2.5mm high. £1.00 
42-544 Lithium button cell, CR2032. 
3V, 20mm diameter x 3.2mm thick. 
Brand new (not surplus). £1.00 

48-077 'AA' size Nickel Metal Hydride 
rechargeable battery. 1.2V, 1200mAh 
with nipple. Brand new. £1.75 
38-403 Pack of 3 'AA' NI-Cads, 650mA. 
Soldered together with a 2" lead to a 2 
pin socket giving them a total of 3.6V, 
650mA. You could split them up or join 
them together. Only £1.25 
56-095 AAA rechargeable Ni-Cads. 
240mAH. Supplied on cards of 4. Was 4 
for £4.00. Now only £2.00 

38-283 Mixture pack of LED's. All sorts 
of shapes and sizes and colours. Pack 
of 100E3.50 

48-111 Vibrating motor designed for 
pagers and mobile phones. 20mm long 
x 7mm diameter. Works between 3V 
and 6V. Very small and excellent quality. 
£2.50 

80-078 Mains PSU, 220-240V AC input, 
15V DC, 800mA output. Plug in the wall 
type. 2m flying leac to a 2.1mm power 
socket. £3.95 

80-102 IDE hard disk drive cable with 
3 x 40 way (DC sockets so you can have 
two hard drives running off the same 
motherboard. 580mm long. £1.50 
80-183 Floppy disk drive cable to 
enable the use of up tc 2 floppy disk 
drives. Has 3 x 34 way (DC sockets and 
2 x 34 way card edge connectors 
mounted on a 65Orrm long ribbon 
cable. £1.50 
80-104 Ribbon cable lead, 450mm 
long with 3 x 40 way ( DC sockets for 
use with hard drives ard CD ROM's. 
Also included is a 4 pic in-line socket to 
a 4 pin in- line socket lead for internal 
CD ROM audio connection. £2.00 

38-484 MES lamp holder with two 
screw fixing holes fcr mounting. Screw 
terminals for connection. White. £1.00 
For Peck 014 

58-155 103PC3581 bridge rectifier. 
100V, 35Amp. £2.50 each 

48-140 PVC electrical tape, 
19mm wide x 0.15mm thick x 33 
metres long. Flame retardant, 
BS3924. 75p 

SEND FOR OUR FREE CATALOGUE CONTAINING EVEN MORE BARGAIN ITEMS! 

80-045 12V, 17Ah, lead acid, sealed 
rechargeable battery. Gel type. Brand 
new. 180 x 165 x 75mm. These are 
usually around £45.00 each to buy. 
£14.95 

56-006 Brand new 12V DC tan. 80 x 80 
x 25mm with 10" red and black lead. 
£2.95 

WCN Supplies 
Dept EE • The Old Grain Store 
Rear Of 62 Rumbridge Street 

lotion • Southampton S040 905 
Telephone Of Fax On 

Southampton 023 8066 0700 
Email: Inta@hvensupplies.fsnet.co.uk 

ALL PRICES INCLUDE VAT 
ADD £2.25 FOR P & P 
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£1 BARGAIN PACKS 
PIEZO ELECTRIC SOUNDER, also operates effi-
ciently as a microphone. App-oximately 30mm diame-
ter, easily mountable, 2 for £ 1. Order Ref: 1084 
LIQUID CRYSTAL DISPLAY on p.c.b. with i.c.s etc. to 
drive it to give 2 rows of 8 figures or letters with data. 
Order Fief: 1085. 
30A PANEL MOUNTING TOGGLE SWITCH. Double-
pole. Order Ref: 166. 
SUB MIN TOGGLE SWITCHES. Pack of 3. Order Ref: 
214. 
HIGH POWER 3in. SPEAKER. 11W Bohm. Order 
Ref: 246, 
MEDIUM WAVE PERMEABILITY TUNER. It's almost 
a complete radio with circuit. Order Ref: 247. 
HEATING ELEMENT, mains voltage 100W, brass 
encased. Order Ref: 8. 
MAINS MOTOR with gearbox giving 1 rev per 24 
hours. Order Ref: 89. 
ROUND POINTER KNOBS for flatted 'Ain. spindles. 
Pack of 10. Order Ref: 295. 
REVERSING SWITCH. 20A double-pole or 40A single 
pole. Order Ref: 343. 
LUMINOUS PUSH-ON PUSH-OFF SWITCHES. Pack 
of 3. Order Ref: 373. 
SLIDE SWITCHES. Single pole changeover. Pack of 
10. Order Ref: 1053. 
PAXOLIN PANEL. Approximately 12m, x 12ir. Order 
Ref: 1033, 
CLOCKWORK MOTOR. Suitable for up to 6 hours. 
Order Ref: 1038. 
HIGH CURRENT RELAY. 12V d.c. or 24V a.c., oper-
ates changeover contacts. Order Ref: 1026. 
3-CONTACT MICROSWITCHES, operated with slight-
est touch, pack of 2. Order Ref: 861. 
HIVAC NUMICATOR TUBE, Hivac ref XN3. Order Ref: 
865 or XN11 Order Ref: 866. 
2IN. ROUND LOUDSPEAKERS. 500 coil. Pack of 2. 
Order Ref: 908. 
5K POT, standard size with DP switch, good length 
'Ain. spindle, pack of 2. Order Ref: 11R24. 
13A PLUG, fully legal with insulated legs, pack os 3. 
Order Ref: GR19. 
OPTO-SWITCH on p.c.b., size 2M. x lin., pack of 2. 
Order Ref: GR21. 
COMPONENT MOUNTING PANEL, heavy Paxolin 
10in. x 2in., 32 pairs of brass pillars for solderrig bind-
ing components. Order Ref: 7RC26. 
HIGH AMP THYRISTOR, normal 2 contacts from top, 
heavy threaded fixing underneath, think amperage to 
be at least 25A, pack of 2. Order Ref: 7FC43. 
BRIDGE RECTIFIER, idea for 12V to 24V cbarger at 
5A, pack of 2. Order Ref. 1070. 
TEST PRODS FOR MULTNETER with 4mm sockets. 
Good length flexible leac. Order Ref: 086. 
LUMINOUS ROCKER SWITCH, approximately 30mm 
square, pack of 2. Order Ref: D64. 
MES LAMPHOLDERS slide on to 'Ain. tag, pack of 10. 
Order Ref: 1054. 
HALL EFFECT DEVICES, mounted on small 
heatsink, pack of 2. Order Ref: 1022. 
LARGE MICROSWITCHES, 20mm x 60mm x lOmm, 
changeover contacts, pack of 2. Order Ref: 826. 
COPPER CLAD PANELS, size 7m. x 4M., pack of 2. 
Order Ref: 973. 
100M COIL OF CONNECTING WIRE. Order Ref: 685. 
WHITE PROJECT BOX, 78mm x 115mm x 35mm. 
Order Ref: 106. 
LEVER-OPERATED MICROSWITCHES, ex-equip-
ment, batch tested, any faulty would be replaced, pack 
of 10. Order Ref: 755. 
MAINS TRANSFORMER, 12V-0V- 12V, 6W. Order Ref: 
811. 
QUARTZ LINEAR HEATING TUBES, 360W but 110V 
so would have to be joined in series, pack of 2. Order 
Ref: 907. 
REELS INSULATION TAPE, pack of 5. several 
colours. Order Ref: 911, 
LIGHTWEIGHT STEREO HEADPHONES. Order Ref 
989. 
THERMOSTAT for ovens with 'Ain. spindle to take 
control knob. Order Ref: 857. 
MINI STEREO 1W AMP, Order Ref: 870. 
BT TELEPHONE EXTENSION WIRE. This is a proper 
heavy duty cable for runng around the skirting board 
when you want to make a permanent extension. Four 
cores properly colour coded, 25m length only £ 1. 
Order Ref: 1067. 
VERY THIN DRILLS. 12 assorted sizes vary between 
0.6mm and 1.6mm. Price £ 1. Order Ref: 128. 
EVEN THINNER DRILLS. 12 that vary between 
0.1mm and 0-5mm. Price £ 1. Order Ref:129. 
MES BATTEN HOLDER. Pack of 6. Order iRef: 26. 
SCREW DOWN TERMINAL. Can also take 4mm plug. 
Mounts through metal panel with its own insuiators 
and 2 quite hefty nuts for securing the cable Pack of 3. 
Order Ref: GR42. Only red ones available. 
1000 WATT FIRE SPIRALS. Useful if you are repai•-
ing old types of porcelain body heaters, pack of 4. 
Order Ref: 223. 

SELLING WELL BUT STILL AVAILABLE 
IT IS A DIGITAL MUL-
TITESTER, complete 
with backrest to stand it 
and hands-tree test 
prod holder. This tester 
measures d.c. volts up 
to 1.000 and a.c. volts 
up to 750; d.c. current 
up to 10A and resist-
ance up to 2 megs. Also 
tests transistors and 
diodes and has an 
internal buzzer for con-
tinuity tests. Comes 
complete with test prods, battery and instructions. Price 
£6.99. Order Ref: 7P29. 
INSULATION TESTER WITH MULTIMETER. Internally gener-
ates voltages which enable you to read insulation directly in 
megohms. The multimeter has four ranges: AC/DC volts, 3 
ranges DC milliamps, 3 ranges resistance and 5 amp range. 
These instruments are ex-British Telecom but in very good con-
dition, tested and guaranteed OK, probably cost at least £50 
each, yours for only £7.50 with leads, r:arrying case £2 extra. 
Order Ref: 7.5P4. 
REPAIRABLE METERS. We have some of the above testers 
but slightly faulty, not working on all ranges, should be 
repairable, we supply diagram, £3. Order Ret: 3P176. 
BT TELEPHONE EXTENSION WIRE. This is proper heavy 
duty cable for running around the skirting board when you 
want to make a permanent extension. Four cores properly 
colour coded. 25m length only £ 1. Orner Ref: 1067, 
HEAVY DUTY POT. Rated at 25W, this is 20 ohm resistance 
so it could be just right for speed controlling a d.c. motor or 
device or to control the output of a high current. Price £ 1. 
Order Ref: 1/33L1. 
1mA PANEL METER. Approximately 80mm x 55mm, front 
engraved 0-100. Price £ 1.50 each. Order Ref: 1/16R2. 
D.C. MOTOR WITH GEARBOX. Size 60mm long, 30mm 
diameter. Very powerful, operates off any voltage between 6V 
and 24V D.C. Speed at 6V is 200 rpm, speed controller avail-
able. Special price £3 each. Order Rat: 3P108. 
FLASHING BEACON. Ideal for putting on a van, a tractor or 
any vehicle that should always be seen. Uses a Xenon tube 
and has an amber coloured dome. Separate fixing base is 
included so unit can be put away if desirable. Price £5. Order 
Ref: 5P267, 
MOST USEFUL POWER SUPPLY. Rated at 9V 1A, this 
plugs into a 13A socket, is really nice y boxed. £2. Order Ref: 
2P733. 
MOTOR SPEED CONTROLLER. These are suitable for D.C. 
motors for voltages up to 12V and any power up to 1/6h.p. 
They reduce the speed by intermittent full voltage pulses so 
there should be no loss of power. Made up and tested, £18. 
Order Ref: 20P39. 
BALANCE ASSEMBLY KITS. Japanese made, when 
assembled ideal for chemical experiments, complete with 
tweezers and 6 weights 0-5 to 5 grams. Price £2. Order Ref: 
2P44. 
CYCLE LAMP BARGAIN. You can have 100 6V 0-2A MES 
bulbs for just £2.50 or 1,000 for £20. They are beautifully 
made, slightly larger than the standard 6-3V pilot bulb so 
they would be ideal for making displays for night lights and 
similar applications. 
SOLDERING IRON, super mains powered with long- life 
ceramic element, heavy duty 40W for the extra special job, 
complete with plated wire stand and 245mm lead, £3. Order 
Ref: 3P221. 

THIS MONTH IF YOUR ORDER IS £25 OR OVER 
YOU WILL GET A BRAND NEW 16 RANGE 

MULTITESTER FREE OF CHARGE. 

RELAYS 
We have thousands of relays 
ot various sorts in stock, so if 
you need anything special 
give us a ring. A few new 
ones that have just arrived 
are special in that they are 
plug-in and come complete 
with a special base which 
enables you to check volt-
ages of connections of it 
without having to go under-
neath. We have 6 different 
types with varying coil volt-
ages and contact arrangements. 
Coil Voltage Contacts 
12V DC 4-pole changeover 
24V DC 2-pole changeover 
24V DC 4-pole changeover 
Prices include base 
MINI POWER RELAYS. For p.c.b mounting, size 28mm x 
25mm x 12mm, all have 16A changeover contacts for up to 
250V. Four versions available, they ill look the same but have 
different coils: 
6V - Order Ref: FR17 24V - Order Ref: FR19 

12V - Order Ref: FR18 48V - Order Ret: FR20 
Price £1 each less 10% if ordered in quantities of 10, same 
or mixed values. 
RECHARGEABLE NICAD BATTERIES. AA size, 25p 
each, which is a real bargain :onsidering many firms 
charge as much as £2 each. These are in packs of 10, 
coupled together with an output lead so are a 12V unit 
but easily divideable into 2 x 6V or 10 x 1.2V. £2.50 per 
pack, 10 packs for £25 includiig carriage. Order Ref: 
2.5P34. 

4 CIRCUIT 12V RELAY. Quite small, clear plastic enclosed 
and with plug-in tags, £ 1. Order Ref: 205N. 
NOT MUCH BIGGER THAN AN OX0 CUBE. Another relay 
just arrived is extra small with a 12V coil and 6A changeover 
contacts. It is sealed so it can be mounted in any position or 
on a p.c.b. Price 75p each, 10 too £6 or 100 for £50. Order 
Ref: FR16. 
1.5V-6V MOTOR WITH 
GEARBOX. Motor is mounted 
on the gearbox which has 
interchangeable gears giving 
a range of speeds and motor 
torques. Comes with full 
instructions for changing 
gears and calculating speeds, 
£7. Order Ref: 7P26. 

Price 
£2.00 
£1.50 
£2.00 

Order Ref: 
FR10 
FR12 
FR13 

£1 BARGAIN PACKS 
FIGURE 8 FLEX, figure 8, flat white PVC, flexible with 
0.4 sq mm cores. Ideal for speaker extensions and bell 
circuits. Also adequately insulated for mains lighting, 
12m coil. Order Ref: 1014. 
SOLENOID COIL. 6V DC or 12V AC, only needs a 
plunger which could be a nail, you would then have a 
really efficient solenoid. Pack of 10. Order Ref: 1/L2. 
ONE OHM 20W RESISTOR. Made for the Admiralty in 
1952 but being wirewound is probably just as good as 
when new. Pack of 2. Order Ref: 7/19R4. 
COLVERN 5K POT. Totally enclosed with good length 
spindle. Pack of 2. Order Ref: 7/19R5. 
DITTO but 20k. Pack of 2. Order Ref: 7/19R6. 
PHILIPS TRIMMER CAP. Sometimes called the bee-
hive trimmer as this is in two sections, the top being on 
a threaded rod. Capacity is altered by twisting along 
the rod Pack of 2. Order Ref: 7/19R19. 
THREE BOOKS: The Mullard Unites Handbook, 
Practical Electronic Projects and Short Wave 
Receivers for Beginners. Order Ref: 400. 
SMITHS COOKER CLOCK. Their Ref OCU9900/1 in 
its own metal case but without a face plate, still in 
maker's packing. Order Ref: 2/17L7. 
SUPERIOR FERRITE ROD AERIAL. This is an extra 
special Vzin. diameter rod so the long and medium 
wave coils are extra robust. Order Ref: 0203. 
DOLLS HOUSE SWITCH. A very neat white body with 
red control tag. Pack of 2. Order Ref: 57. 
MAINS RELAY. Plugs into octal base, double-pole 
changeover contacts which look OK for up to 10A. 
Order Ref: 7TOP14. 
THERMAL DELAY SWITCH. Length of delay depends 
upon the voltage applied to its heater coil which caus-
es the 10A contacts to open. This again plugs into 
octal base. Order Ref: 7TOP15. 
TINY MAINS MOTOR. This is only 2in, square, the 
shaded pole type with good length of Sin. spindle. 
Order Ref: 7/1R7. 
COMPUTER DUST COVER. Made for Altai, these 
dust covers are a special opaque plastic measuring 
22in. long, 14in. wide and 6in. deep, nicely boxed. 
Order Ref: 0204. 
PROJECT BOX. Conventional plastic construction. 
colour is beige and size approximately 250mm x 
130mm x 50mm deep. Divides into 2 halves, held 
together by screws. Ventilators in the top and bottom 
corners, but these are quite a decoration and give the 
box a pleasing look. Order Ref: 0201. 
LIMITED SPACE LIGHT SWITCH. It is only about 2mn. 
x lin. brown Bakelite but rated at 15A 250V. It is easy 
to fix in a small space. Its operating toggle is labelled 
off for up and on for down. Pack of 3. Order Ref: 
1/11R27. 
IN-LINE FUSEHOLDERS. Just cut the wire and insert, 
fully insulated. Pack of 4. Order Ref: 969. 
MINI MONO AMP. 3W into 4 ohm speaker or 1W into 
8 ohm. Order Ref: 495. 
15V DC 150mA PSU. Nicely cased. Order Ref: 942. 
6V 1 A MAINS TRANSFORMER. Upright mounting 
with fixing clamps. Pack of 2. Order Ref: 9. 
SUCK OR BLOW OPERATED PRESSURE SWITCH, 
or it can be operated by any low pressure variation 
such as water level in tanks. Order Ref: 67. 
12V SOLENOID. Has good 1/2 in. pull or could push if 
modified. Order Ref: 232. 
NEON INDICATORS. In panel mounting holders with 
lens. Pack of 6. Order Ref: 180. 
12V ALARMS. Make a noise about as loud as a car 
horn. Use one lead and case for DC, all brand new. 
Pack of 2. Order Ref: 2216. 
PANOSTAT. Controls output of boiling ring from 

simmer up to boil. Order Ref: 252. 
OBLONG PUSH SWITCHES. For bell or chimes, 
these can switch mains up to 5A so could be foot 
switch if fitted in pattress. Pack of 2. Order Ref: 263. 
MIXED SILICON DIODES. Pack of 25. Order Ref: 293. 
SHADED POLE MAINS MOTOR. 34in. stack so quite 
powerful. Order Ref: 85. 

TERMS 

Send cash, uncrossed PO, cheque or quote credit 
card number. If order is £25 or over deduct 10% but 
add postage, £3.50 if under 2 kilo, £6 if under 4 kilo. 

J 8« N FACTORS 
Pilgrim Works (Dept.E.E.) 
StairbrIdge Lane, Bolney 

Sussex RH17 5PA 
Telephone: 01444 881965 
E-mall: jnfactors@aol.com 
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Stepping Motors 

GENT 
ELECTRONIC S LTD 

EE240 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST 
Tel 01283 565435 Fax 546932 
http://www.magenta2000.co.uk 
E-mail: sales@magenta2000.co.uk 
All Prices include V.A.T. ADD £3.00 PER ORDER P&P. £6.99 next day 

VISA 

MAIL ORDER ONLY • CALLERS BY APPOINTMENT 

EPE MICROCONTROLLER 
P.I. TREASURE HUNTER 

The latest MAGENTA DESIGN - highly 
stable & sensitive - with I.C. control of all 
timing functions and advanced pu se 
separation techniques. 
• High stability 

drift cancelling 
• Easy to build 
& use 

• No ground 
effect, works 
in seawater 

• Detects gold, 
silver, ferrous & 
non-ferrous 
metals 

• Efficient quartz controlled 
microcontroller pulse generation. 

• Full kit with headphones & all 
hardware 

KIT 847  £63.95 

PORTABLE ULTRASONIC 
PEsT SCARER 
A powerful 23kHz ultrasound generator in a 
compact hand-held case. MOSFET output drives 
a special sealed transducer with intense pulses 
via a special tuned transformer. Sweepirg 
frequency output is designed to give maximum 
output without any special setting up. 

KIT 842 £22.56 

68000 DEVELOPMENT TRAINING KIT 

• NEW PCB DESIGN 
• 8MHz 68000 16-BIT BUS 
• MANUAL AND SOFTWARE 
• 2 SERIAL PORTS 
• PIT AND I/O PORT OPTIONS 
• 12C PORT OPTIONS 

KIT 621 
, £99.95 
• ON BOARD 

5V REGULATOR 
• PSU £6.99 

• SERIAL LEAD £3.99 

MD38...Mini 48 step...£8.65 

MD35...Std 48 step...£9.99 

MD200...200 step...£12.99 

MD24...Large 200 step...£22.95 

PIC PIPE DESCALER 
• SIMPLE TO BUILD • SWEPT 
• HIGH POWER OUTPUT FREQUENCY 
• AUDIO & VISUAL MONITORING 

An affordable circuit which sweeps 
the incoming water supply with 
variable frequency electromagnetic 
signals. May reduce scale formation, 
dissolve existing scale and improve 
lathering ability by altering the way 
salts in the water behave. 
Kit includes case, P.C.B., coupling 
coil and all components. 
High coil current ensures maximum 
effect. L.E.D. monitor. 

PIC WATtR 
DIEt.CALI-R 

KIT 868 £22.95 POWER UNIT £3.99 

MICRO PEsT 
SCARER 
Our latest design - The ultimate 
scarer for the garden Uses 
special microchip to give random 
delay and pulse time. Easy to 
build reliable circuit. Keeps pets/ 
pests away from newly sown areas, 
play areas, etc. uses power source 
from 9 to 24 volts. 
• RANDOM PULSES 
• HIGH POWER 
• DUAL OPTION Plug-in power supply £4.99 

KIT 867 £19.99 

KIT + SLAVE UNIT £32.50 

WINDICATOR 
A novel wind speed indicator with LED readout. Kit comes 
complete with sensor cups, and weatherproof sensing head. 
Mains power unit £5.99 extra. 

KIT 856  £28.00 

* TENS UNIT * 
DUAL OUTPUT TENS UNIT .iet 

As featured in March '97 issue. ( 4 spare \ 
electrodes 

Magenta have prepared a FULL KIT for this. £6.50 

excellent new project. All components, PCB, 

hardware and electrodes are included. 
Designed for simple assembly and testing and 

providing high level dual output drive. 

KIT 866.. Full kit including four electrodes £32.90 

1000V & 500V INSULATION 
TESTER 

Superb new design. Regulated 
output, efficient circuit. Dual-scale 
meter, compact case. Reads up to 
200 Megohms. 
Kit includes wound coil, cut-out 
case, meter scale, PCB & ALL 
components. 

KIT 848 £32.95 

EPE 
TEACH-IN 
2000 
Full set of top quality NEW 
components for this educa-
tional series. All parts as 
specified by EPE. Kit includes 
breadboard, wire, croc clips, 
pins and all components for 
experiments, as listed in 
introduction to Part 1. 
'Batteries and tools not included. 

TEACH-IN 2000 - 

KIT 879 £44.95 
MULTIMETER £14.45 

SPACEWRITER 
An innovative and exciting project. °eh. 

Wave the wand through the air and le, 

your message appears. Programmable 
to hold any message up to 16 digits long. 
Comes pre-loaded with "MERRY XMAS". Kit -•.;› 
includes PCB, all components & tube plus in , 

instructions for message loading. 

KIT 849 £16.99 

12V EPROM ERASER 
A safe low cost eraser for up to 4 EPROMS at a 
time in less than 20 minutes. Operates from a 
12V supply (400mA). Used extensively for mobile 
work - updating equipment in the field etc. Also in 
educational situations where mains supplies are 
not allowed. Safety interlock prevents contact 
with UV. 

KIT 790 £29.90 

SUPER BAT 
DETECTOR 

1 WATT 0/P, BUILT IN 
SPEAKER, COMPACT CASE 

20kHz-140kHz 
NEW DESIGN WITH 40kHz MIC. 
A new circuit using a 
lull-bridge' audio 
amplifier i.c., internal 
speaker, and 
headphone/tape socket. 
The latest sensitive 
transducer, and 'double 
balanced mixer' give a 
stable, high perfor-
mance superheterodyne design. 

KIT 861  £24.99 
ALSO AVAILABLE Built & Tested... £39.99 

MOSFET MkIIVARIABLE BENCH 
POWER SUPPLY 0-25V 2.5A 
Based on our Mkl design and 
preserving all the features, but 
now with switching pre-
regulator for much higher effi-
ciency. Panel meters indicate 
Volts and Amps. Fully variable 
down to zero. Toroidal mains 
transformer. Kit includes 
punched and printed case and 
all parts. As featured in April 
1994 EPE. An essential piece 
of equipment. 

Klt No. 845  £64.95 

EPE 
PROJECT 

PICS 
Programmed PICs for 
all EPE Projects 

16C84/18F84/16C71 
All £5.90 each 

PIC16F8T7 now in stock 
£10 inc. VAT 8, postage 

(*some projects are copyright) 

ULTRASONIC PEsT SCARER 

Keep pets/pests away from newly 
sown areas, fruit, vegetable and 
flower beds, children's play areas, 
patios etc. This project produces 
intense pulses of ultrasound which 
deter visiting animals. 

• KIT INCLUDES ALL 
COMPONENTS, PCB & CASE 

• EFFICIENT 100V 
TRANSDUCER OUTPUT 

• COMPLETELY INAUDIBLE 
TO HUMANS 

KIT 812  

0  I Pu 
W T 
E R 
RA 
, S 

  • 0 

i PEsT N 

SCABEll  

• UP TO 4 METRES 
RANGE 

• LOW CURRENT 
DRAIN 

£15.00 
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SIMPLE PIC PROGRAMMER EPE PIC TOOLKIT 3 

INCREDIBLE LOW PRICE! Kit 857 £12.99 
Power Supply £3.99 INCLUDES 1-PIC16F84 CHIP 

SOFTWARE DISK, LEAD 
CONNECTOR, PROFESSIONAL 
PC BOARD & INSTRUCTIONS 

EXTRA CHIPS: 
PIC 16F84 £4.84 

Based on February '96 EPE. Magen a designed PCB and kit. PCB 
with 'Reset' switch, Program switch, 5V regulator and test L.E.D.s, 
and connection points for access to all A and B port pins. 

PIC 16C84 DISPLAY DRIVER 
INCLUDES 1-PIC16F84 WITH DEMO 
PROGRAM SOFTWARE DISK, PCB, 
INSTRUCTIONS AND 16-CHARAC-
TER 2-LINE 

LCD DISPLAY 

Kit 860 £19.99  
Power Supply £3.99 

FULL PROGRAM SOURCE CODE 
SUPPLIED — DEVELOP 

YOUR OWN APPLICATION! 

Another super PIC project from Magenta. Supplied with PCB, industry standard 2-LINE ir 
16-character display, data, all components, and software to include in your own programs. 
Ideal development base for meters, terminals, calculators, counters, timers — Just waiting 
for your application! 

PIC 16F84 MAINS POWER 4-CHANNEL 
CONTROLLER & LIGHT CHASER 

• WITH PROGRAMMED 16F84 AND DISK WITH 
SOURCE CODE IN MPASM 

• ZERO VOLT SWITCHING 
MULTIPLE CHASE PATTERNS 

• OPTO ISOLATED 
5 AMP OUTPUTS 

• 12 KEYPAD CONTROL 
• SPEED/DIMMING POT. 
• HARD-FIRED TRIACS 

Kit 855 £39.95 LOTS 

Now features full 4-channel chaser 
software on DISK and pre-
programmed PIC16F84 chip. Easily 
re-programmed for your own applica-
lions. Software source code is fully 
'commented' so that it can be 
folbwed easily. 

OF OTHER APPLICATIONS 

8-CHANNEL DATA LOGGER 
As featured in Aug./Sept.'99 EPE. Full kit with Magenta 
redesigned PCB - LCD fits directly on board. Use as Data 
Logger or as a test bed for many other 16F877 projects. Kit 
includes programmed chip, 8 EEPROMs, PCB, case and all components. 

KIT 877 £49.95 inc. 8 x 256K EEPROMS 

ICEBREAKER 
00000013000 

PIC Real Time 
In-Circuit Emulator 

• Icebreaker uses PIC16F877 in circuit debugger 
• Links to Standard PC Serial Port (lead supplied) 
• Windows" (95+) Software included 
• Works with MPASM and MPLAB Microchip software 
• 16 x 2 LCD., Breadboard, Relay, I/O devices and patch leads supplied 

As featured in March '00 EPE. Ideal for beginner: AND advanced users. 
Programs can be written, assembled, downloaded into the microcontroller and run at full 
speed (up to 20MHz), or one step at a time. 
Full emulation means that all I/O ports respond exactly and immediately, reading and 
driving external hardware. 
Features include: Reset; Halt on external pulse; Set Breakpoint; Examine and Change 
registers, EEPROM and program memory; Load program, Single Step with display of 
Status, W register, Program counter, and user selected 'Watch Window' registers. 

KIT 900 ... £34.99 
POWER SUPPLY £3.99 STEPPING MOTOR £5.99 

Tel: 01283 565435 Fax: 01283 546932 
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• THE LATEST TOOLKIT BOARD - 8, 18, 28 AND 40-PIN CHIPS 
• MAGENTA DESIGNED P.O.B. WITH COMPONENT LAYOUT AND EXTRAS 
• L C.D., BREADBOARD AND PIC CHIP INCLUDED 
• ALL TOP QUALITY COMPONENTS AND SOFTWARE SUPPLIED 

KIT 880 ... £34.99 with 16F84 ... £39.99 with 16F877 

PIC TOOLKIT V2 
• SUPER UPGRADE FROM V1 • 18, 28 AND 40-PIN CHIPS 
• READ, WRITE, ASSEMBLE & DISASSEMBLE PICS 
• SIMPLE POWER SUPPLY OPTIONS 5V-20V 
• ALL SWITCHING UNDER SOFTWARE CONTROL 
• MAGENTA DESIGNED PCB HAS TERMINAL PINS AND 
OSCILLATOR CONNECTIONS FOR ALL CHIPS 

• INCLUDES SOFTWARE AND PIC CHIP 

KIT 878 ... £22.99 with 16F84 ... £29.99 with 16F877 

EPE PIC Tutorial 
At last! A Real, Practical, Hands-On Series 
• Learn Programming from scratch using PIC16F84 

• Start by lightin91.e.d.s and do 30 tutorials to 
Sound Generation, Data Display. and a Security 
System. 

• PIC TUTOR Board with Switches. I.e.d.s. and on 
board programmer 

PIC TUTOR BOARD KIT 
Includes: PIC16F84 Chip, TOP Quality PCB printed with 
Component Layout and all components* (*not ZIF Socket or 
Displays). Included with the Magenta Kit is a disk with Test 

and Demonstration routines. 

KIT 870 .... £27.95, Built & Tested .... £42.95 
Optional: Power Supply - £3.99, ZIF Socket - £9.99 
LCD Display £7.99 LED Display £6.99 
Reprints Mar/Apr/May 98 — £3.00 set 3 

SUPER PIC PROGRAMMER 
• READS, PROGRAMS, AND VERIFIES 
• wINDOWS/'') SOFTWARE 
• PIC16C6X, 7X, AND 8X 
• USES ANY PC PARALLEL PORT 
• USES STANDARD MICROCHIP • HEX FILES 
• OPTIONAL DISASSEMBLER SOFTWARE (EXTRA) 
• PCB, LEAD, ALL COMPONENTS, TURNED-PIN 
SOCKETS FOR 18, 28, AND 40 PIN ICs 

Kit 862 • SEND FOR DETAILED 
INFORMATION — A 
SUPERB PRODUCT AT 
AN UNBEATABLE LOW 
PRICE. 

£29.99 
Power Supply £3.99 

DISASSEMBLER 
SOFTWARE £11.75 

PIC STEPPING MOTOR DRIVER 

INCLUDES PCB, 
PIC16F84 WITH 
DEMO PROGRAM, 
SOFTWARE DISC, 
INSTRUCTIONS 
AND MOTOR. 

Kit 863 £18.99 
FULL SOURCE CODE SUPPLIED 
ALSO USE FOR DRIVING OTHER 
POWER DEVICES e.g. SOLENOIDS 

Another NEW Magenta PIC project. Drives any 4-phase unipolar motor - up 
to 24V and 1A. Kit includes all components and 48 steo motor. Chip is 
pre-programmed with demo software, then write your own, and re-program 
the same chip! Circuit accepts inputs from switches etc and drives motor in 
response. Also runs standard demo sequence from memory. 

All prices include VAT. Add £3.00 p&p. Next day £6.99 

E-mail: sales@magerta2000.co.uk 
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NIC COMPONENTS 

VISA 

Station Rood, Cullerronts, 

Tyne & Wear, NE30 4PQ 

Prices Exclude Vat 017 
UK Carriage £ 1.50 ( less than lka) 

£3.50 greater than lkg 
Cheques / Postal orders payable ' D 

ESR Electronic Components. 
PLEASE AGO CARRIAGE 6 VAT TO All ORDEIG 

4000 series 74HC32 
40008 400113 £0.27 74HC42 

40028 £0.19 74HC74 
£0.16 74HC73 

4007UB £0.19 741-1C75 
400813 £0.23 74HC76 
40091.113 £0.23 74HC85 
40106 £0.23 74HC86 
40116 £0.16 74HC107 
40126 £0.16 74HC123 
40136 £0.19 74HC125 
40148 £0.30 741-1C126 
40156 £0.32 74HC132 
4016B £0.20 74HC133 
40176 £0.23 74HC137 
40186 £0.26 74HC138 
40198 £0.25 74HC139 
40208 £0.26 741-IC151 
40216 £12.31 74HC153 
402213 £g.32 74HC154 
4023B £0.19 74HC157 
40246 £0.2,,4 74HCI 58 
40256 £L12.,X 74HC160 
40266 £‘'..'.,. 741-1C161 
40276 £0.45., 74HC162 
40286 g"..'.,.›' 74HC163 
40296 -.X.'-: 74HC164 
4030B -.`,-,'..",, 74HC165 
403513 Ityot 74HC173 
4040B ',..X•V 74HC174 
4041B 40428 erfi 74HC175 
40436 U 28 7411C192 
404413 £ 35 7741'1C193 
40468 £ .38 74HC195 
40476 £ 32 74HC240 
40486 £0.34 74HC241 
404913 £0.29 74HC244 
43491.16 £.24 74HC245 
40506 £ .20 74HC251 
40516 405213 £0.21 74HC2S3 
40536 £0.32 74HC257 
40548 ££0 ,. 22 74HC259 56 74HC273 
40606 £9 :2354 7744HHcC362995 4055B 

40638 £0.29 74HC367 
40666 £0.20 74HC368 
40678 £2.20 74HC373 
406813 £0.16 74HC374 
40691113 £0.19 74HC390 
40708 £0.16 741-1C393 
407113 £0.26 74HC541 
4072B £0.18 74HC563 
40736 £0.17 74HC564 
407513 £0.17 74HC573 
40766 £0.30 74HC574 
4077E1 £0.28 74HC595 
40786 £0.20 74HC688 
40816 £0.20 74HC4002 
40828 £0.21 74HC4017 
40858 £0.28 74HC4020 
40868 £0.33 74HC4040 
40936 £0.18 74HC4049 
40948 £0.29 74HC4051 
40976 £1.20 74HC4052 
40986 £0.22 74HC4053 
409913 £0.39 74HC4060 
45028 £0.3,s2 741-1C4075 
45036 £,,0,.4,X 74HC4078 
45086 z,..k.,V 74HC4511 
45106 £X1-,,' 74HC4514 
45118 -.X..•,V, 74HC4538 
45128 .•`'" 74HC4543 
45146 
45158 
45166 
451813 
4520B 
45216 
45266 
45276 
45286 
45296 
4532B 
45366 
45388 
45416 
45436 
45556 
45566 
45848 
45856 . 
47246 £0,94 741530 
4010613 £0.21 741332 
401096 £0.58 741537 
401748 £0.46 741338 
401758 £0.41 741540 
7411C 741342 Series 741547 
74HCOO £0.20 741.551 
74HCO2 £0.16 74L573 
74HCO3 £0.21 74,574 
74HCO4 £0.21 741575 
74HCO8 £0.18 741576 
74HCIO £0.16 741583 
74HC11 £0.20 741585 
74HC14 £0.22 741586 
74HC20 £0.28 741590 
74HC27 £0.16 741592 
74HC30 £0.22 741593 

£0.18 7413107 £0.30 
£036 7415109 £0.21 
£0.43 7415112 £0.24 
£0.19 7415113 £0.23 
£0.31 7415114 £0.36 
£0.20 7415122 £0.31 
£0.24 7413123 £0.31 
£0.22 7415125 £0.28 
£0.40 741_5126 £0.25 
£0,33 7415132 £0.26 
£0.26 7415133 £0.36 
£0.46 7415136 £0.23 
£0.35 7415138 £0.33 1MC660CN £1.44 78 
£0,34 7415139 £0.26 1MC6032IN £1.55 7806 
£0.30 7415145 £0.56 1P311N £0.74 7808 
£0.3: 7413151 £0.64 1P324N £0.72 7812 £0.29 LP339N £0.75 7815 
£ .2g 7415148 

£33 7415153 £0,38 LT1013CN8 £4.64 78105 
£ .85 7415157 £0.36 MAX202CPE £1.97 78106 £ .30 7413156 

7415158 £0.22 MAX208CN £6.99 78108 
£°0 :2430 7413160 £0.21 MAX220CPE £5.06 78112 £0.48 MAX222CPE £5.06 78115 

7415161 £0,32 MAX232CPE £ 1.82 78124 
£.64 £.28 7415162 £0.44 MAX483CP £3.13 78505 
£.45 7415163 £0.32 MAX485CP £2.08 78512 
0.26 7413164 £0.43 MAX631ACP £4.99 78515 
£0.21 7415165 £0.48 MAX635ACP £4.99 7905 
£0.35 7415173 £0.24 MAX1232CP £2.80 7912 
0.38 7413174 £0.24 MC1458N £0.27 7915 
Eo.v 7415175 £0.30 MC1488 £0.40 7924 
035 7415190 £0.60 MC1489 £0.40 79105 
£12 7415191 £0.24 MC3302 £0.56 791.12 
0.40 7415192 £0.60 MC4558P £0.33 79115 

7413193 £0.43 MK484 £0.66 79124 
£0.32 7415195 £0.24 NE521N £6.39 ADM666AN 
£0.37 7415196 £0.24 NE555N £0.17 1200CV 
£0.37 7415221 £0.41 NE556N £0.29 1296 
£0.42 7415240 £.32 NE565N £2.30 L387A 
£0.42 7415241 £0.32 NE567N £0.39 1M2940CT5 
£030 7415243 £0.30 NE592 £0.62 LM31712 
£0.25 7415244 £0.32 NE5532N £0.48 1M3171 
£0.25 7415245 £0.32 NE5534N £0.45 LM317K 
£0.57 7415247 £0.60 NE5539N £4.35 lti.4323K 
£0.32 7415251 £0.24 OPO7CN £0.90 1M334Z 
£0.64 7413257 £0.24 OP27CN £2.33 LM337T 
£0.28 7415258 £0.24 OP9OGP £3.11 LM338K 
£0.25 7415259 £0.45 OP97FP £2.24 1M3381 
£0.25 7415266 £0.14 OP113GP £3.44 LM723 
£0.35 7415273 £0.32 OP176GP £2.09 1P2950CZ5. 
£0.46 7415279 £0.24 OP177GP £1.86 REFO1CP 
£0.5? 7415283 £0.47 OP200GP £5.60 REFO2CP 
£0.38 7413365 £0.21 OP213FP £5.20 REF195GP 
£0.35 7415367 £0.21 OP275GP £2.57 REF25Z 
£0.56 741.5368 £0.21 OP282GP £2.27 TL431CP 
£048 7415373 £0.32 OP283GP £5.20 ZR423 
£0.28 741_5374 £0.38 OP290GP £4.28 ZN45813 
£0 38 7413378 £0.62 OP297GP £4.64 Ditties 
£0.29 7413390 £0.53 OP400GP £11.81 1N914 
o 64 7415393 £0.33 OP495GP £8.69 I N916 
£ .3 t 74LS395 £0.26 RC4136 £1.00 1N4001 

SG3524N £0.70 1N4002 
£Q..3,,6 74 Seties SG3543 £6.88 I N4003 
£0 46 7407 £0.40 SSM2141P £3.63 1N4004 
£0.29 SSM2142P £6.16 1N4005 
£0 31 Ulmer o 40 AD524AD £23.04 SSM2143P £3.78 1N4006 
£ .43 AD548JN £2.48 TBA120S £0.72 1N4007 
£028 AD590JH £5.28 TBA800 £0.75 I N4148 

AD592AN £4.48 TBA8105 £0.64 1N4149 £044 
£027 AD595AQ £13.92 TBA820M £0.38 1N5400 

AD620AN £9.88 TDA11705 £4.80 1N5401 
£032 A0625JN £16.20 TDA2004 £2.21 1N5402 
£0.64 AD633JN £5.92 TDA2030AV £1.20 I N5404 
£0.84 AD648.1N £2.57 TDA2050V £2.28 1N5406 
£0.41 £.90 AD654JN £7.18 TDA2611A £1.88 I N5407 

AD711.1N £1.46 TDA2822A £0.86 1N5408 

ICM7555 £0.41 27C1001-15. £3.17 Midge Rectifiers 2N4036 
ICM7556 £0.84 27C2001-15. £4.41 1 A 5N £0.35 2N5245 

£0.36 2N5296 
£0.39 2N5401 
£0.40 2N555I 
£0.19 2N6491 
£0.19 2513548 
£0.19 AC126 
£0.20 AC127 
£0.24 AC187 
£0.26 AC188 
£0.26 ACY17 
£0.34 AD149 
£0.34 AD161 
£0.35 AD162 
£0.34 BC107 
£0.40 BC1076 
£0.33 BC108 
£0.78 13C1088 
£0.76 BC108C 
£0.86 BC109 
£0.90 BC109C 
£0.49 BC114 
£0.60 BC115 
£0.53 BC118 
£0.67 BC132 
£0.98 BC134 
£1.00 BC135 
£1.04 BC140 

L165 £2.56 27C4001-120£5.84 IA 100V 
1272M £1.21 93C46N £13.64 lA 200V 
L293E IA 600V L297 £4.03 elm 

£5.12 GM76C88. £3 60 13A 50V 
14960 £6.67 HM62128 -7 £9:14 1.5A 100V L298N 

£l01 U6264ADC7 £1.42 1.5A 200,‘,.,V 

LF347N £0.46 
£4,to 1561C256-15 £30 1.5A 4,,l-A/ 16219 

L F351 N £0.41 41256-10 £3'52 1.5A 600V ' 1.5A 800V 
LF353N £0.40 AID Converters 1.5A lkV 
1F356 £0.84 Data Acquisi. 2A 100V 
LF411CN £0.85 flea 2A 200V 
LM301AN £0.40 AD420AN £25.38 2A 400V 
LM311N8 £0.25 AD557JN £8.75 3A 200V 
LM318 £1.05 AD7528JN £11.42 3A 400V 
LM319N14 £0.90 AD7545AK £14.04 3A 600V 
LM324 £0.19 AD7828KN £20.33 4A 100V 
LM335Z £0.94 DAC0800 £2.72 4A 200V 
LM339N £0.25 ICL7109CPL £7.75 4A 400V 
LM348N £0.36 TLC549IP £2.07 4A 600V 
LM35DZ £1.90 embeam  6A 100V 
LL/433058NN £8191 AT89C2051 £6.38 6A 400v 6A 200V 

bm386 0:45 12C508A04P £0.78 6A 600,2 
LM392N £0.79 12C509A04P £0.85 8A 100V 
LM393N £0.21 16C54C04P £1.49 (IA 200V 
LM748CN8 £0.37 16C5413.1W £7.60 8A 400V 
1M . 16C56A-04P £1.63 . 
1M2901N £0.15 16F84-04P £3.14 25A 100V £1.47 BC142 

16F84- 10P £3.76 25A 200V £1.54 BC143 LM2917N8 £3.1u 
1-M39°M ''' 16F877-04P £5.20 25A 400V £1.98 13C154 
LM3914 £1.97 25A 600V £1.82 BC157 
LA43915 £2.10 vamp. 35A 50V £1.67 BC159 
1M13600 £1.10 R le stare 35A 100V £1.57 BC160 

£0.99 74LS Series AD712JN £2.48 TDA2653A £2.99 6A05 • 
£0.44 741300 £0.22 A0736JN £7.98 TDA7052A £1.27 6A1 
£0.38 741501 £0.14 AD797AN £7.10 TED3718DP £5.03 6A2 
£0.34 741302 £9.22 AD811N £6.24 TEAS115 £3.11 6A4 
£0.62 741303 £0.29 AD812AN £6.32 TL061CP £0.37 6A6 
£0.40 741504 £0.22 AD1317AN £3.19 T1062CP £0.60 6A8 
£0,40 741505 £0.14 AD820AN £3.41 T1064CN £0.72 6A10 
£0.40 741508 £0.19 AD822AN £5.20 TL071CN £0.36 BA157 
£0.44 741509 £0.15 ADB29.IN £6.41 T1072CN £0.28 BA158 
£0.24 741510 £0.27 ADB30AN £5.44 TL074CN £0.40 BA159 
£1.00 741511 £0.17 ADB47.1N £5.95 11081 £0.28 BAT41 
£0.37 741512 £0.25 AD9696KN £7.73 TL082CN £0.32 BAT42 
£0,33 741314 £0.25 ADEL2020A £5.06 Tl084CN £0.42 BAT46 
£0.47 741315 £0.24 ADM222AH £3.55 11494CN £0.68 BAT49 
£0.32 741320 £0.25 ADM232AA £3.55 117705ACP £0.82 BAT85 ,..,U .Il VW Carbon Film 5% El 2 Series 1(2-10M £ 
£0,40 741321 £1).20 ADM485JN £2.97 T1C271 £0.63 8AV21 £u.07 VW Metal Film 1% E24 Series 100-1M £.04 Each, £1.72 per 1QQ 
£0.27 741326 £0.17 ADM690AN £5.13 TLC272N £0.60 BAW62 £0.07 ANN Carbon Film 5% E12 Series 1[2-10M £0.02 Each, £0.95 p_er 100 

13 £ 8 7427 £0.25 ADM691AN £6. TS274CN £0.50 BAX16 £0.05 2.5W Wirewl und 5% El 2 Series 0121-220[2 £0.23 Each 

£0.21 ADM699AN £3.58 TMPOIFP £5.60 BY133 £0.10 Preset Reaters - Neese Dtele Value Rewired . 
£0.20 ADM695AN £6.48 TS555CN £0.34 BY127 £0.18 1W 2W 5W 2 W 25w dreW also n stock - seeded values on , sales dept* 

£0.31 CA747CE £0.39 UA741CN £0.25 GA47 £13.70 Enclosed, lOmm Square Horz / Vert. 10011 - 1 MO 0.15W £0.12 Each 

£0.14 CA3059 £1.33 U1N2004A £0.44 0A91 £0.34 Sub-min, 6mm Dist, Horizontal E3 200Q- 1M0 0.1W £0.09 Eal £0.12 Eoc 
£0.18 CA3046 £0.42 01N2003 £0.40 GA90 £0.33 Skeleton, lOmm Die. Horizontal. 100[1 - IMO 0.1W 

£0.42 CA3083E £0.60 U1N2803A £0.42 0A200 £0.56 Multiturn 10m m Square Top Adjust. E3 100[2-1M0 05W £0.81 Eac 
£0.48 CA3130E £0.87 ULN2804A £0.39 0A202 £0.30 gi,titei:i.endiggierstm Loll E'nd Adjust. E.3 50.11-1111W/ £0.59 Each 
£0.24 CA3140E £0.57 mittomrs 0F4001£0.08 »ate Value Reap 
£0.36 CA3243E £0.92 241C08BP £0 73 UF4002 £0.09 Single Gang Y." Shaft, 25mm Dia. 470[2.2M2 Linear £0.56 Each 
£0.18 DG2110 £1.25 241C16BP £0.69 UF4003 £0.09 Single Gang Xi" Shaft 25mm Dia. 4k7,10k 47k,100k,1M,2M2 Log £0.56 Eoch 
£0.30 DG41ID.1 £2.00 241C32AP £1.14 UF4004 £0.09 Dual Gone" Shaft, /Omm Die. 1kd-2M2 Linear £1.54 Each 
£0.40 1C17106CPL £2.80 2732 £5.51 UF4005 £0.10 Dual Gone' Shaft, 20mm Dia. 10k-IMO logarithmic £1.54 Each 
£0.38 CL7107CPI. £1.92 27128.200 £399 UF4006 £0.10 Switched 4i'' Shaft, 2m Dia. 
£0.48 ICL7109CLP £5.76 27256_200 0'99 UF4007 £0.14 Switched e Shutt, 2 mm Dia. 4k7-2M2 Logarithmic 

1k0-2M2 Linear £1.92 Eoc 
£1.92 Eac 

,,„ 27C64A-15F £2.80 Zxer‘.,s 2.7 to 33V PCB Mount, Splined Shaft, 16mm Dia. 470[2-1M0 linear £0.48 Each £0.25 10.76110CP £1.00 PCB Mount Splined Shaft 16mm Die. 4700 4k7 100k IMO Log £0.48 Each 
£0.37 ;03621 Lu.84 27C2566-15F£2.34 •,,,,„‘;.,lnyv £.06 £0.45 1C17660SCP £0.75 27C512- 15F1 £2.55 ...`"' £0.10 Dual PCB, Spruned Shaft, 16mm Dia. 10k,5131(100k,5130k Lin £0.84 Each 
£0.42 CL8038 £3.84 Dual  PCB. Splined Shaft, 16mm Dia. 10k,50k,100k,500k Log £0 84 Each 

£0.24 
£0.24 
£0.27 
£0.27 
£0.30 
£0.20 
£0.32 
£0.25 
£0.18 
£0.26 
£0.39 
£0.73 
£0.70 
£0.98 
£0.25 
£0.29 
£0.38 
£0.38 
£0.18 
£0.23 
£0.28 
£0.30 
£3.44 
£1.67 
£6.30 
£2.72 
£0.96 
£0.29 
£0.32 
£2.48 
£2.40 
£0.96 
£0.67 
£5.47 
£1.18 
£0.38 

I £0.90 
£2.40 
£3.25 
£3.77 
£0.95 
£0.20 
£0.82 
£1.41 

35A 200V £1.80 BC1706 
35A 400V £1.62 BC171B 
35A 600V £1.90 BC 17213 
35A 800V £1.94 BC177 
»Triggers BC178 
2N5060 £0.19 BC179 
2N5061 £0.19 BC182 
BT151-500R £0.65 BC1821 
C106D1 £0.36 BC183L 
Pr:2102pp £0,30 BC184 
TIC 106D £0.49 BC1841 
TIC116D £0.66 13C204C 

Mars 
TIC126D £0.77 13C20613 

BC208 
131136-500 £0.58 88CC220192A 

01136-60° £0.5° BC2121 
B1137-500 £0.65 0C2138 
61137-600 £0.58 BC213LC 
BT139-500 £1.00 BC214 
BT139-600 £1.20 BC2141 
BTA08-60013 £0.84 BC225 
BTA08-600sw£0.76 8C2370 
81A08-600C £0.79 0C2380 
BTA08-600sw£0.99 gc239c 
BTA08-600rw£0.78 gc250A 
BTA12-600sw£0.92 Bc252 
BTA16 600cw£1.45 BC26113 
BTA16-60013 £1.28 BC2628 
BTA26-6006 £2.78 gc2676 
TIC206D £0.65 BC307 
TIC206M £0.75 Bc319c 
TIC226D £0.80 0027 
TIC226M £1.02 0027_25 
TIC246D £1.00 gc328 
TIC246M £1.00 BC337 
TIC236D £1.12 8037_25 
Z0105DA £0.53 Bc338 

2N1711 
2N2218A 
2N2222A 
2N2369A 

£0.06 2N2646 
£0.05 2N2904A 
£0.05 2N2905A 
£0.05 2N2907A 
£0.04 2N3053 
£0.04 2N3054 
£0.04 2N3055 
£0.04 2N3439 
£0.05 2N3440 
£0.03 2N3702 
£0.07 2N3703 
£0.08 2N3704 
£0.08 2N3705 
£0.08 2N3706 
£0.09 2N377I 
£0.10 2N3772 
£0.10 2N3773 
£0.11 2N3819 

£0.47 
£0.37 
£0.27 
£0.35 
£0.26 
£0.26 
£0.74 
£0.32 
£0.35 
£0.32 
£0.43 
£0.31 
£0.28 
£0.28 
£0.34 
£0.31 
£0.33 
£0.31 
£0.36 
£0.68 
£0.64 
£0.93 
£1.10 
£1.07 
£0.67 
£0.63 
£0.32 
£0.74 
£0.64 
£0.42 
£0.15 
£0.17 
£0.19 
£0.19 
£0.26 
£0.16 
£0.17 
£0.22 
£0.22 
£0.33 
£0.35 
£0.36 
£0.35 
£0.36 
£0.36 
£0.37 
£0.39 
£0.25 
£0.34 
£0.34 
£0.41 
£0.41 
£0.50 
£0.50 
£0.54 
£0.48 
£0.46 
£0.48 

Chrellly 
reespeeents 
No surplus or re-
dundont stock. All 
from leading 
manufactures. 

Qualify 
ferules 

Someday des-
patch on all stock 
items. Friendly 
helpful staff. 

Feet Delivery 
Nextdoy service 
for all small 
(<1kg) orders at 
no extra charge. 
3 day service 'for 

orders >1 kg 

rettation 
Order what you 
need, no pock 
quantities or min 

order value. 

Quantify 
Disceuiefs 
Available 

We offer dis-
counts for all 
items subject to 

quantity required, 
phone, fax or 

email for a quote. 

£0.34 3C557C £0.08 TIP30A 
£0.80 6C558A £0.08 TIP30C 
£0.57 BC551313 £0.09 TIP31A 
£0.12 BC5596 £0.11 TIP31C 
£0.11 BC560A £0.09 TIP32A 
£1.58 3C5606 £0.09 TIP32Ç 
£0.30 BC636 £0.10 TIP33c 
£0.74 BC637 £0.19 TIP41A 
£0.50 BC638 £0.21 TIP41C 
£0.68 BC639 £0.11 TIP42A 
£0.97 BC640 £0.13 TIP42C 
£4.84 BCY70 £0.22 TIP50 
£1.29 BCY71 £0.29 TIP110 
£0.73 BCY72 £0.20 TIP120 
£0.92 BDI24P £6.86 TIP121 
£0.16 BD131 £0.48 TIP122 
£0.14 BD132 £0.46 TIP125 
£0.14 BD135 £0.21 TIP126 
£0.14 BD136 £0.21 TIPI27 
£0.16 80137 £0.23 11P1 32 
£0.17 80138 £0.24 TIP137 
£0.17 8D139 £0.27 TIP141 
£0.19 BD140 £0.25 TIP142 
£0.41 BD150C £0.82 TIP147 
£0.41 BD165 £0.42 TIP2955 
£0.36 80201 £0.40 TIP3055 
£0.36 60202 £0.70 ZVN3306A 
£0.36 130232 £0.50 ZVN4306A 
£0.75 80237 £0.32 ZVN4310A 
£0.27 BD238 £0.44 ZVP3306A 
£0.34 BD240C £0.37 ZTX300 
£0.38 130245C £1.18 ZTX302 
£0.36 1313246C £1.18 ITX450 
£0.12 80283 £0.61 ZTX451 
£0.17 BD284 £0.61 ZTX453 
£0.28 BD400 £0.79 ZTX500 
£0.16 BD437 £0.38 ZTX502 
£13.16 80442 £0.37 ZTX550 
£0.13 60534 £0.47 ZTX551 
£0.23 80535 £0.50 ZTX600 
£13.18 50581 £0.62 ZTX60013 
£0.18 BD597 £0.92 ZTX605 
£0.10 BD646 £0.52 ZTX651 
£0.08 80648 £0.52 ZTX653 
£0.08 60650 £0.53 ZTX6896 
£0.10 BDX32 £1.78 Z1X6906 
£0.10 BDX33C £0.56 ZTX705 
£0.72 13DX34C £0.50 ZTX750 
£0.72 BDX53C £0.47 ZTX751 
£0.72 BDX54C £0.50 ZTX753 
£0.72 BF180 £0.31 ZTX789A 
£13.10 BF182 £.31 ZTX790A 
£0.08 BFI 85 £0.58 ZTX851 
£0.10 BF194 £0.31 ZTX853 
£0.11 13F19413 £0.19 ZTX951 
£0.08 BF244 £0.35 ZTX1048A 
£0.11 BF24413 £0.34 ITX1051 A 
£0.15 BF244C £0.50 ZTX1053A 
£0.09 BF257 £0.33 
£0.11 8F259 £0.33 
£0.10 BF337 £0.40   
£0.15 BF423 £0.13 
£0.13 BF459 £0.33 

£0.36 £0.30 BF469 
£0.29 £0.24 BFX29 
£0.31 £0.30 BFX84 

£0.13 BFY50 £0.32 £0.30 
£0.10 BFX85 

£0.22 £0.08 EIFY51 
£0.28 £0.08 8FY52 

£0.09 65107 
£0£0.2201£ 0.08 BS170 

£0.08 BU208A £1.53 
£0.10 BU326A £1.40 

Dint £1.54 BC3488 £0.14 
DB3, 32V £0.16 BC357 £0.25 8U508A £1.30 
Transisfers 0C393 £0.73 BU508D £0.98 

£0.40 60806 £1.06 £0.26 
£18 BC461 £0.46 BUTI lA £0.57 
£018 BC463 £0.29 BUTI1AF £1.14 

£0.52 BUX84 £0.78 

£28 BC517 

££££ 0001 A2302553 6861 445477719876 

£0.12 RF530 £0.45 

£0.45 BUZ11 £0.70 
£0.32 BUZ900P £5.92 
£0.21 BUZ905P £5.92 

£031 BC528 £0.20 RF540 £0.75 
£0.20 RF630 £0.42 £0.85 BC537 

£064 BC546A £0.136 RF640 £0.63 
£62 BC5468 £0.08 RF740 £0.91 
£50 BC546C £0.08 RF830 £0.68 
£ .09 BC547A £0.09 MJ2501 £1.60 
£j'10 BC5476 £0.09 M13001 £1.80 
£11 BC547C £0.09 M111015 £2.45 
£08 BC548A £0.08 MJ11016 £2.56 
£10 BC5488 £0.09 MJE340 £0.33 
£1.44 BC548C £0.08 MJE350 £0.32 
£1'51 BC5496 £0.09 MPSA05 £0.14 
£170 BC549C £0.10 MPSA06 £0.11 
£33 BC5506 £0.10 MPSA13 £0.09 

BC550C £0.09 MPSA42 £0.15 
£0.27 2N3903 £13.11 BCS56A £0.08 PHP5ON061T £1 10   
£0.27 2N3904 £0,08 13C55613 £0.08 PHP69N031.1 £ 1.02 
£0.28 2N3905 0.10 BC557A £0.09 TIP29A £0.32 
£0.29 2N3906 £0.08 8C557B £0.09 TIP29C £0.30 

• ,n We tarry 'gismo range of stioneiters In stock, Including: 
Ceramic Mini Disc, Dipped Ceramic Multila_yer, Dipped & Boxed Polyester, 
Mylar Film Polystyrene, Plastic Film, MKT Polyester, Tantalum Bead Sub-
miniature liadial 105`t Radial, Low Leakage Radial, Non Polarised kodial & 
Axial PCB Can Électrolytics Polypropylene & Ceramic Trimmers and Tuning , 

£8.13 capacitors. Full technical details available. 

£2.20 Desloge» - Please Note Dale. Required 
£1/4,36 usW Carbon Film 5% E12 Series 10i1-1M0 

p-
.02 Each, £0.81) per 100 
.02 Each £0.60 per 100 

Tab 0191 2514363 Fax: 0191 2522296 Email: salexttiesr.œ.ulc //www.esr.co.uk 
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E-MAIL JUNK 
I wonder why people bother to send out millions of junk emails? Presumably some 

sad individual is gullible enough to take them up on their "make $ 1,000,000 in your 
spare time" offer or wants to set up their own porn site. But one must wonder what 
level of response these people get from the rubbish they send out. 

Out of 90-odd emails that came into the editorial office this morning, just under 
half of them were actually concerned with EPE, the rest were junk and simply delet-
ed from our system. What is most annoying is that there 'seems to be no way of stop-
ping this rubbish appearing — we have yet to find any software that can successfully 
weed it out. 

At one time we suffered in the same way with junk faxes but, having registered 
with the Fax Preference Service, we have now largely overcome the problem; with 
the exception of one company that presumably thinks it is above the law. 

FRIEND OR FOE 
The Internet is a wonderful place if you want to find out anything — getting hold 

of electronic device data has never been easier — but it does have its problems and 
unfortunately we can only see these growing. I reflected on the world we live in last 
month and I guess this is just another facet of that. 
On a brighter note, the technology has allowed us to get EPE into the hands of 

readers all over the world within a few minutes and at very little cost via our 
www.epemag.com EPE Online web site — check it out, particular!y if you live out-
side of the UK and have difficulty obtaining issues of your favourite magazine (EPE, 
of course!). 

The Chat Zone on our UK web site (www.epemag.wimborne.co.uk) has put read-
ers around the world in touch with each other and it is wonderful to see the help some 
more experienced readers are prepared to give to anyone who asks, something I am 
sure is greatly appreciated by everyone. With very few exceptions, you readers are a 
great bunch. 
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from the above address. These are finished in blue 
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READERS' TECHNICAL ENQUIRIES 
E-mail: techdept@epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a self-
addressed envelope and international reply 
coupons. All reasonable precautions are 
taken to ensure that the advice and data given 
to readers is reliable. We cannot, however, 
guarantee it and we cannot accept legal 
responsibility for it. 

COMPONENT SUPPLIES 
We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers (see Shoptalk). 
We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue. 

ADVERTISEMENTS 
Although the proprietors and staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the interests 
of readers by ensuring as far as practicable 
that advertisements are bona fide, the maga-
zine and its Publishers cannot give any under-
takings in respect of statements or claims 
made by advertisers, whether these advertise-
ments are printed as part of the magazine, or 
in inserts. 
The Publishers regret that under no circum-
stances will the magazine accept liability for 
non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. 

TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 
We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised in our pages cannot be 
legally used in the UK. Readers should check 
the law before buying any transmitting or 
telephone equipment as a fine, confiscation of 
equipment and/or imprisonment can result 
from illegal use or ownership. The laws vary 
from country to country; readers should check 
local laws. 
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Constructional Project 

PICKPOCKET 
ALARM 
DART TREPAK 

It's in the bag if you want to dodge 
the artful pickpocket 

T
HERE is safety in numbers, or so the 
saying goes, and it is certainly true 
that one feels a lot safer even at night 

when walking along a busy high street than 
along a deserted side street or alley. 
Despite this, it is probably more likely that 
you will be robbed in a large crowd than in 
an almost deserted side street. 

Large crowds are a favourite haunt of 
pickpockets who tend to ply their "trade" 
at football matches, train stations or such 
venues as the Trafalgar Square New Year's 
Eve celebration which has unfortunately 
become notorious for such activities. 

These criminals normally work in pairs 
or groups of three and the usual method 
seems to be that one man will "accidental-
ly" bump into the victim or obstruct him or 
her in some way — a likely occurrence in a 
crowd. While apologising profusely he 
thus distracts the victim from the activities 
of the second thief who actually does the 
deed. 

If a third member of the team is present, 
he poses as a passer-by and the proceeds of 
the robbery are quickly passed to him. 
Even if the victim detects something unto-
ward, the second thief can appear totally 
innocent as he will have no incriminating 
evidence on his person. 

IN THE SAG 
The skill of these people has to be seen 

(or not seen!) to be believed and relies on a 
basic human response. If somebody steps 
on your toe or bumps into you, the brain's 
attention is instantly directed towards this 
and is unlikely to register a light touch on 
some other area of the body, especially a 
relatively remote one such as a coat 
pocket. 
Women are perhaps even more vulnera-

ble because they tend to keep all of their 
possessions in one neat package — a hand-
bag — so that the thief is almost guaranteed 
in finding something more valuable than 

an empty pocket, and there is far less like-
lihood of the victim feeling anything. 
The Pickpocket Alarm presented here is 

thus intended to provide a warning that the 
handbag is being interfered with. While 
not providing a deterrent, it should certain-
ly give the would-be pickpocket something 
else to think about and either cause him to 
run off empty handed or at least prevent 
him from having another "dip" thus limit-
ing your loss. Although it is designed pri-
marily for a handbag, with a little ingenu-
ity it could equally be applied to a pocket 
in a coat or jacket. 

SENSOR 
One of the biggest problems is choosing 

a sensor which can detect the presence of 
the thief's hand and this will, of course, 
depend to a large extent on the design of 
the handbag to which it is fitted. Initially, a 
proximity switch was considered, but this 
would probably be too unreliable and 
prone to false alarms. 
The last thing that is required is to have 

an alarm which keeps going off in compa-
ny, each time someone approaches the bag. 

Fig. 1. Some suggested ideas on how and where to mount 
the Pickpocket Alarm. The photograph on the left shows the 
reed switch mounted on the "pocket clip" and a small magnet 
to one side of the case. 
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Most handbags usually have some sort of 
flap or zip which must either be lifted or 
unzipped in order to gain access to the bag 
and this is probably the best area to 
consider when trying to think of a suitable 
sensor. 
A small magnet mounted on the hand-

bag flap or zipper and a reed switch 
secured on the body of the bag would 
appear to be the simplest solution. These 
components can be very small thus 
enabling them to be fitted unobtrusively in 
the bag. 

Whilst the magnet is in close proximity 
to the reed switch, the contacts will be held 
closed and arranged to keep the alarm dis-
abled. When the magnet is removed by 
lifting the flap or undoing the zip, the con-
tacts will open thus triggering the alarm. 
Some handbags even have a magnetic 
clasp to hold the flap closed and if this is 

switch was used for this purpose. These 
consist of two contacts mounted in a 
sealed chamber which contains a small 
globule of Mercury and this was arranged 
so that with the unit clipped into position 
in the bag, the contacts remain open. at is 
strongly recommended that a non-mercury 
tilt switch is used — see the Shoptalk page.) 
To operate the switch, the bag is tilted 

horizontally thus causing the mercury to 
move and bridge the contacts inhibiting 
the alarm. The arrangement illustrated in 
Fig.1 shows some possible solutions, 
although as mentioned previously, the final 
method adopted will depend largely on the 
handbag which is to be protected. 

Another ploy adopted by some thieves 
when confronted by someone wearing a 
shoulder bag is to simply cut the strap and 
slip the whole bag from the victim. To pro-
tect against this eventuality, a thin wire 

bag. This circuit automatically arms itself, 
requiring no special procedures to be fol-
lowed, when the bag is closed and once 
open, it can be left in this condition indefi-
nitely without the alarm going off. Only at 
the instant of it being opened does the user 
have to operate the secret mute switch to 
ensure that the alarm does not sound. 

CIRCUIT DETAILS 
The basic circuit diagram for the 

Pickpocket Alarm is shown in Fig.2. 
Circuit modifications to give a full 20 sec-
onds alarm time out is given in Fig.4. 

Rather than attempting to re-invent the 
wheel with oscillators and speakers, a 
ready made piezo sounder, WD1, is speci-
fied to produce the alarm itself These are 
readily available and produce a loud pierc-
ing sound over a range of supply voltages 
from 3V to 12V or more, making them 
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Fig.2. Basic circuit diagram for the Pickpocket Alarm. The ringed letters are the 
"take-or points for the waveforms shown in Fig.3. 

the case, it may be possible to utilise this 
magnet and save having to fit another one 
while the reed switch would be mounted in 
the bag and connected to the alarm unit via 
a small jack plug. 

Another possibility, especially if the 
suggested case which has a "belt-clip" is 
used, is to mount the reed switch on the 
clip itself. This alarm unit can then be 
clipped to the bag under the flap (to which 
a magnet would be attached) thus remov-
ing the need for separate sensors or plugs 
and sockets. 

IN SECRET 
Naturally, the owner has to be able to 

get into her bag without the alarm being 
triggered and this can be simply achieved 
by having a secret push-to-make switch, 
which is pressed while undoing the bag, to 
mute the alarm. This would need to be 
unobtrusively fitted to the bag in a conve-
nient position to enable it to be easily oper-
ated when required and this can also be 
connected to the unit via a lead terminated 
with a jack plug. 

Here again, a switch of some sort 
mounted on or in the alarm unit itself 
would be preferable as this would make 
for a self-contained unit which could easi-
ly be transferred from bag to bag as 
required, without any modifications to the 
bags other than the fitting of a small mag-
net. In the prototype for example, a tilt 

could be threaded through or attached to the 
strap forming a normally closed loop. This 
may not be possible in all cases but if it is, 
this could be connected to the alarm just like 
another reed switch sensor via a jack plug. 

DELAYED ACTION 
To save fitting further switches to dis-

able the alarm, especially in the event of a 
false alarm due to the owner forgetting to 
operate the secret mute switch before 
opening the bag, this switch should also 
switch off the alarm even after it has been 
activated. To save unnecessary embarrass-
ment in this eventuality, the circuit has 
been designed so that operating the secret 
switch will instantly reset the circuit. 

If the mute switch is not closed when 
the bag is opened, the alarm will sound 
briefly but will then mute for a short peri-
od (about one second) allowing it to be 
reset. If the switch is still not pressed fol-
lowing an alarm condition (usually 
because the thief will not know of its exis-
tence), the alarm will then continue to 
sound for a period of 20 seconds. This 
should be long enough to cause any pick-
pocket to beat a hasty retreat but if this is 
considered too short or too long a time, it 
can easily be altered by a simple change in 
a component value. 

Ideally, there should be no need to arm 
the circuit and the alarm should interfere as 
little as possible with the normal use of the 

Fig.3. Typical waveforms at various 
points on the circuit. 

eminently suitable for use with a 9V bat-
tery supply. The sounder WD1 is switched 
on by transistor TR1 which itself is con-
trolled by a simple oscillator built around 
IC1d. This causes WD1 to switch on and 
off at around 1Hz when an alarm condition 
has been registered, producing a much 
more distinctive pulsating signal, further 
unnerving the would-be thief who will, no 
doubt, already be on edge no matter how 
experienced he or she may be. 

Referring to the circuit waveforms illus-
trated in Fig.3, the output of gate ICId 
charges and discharges capacitor CS via 
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resistor R7 causing the output at (J) to 
switch high and low at around 1Hz switch-
ing the sounder WD1 on and off at this fre-
quency, via the driver transistor TR1. The 
output of oscillator IC 1 d is normally held 
high causing the sounder to remain off 
while the output of gate 'Cie is low. Since 
IC1c is a NAND gate, it functions as a 
NOR gate for negative logic levels so that 
either of its inputs (F or G) going low will 
cause its output (H) to go high and serve to 
enable the oscillator. 

STAND-BY 
In the stand-by condition, reed switch S1 

will be held closed, via the magnet, and the 
voltage at point A will be at the positive 
supply rail. When the switch opens, due to 
the bag being opened, point A will go low 
and a short negative going pulse will be 
applied to the input of IC la, wired as a 
logic inverter, so that its output (C) will go 
high briefly. 

condition. This gives the legitimate user a 
second chance to switch off the alarm should 
they forget to do so while opening the bag. 
The thief, not knowing about the secret 
switch, will, of course, not do this and when 
capacitor C4 discharges via resistor R6 
(which should take a further second or so) the 
other input of IC1c (point F) will go low 
causing the alarm to sound until C2 has 
eventually discharged. 
The alarm can still be silenced in this 

condition by operating the secret switch 
and this could be considered a disadvan-
tage especially if a tilt switch is used to 
provide this function. This could be acti-
vated inadvertently by the thief if he 
attempted to snatch the bag despite the 
alarm going off. Since this alarm is only 
intended to provide a warning to the user 
and hopefully scare off the attacker, should 
matters progress to this point it would 
probably be best to allow the bag to be 
taken rather than risk injury if violence is 
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Fig.4. Circuit modifications to prevent alarm reset once triggered. 

This will cause capacitor C2 to charge to 
about 9V via resistor R3 and diode DI, pro-
vided the secret mute switch S2 remains 
open. If this switch is closed, capacitor C2 
will be prevented from charging so that the 
output of IC lb will remain high and the 
alarm stays silent. 

Assuming that C2 does charge, the input 
of gate IC lb will go high causing its output 
(E) to go low. Meanwhile, the output of 
IC la will have gone low again and with 
diode D1 now reverse biased, capacitor C2 
will commence discharging via resistor R4 
so that output E will remain low for around 
20 seconds. This time can be increased or 
decreased by increasing or decreasing the 
value of R4 and if very much longer alarm 
times are required, the value of C2 could 
also be increased. 

While the output of gate ICIb is high, 
capacitor C4 is charged to 9V via diode D2 
so that both inputs of IC1c are high and the 
alarm muted, but when this output goes 
low, point G will also go low briefly and so 
during this short period the alarm will 
sound. The values of capacitor C3 and 
resistor R5. are chosen to make this time 
about 100ms producing only a short bleep 
to serve as a warning that the bag has been 
opened. 

If the secret switch is now operated, capac-
itor C2 will be instantly discharged causing 
the output of gate IC1b to go high again and 
the circuit will revert to its stand-by 

threatened, in which case it would be 
immaterial whether the alarm continued to 
sound or not. 

FULL TIME 
If, however, you would prefer to have 

the alarm sound for the full 20 seconds or 
so, the circuit should be modified to 
include transistor TR2 and resistor R8 as 
shown in Fig.4. (Note that this modifica-
tion is not shown in the circuit board layout 
drawings, but there should be plenty of 
room on the board for the two additional 
components.) 

In normal operation when the alarm is 
not sounding, transistor TR2 will be turned 
on and will therefore have no effect on the 
operation of the circuit. Once the output of 
IC lc goes high and the alarm sounds how-
ever, TR2 will be turned off thus prevent-
ing switch S2 from discharging capacitor 
C2 causing the alarm to continue for its full 
term. Should this occur accidentally, the 
legitimate owner will also be unable to 
switch off the alarm and in this situation it 
may be a good idea to fit another reset 
switch on the alarm unit itself connected 
directly across C2. 
The waveforms appearing at various 

points in the circuit, shown in Fig.3, should 
help in clarifying the operation of the cir-
cuit. The dotted lines signify the input 
threshold voltage of the CMOS gates 
within IC1 above which logic high is 
recognised. 

For clarity, this is shown as one voltage 
level at about half of the supply but in fact, 
the gates in the CMOS 4093 specified are 
Schmitt triggers which means that the 
input thresholds are different for rising and 
falling input voltages. This characteristic is 
very important in this circuit and apart 
from making the outputs switch cleanly 
even with slowly rising or falling input 
voltages, it makes it possible for ICld to 
function as an oscillator. 

CONSTRUCTION 
There are perhaps as many ways to 

build this circuit as there are types of 
handbag on the market so that the follow-
ing should be regarded only as a guide. 
While the solution presented should be 
suitable for a great many types, it is best 
to consider first how and where the sen-
sors will be mounted and only when this 
has been done should the construction of 
the unit begin. 

If the sensor(s) and/or a reset switch are 
to be mounted on the bag itself, these 
should be fitted with jack plugs or some 
other type of connector with matching 
sockets on the alarm box. This will allow 
the alarm to be disconnected from the bag 
and fitted to another as occasion demands. 

If a number of sensors are required 
(because the bag has multiple pockets or 
compartments for example) these should 
be wired in series so that any one sensor 
operating will cause the input to go low. 
For this reason too, any sockets fitted to the 
box should be switched types and arranged 
to short out should the sensor not be 
plugged in. 

Internal view showing the battery contacts and siting of the alarm buzzer. 
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Fig.5. Stripboard component layout, 
off-board wiring and details of breaks 
required in the underside copper 
strips. The transistor pinouts are 
shown inset right. 

CIRCUIT BOARD 
The stripboard topside component lay-

out and details of breaks required in the 
underside copper tracks are shown in 
Fig.5. This board accommodates all of 
the components except the battery, 
sounder and optional jack sockets for 
connecting the sensors and the secret 
reset switch ( if fitted). These are 
connected to the board by flying leads. 

With this form of construction, it is 
just as important to break any connec-
tions that are not required as it is to make 
those that are and so construction should 
begin with breaking the copper tracks at 
the points indicated. This is best done 
with a special tool available for this pur-
pose or by simply using a handheld 
2.5mm twist drill. There are 10 track 
breaks required. 
Once this has been done, the compo-

nents may be fitted as shown. Note that 
there are a total of six links required and 
these can be made from discarded resistor 
leads. 
As IC1 is a CMOS device, it is therefore 

prone to damage by static so it is best to 
use a 14-pin i.c. socket for this component. 
The i.c. being plugged in after all the other 
components have been fitted and the sol-
dering completed. When inserting the i c. 
ensure that it is inserted the correct way 
around. 
As mentioned, ICI is a CMOS quad 

Schmitt NAND gate type 4093. Some 
readers may have a spare quad NAND gate 
type 4011 which, although having the same 
logic function and pinouts, is not suitable 
for use in this circuit. 

Also, double-check that the transistor 
TR 1 ( and TR2 if used), diodes D1 and D2 
and capacitors C2, C4 and C5, which are 
electrolytic devices, have been soldered on 
the board the correct way round. The elec-
trolytics are normally marked either with a 
grey stripe on the body or a negative sign 
(sometimes both) adjacent to the negative 
lead which should be connected to O volts 
or the battery negative terminal. Transistor 

COLLECTOR 

BASE 

COMPONENTS 
Resistors 

R1, R7 100k (2 off) 
R2, R5 1M (2 off) 
R3 10052 
R4 470k 
R6 220k 
R8 10k (see text) 

Al 0.25 5% carbon film 

See 
L ' 

TALK 
pago 

Capacitors 
Cl, C3 100n polyester (2 off) 
C2 47# radial elect. 16V 
04, C5 4/47 radial elect. 63V (2 off) 

Semiconductors 
Dl, D2 1N4148 signal diode (2 off) 
TR1, TR2 BC558 pnp transistor (2 off — see text) 
IC1 4093 quad 2-input NAND Schmitt trigger 

Miscellaneous 
WD1 3V to 30V d.c. piezoelectric buzzer 
Si sub-mm, normal open, reed switch with magnet 
S2 tilt switch, non-mercury type if possible — see text 

Stripboard, size 21 holes x 10 strips; plastic case, size 103mm 
x 62mm x 23mm, with battery compartment and pocket clip; 14-pin 
d.i.l. socket; 9V (PP3) battery; connecting wire; optional 3.5mm 
switched mono jack socket, with plug (see text); solder etc. 

Approx. Cost 
Guidance Only 

excluding batt. 

TR 1 is a pnp device and aithough a BC558 
has been specified, virtually any small pnp 
device can be used. 

BOXING UP 
The box specified has a battery compart-

ment suitable for a PP3 type battery and 
special battery contacts which clip into the 
box are supplied. Red and black wires 
should be soldered to these contacts before 
they are fitted into the box and the free 
ends then connected to the appropriate 
points on the board. 

Completed unit showing general positioning of components and leads going to the 
clip-mounted reed switch on the outside of the case. 

It may be possible to fit the sounder inside 
the box in which case a suitable hole should 
be drilled in the box adjacent to it to allow 
the sound out and prevent it from being 
unduly attenuated. Some sounders (usually 
the louder ones) will be too large to fit inside 
the box in which case they will need to be 
mounted on the box or perhaps even remote 
from it. While a loud sound is of course 
preferable, especially as it is likely to be 
attenuated by being inside the bag, a reason-
ably loud volume will no doubt alert the user 
should any attempt to open the bag be made. 
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Outer face of the "handbag/pocket" clip (above left) showing 
position of the magnet-operated reed switch and (above right) 
the inner face showing the switch wiring, which passes 
through a hole in the case to the circuit board. 

BELT-UP 
The box also has provision for a "belt-

clip" which can be mounted by drilling two 
5nun holes in the positions marked and 
securing it with the screws provided. This 
will provide die possibility of clipping the 
alarm to the bag. Depending on the design 
of the bag, it may be possible to have the 
reed switch sensor S I mounted on the clip 
itself leaving only a small magnet to be 
glued to the inside face of the bag flap 
adjacent to the switch, with further sensors 
(if required) added by fitting jack sockets 
as previously mentioned. 

If this method of construction is adopt-
ed, the "belt-clip" should first be modified 
by drilling four limn holes in it, see Fig.6 
and photographs. Two wires (28s.w.g. 
enamelled copper wire was used in the pro-
totype) can then be passed through these 
holes and soldered to the reed switch as 
shown. The leads of the reed switch should 
first be bent at right angles to match the 
holes drilled in the clip so that a small neat 
solder joint can be made. 
When bending the leads of the reed 

switch, extreme care should be taken as it 

CASE FIXING 
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TO CIRCUIT 
BOARD 

imm HOLES 

BELT-CLIP 

WIRES 

1 mm HOLES 

REED SWITCH 

Fig.6. One suggested method of mounting and wiring the 
magnet-operated reed switch on the case belt-clip. 

is very easy to crack the glass and destroy 
the device. The leads must be gripped by a 
pair of pliers next to the glass body of the 
device and the bend made about 2nun from 
the glass seal. 
Once the reed switch has been mounted, 

it should be encapsulated in Araldite to 
prevent damage. A small hole will also be 
required in the box adjacent to the two clip 
mounting holes to enable the wires from 
the sensor to be passed through for con-
nection to the circuit board. 

TESTING. 
Once assembly is complete, the unit can 

be tested by connecting a battery and plac-
ing a magnet near to the reed switch Si and 
then removing it. This should cause the 
sounder to emit a short "bleep". If no fur-
ther action is taken, the alarm should now 
emit a series of intermittent "bleeps" for 
about 20 seconds before switching off. 

Replacing the magnet should have no 
effect but if it is removed again, the 
sequence should be repeated but this time 
the reset switch (S2) should be operated 
while the magnet is removed and this time 

no initial "bleep" should be sounded and 
the alarm should remain off. Finally, the 
unit should be triggered and reset after the 
initial "bleep" and once the full alarm has 
been started to check that the reset switch 
works in these situations. 

If the modification of Fig.4 has been fit-
ted, the reset switch should have no effect 
once the full alarm is sounding. There are 
no high frequency voltage changes in this 
circuit so that if necessary, the voltages at 
various points in the circuit can be fol-
lowed by monitoring them with a multime-
ter and compared against the waveforms 
shown in Fig.3. 
The Pickpocket Alarm can be mounted 

in a handbag for a final test when the oper-
ation of the circuit is satisfactory. A suit-
able position for the magnet should be 
found and this should be secured to the flap 
opposite the reed switch on the clip with a 
suitable adhesive — see Fig. 1. 

Hopefully further "field" testing will not 
be required but should it occur, the thief 
should be unable to commit his crime 
quietly, attracting more attention than he 
bargained for. 

u »Er u 5ge  
E LECTRONICS 
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Virtual System Modelling 

vvvvvv. I a b center. co. uk 

Develop and test complete micro-controller designs without 
building a physical prototype. PROTEUS VSM simulates the 
CPU and any additional electronics used in your designs. And it 
does so in real time. " 

fan, ,N••••101•I 1111.1. 11,.., 

• CPU models for PIC and 8051 and series 
micro-controllers available now. 68H011 
comming soon. More CPU models under 
development. See vvebsite for latest info. 

• Interactive device models include LCD 
displays, RS232 terminal, universal keypad 
plus a range of switches, buttons, pots, 
LEDs, 7 segment displays and much more. 

• Extensive debugging facilities including 
register and memory contents, breakpoints 
and single step modes. 

• Source level debugging supported for 
selected development tools. 

• Integrated make' utility - compile and 

• 
simulate with one keystroke. 
Over 4000 standard SPICE models included. 
Fully compatible with manufacturers' SPICE models. 

• DLL interfaces provided for application specific models. 
• Based on SPICE3F5 mixed mode circuit simulator. 
• CPU and interactive device models are sold separately - 

build up your VSM system in affordable stages. 
• ARES Lite PCB Layout also available. 
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'E g PROTEUS VSM can simulate an 8051 clocked at 12MHz on a 300MHz Pent urn II 

Electronics 
Write, phone or fax for your free demo CD - or email info@labcerrenco.uk. 
Tel 01756 753440. Fax: 31756 752857. 53-55 Main St, Grassington. BD23 5AA. 



N ow Technology 
Update 
RESEARCHERS at IBM have discovered a 

new silicon based technology that 
promises some significant performance 
improvements. Called Strained Silicon-on-
Insulator, it is claimed to enable electrons 
to flow through the semiconductor lattice 
much faster. 
By depositing silicon onto a substrate 

with a wider lattice spacing than silicon, its 
lattice can be spaced further apart allowing 
the electrons to move with less resistance 
giving increases of 70 per cent in the elec-
tron speed. This can be reflected in an 
increase in the operating speed of the 
resultant chips of up to 35 per cent. This 
comes without the need of having to 
reduce the physical size of the transistors. 

Strained Alignment 
Expected to find its way into production 

within a year's time, the new technology 
uses the fact that atoms have a natural ten-
dency to align themselves with one anoth-
er, even when two different materials with 
different lattice structures meet. When sili-
con is deposited onto a substrate that has 
atoms spaced farther apart than the normal 
silicon structure, the result is that the sili-
con atoms tend to line up with the substrate 
material, and in this way the lattice of the 
deposited silicon is stretched or "strained". 

•  

•  

MATERIAL 'A WITH 
NARROWER 

LATTICE STRUCTURE 

MATERIAL 13' WITFI 
WIDER LATTICE 
STRUCTURE 

COMBINED STRUCTURE WHERE 
THE LATTICE STRUCTURE OF 
MATERIAL 'A' IS 'STRAINED' TO 

FIT THAT OF MATERIAL 'B' 

Fig. 1, The strained crystal lattice. 

In the process used by IBM, a silicon 
layer was deposited onto silicon-germani-
um as this can already be handled by exist-
ing fabrication plants. This process builds 
on the SiGe experience and technology 
that IBM are already using to good effect 
in some of their existing chips. 
Now, with the addition of the strained sili-

con technology further improvements are 
being made. It can be seen from Fig.1 that 
the spacing in the strained silicon crystal lat-
tice is greater than the non-strained version. 
With the silicon lattice opened up in this 

way the free electrons collide less with the 
structure and accordingly they experience 

Strained silicon technology promises to enhance 
semiconductor performance, reports Ian Poole. 

considerably less resistance and their 
mobility is increased. The advantage of 
this process is that considerable perfor-
mance improvements can be made without 
having to alter the feature dimensions of 
the components within the chips to any 
significant degree. 

Progress 
Both n and p channel 

been fabricated using 
the strained silicon on 
a silicon-germanium 
layer that was itself on 
an insulating substrate. 
In doing this the silicon-
germanium layer on the 
substrate had a germa-
nium content of 
between 15% and 25%. 
This enabled the advan-
tages of increased carri-
er mobility from the 
strained silicon as well 
as those gained from 
using a Silicon-On-Insulator technology to 
be used. 
In order to fabricate the CMOS chips the 

SIMOX process (separation by implanted 
oxygen) was used. However, it was known 
from previous work that it is difficult to 
achieve high levels of germanium when 
the silicon-germanium on insulator is used. 
The approach that was used to solve 
this problem involved wafer bonding 
techniques and a technique known as H-
induced layer transfer. 

Process 
The fabrication process consists of sev-

eral stages. First the substrate itself needed 
to be grown. The layers of silicon germa-
nium were grown with levels of germani-
um between 15% and 25%. 
Next, this epitaxial layer was implanted 

with hydrogen and polished using a 
process known as chemical-mechanical 
planarisation. This was required to reduce 
the surface roughness of the layer ready for 
bonding. It was reduced from 6nm to 8nm 
right down to around 0.5nm. 
With this stage complete the silicon 

germanium wafer was bonded to the base 
silicon wafer using 300tun thickness of ther-
mal oxide. This was then heat-treated and as 
a result of the previous hydrogen treatment 
the silicon germanium layer lattice relaxed. 
This completed the preparation of the silicon 
germanium on insulator substrate. 
This was then smoothed and thinned 

down to between 200tun and 300nm so 
that an 18mn thick layer of strained silicon 
could be grown. 
With the basic wafer in place the devices 

themselves were grown. A variety of 

MOSFETs have 

configurations were used for development 
to prove the process and investigate any 
possible side effects. 
The Leis that were grown had channel 

lengths of between 25 and 250 microns. 
The gate insulating oxide was 4nm thick 
and phosphorus was used for the n-type 
Lei. source and drain doping (see Fig.2) 
whereas boron was used for the p-type 
f.e.t. source and drain doping. 

SOURCE 
CONTACT 

SILICON 
OXIDE 
LAVER 

GATE 
ELECTRODE 

GATE 
OXIDE 

DRAIN 
CONTACT 

SILICON 
GERMANIUM 

LAYER 

STRAINED 
SILICON 
LAYER 

Fig.2. Structure of the strained silicon f et. 

Results 
The results of the new techniques were 

analysed from a chemical and also from an 
electronic view point. The structure of the 
device was analysed to ensure that the fab-
rication had taken place correctly. A cross 
sectional image of the MOSFET was taken 
to ensure, particularly in the area of strain, 
that no dislocations had occurred. 
A chemical analysis of the germanium con-

tent of the silicon-germanium layer was per-
formed to ensure that it contained a level of 
germanium up to 25% and finally the degree 
of relaxation in the silicon-germanium layer 
was determined using X-ray diffraction. With 
the development complete the results of all 
these tests were found to be satisfactory. 
The devices also needed to be tested 

electrically as well. The curves for the 
devices were plotted and found to show a 
considerable level of increased current 
drive. When compared to the C-V charac-
teristics for the devices it was deduced that 
the increased performance was due to the 
increased electron mobility. 

It was discovered, even in the early 
stages of development, that there was a 
50% increase in mobility and it was 
expected that higher levels were possible. 
This has been proved to be true with levels 
of 70% now being reported. 
Not only has the electron mobility been 

increased, but as expected so has the hole 
mobility. This means that combining all 
the advantages given by strained silicon 
along with those of silicon-germanium on 
insulator, considerable advantages can be 
gained in terms of speed and performance 
for high speed CMOS devices. 
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News A roundup of the latest Everyday 

1 News from the world of 
electronics 

VIEWING WAR GAMES 
Nothing to watch on TV? Try the military channel, 

suggests Barry Fox. 

1.10ME satellite buffs can spy on military 
Wispy planes with equipment costing 
under £500. The military has run out of 
communications bandwidth and is hiring 
space on commercial satellites. But the 
military is not using encryption technology 
which is widely available at consumer 
prices. Recent adverse publicity will now 
force a change, if only to avoid further 
embarrassment. 

Satellite buffs in the UK began picking 
up strange signals from Intelsat 2 at 37-5e 
West over South America, last November. 
John Locker uncovered the signal source 
as Unmanned Aerial Vehicles in the 
Balkans. The May issue of What Satellite 
TV magazine - published in April - 
detailed the extraordinary lengths Locker 
went to in trying to warn top brass in the 
Ministry of Defence and Pentagon, and the 
aircraft's base in Sicily. The mass media 
picked up the story and ran with it, largely 
without crediting the original source. 
Says editor Geoff Baines, "Because the 

signals are not encrypted, all you need in 
Europe is an off-the shelf digital satellite 
receiver, and a 1-metre dish". 
Chris Forrester, editor of industry 

newsletter Satcoms Insider, warns that the 
exposed Bosnian feed is only the tip of the 
iceberg. 
"The US military rents about 10 per 

cent of Intelsat's capacity, and a similar 
amount from SES GE Americom. 
Serving the military in space is now big 
business for the satellite operators, 
whether for tele-medecine, non-sensitive 
battlefield logistics and multi-channel TV 
to soldiers and sailors. They have a huge 

bandwidth shortfall in their own secure 
military satellites". 

Bandwidth Hogs 
Forrester knows because he recently 

chaired a Military Battle Space conference 
at which 4-star US General Ed Eberhart, 
CiC North American Aerospace Defense 
Command, denied the military were 
"bandwidth hogs", saying "(bandwidth) 
simply makes us more efficient and effec-
tive, allowing for fewer casualties." 
Klaus Becher, senior Fellow at the 

European Institute for Security Studies, 
said he expected US defence bandwidth 
requirements to grow from current demand 
of below 1 Gigabits/s to more than 10 
Gigabits/s by 2010. Less than half can be 
satisfied by the US' own satellites; hence 
the need to rent space on commercial 
satellites. 
According to Captain Dave Markham, 

head of the US Navy's Space & 
Communications Branch, the navy's 
demands, per vessel, have grown from a 75 
baud teletype service back in the Vietnam 
War period to 9.6Kb/s during Desert Storm 
to 3Mb/s for aircraft carriers operating in 
the Persian Gulf and Arabian Sea today. 
"Clearly someone has goofed in sending 

these unencrypted images" says Forrester. 
Encryption technology of military strength 
is now available at consumer prices and 
routinely used for cellphones, Pay TV and 
Internet home shopping. But someone 
inside the Pentagon either chose not to use 
it - or did not know enough about civilian 
technology to know how it could help the 
military. 

SOLAR CHARGING MOBILES 

THE new solar mobile phone chargers 
from Jayhawk utilise the latest in solar 
photovoltaic technology. They are wallet 
sized, lightweight and fold inside a hard 
case for protection. The chargers are 
suitable for Ni-Cad, Ni-mh and lithium 
batteries, and therefore suitable for most 
Nokia, Ericsson and Motorola phones. 
To use them, just plug the adaptor lead 
into your phone and face the solar panel 
to the sun. 
As we go to press, the price has just 

been reduced to £25.00 including UK 
VAT and delivery. The chargers can be 
ordered from Jayhawk by visiting 
www eco-shop.co.uk or calling 08707 
300 111 and quoting the phone's make 
aid model (and imentioihig EPE!). 

TOTAL ROBOTS 

A COLOURFULLY illustrated brochure 
has come through to us from Total 
Robots, who specialise in robotics, con-
trol and electronic technology. Amongst 
the products featured are some super-
looking mobile "buggies", both on wheels 
and legs, that variously respond to light, 
sound and radio. 
Also featured heavily is the 00Pic, the 

first programmable microcontroller to 
use an object-orientated language. It is 
also a Programmable Virtual Circuit 
(PVC) that can be programmed in Visual 
Basic, C or Java syntax. Once pro-
grammed it just needs a battery to be 
clipped on and it's ready to control your 
project! 
To complement these systems, an 

interesting selection of accessories is 
also available. It's a delight to page 
through this little brochure - get a copy 
for yourself by contacting Total Robots 
Ltd., Dept EPE, 49 Church Road, 
Epsom, Surrey KT17 4DN. Tel: 01372 
741954. Fax: 01372 729595. 

Email: enquiry@totalrobots.com. 
Web: www.totalrobots.com. 

CHIPPING 
INTO MP3 

IT never rains but it pours for the music 
industry. After CD burners and Napster, 
chip-maker Cirrus Logics says it is "paving 
the way for entirely new digital entertain-
ment devices". 
A new ARM-7 microprocessor works on 

the fly to decode and play any digital source 
of music, while simultaneously converting it 
to MP3 code for recording into flash memo-
ry or onto blank CDs. So music CDs and 
digital broadcasts can be compressed and 
copied while played - without the hassle of 
using a computer. The chips run on low volt-
age, so work in portable player-recorders. 
The starting price is $ 12.25, but is sure to fall 
fast as demand rises. 

Barry Fox 
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IR TRANSDUCTION MODULES 

R.F. SOLUTIONS tell us that their infra-red transmitter and detector modules 
give a robust and drop-in solution for many applications, such as automatic door 
opening and security systems, for instance. 
The boards for both transmission and reception have a compact design and 

s.i.l. pins to enable vertical mounting into your p.c.b.s. The transmitted IR beam 
has a typical frequency of 400Hz and can be detected by the receiving module 
at a distance of up to 20 metres. They are suitable for use in harsh environ-
ments and in close proximity to other electrical devices. 
For more information contact R.F. Solutions Ltd., Dept. EPE, Unit 21, Clitfe 

Industrial Estate, South Street, Lewes, E.Sussex BN8 6JL. Tel: 01273 488880. 
Fax: 01273 480661. Web: www.rfsolutions.co.uk. Email: sales@ rfsolutions.co.uk. 

BRA-VISSIMO! 
RESEARCHERS at De Montfort 
University in Leicester have invented an 
electronics-based bra that aids the detec-
tion of breast cancer. They have installed 
miniature electrodes into the bra and 
these send minute currents through the 
breast tissue which are then detected and 
fed to a computer. Since healthy and 
cancerous tissues respond differently to 
the currents, abnormalities can be 
detected. 
The technique is said to be capable of 

providing a more comprehensive result 
than that provided by X-rays and is 
expected to be 100 per cent reliable. Its 
simplicity makes it suitable for use by 
family doctors with only minimal train-
ing, and testing would only take a few 
minutes. 
The team is led by Dr Wei Wang and they 

have been working in association with 
Leicester's Glenfield Hospital. Now the 
prototype will be tested and evaluated by 
Tianjin Virtual Bioengineering Co in hos-
pitals in South East Asia. Professor 
Malcolm McCormick, Head of 
Postgraduate Studies at De Montfort 
University. says " This deal means that this 
piece of equipment can be tested in China, 
giving us a large amount of valuable data 
in a shorter time than would be possible in 
the UK. The scale of the Chinese health 
service means they can test this equipment 
more extensively than we could". 
For more information browse 

www.dmu.ac.ultinews/releases. 

Decoding Bletchley 
BASED at Bletchley Park, the home of the 
famous World War II Enigma code break-
ers, MicroSpy Ltd are offering what they 
describe as a unique service to the elec-
tronics industry. 
They comment that service engineers 

know only too well the problems associated 
with component obsolescence, especially 
when a faulty chip contains a special code 
pattern which is locked inside it and cannot 
be transferred to the replacement part. 
This, say MicroSpy, is how their new 

service comes in beneficially. They can 
remove the plastic encapsulation of a 
coded chip and examine the silicon, from 
which they can identify the basic part, 
along with the original chip manufacturer. 
They say that unlocking the code pattern to 
generate a replacement part can be more 
difficult, but not impossible. 
MicroSpy emphasise that the service only 

relates to obsolete or discontinued parts. 
For more information contact MicroSpy 

Ltd., Bletchley Park, Bletchley, Bucks 
MK3 6EB. Tel: 01908 270007. Web: 
www.coderecovery.com. 

Updating Greenweld 
GREENWELD, renowned suppliers of 
bargain surplus items, tell us that their lat-
est catalogue is available for downloading 
in PDF format from their website. Each 
page is available separately or the whole 
catalogue can be downloaded as a zip file. 
Checkout website www.greenweld.co.uk. 

SSE CATALOGUE 
LOOKING for parts that are particularly 
pertinent to radio communications? Try 
looking through Solid State Electronics' 
latest free catalogue and discover what you 
may not have been able to find elsewhere, 
as well as a selection of general parts that 
any hobbyist needs from time to time. 
Products include such items as antennas, 

r.f. connectors and capacitors, meter 
clamps, semiconductors, mains adaptors, 
relays, audio filters and Weller soldering 
equipment. As well as brand new compo-
nents, there are unused surplus items and 
special quantity discounts. 
For more information contact Solid State 

Electronics (UK), Dept. EPE, 6 The 
Orchard, Bassett Green Village, 
Southampton S016 3NA. Tel: 023 8076 
9598. Fax: 023 8076 8315. Web: www.sse-
jim.co.uk. Email: solidstate@ssejim.co.uk. 

AUTOMOTIVE 42V 
SYSTEMS WEB 

DUPONT has launched a new web site that 
gives access to valuable resources in rela-
tion to the next generation of 42V electri-
cal and electronic systems and components 
for vehicles. The site covers technical 
issues in six specific automotive systems, 
and includes such matters as electrical dis-
tribution, electronic controls and "X-by-
wire" systems, etc. 
So if you have an interest in car electrics 

and electronics, browse www.42volt. 
dupont.com. 

JUBILATIONS BREAK 
RADIO RECORDS 

THE Special Golden Jubilee Amateur 
Radio Station set up at Windsor Castle 
as part of the celebrations, received 
24,500 radio contacts from 130 countries 
around the world during its first six days 
of operation. This is a record for a UK 
based amateur radio Special Events 
Station over such a short period. 

In response to the contacts made, the 
station transmitted a special address 
from the Duke of Edinburgh thanking 
radio amateurs from the Commonwealth 
and around the world for their support 
and good wishes. 
The station was sponsored by the 

Radio Society of Great Britain and oper-
ated by the Cray Valley and Burnham 
Beeches amateur radio clubs. 
For more information browse 

www.regb.orgijubllee, or contact 
RSGB, Lambda House, Cranborne 
Road, Potters Bar, Herts EN6 3JE. Tel: 
0870 904 7373. Fax: 0870 904 7374. 
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BS2-IC BS2-SX B.52E-IC 652P/24 BS2P/40 

Parallax BASIC Stamps - still the easy way to get your project up and running! 
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Regular Clinic 

CIRCUIT 
SURGERY 
ALAN WINSTANLEY  
and IAN BELL 

Our surgeons offer a simple siren novelty that can produce US and British siren 

sounds, and we also look at superbright 1.e.d.s and transformer ratings. 

Mini Siren 
Geoff Folkes asks by email: "Please can 

you help with a project? I would like to 
make an oscillator which starts from OV 
and then slowly rises in pitch and decays 
until it stops, like a siren." 

The siren effect is easy to achieve by 
using a 556 twin timer i.c. In the circuit 
diagram shown in Fig.1, ICla is an oscilla-
tor driving a loudspeaker LSI with a fixed 
audio frequency. A low frequency oscilla-
tor, IC lb, is connected to the control volt-
age (CV) terminal of IC 1 a via switch Si. 
The effect of doing this is to change the 

switching thresholds of the audio oscilla-
tor. Hence the frequency of ICla will be 
modulated by the operation of the If. 
oscillator, so you can obtain a variety of 
effects. 

In its present form the circuit will pro-
duce a bleeper or twin-tone sound similar 
to many British emergency vehicles, but by 
adding a large capacitor, C3, via the selec-
tor switch Si, a wailing siren effect can be 
produced. You can experiment with differ-
ent resistor and capacitor values as desired, 
and also possibly consider adding blue or 
red 1.e.d.s with series limiting resistors to 
the output (pin 9) of IC1b to make them 
flash on and off in sympathy with the low 
frequency generator. ARW. 

Size up these Transformers 
My thanks to Joe Farr who asks by 

email: "One of the components I like to 
salvage when stripping down surplus or 
scrap equipment are mains transformers, 
since they are quite expensive to buy. The 
problem is that whilst I can measure the 
secondary a.c. voltage, is there any way 
that the maximum current rating can be 
obtained? 
"Most of the transformers don't seem to 

have any meaningful markings on, and 
Internet searches don't tend to turn any-
thing up." 

It isn't really possible to measure the 
secondary current simply by judging from 
the transformer's dimensions. Very many 
transformers are custom wound to suit the 
equipment. If it is a reasonably standard 
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Fig. 1. Circuit diagram for the switched-tone Mini Siren. 

type then you could perhaps guesstimate 
the VA rating (and hence the current value) 
by comparing the overall size of the trans-
former against suppliers' catalogues. Many 
experienced readers would probably be 
able to identify a 12VA or 25VA type by 
comparing them, but sometimes the same 

Transformer current ratings are derived from their VA value 
and voltage, which is usually shown on a label. 

C5 T 

size bobbin and steel laminations are used 
for different VA ratings, so this method is 
not very reliable. 
Also bear in mind that the voltages you 

measure will obviously be no load values. 
Due to the regulation of the transformer (or 
lack of it) I usually deduct 3V to 4V from 

this voltage to get a 
typical full load value. 
This may help to deter-
mine what the VA and 
current ratings are like-
ly to be. 
You could perhaps 

do what I did as an 
enterprising schoolboy 
25 years ago — heaps of 
coils and windings 
gleaned from old trans-
formers and motors 
were chucked onto a 
small bonfire to burn 
off the lacquer and 
plastic bobbins. The 
resulting copper coils 
were then hot-footed 
(literally) to a scrap-
yard where they were 
sold for cash. This 
helped me to finance 
parts for the latest pro-
jects appearing in 
Everyday Electronics! 
ARW 
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Dynamo Torch L.E.D. 
Alan Bradley is a regular Surgery reader 
— and you may remember Alan's prize-
winning LE.D. Dynamo Torch in February 
2002 Ingenuity Unlimited. Alan writes by 
email: 

"I recently used my dynamo torch circuit 
in a cycle dynamo rear lamp (so it could 
reach full brightness at low speeds). 1 
found that Fante11 etc. don't list the indus-
trial temperature range LM334 i.c. which I 
felt I should use (in case of cold weather). 

"Is there any easy way to get industrial 
range i.c.s for home construction? I 
thought small companies making data 
recording equipment for harsh environ-
ments might have expected Farnell to stock 
them." 

I would doubt the necessity of buying the 
low temperature versions of the LM334 
device, as these are more for military and 
aerospace applications than the generally 
moderate climatic conditions like ours. I 
doubt if anyone would be seen bicycling at 
say —30 degrees Celsius (readers in Russia 
will doubtless prove me wrong!). You 
would probably have to try quite hard to 
damage an LM334 due to cold tempera-
tures in your application. 
From the part number I recognise the 

manufacturer to be National Semiconduc-
tor. The "LM" prefix indicates their 
"Linear Monolothic" family group (LF, 
where seen, means Linear Bifet and LP 
means Low Power). The 334 is the device 
number. A suffix indicates the package 
type, e.g. "N" would mean dual-in-line 
plastic. 

It is the part number which is of interest 
here — National usually produce a 1**, 2** 
and 3** device type for their linear i.c.s. 
and it is the LM334 that is most widely 
available. One major difference is the guar-
anteed temperature range: the LM134 cov-
ers —55°C to + 125°C; the LM234 is good 

for —25° to + 100°C; and the LM334 is suit-
ed for a 0°C to 70°C. You can download 
the datasheet from National's web site at 
www.national.com. 
As you can imagine there is only going 

to be demand for the wider operating tem-
peratures from specialist customers (e.g. 
military, space and scientific designers), 
and distributors including Famell would be 
able to order them specially. However they 
may not be ex-stock and there may be a 
minimum quantity involved. So it's proba-
bly best to stick to the parts that are most 
popular, Alan, which you can get off the 
shelf. 
Incidentally, well done for your prize-

winning entries to Ingenuity Unlimited. 
ARW. 

Brighter L.E.D.s 
"Can you tell me the brightest 8mm 

Le.d.s you can buy? I'm thinking of con-
structing the L.E.D. Super Torches you 
featured in September 2001, but I want an 
extremely bright 1.e.d. to work with." 
Another query from Geoff Folkes by 
email. 

This is quite a challenge, because high 
brightness devices are usually to be found 
in smaller packages e.g. 3rtun or 5nun 
diameter, at least to start with when the 
technology first appears on the market. 
A component search on www.global 
spec.com pointed to the Sunled brand 
who offer a 6,000mcd (millicandelas) 
5mm type. 
Another company, Agilent (the opto-

electronics division hived off by Hewlett 
Packard) also offered a number of 5irun 
types. I could not find any larger bright 
white I.e.d.s. anywhere, and I gave up try-
ing to search through Farnell's listing of 
2,200 different 1.e.d.s. 
We offered two LE.D. Super Torches in 

September 2001, a simple one with red 
1.e.d.s and a high efficiency white 1.e.d. 

Toshiba Superbright LED in lOmm 
glass-clear encapsulated body 

version based on a switched mode design. 
As its designer Andy Hind commented, 
white 1.e.d.s are still state of the art for 
most people who haven't seen one, and 
they are usually astonished at the bril-
liance of them. 
The White LE.D. Super Torch used three 

5nun extreme brightness and a 
device offered by Maplin (part no. 
NR73Q) claims a luminous intensity of 
1.56 candelas. These appear to be made by 
Nichia Corporation of Japan (www. 
nichia.cojp), who amongst other things 
claims to have developed a commercial 
blue 1.e.d. as far back as 1993. There were 
no 8mm white I.e.d.s listed on their web 
site. 

If you want something brighter and 
larger then you have to look at other 
colours. Toshiba offers a clear 10nun 
body and ultra bright yellow chip, type 
TLYH 190P, which is good for 30,000 
millicandelas. Farnell list a similar 
device, part number 319-7311 (or 623-
465 equivalent). Incidentally readers, 
Famell's web site still has a silly gotcha 
— you need to omit any hyphens from 
catalogue part numbers when doing an 
online search. ARW. 

EPE BINDERS • 
KEEP YOUR MAGAZINES SAFE 

- RING US NOW! 
This ring binder uses a special system to allow the issues to be eas,ly removed and re-
inserted without any damage. A nilon strip slips over each issue and this passes over the 
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The binders are finished in hard-wearing royal blue p.v.c. with the magazine logo in gold 
on the spine. They will keep your issues neat and tidy but allow you to remove them for use 
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The price is £5.95 plus £3.50 post and packing. If you order more than one binder add £1 

postage for each binder after the initial£3.50 postage charge (overseas readers the postage 
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each). 
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Constructional Project   

PIC WORLD 
CLOCK 
JOHN BECKER   
Graphically displays calendar, clock and global time-zone data. 

R
ETURNING from holiday, Editor 
Mike commented to the author that 
he had seen an interesting world 

clock display at his hotel. It consisted of a 
world map across which was a series of 
light emitting diodes whose brilliance por-
trayed local time-zone daylight conditions. 
Could the author design one? 
As with so many questions these days, it 

seemed that the Internet could well provide 
an answer. The first thing to ascertain was 
what such a clock might actually look like 
in detail. Search engine www.google.com 
was opened and told to search on various 
combinations of words such as world, 
time-zone and clock, amongst others. 

World clock produced an astonishing 
number of web sites, but none that showed 
the display looked for. However, one of the 
sites revealed the screen dump shown in 
Fig. 1 . This set the author along a com-
pletely different thinking path. 

In EPE Feb '01, his 
article Using Graphics 
LC.D.s had been pre-
sented. Could this 
1.c.d. (liquid crystal 
display) be used to 
portray a world map? 
Following a letter 
about bitmaps and 
1.c.d.s from Javier 
Fernandez published 
in Readout Nov '01, 
the author knew that, 
in principle, it was 
possible to produce a 
screen dump of any 
image and process it 
for loading into a PIC 
microprocessor for 
output to a graphics 
I.c.d. 

Fig. 1. Real-time world clock as displayed by www.world-
clock.org. 

CLOCK PERFORMANCE 
Before discussing how this was finally 

achieved, it is pertinent to say now that the 
end result is a PIC16F877-based circuit 

whose graphics 1.c.d. shows the fol-
lowing: 

• Simplified World map 

• Current UK clock and 
calendar data 

• Clock data for any 
other time-zone, 

adjustable via 
switches 

• Flashing marker for sun's current high-
est position, i.e. true noon at that longi-
tude (angle in relation to 0°, GMT, 
Greenwich Mean Time, London). 

• Marker's position vertically (latitude) 
varies with the weeks and months 
throughout the year, spanning the 
Tropics of Capricorn and Cancer. 

• Multi-paged text display of 150 major 
cities and their time-zone displacements 
in relation to GMT (e.g. New York —5 
hours, Sydney + 11 hours) 

• Additional city time-zones can be 
readily added by those readers who 
have PIC Toolkit Mk2 or Mk3 (TK3 
V1.2 or higher). 

• Accuracy of clock time-keeping 
adjustable via switches. 

• Principal clock and calendar data stored 
in the PIC's non-volatile EEPROM 
(electrically erasable programmable 
read-only memory) for recall in the 
event of power failure. • 

• Runs from a mains powered 9V battery 
adaptor, plus standby battery back-up. 

BITMAP CONCEPT 
When :he Print Screen button of a PC's 

keyboard is pressed, the image on-screen 
at that moment is copied into the Windows 
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Clipboard. This can then be pasted into the 
PC's Paint software via the path: 

Start — Programs — Accessories — Paint — 
Edit — Paste — File — Save As 

In his Readout letter, Javier referred to a 
web site that supposedly described how 
this could be done. Regrettably, it turned 
out that this site, and Javier's own, were no 
longer accessible when tried by the author. 
There were, though, enough clue's in 
Javier's letter for the author to experiment 
and find an alternative way. 

It eventually turned out to be fairly sim-
ple. The saved screen dump shown in Fig.1 
was first converted to a black and white 
image, and then inverted to show black 
detail on a white background (Fig.2). 

Fig.2. The image in Fig.1 was inverted 
to produce a black-on-white outline. 

The graphics 1.c.d. screen is 128 pixels 
wide by 64 pixels high. The screen dump 
image at this stage was too large and need-
ed to be reduced in detail to fit the I.c.d. 
screen. 

Next the image was "cleaned-up" by 
carefully using a combination of bit delet-
ing and line clearing through Paint's tool-
box. The image was then cut, the screen 
cleared and the image re-pasted to the very 
top left of the blank screen. At various 
stages during this process, the image was 
repeatedly re-saved in case of imminent 
errors. 

Through Paint's Stretch/Skew option, 
the image was reduced in size to exactly 
128 x 64 pixels. This image, of course, 
was of extremely low resolution and need-
ed further cleaning-up to remove individ-
ual unwanted pixels (goodbye Hawaii!) 
which interfered with the main image 
required. 

Inevitably, parts of Malaysia, the 
Mediterranean and North America had to 
be accepted as ill-defined (no offence, 
folks!). Ultimately, it turned out that the 
image also had to be rotated by 180' and 
flipped left to right (Fig.3). 

Fig.3. Final "doctored" image, flipped 
left to right. 

(While doing the map changes, there 
was a certain feeling of kinship with 
Slartibartfast, who designed Norway in 
The Hitch-Hiker's Guide!) 

Using QuickBasic (QB), it was then 
established which aspects of the saved file 
data were Paint format commands and 
which were image data. A program was 
written which split the required data from 
the rest, converted it from binary to deci-
mal values, to which a prefix of several 
spaces and the PIC command RETLW 
were added. The author had ensured that 
exactly 128 x 64 pixel values were 
processed, resulting in 1024 commands. 
The file was saved with a .INC exten-

sion so that the PIC could import it as an 
Include file. 

It has to be said that the process was not 
actually as straightforward as suggested by 
the foregoing. There were many stages of 
experimentation with this hitherto 
unknown technique before a satisfactory 
result was achieved. 

PIC JUMP CAPACITY 
A parallel problem to be solved was 

how this data could be used with a 
PIC16F877. The author already knew that 
the PCLATH command could allow table 
data to be stored in PIC program memory 
beyond the basic limitation of the first 256 
bytes. 
The problem was, he had never used it 

before. Much PIC experimentation ensued 
(Microchip data can be very short in ade-
quate detail on occasions!). Eventually, 
using various PCLATH values, it was found 
that not only could data tables be accessed 
in separate 256 blocks beyond program 
address 255, but that the data could be 
loaded as a single table containing almost as 

many RETLW data commands as there 
were program memory locations still 
available. 

It turned out that not all jumps were 
accessible, however. The first address for 
any table has to be (at least) ADDWF 
PCL,F, which removes this location from 
the table's use. Additionally, only 254 
locations in each subsequent block of 256 
commands could be accessed. Trying to 
access the 255th always took the program 
counter PCL into the "unknown" (as far as 
it was concerned) with a resulting "hang-
up" of the program (as when tables in the 
normal address block 0 to 255 are too 
long). 

With the map data it did not matter if the 
255th data byte was not used, since it was 
known to be a screen border character 
which could be sent to the I.c.d. separately. 

It did matter, though, with the table of 
city time-zone factors (see later). These are 
also held as consecutive RETLW data val-
ues and without formatting spaces, to con-
serve space. Each final byte of each block 
could not be ignored as with the map. The 
solution was to insert an additional data 
byte at every multiple of 256 bytes. An 
asterisk was used, but it could be any 
character. 

This table is also stored as an Include 
tile. 

PCLATH USE 
Associated with using PCLATH for 

extended table jumps was the need to also 
use this command to access PIC addresses 
$0800 (decimal 2048) upwards. This was 

LISTING 1. Map display routine (TAW dialect) 
MAP: 

MAP2: 

clrf PCLATH 
clrf ADRLSB 
movlw 
call GLINE 
call SCREENADR 
movlw AWRON 
call SENDCMD 
clrf LOOPE 
movf LOOPE,W 
bsf PCLATH,3 
call WCLOCK 

bcf PCLATH,3 

call OUTDATA 
incf LOOPE,F 
incf LOOPE,W 
btfss STATUS,Z 

goto MAP^. 
movf PCLATH,W 
andlw %00000111 
xorlw 3 
movlw 1 
btfsc STATUS,Z 
movlw 
call OUTDATA 
clrf LOOPE 
incf PCLATH,F 
movf PCLATH,W 
andlw %00000111 
xorlw 4 
btfss STATUS,Z 
goto MAP2 
clrf PCLATH 
movlw AWROFF 
call SENDCMD 
return 

; reset PCLATH to zero 
; * set I.c.d. graphics column 
; * set 1.c.d. graphics line number to zero 
; * set line length 
; * set 1.c.d. screen address to these values 
; * load W with Auto Write On value 
; * send this command value to 1.c.d. 
; clear table address counter 
; load table address into W 
; set PCLATH for program memory block $0800 
; call Map table commencing at $0800, return with 
; graphics display data 
; clear PCLATH from block $0800 to block $0000 
; but leave bits 0-2 unchanged 
; * send table data to 1.c.d. via prog in block $0000 
; increment table counter 
; inc counter again, but only into W 
; is it zero i.e. is table counter = 255 
; i.e. has end of 256 table block been reached? 
; not yet, so repeat data get and send 
; yes, so is PCLATH now pointing to sub-page 3? 
; limit check to within value of 7 
; do = 3 check 
; preset W with value of 1 (for RHS border) 
; is Status bit Zero = 1 (equality)? 
; no, border not needed as map display ended 
; * send appropriate border value to 1.c.d. 
; clear loop counter to zero 
; inc PCLATH for next table block of 256 
; is table block count now = 4? 
; limit check to within value of 7 
; do = 4 check 
; is status bit Zero = 1 (equality)? 
; not yet, repeat for next block 
; yes, fully clear PCLATH back to zero 
; * load W with Auto Write Off value 
; * send this command value to 1.c.d. 
; return to main program 
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Fig.3. Complete circuit diagram for the PIC World Clock. 

the author's first foray into that region, and 
also needed research. 
Some readers may not appreciate that 

large-capacity PICs have this limitation. 
Program memory addresses are split into 
blocks of 2048, each of which requires 
PCLATH to be set accordingly, in addition 
to setting it for individual blocks of 256 
within the main block when tables are 
embedded there. The 2048 limitation does 
not affect the PIC 16F84, of course, since 
this only has 1024 memory locations any-
way, but it can affect the PIC16F873 to 877 
when the extra program memory capacity 
is required. 

At the time the author was working on 
this PIC World Clock, John Waller's article 
Using the PIC's PCLATH Command had 
not yet been discussed with him, let alone 
published (as it was last month, July '02). 
Readers now have access to John's infor-
mation so PCLATH will not be discussed 
further in detail here. 

It is, however, appropriate to show an 
extract of the program listing associated 
with displaying the map. See Listing 1. 
The commands and sub-routines called 

and marked by an asterisk are those which 
were discussed in detail in the Using 
Graphics L.C.D. article previously men-
tioned. All the graphics 1.c.d. routines used 
are those discussed there, and used here as 
"library" routines. 

CIRCUIT DIAGRAM 
Whilst the software is the longest that 

author has written for a PIC (around 5500 
commands), the circuit is one of the simplest. 
Its schematic diagram is shown in Fig.3. 
The PIC16F877 is notated as ICI. It 

simply runs its program and controls the 

data output to the graphics 1.c.d. X2. 
Additionally, it responds in various ways to 
switches S 1 to S4 being pressed, more on 
this later. 

If considering using a different 1.c.d. to 
the Powertip PG12864 recommended, 
ensure that it is based on a Toshiba T6963C 
controller. 
The PIC is powered at +5V, as supplied 

by regulator IC2, which may be powered at 
between about 7V and 12V d.c. Capacitors 
C3 to C5, plus C8, simply help to maintain 
power line stability. 
As discussed in Using Graphics 

L.C.D.s, the Powertip graphics 1.c.d. mod-
ule requires a split supply of +5V, OV and 
—5V. The latter is generated by the d.c.-to-
d.c. voltage converter IC3. This produces a 
—5V d.c. output when powered from a +5V 
supply. 

It is a switched-mode device (frequently 
seen in EPE designs) whose oscillation fre-
quency is set by capacitor C6. The output 
voltage is smoothed by C7. The 1.c.d. screen 
contrast is determined by the current flowing 
from its pin 4 (CX) into the negative line, 
and is controllable by preset VRI. 
The PIC is operated at 3.2768MHz, as 

set by crystal X1 in conjunction with 
capacitors C 1 and C2. 

It can be programmed in situ from a PIC 
programmer such as Toolkit Mk2 or Mk3. 
The World Clock software and prepro-
grammed PICs are available as stated later. 

Diode D1 and resistor R I allow the PIC 
to be correctly controlled when being pro-
grammed. They also provide bias to Reset 
switch S4, whose function is described 
later. Do not omit these two components 
even if you do not intend to program the 
PIC yourself. 

Terminal block TB1 provides access to 
the PIC's programming pins. 

A "belt and braces" option is provide for 
power input. Surprisingly, the circuit draws 
around 18mA. much of which is demanded 
by the I.c.d. Even making use of the PIC's 
SLEEP mode with interrupts did little 
to reduce the overall consumption. 
Consequently, continuous operation of the 
clock from a 9V PP3 battery is unrealistic. 

Instead, the unit should normally be 
powered from a battery adaptor having an 
output of around 9V d.c. A PP3 battery can 
be used as a back-up supply in the event of 
a mains power failure, and a battery holder 
is included on the printed circuit board 
(p.c.b.) for this purpose. Diodes D2 and D3 
prevent the battery and adaptor supply 
from mutual interference, allowing the bat-
tery to take over if the mains supply fails. 

CONSTRUCTION 
The p.c.b., component and track layout 

details are shown in Fig.4. This board is 
available from the EPE PCB Service, code 
363. 

It has also been designed as a general 
purpose board for use in other simple 
PIC16F877/graphics 1.c.d. applications. 
Consequently, additional holes are provid-
ed to allow access to the otherwise unused 
PIC port pins. They should be ignored in 
this application. 
Commence construction by soldering in 

the several link wires, noting that a few are 
positioned below ICI and IC3. Dual-in-
line (d.i.1.) sockets should be used for both 
these i.c.s. Do not insert the i.c.s them-
selves until the first stage of power check-
ing has been performed. The same caution 
applies to the 1.c.d. as well. 
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COMPONENTS 
Resistor 
R 1 1k 0.25W 

5% carbon film 

Potentiometer See 
VR1 22k min. e[mor 

round 
preset TALK P.O. Capacitors 

Cl, C2 10p ceramic, 0.2in pitch 
(2 off) 

C3 220u radial elect. 16V 
04, C5, C8 10, ceramic, 0.2in pitch 

(3 off) 
C6, C7 24 radial elect. 16V 

Semiconductors 
D1 1N4148 signal diode 
D2, D3 1N4001 rectifier diode 

(2 off) 
IC1 PIC16F877 microcon-

troller, preprogrammed 
(see text) 

IC2 78105 +5V 100mA 
voftage regulator 

103 7660 d.c.-to-d.c. voltage 
converter 

Miscellaneous 
Si to S4 min. sp. push-to-make 

switch 0.2in x 0.25in 
oitch (4 off) (Si to S3 
may be panel mounting 
types, see text) 

Ski pcwer socket for 9V 
battery adaptor 

X1 3.2768MHz crystal 
X2 PG12864-F graphics 

I.c.d. module, 
T6963-based 

Printed circuit board, available from 
the EPE PCB Service, code 363; 8-pin 
d.i.l. socket; 40-pin d.i.l. socket; PP3 bat-
tery holder, p.c.b mounting; 9V PP3 bat-
tery; 9V battery adaptor, mains powered; 
plastic case, 190mm x 110mm x 60mm 
(see text); 18-way ribbon cable or pin-
header connector pair, p.c.b. mounting 
(see text); mounting bolts to suit; 1mm 
terminal pins; solder. 

Approx. Cost 
Guidance Only £60 

excluding case & PSU 

Assemble the other few components in 
any order you prefer. Leave the battery 
holder until last. 

Thoroughly check your board for poor 
soldering and orner errors, and then con-
nect the 9V mains adaptor. Check that reg-
ulator IC2 outputs +5V, within a few per 
cent. If not, switch off and remedy the 
cause of malfunction. 
When testing, if the unit does not behave 

as expected, and when inserting or extract-
ing the i.c.s, always disconnect the power. 
When satisfied with the +5V output, 

plug in d.c. comerter IC3 and check that it 
outputs —5V, again within a few per cent. 

If this is satisfactory as well, connect the 
I.c.d. to its designated p.c.b. pins, which are 
in exactly the same order as on the I.c.d. 
itself. Ribbon cable was directly so!dered 
to terminal pins on the prototype, but a 
p.c.b. mounting 0-1 inch pitch 18-way pin-
header strip with connector could be used 
if preferred. 

FG OV +5V CX WR RD CE CD RST DO 1)1 02 03 D4 D5 06 D7 FS 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

• • • • • • • • • • • • • • • • • • 

Fig.4. Printed circuit board topside component layout, full-size copper foil master 
pattern and wiring to the I.c.d. and off-board switches (see text). 
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Component layout on the completed prototype circuit board 

On powering up, adjust preset VR1 until 
a change in I.c.d. screen colour is observed. 
Adjust VR1 until the background shows a 
very light shade of blue (might be grey 
with some makes of 1.c.d.). 

Next the PIC can be inserted and, if it 
has not been preprogrammed, it can be pro-
grammed now, using a suitable program-
mer, as stated above. 

ENCLOSURE 
It was originally conceived that the PIC 

World Clock could look more interesting if 
not enclosed in a box. Consequently the 
p.c.b. was designed to be bolted behind the 
1.c.d., and for the "sandwich" to be bolted 
to a perspex sheet mounted in a low-cost 
picture frame. Access to the switches is 
then from behind the assembly. 

Ultimately, however, the author used the 
same box as previously used in another 
design. As a result switches SI to S3 and 
SKI were mounted in the case (although 
Si to S3 are still to be seen in the photo - 
graph of the p.c.b.). Do not mount S4 in the 
box leave it on the p.c.b. 

SOFTWARE CHECKS 
With the unit running under PIC control. 

the first action that will be seen is that the 

Example screen in adjustment mode. 

screen should show a display similar to that 
in photo below left If necessary, adjust 
VR1 until the contrast is suitable. 
A rudimentary map of the world will be 

seen, with three lines of text superimposed 
on a partly blanked area. 

Under the first 0 of the time (tens of 
hours) a cursor cell should be seen flash-
ing. Pressing and releasing switch Si steps 
this value on a cycle from 0 to 2 and back 
to O. Set your current tens of hours now. 

Pressing switch S2 steps the cursor to 
the units of hours. Using Si, these cycle 
through 0 to 9 followed by a rollover to 0 
when the tens of hours show 0 or 1. If the 
tens show a value of 2, the rollover of the 
units is after 3 (24 hours clock). 

Switch S2 progressively steps through 
the minutes digits. selectable by Si again, 
with a rollover limitation of 59. To suit the 
program's correct use of calender factors, 
the next steps are to the tens and units of 
years, with a rollover after 99. It is worth 
noting that Microchip only guarantee 
retention of a PIC's program contents for 
40 years, so a year value of 99 is grossly 
over-optimistic! 

Next the month can be set. This cycles 
from JAN to DEC followed by rollover. 
Tens and units of days in the month are 
next, with rollover limits set by the con-
ventional number of days in any named 
month, with automatic allowance for leap 
years if the month is FEB. 
The named day of the week follows, 

MON to SUN, with a 7-day rollover. 

CLOCK ACCURACY 
The next press of switch S2 sets the pro-

gram into clock accuracy adjustment 
mode. This is prefixed by the symbols +/— 
followed (when first used) by +0000, the 
cursor flashing on the forward-slash sym-
bol. Switch Si continues to step count 
values upwards, but S2 now causes a 

downwards count. The full tange is —9999 
to +9999. 

Whilst the PIC is crystal controlled, 
when used in clock-type applications there 
is normally an inherent slippage of accura-
cy over time, partly due to the crystal fre-
quency not being at an exact value, due to 
normal component tolerance factors. An 
additional slippage can occur because of 
very slight inconsistencies in the rate at 
which the PIC's internal timing counter is 
accessed. 

In a long-term clock design, such as this 
is intended to be (40 years, anyway!), it is 
desirable that the clock rate can be adjust-
ed in the light of experience, as with many 
types of normal clock. 
To cope with this, the software has been 

written so that the amount by which the 
clock registers are incremented is 
adjustable according to externally set 
values. 

In simple PIC clock designs, the TMRO 
counter is set so that it rolls over at, say, 
every 1/25th of second. Counting 25 of 
these rollovers then equals a one-second 
time lapse. 

In this design, though, TMRO is set to 
roll over once every 1/50th of a second. On 
each occasion, a 3-byte counter has a pre-
set value added to it. This includes an 
adjustment factor as set by the user. With 
no adjustment factor set, this counter rolls 
over once for every two TMRO rollovers 
(i.e. at every 1/25th of a second). 
When first used, the software sets the 3-

byte counter to a decimal value held as 
MSB = 128, NMSB = 0, LSB = O. Two 
additions of -this value cause the MSB to 
rollover and set a separate register flag. 
Only if this flag = 1 is another counter 
incremented, whereupon the flag is reset. 

Only when this counter has incremented 
25 times is the seconds register increment-
ed. In fact, for programming ease, the 

e 
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intermediate counter is preloaded with a 
value of 25, and then decremented down to 
zero, at which point it is reset to 25 and the 
seconds counter incremented. 

It will be seen that if the 3-byte counter 
is preset with a value greater than 128, 0, 0. 
then its MSB rollover with be faster than 
just described. Similarly, the rollover will 
be slower if the preset value is lower. 
Each unit of change, set via Si or S2, in 

the adjustment count value shown on 
screen, represents one second of change 
every 4,194,304 seconds. There are 
approximately one million seconds in 11.5 
days, so the potential for clock setting 
accuracy is good. 

It is worth understanding, though, that a 
crystal's frequency can drift fractionally 
with temperature and age. 

This technique was first used in the 
author's Canute Tide Predictor of June '00 
and has proved remarkably accurate. 
Implementing any adjustment should only 
be carried out after several days of obser-
vation to determine how much the clock 
has drifted over that time, and then to apply 
an adjustment calculated in relation to the 
above four million ratio. 

At this stage of use, the adjustment fac-
tor should left at zero. 

GLOBAL DISPLAY 
I la‘ mg adjusted the clock and calendar 

values, press switch S3. This first stores the 
values to the PIC's EEPROM, where they 
remain even after power loss, to be recalled 
when power is restored. The screen is then 
cleared of the data setting display, to reveal 
the world map as below: 

Typical World Clock display when in 
normal running mode. 

To the left of the map are shown the cal-
endar values, which will be kept updated 
for as long as the clock is powered. At the 
bottom left of the screen the current hours 
and minutes time is shown, plus a seconds 
counter. To the right is shown another 
hours and minutes display, prefixed by the 
letter L, meaning Local. Currently it will 
be showing the same time as the first clock. 
One of the functions of the World Clock 

is to allow a principal time to be shown for 
the UK and for a secondary time to be 
shown in relation to any time-zone across 
the globe, i.e. Local time in that zone. 

In the middle of the screen is a vertical 
dotted line passing through what would be 
seen as roughly London on a better defini-
tion display. Pressing switch S1 shifts this 
line to the east in large steps, of about 1 
hour 30 minutes. The time-step values are 
automatically added to the UK time and 
displayed as the Local time for the longi-
tude indicated by the line. 

Having reached the eastern map edge, 
the line then reappears from the west. 

Crossing the full map represents 24 hours. 
Pressing switch S2 moves the line in 

smaller increments, 128 steps across the 
screen. This allows the line to be more pre-
cisely set in relation to the map. The line 
can only be moved in an easterly direction. 
Its position is never stored to EEPROM 
and returns to its default position (UK) 
should power be lost and then restored (or 
the Reset switch, S4, pressed — see later). 

SOLAR AND NATIONAL 
TIME-ZONES 
Greenwich, UK, is regarded as having a 

longitude of zero. Because the Earth is 
roughly a globe, it is said to have a circum-
ference of 360°. Consequently, for a 15° 
shift westwards of the sun from a noon 
position above Greenwich at 0° means a 
one hour time zone shift (24/(360/15)). 
Solar noon is now at this 15° position, and 
the time at Greenwich has become 1.00pm. 

However, what about the time actually 
experienced by the positions under the 
solar noon position? What about EPE in 
Dorset, 2° west of Greenwich? Do we 
experience noon at 2° = 8 minutes later 
than Greenwich? No, of course not, when 
it's noon at Greenwich it's noon at EPE! 
(Although some of us might feel/wish it 
were actually 5pm. ) 

Interestingly, it was only with the 
increasing use of the railways, that, in 1884 
at an international conference of 27 nations 
in Washington DC, national and interna-
tional time-zones became rationalised, 
with Greenwich as the 0' meridian. Prior to 
that local noons were at different instants 
to each other. Improved transport systems 
though, required consistent timekeeping. 

Generally speaking, time-zones change 
in steps of 30 minutes, although there are 
occasional differences, where a 15-minute 
step might occur. 
As a result, France, for instance, is in a 

time-zone one hour ahead of the UK (+1 
hour) even though much of it is due south 
of the UK. New York is five hours behind 
Greenwich (-5 hours), but because of the 
scale of the USA, Chicago for example has 
a time-zone displacement of —6 hours from 
the UK. Curiously, despite its size, China 
has only one time-zone. 

TIMELY DILEMMA 
These tacts presented the author with an 

initial dilemma. Should the dotted time-
zone line have its clock display increment-
ed to suit solar time, or local time? And, if 
the latter, then which national time zone, 
since some countries along that line could 
have adopted different displacements in 
relation to Greenwich. 

It was decided that the Local clock 
should only be incremented in steps of 
30 minutes and in relation to solar noon. 
Thus most of France will appear to be in 
the same solar time-zone as the UK. 
Intelligent assessment of the line's posi-
tion in relation to the displayed Local 
time must be used! 
Only if a much larger display were to 

be used could there be any chance of tai-
loring regional time-zones to the geo-
graphic location under the line. In other 
words, a PIC and simple 1.c.d. are not up 
to that degree of definition! If you need 
more accuracy, use a computer and 
browse appropriate sites via the Internet 
(such as listed later)! 

To comply with the 30-minute stepped 
update, a look-up table is used, which allo-
cates whether a value of 30 or 0 minutes is 
added to the Local time display at each 
increment of the line. 

In early stages of program development, 
the Local time was in fact incremented 
according to actual solar time. This 
required a value of 11 minutes 15 seconds 
to be added for each of the 128 increments. 

SOLAR SEASON 
Whilst the sun appears to move round 

the Earth in a westerly direction, the Earth 
rotates eastwards to greet the rising sun, of 
course. Surprisingly, doing a "straw poll" 
recently, the author found that the correct 
answer was not always given. But even the 
illustrious SF author Arthur C. Clarke is 
said to have wrongly stated the Earth's 
direction of rotation in one of his books! 

Because of the Earth's tilt on its axis, the 
sun's overhead position changes in latitude 
throughout the year as the Earth travels 
around sun. An indication of this has been 
added to the display. A flashing 4-pixel 
vertical line travels across the map indicat-
ing where solar noon is occurring. 
The flashing noon line also changes 

position vertically throughout the year, tra-
versing between the Tropic of Capricorn 
(northern hemisphere) and the Tropic of 
Cancer (southern). This is calculated in 
relation to the stated month and its num-
bered day, and makes use of more look-up 
tables. The position is only an approxima-
tion — don't navigate by it (hey, who's 
moved America?)! 

CITY TIME-ZONES 
Having discovered the benefits of using 

PCLATH with a large-capacity PIC, it 
became obvious that lots more table data 
could be added to the software. This result-
ed in City time-zone displacements being 
downloaded from the web, at www.time 
anddate.com, whose information is pre-
sented in real time in relation to local time 
of the user, as follows, for example: 

A ill,' Tue 5 34 PM 

Adelaide Wed 12 04 Ar 

Alen Tue 5 34 1.1: 

AkJavil< • Tue 8 34 AM 

Abers Tue 3 341'1,1 
_ 

.Arnman * Tue 5 34 1.1..4 

,Amsterdan. 1.1 Tue 4 34 R1 

Anadyr Wed 3 34 A.1.1 

Anchorage * Tue 6 34 AM 

Ank— ara-* Tue 5 34 PI ,. 

Antananany Tue 5 34 PM 

'Anal( idn Tue 10 34 1,2.,! 

Athens Tue 5 34 PM 

Atlanta • Tue 10 34 AM 

'Baghdad * Tue 6 34 PM 

.íBanglc- •;k Tue 9 34 P1,1 

iarcelona * Tue 4 34 PM 

Tue 9 34 PM 

Tue 4 34 PM 

Tue 10 34 AM 

Tue 5 34 PM 

Tue 10 34 PM 

Tue 4 34 AM 

Tue 9 34 AM 

Tue 934 AM 

Tue 8 34 PM 

Tue 5 34 PM 

Tue 9 34 PM 

Tue 5 34 PM 

Tue 4 34 PM 

Tue 704 PM 

Wed 334 AM 

Tue 8 19 PM 

Tue 5.34 PM 

Example display of international time 
at www.timeanddate.com. 

Using QB, these were analysed, format-
ted into a look-up table, and imported to 
the PIC as another .INC file. 
The following is an extract, in relation to 

New York, showing a —5 hours difference 
from UK time. Note the "&" end of name 
marker and the "*" 256-jump padder 
referred to earlier: 
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retlw 'N' 
retlw `e' 
retlw 'w' 
retlw " 
retlw 'Y' 
retlw '*' 
retlw 'o' 
retlw 
retlw 'k' 
retlw 
retlw '5' 
retlw '&' 

;256 rollover 3 

As supplied with the software, there are 
136 city names, ranging from Adis Ababa 
to Zurich. They are called to screen by first 
pressing switch S3. This clears the map, 
and sets the screen area to 20 x 8 text char-
acter cells, instead of the previous 16 x 8. 
This width is not suitable for map graphics 
display since bits 7 and 6 of each screen 
data byte are ignored by the 1.c.d. 
The width is well-suited to text-only dis-

plays, however, allowing 20 characters per 
line instead the normal 16. 
On entry to the City Time-zone display, 

the first seven cities are named, with their 
time-zone displacement from Greenwich 
shown to their right. On the eighth line at 
bottom left a continuation of the UK real-
time clock count is shown: 

PddiE Pbaba +3 
Pdelaide +9.5 
Pden +3 
Pklavik -7 
Pkrotiri +2 
Pnliers +1 
Pmman +2 
15:46.39 

Example of time-zone displacement 
data screen. 

Shan9hai 
SinimPore 
Sofia 
St.John's 
SL. Paul 
Stockholm 
Suva 
15:47.34 

Another example of time-zone dis-
placement data screen. 

Pressing switch Si or S2 "turns the 
page" to the next seven cities. The clock 
count continues as before. There are 19 
pages that can be stepped through, with 
just three cities on the final page. 

Pressing Si or S2 when the final page is 
displayed rolls the display back to page 1. 
At any page, switch S3 may pressed to 
make a return to the map display. Re-enter-
ing the cities mode always starts the dis-
play at page 1. 
The author briefly considered having a 

facility to automatically show the current 
time for each city, but decided that readers 
are perfectly capable of doing the mental 
maths and add the displacements to the UK 
time shown! 

ADDING CITIES 
Readers who have the Toolkit TK3 VI.2 

(or MPASM) software update can add their 
own cities to the TIME-ZONE.INC file, 
and then re-assemble and send to the PIC. 
Note that only the revised TK3 software 
(TK3 V1.2 or later) can handle PIC 
addresses from $0800 onwards. 

There are over 3000 program memory 
locations that could be filled. However, if 
the TIME-ZONE table extends into the 
next 2048 block, changes to the PCLATH 
control (using PCLATH bits 4 and 3) 
would need to be made. 
As things stand, 550 additional characters 

could be added to the .INC file without cross-
ing the next 2K boundary, after $ 1FFF. 
To add names, TK3's Include File 

Edit/View Facility can be used. First use its 
DIR button to select file TIME-
ZONE.INC. Open the file via the Edit Incl 
button. 

Split the city name into individual letters 
and enter them in order at an alphabetically 
suitable place within the file, in the same 
way that the other letters are treated. Follow 
the name with the time displacement value, 
and use the "&" symbol to indicate the end 
of that city's data. Do not use space (" ") 
characters unless they are part of the name. 

City names can also be deleted. 
Be aware that adding or deleting 

RETLW commands will affect the 256-
jump allocation beyond that point. The 
author used DOS EDIT to correct for this 
as it has a good line counter. At each line 
count multiple of 256 (i.e. 256, 512, 768, 
1024, 1280, etc) insert the RETLW '*' sep-
arator, as done in the original file, remov-
ing the author's inserts as necessary. 

Failure to do so will not "crash" the pro-
gram, but will cause one or more asterisks 
to be seen and with consequential non-dis-
play of some characters. 
The final entry of RETLW '#' must be 

retained. Removing it could cause the PIC 
program to "crash" on the final page of city 
data display. 

Re-save the file once corrected, reassem-
ble from ASM to HEX and program the 
PIC with the new HEX code. 

ZONE HOME ET! 
It is perfectly feasible for non-UK read-

ers to set their own time zone values into 
the clock in place of UK time. However, 
this will have two side-effects. 

Firstly, the solar noon flashing line will 
continue to think that the time is still relat-
ed to GMT. No facility to change this has 
been included. 

Secondly, the city time-zone displace-
ment text values will become invalid. This 
can be amended if Toolkit TK3 VI.2 or 
MPASM is used. 

Accessing the web site stated later, view 
the times quoted for the various cities in 
relation to the zone from which you have 
entered the site. Calculate and note the dis-
placement. Amend the TIME-ZONE.INC 
file so that the new values replace the GMT 
ones. Then resave and proceed as described 
in the previous section. 

GENERAL USE 
There are three situations in which the cal-

endar and clock data are stored to the PIC's 
data EEPROM: following a program reset 
after a total power failure restoration or by 

deliberate intent; at each midnight rollover; 
and when the Cities text display is entered. 

To have updated the EEPROM on a more 
frequent regular timed basis would undesir-
ably use up its theoretical life expectancy, 
which value could not be found in 
Microchip's data for the PIC16F877, but is 
believed to be about 10,000 write cycles. In 
fact, the author believes that over the years of 
using the same PICs over and over in differ-
ent applications, the write cycle count has 
probably been well exceeded on several of 
them, without failure. 

Should a Reset occur, the currently stored 
data will be recalled and displayed on-screen 
as first described earlier. In the event of a 
short halt in miming, the time and calendar 
data will need little adjustment. 
To allow the clock to be adjusted, a 

fourth switch has been included, Reset 
switch S4. This is connected to the PIC's 
MCLR line and physically resets the PIC 
so that it starts running the program from 
the beginning. 
Any time or calendar values can now be 

adjusted, pressing the switches as before, 
ignoring any values that do not need adjust-
ment. At any stage, if the remaining values 
do not need to be changed, press switch S3 
to jump straight into map display mode. 

Before using Reset switch S4, first press 
S3 to enter the City text display, which will 
cause the current time to be saved, for imme-
diate recall following S4 being pressed. 

TIMELY END 
Apart from describing a novel time-zone 

clock-calendar, it is hoped that this article 
has provided you with further thoughts 
about using PCLATH, accessing very long 
look-up tables, crossing Page boundaries, 
and using screen dumps to obtain data for 
loading into a graphics 1.c.d. via a PIC 
microcontroller. 
May the sun always cross your zone! 

RELATED WEB SITES 
www.timeanddate.com/worldclock/. 

World Clock Time-zones — current times 
for global cities. 

www.world-clock.org. Visual Map of 
the World's Time — Imagery by Matthew 
Kaufman, the site which inspired the 1.c.d. 
map. 
www.google.com. Excellent search 

engine — says it contains 1,960,000 sites 
related to searching on the command 
World Clock. .Both the above sites are on 
the first page of its display. 
www.greenwichmeantime.com/info/ 

time-zone/htm. History of time-zones, 
plus related matters. 

SOFTWARE 
The software for the PIC World Clock is 

available on 3-5-inch disk (for which a 
small handling charge applies) from the 
EPE Editorial office. It is also available for 
free download from the EFE ftp site, which 
is most easily accessed via the click-link 
option at the top of the screen page when 
you enter the main web site at 
www.epemag.wimborne.co.uk. 
On entry to the ftp site take the path 

PUB — PICS — WORLDCLOCK, down-
loading all files within the latter folder. 

For information about obtaining compo-
nents and preprogrammed PICs for this 
project, read the Shoptalk page in this 
issue. 
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BACK ISSUES — July 2000 to Dec. 2000 (all the projects, features, 
news, lUs etc. from all six issues). PROJECT CODES — All the available 
codes for the programmable projects in these issues. 

VOL 5 CONTENTS 
BACK ISSUES — January 2001 to June 2001 (all the projects, features, 
news, lUs etc from all six issues). PROJECT CODES — All the available 
codes for the programmable projects in these issues, including those for 
Interface. 

VOL 6 CONTENTS 
BACK ISSUES — July 2001 to December 2001 (ail the projects, 
features, news, lUs etc. from all six issues). PROJECT CODES — All the 
available codes for the programmable projects in mese issues, including 
those for Interface. 

EXTRA ARTICLES - ON ALL VOLUMES 
BASIC SOLDERING GUIDE — Alan Winstanley's internationally 
acclaimed fully illustrated guide. UNDERSTANDING PASSIVE COMPO-
NENTS — lntroduction to the basic principles of passive components. 
HOW TO USE INTELLIGENT L.C.Ds, By Julyan Ilett — An utterly practi-
cal guide to interfacing and programming intelligent liquid crystal display 
modules. PhyzzyB COMPUTERS BONUS ARTICLE 1 — Signed and 
Unsigned Binary Numbers. By Clive "Max" Maxfield and Alvin Brown. 
PhyzzyB COMPUTERS BONUS ARTICLE 2 — Creating an Event 
Counter. By Clive "Max" Maxfield and Alvin Brown. INTERGRAPH 
COMPUTER SYSTEMS 3D GRAPHICS — A chapter from Intergraph's 
book that explains computer graphics technology in an interesting and 
understandable way with full colour graphics. 

EXTRA ARTICLE ON VOL 1 8t 2 
THE LIFE & WORKS OF KONRAD ZUSE — a brilliant pioneer in the 
evolution of computers. A bonus article on his life and work written by 
his eldest son, including many previously unpublished photographs. 

Order on-line from 
www.epemag.wimborne.co.uk/shopcloor.htm 

or www.epemag.com (USA $ prices) 
or by phone, Fax, E-mail or Post 

BACK ISSUES MINI CD-ROM ORDER FORM 

Please send me  (quantity) BACK ISSUES CD-ROM VOL 1 

Please send me   (quantity) BACK ISSUES CD-ROM VOL 2 

Please send me (quantity) BACK ISSUES CD-ROM VOL 3 

Please send me (quantity) BACK ISSUES CD-ROM VOL 4 

Please send me (quantity) BACK ISSUES CD-ROM VOL 5 

Please send me (quantity) BACK ISSUES CD-ROM VOL 6 

I Price £12.45 each — includes postage to anywhere in the world  

Name   

Address   

u   Post Code   

I E I enclose cheque/P.O./bank draft to the value of £   

Ill Please charge my Visa/Mastercard/Amex/ 

Diners Club/Switch 
I 

I Card No.   
u 

I Expiry Date   Switch Issue No.   
1 
u SEND TO: Everyday Practical Electronics, 
i Wimborne Publishing Ltd., 
i 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. I 
i i 

Tel: 01202 873872. Fax 01202 874562. u 1 
i E-mail: orders@epemag.wimborne.co.uk i 

I Payments must be by card or in £ Sterling — cheque or bank I 
I draft drawn on a UK bank. I 

Normally supplied within seven days of receipt of order. 
Send a copy of this form, or order by letter if you do not wish to : 

1 

u cut your issue. u 
M. 
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Video Surveillance 
• C-M05 B/W Camera 15mm/15mm 

• C-M05 Colour Camera 15mm/15mm 

• PCB B/W Camera 32mm/32mm 

• PCB Colour Camera w/Audio 32mm/32mm 

• 23cm (1.3GHz) Video/Audio Transmitter 

• 13crr (2.4GHz) Video/Audio Transmitter 

• 1.2 Watt 2.4GHz Video/Audio Transmitter 

• 4" TFT Boxed Colour Monitor w/Audio 

• V.cleo to VGA Converter 

• VGA to Video Converter 

• External USB Video Capture Box 

All prices exclude VAT. 

£29.00 

£65.00 

£24.00 

£65.00 

£35.00 

£35.00 

£120.00 

£110.00 

£65.00 

£90.00 

£55.00 

Many more products on our webete: 

WWW.BrTZTECHNOLOGY . COM 

Tel: 01753 522 902 Fax: 01753 571 657 

too 

Wireless Remote Lontrols 

RC- 11 
3 channels RC- 11 Key fob 
Control Transmitter with 
Rolling Code techrology. 

RC- 11 

Alsp 

Price: £ 14.99 

UC-216 
3 channels receiver with 2 relays 
output working from 9V to I2vdc 
UC-216 with learning mode and 
rolling code technology. 

UC-216 9-I2Vdc 
UC-222 240 Vac 

Wireless pager alarm PG-4W 
Wireless PIR alarm JA-605 
Wireless door magnet alarm 
Wireless smoke alarm 
Wireless glass break alarm 
Wireless alarm control panel 
Wireless alarm control panel with digital /voice dialler 

Distributors Welcome. 
All prices exclude VAT and carriage. All transmitters are licence exempt 
working on 433.92Mhz. All transmitters work with rolling code technology. 

Bitz Technology Ltd 
salesebitztechnology.corn 
+44 (0) 1753 522 902 

£29.00 
£29.00 

£125.00 
£49.00 
£39.00 
£49.00 
£49.00 
£99.00 
£149.00 
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Special Feature   

EVOLUTIONARrec rr7eeY‘L4-, 
ELECTRONICS 
CHRIS MACLEOD AND GRANT MAXWELL  

A revolution in evolution, and anyone can 
experiment with it 

Wichear about advances in electron-
s all the time — smaller circuits, 

faster chips, new devices and 
technologies. But there's another revolu-
tion happening, one that in a few years 
may change electronics forever and per-
haps even lead to the development of the 
first truly intelligent machines. This new 
revolution is called Evolutionary 
Electronics. 
One of the most interesting and unusual 

attributes of this revolution is its accessi-
bility to hobbyists. The answers to the big 
questions aren't clear yet and the rewards 
for getting it right are immense. The exper-
iments don't need million dollar machines 
or laboratories, just access to some good 
computing equipment and 
a degree of ingenuity. 

A CASE FOR 
EVOLUTION 
The idea is simple. 

Suppose that we want to 
make a machine so com-
plex that we don't know 
how to design it. A good 
example would be the 
human brain — the most 
complex structure in the 
known universe. Where would we start? 
Well, we could look to nature; after all she 
has made incredibly complex machines — 
just look at us! But she's done this not with 
conscious design, but through the power of 
evolution by natural selection. 
We all know what evolution is; it's a 

simple and elegant concept. If you take a 
population of animals which have random 
genes and leave them in a particular envi-
ronment, those with good traits will sur-
vive and those that are not as fit will die. 
The animals which die may have problems 
like not being fast enough to outrun a 
predator or not tall enough to reach food. 
The better-suited members of the popu-

lation survive to breed and to mix and pass 
on their good traits to the next generation. 
In this way the population gets more suited 
for its environment and perhaps over many 
generations evolves into new species. 

So, why not do the same with circuits? 
Set them up randomly, test how good 
they are (their fitness), and allow the best 
ones to survive and mix their traits (to 
breed!). Well, this can be done and it has 
been done with some very interesting 
results, as we will see. There are several 
ways of doing it, but the best known and 
most popular is called the Genetic 
Algorithm. 

GENETIC ALGORITHM 
The Genetic Algorithm, often called 

simply the GA, works like this. We code 
the system we want to evolve, in this case 
our circuit, as a string of numbers (we'll 
come back to this shortly). We then set up 

This generates new strings. The idea is 
that some of these new strings will have 
the good traits from both parents and so be 
better than either. 
The final part of the algorithm is called 

"Mutation" and is designed to add some 
variation into the population by introduc-
ing some new numbers to it. It simply 
involves choosing a few numbers from the 
strings and changing them by adding a ran-
dom element. The algorithm is then repeat-
ed and after a few generations the circuits 
become fit enough to fulfil their functions 
(that's the theory anyway). You can use 
either real numbers as shown above or 
binary numbers. 

CHOOSING GA VALUES 
This sort of technique is particularly 

useful for designing circuits like filters. All 
you need is a software simulator. You can 

23 42 12 89 02 10 

65 04 19 05 98 34 

Members of the popu-
lation. The line repre-
sents the "Crossover 
point" 

23 42 12 05 98 34 1 

65 04 19 89 02 10 I 
This is the pair after 
they have bred. Notice 
that they swap some 
of their information 
generating two new 
strings. 

Fig. 1. Strings breeding. 

a random population of these strings, usu-
ally between fifteen and fifty strings. We 
test them all to see how well the circuits 
they represent work (of course, right at the 
beginning, none of them will work very 
well). We then make another, new popula-
tion, out of the old one, by copying across 
the best strings. The better the fitness of a 
string in the old population, the more 
chance it has of 
appearing in the new 
one. 

Having generated 
this new population 
out of the best mem-
bers of the old one, 
we allow the strings 
to "breed" by swap-
ping some of their 
numbers as shown in 
Fig.l. 

use the GA strings to generate netlists, and 
off you go. For example, take the sort of 
circuit shown in Fig.2. 

You can set up the string as shown, fill it 
with random numbers, generate a popula-
tion and watch it evolve. In this case, the 
fitness of the circuit is how close the simu-
lated response is to the desired response as 
designed by you. 

Il L2 

INPUT Cl C2 .1, C3 1 . OUTPUT 

1 0 

Fig.2. A typical filter circuit. In this case each string could be: 
Ll, L2, Cl, C2, C3. 
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CHOOSING GA 
CONNECTIONS 
You can also get the GA to 

choose the wiring of the circuit 
(and even the components if 
you want). This time, rather 
than component values, the GA 
chooses which components are 
connected to which others. One 
way of doing this is shown in 
Fig.3. 

Each wire in the circuit is 
given a node number. In this 
case a 11-bit number can 
encode the connections to a 
particular node. For example, if node one 
is connected to nodes three and seven as 
shown, the code would be 00010001000 
the position of the " 1"s being three and 
seven (the first node is zero). The total 
string length would then be eleven times 
eleven (one connection code for each node 
of the circuit) or 121 bits. 
You can think up other schemes easily; 

for example, the algorithm can, if you code 
it to, choose both the wiring and the com-
ponent values at the same time. 

L2 

,10000(n_ __100(5-0011 

EVOLUTIONARY 
ALGORITHMS 

Although Evolutionary Algorithms like 
the GA are useful for choosing compo-
nents in complex circuits where tradeoffs 
have to be made, like filters, their real 
promise lies in Artificial Intelligence. The 
two tenets of Evolutionary Connectionism 
(using Artificial Evolution to make net-
works of components in an attempt to cre-
ate AI) can be stated as questions and 
answers: 

Q. Is it possible to build a machine 
which is intelligent? 

A. Yes, the brain is simply a machine and 
if nature can do it, eventually so can we. 

Q. Is it possible to make a machine like 
this even if we don't understand how it 
works? 

A. Yes, nature used evolution to build it 
and again so can we. 

Genetic Algorithms and their kin are 
being used right now to create Artificial 
Neural Networks (known as ANNs). 
These are networks of small processors, 
modelled on brain cells that can learn 
from experience, just like a real brain. 
Although these experiments have been 
quite successful in some respects there 
are many problems left to solve. After all, 
we haven't succeeded in making a brain 
yet. 

PROBLEMS 
Although there have been some huge 

projects to try and produce large intelligent 
systems using Artificial Evolution (like 
that by Hugo de Garis, which produced 
circuits with literally millions of elements 
in them) none have really succeeded yet. 
That's not to say that there haven't been 
some interesting results (Adrian 
Thompson for example has succeeded in 
evolving large numbers of digital gates 
into a circuit which did some interesting 
and unusual things). 

Fig.3. Letting a GA choose wiring topology 

So where is Artificial Evolution failing? 
The answer probably lies in the difference 
between it and "real" — biological — evolu-
tion. At first they may seem similar, but in 
reality there are some critical differences. 

In biology, the wiring pattern of the 
processors (brain cells) is not coded direct-
ly into the DNA itself, in the way illustrat-
ed above in electronic circuits. In fact, the 
DNA in your cells doesn't hold enough 
information to directly wire-up even a 
small part of your brain. No, its action is 
different — and more subtle; what DNA 
actually does is produce Proteins. 

PROTEINS 
The Proteins 

are the universal 
machines of 
biology — your 
body is made up 
from them. 
They can react 
chemically, 
form rigid 
structures or 
perform a multi-
tude of other 
tasks and, criti-
cally, they can 
self-organize like automata or a jigsaw 
puzzle into a greater and more complex 
whole. 
So the system has two components: a 

code and the self-organizing machines 
which the code specifies. Because the 
machines can self-assemble, they can 
produce more complex structures than the 
code. Another important point is that 
because all these proteins are made up of 
only 20 different structural units, they can 
mutate into different forms easily and so 
evolution becomes possible. And, unlike 
the GA, whole sections of real DNA can 
be deleted, pasted into the wrong area or 
even reversed, by copying incorrectly — 
so adding more variation to the whole 
system. 

FURTHER TRICKS 
There are further tricks too. Proteins can 

actually lock to the parent DNA and stop it 
producing more of the protein (or a differ-
ent protein). So parts of the code can be 
switched on or off. Released proteins set 
up "gradients", which in turn inhibit or 
excite other proteins in the organism build-
ing up patterns of material. In this way 
smaller and smaller details can be built as 
one protein triggers another; these sym-
metrical patterns of structure, reproducing 
at different scales, are sometimes called 
"fractal". 
The result of all this activity is that the 

physical structure produced is not 

homogenous but modular, with 
delineated identifiable regions 
that perform specific tasks. 

MODULAR 
SYSTEMS 
The tact that the genes in 10 

your body produce a modular 
system is important. There is 
conclusive evidence to suggest 
that the brain is modular — for 

  example, if you damage one 
part of it, you usually wipe out 
a very particular function. 

Electronic systems too are 
modular; after all, you don't start design-
ing a radio system out of one enormous 
mass of components; you start by design-
ing oscillators, amplifiers, mixers and 
suchlike separately. The reasons for brain 
modularity are complex and not all of 
them are clearly understood as yet. 

So, can we conceive of a system which 
can evolve modularity in this way? The 
answer is obviously yes, but the biological 
system is so complex that it may be almost 
impossible to reproduce accurately and the 
organizational element of processors is 
several levels removed from the protein 
level anyway; so we must turn to other 
methods capable of evolving modularity. 

SEED COMPONENTS ARE PLACED 
COMPONENTS PROLIFERATE 
FORMING MODULES 

Fig.4. A biological approach to Evolutionary Electronics. 

SOLUTIONS? 
There are several different ways to intro-

duce modularity into artificial evolution. 
Firstly, we could try and code it into the 

string of the GA itself. This could perhaps 
be achieved by splitting the GA string into 
substrings, each of which represents a 
module. A similar proposal is to have a 
local string assigned to different parts of 
the network controlling how it evolves. 
This is representative of how the genes 
switch each other on or off as described 
above. 

Another possibility is to try and model 
biology, not at the DNA level, but at the 
cellular level, by mimicking the way 
tissue is placed in the developing organ-
ism. This process is shown in Fig.4. The 
components first migrate to their places 
in the structure, then proliferate (become 
more numerous), then finally the wiring 
is set up locally (by an evolutionary 
algorithm). 
From a pragmatic point of view, why 

not simply add modules to the circuit, as 
shown in Fig.5a and allow them to be 
wired locally by a Genetic Algorithm as in 
Fig.5b or Fig.5c? These are only some of 
the possibilities; others include using frac-
tals, automata or special treelike rules to 
complete the circuit. Whatever way is cho-
sen, it is likely that not only the circuit will 
have to grow, but also the system which it 
is controlling at the same time. This is 
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Fig.5. A more pragmatic approach. 

FURTHER READING 
Simple Evolution: R.L. Haupt and S.E. 

Haupt, Practical Genetic Algorithms, Wiley, 
1998. 

Modular Evolution: C. MacLeod et al, 
Evolution and Devolved Action, in appendix 
B of: D. McMinn, Using Evolutionary 
Artificial Neural Networks to Design 
Hierarchical Animate Nervous Systems, 
PhD Thesis, The Robert Gordon University, 
2002, available on request from the authors: 
email chris.macleod 410 rgu.a.uk or 
g.m.maxwell@rgu.ac.uki. 

within the ability of the ambitious amateur. 
Not only that, but this area could hold great 
rewards for the future of electronics. 

ACKNOWLEDGEMENT 
The authors would like to thank Ann 

because the brain of an organism did not The exciting thing about Evolutionary Barbara Recklipogu, Sethuraman Muthura-
evolve in isolation, but as part of the Electronics is that we don't know the man, Niccolo Capanni and David McMinn 
animal as a whole. answers yet and the experimentation lies for their contribution to this article. 111 

Radio 
Bygones 

The leading magazine 
for vintage radio 
enthusiasts 

WHETHER your interest is in domestic radio and TV or in amateur radio, in military, aeronautical or marine 
communications, in radar and radio navigation, in instruments, in broadcasting, in audio and recording, or in professional 
radio systems fixed or mobile, RADIO BYGONES is the magazine for you. 
ARTICLES on restoration and repair, history, circuit techniques, personalities, reminiscences and just plain 
nostalgia — you'll find them all. Plus features on museums and private collections and a full-colour photo-feature 
in every issue. 
Irs MOSTLY about valves, of course, but 'solid-state' — whether of the coherer and spark-gap variety or early transistors — 
also has a place. 
FROM THE DAYS of Maxwell, Hertz, Lodge and Marconi to what was the state-of-the-art just a few short 
years ago . . . 
There is also a selection of free readers' For Sale and Wanted advertisements in every issue. 

Radio Bygones covers it all! 
THE MAGAZINE is published six times a year, and is available by postal subscription. It is not available at newsagents. 

To TAKE OUT a subscription, or to request a sample copy, please complete the form below and return it to: 

RADIO BYGONES, Wimborne Publishing Ltd, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. 

Tel: 01202 873872. Fax 01202 874562. Web sites: www.radiobygones.co.uk www.radiobygones.com 
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REST OF THE WORLD (AIRMAIL) 
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Measure pH, Voltage, Humidity, 
Sound & Light, on your PC! 

1V 
rnents dea.. r. r DrOAC: 

10 

,4°e!4M.1Qtoll'itt4.44•1/4$4,1\ell't, 
IS Il 7.1 73 11 LS 4k tI Il 

The DrDAQ is a low cost data logger from Pico 
Technology. It is supplied ready to use with all 
cables, software and example science 
experiments. 

DrDAQ represents a breakthrough in data 
logging. Simply plug DrDAQ into any Windows 
PC, run the supplied software and you are ready 
to coIlect and display data. DrDAQ draws its 

temperature sensor is plugged in, readings are 
displayed in °C . Details are provided to allow 
users to develop their own sensors. 

plugged in, the software detects it and 
automatically scales readings. For example, if a 

power from the parallel port, so no batteries or 
power supplies are required. 

As well as the built in sensors, DrDAQ has two 
sockets for external sensors. When a sensor is 

✓ Very low cost 

• Built in sensors for light, sound (level and 

waveforms) and temperature 

Use DrDAQ to capture fast signals (eg 

sound waveforms) 

✓ Outputs for control experiments 

✓ Supplied with both PicoScope 

(oscilloscope) and PicoLog (data logging) 
software 

External 

pH Microphone 
probe 

Output 

Voltage 

Resistance 

Light level 

Temperature 

External sensors: 

+Temperature 
+Humidity 

+Reed Switch 

To order the DrDAQ please choose one of the following options: 
i) Visit our web site and place an order over the Internet, 
ii) Place an order over the phone by ringing the number below,or, 
iii) Fill out the order form and either fax it, or post it back to Pico Technology. 

DrDAQ Order Form: 

Package 

DrDAQ + Software 

DrDAQ + 2 Temp 
Sensors 

DrDAQ + 2 Temp, pH 
Electrode, Hunidity + 
Reed Switch Sensors 

Delivery 

Price inc VAT 

£69.32 

£92.85 

£175.08 

Grand Tom' 

£4.11 

Address 

Post code 

Phone 

Credit Card 

Card Number 

Expiry Date 

Cheque with order 

Visa / Mastercard / Switch / Amex 

Start Date & or Issue No 

A
 

Pico Technology Ltd, The Mill House, Cambridge Street, St Neots, Cambridgeshire. PE19 1QB 

Tel: 01480 396395, Fax: 01480 396296, E-mail: post@picotech.com, Web: www.drdaq.com 



Constructional Project 

SIG-EARS 
BUGGY 
THOMAS SCARBOROUGH 

Clap your hands, "hear" comes Big-Ears! 
Our sound-activated mobile "pet" (buggy) 
will give hours of fun. 

s
t)uND travels in waves as it moves 
through the air at a speed of roughly 
one-third of a kilometre per second. 

Sound also has direction, so that a sound 
wave will strike one ear one three-thou-
sandth of a second before it strikes the 
other — assuming, that is, that one is stand-
ing sideways to the sound source. 
By electronic standards, this is very 

slow. Considering that many op.amps will 
detect differences of just millionths of a 
second, a simple electronic circuit will eas-
ily pick this up. Even if two electronic 
"ears" are mounted relatively close to each 
other (say two or three centimetres apart), 
a modern integrated circuit will readily 
detect that a sound passed one "ear" before 
the other. 
The circuit described here takes advan-

tage of these basic characteristics of sound, 
triggering a switch when one "ear" hears a 
sound before the other — and vice versa. 
This is specifically applied to the small 
mobile robot, which we have called the 
Big-Ears Buggy. This is capable of 
responding to sound from three directions, 
and of driving up to the source. 

APPLICATIONS 
Although the "Big-Ears" Buggy is the 

application described here in detail, the 
circuit is potentially very diverse in appli-
cation. Through the use of the two relays 
provided (RLA and RLB), there are many 
interesting possibilities — among them the 
following: 

Since it is a very human trait to be able 
to respond to the direction of sound, the 
circuit may be used to seemingly imbue 
objects with human characteristics. For 
instance, two small motors wired to a pul-
ley arrangement behind a painting of 
Great-Grandad would make his eyes move 
in your direction when you speak. 
Similarly, an advertising board could move 
to face talking shoppers, or a head could 
turn in people's direction. 

It could be used as a novel audio "snap" 
indicator, or as an audio "Who was first?" 
indicator, finally settling any arguments as 
to who spoke first! 

Fig. 1. Basic block diagram for Big-Ears Buggy 

It could also serve as an aid for the deaf, 
giving a visual indication that a sound is 
coming from a particular direction. 

CIRCUIT DETAILS 
The Big-Ears Buggy circuit itself is 

remarkably simple in concept, and is 
shown in block schematic form in Fig.1 
and the full circuit diagram shown in Fig.2. 
At the heart of the circuit are two mono-
stable timers. The first one to receive a 
sound input disables the other (as well as 
its own trigger input) so that only the relay 
which is closest to the sound source is 
activated. 
Two inverting amplifiers, IC 1 a and 

IC lb, feed two non-inverting amplifiers 
(IC1c and IC1d), and two variable presets 
(VR1 and VR2) control gain. These pre-
amplifiers directly clock monostable 
timers IC2a and IC2b. There are no cou-
pling capacitors at the outputs, and this 
improves the ability of the preamplifiers to 
clock monostable timers IC2a and IC2b 
directly. 
A TL074CN quad preamplifier is cho-

sen here particularly for its fast slew rate — 
the slew rate determining the voltage rate-
of-change as a function of time. A good 
slew rate is important, since the circuit 

needs to respond rapidly to any sound 
waves received. 
An NE556N dual monstable timer, IC2, 

is chosen for its ability to trigger when pin 
6 or pin 8 goes "low" (logic 0), while 
ignoring any voltages above one-third of 

supply voltage. This is in contrast with 
many logic devices, which enter a state of 
uncertainty between one-third and two-
thirds of supply voltage, and would be less 
suitable here. 
The maximum timing periods of IC2a 

and IC2b may be altered by swapping 
capacitors C15 and C16 for higher or 
lower values — higher values for longer 
timing periods, and vice versa. The com-
ponent combinations of preset VR3, R20, 
C15 and VR4, R21, C16 allows the time 
periods, for which monostable timers IC2a 
and IC2b trigger, to be adjusted. A short 
time delay is provided, via the combina-
tion of capacitor C12 and resistor R17, at 
switch-on through reset pins 4 and 10, so 
that switching on does not activate the 
buggy. 

Monostable timers IC2a and IC2b con-
trol the duration for which relays RLA and 
RLB are activated on reception of a sound 
signal. The on times of the monostable 
timers may be set between about 0.02 and 
1.1 seconds. 
The timing periods are calculated as t = 

1.1 x C15 x (VR3 + R20) and t = 1.1 x C16 
x (VR4 + R21). The outputs at pins 5 and 9 
provide current for switching transistors 
TR3 and TR4, and in turn the relays. 
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Depending on the application for which 
the circuit is used, presets VR3 and VR4 
are adjusted to give the required on times 
for the two relays - for example, to activate 
a pulley, or to turn on the motors for Big-
Ears. 

Depending on the motors used, and 
whether these will be running indepen-
dently of one another or not (see cross-
head Mechanical Assembly), VR3 and 
VR4 are adjusted accordingly. You might 
wish to make Big-Ears take long, 
trundling turns towards the sound source, 
or, on the other hand, short sharp turns. 
This hinges on the adjustment of mono-
stable timers IC2a and IC2b - and, of 
course, on the speed of the motors, and 
the way they are wired up. 
The most distinctive aspect of the design 

is the use of f. e.t.s TR1 and TR2. These 
disable the trigger inputs of both mono-
stable timers when a sound wave is 
received, which they do by taking these 
inputs "high". Resistors R15 and R16 form 
potential dividers with the two Eels to 
make such switching possible. This hap-
pens so quickly that a sound wave striking 
one "ear" transducer will find the other 
"ear" already "deaf' by the time it reaches 
it. The circuit takes advantage here of the 
speed of electrical conduction (very fast) 
versus the speed of sound (slow). 

INNOVATIONS 
Transistors TR 1 and TR2 are put to fur-

ther use. The gain of the preamplifiers is 
relatively high. Due to audio feedback 
from the motors it would ordinarily be 
impossible to combine them with all but 
the bluntest of amplifiers. 

However, a simple device is used to 
blank out the noise of the motors - in the 
form of capacitor dl. This is charged 
through diodes D1 and D2, and continues 
to hold the trigger inputs of IC2a and IC2b 
high through TR 1 and TR2, until the 
motors stop turning. 

In effect, the buggy "pricks up its ears" 
only when it has come to rest. If a motor 
takes longer to stop, the value of capacitor 
C11 may be increased to offer a longer 
period of blanking. 

Capacitors C13 and C14 cause a very 
brief delay in the Big-Ears "hearing", so 
that both IC2a and IC2b are triggered at the 
same time (both motors turn) when a sound 
comes from directly ahead or behind. Thus, 
instead of responding only to two direc-
tions of sound, the buggy now responds to 
three. Capacitors C13 and C14 may be 
removed if a response to two directions 
only is required. Resistors R18 and R19 
may be increased to widen the arc of 
frontal hearing, and vice versa. 
The outputs of monostable timers IC2a 

and IC2b are used to switch 1.e.d.s D3 and 
D4, as well as two reed relays (RLA and 
RLB), which may be used to switch a wide 
range of devices. These relays include inte-
gral diodes as protection against back-e.m.f. 

Note that the specified reed relays have 
a maximum switched current of 1A, and a 
maximum switched power of 15W, up to 
200V. Their operating voltage lies between 
3.7V and 10V. Select other relays if higher 
ratings are required. 
The benefit of voltage regulator IC3 is 

that the circuit may be used in conjunction 
with devices which have different power 
requirements. The regulator is set to just 

over 7V, so that the circuit may be used 
with any d.c. supply between 9V and 37V. 
The formula for calculating the output volt-
age of the regulator is VouT = 1.25 
(1+R27/R26) volts. It is, however, best if 
the motors are supplied from a separate 
supply to avoid interaction and noise 
affecting the circuit. 

CONSTRUCTION 
Big-Ears Buggy is built up on a single-

sided printed circuit board (p.c.b.) measuring 
110mm x 75nun. This board is available 
from the EPE PCB Service, code 362. 
Details of the topside component layout, 
together with the full-size underside copper 
foil master pattern, are shown in Fig.3. 

Begin construction by soldering in posi-
tion the twelve link-wires. Continue with 
the lead-off solder pins and the two dual-
in-line (d.i.1.) sockets. 

Next, solder in place the slider switch 
Si, resistors, 1.e.d.s, d.i.l. relays, capaci-
tors, diodes, transistors, regulator IC3 and 
battery clip. 

Field effect transistors TRI and TR2 
should be soldered with care, since these 
are more sensitive devices. So also are the 
electret microphones, which each contain 
an internal fe.t. Finally, insert IC1 and IC2 
in their d.i.l. sockets. 

In the prototype, the electret microphone 
inserts were mounted on arms (ears), about 
15cm from each other. This helps the 
buggy to distinguish sound waves better, 

Completed prototype Big-Ears Buggy 
showing the electret microphone inserts 
mounted on two aluminium "ears". about 
22cm apart from each other. 

and makes the adjustment of presets VR1 
and VR2 less critical. 

However, the microphones may be 
mounted as close as 3cm from each other 
with more delicate adjustment of the 

COMPONENTS 
Approx. Cost 
Guidance Only 

excluding extras & batt 
£20 

Resistors 
R1, R3, R9, 
R10, R20, 
R21, R27 2k2 

(7 off) 
R2, R4, R13, 
R14, R22, 
R23 10k (6 off) 

R5 to R8, 
R15, R16 27k (6 off) 

R11, R12, 
R24, R25 1k (4 off) 

R17 100k 
R18, R19 12k (2 off) 
R26 470Q 
R28 2M2 (see text) 

All 'ÁW 5% carbon film 

See emer 
TALK 
Pegs 

Potentiometers 
VR1, VR2 200k single-turn cermet 

preset, horiz. (2 off) 
VR3, VR4 100k single-turn cermet 

preset, horiz. (2 off) 

Capacitors 
C1, do 

C2, C3 

C4, C6 

C5, C7 
to C9 

C11 
C12 
C13, C14 
C15, C16 

C17 
C18 

220µ radial elect. 50V 
(2 off) 

47/4 radial elect. 50V 
(2 off) 

1/4 radial elect. 50V 
(2 off) 

4/47 radial elect. 50V 
(4 off) 

4n7 ceramic 
100/4 radial elect. 50V 
10n polyester (2 off) 
10/4 radial elect. 50V 

(2 off) 
100n polyester 
470n polyester or 

ceramic (see text) 

Semiconductors 
D1, D2 1N4148 signal diode 

(2 off) 
D3, D4 3mm I.e.d. (desired 

colours) (2 off) 
TR1, TR2 2N3819 j.f.e.t. transistor 

(2 off) 
TR3, TR4 BD135 npn transistor 

(2 off) 
TR5 BUZ11 MOSFET 

(see text) 
Cl TL074CN quad j.f.e.t. 

op.amp 
IC2 NE556N dual timer 
IC3 LM317T 1.5A variable 

voltage regulator 

Miscellaneous 
M IC1, MIC2 min. electret microphone 

insert (2 off) 
ALA, RLB s.p.n.o. reed type d.11. 

relay (2 off) 
RLC, RLD double-pole changeover 

relay - see text (2 off) 
Si s.p.d.t. ultra-min slider 

switch 
S2 lever-operated 

microswitch (see text) 

Printed circuit board available from the 
EPE PCB Service, code 362; 14-pin d.i.l. 
socket (2 off); link wire; multistrand con-
necting wire; 9V PP3 type battery (or 
desired d.c. voltage supply), with connect-
ing clips (2 off); solder pins; solder etc. 

EXTRAS 
Solar motor, with gears (2 off - see 

text); large wheel (2 off); small rear 
wheel; baseboard, size 110mm x 75mm; 
resistors RX and AY (33Q 5W and 220 
5W - see text); aluminium strips for 
microphone insert (ears) - 2 off; epoxy 
glue; M2.5 nuts and bolts etc. 
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presets, in which case the values of resis-
tors R18 and R19 will also need to be 
reduced to readjust the arc of frontal "hear-
ing" (try 6k8 for 5cm). 
Be careful to observe the correct polarity 

of the electrolytic capacitors (these have var-
ious orientations on the board), and the cor-
rect orientation of the transistors, diodes, 
i.c.s, and the specified d.i.l. relays. The cath-
odes (k) of the 1.e.d.s (D3, D4) will have a 
flat side on their plastic encapsulation. The 
negative terminals of the electret micro-
phones are connected to their case. 

SETTING UP 
Begin testing of the completed p.c.b. by 

turning back (anti-clockwise) presets VR1 to 
VR4. Then turn them all up (clockwise) by 
about a quarter. Presets VR1 and VR2 adjust 
the buggy's sensitivity to sound, while VR3 
and VR4 adjust the periods of time for which 
monostable timers IC7.3 and IC2b will trigger. 

Attach a battery or d.c. power supply 
between 9V and 37V to the battery clip, 

SI 
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Fig.3. Big-Ears Buggy printed circuit board component layout and full-size underside copper foil master pattern. 
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observing the correct polarity. Switch on 
the buggy circuit board by means of slider 
switch SI. 
Now stand to one side of the p.c.b. ( in 

line with the two microphones), and clap. 
The I.e.d. at the near side of the circuit 
board should illuminate, and the corre-
sponding reed relay briefly close. Stand at 
the other ›ide of the p.c.b., and clap again. 
Again, the I.e.d. at the near side of the cir-
cuit board should illuminate, and the corre-
sponding reed relay close. 

Clapping directly in front or behind should 
cause both diodes to illuminate and both 
relays to activate. If they do not, the value of 
resistors R18 and R19 needs to be increased. 
If both 1.e.d.s always illuminate, the value of 
these resistors needs to be reduced. 

Presets VR1 and VR2 may be used to 
even out any imbalance between the 

Above: Component 
layout on the 
completed printed 
circuit board. 

sensitivities of the 
preamplifiers. These 
need to be fairly care-
fully balanced, so that 
IC 1 a and IC lb do not 
respond to different sound waves of differ-
ent amplitudes. If the buggy tends to 
respond too much to sound from one side, 
increase the gain of the opposite side, or 
vice versa. 

MECHANICAL 
ASSEMBLY 
Now we have completed the p.c.b. and 

tested it, we need to mount the board on a 
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Fig.4. Interwiring from the circuit board and between the motors. Optional resistor 
RX controls the amount of "steer" and RY helps to prevent any possible overload 
of the motors. 
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Fig.5. Circuit modifications for adding a simpie "bump-and-
reverse" feature. This is for one motor, a second relay (RLD), 
wired in parallel with RLC, will be needed for the other motor. 

suitable "chassis" or baseboard. A general 
guide of the mechanical assembly can be 
seen in the accompanying photographs. 
Two d.c. motors (with wheels) are mount-

ed on a baseboard of equal size to the p.c.b. 
The baseboard is bolted to the p.c.b. with 
through-bolts at the four corners. Solar 
motors would be best suited here, since 
they do not stall as easily as other d.c. 
motors when slowed. 
The two motors must be mounted in par-

allel with through-axles (not at 180 
degrees, or there may be differences in 
torque), and are wired to each of the reed 
relays in such a way that the relays switch 
them on and off. A third wheel (which 
must be able to swivel as it trails the 
buggy) is mounted at the back. It is impor-
tant that this wheel should touch the 
ground at a position that is central to the 
two wheels which are attached to the 
motors (see photo). If this wheel is not cen-
tral, the buggy is likely to "list" to one side. 

Instead of switching the two motors 
alternately when sound is received from 
the right or left, one motor may merely be 
slowed while the other is at full power. The 
wiring arrangement shown in Fig.4 may be 
used, whereby both motors will turn when 
a sound is detected from the right or left, 
but one will turn more slowly than the 
other through series resistor RX (if using 
solar motors, try about 33 ohms 5W to 
begin). 
A series resistor RY (try 22 ohms 5W) 

may be inserted in a power line to prevent 
overload of the motors. If there are imbal-
ances in the torque of the motors, a resis-
tor together with series diode (e.g. the 
1N4001 — orientated as required), may be 
wired in parallel with RX (more current 
now passes in one direction). Also test 
what effect presets VR3 and VR4 have on 
steering. 

All in all, a fair bit of tweaking and 
experimenting may be required to get Big-
Ears to operate smoothly. 

586 Everyday Practical Electronics, August 2002 



Underside view of the prototype buggy It has been found 
that powering the motors from a separate battery improves 
the performance of Big-Ears. 

•,ç iszi.id 

BUMP-AND-REVERSE 
A simple add-on circuit for a "bump-

and-reverse" feature, which uses virtually 
zero current on stand-by, is shown in Fig.5. 
This is for one motor - wire a second relay 
coil (RLD) in parallel with RLC for both 
motors and repeat the circuit. 
The switch S2 may be a sensitive lever-

operated microswitch, the transistor any 
"logic MOSFET" (e.g. BUZ11), the value 

General buggy layout showing the p.c.b. mounted on the 
baseboard, one large motor-driven wheel and the small trail-
ing wheel. Batteries can be sited between boards or below 
the chassis board. 

of capacitor C18 should be about 470n, and 
the additional relay a double-pole change-
over (d.p.c.o.) type. 

This will override the buggy's circuitry, and 
cause it to reverse directly out of a collision. 

SUMMARY 
Finally, the Big-Ears Buggy may be 

used for animation. For instance, if 
through-axles are used for the motors, 

circular discs may be mounted on the 
insides of the motors, and used to make a 
little person/animal pedal. 
The vertical axle of the trailing wheel 

may rotate gears which cause the person's/ 
animal's head to turn as the buggy changes 
direction. Another gear may be used to turn 
a steering column. Note that when the 
buggy reverses, it would turn their head to 
look backwards. 

SPECIAL OFFERS 

TEKTRONIX 2445A 
4-ch 150MHz delay. 
cursors etc Supplied 

with 2 Tektronix probes. 

ONLY CI) 

TEKTRONIX 2232 Digiml S(orage Scope. 
Dual "Caw, 100,11-1z. 100MS with probes  £525 
M.P. 54501A Dig °solid cope 100MHz 4-Ch £425 
H.P. 3312A Function Gen 0,1Hz-13MHz, 
AM/FM Sweep T. iGa....Brut etc.   £300 
FARWELL Dual ?SU XA3.5.2T, 0-35V, 0-2A  
Twee DM°. I c d Disoey   £180 
CIRRUS CRL254 Sound Level Meter 
wan Calibrator 1314-120eS LEO £150 
FARRELL APAM255 Aulormen Mo 
Mete. I 5MHz 2GHz mused  £300 
FARNELL 0501 Low Frequency Syn Sig Gen. 
0,CO I Hz• 39:99kliz low distortion, 
771/Square/Pulse Outputs etc.  £95 
FLUKE 81160A Handheld True RMS, DMM. 
4 on d got  As new £150, used £95 , 
BECKMAN 110110 Handteld 314 digit DMM. 28 
rarrges with battery. Wads and carrying case £40 

M.P. 331DA F mchen Gen., 0.005Hz-5MHz. 
Siree/Gq/1M/RamplPuls.  £125 
FARRELL LFM4 SineSq Oscillator. 10Hz 1MHz. 
low dldOr000. TTL output. <amplitude Meter £125 
M.P. 54511 Logm Probe with 546A Loge 
Pulse, and 5474 Current Tatter   £90 
FLUKE 77 Multirreter 31,f•degit. handheld £60 
FLUKE 77 Series 11  £70 
HERE 1000 L C.D. Cl.e.np Meter. 00-1000A. 
in carving case  £60 

BLACK STAR ORION PAiev Colour Pattern 
Ger erailor  from £75-£125 
TFILIRLBWTHANDER TGI.10 Function Generator. 
0.002,44.2MHz. TTL etc £80-£95 
THURLBY THANDAR PL3200MD. 0V-32V. 
0A-.)A 'wee (late colors)  £200  

Datron 1061 
High °reality 5.5 Digit Bench 
Mullimeter 
True RMS/4 wire lqesiCrrerc Converter/IEEE 

£150 

High Osalrly 61.a [hod Bench COO 
Multoreter 
True ReMSP1 wee/Cunern Converter 

Datron 1061A 

Racal Receiver RA1772 
50kliz 3014Hz 
L.E.O. Dispay Ba, , 

£250 

MARCONI 2019A 

AM/FM SYNTHESISED SIGNAL 
GENERATOR 
80 kHz - 1040MHz 

NOW ONLY 

£400 

MARCONI 893C AF Power Meter. Sinai) Measurement 
 Abused £1110. Used £60 

rAARCONI 893B. No Smad  £30 
MARCONI 2610 True RMS Voltmeter, Autcrangrg 
iriz-25MHz  £195 
GOULD J3B Sine/Sq Osc.. 101M-100kHz, 
law distortion  C71-£125 
MO 8 Mk. 6 in Every Ready me, with leads ,flr £80 
Cbher AVOs from £50 
GOODWILL 081427 Dual Ch AC Millivollnetar, 
'llinV-300V in 12 ranges Freq 10Hz-1MH: .£139-£125 
SOLARTRON 7150 DMM 6,2.4figrt 
Tru HMS-IEEE  C96-£150 
SOLARTRON 7150 Plus  £200 

HIGH QUALITY RACAL COUNTERS 
9904 Universal Timer Counts., 50MHz. . £50 
9916 Counter. 10Hz-520MHz £75 

£50 
£125 

srmi Counter, 10Hz•560MHz 9-digit .. 
WAYNE KERR B424 Component Bridge 
RACAL/AIM 9343M LCR Databridge. 
ChOiraI Automeasurement of R. C. L. 0, D £200 
HUNTRON TRACKER Model 1000  £125 
FLUKE 8050A 4.5 Digit. 2A. True RMS  £75 
FLUKE 8010A 3.5 Digit 10A  £50 
FLUKE 8012A 3.5 Digit. 2A   .£40 

Racal 9008 ONLY 
Automate Modulation Meter. 
Aid/FM 1.5MHz-2GHz 

Portable Appliance Tester 
Megger Pat 2 ONLY 

£180 

H.P. 6012B DC PSU 0-60V, 0-50A, 1000W £ 000 
FARNELL AP60/50 1KW Autoranging £1000 
FARRELL H60/50 0.60V 0-50A £750 
FARRELL H60/25 0-60V, 0.25A £400 
Power Supply HPS3010. 0-313V, 0-10A . E140 
FARRELL L30-2 0-30V, 0-2A  £80 
FARRELL L30-1 0-30V. 0-1A .  £60 
Many Other Power Supplies available 

STEWART of READING 
110 WYKEHANI ROAD, READING, BERKS. RG6 1PL 
Telephone: (0118) 9268041. Fax: (0118) 9351696 VISA 

www.stewarl-of-readIng.co.ult 
Callers welcome Sam-5.30pm Monday to Friday (other times by arrangement) 

GOULD 0S300 
Dual Trace. 20MHz 
Tested weh Manual 

ONLY 1111:10 

OSCILLOSCOPES 
TEKTRONIX TDS350 dal trace 203MHz. ISIS . Vexed £1500 
TEKTRONIX 100320 Mal trace. 1COMHz. 5CrOAVS  £1200 
TEKTRONIX MS310 dell trace. 50MHz. 28065 .   
LECROY 94006 dual ts.,e. 175MHz. 5G/S  £1500 
HITACHI VC6523, feroce. 20MHz, 2014/5 delay etc Unused £600 
PHIL IFS P03092 2.2.c- 2001,111z delay etc, £8014 as ne« £150 
PHIS/FS P163082 2.2-ch . 100MHz. delay etc £700 is re« £800 
TEKTRONIX TAS445 dui trace. 1001,4Hz. delay etc  £750 
TEKTRONIX 24658 4-cu. 400MHz. delay cursors etc . £1500 
TEKTRONIX 2465 .1-ch 300MHz. delay cursors etc  £900 
TEKTRONIX 2445/N8 4-111501411z. delay cursors dc .C500-C900 
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TEKTRONIX 485 Wei trace. 350AIHz delay weep £550 
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TEKRDNIX 4658 kal raCe, 1001AHz delay web 0325 
PHIUPS P03217 dal 1,80e, 5014Hz delay 0200-050 
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HAMEC 11/A303 00a1 vex. 301Aliz compeent tests £275 
HAMEC H0203.7 cbal hace, 20MHz component less £200 
FARRELL DTV20 deal 80e. 20MHz componem asa £125 
Many other Oscilloseoees ANIMA 

MARCONI 2022E Seth AM/RA Sig Gen 
10in. -1 01Gliz 14d d:play etc .   0525-[750 

HA 06578 Synth ad gel: 100k11,10401,1111 . £2000 
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H.P. 56568 Synth sm gen. 100kHz.9901.11.0   £195 
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KERHLEY 617 Prcgrannele Elate :meter 
H.P. 4336E rffilbemmear . 
RACAL Counter Woe 1999 2:6C-dz 
H.P Counter type 531310 301.12 £850 
H.P.MGILENT:43120A Funs 00.1898. 100eHeismi 

. .   .£8OOK1000 
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IEEE CABLES ........ . 
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£40C 
£400 
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£50 
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E275 
£400 
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£1250 
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£140 
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£40 
£10 
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RP. 85618 50Hz-65Glit   
H.P. 8560A 50Hz-2 AGHz srlheeead   
H.P. 8.594E *FL .2 eel,. 
M.P. 8591E Ilk-m.1.46Hz, 75 (An   
H.P. 853A entlf 8559A 100kHz2IGHz 
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EATORAILIEC8 757 0 e3722Gliz 

14, 

£5500 
£5000 

£1500,1900 
£3500 
£2250 
£1250 
£3000 
£800 

£2500 
  £1500 

MARCONI 2382 1001-1z4001411z. lie seam  0980 
MARCONI 2370 301-e.110MHz . _ from Q00 
N.P 182 erth 8567 Idelz.350MHz   £500 
• 1411 SYSTEMS 
8553 le-I/110MHz hon 0500 
8551 500kHz-IMOAtiz kw £750 
9555 10MHz.18Ghtz horn £1000 
TEKTRONIX 491 0MHz 1240Hz £500 
H.P. 8443 Tut» 4 G•Weuvler 1-ouitz £250 
H.P. 8441 OPT 0,3 £750 
88K 20338 Signal Analyse £750 
(I.P. 5372A FregoenolS Trre IeterzaJ I ralyser £2250 
11.P. 8754A New« nal 416ez-ID014112 £1250 
H.P. 3557A New Or oral se SH,-≥00fAlia £3000 
• 533106 Mee homer Analyser Oot 90 I 003 £5000 
0110 SOKKI CF3D0 rent,+ FFr Analyser £1500 

Used Equipment - GUARANTEED. Manuals supplied 
This is a VERY SMALL SAMPLE OF STOCK. SAE or Te'ephone for lists 

Please check availability before ordering. 
CARRIAGE 311 units £ 16. VAT to be added to Tota' of Goods and Carriage 
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Constructional Project 

SIMPLE 
AUDIO CIRCUITS 
Part 4 - Loudspeaker Enclosures, Tuning 
Oscillator and Resonance Detector 

RAYMOND HA/OH   
A selection of "pic-n-mix" low-cost audio 
circuits - from preamplifier to speaker! 

A
s Kr and science collide in the design 
of loudspeaker enclosures and, tran-
cending all the conflicting opin-

ions, is the way a vibrating paper cone can 
reproduce sounds ranging from the human 
voice to a symphony orchestra with vivid 
realism. 

Last month we discussed speakers and 
crossover networks. In this final instal-
ment, enclosures and the simple test equip-
ment needed to optimise performance are 
covered. 

WHY AN ENCLOSURE? 
Sound waves formed by the front of the 

speaker cone are out of phase with those at 
the back. If the pressure variations can leak 
around the cone there will be cancellation, 
particularly at low frequencies, and sound 
output will be reduced. The primary duty 
of the enclosure is, therefore, to prevent 
this leakage. 

Speaker cones have a natural resonant 
frequency (just like a guitar string). The 
greater the mass of the cone, and the freer 
its suspension, then the lower the resonant 
frequency. 
At resonance, very little energy is 

required to make the cone vibrate vigor-
ously. This has electrical drawbacks, 
which were discussed last month. It is also 
undesirable from an acoustical point of 
view for speaker sensitivity to peak sharply 
at one frequency. 
The second requirement of the enclo-

sure is, therefore, to retain a volume of air 
which damps the cone and evens out the 
response of the system. 

ENCLOSURE TYPES 
Ignoring simple open baffles, there are 

four basic types of enclosure. 

Infinite Baffles. 
Infinite baffles are no more than sealed 

boxes filled with acoustic wadding to 

absorb the sound output from the rear of 
the speaker. Air trapped inside the box 
damps the cone, raising its resonant fre-
quency by up to an octave (a doubling). 
Low frequency output falls off rapidly 
below resonance, and special speakers 
with high mass, high compliance (very low 
resonance) cones are sometimes used to 
offset the rise in resonant frequency. 

Absorption of the energy delivered by 
the rear of the cone, together with the high 
cone mass, result in an acoustic efficiency 
as low as 1 per cent. Our Twin TDA2003 
12.5W Amplifier (8.2W into 8 ohms: see 
Part One) requires a more efficient speaker 
than this if windows are to rattle. 

Acoustic Labyrinth 
Acoustic labyrinth enclosures are, in 

effect, a duct one quarter of a wavelength 
long at the speaker's resonant frequency 
(e.g., 7ft at 40Hz). Folding the fibreboard 
or plywood duct into a box shape 
produces a labyrinth, hence the name. 
Some designers fill the duct with acoustic 
wadding: others just line the interior 
surfaces. 
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Fig.1. Speech coil impedance in region of resonance. 
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The quarter wavelength air column 
imposes the desired heavy damping on the 
cone at its resonant frequency. As frequen-
cy rises through an octave (i.e., towards 
80Hz in our example) the air column 
approaches half a wavelength. The phase 
of the radiation from the rear of the cone is 
then inverted, and it emerges from the duct 
to reinforce that from the front, thereby 
increasing output. 

Enclosures of this kind are not easy to 
construct or tune to suit different speakers. 
In our quest for good performance for a 
modest outlay of cash and effort, this high-
ly regarded system has, therefore, to be 
rejected. 

Horns 
Loading the speaker cone with an 

expanding column of air in the shape of a 
horn results in very high efficiencies; of 
the order of 40 per cent to 50 per cent. The 
horn effects an impedance transfer: high at 
the throat and low at the mouth. The result-
ing heavy damping on the speaker cone, 
and the small cone excursions and low 
power input needed for a given sound out-
put, greatly reduce distortion. 
Many ingenious designs have been pro-

duced for folding large, low frequency horns 
into cabinets. However, cost, size, and com-
plexity of design and construction remove 
this system from our consideration. 

Bass Reflex 
Bass reflex enclosures, also known as 

acoustic phase inverters, are based on the 
work of a German physicist, Herman 
Ludwig Ferdinand von Helmholtz ( 1821-
1894). 
Whilst exploring the nature of sound, he 

investigated the way air resonates inside 
vented chambers and close to the vent 
itself. The idea of mounting a loudspeaker 
in a Helmholtz resonator was patented, 
about half-a-century later, by A. L. Thuras. 

Enclosures of this kind are simple and 
cheap to construct and tune. Efficiency is 
comparatively high: some authorities sug-
gest 15 per cent to 20 per cent depending 
on the size of the loudspeaker (the bigger 
the better). 
A reflex enclosure is, therefore, the nat-

ural choice when cost and effort are to be 
kept to a minimum and limited amplifier 
power demands good speaker efficiency. 

HOW IT WORKS 
A bass reflex enclosure is no more than 

a box with a small opening known as the 
"vent" or "port". The mass of air within 
the box is tuned, by the vent, to resonate at 
the same frequency as the speaker cone. 
This imposes heavy damping and results in 
two smaller resonances, one of lower and 
one of higher frequency than the unvented 
cone resonance. 

Speaker output falls off rapidly below 
resonance, and the development of the 
lower frequency peak extends the speak-
er's bass response by almost an octave. 
Phase inversion takes place over most of 
the low frequency range, and output from 
the vent augments that from the front of 
the cone (the operation of the system is 
complex, and phase inversion does not 
occur at all frequencies). 

Output falls off very rapidly below the 
lower peak but, in a well designed system, 
this will be in a region where there is little 
or no signal content. 
The damping effect of the vented enclo-

sure is displayed graphically in Fig. 1 . A 
plot of speech coil voltage against 
frequency, it represents variations in 
impedance which are intimately related to 
resonances in the system. The single reso-
nant peak (curve A) developed when the 
vent is sealed contrasts with the two lower 
peaks (curve B) which form when the vent 
is opened. Correct tuning is indicated 
when the peaks are of equal magnitude (as 
is the case here). 

DESIGN TECHNIQUES 
Traditionally, designers matched enclo-

sure resonance to the free-air resonance of 
the speaker cone on the basis of vent area 
being equal to effective cone area. This 
optimised low-frequency reinforcement by 
the vent but resulted in large enclosures. 

Readers who like to build on a grand 
scale might find the formulae in Table 1 
helpful. Much simplified, they relate 
speaker size and cone resonance to enclo-
sure volume. The relevant speaker parame-
ters are listed in Table 2. 

Enclosures as large as this tune very 
broadly, and sizeable variations in vent 
area have only a modest effect on perfor-
mance. As we shall see, enclosures can be 
too big, and it would be prudent to reduce 
the volume given by the formulae by, say, 

TABLE 1: TRADITIONAL ENCLOSURE DESIGN 
Formulae relating enclosure volume to speaker cone size and 

resonant fre uenc 

f res Hz 40 50 60 70 80 90 100 110 
Vol cu ft 3R 2F 1 4R 1R 0.8R 0.6R 05R 0.4R 

Notes: 
(1) F res is the free air resonant frequency of the cone, in Hertz. 

Vol is the internal volume of the enclosure in cubic feet. 
R is the effective radius of the speaker cone in inches 

(see Table 2). 
(2) These formulae are derived from traditional design proce-

dures. Calculations in accordance with current practice, which 
relates cone compliance to enclosed air compliance, usually 
result in a smaller enclosure (see text). 
Although much simplified, the formulae will produce sufficient-
ly accurate results (as size increases towards this maximum, 
tuning becomes less and less critical). 

(4) Formulae are based on enclosure port area being equal to the 
effective cone area. See Table 2 for details of effective cone 
areas. 

(3) 

Crossover/Audio Filter selection switch 
and amplifier input terminals. 

25 per cent and tune to resonance by 
reducing the vent area or providing a duct. 
When reflex enclosures are designed in 

this way, the frequency ratio between the 
two smaller resonances formed by tuning 
should be not less than 1.5:1 and not more 
than 2.4:1. 

MODERN PRACTICE 
During the 1960s, Australians, Neville 

Thiele and Richard Small, extended earlier 
loudspeaker research carried out by 
American, James Novak. 
They were able to show that, for opti-

mum performance, enclosure size is 
dependant upon the relationship between 
the damping effect of the enclosed air and 
the compliance of the cone suspension. If, 
when the enclosure vent is sealed, the fre-
quency of the single resonant peak is 1-5 to 
1.6 times the free-air resonant frequency 
of the cone, the relationship is correct. 

Thiele and Small described an experi-
mental method for determining suspension 
compliance, and produced formulae relat-
ing this, and other speaker properties, to 
enclosure size and vent area. Known as the 
Thiele-Small parameters, these speaker 
characteristics are now published by a 
number of manufacturers. 

TABLE 2: LOJDSPEAKER DATA 

Speaker Diameter (inches) 8 10 i '2 15 18 
Effective cone radius R in. 3 3.75 4-75 6 7.5 
Ef-fective cone area sq. in. 28 44 71 113 177 
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D. B. Keel subsequently adapted the for-
mulae for processing on a pocket calcula-
tor, but the procedure is still complicated. 
Readers with a mathematical turn of mind 
who want to optimise their enclosures in 
this way are urged to study the extensive 
literature on the subject. 

BUILD AND TUNE 
Theile-Small parameters are not usually 

available for the low cost, but often reason-
able quality, speakers of Far Eastern origin 
(or for speakers in spares boxes). Even if 
they were, it is likely that many readers 
couldn't face the tedium of the 
calculations. 
An alternative approach is to make an 

enclosure of manageable dimensions, hav-
ing regard to the size of speaker, and then 
tune it to optimise performance. 

Quite small enclosures can be tuned to 
frequencies in the 50Hz to 100Hz range. 
However, as volume is reduced vent area 
has to be reduced to secure resonance at a 
particular frequency. 

Eventually, a point is reached when vent 
output is negligible and the enclosure is 
performing almost like a sealed box. 
Moreover, as size is reduced, the smaller, 
"stiffer" volume of air increases damping 
on the cone and its resonant frequency rises 
unacceptably. 
The resonant frequency of a given vent 

and enclosure combination can be lowered 
by forming a duct or pipe behind the vent. 
The longer the duct the lower the resonant 
frequency. Although this involves more 
constructional effort, it does allow a rea-
sonable vent area to be maintained when 
enclosure volume is small. 

SIZE AND SHAPE 
Speaker units were discussed last month, 

and it was clear that an extended and power-
ful low-frequency response becomes easier 
to achieve as speaker size is increased. It was 
suggested that speaker size ought not to be 
less than 8M, and this is especially true when 
an inexpensive unit is to be fitted. 

Readers may wish to use even larger 
speakers for the advantages they offer: 
some highly regarded studio monitors 
comprise a 15in bass unit in a 5 cubic foot 
reflex enclosure. 

Cabinet dimensions should not be exact 
multiples of one another, and some experts 
maintain that deep enclosures perform bet-
ter than shallow ones. Greater depth also 
permits a longer duct. 

Chamfers, formed around the enclosure 
front and reaching almost to the speaker 
aperture, are said to improve clarity at low 
frequencies, but this makes construction 
difficult. Keeping the front panel as narrow 
as possible is probably the best we can do 
to achieve this objective. 
The vent can be any shape provided its 

smallest dimension is not less than one 
inch. Circular vents can be ducted with a 
length of cardboard tube, but some builders 
may find rectangular openings and box-
form ducts easier to fabricate. 

CABINET SIZES 
The above requirements, together with 

the desirability of a reasonable vent area 
and the obvious influence of speaker diam-
eter, tend to determine the smallest accept-
able enclosure size. Suggested internal 
dimensions to suit standard speakers are 
listed in Table 3 and the general make-up 
of the enclosure is shown in Fig.2. 
The enclosures for the 15M and 18in units 

are rather deep, 
and the speaker 
aperture and vent 
opening could be 
formed on the face 
with the larger 
dimension if 
desired (these cab-
inets are large 
enough for the 
cone to still be an 
adequate distance 
from what would 
then be the back). 

Whilst the 
width of the front 
is determined by 
the speaker chas-
sis and cannot be 
reduced much, the 
other dimensions 
can be changed to 
suit materials that 
are to hand or a 
particular space 
in a room. When making changes, try not 
to reduce the volume by more than 10 per 
cent or so (especially with the 8M. and 
10M. units); and try to avoid dimension 
combinations that are exact multiples. 

Using cutdown curtain wire, hooks and eyes to suspend the 
treble speaker over the bass speaker. 

CONSTRUCTION 
One of the best materials for cabinet 

construction, acoustically speaking, is 
medium density fibreboard (MDF). This 
material is reasonably heavy, easy to work, 
has a desirable "dead" quality and is inex-
pensive. Chipboard, blockboard and ply-
wood are also perfectly acceptable. 

Enclosures for the 8in., 10in. and 12in. 
speakers should be formed from 13nun 
(112M.) thick sheet with 19inm (314in.) 
square glued and screwed softwood corner 
fillets. The two larger enclosures require 
19nun (314in.) material and 25nun (1 in.) 
square fillets. One or two lengths of 25mm 
square softwood should be fixed across the 
larger enclosures, from side-to-side, near 
mid panel, to inhibit vibrations. 

The construction must be air-tight. If 
any of the joints are less than perfect, apply 

liberal quantities of adhesive to fill the 
gaps. Use plastic foam draught excluder to 
seal the access panel. 

MAKING DUCTS 
Ducts need not be as rigid as the enclo-

sures, and hardboard (Masonite in the 
USA) or very thick cardboard are suitable 
materials. Circular ducts can be formed by 
applying paste to a long strip of paper or 
thin card and winding it around a food or 
paint container until a thickness of 3rtun 
(118in.) or so has been built up. 

Slide the duct from the former and place 
it somewhere warm for the paste to dry. It 
is not too difficult to combine two pipes to 
form an adjustable, telescopic duct. 

TWEETER MOUNTING 
Tweeters can be mounted axially in front 

of the bass speaker to avoid the need for 
another hole in the cabinet. Small hooks 
and eyes and the kind of springy wire used 
for hanging net curtains are ideal for this 
purpose. 

If the wires are cut short to provide a lit-
tle tension the speaker will be held firmly 
in place. Strong rubber bands could be 
used, but these may perish over time. 

Bass reflex cabinets are resonators and 
acoustic treatment should be applied spar-
ingly. The rear and top of the enclosure 
should, however, be lined with about 50nun 
(2in.) of cellulose wadding to prevent the 
reflection of mid-frequency sounds which 
could otherwise escape through the speaker 
cone and impair clarity. 

Cellulose wadding can be obtained from 
upholsterers and craft shops (it is used for 
stuffing soft toys). 

TESTBENCH SPEAKER 
The accompanying photographs show an 

enclosure for an 8M. speaker, constructed 
in accordance with the earlier guidelines, 
and incorporating the crossover and audio 
filter unit described last month. It is intend-
ed for workshop use, and this is reflected in 
the style and type of finish. Constructors 
wanting "hi-fi" speakers will have their 
own ideas for giving the units a more 
domestic appearance. 
The surface mounted grille is of the type 

fitted to musician's speakers. The bezel 
around the vent opening is formed from 
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Lining the rear of the cabinet 
sound-absorbent wadding. 

with 

TABLE 3: RECOMMENDED MINIMUM ENCLOSURE 
DIMENSIONS 

Speaker Diameter 8 10 12 15 18 
Width A 9-5 11.5 13.5 17 20 
Height B 15 18 21 27 33 

Depth C 12 14.5 17 21 24 

Speaker Aperture 
diameter D 7 9 11 13.75 16.5 

Vent diameter E 4 5 6 7 8 
Vent area sq. in. 12.5 19-5 28 38 50 

Minimum 
distance F 3 4 5 7 8 

Enclosure 
Volume (cu. in.) 1710 3002 4820 9639 15840 

Enclosure 
Volume (cu. ft.) 1 1.75 2.75 5-5 9 

Notes: 
(1) All dimensions are in inches unless otherwise stated. 
(2) Enclosure volumes expressed in cubic feet are approximate. 
(3) Enclosures produced to these dimensions must be tuned for 

optimum performance (see text). 

LOUDSPEAKER 
ENCLOSURE... YOU WILL NEED 

Bass Speaker: 8i -'i. diameter, 8 ohms impedance, preferably 
with a free-air resonance below 70Hz (most speakers with a 
rolled surround w.II meet this requirement). 

Moving coil treble unit, 8ohms impedance (see text). 

Sheet of MDF, 1200mm x 600mm x 13mm (4ft x 2ft x 1/2in.) 
thick; softwood corner fillets 4m x 19mm square ( 13ft of 3/4in. 
square); glue and screws. 

Speaker and vent grilles; material for any duct (see text); 
draught excluding strip; springy curtain wire and small hooks 
for mounting tweeter unit; finishing materials etc. 

The parts list for the crossover unit was included with Part 3, 
last month. 

A 

• 

F 

Fig.2. Front and side elevations showing the speaker and vent apertures. 
Recommended enclosure dimensions are listed in Table 3 above. 

hardboard and nylon mesh is used as a 
screen. Bezel and mesh are spray finished 
matt black. 

Photographs of the tweeter mounting 
were taken before the suspension wires 
were painted black to conceal them behind 
the grille. Car spray paints were used to 
decorate the cabinet, and the hard, smooth 
surface of the MDF makes it easy to obtain 
a good finish (spraying should be under-
taken outdoors or where there is plenty 
of ventillation). Rub-down lettering, 
protected by varnish, is used for the panel 
annotations. 

SPEAKERS 
Manufactured in the Far East, the bass 

speaker used in the model is an inexpen-
sive 8in. diameter unit with a rolled sur-
round. Speakers of this kind are widely 
retailed and cost between £8 and £ 15 
($12 and $22). 
A compliant suspension and robust cone 

give these units a free-air resonance in the 
region of 60Hz. Speakers with a free-air 
resonance much higher than 70Hz should 
be avoided if possible. 

Main speaker and crossover filter (last 
month) mounted on the rear of the 
enclosure front panel. 

Suitable tweeters are readily available at 
a fairly reasonable cost. The paper-coned 
unit mounted in the prototype is a cheap 
surplus component. 

It is sometimes desirable to adopt a 
cross-over frequency around 500Hz when 
large ( 15in. or 18in.) bass speakers are 
used. Suitable tweeters can be expensive, 
and experimentally minded readers may 
care to try one of the cheap Mylar cone 
speakers intended for alarm systems. The 
claimed frequency response extends up to 
20kHz, and a 3in. or larger unit should 
cope with the lower cross-over frequency 

Chassis perforations should be covered 
with several layers of sticky tape to prevent 
interaction with the bass speaker. 
Alternatively, isolate the tweeter by mount-
ing it inside a small box formed within the 
main enclosure. Fill the box with cellulose 
wadding. A 3in. diameter Mylar cone 
speaker performed better than the purpose-
made tweeter mentioned above. 
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TUNING OSCILLATOR 

In order to tune our enclosure we need 
some means of exciting and detecting 
resonances. 
A simple Low Frequency Oscillator cir-

cuit diagram is shown in Fig.3, where ICI. 
a 741 op.amp, provides the necessary gain. 
A Wien bridge network, formed by Cl, C2, 
RI, R2 and VR I a and VR1b, controls the 
phase of the positive feedback from ICI 
output (pin 6) to the non-inverting input 
(pin 3). Potentiometer VR1 sets the fre-
quency of oscillation. 

Negative feedback, from the output to 
the inverting input (pin 2), determines the 
gain, thereby controlling the level of posi-
tive feedback. Gain should be as low as 
possible consistent with reliable oscillation 
over the full swing of Frequency control 
VR1. Negative feedback increases, and 
gain reduces, as the slider (moving contact) 

of preset potentiometer VR2 is rotated 
towards resistor R3. 
The stabilising circuit usually incorpo-

rated into the negative feedback loop has 
been omitted in the interests of simplicity. 
Despite this, signal amplitude is constant 
over the frequency range and waveform is 
good when VR2 is correctly set. 

OSCILLATOR 
CONSTRUCTION 
Most of the oscillator components are 

assembled on a small single-sided printed 
circuit board (p.c.b.). This board is avail-
able from the EPE PCB Service, code 364. 
The topside component layout, inter-

wiring and full-size underside copper foil 
master pattern for the Low Frequency 
Oscillator board are shown in Fig.4. Solder 
pins, inserted at the lead-out points, 

Fig.3. Circuit diagram for a simple Low Frequency Oscillator 
for loudspeaker resonance checking. 

simplify off-board wiring, and a holder for 
ICI facilitates substitution checking. 

Component layout on the completed circuit board. 

Fig.4. Low Frequency Oscillator printed circuit board component layout, interwiring 
to off-board components and full-size underside copper foil master pattern. 

COMPONENTS 
OSCILLATOR 

Resistors 
R1, R2 2k7 (2 off) See 
R3 820Q ) r 
R4 390Q 

All 0-25W 5% carbon film TALK 
Page 

Potentiometers 
VR1 10k dual-ganged rotary 

carbon, lin. 
VR2 100Q enclosed carbon 

preset 

Capacitors 
Cl, C2 470n polyester layer, 5% 

tolerance desirable (2 off) 

Semiconductors 
IC1 741 gen. purpose op.amp 

Miscellaneous 
Printed circuit board available from 

the EPE PCB Service, code 364; small 
plastic case, size and type to choice; 
PP3 batteries and holders; pointed con-
trol knob; 8-pin i.c. holder; solder pins; 
multistrand connecting wire. 

Approx Cost 
Guidance Only 

excluding toffs. 
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Packing the Low 
Frequency Oscillator 
components on the rear of 
the small plastic box lid. 

Potentiometer VR I. On/Off switch S I, 
the p.c.b. and the batteries can he housed in 
a small plastic box. The compact internal 
layout inside the prototype unit is shown in 
the photographs. 

It is not necessary to know the precise 
frequency to tune the enclosure, but an 
approximate idea is useful. Component 

tolerances will affect callration, but the orig-
inal dial should provide an approximate guide 
to the frequency control settings on other 
units. It is reproduced, full-size, in Fig.5. 

Fig.5. Full-size front panel dial as used 
in the prototype Low Frequency 
Oscillator. 

RESONANCE DETECTOR 

Some test meters, set to the lowest a.c. 
range, could be used to monitor the voltage 
developed across the speech coil. 
However, unless the meter is sensitive, the 
sound level from the speaker under test 
would be distressingly loud. Further, a 

resistor has to be wired in series with the 
speech oeil to facilitate the test. This could 
make it difficult for the amplifier to deliv-
er sufficient output to produce a reading on 
an insensiave meter. 

Greater sensitivity can be achieved by 
rectifying the signal 
and measuring the 
resultant d.c. on the 
lowest testmeter 
range. A suitable 
loudspeaker 
Resonance Detector 
circuit is given in 
Fig.6, where diodes 
Dl and D2 are con-
figured as a voltage 

R1 Cl 

470 lm 

riv-/-1C+  

INPUT FROM 
AMPLIFIER 

TO 
SPEAKER 

DI 
0A47 

a 

02 
0A47 

>I 

TO CIRITAL 
OR MOVING 
COIL METER 
(2V RANGE) 

 -1 
Fig.6. Circuit diagram for the loudspeaker Resonance Detector. 

TO POWER '10  
AMPLIFIER 

 • 

9 
Ft 

•  

2 151,4 ( 54 6mtn) 

0.4 0,2 1_0 oL oom.0355 

TESTMETER SET 
TO 2V D C RANGE 

1 27 9rnal) 

Fig. 7. Printed circuit board component layout, interwiring details and full-size 
underside copper foil master for the loudspeaker Reasonance Detector. 
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doubler delivering almost the peak-to-peak 
value of the signal. 
When the Resonance Detector unit is 

connected to a high impedance digital 
meter, reservoir capacitor C2 slows the 
response to voltage changes, and resistor 
R2 is included to reduce the delay. 

Series resistor RI increases the imped-
ance of the signal source and magnifies the 
effect of changes in the impedance of the 
speech coil. The values of electrolytic 
capacitors Cl and C2 have been chosen to 
suit the frequencies involved. 

DETECTOR 
CONSTRUCTION 

All the components for the Resonance 
Detector are assembled on a small printed 

COMPONENTS 
RESONANCE DETECTOR 

Resistors 
R1 47S2 
R2 220k 

All 0.25W 5% carbon film 

See 
etgi[fe 
TALK 

Capacitors Page 
Cl, C2 lu radial elect. 25V (2 off) 

Semiconductors 
D1, D2 0A47 or 0A90 germanium 

diode ( 1N914 silicon if 
lower sensitivity can be 
tolerated — see text) 
(2 off) 

Miscellaneous 
Printed circuit board available from 

the EPE PCB Service, code 365; multi-
strand connecting wire; solder pins; sol-
der, etc. 

Approx. Cost 
Guidance Only 

excluding speakers 
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circuit board (p.c.b.). This board is avail-
able from the EPE PCB Service, code 
365. 

The p.c.b. component layout, wiring 
and full-size underside copper foil 
master pattern details are illustrated in 
Fig.7. Construction is very straight-
forward and only the polarity of the 
capacitors and diodes needs special 
attention. Also, germanium signal 
diodes, D1 and D2, can be damaged 
by excessive heat and it is prudent to 
leave a good lead length and apply a heat 
shunt when soldering. 

GENERAL SUMMARY 
No difficulty should be encountered 

obtaining any of the materials and compo-
nents needed for the construction of the 
loudspeaker enclosure and the setting up 
equipment. Details of the cross-over unit 
were given last month. 

Silicon diodes (type 1N914) can be used 
in place of the germanium devices in the 
voltage doubling rectifier circuit of the 
Resonance Detector. The higher knee volt-
age (0.6V instead of around 0.2V) reduces 
sensitivity, but they will still reveal the res-
onance peaks when the sound from the 
speaker is not too loud, and this is the main 
requirement. 

Completed circuit board for the 
Resonance Detector. 

Fig. 8. Block schematic diagram showing the interconnecting set-up for checking 
speaker resonances. 

FREE-AIR RESONANCE 
The free-air resonance of the bass speak-

er should be checked before embarking on 
the construction of the enclosure. To do 
this, wire up the test circuit shown in Fig.8. 
Details of the connections to the 
Resonance Detector are given in Fig.7. The 
Oscillator output is in the region of 4.5V 
r.m.s., and the 10 kilohm input attenuator 
potentiometer will have to be turned well 
down. 

Hold the speaker, by the magnet, well 
away from other objects and sweep the 
Oscillator until the voltage across the 
speech coil peaks. The rise will be sudden 
and dramatic. Note the reading on the 
Oscillator dial. If an extended low frequen-
cy response is important, it ought not to be 
more than 70Hz. 

ENCLOSURE TUNING 
With the speaker now in the enclosure, 

connect it to the test circuit shown in Fig.7 
(directly, not via the crossover). Seal the 
vent, sweep the oscillator and note the 

frequency and magnitude of the peak. It 
will now be at a higher frequency than the 
free-air resonance. 
Open the vent and sweep the oscillator, 

again noting the frequency and magnitude 
of the peaks. If the tuning is correct (most 
unlikely), two peaks of equal magnitude 
will be revealed on either side of the origi-
nal, vent-sealed peak. 

If the higher frequency peak is of greater 
magnitude, the vent area is too small (or 
any duct attached to it too long). Enlarge 
the vent, or shorten the duct, and test again. 

If the lower frequency peak is of 
greater magnitude (more likely with the 

design guidance given here), the vent 
area is too large or any duct is not 
long enough. Either reduce the vent 
area, add a duct, or increase the length 
of any duct already fitted, and test 
again. 

Repeat the procedure until the two 
peaks are of equal magnitude. Some 
experts tune to a slightly higher fre-
quency. This depresses the higher fre-
quency peak and, it is claimed, results 
in a more uniform bass response. The 
impedance plot of the test bench speak-
er, after tuning, is given in Fig. 1. 

DUCTING 
It is preferable to install a duct, rather 

than reduce vent area, in order to lower 
resonant frequency. Hold ducts in place 
with sticky tape during the setting up 
process. 

If desired, a duct can be mounted 
externally and adjusted until its length is 
almost correct before fixing it behind the 
vent. Duct volume will then reduce cabinet 

volume, so err on the long side when 
adjusting its length in this way. 

PERFORMANCE 
The speaker unit has an extended 

bass response and, when driven by 
the 8W amplifier described in Part 
One (May '02), sound levels are 
more than sufficient for a domestic 
"hi-fi" installation. 

Vent output makes a significant con-
tribution at low frequencies (it will 

extinguish a candle held close to the aper-
ture), and there are no audible resonances. 
The speaker is most certainly not a "boom 
box" with honking, one-note bass. 
The middle range is clear but there is 

some colouration at high power levels with 
music that has a heavy bass content. 
Performance at the higher audio frequen-
cies depends very much on the tweeter 
used: the enclosure is certainly worth 
something better than the cheap unit fitted 
in the prototype. 
When the crossover network is 

switched to act as a "speech frequency 
bandpa.ss filter", signals overlaid by noise 
are greatly clarified. Communications 
enthusiasts, or readers involved in sur-
veillance, may find this circuit of interest. 
It certainly makes the unit more versatile 
as a bench speaker. 

POWER CHECK 
The Low Frequency Oscillator and 

Resonance Detector units can, of course, 
be used to investigate any speaker system. 
The rating of resistor R1 in the Resonance 
Detector is only sufficient for testing at 
comfortable listening levels. If speakers 
are to be checked at high power, fit a 5W 
component and use silicon instead of ger-
manium rectifier diodes. 

Although the test equipment will 
respond to very slight changes in venting, 
especially when the enclosure is small, 
only a refined ear could detect any audible 
difference, even when quite large adjust-
ments are made. LI 
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READOUT 
E-mail: editorial@epemag.wimborne.co.uk 

John Becker addresses some 
of the general points readers 
have raised. Have you anything 

interesting to say? 
Drop us a line! 

WIN A DIGITAL 
MULTIMETER 

A 31/2 digit pocket-sized I.c.d. multime-
ter which measures a.c. and d.c. volt-
age, d.c. current and resistance. It can 
also test diodes and bipolar transistors. 

Every month we will give a Digital 
Multimeter to the author of the best 

Readout letter. 

* LETTER OF THE MONTH * 
AUTO-TRANSFORMERS 

Dear EPE. 
I feel your readers should be aware that the 

use of auto-transformers in voltage changers 
for using American equipment in the UK is 
potentially lethal, but virtually all the commer-
cial units are auto-transformers. 

Given a piece of equipment designed for 
120V and complying with its standards, the 
spacings between the user and the incoming 
mains will be OK for 120V. An adapter using 
an auto-transformer can conform to its stan-
dards but put the two together and you have a 
piece of equipment with 120V spacings con-
nected to 230V mains which is NOT safe. The 
manufacturers will doubtless tell you that the 
side of the mains which is common is the 
Neutral and therefore it's OK, but as pointed 

out above — the Neutral side is also potentially 
letlial and it goes straight through into the 
120V hardware with the 120V spacings. 

All I can say is I won't have one in my 
house. I use one of those transformers used for 
building equipment. Surprise, surprise — they 
are totally isolating and they earth the centre of 
the secondary so each side is only 55-60V with 
respe,ct to earth. Much, much safer. 
I hope this has helps someone to avoid 

killing themselves. 
Roger Warrington C.Eng MIEE, 

via email 

Thank you for this vitally important caution, 
and for your very informative comments on X 
and Y capacitors in last month's Circuit 
Surgery. 

MICROCHIP CODE 
Dear EPE, 
Following John Becker's PIC16F87x 

Extended Memory article (Jun ' 01), I have been 
setting up arrays in Bank 1, as they may be 
accessed indirectly from Bank 0, without 
changing banks. So I thought I would do the 
right thing and used the code published by 
Microchip to initialise all Bank 1 GPR (gener-
al purpose register) locations to zero. Disaster! 
Not only were the register values not set to 
zero, several other things went wrong too. One 
was the PIC would not respond to a hardware 
reset. 
Then I looked more closely at the Microchip 

code, which is published in their Example 6.4, 
RAM Initialization, on page 6-15 of the Mid-
Range MCU Family Reference Manual, 
December 1997. DS33023A. The published 
code is: 

LOOP 

MOVLW H' AO' 
MOVWF FSR 
CLRF INDF 
INCF FSR 
BTFSS STATUS,C 
GOTO LOOP 

Well, of course, the code won't even assem-
ble, the fourth line should be INCF FSR,F. 
That should have put me more on the alert than 
it did. When I did assemble and run this code, 
the strange things mentioned above occurred. I 
played around with the problems for some time 
to no avail. Then I looked yet again at the 
Microchip example. and the penny. which 
should have dropped long before, finally 
dropped. 
The INCF instruction does not affect the Carry 

flag; it only affects the Zero flag. So the fifth line 
was changed to BTFSS STATUS,Z and all was 
well. This works because the last address to be 
set to zero is H'FF', and the pointer then incre-
ments to H'00', the Zero flag is set, and the loop 
terminates. Without the change, I can only 
assume all sorts of locations were being written 
to, both within and beyond memory, and the PIC 
did not like it! 

This story shows that Microchip example code 
is not assembled and tested before being pub-
lished. It is just written. Beware! 

John Waller, via email 

There seems to be a common opinion that 
Microchip do not necessarily show the optimum 
code structure, leaving many questions unan-
swered and the likes of you, me and crowd to 
resolve it! 
I too have come across instances of MPASM 

code without F destination suffixes where they 
should be, and think that this is because the 
MPASM assembler might regard the lack of a 
suffix as indicating F by default, which is not 
logical since F = 1 and W = 0, and convention-
ally the lack of something indicates 0, not 1! And 
yes, C is not affected by INCE 

While investigating the F627/8, incidentally, I 
have come across several errors in the data sheet 
for those devices too. 

MULTIPLE ALARM PINS 
Dear EPE, 
I have downloaded the April '02 edition of 

EPE Online and noticed that you would like sug-
gestions for improving the P/C Controlled 
Intruder Alarm. Since I own a fairly advanced 
alarm myself, I found a few things that I think 
would fit this alarm well. 

It should be possible to input several different 
PINs, so that each user or group of users can 
have their own. If this is used in a store, club or 
whatever where there are new people coming 
and going all the time, everybody does not have 
to learn a new code each time someone quits. 

Another thing, maybe not everybody needs or 
is allowed to change the settings. Then this could 
also be regulated by setting which PINs can alter 
the settings. The rights to disarm various zones 
can be set for different PINs. 

Stig Ostvang, via email 

Thank you for the suggestions. If I ever update 
it, I'll consider including them, but suspect I 
would find it difficult to implement several PINs 
through a PIC and appropriately scan for their 
valid use. 

LM368 POWER-UPPING 
Dear LPL, 
Please thank Raymond Haigh for his recent 

articles on audio circuits. I have a question that I 
have not seen covered in any magazine dealing 
with audio circuits. The LM386 is a very popu-
lar device in many receivers on today's market, 
the trouble being relatively low output. How can 
the output from such a device be successfully 
coupled into a higher power amplifier (typically 
the TDA2002/2003 types as in Raymond's arti-
cles) without causing the obvious output-to-
input impedance mismatch? 

Just for the record, I have been a reader for 
probably forty years, and still enjoy construc-
tion, although mainly RF oriented. 

D.J. Lacey, via email 

Very best of wishes to a very long supporter! 
Raymond replies: 

Thank you for your interest in the audio 
amplifier series. With reference to your query, no 
problems should be encountered connecting one 
i.c. power amplifier to another, provided they 
have separate power supplies (which they nor-
mally would have). The output is at a low imped-
ance and the input of the "bigger" amplifier is at 
a higher impedance, which is a good situation to 
have when transferring signal voltage from one 
stage to another. 
I anticipated that readers may wish to boost 

output in this way, and Fig.15 on page 427 of the 
June issue (Part 2) gives a circuit for connecting 
small radios, Walkman units etc, to another 
amplifier, and this should be satisfactory. All of 
the power amplifier circuits have an input block-
ing capacitor on the board, so they can be used 
safely in this fashion. If you have too much sig-
nal voltage from the lower power amplifier, 
reducing the 47Q resistors to 22Q or even 10Q 
will make the volume control for your "bigger" 
amplifier operate more smoothly. 

Raymond Haigh, 
via email 

PHIZZY PICS 
Dear EPE, 
I saw recently about a PhizzyB that can be 

simulated on the PC using Windows and on the 
hardware, I also saw PIC1 6F84 tutorials, which 
is advanced for me. 

I'm looking for the best text that can do the 
following: a text with step-by-step explanation 
like the PhizzyB basics (input, output, adding, 
shifting, etc) and seeing the results on the 
PhizzyB hardware using a PIC 16F84 and later 
writing programs from C language, which I 
know and studied, to the equivalent assembly 
language using PIC16F84. Also a text that I can 
construct like the PhizzyB hardware including 
complete schematics and testing using 
PIC 16F84 chip. 

Kojitom, via email 

My PIC Tutorial of Mar-May '98 (three pans) 
is the simplest PIC text you are likely to find. 
There is nothing about it, though, that relates to 
PhizzyB (Nov '98 to Jun '99), or vice versa, and 
PhizzyB does not handle PICs. If you know C, 
however, you should have no difficulty in learn-
ing PIC assembler. 
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SIGNIFICANT ELECTRONICS 
1.m not a teacher but I work part-time in a 

school as a science lab technician. The school 
has offered to put me through teacher training as 
I'm the only member of staff with any kind of 
physics degree but I've turned them down. 

You wouldn't believe how dull the science 
curriculum has become, apparently in the inter-
ests of getting everyone a pass at GCSE. The 
practical electrical part of the curriculum is now: 
cells in series, bulbs in series and parallel, the 
resistance of a piece of wire versus its length and 
thickness, simple electromagnet, electric motor, 
and making a cell from a lemon. I think that's all. 
There are demos of electrostatics, a bicycle 
dynamo, a solar cell and the field round a wire. 
That is five years work. 

Avoiding law suits seems to play a part too. 
The radioactive sources are so weak that the 
Geiger counter barely registers them above back-
ground radiation. We cannot have anything 
stronger. If a mercury thermometer breaks we 
are supposed to evacuate the entire building (four 
labs) not just move the children from the affect-
ed area. This approach affects chemistry more 
than physics though as swathes of interesting 
experiments are no longer performed. You 
wouldn't believe how many "science" lessons 
end up as "we'll do a word search". It does not 
bode well for Britain as a scientific nation. 

John North, 
via the EPE Chat Zone 

John's comments were extracted from a set of 
several threads on the Chat Zone, and which 
were felt to be worth repeating here. What 
comments do other readers have with regard to 
current technology teaching in schools? "Gary", 
for example, offered the following on the CZ: 

I remember physics at GCSE level, especially 
the electrical part, It was supposed to take about 
three weeks to complete the electrical part, we 
had to work from a booklet of circuits of bulbs 
and batteries in series and parallel, and various 
combinations of switches. You were supposed to 
build the circuits to verify their operation, I 
answered the whole booklet in one lesson with-
out even building a circuit, the teacher wouldn't 
even look at the answers, because I had to do the 
experiments, what a complete and utter waste of 
my schooling time, I did every experiment only 
to prove that all my answers were right in the 
first place. 
When we came to the electronics part the 

teacher kept getting diodes and NOT gate sym-
bols mixed up, an easy mistake to make, I think 
NOT! This was eight years ago. So I can only 
surmise things have gotten worse, since my sis-
ter went through the same system, and I was sur-
prised to find that they had cut out a lot of the 
stuff that I had to do. 

Gary, via the Chat Zone 

INGENIOUS SHOPABILITY 
Dear EPE, 
Regarding high voltage generators, as com-

mented on in Readout July '02 — you don't do 
much shopping do you? Almost every butcher's 
shop and supermarket has a thing on the back 
wall with a circular UV type lamp to attract 
insects and a high voltage grid to zap them when 
they go for the light. As these butchers shop sets 
are so freely available in many retail catalogues, 
why is your correspondent trying re-invent the 
wheel? 
On your comments about Ingenuity Unlimited 

(Editorial July '02), I have a certain sympathy 
with both sides. While I hold no brief for the "get 
rich quick rip off somebody else's idea" mer-
chants, I also sympathise with the person who 
gets a good idea and sends it to various publica-
tions in the forlorn hope that one at least will 
publish it someday, and with the vagaries of pub-
lishers pigeon holes it can take years for some-
thing to surface and by that time any good 
inventor will be on the 1000th new idea and for-
gotten all about the earlier ones and who they 
were submitted to. 

I have also noticed there is a huge gap in info 
and circuitry for add-ons using the computer 
USB 1 and 2 methods of connection. While I 
made my own games port to midi adapter, these 
newer generation of comps don't have that luxu-
ry and I had to buy a commercial USB adapter. 
The biggest need is for a USB to serial or paral-
lel/LPT interface for all them semi-obsolete 
printers gathering dust. Seems to be an ideal PIC 
project for someone cleverer than me to get his 
teeth into. 

G.S. Chadey, via email 

Well G.S., you are right — I avoid shopping like 
the plague! But you've missed the point, corre-
spondent Anthony Bankside doesn't want to buy 
an exterminator, he wants to invent one, and for 
it to be powered from a battery, presumably in 
remote locations where mains power does not 
exist. Many of us do not wish to always take the 
easy way out by buying something, and not only 
prefer to re-invent the wheel, but to also improve 
on it. It is our nature at EPE to encourage elec-
tronics experimentation, building and learning, 
and that is what readers expect from us, and pre-
sumably why you too buy EPE,. 

Regarding submissions, whatever bad experi-
ence you may have had with other publishers, 
don't "tar us with the same brush". We advise 
whether or not we accept, and what our terms of 
such acceptance are. What angered us with the 
submissions referred to was that their authors 
had signed a declaration that the offerings were 
their own work which they were not, and thus 
had lied to us. 
USB interfacing is a subject we hope to 

resolve through PICs, but we are waiting for 
Microchip to release a particularly suitable 
device that they have been forecasting for some 
time. 

Thank you for making the other points in your 
email, but which are too many to reply to. 

PIC-ING THEOLOGICALLY? 
Dear EPE, 
Thank you very much tor the magazine EPE, 

it is really a God-send to electronics engineers. 
I am in my final year now and it's time to pre-

sent a project as part of my academic require-
ment. I am out of ideas, could you help me with 
any? I mean suggesting something nice, I am 
counting on EPE to puzzle my institution and to 
help me. I know you are the busy type and may 
not tolerate this type of letter, but I beg you to 
help me since EPE has always been my guardian 
in my electronics career. I wish to work with 
PICs though I know so little about them. Please 
help me. 

Dhaka George, via email 

Oh my, it does pull at the heart strings to turn 
down such a plea! But we simply do not have the 
time to consider and offer a specific suggestion, 
but with all the designs we publish each month 
we are sure that at least one of them should give 
you ideas! 

To learn about PICs, read my PIC Tutorial of 
March to May '98 (3 parts). Back-issue photo-
copies are available as stated in any recent issue 
of EPE. 

Thanks for your kind words. 

WRITING FOR EPE 
Dear EPE, 
I am an aspiring electronics engineer, present-

ly somewhere around my late sophomore year 
and have developed a couple of fairly simple 
projects using what I have learned up to this 
point. I was wondering if EPE has any interest in 
outside projects, what it would take to put an 
article together if there was interest and, of 
course, if there was some kind of compensation 
for doing so? 

David Simanowitz, 
via email 

Yes we do publish "outside" projects - they all 
are, including mine as I write in my spare time. You 
can read about writing for us (and payment rate) 

through our ftp site (write4us is the folder you 
need to look for). Note, though, that it is best to 
send us a precis of the idea first to see if we are 
interested. 

COMPLEMENTARY PIC TRICK 
Dear EPE, 
This PIC Trick turns out to be a gem for its 

sheer simplicity. Quite a few processors have a 
Complement Carry instruction, but not the PIC. 
Although it is not a heavily used instruction it 
does have its uses. 

; Complement Carry 
; STATUS bits affected: C = NOT C, DC = old C 

BCF STATUS,DC 
ENCFSZ STATUS,F 
NOP 

The first instruction clears the DC bit to 
ensure no other STATUS bits are changed. The 
second instruction has the effect of complement-
ing bit 0 (Carry bit) and shifting bit 0 into bit 1 
(DC). The INCFSZ instruction, not INCF, must 
be used as it does not affect any other STATUS 
bits. The NOP cancels the effect of skip if zero. 

Peter Hemsley, via email 

How superbly simple — now I must try to find 
a use for it, as I have successfully (and benefi-
cially) done with so many of your offerings! 
Readers, if you have not yet discovered our PIC 
Tricks folder on our ftp site, do so. There are 
many useful PIC routines there, many of them by 
Peter and which are extremely useful, as well as 
being neat and compact. 

Amonst the "tricks" are Peter's multiply, 
divide and BCD routines, all of which I use fre-
quently, his square roots (this issue) will also be 
put there. 

PIC RESOURCE 
Dear EPE 
I have come across what I think is a great 

product for PIC users. It is Pascalite, which, 
somewhat confusingly, is the name for some free 
software and a PIC product a bit like 
BasicStamp. Pascalite allows you to program 
PICs in a dialect of Pascal, the basis of Delphi. 

Particularly commendable is the fact that any-
one can download, free, the excellent fully work-
ing IDE. It's not a big download, only 480Kb, 
and is a simple, modest install. Of course, once 
you have that, you'll want (so the suppliers hope) 
to buy the hardware that it creates programs for. 
However, there is a simulator, so you can see 
how your program should work even without the 
hardware. 
The full details are at www.arunet.co.uk/ 

tkboyd/ele 1 ps.htm ("ce-ell-ce-one") 
Tom Boyd, Chichester, via email 

Thanks Tom — and I know your site is interest-
ing in a general way as well. Readers have a 
browse of Tom's site! 

TK3 BUG FIXED 
At the beginning of June, loading problems 

with Toolkit TK3 V1.23 (at that time newly 
updated) were reported. A corrected version was 
put on the ftp site in the middle of June but there 
is a workaround if you don't want to re-down-
load, as was announced in the Chat Zone at the 
time. 

The bug (runtime error 380) was to do with 
the new facility to add your own PICs and is too 
complicated to explain, but the workaround is to 
create the file defaults_clear_record.trt through 
Notepad and save it in the TK3 folder (it does 
not need any text in it). 

Those of you who simply overwrote the previ-
ous TK3 files with those of V1.23 would not have 
deleted the above file and so should not have had 
any problem. It's only you who (wisely in the 
normal way — but not this time!) started afresh 
having safely copied the previous version to a 
folder elsewhere that should have had this 
problem. 
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Feature 

SOMME ROOTS 
WITH PICS 
PETER HEMSLEY  

A neat routine that allows a PIC microcontroller to extract 
the square root of 3 number. 

T
IIE use of maths routines in micro-
controllers is becoming increasingly 
popular, as is evident in the PIC-con-

trolled projects published in EFE. 
Recently, in the EPE Chat Zone, a reader 
was searching for a square root routine for 
use in calculating r.m.s. values of input 
data. It was this request which prompted 
the author to write such a routine for the 
PIC 

HOW TO FIND A 
SQUARE ROOT 
There are various ways to find the 

square root of a number, the most popular 
being the Newton-Raphson method. This 
method uses successive approximation and 
has a fast convergence rate, but has a draw-
back in that it requires a division routine 
which is relatively long and slow. 
The author's favoured method uses 

only subtraction and, of course, the 
obligatory bit shifting in the final assem-
bly routine. To explain the algorithm 
some maths is obviously required but 
this will be kept simple, using examples 
where possible. 
The square root of a number is easy to 

find, it is simply N = X2, which is: 

N=XxX 

From this expression it can be seen that 
X is the square root of N, so rearranging 
the expression for X on the left hand side it 
becomes: 

X=N/X (I) 

In other words the square root of a num-
ber is the number divided by its square 
root. 

Notice that the expression is a division, 
so can we use a procedure similar to long 
hand division to find square roots? We 
shall find out. First though, let's examine 
how a number N can be expanded into 
component parts, as follows: 

This is easy, it is simply the digits of the 
number multiplied by their respective pow-
ers of ten. Similarly N can be written as: 

N = x 102" + An., x 102("--I) + An-2 x 
102(11-2) .. AI x (3) 

Don't worry if you do not understand 
these expressions, it is just a mathematical 
way of representing a series. An example 
will make it clear: 

9604 = 96 x 102 + 04 x 10° (4) 

This time the powers of ten go up by two 
for each term, so there must be two digits 
to each term. The expression also contains 
the same number of terms as there are dig-
its in the root of N. So if we can evaluate 
the root of each term we will then have the 
root of N. 

Very few people could calculate the 
square root of a large number in their head, 
but most could do it if the number were an 
integer in the range of 0 to 99 and the answer 
were a single integer digit plus a remainder. 

For example 69 would yield a square 
root of 8 since this is the largest integer 
which when squared gives a result of 69 or 
less, the remainder being 69 — (8 x 8) 
which is 5. 

PRACTICAL THEORY 
Sounds too simple? Well, yes, of course 

it is. Unfortunately we cannot simply root 
each term because lower order terms con-
tain portions of the higher terms which 
must be accounted for. To find a method of 
rooting each term, as an example we will 
square the number 27, expanding the long 
multiplication: 

N = An x 10" + An_i x 10"-1 + An_2 X 1011-2 

+ . x 10° (2) 
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27 (5) 
x27 

49 
140 
140 
400 

729 

(7 x 7) 
(20 x 7) 
(7 x 20) 
(20 x 20) 

Now we work backwards to find the 
square root of 729 (which we know to be 
27). Using the format of the expression in 
(3), but ignoring the powers of ten, split the 
number into digit pairs: 

(0)7 29 

The first term is (0) 7 and the integer 
root of 7 is 2 with a remainder of 3, and 2 
is the first digit of the root, which is cor-
rect. Now, as is done in long hand division, 
append the next term (29) to the remain-
der: 

329 

The appended remainder is 329. Now 
we need to find the next root digit from this 
number, which is slightly more complex 
than the first. Taking the square root of 329 
is clearly not going to give the correct 
answer. As previously stated, this is 
because it contains a portion of the higher 
terms which must be taken into account. If 
you add the first three terms of the multi-
plication in (5) you get: 

49 + 140 + 140 = 329 

or, expanding further: 

7 x 7 + 20 x 7 + 7 x 20 = 329 (6) 

Now this looks suspiciously like the 
appended remainder, and in fact it is. The 
appended remainder is the sum of the first 
three terms in (5). What is not apparent 
from the above expression of (6) is that the 
terms two and three contain the previously 
found root (in this case, 2), so the expres-
sion of (6) can be re-written as: 

7 x 7 + 2 x 10x 7+7 x 2 x 10 = 329 

This can be expressed as: 

digit x digit + current root x 10 x digit + 
digit x current root x 10 

Which is reduced and re-arranged to: 
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(20 x current root + digit) x digit (7) 

where current root is the square root found 
so far from higher order terms, and digit is 
the root digit to be found. Putting in the fig-
ures (20 x 2 + 7) x 7 = 329. The second digit 
of the root is therefore 7. Q.E.D. 

THEORY INTO 
PRACTICE 
Now, to put theory into practice, we will 

attempt to find the square root of 9604. 
The first two digits are 96, the square root 
of 96 is then 9 plus a remainder of 15. 
Thus the first digit of the answer is 9. 
To carry the calculations further, the 

next two digits are appended to the 
remainder, therefore the new (appended) 
remainder becomes 1504. Using the 
expression of (7) a final expression for cal-
culating the digits is: 

(20 x current root + digit) x digit 
<= remainder 

Putting numbers into the expression: (20 
x 9 + 8) x 8 = 1504. Therefore the next 
root digit is 8, which is the largest integer 
that will fit into the expression. The square 
root of the whole number is 98. To sum-
marize so far: 

9604 
96 first two digits 

—81 subtract 9 x 9 
current root = 9 

15 . remainder 
1504 append next two digits (04) 

—1504 subtract (20 x 9 + 8) x 8 
current root = 98 

O remainder 

:. the square root 9604 = 98 

SOL/ARE ROOTS OF 
NON-INTEGERS 

This example has been carefully chosen 
to avoid any complexities that may be 
encountered, but we have the basis of a 
method for calculating square roots. The 
method is not limited to integer numbers and 
to illustrate this we will now find the square 
root of 31.5 to an accuracy of four digits. 

Splitting the number into digit pairs we 
get 31 and .5, the 5 is not a digit pair so the 
number needs to be re-written as 31 • 50. 
Also, there are not enough digit pairs for 
the required number of calculations, so 
again re-write the number as 31 • 50 00 00. 
The more observant reader may have 

spotted that the number of digit pairs need-
ed is the same as the number of digits 
required in the root, in this case four. So 
the process becomes: 

31 • 50 00 00 
—25 subtract 5 x 5 

current root = 5 
6 remainder 

At this point the decimal point is insert-
ed into the answer, just as you would do in 
long-hand division. However, for purposes 
of calculating the remaining digits the dec-
imal point (for now) must be ignored: 

650 append next digit pair (50) 
—636 using the formula 

subtract (20 x 5 + 6) x 6 
current root = 56 

14 remainder 
1400 append next digit pair (00) 

—1121 subtract (20 x 56 + 1) x 1 
current root = 561 

279 remainder 
27900 append next digit pair (00) 

—22444 subtract (20 x 561 + 2) x 2 
current root = 5612 

5456 remainder 

We could go on, but the required accuracy 
of four digits is in current root. All that 
remains to do is put in the decimal point at the 
appropriate place. The final result is 5.612. 

Note there is a remainder at the end, this 
indicates there are more digits in the root. i.e. 
the result is a truncation of its true value. A 
more accurate value for this example would 
be 5.612486080, indeed the calculations 
could be repeated to obtain a result of this 
accuracy if so desired. If the remainder were 
zero then the result would be exact and any 
successive digits found would all be zero. 

SOL/ARE ROOT 
ALGORITHM 
From the above description we can now 

write a procedure to find the square root of 
a number. 

Step I. Starting at the decimal point, 
split the number into digit pairs, both to 
the left and right of the decimal point. If 
needed, append the number with 00 digit 
pairs. 

Step 2. Find the integer square root of 
the most significant digit pair. This is the 
first digit of the root. 

Step 3. Subtract the square of the digit 
from the digit pair to give the remainder. 

Step 4. Append the next digit pair to the 
remainder to give a new remainder. 

Step 5. Find the largest integer digit that 
satisfies the expression: 

(20 x current root + digit) x digit 
<= remainder 

This is the next digit of the root. 

Step 6. Subtract the left side of the 
expression from the remainder. 

Step 7. Go to Step 4. 

LISTING I 
, Find the square root of a 24-bit number in NUMH, NUMM, NUML 
; 12-bit result in ROOTH, ROOTL 
; Temporary variables: REMDRH, REMDRL, COUNT 
; 40 instructions 
; Execution time: about 326-387 cycles. 

SQRT 

SQRLP 

TSTGT 

REMLT 

CLRF ROOTL ; Clear result 
CLRF ROOTH 
CLRF REMDRL ; Clear work area 
CLRF REMDRH 
MOVLW Ox0C ; Loop counter 
MOVWF COUNT 
RLF NUML ; Shift two bits of 
RLF NUMM ; NUM into work 
RLF NUMH ; area 
RLF REMDRL 
RLF REMDRH 
RLF NUML 
RLF NUMM 
RLF NUMH 
RLF REMDRL 
RLF REMDRH 
BCF ROOTL,0 ; Clear prey test bit 
SETC ; Insert new test bit 
RLF ROOTL 
RLF ROOTH 
MOVFW ROOTH ; Compare root 
SUBWF REMDRH,W ; and remainder 
SKPZ 
GOTO TSTGT 
MOVFW ROOTL 
SUBWF REMDRL,W 
SKPC 
GOTO REMLT 
MOVFW ROOTL ; Subtract root 
SUBWF REMDRL ; from remainder 
SKPC 
DECF REMDRH 
MOVFW ROOTH 
SUBWF REMDRH 
BSF ROOTL,1 ; Set root bu 
DECFSZ COUNT 
GOTO SQRLP ; Next root bit 
CLRC 
RRF ROOTH ; Adjust root 
RRF ROOTL 
RETURN 
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BINARY SQUARE 
ROOTS 
As previously stated the algorithm is not 

restricted to integers, but for the binary 
implementation that follows only integer 
values will be considered. As usual with 
maths, a binary implementation is easier 
than the decimal equivalent, this is mostly 
due to binary digits having only two possi-
ble values, 0 or 1. 
The value of 20 in the previous decimal 

expression is derived from two times the 
numeric base of 10. Working in base 2 
requires a new expression, which is two 
times the numeric base of 2. Therefore the 
new expression is: 

(4 x current root + digit) x digit 
<= remainder. 

In the decimal example you probably 
solved the expression by guessing at the 
root digit and substituting it into the 
expression. Because binary digits have 
only two possible values the expression 
reduces to: 

(4 x current root + 0) x O = 

or 

(4 x current root + 1) x 1 
= 4 x current root + 1 

This leads to an easy method of finding 
the root digit by comparing the appended 
remainder with 4 x current root + 1. If the 
remainder is the greater value or they are 
equal then the root digit is 1, otherwise it 
is O. 

Previously, the first digit pair was 
treated differently to the rest in that the 
expression was not used to find the first 
root digit. In order to make the procedure 
more consistent by treating all digit pairs 
equally, it is easy to show that the 
expression can be applied to the first 
digit pair. If current root is initially set to 
zero then the expression for the first digit 
pair reduces to digit x digit <= remain-
der, which is exactly how the first root 
digit was found. 

Using the above information we will 
now find the square root of binary 
01010001: 

Set current root = 0, Set remainder = 0. 
01 01 00 01 split number into digit 

pairs 
001 append first digit pair to 

remainder 
001 multiply current root (0) 

by 4 and add 1 
O both are equal so subtract 

current root = 1 
001 append second digit pair 

to remainder 

00100 

1001 

0010001 

10001 

101 multiply current root ( 1) 
by 4 and add 1 

remainder is less than, 
don't subtract 

current root = 10 
append third digit pair to 
remainder 

multiply current root ( 10) 
by 4 and add 1 

remainder is less than, 
don't subtract 

current root = 100 
append forth digit pair to 
remainder 

multiply current root 
(100) by 4 and add 1 
both are equal, subtract 

current root = 1001 
O remainder 

square root = 1001 

PIC SQUARE ROOT 
ROUTINE 
1 he author's implementation of the 

square root algorithm for the PIC, writ-
ten in MPASM dialect, is shown in 
Listing 1. This listing is on the EPE ftp 
site. The easiest access route is via 
the main EPE web page at 
www.epemag.wimborne.co.uk, click on 
ftp site (downloads) then take the path 
PUB — PICS — PICtricks. 

MAKE IT A GIFT EVERY MONTH — AND SAVE UP TO 68p AN ISSUE 

NEXT MONTH - MORSE CODE IS NOT DEAD - IT'S ALIVE AND KEYING! 
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Tel: 01202 873872 Fax: 01202 874562 

E-mail: subs@epemag.wimborne.co.uk 
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RF Data Spike Avoider - OLD Fe'n 

Our regular round-up of readers' own circuits. We pay between 
£10 and £50 for all material published, depending on length 
and technical merit. We're looking for novel applications and 
circuit designs, not simply mechanical, electrical or software 
ideas. Ideas must be the reader's own work and must not 
have been submitted for publication elsewhere. The 
circuits shown have NOT been proven by us. Ingenuity 
Unlimited is open to ALL abilities, but items for consideration in 
this column should be typed or word-processed, with a brief 
circuit description (between 100 and 500 words maximum) and 
full circuit diagram showing all relevant component values. 
Please draw all circuit schematics as clearly as possible. 
Send your circuit ideas to: Alan Winstanley, Ingenuity 
Unlimited, Wimborne Publishing Ltd., 408 Wimborne Road 
East, Ferndown Dorset BH22 9ND. (We do not accept sub-
missions for /U via E-mail.) 
Your ideas could earn you some cash and a prize! 

n TEMPERATURE in the writer's green-
house is transmitted to the house as a 13-

bit data stream over a 418MHz radio link. 
Logic Os and Is are sent as short and long 
pulses, and a 14th bit provides a High/Low 
alarm. The temperature is transmitted every 
second. 

It was found that the system worked well 
for a while but then intermittent interference 
caused erratic reception. It was noticed that 
the interference usually lasted for only a few 
seconds and consisted of a large number of 
spikes. Re-positioning the small Tx/Rx heli-
cal aerials, and adding some screening, 
helped but did not cure the problem. 

The solution, which has proved generally 
effective, is to count the number of received 
pulses each second, and if the count is 
greater than the expected number of signal 
pulses in one second ( i.e. 14) then the tem-
perature display is prevented from changing 
for a few seconds — until the interference 
ceases. 
The RF Data circuit diagram is shown in 

Fig. 1 and uses standard 4000 CMOS 
devices. The Schmitt trigger IC 1 a tidies up 
the signal from the receiver and IC1b inverts 
it, triggering the monostable IC2. This 
removes the reset on decade counters IC3 and 
IC4 for a period of 800ms. 

VVIN A PICO PC BASED 
OSCILLOSCOPE WORTH £586 
• 100MS/s Dual Channel Storage Oscilloscope 
• 50MHz Spectrum Analyser 
• Multimeter • Frequency Meter 
• Signal Generator 
If you have a novel circuit idea which would be 
of use to other readers then a Pico Technology 
PC based oscilloscope could be yours. 
Every 12 months, Pico Technology will be 
awarding an ADC200-100 digital storage 
oscilloscope for the best IU submission. In 
addition, a DrDAQ Data Logger/Scope worth 
£69 will be presented to the runner up. 

If a count of more than 14 is reached then 
the output of the AND gate IC5 goes high and 
triggers IC6, the second monostable, for 
about 2.5 seconds, inhibiting the display 
change. If a further burst of interference is 
received, the cycle repeats. Holding the dis-
play static for a few seconds does not matter 
as the temperature changes only slowly in the 
greenhouse. 
A possible refinement would be to inhibit 

the display change circuit if the pulse count is 
less than 14 or greater than 15 but this may 
not be worthwhile as the interference usually 
contains many more than 14 pulses. 

Stephen Stopford, 
London 
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Fig. Circuit diagram for the RF Data Spike Avoider. 
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INTER 
Robert Pen fold 

USING MSCOMM TO RECEIVE SERIAL DATA 

wrHE previous Interface article covered 
the subject of using Visual BASIC with 

the built-in MSCOMM ActiveX control to 
send data from the serial port. In this arti-
cle using MSCOMM to receive serial data 
will be considered. 

It is only fair to point out again that 
MSCOMM is not induded with all ver-
sions of Visual BASIC. You need a reason-
ably up-to-date version and at least the 
Professional edition. Also, it is not includ-
ed with the free versions such as Visual 
5.0 BASIC CCE. 

Instant Access 
Bear in mind that the MSCOMM 

ActiveX file (MSComm32.ocx) must be 
accessible to compiled programs that use 
this method of accessing the serial ports. 
You will therefore need to include this file 
with any MSCOMM programs that you 
supply to other people. However, no 
third party add-ons such as 
Inpout32.dll are required, 
and programs that use 
MSCOMM should be fully 
compatible with all 32-bit 
versions of Windows, 
including Windows XP and 
its predecessors. 
Remember that it is nec-

essary to load MSCOMM 
into Visual BASIC in order 
to utilise its facilities. Select 
Components from the 
Project menu and tick the 
checkbox for the MSCOMM 
component. It will be called 
something like Microsoft 
Com Control plus a version 
number. You do not have a 
suitable version of Visual 
BASIC if this component is 
not listed. 
Assuming it is present, 

operate the Apply and 
Close buttons, and an icon 
for the new component will 
then appear in the Toolbox. 
This component can be 
loaded from the Toolbox to 
the form in the normal way. It will not be 
visible when the program is run, so it can 
be placed in any vacant space on the 
form. 

Fig. 1. The completed form, ready for the program to be added. 

On Trial 
In order to try out MSCOMM as a 

means of receiving data, place a com-
mand button on the form and label it 
"Exit". Then add a label component and 
set it to use a fairly large font so that it will 
make a good digital readout. It will be 
used to display the received 8-bit values 
in decimal form. You should then have 
something like Fig.l. 
These three subroutines are then added 

to the command button, form, and 
MSCOMM respectively. 

Private Sub Commandl Click() 
MSConunl.PortOpen =—False 
End 
End Sub 

Private Sub Form Load() 
Dim SerByt As String 
MSComml.RThreshold = 1 
MSConunl InputLen = 1 
MSCormnl.Settings = "19200,N,8,1" 
MSComml.CommPort = 1 
MSCommlinputMode = 
cœnLnputModeText 

MSComml.PortOpen = True 
End Sub 

Private Sub MSComml OnCommo 
If MSComml.CommEvnt = 2 Then 
SerByt = MSComml.hiput 

Labell.Caption = Asc(SerByt) 
End If 
End Sub 

The subroutine for the command but-
ton simply ends communication with the 
serial port and closes the program. A 
string variable (SerByt) is defined in the 
first line of the subroutine for the form. 
This is used to store received data. The 
remaining instructions in this subroutine 
open communications with the serial port 
and set the appropriate parameters. 
As explained in the previous Interface 

article, the serial port can be configured 
by selecting the MSCOMM icon on the 
form and using the Properties window. 
However, the parameters can be set via 
the program, and having a standard set-
up routine assigned to the form is per-
haps a neater way of handling things. 
The functions of some instructions in 

this routine are fairly obvious, and they 
select the required serial port, enable 
communications with it, and set the word 
format, etc. One of the less obvious para-
meters is the InputMode. There are two 
choices, which are input modes 0 (binary) 
and 1 (text). 
On the face of it, the binary mode is the 

most appropriate for interfacing projects, 
but in practice it seems to be necessary to 
use the text mode. Like sending data via 
MSCOMM, this necessitates the use of 
string conversions, but it does actually 
work. 

Eventing 
There are two basic methods of receiv-

ing serial data, which are polling and the 
event driven method. Polling just means 
checking the port at regular and frequent 
intervals to see if any fresh data is avail-
able. This method works well enough but 

is not very efficient. 
MSCOMM makes it 

easy to use the event dri-
ven method where an 
OnCornmo event is gen-
erated every time X bytes 
of data have been 
received. The program 
then responds to this 
event by reading the new 
bytes of data and process-
ing them. The program 
does not do any direct 
monitoring of the serial 
port. 
The RThreshold para-

meter controls the num-
ber of bytes that are 
needed to trigger an 
OnComm() event. For this 
initial example, the bytes 
are read one at a time, and 
RThreshold accordingly 
has a value of 1. 
The InputLen setting 

determines the number of 
bytes that will be read 
from the receiver buffer 
each time the program 

fetches serial data. This will normally 
have the same value as RThresold so that 
an OnCommo event is generated after X 
bytes have been received, and those X 
bytes are then read by the program. In 
this case the program is operating on a 
byte-by-byte basis, so RThreshold and 
InputLen both have a value of 1. 

Over Two You 
It is the subroutine for the MSCOMM 

component that actually reads the serial 
port and prints the returned value on the 
label. A form of IF...THEN loop waits for 
CommEvent to return a value of 2. 
There are seven types of events num-

bered from one to seven, and the follow-
ing are the events that trigger them: 
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Number 
1 
2 
3 
4 
5 
6 
7 

Event 
Send 
Receive 
Change in the CTS line 
Change in the DSR line 
Change in the CD line 
Ring detect 
End of file 

In this case the appropriate number of 
bytes being received must trigger the 
routine, and hence a value of 2 is used. 
When a CommEvent occurs and it has 
this value, the data from the serial port 
is stored in the string variable called 
SerByt. 
When interfacing to projects it is nor-

mally an exchange of numeric data 
rather than strings that is required, but 
the raw ASCII values are easily extracted 

Fig.2. Linking the serial ports of two PCs. Make sure the 
leads are connected to the PCs the right way round. 

from string variables using the Asc0 
function. 

This function is used in the line of code 
that writes the received values to the 
label, and it is therefore eight-bit values 
from 0 to 255 rather than string characters 
that are displayed. 
This is the opposite process to the one 

used in the transmitter program 
described previously. A double conver-
sion process such as this is clearly a cum-
bersome way of sending and receiving 
data, more direct approaches failed to 
work at all. 
A good way of testing the serial receiver 

program is to couple the serial ports of two 
PCs. One can be used with the transmis-
sion program described in the previous 
Interface article, and the other can be used 
with the receiver program. Only two 
connections are required between the two 
serial ports, and these are shown in Fig,.2. 
Make sure that the lead is connected to 

the two PCs the right way around. With 
both programs running, any value sent 
from the transmitting PC should almost 
instantly appear on the receiving one. 
Screen shot Fig.3 shows the program in 
action. 

Multiple Bytes 
Readmg single bytes is sufficient for 

many practical applications, but it is 
sometimes necessary to read groups of 
bytes. A serial interface can only handle 
eight bits at a time, so 16-bit words have 
to be sent as two bytes and then merged 
into a 16-bit value again by the PC's 
software. 
With something like a temperature 

interface that has five sensors, it would 
probably be more convenient to send and 
read the data in groups of five bytes. The 

program is easily modified to handle 
groups of bytes, and it is just a matter of 
adding four more label components and 
using the following program: 

Private Sub Commandl Click() 
MSComml.PortOpen =-False 
End 
End Sub 
Private Sub Form Load() 
Dim SerByts As String 
MSComml.RThreshold = 5 
MSCommlinputLen = 5 
MSComml.Settings = "19200,N,8,1" 
MSComml.CommPort = 1 
MSComml.InputMode = 
comInputModeText 

MSComml.PortOpen = True 
End Sub 

However, there is the added complica-
tion that each character must be extracted 
from the group of five, and this is 
achieved using the Mid$ function. The 
first number in this function selects the 
position of the character, and the second 
number determines the number of char-
acters that are processed. 
Thus, values of three and one select just 

the third byte in the string. Even with 
large groups of bytes it is easy to select 
any desired byte using this method. 
The program in operation is shown in 

Fig.4. The transmitting program has 
started at a value of 234, and the value 
has then been incremented five times 
so that values from 235 to 239 have 
been transmitted. These have been 
displayed correctly on the five label 
components. 

235 236 237 238 239 

Fig.4. A group of five bytes have been displayed correctly 
The transmitting program has started at 234 and then incre-
mented five times so that values of 235 to 239 have been 
transmitted. 

Private Sub MSComml OnCornm0 
If MSComml.CommEvnt = 2 Then 
SerByts = MSComml.Input 

Labell(0).Caption = Asc(Mid$(SerByts, 
1, 1)) 

Labell(1).Caption = Asc(Mid5(SerByts, 
2, 1)) 

Labell(2).Caption = Asc(Mid5(SerByts, 
3, 1)) 

Labell(3).Caption = Asc(Mid5(SerByts, 
4, 1)) 

Labell(4).Caption = Asc(Mid5(SerByts, 
5, 1)) 

End If 
End Sub 

This program operates in fundamental-
ly the same way as the original, but 
RThreshold and InputLen have been 
given a value of five so that data is read in 
the form of five-byte groups. When five 
bytes have been received they are stored 
in the variable called SerByts as a five-
character string. As before, the Asc() func-
tion is used to convert the string charac-
ters into corresponding eight-bit numeric 
values. 

1=11111111111111•111MIllffler"'-' 

224 

Fig.3. The program is correctly receiv-
ing and displaying bytes of data. 

Finally 
While MSCOMM has clearly not been 

designed with project interfacing in 
mind, it can be adapted to this application 
quite easily. Sending and receiving data 
admittedly requires cumbersome conver-
sions, but these do not really complicate 
the software very much. 
The advantage of using MSCOMM 

rather than direct control of the serial 
ports is that it avoids the need for any 
third party add-ons, and it ensures 
compatibility with any 32-bit version of 
Windows. Programs that use 
MSCOMM should therefore be compat-
ible with any Windows operating sys-
tem from Windows 95 through to 
Windows XP. 
Remember that directly accessing the 

hardware ensures that programs are 
not compatible with Windows NT4, 
2000, or XP. Hopefully, MSCOMM will 
also give compatibility with future 
versions of the Windows operating 
system. 
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Logic Probe testing 

Electronic Projects is split into two main sections: Building Electronic Projects 
contains comprehensive information about the components, tools and techniques 
used in developing projects from initial concept through to final circuit board 
production. Extensive use is made of video presentations showing soldering and 
construction techniques. The second section contains a set of ten projects for 
students to build, ranging from simple sensor circuits through to power amplifiers. A 
shareware version of Matrix's CADPACK schematic capture, circuit simulation and 
p.c.b. design software is included. 
The projects on the CD-ROM are: Logic Probe; Light, Heat and Moisture Sensor; 
NE555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power 
Amplifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics 
and p.c.b. layouts are included on the CD-ROM. 

ELECTRONIC CIRCUITS & COMPONENTS V2.0 

Circuit simulation screen 

Provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The 
virtual laboratories, worked examples and pre-designed circuits allow students to 
learn, experiment and check their understanding. Version 2 has been considerably 
expanded in almost every area following a review of major syllabuses (GCSE, GNVO, 
A level and HNC). It also contains both European and American circuit symbols. 
Sections include: Fundamentals: units & multiples, electricity, electric circuits, 
alternating circuits. Passive Components: resistors, capacitors, inductors, 
transformers. Semiconductors: diodes, transistors, op.amps, logic gates. Passive 
Circuits. Active Circuits. The Parts Gallery will help students to recognise common 
electronic components and their corresponding symbols in circuit diagrams. 
Included in the Institutional Versions are multiple choice questions, exam style 
questions, fault finding virtual laboratories and investigations/worksheets. 

ANALOGUE ELECTRONICS 

_ereimisel 

Complimentary output stage 

Analogue Electronics is a complete learning resource for this most difficult 
branch of electronics. The CD-ROM includes a host of virtual laboratories, 
animations, diagrams, photographs and text as well as a SPICE electronic 

circuit simulator with over 50 pre-designed circuits. 
Sections on the CD-ROM include: Fundamentals — Analogue Signals (5 
sections),Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps 
— 17 sections covering everything from Symbols and Signal Connections to 
Differentiators. Amplifiers — Single Stage Amplifiers (8 sections), Multi-stage 
Amplifiers (3 sections). Filters — Passive Filters ( 10 sections), Phase Shifting 
Networks (4 sections), Active Filters (6 sections). Oscillators — 6 sections from 
Positive Feedback to Crystal Oscillators. Systems — 12 sections from Audio 
Pre-Amplifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos. 

DIGITAL ELECTRONICS V2.0 
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Virtual laboratory — Traffic Lights 

Digital Electronics builds on the knowledge of logic gates covered in Electronic 
Circuits & Components (opposite), and takes users through the subject of digital 
electronics up to the operation and architecture of microprocessors. The virtual 
laboratories allow users to operate many circuits on screen. 
Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, 
monostable action and circuits, and bistables — including JK and D-type flip-flops. 
Multiple gate circuits, equivalent logic functions and specialised logic functions. 
Introduces sequential logic including clocks and clock circuitry, counters, binary 
coded decimal and shift registers. ND and D/A converters, traffic light controllers, 
memories and microprocessors — architecture, bus systems and their arithmetic logic 
units. Sections on Boolean Logic and Venn diagrams, displays and chip types have 
been expanded in Version 2 and new sections include shift registers, digital fault 
finding, programmable logic controllers, and microcontrollers and microprocessors. 
The Institutional versions now also include several types of assessment for 
supervisors, including worksheets, multiple choice tests, fault finding exercises and 
examination questions. 

FILTERS 
Filters is a complete course in designing active and passive filters that makes 
use of highly interactive virtual laboratories and simulations to explain how filters 
are designed. It is split into five chapters: Revision which provides underpinning 
knowledge required for those who need to design filters. Filter Basics which is a 
course in terminology and filter characterization, important classes of filter, filter 
order, filter impedance and impedance matching, and effects of different filter 
types. Advanced Theory which covers the use of filter tables, mathematics 
behind filter design, and an explanation of the design of active filters. Passive 
Filter Design which includes an expert system and filter synthesis tool for the 
design of low-pass, high-pass, band-pass, and band-stop Bessel, Butterworth 
and Chebyshev ladder filters. Active Filter Design which includes an expert 
system and filter synthesis tool for the design of low-pass, high-pass, band-pass, 
and band-stop Bessel, Butterworth and Chebyshev op.amp filters. 

ELECTRONICS 
CAD PACK 

PCB Layout 

Electronics CADPACK allows users to 
design complex circuit schematics, to view 
circuit animations using a unique SPICE-
based simulation tool, and to design 
printed circuit boards. CADPACK is made 
up of three separate software modules. 
(These are restricted versions of the full 
Labcenter software.) ISIS Lite which 
provides full schematic drawing features 
including full control of drawing 
appearance, automatic wire routing, and 
over 6,000 parts. PROSPICE Lite 
(integrated into ISIS Lite) whin uses 
unique animation to show the ope'ation of 
any circuit with mouse-operated switches, 
pots. etc. The animation is compiled using 
a full mixed mode SPICE simulator. ARES 
Lite PCB layout software allows 
professional quality PCBs to be designed 
and includes advanced features such as 
16-layer boards, SMT components, and 
an autorouter operating on user generated 
Net Lists. 

ROBOTICS & 
MECHATRONICS 

VI 

Marmo 

Case study of the Milford 

Instruments Spider 

Robotics and Mechatronics is designed to 
enable hobbyists/students with little 
previous experience of electronics to 
design and build electromechanical 
systems. The CD-ROM deals with all 
aspects of robotics from the control 
systems used, the transducers available, 
motors/actuators and the circuits to drive 
them. Full case study material (including 
the NASA Mars Rover, the Milford Spider 
and the Furby) is used to show how 
practical robotic systems are designed. 
The result is a highly stimulating resource 
that will make learning, and building 
robotics and mechatronic systems easier. 
The Institutional versions have additional 
worksheets and multiple choice questions. 
• Interactive Virtual Laboratories 
• Little previous knowledge required 
• Mathematics is kept to a minimum and 

all calculations are explained 
• Clear circuit simulations 

PRICES 
Prices for each of the CD-ROMs above are: 

Hobbyist/Student £45 inc VAT 
Institutional (Schools/HE/FE/Industry) £99 plus VAT 
Institutional 10 user (Network Licence) £199 plus VAT 

(Order form on third page) Site Licence £499 plus VAT 

(UK and EU customers add VAT at 17.5°. to "plus VAT" prices) 



PlCmicro TUTORIALS AND PROGRAMMING 
HARDWARE 

VERSION 2 PlCmicro MCU 
DEVELOPMENT BOARD 

Suitable for use with the three software packages 
listed below. 

This flexible development board allows students to learn 
both how to program PlCmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40-pin devices. For 
experienced programmers all programming software is 
included in the PPP utility that comes with the development 
board. For those who want to learn, choose one or all of the 
packages below to use with the Development Board. 
• Makes it easier to develop PlCmicro projects 
• Supports low cost Flash-programmable PlCmicro 

devices 
• Fully featured integrated displays — 13 individual I.e.d.s, 

quad 7-segment display and alphanumeric I.c.d. display 
• Supports PlCmicro microcontrollers with AID converters 
• Fully protected expansion bus for project work 
• All inputs and outputs available on screw terminal 

connectors for easy connection 

£145 including VAT and postage 

12V 500mA plug-top PSU (UK plug) £7 

25-way TY type connecting cable £5 

SOFTWARE  
Suitable for use with the Development Board shown above. 

ASSEMBLY FOR PlCmicro V2 
(Formerly PICtutor) 

Assembly for PlCmicro microcontrollers V2.0 
(previously known as PICtutor) by John 
Becker contains a complete course in 
programming the PIC16F84 PlCmicro 
microcontroller from Arizona Microchip. It 
starts with fundamental concepts and 
extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 
The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PlCmicro micro-
controller. This is a simulation tool that 
allows users to write and execute MPASM 
assembler code for the PIC16F84 
microcontroller on-screen. Usirg this you 
can actually see what happens ins.de the 
PlCmicro MCU as each instruction is 
executed which enhances understarding. 
• Comprehensive instruction through 39 
tutorial sections • Includes Vlab, a Virtual 
PlCmicro microcontroller: a fully functioning 
simulator • Tests, exercises and projects 
covering a wide range of PlCmicro MCU 
applications • Includes MPLAB assembler 
• Visual representation of a PlCmicro 
showing architecture and functions • 
Expert system for code entry helps first time 
users • Shows data flow and fetch execute 
cycle and has challenges (washing 
machine, lift, crossroads etc.) • imports 
MPASM files. 

'C' FOR PlCmicro 
VERSION 2 

The C for PlCmicro microcontrollers CD-
ROM is designed for students and 
professionals who reed to learn how to 
program embedded microcontrollers in C. 
The CD contains a course as well as all the 
software tools needed to create Hex code 
for a wide range of PlCmicro devices — 
including a full C compiler for a wide range 
of PlCmicro devices. 
Although the course focuses on the use of 
the PlCmicro microcontrollers, this CD-
ROM will provide a good grounding in C 
programming for any microcontroller. 
• Complete course in C as well as C 
programming for PlCmicro microcontrollers 
• Highly interactive course • Virtual C 
PlCmicro improves understanding • 
Includes a C compiler for a wide range of 
PlCmicro devices • Includes full Integrated 
Development Envi-onment • lrcludes 
MPLAB software • Compatible with most 
PlCmicro programmers • Includes a 
compiler for all the PlCmicro devices. 

ili••• Ile •  

...bp  

1 two .... «a.... • 
=.. =....o. • .......21;.. 

••••••••••,•••••••••••• 

Virtual PlCmicro 

Y, 

¡Jidda IIIE 
rew-eurneme.1" 

w••«»,all Mil 

imams esurar 

Minimum system requirements for these 
items: Pentium PC running Wndows 98, 

NT, 2000, ME, XP; CD-ROM drive; 
64MB RAM; 10MB hard disK space. 

FLOWCODE FOR PlCmicro 
Flowcode is a very high level language 
programming system for PlCmicro 
microcontrollers based on flowcharts. 
Flowcode allows you to design and simulate 
complex robotics and control systems .n a 
matter of minutes. 
Flowcode is a powerful language that eses 
macros to facilitate the control of complex 
devices like 7-segment displays, motor 
controllers and I.c.d. displays The use of 
macros allows you to contro, these 
electronic devices without getting bogged 
down in understanding the programming 
involved. 
Flowcode produces MPASM code which is 
compatible with virtually all PlCmicro 
programmers. When used in conjunction 
with the Version 2 development board this 
provides a seamless solution that allows 
you to program chips in minutes. 
• Requires no programm ng experience • 
Alfows complex PlCmicro applications to be 
des gned quickly • Uses interrational 
standard flow chart symbols (IS05807) • 
Full on-screen simulation allows debugging 
and speeds up the deveJopment process 
• Facilitates learning via a full suite of 
demonstration tutorials • Produces ASM 
code for a range of 8, 18. 28 and 40-pin 
dev!ces • Institutional versions include 
virtual systems (burglar alarms, car parks 
etc.). 

Burglar Alarm Simulation 

PRICES 
Prices for each of the CD-ROMs above are 

(Order form on next page) 

Hobbyist/Student 
Institutional (Schools/HE/FE/Industry) 
Flowcode Institutional 

institutional 10 user (Network Licence) 
Site Licence 

£45 Inc VAT 
£99 plus VAT 
£70 plus VAT 

£249 plus VAT 
£599 plus VAT 

(UK and EU customers add VAT at 17.5% to 'plus VAT" prices) 



TEACH-IN 2000 - LEARN ELECTRONICS WITH EPE DIGITAL WORKS 3.0 

EPE's own Teach-ln CD-ROM, contains 
the full 12-part Teach-In series by John 
Becker in PDF form plus the Teach-ln 
interactive software covering all aspects 
of the series. We have also added Alan 
Winstanley's highly acclaimed Basic 
Soldering Guide which is fully illustrated 
and which also includes Desoldering. 
The Teach-In series covers: Colour 
Codes and Resistors, Capacitors, 
Potentiometers, Sensor Resistors, Ohm's 
Law, Diodes and L.E.D.s, Waveforms, 
Frequency and Time, Logic Gates, 
Binary and Hex Logic, Op.amps, 
Comparators, Mixers, Audio and Sensor Sine wave relationship val J es 
Amplifiers, Transistors, Transformers and 
Rectifiers, Voltage Regulation, Integration, Differentiation, 7-segment Displays. L 
Digital-to-Analogue. 
Each part has an associated practical section and the series includes a simple PC 
interface so you can use your PC as a basic oscilloscope with the various circuits. 
A hands-on approach to electronics with numerous breadboard circuits to try out. 

£12.45 including VAT and postage. Requires Aoobe Acrobat (available free from 
the Internet - www.adobe.com/acrobe. 

FREE WITH EACH TEACH-IN CD-ROM - Electronics Hobbyist Compendium 80-page 
book by Robert Penfold. Covers Tools For The Job: Component Testing; Oscilloscope 
Basics. 
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FREE BOOK 
WITH TEACH-IN 
2000 CD-ROM 

ELECTRONIICS IN CONTROL 
Two colourful animated courses for students on one CD-ROM. These cover Key Stage 3 and GCSE syllabt..ses. Key 
Stage 3: A pictorial look at the Electronics section featuring animations and video clips. Provides an ideal introduction 
or revision guide, including multi-choice questions with feedoack GCSE: Aimed at the Electronics in many Desigr & 
Technology courses, it covers many sections of GCSE Electronics. Provides an ideal revision guide with Homework 
Questions on each chapter. Worked answers with an access code are provided on a special eebsite. 

Single User £29 inc. VAT. Multiplie User £39 plus VAT 
Student copies ( available oily with a multi ple user ccpv) £6 plus VAT 

(UK and EU customers add VAT at 17.5% to "plus VAT' prices) 

MODULAR CIRCUIT DESIGN 
Contains a range of tried and tested analogue and digital circuit modules, together with the 
knowledge to use and interface them. Thus allowing anyone with a basic understanding of circuit symbols to 
design and build their own projects. Version 3 includes data and c.rcuit modules for a iange al popular PICs; includes 
PICAXE circuits, the system which enables a PIC to be programmed without a programmer, and w:thout removing il 
from the circuit. Shows where to obtain free software downloaas to enable BASIC programming. 
Essential information for anyone undertaking GCSE or "A" level electronics or technology and for hobbyists wno want 
to get to grips with project design. Over seventy different Input, Processor and Output ¡nodules are illustrated and fully 
described, together with detailed information on construction, fault finding and comporents, including circuit symbols, 
pinouts, power supplies, decoupling etc. 

Single User £19.95 inc. VAT. Multiple User £34 plus VAT 
(UK and EU customers add VAT at 17.5% to "plus VAT- prices) 

Counter 

project 

Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability • Software 
for simulating digital logic circuits • Create 
your own macros - highly scalable • Create 
your own circuits, components, and i.c.s • 
Easy-to-use digital interface • Animation 
brings circuits to life • Vast library of logic 
macros and 74 series i.c.s with data sheets 
• Powerful tool for designing and learning. 
Hobbyist/Student £45 inc. VAT. 
Institutional £99 plus VAT. 
Institutional 10 user £199 plus VAT. 
Site Licence £499 plus VAT. 

ELECTRONIC 
COMPONENTS PHOTOS 

A high quality selection of over 200 JPG 
images of electronic 
components. This 
selection of high 
resolution photos can-be 
used to enhance 
projects and 
presentations or to help 
with training and 
educational material. 
They are royalty free for 
use in commercial or 
personal printed projects, and can also be 
used royalty free in books, catalogues, 
magazine articles as well as worldwide web 
pages (subject to restrictions - see licence for 
full details). 
Also contains a FREE 30-day evaluation of 
Paint Shop Pro 6 - Paint Shop Pro image 
editing tips and on-line help included! 

Price £19.95 inc. VAT 
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Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME/XP, mouse, sound card, web browser. 

Please send me: CD-ROM ORDER FORM 
Electronic Projects 
Electronic Circuits & Components V2.0 
Analogue Electronics 
Digital Electronics V2.0 
Filters 
Electronics CAD Pack 
Robotics & Mechatronics 
Assembler for PlCmicro 
'C' for PlCmicro 
Flowcode for PlCmicro 
Digital Works 3.0 

Version required: 
E Hobbyist/Student 

Institutional 
E Institutional 10 user 
E Site licence 

VISA 

PlCmicro Development Board ( hardware. 

Development Board UK plugtop power seply 
Development Board 25-way connecting lead 

D Teach-In 2000 + FREE BOOK 

El Electronic Components Photos 
D Electronics In Control - Single User 
D Electronics In Control - Multiple User 
El Modular Circuit Design - Single User 

Modular Circuit Design - Multiple User 

Full name: 

Note: The software on eacn version is 
the sane, only Inc licence for use varies. 

itasierrad 

Address:   

 Post code:  Tel. No:   

Signature:   

Ej I enclose cheque/PO in £ sterling payable to WIMBORNE PUBLSHING LTD for £   
Please charge my Visa/Mastercard/Amex/Diners Club/Switch: £  Card expiry date:   

Card No'  Switch Issue No.   

ORDERING 
ALL PRICES INCLUDE UK 

POSTAGE 

Student/Single User/Standard Version 

price includes postage to most 

countries in the world 

EU residents outside the UK add £5 for 

airmail postage per order 

Institutional, Multiple User and Deluxe 
Versions - overseas readers add £5 to the 
basic price of each order for airmail postage 
(do not add VAT unless you live in an EU 
(European Union) country, then add 171/2 % 
VAT or provide your official VAT registration 
number). 

Send your order to: 

Direct Book Service 

Wimborne Publishing Ltd 

408 Wimborne Road East 

Ferndown, Dorset BH22 9ND 

To order by phone ring 

01202 873872. Fax: 01202 874562 
Goods are normally sent within seven days 

E-mail: orders@wimborne.co.uk 

Online shop: 
www.epemag.wimborne.co.ukishopdoor.htm 



SURFING THE INTERNET 

NET WORK 
ALAN WINSTANLEY 
'Popular' Viruses 

Jsi at the moment the virus scene appears to be more active than 
ever if my germ-laden incoming email is anything to go by, and 

a couple of particular viruses seem to be causing more than the 
usual amount of trouble. How up to date is your anti-virus software? 
Many viruses are merely primitive attempts to dupe the recipient 

into opening a file attachment. After a while some "popular" virus-
es are easily recognisable and can quickly be deleted. Usually I 
would recommend file attachments should never be opened unless 
you recognise the sender and you have scanned the file for viruses. 
However, bear in mind that the sender's name can easily be forged: 
I was recently the recipient of a virus that actually appeared to have 
been mailed out by myself! Since I maintain a rigorous anti-virus 
regime and I do not use the Windows Address Book, it was impos-
sible for me to have transmitted that particular virus. If you do 
receive a virus from someone then, depending on the virus in ques-
tion, remember that the sender's address may well have been falsi-
fied, so you should not be tempted to unleash a torrent of abuse 
against the hapless sender. 

Often it is a mixture of lack of experience and poor computer 
hygiene that results in a virus or worm infiltrating a computer sys-
tem. Every Internet user ought to shoulder some responsibility for 
ensuring that they do not propagate any viruses, and the only way 
to do that is to maintain up to date anti-virus software. Some ISP's 
(including the one used by EPE) also use hardware firewalls to fil-
ter out much of the dubious E-mail, which helps to conserve their 
own network resources as well. 
An increasing number of viruses spread themselves by using the 

Windows Address Book: The virus might have its own built-in 
SMTP mailer which it uses to replicate itself and mail itself out 
again, often without the knowledge of the system owner. This prob-
lem is likely to worsen as the uptake of broadband Internet access 
goes up and background noise rises as a consequence. 

False Alarms 
One of the more sinister variants of virus to recently come along 

purports to be from "Microsoft Security Corporation Center". The 
email attaches a file which is said to be "the latest version of secu-
rity update, the ' 15 Jun 2002 Cumulative Patch' update which elim-
inates all known security vulnerabilities affecting Internet Explorer 
. . . and is discussed in Microsoft Security Bulletin MS02-005" it 
says. The diatribe implores you to run an attached file number 
q216309.exe — a filename that an experienced computer user would 
recognise as a typical Microsoft Knowledge Base type of filename. 
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Norton AntiVirus 2002 

"You don't need to do anything after installing this item" says the 
viral email — except disinfect the system that you just infected with 
the W32.Gibe@mm virus. The audacity and mentality of the perpe-
trators of these viruses defies belief. 

Far more annoying has been the major outbreak of 
W32.Klez.H@nun which started to appear in March 2002 and is 
still going strong, making it one of the most troublesome viruses 
ever. However, it is thought that the increasingly widespread use of 
anti-virus tools has helped to limit the damage. Klez is another type 
that mails itself out over the local area network, or over the Internet 
using the Windows Address Book or ICQ database. It will also hap-
pily send out a random file contained on the local system, which 
may or may not be confidential. I have received over 80 of these 
files, which Norton Anti Virus 2002 (buy online from www.syman-
tec.com) has intercepted and quarantined automatically. 
When all the signs are there that a new virus is breaking out and 

the traffic is becoming overwhelming, it makes sense to interrogate 
(poll) your mailbox and delete any suspicious mail directly from the 
server (always a satisfying job), or use a web-based mail system 
instead (a topic which will be covered in a future article). Norton 
Live Update also keeps itself topped up with the latest anti-virus 
signatures, which it downloads periodically. 

Anti Virus Free for Some 
It you don't want to buy a software licence for your computer, then 

one anti-virus program that continues to be popular is AVG 6.0 Free 
Edition from www.grisoft.com. Grisoft is the US-based marketing 
front for a company based in the Czech Republic, and it has developed 
DOS and Windows AV software since 1990. Due to an unfathomable 
licensing agreement, it is stated that UK users can download a free-
ware version, otherwise you will probably qualify for just a 30 day 
trial. Several Net Work readers have emailed to say how happy they are 
with the product (especially if it's free). It has all the usual AV features 
including auto updates and a scheduler, and it will tack a gratifying lit-
tle "certified virus free" text onto your outgoing emails. A paid-for 
professional edition of AVG offers more features. 

Earlier this year I tried to download this software from the Grisoft 
web site onto my Windows ME laptop but failed because the server 
was too busy. Later on I loaded the freeware version from a cover CD, 
but it was not possible to download the latest virus update because the 
server was still inaccessible. I felt this to be quite a poor performance. 

Having tried again today, I am pleased to say I successfully 
downloaded AVG 6.0 from the web site, (a 5MB file), helped by a 
superb piece of freeware that I will be describing in next month's 
Net Work. You can email me at alan@epemag.demon.co.uk. 
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Making Sense of the Real World: Electronics to Measure the Environment 

III
N this the final part of Teach-In 2002 we 
look at some aspects of the future of 
sensing. As with all electronics it is the 

continuing miniaturisation and more exten-
sive networking which will play a large role 
in the developments we will see. 

Bioscience has been described as being 
the key technological area of the 21st cen-
tury, just as electronics and computing 
were in the 20th. Whether this is true or not 
we will certainly see great advances in bio-
logically orientated electronic sensing, 
including the detection and analysis of 
DNA molecules. 

Wireless networking of sensors, particu-
larly of arrays of low-power sensor ele-
ments will provide further interesting 
developments. 

This month we will also be looking at 
using wireless techniques to convey sensor 
data from source to destination, but for a 
single "node" rather than an array. The Lab 
Work will provide you with the opportunity 
of building a radio link for any of the sen-
sors we have discussed in this series. 

THE FUTURE OF SENSORS 
The future of sensors is small, smart, low 

power and networked. Silicon electronic 
sensors for light and temperature are well 
established and easily integrated with elec-
tronics, but until about ten years ago many 
other quantities, such as acceleration, 
required separate bulky sensors. 
MEMS (Micro Electro Mechanical 

Systems) are overcoming this problem and 
there is currently a lot of research and com-
mercial development in this area. As we 
mentioned last month, the electronics inte-
grated with a sensor (or sensors) does not 
have to be just a couple of transistors; you 
can have amplifiers, filters, digital signal 
processors, microcontrollers, memory and 
optical or radio communications systems. 
So a sensor chip can be very "smart" per-

forming complex signal processing to 
extract data from the sensors, compensat-
ing for non-ideal sensor behaviour, and 
adapting its activities to changing condi-
tions or external instructions. It can then 

send this data over a 
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Fig. 10.1. Levels of integration. 

communications net-
work to the user who 
needs the data. 

In Fig.10.1 are 
shown the three lev-
els of integration 
from zero integration 
through integrated 
sensor and signal 
conditioning to full 
integration with em-
bedded control — so-
called "smart" or 
"intelligent" sensors. 
An example of 

these developments is 
the Smart Dust pro-
ject at the University 
of Berkley which 
aims to produce a 
complete 
sensor/communica-
tion system that can 
be integrated into a 
cubic millimetre 
package. Such a 
device would include 

a thick film battery, solar cell, power capac-
itor, signal processing (analogue and DSP), 
control electronics (microcontroller), 
MEMS sensors, and optical communica-
tions, including a laser diode with a MEMS 
mirror to provide beam steering. 

MEMS TECHNOLOGY 
In general terms MEMS use the technol-

ogy developed for integrated circuit fabri-
cation to create tiny moving parts (hence 
the Micro Mechanical part of the name). In 
practice the fabrication of MEMS may 
require some special processing due to the 
potentially conflicting requirements for 
creating high quality circuit components 
and mechanical parts (e.g. in the tempera-
ture used during fabrication), but funda-
mentally the procedures are those of 
standard integrated circuit fabrication and 
mechanical parts can be created on the 
same silicon as electronic circuits (hence 
the Electro part of the name). 

This means that the mechanical struc-
tures can be very closely linked with the 
controlling and signal processing electron-
ics, to form complete electro-mechanical 
systems (hence the Systems part of the 
MEMS name). 

ACCELERATION SENSORS 
One of first commercial applications of 

MEMS was in acceleration sensors, which 
can measure or detect tilt, acceleration, 
shock and vibration, with a key application 
being in car airbags. Analog Devices pro-
duced the first fully-integrated, single chip 
MEMS-based accelerometers in 1991. A 
device from the Analog Devices ADX 
series was used in the Pocket g-Meter pro-
ject in EPE July '00. 
We discussed acceleration sensing in 

general in Part 5. Analog Devices' MEMS 
accelerometers are based on a suspended 
beam of polysilicon held on a spring-like 
tether structure (see Fig.10.2). Polysilicon 
is short for polycrystalline silicon — silicon 
not in single crystal form — which is used 
for MOS gates, resistors and capacitors in 
integrated circuits. 
The beam is created by depositing the 

polysilicon on top of an area of "sacrificial" 
silicon dioxide and then etching away the 

608 Everyday Practical Electronics, August 2002 



TOP VIEW 

BEAK TETHER 

FIXED CAPAIITOR PLATES 

APPLIED 
ACCELERATION 1 

ANC/-40 

Fig. 10.2. MEMS acceleration sensor From Accelerometer 
Design and Applications by James Doscher, Analog Devices 
(wwwanalodcom). 
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Fig. 10.3. Forming a suspended sensor element. 
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oxide to leave the silicon suspended 
(Fig.10.3). The sensor element is then free 
to move under acceleration forces. The 
beam is attached to one half of a capacitor 
with the other plate fixed so the capacitance 
changes as the beam moves. 

In fact two fixed plates are used to pro-
duce a differential capacitance, so that the 
relative capacitance between the two fixed 
plates and the moving plate changes under 
applied acceleration, as shown in Fig.10.2. 
As we have seen earlier in this series, the 

use of differential sensor structures and sig-
nals helps to reduce noise and errors. The 
acceleration sensor i.c. is able to test itself 
by using additional capacitor plates to pro-
duce electrostatic forces on the beam caus-
ing it to move. 

MEMS GAS SENSING 
Micro-mechanical techniques may also 

be used to make heating elements that can 
be used in platinum (Pt) catalytic gas sens-
ing. Combustible gases can be detected 
because the combustion changes the tem-
perature of the Pt catalyst and hence its 
resistance. 

Conventional sensors of this type are 
large, slow and power hungry, but Sandia 
National Labs in the US have produced a 
prototype MEMS gas sensor that over-
comes these disadvantages. The sensor 
uses suspended platinum coated polysili-
con filaments. The filaments can be electri-
cally heated to 500°C using only 70mW of 
power. Recall the amount of power needed 
to operate the gas sensors in Part 8 (typi-
cally 800mW)! 

Combustion on the surface of the fila-
ment increases its temperature, changing 
the resistance. A control circuit reduces the 
voltage across the filament to keep the 
resistance (and filament temperature) con-
stant. Thus a drop in the control voltage 
indicates the presence of combustible gas. 

MAGNETIC SENSORS 
Earlier we saw how the Hall effect was 

used to build magnetic sensors. Such 
devices can be included on chip, but other 

Analog 

magnetic sensors can 
be built using MEMS 
techniques. Micro-
machined parts can 
move under the influ-
ence of a magnetic 
field, either like a 
compass needle (if the 
movable part is mag-
netised), or in a simi-
lar way to a moving 
coil meter if a current 
is passed around a 
loop on a suspended 
structure. This move-
ment is then detected 
by changes in capaci-
tance, in a similar 
manner to that 
described for the 
accelerometer, or the 
piezoelectric effect 
can be used to detect 
the stresses caused by 
the movement. 

CHEMICAL 
SENSORS 
Microscopic 

mechanical structures 
have mechanical resonance properties just 
like larger structures do. For example, a 
polysilicon cantilever beam will vibrate at a 
particular frequency just like a tuning fork. 
If the beam is coated with a substance 
which will bond very selectively with the 
ions or molecules of the chemical of inter-
est, we can build a sensor for that chemical. 
If the chemical is present it will bond to the 
sensor beam, changing its mass and hence 
its natural frequency of vibration. 

Such a MEMS device also needs a 
means to create vibration in the sensors 
(e.g. piezoelectric, electrostatic etc.) and 
measure its movement to determine the 
resonate frequency (e.g. capacitive or 
piezoresistive). 

BIOLOGICAL SENSORS 
Sensing of the complex chemicals 

involved in biological processes is a chal-
lenging and potentially revolutionary area 
in which a great deal of research is being 
conducted. It is possible to build micro-
scale chemical reactors to perform the 
chemical tests needed to detect complex 
organic molecules such as enzymes. These 
techniques can even be used to detect par-
ticular DNA sequences. 
The chemicals (the sample being tested 

and those used in the test) can be moved 
around the chip in micromachined channels 
using microscopic 
mechanical pumps 
and valves, or by elec-
trochemical means 
(e.g. electrochemical 
pumping). Such sys-
tems can perform con-
ventional chemical 
analysis techniques 
such as electrophore-
sis on a very small 
scale and much faster 
than conventional 
apparatus. 
Measurements are 
made using electro-
chemical, fluores-
cence or optical 

techniques. These systems are known as 
Micro Total Analysis Systems (abbreviated 
to /./TAS). 

Another advanced biological sensing 
approach is to use living cells. These are 
placed near silicon sensors (e.g. on the sur-
face of a chip), which detect the reaction of 
the cells to the chemicals of interest. 
Although there are a lot of difficulties in 
using cells as sensors — they are fragile and 
have a limited lifetime, they act as ampli-
fiers of chemical signals. 
One cell will send messenger molecules 

to other cells, which in turn react in a simi-
lar way. The result can then be detected 
electronically. 

Potential applications of advanced bio-
logical sensors include assisting disease 
diagnosis, automatic control of drug deliv-
ery to patients, pollution monitoring, and 
accurate detection of alcohol and other 
intoxicating substances in drivers (a super 
breathalyser!). 

WHAT A SMELL! 
Another good example of an advanced 

sensor is the so-called electronic nose 
which has an array of slightly different sen-
sors that are sensitive to odours. The cor-
rect name for such sensors is organoleptic 
and they aim to emulate the human olfac-
tory system (the nose). 
We know that human noses are very sen-

sitive to smells, which are combinations of 
chemicals. Some animals, such as moths, 
are able to detect individual molecules of 
sex chemicals known as pheromones. 
Humans also emit pheromones but we are 
not so sensitive to them. 
So far we have looked at single sensors 

and how their signals are processed. Arrays 
of sensors are obviously more complex. In 
the simplest case, each sensor in the array 
will respond to a different signal so the 
overall output to a particular signal would 
be from one sensor only. 

In electronic noses, however, each sensor 
may be sensitive to various chemicals and 
the output of the array is difficult to inter-
pret. A schematic diagram for an electronic 
nose is shown in Fig.10.4. 

In many cases, we do not try to interpret 
the output but use artificial intelligence, 
often in the form of an artificial neural 
network (ANN) to perform complex 
analysis. An ANN is a simulation of the 
human brain in that it performs many oper-
ations simultaneously in parallel. An ANN 
is composed of many neurons usually in 
several layers, each neuron being a simple 
analogue of a real brain cell. Each neuron 
has many inputs and only one output and 
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Fig. 10.4. Schematic diagram for an electronic nose. 
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many neurons are connected together in 
parallel to mimic the massively parallel 
operation of the human brain. 

There are at least 30 different types of 
neural network! The inputs are connected 
to the sensor array and the outputs indicate 
the results. The ANN is trained to recognise 
particular smells so, for example, smell 1 
would be passed over the array and the 
ANN trained so that output neuron number 
1 is high and all others low. The ANN is 
trained with all smells and then tested with 
unknowns. 
What can electronic noses be used for? 

There appear to be many applications. 
including: 

• Testing the quality of beer and wine 
• Detecting and recognising diseases 
• Determining how smelly manure is 
• Testing food quality — similar to beer 
• Recognising individuals by their smell. 

The film Alien Resurrection used breath 
to identify people as a security measure. 

One major problem with current elec-
tronic noses is the difficulty in making two 
devices identical — each sensor built will 
have slightly different properties. 

REMOTE MONITORING 
VERSUS REMOTE SENSING 
In previous parts of this series we dis-

cussed the idea of remote sensing where 
information about an object is obtained 
without any physical contact. Examples 
include photography, multispectral sensors 
for detecting pollution, thermal sensors for 
temperature and even the human ear! 
The difference between remote sensing 

and remote monitoring is that the latter 
uses sensors that are in contact with the 
object and information is usually transmit-
ted over a radio link to a receiver. The sen-
sor can be placed in a different location, 
often many kilometres away. In order to 
achieve this we need a radio telemetry 
system, which consists of several function-
al parts as indicated in Fig.10.5. These are: 

At the transmitter: 
• sensor and associated circuitry including 
a control unit (often a microcontroller) 

• modulator 
• radio transmitter 
• transmitting antenna 

At the receiver: 
• receiving antenna 
• radio receiver 
• demodulator and control unit 
• output 

The modulator is a device that converts 
the sensor signal into a form suitable for 
transmission at the appropriate carrier fre-
quency, such as 433MHz. 
Why do we need to modulate? Say we 

have a signal that is varying at 300Hz and 
we wish to transmit it over 11cm. We can't 
simply add an antenna to the output of the 
sensor and expect the 300Hz signal to be 
transmitted for the reason that the antenna 
would need to be a substantial proportion 
of the wavelength of the signal. We can cal-
culate this for a 300Hz signal: 

Wavelength, frequency and the speed of 
light are related by c = 12 so 2 = c/f= 3 x 
108 / 300 = 1 x 106m, which is 10001cm! 
The antenna would need to be at least a 
quarter of this for a good coupling, i.e. the 
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Fig. 10.5. Schematic diagram of a telemetry system. 

antenna would be 25 times as long as the 
transmission distance! We would also need 
a receiving antenna the same length. 
We therefore need to change the fre-

quency from 300Hz to some higher fre-
quency that will give us a small antenna 
and still achieve good coupling. For exam-
ple, we could choose one of the licence 
exempt frequencies — 433MHz will give a 
1/4 wave antenna length of 17cm. 
We need to preserve the 300Hz signal so 

we use a modulator that varies the 433MHz 
carrier wave in accordance with the ampli-
tude of the modulating signal, our 300Hz 
signal. This can be achieved in a number of 
ways — amplitude modulation (AM), fre-
quency modulation (FM) and more com-
plex combined amplitude and frequency 
modulation. 

In AM, the amplitude of the signal deter-
mines the amplitude of the carrier, whereas 
in FM the amplitude of the signal deter-
mines the carrier's frequency. Fig.10.6 
shows the principle of AM and FM using a 
sine wave as a modulator. 

Another example is the transmission of 
data along a fibre optic cable. We cannot just 

b) AMPLITUDE MODULATION 

C) FREQUENCY MODULATION 

Fig. 10.6. Amplitude and frequency 
modulation. 

put an electrical signal down a fibre optic 
cable as it is an extremely good insulator. 
We need to use an appropriate carrier which, 
in this case, is light. The data then modulates 
the light level, which can be detected at the 
remote end by a photosensor. 

DOING IT DIGITALLY 
Digital data can be transmitted in a sim-

ilar manner to analogue, the equivalent 
modulation schemes being called ampli-
tude-shift keying (ASK) and frequency-
shift keying (FSK), and there is another 
called phase-shift keying (PSK). Fig.10.7 
shows the operation of ASK, FSK and PSK 
where the amplitude/frequency/phase of 
the carrier is changed by a discrete amount 
depending whether a logic 0 or logic 1 is 
being transmitted. We concentrate on digi-
tal modulation here since this is used in 
telemetry systems. 
ASK is the simplest form of digital mod-

ulation since all we are using is the pres-
ence of the carrier for a logic 1 and its 
absence for a logic 0. In the Lab Work we 
will be using an AM transmitter to transmit 
digital data by simply turning it on and off. 
FSK uses two carrier frequencies and PSK 
inverts the carrier for a logic 1 (inverting is 
equivalent to a phase shift of 180'). 

Each modulation scheme has its advan-
tages and drawbacks. ASK, for example, is 
the simplest to implement but has the worst 
performance. PSK is the most difficult to 
implement but has the best performance, 
and FSK is in between. The performance of 
a modulation scheme is defined as the sig-
nal-to-noise ratio needed at the receiver to 
guarantee a particular error rate. Digital 
data will be corrupted if the noise level is 
too high, generating bit errors. 
To illustrate this, we will use ASK. The 

carrier is only present when a logic 1 is 
being transmitted so the receiver will pick 
up the signal plus noise for a logic 1 and 
noise only for a logic 0. If the noise level is 
high enough, the receiver will "see" the 
noise as a logic 1 when in fact nothing was 
transmitted. In FSK and PSK, there is 
always signal plus noise so the amount of 
energy needed for a given error rate is less. 

THE RADIO SPECTRUM 
Table 10.1 gives a broad outline of the 

radio spectrum available for communica-
tions. As you can see, the spectrum is divid-
ed into bands, each band increasing in 
frequency by a factor of 10. Each band 
starts at 3 and ends at 30. All bands have 
names, such as very low frequency (VLF), 
and the manner in which they propagate 
and the distance over which signals can be 
transmitted depend on the frequency. 
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Designation Name 

ELF 
VLF 
LF 
MF 
HF 
VHF 
UHF 
SHF 
EHF 

Extremely Low Frequency 
Very Low Frequency 
Low Frequency 
Medium Frequency 
High Frequency 
Very High Frequency 
Ultra High Frequency 
Super High Frequency 
Extremely High Frequency 

Table 10.1 The 

Frequency Range 

300Hz — 3kHz 
3kHz — 30kHz 
30kHz — 300kHz 
300kHz — 3MHz 
3MHz — 30MHz 
30MHz — 300MHz 
300MHz — 3GHz 
3GHz — 30GHz 
30GHz — 300GHz 

Radio Spectrum 

Communication 
Distance 

BLOS, Worldwide 
BLOS, Worldwide 
BLOS, 1000's km 
BLOS, 100's km 
BLOS, Worldwide 
BLOS. 100's km 
LOS, 10's km 
LOS, km 
LOS 

Applications 

Submarine communications 
Global location systems 
Long distance AM broadcast stations 
Regional AM broadcast stations 
Military and amateur radio 
Regional FM broadcast stations 
FM broadcast and TV stations, satellite links 
High speed point-to-point links, satellite links 
Research 

Fig. 10.7. ASK, FSK and PSK modulation. 

We don't have space to cover each band 
in detail but we will describe some of the 
more interesting bands and propagation 
mechanisms. We need first to define two 
terms — LOS tline-of-sight) and BLOS 
(beyond line-of-sight). These describe how 
far signals can go. 
LOS means optical line-of-sight, i.e. the 

straight line distance. In general, the higher 
the frequency the less the signal gets "bent" 
over the earth and the more LOS it is (see 
Fig.10.8). This is why microwave transmit-
ters and receivers must be visible to each 
other, whereas we can receive VHF signals 
from transmitters over the horizon. Let's 
look at some bands: 
ELF and VLF (extra low frequency and 

very low frequency). Frequencies in these 

bands have very long 
wavelengths and 
propagate worldwide 
using the ionosphere 
and the ground as a 
wave guide. They are 
used mainly for com-
munications with 
submarines since 
only long wavelength 
radio waves penetrate 
sea water to any 
appreciable depth. 
LF (low frequen-

cy). This is common-
ly known as "long 
wave" and signals 
propagate over thou-
sands of kilometres. 
The band is used for 
long range radio 
broadcasts. 
NIF (medium fre-

quency). Commonly 
known as "medium 
wave" and is used for 
radio broadcasts. 
Transmission is not as 
far as LF. 

HF (high frequency). This is an igterest-
ing band as there are two main methods of 
radio propagation. The first is ground-
wave, where signals are parallel to the 
ground and communication distance is less 
than MF. The other mode is skywave 
where signals are bounced (actually 
refracted) from layers of ionized gases in 
the ionosphere ( 1001un to 300km above sea 
level). Much longer distances can be 
achieved, even worldwide by multiple 
"hops" where the signal is bounced 
between the surface and ionosphere several 
times. HF is used for radio broadcast, the 
military and amateurs. 
VHF (very high frequency). Most FM 

radio broadcast stations are in this band. 
Transmission distance is almost LOS. One 

unusual propagation 
mechanism is called 
meteor scatter and 
relies on reflecting 
signals from trails left 

by meteorites when they bum up in the 
atmosphere. Most people will be aware of 
meteorites leaving trails in the sky; these do 
not occur very often but usable trails can be 
generated by dust grains as small as 1 mg. 
These occur every 30s or so and last for up to 
Is, giving a low data rate system at up to 
2000Iun. One successful system is called 
SNOTEL and transmits information on snow 
levels for the whole of Northern Canada. 
UHF (ultra high frequency). UHF is 

perhaps best known for television channels. 
It is LOS. 

It is beyond the scope of this series to 
delve too deeply into the radio spectrum. 
More details on it and its uses can be found 
on the Radiocommunications Agency's 
web site: www.radio.gov.uk. This site also 
gives details of licences and licence exempt 
frequencies. 

DATA COMMUNICATIONS 
Data must be transmitted in a serial form 

over radio, which means that we need to 
change any parallel data, such as that from 
an ADC, into serial form for transmission 
and then back into parallel form at the 
receiver. 

This also brings up the idea of synchro-
nisation, in other words, how does the 
receiver know which data bit has arrived? 
There are a number of ways to achieve syn-
chronisation, including transmitting known 
data bit sequences that the receiver can 
recognise and adding data formatting to the 
data stream. 
We will only look at the simplest and 

most familiar — the UART (universal asyn-
chronous receiver transmitter) which uses 
the start bit and stop bit principle. 
Fig.10.9 shows the format where the data is 
preceded by a logic 0 and followed by a 
logic 1. This means the receiver can detect 
the beginning of a data word (usually eight 
bits) by a negative edge ( 1-0) transition. It 
then knows that the next eight bits are data. 
You may be familiar with this format as it 
is used in computer serial ports (RS-232). 

There is sometimes an additional bit 
after the data, known as the parity bit — 
this is used as an error checker. Parity can 
be even or odd. If the number of logic Is in 
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Fig.10.8. How radio signals propagate. 
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the data word is odd then the parity bit is 1 
for even parity, and 0 for odd parity. After 
reception, the parity is calculated on the 
received data and if an error has occurred, 
it will be incorrect. A single parity bit can 
only detect odd numbers of errors. 
One other problem is that of synchronis-

ing data clocks. If data is transmitted at, 
say, 1000 bits/second, then we need a clock 
at the receiver operating at exactly the same 
frequency to clock the data into a shift reg-
ister to convert back to parallel form. If the 
clocks are not exactly the same, received 
data may not be correctly clocked. 

Clocks also tend to drift with tempera-
ture and component ageing. How do we 
overcome this? A UART achieves this by 
restarting the clock every time a start bit is 
detected so that any drift is very small. In 
practical UARTs the clock is 16 times the 
data rate and is divided down to give a nar-
row clock pulse at the middle of each data 
bit. 
The other synchronisation problem lies 

with the receiver knowing when a message 
is arriving and possibly where from. This is 
achieved by adding a header to the mes-
sage; this header is unique and is searched 
for by the receiver. Only when a correct 
header has been received does the receiver 
know that the data bits follow. Headers can 
provide additional information such as 
message number, message source and data 
type. 

In addition to the header, data is often 
followed by error checking bits, the most 
widespread known as a cyclic redundancy 
check (CRC). The CRC is calculated from 
all the data bits and recalculated at the 
receiver. Any difference means that errors 
have occurred in the message. A I6-bit 
CRC can detect up to 99.98 per cent of all 
possible error combinations in messages of 
any length. Fig.10.10 shows a typical mes-
sage format with a header and CRC. 

ENVIRONMENT 
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Fig.10.11. Typical WINS node. 

data can be moved around from node to 
node (known as multi-hop communication) 
until it reaches a base station where the sen-
sors are monitored, or provide a gateway to 
a longer-range communication system or 
computer network. See Fig.10.12. 

Nodes near one another can exchange 
data for analysis or decision making pur-
poses, and possibly organise themselves 
into clusters to make more efficient use of 
resources, or for improved analysis of the 
sensed environment. See Fig.10.13. 

Effective communication protocols and 
efficient use of resources are key areas of 
research in WINS technology. WINS sys-
tems can differentiate between local and 
global variations (something which affects 
all sensors, or just some of them) and net-
works of sensors can achieve better signal-
to-noise ratio than a single "powerful" 
sensor. 

Example applications include monitoring 
of seismic activity to provide improved 
earthquake warning systems, and use by the 

military to detect 
movement of vehicles 
by the disturbance 
they cause to the local 
magnetic field. In the 
latter case, larger area 
natural fluctuations in 
the Earth's magnetic 

field would be picked up by a large number 
of sensors, not just those close to a vehicle. 
Such an application was recently promoted 
by UCLA for a wireless magnetometer 
MEMS chip which they have developed. 

There are many other systems and proto-
cols for creating sensor networks, such as 
the Controller Area Network (CAN), for 
which there are dedicated i.c.s and even 
microcontrollers with embedded CAN 
interfaces. 

BET 
REVERSAL S 

HEADI MESSAGE CRC 

Fig.10.10. Typical message format. 

Radio receivers often have an automatic 
gain control (AGC) to ensure the received 
signal is as strong as possible. If an AGC is 
present, then it is advisable to precede the 
header with a number of bit reversals to 
ensure the AGC is at the correct level. 

WIRELESS RECEIVER 
NETWORKS 

If you can build very small (electronic 
and MEMS based), very low power, smart 
sensors with wireless communications then 
some interesting possibilities emerge, par-
ticularly if you deploy networks of such 
devices that can coordinate among them-
selves. These networks are known as 
Wireless Integrated Network Sensors 
(WINS) and could potentially contain hun-
dreds or thousands of nodes. Fig.10.11 
shows the structure of a typical WINS 
node. 

These devices could literally be scattered 
over an area of interest in the outdoor envi-
ronment, or installed in large numbers in 
buildings, for example, by embedding them 
in ceiling tiles. Individual WINS nodes 
have limited communication range, but 

POWER SOURCES 
It sensors are to operate tree from wiring 

then power is an important consideration, 
particularly if we need self-sustaining 
devices such as in WINS applications. 
Even in buildings where it would seem that 
power is readily available, independently 
powered sensors have a lot of advantages. 
The cost of sensors for environmental 

control of buildings is increased signifi-
cantly by power and data wiring, and 
installation and maintenance labour costs 
are very high. If the sensors have their own 
power source and use wireless communica-
tions these infrastructure costs are greatly 

RADIO 
TRANSC't ,v,P 

PROCESSOR/MEMORY 
AND SOFTWARE 

COMMUNICATONS 
GATEWAY 

AREA BEING 
SENSED 

- - comms 
o WINS NODE 

Fig.10.12. WINS system used to sense 
an area of interest. 

Fig.10.13. WINS nodes organised as 
clusters. 

reduced and much larger numbers of sen-
sors can be deployed. 
A lot of research effort has been under-

taken in recent years in low power elec-
tronic circuit design, this work has been 
driven by the demand for high perfor-
mance mobile products such as phones, 
and by the need for very long battery life 
in applications such as implanted medical 
electronics. So we can build circuits that 
do useful work on little power — which we 
need for WINS — but we still need some 
power. 
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Battery technology is improving but still 
does not provide particularly good power 
per unit volume and weight. Micro scale 
fuel cells capable of using fuels such as 
butane and diesel to generate electrical 
power in the range of say 10mW to 
500mW may be preferable to batteries for 
powering WINS nodes and research is 
being conducted in this area. 

Fuel and batteries do not last for ever, so 
there is great interest in self-powered sys-
tems which do not use a battery, but 

employ power harvesting or power scav-
enging. These systems obtained their 
power from the environment or from a per-
son wearing or carrying the sensors, or 
from other electronic systems. 
The use of light, through solar cells, is 

well known in this respect, but other 
sources of power are available and may be 
more useful in some situations. The idea of 
getting power from the motion of walking 
by building a piezoelectric generator into 
shoes has been quite widely publicised 

recently. Other forms of energy from the 
human body, including heat and move-
ment, are being investigated. In buildings, 
vibration and ambient radio frequency 
energy and thermal gradients can be har-
vested to power sensors. 

EXPERIMENTS 
In the following Lab Work we give you 

the opportunity to experiment using radio 
transmission of sensor data and to make 
use of it after reception. 

TEACH-IN 2002 
DAVE CHESMORE 

Lab Work 10 

RADIO TELEMETRY SYSTEMS 

IN this final Lab Work we offer you the opportunity to experiment with your own 
telemetry system. The readily-available 

AM transmitter and receiver operate at 
433MHz. You should ensure that you also 
obtain and study their relevant data sheets 
for detailed descriptions of antenna design, 
etc. See this month's Shoptalk page for 
information on where to buy them. 
They are licence exempt radio devices 

because they are type approved, low 
power and use the 433MHz licence 
exempt frequency, such as is used in car 
alarm and immobilizer systems. There are 
other licence exempt frequencies, 
173MHz and 868MHz for example, for 
which type approved modules are avail-
able, but we have chosen 433MHz AM 
transmitters and receivers as they are low 
cost; FM transmitters and receivers are 
more expensive. 

Lab 10.1 Telemetry Demonstration 
Two simple circuits for testing the AM 

Transmitter and Receiver are shown in 
Fig.10.14 and Fig.10.15. The transmitter 
consists of a variable frequency square 
wave oscillator based on the Schmitt trig-
ger NAND gate, ICla. that we have previ-
ously used in this series. IC1b is used as a 
buffer to stop loading of the oscillator 

I I 

Several licence exempt transmitter and receiver modules. In these Lab Works we 
use the transmitter at the top left, and the receiver at bottom left. 

when the transmitter is connected. 
Potentiometer VR1 varies the frequency. 
The transmitter module is a 2-pin device 

(see Fig.10.16a for the pinout details) 
which should be mounted as close to the 

Fig. 10.14. AM telemetry demonstration Transmitter. 

Everyday Practical Electronics, August 2002 

Fig. 10.15. 
Receiver 

AM telemetry 

circuit as possible. Resistor R2 limits the 
module's operating current to around 5mA. 
The aerial should be about 9cm long and 

made of fairly stiff wire. We soldered the 
module and aerial to a small piece of strip-

board, as shown in the 
photograph above. 
The receiver mod-

ule's pinout is shown 
in Fig.10.16b and is 
very simple to 
operate. The aerial is 
identical to the 
transmitter's. 

Construct the two 
circuits on separate 
boards and, if possi-
ble, use two power 
supplies. The trans-
mitter can operate on 
9V if R2 is changed to 
2k2S-2 but the receiver 
needs a 5V supply. 

demonstration 
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a) AM-TX1-433 PINOUT 

COMPONENT SIDE 

1 2 "3 11 12 13 10 15 

i-VCC 

G D 

ANT 

GID OINDI 111VCCOT 

b) AM-RRS3-433 PINOUT 

Fig.10.16. Pinouts of transmitter and 
receiver. 

Breadboard layout for the transmitting 
circuit in Fig.10.14. Note that the trans-
mitter module has been mounted on a 
small offcut of stripboard. 

Fig.10.17. Example of signal at the 
receiver's output for a 500Hz transmit-
ted squarewave. 

COMPONENTS 
Approx. Cost 

Guidance Only £26 
excl. hardware 

Lab 10.1 Telemetry Transmitter 

Resistors 
R1 2k7 
R2 560Q 

All 0.25W 5% carbon film. 

See 

TALK 
Potentiometer Page 
VR1 47k preset 

Capacitor 
cl 220n polycarbonate 

Semiconductor 
iCi 4093 quad 2-input 

Schmitt NAND gate 

Miscellaneous 
Xl AM-TX1-433 433MHz AM 

transmitter module 
Small offcut of stripboard (see photo) 

Lab 10.1 Telemetry Receiver 

X1 AM-RRS3-433 433MHz 
receiver module 

Lab. 10.2 Anemometer Transmitter 

Resistors 
R1 560.2 
R2 56k 
R3 390Q 
R4 4k7 
R5 680Q 

All 0.25W 5% carbon film. 

Semiconductor 
TR 1 BC108 or equivalent npn 

transistor 

Miscellaneous 
x1 SG-2BC reflective 

photointerruptor (from 
Part 7, see text) 

X2 AM-TX1-433 433MHz AM 
transmitter module 

Lab. 10.2 Anemometer Receiver 

X1 AM-RRS3-433 433MHz 
receiver module 

Other components as for Lab.7.2 (Part 7) 

Lab 10.3 V-to-F Transmitter 

Resistors 
R1 5k6 
R2 100k 
R3 2k2 
R4 12k 
R5 3k3 

All 0.25W 5% carbon film. 

Capacitors 
C1 10n ceramic 
C2 in polycarbonate 

Semiconductors 
ICi RC4151 or XR4151 

voltage-to-frequency 
converter 

IC2 4013 dual D-type flip-flop 

Miscellaneous 
Xi AM-TX1-433 433MHz AM 

transmitter module 

Lab. 10.3 F-to-V Receiver 

Resistors 
R1 
R2 
R3 
R4 
R5 to R7 

120k 
3k3 
4k7 
10k 
12k (3 off) 

R8 5k6 
R9 100k 

All 0.25W 5% carbon film. 

Potentiometer 
VR1 47k preset 

Capacitors 
Cl 
C2 
C3 

100n polycarbonate 
10n ceramic 
in polycarbonate 

Semiconductors 
TR1 BC108 or equivalent npn 

transistor 
IC1 RC4151 or XR4151 

voltage-to-frequency 
converter 

Miscellaneous 
Xl AM-RRS3-433 433MHz 

receiver module 

N.B. Some components are repeated 
between Lab Works. 

Breadboard layout for the receiving circuit in Fig.10.21. 

Everyday Practical Electronics, August 2002 614 



Fig. 19.18. Anemometer transmitter. 
Sensor XI is that in Part 7 Fig.7.22. 

There are two experiments that can be 
done with these circuits — to establish the 
effect of transmission distance and the 
effect of the transmitted data rate. You 
should be able to achieve at most 1.21cHz 
(equivalent to I.2kbps) over distances of 
several tens of metres. Fig.10.17 shows a 
typical received signal at 500Hz. 

Lab 10.2 Remote Anemometer 
This Lab is based on Lab 7.2 in Part 7 

(May '02). In that Lab, we designed a cir-
cuit to measure wind speed using an opti-
cal sensor. Here, we use the same circuit 
as in Fig.7.22 but separate the anemome-
ter sensor from the rest of the circuit and 
add a telemetry unit. Fig.10.18 shows the 
sensor and transmitter and Fig.10.19 the 
receiver. 

If you compare these two circuits to 
Fig.7.22 you will see that the sensor's out-
put from transistor TR 1 is connected to the 
AM transmitter and the output of the 
receiver is fed into the pulse accumulation 
circuit. 

Note that the circuit has not been opti-
mised for low power consumption but 
forms the basis for other circuits. For 
example, you could use a rechargeable bat-
tery, solar panel and a 5V regulator to give 
continuous operation. The anemometer 
could then be placed in a remote location 
such as on a roof. 

Lab 103 Transmitting Analogue Signals 
One problem we have with radio teleme-

try, such as that used here, is that it is not 

111 
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Fig. 10.2G. Voltage-to-frequency converter and transmitter. 
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Fig.10.21. Frequency-to- voltage converter and receiver. 

Right: Breadboard 
assembly for the 
transmitter in 
Fig.10.20. 
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Fig.10.19. Anemometer receiver circuit. Fig 7.22 is shown in 
Part 7 (May '02). 
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easy to transmit analogue signals. We need 
to convert them into digital form in one of 
several ways, the most common being ana-
logue-to-digital conversion and voltage-to-
frequency conversion. A-to-D conversion 
usually produces data in parallel form 
which must be converted to serial form for 
transmission, and, after reception, back 
again. The circuits for doing this are shown 
in Fig.10.20 and Fig.10.21. 
They both use the same integrated cir-

cuit, an RC4151 or the equivalent XR4151, 
which can provide V-to-F and F-to-V con-
version. A data sheet for the XR4I51 can 
be found at the Exar web site at 
www.exar.com/products/XR4151.html. 
You should consult the data sheet for a full 
explanation of the device's operation. 
The transmitter circuit converts an input 

voltage into a pulse train at approximately 
400Hz per volt. The duty cycle of the out-
put pulses varies depending on the frequen-
cy so a D-type flip-flop (IC2) has been 
added to convert the pulses into a square 

wave at half the frequency. The D-type flip-
flop has been converted into a t2ggle flip-
flop by connecting the inverse (Q2) output 
to the D input. 

Note that the V-to-F converter needs a 
minimum of 8V to operate correctly. Here 
we are using 12V and the resistor connect-
ing the transmitter module (R5) is 
increased to 3k3 to maintain a 5mA 
current. 
The receiver circuit uses the 

RC4I5 I/XR415 I "in reverse" to convert 
the input frequency into a voltage. Note 
that the receiver module needs 5V. The 
RC4 I 51, though, needs at least 8V and is 
powered here at 12V. The receiver's data 
output also has a relatively high impedance 
so transistor TR 1 serves two purposes — 
buffering and increasing the output to 12V. 
The sensitivity in V/Hz can be changed 

using potentiometer VR I and this should 
be varied until the input voltage changes 
at the transmitter are mirrored at the 
receiver. 

Finally, we point out that these circuits 
are for experimentation only, to illustrate 
the use of a telemetry system. 

IN CONCLUSION 
The Teach-ln 2002 authors hope that you 

have enjoyed this 10-part series, and that you 
now have a fuller understanding of what sen-
sors are, what you can do with them, and that 
it has given you ideas about how you might 
put them into applications of your own. 
We trust, too, that the extensive coverage 

we have given to op.amps in relation to 
their use in sensing circuits has also 
enlightened you and given you an insight 
into the importance of tailoring interfacing 
circuits to suit the sensors and their end 
applications. 

If you have any queries directly related 
to this series, you can write to the author's 
do the Editorial address, or you can email 
them at teach-in @epemag.demon.co.uk 
(no file attachments or general electronic 
queries please). 

Pickpocket Alarm 
As mercury is such a dangerous and toxic substance, we strong-

ly recommend that the mercury lilt" switch called for in the 
Pickpocket Alarm is replaced by a non-mercury type. It you do use 
a mercury switch we suggest it be of the metal-cased type. 

Fortunately, the glass envelope type, as used in the author's 
prototype model, now seems to be very hard to find and, in view 
of the fact that the glass envelope is easily fractured, we 
recommend readers do not waste valuable time searching for 
this device. A suitable replacement miniature "non-mercury" her-
metically sealed tilt switch is currently listed by Maplin (11 0870 
264 6000 or www.maplin.co.uk) and carries the order code 
DP50E. 
The neat handheld case, with detachable belt/pocket clip, was 

also purchased from the above company, code KC95D. This case 
has an integral battery compartment, with a separate access cover, 
and comes complete with battery terminal, pocket clip and all self-
tapping fixing screws. 
Most of our components advertisers should be able to offer suit-

able miniature, glass envelope, reed switches with magnets and a 
3V to 12V d.c. piezoelectric buzzer. The rest of the components 
should be readily available "off-the-shelf". 

PIC World Clock 
Only the I.c.d. graphics display module should give rise for con-

cern when shopping for components for the PIC World Clock pro-
ject. The author used a Powertip PG12864 monochrome Supertwist 
(STN) graphics display module, with an on-board Toshiba T6963-
based controller chip. 
As far as we are aware, this display module only appears on the 

RS Components listing, code 329-0329, and can be ordered from 
any bona-fide RS stockists, including some of our advertisers. You 
can order direct (credit card only) from RS on tr 01536 444079 or 
on the web at rswww.com. The current listed price is £37.46 plus 
an additional post and handling charge will be made. A world of cau-
tion — observe all the anti-static precautions when handling and 
storing this device. 

For those readers unable to program their own PICs, a ready-pro-
grammed PIC16F877 microcontroller can be purchased from 
Magenta Electronics 01283 565435 or 
www.magenta2000.co.uk) for the inclusive price of £10 each 
(overseas add £1 p&p). The software is available on a 3.5in. PC-
compatible disk (EPE Disk 5) from the EPE Editorial Office for the 
sum of £3 each (UK), to cover admin costs (for overseas charges 
see page 619). 

It is also available for FREE download from the EPE ftp site, 
which is most easily accessed via the click-link option at the top of 
the screen page when you enter the main web site at 
www.epemag.wimborne.co.uk. On entry to the ftp site take the 
path pub/PiCs/Worldclock, downloading all files within the latter 
folder. 
The clock printed circuit board is available from the EPE PCB 

Service, code 363 (see page 619). 

Big-Ears Buggy 
The specified dual-in-line (d.i.I.) packaged reed type relay used in 

the prototype Big-Ears Buggy was purchased through an RS 
Components dealer, code 291-9710. It can be ordered direct (credit 
card only) from RS on e 01536 444079 or on the web at 
rswww.com. 

Since the buggy was first built and written-up, it was found that the 
preamplifier stages suffered false triggering caused by the motors. 
This was cured by using a separate battery for the motors. It was 
also found that small solar motors are best suited for the buggy as 
they do not seem to stall so easily as other d.c. motors when slowed 
down. Also, they appear to take/need less drive current. 

Regarding the motors. The author used Yebo Electronics solar 
motors and gearboxes, code BCL91G. We understand that a UK 
source for these is Harrogate Electronic Services (I/ 01423 
564353), code MSGB1. It may be worth investigating motors 
stocked by Milford Instruments (le 01977 683665 or 
www.milinstcom) and Total Robots (tit 01372 741954 or 
www.totalrobots.com). 
The sub-miniature omni-directional microphone insert used for 

the buggy's "ears" came from Maplin (I/ 0870 264 6000 or 
www.maplin.co.uk). This should be ordered as code FS43W. 
The buggy printed circuit board is available from the EPE PCB 

Service, code 362. 

Simple Audio Circuits-4 
Most parts needed to construct the Workbench Loudspeaker 

Enclosure, Low-Frequency Oscillator and the Resonance Detector, 
this month's Simple Audio Circuits projects, should be "shelf items". 
The Crossover Unit components were covered in last month's 
Shoptalk page. 
When selecting a loudspeaker, you may care to take a look at the 

excellent range of speakers stocked by BK Electronics (2/ 01702 
527572 or www.bkelec.com), they should have one to cater for all 
tastes. The speaker used by the author is a Maplin (2;2 0870 264 
6000 or www.maplin.co.uk) type, code GL14Q. 
The two small printed circuit boards are available from the EPE 

PCB Service, codes 364 (Osc.) and 365 (Res Det.) respectively 
(see page 619). 

Teach-In 2002 — Lab 10 
The licence exempt 433MHz AM-TX1-433 Transmitter and AM-

RRS-433 Receiver modules used in this month's final instalment of 
Teach-ln 2002 Lab Work came from R.F. Solutions (I/ 01273 
488880 or www.rlsolutions.co.uk). You could also checkout the 
433MHz modules from Bitz Technology (2/ 01753 522902 or 
www.bitztechnology.com). 
The voltage-to-frequency converter type Exar XR4151 came from 

Farnell (I/ 0113 263 6311 or www.famell.com, code 562-701. 
They also stock the miniature reflective photointerruptor opto-switch 
type SG-2BC, code 491-366. If you are offered the RC4151N or 
RC4152N from your local supplier it should be OK for these circuits. 

PLEASE TAKE NOTE 
EPE StyloPIC (July '02) 
Page 490, Fig.2. An LM13700 can be used instead of an 

LM13600 (IC4) if you wish. 

Using the PIC's PCLATH Command (July '02) 
The diagrams in Fig.1 and Fig.2 should be transposed. 
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EPE TEACH-IN 
2000 CD-ROM 

The whole of the 12-part Teach-In 2000 series by John 
Becker (published in EPE Nov '99 to Oct 2000) is now 
available on CD-ROM. Plus the Teach-In 2000 interac-
tive software covering all aspects of the series and 
Alan Winstanley's Basic Soldering Guide (including 
illustrations and Desoldering). 

Teach-In 2000 covers all the basic principles of elec-
tronics, from Ohrn's Law to Displays, including Op.Arrips. 
Logic Gates etc. Each part has its own section on the 
interactive software where you can also change compo-
nent values in the various on-screen demonstration cir-
cuits. 

The series gves a hands-on approach to electronics 
with numerous breadboard circuits to try out, plus a 
simple computer interface which allows a PC tn be 
used as a basic oscilloscope. 

ONLY £12.45 including VAT and p&p 

Order code Teach-In CD-ROM 

PROJECT 
CONSTRUCTION 

PRACTICAL REMOTE CONTROL PROJECTS 
Owen Bishop 
Provides a wealth of circuits and circuit modules to- use 
in remote control systems of all kinds; ultrasonic, nf ra-
red, optical fibre, cable and radio. There are instructions 
for building fourteen novel and practical remote control 
projects. But this is not all, as each of these projects 
provides a mooel for building dozens of other related cir-
cuits by simply modifying parts of the design slightly to 
suit your own requirements. This book tells you how. 
Also included are techniques for connecting a PC to a 

remoce control system, the use of a microcontroher in 
remote control, as exemplified by the BASIC Stamp, and 
the application of ready-made type-approved 418MHz 
radio transmitter and receiver modules to remote control 
systens. 

160 pages Order code BP413 £6.49 

PRACTICAL ELECTRONIC MODEL RAILWAY 
PROJECTS 
R. A. PenisId 
The aim of this book is to provide the model railway 
enthusiast with a number of useful but reasonably sim-
ple projects that are easily constructed from readily 
available components. Stripboard layouts and wiring 
diagrams are provided for each project. The projects 
cove-fad include: constant voltage controller; pulseo con-
troller; pushbutton pulsed controller; pulsed controller 
with simulated inertia, momentum and braking; 
automatic signals; steam whistle sound effect; two-tone 
horn sound effect; automatic two-tone horn effect: 
automatic chuffer. 
The final chapter covers the increasingly popular sub-

ject of using a computer to control a model railway lay-
out, including circuits for computer-based controllers 
and signalling systems. 

151 pages Order code BP384 £5.49 

A PRACTICAL INTRODUCTION TO SURFACE 
MOUNT DEVICES 
Bill Mooney 
Thii: book takes you from the simplest possible starting 
point to a high level of competence in handworking with 
surface mount devices ( SMD's). The wider subject of SM 
technology is also introduced, so giving a feeling for its 
depth and fascination. 

S.tbjects such as p.c.b. design, chip control, solcering 
tecnniques and specialist tools for SM are fully 
expained and developed as the book progresses. Some 
useful constructional projects are also included. 

Whilst tie book is mainly intended as an introduction 
it is also an invaluable reference book, and the browser 
should find it engrossing. 

120 pages Order code BP411 £5.49 

FAULT-FINDING ELECTRONIC PROJECTS 
R. A. Penfold 
Starting wnh mechanical faults such as dry joints, shork,ircuits 
etc, coverage includes linear circuits, using a meter to make 
voltage checks. signal tracing techniques and fault finding on 
logic &runs. The final chapter covers ways of testing a wide 

DIRECT BOOK 
SERVICE 

The books listed have been selected by Everyday Practical 
Electronics editorial staff as being of special interest to everyone 
involved in electronics and computing. They are supplied by mail 
order direct to your door. Full ordering details are given on the last 
book page. 

FOR A FURTHER SELECTION OF BOOKS 
SEE 'THE NEXT TWO ISSUES OF EPE. 

All prices include UK postage 

range of electronic components. such as resistors, capacitors. 
operational amplifiers, diodes, transistors, SCRs and triaca, 
with the aid of only a limited amount of test equipment. 
The construction and use of a Tristate Continuity Tester, a 

Signal Tracer, a Logic Probe and a CMOS Tester are also 
included. 

136 pages Order code BP391 £5.49 

TEST EQUIPMENT CONSTRUCTION 
R. A. Penfold 
This book describes in detail how to construct some simple and 
inexpensive but extremely useful, pieces of test equipment. 
Shipboard Layouts are provided for all designs, together with 
wiring diagrams where appropriate, plus notes on construction 
and use. 
The following designs are included:-

AF Generator. Capacitance Meter, Test Bench Amplifier, AF 
Frequency Mete Audio Mullivoltmeter, Analogue Probe, High 
Resistance Voltmeter, CMOS Probe, Transistor Tester, TTL 
Probe. The designs are suitable for both newcomers and more 
experienced hobbyists. 

104 pages Order code BP248 

RADIO / TV 
VIDEO 

ELECTRONIC PROJECTS FOR VIDEO ENTHUSIASTS 
R. A. Penfold 
This book provides a number of practical designs for 
video accessories that will help you get the best results 
from your camcorder and VCR. All the projects use 
inexpensive components that are readily available, and 
they are easy to construct. Full construction details are 
provided, including shipboard layouts and wiring dia-
grams. Where appropriate, simple setting up procedures 
are described in detail; no test equipment is needed. 
The projects covered in this book include: Four channel 

audio mixer, Four channel stereo mixer, Dynamic noise 
limiter ( DNL), Automatic audio fader, Video faders, Video 
wipers, Video crispener, Mains power supply un t. 

£4.49 109 pages £5.45 

AUDIO AND 
MUSIC 

VALVE 8, TRANSISTOR AUDIO AMPLIFIERS 
John Linsley Hood 
This is John Linsley Hood's greatest work yet, describ-
ing the milestones that have marked the development of 
sucio amplifiers since the earliest cays to the latest sys-
tems. Including classic amps with valves at their heart 
and exciting new designs using the latest components, 
this book is the complete world guide to audio amp 
design. 
Contents: Active components; Valves or vacuum 

tubes; Solid-state devices; Passive components; 
Inductors and transformers; Capacitors, Resistors, 
Switches and electrical contacts: Voltage amplifier 
stages using valves; Valve audio amplifier layouts; 
Negatve feedback; Valve operated power amplifiers; 
Solid state voltage amplifiers; Early solid-state audio 
amplifiers; Contemporary power amplifier designs; 
Preamplifiers: Power supplies ( PSUs): Index. 

250 pages Order code NE24 £21.99 

AUDIO AMPLIFIER PROJECTS 
R. A. Penfold 
A wide range of useful audio amplifier projects, each 
project features a circuit diagram, an explanation of the 
circuit operation and a stripboard layout diagram. All 
constructional details are provided along with a shop-
ping list of components, and none of the designs 
recuiras the use of any test equipment in order to set 
up properly. All the projects are designed for straight-
forward assembly on simple circu t boards. 

Circuits include: High impedance mic preamp, Low 
impedance mic preamp, Crystal mic preamp, Guitar and 
GP preamplifier, Scratch and rumble filter, RIAA 
preamplifier, Tape preamplifier, Audio limiter, Bass and 
treble tone controls. Loudness filter, Loudness control, 
Simple graphic equaliser, Basic audio mixer, Small 
(300mW) audio power amp, 6 watt audio power amp, 
20/32 watt power amp and power supply, Dynamic noise 
limiter 
A must for audio enthusiasts with more sense than 

money! 

116 pages Order code PC113 

Order code BP356 

SETTING UP AN AMATEUR RADIO STATION 
I. D. Poole 
The aim of this book is to give guidance on the decisions 
which have to be made when setting up any amateur 
radio or short wave listening station. Often the experience 
which is needed is learned by one's mistakes, however, 
this can be expensive. To help overcome this, guidance is 
given on many aspects of setting up and running an effi-
cient station. It then proceeds to the steps that need to be 
taken in gaining a full transmitting licence. 
Topics covered include: The equipment that is needed; 

Setting up the shack: Which aerials to use; Methods of 
construction: Preparing for the licence. 
An essential adcition to the library of all those taking 

their first steps in amateur radio 

86 pages Order code BP300 £4.45 

EXPERIMENTAL ANTENNA TOPICS 
H. C. Wright 
Although nearly a century has passed since Marconi's first 
demonstration or radio communication, there is still 
research and experiment to be carried out in the field of 
antenna design and behaviour. 
The aim of the experimenter will be to make a measure-

ment or confirm a principle, and this can be done with 
relatively fragile, short-life apparatus. Because of this, 
devices described .n this book make liberal use of card-
board, cooking foil, plastic bottles, cat food tins, etc. These 
materials are, in general, cheap to obtain and easily worked 
with simple tools, encouraging the trial-and-error philosophy 
which leads to innovation and discovery. 
Although primarily a practical book with text closely 

supported by diagrams, some formulae which can be used 
by straightforward substitution and some simple graphs 
have also been inclacied. 

72 pages Order code BP278 £4.00 

25 SIMPLE INDOOR AND WINDOW AERIALS 
E. M. Noll 
Many people live in flats and apartments or other types of 
accommodation where outdoor aerials are prohibited, or a 
lack of garden space etc prevents aerials from being 
erected.This does not mean you have to forgo shortwave-lis-
tening, for even a 20-foot length of wire stretched out along 
the skirting board of a room can produce acceptable results. 
However, with some additional effort and experimentation 
one may well be able to improve performance further. 

This concise book tells the story, and shows the reader 
how to construct and use 25 indoor and window aerials that 
the author has proven to be sure performers. Much infor-
mation is also given on shortwave bands, aerial directivity, 
time zones, dimensions etc. 

£10.95 50 pages £2.25 
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CI 'CUITS AND DESIGN 
AN INTRODUCTION TO PIC MICROCONTROLLERS 
Robert Penfold 
Designing your own PIC based projects may seem a 
daunting task, but it is really not too difficult providing you 
have some previous experience of electronics. 

The PIC processors have plenty of useful features, but 
they are still reasonably simple and straightforward to 
use. This book should contain everything you need to 
know. 

Topics covered include: the PIC register set; numbering 
systems; bitwise operations and rotation; the PIC instruc-
tion set; using interrupts; using the analogue to digital 
converter; clock circuits; using the real time clock counter 
(RTCC); using subroutines; driving seven segment 
displays. 

166 pages Order code BP394 £6.49 

PRACTICAL OSCILLATOR CIRCUITS 
A. Flind 
Extensive coverage is given to circuits using capacitors 
and resistors to control frequency. Designs using 
CMOS, timer i.c.s and op.amps are all described in 
detail, with a special chapter on " waveform generator" 
i.c.s. Reliable "white" and "pink" noise genera:or circuits 
are also included. 
Various circuits using inductors and capacitors are cov-

ered, with emphasis on stable low frequency generation. 
Some of these are amazingly simple, but are still very 
useful signal sources. 

Crystal oscillators have their own chapter. Many of the 
circuits shown are readily available special i.c.s for 
simplicity and reliability, and offer several output frequen-
cies. Finally, complete constructional details are given for 
an audio sinewave generator. 

133 pages Order code BP393 £5.49 

PRACTICAL ELECTRONICS HANDBOOK - 
Fifth Edition. Ian Sinclair 
Contains all of the everyday information that anyone 
working in electronics will need. 

It provides a practical and comprehensive collection of 
circuits, rules of thumb and design data for professional 
engineers, students and enthusaists, and therefore 
enough background to allow the understanding and 
development of a range of basic circuits. 
Contents: Passive components, Active discrete 

components, Circuits, Linear I.Cs, Energy conversion 
components, Digital I.C.s, Microprocessors and micro-
processor systems, Transferring digital data, Digital-
analogue conversions, Computer aids in electronics. 
Hardware components and practical work, Micro-con-
trollers and PLCs. Digital broadcasting, Electronic 
security. 

440 pages Order code NE21 £16.99 

COIL DESIGN AND CONSTRUCTIONAL MANUAL 
B. B. Babani 
A complete book for the home constructor on "how to 
make" RF, IF, audio and power coils, chokes and trans-
formers. Practically every possible type is discussed and 
calculations necessary are given and explained in detail. 
Although this book is now twenty years old, with the 
exception of toroids and pulse transformers little has 
changed in coil design since it was written. 

96 pages Order code 160 £4.49 

OPTOELECTRONICS CIRCUITS MANUAL 
R. M. Marston 
A useful single-volume guide to the optoelectronics 
device user, specifically aimed at the practical design 
engineer, technician, and the experimenter, as well as 
the electronics student and amateur. It deals with the 
subject in an easy-to-read, down-to-earth, and non-
mathematical yet comprehensive manner, explaining 
the basic principles and characteristics of the best 
known devices, and presenting the reader with many 
practical app ications and over 200 circuits. Most of the 
i.c.s and other devices used are inexpensive and read-
ily available types, with universally recognised type 
numbers. 

182 pages Order code NE14 £15.99 

OPERATIONAL AMPLIFIER USER'S HANDBOOK 
R. A. Penfold 
The first part of this book covers standard operational 
amplifer based "building blocks" (integrator, precision 

rectifier, function generator, amplifiers, etc), and consid-
ers the ways in which modern devices can be used to give 
superior performance in each one. The second part 
describes a number of practical circuits that exploit mod-
ern operational amplifiers, such as high slew-rate, ultra 
low noise, and low input offset devices. The projects 
include: Low noise tape preamplifier, low noise RIAA pre-
amplifier, audio power amplifiers, d.c. power controllers, 
opto-isolator audio link, audio millivolt meter, temperature 
monitor, low distortion audio signal generator, simple 
video fader, and many more. 

120 pages Order code BP335 £5.45 

A BEGINNERS GUIDE TO CMOS DIGITAL Cs 
R. A. Penfold 
Getting started with logic circuits can be difficult, since many 
of the fundamental concepts of digital design tend to seem 
rather abstract, and remote from obviously useful applica-
tions. This book covers the basic theory of digital electronics 
and the use of CMOS integrated circuits, but does not lose 
sight of the fact that digital electronics has numerous "real 
world' applications. 
The topics covered in this book include: the basic 

concepts of logic circuits; the functions of gates, invert-
ers and other logic "building blocks"; CMOS logic i.c. 
characteristics, and their advantages in practical circuit 
design; oscillators and monostables (timers); flip/flops, 
binary dividers and binary counters; decade counters 
and display drivers. 

1/9 pages Order code BP333 £5.45 

AUDIO AND MUSIC 
INTRODUCTION TO DIGITAL AUDIO 
(Second Edition) Ian Sinclair 
The compact disc (CD) was the first device to bring digital 
audio methods into the home. 

This development has involved methods and circuits 
that are totally alien to the technician or keen amateur 
who has previously worked with audio circuits. The princi-
ples and practices of digital audio owe little or nothing to 
the traditional linear circuits of the past, and are much 
more comprehensible to today's computer engineer than 
the older generation of audio engineers. 

This book is intended to bridge the gap of understand-
ing for the technician and enthusiast. The principles and 
methods are explained, but the mathematical background 
and theory is avoided, other than to state the end product. 

128 pages Order code PC102 £8.95 

PROJECTS FOR THE ELECTRIC GUITAR 
J. Chatwin 
This book is for anyone interested in the electric gui-

tar. It explains how the electronic functions of the 
instrument work together, and includes information on 

BOOK ORDERING DETAILS 
All prices Include UK postage. For postage to Europe (air) and the rest of the world (surface) 
please add £1 per book. For the rest of the world airmail add £2 per book. CD-ROM prices 
include VAT and/or postage to anywhere in the world. Send a PO, cheque, international money 
order (£ sterling only) made payable to Direct Book Service or card details, Visa, Mastercard, 
Amex, Diners Club or Switch to: DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LIMIT-
ED, 408 WIMBORNE ROAD EAST, FERNDOWN, DORSET BH22 9ND. 
Books are normally sent within seven days of receipt of order, but please allow 28 days for 

delivery — more for overseas orders. Please check price and availability (see latest issue of 
Everyday Practical Electronics) before ordering from old lists. 

For a further selection of books see the next two issues of EPE. 
Tel 01202 873872 Fax 01202 874562. E-mail: dbs@epemag.wimborne.co.uk 
Order from our online shop at: www.epemag.wimborne.co.uk/shopdoor.htm 

BOOK ORDER FORM 
Full name: 

Address'  

 Post code. Telephone No:  

Signature:  

p I enclose cheque/PO payable to DIRECT BOOK SERVICE for £  

p Please charge my card £ Card expiry date  

Card Number Switch Issue No  

Please send book order codes:  

Please continue on separate sheet of paper if necessary 

he various pickups and transducers that can be fitted. 
There are complete circuit diagrams for the major 
ypes of instrument, as well as a selection of wiring 
modifications and pickup switching circuits. These can 
be used to help you create your own custom wiring. 
Along with the electric guitar, sections are also 

included relating to acoustic instruments. The function 
of specialised piezoelectric pickups is explained and 
there are detailed instructions on how to make your own 
contact and bridge -transducers. The projects range 
from simple preamps and tone boosters, to complete 
active controls and equaliser units 

92 pages Order code BP358 £5.45 

VALVE AMPLIFIERS 
Second Edition. Morgan Jones 
This book allows those with a limited knowledge of the field 
to understand both the theory and practice of valve audio 
amplifier design, such that they can analyse and modify cir-
cuits, and build or restore an amplifier. Design principles and 
construction techniques are provided so readers can devise 
and build from scratch, designs that actually work. 
The second edition of this popular book builds on its main 

strength - exploring and illustrating theory with practical 
applications. Numerous new sections include: output trans-
former problems; heater regulators; phase splitter analysis; 
and component technology. In addition to the numerous 
amplifier and preamplifier circuits, three major new designs 
are included: a low-noise single-ended LP stage, and a pair 
of high voltage amplifiers for driving electrostatic transduc-
ers directly - one for headphones, one for loudspeakers. 

488 pages Order code NE33 £26.99 

VALVE RADIO AND AUDIO REPAIR HANDBOOK 
Chas Miller 
This book is an essential read for everyone working 
with antique radio and gramophone equipment, includ-
ing dealers, collectors and valve technology enthusi-
asts the world over. The emphasis is firmly on the prac-
ticalities of repairing and restoring, so technical content 
is kept to a minimum, and always explained in a way 
that can be followed by readers with no background in 
electronics. Those who have a good grounding in elec-
tronics, but wish to learn more about the practical 
aspects, will benefit from the emphasis given to hands-
on repair work, covering mechanical as well as electri-
cal aspects of servicing. Repair techniques are also 
illustrated throughout. 
A large reference section provides a range of infor-

mation compiled from many contemporary sources, and 
includes specialist dealers for valves, components and 
complete receivers. 

288 pages Order code NE34 £20.99 

LOUDSPEAKERS FOR MUSICIANS 
Vivan Capel 
This book contains all that a working musician needs to 
know about loudspeakers; the different types, how they 
work, the most suitable for different instruments, for 
cabaret work, and for vocals. It gives tips on constructing 
cabinets, wiring up, when and where to use wadding, 
and when not to, what fittings are available, finishing, 
how to ensure they travel well, how to connect multi-
speaker arrays and much more. 
Ten practical enclosure designs with plans and 

comments are given in the last chapter, but by the time 
you've read that far you should be able to design your 
own! 

164 pages Order code BP297 £5.49 
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PCB SERVICE 
Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. All prices include VAT and postage ana packing. Add £1 per board for 
airmail outside of Europe. Remittances should be sent to The PCB Service, 
Everyday Practical Electronics, Wimbome Publishing Ltd., 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872; Fax 01202 874562; 
E-mail: orders@epemag.wimborne.co.uk. On-line Shop: www.epemag. 
wimborne.co.uldshopdoorhtm. Cheques should be crossed and made payable to 
Everyday Practical Electronics (Payment in £ sterling only). 
NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery 
- overseas readers allow extra if ordered by surface mall. 
Back numbers or photostats of articles are available if required - see the Back 
Issues page for details. 

Please check price and availability in the latest issue. 
Boards can only be supplied on a payment with order basis. 

PROJECT TITLE Order Code Cost 

* EPE Icebreaker - PCB257, programmed MAR '00 
PIC16F877 and floppy disc Set only £22.99 
*Micro-PICscope APR '00 259 £4.99 
*Multi-Channel Transmission System MAY '00 

264 - Transmitter 
Receiver 265 Set £6.34  
Interface 266 

*Canute Tide Predictor JUNE "00 267 £3.05 

*PIC-Gen Frequency Generator/Counter JU -Y oo 268 £5.07 
g-Meter 269 £4.36 
*EPE Moodloop AUG 00 271 £5.47 
Quiz Game Indicator 272 £4.52 
Handy-Amp 273 £4.52 

Active Ferrite Loop Aerial SEPT 00 274 £4.67 
*Remote Control IR Decoder Software only - 

*PIC Dual-Channel Virtual Scope OCT00 275 £5.15 

Handclap Switch NOV '00 270 £3.96 
*PIC Pulsorneter Software only - 

Twinkling Star DEC 00 276 £4.28 
Festive Fader 277 £5.71 
Motorists' Buzz-Box 278 £5.39 
*PIClogram 279 £4.91 
*PIC-Monitored Dual PSU-1 PSU 280 £4.75 

Monitor Unit 281 £5.23 
Static Field Detector (Multi-project PCB) 932 £3.00 

Two-Way Intercom JAN '01 282 £4.76 
UFO Detector and Event Recorder 

Magnetic Anomaly Detector 283 
Event Recoider 284 } Sel £6.19 
Audio Alarm 285 

*Using PICs and Keypacs Software only - 

Ice Alarm FEB 01 287 £4.60 
*Graphics LCD. Display with PICs (Supp) 288 £5.23 
Using the LM3914-6 LED. Bargraph Drivers 

Multi-purpose Main p.c.b. 289 
Relay Control 290 Sel } £7.14 
LED. Display 291 

*PC Audio Power Meter Software only - 

Doorbell Extender: Transmirer MAR 01 292 £4.20 
Receivei 293 £4.60 
Trans/Remote 294 £4.28 
Rec./Reay 295 £4.92 

EPE Snug-bug Heat Control for Pets APR 01 296 £6.50 
Intruder Alarm Control Panel 

Main Board 297 £6.97 
External Bell Unit 298 £4.76 

Camcorder Mixer nr.Ay : 01 299 £6.34 
*PIC Graphics L.C.D. Scope 300 £5.07 

Hosepipe Controller JUNE 01 301 £5.14 
Magfield Monitor (Sensor Board) 302 £4.91 
Dummy PIR Detector 303 £4.36 
*PIC16F87x Extended Memory Software only 

'Stereo/Surround 

- - 

Sound Amplifier JULY 01 304 £4.75 
Perpetual Projects Uniboard-1 305 £3.00 

Solar- Powered Power Supply & Voltage Reg. 
MSF Signal Repeater and Indicator 
Repeater Board 306 £4.75 
Meter Board 307 £4.44 

*PIC to Printer Interface 308 £5.39 
Lead/Acid Battery Charger AUG '01 309 £4.99 
Shortwave Loop Aerial 310 £5.07 
*Digitimer - Main Board 311 £6.50 

- R.F. Board 312 £4.36 
Perpetual Projects Uniboard-2 
LED. Flasher - Double Door-Buzzer 305 £3.00 

Perpetual Projects Uniboard-3 SEPT 01 305 £3.00 
Loop Burglar Alarm, Touch-Switch Door-Light 
and Solar-Powered Rain Alarm 

L.E.D. Super Torches - Red Main 
- Display Red 

313) Set 
314 £6.10 

- White L.E.D. 315 £4.28 
*Sync Clock Driver 316 £5.94 
*Water Monitor 317 £4.91 
Camcorder Power Supply OCT 01 318 £5.94 
PIC Toolkit Mk3 319 £8.24 
Perpetual Projects Uniboard-4. Gate Sentinel, Solar- 

powered Bird Scarer and Solar-Powered Register 
305 £3.00 

PROJECT TITLE Order Code Cost 

Teach-In 2002 Power Supply NOV 01 320 £4.28 
Lights Needed Alert 321 £5.39 
Pitch Switch 322 £5.87 
Capacitance Meter - Main Board (double-sided) 323 

- Display Board (double-sided) 324 Se l 
) 

£12 .00 
**PIC Tooikit TK3 - Software only - 
4-Channel Twinkling Lights DEC 01 325 £6.82 
Ghost Buster - Mic 

- Main 
326 Sel 
327 1 £5.78 

*PIC Polywhatsit - Digital 
- Analogue 

328 ) Sel 
329 

£7.61 

Forever Flasher MEIBM 330 £4.44 
Time Delay Touch Switch 331 £4.60 
*PIC Magick Musick 332 £5.87 
Versatile Bench Power Supply 333 £5.71 
*PIC Spectrum Analyser MULE. 334 £7.13 
Versatile Current Monitor 335 £4.75 
Guitar Practice Amp 336 £5.39 
*PIC Virus Zapper MIMI. 337 £4.75 
RH Meter 338 £4.28 
*PIC Mini-Enigma - Software only - - 
*Programming PIC Interrupts - Software onl - 
*PIC Controlled Intruder Alarm '.ft 339 £6.50 
*PIC Big Digit Display MAY '02 341 £6.02 
Washing Ready Indicator 342 £4.75 
Audio Circuits-1 - LM386N-1 343 £4.28 

- TDA7052 344 £4.12 
- TBA820M 345 £4.44 
- LM380N 346 £4.44 
- TDA2003 347 £4.60 
- Twin TDA2003 348 £4.75 

World Lamp JUNE 02 340 £5.71 
Simple Audio Circuits-2 - Low, Med and High 

Input Impedance Preamplifiers (Single Trans.) 349 £4.60 
Low-Noise Preamplifier ( Dual Trans.) 350 £4.75 
Tone Control 351 £4.60 
Bandpass Filter 352 £4.75 

Frequency Standard Generator - Receiver 353 £4.12 
- Digital 354 £6.82 

*Biopic Heartbeat Monitor 355 £5.71 
Simple Audio Circuits - 3 1=11 

- Dual Output Power Supply 356 £4.60 
- Crossover/Audio Flier 357 £4.44 

Infra-Red Autoswitch 358 £4.91 
*EPE StyloPIC 359 £6.50 
Rotary Combination Lock - Main Board 360 £5.39 

- Interface Board 361 £4.91 
*Using the PIC's PCLATH Command - Software ont - 
Big- Ears Buggy AUG 02 362 £5.71 
*PIC World Clock 363 £5.39 
Simple Audio Circuits-4 
Low Freq. Oscillator 364 £4.44 
Resonance Detector 365 £4.28 

EPE SOFTWARE 
Software programs for EPE projects marked with a single asterisk * are available on 3.5 inch 
PC-compatible disks or free 'rom our Internet site The following disks are avadable: PIC 
Tutorial (Mar-May '98); PIC Toolkit Mk2 V2.4d (May-Jun '99); EPE Disk 1 (Apr '95-Dec '98): 
EPE Disk 2 (1999); EPE Disk 3 (2000): EPE Disk 4 (2001); EPE Disk 5 (Jan 2002 issue to 
current cover date); EPETeach-In 2000; EPE Spectrum; EPE Interface Disk 1 (October'00 
issue to current cover date). ** PIC Toolkit TK3 software (Nov '01) is on CD-ROM. The 3.5 
inch disks are £300 each (UK), the CD-ROM is £6.95 (UK). Add 50p each for overseas sur-
face mail, and £1 each for airmail. All are available `rom the EPE PCB Service. All files can 
be downloaded free from our Internet FTP site: ftpetp.epemag.wlmborne.co.uk. 

EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 

Name  

Address   

Tel. No.   

I enclose payment of £ (cheque/PO in £ sterling only) to: 

Everyday 
VISA 

musemmi 

11.3511, 

Practical Electronics 
MasterCard, Amex, Diners 

Club, Visa or Switch 

Card No.   

Card Exp. Date Switch Issue No  

Signature  

NOTE: You can also order p.c.b.s by phone, Fax, Email or via our 
Internet site on a secure server: 

http://www.epemag.wimborne.co.uk/shopdoor.htm 
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WHETHER ELECTRONICS IS YOUR HOBBY 
OR YOUR LIVELIHOOD... 

YOU NEED THE MODERN ELECTRONICS MANUAL 
and the ELECTRONICS SERVICE MANUAL 

THE MODERN ELECTRONICS 

.11.ip•e• 

MANUAL (CD-ROM VERSION ONLY) 

emee° co- of 
ee-elee mise›.‘• 

e 9*9 

EVERYTHING YOU NEED TO GET 
STARTED AND GO FURTHER IN ELECTRONICS! 

The essential reference 
work for everyone 

studying electronics 
• Over 800 pages 

• In-depth theory 

• Projects to build 

• Detailed assembly instructions 

• Full components checklists 

• Extensive data tables 

• Manufacturers web links 

ee Easy-to-use Adobe Acrobat 

format 

• Clear and simple layout 

• Comprehensive subject range 

• Professionally written 

• Regular Supplements 

The revised CD-ROM edition of the Modern Electronics Base 
Manual (MEM) contains practical, easy-to-follow information on the 
following subjects: 

3ASIC PRINCIPLES: Electronic Components and their 
Characteristics ( 16 sections from Resistors and Potentiometers to 
Crystals, Crystal Modules and Resonators); Circuits Using Passive 
Components ( 10 sections); Power Supplies; The Amateur 
Electronics Workshop; The Uses of Semiconductors; Digital 
Electronics (6 sections); Operational Amo-ifiers: Introduction to 
Physics, including practical experiments; Semiconductors 
f5 sections) and Digital Instruments (3 sections). 

CIRCUITS TO BUILD: There's nothing to beat the satisfaction of 
creating your own projects. From basic principles, like soldering 
and making printed circuit boards, to the tools needed for 
circuit- building, the Modern Electronics Manua' and its 
Supplements describe clearly, with appropriate diagrams, how to 
assemble a radio, loudspeaker circuits, amplifiers, car projects, 

a computer interface, measuring instruments, workshop 
equipment, security systems, medical and musical circuits, etc. 
The Base Manual describes 12 projects including a Tneremin 
and a Simple TENS Unit. 

ESSENTIAL DATA: Extensive tables on diodes, transistors, 
thyristors and triacs, digital and linear i.c.s. 

EXTENSIVE GLOSSARY: Should you come across a technical 
word, phrase or abbreviation you're not familiar with, simply look 
up the glossary included in the Manual and you'll find a 
comprehensive definition in plain English. 

The Manual also covers Safety and provides web links to 
component and equipment Manufacturers and Suppliers 
The most comprehensive reference work ever produced at a price 
you can afford, the CD-ROM edition of THE MODERN 
ELECTRONICS MANUAL provides you with all the essential 
information you need. 

THE MODERN ELECTRONICS MANUAL (MEM - CD-ROM version only) 

Revised CD-ROM Edition of Basic Work: Contains over 800 pages of information in Adobe Acrobat format. Edited by John Becker. 

Regular Supplements: Additional CD-ROMs each containing approximately 500 pages of additional information on specific areas of 
electronics will be available for £ 19.95 each. Information on the availability and content of each Supplement CD-ROM will be sent to you as they 
become available. 
Presentation: CD-ROM suitable for any modem PC. Requires Adobe Acrobat Reader which is included on the MEM CD-ROM. 

Price of the Basic Work: £29.95 POST FREE. 

ORDER BOTH MANUALS TOGETHER AND SAVE VI 0 
A mass of well-organised and clearly explained information is brought to you by expert editorial 

teams whose combined experience ensures the widest coverage 
Regular Supplements to these unique publications, keep you abreast of the latest technology and 

techniques if required 



ELECTRONICS SERVICE MANUAL 
(PRINTED VERSION ONLY) 

EVERYTHING YOU NEED TO KNOW TO GET STARTED IN 
REPAIRING AND SERVICING ELECTRONIC EQUIPMENT 
SAFETY: Be knowledgeable about Safety Regulations, Electrical Safety and First Aid. 

UNDERPINNING KNOWLEDGE: Specific sections enable you to Understand Electrical 
and Electronic Principles, Active and Passive Components, Circuit Diagrams, Circuit 
Measurements, Radio, Computers, Valves and Manufacturers' Data, etc. 

PRACTICAL SKILLS: Learn how to identify Electronic Components, Avoid Static 
Hazards, Carry Out Soldering and Wiring, Remove and Replace Components. 

TEST EQUIPMENT: How to Choose and Use Test Equipment, Assemble a Toolkit, Set 
Up a Workshop, and Get the Most from Your Multimeter and Oscilloscope, etc. 

SERVICING TECHNIQUES: The regular Supplements include vital guidelines on how to 
Service Audio Amplifiers, Radio Receivers, TV Receivers, Cassette Recorders, Video 
Recorders, Personal Computers, etc. 

TECHNICAL NOTES: Commencing with the IBM PC, this section and the regular 
Supplements deal with a very wide range of specific types of equipment — radios, TVs, 
cassette recorders, amplifiers, video recorders etc.. 

REFERENCE DATA: Detailing vital parameters for Diodes, Small-Signal Transistors, 
Power Transistors, Thyristors, Triacs and Field Effect Transistors. Supplements include 
Operational Amplifiers, Logic Circuits, Optoelectronic Devices, etc. 

ELECTRONICS SERVICE MANUAL 
(ESM - Printed version only) 

Basic Work: Contains around 900 pages of information. Edited by Mike Tooley BA 
Regular Supplements: Unlike a book or encyclopedia, this Manual is a living work — 
continuously extended with new material. If requested, Supplements are sent to you on 
approval approximately every three months. Each Supplement contains around 160 pages 
— all for only £23.50+£2.50 p&p. You can, of course, return any Supplement (within ten 
days) which you feel is superfluous to your needs. You can also purchase a range of past 
Supplements to extend your Base Manual on subjects of particular interest to you. 
Presentation: Durable looseleaf system in large A4 format 

Price of the Basic Work: £29.95 
(to include a recent Supplement FREE). 

rompu-ancsoranuurorosanuatran u-orearararmararerancrar, (6uarantre arencramman Launcrommr] cPcrar«PcP cPcMPLIMOPLIEUMMIME 

The essential work for 
servicing and repairing 
electronic equipment 
9 Around 900 pages 

• Fundamental principles 

• Troubleshooting techniques 

• Servicing techniques 

• Choosing and using test 
equipment 

• Reference data 

• Easy-to-use format 

• Clear and simple layout 

• Vital safety precautions 

• Professionally written 

• Regular Supplements 

• Sturdy gold blocked ring-binder 

Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy with the Electronics Service 

Manual, for whatever reason, simply return it to us in good condition within 30 days and we will make a full refund of your 

payment — no small print and no questions asked. All we ask is that you pay the return postage. (Overseas buyers also have to 

pay our overseas postage charge). Sorry, but we can only make exchanges on the Modern Electronics Manual (CD-ROM 

version) if the CD-ROM is faulty, we cannot offer a money back guarantee on this product as the content can be printed out. 

5 
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Wimborne Publishing Ltd., Dept Y8, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. Fax: 01202 874562. 
Online shop: www.epemag.wlmborne.co.uk/shopdoor.htm 

PLEASE send me VISA E   • 
• THE MODERN ELECTRONICS MANUAL (CD-ROM version only) 

•  ELECTRONICS SERVICE MANUAL plus a FREE SUPPLEMENT (Printed version only) 

I enclose payment of £29.95 (for one Manual) or £49.90 for both Manuals (saving £10 by 
ordering both together) plus postage if applicable. 

I also require the appropriate ESM Supplements four times a year. These are billed 
separately and can be discontinued at any time. (Please delete if not required.) 

FULL NAME   
(PLEASE PRINT) 

ADDRESS   

 POSTCODE   

SIGNATURE   

Ej I enclose cheque/PO in UK pounds payable to Wimborne Publishing Ltd. 
EJ Please charge my Visa/Mastercand/AmœdDiners Club/Switch Switch Issue No  

Card No. Card Exp. Date   

ORDER FORM 
Simply complete and return the order form with your 

payment to the following address: 

Wimbome Publishing Ltd, Dept. Y8, 408 Wimbome 
Road East, Femdown, Dorset BH22 9ND 

We offer a 30 day MONEY BACK GUARANTEE 
on ESM - see the panel above for details. 

POSTAGE CHARGES FOR ESM 
MEM CD-ROM POST FREE TO ALL COUNTRIES 
(Note we use the VAT portion of the MEM CD-ROM payment 

to pay for overseas postage) 

Price PER ESM PRINTED MANUAL 
Postal Region Surface Air 

Mainland UK 
Scottish Highlands, 
LK Islands & Eire 

Europe ( EU) 
Europe (Non-EU) 
USA & Canada 
Far East & Australasia 
Rest of World 

FREE 

£7 each 
£23 each 

£23 each £30 each 
£28 each £39 each 
£35 each £43 each 
£28 each £52 each 

Please allow four working days for UK delivery. 
NOTE: Surface mail can take over 10 weeks to some parts of 

the world. Each ESM weighs about 4kg when packed. 

ern-cd 



Everyday Practical Electronics reaches twice as 
many UK readers as any other UK monthly hobby 
electronics magazine, our sales figures prove it. 
We have been the leading monthly magazine in 
this market for the last seventeen years. 

If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display 
pages offer the best value. The prepaid rate for semi-display space is £8 (+VAT) per single column centimetre (minimum 2.5cm). 
The prepaid rate for classified adverts is 30p (+VAT) per word (minimum 12 words). 

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together 
with remittance, should be sent to Everyday Practical Electronics Advertisements, Mill Lodge, Mill Lane, Thorpe-le-Soken, Essex C016 
OED. Phone/Fax (01255) 861161. 
For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above. 

TOTALROBOTS 
ROBOTICS, CONTROL & 

ELECTRONICS TECHNOLOGY 

High quality robot kits and components 
UK distributor of the 00Pic microcontroller 

Secure on-line ordering 
Rapid delivery 

Highly competitive prices 

Visit www.totalrobots.com 

Tel: 01372 741954 

TRANSFORMERS 

Transformers and Chokes for all types 
of circuits including specialist valve units 

Custom design or standard range 
High and low voltage 

Variable Voltage Technology Ltd 
Unit 24 Samuels Whites Estate 
Cowes, Isle of Wight P031 7LP 

Tel: 01983 280592 Fax: 01983 280593 
email: sales@wt-cowes.freeserve.cauk 

PICmicro Controllers 
16F628 $4.22, 161'877 $ 11.31 

Wisp628 Programmer 
in-circuit Flash PIC programmer kit $21 

S/H $7, prices incl. VAT 

www.voti.nl/shop 

Zee NOW AVAILABLE WITH 
128K AND 512K — OZ4 

ALSO SPECTRUM 
AND CH— PARTS 

W. N. RICHARDSON & CO. 
PHONE/FAX 01494 871319 

E-mail: wnr@compuserve.com 
RAVENSMEAD, CHALFONT ST PETER. BUCKS, SL9 ONB 

X-10® Home Automation 
We put you in control' 

Why tolerate when you can automate? 
An extensive range of 230V X- I0 products 

and starter kits available. Uses proven Power 

Line Carrier technology, no wires required. 

Products Catalogue available Online. 

Worldwide delivery. 

Laser Business Systems Ltd. 
E-Mail: info@laser.com 

http://www.laser.com 

Tel: (020) 8441 9788 

Fax: (020) 8449 0430 

OLIMK 
http://www.olimex.com/pcb 

PCB prototypes for $26 
FR-4, 1.5 mm, 35/35 urn copper, 
160x100 mm, double side, PTH, 

soldermask, component silkscreen 
production in 3-5 working days 

made in Bulgaria 
no import tax to Europe, UK and US 

BTEC ELECTRONICS 
TECHNICIAN TRAINING 

VCE ADVANCED ENGINEERING 
ELECTRONICS AND ICT 

HNC AND HND ELECTRONICS 
NVC) ENGINEERING AND IT 

Next course commences 
16th SEPTEMBER 2002 

FULL PROSPECTUS FROM 

LONDON ELECTRONICS COLLEGE 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 

TEL: (020) 7373 8721 

EPE NET ADDRESSES 
EPE FTP site: ftp://ftp.epemag.wimborne.co.uk 
Access the FTP site by typing the above into your web browser, or by setting up an FTP session using 
appropriate FTP software, then go into quoted sub-directories: 
PIC-project source code files: /pub/PICS 
PIC projects each have their own folder; navigate to the correct folder and open it, then fetch all the files 

contained within. Do not try to download the folder itself! 
EPE text files: /pub/docs 
Basic Soldering Guide: solder.txt 
Ingenuity Unlimited submission guidance: ing_unIt.txt 
New readers and subscribers info: epe_info.txt 
Newsgroups or Usenet users advice: usenet.txt 
Ni-Cad discussion: nIcadfag.zIp and nIcad2.zIp 
Writing for EPE advice: wrIte4us.txt 

You can also enter the FTP site via the link at the top of the main page of our home site at: 
httplAwwv.epemag.wlmborne.co.uk 
Shop now on-line: www.epemag.wlmbome.co.uldshopdoor.htm 

PARTY/DISCO LIGHTS 
All mains 240 Volt. New, boxed and ready to u.. 

FREE DELIVERY. MAIL ORDER ONLY 

MAINS MINI STROBE. Adiustable flash rate 1.10 flashes/second 
(Duality grey steel case with bracket £24.95. 

4-BULB DISCO PARTY LIGHT. Takes 4 R080 coloured bulbs. 
Sequences without music, speeds up with music beat. Quality 

metal case and stand. £44.50. 

MIRROR BALL KIT. 8 inch (20cm) mirror ball, 240V rotator, 240V 
pin spotlight and bulb. 5 coloured tillers Bargain £44.50. 

ROPE LIGHT. 3 coloured channels. 6 metres long. Speed con. 
troller. Crushed ice effect flexible tube Versatile effect £39.95 

Send Cheque or Postal Order PAYABLE TO B SIMMONDS ro 

SIMMONDS SURPLUS CO. 
12 Merina Drive, Wolverton, Bucks MK12 5DW 

Tel: 01908 225254 

THE BRITISH AMATEUR 
ELECTRONICS CLUB 

exists to help electronics enthusiasts by personal 
contact and through a quarterly Newsletter. 

For membership details, write to the Secretary: 

Mr. T. S. C. Samuel-Mauryce 

3A Colliery Street, off Clayton Lane, 
Openshaw, Manchester M11 2AW, Lancs, UK 

Tel: 0161 223 3208 after 6 pm 

Email: tsc.samuel-mauryce02@talk21.com 

Please send s.a.e. for information 

Valve Output Transformers: Single ended 50mA, £4.50; push/pull 
50W, £38: 100W, £53. Mains Transformers: Sec 220V 30mA 6V 
1A, £3; 250V 60mA 6V 2A, £5; 250V 80mA 6V 2A. £6. High 
Voltage Caps: 500/F 350V, 68uF 500V, 150pF 385V, 220gd 400V. 
330er F 400V, 470ruF 385V, all £3 ea., 32,32,4F 450V £5, 4er F 800V 
oil filled paper block £ 10, 10H 200mA choke £ 14. Postage extra. 
Record Decks and Spares: BSR. Garrard, Goldring, motors, 
arms, wheels, headshells, spindles, etc. Send or phone your want 
list for quote 

RADIO COMPONENT SPECIALISTS 

r:=1 337 WHITEHORSE ROAD, CROYDON VISA 
SURREY, CRO 2HS. Tel: (020) 8684 1665 

Lots of transformers, high volt caps valves, output transformers speakers. In stock. 
Phone or send your wants list for quote 

ELECTRONICS SURPLUS SALE 
SEND 1st CLASS S.A E. FOR BARGAIN LIST OR Knoll 

bargalneholObreathemallnet to get yourself on FMLs E-newslmt for 
early details of bargains before they are snapped up' 

FML ELECTRONICS 
FREEPOST NEA 3627 BEDALE, NORTH YORKSHIRE DLa 3BR 
SPECIALIST SUPPLIERS OF SEMICONDUCTORS RESISTORS CAPACITORS 

AND OTHER ELECTRONIC COMPONENTS AT COMPETITIVE PRICES 

TEL: 01677 425840 

Miscellaneous 

FREE PROTOTYPE PRINTED CIRCUIT BOARDS! 
Free prototype p.c.b. with quantity qrders. Call Patrick on 
028 9073 8897 for details. Agar Circuits, Unit 5, East 
Belfast Enterprise Park, 308 Alberthridge Road. Belfast 
BTS 4GX. 
PRINTED CIRCUIT BOARDS - QUICK SERVICE. 
Prototype and production artwork raised from magazines or 
draft designs at low cost. PCBs designed from schematics. 
Production assembly, wiring and software programming. 
For details contact Patrick at Agar Circuits, Unit 5, East 
Belfast Enterprise Park, 308 Albertbridge Road, Belfast, 
BTS 4GX. Phone 028 9073 8897, Fax 028 9073 1802, 
Email agar@argonet.cosuk. 
G.C.S.E. ELECTRONICS KITS, at pocket money prices. 
S.A.E. for FREE catalogue. SIR-KIT Electronics, 52 
Severn Road, Clacton. C015 3RB. www.geocities. 
com/sirkItuk. 
VALVES AND ALLIED COMPONENTS IN STOCK - 
please ring for free list. Valve equipment repaired. Geoff 
Davies ( Radio). Phone 01788 574774. 
ELECTRONICS ENGINEER available to develop your 
prototype project from schematic drawing to assembled 
p.c.b. Phone 01633 895580. Mobile 07748 658567. 
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you' ronics enthusi CS can p with the 
spark o' inspiration needed to help you earn more money, 
improve your skills or even start your own business. 

We've a great range of courses to choose from. You can study 
whenevar and wherever you like, at a pace that suits you best to 0 gain the qualification you want. You'll even have the back-up of 
student seivices, and access to a personal tutor, and best of all, 
you can start straight away! 

Give your earning potential a boost by caNing free on the 
number below, or by returning this coupon now. 

Please t,ck your cobrse 

of interest: 

Electrical Contracting & 

Installation 

Electrical Engineering 

C&G Basic Electronic 

Engineering 

C&G Basic Mocha:dad 
Engineering 

Motorcycle & Ant Repair 

TV & Video Servicing 

Radio & Hble'Barr:eta 

Postcode 

Tel No 

Emel 

Dote of Bee / 

From Woe to tr., ow perm ou,., coulelk rmened mum om 
to wote to you about product, and emoma yo, 

egemeereee Oboe. lOAth., p). 

ICS 
Dept 

Ref? New* Se dew Skypeek, BM« Meta 
Air 

THE WORLD'S NO. 1 
IN HOME LEARNING 

ZEEVT1G2 I 

1 

1 

1 
r' 

FRUSTRATED! 
Looking for ICs TRANSISTORs? 
A phone call to us could get a result. We 
offer an extensive range and with a world-
wide database at our fingertips, we are 
able to source even more. We specialise in 
devices with the following prefix (to name 
but a few). 

2N 2SA 2SB 2SC 2SD 2P 2SJ 2SK 3N 3SK 4N 6N 17 e AD 
ADC AN AM AY BA BC BD BDT BDV BDW BDX BF 
BER BFS BET BFX BFY BLY BLX BS BR BRX BRY BS 
BSS BSV BSW BSX BT BTA BTB BRW BU BUK BUT BUV 
BUW BUX BUY BUZ CA CD CX CXA DAC DG DM DS 
DTA DTC GL GM HA HCF HD HEF ICL ICM IRF J KA 
KIA L LA LB LC LD LF LM M M5M MA MAB MAX MB 
MC MDAJ MJE MJF MM MN MPS MPSA MPSH MPSU 
MRF NJM NE OM OP PA PAL PIC PN RC S SAA SAB 
SAD SAJ SAS SDA SG SI SL SN SO STA STK SIR STRD 
STRM STRS SVI T TA TAA TAG TBA IC TCA TDA TDB 
TEA TIC TIP TIPL TEA TL TLC IMP TMS TPU U UA 
L AA UC UDN LIN UM UPA UPC UPD VN X XR Z ZN 
ZTS — many others 

We can also offer equivalents (at customers' risk) 
We also stock a full range of other electronic components 
Maul, phone, Fax Credit Card orders and callers welcome 

EXPFIPS5 

minima 
VISA Connect 

Cricklewood Electronics Ltd 
40-42 Cricklewood Broadway London NW2 3ET 

Tel: 020 8452 0161 Fax: 020 8208 1441 

• 
NATIONAL 
COtiEGi Of 
TEE fINOIOGY 

DISTANCE LEARNING 
SHORT COURSES with 
BTEC CERTIFICATION 

Analogue and Digital Electronics, Fibre Optics, 

Fault Diagnosis, Mechanics, Mathematics and 

Programmable Logic Controllers 

• Suitable for beginners and 

those wishing to update their 

knowledge and practcal skills 

• Courses are very practical and 

delivered as self contained kits 

• No travelling or college attendance 

• Learning is at your own pace 

• Each course can stand alone or be 

part of a modular study programme 

• Tutor supported and BTEC certifiec 

For information contact: 
NCT Ltd., P.O. Aylesbury 11 
Aylesbury, Bucks HP22 5WJ 
Telephone/Fax 01296 614925 
Web: http://www.nct.ltd.uk 

N. R. BARIDWIELL LTD (Est. I Dan) 
100 
7.5 
5C 
IC 
IC 
4 
5C 

25 
25 
75 

25 
25 

35 
25 

30 
25 

317 

25 
30 
35 
25 
100 
100 
8C 
45 

Send Dads 141148 
Retrfe Des 944001 
Redder Dcoles 914007 
9401 BrOge Reefers 

TIrrer I s 
741 °glen's 

51 OC 
CI X 
CI 30 
f I  X 

 £1 JO 
f 1  30 

Assorted Zener Does 400,194  f I X 
'resorted 7-..eornent Ospreys  CI OC 
5ern I e d s. red. preen co yerort CI  OC 
3nre Le de red, green so 9400w £1  00 
Wen Le 0.s. green, 13-5nre le0A f1  X 
Anal Leda bed red D ode .ackape  £1 CO 
Asstd. SO Smileless I x el s sir ode fl  OC 
(31:1825 Preseelds  CI OC 
B1:2121. Tremolo's £1  X 
B4237 Trarddors .C1 OC 
Be327 Transistors .£1 OC 
8E328 7ransistore  f1 OC 
84:547 Transistors £1  X 
130:5475 booed Li  OC 
134:548 rranselors f1  X 
84:549 bananas  f1 OC 
Br 557 ;bromide  £1.25 
B5558 -ransistare  f1.0G 
I31:559 bromide f1.00 
21:3904 7reesslors  £1.0C 
tri 504 wk.: Axel Capeceore rl  OC 
4117 500 Mai Areal Cape:tor,  £1.25 
Aseld capeelore electrolytic-  f1.00 
Aestcl Faded Eleceolyece, 4.7.22000 51  00 

80 Asst.: capactors lnE to 1AF L1  CO 
200 ASStF: eSC ceramrc capeators  £1.00 
50 Asst.. Skel Presets Ism steel camel' ..  f1.00 
50 Ass' , PF chokes r Inductors) £1  CO 
50 Asse. grommets  £1.0) 
80 Asst/ solder tags, p/conl s. lemma's  £1.00 
10 Asstl i crystals - pug m  £1.1:10 
8 ASse do sert(hes  f1.013 
20 Ateature sede entches Erato £1  GC 
8 Assel push-outlon swedes, roulabenS, reel:role . .51.03 
30 Asstri el sockets up toe way  £1.130 
10 N coax pegs paste £1  GO 
40 metres very ten connecting. Ms. re0 .  C1.03 
20 An. Mass reed seches .. . . . . .   £1.00 
10 Asst1 IFTs (no data) . .. .. 
100 Any .rne capoc 'AW 5% cl •estmors range 1 P or 101A .50.45 
10 T1312 Vortaçe Regulators £1  00 
300 Asstd resistors. "vVIT‘oW. mg, on tapes . .. .. Et e 

288 Abbeydale Road, Sheffield Si 1FL 
Phone: 0114 255 2886 * Fax: 0114 255 5039 

e-mail: sales@ bardwelleco.uk * Web: roseberdwelleco.uk 

Prices Include VAT.Postage f 1.6Ir 

414p stamp for lists or disk 

POs, Cheques and Credlt Cards accepted 

DIGITAL 
TEST METER 
Built-in transistor test socket 
and diode test position. 
DC volts 200mV to 1000V. 
AC volts 200V to 750V. 

DC current 200mA to 10A. 
Resistance 200 ohms to 

2000K ohms. 

£5.99 incl. VAT 

SEE OUR WEB PAGES FOR 
MORE COMPONENTS AND 

SPECIAL OFFERS 
vAww.bardwells.co.uk 
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Great value for Speakers. 
Microphones. Headphories. 

., . Aerials, Tritnsnitter TV Amps, .ight 
Plugs. Sockets, IL ds, CD 

Cases, CC ecurity, 
Connectors, Adaptors, Switch 

PM-41' 

Car Audio. Test u ment, 
leietriergrits. Computer Leads & 
Accessories, Power Supplies, 
Inverters, Transformers, Battery 
Chargers, Tools,": Soldering, 
Switches, Fusesr 
Cable & Wire, Crossovers, 
Speaker Hardware, PA Amps, 
and a great deal more ... all for 

,.*.he priee of a stamp. 

r-

• 

Sky Electronics 
40-42 Cricklewood Broadway, 

London, NW2 3ET 

Tel: 020 8450 0995 
Fax: 020 8208 1441 

Email: sales@cricklewoodelectronics.com 
www.skyelectronics.co.uk 

The Catalogue is FREE to shop cabers or send stamps to the value of £1.85 to cover postage. 

SHERWOOD ELECTRONICS 
FREE COMPONENTS 

Buy 10 x £1 Special Packs and choose another one FREE 
SPI 
SP2 
SP3 
SP6 
SP7 
SP8 
SP10 
SP11 
SP12 
SF18 
SP20 
SP21 
SP23 
SP24 
SP25 
SP26 
SP28 
SP29 
SF34 
SP36 
SP37 
SP39 
SP40 
SP41 
SP42 
SP47 
SP49 
SP102 
SP103 
SP104 
SP105 
SP109 
SP112 
SP115 
SP116 
SP124 
SP126 

SP130 
SP131 
SP133 

15 x 5mm Red LEDs 
12 x 5mm Green LEDs 
12 x 5mm Yellow LEDs 
15 x 3mm Red LEDs 
12 x 3mm Green LEDs 
10 x 3mm Yellow LEDs 
100 x 1N4148 diodes 
30 x 1N4001 diodes 
30 x 1N4002 diodes 
20 x BC182 transisxirs 
20 x BC184 transismrs 
20 x BC212 transistors 
20 x BC549 transistors 
4 x CMOS 4001 
4 x 555 tillers 
4 x 741 Op.Amps 
4 x CMOS 4011 
3 x CMOS 4013 
20 x 1N914 diodes 
25 x 10/25V radial elect. caps. 
12 x 100/35V radial elect. caps. 
10 x 470/16V radial elect. caps. 
15 x BC23/ transistors 
20 x Mixed transistors 
200 x Mixeo 0.25W C.F. resistors 
5 x Min. PB switches 
4 x 5 metes stranded core wire 
20 x 8-pin DIL soc•Xsts 
15 x 14-pir DIL sootets 
15 x 16-pir DIL socxets 
4 x 74LSOO 
15 x BC557 transistors 
4 x CMOS 4093 
3 x 10mm Red LEDs 
3 x 10mm Green LEDs 
20 x Assored ceramic disc caps 
8 x Battery clips - 4 ea. 

PP3 + PP9 
x Mixed 0.5W C.F. resistors 

2 x TL071 Op.Arrps 
20 x 1N4004 diodes 

RESISTOR PACKS -C.Film 
RP3 5 each value - total 365 C 25W £3.00 
RP7 10 each value - total 730 2.25W £4.25 
RPIO 1000 popular values 0.25W £6.15 
RP4 5 each value-total 365 0 5W £4.00 
RP8 13 each value-total 730 0.5W £6.65 
RPI1 1300 popular values 0.5W £8.40 

SP134 
SP135 
SP136 
SP137 
SP138 
SP140 
SP142 
SP143 

SP145 
SP146 
SP147 

SP151 
SP152 
SP153 
SP154 
SP156 

SP160 
SP161 
SP165 
SP166 
S°167 
SP168 
SP172 
SP174 
SP175 
SP177 
SP182 
SP183 
SP187 
SP189 
SP192 
SP193 
SP195 
SP197 
SP198 
SP199 
SP200 

15 x 1N4007 diodes 
6 x Miniature slide switches 
3 x BEY50 transistors 
4 x W005 1.5A bridge rectifiers 
20 x 2.2/63V radial elect. caps. 
3 x WO4 1.5A bridge rectifiers 
2 x CMOS 4017 
5 Pairs min. crocodile clips 

(Red & Black) 
6 x ZTX300 transistors 
10 x 2N3704 transistors 
5 x Stripboard 9 strips x 

25 holes 
4 x 8mm Red LEDs 
4 x 8mm Green LEDs 
4 x 8mm Yellow LEDs 
15 x BC548 transistors 
3 x Stripboard, 14 strips x 

27 holes 
10 x 2N3904 transistors 
10 x 2N3906 transistors 
2 x LF351 Op.Amps 
20 x 1N4003 diodes 
6 x BC107 transistors 
6 x BC108 transistors 
4 x Standard slide switches 
20 x 22/25V radial elect. caps 
20 x 1/63V radial elect. caps. 
10 x 1A 20mro guicet blow fuses 
20 x 4.7/63V radial elect. caps. 
20 x BC547 transistors 
15 x BC239 transistors 
4 x 5 metres solid core wire 
3 x CMOS 4066 
20 x BC213 transistors 
3 x 10mm Yelow LEDs 
6 x 20 pin OIL motets 
5 x 24 pin DIL socitets 
5 x 2.5mm mono jack plugs 
5 x 2.5mm mono jack sockets 

2002 Catalogue now available £1 
iic.. P&P or FREE with first order. 

D&P £1.25 per order. NO VAT 
Orders to: 

Sherwood Electronics, 
7 Williamson St., Mansfield, 

Notts. NG19 STD. 

Watch Slides on TV. 
Make videos of your slides. Digitise your slides 
(using a video capture card) 
"Liesgang diatv" automatic slide viewer with built in 
high quality colour TV camera. It has a composite 
video output to a phono plug (SCART & BNC adaptors 
are available). They are in very good condition with few 
signs of use. More details see www.diatv.co.uk. 
£91.91 + VAT = £108.00 

Board cameras all with 512 x 582 pixels 8.5mm 1/3 inch sensor and composite video 
out. All need to be housed in your own enclosure and have fragile exposed surface 
mount parts. They all require a power supply of between 10V and 12V DC 150mA. 
47MIR size 60 x 36 x 27mm with 6 infra red LEDs (gives the same illumination as a 
small torch but is not visible to the human eye) £37.00 + VAT = £43.48 
30MP size 32 x 32 x 14mm spy camera with a fixed focus pin hole lens for hiding 
behind a very small hole £35.00 + VAT = £41.13 
40MC size 39 x 38 x 27mm camera for C mount lens these give a much sharper 
image than with the smaller lenses £32.00 + VAT = £37.60 
Economy C mount lenses all fixed focus & fixed iris 
VSL1220F 12mm F1.6 12 x 15 degrees viewing angle £ 15.97 + VAT £18.76 
VSL4022F 4mm F1.22 63 x 47 degrees viewing angle £ 17.65 + VAT £20.74 
VSL6022F 6mm F1.22 42 x 32 degrees viewing angle £19.05 + VAT £22.38 
VSL8020F 8mm F1.22 32 x 24 degrees viewing angle £19.90 + VAT £23.38 

Better quality C Mount lenses 
VSL1614F 16mm F1-6 30 x 24 degrees viewing angle £26.43 + VAT £31.06 
VWL813M 8mm F1.3 with iris 56 x 42 degrees viewing angle £77.45 + VAT = £91.00 
1206 surface mount resistors E12 values 10 ohm to 1M ohm 
100 of 1 value £1.00 + VAT 1000 of 1 value £5.00 + VAT 

866 battery pack originally intended to be 
used with an orbit el mobile telephone it con-
tains 10 1.6Ah sub C batteries (42 x 22 dia. 
the size usually used in cordless screw-
drivers etc.) the pack is new and unused 
and can be broken open quite easily 
£7.46 + VAT = £8.77 

Please add £1.66 + vat = £1.95 postage & packing per order 

JPG Electronics 
Shaws Row, Old Road, Chesterfield, S40 2RB. 

Tel 01246 211202 Fax 01246 550959 
MastercardNisa/Switch 

Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday 
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Crownhill Associates PIC BASIC COMPILERS 
PIC Basic Plus Et PIC Basic Pro Compilers 

ID IC BASIC Plus, supports the popular 14 bit Microchip PIC-Microcontrollers, 
allowing the user to write professOnal programs in BASIC. The compilers 
produce fast, fight machine code to load directly into the PIC-Microcontroller. 

The Compiler produces code that is guaranteed 100% compatible with Microchips 
MPASM assembler. The compiler allows direct comparison between the BASIC 
program and the assembly listing. Two compilers are available. the PIC Basic Pro, 
entry level compiler and PIC BASIC Plus, professional compiler. Both produce fast 
assembly code from BASIC. The Compilers run under Windows 95,98,NTME and XP 
and are supplied with a comprehensive, Windows based editor with Syntax 
highlighting and just two key clicks to compile and program and detailed manuals with 
'worked examples. The Compilers support a range of programmers including the 
Microchip PICStart-pbs and our own development programmers. For a free demo of 
the Pro compiler visit our web site www.letbasic.com, or join or web based forum to 
hear what other users think of our compilers and supporting products... (PIC BASIC Prc is 
supplied with the book "Experimenting with the LET Basic Pro compiler by Les Johnson, an invaluable 
guide for the beginner.See the web site for an example chapter). 

Technical support is pro ided online via our web based forum, www.picbasicArg, 
or to tutors via telephone direct from the Author. 

Additional support can be provided to tutors using 
our development system for educational purposes. UNLENSH 

Development system 

Prototype PCB system 

4WD-
Supplied with source code and documentation 
for 20 Educational projects. Supports LCD displays 
from 2x16 Chrs to 128x64 dot matrix Graphics panel 

Programmers 

All supporting components stocked at corn 
e.g PIC 16F84 04 /P - £1.80 each, PIC 16F 
LCD 2x16 Chrs, £7.50 each LCD 128x64 dot mat 
Many more items stocked, email sales©crownhill.co. 

roi 

ices 
7 £3.95 each 

15.95 each 
for prices 

snort electron 

32, Broad Street, Ely 
Cambridge, CB7 4AH 

Tel: +44 (0) 1353 666709 
Fax: +44 (0) 1353 666710 
sales@crownhill.cauk 

All prices exclude: 
VAT, postage and packing 
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POWER AMPLIFIER MODULES-LOUDSPEAKERS-MIXERS 
19 INCH STEREO AMPLIFIERS-ACTIVE CROSS/OVERS. 

OMP MOS-FET POWER AMPLIFIERS 
HIGH POWER. TWO CHANNEL 19 INCH RACK 

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

MXF600 (300W + 300W) MXF900 (450W + 450W) 

ALL POWER RATINGS ARE R.M.S. INTO 4 OHMS, W'TH BOTH CHANNELS DRIVEN 
FEATURES:- • Independent power supplies w-th two toroidal transformers 
' Twin L.E.D. Vu Meters ' Level controls Illuminated on/off switch • Jack / XLR inputs • 
Speakon Outputs *Standard 775mv inputs *Open and Short circuit proof La:est Mos-Fets 
for stress free delivery into virtually any load • High slew rate Very low distortion • Aluminium 
cases MXF600 & MXF900 fan cooled with D.C. Loudspeaker and :hermal protection. 

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC 
MXF200 W19" D11" H3 /" 2U) i 
MXF400 W19" D12" H5 / i" 31 

7," MXF600 W19" D13" H5 3U 
MXF900 W19" D14" H57" 3U 

PRICES:- MXF200 £ 175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 

SPECIALIST CARRIER DEL £12.50 Each 

SIZES:-
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100 WATT ACTIVE SUB BASS AMPLIFIER PANEL 
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AN ACTIVE SUB BASS AMPUFIER WITH A TRUE 100W 
RMS OUTPUT. SUPERB CONSTRUCTION WITH THE 
FACILITIES TO INTEGRATE SEEMLESSLY INTO MOST 
HI-FI OR HOME CINEMA SETUPS. USE THIS PANEL 
PLUS ONE OF OUR LOUDSPEAKERS TO MAKE YOUR 
OWN SUB WOOFER THAT WILL MATCH OR BEAT MOST 
COMMERCIALLY AVAILABLE SUB WOOFERS. 

FEATURES:- • 100W RMS INTO 8 OHMS • HIGH AND 
LOW LEVEL INPUTS • TOROIDAL TRANSFORMER 
• SHORT CIRCUIT PROTECTION • D.C. SPEAKER 
PROTECTION • FREQUENCY ROLL OFF. LOWER 
10Hz. UPPER 60Hz TO 240Hz ( FUL LY ADJLSTABLE) 
• AC3 COMPATIBLE FILTER CAN BE BYPASSED 
FOR 5-1 FORMATS. ' AIRTIGHT CONSTRUCTION 
• TENS OF THOUSANDS OF OUR PANELS ALREADY 
IN USE. • COMPLETE WITH LEADS 

SPECIFICATIONS:-* POWER 100W RMS @ 8 OHMS *FREO RESP. 10Hz 15KHz 
-3dB DAMPING FACTOR >200 • DISTORTION 0.05% S/N A WEIGHTED 
>100dB • SUPPLY 230V A.C. 'WEIGHT 2.7Kg • SiZE H254 X W254 X D94mri 

THERE ARE 2 VERSIONS OF THE ABOVE PANEL AVAILABLE :-BSB100e8 
8 OHM VERSION BSB10W4 4 OHM VERSION BOTH PANELS ARE PRICED AT 

£117.44 + £5.00 P&P INCL. V.A.T. CHECK WEBSITE FOP PANELS LP TO 500W 

L_ VISA 

DELIVERY CHARGES:- PLEASE INCIWDE AS ABOVE, 
TO A MAXIMUM AMOUNT £30.00. OFFICIAL ORDERS 
FROM SCHOOL, COLLEGES, GOVT.,_PLCs ETC. PRICES 
INCLUSIVE OF V.A.T. SALES COUNTER. CREDIT CARD 
ORDERS ACCEPTED BY POST PHONE OR FAX. 

* PRICES INCLUDE V.A.T. 

* PROMPT DELIVERY 

FLIGHTCASED A new range of quality loudspeakers, dgsigned to take advantage of 
LOUDSPEAKERS latest loudspeaker technology and enclosure designs. All models 

utilise high quality studio cast aluminium loudspeakers with factory 
fitted grilles, wide dispersion constant directivity horns, extruded aluminium corner protection and steel 
ball corners, complimented with heavy duty black covering. The enclosures are fitted as standard with 
top hats for optional loudspeaker stands. The FC15-300 inuirporates a large 16 X 6 inch horn. All 
cabinets are fitted with the latest Speakon connectors for your convenience and safety. 
Fue models to choose from. 
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PLEASE NOTE:- POWER RATINGS 
QUOTED ARE IN WATTS R.M.S. FOR 
EACH INDIVIDUAL CABINET ALL 
ENCLOSURES ARE 8 OHMS 

15=15 Inch speaker 
12.12 Inch speaker 

ibl FC15-300 WATTS Freq Range 35Hz-20kHz,Sens 101dB, Size H695 W502 D415mm 
Price:- £299.00 per pair 

ibl FC12-300 WATTS Freq Range 45Hz-20kHz, Sens 96dB, Size H600 W405 D300mm 
Price:- £249.00 per pair 

ibl FC12-200 WATTS Freq Range 40Hz-20kHz, Sens 97dB. Size H600 W405 D300mm 
Price:- £199.00 per pair 

ibl FC12-100 WATTS Freq Range 45Hz-20kHz, Sens 100dB, Size H546 W380 D300mm 
Price:- £179.00 per pair 

ibl WM12-200 WATTS Freq Range 40Hz-20kHz, Sens 97dB, Size H418 W600 D385mm 
Price:- £125.00 Each 

SPECIALIST CARRIER DEL:- £12.50 per pair, wedge monitor £7.00 each 
Optional Metal Stands PRICE:- f49.00 per pair Deliver:- £6.00 

OC Si' II:N. 
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CONFIGURED 3 WAY 

FEATURES:-
Advanced 3-Way Stereo Active Cross-Over (Switchable two way), housed in a 19" s 1U case. Each 
channel has three level controls: Bass, Mid 8, Top. The removable front facia allows access to the 
programmable DIL switches to adjust the cross-over frequency: There are two versions available:-
X03-S Bass-Mld 125/250/500Hz, Mid- Top 1.8/3/5kHz, all at 24 dB per octave. 
X03 Bass- Mid 250/500/800Hz, Mid- Top 1.8/3/5kHz, all at 24 dB per Octave. 
Please make sure you ask for the correct model when ordering. The 2/3 way selector switches are 
also accessed by removing the front facia. Each stereo channel can be configured separately. Bass 
Invert Switches are incorporated on each channel. Nominal 775mV input/output. Fully compatible 
with the OMP Rack Amplifier and Modules. 

BOTH MODELS PRICED AT :- £ 117.44 + £5.00 P&P 

//1E7, --SS7/141Z-.))<T0I-1-\\ 
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/lE/ S.)< MID/TOP \ 
2 WAY BASS/MID COMBINED 2 WAY MID/TOP COMBINED 

teldiLiMiteliailearilijlialgaauMnae SUPPUED READY 
BUILT AND TESTED 

These modules now enioy a world-wide reputaiion for quality, reliability and perfomiance at a realrstic pnce. Four 
n Is are available to suit the needs of the professional and hobby market industry. Leisure. Instrumental 
and Hi-Fi etc. When comparing prices. NOTE that all models include toroidal power supply. integral heatsink. 
glass fibre PC B and dnve circuits to power a arrmpatibe Vu meter. All models are open and short arcurt proof 

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 
441 OMP/MF 100 Mos-Fet Output Power 110 watts 

R.M.S. into 4 ohms,freq_uency response 1Hz - 
100kHz -3dB, Damping Factor >300 Slew Rate 

t 45V/uS, T.H.D. typical 0.002%, Input Sensitivity 
500mV, S.N.R. 110dB. Size 300 x 123 x 60mm. 

Price:- £42.85 + £4.00 P&P 

OMP/MF 200 Mos-Fet Output Power 200 watts 
R.M.S. into 4 ohms.frequency response 1Hz - 
100kHz -3dB, Damping Factor >300, Slew Rate 
50V/uS. T.H.D. typical 0.001%. Input Sensitivity 
500mV, S.N.R. 110dB. Size 300 x 155 x 100mm. 

Price:- £66.35 + £4.00 P&P 

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

Price:- £83.75 + £5.00 P&P 

OMP/MF 450 Mos-Fet Output Power 450 watts 
R.M.S. into 4 ohms,freq_tency response 1Hz - 
100kHz -3dB, Damping Factor >300, Slew Rate 
75V/uS, T.H.D. typical 0.001%, Input Sensitivity 
500mV, S.N.R. 110dB Fan Cooled, D.C. 
Loudspeaker Protection. 2 Second Anti Thump 
Delay. Size 385 x 210 x 105mm. 

Price:- £ 135.85 + £6.00 P&P 

OMP/MF 1000 Mos-Fet Output Power 1000 watts 
R.M.S. into 2 ohms, frequency response 1Hz - 
100kHz -3dB, Damping Factor >300, Slew Rate 
75V/uS, T.H.D. typical 01)01%, Input Sensitivity 
500mV, S.N.R. 110dB. Fan Cooled, D.C. 
Loudspeaker Protection. 2 Second Anti Thump 
Delay. Size 422 x 300 x 125mm. 

Price:- £261.00 + £12.00 P&P 
NOTE: rvIDS-FET MODULES ARE AVAILABLE B TWD VERSIONS 
STANDARD - INPUT SENS 50:MV.BANDWIDTH 10Ckf-tz OR PEG 
(PROFESSICNAL ECUIPMF_NT COMPAIIELE) INPUT SENS 
775mV. BANDVVIDTH 513i-tz OFIDER STANDARD OR PEC 

B.K. ELECTRONICS 
UNIT 1 COMET WAY. SOUTHEND-ON-SEA. ESSEX. SS2 6TR. 

TEL: 01702-527572 FAX.: 01702-420243 
Web:- http://www.bkelec.com E-Mail sales@bkelec.com 
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