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GAS MASKS RUSSIAN, new and boxed. NATO filter. £39. 
CCTV SYSTEM. Low cost. outdoor. IR illumination, complete with 
cables and p.s.u. Just £22.99. Ref CCTVCAM3. 
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 9Okg. running time up to 1 hour. range 
15km, 8.5A motor. 24V. direct drive. Our Price £229.95. 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. 
LIGHTWEIGHT DOME TENTS. 120cm x 210cm, £8. Ref TENTA. 
EMMINENCE LOUDSPEAKERS 12m, dia., 50W nom. 100W 
peak, 16 ohm impedance. Pack of 4 just £ 19.95. 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 
PI R1OPACK. 
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 £25 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 aerial 
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, £9.95. Cased with fly-
leads, designed to read standard credit cards! Complete with con-
trol electronics p.c.b. and manual covering 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 UNF) in the cen-
tre and a magnetic strength of 22 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. 
INFRA-RED REMOTE CONTROL WATCHES, £16.99. 
VIBRATING WATCHES, vibrate when your phone rings. £ 16.99. 
PULSE WATCHES, display your pulse. £ 16.99. 

wbvw.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 ol up to 800 metres 
and 3 days use from a PP3 this is our top selling bug! Less than 
lin square and a 10m voice pick-up range. £28. Rel 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. 4m. 
reflector, gives out powerful pure infra-red light! Perfect for CCTV 
use, nightsights. etc. £29. Ref P81. 
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. 6m, square piece of flexible infra-red film that 
will only allow IR light through. Perfect 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 12m. square for £29.95. Ref 1RF2A. 
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.cctvstuff.co.uk and www.home-cchr.co.uk. 
14 WATT SOLAR PANELS. Amorphous silicon panel fitted in an 
anodised aluminium frame. Panel measures 3ft. by I ft. with 3m 
leads for easy connection. 3h. x 1h solar panel £79. Ref MAG45. 
Unframed 4 pack. 8-9W (3h. x 18) £99, Ref SOLX. 35 watts of 
solar power for Just £99. 4 panels. each one 3h. 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 
imm 

POWERSAFE DEEP CYCLE BATTERIES 

6V 100AH NOW ONLY £19 EACH 
NEW 12V 1210. SQUARE SOLAR PANEL. Kevlar backed. 3 waft 
output. copper strips for easy solder connectious. £ 14.99 Fief 
15P42. Pack of four just £39.95. Ref 15P42SP. 
NEW UNIVERSAL SOLAR CHARGER. Charges AAAs. AAs. Cs 
and D-type NiCads. £9.99, Ref UNISOL. 
12V SOLAR POWER WATER PUMP. Perfect tor many 12V di.c. 
uses, from solar fountains to hydroponics! Small and compact yet 
powerful. works direct from our 10W solar panel in bright sun. Max 
HD: 17h, max flow = 8 Lpm, 1-5A. Ref AC88. £ 18.99. 
SOLAR MOTORS. T.ny motors which run quite happily on voltages 
from 3V- 12V d.c. Works on our 6V amorphous 6.n. 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 cumeras and all 
known speed detection systems. 360 degree coverage, front and 
rear waveguides. 1.1in. x 2.7in. x 4.6mn.. fits on visor or dash, new 
low price £99. Ref WH1630. Other models available at 
www.radargun.co.uk. 
BUG DETECTORS. A new detector at a sensible 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 Totes, we Plew one up to 
7h. diameter then it popped due to stones on the ground! £ 13.99. 
Ref TOTEX. 
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 glass bulb contains 
blades driven around DI/ the sun, £9.99. Ref SC120B. 
GIANT TV OR PC VIEWING SCREEN. Turn your TV into a super 
size screen, converts small screens into a super size 26m. £26.99 
Ref SVGA2. 
RADIOSONDES. Made by Valsala, unused. they measure pres. 
sure. temperature and humidity. Model RS80, good stripper at £ 15. 
Ref SONDE. 
AIR WIND POWER MODULE. Produces nearly 400 watts of 
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 (ideal for 1-2 people), £25.45, Fiel WM2. and a 
large one ( ideal for 4 or more). £42.44. Ref WM1. 
COMPLETE WIRELESS CCTV SYSTEM. Includes monitor, cam-
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. Supplied 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 do., general purpose model motor. 70mm x 
50mm. 12V d.c.. permanent magnet. 4mm x 25mm shaft. £6, Ref 
GPM1. pack of 10 is just £40. Ref GPM2. 
180R.P.M. MAINS MOTOR. Induction type. 90mm x 7Ornm, 50mm 
x 5mm shaft, 12A continuous rating. thermal protected. £22. Ref 
MGM1. 
SOLID-STATE RELAYS. PC .B. mounting, these relay. require 3V 
to 32V d.c. to operate but will switch up to 3A a.c. mans. Pack of 
4 £5, Ref SPEC1B. 
12V RELAYS. 2 x 2 do 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 ink). £6. Ref 
EP70. 
INNOVATIONS. We also sell a wide range of innovative products 
for the home, these are at www.seemans.com. 
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). £79.95. Ref VER-4. 
10 WATT SILICON SOLAR PANEL, 10 year ife. waterproof. 
365mm x 365mm x 26mm. 14V, 10W, 1.8kg, framed. £84.99. Ref 
PAN. 
STICKY LABELS. Small address labels etc. are very useful and 
can be ordered online at www.stIckon.co.uk. 
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 trailing rate. 
£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. 

BULL ELECTRICAL 
UNIT D, HENFIELD BUSINESS PARK, 

HENFIELD, SUSSEX BN5 951. 
TERMS: CASH, PO OR CHEQUE WITH 
ORDER PLUS £5.50 P&P ( I'K: PLUS VAT 

24 HOUR SERVICE £7.50 ( UK) PLUS \WI' 
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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 £58.22. 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, Ret 
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. £91. Ref 1313. 
MAMOD STEAM ROADSTER (white), magnificent working steam 
model car, £ 121, Ref 1319. 
MAMOD STEAM WAGON. Working model steam wagon finished 
in blue. £ 130. 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. 
CCTV SYSTEMS, £24.99. Complete with camera. 20 metres of 
cable. p.s.u. and info, simple connection to scart. £24.99. Ref 
CCTVCAM2. 
FM BROADCAST BAND HIGH POWER TRANSMITTERS can be 
viewed and bought online at www.veronlca-kfts.co.uk. 
TONER CARTRIDGES FOR COPIERS AND PRINTERS can be 
bought online at www.natIonahloners.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. 
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/XPl. 
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 F/TKE1. 
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. CIO/set, Ref 
FfGRAl. 
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 
laser 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 hstening 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. 
£81set, 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 
F/LC7. 
MICRO SCALES. Measure 1g to 120g. 1g resolution. 80mm x 
110mm. 3 AAA batteries required. £49.94. Ref SCALEB. 
ALTERNATIVE ENERGY CD, packed with hundreds of alternative 
energy related articles, plans and information etc. £ 14.50. Ref 
CD56. 
WIRELESS DRIVEWAY ALARMS. Detect someone entering your 
driveway. 4008 range. no wiring, will protect any entrance. uses 
bull-in PIR detector. £24.99. Ref DWA. 
NICKEL PLATING KITS. £55. Ref NIK39A. 
GOODIE PACKS. 10kg packs of clearance items, mainly suitable 
for the electronics enthusiast! Ref 10KGP. 
WHEELCHAIR MOTORS. Left and right hand, new and second-
hand. 100s in stock. New ones £99 each. secondhand £59. 
returns £ 19.95. Geared. 24V, complete with electric brake. 

www.bullnet.co.uk 
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NEW TECHNOLOGY UPDATE by Ian Poole 
Newly developed, Spin transistors have potential applications in areas 
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NET WORK - THE INTERNET PAGE surfed by Alan Winstanley 
Tune in to WorldSpace; Email Filtering again 
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INTERFACE by Robert Penfold 
Choosing and using Visual BASIC 

CIRCUIT SURGERY by Alan Winstanley and Ian Bell 
Measuring high side and low side currents in op.amps; 
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ELECTRONICS MANUALS 846 
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SHOPTALK with David Barrington 863 
The essential guide to component buying for EPE projects 

PLEASE TAKE NOTE Digital I.C. Tester; Wien Oscillator ( IU) 863 
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A wide range of CD-ROMs for hobbyists, students and engineers 
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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 
priceff The 10" character size gives exceptional read-
ability at long distances and enables a host of applica-
tions including, soare boards, digital clocks, counters, 
event timers etc. As the units area simple electro-
mechanical device and operate from 12V DC. simple 
switching via switches, relays, PIC or PC may be used 
to control single or multiple digits. Units feature integral 
Zero Power' memory which greatly amplifies desgn. " 
For an excellent DIY practical article, see the May ri.re of ' Everyday 
Practical Electronics' magazine. Ideal School / College construction proj-
ect. Supplied in good RFE conckton, complete wilh data shmet. 

Less than 3°% Only £29.95(B) or 4 / £99.00(o) 
of makers price Order RW44 Order PH26 

THE AMAZING TELEBOX 

- 
Converts your colour monitor Into a QUALITY COLOUR TV!! 

The TELEBOX e an attractive fully cased mains powered ulrt, cantan ig all 
electronics ready to plug into a host of video iron/oro or AV equipment which 
are fitted with a composite Vldre0 or SCART input. The composite video outout 
will also plug directty into most video recorders. allowing reception of IV chan-
nels not normally receivable on most television receivers (TELEf3OX 
MB) Push button controls on the front parid allow roœption of 8 fully tuneable 
'off air UHF colour telemsion channels TELEBOX MB covers virtually all tele-
vision frequencies VHF and UHF including the HYPERBAND as used by 
most cable TV operators. Ideal for desktop computer video systems & 
PIP (picture in picture) setups. For complete compatibility - e'en for monitors 
without sound - an integral 4 watt audio amplifier and low leve out-
put are provided as standard. Brand new - fully guaranteed. 

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 snould be con-
nected to a cable type service. Shipping on all Telebox's, code (B)  

ØØ State of the art PAL (UK spec) UHF TV tuner module 
with composite 1V pp video 8 NICAM hi fi stereo sound 

electronics all on one small PCB only 73 x 160 
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 to operate. 

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

TV SCUND & 
VIDEO TUNER 
CABLE COMPATIBLE 

HARD DISK DRIVES 21/2" - 14" 
2. / TOSHIBA MK1002MAV 1.1Gb laptop(12.5 rom 1-fi New £59.95 
2W TOSHIBA MK4313MAT 4.3Gb laptop (8.2 mm H) New£105.00 
21e TOSHIBAMK6409MAV 6.1Gb laptop (12.7 mm H) New £98.00 
21/2 " TOSHIBA MK1614GAV 18 Gb laptop ( 12 mm H) New£149.95 
2V2" to 31/2 " conversion kit for Pc's, complete with connectors £15.95 
31/2 " COMPAQ 3137064321 (IBM) 9 gb ULT/SCSI3 New £199.00 
31/2 " FUJI FK-309-26 20mb MFM I/FPFE £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 
31/2 " QUANTUM 40S Prodri ve 42mb SCSI I/F, New RFE £49.00 
51/4" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95 
SW SEAGATE ST-238R 30 mb ALL I/F Refurb £69.95 
51/4" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95 
53/4" HP 97548 850 Mb SCSI RFE tested £99.00 
51/4" HP C3010 2 Gbyte SCSI differential RFE tested £195.00 
8" NEC D2246 85 Mb SMD interlace. New £89.00 
8" FUJITSU 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 

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

1 0,000,000 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 corour monitor with fine 0.28 
dot pitch tube and resolution of 1024 x 768. A variety of 
inputs allows connection to a host of computers including 
IBM PC's in CGA, EGA, VGA á SVGA modes. BBC, 
COMMODORE (including Amiga 1200), 
ARCHIMEDES and APPLE. Many features: Etched 
faceplate, text switching and LOW RADIATION MPR 
specification. Fully guaranteed, h EXCELLENT Me 
used condition. Tilt & Swivel Base £4.75 

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

of computers availabie - CALL 

pew.", 

External cables for other 

I Surplus always 
wanted for cash! 

19" RACK CABINETS 
eo Nie Europe's Largest Stocks of 

quality rack cabinets, 
enclosures and accessories. 

Over 1000 Racks from stock 

ç5; 

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

Mitsubishi, IBM, e c. Supplied ready to 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 (0) 

VIDEO MONITORS 
PHILIPS HCS35 (same style as CM8833) attractively styled 14" 
colour monitor with both 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 w Only £99.00 ,E, 
Dimensions: e x H1244" x 151/2 " D. 
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 attractive 
square black plastic case measuring W10" x H10" x 13%* D. 240 V 
AC mains powered. Only £79.00 ( o) 

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 
applications running DOS, Linux or even Windows! Steel case 
contains 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 computer 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 key-
board connector, 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 guaranteed. For full data see featured item on website. Order 

°%18's of applications inc: Only £99.00 (D) 
firewall, routers, robotics etc 

TEST EQUIPMENT & SPECIAL INTEREST ITEMS tnhliessssemceorn areNEpWre, oiwtezin 

MITSUBISHI FA3445ETKL 14" Ind spec SVGA monitors £ 245 
FARNELL 0-60V DC id 50 Amps, bench Power Supplies £995 
FARNELL AP3080 0-30V DC '0 80 Amps, bench Suppv £1850 
KINGSHILL CZ403/1 0-50V E DC 200 Amps - NEW £3950 
1kW to 400 kW 400 Hz 3 phase power sources - ex stock £P0 A 
IBM 8230 Type 1, Token ring base unit driver £760 
Wayne Kerr RA200 Audio frequency response analyser £2500 
INFODEC 1U, 24 port, RJ45 network patchpanels. #1-1,93 £49 
3COM 16670 12 Port Ethernet hub - RJ45 connectors #1_097 £69 
3COM 16671 24 Port Ethernet 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 VO £550 
ALLGON 8360.11805-1880 MHz hybrid power combiners £250 
Trend DSA 274 Data Analyser with G703(2M) 64 Vo £P0A 
Marconl 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 it 20A metered PSU £475 
HP54121A DC to 22 GHz four channel test set £P0A 
HP8130A opt 020 300 MHz pulse generator. GPIB etc £7900 
HP Al, AO 8 pen HPGL high speed drum plotters - from £550 
HP DRAFTMASTER 1 8 pen high speed plotter £750 
EG+G Brookdeal 95035C Precision lock in amp £1800 
Keithley 590 CV capacitor / voltage analyser £P0A 
Racal ICR40 dual 40 channel voice recorder system £3750 
Fiskers 45KVA 3 ph On Line UPS - New batteries £4500 
Emerson AP130 2.5KVA industrial spec.UPS £1499 
Mann Tally MT645 High speed line printer £2200 
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram £945 
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HP6030A 0-200V DC at 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 pnnter with network interface £1250 
Siemens K4400 64Kb to 140Mb demux analyser £2950 
Perkin Elmer 29913 Infrared spectrophotometer £500 
Perkin Elmer 597 Infrared spectrophotometer £3500 
VG Electronics 1035 TELETEXT Decoding Margin Meter £3250 
LightBand 60 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 (Emest Tumer) + drive electronics £75 
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5650 
ANRITSU ML93A optical power meter £990 
ANRITSU Fibre optic characteristic test set £P0A 
R&S FTDZ Dual sound unit £650 
R&S SBUF-E1 Vision modulator £775 
WtLTRON 6630B 12.4 20GHz RF sweep generator £5750 
TEK 2445 150 MHz 4 trace oscilloscope £1250 
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955 
TEK TDS380 400Mhz digital realtime + disk drive, FFT etc £2900 
TEK TDS524A 500Mhz digital reattime + colour display etc £5100 
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser £3950 
PHILIPS PW1730/10 60KV XRAY generator & accessories £P0A 
VARIACS - Large range from stock - call or see our website 
CLAUDE LYONS 12A 240V single phase auto, volt. regs £325 

ALL MAIL TO 
Deot PE, 29 / 35 Osborne Rd 

Thornton Heath 
Surray CR7 8PD 

Open Mon - Fri 9.00 - 5:30 

This month's special 

33 / 42 / 47 U - High Quality 

All steel Rack Cabinets 
Made by Eurocrari Enclosures Ltd to the highest possible 
spec, rack features all steel construction with 
removable side, front and back doors. Front and aerc.,b 
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 reinforced 
vertical fixing members to take the heaviest of 
1W. rack equipment. The two movable vertical 
fixing struts (extras available) are pre punched for 
standard 'cage nuts'. A mains distribution 
panel intemally mounted to the bottom rear, pro  l. 
vides 8 x IEC 3 pin Euro sockets and 1 x 13 amp 3 ---
pin switched utility socket. Overall ventilation is pro-
vided 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 tans to the sub plate etc. Other features include: fitted cas-
tors and floor levelers, prepunched utility panel at lower rear for cable 
/ connector access etc. Supplied in excellent, slightly used condi-
tion 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" D 
x 233/4 " W) 
Only 

£245 

42U 
Order as DT20 

External dimensions 
mm=2019H x 635D x 
603 W. (79.5 H x 25" 
DX 233/4" W) 
Only 

£345 

47U 
Order as RV36 

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

£410 
Call for shipping quotation 

COLOUR CCD CAMERAS 
Undoubtedly a miracle of modern technology & our 
special buying power ! A quality product featuring 
a fully cased COLOUR CCD camera at a give away frtei 
price! Unit features full autolight sensing for use in low 

light & high light applications. 
A 10 mm fixed focus wide angle lens 
gives excellent focus and resolution 
from close up to long range. The com-
posite video output will connect to any 
composite monitor or TV (via SCART 
socket) and most video recorders. Unit 
runs from 12V DC so ideal for security & 
portable applications where mains 
power not available. Overall dimensions 

66 mm wide x 117 deep x 43 high. Supplied BRAND NEW & fully 
guaranteed with user data, 100's of applications including Security, 
Home Video, Web TV, Web Cams etc, etc. 

Order as LK33 ONLY £79.00 or 2 for £ 149.00 gh 

SOFTWARE SPECIALS 
NT4 WorkStation, complete with service pack 3 
and licence - OEM packaged. ONLY £89.00 (B) 
ENCARTA 95 - CDROM, Not the latest - but at this price ! £795 
DOS 5.0 on 31/2 " disks with concise books c/w QBasic. £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 or DOS supplied on 31/2 ' disks with manual £24.95 

SOLID STATE LASERS 
Visible red, 670nm laser diode assembly. Unit runs from 5 V DC at 
approx 50 mA. Orginally made for continuous use in industrial bar-
code scanners, the laser is mounted in a removable solid alumini-
um block, which functions as a heatsink and rigid optical mount. 
Dims of block are 50 wx 50 dx 15 hmm. Integral features include 
over temperature 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 ££££'s by choosing your next relay from our Massive Stocks 
covering types such as Military, Octal, Cradle, Hermetically Sealed. 
Continental, Contactors, Time Delay, Reed, Mercury Wetted, Solid 
State, Printed Circuit Mounting etc., CALL or see our web site 
www.distel.co.uk for more information. Many obsolete types from 
stock. Save Mrs 

18 Million Items On Line Now! 
Secure ordering, Pictures. Information 

www.distel.co.uk 
email = adminegdistel.co.uk 

ALL ea ENQUIRIES 

0208 653 3333 
FAX 0208 653 8888 

All prices for UK Manland UK customers add 17.5°. VAT to TOTAL order amount. Minimum order £ 10.13ona Fide account orders accepted from Government, Schools, Universities 
and Local Authorities - minimum account order £50. Cheques over £100 are subject to 7 wvrfvrrg days clearance. Carriage charges (A)=Ea50, (B)-£650, (C-£10, (D)---£15.00, 
(E>£18.00, (F)-=CALL. Allow apuran 3 days for shipping - faster CALL. All goods supplied to our Starxtard Conditions of Sale which can be viewed at cur website and unless stat-
ed guaranteed Iv 90 days. NI guarantees on a retum to base basis. Al rights reserved to change peces / specifications weaut pdor notice. Orders subtect to stock. Discounts for 
volume. Top CASH prices pad for surplus goods. Al trademarks, tradenames etc acknowledged.© Display Electronics 2002 E & OE.. I-II 1(4 



NEXT MONTH 

EPE MINDER 
Looks after your personal belongings — maybe 

even your children! 
The EPE Minder consists of two type approved 
transmitter units and a receiver. If either transmitter 
becomes separated from the receiver, a buzzer in the 
latter part will sound. The receiver is fitted with a switch 
to allow the use of only one transmitter if required. This 
system was originally designed as a two-channel child 
alarm (to protect either a single child or two children at 
the same time) but many other applications spring to 
mind. For example, one transmitter could be placed 
inside a briefcase and another in a coat pocket. If the 
user forgot to pick up either of these items and walked 
away, the buzzer would sound in the receiver. 
The operating range is adjustable and the system can 
operate over a range of up to 12 metres in the open air. 
It will also work throughout several rooms indoors if 
required. 

PIC WIND SPEED MONITOR 
This wind speed monitor (anemometer) is intended for 
use in a variety of sports-type activities, such as track 
events, sailing, hang-gliding, kite and model aircraft flying, 
to name but a few. It can even be used to monitor the 
wind conditions in your garden. Using ultrasonic 
techniques, it is a solid-state design, has no moving parts 
and does not need calibrating. It was designed and tested 
in conjunction with a commercial airflow sensor and a 
professional wind tunnel. 
A probe is pointed in the direction from which the wind is 
blowing and a screen displays the rate at which the wind 
is moving between two ultrasonic sensors. The readout is 
on an alphanumeric liquid crystal display (l.c.d.), with 
readings shown in metres per second, feet per second, 
kilometres per hour and miles per hour. The resolution is 
to the nearest tenth of a metre per second, from zero up 
to around 50mph, and possibly higher. 

F.M. FREQUENCY 
SURFER 
A v.h.f. receiver covering the range 88MHz to 
119MHz based on the TDA7000 i.c. which 
provides virtually all the active circuitry 
including phase-locked loop detection. In use, 
the receiver scans different types of 
transmissions in quick succession, including 
commercial wideband f. m. broadcasts, 
aeronautical communications fixed and 
private mobile radio, Citizen's Band on the 
lower frequency channels and occasionally 
shortwave transmissions via satellite. 

PLUS PICAXE PROJECTS PART 3 AND 
ALL THE REGULAR FEATURES 

NO ONE DOES IT BETTER 
DON'T MISS AN 

ISSUE - PLACE YOUR 

ORDER NOW! 
Demand is bound to be high 

JANUARY 2003 ISSUE ON SALE THURSDAY, DECEMBER 12 
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QUASAR ELECTRONICS LIMITED 
PO Box 6935. BISHOPS STORTFORD, HerIs CM23 4WP 

TEL: 0871 717 7168 FAX: 0871 277 2728 

ADD £2.00 P&P to all orders or 1st Class Recorded £4, Next day 
(Insured £250) £7, Europe £5.00, Rest of World £ 10.03). We accept all 
major credit cards Make cheques/POS payable to Quasar Electronics. 
Prices include 17.5% VAT. MAIL ORDER ONLY 
FREE CATALOGUE with order or send 2 x 1st class stamps 
(refundable) for details of over 150 kits 8 publications 

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 AMPLIFIER Connects to 
the output of an existing car stereo cassette player. 
CD player or radio Healsinks provided. PCB 
76x75mm. 104661 £24.95 
• 3-CHANNEL WIRELESS LIGHT MODULATOR 
No electrical connection with amplifier. Light modu-
lation achieved via a sensitive electret merophone. 
Separate sensitivity control per channel. Power 
handing 400W/channel. PCB 54012mm. Mains 
powered. Box provided 11014KT £24.95 
• 12 RUNNING UGHT EFFECT Exciting 12 LED 
light effect ideal tor parties, discos. shop-windows 8 
eye-catching signs PCB design allows replacement 
of LEDs with 220V bulbs by inserting 3 TRIACs. 
Adjustable rotation speed 8 direction. PCB 
54x112mm 1028KT £15.95; BOX (for mains opera-
tion) 202813X £9.00 
• DISCO STROBE UGHT Probably the most excit-
ing of all light eHects. Very bright strobe tube. 
Adjustable strobe frequency:1-60Hz. Mains powered. 
PCB 60x68mm Box provided 6037KT £28.95 

• ANIMAL SOUNDS Cat, dog. chicken & cow Ideal 
for kids farmyard toys 8 school:s. SWIM £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 30611KT 
£13.95 
• IR REMOTE TOGGLE SWITCH Use any TVNCR 
remote control unit to switch onboard 12V/1A relay 
ordolf. 3058KT £10.95 
SPEED CONTROLLER for any common DC motor up 
to 100V/5A. Pulse width modulation gives maximum 
torque at all speeds. 5-15VDC Box provided. 3067K1 
£12.95 
• 3 x 8 CHANNEL IR RELAY BOARD Control eght 12Vrl A 
relays by Infra Red (IR) remote control over a 20m range in 
sunlight 6 relays turn on only. the other 2 toggb on/off. 3 oper-
ation ranges determined by pumpers Transmitter case i% all 
components proveed. Receiver 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 200m+ 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 write your own 
BASIC programs using the INPUT command to grab 
the readings). PCB just 38mm a 38mm. Sensors con-
nect via four 3-pin headers. 4 header cables supplied 
but only one DS I8S20 sensor. 
Kit software available free from our website. 
ORDERING: 3145KT £23.95 (kit form); 
AS3145 £ 915 (assembled); 
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 54x135mm. 1045K1 £8.95 
• ROBOT VOICE EFFECT Make your voice 
sound similar to a robot or Darlek. Great fun for 
discos, school plays, theatre productions, radio 
stations .6 playing jokes on your friends when 
answering the phone, PCB 42x71mm. 1131K1 
£8.95 
• AUDIO TO UGHT MODULATOR Controls miens, 
ty of one or more lights in response to an audio input 
Sate, modern opto-coupler design. Mains voltage 
experience required 3012KT £8.95 
• MUSIC BOX Activated by light Plays 8 Christmas 
songs and 5 other tunes 310461 £7.95 
• 20 SECOND VOICE RECORDER Uses non-
volatile memory - no battery backup needed 
Record/replay messages over 8 over. Playback as 
required to greet customers etc Volume control 8. 
built-in me 6VDC. PCB 50x73mm. 
313IKT £12.95 
• TRAIN SOUNDS 4 selectable sounds . whistle 
blowing, level crossing bell, clickety-clace 8 4 in 
sequence. SGO1M £8.95 

MI FACTOR 
PUBLICATIONS 

THE EXPERTS IN RARE IL 
UNUSUAL INFORMATION! 

Full deeds of all X.FACTOR PUBLICATIONS can be found in 
our catalogue NB Mommum order charge for reports and plans 

£5.00 PLUS normal P&P 

• SUPER-EAR LISTENING DEVICE Complete plans to 
build your own parabolic dish microphone Listen to distant 
voices and sounds through open windows and even walls, 
Made from readily available parts R002 £3.50 
• LOCKS How they work and how to pick them The fact 
raed report will teach you riere about locks and the art of 
lock picking than many books we have seen al 4 times the 
price Packed with inf.:dealer and illustrations ROO8 £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 radios May upset your 
neighbours 8 the authorities. DISCRETION REOUIRED. 
R017 £3.50 
• INFINITY TRANSMITTER PLANS Complete plans lor 
building the famous Infamy Transmdter Once installed on the 
target phone. dance acts like a room bug Just call the target 
phone 8, activate the unit to hear al room sounds Great for 
homeollee security! 8019 £3.50 
• THE ETHER BOX CALL INTERCEPTOR PLANS Grabs 
telephone cals out of thin ari No need to wirein a phone 
bug Simply place the device near the phone lines to hear the 
conversarens raking place, 9025 £3.00 
• CASH CREATOR BUSINESS REPORTS Need ideas for 
making some cash, Well this could be lust uval you need, 
You get 40 reports tapper 800 pages on floppy disk that 
grve you information on setting up different businesses You 
also get valuable reproduction and duplication rights so that 
you can sell the manuals as you like 9030 £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 8 other devices around the 

home, office, laboratory or factory Each relay output 
is capable of switching 250VAC/4A. A sJite of DOS 
and Windows control programs are provided to-
gether with all components (except box and PC 

cable). 12VDC. PCB 70x20Ornm. 3074ICT £31.95 
• 2 CHANNEL UHF RELAY SWITCH Contains the 
same transminedrecelver pair as 30A15 below plus 

the components and PCB to control two 
240VAC/10A relays (also supplied). Ultra bright 
LEDs used to indicate relay statu'.. 308261 £27.95 

• TRANSMITTER RECEIVER PAIR 2-button keylob 
style 300-375MHz Tx with 3Orn range Receiver 
encoder module with matched decoder IC 
Components must be built into a circuit Ike kit 3082 

above. 30A15 £14.95 
• PIC 16C71 FOUR SERVO MOTOR DRIVER 
Simultaneously control up to 4 servo motors Sofhvare 

all components (except servos/conlrol pots) suppled. 
5VDC. PCB 50x7Omm. 3102KT £15.95 
• UNIPOLAR STEPPER MOTOR DRIVER for any 

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

half-wave step modes. 4 LED indicators. PCB 
50x65mrn. 3109KT £14.95 
• PC CONTROLLED STEPPER MOTOR DRIVER 
Control two unipotar stepper motors (3A max each) 

via PC printer port. Wave, 2-phase 8 half-wave step 
modes Software accepts 4 digital inputs from exter-
nal switches 8 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 u 12 bit Analogue-
to- Digital Converter (ADC) with internal analogue 

multiplexor. Reads 8 single ended channels or 4 dit 

ferential inputs or a mixture of both Analogue inputs 
read 0-4V. Four TTUCMOS ccmpatible digital 

input/outputs. ADC conversion time < 10uS. Software 
(C. OB 8 Win), extended D shell case 8 all compo-
nents (except sensors 8 cable) provided. 3118KT 

£52.95 
• LIQUID LEVEL SENSOR/RAIN ALARM Will rob-

cate fluid levels or simply Pe presence of fluid Relay 
output to control a pump to add/remove water when à 
reaches a certain level. 1080KT £5.95 

• AM RADIO KIT 1 Tuned Radio Frequency Iront-
end, single chip AM radio IC 8 2 stages of audio 
amplification. All components inc speaker provid-
ed. PCB 32x102mm. 3083KT £10.95 
• DRILL SPEED CONTROLLER Adjust the speed 
of your electric drill according to ihe fob at hand. 
Suitable for 240V AC mains powered drills up to 

SURVEILLANCE 
..igh performance sufedlance bugs Room transmitters suppled vntt1 sensitive electre, memplene d battery holder clip AN transmit. 
'ers can be reueived on an ordinary VHF FM fade between 88.108MHz Available In Ke Form (KT) or Assembled 8 Tested IASI 

ROOM SURVEILLANCE 
• MTX - MINIATURE 3V TRANSIETTER Easy to build & guar-
anteed 10 transmit 300m 0 3V Long banery He 3-5V operaren 
Only 45.18mm B 3007KT £6.95 A03007 1h05 
MIX - MINIATURE 9V TRANSMITTER Our best selling bug 
Super sensitive non power. 500m range 0 9V (over Ike with 
'8V supply and better aerial) 45e9mm 3018801 17.95 AS3018 
f12.95 
HPTX - HIGH POWER TRANSMITTER High performance. 2 
stage transmitter gives 
greater stabely O Migher Clue 
ity recepten 1000m range 6. 
12V DC operation Sqe I 
70x15mm 30321IT £9 95 
AS3032 £18.95 
• MA/TX- MICRO-MINIATURE 9V TRANSMITTER The ultimate 
tug for On size, performance and pnce Just 15x25mm. 500m 
range 0 9V Good stab/sly 6.113i/ operator 306IKT £995 
AS3051 £14.115 
• VIS - VOICE ACTIVATED TRANSMITTER Operates only 
when sounds detected Low stare:try current durable trigger set 
whey 500m range Peaking orcuà suppled lor maximum RF out-
put Os/off swrIch 6V operation Only 63x38mm 3028KT £12.95 
AS3028 04.95 
HARD-WIRED BUG/TWO STATION INTERCOM Each staten 
has re am anokher speaker and rne Can be set up as either a 
hard-wired tug or he-station intercom 10m x 2-core cable sup-
pled 9V operation 302IKT £15.95 (kit Ions only! 
• TIM - TAPE RECORDER VOX SWITCH Used to automat,-
cab/ operate a tape recorder ( not supplied) via its REMOTE sock-
et when sounds are detected All conversatms recorded 
Adiustable senetway t turnoff delay 115N19rnm 3013KT C9.95 
AS3013 £21.95 

TELEPHONE SURVEILLANCE 
• IITTX • MINIATURE TELEPHONE TRANSMITTER Attaches 
anweere tc oune ne Truism m, eiec prone is used, 
Tune-in your radio and hear both parties 300m range Uses line 
as aerial 8 power source 20x45mm 3016KT £9.96 AS3016 
£14.95 
• TRI- TELEPHONE RECORDING INTERFACE Automatically 
record all conversations Connects between phone Me 8 tape 
recorder trel suppled) Operates recorders exth 1 5-12V battery 
systems Powered horn line 50x33rnm 3033K1 £995 AS3033 
£18.95 
• TPA - TELEPHONE PICK-UP AMPLIFIER/WIRELESS 
PHONE BUG Place pickup coil on the phone line or near phone 
earp,ece and near both sdes oi he convematen 3055KT £11.95 
AS3055 £20 95 

HIGH POWER TRANSMITTERS 
• 1 WATT FM TRANSMITTER Easy to construct Deleers a 
crisp clear signal Two- stage orcurt KO includes microphone and 
requires a simple open dipole aerial 8-30VDC PCB 42x45mm 
100AKT £12.95 
• 4 WATT FM TRANSMITTER Cornames three RF 
stages and an audio preamplifier stage Piezoelectric 
microphone supplied or you can urea separate preampli-
fier circuit Antenna can be an open dipole or Ground 
Pene Ideal project for those who wish to get started in the 
fascinating world of FM broadcasting and want a good 
basic circuit to experiment with 12-18VDC PCB 
44x1 46mm 10213K1 £22.95 A51028 £34.95 
• 15 WATT FM TRANSMITTER (PRE-ASSEMBLED 8 
TESTED) Four transistor based stages with Philips Bur 
88 in final stage 15 Walls RF power on the air 88. 
108MHz Accepts open dipole. Ground Plane. 5/8. J. or 
VAGI antennas 12.18VDC. PCB 70a2_20rnm SWS meter 
needed for alignment. 1021KT £99.95 
• SlIsIlLAFI TO ABOVE BUT 25W Output. 1031KT £109.95 

700W power. PCB: 48mm x 65mm. Box provided. 

60746T £17.95 

• 3 INPUT MONO MIXER Independent level con-

trol for each input and separate bass/trade controls. 

Input sensitivity: 240mV. 18V DC. PCB: 60mm x 

185mm 1052KT £18.95 

• NEGATIVE POSITIVE ION GENERATOR 
Standard Cockcroft-Walton multiplier circuit. Mains 

voltage experience required. 3057KT £10.95 
• LED DICE Classic intro to electronics 8 circuit 

analyse 7 LED's simulate dice roll. slow down 8 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 8 start again! 

Good intro to several base circuits. 3005KT £9.95 
• ROULETTE LED Ball' spins round the wheel, 
slows down 8 drops into a slot. 10 LED's. Good intro 

to CMOS decade counters 8 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 ultra bright red LED's flash in 

7 selectable patterns. 30371AKT £5.95 
• LED FLASHER 2 Similar to above but flash in 
sequence or randomly Ideal for model railways. 

3052MKT £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. 308161 
£21.95 

• SERIAL PIC PROGRAMMER for all 8/18/28/40 
pin DIP serial programmed PICs. Shareware soft-
ware supplied limited to programming 256 bytes 

(registration costs £ 14.95). 3096KT £10.95 
• ATMEL 89Cx051 PROGRAMMER Simple-to-
use yet powerful programmer for the Atmel 

89C1051. 89C2051 & 89C4051 uC's. 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/1 s5V TO 9V BATTERY CONVERTER Replace 
expensive 9V batteries with econome 1.5V batters 
es. IC based circuit steps up 1 or 2 'AA' batteries to 
give 9V/18mA. 3035KT £5.95 

• STABILISED POWER SUPPLY 3-30V/2.5A 
Ideal for hobbyist 8 professional laboratory. Very 

reliable 8 versatile design at an extremely reason-
able price. Short circuit protection. Variable DC 
voltages (3-30V). Rated output 2.5 Amps Large 
teatsink supplied. YOU just supply a 24VAC/3A 

transformer. PCB 55x1 1 2mm. Mains operation. 
1007KT £16.95. 

• STABIUSED POWER SUPPLY 2-30V/5A As kit 

1007 above but rated at 5Amp. Requires a 
24VAC/5A transformer. 1096(T £27.95. 
• MOTORBIKE ALARM Uses a reliable vibration 

sensor (adjustable sensitivity) to detect movement 
of the bike to trigger the alarm 8 switch the output 

relay to which a siren, bikes horn, indicators or 
other warning device can be attached. Auto- reset 

6.12VDC. PCB 57x64mm. 1011KT £11.95 Boo 
2011BX £7.00 
ID CAR ALARM SYSTEM Protect your car from 

theft. Features vibration sensor, courtesy/boot light 
voltage drop sensor and bonnet/boot earth switch 

sensor. Entry/exit delays, auto-reset and adjustable 
alarm duration. 6-12V DC. PC& 47mm x 55mm 

1019KT £11.95 Box 2019BX £8.00 
• PIEZO SCREAMER 110dB of ear piercing noise. 

Fits in box with 2 x 35mm pezo elements built into 
their own resonant cavity. Use as an alarm siren or 

just for fun. 6-9VDC 3015KT £10.95 
• COMBINATION LOCK Versatile electronic lock 
comprising main circuit 8 separate keypad for 

remote opening of lock. Relay supplied. 3029KT 

£10.95 
• ULTRASONIC MOVEMENT DETECTOR Crystal 
locked detector frequency for stability 8 reliability PCB 
75x4Omm houses all components. 47m range 

Adjustable sensitivity. Output will drive external 
relay/circuits. 9VDC. 3049KT £13.95 
• PIR DETECTOR MODULE 3-lead assembled 

unit just 25x35mm as used in commercial burglar 
alarm systems 3078KT £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. 12VDC operation. 3130KT 
£12.95 
• SQUARE WAVE OSCILLATOR Generates 
square waves at 6 preset frequencies in factors of 10 
from 1HzslOOKHz. Visual output indicator. 5.18VDC. 

Box provided. 31111CT £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 8 other signals up to 
about 5KHz. Software 8 D-shell case proveed. 
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 MAX038 IC. Plastic case 
with printed front/rear panels & all components 

provided. 7-12VAC. 3101KT £89.95 

AIN 30.1n-ONE 
BA-6 11 
BUY Electronic Projects Lab 

Great introduction to electronics. Ideal for the budding electron-
es expert! Build a radio, burglar alarm, water detector, morse 
codo practice circuit, simple computer circuits, and much morel 
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 
SChOOIS. Requires 2 x AA batteries. 
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 & Photos 

Kit Documentation 8. Software Downloads 
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Kits 

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 MALL 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 @ £15.00). 

3144KT Enhanced 'PICALL ISP PIC Programmer £59.95 
AS3144 Assembled Enhanced 'PICALL ISP 

PIC Programmer £64.95 
AS31442IF Assembled Enhanced 'PICALL ISP PIC 

Programmer c/w ZIF socket f79.95 

ATMEL AVR Programmer 
Powerful programmer for Atmel 
AT90Sxxxx (AVR) micro controller tard-
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 prowam (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. 

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, 
movemert, sound, light intensity, 
weight sensors, etc. (not supplied) to 
sensing switch and relay states. It 
can then process the input data and 
use the information to control up to 11 physical devices such as 
motors, sirens, other relays, servo motors & two-stepper motors. 

FEATURES: 
• 8 DigitW 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. 

3o93kT PC Data Acquisition & Control Unit £99.95 

AS3093 Assembled 3093 £124.95 

See opposite page for ordering 

information on these kits 

ABC Mini ` Flotchip' Board 
Currently learning about 
microcontrollers? Need to do 
something more than flash a LED 
or sound a buzzer? The ABC Mini 
'Hotchip' Board is based on Atmel's 
AVR 8535 RISC technology and 
will interest both the beginner and 
expert alike. Beginners will find that 
they can write and test a simple 
program, using the BASIC 
programming language, within an 
hour or two of connecting it up. 

Experts will like the power and flexibility of the ATMEL microcontroller, 
as wel as the ease with which the little Hot Chip board can be 
"designed-in" to a protect. The ABC Mini Board 'Starter Pack' includes 
just about everything you need to get up and experimenting right 
away. On the hardware side, there's a pre-assembled micro controller 
PC board with both parallel and serial cables for connection to your 
PC. Windows software included on CD-ROM features an Assembler, 
BASIC compiler and in-system programmer The pre-assembled 
boards only are also available separately. 

ABCMINISP ABC MINI Starter Pack £64.95 

ABCMINIB ABC MINI Board Only £39.95 

Advanced 32-bit Schematic Capture 
and Simulation Visual Design Studio 

isue • ice _ r x 

ffb ge. ZOOM > Jam Cm., /0018 um, É i".'• C? 

jjece2 ql, t. ak , ' Lb :+"' Sir nil ellMill '• fle n't. 1 

0 t Advanced Schematic Capture a Simulation Software j 
i.• '-,indium. .—,...— -...-..... • 
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tee _ ..... . MO .... .... ._. . Advanced 324, An 11 alogue Di IS gt.1 I Mee SYMIMIM 

. , ,;7—............. '.. .........  — . vin.ilnelnenents. CneetvoltapeoCuneet1Power atuernete 
shwas cone.. Voltage Cm., Pease Mere.* etc 

rt ' Bud, e el-Clunnel Real•TIrne Virtual OsallosCepe 
' Bue e Peal Look Analyner Mows you to set byeenteret 

ie l.. ' Sulatorts Advateedeille3s1 MM. MCI SOIPAMM 
' 21 Deenent anetysys types oncluteng atMenced Monte CeloNVC 

Advanced Hierarchal Schematic Capture Include. Grape. al 
Leery Browser ono Deem Seecaer Deece Lamy &eta 
rece end PCB Nee./ GOO•fle01, 7000 Mix • ,MMis 
OMMI npon Wizard allows you to clamed and noon ',meets 
from 601,8C• manufacturers web cege 

Vlsetallete totheaue Purcheng Options 
Persond Edition C74.93 Illarelard EOM., £124.16 
Pref «lanai !Men C174.1» 

See web site for full details and demo...? 

Serial Port Isolated I/O Controller 
Kit provides eight relay outputs 
capable of switching 4 amps at mains 
voltages and four optically isolated 
digital inputs. Can be used in a variety 
of control and sensing applications 
including load switching, external 
switch input sensing, contact closure 
and external voltage sensing. 
Programmed via a computer serial port, it is compatible with ANY 
computer & operating system. After programming, PC can be 
disconnected. Serial cable can be up to 35m long, allowing 
'remote' control. User can easily write batch file programs to 
control the kit using simple text commands. NO special software 
required — uses any terminal emulator program (built into 
Windows). All components provided including a plastic case with 
pre-punched and silk screened front/rear panels to give a 
professional and attractive finish (see photo). 

3108KT Serial Port Isolated I/O Controller Kit £54.95 

AS3108 Assembled Serial Port Isolated 110 Controller £64.95 
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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 MANUAL (CD-ROM VERSION ONLY) 

The essential reference 
work for everyone 

studying electronics 

EVERYTHING YOU NEED TO GET 
STARTED AND GO FURTHER IN ELECTRONICS! 
The revised CD-ROM edition of the Modern Electronics Base 
Manual (MEM) contains practical, easy-to-follow information on the 
following subjects: 

BASIC PRINCIPLES: Electronic Components and their 
Characteristics ( 16 sections srom 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 Amplifiers; Introduction to 
Physics, including practical experiments; Semiconductors 
(5 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 Manual and its 
Supplements describe clearly, with appropriate diagrams, how to 
assemble a radio, loudspeaker circuits, amplifiers, car projects, 

• Over 800 pages 

• In-depth theory 

• Projects to build 

• Detailed assembly instructions 

• Full components checklists 

• Extensive data tables 

• Manufacturers' web links 

• Easy-to-use Adobe Acrobat 

format 

• Clear and simple layout 

• Comprehensive subject range 

• Professionally written 

• Regular Supplements 

a computer interface, measuring instruments, workshop 
equipment, security systems, medical and musical circuits, etc. 
The Base Manual describes 12 projects including a Theremin 
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 Safeiy 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-RCM 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 modern 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 £10 
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 A..Àdio 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 U3.50+£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). 

arePOIDrer, '5C3M-eneh Ch It a r a tt e e 1. 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. î 
bq 
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Wimborne Publishing Ltd., Dept Y12, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. Fax: 01202 874562. 
Online shop: www.epemag.wimborne.co.uk/shopdoor.htm 

The essential work for 
servicing and repairing 
electronic equipment 
• 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 

PP EMIPP cal 

PLEASE send me VISA 

E THE MODERN ELECTRONICS MANUAL (CD-ROM version only) 

D 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   
.FLEAS,_ PRINT, 

ADDRESS   

 POSTCODE   

SIGNATURE   

El I enclose cheque/PO in UK pounds payable to Wimborne Publishing Ltd. 

E Please charge my Visa/Mastercard/Amex/Diners 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. Y12, 408 Wimborne 
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, 
UK Islands & Eire 

Europe (EU) 
Europe (Non-EU) 
USA & Canada 
Far East & Australasia 
Rest of World 

FREE 

£7 each 

£23 each 
£28 each 
£35 each 
£28 each 

£23 each 
£30 each 
£39 each 
£43 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. 

mern-cd 



ELECTRONICS LTD 

EE244 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 pulse 
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 
 -•••116 

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. Sweeping 
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 

Stepping Motors 

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. 

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 Set af 

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

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 coii, cut-out 
case, meter scale, PC8 & 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-1N 2000 - 

KIT 879£44.95 

MULTIMETER £14.45 

SPACEWRITER 
An innovative and exciting project. 
Wave the wand through the air and '1e. 
your message appears. Programmable 
to hold any message up to 16 digits long. 0,,,% 
Comes pre-loaded with "MERRY XMAS". Kit 
includes PCB. all components 8. tube plus '., 
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 perform-
ance superheterodyne design. 

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

MOSFET MkIIVARIABLE BENCH 
POWER SUPPLY 0-25V 2-5A 
Based on our Mk1 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. 

Kit No. 845  £64.95 

EPE 
PROJECT 

PICS 
Programmed PICs for 

all' EPE Projects 
16C84/18F84/16C71 

All £5.90 each 
PIC16F877 now in stock 
£10 inc. VAT & 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 8i CASE 

• EFFICIENT 100V 
TRANSDUCER OUTPUT 

• COMPLETELY INAUDIBLE 
TO HUMANS 

KIT 812  

• UP TO 4 METRES 
RANGE 

• LOW CURRENT 
DRAIN 

£15.00 
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SIMPLE PIC PROGRAMMER 
INCREDIBLE LOW PRICE! Kit 857 £12.99 z:=1= 

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. Magenta 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 M ift, 

Power Supply £3.99 

FULL PROGRAM SOURCE CODE 
SUPPLIED - DEVELOP 

YOUR OWN APPLICATION! 

Another super PIC project from Magenta. Supplied 
16-character display, data, all components, and software 
Ideal development base tor meters, terminals, calculators, 
for your application! 

with PCB, industry standard 2-LINE y 
to include in your own programs. 
counters, timers - Just waiting 

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

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

• ZERO VOLT SWITCHING 
MULTIPLE CI-ASE PATTERNS 

• OPTO ISOLATED 
5 AMP OUTPUTS 

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

Kit 855 £39.95 

Now features full 4-channel chaser 
software on DISK and pre-
programmed PIC16F84 chip. Easily 
re-programmed for your own applica-
t ons. Software source code is fully 
'commented' so that it can be 
followed easily 

LOTS 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 

I CEBREAKER 
DOODEICIDOCID 

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 LL.D., Breadboard, Relay, I/O devices and patch leads supplied 

As featured in March '00 EPE. Ideal for beginners AND advanced users. 
Programs can be written, assembled, downloaded into the microcontroller and run at full 
speed (up to 2010-1z), 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 

EPE PIC TOOLKIT 3 
• THE LATEST TOOLKIT BOARD - 8, 18, 28 AND 40-PIN CHIPS 
• MAGENTA DESIGNED P.C.B. WITH COMPONENT LAYOUT AND EXTRAS 
• LCD., 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 lighting I.e.d.s and do 30 tutorials to 
Sound Generation. Data Display, and a Security 
System. 

• PIC TUTOR Board with Switches. Le.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@magenta2000.co.uk 
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NIC OMPONENTS 

Station Road, Cullercoats, 
Tyne St Wear, NE30 4PQ 

Prices Exclude Vat 017%. 
UK Carriage £ 1.50 ( less than lkg) 

£3.50 greater than lkg 
Che9ues / Postal orders payable to 

cSR Electronic Components. 
ASE ADD CARTHAGE & VAT TO ALI ORDERS 

• ICM7555 £0.41 27C1001-15. £3.17 Bridle Rectifiers 2N4036 

.ks1 1165V £2.36 27C4001-120£5.84 IA 100V £0.36 2N5296 

8C557C £0.08 TIP30A 
ICM2556 £0.84 27C2001-15. £4.41 1A 5/ £0.35 2N5245 BC558A £0.08 TIP30C 

BC558B £0.09 TIP31A 

£0.34 
£0.80 

£0.12 
£0.57 

'CZ L272M £1.21 93C46N £0.64 lA 200V £0.39 2N5401 BC559B £0.11 TIP31C 
4 - 1293E £4.03 'Am lA 6 £0.11 V £0.40 2N5551 BC560A £0.09 TIP32A 
550L297 £5.12 GM76C88. £3.60 1.5A 50V £0.19 2N649I £1.58 BC560B £0.09 TIP32C 
x 01 L298N e- V1 L4960 £6.67 HM62128 -7 £9.14 1.5A 100V £0.19 258548 £0.30 BC636 £0.10 TIP33C 

£2.81 U6264AD.C7 £1. BC638 42 1.5A 200V £0.19 AC 126 BC637 £0.19 TIP41A 
CI° L6219 £4.48 IS61C256-15 £3.20 1.5A 400V £0.20 AC127 £0.21 TIP41C 
ev LF347N £0.46 41256-10 £3 52 1.5A 600V £0.24 AC187 BC639 £0.11 TIP42A e y, 1E351 N £0.41 " 1.5A 800V £0.26 AC188 BC640 £0.13 TIP42C 

1F353N £0.40 ND Converters 1.5A 1 kV £0.26 ACY17 BCY70 £0.22 TIP50 
In.>. 1E356 £0.84 Dahl Acquisb 2A 100V £0.34 AD149 BCY71 £0.29 TIP110 
5 Z LF411CN £0.85 Ilea 2A 200V £0.34 AD161  BCY72 £0.20 TIP120 
i-issi LM301AN £0.40 AD420AN £25.38 2A 400V £0.35 AD162 8D124P £6.86 TIP121 
,...2 LM311N8 £0.25 AD557JN £8.75 3A 200V £0.34 BC107 £0.48 TIP122 

r LM319N14 £0.90 AD7545AK £14.04 3A 600V £0.33 BC108 88DD113321 BD135 £0.46 TIP125 £0.21 TIP126 e ° 1M318 £1.05 AD7528JN £11.42 3A 400V £0.40 BC1078 

Ilt.elL LM324 £0.19 AD7828KN £20.33 4A 100V £0.78 BC108B BD136 £0.21 TIPI27 
eir LM335Z £0.94 DAC0800 £2.72 4A 200V £0.76 BC108C .23 TIP132 
o LM339N £0.25 ICL7109CPL £7.75 4A 400V £0.86 BC109 B88113387 £0 £0.24 TIP137 

fP LM348N £0.36 TLC549IP £2.07 4A 600V £0.90 BC109C BD139 
in LM35DZ £1.90 semdmikes 6A 100V BD140 £0.27 TIPI41 • v 
LM358N £0.49 BC114 BD150C £0.82 TIP147 

£0.25 TIP142 
AT89C2051 £6.38 6A 200V £0.60 BC115 

BD165 £0.30 1M380N £0.81 BD201 £0.42 TIP2955 4000 Series 74HC32 £0.18 7415102 6A 400V £0.53 BC118 1m386 £0.45 12C508A04P £0.78 £0.40 TIP3055 40003 £0,27 74HC42 £0.36 741S109 £0.21 6A 600V £0.67 BC132 
£0.70 ZVN3306A 40013 £0.16 74HC73 £0.40 7415112 £0.24 LM392N £0.79 12C509A04P £0.85 8A 100V £0.98 BCI34 BD202 

40028 £0.19 74HC74 £0.19 7415113 £0.23 1M393N £0.21 16C54C04P £1.49 8A 200V £1.00 BCI35 8D232 £0.50 ZVN4306A 
4007UB £0.19 74HC75 £0.31 7415114 £0.36 LM748CN8 £0.37 16C5413.1W £7.60 8A 400V £1.04 BC140 BD237 £0.32 ZVN4310A 
40088 £0.23 74HC76 £0.20 7415122 £0.31 LM1881 £2.90 16C56A-04P £ 1.63 8A 600V £1.10 8C141 81)238 £0.44 ZVP3306A 
4009U8 £0.23 74HC85 £0.24 7415123 £0.31 1M2901N £0.15 16F84-04P £3.14 25A 100V £1.47 BC142 BD240C £0.32 ZTX300 
40108 £0.23 74HC86 £0.22 74LS125 £0.28 LM2917N8 £3.10 16F84-10P £376 25A 200V £1.54 BC143 BD245C £1.18 ZTX302 
40118 £0 .16 74HC107 £0.40 7415126 £0.25 LM3900N £0.72 16F877-04P £5:20 25A 400V £1.98 BC154 BD246C £1.18 ZTX450 
40128 £0.16 74HC123 £0.33 7415132 go lied;114 £1.97  25A 600V £1.82 BC157 £0 .61 ZTX451 

£0.61 ZTX453 
BD283 

40148 £0.30 74HC126 £0.46 7415136 £0.23 LM136005 HIS Vielliatirs 35A 100V £1.57 8C160 
4013B £0.19 74HC125 £0.26 7415133 £ 35A 50V £1.67 BC159 BD284 

BD400 £0.79 ZTX500 
4015B £0.32 74HC132 £0.35 7415138 £0.33 LMC660CN £1.44 78 £0.24 35A 200V £1.80 BC170B BD437 £0.38 ZTX502 

£0.24 35A 400V £1.62 BC171B 8D442 £0.37 ZTX550 40166 £0.20 74HC133 £0.34 7415139 £0.26 1-MC6032IN Eldi mg 
£0.27 35A 600V £1.90 BC172B £0.47 ZTX551 40178 £0.23 741-ici37 £0,30 7415145 £0.56 1P311N £0.27 35A 800V £1.94 BC177 BD534 £0.50 ZTX600 7415148 £0.64 LP324N Em ;111 

£0.62 ZTX6008 4018B £0.26 74HCI38 £0.29 60535 
40196 4020B £0.25 74Hci 39 £ .31 7415151 £0.29 LP339N £0.26 74HC151 £0.33 7415153 £0.38 LT1013CN8 £4.64 e ig ££00..2207 ykyrista« BC178 8E4881)585498871 £0.92 ZTX605 
40216 £0.31 741.10 53 £ .30 7413156 £0.36 MAX202CPE £1.97 £0.32 2h15060 £0.19 BC179 £0.52 ITX651 
40228 £0.32 74HC154 £0.85 77441185118587 ££002221 MAX208CN £6.99 tin MAX220CPE £5.06 £0.25 2N5061 £0.19 BC182 BD648 BD650 £0.52 ZTX653 
40238 £0.19 74HC157 £0.40 £0.18 Bu  51-500R £0.65 BC1821 £0.53 ZTX689B 
4024B £0.2n4 74HC158 £ .23 7415160 £0.48 MAX222CPE £5.06 78115 £0.39 C106D1 £0.36 BC1831 
402513 £ .2.,X 74HC160 £0.64 7415161 £0.32 MAX232CPE £1.82 78L24 MAX483CP £0.26 P0102AA £0.30 BCI84 BDX33C £0.56 ITX705 

BDX32 £1.78 ZTX6908 

4026B ,..X.,'.,"‘ 74HC161 £ .28 7415162 £0.44 on TIC1060 £0.49 BC1841 BDX34C £0.50 ITX750 
402713 ....' 74HC162 £.45 7415163 £0.32 MAX485CP £3.13 78505 £.20 TTicCi121668 ££00..6767 k 220604CB 

MAX635ACP £21:9 MI î £0.98 BC208 BDX53C £0.47 ZTX751 BDX54C £0.50 ITX753 4028B £0.33 74HC183 £0..„, 7415164 £0.43 MAX631ACP BF180 £,,0.3,3-, 74HC1i54 £°"25 TEITrials136-500 £0.58 BBCC220192A 8E182 4029B £0.:,.; 7415165 £0.48 £."1:Z8 Ma £0.31 ZTX789A 
t..X.,,' i' 74HC165 £03:5' 7415173 £0.24 MAX1232CP £0.27 7915 £93289 B1136-600 £0.50 8E185 £0 .31 ZTX790A 40308 

40358 BC2121 £0.58 ZTX851 
404013 rn.,',A' 74HC173 DI,. 741S174 £0.24 MC1458N £0.38 131137.500 £0.65 BC213B 

Zi5:12' 74HC175 o  gs; 7415175 £0.30 MC1488 '' 7415190 £0.60 MC1489 £011) ..4400 779921045 
4042B r£0.35 7415191 £0.24 MC3302 osg ;;Elî £0.23 B1139-5.. .-.... BC214 

£0.28 BBFF119944B £0.19 ZTX951 £0.35 ZTX1048A 
£0.18 81137-622 £,0,.,.,,,58 BC2131C £0.31 ZTX853 404111 en"..1¡ 74HC174 

4043B £0.28 74HC192 £0.30 BTA08-600B £0.84 BC225 BF2448 £0.34 ZTX105IA 
8F244 

4044B £0.35 74HC193 -0.72 7415192 £0.60 MC4558P £0. £0.40 7415193 £0.43 MK484 £0.66 79124 131139-6°° £1.20 BC2141 BF244C £0.50 ZTX1053A 
40468 £0.38 74HC195 £0.32 7415195 £0.24 NE521N £6.39 ADM666AN £3.44 BTA08-600&w02.76 BC2378 BF257 £0.33 

£0.33 4047B mu 74HC240 £0.37 7415196 £0.24 NE555N £0.17 1200CV £1.67 BTA08-600C £0.79 BC23813 BBFF332579 
40489 £0.34 74HC241 £0.37 £630 1128:288r,H1,93 Ise, £0.40 
40499 £0.29 74HC244 £0.42 7415240 £0.32 NE565N £2.30 1387A 

7415221 £0.41 NE556N £0.29 L296 
£2.72 BF423 £0.13 

4049UB £0.24 74HC245 £0.42 7415241 £0.32 NE567N £0.39 1M2940CT5 £0.96 BTA12-6008w£0.92 BC252 BBFF445699 £0.33 

4051B £0.21 74HC253 £0.25 7415244 £0.32 NE5532N £0.48 1M317T £0.32 
£0 62 1-M317U £0.29 8BTAA.186.480000c8wE11..2485 

BFX29 
4050B £ .20 74HC251 £0.30 7415243 £0.30 NE592 BC261B £0.36 

40528 4053B £.32 74HC257 £0.25 741-5245 £0.32 NE5534N £0.45 LM317K £2.48 BTA26-60013 £2.78 
£0.22 74HC259 £0.57 7415247 £0.60 NE5539N £4.35 LM323K £2.40 ,.,„,,„, ,,,,, ,‘ RE323S TIC206D £0.65 8007 IFFFYX)(58054 £0.29 ££00:3321 

40548 £0.56 74HC273 £0.32 7415251 £0.24 OPO7CN £0.90 LM334Z £0.96 ..-",19."' ...'' BC319C £0.30 
40558 £0.34 74HC299 £0.64 7415257 £.24 OP27CN £2.33 I-M3371 £0.67 TIC2260 £0.80 BC327 
40608 £0.25 74HC365 £0.28 74LS258 £0.24 OP9OGP £3.11 lcup E;...g, ;gee £1:88 B83i-25 BFY51 

BFY52 £0.22 £13.28 
40636 40666 £0.29 74HC367 £0.25 7415259 £0.45 OP97FP £2.24 £0.25 7415266 £0.14 OP113GP £3.44 LM723 £0.38 TIC246M £1.00 gc337 BSI 07 £0.21 TIC236D £1.12 gr337.25 135170 £0.20 40678 £0.20 74HC368 £2.20 74HC373 £0.35 74LS273 £0.32 OP176GP £2.09 LP2950CZ5.0 £0.90 Op177Gp £1.86 REFO1CP £2.40 Z0105DA £0.53 8E338 BU208A £1.53 4068B £0.16 74HC374 £0.40 7415279 £0.24 BU326A £1.40 
4069U8 £0.19 74HC390 £0.52 7415283 £0.47 OP200GP £5.60 REFO2CP £3.25 Dins BC348B BU500 £1.54 
40708 £0.16 74HC393 £0.38 7415365 £0.21 OP213FP £5.20 REF195GP £3.77 DB3, 32V £0.16 BC357 BU508A £1.30 
4071B £0.26 74HC541 £0.35 7415367 £0.21 OP275GP £2.57 REF25Z £0.95 yfflamisters BC393 8115080 £0.98 
40728 £0.18 74HC563 £0.56 7415368 £0.21 OP282GP £2.27 71431CP £0.20 BUT11A £0.57 

2N1711 £0.26 BU806 £1.06 
40739 £0.17 74HC564 £0.48 7415373 £0.32 OP283GP£N2218A £0.28 BC441 

E‘51:38 i[14425388 RI; 2N2222A £0.18 BC461 BUTI1AF £1.14 BC463 40756 £0.17 74HC573 £0.28 7415374 £0.38 OP290GP BUX84 £0.78 
40778 £0.28 74HC595 £0.29 7415390 £0.53 OP400GP £11.81 1N914 1 £0.05 3M3D9A £0.43 6 £1.02 BC478 

BC477 
8BUuzZ90011 8 £8£0..9270 

4076B £0.30 74HC574 £0 38 7413378 £0.62 OP297GP £4.64 DI .d.. 

SG3524N £0.70 1N4002 £0.05 2N2907A £028 BBCC457197 

40788 £0.20 74HC688 £0.64 7415393 £0.33 ,Ç2reyep kl:g . lisiá°6"61 £:81 *Mt', £0.35 BUZ905P £5.92 40818 £0.16 74HC4002 £0.31 7413395 £0.26 KL 4 I £0. 25 BC516 
408213 £0.21 74HC4017 £0.36 74 Series£530 £0.45 
4085B £0.28 74HC4020 £0.36 7407 „„ ,,, SG3543£F540 £0.75 
40866 £0.33 74HC4040 £0.29 T..... SSM2141P n.:1M irrE'se e.:.1 Eliî 81 BBCC55239 RF630 £0.42 RF640 £0.63 4093B £0.18 74HC4049 £0.31 Ummirl" SSM2142P £164 BC546A 
4094B £0.29 74HC4051 £0.40 A0524AD £23.04 SSM2143P £3.78 I N4006 £0.04 2N3439 £0.62 BC5468 RF740 £0.91 
40978 £1.20 74HC4052 £0.43 AD548JN £2.48 TBA120S £0.72 1N4007 £0.05 2N3440 £0.50 BC546C RF830 £0.68 
4098B £„0-2„2 74HC4053 £0.38 AD5911H £5.28 TBA800 £0.75 1N4148 £0.03 2N3702 £0.09 BC547A MJ2501 £1.60 
40999 L„U. ,..),"' 74HC4060 £0.44 AD592AN £4.48 16A8105 £0.64 1N4149 £0.07 2N3703 £0.10 BC5475 M13001 £1.80 
45028 £",'„e 74HC4075 w 27 AD595AQ £13.92 TBA820M £0.38 1N5400 £0.08 2N3704 £0.11 BC547C MJ11015 £2.45 

MJ11016 £2.56 45039 £032 AD620AN £9.88 TDA11705 £4.80 1N5401 £0.08 2N3705 £0.08 °C54°A 
4508B .-£ .4X 74HC4078 £ 64 AD625JN £16.20 TDA2004 £2.21 1N5402 £0.08 2N3706 £0.10 BC548B MJE340 £0.33 
4510B '-£ ;.4,y 74HC4511 0 .84 AD633JN £5.92 TDA2030AV £1.20 1N5404 £0.09 2N3771 £1.44 BC548C MJE350 £0.32 
45118 M.1.1 74HC4514 £0•41 AD648JN £237 TDA2050V £2.28 1N5406 £0.10 2N3772 £1.51 BC549B MPSA05 £0.14 
4512B ,"...,•,",,, 74HC4538 0 :90 AD6541N £7.18 TDA2611A £1.88 1N5407 £0.10 2N3773 £1.70 BC549C MPSA06 £0.11 

'-‘'..‘ 74HC4543 4514B AD711.IN £1.46 TDA2822A £0.86 1N5408 £0.11 2N3819 £0.33 BC550B MPSA13 £0.09 
45158 £099 741.5 Series AD712JN £2.48 TDA2653A • He U? £0.27 2N3903 £0.11 58, £0.27 2N3820 £0.66 °,556A PHP5ONO6LT £1 055°C10 

MPSA42 £0.15 
45168 £0.44 741300 £0.22 AD736.1N £7.98 TDA7052A 
45186 £0,38 741301 £0.14 A0797AN £7.10 TED3718DP £5.03 6A2 

£0.28 2N3905 £ IP29A £0.32 
PH P69NO3LT £1.02 £0.27 2N3904 £.08 °C5566 

45218 £062 741503 £0.29 AD812AN £6.32 TL061CP £0.37 6A6 F.E0 BBCC555577AB 45208 £0 34 741502 £0.22 AD81IN £6.24 TEA5115 £3.11 6A4 
TIP29C £0.30 

45266 £0.40 741504 £0.22 AD817AN £3.19 TL062CP £ 0 29 45276 £040 741505 £0.14 AD820AN . 0 CN E81? et £0,03,0. W• carry a large Merl ef cepeciters in stack, inciedings 
f....X1,1 Ceramic Mini Disc, Dipped Ceramic Multilayer, Dipped & Boxed Pol ester, 4528B £0.40 741308 £0.19 AD822AN £5.20 71071CN £0:eg f,,,,,v, gi .,..X.A.'" Ml or Film Polystyrene, Plastic Film, MKT Polyester Dipped Bead, Sub-min-

4529B £0.44 741309 £0.15 AD829.IN £6.41 T1-072CN £0 ,",.,•;.; iatuc'r Radial, 1£15 C Radial Low Leakage Radial, hion Polarised Radial & Ax. 
4532B £0.24 741310 £0.27 AD830AN £5.44 TL074CN £ 1,2 BA159 ".'' ial PCB Can Electrolytics, polypropylene & Ceramic Trimmers and Tuning 
45368 £1.00 741311 £0.17 AD847.1N £5.95 71081 E00:1 02 coPacitors. Full technical details available. 45388 £0.37 741512 £0.25 AD9696KN £773 71082CN £2.0u..3z2° 88AATT4421 
45418 c0 33 74L$14 £0.25 ADEL2020A £5.06 71084CN £0.42 BAT46 £0.20 Resisters - Fleas. State Value Required ' 12teig 
45438 £0:47 741515 £0.24 ADM222AH £3.55 TL494CN £0.36 inaW Carbon Film 5% E12 Series 10i1- 1M0 £0.02 Each, £0.80 per 1 od 
45556 £0 32 741320 £0.25 ADM232AA £3.55 TL7705ACP £0E8:13U BgAks,v21-111î £0.12 'AW Carbon Film 5% E12 Series lià-10M £0.02 Each, £0.60 per 100 
45568 £ 40 741521 £0.20 ADM485.IN £2.97 T1C271 £0.07 Y.W Metal Film 1% E24 Series 100-1nA £0.04 Each, £1.72 per 100 
45848 £0,27 741526 £0.17 ADM690AN £5.13 TLC272N £0.60 BAW62 £0.07 'hW Carbon Film 5% El 2 Series li2-10M £0.02 Each, £0.95 per 100 
45858 £0.47 741527 £0.25 ADM691AN £6.48 TS274CN . 741530 £0.20 ADM695AN £648 TS555CN Re VicY £0.05 2,5W Wirewernd 5% E12 Series OS41-22012 £0.18 1W, 2W 5W, 2 W, 25W 8,50w also in stock 
401068 £0.21 74LS32 £0.21 ADM699AN £3:58 TMPO1FP RI' 1g2; £.10 Preset Re store - «ease State Value Required 

- nlectosi vol.0 onb,, coniod salesE0de2p31. Each 

401096 £0.58 741337 £0.31 CA747CE £039 UA741CN £0.70 Enclosed, lOmm Square Hoa / Vert. 10011 - IMO al5W 
401748 £0.46 741538 £0.18 CA3046 £0.42 ULN2003 £0.40 0A90 £0.33 Skeleton, lOmm Dia. Horizontal. 100a - IMO 0.1W £0.12 Each 
40175B £0.41 74LS40 £0.14 CA3059 £1 33 ULN2004A £0.44 §A91 
74MC Series 741542 £0.42 CA3080E £060 ULN2803A £0.42 A200 £0.56 Multiturn, lOmm Square., Top Adjust. E3 1000-1M0 0.5W 

741547 £0.34 Sub-mon, 6mm Dia, Horizontal E3 200t1-1M0 0.1W £0.09 Each £0.12 Each 

£0.39 A202 £0.30 Multiftere, 19mm Long..End AçlLust. E3 5011-1/velUir £0.81 Each 
£0.24 CA3140E £0.57 apiowei £0.59 Each 74HCOO £0.20 741351 . . 

74HCO2 £0.16 741373 £0.36 CA3240E £0 .92 UF4001 £0.08 Pereedieineters - «ease «are Value Kin_ 
74HCO3 £0.21 74mq £0.18 DG2110 £1.25 241C08BP £a73 241..C168P £0.69 UF4002 £0.09 Single Gang '4' Shaft, 25mm Dia. 4700-2M2 Linear £0.56 Each UF4003 £0.09 Single Gang V." Shaft, 25mm Dia. 4k7,101(„,47k,100k,IM,2M2 Log £0.56 Each 
74HCO4 £0.21 741375 £0.30 DG411DJ £2.00 74HCO8 £0.18 741526 £0.40 IC17106CPL £2.80 227432LC32AP £1.14 UF4004 £0.09 Dual Qcing7." Shaft, 2Qmm Dia. 1k0-2M2 Linear 10k-1M0 Logarithmic £1.54 Each 

£1.54 Each 
74HC10 £0.16 741583 £5.51 UF4005 £0.10 Dual Gene.' Shaft, 20mm Duo. 

£1.92 Each 74HC II £0.20 741585 £0.38 ICL7107CP1. £1.92 27128.200 £3.99 UF4006 £0.10 Switched -ff" Shaft, 20mm Dia. 1k0-2M2 Linear 
24HC14 £0.22 741586 £0.48 10.7109C1P £5.76 27256.200 £3.99 UF4007 £0.14 Switched ,4," Shaft, 20mm Dia. 
74HC20 £0.28 741390 ££00:3257 ICCE7766211.1 DCP £20..0084 27C64A-15F £2.80 Zeners 2.7 to 33V PCB Mount, Splined Shaft, 16mm ()jct. 4700-1MO Linear 500rew £0.06 PCB Mount, Splined Shaft, 16mm Duo. 4, 

4k7-2M2 Logarithmic 

700 4k7 100k 1 MO Log £0.48 Each 

£1.92 Each 
£0.48 Each 

74HC27 £0.16 741392 £0.45 ICL7660SCP £0.75 27C256B-15F£2.34 £0.10 Dual PCB, Sprined Shaft, 16mm Dia. 10k,50k160k,560k Lin £0.84 Each 
74HC30 FO 22 741593 £0.42 10.8038 £3.84 22C512- 15F1£255 1.3w Dual PCB, Splined Shaft, 16mm Dia. 10k,50k,100k,500k Log £0.84 Each 

£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 
£0.4 

Duality 
Oenipersents 
No surplus or re-
dundant stock. All 

from leading 
manufactures. 

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

Fast Delivery 
Nextday service 
for all small 

(vi kg( orders at 
no extra charge. 
3 day service tor 

orders > lkg 

Ne Minimum 
Order 

Order what you 
need, . no pack 

quantities or min 
order value. 

Quantity 
Discounts 
Available 
We offer dis-
counts for oll 
items subject to 

quantity required, 
phone, fax or 

email for o quote. 

£0.74 
£0.50 
£0.68 
£0.97 
£4.84 
£1.29 
£0.73 
£0.92 
£0.16 
£0.14 
£0.14 
£0.14 
£0.16 
£0.17 
£0.17 
£0.19 
£0.41 
£0.41 
£0.36 
£0.36 
£0.36 
£0.75 
£0.27 
£0.34 
£0.38 
£0.36 
£0.12 
£0.17 
£0.28 
£0.16 
£0.16 
£0.13 
£0.23 
£0.18 
£0.18 
£0.10 
£0.08 
£0.08 
£0.10 
£13.10 
£0.72 
£0.72 
£0.72 
£0.72 
£0.10 
£0.08 
£0.10 
£0.11 
£0.08 
£0.11 
£0.15 
£0.09 
£0.11 
£0.10 
£0.15 
£0.13 
£0.30 
£0.24 
£0.30 
£0.10 
£0.13 
£0.08 
£0.08 
£0.09 
£0.08 
£0.08 
Oil 0 
£0.14 
£0.25 
£0.73 
£0.40 
£0.46 
£0.29 
£0.52 
£0.45 
£0.32 
£0.21 
£0.12 
£0.20 
£0.20 
£0.06 
£0.08 
£0.08 
£0.09 
£0.09 
£0.09 
£0.08 
£0.09 
£0.08 
£0.09 
£0.10 
£0.10 
£0.09 
£0.08 
£0.08 
£0.09 
£0.09 
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Constructional Project 

VERSATILE 
PIC FLASHER 
STEVE CHALLINOR   

Enhance your Christmas decorations or 
your child's ceiling with this versatile 
PIC-controlled flasher display 

B
I HIND this design was an idea to 
make an interesting ceiling display 
for a child's bedroom. One of the 

author's colleagues had seen a display of 
blue lights in a shopping centre and want-
ed to know if the author could duplicate 
this. 
The lights needed to be slowly increas-

ing and decreasing in brightness and 
behaving in a random fashion. Thereby 
was perceived a means by which the author 
could lull his own insomniac toddler to 
sleep, and so set to work immediately! 

TAKE YOUR PIC 
Basing the system on a PIC micro-

controller, it was found that the results 
were so pleasing that it was thought to 
be of interest to EPE readers — but 
absolutely no guarantee about the sleep 
remedy! 
The original idea has been expanded 

to create a number of different effects, 
so that apart from the slow and soothing 
bedroom display, quite a number of 
other display options are possible. Pre-
programmed PICs are available as stat-
ed later for the benefit of readers who 
do not have PIC programming facilities. 

There are five dual-in-line (d.i.1.) 
switches which select a total of thirty-
two possibilities. There are eight out-
puts, but the light emitting diodes 
(I.e.d.$) may be chained together to 
multiply this number. There is too much 
going on to notice if two or more I.e.d.s 
are doing the same thing! 

APPLICATIONS 
Apart from the ceiling display, one 

variant is a wall display, with a lumi-
nous moon crescent mounted on a circle 
of black card and eight blue 1.e.d.s scat-
tered over the rest of the circle. Another 
is a star, again for wall mounting, with 
211.e.d.s of different colours. Again this 
is a wall display but it would make an 
excellent star for the Christmas tree, or 
why not a miniature tree for the interior 
of the car? There must be many imagi-
native applications. 

Although an 1.e.d. display was in mind 
from the outset, the open collector outputs 
can sink up to 500mA, thus it would also 
be possible to drive filament bulbs. This 
could drive the Christmas tree lights in a 
new way (after substituting a normal bulb 
for the flasher bulb). This only applies to 
low voltage types, though, with a +24V 
supply and multiple strings of low voltage 
bulbs. However, this article only discusses 
the I.e.d. version. 

Looking at his own tree lights in this 
way, which are +24V and have eight 
strings of ten 2.4V bulbs, the author won-
dered is this could be matched using the 
PIC. However, the problem was the way in 
which the strings were interlaced, which 
seemed like a headache to sort out! 
The star display is found to be most 

effective where all the I.e.d.s can be seen 
together. The ever-changing outputs create 
a fascinating display. 

LIGHTING 
CONCEPT 

Ideally, the light output should be ana-
logue, with the I.e.d.s varying from fully 
on to fully off. However, the author refused 
to entertain the idea of eight digital -to-ana-
logue converters with associated drivers. 

Instead the circuit uses Pulse Width 
Modulation (PWM), with the 
mark/space ratio controlling the bright-
ness of the 1.e.d.s — space fully off, 
mark fully on. 
The mark is obtained from an array 

in programmed PIC memory, which 
may be termed the brightness profile. 
Thus one complete cycle, from off to 
maximum and back to off again is 
obtained as the program reads in values 
from the whole array. However, each 
output has a slightly different array 
length, giving a continual shift in phase 
between the outputs and hence an 
apparently random effect. 
Each value of mark/space is repeated 

a number of times to give control over 
the speed of flashing. Referring to the 
flow chart in Fig.!. the core operation is 
the central loop where the mark is 
decremented to see whether to output a 
high or a low. The output is set high as 
long as the mark is non-zero, then low 
for the rest of the period (the space). 

This is repeated up to eight times 
according to speed and then for every 
other mark in the array (about two hun-
dred of these) at the same time as jump-
ing about between all eight outputs. 
This keeps the PIC busy enough not to 
require delay routines, with the oscilla-
tor running at top speed, 20MHz. 

INITIALISE PIC 
SET INDEX TO 0 

LREAD IN SPEED MODUL ATION FROM SWITCHES STORE IN RA 

I GET MARK FROM ARRAY I 
STORE IN RAM 

SET PERIOD 255 

FIECREMENT MAR 

4411> 
OUTPUT LOW 

INCREMENT MARK 

•,10 - 

Y 

CREMEN HOLD 

HOLD 0 

GE 

INDE X LIMIT 

N 

IINCREMENT INDEX 

MODULATIO, 
SETTING 

RESET INDU 

Fig. I. Flow chart for the PIC Flasher. 

CIRCUIT DIAGRAM 
Referring to the circuit diagram in 

Fig.2, switches S la and Sib set the 
speed. Switches Sic and S 1 d control 
the depth of modulation, meaning how 
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far from fully on the led. goes towards 
off, i.e. selecting just a central portion 
of the brightness array. This 
gives a pulsating effect 
rather than an on/off flash. 

Switch Sle selects 
between two bright-
ness profiles. One is 
smooth, but the other 
has a high speed flash built 
into the profile. The speed is 
related to the controls set by the 
other switches, and at higher 
speeds gives an "icy shimmer" to 
the display. Table I summarises the 
settings for the switches. 
The PIC16F84A microcontroller is 

shown as ICI and is run at 20MHz, as set 
by crystal XI. Note that the "ordinary" 
PIC I6F84 ( without the "A" suffix) is not 
suitable for this design since it has not 
been manufactured to run at the 20MHz 
rate required. 
The switches S la to Sle are biased nor-

mally high by five resistors. These are 
within a single resistor module, marked as 
RM I. The status of the switches is read by 
the PIC's Port A lines, RAO to RA4. 
The I.e.d.s are controlled by the PIC's 

RB() to RB7 lines. They control the 
switching of transistors TR 1 to TR8, via 
current limiting resistors RI to R8. As said 
earlier, the transistors are used in open-col-
lector mode to drive the I.e.d.s, with resis-
tors RIO to RI7 limiting the current flow. 
The PIC I6F84A's Port B is capable of 

sourcing a maximum of 100mA or sinking 
150mA, so it would be feasible to directly 
control eight single 1.e.d.s. However, the 
provision of the open collector transistors 
allows several 1.e.d.s to be chained togeth-
er for this larger display. 
The number chained will depend on the 

voltage supply, with roughly 1.8V per 

Table 1: Mode switches settings 
(0 = switch on) 

Sla Sib Speed 

0 0 Fast 
1 0 Medium fast 
0 1 Medium slow 
1 1 Slow 

Sic Sid Modulation 

1 
o 
1 

o 
o 

100% 
50% 
25% 
12.5% 

Sle Profile 

o Smooth 
Flash 

led. required (double this for blue or 
white) with enough voltage left over to 
provide a sensible current limiting resistor. 

COMPONENTS 
Resistors 
RM1 10k 5-way commoned 

resistor module, s.i.l. 
R1 to R8 10k (8 off) see 
R9 1k 
R10 to R17 see Table 2 erirde (p) 

Capacitors 
C1, C2 
C3, C5 
C4 

TALK 
Page 

10p ceramic (2 off) 
100n ceramic (2 off) 
100µ radial elect. 10V 

Semiconductors 
Dito D8 led., see text regarding 

quantities and styles 
TR1 to TR8 BC337 npn transistor 

(8 off) 
PIC16F84A 

microcontroller, 
preprogrammed 
(see text) 

IC2 78L05 +5V voltage 
regulator 

IC1 

Miscellaneous 
Si 5-way d.i.l. switch, p.c.b. 

mounting 
X1 20MHz crystal 
TB1 2-way terminal block, 

p.c.b. mounting (5 off) 
Ski 2.1mm d.c. power socket, 

p.c.b. mounting 

Printed circuit board, available from 
the EPE PCB Service, code 377; 18-pin 
d.i.l. socket; display construction material 
(see text); connecting wire; solder, etc. 

Approx. Cost 
Guidance Only £16 

excl. I.e.d.s 
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10k 

+ 

MCLR 

3 
TOCK1/RA4 

2 

17 

MODE 
(SEE TEXT) 

Cl 
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•  
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D1CVRB 

CLK/RB6 
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RA2 

IC1 
P1C16F84A 
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OSCI,CLKIN 

OSC2iCLK OU) 
(NT RE 

GNO 

51 

IC2 
78105 

IN 
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Fig.2. Complete circuit diagram (except power supply — see text) for the Versatile PIC Flasher. 
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,TR5 

TR3 TR2 
c ebc 

!ÎTIPA I r,5,D.. 
inp r'4«: 

le-lc  
o 

SI  

E1335 

DO34 

CO33 

BCD 2 

ACID I 

I TO DISPLAYS 

• e,  
•®  RB2 

• 14. RBO 

• Q) RE17 

• ABS 

Fig.3. Flasher printed circuit board 
component layout. full-size copper foil 
master and lead-off wires to the led. 
"chains". 

Table 2 shows suitable resistor values to 
use with a power supply of +12V or +24V. 
These values are very conservative as the 
peak current is only reached at the peak of 
the profile, and this is only a very small 
part of the overall cycle. 

It is worth considering which 1.e.d.s to 
use to suit ambient lighting conditions. For 
normal room lighting, "standard" 1.e.d.s 
are far too dim, although for a night-time 
ceiling display they would be fine. 
However, for use in a normal room lighting 
situation, super-bright, ultra-bright and 
even hyper-bright 1.e.d.s are available with 

RBS 

4!) R B4 
COMMON 

4V 
• 44444.4* COMMON 

POWER 

5 

Mgt, 

output intensities comparable with 
filament bulbs, and these will be suitable 
for the majority of applications. 

In the prototype, diffused 5nun 1.e.d.s 
having 400mcd intensity were used. They 
provide a wide viewing angle which works 

Table 2: L.E.D. current limiting resistor values for + 12V and 
+24V power supplies 

L.E.D.s per R10 to R17 at 20mA 
output (n) Red/Yellow/Green Blue White One Blue One Wnite 

+n(R/Y/G) +.1(R/Y/G) 

1 
2 
3 
4 

470Q 
390Q 
330Q 
220Q 

+12V Power Supply 

390Q 
18052 

470Q 270Q 
27052 220Q 

120Q 

33052 
220f2 
15052 

3 
4 
5 
6 

1K 
820≤2 
68052 
56052 

+24V Power Supply 

56052 680Q 
390Q 560Q 
220Q 390Q 

220Q 

680Q 
560Q 
470Q 
390Q 

820Q 
6804 
560Q 
470Q 

Completed p.c.b. 
showing the 

power socket and 
I.e.d. connecting 

blocks. 

L.E.D.s secured 
to the rear of the 

star using 
hot-melt glue. 

very well for wall displays. Should you 
want to go for even larger displays, there is 
an abundance of different intensities and 
sizes available to choose from. 

Voltage regulator IC2 provides the PIC 
with the +5V required. The regulator may 
be fed with any d.c. voltage between about 
7V and 24V or so. The 1.e.d.s are powered 
from the input voltage supply, not by the 
+5V from the regulator. 

CONSTRUCTION 
The prin:ed circuit board (p.c.b.) compo-

nent and track layout details are shown in 
Fig.3. This board is available from the EPE 
PCB Service, code 377. 

Assemble the board in order of compo-
nent size. Use a socket for the PIC16F84A, 
IC1. Do not insert the PIC until you have 
checked the correctness of the output volt-
age from regulator IC2. 
The prototype p.c.b. was glued to the 

back of a Christmas Star and Moon cut 
from stout card. Holes were punched into 
the card and the 1.e.d.s pushed through and 
secured using holt-melt glue. 
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Prototype wall mounted luminous 
"moon" with blue I.e.d. "stars" mounted 
on the black "sky". 

The 1.e.d. quantity and the order in 
which they are connected is entirely up to 
the user. 
Remember, though, that each 1.e.d. has a 

voltage drop across it and so there is a limit 
to the number of 1.e.d.s that can be 
connected in series in relation to the power 
supply voltage. There is also a limit to the 
number of 1.e.d.s that can be used in paral-
lel without overloading their driving tran-
sistor, or the power supply. 

Having wired up the 1.e.d.s, there are 
then just two external wires required, to the 
chosen power supply. 

There are no great requirements for the 
power supply. A plug mounted type 
should suffice, with a rating of 250mA. 
There's no necessity for it to be regulated 
either, as the PIC is powered via the +5V 
regulator. 

Having completed the assembly, 
apply power (without the 
PIC inserted) and check 
that the output voltage 
from IC2 is +5V. Always 
disconnect the power supply 
before making changes to the 
construction. 

With the programmed PIC inserted, 
check again that the +5V output from 
IC2 is correct. If the flasher doesn't 
work straight off check that the 1.e.d.s 
are connected the right way round. 

SETTING UP 
Using the (ILI. switches and referring to 

Table 1, the maximum display speed should 
be selected together with maximum modu-
lation (the 1.e.d.s should go from fully off to 
fully on) and with a smooth brightness pro-
file. Then it's just a matter of finding the 
most suitable settings according to situation 
and taste. There are thirty-two possibilities. 

SOFTWARE 
The software is available for free down-

load from the EPE ftp site. This is most eas-
ily accessed via the main page of the EPE 
web site at www.epemag.whnborne.co.uk. 
At the top is a click-link saying FTP site 

illuminated coloured 
fe.d.s on the com-
pleted festive star. 

(downloads), click it then click on PUB and 
then on PICS, in which screen you will find 
the Versatile PIC Flasher folder. 
The software can also be obtained on 

3.5-inch disk (Disk 5) from the Editorial 
office. There is a nominal handling charge 
to cover admin costs. Details are given on 
the EPE PCB Service page, and in this 
month's Shoptalk, which also gives details 
about obtaining preprogrammed PICS. 

Enjoy your display of PIC Noelogy! III 

80-173 12V DC motor, flat style, 3000 
RPM. 18 NCrdi torque, draws 5 Amps, 
reversible, 24 betted gear. Ideal for 
robot wars, etc. Dimensions 152mm 
diameter x 80mra including spindle and 
gear. Very good quality mounted on a 
fixing brackez. Some sort of speed 
coumirg circuitry on rear. Bargain at 
just £19.95 

80-175 In-lime P.CD protected 
powerbreaker. Maximum load 10A © 
250V AC. Reset asid test buttons. IEC 
plug for mai-:s inout with an IEC socket 
on a 1m long lead. These usually sell fur 
around £36.00. Our price £5.00 

80-083 CR2025 lithium, 3V coin cell. 
20n•rr diameter a 2.5mm thick. 
Branded Scr:y. Pack of 25 for £7.50; 
Pack of 100 for £25.00. Our normal 
price individually is £ 1.00 each!!! 

56-155 KBFC3501 bridge rectifier. 
100V, 35Anio £2.50 each 

80.176 12V, 50Ah, gel type lead acid 
beery. Made by Dynasty High Rate 
Series, 200 WPC. Model No UPS12-
200. 230 x 140 x 225mm. Brand new. 
Please note that there is no extra 
carriage charge when purchasing this 
item. Only £25.00 

80-132 Switch mode PSU. Nice little 
unit. Model No. BM43024. Input 120V 
AC or 240V AC. Output +5V (à) 2.5A and 
4-'12V a» 2A, 36.5W. Semi- cased with 
mains IEC filter and switch. £3.95 

• 
38-428 USB lead, 2m long, ' A' plug to 
'A' plug. £2.95 
38-429 USB lead, 2m long, ' A' plug to 
'B plug £2.95 
38-430 USB lead, 2m long, ' B' plug to 
'B' plug £2.95 

80-135 Flat pack fan, 12V DC. Made by 
Papst. Air flows around the blades and 
out the side to produce a s7rong air 
flow. Excellent for cooling down in 
crowded enclosures. 121 x 121 x 
37mm. Ex-equipment but in full 
working order and excellent condition. 
These are normally over £25.00 new 
Our price just £5.50 

42-337 Plastic construction nietnc dial 
vernier. Reads 0-100min. Outside, 
inside, depth and step measurements. 
Has a locking device and comes 
supplied in a neat case £7.95 

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

48-259 Ferrite rod with 1 x tuning coil 
14Ornm long x lOnim diameter. £1.75 

SEND FOR OUR FREE CATALOGUE CONTAINING EVEN MORE BARGAIN ITEMS! 

80-046 Electronic digital caliper for both 
imperial (C-6 inches) and metric ( 0-
150nino. Accuracy 4/-0 091". Simple 
touch beton facil ty to change from 
metric to imperial (and vice versa). 
Orloff ano zero button. inside and 
outside meaffling plus locking screw to 
hold measurement. Uses a standard 
watch baten v ( included'. Metal 
construction. Supplied a neat plastic 
storage case. Special price of £34.95 

56-149 Fork and ring crimp connectors 
pace. Consists of 5 x 5nrrii blue fork, 5 x 
5rrim yellow fork. 5 x 5rnm red fork, 5 x 
5rnm blue ring, 5 x 5rnin yellow ring 
and 5 x 5mrii red ring. Pack of 30 £1.00 

WCN Supplies 
Dept EE • The Old Grain Store 
Rear DI 62 Rdmbrulge Street 

Tenn • Southampton 5040 9DS 
Telephone or Fax On 

Southampton 023 8066 0700 
Email: info@wensuppliesisnet.co.uk 

ALL PRICES INCLUDE VAT 
ADD £2.25 FOR P & P 
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ew Technology 
Update 
InHERE is an enormous variety of differ-
. ent transistors that are available these 

days. There are the obvious types such as 
bipolar and field effect transistors. 
However, there are other new technologies 
that are surfacing that are neither bipolar 
nor field effect transistors. 
One new type that offers a considerable 

amount of promise is known as the spin 
transistor. It is expected to have wide-
spread applications in areas from 
non-volatile memories to magnetic 
sensors. Developed at Oxford 
University under Dr John Gregg, its 
operation is based around a three 
terminal device that is sensitive to 
magnetic fields. 

illSiCS 
The new technology relies on the 

fact that electric currents flowing in 
ferromagnets are carried by elec-
trons with two different types of 
spin. The first has a spin parallel to 
the magnetisation whilst the second 
has its spin in an anti-parallel 
direction. 

It is found that the electrons with 
the different types of spin can be differ-
entiated from one another because the 
carrier mobilities of the two types are 
very different. Whilst it is possible to flip 
the electrons so that they have the 
opposite spin, this takes place relatively 
slowly. This means that it is possible to 
control and monitor the electrons in 
ferro-magnetic materials to encode, store 
and read information. 
The spin devices operate by transferring 

electrons with a particular type of spin from 
one area of the device to another where its 
state or spin is subsequently read. The spin of 
an electron can change as it travels, but it 
takes a given distance for this to occur. 
This distance is dependent upon the 

material through which the electron is 
passing and may vary between a few 
nanometres to a few microns or microme-
ters. For devices to be able to operate sat-
isfactorily, the dimensions within the 
devices must be of an order smaller than 
the distance required for the electron spin 
to change or flip. 

Spin Transistors 
The transistor grew out of the discovery 

in 1988 of a phenomenon known as Giant 
Magnetic Resistance (GMR). This enabled 
some spin transistors to be developed that 
could detect magnetic fields. These were 
three terminal devices in which the current 
flowing through one terminal could be 
controlled by the application of a magnet-
ic field across the other two. 

"Spin doctors" come up with a new type of 
transistor, reports Ian Poole 

Whilst these devices represented a very 
useful step forward in technology, their 
usefulness was limited by the fact that 
gains were always less than unity. Now, the 
new research undertaken at Oxford has 
built on this technology and enabled it to 
be brought up to a stage where it can be 
used in real applications. As a result 
patents have been taken out and these are 
owned by Isis Innovation Ltd. 

Fig.1. Internal structure of the spin transistor. 

The spin transistor has three layers, and 
these can be considered as analogous to a 
normal bipolar transistor. There is a para-
magnetic layer, called the base that is sand-
wiched between two ferromagnetic layers, 
the collector and emitter. Within the tran-
sistor the ratio of the electrons with differ-
ent spins in the base region is altered so 
that it is not 1:1. 
The collector region is also constructed 

so that it prefers to absorb electrons with 
one spin rather than another. If the mag-
netisation of the emitter is fixed by an 
external pinning layer, then it is only the 
magnetisation of the collector that will be 
affected by external fields, that will in turn 
affect the current flow. 

Results 
Much development has been undertaken 

with the new technology. The first devices 
were all metal. Although this provided a 
useful research tool, the actual spin effects 
were masked by unwanted spurious effects 
and responses. Gain levels were well 
below unity and the output voltage varia-
tions were only measured in nanovolts. 
By changing the structure to a more 

sophisticated semiconductor structure, sig-
nificant improvements have been seen. 
However, the development of the new 
structure has not been easy and several 
stages of improvements were required to 
reach the current level of performance. But 
even now the researchers indicate that fur-
ther development is required. 

One of the main problems they faced 
was that when the ferromagnetic metals 
were deposited onto the semiconductor, 
silicides were formed at the junction. 
These tended to depolarise the electrons, 
resulting in random polarisation of the 
electrons rather than having them polarised 
as needed for the correct operation of the 
transistor. 
The problem was overcome by adding 

a very thin layer of aluminium 
oxide, only about 1.5nm thick, 
between the emitter and base. 
The electrons were able to tun-
nel through the aluminium 
without the depolarisation cre-
ated by the silicides. This 
provided a significant improve-
ment in the performance and 
also in the consistency between 
devices. 
A further advantage of the 

layer is that it allows the tun-
nelling barrier to be varied. This 
alters the energy of the electrons 
entering the base region and 
allows the magnetic sensitivity to 
be varied. Plans are also in hand 

to investigate the performance advantages 
that might be created by introducing a 
second barrier between the base and the 
collector. 

Applications 
The new technology has a number of 

potential applications and no doubt as time 
progresses and the development continues, 
more will be found. The technology has a 
large potential and is expected to be used 
in many applications including high sensi-
tivity magnetic field sensors for automo-
tive, robotic and mechanical engineering 
applications. 
Of these the automotive industry is 

expected to be the largest user as the 
requirement for electronic sensors is grow-
ing rapidly because of the need to auto-
mate and control more functions within 
cars. Much of this has arisen out of the 
need to improve engine management sys-
tems and reduce emissions, along with the 
need to develop more efficient braking 
systems. 
For applications purely within the field 

of electronics they could be used in data 
storage applications. Here they have the 
advantage that they are non-volatile and do 
not require power to maintain their memo-
ry state. 
The new spin transistor has many appli-

cations and in view of the large markets 
that are open for its use, their seems to be 
a real opportunity for it to make a signifi-
cant impact. 
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Build It In C berspace 

www.labcenter.co.0 

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. * 
• CPU models for PIC and 8051 and series 

micro-controllers available now. 68HC11 
comming soon. More CPU models under 
development. See website for latest info. 

• Interactive device models include LCD 
displays, RS232 terminal, un:versal keypad 
plus a range of switches, buttons, pots. 
LEDs, 7 segment displays ard 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 4030 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. 

11111. •••••••,,e. MO' 

8051 CALCULATOR 

.r 1116•1111111.15 
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Dcer--1 en 'E g PROTEUS VSM can simulate an 8051 clocked at 12MFilz on a 300M-lz Pentium II 

Electronics 
Write, phone or fax for your free demo CD - or email irrfo@latcenter.co.uk. 
Tel: 01756 753440. :ax 01756 752857. 53-5E Main St, Grassington. BD23 5AA 



SURFING THE INTERNET 

NET WORK 
ALAN WINSTANLEY 

Tune in to Workffipace 

Buried in several of the major electronics' suppliers catalogues 
you may find a scant mention of WorldSpace radio receivers, 

but the WorldSpace Corporation satellite system promises to be a 
major new area of consumer entertainment, and in some regions it 
could actually be a lifesaver. The world wide web proves to be the 
vital link in learning about the system's capabilities, and this 
month's Net Work looks at this emergent digital radio service and 
also reviews a typical receiver. 

Broadcasting data, text and multimedia 
as well as radio transmissions via its 
three geostationary satellites (AfriStar, 
AsiaStar and AmeriStar), WorldSpace 
(www.worldspace.com) is poised 
over Europe and Africa, Asia and the 
Americas. As their web site shows, 
each satellite transmits three 
beams totalling some 80 to 120 
different channels, including 
the 30 or 40 radio channels that 
can be heard on a special 
WorldSpace digital receiver. 

There are a number of mono 
and stereo compatible tuners 
available, manufactured under 
licence by JVC, Sanyo, Hitachi, 
Panasonic and others, each one using 
the custom-made Stannan chipsets to 
process and decode the CD-
quality digital radio trans- Typical WorldSpace digital 
missions. WorldSpace claim radio receiver with detachable 
that for the first time, digital antenna, from Sanyo 
broadcast technology is now 
being built into small, portable radio receivers. 

All the receivers feature a removable miniature antenna connect-
ed via a screened cable, which must be properly aligned for azimuth 
and elevation to receive the broadcasts. The writer has been trialling 
the Sanyo receiver over the past few months. This portable unit 
has battery or mains operation, backlit 1.c.d., program memories, 
clock/timer and remote control, carrying strap and detachable dish. 

Experience on location in northern England — well within the 
stated coverage of an AfriStar beam — showed that the indoor dish 
setup could be a little tricky, but when the dish was aligned, recep-
tion was of a remarkable crystal-clear broadcast quality with none 
of the hiss, fade or crackle that we associate with analogue radio 
reception. Some channels are broadcast in stereo and the mono-
speakered Sanyo has a headphone jack and line-out to fed into a hi-
fi, as well as an optical output. 

Reporting In 
Readers can check coverage for their region by visiting 

www.worldspace.com/technology/coveragemaps/index.html 
where coverage of the three satellites is shown. A line-of-sight view 
of the satellite is preferable, and the Sanyo receiver worked fine 
when the small dish was placed indoors on a window ledge with a 
clear view of the southern skies. The bad news was that the receiv-
er could not receive any programs at all when located in the office, 
as the walls and ceiling were in the way! 

Stations that are available include World Radio News, 
Bloomberg and a wide variety of specialist music channels includ-
ing England's BBC Radio 1, Radio Caroline, European pop and 
some Arab and African stations. You can even hear about political 
life in the Fiji Islands, seasonal power cuts in Sweden, music from 
Kenya or the latest from CNN, and a number of languages are 

available. The AfriStar satellite covers Africa and Europe. a pro-
gram guide is available at www.worldspace.com/products 
services/programguides/afristar_guide.html 

Prime Time 
The receivers provide for the decryption of pay-broadcast chan-

nels via a password input. A number of premium-rate subscription-
based programs are being launched, so I asked Jane DiVito of 
WorldSpace UK what the costs implications are likely to be. 

Radio Caroline, for example, which is presently undergoing test 
transmissions, will eventually be encrypted and it will cost listeners 
£59.88 (US$92) per year paid in advance to receive them; there are 
some special offers available for early birds. The company is also 
excited about the forthcoming launch of NPR (National Public 

Radio, www.npr.org) on satellite, which will be an encrypt-
ed service that will be of great interest to ex-patriots and 

US service personnel serving overseas. 
The receivers hint at future expansion possibil-
ities as they have a data port that it is claimed 

will transform a receiver into a PC-com-
patible multimedia receiver; no sign of 
any peripheral hardware yet though. The 
Sanyo has an optical output for e.g. a 
Minidisc receiver, and Hitachi receivers 
are proving popular because of their addi-

tional AM/FM wavebands. 
Readers in the UK with any queries on availability and 

pricing can call the WorldSpace London office on 020 7494 8200, or, 
of course, check their web site for more details and overseas contacts. 

Each satellite has three beams. East. West and South Different wograms are carried 
depending on the beam you receive. See the eistgloim....Qmitju for details of broadcasts in your 

Uéelelt, 
'Unborn 

Satellite Coverape 

bees,. May 
Mlenwa 14.11•9 

Screenshot of the WorldSpace web site satellite coverage. 

Going, going • • 
Last month I suggested Email Filtering (www.emailfilter 

ing.co.uk), which is a paid-for service that intercepts spam from 
your mailbox, leaving you to fetch the remaining genuine emails 
from their own secure servers. The quality of service (as measured 
by the numbers of spam mails blocked) is rising steadily and EMF 
has now refined their service further with their enigmatically named 
"List R" filter. 
The company remains very tight-lipped about this latest enhance-

ment, but I can report that the success rate has leapt noticeably, now 
with a consistently very high rate of interception. Some spams 
sneak through however: notably those risible "African" emails 
based on the well-known fraud involving the alleged export of mil-
lions of dollars (and the attempted separation of you from your 
money). 

See you next month for more Net Work. 
You can email Alan at alan@epemag.demon.co.uk 
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News A roundup of the latest Everyday 

111 News from the world of 
electronics 

LATER AND SLOWER 3G COMMS 
After all the fuss about the superlative merits of the 

next generation of cellphone technology, the latest 
news is greatly disappointing. Barry Fox reports. 

I r's official. 3G will not just be later than 
expected, the data rates will be much 

slower than promised and the first 3G serv-
ices will not even use the new high 
frequency bands which over a hundred 
companies round the world had beggared 
themselves to licence — they will use exist-
ing GSM and GPRS technology. 
Nokia has ousted Motorola to become 

the world leader in cellphones and hoped 
to launch the first commercial 3G service 
with Finnish network Sonera at the end of 
September. Joint invites from Nokia and 
Sonera promised "their 3G launch on 26 
September". But somewhere between the 
invitations going out and the big day, the 
launch turned into another test and trial — 
like the 3G experiment being run by BT on 
the Isle of Man, and Hutchison in the UK. 
Despite high profile publicity Hutchison 
has so far only given a thousand Motorola 
handsets to "friendly users" in the UK and 
Italy to see how they work. 

Finishing Fudge 
The failure to launch in Finland left both 

Nokia and Sonera fudging with GSM 
demonstrations and talking about the need 
to "distinguish between 3G radio technolo-
gy and 3G services". 
Nokia had started hedging bets ahead of the 

event by promising a mobile phone movie 
service in Finland, using existing GSM net-
works. At the annual Emmy awards in Los 
Angeles, Nokia promoted picture transmis-
sion by sending snapshots of the stars over 
GSM networks using MMS (Multimedia 

Messaging Services) phones. Nokia claims 
GSM GPRS speeds of up to 60Kbps (more 
realistically 40Kbps). 
The Nokia/Sonera demonstration of 

video transmission was not even live. Very 
poor quality video images, with around ten 
fuzzy pictures a second, were shown from 
files previously transmitted, stored in 
memory and then replayed at the very low 
resolution ( 128 x 96 pixels). 
Nokia's publicity material now refers to 

GPRS as "making possible the first true 3G 
services like MMS". 3G services, says 
Anssi Vanjoki, Executive VP Nokia Mobile 
Phones, are just cellphone services that are 
"more visual and easier to use". They can be 
delivered either by existing 2G GSM and 
2.5G GPRS (General Packet Radio Service) 
networks which operate in the 900MHz and 
1800MHz bands, or new 3G UMTS 
(Universal Mobile Telecommunications 
System) networks which use the WCDMA 
(Wideband Code Division Multiple Access) 
radio technology which operates in the 
2.1GHz band. 
Nokia and Sonera switched on a 

WCDMA trial only in parts of Helsinki, 
Tampere, Turku and Oulu in January, and 
introduced MMS on GSM in June. 3G 
technology, says Vanjoki, will not be ready 
for commercial trials until the end of this 
year or beginning of next; there will be no 
consumer launch until tests prove "seam-
less interoperability. We shall not launch 
until everything is ready and working 
properly. Consumers are not forgiving. 
They are demanding". 

Customise Your Cellphone 
THANKS to coved renzy.com, you can now create your unique mobile phone 

cover with a picture of your choosing! Website coverfrenzy.com is new and lets 
you design your own mobile phone back cover. The image can be anything from 
a photograph, drawing or design of your own choice and all on the click of a 
mouse. 

If it's inspiration you're looking for, there is also the Stars Gallery on the site, 
which offers a library of celebrity images on-line. 

All you have to do is log on to coverfrenzy.com and simply position your 
chosen image on the phone template on-screen, position and size it to your 
preference. You can also add a text message, choose a free ring tone and even 
email a copy to your friends. Within a week, the finished cover is delivered to 
your door with a complementary front cover, all for just £19.25, including P&P. 
Currently covers can be designed for Nokia handsets 8310, 3210. 3310/3330 

and 8210. There are plans to add more handset models and manufacturers 
shortly. 
We are told that the process used to apply an individual image to the mobile 

phone is new, patented technology provided by MiCyte Ltd. The images 
produced are of true photograph quality and are highly resistant to surface 
damage. So, get mobile — scan in your favourite EPE cover and log on to 
coverfrenzycom and really impress your friends! 

Says Sonera, "The 3G services launched 
this autumn will operate initially in the 
present mobile network." 

Little Faster Than Modems 
Early talk of 3G quoted data speeds of 
2Mbps, and promoted the idea of high 
quality moving video as a revenue-earner. 
The Nokia 6650 camera-phone will cap-
ture 640 x 480 VGA images and uses 
MPEG-4 video compression. But it dis-
plays only 128 x 96 pixels and Nokia now 
puts the practical limit for WCDMA at 
384Kbps. The new 6650 phone has been 
"limited" to 128Kbps for downlink recep-
tion and 64Kbps for uplink transmission. 
Sonera has limited its network to 64Kbps 
in both directions — only slightly faster 
than a conventional phone modem. Says 
Anssi Vanjoki, "There is no way in practice 
higher data rates could be guaranteed". 
Vanjoki and Ham Koponen, Sonera's 

CEO, say they hope to have 3G working 
reliably by the end of the year and if 
"commercial, political and business 
issues" can be solved, start selling 3G 
handsets for business use. Consumers 
cannot expect to use 3G until sometime in 
2004, with a mass market not starting 
until 2005. 

Harri Koponen Sonera's CEO admits the 
industry has not yet even been able to achieve 
interoperability even with GSM multimedia 
messaging; pictures can only be sent over a 
single network, e.g. Orange to Orange in the 
UK. "It is not a trivial thing, he says. "It is 
taking us a lot of time". 

It is not hard to see why the International 
Telecommunications Union recently 
described 3G and the mobile Internet as 
"the biggest gamble the telecommunica-
tion industry has ever taken on". For more 
information browse www.ituint/osg/spui 
publications/saleshnobileinternee 

R.F. SCREENING 
AS those of you who are into building 

circuits that can radiate into the electro-
magnetic spectrum should know, there are 
stringent regulations about keeping such 
radio frequency (r.f.) emissions to a mini-
mum. To provide an "instant fix" when 
constructing equipment prone to r.f. radia-
tion, Microponents Ltd of Birmingham 
have introduced a patented R.F. Screening 
System. 
The system is very flexible, allowing 

the building of screening enclosures of 
various sizes, shapes and heights. The kit 
can currently be purchased directly from 
Microponents, although distribution rights 
will soon be issued. 
For further information contact 

Andrew Owen, Commercial Manager, 
Microponents Ltd., Dept EPE, PO Box 
162, 30 Curzon Street, Birmingham B4 
MCD. Tel: 0121 380 0100. Fax: 0121 359 
3313. Email: sales @ microponents.com. 
Web: www.microponents.com. 
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RATTLED? 
OH YES, lots of you are going to love the novelty (and 

potential usefulness!) of the CD that we've received at the 
News Desk! It's titled The Rattler and is described as a Car 
Audio Test and Measurement Set-Up CD. 

It is aimed at anyone who wishes to find those unwant-
ed and noisy vehicle rattles and to accurately set up their 
in-vehicle audio system. There are around 70 tracks of var-
ious test tones and frequency sweeps. There are also four 
printed charts which provide an absolute reference guide 
when used in conjunction with certain CD tracks. 

In the belief that any undesirable and unlocated noise in 
a vehicle could indicate a potential major repair cost, this 
CD could prove to be an absolute money saver when used 
as instructed. 
For more information contact Broadcast Communication 

UK Ltd., Dept EPE, 155 Coventry Road, Ilford, Essex IG1 
4RD. Tel: 020 8554 3588. Fax: 020 8554 8835. Email: 
bcluk@aol.com. Web: www.audio-repairs.com. 

EASY-PC V6 
NUMBER One Systems have told us that they have released 

Easy-PC for Windows Version 6.0. The original, and renowned. 
Easy-PC printed circuit board design package was first released 
in the late 1980's and has undergone various enhancements 
since then. Some of the new features include online design rule 
checking, library creation wizards, optimising vias, importing 
DXF files, colour by net in schematics, easy find and add com-
ponents, single-shot processing, alignment of selected items, 
highlighting of unconnected pins, save/load colour files and 
more toolbars. 
Existing customers are offered a cost-effective upgrade priced at 

£117. The list price for the full Easy-PC V6.0 product is £397. 
Delivery is quoted at £6.50. 
For further information contact Number One Systems, Dept EPE, 

Oak Lane, Bredon, Tewkesbury, Glos GL20 7LR. Tel: 01684 
773662. Fax: 01684 773664. Email: info@numberone.com. Web: 
www.numberone.com. 

Electronic Eyesight 
ACCORDING to a story in the Daily Mail on 17 September '02, an 

artificial retina has been invented which allows sight to be restored to 
those suffering certain types of blindness in which some of the retinal 
cells are undamaged. 
The artificial retina is a chip about 2nim wide, says the story, with 

3500 to 5000 light sensors that convert light energy into electrical sig-
nals, which then directly stimulate the remaining cells in the retina. 
The system has already been implanted in several patients, who now 
experience varying degrees of sight restoration. It has also been found 
that the damaged retinal cells can be prompted to rejuvenate by the 
presence of the implant. 
The technology allows the chip to be implanted behind the retina, 

where it is held in place by the pressures within the eye itself. It is pow-
ered by the light entering the eye and does not need additional con-
necting wires or batteries. 

If larger scale trials and the experiences of those who have already 
had the chip implanted are successful, the technique could become 
available for more general use within about five years. 
The technology is being reported on at the International Congress of 

Eye Research in Switzerland later this year. The Daily Mail's web site 
is at www.dadymail.co.uk. 

YOU WON'T 
GET YOUR 
FINGERS 
BURNT 

It may surprise you but buying an Antex soldering 
iron costs less than you think in the long run British made 
to exacting standards, they last significantly longer 
than imported brands. And with a wide range of 
thermally balanced soldering irons, you con pick 
up a "fixed temperature" or " in-handle" temperature 
model that will suit your needs perfectly. 
None of which will burn a hole in your pocket. 

If your hobby demands the best iron for the job 
but you don't want to get your fingers burnt by the 
cost, visit our website or your electronics retailer for 
the coolest models around. 

Pick up an f--"\ 

ANT EX 
ULJ 1_J 

Not ¡ ust any old iron. 

www.antex.co.uk 
2 Westbridge Industrial Estate Tavistock 

Devon PL19 8DE Tel 01822 613565 
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Measure pH, Voltage, Humidity, 
Sound & Light, on your PC! 
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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 collect and display data. DrDAQ draws its 
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 
plugged in the software detects it and 
automatically scales readings. For example, if a 
temperature sensor is plugged in, readings are 
displayed in °C . Details are provided to allow 
users to develop their own sensors. 

✓ 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 

171,1tes9,1 

External 
pH Microphone 

Output 

Voltage 

— Resistance 

Light level 

Temperature 

External sensors: 
+Temperature 
+Humidity 

probe +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 il, or post it back to Pico Technology. 

DrDAQ Order Form: 

(.)uantity Package 

DrDAQ + Software 

DrDAQ + 2 Temp 
Sensors 

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

Delivery 

Prce inc VAT 

£69.32 

£92.85 

£175.08 

£4.11 

Grand Total 

£4.11 

A 

Credit Card 

Card Number 

Expiry Date 

Visa / Mastercard I SvAtch / Amex 

Start Date& or Issue No 

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 
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INGENUITY 
UNLIMITED 
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 IU via E-mail.) 
Your ideas could earn you some cash and a prize! 
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WIN A PICO PC BASED 
OSCILLOSCOPE WORTH £ 86 
• 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. 

Fluid Finder - naLC>dwe7 

7 ,HE circuit diagram show in Fig. 1. is capa-
ble of distinguishing between different 

liquids, or, alternatively, of helping to deter-
mine their purity. It may also be used to mea-
sure the level of highly corrosive liquids that 
would devour many types of probe. 
A critical element of the formula used to 

determine the capacitance of a parallel-plate 
capacitor is the relative permittivity of the 
dielectric, or the dielectric constant (Sr). 
Relative permittivity is defined as "capaci-
tance with a material as the dielectric" divid-
ed by "capacitance with a vacuum or air as 
the dielectric". 

Although the circuit is relatively crude, it 
will determine relative permittivity to within 
a fraction of one percent. It will therefore dis-
tinguish unfailingly between e.g. distilled 
water, tap water, and milk, and reveals vast 
differences between fluids such as water, 
alcohol, and oil. 

Circuit Details 
At the heart of the circuit is a custom-built 

parallel-plate capacitor Cl, the "plates" of 
which are sealed in epoxy resin and separated 
by an air space. It is clipped into a liquid to 
determine its relative permittivity, which in 
turn is deduced from the capacitance mea-
sured by means of potentiometer VR1. 
The frequency of RC oscillator ICla-IC1b 

is fed to a digital bandpass filter IC2a-IC2b, 
then VR1 is adjusted until 1.e.d. D4 illumi-
nates. The relative permittivity of distilled 
water (which can be designated as x) is then 
measured as 100,000 —VR1 ohms, and then 
the relative permittivity of any other fluid 
maybe calculated as: 

(100,000 — VR1) x (78/x). 

This assumes that the relative permittivi-
ty of distilled water is 78. Needless to say, 

efimph 

a quantity of distilled water is first required 
to determine the value of x. It is available 
from most garages for topping up car 
batteries. 
The digital filter IC2 goes either "high" or 

"low" at output pin 9 until the desired fre-
quency (about 100IcHz) is presented at the 
input. In this case a square wave at output pin 
9 is detected by means of simple diode pump 
D2-D3 and C4-05. When CS charges, the 
input of IC1c goes "high", and 1.e.d. D4 illu-
minates. The 1.e.d. D1 is included for easier 
adjustment, as this shows whether the output 
is "high" or "low". With the oscillator typi-
cally operating at around 100kHz, this would 
be multiplied by 78 if distilled water were 
replaced with air, which has a relative permit-
tivity of about 1. Switch SI is provided so 
that ICI and IC2 are not overdriven in the 
absence of a liquid. 

Fig. 1. Circuit diagram for the Fluid Finder. The sensor "capacitor" assembly is shown inset. 
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Capacitor Details 
The capacitor Cl was made from two plates 

of copper-clad board measuring 30mm x 
40mm, with the copper foils facing inwards. 
These were soldered to wires and then sand-
wiched in 80gsm paper, which was coated 
twice with epoxy resin. The prepared plates 
were mounted 7mm apart with nylon spacers. 
The accuracy of the Fluid Finder is deter-

mined by resistor R4 which may be decreased 
for greater accuracy. Note that capacitor Cl is 
affected by body capacitance, so keep it a few 
centimetres away from any part of the body 
for a more accurate reading. 

Rev. Thomas Scarborough, 
Fresnaye, South Africa 

Switched Mode L.E.D. 
Nightlight - merem-
Mntele 

ORDINARY plug-in night light bulbs tend 
to have a short life and using solid-state 

lamps is a sensible alternative. In the circuit 
diagram of Fig.2, ten ordinary bright yellow 
I.e.d.s. in series were used with a step-up 
switched-mode driver for minimum power 
consumption, powered by a small 9V 
adaptor. 
An astable oscillator based on a 555 timer 

is formed around ICI, running at 50kHz, with 
diode DI setting a duty cycle closer to 50%. 
This is used to drive TRI, an n-channel MOS-
FET power transistor. When TR 1 is on, cur-
rent flows through coil LI, magnetising its 
core. When TRI turns off LI induces a cur-
rent through D2 and C3 to illuminate the ten 
led. array ( D3 - D12). 
The use of a high frequency means that the 

I.e.d.s illuminate at a constant value. When 

RI 
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6001H 
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1N4004 

 0 +9V 

03 TO D12 V°, 
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20k 
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220a + 
35V I=1 
SMPS 
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Fig.2. Circuit diagram for the Switched Mode L.E.D. Nightlight. 

the output voltage is approximately 22V 
(required to light the I.e.d.$), the voltage 
across resistor R5 causes TR2 to switch on, 
which reduces the pulse width. In this way, 
the voltage is regulated at 22V, and preset 

OV 

 o 

VR1 should be adjusted as required. A toroid 
is suggested for LI. Capacitors Cl and C3 
should ideally be switched-mode compatible 
types and have a low ESR. 

Myo Min, Myanmar 
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WHY NOT SEND US YOUR 
CIRCUIT IDEA? 

Earn some extra cash and 
possibly a prize! 

with David Barrington 

Versatile PIC Flasher 
The PIC microcontroller used in the Versatile PIC Flasher project must 

be the one with the suffix A, i.e. PIC16F84A. For those readers unable to 
program their own PICs, a ready-programmed PIC16F84A (20MHz) micro-
controller can be purchased from Magenta Electronics (es 01283 565435 
or www.magenta2000.co.uk) for the inclusive price of £5.90 each (over-
seas 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 909). It is also avail-
able Free from the EPE ftp site: ftp://ftp.epemag.wimborne.co.uk/ 
pub/PICs/PICflasher. 

The terminal block TB1, mounted directly on the p.c b., is made up from 
five 3.81mm 2-way interlocking screw terminal blocks. Most of our compo-
nents advertisers should be able to supply, but if you have any problems 
they are currently listed by Rapid Electronics (le 01206 751166 or 
www.rapidelectronics.co.uk), code 21-1655. They also supplied the 
p.c.b. mounting 2.1mm d.c. power socket, code 20-0970. 

The printed circuit board is available from the EPE PCB Service, code 
377. The type, colours and quantity of I.e.d.s is left to individual choice. 

Door Defender 
If you intend using a similar small plastic case to the one depicted in the 

photographs to house the Door Defender project, you will need to purchase 
a "low-profile", key-operated switch. Alternatively, go for a larger (depth) 
case, whichever the cheaper option. The switch used in the prototype 
came from Maplin (e 0870 264 6000 or www.maptin.co.uk). code 
FE44X. 

The same company also supplied the plastic moulded, surface mount-
ing, reed switch/magnet, code YW47B. Most of our components advertis-
ers should be able to advise on a suitable buzzer. 

PICAXE Projects Pt.2 - Temperature Sensor • Voltage Sensor 
• VU Indicator 

Ready-programmed HEX versions of the PICAXE-18 microcontroller 
for the PICAXE Projects can be purchased (mail order) from M. P. 
Horsey, Electronics Dept, Radley College, Abingdon, Oxon, OX14 
2HR, for the inclusive sum of £5.90 each (overseas add £1 p&p). Specify 
for which project the PICAXE is wanted and make cheques payable to 
Radley College. 

Software for these designs (except PICAXE programming software) is 
available on a 3.5in. disk ( Disk 5) from the EPE Editorial Office for the sum 

of £3 each (UK), see page 909. It ls also available for Free download from 
the EPE ftp site. 

The "special" serial lead was supplied by Revolution Education 
(e 01225 340563 or www.rev-ed.co.uk), stock code AXE025. They also 
supplied the PICAXE programming software. 
The same master printed circuit board is used for all the projects in this 

short series. It is available from the EPE PCB Service, code 373. All other 
components appear to be "off-the-shelf" devices. However, you do need to 
specify the L suffix when ordering the BC184L transistor as other 184's 
have differing pinout arrangements. 

EPE Hybrid Computer 
Most of the cornponents for the Hybrid Computer appear to be mainly 

standard devices arid only a few items could be classed as specials. Starting 
with the "heart" of the project, the BASICMicro Atom microcontroller compiled 
BASIC module can be purchased from Milford Instruments (le 01977 
683665 or www.mdinsLcom), code 1-316. Make it clear that it is the 24-pin 
version you want. When you purchase this microcontroller, also enquire 
about a CD-ROM containing the ATOM software. 
The Omron (G5V-2 series) 5V d.c. 50 ohms coil p.c.b. mounting relays 

were obtained from Farnell (le 0113 263 6311 or www.larnelLcom), code 
179-350. They also supplied the vertical, snap-in, p.c.b. mounting rotary 
pots. (VR1 to VR10), code 918-878. 
The large double-sided printed circuit boards (codes 375 (Main) and 376 

(Atom)) are available from the EPE PCB Service- see page 909 for details 
and prices. 

PLEASE TAKE NOTE 
Digital I.C. Tester (Oct '02) 

Page 720, Fig 2. L.E.D. D4 should be reversed so that the anode (a) 
lead goes to pin 17 of IC3. The circuit diagram is correct. 

Ingenuity Unlimited (Nov '02) 
Page 825 Wien Oscillator. Fourth paragraph, second equation should 

read „ (R2NR 1) 

Page 827, Tape Tone Index Marker (Fig.4). The wrong callsign was 
attributed to Frec Knight which should have been G4GAN. We apologise 
to Dave McOue G4NJU for using his callsign. We understand that the 
oscillator ( IC2) is based on Dave's original circuit idea. 

Transient Tracker (Nov '02) 
It has been pointed out that Class-Y capacitors are for use between 

mains and Earth and NOT directly across the mains supply as indicated 
in Shoptalk (page 823). 

Class-X types are, of course, meant for continuous operation/connec-
tion across the mains supply. But they should NOT be used where failure 
would expose anyone to an electric shock hazard. 
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Constructional Project 

DOOR 
DEFENDER 
STEVE DELLOW 

Keep an armed guard on your door or 
valuables with this self-contained, truly 
portable, low-cost audio/visual alarm 

W
ill THER we are brave enough to 
admit it or not, we all suffer vary-
ing degrees of paranoia when it 

comes to the doors in our life. Was that 
someone sneaking in the front door? Did 
we leave the back door open? Where's the 
padlock on the shed door? Should we have 
a mortise or a night latch? 
The list goes on and on . . . There isn't a 

day goes by when we don't suffer some 
stress event associated with a door! 

Perhaps the circuit described here might 
help put some of those fears at rest. The 
Door Defender is a simple circuit intended 
to monitor the opening and closing of a 
single door, but it could easily be expand-
ed into a comprehensive system. 

It can be used with any type of internal or 
external opening, and consumes very low 
current in standby. For instance, the long 
battery life would make it ideal for protect-
ing a garden shed. On the other hand, its 
small size could allow it to be a portable 
unit for protection when travelling. 

DESIGN OVERVIEW 
It was decided to create a door monitor-

ing circuit based on the reliable reed 
switch and magnet method. This would 

feed information into a circuit designed to 
indicate whether the door was open or 
shut. An "arming" sequence would begin 
with the door closed i.e. you're getting 
ready to leave, followed by a turn of a 
keyswitch to apply power to the circuit. 
The unit would signal that it had entered 
the arming sequence which prompts you to 
open the door and leave, closing it behind 
you. 
The action of opening and shutting the 

door would be detected by the circuit 
which would then move into an "armed" 
mode. The next time the door was opened, 
the system would immediately turn on and 
latch the alarm. This would only be cleared 
by switching off the unit with the 
keyswitch, even if the door was closed 
again. 

CIRCUIT DESCRIPTION 
The complete circuit diagram for the 

Door Defender is shown in Fig. 1. Power 
for the circuit comes from a 9V alkaline 
battery, which is ideal to supply the CMOS 
i.c.s that control the alarm process. As 
mentioned earlier, a reed switch, S2, is 
used to detect the opening and closing of 
the door. These items are standard in most 

burglar alarm systems and are usually 
employed to monitor the entry/exit route. 
They consist of two main components — 

the reed switch and a magnet. When the 
two are positioned adjacent and "in-line" 
i.e. when the door is properly closed, the 
reed switch physically aligns itself with the 
lines of flux from the magnet, causing the 
contacts to close. They are generally good 
enough to detect a door even slightly ajar. 

Unfortunately, like all switches, the reed 
type is liable to "bounce" when closing. In 
other words, the contacts do not necessarily 
come together cleanly, and for a very brief 
fraction of a second, they may open again 
one or more tines before they finally settle. 
The bounce may appear to us to be over very 
quickly. but in logic terms, it is a lifetime, 
and the circuit will detect every "bounce" as 
an opening and closing of the door! The 
ideal recipe for a very confused circuit! 
Components R2, Cl and IC 1 b come to 

the rescue here, forming a "debounce" cir-
cuit. Basically we are using an RC slow-
down network to drive the Schmitt trigger 
gate IC 1 b. The low-pass filter formed by 
resistor R2 and capacitor C 1 smoothes out 
the bounces of the switch contacts so that 
IC1b makes only one transition. A time 
constant of 10ms to 25ms is generally 
enough. 

ON GUARD 
Now that we have a clean reliable signal 

telling us what the door is doing, we can 
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Fig. 1. Complete circuit diagram for the Door Defender. 
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start doing something useful with that 
information. 
When we look carefully at the design 

concept, it becomes clear that we need to 
produce a circuit that remembers the 
sequence of door movements so that we 
can correctly control the alarm operation. 
In a more complicated system we might 
use a microcontroller, but here the 
sequence is so simple we can use a couple 
of bistables, or flip-flops. 

These circuit blocks are characterised 
by the fact that they are stable in one of 
two logic states (as opposed to monosta-
bles, which are stable in only one state, 
and astables, which continually oscillate 
between the two). The condition they 
adopt is dependent on changes of logic 
state at two or more inputs. 
The type of flip-flop used here is a D-

tYPe (Data type), which is designed for 
data-related applications where it is desir-
able to "remember" the state of an input at 
a point in time defined by a clock signal. In 
this circuit it is actually wired as a T-type 
(Toggle-type), which results in the Q out-
put "toggling" (switching to the opposite 
logic state) every time there is a rising 
edge at the clock input. 

Since the flip-flops can adopt either 
state at power-up, it is important to per-
form a reset operation every time at 
switch on. Components C2 and R3 form a 
rather unorthodox yet effective reset cir-
cuit. When power is applied, the "hot" 
end of resistor R3 initially goes high 
(about 9V), but this voltage drains away 
very quickly down to zero. Despite this 
voltage fall, it is high for long enough to 
put the two flip-flops into the desired 
states — IC2a has its Q output forced high, 
whereas the Q pin on IC2b is forced low. 
So we know we are starting from the 
same point every time. 

ARMED GUARD 
At power-up, we want to enter the 

"Arming" mode because we are getting 
ready to leave the room, and the circuit 
signals this visually by flashing 1.e.d. D1 — 
just like an expensive system! This is dri-
ven by an oscillator formed around IC lc — 
it is configured so that the output cycles 
between high and low logic states at a rate 
of about 1Hz, this frequency being con-
trolled by capacitor C3 and resistor R4. 

The Q output of IC2a (pin 1) enables the 
oscillation process — the 1.e.d. D1 will only 
flash if it is high. Therefore, in this enabled 
state IC lc now operates as a simple inverter. 

While IC1c is operating as an inverter, 
pin 10 will always be the opposite logic 
level to pin 9, and when this pin is below 
the switching threshold, pin 10 is high and 
charge flows onto C3, causing the voltage 
on the capacitor to rise towards the supply 
voltage . . . but it never gets there! When 
the voltage on pin 9 reaches the upper 
Schmitt input threshold, the output switch-
es i.e. pin 10 goes low, and the charge on 
capacitor C3 starts discharging again, the 
rate being controlled by resistor R4. Now 
the voltage falls (exponentially) towards 
the ground rail (0V), but once again, it 
never arrives. As the lower Schmitt thresh-
old is reached it's all change again, and pin 
10 returns to a high state. 
Because of this process the voltage on 

pin 9 moves continuously between the two 
threshold levels, producing an output 

voltage at pin 10 that oscillates between 
supply and ground. That is one way to turn 
a standard 1.e.d. into a flasher! The chosen 
values give a rate of about 1Hz. 
To protect the charge/discharge process, 

we introduce a buffer stage in the form of 
IC1d. This is because we need to push 
some charge into transistor TRI to make it 
drive the "Arming" 1.e.d. — this way we do 
not upset the charge that's moving around 
in the R4/C3 circuit. Series resistor R6 
limits the current through the 1.e.d. to a 
safe level, about 15mA. 
The circuit remains in this state, with 

1.e.d. D1 flashing, until you open the door 
in preparation for departure. 
Reed switch S2 detects the opening of 

the door, causing the voltage at the junc-
tion of resistors R1 and R2 to fall to OV. 
The input conditioning at IC lb converts 
this to a logic level change that is fed into 
the clock input pin 3 of IC2a. The arrival 
of a rising edge (a change of state from low 
to high logic level) toggles the flip-flop 
and the Q output goes low, switching off 
"Arming" 1.e.d. DI. Although the clock 
input to IC2b at pin 11 is connected to the 
Q output of IC2a, there is no change to its 
state, as it sees a falling edge. 

ABSOLUTE MAYHEM 
The closing of the door causes no fur-

ther changes to the circuit, apart from the 
clock input to IC2a (pin 3) returning to the 
low state. There is no change to either of 
the flip-flop outputs as their clock inputs 
only respond to rising edges, and the Door 
Defender now settles into "Monitoring" 
mode — both the 1.e.d.s are off, and it con-
sumes very little current making sure that 
the battery is kept fresh for Alarm action! 

Everything happens when the door 
reopens! — breaking the magnet/reed 
switch "influence". A rising edge into the 
clock input of IC2a at pin 3 toggles the 
state of its outputs — the Q output moves 
from low to high which is a rising edge. 
This logic change is also seen at the clock 
input to IC2b (pin 11) causing it, too, to 
toggle the state of its outputs, since it is 
also wired as a T-type. The change in the 
state of IC2b sounds the alarm! 

Using IC 1 a as a buffer to drive transis-
tor TR2, the low output from pin 12 of 
IC2b brings on the Alarm 1.e.d. D2 and 
also "fires" the warning Alarm sounder 
WD1. You may also note that the Arming 
e.d. starts flashing too! Absolute mayhem 
— just what we want! 

COMPONENTS 
Resistors See 

R1, R2 100k (2 off) 
R3, R5, R7 10k (3 off) 
R4 20k 
R6, R8 47052 (2 off) TALK 

All 0.6W 10% carbon film Page 

Capacitors 
Cl 
C2 
C3 

100n disc ceramic 
10n disc ceramic 
47,a min radial elect. 16V 

Semiconductors 
D1, D2 5mm I.e.d. red (2 off) 
T R 1 TR2 BC108 npn low power 

transistor (2 off) 
IC1 4093 CMOS quad 2-input 

NAND Schmitt trigger 
IC2 4013 CMOS dual D-type 

flip-flop 

Miscellaneous 
Si single-pole make/break 

miniature round 
key-operated switch 

S2 2-piece plastic moulded 
reed switch, with 
magnet 

WD1 4V to 9V min. buzzer 
B1 9V alkaline battery (PP3 

type), with clips 

Stripboard, size à holes x 23 strips; 
plastic handheld box, with battery com-
partment, size 105mm x 62mm x 28mm 
approx; 14-pin d.i.l. socket (2 off); multi-
strand connecting wire; wire links; solder 
pins; solder etc. 

Approx Cost 
Guidance Only £16.50 

excl. batt. 
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Now, the design requirement is that the 
Alarm shall continue to sound even when 
the door is shut again — in other words it 
"latches" until the authorised keyholder 
turns the power off. This is where the con-
nection between IC2b pin 12 and ICI b 
input pin 5 comes in to play. 

At switch-on, the reset circuit ensures 
that this line is high, and this allows the 
reed switch signals through to IC2a. We 
already know that IC2b toggles when the 
circuit goes into Alarm mode. This imme-
diately changes the signal to IC1b and 
disables the gate, preventing further door 
signals being processed. 
As long as pin 5 (IC 1 b) is low, the out-

put of the gate can never go high and cre-
ate a rising edge — the circuit is "latched" in 
the Alarm mode, and continues to sound no 
matter how many times you open and close 
the door! A turn of the keyswitch SI is the 
only way. 

CONSTRUCTION 
The original concept was that the fin-

ished unit could be easily fixed to a 
bedroom or workshop door. The chosen 
enclosure results in a very compact fit but 
produces a handy little "Defender". 
There's no reason why it could not be 
housed in a larger box, especially if you're 
thinking of expanding the circuit to create 
a full blown intruder detection system. 

Construction should commence by 
preparing the case to accept the off-board 
components. A general layout guide can be 
seen in the accompanying photographs. 
Note the cutouts in the stripboard. 

Start by preparing the stripboard to the 
suggested shape, the layout will be dictat-
ed by the off-board components used, par-
ticularly the clearance required for the 
keyswitch Si. Once you have cut the board 
to the desired shape, temporarily place it in 
the base of the case and check for a satis-
factory fit. 
When you're happy, remove it and begin 

to make the breaks in the copper tracks — 
there are 24 in all. A small handheld twist-
drill or a dedicated stripboard cutter tool 
will do the trick. Examine the board care-
fully after each cut to make sure that the 
break is clean and complete — a magnifying 
glass will help here. 
The stripboard topside component lay-

out and details of breaks required in the 
underside copper tracks are shown in 
Fig.2. The interwiring details to the off-
board components are also shown in this 
diagram. The reed switch housing is bolt-
ed on one of the outside case panels — see 
photograph. 

Fit all the lead-off solder pins and wire 
links — quite a tedious job but it helps 
define the layout. Again, keep checking 
against the layout drawing at every oppor-
tunity. Once all the links are in place, sol-
der in the two 14-pin i.c. sockets, making 
sure that they're the right way round. Don't 
fit the chips yet. 

Next, the resistors can now be added. 
Most lie flush to the board, but a few 
stand almost vertical. Then it's on to the 
capacitors — C3 is polarity conscious so 
check that the positive (+) lead is in the 
right hole. 
The final components are the two tran-

sistors. Again, have a careful look at Fig.2 
to be sure that you've identified their pins 
correctly and then solder them in position. 

Completed wiring between the two halves of the case. 

Before continuing, take time to check 
the circuit board just one more time. It is 
not only a case of confirming that all the 
components are in the right place but also 
that there are no solder splashes, bridges, 
etc. on the copper side. 

BOARD CHECK 
The next job is to do some basic checks 

on the circuit board. Set your multimeter to 
the lowest resistance scale and measure 
across the +V and OV terminals. What you 
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are looking for here is any short circuit 
between the rails, i.e. less than one or two 
ohms. 
Once the multimeter is giving good 

news, attach a 9V battery across the same 
terminals. Check that there is a nice steady 
voltage across pin 7 and pin 14 of the i.c. 
sockets. If everything is okay go ahead and 
finish the installation. 

FINAL ASSEMBLY 
Start by taking the reed switch and 

attaching two lengths of wire to the internal 
terminals — measure the resistance across 
them. In isolation, the reading should be 
open circuit but if you bring the magnet 
alongside the reed switch there's a point 
where the contacts close. This is a good 
test to see if you've wired it up correctly 
and that the switch responds to the pres-
ence of the magnet. Make sure that the 
contacts open again when the magnet is 
removed. 
The reed switch module can now be 

securely attached to the case side panel and 
the circuit board screwed securely in place. 
Now it's just a matter of doing the wiring-
up — connecting the 1.e.d.s, reed switch, 
buzzer, keyswitch, and battery clip as 
shown in Fig.2. 

Finish by doing another multimeter check 
to confirm that no short circuits have crept 
in, and that the keyswitch S 1 is working cor-
rectly. If everything looks good, insert the 
two i.c.s in their holders. Orientation is 
everything here, so make absolutely sure 
you've got them the right way round. Don't 
mix up the 4013 and 4093 and look out for 
pins bent underneath! 

TESTING 
Testing of the Door Defender is quite 

simple. Turn off the keyswitch, fit the bat-
tery, and temporarily tape the magnet block 
in line with the reed switch S2. Now turn 
the key to apply power to the circuit. 
Neither of the 1.e.d.s should be lit and the 
buzzer WD1 should be silent. 
Now detach the magnet, moving it well 

away from the reed switch. The "Arming" 
1.e.d. D1 should begin flashing, indicating 
that the circuit has detected that the con-
tacts have opened. Now bring the magnet 
back in-line with the reed switch. The 
Arming 1.e.d. should go out. 

Finally, remove the magnet again. This 
time, both 1.e.d.s (D1, D2) should light and 
buzzer WD1 sound. Replacing the magnet 
will have no effect and the only way to reset 
the system is by turning the keyswitch. If all 
is well, the box can be screwed together and 
the system is ready for use! 

IN USE 
The Door Defender will be found useful 

in all sorts of applications, although it should 
not be used in an unattended public position 
as it does not have an automatic cut-off time-
out for the alarm sounder. Installation 
requirements are not critical, simply that the 
magnet and reed switch parts are consistent-
ly aligned when the door/window is shut. 
Also, there is no reason why the reed switch 
needs to be mounted on the box — you could 
locate the alarm unit remotely and run a 
cable to the sensor (reed/magnet). The 
intruder would be unaware of detection! 
You could pack it in your suitcase and 

use it to protect a hotel door, or monitor 

movements in and out of the workshop. 
Perhaps it might work as a child alarm, 
warning you if Junior has found their way 
into your den or wandered from their bed-
room/playroom? What about using it to 
protect your toolbox from prying little 
hands?! Whatever the need, it can be 
quickly set up and provide sterling service. 

If you're feeling adventurous, why not 
expand the basic system to create something 
more comprehensive? Further switches 
could be added (normally closed types wired 
in series) to monitor windows and other 
doors, while the 1.e.d.s could be replaced 
with relays or opto-isolators to drive flood-
lamps, strobes, or sirens. There's nothing 
like going over the top! 
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£1 BARGAIN PACKS 
Selected Items 

PIEZO ELECTRIC SOUNDER, also operates effi-
ciently as a microphone. Approximately 30mm 
diameter, 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 Ref: 1085. 

30A PANEL MOUNTING TOGGLE SWITCH. 
Double- pole. Order Ref: 166. 

SUB MIN TOGGLE SWITCHES. Pack o' 3. Order 
Ref: 214. 

HIGH POWER 3in. SPEAKER (11W 8ohm). 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 % in. spin-
dles. Pack of 10. Order Ref: 295. 

CERAMIC WAVE-CHANGE SWITCH. 12-pole, 
3-way with 1/4 in. spindle. Order Ref: 303. 

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 12in. x 12in. 
Order Ref: 1033. 

CLOCKWORK MOTOR. Suitable for up to 6 
hours. Order Ref: 1038. 

HIGH CURRENT RELAY, 12V d.c. or 24V a.c., 
operates changeover cocntacts. Order Ref: 1026. 

3-CONTACT MICROSWITCHES, operated with 
slightest 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 1/4 in. spindle, pack of 2. Order Ref: 11R24. 

13A PLUG, fully legal with insulated legs, pack of 
3. Order Ref: GR19. 

OPTO-SWITCH on p.c.b.. size 2in. x lin., pack of 
2. Order Ref: GR21. 

COMPONENT MOUNTING PANEL, heavy pax-
olin 10in. x 2in., 32 pairs of brass pillars for solder-
ing binding 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, ideal for 12V to 24V charger 
at 5A, pack of 2. Order Ref: 1070. 

TEST PRODS FOR MULTIMETER with 4mm 
sockets. Good length flexible lead. Order Ref: D86. 

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 6mm x 
10mm, changeover contacts, pack of 2. Order 
Ref: 826. 

MAINS RELAY with 15A changeover contacts. 
Order Ref: 965. 

COPPER CLAD PANELS, size 7in. x 4in., 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-
equipment, batch tested, any faulty would be 
replaced, pack of 10. Order Ref: 755. 

MAINS TRANSFORMER, 12V-0V- 12V, 6W. Order 
Ref: 811. 

OVER 1,000 PACKS are described in our latest 
packs list, but as this costs us approximately £1 to 
produce, please send this amount if you would like 
details of these packs. The £1 will be credited to 
you directly you buy £10 worth of packs. 

SOME SPECIAL HALF PRICE OFFERS 
DYNAMIC MICROPHONE. 500 ohm, plastic body with 
black mesh head, on/off switch, good length lead and 
terminated with audio plug. Price £ 1. Order Ref: 2P220. 

HORN SPEAKER 
Polished metal with 
base, 8 ohm 5W. £2 
or 100 for £ 150. 
Order Ref: 7BOT43. 

BRIDGE RECTIFIER. 
3A 250V. For p.c.b. or 
normal mounting. 4 for 
£1. Order Ref: 1083. 

IA SOLAR CELL. Best type, has bubble lens on face. 
£1 each. Order Ref: 35P2. 
VERY UP TO DATE 35MM CAMERA. This is motorised, 
is focus free, has autoflash, autofilm advance, autofilm 
rewind and DX coating. This is brand new and nicely 
boxed. Price to you £5. Order Ref: 10P161. 
IT IS VERY POWERFUL. In fact it is almost Uh.p. and 
can be driven by a 12V battery, so one on each wheel 
would drive a go-kart and its passenger. Made by the 
famous Smiths com-
pany, this motor 
should give a good, 
long, trouble-free 
service. Offered at 
£12 each or if you 
order a pair, then you 
can have the pair for 
£20. Order Ref: 
12P41. 

SELLING WELL 
BUT STILL AVAILABLE 
IT IS A DIGITAL MULTITESTER, complete with back-
rest to stand it and hands-free 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 resistance up to 2 
megs. Also tests transistors and diodes and has an 
internal buzzer for continuity tests. Comes complete with 
test prods, battery and instructions. Price £6.99. Order 
Ref: 7P29. 
INSULATION TESTER WITH MULTIMETER. Internally 
generates 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 condition, tested and guaranteed 
OK, probably cost at least £50 each, yours for only £7.50 
with leads, carrying 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 Ref: 
3P176. 
1mA PANEL METER, Approximately 80mm x 55mm, 
front engraved 0-100. Price £ 1.50 each. Order Ref: 
1/16R2. 
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. 
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 available. Special price £3 each. Order 
Ref: 3P108. 
FLASHING BEACON. Ideal for putting on a van, a trac-
tor or any vehicle :hat 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 desir-
able. Price £5. Order Ref: 5P267. 
MOST USEFUL POWER SUPPLY. Rated at 9V 1A, this 
plugs into a 13A socket, is really nicely 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 volt-
age pulses so there should be no loss of power. Made 
up and tested, £ 15. 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. 
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 amplifier. Price £ 1. 
Order Ref: 1/33L1. 

RELAYS 
We have thousands of 
relays of various sorts in 
stock, so if you need any-
thing 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 spe-
cial base which enables you 
to check voltages of con-
nections of it without having to go underneath. We have 6 
different types with varying coil voltages and contact 
arrangements. 
Coil Voltage Contacts Price Order Ref: 
12V DC 4-pole changeover £2.00 FR10 
24V DC 2-pole changeover £1.50 FR12 
24V DC 4-pole changeover £2.00 FR13 
Prices include base 
MINI POWER RELAYS 
For pc.b. mounting, size 28mm x 25mm x 12mm, all have 
16A changeover contacts for up to 250V. Four versions 
available, they all look the same but have different coils: 
6V Order Ref: FR17 
12V Order Ref: FR18 
24V Order Ref: FR19 
48V Order Ref: FR20 
Price £1 each less 10% if 
ordered in quantities of 10, 
same or mixed values. 
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 for £6 or 100 
for £50. Order Ref: FR16. 
BIG POWER RELAY. These are open type fixed by 
screws into the threaded base. Made by Omron, their 
ref: MM4. These have 4 sets of 25A changeover con-
tacts. The coil is operated by 50V AC or 24V DC, price 
£6. Order Ref: 6P. 
SIMILAR RELAY but smaller and with only 2 sets of 
25A changeover contacts. Coil voltage 24V DC, 50V 
AC, £4. Order Ref: 4P. 
BIG POWER LATCHING RELAY. Again by Omron, their 
ref: MM2K. This looks like a double relay, one on top of the 
other. The bottom one has double-pole 20A changeover 
contacts. The top one has no contacts but when energised 
it will lock the lower relay either on or off depending on how 
it is set. Price £6. Order Ref: 6P 
RECHARGEABLE NICAD BATTERIES. AA size, 25p 
each, which is a real bargain considering 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 including carriage. Order Ref: 
2.5P34. 

THREE NEW BUY ONE GET ONE 
FREE OFFERS 

CUPBOARD ALARM. Activated by light. When set, this 
alert is designed to let you know when small hands 
open medicine cupboards, drawers, desks or other 
places they shouldn't. Price £3. Order Ref: 3P155. 
WATER LEVEL ALARM. When water reaches its sense 
head, its internal alarm sounds. It is a ready-built unit 
which you fix above where you want to know the water 
has risen. It then sounds its internal alarm. Needs only 
a battery. Price £3. Order Ref: 3P156. 
THE GUEST 35MM MOTORISED CAMERA. It is focus 
free, auto flash, auto film advance, auto film rewind and 
has DX coating. Brand new, recently offered at £ 10 
each, now you get 2 for £ 10. Order Ref: 780716. 

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. 
MINI BLOWER HEATER. 1kW, ideal for under desk or air-
ing cupboard, etc., needs only a simple mounting frame. 
price £5. Order Ref: 5P23. 

TERMS 
Send cash, uncrossed PO, cheque or quote credit card 
number. If order is £25 or over deduct 10% but add 
postage, £3.50 d under 2 kilo, £6 if under 4 kilo, £9 if 
over 4 kilo. 

J 4?« 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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Special Feature   

ALTERNATIVE USES 
FOR TRANSISTORS 
NED STEPHENS   

A look at the other uses to which 
transistors can be applied 

T
RANSISTORS have many uses which 
are well known, such as amplifiers, 
oscillators and switches, but have 

many further uses, some of which are not 
as well known. A knowledge of these 
other uses can be helpful when a particu-
lar component is not immediately avail-
able but is required for gadgeteering or 
experimentation. 

For instance, if a Zener diode of a par-
ticular voltage is needed for a construc-
tional project, but is not available in the 
spares box, then it may be possible to use 
a transistor instead. Transistors may also 
be used in place of signal diodes, rectifier 
diodes, varicap diodes, tunnel diodes, con-
stant current sources, and even solar cells. 

In some cases, a transistor pressed into 
such service may be superior to a purpose 
made part and may reduce the circuit's 
total parts count. 

SIGNAL DIODES 
When a current is passed through a diode 

in the forward direction, the diode acts as a 
non-linear resistor, such that the effective 
resistance is large at small voltages, but 
reduces as the voltage increases. This has 
the effect that there is no appreciable current 
flow through the diode until the voltage 
across it has risen above a certain value. In 
the case of a germanium diode this is 
approximately 0.3 volts, and in the case of a 
silicon diode it is about 0.7 volts. 

If you wish to detect a small r.f. voltage 
in a crystal set, for instance, then it is bet-
ter to use a diode with the lowest possible 
voltage drop, i.e. a germanium one. 
So much for standard practice — results 

are better if we use a transistor instead. A 
transistor measured with an ohmmeter 
appears to be two diodes, one connected 
from base to emitter and the other between 

base and collector. 
Either of these 
apparent diodes may 
be used as real 
diodes, the third con-
nection of the tran-
sistor being left open 
circuit. 
We can, however, 

do better than this by 
connecting the base 
of the transistor to 
the collector and 
using that common 
connection as one 
diode connection, 
whilst the other 

rEsTcIncuIT 'SUPERDIODE ZENER 
CONNECTION CONNECTION 

Fig. 1. Test circuit for "transistor" superdiode and Zener diode. 

Table 1: Forward voltage drop comparisons 

Diode Construction Emitter-base Junction Superdloda 
at 10OµA at 100µA 

0A91 
1N914 
2N1307 
AC128 
0071 
BC107 
BCY31 
2N3904 

Germanium diode 
Silicon diode 
Germanium transistor 
Germanium transistor 
Germanium transistor 
Silicon transistor 
Silicon transistor 
Silicon transistor 

0 184V 
0.509V 
0.137V 
0 105V 
0.097V 
0 610V 
0 511V 
0 640V 

0 077V 
0 046V 
0.038V 
0 553V 
0.487V 
0.527V 

diode connection goes to the transistor 
emitter, making a so-called "superdiode". 
Which of these connections is the diode 
anode (a) and which is the cathode (k) 
depends on whether you are using a pnp or 
an npn transistor. 
Due to the amplifying action of the tran-

sistor, the effective resistance of this new 
superdiode is as low as, or lower than, that 
of a purpose built diode, so that its use in 
signal circuits will enable the detection of 
smaller r.f. voltages. Table 1 shows for-
ward voltage drops of base-emitter junc-
tions and superdiodes, and the drops of 
germanium and silicon purpose built 
diodes for comparison. 
We see that this trick of connecting a 

transistor as a superdiode is much more 
successful with germanium transistors 
than with silicon. With germanium the for-
ward voltage drop may be more than 
halved, but for all the many different types 
of silicon transistor that were tried the for-
ward voltage was only reduced by about 
10 per cent or so. 

It is apparent that a germanium transis-
tor connected as a superdiode, i.e. with the 
base connected to the collector, begins to 
conduct in the forward direction with 
much smaller applied voltages. In order to 
check out the characteristics of this new 
device the circuit of Fig.1 may be used. 

Sample curves of an 0072 germanium 
transistor used in this fashion are shown in 
Fig.2, along with the curve of a germanium 
diode type 0A91 for comparison. Practical 
tests with a standard crystal set circuit 
show that a germanium diode is indeed 
better than one made of silicon, but a ger-
manium r.f. transistor in the superdiode 
configuration is best of all. 

RECTIFIER DIODES 
Large power transistors may be used as 

rectifiers in this fashion and, as above, ger-
manium transistors used in the superdiode 
configuration at low currents show much 
more reduction of forward voltage drop 
than do silicon types. The list in Table 1, 
however, is for signal diodes and refers to 
only small diode currents. It should be 
noted that the voltage drop at higher cur-
rents will be less for silicon than for ger-
manium. so that when substituting compo-
nents germanium should be used for low 
currents and silicon for anything above 
about 10mA. 

Everyday Practical Electronics, December 2002 869 



It must be remembered that the current 
flow is through the base-emitter junction 
of the transistor, which is not its normal 
mode of operation. The author has been 
unable to find any data relating to the max-
imum permissible base currents. However, 
data books listing transistor saturation 
voltages quote the base current used, in the 
case of the BD239 this is 200mA and for a 
BUX98 it is 4.0 amps (Ref.1), with most 
silicon power transistors quoted as using 
base currents between these two figures. 
Using transistors in place of rectifier 
diodes at these current levels will be fine, 
but care should be taken if exceeding them 
by a large margin. 

ZENER DIODES 
If the superdiode connection is used in 

the reverse direction then it will be seen 
that the transistor now exhibits a Zener 
characteristic. Several different types of 
transistor were tested using the circuit in 
Fig.1 to see which Zener voltages were 
available. The results are shown in Table 2. 

Table 2: Transistors as Zener 
diodes 

Transistor Voltage Transistor Voltage 

2N3553 
2N3703 
2N2846 
2N4037 
BFX29 
2S847 
BSY27 
2N3904 
BC107 
2N1613 

5-57 
6.06 
618 
6.35 
6.40 
7-16 
7.38 
7.66 
7.97 
8.08 

BFY18 
BSY26 
2N13107 
BC148 
BFX85 
BSX23 
BC639 
BC109 
2N696 
BSY85 

8-11 
8-15 
8.22 
8.38 
8.44 
8.72 
8.83 
9.05 
9.21 
9.43 

The same formula may be used except 
that the constant should be approximately 
doubled, i.e. to approx. 1.10((R1 + 
R2)/R2) volts. The methods of connecting 
these "Zeners" is shown in Fig.4. 

LOW LEAKAGE DIODES 
If a diode with infinitesimal reverse 

leakage current is required then one can be 
made from an ordinary n-channel f.e.t. By 

CURRENT THROUGH THE JUNCTION (HICROAMPS) 
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Fig.2. Forward biased germanium junctions. 

These were all measured with a current 
of 1mA flowing through the device. In 
some cases several different individual 
transistors with the same type number 
were tested and all gave results within five 
per cent of each other. 

In addition to the use of a transistor in 
this fashion to obtain a fixed Zener volt-
age, we may connect one in a way that we 
are able to select our own Zener voltage. 
By connecting a transistor as shown in 
Fig.3, a "Zener" may be made with any 
desired Zener voltage by varying the ratio 
of the two resistors. 

For instance, when using a BC109 at a 
current of 1.0mA, the Zener voltage is 
given by 0.63 ((RI + R2)/R2) volts 
Examples of this method are: using RI = 
R2 = 101S2 the Zener voltage is 1.25V, and 
using RI = 301(Q, R2 = 101d2 then we 
obtain 2.50V, both measured with a Zener 
current of 1.0mA. 

Plotting the voltage/current curves of 
this connection shows that there is quite a 
high slope resistance, but this may be over-
come by using a Darlington transistor, or 
two transistors wired as such, and with this 
lower slope resistance better voltage sta-
bilisation will result. 

1./. 0 83((R1 l'F1;) = 1 11(01 . F12) .A2, 

connecting the drain and source leads 
together and using this connection as the 
diode cathode and the f.e.t. gate as the 
anode then such a diode is obtained. These 
anode and cathode connections should be 
reversed if using a p-channel f.e.t. 

Several species of f.e.t. were tested and 
the reverse current in all cases was unde-
tectable with the equipment to hand, whilst 
in the forward direction the f.e.t.s behaved 
as normal silicon diodes with conduction 

Fig.3 Circuit for selecting the Zener 
voltage by varying the ratio ot R1, R2. 

beginning when biased by around 600m V. 
This again is not the normal f.e.t. mode of 
operation and care should be taken that the 
f.e.t. is not overloaded, as the manufactur-
ers have not designed the device with gate 
current in mind. 

VAR/CAP DIODES 
Diodes used in the reverse bias mode 

exhibit capacitance between the anode and 
cathode connection, the capacitance 
decreasing as the applied voltage is 
increased. Diodes used in this fashion are 
known as varicap diodes, and are special-
ly made so that this characteristic is exhib-
ited to a greater extent than in normal sig-
nal diodes. 

Varicaps are commonly used in tuned cir-
cuits in the r.f. stages of TVs and car radios 
to enable then to be tuned electronically 
with no moving parts. Radio amateurs have 
for many years used cheap general purpose 
diodes in place of the more expensive van-
cap diodes, but it is unusual to use a transis-
tor instead, even though it is simple to 
achieve results with them. 
The test circuit of Fig.5 was built and 

the frequency measured with different val-
ues of tuning capacitor to enable the stray 
capacitance to be calculated. The oscillator 
frequency was then set at precisely 
6.0MHz and the transistor under test was 
connected. The resulting oscillator fre-
quency was measured at different tuning 
voltages to enable the capacitance swing to 
be calculated. 
The results are shown in Table 3 for var-

ious types of transistor, the maximum fre-
quency and minimum capacitance figures 
refer to a tuning voltage of 12V, whilst the 
minimum frequency and maximum capac-
itance figures refer to zero tuning voltage. 

SUPPLY SUPPLY SUPPLY 

Fig.4. The use of transistors as Zener diodes. 
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Whilst it is easy to tune an oscillator in 
this fashion, the use of tuning transistors in 
the signal circuits of radios may lead to dis-
appointment as, although the transistor 
used has a large capacitance swing, it may 
have a low Q. Because of their relatively 
large leakage currents, germanium transis-
tors will be worse in this respect than will 
silicon transistors. 
Due to the need to keep the transistor 

"diodes" reverse biased, only pnp transis-
tors have been used with this test circuit, 
although it would be possible to use npn 
types if the polarity of the tuning voltage 
rail were changed. 

CONSTANT CURRENT 
SOURCES 

Constant current sources, whilst not 
seen very often, are very useful field effect 
devices which over a large voltage range 
will keep the current through the device at 
a given value. Motorola have a range 
1N5283 to 1N5314, which have preset cur-
rents between 0.22mA and 4.70mA 
(Ref.2), Siliconix have a similar range 
which has device numbers easier to under-
stand, i.e. CR390 has a constant current of 
3.9mA and CR470 has a constant current 
of 4.7mA. These devices may be easily 
made from f.e.t.s (field effect transistors) 
by connecting them as shown in Fig.6a. 

Looking at Id, in transistor characteris-
tic tables gives some idea of the constant 
current that can be obtained, but this will 
only be approximate because the spread in 
characteristics of f.e.t.s is quite wide. For 
example, the 2N3823 is quoted with a fig-
ure between 4mA and 20mA, and the 
2N4391 between 50mA and 150mA 
(Ref.1). We can, however, obtain any cur-
rent value less than Id„ by inserting a resis-
tor in the source lead of our chosen f.e.t., as 
in Fig.6b. 
A sample of 2N3819 that was tested 

with no source resistor gave a constant cur-
rent of 12mA. When 100 ohms was insert-
ed, the current was 9mA, 7.5mA with 200 

F7g.6. Constant current source using 

Table 3: Transistors as varicap diodes  

Transistor Measured Frequency Calculated Capacitance 
Max MHz Min MHz Min pF Max pF 

2N1132 
2N1303 
2N1307 
2N4036 
BCY31 
BFX29 
0C201 

5.82 5.65 
5.92 5-86 
5.93 5.83 
5.77 5-55 
5.81 5.47 
5-81 5-75 
5.76 5-52 

64 13.0 
28 4.9 
24 60 
83 172 
6-78 207 
6-8 91 
87 185 

ohms, and 6mA with 300 ohms. A sample 
of 2N4391 with no resistor gave 55mA, 
which dropped to 25mA, 15mA, and 
1 1 mA when used with 100, 200 and 300 
ohms respectively. The only things to bear 
in mind when using f.e.t.s as constant cur-
rent sources is that the maximum permitted 
voltage across the device is around 30V 
and the dissipated power should not exceed 
the device rating. 

SOLAR CELLS 
Back in the dim distant past of transis-

tors, their cases were constructed of glass, 
which was painted black on the outside to 
stop light affecting the innards. One of the 
common transistors then available, an 
0071, a pnp germanium a.f. transistor, was 
also made in another version, OCP71, 
which in effect had a hole in the paint so 
that it could be used as a phototransistor. 
What the manufacturers did not tell us. 

however, is that if all the black paint was 
scraped off an 071, or any other glass 
transistor of similar construction, then it 
could be used as a photovoltaic cell to gen-
erate electricity. Brightly lit it will produce 
up to 16(hnV when not driving a load, 
although this drops off sharply when a load 
is applied. 
As an experiment, the author cut the top 

off a BC109 and the 
voltage in full sun-
light was measured. 
An output of 400mV 
was obtained when 
measured on a digital 
voltmeter. However, 
when loaded with a 
moving coil meter it 
gave no discernible 
output due to the high 
internal resistance of 
the very sma;I 

Fig.5. Test circuit for using transistors as varicap diodes. 

Everyday Practical Electronics, December 2002 

junction area which was illuminated, the 
inside of a BC109 still being pretty light-
proof even with its top cut off. 

Metal cased power transistors such as 
the 2N3055 may also be used as solar cells 
if the top of the metal case is carefully 
sawn away. Output voltages around 0.7V 
were obtained at currents up to about 
15mA by using one junction, and double 
this by using both junctions, i.e. by using 
the base of the transistor as one connection 
and the collector and emitter tied together 
as the other. 

NEGATIVE 
RESISTANCE DEVICES 

Tunnel diodes are rare hut useful two 
terminal devices which exhibit a region of 
"negative resistance" over a small applied 
voltage range, enabling amplifiers and 
oscillators to be easily built. Silicon tunnel 
diodes show this effect when biased 
between 65mV and 420mV, gallium 
arsenide between 150mV and 500m V, and 
germanium from 55mV to 320mV (Ref.3). 
They were more popular in years gone 
past, though, and are now difficult to 
obtain. 

Fig. 7. Using n and p-channel f. e.ts in a 
lambda configuration to produce a 
"tunnel diode" effect oscillator circuit. 

By using an n-channel f.e.t. in connec-
tion with a p-channel f.e.t. the same nega-
tive resistance effect may be obtained 
cheaply and simply, although in this case 
the applied bias is somewhat higher. This 
combination of two different types of f.e.t. 
is called a lambda circuit, one of which 
was constructed from a 2N3819 n-channel 
f.e.t. and a 2N5460 p-channel f.e.t., con-
nected to an old 10.7MHz i.f. transformer, 
as shown in Fig.7. 
The power supply voltage was varied 

and it was found that the circuit oscillated 
with bias voltages between 2.7V and 6.5V, 
although it was found impossible to mea-
sure these values precisely due to the cir-
cuit suddenly jumping from one current 
value to another as the supply voltage was 
increased. Nevertheless, the circuit oscil-
lated well at the 10.7MHz test frequency 
used. This really is a simple and easy little 
oscillator circuit and deserves to be more 
widely known. 

CONNECTING IT ALL 
TOGETHER 
Having explored a constant current 

source and a constant voltage source, the 
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two can now be connected together to form a low current stabilised 
power supply which may be used to supply the lambda circuit. The 
tuned circuit attached to the lambda circuit can be tuned by a pnp 
transistor taking the place of a varicap diode pair (Fig.8). 
The total circuit for a simple oscillator circuit thus consists of 

five transistors, two resistors, a fixed capacitor and a tuned circuit. 
This may be reduced even further if the "varicap" part of the cir-
cuit is not required. 

You may well be asking whether this unlikely looking circuit does 
actually work: after an initial 30 minutes wait for the circuit to achieve 
thermal equilibrium (during which time the frequency drifted by 

Fig.8. Simple oscillator circuit using an 
npn transistor to tune the lambda-
based circuit. 
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Fig. 9. Negative resistance oscillator output frequency 

113Hz), the oscillator output frequency was 
measured with different supply voltages. The 
results are shown in Fig.9, which shows that 
for best results the supply voltage should be 
kept within the range 6V to 18V, the output 
frequency varying by only 26Hz between 
these voltage limits. 

Varying the tuning voltage from zero to 
10V reduced the output frequency by 
550kHz. The circuit of this oscillator shows 
that transistor substitution is well worth 
doing as the component count is very small 
and the only component selection requited 
is that the transistor acting as a Zener should 
have its "Zener" voltage within the negative 
resistance range of the lambda circuit, i.e. 
between 2.7V and 6.5V. ü 

A COMPLETE RANGE OF A Complete range of reulatellinvee to power 220V and 240 
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Constructional Projects 

PICAXE 
PROJECTS 
MAX HORSEY  

Part 2 - Temperature Sensor, Voltage Sensor, VU Indicator 

Using the PICAXE system, you do not need specialised 
equipment or knowledge to program the PIC microcontrollers 
used in these designs. 

L
in AST month we described three pro-
jects based on the PICAXE-18, a 

icrocontroller based on the 
PIC16F627 device but which is pro-
grammed by using a version of BASIC via 
a serial link connected to your PC-compat-
ible computer. The projects were an Egg 
Timer, Dice Machine and a Quiz Game 
Monitor and used the PICAXE's digital 
options. This month we describe three 
applications which employ this device's 
analogue inputs: 

• Temperature Sensor 

• Voltage Sensor 
• VU Indicator 
Details of obtaining the devices and 

their software are given later. 

GENERAL CIRCUITRY 
The general purpose circuit diagram for 

all nine designs in this three-part series, is 
repeated here from Part 1, in Fig. 1. Each of 
the circuits to be described is a variant of 
that shown in this figure, and just the 
essential changes are shown as separate 
diagrams. 

In the circuits to be described, push-
button (push-to-make) switches S2, S3 and 
S5 are omitted, and pin RAO/ANO (IC1 pin 
17) is used as an analogue signal input. In 
other applications, pins RA 1/AN1 and 
RAVAN2 of the PICAXE- 18 can also be 
used as analogue inputs. 
With the BASIC dialect used by the 

PICAXE- 18, the command readadc 0,b0, 
is all that is required to configure 
RAO/ANO as an input to read an analogue 
voltage. The zero (0) in this case refers to 
RAO/ANO, to read from another analogue 

R3 
4k7 

TEl 

ION/OFF I 

Si 

I. 

R4 
22k 

O 

RI 
lo 

R2 
22k 

TP1 

o  
o  
TP2 

3 

4 

7 

542 4412 

RA3JAN3 

RA4/TOCK1 

RAYMCLR 

RBO/INT 

RBI 

RB2 

'cl 
PICAXE-18 
(PIC16E627) 

RAVAN1 

RAO/AN 

RA7/0SC 1 

RA6/0SC2 

RB7 

RB6 

ABS 

RB3 RB4 

55 R6 R7 
33011 33012 330si 

a 
DI 
LED P3ED. 

R8 R9 
330/2 330: 

D4 
LED. °I Co 

S2 

7 

5 

S5 

14 

13 

12 

11 

IS 

RIO 
330( / 
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*SEE TEXT 

Fig. 1. General circuit diagram for all the designs in this PICAXE series of projects. 
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pin, the number of that input would be 
substituted for it. For example, to read 
from RA 1/AN 1, the command would be 
readadc 1,b0. The variable b0 is that into 
which the analogue value is placed. 
The PIC16F627 itself (i.e. not the 

PICAXE-18) offers low-resolution ana-
logue readings ranging from 0 to 255 as the 
voltage at the analogue pin rises from OV to 
5V. However, the PICAXE-18 version of 
the PIC 16F627 can only return values from 
0 to 160 in 16 discrete steps. Hence, on a 
5V supply, only voltages from OV to 3.3V 
can be measured; voltages between 3.3V 
and 5V will all return a value of 160. 
The projects may be powered by batter-

ies (e.g. 3 x AA size cells, although the 
option to use a 12V battery is described), 
or by a 5V mains adaptor. Note that the lat-
ter must be a regulated type since non-reg-
ulated adaptors often produce much higher 
voltages than expected. 

TEMPERATURE 
SENSOR - FISH TANK 
MONITOR 

In the Temperature Sensor — Fish Tank 
Monitor design, apart from switches S2, 
S3 and S5 having been omitted, switch S4 
now becomes a toggle switch. Its role will 
be discussed shortly. Resistor R14 is 
replaced by a negative temperature coeffi-
cient (n.t.c.) thermistor having a value of 

45V 

ICI 
PIN I 7 
(RAS) 

Fig.2. Two possible minor changes to 
allow temperature sensing. 

U CIZIRLA`u 

• 
• 

Line-up of this month's three demonstration modules: • Temperature 
Fish Tank Monitor • VU Indicator — Volume Level Display • Voltage 
Battery Tester. 

about five kilohms (51‘Q) at room temper-
ature, see Fig.2a. 
As the temperature increases, the resis-

tance of the thermistor falls, causing the 
voltage at pin RAO/ANO of the PICAXE-
18 to fall, and so causing the value of the 
resulting analogue reading to fall as well. 

Switch S3 is replaced by a 12kQ resis-
tor, R17. The value was chosen so that 
temperatures from a little below to some 
way above "normal" room temperature 
can be indicated. If preferred, RI7 could 
be changed to a potentiometer (VR1) used 
as a variable resistor. A value of, say, 471(52 
would allow a wider range of temperatures 
to be accommodated. This change i, 
shown in Fig.2b. 

DOTBAR MODE 
In the context of the 1.e.d.s (light emit-

ting diodes) used in this series, Dot Mode 
means that only a single I.e.d. lights at any 
one time. Bar Mode is when two or more 
I.e.d.s in a chained sequence light up, 

Sensor — 
Sensor — 

forming a bar effect. This is the most com-
mon form of display but the program 
includes both modes of operation, selected 
by using toggle switch S4 (if used). 

If S4 is omitted, the display will always 
be in Dot Mode (do not omit resistor RIS, 
though). If you wish to set the circuit per-
manently to Bar Mode, fit a wire link in 
place of S4 so that pin 16 (RA7) is always 
held at logic 1 (high). in which case R15 
can be omitted, although it can be retained 
if preferred. 
As was done in the Egg Timer last 

month, 1.e.d. D8 could be replaced by a 
buzzer (WD1), with the value of resistor 
R12 being changed to 12Q. In this case 
potentiometer VR I could be set so that the 
circuit provides an audible warning if the 
temperature rises above a œrtain level. 

If a small buzzer (low current) is used, it 
may be driven directly from the designated 
PICAXE-18 output in addition to the I.e.d. 
Furthermore, if the circuit is set to Dot 
Mode, then separate buzzers could be 

LISTING I 
temperature sensor 'tem3' 
' use 5k thermistor in place of resistor and 12k resistor or 47k 
variable in place of switch 
'for Dot Mode make in7 low, for Bar Mode make in7 high 
start: readadc 0,b0 'put the analogue value at 

pin0 into b0 
if bO>75 then one 'jump to appropriate display 

routine 
if bO>64 then two 
if bO>53 then three 
if bO>43 then four 
if bO>32 then five 
if bO>21 then six 
if bO>11 then seven 
let pins=% 10000000 

if pin7 = 0 then start 
letpins=%11111111 

goto start 
one: let pins=%00000001 

goto start 
wo: let pins = %00000010 

'if b0 is less than 12, then 
make output 7 high (Dot 
Mode) 
'if input pin 7 is low, goto start 
'if input pm 7 is high, make all 
outputs high (Bar Mode) 

'make output 0 high (dot or 
Bar Mode) 

'make output 1 high (Dot 
Mode) 

if pin7 = 0 then start 
let pin%00000011 

goto start 
three: let pins=%00000100 

if pin7 = 0 then start 
let pins=%00000111 
goto start 

four: let pins=%00001000 
if pin7 = 0 then start 
let pins=%00001 I 11 
goto start 

five: let pins=%00010000 
if pin7 = 0 then start 
let pins=%00011111 
goto start 

six: let pins=%00100000 
if pin7 = 0 then start 
let pins=%00111111 
goto start 

seven: let pins=%0 1000000 
if pin7 = () then start 
let pins=%01111111 
goto start 

'make output 0 & 
Mode) 

I high (Bar 
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ICI 
PIN8 
RB2 

1C1 
PIN11 
RB5 

Fig.3. Adding diodes to selected (Cl 
outputs. such as RB2 and R85, 
enables a single buzzer to be driven 
from several sources. 

connected to any two outputs to provide 
over- and under-temperature warnings. 
Hence it would be possible to monitor the 
temperature of a fish tank, for example. 

Another approach would be to add 
diodes to selected outputs so that a single 
buzzer could be used, but driven from sev-
eral sources. An example is shown in Fig.3, 
in which outputs RB2 and RB5 are coupled 
via diodes D9 and D10 to jointly feed to 
the buzzer WD1. Resistors R7 and R10, 
and 1.e.d.s D3 and D6 can be retained. 

Note that the voltage change caused when 
a thermistor is employed is not linear. Hence 
it would be difficult to achieve accurate cali-
bration over a wide range of temperatures. 
However, it is still possible to set two "safe" 
points as required for the fish tank monitor 

either by selecting the appropriate 
outputs. or by changing the program. 

TEMPERATURE 
PROGRAM 
The BASIC source code for the 

Temperature Sensor program is 
shown in Listing 1. Comments fol-
lowing an apostrophe are ignored 
by the compiler. The line at the 
label Start: states readadc 0,b0. 
This command causes the 
PICAXE-18 to read the voltage at 
input RAO/ANO and place the 
value in variable b0. 
The next set of lines examine 

this value and jump to the appro-
priate command routine to turn on 
specific 1.e.d.s. For example, out-
putting the command let pins = 
%10000000 causes I.e.d. D8 to 
turn on. A " 1" in any position will 
make the appropriate output go 
high. 
The percentage sign tells the 

compiler that the number is in 
binary. The equivalent decimal 
number is 128 and so you could in 
fact replace the line with let pins = 128. 
However, the binary representation pro-
vides a better indication of which 1.e.d.s 
are affected. Note that in the absence of a 
percentage sign, the compiler will 
assume that a decimal number is to be 
processed. Remember that binary codes 
are numbered from right to left, in order 

Completed Temperature Sensor module. Note 
the thermistor mounted in a discarded ballpoint 
pen barrel. 

of bit 0 to bit 7, with bit 0 controlling 
1.e.d. Dl. 
The program continually checks whether 

input RA7 is high or low, to determine 
whether to display in Bar Mode or Dot Mode. 
So the command line if pin7 = 0 then start 
causes the compiler to skip the Bar Mode dis-
play command, and so display in Dot Mode. 

VOLTAGE SENSOR - BATTERY TESTER 

A voltage sensing interface is illustrated in 
Fig.4. Extra care is required when connect-
ing external voltages to the circuit. It is 
important, for example, to prevent the 

Fig.4. Circuit modification to give a 
voltage sensing interface. Adjusting 
VR1 will give a monitoring range of OV 
to 8V d.c. on the eight Le.d.s. 

Fig.5. Adding a simple regulator circuit to 
give more accurate voltage detection. 

voltage at the RAO/ANO analogue input from 
rising above 5V d.c., or falling below OV. 

In fact, for the reasons mentioned earli-
er, the highest voltage which can be mea-
sured is 3.3V. So the input voltage is atten-
uated by resistor R17 and potentiometer 
VR I. By adjusting VR1, voltages from OV 
to 8V can be monitored and displayed on 
the eight I.e.d.s. A wider range is possible, 
although OV to 12V, say, is more difficult 
to display on eight 1.e.d.s! However, you 
could reduce the range to say 5V to 12V 
by changing the program. 

If accurate voltage detection is required 
then the circuit should be driven from a 
reliable voltage supply, such as provided 
via a 5V regulator. Since only two addi-
tional components are required, a. 
shown in Fig.5, i.e. +5V regulator IC2 
and capacitor C2, it is worth adding 
this facility. 

PROGRAM 
The program is similar to the 

temperature display except that 
higher analogue values cause 
more 1.e.d.s to be displayed. 
Provision for Bar Mode or Dot Mode 
has been included. Note that the com-
mands high 0, high I. high 2 etc. have 
been used instead of let pins = x. 
When only a single led. is required — as 

in Dot Mode — this method of switching an 
output high is more economical with 
memory space — something quite critical 
with PICAXE devices. 

Completed prototype Voltage Sensor 
(Battery Tester). The Le.d.s shown 
here are made up of three red (low), 
two yellow and three green lights. 
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VU INDICATOR — VOLUME LEVEL DISPLAY 
The circuit diagram in Fig.6 shows the changes needed to produce a VU (Volume Units) 

Indicator circuit. This is ideally suited to sound level monitoring by connecting the circuit 
to the speaker or headphone output of an amplifier. The I.e.d.s indicate a relative volume 
level. 
The circuit type is known as a "diode 

pump". Capacitor C3 a.c. couples the ana-
logue signal to the circuit, preventing any 
d.c. current flow between the two circuits. 
Diode D9 only allows positive going 
aspects of the signal to pass, and diode 
DIO prevents the output from C3 going 
below about 0.7V. The effect is that the 
output from D10 is effectively twice the 
value of the basic positive-going waveform 
from the amplifier (less the voltage drops 
across the diodes). 
The output from diode D9 causes capac-

itor C4 to charge up to a level representing 
the output level from the amplifier. This 
voltage is then monitored in the same way 
as before. It is essential that resistor R17 
should be retained to minimise the risk of 
damage to the PICAXE chip in the event of 
the signal voltage rising too high. Its value may be reduced from the 
151d2 shown, but it is best not to reduce it below about Ikt2 for fear 
of PICAXE damage. 

It is worth noting that you should NOT connect the circuit in 
Fig.4 direct to the amplifier output since this is likely to contain neg-
ative-going waveforms, which if received by the PICAXE chip 
could cause irreparable damage if the condition is sustained, even 
though the device has a certain amount of internal voltage and cur-
rent limiting. 
The value of capacitor C3 is not critica!, and smaller values will 

tend to limit bass frequencies — a little experimentation may be 
helpful. 

OUTPUT TO C3 
OF DIODE PUMP 

Fig. 7. Optional two-transistor microphone amplifier circuit 
diagram for monitoring microphone outputs. 

MICROPHONE INPUT 
You may wish to experiment with monitoring the output from a 

microphone. As the output from a microphone is much lower than 
required for the circuit to respond adequately, some amplification is 
necessary. Simple microphone amplifiers can be easily made around 
op.amps such as the type 741 and various designs have been published. 
A very simple but extremely effective amplifier, though, can be 

made based on two transistors, such as types BC108C or BC184L 
and a suitable arrangement is shown in Fig.7. In fact, any pair of npn 
transistors with gains of 250 to 400 should work, though you may 
need to experiment with the resistor values a little for best results. 
The capacitor values are not critical and any value between 

100nF and lfiF will work well. The capacitors should be non-
polarised and electrolytic types are best avoided. 

Note that the circuit is intended for use with an electret 
microphone (MIC1). These inexpensive devices are very small and 
provide excellent results. Resistor R18 provides power for the 
microphone. If you wish to try a dynamic microphone instead of an 
electret, then omit R18. In tests, cheap loudspeakers and head-
phones also provided good results when used as microphones and 
with R18 omitted. 

Fig.6. Adding a "diode pump" circuit to 
produce a simple VU Indicator. 

COMPONENTS 
Resistors 

R1 10k 
R2, R4, R13, R15, R16 22k (5 off) 
R3 4k7 
R5 to R11 330Q (7 off) 
R12 12Q or 330Q (see text) 
R14 5k n.t.c. thermistor (see text) 
All 15k (see text) 
R18, R20. 
R22 10k (3 off) (see text) 

R19, R21 680k (2 off) (see text) 
All 0-25W 5% carbon film, except R14. 

Potentiometer 
VR1 4k7 or 47k rotary carbon panel mounting, 

linear (see text) 

Capacitor 
Cl 
C2 
C3 
C4 
C5 C6 

See 
%HOP 

TALK 
peg. 

470µ, radial elect. 16V 
100n ceramic or polyester layer (see text) 
100n to 1/4 ceramic or polyester layer (see text) 
1µ radial elect. 16V (see text) 
100n ceramic or polyester layer (2 off) (see text) 

Semiconductors 
D1 to D8 red I.e.d. (or other colours — see text) and 

mounting clips (8 off) 
D9, D10 1N4001 rectifier diode (see text) (2 off) 
TR1, TR2 BC184L or BC108C (2 off) (see text) 
IC1 PICAXE-18 microcontroller (see text) 
IC2 78L05 +5V voltage regulator (see text) 

Miscellaneous 
B1 4-5V battery (3 x AA) and clip (see text) 
S1 to S5 min. s.p. push-to-make switch (not used — 

see text) 
S6 min. s.p.s.t. toggle switch 
TB1 3-pin serial connector (shrouded 3-pin header 

(see text) 
TP1, TP2 (see text) 
WD1 active buzzer, 5V 
MIC1 electret microphone insert (see text) 

Printed circuit board, available from the EPE PCB Service, code 
373 (one for each design — see text); 18-pin i.c. socket (one for each 
p.c.b.); plastic case 140mm x 80mm x 30mm approx (one per 
p.c.b.); p.c.b. supports (4 off per p.c.b); knob for VR1 (see text); 
stripboard, 18 holes x 10 strips (see text); stripboard, 9 holes x 3 
strips (see text); 1mm terminal pins; connecting wires; solder, etc. 

Approx. Cost 
Guidance Only £20 

excl. case & batts. 
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PROGRAM 
The program is similar to that for the 

Voltage Sensor, except that a For-Next loop 
is used to sample the analogue value 20 
times, taking a peak value as it loops. 

This provides a more stable display. 
There is no provision for Dot Mode dis-
play, although this could be added to the 
program if desired. 

CONSTRUCTION 
- GENERAL NOTES 
Each project is built on the saine printed 

circuit board (p.c.b.) that was presented in 
Part 1 of the series last month, shown there 
as Fig.2. This board is available from the 
EPE PCB Service, code 373. The individ-
ual component positioning and wiring 
details for the projects discussed here in 
Part 2 are shown separately. 
Check the component list for the partic-

ular project being constructed, and fit only 
the required parts. Note that resistors RI 
and R2, and connector TRI are only 
'required if you intend to program the 
PICAXE in-circuit. Serial connector TB1 
must be inserted the correct way round, 
with the plastic tongue nearer the line of 
1.e.d.s, as shown in the p.c.b. layouts. 
Electrolytic capacitor C 1 must also be fit-
ted the correct way round. 
The 1.e.d.s have a common cathode (k) 

and so only one wire is required for all the 
cathodes, as shown in their component lay-
out diagrams. The 1.e.d.s should be fitted 
into the drilled case before connecting 
wires to them. 
As discussed in Part 1, solder pins TP1 

and TP2 are not essential, but may be use-
ful if the PIC crashes. Shorting the two 
pins together causes the PICAXE pro-
gram to restart from the beginning. 
Switching off the power supply should 

General layout of components inside the prototype Temperature Sensor case. A power 
input socket is mounted on the case bottom and a jack socket for the thermistor on one 
side panel. 

TEMPERATURE SENSOR - FISH TANK MONITOR 

Fig.8. Multiboard component layout and wiring for the Temperature Sensor. As it 
stands, with switch S4 omitted, this arrangement will give Dot Mode (single 
I.e.d.) display 

defeat a crash, but on rare occasions with 
the PICAXE-18 it is useful to be able to 
reset the system directly. 
When assembly has been completed and 

thoroughly checked, insert the PICAXE-18 

chip and program it from the PC using the 
serial link. Part 1 discussed the program-
ming of PICAXE-18 devices and how 
PIC16F627 devices could be used instead 
of them, and readers are referred to that for 

more information. Pre-programmed 
PICAXE-18s are available as stated 
in this month's Shoptalk, which also 
gives information on obtaining the 
software itself. 

TEMPERATURE 
SENSOR 
The diagram in Fig.8 shows the 

component layout for the 
Temperature Sensor based on Fig.2 
and Fig.3, for monitoring both high 
and low temperatures. Since the cir-
cuit must always work in Dot Mode, 
switch S4 is omitted. Potentiometer 
VR1 has been included, since adjust-
ments are almost certainly required. 

Diodes D9 and DIO are connected 
to the ends of resistors R7 and R10 
respectively, either on the compo-
nent side, or on the copper side of 
the p.c.b. 

If the project is to be used to check 
air temperature, the thennistor (R14) 
could be mounted at the end of a pair 
of leads. Single-core screened cable 
provides a neat solution. 

If the thennistor is to be placed in 
water then it must be suitably housed 
to prevent water, as in a fish tank, 
touching its leads. For example, a 
glass tube could be employed, or the 
plastic case of an old ballpoint pen — 
take care to block any air holes. A 
suitable filler or glue may be used to 
retain and seal the thennistor. 
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VOLTAGE SENSOR 
The component layout details for the 

Voltage Sensor are shown in Fig.9. 
As stated earlier, the display will vary 

with the supply voltage as well as the volt-
age being sensed, hence for accurate read-
ings a voltage regulator should be 
employed here. 

If a voltage regulator circuit, such as dis-
cussed earlier (Fig.5) is to be used, it can 
be constructed on a small piece of strip-
board, as shown in Fig.10. 

Capacitor C2 is fitted to the multiboard 
p.c.b. in the position occupied by Cl in the 
previous circuits. Ensure that Cl and IC2 
are fitted the correct way round. 

Fig.10. 
Stripboard 
voltage 
regulator 
(see text). 

VOLTAGE SENSOR - EUITTERY TESTER 

IC2 

1 

Note that the circuit will only function 
correctly if the battery voltage is above 
about +7V. If it falls below this level, the 
output from the regulator will fall below 
5V and the 1.e.d.s may start flashing 
randomly! 

VU INDICATOR 
The VU Indicator component layout 

details are shown in Fig.11. Diode D 10 
and resistor R17 are soldered directly 
onto the potentiometer VR1 tabs as indi-
cated, and C3 is soldered to the junction 
between the diodes and then connected to 
the sound source using any technique 
suited to it, e.g. via a jack socket perhaps. 

Fig.9. Component layout and wiring for the Voltage Sensor. 

Ensure that the diodes are fitted the 
correct way round. 
The potentiometer VR1 provides a firm 

support since it is fastened to the case. 
Capacitor C3 should be non-electrolytic 

WI INDICATOR - VOLUME LEVEL DISPLAY 

R R R 
1 18 4 

T ITT 

TO SPEAKER 
OUTPUT OF 
AMPLIFIER 

BLACK 
  VE 

(e.g. ceramic disc or polyester layer) and 
may be fitted either way round. 

MICROPHONE 
AMPLIFIER 
The two-transistor microphone amplifier 

circuit is constructed on stripboard as 
shown in Fig.12. Remember to omit R 1 8 if 
a dynamic microphone is employed instead 
of the electret type suggested. Assuming 
that an electret type is used, you will need 
to check its polarity when connecting it to 
the stripboard. 
The transistor pin connections shown 

are for type BC184L, the top view pinouts 
for a BC108C/BC109C type transistor are 
shown separately in Fig.12. Ensure that the 
correct pinouts are used. 
The leads of capacitor C6 must be 

spread out slightly to fit the tracks as 
shown. 

Fig.11 (above). Component layout and interwring for the VU 
Indicator. 

Fig.12 (right). Stripboard component and interwiring details 
for the two-transistor microphone amplifier circuit (Fig. 7). 

MIC I 
iSEE 
TEXT) 
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Component positioning inside the two 
halves of the Voltage Sensor case. 

CASING 
As with last month's projects. all three 

described here were mounted in plastic 
cases, measuring approximately 140mm x 
80mm x 30mm, and drilled as required and 
shown in the photographs. 

Begin by marking and drilling the holes 
required for the I.e.d.s. Additional holes are 
required for the thermisior, optional volt-
age-monitoring and sound inputs, and an 
external power source, as appropriate. 

Each project has an optional poten-
tiometer (VR1), and if this is required a 
suitable hole must be made for its mount-
ing bush. The p.c.b. should be secured 
using p.c.b. supports, of which self-adhe-
sive types are suggested. 

PROGRAMMING ANO 
TESTING 
As discussed last month, there are two 

ways of obtaining a programmed 

Completed VU Indicator unit showing the general layout of components inside the 
case. The miniature electret microphone is mounted just above the control 
potentiometer. 

2.2o. (56mmi 

3 

Multiboard full-size copper foil master 
pattern. (This board is available from 
the EPE PCB Service). 

PICAXE-18 device. The preferred tech-
nique is to program it yourself while in-cir-
cuit using the PICAXE software, as this 
allows you to experiment with the BASIC 
program code and repeatedly reprogram 
the device with each code version. They 
can, though, be bought ready-programmed 
as stated in this month's Shoptalk). 

Since a PICAXE-18 device is a special-
ly modified version of the PIC16F627 
microcontroller, produced by Revolution 
Education, there is a third programming 
option. For this you need standard PIC pro-
gramming facilities to program the 
PIC16F627 using the hex code that is 
available for this series of designs. 
To test a circuit, switch on the power sup-

ply and then, as appropriate, warm the titer-
mistor or apply a voltage or sound signal. 
Adjust control VR1 until the I.e.d.s. light 
accordingly, either in Dot Mode or Bar 
Mode, depending on the circuit's function. 

For general information on program-
ming PICAXE devices and checking their 
in-circuit behaviour, refer to Part 1, last 
month. 

RESOURCES 
Preprogrammed HEX versions of the 

PICs for these designs can be obtained 
(mail order only) from: M. P. Horsey, 
Electronics Dept., Radley College, 
Abingdon, Oxon. OX14 2HR. The price is 
£5.90 per PIC, including postage (overseas 
add £1 p&p). Specify the project for which 
the PIC is required. Enclose a cheque 
payable to Radley College. 

Software for these three designs and for 
Parts 1 and 3 of the series, (except the 
PICAXE programming software) is avail-
able on 3.5in disk (EPE Disk 5), for which 
a nominal handling charge applies, from 
the Editorial office (see the PCB Service 
page). It is also available for free download 
from the EPE ftp site. 
PICAXE programming software can be 

obtained from: Tech-Supplies, Dept. EPE, 
4 Old Dairy Business Centre, Melcombe 
Road, Bath, BS2 3LR. 
The telephone number of Revolution 

Education is: 01225 340563, and their web 
site is at: www.rev-ed.co.uk. 

Next month: In the third and final part 
of this series three Chaser Lights circuits 
are presented. 
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Video Surveillance 
NEW PRODUCTS!!!! 

Advance Colour Quad 

Special features incILde remote centrol, moveable 

PIP and t.me & date stamp 

SPECIAL PRICE £ 169.00 

All 

Miniature 100mW 1- 2G1-1z A/V 
Transmitter 

C-MOS B/W Camera 15mm/15mm 
C-MOS Colour Camera 14mm/14mm 
PCB Colour Camera w/Audio 35mm/35rnm 
73mW 2-4GHz AA/ -Transmitter 
1-2 Watt 2-46Hz A/V Transmitter 
Outdoor Colour Camera complete with Bracket, Power 
Supply and 30m Cable - Plug & Play 
4 Channel Receivers with built-in Switcher 

E Only 28 x 24 x 8mm 
U4 Channels 

[11100mW 
El2V Operation 

ONLY £49.00 

£29.00 
£65.00 II 
£65.00 
£35.00 • 
£120.00 • 

£120.00 • 
£90.00 la 

prices exclude VAT & Carriage. Many more products on our website: 

WWW.BITZTECHNOLOGY.COM 
Tel: 01753 522 902 Fax: 01753 571 657. Email: salesebitztechnology.com 
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INTER 
Robert Pen fold 

SOME NOTES ON CHOOSING AND USING VISUAL BASIC 

ROBABLY the most asked question from 
readers about Visual BASIC is which 

version should be used when producing 
software for PC projects. Sometimes the 
reader asking the question has an old ver-
sion of Visual BASIC and doubts its suit-
ability for this application. Other 
enquiries are from people wishing to buy 
Visual BASIC, and needing guidance as to 
the best version. 

The Price is Right 
There are three normal 

commercial versions of Visual 
BASIC, which are the 
Standard, Professional, and 
Enterprise varieties. There are 
additionally the free versions 
that have been well covered in 
previous Interface articles. 
The big limitation of these free 
versions is that it is impossible 
to compile programs into 
standalone applications. 
There is also an Educational 

version of Visual BASIC, but 
this seems to be much the 
same as the Professional ver-
sion apart from the license 
conditions. As one would 
expect, commercial distribu-
tion of programs produced 
using the Educational version 
is not permitted. 

Visual BASIC Standard is 
the simplest version, but it lacks some of 
the extras in the more up-market offer-
ings. In particular, it does not include the 
MSCOMM ActiveX control that can be 
used for interfacing via the serial ports. It 
is fundamentally the same as the 
Professional version though. However, 
the license conditions are more restric-
tive, which could be a problem for any-
one intending to commercially distribute 
their Visual BASIC programs. 
The Professional version includes 

extras such as MSCOMM, plus others that 
make it easier to produce software for 
commercial distribution. The license con-
ditions permit virtually unrestricted dis-
tribution of programs produced using 
Visual BASIC Professional. 
The Enterprise edition is aimed at 

groups of programmers who need to pro-
duce large programs, and as one would 
probably expect, it is an extremely expen-
sive piece of software. In fact, it is far too 
expensive to consider unless you really 
need its facilities. 

Unless you really need the facilities of 
MSCOMM and more flexible license condi-
tions, the Standard version is the obvious 
choice. At only about one quarter of the cost 
of the Visual BASIC Professional it will work 
quite happily with IN1POUT32.DLL, etc. 
and will give access to the port addresses. If 
you really do need MSCOMM or a license 
for full commercial distribution it is neces-
sary to opt for the Professional version. 

Golden Oldies 
If you have access to an old version of 

Visual BASIC it will probably be perfect-
ly all right for producing software for 
PC add-ons. The author has only used 
Visual BASIC 5 and 6 for producing this 
type software, but one or two readers 
seem to have had some success using 
version 4. 

Properties windows to the right of this. 
The Toolbox runs down the left-hand sec-
tion of the screen and this is somewhat 
different to the simple group of icons in 
earlier versions. However, the usual com-
ponents are there, such as labels, scroll-
bars, and buttons. 
Although the menu and toolbars in the 

top section of the screen do not look rad-
ically different to their prede-
cessors, there are some major 
differences. In particular, the 
menu system has been com-
pletely redesigned and it can 
take a while to find the required 
options. 

It is still fairly easy to add 
components on the form, write 
the code, and test the program. 
Components that will not 
appear when the program is 
run are no longer added to the 

  form. Instead, double clicking 
on the component in the tool-
box results in it appearing in a 
box at the bottom of the screen. 

In the example of Fig.2 a timer 
component has been added and 
its icon can be seen in the box. 
This is a more logical way of 
doing things, and avoids having 
to find space on the form for 
non-displaying components. 
Double clicking on the compo-
nent's icon brings up its section 

of the Code window in the usual way. 

Ins and Outs 
Writing a program for your PC add-ons 

is one thing, but getting the program to 
communicate with the add-ons is quite 
another. Microsoft's Net programming 
languages are designed for operation 
with Windows XP, w'ch slightly compli-
cates matters. 
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Fig. 1. Visual BASIC Net can have the traditional screen layout. 

Anything prior to Visual BASIC 4 is 
unlikely to be suitable for the present 
purpose, but these early versions are now 
many years old and with the best will in 
the world have to be regarded as obso-
lete. Most software for PC hardware pro-
jects uses fairly simple components such 
as labels, timers, and buttons, and does 
not require the latest high-power 
features. 

Visual BASIC 
6 has now been 
superseded by 
Visual BASIC 
NET, and there 
seems to be 
some major 
changes in the 
new version. It 
is possible to 
opt for the 
same screen 
layout as 
Visual BASIC 6, 
and this gives 
something like 
that shown in 
Fig.l. 
There is the 

usual area for 
forms in the 
middle section 
of the screen 
with the 
Project and 
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Fig.2. The timer component appears in the box beneath the 
form rather than on the form. 
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First, a fairly modern and upmarket PC 
is needed in order run Windows XP well. 
Second, Windows XP does not permit 
direct control of the computer's ports. 
Ways around this have been covered in 
EPE in the recent past. 
With Visual BASIC 6 Professional or 

Enterprise it is possible to use the 
MSCOMM ActiveX control to gain access 
to the serial ports. Some research on the 
Internet suggests that this component is 
also included with the Professional and 
Enterprise versions of Visual BASIC Net. 

Unfortunately, it was absent on the bor-
rowed system being used, which was 
running Visual Studio Net. This is Visual 
BASIC, Visual C++, and Visual C# 
bundled together. Trying to add this com-
ponent to the Toolbox was eventually 
successful. However, trying to use it in a 
project produced an error message to the 
effect that the user did not have a license 
to use that control, which is not actually 
correct. 
The third-party alternatives to 

MSCOMM should be more successful, 
and it should be possible to use any ver-
sion of Visual BASIC Net to communicate 
with the PC's ports. If you are only inter-
ested in writing programs for PC add-ons 
there would seem to be little point in 
upgrading from Visual BASIC 5 or 6. 

slightly different using Visual BASIC Net. 
Choose the Customise Toolbox option 
from the Tools menu, which will produce 
the usual list of available components. 
This should include NETCOMM, and it 
must be selected by ticking its checkbox 
(see Fig.3). 
After left-clicking the OK button to 

return to the main screen, NETCOMM 
should be included in the list of 

Fig.4 (right). NET-
COMM has been 
added to the form, 
but it will not be 
displayed when 
program is run. 

CON CornPonsots MT Framework Carponents 
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Msse Control 

MSIOff 10 Control 
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The new features are of no real benefit for 
this type of progranuning, and the earlier 
versions are more straightforward to use 
than Visual BASIC Net. Visual BASIC 6 is 
still available, and it might be the better 
choice for first time users buying Visual 
BASIC for this type of programming. 

MSCOMM Alternatives 
As pointed out previously, there are 

alternatives to Microsoft's own 
MSCOMM control, and NETCOMM is 
one that is worth trying if you have a ver-
sion of Visual BASIC that lacks the real 
thing. Information about NETCOMM 
plus the control itself are available from 
this URL: 

http://ourworld.compuserve.corn/home 
pages/richard_grier/NETConunO0C.hhn 

The download is a ZIP file of about /5 
megabytes, so you will need WinZip or a 
similar program to unzip the archive. 
Installation is very easy because a Setup 
program is included. Once the setup 
process has been completed it is neces-
sary to add NETCOMM to the Visual 
BASIC toolbox. 
This process has been covered in previ-

ous Interface articles, but note that it is 

lines of code for the form and the button 
respectively: 

AxNETConunl.PortOpen = True 

AxNETComml.set_Output("Hello") 

The first line simply opens the default 
serial port for communications when the 
form is loaded, and this happens 
automatically when the program is 
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Fig.3 (left). Adding 
NETCOMM to the 
Toolbox. 

available components. It can be added 
to the form in the usual way, and 
although it is a non-displaying compo-
nent it will appear on the form rather 
than in a box beneath it (see Fig.4). The 
Properties window will show the para-
meters for the new control and permit 
them to be changed. 
Although NETCOMM is similar in use 

to MSCOMM, there are inevitable differ-
ences. The most obvious one is that it has 
a different name, although this can be 
changed via the name parameter. 
There are other differences, and the 

Output parameter becomes set Output. 
Similarly, the Input parameter becomes 
InputData. There are also a few changes 
in the syntax, and some parameters can 
only be changed under program control 
with no access via the Properties win-
dow. Unfortunately, there seem to be 
more changes than the supplied 
documentation admits to, so it can take 
a little experimentation to get things 
working. 

Net Result 
On the plus side, NETCOMM is free 

and it does seem to work quite well. As an 
initial experiment, a button was added to 
the form together with the following two 

launched. The second line outputs the text 
string in parentheses to the default serial 
port, which will be COM1 unless a differ-
ent port is specified. Obviously any test 
string can be used here. The test program 
loaded and ran correctly using Visual 
BASIC Net and Wmdows XP (see Fig.5), so 
NETCOMM obviously accesses the serial 
ports via the approved channels. 

r+-1 , 
m 

SEND I 

Fig.5. The test program runs success-
fully under Windows XP 

If you have any version of Visual BASIC 
that lacks MSCOMM it is certainly worth-
while obtaining and trying this alterna-
tive. The Internet is not exactly awash 
with information about programming the 
ports of a PC, but there are numerous 
snippets of information available if you 
seek them out using a good search engine 
such as Google. 
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CARD 

Shop Open 9 - 5.30 Monday - Friday, 9- 5 Saturday VISA 

SPECIAL OFFERS 

•• a • 

; 

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

wdh 2 Tektronix probes. 

ONLY III1D 

TEKTRONIX 2232 Digital Stone Scope. 
Dual Trace. 100MHz. 100M/S with probes ....£525 
H.P. 54501A Dig Oscilloscope, 100MHz 4-Ch ...f425 
H.P. 3312A Function Gen.. 0.1Hz-13MHz. 
AM/FM Sweep/Di/Gate/Bret etc.  £300 
FARNELL Dual PSU XA35-21, 0-35V, 0-2A, 
Twice OMD. 1.c.d. Display  £180 
CIRRUS CRL254 Sound Level Meter 
with Calibrator 80-120dB, LEO £150 
FARNELL AMM255 Automatic Mo 
Meter. 1.5MHz-2GHz. unused  £300 
FARNELL DSG1 Low Frequency Syn Sig Gen.. 
0.001 Hz-99-99kHz, low distortion, 
TTL/Square/Pulse Outputs etc.  £95 
FLUKE 8080A Handheld True FIMS, OMM, 
41/5 digit  As new £150, used £95 
BECKMAN HD110 Handheld 3/5 digit DMM, 28 
ranges, with battery. leads and carrying case .f40 

M.P. 3310A Function Gen., 0.005Hz-5MHz, 
Stne/Sceri/Ramp/Pulse  £125 
FARNELL LF,A4 Sme/Sq Oscillator, 10Hz-1MHz. 
low distortion, TTL output. Amplitude Meter .£125 
H.P. 545A Logic Probe with 546A Logic 
Pulser and 547A Current Tracer  £90 
FLUKE 77 Multimeter, 315-digit. handheld £60 
FLUKE 77 Series 1 1   £70 
HEME 1000 LCD. Clamp Meter, 00-1000A  
in carrying CHM  £60 

BLACK STAR ORION PAUTV Colour Pattern 
Generator  from £75-£125 
THURLBY/tHANDER 10010 Function Generator, 
0,002Hz-2MHz. TTL etc  
THURLBY THANDAR RS U. PL3200M0, 0V-22V. 
0A-2A Twice (late colours)   

Datron 1061 
High Quality 5.5 Digit Bench 
Multimeter 
True RMS/4 wire Res/Current Converter/IEEE 

£150 

High Quality 61/2 digit Bench 411D 
Multimeter 
True RMS/4 wire/Current Converter 

Datron 1061A 

Racal Receiver RA1772 
50kHz-30MHz 
L.E.D. Display Basically working 

£250 

AM/FM SYNTHESISED SIGNAL 
GENERATOR 
80 kHz - 1040MHz 

NOW ONLY 

Automatic Modulation Meter, 
AM/FM 1.5MHz-2GHz 

MARCONI 2019A 

£400 

MARCONI 8920 AF Power Meter, Smad Measurement 
 Unused £100. Used £60 

MARCONI 8938, Nc Bead  £30 
MARCONI 2610 True MS Voltmeter. Autoranging. 
51-1z-25MHz  £195 
GOULD J38 Sine/Sp Oec.. 10112-100kHz, 
low distortion  £75-£125 
AVO 8 Mk. 6 in Every Reedy case, with leads etc . 180 
Ogler AVOs from  £50 
GOODWILL GVT427 Dual Ch AC Millivottrneter, 
10mV-300V in 12 ranges. Freq. 10Hz-1MHz . C109£125 
SOLARTRON 7150 DMM 6½-dig/ 
Tru RMS-IEEE.  £95-£150 
SOLARTRON 7150 Plus  £1100 

HIGH DUALITY RACAL COUNTERS 
9904 Universal Timer Counter, 50MHz £50 
9916 Counter. 10Hz-520MHz £75 
9918 Counter, 10Hz-560MHz. 9-digit  £50 
WAYNE KERR 5424 Component Bridge £125 
RACAL/AIM 9343M LCR Databridge. 
Digital Automeasurement of R. C, L. O. D £200 
HUNTRON TRACKER Model 1000  £125 
FLUKE 8050A 4.5 Digit 2A. True RAAS  £75 
FLUKE 8010A 35 Digit 10A  £50 
FLUKE 8012A 3.5 Digit 2A  £40 

CIO Racal 9008 ONLY 

Portable Appliance Tester 
Megger Pat 2 ONLY 

£180 

H.P. 601213 DC PSU 0-80V. 0-50A. 1000W  £1000 
FARNELL AP60/50 1KW AutorangIng  £1000 
FARNELL H60/50 0-60V 0-50A  £750 
FARNELL Hsons 0-60V. 0.25A£400 
Power Supply HPS3010 0-30V. 0-10A . £140 
FARNELL L30-2 0-30V. 0-2A  £80 
FARNELL L30-1 0-30V 0-1A £50 
Many other Power Supplies available 

STEWART of READING 
110 WYKEHAM ROAD, READING, BERKS. RG6 1PL 
Telephone: (0118) 9288041. Fax: (0118) 9351696 VISA 

www.stewart-e-readIng.co.uk 
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement) 

 QDTV 12-14 OSCILLOSCOPE 
Dual trace. 12MHz TV, coupling ONLY 

FARNELL LF1 SINE/SO OSCILLATOR. Q 
10Hz IMHz ONLY 

OSCILLOSCOPES 
TEKTRONIX TDS350 dual trace. 200MHz. 1G/S Unused f1500 
TEKTRONIX TDS3211 dual trace tOCAINz. 580400 (1200 
TEKTRONIX TDS310 dual trace 50MHz. 2006VS £950 
LECROY 94000 dual nace. 175MHz. 565 £750 
HITACHI VC6523. olltrace. 20MHz. 206015. delay etc Unsed £500 
PHILIPS PM3092 200MHz. delay elc £800 as new £150 
PHILIPS PM3082 1001.01z cteay etc . £700 as nee £800 
TEKTRONIX TAW» dual trace. ICOMIK delay etc £750 
TEKTRONIX 21858 4-M., 400MHz delay cusors etc (1500 
TEKTRONIX 2465 1-M. 300MIls delay cursors etc MO 
TEKTRONIX 468 Dig Storage dual trace 100MHz. delay 0450 
TEKTRONIX 466 Analogue Storage dual trace 100MHz C250 
TEKTRONIX 485 dual trace 350MHz delay sweep.. 0550 
TEKTRONIX 475 dual aace. 2COMHz delay seep £350 
TEKTRONIX 1058 dual trace. 100MHz. delay mop . £325 
TEKTRONIX 2215 dual trace. 60MHz delay sump   1250 
PHILIPS P613217 dual trace 50MHz delay   6200-050 
GOULD 051100 coal trace. 30MHz delay   £125 
HOMES HIA303.6 dual trace. 35MHz component tester 

  040 
HOMES HS1303 dual trace 30MHz constonant HeIst  [200 
Many other OsclIkecepes »MUM 

MARCONI 2022E Synth Mle/J Sig Gen 
10Miz-IDIGHz I.c.d. display et  U254750 

H.P. 1107* Synth sig gen, 10Odb-1040Mhtz  T2000 
H.P. 16168 Synth fej pen, 10MHz-99011Hz  £1150 
HP. 8456* Synth sig gen. 100M11-9901.111z  £995 
RIS APE» Synth, 1Hz-260Miz sq. gen.. 
balancedebalanced output. led.tbsplei  £425 
MUM PII5328 stg gen. 10001z-180*h wilh 
203MHz. Yea counter. IEEE   IMO 

RACAL 9041 Synth AWFM sig g en, 51dtb1021Métz £250 
11.P 33255 Srtr Amoco gen. 2111liz   £600 
MARCONI 6500 Ampluude Mabee,   £1500 
H.P 1192A impenance Analyser   £5000 
H.P. 4275A LCR Meter %SHP OMHz   £2750 
H.P. 8903* ()stoma, Analyser  £1000 
WAYNE KERR 3215 heuctence Marys«   [2000 
II.P. 8112A Put. Generator. 51MHz .   £1250 
MARCONI 2410 Frequency Counter, 20GHt  £1000 
H.P. 53508 Frequency Counter. 20Gliz.  MOO 
H.P. 5342A 101-12-18GHz Frequency Counter  £103 
H.P. 16508 Lore Analyser. 80-channel  11000 
MARCONI 2035 Mod Meter 500khlz-2Gliz  £750 

RADIO COMMUNICATIONS TEST SETS 
MARCONI 2955/2995A cram £1500 
RONDE 8 SCHWARZ OAT 0 1.1000Mtir 0000 
SCHLUMBERGER 4040 MOO 

JUST IN 
H.P. 80638 DC Electrcek Load. 3-210V/0- 10A. 250W POA 
¿LP. 8012A PSU. 0-20V/0-2A .. £100 
KP.8831111PSIL 0-15W0-3A [400 
HP 863080 PSU Dual, 045 £750 
H.P. 68328 PSU. 0-20V/05A  £500 
H.P. 6823A PSU. triple °ell ranging horn 0-7V 0-5A to 
0-20V 0-1A  £850 
KRIAGILENT 34101A COMA% dpit   £1001450 
11.P.34711A DMIA 515 aye  075 
FLUKE 450MM dual display   £100 
KEITHLEY 2010 DMM 715 digit   £950 
KEITHLEY 617 Programmable Ben:roil«  £1250 
M.P. 43388 Matemmeter   [1500 
RACAL Counter type 191» 2-13G51z  [500 
• Counter type 53131A MHz  £850 
H.RIAGILENT 331200 Func. GeNAREI, ID:tuns-15MM 

  £900i£1000 
SONY/TEKTRONIX AFG320 Artitary Rec. Gen   £1250 
14.P. 8904A Syn FuncDon Gen. DC-600kHz . £1000K1250 
BLACK STAR JUPITOT1 2010 Funs Gen, 0211z-TAIM yeth 
sequency counter   £140 

H.P 8116A Pulse Generator, 1mS1-501Aliz  £1950 
H.P. 86578 Syn Sig. Gee, DI-2060MHz  £2500 
CO-AXIAL SWITCH, 1.5012  [10 
IEEE CABLES.   [10 

SPECTRUM ANALYSERS 

H.P. 85418 50Hz-6 5GI-O £5010 
H.P. 65008 50Hz.2 9GHz synthesised £5£00 
NP. 8594E 91‘1-1,2 9GHz  £4500 
H.P. 85910 IMI-1,1-8GHz, 75 Ohn  £2750 
M.P. MA with 8559A IOW-U-210Hz  £1750 
H.P. 85588 rott Mee Frame. 11»kliz-15001.114z  £750 
H.P. 3585A 204,-10MHz  £1580 
ti.P 1580A 51-1/.50k1-12  £800 
ADVANTEST RI1318 101db-3 5GH:  £ 750 
EATONAULTECH 757 0-001-22Glb  [750 
MARCONI 2382 10£11b1COMKz, high resolution ONE 
MARCONI 2370 30Hz-110MHz horn £500 
H.P. 182 mth 8557 101d1z-3505151z  CSC° 
• 111T SYSTEMS 
8553 IkHz.110181.5   
8551 500kNz-125e1Hz    £750 
8555 ,OMHz-19Gliz  C1000 
N.P. 8443 Trading Gen/Counter, 110134z  £250 
H.P. 8444 OPT 059  £750 
BAK 2013111Stgnal Analyser    £650 
H.P. 8754A Network Analog, MAH1.13001illiz  £1250 
P.P. 1557A Nehvork Analyser. 5Hz-2[0MHz . . 1)100 
H.P. 53310A Mod Domaln Analyser Opt 001/003 . £50% 
ore SOKIU COW Portable EET Ao atyser 11500 
PIE 57250 Ihroreue Net,50.• - ' 11Titir £12,500 

Used Equipment - GUARANTEED. Manuals supplied 
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists. 

Please check availability before ordering. 
CARRIAGE all units £ 16. VAT to be added to Total of Goods and Carriage 
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READOUT WIN A DIGITAL 

E-mail: aditorial@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! 

All letters quoted here have previously been replied to directly. 

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 * 
DISPLAYING LATERAL 
THINKING 

Dear EPE, 
It may interest you to know that I have modi-

fied John Becker's PIC World Clock (Aug '02) 
to run from a PIC16F84, and using shift register 
chips to drive the graphics 1.c.d. (GLCD) it uses. 
I did it out of interest and to explore GLCDs 

and thought you would appreciate the lateral 
thinking. Being relatively new to electronics and 
PICs it would be so easy to just use other peo-
ple's hard work (e.g. John's) and not know what 
was going on. Having built successful motor 
racing engines for some 12 years, I am used to 
getting the max from the min and still push for 
more! Like programming? 
As you will appreciate, using shift registers 

slows things up a tad, some two seconds passing 
before the 1.c.d. shows a picture. This made me 
look for ways to speed things up and some 
experimentation took place (flow bench and 
dyno time). 
I was intrigued by the OUTDATA routine and 

its use — how was its present form arrived at? By 
applying my interpretation of Toshiba's data 
sheet (and a couple of accidents!) I found a huge 
saving in program and processor timelspace. 
For instance, goodbye AUTOWRITE. 
I was also using an I2C EEPROM as a table 

store, the routine to access it was fun to 

complete, it is only in 8-bit form at present but 
it works. A lot more pictures/tables could be 
accessed this way, without using program 
space or having to be careful using PCLATH 
commands. Weather pictures, moving maps, 
that sort of thing. 
I have finished the displaying of the "world 

map", stored on EEPROM. The program is 
minimal and uses 192 commands total, 88 of 
which are shift register and EEPROM mu-
tines. All 1024 bytes are sent to the 1.c.d. with-
out a break. The GLCD works every time, no 
erroneous displays or characters. Status 
"checks" are performed but hidden. 

Your PIC Tutorial said "think default"... so 
I did. 

Graham Card, 
via email 

Congratulations Graham on what you are 
achieving — and yes, "max from min" is a pret-
ty good analogy for PIC programming! 
I can't offer any more info on how I arrived 

at my GLCD routines — what is in the text is all 
that I managed to extract from Toshiba's info, 
and some of those routines were developed 
using blood and tears — brilliant of you to find 
a way to simplify some! 

I'll put the source code you sent me in our 
PIC Tricks folder (on disk and our ftp site) for 
other readers to browse. 

PIC A NUMBER 
Dear EPE, 
I stopped buying electronics magazines 

(including EPE) a couple of years ago, when 
pressures of work meant that my hobby had to 
take a back seat. At work (and home) I develop 
real-time embedded software, with the 
Microchip PIC being my most common target. I 
was therefore very interested to see the dedica-
tion that EPE has been giving to this range of 
microcontrollers and bought the August 2002 
edition. With an almost total lack of UK publi-
cations covering embedded programming from a 
hobbyist's perspective this is a refreshing 
change. 

Having some interest in low power/low cost 
design, I would like to make a few comments 
about John Becker's PIC World Clock. From a 
purely hardware perspective, the 78L05 regula-
tor, while cheap, has a very high quiescent cur-
rent (3mA to 5mA). Micropower 5V regulators 
are easily available with tiny quiescent currents 
at reasonable price. 
The 7660 used to derive the negative bias 

voltage for the 1.c.d. could be dispensed with. 
The PIC contains two CCP modules that 
could be used in PWM mode with a charge 
pump to generate the required negative volt-
age. By extending the low power techniques, 
such as switching the 1.c.d. off when not 
required, using a very low speed clock, and 
letting the PIC "sleep" as much as possible, 
the unit could be probably be economically 
used on batteries only. Perhaps a future 

article could cover this aspect of PIC 
programming? 

Finally, although John performed an excel-
lent job in exploring the mysteries of code 
pages, and the use of large lookup tables, the 
16F87x range have the ability to read and 
write their own program memory via a set of 
special function registers with no paging 
issues. This, combined with being able to 
store 14 bits per program word means that 
RETLW is almost redundant in this type of 
application. 
Keep up the excellent work, I will certainly be 

buying a copy more regularly. 
Mike Rigby-Jones, 

via email 

Thanks for your comments, Mike. I take 
your point about the regulator but with the 
¡c.d. drawing about 18mA or so, the 78L05 
consumption I felt to be insignificant in com-
parison, hence the recommendation of the 
mains adaptor. Using Sleep etc I experiment-
ed for some time but even when supposedly 
"quiescent" this 1.c.d. still draws the same 
current. 

Yes, thanks, someone else has also made sim-
ilar comments about accessing large tables - I 
live and learn and fresh input is always wel-
come. And. yes, I know and have used the PICs 
in negative voltage generation, but the useful 
voltage I've found to be only about —3.5V. 
Glad you've re-found us — and appreciate our 

PIC emphasis! 

AUTOS WITCH 
I have recently finished Max Horsey's Infra-

red Autoswitch (July '02) and it worked like a 
dream, many thanks for that. 
I have a query though: after turning on the 

power I hear the "click", the bulb stays on for 
seven seconds because I haven't cut the wire 
from P1 and P2 yet. After a few hours I decided 
I wanted the autoswitch to turn off after only one 
minute or so. When I turned off the power and 
opened the box I noticed that the transformer 
was really hot to touch. Is this normal? I have 
used everything that you said to use and I am 
using a mains bulb rated at 35W. 

Kevin Parr, via email 

Kevin's email was forwarded to Max Horsey, 
who replied: 

The lamp used makes no difference and the 
capacitor is not a problem either. The trans-
former is a type which is designed to run hot, so 
providing that the temperature is not excessive, 
e.g. liable to melt the case, then all is well. 

In my prototypes, the outside of the plastic 
case is warm to the touch and the transformer 
inside is hot (do not open the case whilst still 
connected to the mains!). The transformer is 
self-protected and — according to the supplier — 
can be short-circuited without permanent dam-
age. Feel the outside of the case — it should be 
warm, but not uncomfortable. 

Max Horsey, via email 

PIC TRAINING COURSES 
Dear EPE, 
We are looking for a course (or courses) for 

training our engineers in the use and programming 
of PIC microcontrollers. Microchip (UK) and 
Bluebird (Nigel Gardener) offer limited courses 
but we were wondering if you were aware of any 
held at technical colleges/universities etc. Any 
help you can give us would be appreciated. 
Dave Williams, Taylor Studwelding Systems, 

Dewsbury, W.Yorks, by email 

We don't know of any PIC courses as such 
Dave, but you might find my PIC Tutorial of 
interest — many people have learned PICs 
through it (and one even got a job through hav-
ing done so). Originally published in Mar-May 
'98, it is now available in an upgraded version 
on CD-ROM as Assembly for PICtnicro V2, 
plus its own greatly enhanced development 
boa ni. Both are advertised in any recent issue of 
EPE, including this one of course. 

PIC ALTIMETER 
Dear EPE, 
I need the PIC Altimeter design by John 

Becker from your magazine of Sept ' 98. How 
can I have the diagram sent by email? 

Ghazi Issa, by email 

So sorry but we can never send back issues or 
their diagrams by email, or fax. Back issues can 
be bought either from our Online shop at 
www.epemag.wimborne.co.uk/shopdoor.htm. 
or from the Editorial office, prices as quoted on 
the site and in current issues. You can also 
download recent issues from our EPE Online 
site at www.epemag.com. 
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BOUNTY UNSNAGGED 
Dear EPE, 
Two potential constructional hitches have 

come to my attention with regard to my EPE 
Bounty (Oct '02). The design as it stands is with-
out problem as far as I am aware, and performs 
very well, but this note is meant for trouble-
shooting. Firstly, there might be what appears to 
be ground effect as the detector is swung this 
way and that over the ground. In fact this is 
almost sure to be a loose p.c.b. inside the case. 
Once everything is secured inside the case, the 
problem is solved. Even very slightly loose parts 
inside could affect performance. 

Secondly, depending on how the circuit was 
set up, and how the coil was wound and set, tun-
ing might in some cases seem far too "sharp". 
This would not normally be the case, but to 
"soften" the tuning if required, wire a 2M2 resis-
tor (or perhaps 4M7, for only slight "softening") 
between ICI pins 1 and 5. Further, a 10k resis-
tor may be wired in parallel with potentiometer 
VR3. Sensitivity is then best with a moderately 
fast crackle. Happy hunting. 

Thomas Scarborough, 
via email 

Thanks Thomas, your simple solutions are 
now well publicised! 

SERIAL PIC TRAINING 
Dear EPE, 
Have you ever run tutorials regarding RS232 

serial communications related to PIC microcon-
trollers, or indeed just RS232 tutorials as stand-
alone? EPE is a good magazine, I always buy a 
copy for long train journeys. Thanks. 

Peter Hale, 
via email 

No we haven't Peter, but the PIC16F87x 
series offer RS232 serial input/output and I've 
just recently proved that the MAX232 RS232 
chip interfaces well with it. My 8-Chan Data 
Logger of Aug/Sep '99 shows how the PIC can 
output serial data, although it does not use the 
MAX232. However, my forthcoming Earth 
Resistivity Logger does use RS232 with the PIC 
and the Windows software. It will be published 
early next year: 

Back issues for the '99 Logger are available 
from our Online shop or Editorial office. 

Thanks for your kind comments - nice to 
know you are being suitably kept on track! 

MAKING P.C.B.S 
Dear EPE, 
I have followed John Becker's PIC articles for 

some years and find them a valuable source of 
ideas. He produces PIC p.c.b.s month after 
month, would he mind sharing with me how he 
produces them? I have no problems with the 
single-sided artwork but getting the image on 
the copper is another matter. 

Jim Fell, 
via email 

Well Jim, back in the late '80s I acquired an 
early version of EasyPC which I continue to use 
for the p.c.b. artwork etc, and from it print out to 
an ink-jet printer onto Overhead Projection film 
(OHP) which comes from PC World. I then use 
pre-sensitised copper clad laminate, expose the 
OHP onto it as a contact print in a UV exposure 
unit, develop the image in dilute caustic soda 
and then etch in a heated bubble tank with ferric 
chloride. 

After which I drill the board using an 18,000 
r.p.m. drill press using tungsten carbide 0-8mm 
drill bits for most components, but ¡min for ter-
minal pins for off-board wiring. It all typically 
takes about half an hour from printout to com-
pletion of drilling, depending on board size. 

The UV exposure unit, etch tank and drill 
press are professional items I still have from my 
business days. There are low cost equivalents 
around, though, from a variety of sources, 
although I cannot offer opinions on their quality. 
Do a web search via www.google.com. 

POSITIONING MATTERS 
Dear EPE, 
I have just started to make the Guitar Practice 

Amp as featured in EPE Feb '02. I have just got 
the resistors needed to make it, but they were all 
put in a bag and I don't know which one has 
which value. Would I be right in thinking it will 
affect the whole thing by not putting them in the 
right hole, or doesn't it matter? 

Thom Costall, via email 

It very much matters, Thom, which compo-
nents go where and it is essential that you get the 
positioning of the types and their values right. 
As you appear to be a total novice I recommend 
that you do not assemble this project without 
advice from someone who already knows about 
electronics. 

To learn more about the essential basics of 
electronics, I recommend that you study my 
Teach-In 2000 series of articles - they will give 
you much of the information you need, starting 
right at the beginning - how to identify resistors 
by the colour codes. The 12 articles (a year's 
worth) are available on CD-ROM as stated in 
any recent issue of EPE - see the Direct Book 
Service pages. We wish you well in your new-
found interest in electronics. 

ENCOURAGING PICS 
Dear EPE, 
It occurred to me that a lot of your readers or 

papershop browsers may be put off PIC projects 
purely from a cost point of view. I retired some 
time ago and understand this well. It is actually 
surprising how little you need to spend to get 
started. 

Obviously the first requirement is a PC, 
preferably with internet connection. Next are the 
development tools - Microchip's MPLAB is an 
obvious starting point and it's free, and while 
there are expensive programmers on sale, there 
are many inexpensive'ones available - one web 
site worth browsing is at http://people.man.ac. 
uld-mbhstdj/piclinks.html. 

Thanks for your September issue's PIC Trick 
- excellent, my problem is finding the time to fit 
in the projects between the DIY and the garden-
ing and the shopping and the . . . 

Les Clarke, 
Redditch, Worcestershire, 

via email 

Many thanks Les for your comments and sup-
port of PICs! In fact we are not aware of people 
considering PIC programming to be expensive. 
They seem to appreciate as you do that costs are 
pretty minimal. 

ANCIENT MORSE 
Dear EPE, 
I have just come across an old project of John 

Becker's, PE July 1990, the Analogue Morse 
Reader. The p.c.b. has all components fitted 
except the 1.c.d. and the i.e. holders, I even have 
an EPROM that I programmed. 
I think the reason it was never completed was 

that I was moving house at the time and also 
seem to remember the cost of the 1.c.d. modules 
were quite expensive. Will I be able to use the 
same 1.c.d. that I now use with your TK3 pro-
grammer? The original I.c.d. needed a negative 
supply for the contrast, the one I have does not, 
that seems the only difference. 

Colin Manklow, 
via email 

Goodness Colin, that's from a thousand 
years ago, and a different universe. My mem-
ory is far too faded with the years to recall the 
detail. In general, though, alphanumeric 
Lc.d.s of any standard type are interchange-
able if the contrast adjustment is amended to 
suit the type, but otherwise no changes should 
be necessary. To replace an 1.c.d. that needs a 
negative supply by one that does not only 
requires the contrast pin to be taken via the 
preset potentiometer to OV instead of the neg-
ative line. 

Whilst some years ago it seemed necessary 
to specify that the 1.c.d. should have a certain 
"compatibility" characteristic (I forget the 
details), this subject has not raised its head 
for at least four or five years and so far as I 
am aware all alphanumeric ("intelligent") 
l.c.d.s available on the hobbyist market are 
equally compatible and interchangeable as 
regards the main controlling chip that's built 
into them, and thus the code that controls 
them. 
Have said that, though, treat my historical 

design as just that - history! My recent PIC-
based one is far better (Sept '02). 

TUTORIALS ON AIR 
Dear EPE, 
I would be very grateful if you could give me 

some advice regarding your EPE PIC Tutorial 
as published in the Mar-May '98 editions. I have 
assembled the kit and p.c.b. from Magenta and 
after testing all seems fine. My problem is when 
I try to do the first test on the demonstration 
disk, e.g. tasm -1684 -b tuttest.asm, I get the 
error message "Bad command or file name". I 
have followed John's advice to the letter but 
can't get passed this problem. Any advice would 
be greatly appreciated. 

Ray Jones, 
via email 

I advised Ray to make sure all the files were 
in the same folder on his hard drive and then 
make sure he correctly typed the command. Ray 
then responded: 

Thank you for your email and advice, the 
software is now responding and I'm very 
grateful. I'm walking on air now the problem 
is solved! 

AERIAL GUITAR? 
Dear EPE, 
I am entering second year in electronic 

engineering in Galway, Ireland. This year I 
get to choose my practical project. I was won-
dering after looking through EPE in college if 
you would have a schematic for an aerial 
transmitter-receiver circuit, for use on a gui-
tar. I suppose a frequency range of 80Hz to 
20kHz. Any ideas or help would be much 
appreciated. 

Andrew O'Dowd, 
via email 

Sorry Andrew, we've not done such a design, 
transmitting "sound" generally requires the 
equipment to have type approval and/or be 
licenced. 

For information on modules that are permit-
ted to be used for data transmission at specific 
frequencies that are legally, and internationally 
acceptable without licensing, browse www.rf 
solutions.com. 

Best wishes for your second year! 

BLOOMING WATER! 
Dear Ea., 
Hi from sunny South Africa. I have an algae 

problem with my swimming pool and what 
makes things worse is that I went for a black 
marble plastered pool. The question I have is 
what electronic solutions are available and if so 
where may I obtain a circuit diagram? 

There are a couple of gadgets on the market 
here but are horrendously expensive. Years ago 
(1974) I came across a device that was used to 
ionize the water with amazing results. The prob-
lem is that I need to keep the chlorine level high 
and I think it is not healthy. Any ideas I am will-
ing to try. 

Dave Liddle, 
via email 

It's not something we know about Dave, but 
perhaps some Readout readers might be able to 
help. Have you tried searching the Web for info? 
If not, try searching via www.google.com - it's 
an excellent search engine. 
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Learn About Microcontrollers NEW 32 bit PC Assembler 
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PIC Training & Development System 
The best place to start learning about microcontrollers is the PIC16F84. This is 
easy to unoerstand ano very popular with construction projects. Then continue on 
using the more sophisticated PIC16F877 family. 
The head of our system is a real book which lies open on your desk while you 

use your computer to type in the programme and controf the hardware. Start with 
four very simple programmes. Run the simulator to see how they work. Test them 
with real hardware. FoMow on with a iiee theory 

Our complete PIC training and development system consists of our universal 
mid range PIC programmer, a 306 page book covering the PIC16F84, a 262 page 
book introducing the PIC16F877 family, and a suite of programmes to run on a 
PC. The module is an advanced design using a 28 pin PIC16F872 to handle the 
timing, programming and voltage switching requirements. The module has two 
ZIF sockets and an 8 pin socket which between them allow most mid range 8, 18, 
28 and 40 pin PICs to be programmed. The plugboard is wired with a 5 volt supply. 
The software is an integrated system comprising a text editor, assembler 
disassembler, s'mulator and programming software. The programming is 
performed at normal 5 volts and then verified with plus and minus 10% applied to 
ensure that the device is programmed with a good margin and not poised on the 
edge of failure. Requires two PP3 batteres which are not supplied. 

Universal mid range PIC programmer module 
+ Book Experimenting with PIC Microcontrollers 
+ Book Experimenting with the PIC16F877 (2no edition) 
+ Universal mid range PIC software suite 

 + PIC16F84 and PIC16F872 test PICs. . . . . . £157.41 
UK Postage and insurance  £ 7.50 
(Europe postage & Insurance. . £13.00. Rest of world. . £24.00) 

Experimenting with PIC Microcontrollers 
This book introduces the PIC16F84 and PIC16C711, and is the easy way 
to get started for anyone who is new to PIC programming We begin with 
four simple experiments, the first of which is explained over ten and a half 
pages assuming no starting knowledge except the ability to operate a 
PC. Then having gained some practical experience we study the basic 
principles of PIC programming, learn about the 8 bit timer, how to drive 
the liquid crystal display, create a real time clock, experiment with the 
watchdog timer, sleep mode, beeps and music, including a rendt'on of 
Beethoven's Fúr Elise. Finally there are two projects to work through, 
using the PIC16F84 to create a sinewave generator and investigating the 
power taken by domestic appl'ances. In the space of 24 experiments, two 
projects and 56 exercises the book works through from absolute 
beginner to experienced engineer lev. 

Ordering Information 
Telephone with Visa, Mastercard or Switch, or send cheque/PO for 
immediate despatch. All prices include VAT if applicable. Postage must be 
added to all orders. UK postage £2.50 per book, £1.00 per kit, maximum 
£7.50. Europe postage £3.50 per book, £1.50 per kit. Rest of World £6.50 per 
book, 2.50 per kit. 
Web site:- www.brunningsoftware.co.uk 

Experimenting with PC Computers with its kit is the 
easiest way ever to learn assembly language 
programming. If you have enough intelligence to 
understand the English language and you can operate 
a PC computer then you have all the necessary 
background knowledge. Flashing LEDs, digital to 
analogue converters, simple oscilloscope, charging 
curves, temperature graphs and audio digitising. 
Kit now supplied with our 32 bit assembler with 84 page 
supplement detailing the new features and including 
7 experiments PC to PIC communication. Flashing 
LEDs, writing to LCD and two way data using 3 wires 
from PC's parallel port to PIC16F84. 

Book Experimenting with PCs £21.50 
Kit la 'made up' with software  £52.00 
Kit lu 'unmade' with software  £45.00 

C & C++ for the PC 
Experimenting with C & C++ Programmes teaches us to 
programme by using C to drive the simple hardware 
circuits built using the materials supplied in the kit. The 
circuits build up to a storage oscilloscope using 
relatively simple C techniques to construct a 
programme that is by no means simple. When 
approached in this way C is only marginally more 
difficult than BASIC and infinitely more powerful. 
C programmers are always in demand. Ideal for 
absolute beginners and experienced programmers. 

Book Experimenting with C & C++ £24.99 
Kit CP2a 'made up' with software  £32.51 
Kit CP2u 'unmade' with software £26.51 
Kit CP2t lop up' with software  £12.99 

The Kits 
The assembler and C & C++ kits contain the prototyping 
board, lead assemblies,components and programming 
software to do all the experiments. The 'made up' kits 
are supplied ready to start. The 'top up' kit is for readers 
who have already purchased kit la or lu. The kits do 
not include the book. 

Hardware required 
All systems in this advertisement assume you have 
a PC (386 or better) and a printer lead. The experiments 
require no soldering. 

Experimenting with the PIC16F877 
The second PIC book starts with the simplest of experiments to 
give us a basic understanding of the PIC16F877 family. Then we 
look at the 16 bit timer, efficient storage and display of text 
messages, simple frequency counter, use a keypad for numbers, 
letters and security codes, and examine the 10 bit A/D converter. 

The 2nd edition has two new chapters. The PIC16F627 is 
introduced as a low cost PIC16F84. We use the PIC16F627 as 
a step up switching regulator, and to control the speed of a DC 
motor with maximum torque still available. Then we study how to 
use a PIC to switch mains power using an optoisolated triac 
driving a high current triac. 

Mail order address: 

&running Software 138 The Street, Little Clacton, Clacton-on-sea, 
Essex, C016 9LS. Tel 01255 862308 
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Regular Clinic 

CIRCUIT 
SURGER 
ALAN WINSTANLEY  
and IAN BELL 

Our team of "surgeons" describe methods for measuring high side and low side currents using 
op.amps, and we explain the basic differences between some common electric motors. 

Current Sensing Techniques 
Last month we looked at a question aris-

ing from our ten-part educational series 
Teach-In 2002 (EPE Nov. '01 to Aug. '02) 
concerning "shift and amplify" circuits 
working from a single supply. We continue 
on a similar theme with a question from 
David Ardis on the use of differential 
amplifier circuits for current measurement. 

"Teach-In 2002 Fig.5.16 shows a differ-
ential amplifier test circuit. 1 have built this 
circuit and used it to measure current. Is it 
possible to use an op.amp without having a 
negative 12V rail e.g. from a battery, and if 
so what modifications have to be made?" 

The circuit to which David refers is an 
op.amp differential amplifier circuit, as 
shown in Fig. 1. We can use this circuit to 
measure current (I) by amplifying the volt-
age dropped across a known (and usually 
small) sense resistance, Rs, as shown in 
Fig.2. 
The voltage output of the amplifier is 

proportional to the current in the sense 
resistor and could be used to drive a suit-
ably calibrated voltmeter, or be connected 
to an analogue-to-digital converter to make 
the measurement. In other typical uses it 
could be connected to a control circuit to 
regulate the current, or to a comparator to 
trigger a current limiter. 
This arrangement is known as high side 

current measurement because it can be 
used to measure current without requiring 

Fig. 1. Differential amplifier (split 
supplies). 

the sense resistor to be connected to 
ground — i.e. the "low side" of the voltage 
source producing the current. 
The sense resistor must usually be small 

so that it does not upset the circuitry being 
monitored, however, the smaller the resis-
tor (and hence voltage drop) the more 
difficult (error and noise prone) the mea-
surement becomes. For high current 
measurements, power dissipation in the 
sense resistor can lead to heating and mea-
surement drift. As usual a suitable compro-
mise must be sought when selecting Rs. 
Hence, Rs does not have to be a resistor; it 
could be a piece of wire or even a p.c.b. 
copper track (trace). 

Fig.2. Principles of "high side" current 
measurement. 

On The Low Side 
For low side current sensing — where one 

end of the sense resistor is connected to 
ground — we can use a single-input, rather 
than differential, amplifier. However, a 
good differential amplifier will provide a 
more accurate measurement if, as is often 
the case on circuit boards, the ground volt-
age varies. The problem of "ground 
bounce" was discussed in Teach-In 2002 
and also previously in Circuit Surgery. A 
low side current measurement circuit using 
a differential amplifier is shown in Fig. 3. 
At this point we must also remind you 

that the common mode rejection ratio 
(CMRR) of the circuit in Fig. 1 is poor, or, 
more specifically, it is highly dependent on 

the sense resistor accuracy. The differential 
amplifier's output should depend only on 
the voltage drop across the sense resistor, 
but the voltage at the sense resistor appears 
as a common mode input to the amplifier. 
If the CMMR is poor this voltage will 
influence the amplifier's output, distorting 
the current measurement. 
The use of ordinary five per cent or ten 

per cent carbon film resistors in the differ-
ential amplifier circuit will lead to very 
poor common mode rejection. You need 
0.01% resistor accuracy to get just 86dB of 
CMRR with a prefect op.amp! In an exper-
imental situation you could adjust the 
resistor values to maximise the CMRR, but 
you would have to take care to ensure that 
values did not drift. 

Custom Chips 
A much better solution is to use a differ-

ential amplifier i.c. that has built-in accu-
rate resistors, such as the MAX4198 and 
MAX4199 from Maxim. Special "high 
side" current measurement chips are also 
available, for example the MAX471 and 
MAX4372. Note that the MAX472 is a 
current-sense amplifier for battery equip-
ment whose sense range is set by an exter-
nal resistor. You can view data sheets and 
some useful application notes for current-
sense i.c.s at www.maxim-ic.com. 

Fig.3. Principle of "low side" current 
measurement. 
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The differential amplifier in the 
circuits shown here may also be 
replaced by an instrumentation 
amplifier for better performance, 
either built using discrete op.amps 
or better using a dedicated instru-
mentation amplifier Lc. 
In answer to David's question 

about using a single supply, things 
are actually easier here than the 
situation we discussed last month. 
As we are using a differential 
input, one side does not have to be 
referenced to ground. 
The circuit shown in Fig.1 can 

be modified by using the "half-
supply rail generator" we showed 
last month (p.790) to generate an 
"earth" to connect to the earthy 
end of resistor R2 (i.e. the point 
indicated by the earth/ground 
symbol in Fig.1). See Fig. 4 for an 
example of the kind of circuit 
arrangement you might try. 
One aspect you have to watch 

out for is the common mode input 
range of the op.amp as illustrated in Fig. 4. 
The high side sense resistor Rs has one ter-
minal connected to the power supply rail, 
and by virtue of the small voltage drop 
essential to prevent this resistor interfering 
with the measurement, the other side of Rs 
will be at almost the same voltage. 
This means that the op.amp's common 

mode input voltage is about equal to the 
supply voltage. Not all op.amps work hap-
pily under such conditions so this is some-
thing you must check when selecting an 
op.amp for this task. 
The manufacture's data sheet will detail 

the acceptable common mode input range. 
Special high side current monitoring i.c.s 
are, of course, designed to cope with large 
common mode input voltages. IMB. 

Motor Mania 
What is the purpose of the capacitor usu-

ally found clipped to the body of most sin-
gle-phase a.c. motors? asks Gerard Galvin 
by email. 

Whilst the application and repair of 
electric motors is a topic in itself, and 
much of it is outside the scope of EPE, it's 
worth summarising some of the different 
types of electric motor that are in 
common use. 
We all know how transformers work: 

briefly, they have a primary coil of copper 
windings which is magnetically coupled to 
a secondary winding, into which a voltage 
is induced. The motor effect relates to the 
motion of a conductor in the presence of a 
magnetic field, and is described in 
Flerning's Left Hand Motor Rule. 

In the example of an induction motor, a 
series of electric coils is used to create a 
magnetic field around the motor. These 
windings are physically static and cannot 
move, so they are termed stators. In the 
centre of the motor is the shaft, which is 
part of the rotor. 
There is no direct electrical connection to 

the spinning rotor. In order to make the 
motor spin round, the magnetic fields in 
the stator cause a field to be induced into 
the rotor, which is magnetically dragged 
and pushed around, so the rotor is forced 
to spin and drive a load. This is why an 

Fig.4. Circuit to illustrate common input voltage when using 
single supply differential amplifier for high side current 
measurement. 

induction motor can only operate on alter-
nating current and not a direct current. 

In A Spin 
The number of pairs of electromagnetic 

"poles" in the motor determines the overall 
speed of operation. If only one pair of poles 
were present in the motor circuit, then run-
ning on a UK supply of 50Hz frequency, one 
full revolution of the motor would occur 
every second, implying a fixed speed of 
3,000 revolutions per minute (or 3,600 r.p.m. 
where there is a 60Hz supply). If it were, say, 
a four-pole motor, then it would travel half a 
revolution per second, so its speed would be 
1,500 r.p.m. and so on. 
Hence, it is not the voltage but the supply 

frequency and the number of poles that 
ultimately determines the speed of such 
motors. This answers a very common 
query — how to control the speed of an a.c. 
motor as used in, for example, a bench 
grinder? The answer is really not by drop-
ping the voltage but by changing the fre-
quency instead. 
However, many items of equipment are 

not designed for running at less than full 
speed otherwise they will stall under load 
and overheat due to excessive induction 
currents. It is potentially dangerous to 
overload an induction motor in this way. 

Squirrel Cage 
Depending on the design, the rotor may 

be solid steel or it may contain laminations 
with copper windings, copper bars or per-
manent magnets. The term "squirrel cage" 
relates to the use of thick copper loops as a 
cage of "windings" in a steel or iron rotor. 
A heavy current is induced in them by 

the stator, which creates a magnetic field in 
the rotor and causes the rotation. The actu-
al design of the rotors and how to control 
the magnetic fields is a science in itself and 
will not be discussed further here. 
Note that in practice, they are most effi-

cient (i.e. generally producing the least heat 
with optimal output torque) at 90 to 95 per 
cent of the applied synchronous frequency. 
Induction motors inherently run at a speed 
very slightly less than the stator's a.c. mains 
frequency or synchronous speed. 
The term "slip" is used to describe the 

difference between the speed of the stator 

frequency and the rotor speed. A 
squirrel cage motor inherently 
exhibits some slip when running. 
If the rotor frequency matched the 
stator frequency • (synchronous 
mode) then there would be no 
output torque at all, so some 
"slip" is essential. 

Making A Start 
One inherent problem with 

induction motors, such as the sin-
gle-phase type used in a domestic 
garden vac/shredder, is how to 
start the machine to begin with, 
because at zero revs there is no 
torque available. Induction 
motors do not self-start, so some-
thing is needed to "kick start" 
them into operation by giving 
them a gentle spin, after which 
they will spin up to full torque. 
A common way of starting 

them is to use a large capacitor in 
series with a separate auxiliary or 
starting winding fitted within the 

stator. The capacitor reduces the starter 
winding's inductive reactance, and as the 
starter winding current leads the main sta-
tor winding current by anything up to 90 
degrees, this difference in phase during 
start-up makes the motor turn over and 
start, after which the capacitor-start wind-
ing is switched out of circuit. Other types 
of capacitor-started motors are available 
(capacitor-run or a combination) each with 
their own characteristics. 

If you have ever taken a fan heater or 
record turntable to bits you will have seen 
a small squirrel-cage motor that has a 
number of copper bands spot-welded into 
the steel lamination body. Strange! These 
"windings" start the motor by masking, in 
a crude way, part of the stator field. This 
creates a primitive permanent starter wind-
ing that shades part of the main pole — so 
it's known as a shaded-pole motor 
These are very common as they are 

cheap to make and quiet in operation but 
their efficiency is poor. Again, you cannot 
control their speed by adjusting the 
applied voltage: it is the number of poles 
and frequency that matters. 
Many types of larger induction motor 

have a fan running on the rotor to help 
with cooling. A transmissions engineer 
once advised me that such motors should 
never be run at much less than 85% of 
their designed speed, because the point 
will be reached where they are generat-
ing heat more quickly than the fan's rota-
tion can dissipate it, so the motor will 
overheat. 
Some extremely sophisticated and expen-

sive motor controllers are available for 
commercial use but these are well beyond 
the scope of the average constructional pro-
ject. The Synchronous Clock Driver project 
(EPE Sept. '01) is an example of a PIC 
microcontroller design which shifts the fre-
quency of very small mains synchronous 
motors to run at either 50Hz or 60Hz: it was 
originally designed so that American elec-
tric clocks could be operated from the UK 
50Hz supply. ARW 

Next month: The differences in a num-
ber of other common motor types will be 
outlined. You can email the writers at 
alan@epemag.demon.co.uk. 
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE 

Circuit simulation screen 

ELECTRONICS CD-ROMS 
ELECTRONICS PROJECTS 

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 8( COMPONENTS V2.0 
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, GNVQ, 
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 
—411  
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• 

Complimentary output stage 

Virtual laboratory — Traffic Lights 
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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 

.....•••••••• 

Filter synthesis 

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 circui" schematcs. 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) which uses 
unique animation to show the operation 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. 

ROBOTI1CS 
MECHATRONICS 

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. 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: 

(Order form on third page) 

Hobbyist/Student £45 inc VAT 
Institutional (Schools/HE/FE/Industry) £99 plus VAT 
Institutional 10 user (Network Licence) £199 plus VAT 
Site Licence £499 plus VAT 
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PlCmicro TUTORIALS AND PROGRAMMING 
HARDWARE 

VERSION 2 PlCmicro MCU 
DEVELOPMENT BOARD 

Suitable for use with the three software packages 
listed below. 

This flexible deveiopment 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 ND converters 
• Fully protected expansion bus for project work 
• All inputs and outputs available on screw terminal 

connectors for easy connection 

£145 ncluding VAT and postage 

12V 500mA plug-top PSU (UK plug) £7 

25-way ' D' 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 P1C16F84 
microcontroller on-screen. Using this you 
can actually see what happens inside the 
PlCmicro MCU as each instruction is 
executed which enhances understanding. 
• 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. 

Virtual PlCmicro 

'C' FOR PlCmicro 
VERSION 2 

The C for PlCmicro microcontrollers CD-
ROM is designed for students and 
professionals who need 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 PiCmicro 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 Environment • Includes 
MPLAB software • Compatible with most 
PlCmicro programmers • Includes a 
compiler for all the PlCmicro devices. 
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Minimum system requirements for these 
items: Pentium PC running Windows 98, 

NT, 2000, ME, XP: CD-ROM drive; 
64MB RAM; IOMB hard disk space. 

FLOWCODE FOR PlCmicro 
•=lowcode is a very high level language 
programming system for PlCmicro 
-nicrocontrollers based on flowcharts. 
Flowcode allows you to design and simulate 
complex robotics and control systems in a 
matter of minutes. 
Flowcode is a powerful language that uses 
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 control these 
electronic devices without getting bogged 
down in understanding the programming 
involved. 
Flowcode produces MPASM code which is 
compatible with virtually all PiCrricro 
programmers. When used in conjJnction 
with the Version 2 development board this 
provides a seamless solution that aliows 
you to program chips in minutes. 
• Requires no programming experience • 
Allows complex PlCmicro applications to be 
des,gred quickly • Uses international 
standard flow chart symbols (IS05807) • 
Full on-screen simulation allows debugging 
and speeds up the development process 
• Facilitates learning via a full suite of 
demonstration tutorials • Produces ASM 
code for a range of 8, 18, 28 and 40-pin 
devices • Institutional versions include 
virtual systems (burglar alarms, car parks 
etc.). 

• ee• 

• • le • 

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) 
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TEACH-IN 2000 - LEARN ELECTRONICS WITH EPE DIGITAL WORKS 3.0 

EPE's own Teach-In CD-ROM, contains 
the full 12-part Teach-In series by John 
Becker in PDF form plus the Teach-In 
interactive software covering all aspects 
of the series. We have also added Alan 
Winstonley's highly acclaimed Basic 
Soldering Guide which is fully illustrated 
and which also includes Desoldering. 
The Teach-ln 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 
Amplifiers, Transistors, Transformers and 
Rectifiers, Voltage Regulation, Integration, Differentiation, 7-segment Displays, L.C.D.s, 
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 tne various circuits. 
A hands-on approach to electronics with numerous breadboard circuits to try out. 

£12.45 including VAT and postage. Requires Adobe Acrobat (available free from 
the Internet - www.adobe.com/acrobat). 

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 

ELECTRONICS IN CONTROL 
Two colourful animated courses for students on one CD-ROM. These cover Key Stage 3 and GCSE syilabuses. Key 
Stage 3: A pictorial look at the Electronics section featurng animations arid video clips. Provides an ideal introduction 
or revision guide, including multi-choice questions with feedback. GCSE: Aimed at the Electronics in many Design & 
Technology courses, it covers many sections of GCSE Electronics. Provioes ar ideal revision guide with Homework 
Questions on each chapter. Worked answers eith ar access cone are provided cn a special website. 

Single User £29 inc. VAT. Multiple User £39 plus VAT 
Student copies (available only with a multiple user copy) £6 plus VAT 

(UK and EU customers add /AT at 17.5% to -phis 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 oasic understanding of circuit symbols to 
design and build their own projects. Version 3 includes data and circuit modules for a range of popular PICs; includes 
PICAXE circuits, the system which enables a PIC to be programmed without a programmer, and without removing it 
from the circuit. Shows where to obtain free software downloads to enable BASIC programming. 
Essential information for anyone undertaking GCSE or "A" level electronics or technology and for hobbyists who want 
to get to grips with project design. Over seventy different Input, Processor and Output modules are illustrated and fully 
described, together with detailed information on constructior, fault finding and components, 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) 
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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 

111111PP, 
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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: 

[] Electronic Projects 
El Electronic Circuits & Components V? 0 
I] Analogue Electronics 
[I] Digital Electronics V2.0 
LI Filters 
Li Electronics CAD Pack 
Ej Robotics & Mechatronics 
II) Assembler for PlCmicro 
• 'C' for PlCmicro 
D Flowcode for PlCmicro 
D Digital Works 3.0 

CD-ROM ORDER FORM 

Version required: 
El Hobbyist/Student 
E Institutiona, 
Ej InslitutionaL 10 user 
D Site licence 

VISA 

D PlCmicro Development Board (hardware) 
11 Development Board UK plugtop powa' supply 

ID Development Board 25-way connecting lead 

D Teach-In 2000 + FREE BOOK 

D Electronic Components Photos 
D Electronics In Control - Single User 
D Electronics in Control - Multiple Use' 
D Modular Circuit Design - Single User 
LI Modular Circuit Design - Multiple User 

Full name: 

Note: The software on each version is 
the same, only the licence for use vares. 

11. 4,0,C An 0 

Address:   

 Post code: .Tel. No:   

Signature:   

Ill I enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £   

D 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.uk/shopdoor.htm 
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Special Feature 

ELECTRONIC 
PAPER 
IAN GRAHAM  

After more than 20 years of research, 
manufacturers seem to have cracked the 
problem of making electronic paper. 

p
APER'S been around for about 3,000 
years, give or take a century or two. 
We've been writing on it for most of 

that time and printing on it for over a thou-
sand years. Even now, at a time when 
everything seems to be going digital, we 
still read most of our news, articles and 
fiction in the form of ink on paper. 

Scientists have tried for decades to pro-
duce an electronic form of paper — a paper-
thin, flexible sheet on which electronically 
generated text or images can be displayed 
— in effect, the thinnest and most flexible 
electronic screen ever made. That is quite a 
tall order, but researchers seem finally to 
have solved the problems. 

Electronic Ink 
The key development is an electronic 

ink that can be printed onto thin sheets of 
material and that changes colour in an 
electric field. Two companies have come 
up with slightly different ways of doing it. 
One solution being investigated by E-

Ink is for an ink made from millions of 
spherical microcapsules, each no thicker 
than a human hair. About 155,000 of them 
could squeeze into a square centimetre. 
The full-stop at the end of this sentence 
would contain about 30. 

Each capsule contains microscopic par-
ticles suspended in a clear liquid. Half of 

Cross-section of the charged E-ink 
microcapsule. 

the particles are one colour and half are a 
different colour — black and white for a 
monochrome display. Their electrical 
properties are different too. The white par-
ticles are positively charged and the black 
particles are negatively charged. 
The ink is sandwiched between two 

electrodes, the top one transparent of 
course. When an electric field is applied to 
the whole sheet so that the top electrode is 
negative, the white particles are attracted 
to the top of the capsules and the black are 
drawn down to the bottom. The sheet turns 
white, like a blank sheet of paper. 

Reversing the polarity of the field 
applied to some parts of the sheet brings 
the black particles up to the top and 
makes the white particles sink. Those 
parts of the sheet turn black. It is not hard 
to imagine that if the capsules are manip-
ulated with sufficiently fine control, the 
sheet can display text or images, or both. 
Plus, they are as sharp and bright as if 
they'd been printed. 

Colourful Beads 
Developed at Xerox and to be marketed 

by Gyricon Media, the second electronic 
ink uses millions of tiny beads with a dif-
ferent colour on each side. The two sides 
carry opposite electric charges. The beads 
are sandwiched between two electrodes as 
before. They sit in cavities within the 
material. Flipping the applied electric field 
makes the beads rotate to show a different 
colour. 

Unlike conventional displays, it is 
claimed that images on electronic paper 
can be viewed clearly over a very wide 
angle in reflected light, just like a printed 
image. But what if the batteries run flat? 
Do the pages go blank? 

No. Images created with electronic ink 
stay put until it's time to change them. 
They draw current from the batteries only 
when the image is changed. A program-
mable electronic ink display will run for 
up to two years on three AA batteries. 
And, without power, the image is 
retained indefinitely. 

Go-anywhere Displays 
These electronic papers are so thin and 

flexible that they can be applied to almost 
any surface — from walls in public places 
and point-of-sale materials in shops to dis-
play panels on all sorts of consumer goods 
(watches, mobile phones, computers, etc). 
They could even be built into clothes! 

Advertising signs have already been 
made using electronic paper and inks. 
Some of them combine programmable 
graphics and/or text overlaid on a tradi-
tionally printed background. 
Some of the applications envisaged for 

electronic paper are pretty neat. Imagine a 
book of electronic paper pages with the dri-
ver electronics built into its spine. Feel like 
reading the latest best-seller? Just download 
it from the Web using a wireless link and 
there it is in black and white, and you can flip 
though the pages as if it was a normal book. 

An electronically charged pencil 
rotates the bichromal beads in a sheet 
of Xerox electronic reusable paper. 

Electronic Notepads 
Xerox and Gyricon Media have also 

demonstrated how to write and draw on 
their electronic paper using a charged pen-
cil. Electronically active surfaces aren't 
new of course. Designers have been using 
graphics tablets for decades. 

However, using a graphics tablet is not the 
same as jotting something down on paper. 
Whatever is written on a tablet doesn't 
appear on the tablet itself, so it is not as nat-
ural and intuitive as writing on paper. 
Writing on electronic paper is much more 
like the real thing. As the pencil slides across 
the electronic paper, its charged tip rotates 
the bichromal (two-colour) beads in the 
paper and changes their colour. 

Looking one step ahead, in theory at 
least, it may be possible to hook up an 
electronic notepad like this with character 
recognition software so that anything writ-
ten on the pad could be fed straight into a 
word processor and saved or emailed. D 
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Constructional Project 

EPE HYBRID 
COMPUTER 
PETROS KRONIS   Part    2   

Real-time computation of complex 
system behaviour is greatly simplified by 
combining analogue and digital processing 
techniques. 

L
AST month the circuit technicalities 
for this design were discussed at 
length, and the initial constructional 

aspects were described. In this final part 
the remaining constructional details are 
presented (see Fig.I 8), plus guidance on 
actually using the design to simulate real-
world engineering problems. 

TESTING 
Before any serious programming is 

attempted it is good practice to carry out 
the following simple testing procedures 
which will help to identify any errors in the 
construction, or problems in the operation 
of the computer. 
The analogue computer is programmed 

by connecting the various processing units 
together via the patch panel. It is necessary 

Oak  

that you familiarise yourself with the 
arrangement of the patch panel. 
The panel layout for one amplifier is 

shown in Fig.19. The layout for the other 
nine amplifiers is the same except for the 
reference voltage socket 7, and the four 
rightmost sockets of the first row of sock-
ets, as indicated in the righthand column. 

Functional notations for the sockets are 
given in Fig.20. 

TESTING THE ADDING 
AMPLIFIERS 
To test the Adding Amplifiers, do it in 

the following order: 
1. Switch all ten amplifiers to Add using 

the amplifier toggle switches, SI and S2. 
2. Switch the power on. 
3. Set up a reference voltage of IV. This 

can be done by connecting a + 15V refer-
ence voltage to the input of any of the 
Coefficient Multiplier potentiometers 
(VR15) and adjusting the dial until the 
potentiometer output reads IV (measured 
using a multimeten. 

4. Apply the IV reference voltage to the 
x I inputs of the amplifiers. Measure the 
amplifier output voltage. It should read IV 
Test all 10 amplifiers in turn. 

5. Repeat the test, applying the IV ref-
erence voltage to the x10 amplifier inputs. 
The amplifier outputs should read 10V. 

INTEGRATING 
AMPLIFIER TESTING 

Test the Integrating Amplifiers in the 
following order: 

1. Switch all ten amplifiers to Integrate 
using the amplifier toggle switches, SI 
and S2. Switch the mode switches to 
Compute/Auto Reset (S3) and 
Compute/Auto Hold (S4). 

2. Make the connection for integration 
with a nose gain of I. i.e. connect socket 6 
to socket 13 (see Fig.19). 

3. Switch the power on. 
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N.B. All unused small holes on 
the two p.c.b.s require the inser-
tion of pins to link the tracks of 
both sides as required. 
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Also note that resistors R8 and 
R9 were omitted from the p.c.b. 
layout in Fig. 17 of Pert 1. They 
should be mounted ir the holes 
between switches S3.1S4 and 
transistors TR1/TR2. 
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Fig. 18. Interconnection wiring diagram. 
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SOCKET 1 

SOCKET 8 

SOCKETS 2 AND 3 

SOCKETS 4 AND 5 

SOCKETS 10. 11 AND 12 

SOCKET 7 

SOCKET 9 

INPUT TO POTENTIOMETER 

OUTPUT FROM POTENTIOMETER 

x1 INPUTS TO AMPLIFIER 

x10 INPUTS TO AMPLIFIER 

AMPLIFIER OUTPUT SOCKETS 

REFERENCE VOLTAGE SOCKET (+15V ON ODD NUMBERED 
AMPLIFIERS, OV ON EVEN NUMBERED AMPLIFIERS 

INITIAL CONDITIONS SOCKET 

WHEN SOCKET 6 IS CONNECTED TO SOCKET 13 THEN THE AMPLIFIER IS INTEGRATING 
WITH A NOSE GAIN OF 1. (WHEN THE AMPLIFIER IS SWITCHED TO ADD*, THESE 
CONNECTIONS SHOULD NOT BE MADE). 

WHEN SOCKET 6 IS CONNECTED TO SOCKET 14 THEN THE AMPLIFIER IS INTEGRATING 
WITH A NOSE GAIN OF 10. (WHEN THE AMPLIFIER IS SWITCHED TO ADD', THESE 
CONNECTIONS SHOULD NOT BE MADE). 

NOTE, THE LAST FOUR SOCKETS ON THE FIRST ROW OF THE PATCH PANEL, (TOP ROW ABOVE AMPLIFIERS A9 AND 
A10) ARE CONNECTED TO PANEL METER ME1, PANEL METER ME2 AND THE LAS 7 TWO TO A REFERENCE VOLTAGE OF - 

Fig. 19. Patch panel socket layout and functions for one amplifier module. 

4. Using potentiometer VR13 adjust the 
sensitivity of panel meter MEI to give 
maximum deflection at +15V and connect 
the amplifier output to the panel meter. 

5. Apply a IV reference voltage (as set 
in the previous tests using VR15) to the xl 
inputs of the amplifier. The output should 
increase linearly at a rate of IV per second 
until the amplifier saturates. The appropri-
ate over-voltage warning I.e.d. (D4) should 
come on as the amplifier saturates. Bear in 
mind that the amplifiers invert the input 
voltage, both when adding and when 
integrating, 

6. If the reference voltage is applied to 
the x10 inputs, the output increases at a 
rate of 10V/s, which is too fast to see 
unless shown on an oscilloscope. If the 
integrator is connected with a nose gain of 
10, i.e. connection of socket 6 to socket 14, 
integration is even faster, by a factor of 10. 

HOLD MODE TESTING 
To test the Hold mode, follow the same 

procedure described in the first four num-
bered paragraphs in the previous test, and 
then: 

1. Before the amplifier saturates, switch 
the Compute/Auto Hold toggle switch (S4) 
to Manual Hold. The processing should 
freeze and the output should remain con-
stant. (Some drift may be present.) 

2. Now switch the 
Compute/Auto Reset toggle 
switch (S3) to Manual Reset. The 
output of the integrators should 
become zero 

PROGRAMMING 
CONVENTIONS 

In the preceding simple exam-
ples, the process of connecting the 
various analogue computer units 
is described in English. However, 
this is not very efficient, or uni-
versally understandable, and pro-

Fig.21. Analogue computer flow diagram example. 

grammers have developed a generally 
accepted code for the description of an 
analogue computer program. 
The program is represented by a flow 

diagram, which is a collection of symbols 
representing the various units of the ana-
logue computer, connected together. The 
symbols used are those given in Fig.5 
(Part 1). 

Using this symbolic convention, the ana-
logue computer flow diagram in Fig.21 
shows two successive integrations by 
amplifiers Al and A2, of a step function of 
IV set up by coefficient multiplier pl. 

Panel meters ME1 and ME2 are used to 
monitor the outputs of amplifiers Al and 
A2 respectively. If we could plot these out-
puts on an X-Y plotter we would find that 
when a step function is integrated the result 
is a ramp function, and when a ramp func-
tion is integrated a square function (x2) is 
the result. 

These results are shown in the circles of 
Fig.21. Note that the amplifiers invert the 
input signals, i.e. a positive step function 
produces a negative ramp function and a 
negative ramp function results in a positive 
square function. 
To set up this program on the analogue 

computer, the patch panel is wired as shown 
in Fig.22. This diagram is not normally 
drawn because a programmer with some 

Fig.22. Patch panel connections for the flow diagram of 
Fig.21. 

experience can wire 
the patch panel by 
simply looking at the 
flow diagram. It is 
given here to help 
beginners. 
To run the program 

follow these steps: 
1. Wire the patch 

panel. 
2. Switch the 

power on. 

P1 
VIN 0 TCil (911) VOUT 

p  

x10 

x1 

x10 0 

x10 

INTEGRATE 0 

OV 0 

IT 
CONDITIONS 

VOUT 

VOUT 

VOUT 

C1 

C2 

OP AMP 
OUTPUT 

Fig.20. Functional notations for the 
amplifier module sockets. 

3. Calibrate panel meters MEI and ME2 
by applying a reference voltage of +15V 
and adjusting the sensitivity of the meters 
to read that value at around maximum 
deflection, using their potentiometers, 
VR13 and VR14. 

4. Switch amplifiers Al and A2 to 
Integrate. 

5. Set mode switches to Compute/Auto 
Hold (S4), and Manual Reset (S3). 

6. Switch Manual Reset (S3) to 
Compute/Auto Reset to begin the compu-
tation function. 

7. Observe the panel meters. 

OFFSET NULL TRIM 
When the input of an ideal op.amp pow-

ered by a split power supply (e.g. 
+15/0V/-15V) is grounded (OV), the out-
put should be zero. However, this is not the 
case in a real op.amp and a corrective volt-
age is necessary to eliminate the offset 
error. The offset voltage of the OPA177 
used in the EPE Hybrid Computer is very 
low, 25/4V maximum. But even so, the off-
set null procedure is sometimes needed to 
reduce errors and unwanted output drift. 

Adjust the offset voltage as follows: 
1. Set all amplifiers to Add. 
2. Connect the output of amplifier Al to 

meter ME1. 
3. Ground one of the x10 inputs of the 

amplifier. 
4. Turn the sensitivity of the meter as 

low as possible (VR13). 
5. Switch the power on. 
6. Increase the sensitivity of 

the meter gradually to maxi-
mum. 

7. Adjust the offset null 
potentiometer (VR1 to VRIO, 
as required) to make the meter 
read zero. 

8. Repeat the procedure for 
the other amplifiers. 

9. Make sure you do not dis-
turb the offset null potentiome-

ters during the programming and 
execution of the program. 

INITIAL CONDITIONS 
EXAMPLE 

In the previous examples we assumed 
that at the start of the computation, i.e. at 
time = zero, all variables had zero value. 
This may not always be the case. 

Suppose we wanted to give an initial 
value to the output of an integrator before 
the computation begins. We might like to 
investigate the flight of a rocket, for 
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Fig.23. Initial conditions setup. 

example, not from the point of launch but 
from some height above the launching pad, 
at which the rocket will have some veloci-
ty and acceleration. This can be done by 
connecting wires carrying reference volt-
ages, to the initial conditions sockets of the 
integrators. 

Let us assume that we want to integrate 
a step function of + 1V, but this time we 
want the integrator to begin integrating 
from an initial value of +5V. 

Set up the program illustrated in Fig.23 
on the patch panel (a first test of your 
understanding of how to implement such 
programs, as discussed in relation to 
Fig.21). PI and P2 are two VR 15 
potentiometers. 
To run this program follow these steps: 

I. Switch amplifier Al to Integrate (S3) 
and A2 to Add (S1 and S2). 

2. Switch the power on. 

3. Adjust PI to give +1V at the input to 
Al and P2 to give +5V at the output of A2. 

4. Switch Compute/Auto Hold to 
Manual Hold (S4). 

5. Switch Compute/Auto Reset to 
Manual Reset (S3). Wait a few seconds 
for the output of A 1 to settle to +5V. 

6. Switch Manual Hold to 
Compute/Auto Hold (S4). 

7. Switch Manual Reset to 
Compute/Auto Reset (S3) and observe the 
results. 

You should find that the integration 
begins from a value of +5V and the output 
of Al reduces at a rate of — 1V/s until it sat-
urates at — 15V. 
The initial condition value is invariably 

formed using an adder and a potentiometer, 
unless of course the exact value is available 
as a reference voltage. It is common prac-
tice, therefore, not to show these two com-
puting elements in the program diagram 
but simply to show the value being applied 
to the initial condition socket as shown in 
Fig.24. 

Fig.24. Representation of initial 
conditions. 

SPRING-
MASS 
EXAMPLE 

Let's take the 
spring-mass system 
and the capacitor-
inductor circuit as 
examples of simulat-
ing engineering 
problems on the ana-
logue computer. 
The diagram in 

Fig.25a shows a 
mass m, suspended by 
a spring of stiffness 

K. Its electrical equivalent system is shown 
as a capacitance-inductance series circuit 
in Fig.25b. Both systems when disturbed 
will oscillate. We now illustrate how to 
simulate the systems on the analogue com-
puter and observe their behaviour. 

Fig.25. Mechanical and electrical 
equivalent circuits. 

To do this we must first write down the 
equation of motion, which in the mechani-
cal system involves no more than Newton's 
Law of Motion: 

Force = mass x acceleration, which we 
will express asF=mx a. 

Imagine that the mass (m) is pulled 
down a small distance (d) from the equilib-
rium position and then released. At the 
moment of release the spring pulls the 
mass up with a force (F) of Kd. Applying 
the equation of motion, we get: 

—Kd = ma 

Dividing both sides of the equation by 
mass m and rearranging so that the highest 
derivative (a) is on the left hand side of the 
equation and all other terms on the right 
hand side, we get: 

a = —Kd/m 

From this equation we draw the flow 
diagram shown in Fig.26. 

Note that there are special textual sym-
bols that can be used to express the graph-
ical symbols, but their discussion and use 
is beyond the scope of this article. 
As the flow diagram shows, by integrat-

ing the acceleration (a) using amplifier A 1 
we obtain the velocity (v) which is shown 

on panel meter ME1. Amplifier A2 inte-
grates the velocity to give the displacement 
(d) shown on panel meter ME2. 
We use amplifier A3 as an inverter to 

obtain a displacement of —d, and poten-
tiometer P1 to multiply by a constant factor 
of Kim. The output of the potentiometer is 
now — Km d which, looking at our equation, 
is equal to the acceleration, a. So we con-
nect the output of Pl back to the input of 
A 1 to complete the loop. 
The system as it stands will not oscil-

late unless it is disturbed. Theoretically, 
once it is disturbed it will continue to 
vibrate indefinitely, because our equation 
does not take into account any air resis-
tance (or electrical resistance in the case 
of the electrical equivalent system) or any 
energy losses in the system. In practice, 
however, you will find that the oscilla-
tions will reduce and die out due to these 
effects. The analogue computer should 
produce results very near to the theoreti-
cal predictions. 

To run this program follow these steps: 

1. Connect the patch panel. 

2. Ensure A 1 and A2 are Integrating and 
A3 is Adding. 

3. Set mode switches to Compute/Auto 
Reset (S3) and Compute/Auto Hold (S4). 

4. Switch the power on. 

5. Play around with the dial setting of 
Pl. By reducing its value you will see the 
spring extending (displacement don ME2), 
until the amplifiers saturate. Now increase 
the value of P1 to make the system oscil-
late at different frequencies, as you vary 
the value of Kim. Observe the meters MEI 
and ME2 to see how the system behaves. 

You should find that a high value of Kim 
(i.e. a high spring stiffness or small mass, 
or both), gives a high frequency of oscilla-
tion and vice versa. The other point to note 
is that the oscillation is sinusoidal. The out-
put of Al (the velocity, v), is a cosine func-
tion, whereas that of A2 (the displacement, 
d) is a sine function. 

Fig.27. Solution o the problem of the 
spring-mass system. 

Fig.26. Flow diagram for spring-mass system. 

There is a 90 
degree phase differ-
ence between the 
two. That is, the mass 
comes to a momen-
tary stop when the 
displacement is at its 
maximum value. 
This is shown by the 
diagram in Fig.27. 

Notice that we 
have managed to pro-
gram the analogue 
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computer to solve the differential equation 
and produce the solution without having 
any mathematical knowledge on the solu-
tion of differential equations. The only 
knowledge needed is to be able to apply 
Newton's Law of Motion. This is one of 
the great advantages of an analogue 
computer. 

DAMPING EFFECTS 
Damping is caused by air resistance or 

electrical resistance. This form of damping 
is called viscous damping in mechanical 
systems and is proportional to the velocity. 

Viscous resistance is sometimes unwant-
ed. For example, it forces us to burn fuel 
continuously to drive cars or to propel 
aeroplanes through the air. Spacecraft trav-
elling in empty space do not have to do 
this, although they have to burn fuel to 
decelerate. 

In other cases, we find damping very 
useful. Mechanical vibration is one of 
these cases, where damping helps to reduce 
unwanted and dangerous vibrations. 
Without it, motor cars would provide a 
very rough ride. Representation of 
mechanical and electrical damped systems 
is shown in Fig.28. 

In the mechanical system, damping is 
provided by a dash pot which is full of oil. 
This system resembles very closely the 
suspension system of a motor car. 

Fig.28. Mechanical and electrical systems with damping. 

The following equation applies to the 
mechanical system: 

F = ma + Cv + Kd 

where C is the viscous damping factor. 
The equivalent flow diagram is shown in 

Fig.29. 
Connect the program on the patch panel 

and run it. You can try various forcing 
functions (F), such as impulse, step, sinu-
soidal, etc. The impulse function can be 
achieved by momentarily touching the wire 
connected to the input of A 1 on a reference 

voltage socket carry-
ing + 15V. The dia-
grams in Fig.30 and 
Fig.31 show what 
results to expect when 
impulse and step forc-
ing functions are 
applied. 

Turn the dial of 
potentiometer Pl to 
select various damp-
ing values and 
observe the results. At 
a particular value of 
damping the output 
reaches the final value 
with no oscillation 
and at the shortest 
possible time. This 
value is called 
Critical Damping. 
One application of 

the above is in the 
construction of ana-
logue measuring 
instruments, like 
moving coil meters, 
etc. The input of 
such instruments is usually a step func-
tion and the needle is damped to a value 
very near the critical damping value so 
that the meter can be read with the mini-
mum of delay. 

Fig.30. The effect of the impulse function. 

Fig.31. The effect of the step function. 

CRACKING 
THE ATOM 
The ATOM is a 

powerful microcon-
troller (MCU) which 
can be programmed 
in BASIC. It is a cus-
tomised variant of 
Microchip's 
PIC16F876 and offers 
powerful commands 
enabling the program-

mer to carry out operations which would be 
difficult to achieve in PIC Assembly lan-
guage, such as floating point mathematical 
operations. With ATOM BASIC one can 
perform 32-bit multiplication and division 
with real numbers up to a maximum value 
of 4,294,967,295, and this can be done in 
one line of code. 
ATOM BASIC can handle bits, nibbles 

(4-bit), bytes, words ( 16-bit), and long 
values (32-bit), binary, hexadecimal, 
decimal, integer and floating point math-
ematical operations. The programmer is 
offered the usual BASIC facilities such 

Fig.29. Flow diagram for the damped system. 

as arithmetic and logical operations, sub-
routines, arrays, etc. as well as spe-
cialised commands which can control 
servo and stepper motors, produce 
sound, etc. 
The ATOM retains the 384 bytes of 

RAM and 8K of FLASH program space of 
the fundamental PIC16F876. It has a built 
in 5V regulator, a serial port for in-circuit 
programming and data communication, 
and an analogue-to-digital converter 
(ADC). 
To program the ATOM, first install the 

ATOM software which is supplied on a 
CD-ROM when you buy the chip, or 
which can be downloaded from the 
BASIC MICRO manufacturer's internet 
site at www.basicmicro.com. The soft-
ware enables the programmer to write, 
compile, load and run programs under an 
Integrated Development Environment 
(IDE). 

If the software is downloaded, double-
click the .EXE application and it will auto-
matically unzip. Then double-click the 
setup.exe file, and follow the on-screen 
prompts. . 

If the software is installed from the CD-
ROM, insert it into your computer. If auto-
run is enabled the installer menu will 
appear, select your software and the instal-
lation process will begin automatically. 
Restart your computer after the installation 
is complete. 

Start the software and spend a while 
reading the getting started section of the 
manual and familiarise yourself with the 
IDE. Understanding all the features of the 
IDE will make it easier to use the ATOM 
more efficiently. 

Before you program the microcontroller, 
connect the Hybrid Computer's RS232 
output socket to a vacant serial COM port 
on your PC, using an appropriate cable. 
Usually COM2 will be available. 

FIRST ATOM PROGRAM 
To enter and run your first ATOM pro-

gram, follow these steps: 
1. Run the ATOM software. 
2. Click the Build button at the bottom 

of the screen (see Fig.32). 
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3. Select File, New, Mbasic file, enter 
file name, and Save. 

4. Enter the following program: 

main 
debug ["Hello"] 
pause 100 
goto main 

end 

5. Save this program with any name of 
your choosing. 

6. Configure the COM port by selecting 
Tools, System setup, COM2. 

7. Switch the Hybrid Computer on and 
place toggle switch S5 to Program. 

8. Click on the Debug button at the top 
left corner of screen. 

9. Wait until the program is automatical-
ly compiled and loaded into the ATOM. 

10. Click the Connect button, then 
Animate or Run to run the program. 
You should get the word "Hello" repeat-

edly displayed in the output window. The 
command debug instructs the ATOM to 
display the "Hello", and the pause 100 
instruction to wait 100ms before executing 
the next instruction, to again repeat 
"Hello". 

If this program works successfully then 
it can be assumed that the ATOM is operat-
ing correctly and you can proceed to more 
useful programming. 

RS232 SERIAL 
TESTING 
The following program is a test for the 

Hybrid Computer's ability to communicate 
with your PC via the RS232 serial link. 

Main 
serout s_out,i9600,rhellol 
pause 100 
goto main 

end 

This is almost the same program we 
used before, but this time the serout com-
mand outputs the data from the Hybrid 
Computer's serial port at a baud rate of 
9600 bits per second. 

This time do not click on the Debug but-
ton as the debug mode does not work with 
the serout command. Click on Program 
instead, to enter the routine that compiles 
the program and loads it into the program 
area of the ATOM. 
When the program has been loaded into 

the ATOM, switch S5 to Run, click on 
Terminait at the bottom of the screen, 
configure the port to COM2, 9600 bits per 
second, no parity, no flow control, echo, 
and click Connect. You should see the 
word "hello" repeated every 100ms. 
To make sure that the data arrives cor-

rectly and can be read by an independent 
program, minimise the PC's Basic Micro 
software window, and click the Windows 
Start button, then select programs, acces-
sories, communications, hypertenninal. 

This is a program which is available 
with Windows and can be used to read 
serial data. Configure the hyperterminal 
to Connect using: direct from COM2. 
Click Configure and set the port configu-
ration to 9600 bits/s, 8 data bits, no pari-
ty, 1 stop bit, and no flow control. Then 
click on Advanced and disable the Use 
FIFO buffers and click OK. Then click 
Connect and see if the word "hello" 
comes through. 
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Fig.32. The ATOM software Integrated Development Environment screen. 

When finished click disconnect and go 
into the properties again to return the 
properties to default. If you fail to do this, 
you will not be able to reprogram the 
ATOM because the programming software 
uses the same COM2 port to send and 
receive program information. 

ADC TESTING 
The ATOM has the capability to convert 

analogue signals to digital values. This is a 
very useful system to have in a hybrid com-
puter as the two parts of the computer can-
not communicate with each other unless 
the information is converted from one sys-
tem to the other. 
One point to bear in mind here is that the 

ATOM microcontroller operates on a sup-
ply voltage of +5V whereas the analogue 
computer works with ± 15V. The analogue 
voltage to be converted to digital must be 
restricted to values between OV and +5V. 
An application of a voltage outside this 
range on an ADC pin of the ATOM may 
cause damage to the system. 

This may seem very restrictive but 
there are ways to get round the problem 
by scaling the input signals, as we shall 
explain later. For the moment set up the 
program in Fig.33 on the analogue com-
puter and connect to the ATOM's ADC 
pin AXO. 

Adjust the dial of the potentiometer P1 
to give an output of —5V maximum. Once 
adjusted do not touch the dial of P1 while 
the program is running. The —5V signal is 
inverted by AI and P8 is used to vary the 
signal value from OV to 5V. This way there 
is no danger of an inadvertent movement of 

the dial of the potentiometer to present the 
ADC pin with a voltage outside the range 
of OV to +5V. 

Enter the following ATOM program. 

;program to convert analogue value to dig-
ital and transmit it to PC 
;variable definitions 

value VAR byte 
;A/D sampling definition 

clk con 2 
;main program 

main 
;A/D pin AXO, right justified 

adin AXO,CLK,AD_RON,value 
;send value to PC 

serout s_out.i9600,[value] 
pause 100 
goto main 

end 

Do not use DEBUG to run the program as 
this mode does not work with the actin com-
mand. Click on Program to compile and 
load the program in the ATOM, ensuring 
than when you do this the toggle switch on 
the hybrid computer is switched to 
Program. When you mn the program switch 
back to RUN. You can either set up 
Terminal 1 to observe the results or use the 
Hyperterminal program as done before. 

While the program is running turn the 
dial of the potentiometer to vary the ana-
logue value. You will find that as the vari-
able Value was declared as a byte the ana-
logue value of OV to 5V is converted to a 
digital value between 0 and 255 decimal 
and displayed as the corresponding charac-
ter of the ASCII code. 

— 15V 

'.AE I 

— 5,1 +5V OV +FJ 

ATOM 

AX0 (A/D PIN) 

Fig.33. ADC setup program. 
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ATOM CONTROL 
Set up the initial conditions program for 

the analogue computer, given earlier in 
Fig.23. There we used Manual Hold and 
Manual Reset to freeze the calculation 
and reset the analogue computer. We are 
now going to use the ATOM microcon-
troller to control the operations of Hold 
and Reset under program control. 

Enter the following ATOM program and 
use Program to compile and load it into 
the chip. 

;program to test auto Hold/Reset 
hold var byte 
reset var byte 

;initialise variables, 1 ATOM pin PI, 0 is 
pin PO 

hold=1 
reset=0 
begin: 

;place computer in reset and wait 3 seconds 
high hold 
high reset 
pause 3000 

;place the computer in compute mode, and 
execute for 5 seconds 

low reset 
low hold 
pause 5000 

;repeat operation 
goto begin 

end 

Before you run the program connect 
ATOM socket PO to the MODE Reset sock-
et, and socket Pl to the MODE Hold socket. 
When the program is run you should hear the 
relays click when the computer is placed in 
the Reset and Hold modes. When the com-
puter is in the Hold/Reset mode the amplifi-
er output will take its initial condition value. 

AUDIO CIRCUIT 
TESTING 
ATOM BASIC has commands to pro-

duce sounds, and even music. The follow-
ing is a very simple program to produce 
some sounds to test the audio circuit. 

begin: 
;play 2 notes out of pins p I & p2 of dura-
tion 1 s and 2s 

sound2 p 1 \p2,[1000\2500\3500, 
2000\4500\6500] 
goto begin 

end 

Before you run this program connect 
ATOM sockets P1 and P2 to the two audio 
sockets. 

FLIGHT SIMULATION 
The flight of an object is described 

mathematically by differential equations, 
and these equations can be solved easily 
and efficiently by the analogue computer. 
To give an example of how it can be used 
as a flight simulator, we get the analogue 
computer to solve the equations, transmit 
the velocity of the aircraft to the PC and 
program the PC to produce the graphics 
and animation. 

Note that we select to transmit the speed 
and not the height of the aircraft as the 
voltage range of the analogue computer 
would not be sufficient to represent the 
range of height of flight envisaged. A 
Harrier Jump Jet in vertical flight has two 
forces acting on it, its weight (mg) as a 

AT OM 

Fig.34. Flow diagram for the Harrier Jump Jet simulator. 

downwards force, and the engine thrust (T) 
as an upwards force. 
The equation of motion according to 

Newton is: 

T—mg=mxa 
(force = mass x acceleration) 

where: 
T = engine thrust 
mg = aircraft weight 
m = mass 
a = acceleration 

The analogue computer program in 
Fig.34 can solve this equation. 

Amplifier A 1 integrates Tim — g, which 
is the acceleration of the aircraft and out-
puts —y, which is the velocity inverted. 
Amplifier A2 integrates the inverted veloc-
ity to produce the altitude of the aircraft. 
The other two amplifiers and potentiome-
ters are necessary to scale the velocity and 
present it to ADC pin AXO of the ATOM, 
in the range OV to +5V. 
The output of amplifier Al can swing 

between —15V and + 15V. Potentiometer P3 
divides this output by six (value is now 
between ±2.5V), and applies this signal to 
the input of amplifier A3. Amplifier A4 and 
potentiometer P4 are used to produce a 
reference voltage of —2.5V which is added 
to the signal at the other input of A3. 

You can see now that as A3 also 
inverts the signals the output of A3 is in 
the range that we require, i.e. OV to 5V. 
The ATOM now converts the analogue 
signal to a digital value and transmits it 
through the serial port to the PC for pro-
cessing. The PC program can now take 
this value and scale it back to the original 
value, by subtracting 2.5 and multiplying 
by 6. 
To run this program, complete the 

wiring on the patch panel and write the fol-
lowing ATOM program. 

;program to convert analogue speed to dig-
ital and transmit it to PC 
;variable definitions 

speed VAR byte 
;A/D sampling definition 

clk con 2 
;main program 

main 
;A/D pin AXO, right justified 

adin AXO,CLK,AD_RON,speed 
;send value to PC 

serout s out,i9600,[speed] 
goto main 

end 

For the graphics and animation now use 
a Visual Basic program that has been spe-
cially written to work as follows: 

Peel 

Frerr— 

Insorte.›. 

I :.bn Aeo• 

—?" 

Fig.35. Harrier Jump Jet setup program. 
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The initial PC scieen (Fig.35) 
shows a landscape with mountains, 
a cloudy sky and the Harrier on the 
ground near the control tower. As 
we apply power to the engines the 
aircraft takes off vertically and 
moves up the screen until it reaches 
a point three quarters of the way up. 

At this point and if the aircraft 
is still gaining altitude, the picture 
of the aircraft remains stationary 
and the background picture 
begins to move down giving the 
impression of movement of the 
aircraft. If the thrust of the 
engines is reduced, the reverse 
movements occur, with the air-
craft moving down until it lands. 
The representation of the initial 

screen picture in Fig.35 also 
includes an animated instrument 
panel showing speed, height and 
other information. 

This program is supplied with 
this project's software. With very 
little code, a realistic flight simu-
lator has been produced, which commu-
nicates with the Hybrid Computer for 
input information, and which produces 
graphics with animation. 
The program is "standalone" and does 

not need VB itself to be loaded on the PC. 
The program's source code is included for 
those who have a suitable version of VB 
which can handle serial communications 
and wish to experiment. 

Before running the program, connect the 
patch panel, connect the serial cable to the 
PC's COM port, switch the Hybrid 
Computer on, adjust potentiometer P1 to 
give a high enough thrust for take off, and 
click START and ENGINES ON. After 
take off, adjust P1 to gain height, hover, 
and finally to land. 

Try to make a smooth landing as you 
will receive a landing report. At all times 
the instrument panel will display informa-
tion about the altitude and speed of the 
aircraft. 

Just for comparison, included with the 
software is a purely digital version of the 
same program which does not need the 
Hybrid Computer to work. All the calcula-
tions are done by the PC program. You can 
download and run this program on your PC 
before you build your Hybrid Computer, to 
get a taste of what to expect. 
To operate this program after double 

clicking on the file, click START and 
ENGINES ON, and apply thrust by press-
ing the numeric keys (0 to 9). Keying 9 
gives maximum thrust whereas 0 gives no 
thrust. A value around 4 to 5 achieves 
hover. 

ADDITIONAL 
CONSIDERATIONS 

It was mentioned previously that ana-
logue computers have the disadvantage of 
a limited voltage range of operation, in our 
case ± I5V. Had we decided, in the Harrier 
example, to transmit the height to the PC 
for processing, then we would be limited to 
a flight from ground to an altitude of 30m 
if we assume 1V to represent one metre in 
height. 

This problem was avoided by transmit-
ting the speed and letting the PC work out 
the height. This way +15V represents a 
speed of 54,000km/hour (more than 

enough range!), if we assume IV to be 
equal to 1 m/s. 

There is another solution to the problem 
of limited voltage range which is called 
Amplitude Scaling. This involves working 
out additional multiplication factors which 
are applied to the inputs of amplifiers. 

For example, assume for convenience 
that our voltage range is ± 10V, and that we 
wanted to investigate the flight of the 
Harrier up to a height of 1000m. We need, 
therefore, to apply a scale factor of 
10:1000 or 1:100, i.e. 0.01. Similar scale 
factors are worked out for the velocity and 
acceleration, say 0.2. The equation of 
motion now becomes: 

T 
0.2 x a = 0.2 x(—m —g 

Another consideration which crops up 
with analogue computers is the need for 
time scaling, because the solution of differ-
ential equations may extend over periods 
of time ranging from microseconds to 
many hours. Apart from the fact that it is 
not convenient to record results that occur 
within a split second, or results that take 
many hours to produce, errors occur at 
high speeds (or frequencies), like phase 
shifts in computing elements and measur-
ing instruments. Also, at very low speeds, 
error voltages tend to build up when inte-
grated. Time scaling involves reducing or 
increasing the gain of Integrators. Time is 
not involved in the operation of Adders. 

SPECIAL TECHNIOUES 
Many special circuits and techniques are 

also used with analogue computers. Some 
of these involve the use of diode shaping 
circuits to produce non-linear functions. In 
physical systems we often find such effects 
as backlash, Coulomb or dry friction, dead 
space, etc. Expanding on these topics. 
though, is beyond the scope of this article. 

/mother useful unit used with analogue 
computers is the analogue multiplier which is 
capable of multiplying two variables. Four 
quadrant multiplier chips are readily available, 
but this too is beyond the scope of this article. 
The EPE Hybrid Computer is a very pow-

erful and versatile tool. As the flight simula-
tor program shows, the programmer can get 
both aspects of the system, the analogue and 

the digital, to work together for best results. 
Moreover, the machine is a great develop-
ment tool, thanks to the powerful on-board 
ATOM microcontroller. The ease with which 
one can write and load programs is a great 
bonus. We are sure electronics enthusiasts 
will find many uses for this design. 

Petites Kronis is the Engineering Science 
Teacher at the A' Technical School, 
Limassol, Cyprus. 

RESOURCES 
l e VB6 software for this project is 

available for free download from the 
EPE ftp site, or on CD-ROM for which 
a charge applies) from the EPE Editorial 
office, see the EPE PCB Service page for 
details. Software for the ATOM can be 
supplied on CD-ROM when you buy this 
microcontroller (see this month's 
Shoptalk page for details) or can be 
downloaded from www.basicmiero.com. 

SUGGESTED BOOKS 
Introduction to Analogue Computers, 

Technical Education & Management Inc., 
Foulsham. ISBN 05720027895. 

Introduction to Electronic Analogue 
Computers, C. A. A. Wass, Kemeth Charles 
Gamer, Pergamon Press. ISBN 0080110711. 

Design and Use of Electronic Analogue 
Computers, C. P. Gilbert, Chapman & 
Hall. ISBN 0412074635. 
Analogue and Hybrid Computers, I. V. 

Borsky, J. Matyas, life. ISBN 0592017079. 
Analogue Computers, Michael Brand, 

Timothy Eduard Brand, E. Arnold. ISBN 
0173122552. 

IN LINKS 
From the internet and using a search 

engine such as www.google.com, type the 
words "analogue computer" and search to 
find a lot of information. 
www.science.uva.0 1/fa culteit/ 

museum/analog computers/ gives details 
of an analogue computer aircraft simulator 
at the Royal Aircraft Establishment. 

www.dcoward.best.vwh.nct is an ana-
logue computer museum with pictures of 
various machines. 

Please Note: Part 1 Comp. List, the 
OPA177 is a single precision op.arrip i.c. 
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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 Ohm's Law to Displays, including Op.Amps, 
Logic Gates etc. Each part has its own section on the inter-
active software where you can also change component 
values in the various on-screen demonstration circuits. 

The series gives a hands-on approach to electronics 
with numerous breadboard circuits to try out, plus a sim-
ple computer interface which allows a PC to be used as 
a basic oscilloscope. 

ONLY £12.45 including VAT and p&p 

Order code Teach-In CD-ROM 

BOOK SERVI 
NOTE: AU. PRICES INCLUDE UK POSTAGE 

CE 
Mmueo nnb )D)gdga 

PRACTICAL REMOTE CONTROL PROJECTS 
Owen Bishop 
Provides a wealth of circuits and circuit modules for use in 
remote control systems of all kinds; ultrasonic, infra-red, 
optical fibre, cable and radio. There are instructions for 
building fourteen novel and practical remote control pro-
jects. But this is not all, as each of these projects provides 
a model for building dozens of other related circuits by sim-
ply 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 
remote control system, the use of a microcontroller 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 

160 pages Order code BP413 £6.49 

systems. 

ELECTRONICS PROJECTS USING 
ELECTRONICS WORKBENCH 
plus FREE CD-ROM 
M. P. Horsey 
This book offers a wide range of tested circuit modules which 
can be used as electronics projects, part of an electronics 
course, or as a hands-on way of getting better acquainted with 
Electronics Workbench. With circuits ranging from 'bulbs and 
batteries' to complex systems using integrated circuits, the 
projects will appeal to novices, students and practitioners 
alike. 

Electronics Workbench is a highly versatile computer simu-
lation package which enables the user to design, test and 
modify their circuits before building them, and to plan PCB lay-
outs on-screen. All the circuits in the book are provided as 
runnable Electronic Workbench files on the enclosed CD-
ROM, and a selection of 15 representative circuits can be 
explored using the free demo version of the application. 

FREE 
CD-ROM 

©cum pew e Mc)b) ethe 
WINDOWS XP EXPLAINED 
N. Kantarls and P. R. M. Oliver 
If you want to know what to do next when confronted with 
Microsoft's Windows XP screen, then this book is for you. It 
applies to both the Professional and Home editions. 
The book was written with the non-expert, busy person in 
mind. It explains what hardware requirements you need in 
order to run Windows XP successfully, and gives an 
overview of the Windows XP environment. 
The book explains: How to manipulate Windows, and how to 
use the Control Panel to add or change your printer, and con-
trol your display; How to control information using WordPad, 
Notepad and Paint, and how to use the Clipboard facility to 
transfer information between Windows applications; How to 
be in control of your filing system using Windows Explorer 
and My Computer; How to control printers, fonts, characters, 
multimedia and images, and how to add hardware and soft-
ware to your system; How to configure your system to com-
municate with the outside world, and use Outlook Express 
for all your email requirements; How to use the Windows 
Media Player 8 to play your CDs, burn CDs with your 
favourite tracks, use the Radio Tuner, transfer your videos to 
your PC, and how to use the Sound Recorder and Movie 
Maker, How to use the System Tools to restore your system 
to a previously working state, using Microsoft's Website to 
update your Windows set-up, how to clean up, defragment 
and scan your hard disk, and how to backup and restore your 
data: How to successfully transfer tee from those old but 
cherished MS-DOS programs. 

268 pages Order code BP514 £7.99 

INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly 
sophisticated computer controlled robots using the bril-
liant Lego Mindstorms Robotic Invention System (RIS). 
Initially covers fundamental building techniques and 
mechanics needed to construct strong and efficient 
robots using the various click-together" components 
supplied in the basic RIS kit. Explains in simple terms 
how the "brain" of the robot may be programmed on 
screen using a PC and zapped" to the robot over an 
infra-red link. Also, shows how a more sophisticated 
Windows programming language such as Visual BASIC 
may be used to control the robots. 

Detailed building and programming instructions pro-
vided, including numerous step-by-step photographs. 

288 pages - large format Order code BP901 

MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Pent old 

£14.99 

Covers the Vision Command System 

Shows the reader how to extend the capabilities of the 
brilliant Lego Mindstorms Robotic Invention System 
(RIS) by using Lego's own accessories and some simple 
home constructed units. You will be able to build robots 
that can provide you with 'waiter service' when you clap 
your hands, perform tricks, 'see' and avoid objects by 
using 'bats radar' or accurately follow a line marked on 

the floor. Learn to use additional types of sensors includ-
ing rotation, light, temperature, sound and ultrasonic and 
also explore the possibilities provided by using an addi-
tional (third) motor. For the less experienced, RCX code 
programs accompany most of the featured robots. 
However, the more adventurous reader is also shown 
how to write programs using Microsoft's VisualBASIC 
running with the ActiveX control (Spirit.00X) that is pro-
vided with the RIS kit. 

Detailed building instructions are provided for the fea-
tured robots, including numerous step-by-step pho-
tographs. The designs include rover vehicles, a virtual 
pet, a robot arm, an 'intelligent' sweet dispenser and a 
colour conscious robot that will try to grab objects of a 
specific colour. 

298 pages Order code BP902 £14.99 

PIC YOUR PERSONAL INTRODUCTORY COURSE 
SECOND EINT1ON John Morton 
Discover the potential of the PIC micro-
controller through graded projects - this book could 
revolutionise your electronics construction work! 
A uniquely concise and practical guide to getting up 

and running with the PIC Microcontroller. The PIC is 
one of the most popular of the microcontrollers that are 
transforming electronic project work and product 
design. 
Assuming no prior knowledge of microcontrollers and 

introducing the PICs capabilities through simple projects, 
this book is ideal for use in schools and colleges It is the 
ideal introduction for students, teachers, technicians and 
electronics enthusiasts. The step-by-step explanations 
make it ideal for self-study too: this is not a reference book 
- you start work with the PIC straight away. 
The revised second edition covers the popular repro-

grammable EEPROM PICs: P1 6C84/16F84 as well as 
the P54 and P71 families. 

270 pages Order code NE3b £13.99 

INTRODUCTION TO MICROPROCESSORS 
John Crisp 
If you are, or soon will be, involved in the use of 
microprocessors, this practical introduction is essential 
reading. This book provides a thoroughly readable intro-
duction to microprocessors. assuming no previous 
knowledge of the subject, nor a technical or mathemat-
ical background. It is suitable for students, technicians, 
engineers and hobbyists, and covers the full range of 
modern microprocessors. 

After a thorough introduction to the subject, ideas are 
developed progressively in a well-structured format. All 
technical terms are carefully introduced and subjects 
which have proved difficult, for example 2's comple-
ment, are clearly explained. John Crisp covers the com-
plete range of microprocessors from the popular 4- bit 
and 8-bit designs to today's super-fast 32-bit and 64-bit 
versions that power PCs and engine management 
systems etc. 

222 pages Order code NE31 £18.99 

Contents: Some basic concepts; Projects with switches, 
LEDs, relays and diodes; Transistors; Power supplies; Op.amp 
projects; Further op.amp circuits; Logic gates; Real logic cir-
cuits; Logic gate muttivibrators; The 555 timer; Flip-flops, 
counters and shift registers; Adders, comparators and multi-
plexers; Field effect transistors; Thyristors, thacs and discs; 
Constructing your circuit; Index. 

227 pages Temporarily out of print 

DISCOVERING ELECTRONIC CLOCKS 
W. D. Phillips 
This is a whole book about designing and making elec-
tronic clocks. You start by connecting HIGH and LOW logic 
signals to logic gates. You find out about and then build and 
test bistables, crystal-controlled astables, counters, 
decoders and displays. All of these subsystems are 
carefully explained, with practical work supported 
by easy to follow prototype board layouts. 

Full constructional details, including circuit diagrams and 
a printed circuit board pattern, are given for a digital 
electronic clock. The circuit for the First Clock is modified 
and developed to produce additional designs which include 
a Big Digit Clock, Binary Clock, Linear Clock, Andrew's 
Clock (with a semi-analogue display), and a Circles Clock. 
All of these designs are unusual and distinctive. 

This is an ideal resource for project work in GCSE 
Design and Technology: Electronics Product, and for 
project work in AS-Level and A-Level Electronics and 
Technology. 

194 pages, A4 spiral bound Order code DEP I £17.50 

DOMESTIC SECURITY SYSTEMS 
A. L Brown 
This book shows you how, with common sense and 
basic do-it-yourself skills, you can protect your home. It 
also gives tips and ideas which will help you to maintain 
and improve your home security, even if you already 
have an alarm. Every circuit in this book is clearly 
described and illustrated, and contains components that 
are easy to source. Advice and guidance are based on 
the real experience of the author who is an alarm 
installer, and the designs themselves have been rigor-
ously put to use on some of the most crime-ridden 
streets in the world. 
The designs include all elements, including sensors, 

-detectors, alarms, controls, lights, video and door entry 
systems. Chapters cover installation, testing, maintenance 
and upgrading. 

192 pages Order code NE25 £15.99 

MICROCONTROLLER COOKBOOK 
Mike James 
The practical solutions to real problems shown in this cook-
book provide the basis to make PIC and 8051 devices real-
ly work. Capabilities of the variants are examined, and ways 
to enhance these are shown. A survey of common interface 
devices, and a description of programming models, lead on 
to a section on development techniques. The cookbook 
offers an introduction that will allow any user, novice or expe-
rienced, to make the most of microcontrollers. 

240 pages Order code NE26 £21.99 

A BEGINNER'S GUIDE TO VIL DIGITAL ICs 
R. A. Penfold 
This book first covers the basics of simple logic circuits in 
general, and then progresses to specific VIL logic inte-
grated circuits. The devices covered include gates, oscilla-
tors, timers, flip/flops, dividers, and decoder circuits. Some 
practical circuits are used to illustrate the use of TTL 
devices in the "real world". 

142 pages Order code BP332 £5.45 

PRACTICAL ELECTRONICS CALCULATIONS AND 
FORMULAE 
F. A. Wilson, C.G.IA., C.Eng., F.I.E.E., F.I.E.R.E., F.B.I.M. 
Bridges the gap between complicated technical theory, 
and "cut-and-tried" methods which may bring success in 
design but leave the experimenter unfulfilled. A strong 
practical bias - tedious and higher mathematics have been 
avoided where possible and many tables have been 
included. 
The book is divided into six basic sections: Units and 

Constants, Direct-Current Circuits, Passive Components, 
Alternating-Current Circuits, Networks and Theorems, 
Measurements. 

256 pages Order code BP53 £5.49 

All Prices 
include 

UK P&P 
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Bebop To The Boolean Boogie 

By Clive (call me Max) Maxfield 

Specially imported by EPE - 

Excellent value 

An Unconventional Guide to Electronics 
Fundamentals, Components and Processes 

This book gives the "big picture" of digital 
electronics. This indepth, highly readable, up-
to-the-minute guide shows you how electronic 
devices work and how they're made. You'll dis-
cover how transistors operate, how printed cir-
cuit boards are fabricated, and what the 
innards of memory ICs look like. You'll also 
gain a working knowledge of Boolean Algebra and Kamaugh Maps, ana 
understand what Reed-Muller logic is and how it's used. And there's 
much, MUCH more (including a recipe for a truly great seafood gumbo». 
Hundreds of carefully drawn illustrations clearly show the important points 

of each topic. The author's tongue-in-cheek British humor makes it a delight 
to read, but this is a REAL technical book, extremely detailed and accurate A 
great reference for your own shelf, and also an idea' gift for a friend or family 
member who wants to understand what it is you do al: 
470 pages - large format 

wore 
ROOC'E 

,s 

Order code BEEN 

BEBOP BYTES BACK (and the 
Beboputer Computer Simulator) 
CD-ROM 
Clive (Max) Maxfield and Alvin Brown 

This follow-on to Bebop to the Boolean Boogie 
is a multimedia extravaganza of information 
about how computers work. It picks up 
where "Bebop l" left off, guiding you 
through the fascinating world of computer 
design ... and you'll have a few chuckles, if 
not belly laughs, along the way. In addition 
to over 200 megabytes cf mega-cool multi-
media. the CD-ROM contains a virtual micro-
computer, simulating the motherboard and 
standard computer peripherals in an extremely 
realistic manner. In addition to a wealth of technical 
information, myriad nuggets of trivia, and hundreds of carefully drawn illus-
trations, the CD-ROM contains a set of lab experiments fo- the virtual micro-
computer that let you recreate the experiences of early computer pioneers. If 
you're the slightest bit interested in the innet workings cf computers, then 
don't dare to miss this! 
Over 800 pages in Adobe Acrobat format £21.95 

£26.95 

Onder code 13E02 CD-ROM 

DIGITAL ELECTRONICS - A PRACTICAL APPROACH 
With FREE Software: Number One Systems - EASY-PC 
Professional XM and Pulsar (Limited Functionality) 
Richard Monk 
Covers binary arithmetic, Boolean algebra and logic gates, combination logic, 
sequential logic including the design and construction of asynchronous and 
synchronous circuits and register circuits. Together with a considerable prac-
tical content plus the additional attraction of its close association with 
computer-aided design including the FREE softwars. 
There is a 'blow-by-brow' guide to the use of EASY-PC Professional XM (a 

schematic drawing and printed circuit board design computer package). The 
guide also conducts the reader through logic ciicuit simulation using Pulsar 
software. Chapters on p.c.b. physics and p.c.b. prodiction techniques make 
the book unique, and with its host of project ideas make it an idea! companion 
for the integrative assignment and common skills components requited by 
BTEC and the key skills demanded by GNVO. The principal aim of the nook 
is to provide a straightforward approach to the understanding of digital 
electronics. 
Those who prefer the 'Teach-In' approach or would rather experimem with 

some simple circuits should find the book's final chapters on printea circuit 
board production and project ideas especially useful. 
250 pages Order code NE28 £19.99 
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FREE 
SOFTWARE 

OSCILLOSCOPES - FIFTH EDITION 
Ian Hickman 

Oscilloscopes are essential tools for checking circuit operation and diag-
nosing faults, and an enormous range of modems are available. 
This handy guide to oscilloscopes is essential reading for anyone who has 

to use a 'scope for their work or hobby; eiecttonics designers, technicians, 
anyone in industry involved in test and measurement, electronics enthusi-
asts .. Ian Hickman's review of all the latest types of scope currently avail-
able will prove especially useful for anyone planning to buy - or even build - 
an oscilloscope. 
The contents include a description of the basic oscillscope: Advanced real-

time oscilloscope- Accessories; Using oscilloscopes. Sampling oscilloscopes; 
Digital storage oscilloscopes; Oscillosccpes for special purposes; How 
oscillocopes work ( 1): the CRT; How oscilloscopes work (2): circuitry; How 
oscilloscopes work (3): storage CRTs; plus a listing pf Oscilloscope manufac-
turers and suppliers. 
288 pages Order code NE37 £20.99 

EDA - WHERE ELECTRONICS BEGINS 
By Clive "Max" Maxfield and Kuhoo Goyal Edson 
EDA, which stands for electronic design automation, refers to the software 

tools (computer programs) used to design electronic products. EDA actually 
encompasses a tremendous variety of tools and concepts. The aim of this 
book is to take a 30,000-foot view of the EDA world. To paint a "big picture" 
that introduces some of the most important EDA tools and describes how they 
are used to create integrated circuits, circuit boards and electronic systems. 
To show you how everything fits together without making you want to bang 
your head against the nearest wall. 

"Did you ever wonder how the circuit boards and silicon chips inside your 
personal computer or cell phone were designed? This book walks you 
through the process of designing a city on an alien planet and compares it to 
designing an electronic system. The result is a fun, light-hearted and enter-
taining way to learn about one of the most important - and least understood 
- industries on this planet." 
John Barr, Managing Director, Robertson Stephens 
SPECIALLY IMPORTED BY EPE - EXCELLENT VALUE 
98 pages - Large format Order code EDA1 £14.95 while stocks last 

ON SALE 50% OFF 

£29-.95 

DIGITAL GATES AND FLIP-FLOPS 
Ian R. Sinclair 
This book, intended for enthusiasts, students and technicians, seeks to estab-
lish a firm foundation in digital electronics by treating the topics of gates and 
flip-flops thoroughly and from the beginning. 
Topics such as Boolean algebra and Karnaugh mapping are explainend, 

demonstrated and used extensively, and more attention is paid to the subject 
of synchronous counters than to the simple but less important ripple counters. 
No background other than a basic knowledge of electronics is assumed, 

and the more theoretical topics are explained from the beginning, as also are 
many working practices. The book concludes with an explanation of Mien> 
processor techniques as applied to digital logic. 
200 pages Order code PC106 £9.95 

UNDERSTANDING ELECTRONIC CONTROL SYSTEMS 
Owen Bishop 
Owen Bishop has produced a concise, readable text to introduce a wide range 
of students, technicians and professionals to an important area of electronics. 
Control is a highly mathematical subject, but here maths is kept to a minimum, 
with flow charts to illustrate principles and techniques instead of equations. 
Cutting edge topics such as microcontrollers, neural networks and fuzzy 

control are all here, making this an ideal refresher course for those working in 
Industry. Basic principles, control algorithms and hardwired control systems 
are also fully covered so the resulting book is a comprehensive text and well 
suited to college courses or background reading for university students. 
The text is supported by questions under the headings Keeping Up and Test 

Your Knowledge so that the reader can develop a sound understanding and 
the ability to apply the techniques they are learning. 
228 pages Order code NE35 £17.99 

HOW ELECTRONIC THINGS WORK - AND WHAT TO DO WHEN THEY DON'T 
Robert Goodman 
You never again have to be flummoxed, flustered or taken for a ride by a 

piece of electronics equipment. With this fully illustrated, simple-to-use guide, 
you will get a grasp on the workings of the electronic world that surrounds you 
- and even learn to make your own repairs. 
You don't need any technical experience. This book gives you: Clear expla-

nations of how things work, written in everyday language. Easy-to-follow, illus-
trated instructions on using test equipment to diagnose problems. Guidelines 
to help you decide for or against professional repair. Tips on protecting your 
expensive equipment from lightning and other electrical damage. Lubrication 
and maintenance suggestions. 

Covers: colour TVs, VCRs, radios, PCs, CD players, printers, telephones, 
monitors, camcorders, satellite dishes, and much more , 

394 pages Order code MGH3 £21.99 

The books listed have been selected 
by Everyday Practical Electronics 
editorial staff as being of special 
interest to everyone involved in elec-
tronics 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 
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PRACTICAL ELECTRONIC FILTERS 
Owen Bishop 
This book deals with the subject in a non-mathematical 
way. It reviews the main types of filter, explaining in simple 
terms how each type works and how it is used. 
The book also presents a dozen filter-based projects 

with applications in and around the home or in the 
constructors workshop. These include a number of audio 
projects such as a rythm sequencer and a multi-voiced 
electronic organ. 
Concluding the book is a practical step-by-step guide to 

designing simple filters for a wide range of purposes, with 
circuit diagrams and worked examples 

88 pages Order code BP299 £5.49 

PREAMPLIFIER AND FILTER CIRCUITS 
R. A. Penfold 
This book provides circuits and background information for a 
range of preamplifiers, plus tone controls, filters, mixers, etc. 
The use of modem low noise operational amplifiers and a 
specialist high performance audio preamplifier i.c. results in 
circuits that have excellent performance, but which are still 
quite simple. All the circuits featured can be built at quite low 
cost (just a few pounds in most cases). The preamplifier cir-
cuits featured include: Microphone preamplifiers (low 
impedance, high impedance, and crystal). Magnetic cartridge 
pick-up preamplifiers with R.I.A.A. equalisation. 
Crystal/ceramic pick-up preamplifier. Guitar pick-up preampli-
fier. Tape head preamplifier (for use with compact cassette 
systems). 

Other circuits include: Audio limiter to prevent over-
loading of power amplifiers. Passive tone controls. Active 
tone controls. PA filters (highpass and lowpass). Scratch 
and rumble filters. Loudness filter. Mixers. Volume and 
balance controls 

92 pages Order code BP299 £4.49 

HOW TO USE OP.AMPS 
E. A. Parr 
This book has been written as a designer's guide covering 
many operational amplifiers, serving both as a source 
book of circuits and a reference book for design calcula-
tions. The approach has been made as non-mathematical 
as possible. 

160 pages Order code BP88 £4.49 

CIRCUIT SOURCE BOOK 2 
R. A. Penfold 
This book will help you to create and experiment with your 
own electronic designs by combining and using the vari-
ous standard "building blocks" circuits provided. Where 
applicable, advice on how to alter the circuit parameters is 
provided. 
The circuits covered are mainly concerned with signal 

generation, power supplies, and digital electronics. 
The topics covered in this book include: 555 oscilla-

tors; sinewave oscillators; function generators; CMOS 
oscillators; voltage controlled oscillators; radio frequen-
cy oscillators; 555 monostables; CMOS monostables; 
TTL monostables; precision long timers; power surely 
and regulator circuits; negative supply generators and 
voltage boosters; digital dividers; decoders, etc; coun-
ters and display drivers; D/A and /VD converters; opto-
isolators, flip/flops, noise generators, tone decoders, 
etc. 
Over 170 circuits are provided, which it is hoped will be 

useful to all those involved in circuit design and applica-
tion, be they professionals, students or hobbyists. 

192 pages Order code BP322 £5.45 

RADIO BYGONES 
We also carry a selection of books 

aimed at readers of EPEs sister magazine 
on vintage radio Radio Bygones. These 
books include the Comprehensive Radio 
Valve Guides (five books with a Free copy 
of the Master Index) for just £15. Also 
Jonathan Hill's excellent Radio Radio, a 
comprehensive book with hundreds of 
photos depicting the development of the 
British wireless set up to the late 1960s. 
The three volumes of our own Wireless 

For the Warrior by Louis Meulstee are also 
available. These are a technical history of 
radio communication equipment in the 
British Army from pre-war through to the 
1960s. 

For details see the shop on our UK web 
site at www.epemag.wimborne.co.uk or 
contact us for a list of Radio Bygones 
books. 

Pll'scea DtdIldEuàçj 
ELECTRONIC PROJECTS FOR EXPERIMENTERS 
R. A. Penfold 
Many electronic hobbyists who have been pursuing their 
hobby for a number of years seem to suffer from the dread-
ed "seen it all before" syndrome. This book is fairly and 
squarely aimed at sufferers of this complaint, plus any 
other electronics enthusiasts who yearn to try something a 
bit different. No doubt many of the projects featured here 
have practical applications, but they are all worth a try for 
their interest value alone. 
The subjects covered include:- Magnetic field detector, 

Basic Hall effect compass. Hall effect audio isolator. Voice 
scrambler/descrambler. Bat detector, Bat style echo loca-
tion. Noise cancelling, LED stroboscope, Infra- red "torch", 
Electronic breeze detector. Class D power amplifier, Strain 
gauge amplifier. Super hearing aid. 

138 pages Order code BP371 £5.45 

ELECTRONIC PROJECT BUILDING FOR BEGINNERS 
R. A. Penfold 
This book is fix complete beginners to electronic project 
building. It provides a complete introduction to the practical 
side of this fascinating hobby, including the following top-
ics: 
Component identification, and buying the right parts; 

resistor colour codes, capacitor value markings, etc; advice 
on buying the right tools for the job; soldering; making easy 
work of the hard wiring; construction methods, including 
stripboard, custom printed circuit boards, plain matrix 
boards, surface mount boards and wire-wrapping; finishing 
off, and adding panel labels; getting "problem" projects to 
work, including simple methods of fault-finding. 

In fact everything you need to know in order to get start-
ed in this absorbing and creative hobby. 

135 pages Order code BP392 £5.49 

PRACTICAL FIBRE-OPTIC PROJECTS 
R. A. Penfold 
While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics 

enthusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide an 
innovative interesting alternative to electric cables, but in 
most cases they also represent a practical approach to 
the problem. This book provides a number of tried and 
tested circuits for projects that utilize fibre-optic cables. 
The projects include:- Simple audio links. F.M. audio link, 

P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, 
P.W.M. motor speed control, RS232C data links, MIDI link, 
Loop alarms, R.P.M. meter. 

All the components used in these designs are readily 
available, none of them require the constructor to take out 
a second mortgage. 

132 pages Order code BP374 £5.45 

ELECTRONIC MUSIC AND 
MIDI PROJECTS 
R. A. Penfold 
Whether you wish to save money, boldly go where no 
musician has gone before, rekindle the pioneering spirit, 
or simply have fun building some electronic music gad-
gets, the designs featured in this book should suit your 
needs. The projects are all easy to build, and some are so 
simple that even complete beginners at electronic project 
construction can tackle them with ease. Stripboard lay-
outs are provided for every project, together with a wiring 
diagram. The mechanical side of construction has largely 
been left to the individual constructors to sort out, simply 
because the vast majority of project builders prefer to do 
their own thing. 
None of the designs requires the use of any test 

equipment in order to get them set up properly. Where 
any setting up is required, the procedures are very 
straightforward, and they are described in detail. 

Projects covered: Simple MIDI tester, Message grab-
ber, Byte grabber, THRU box, MIDI auto switcher, 
Auto/manual switcher, Manual switcher, MIDI patchbay, 
MIDI controlled switcher. MIDI lead tester. Program 
change pedal, Improved program change pedal, Basic 
mixer, Stereo mixer, Electronic swell pedal, Metronome, 
Analogue echo unit. 

138 pages Order code PC116 £10.95 

BOOK ORDERING DETAILS 
All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) 
please add £2 per book. For the rest of the world airmail add £3 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 LTD., 
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 deliv-
ery — 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. Email: dbs@epemag.wlmborne.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:   

Ej I enclose cheque/PO payable to DIRECT BOOK SERVICE for £  

El 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 
If you do not wish to cut your magazine, send a letter or copy of this form 
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VOLUME 31 INDEX 
JANUARY 2002 TO DECEMBER 2002 
Pages Issue Pages Issue 
1-72 January 465-544 July 
73-144 February 545-624 August 
145-224 March 625-696 September 
225-304 April 697-768 October 
305-384 May 769-840 November 
385-464 June 841-912 December 

CONSTRUCTIONAL PROJECTS 

ALARM, DOOR DEFENDER 
ALARM, FREEZER 
ALARM, PIC CONTROLLED INTRUDER 
ALARM, PICKPOCKET 
AMP, GUITAR PRACTICE 
ANALYSER, PIC SPECTRUM 
AUDIO CIRCUITS, SIMPLE 
AUTOSWITCH, INFRA-RED 

BATTERY TESTER 
BATTLESHIPS, PIC-POCKET 
BENCH POWER SUPPLY, VERSATILE 
BIG-DIGIT DISPLAY, PIC 
BIG-EARS BUGGY by Thomas Scarborough 
BIOPIC HEARTBEAT MONITOR by John Becker 
BOUNTY TREASURE HUNTER, EPE 
BUGGY, BIG-EARS 

CD PREAMPLIFIER, VINYL TO 
CHARGE AND GO, SOLAR 
CLOCK, PIC WORLD 
CODE READER, EPE MORSE 
COMBINATION LOCK, ROTARY 
COMMUNICATOR, HEADSET 
COMPUTER, EPE HYBRID 
CONTROL, FREEBIRD GLIDER 
CONTROLLED INTRUDER ALARM, PIC 
CONTROLLER. MANUAL STEPPER MOTOR 
CURRENT MONITOR, VERSATILE 

DELAY TOUCH SWITCH, TIME 
DICE MACHINE 
DIGITAL I.C. TESTER by Joe Farr 
DISPLAY, PIC BIG-DIGIT 
DOOR DEFENDER by Steve Del/ow 

864 
316 
260 
556 
84 

104, 200 
340, 418, 500, 588 

476 

874 
754 
33 

325 
582 
396 
708 
582 

MORSE CODE READER, EPE 
MOTOR CONTROLLER, MANUAL STEPPER 
MUSICK, PIC MAGICK 

PICAXE PROJECTS by Max Horsey 
Battery Tester 
Dice Machine 
Egg Timer 
Fish Tank Monitor 
Quiz Game Monitor 
Temperature Sensor 
Voltage Sensor 
VU Display 

PIC BIG-DIGIT DISPLAY by John Becker 
PIC CONTROLLED INTRUDER ALARM by John Becker 
PIC FLASHER, VERSATILE 
PICKPOCKET ALARM by Bart Trepak 

665 PIC MAGICK MUSICK by John Becker 
286 PIC MINI-ENIGMA by Nick Dossis 
568 PIC-POCKET BATTLESHIPS by Bart Trepak 
656 PIC SPECTRUM ANALYSER by John Becker 
512 PIC VIRUS ZAPPER by Andy Flind 
734 PIC WORLD CLOCK by John Becker 

798, 896 POCKET BATTLESHIPS, PIC-
636 PORTABLE TELEPHONE TESTER by Alan Paton 
260 POWER SUPPLY, HT 
274 POWER SUPPLY, VERSATILE BENCH 
118 PRACTICE AMP, GUITAR 

PREAMPLIFIER, VINYL TO CD 
24,200 

810 
717,863 

325 
864 

EGG TIMER 810 
ELECTRIC GUITAR TUNER by Robert Peril°Id 236 
ENIGMA, PIC MINI- 209 
EPE BOUNTY TREASURE HUNTER by Thomas Scarborough 708 
EPE HYBRID COMPUTER by Petros Kronis 798, 896 
EPE MORSE CODE READER by John Becker 656 
EPE STYLOPIC by John Becker 488, 616 

FISH TANK MONITOR 
FLASHER, FOREVER 
FLASHER, VERSATILE PIC 
FOREVER FLASHER by Thomas Scarborough 
FREEBIRD GLIDER CONTROL by Mike Boyden 
FREEZER ALARM by Humphrey Berridge 
FREQUENCY STANDARD GENERATOR by Andy Rind 

GENERATOR, FREQUENCY STANDARD 
GLIDER CONTROL, FREEBIRD 
GUITAR PRACTICE AMP by Bart Trepak 
GUITAR TUNER, ELECTRIC 

HEADSET COMMUNICATOR by Terry de Vaux-Baibirnie 
HEARTBEAT MONITOR, BIOPIC 
HT POWER SUPPLY by Robert Penfold 
HYBRID COMPUTER, EPE 

I.C. TESTER, DIGITAL 
INDICATOR, WASHING READY 
INFRA-RED AUTOSWITCH by Max Horsey 
INTRUDER ALARM, PIC CONTROLLED 

874 
54 

852 
54 

636 
316 
432 

432 
636 
84 

236 

734 
396 
96 

798,896 

717,863 
356,431 

476 
260 

LAMP, WORLD 408, 507 
LOCK, ROTARY COMBINATION 

MAGICK MUSICK, PIC 
MANUAL STEPPER MOTOR CONTROLLER by Thomas Scarborough 
MAINS TRANSIENT TRACKER 
METER, RH 
METRONOME, TUNING FORK AND 
MINI-ENIGMA, PIC 
MK484 SHORTWAVE RADIO by Tom Merryfield 
MONITOR, BIOPIC HEARTBEAT 
MONITOR, VERSATILE CURRENT 

12 
274 
792 
173 
780 
209 
156 
396 
118 

656 
274 
12 

810, 874 
874 
810 
810 
874 
810 
874 
874 
874 

325 
260 
852 
556 
12 

209 
754 

104,200 
184,290 

568 
754 
648 
96 
33 
84 

665 

QUIZ GAME MONITOR 810 

RADIO, MK484 SHORTWAVE 
READER, EPE MORSE CODE 
RH METER by Bill Mooney 
ROTARY COMBINATION LOCK by Thomas Scarborough 

156 
656 
173 
512 

SHORTWAVE RADIO, MK484 156 
SIMPLE AUDIO CIRCUITS by Raymond Haigh 340, 418, 500, 588 

1. Power Amplifiers 340 
2. Preamplifiers, Tone Controls and Filters 418 
3. Power Supplies, Loudspeakers, Crossover Networks and Filters 500 
4. Loudspeaker Enclosures, Tuning Oscillator and Resonance 

Detector 588 
SOLAR CHARGE AND GO by Terry de Vaux-Baibirnie 286 
SPECTRUM ANALYSER, PIC 104, 200 
STANDARD GENERATOR, FREQUENCY 432 
STEPPER MOTOR CONTROLLER, MANUAL 274 
STYLOPIC, EPE 488, 616 
SUPPLY, HT POWER 96 
SUPPLY, VERSATILE BENCH POWER 33 
SWITCH, TIME DELAY TOUCH 24, 200 

TELEPHONE TESTER, PORTABLE 
TEMPERATURE SENSOR 
TESTER, DIGITAL I.C. 
TESTER, PORTABLE TELEPHONE 
TIME DELAY TOUCH SWITCH by Bart Trepak 
TIMER, EGG 
TOUCH SWITCH, TIME DELAY 
TRANSIENT TRACKER by Thomas Scarborough 
TREASURE HUNTER, EPE BOUNTY 
TUNER, ELECTRC GUITAR 
TUNING FORK AND METRONOME by John Becker 

VERSATILE BENCH POWER SUPPLY by Andy Rind 
VERSATILE CURRENT MONITOR by Terry de Vaux-Balbirnie 

512 VERSATILE PIC FLASHER by Steve Chal/mor 
VINYL TO CD PREAMPLIFIER by Terry de Vaux-Balbimie 
VIRUS ZAPPER, PIC 
VOLTAGE SENSOR 
VU DISPLAY 

648 
874 

717,863 
648 

24,200 
810 

24,200 
792 
708 
236 
780 

33 
118 
852 
665 

184,290 
874 
874 

WASHING READY INDICATOR by Terry de Vaux-Balbirnie 356. 431 
WORLD CLOCK, PIC 568 
WORLD LAMP by Thomas Scarborough and Surya Rao Maturu408, 507 

ZAPPER, PIC VIRUS 184,290 
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SPECIAL SERIES 
CIRCUIT SURGERY by Alan Winstanley and Ian Bell 42, 126, 166, 

299, 362, 439, 519, 566, 646, 726, 790, 890 
Back to Darlington 646 
Bandgap Voltages 519 
Battery Eliminator 726 
Biasing for Single Supply Op.amps 790 
Brighter L.E.D.s 566 
Charging Yaesu Transceiver Batteries 299 
Choosing the Right Battery 166 
Darlington Transistors 439 
Dog and Cat Scarer Circuit Details 362 
Dynamo Torch L.E.D. 566 
Eco Warrior Battery Charging 299 
Electric Motors 890 
Electrolytics Unravelled 126 
Fleming's Rules 439 
Four-layer Devices 166 
Grounded and Floating Supply Lines 299 
L.E.D. Lamp Temperatures 790 
Linear Opto-coupling 362 
Mathematically Solving a Filter Problem 42 
Measuring High and Low Side Currents in Op.Amps 890 
Mini Siren 566 
Scope Grounding 439 
Soldering Tips, Types and Fumes 646 
Toggle CMOS Interface 726 
Transformer Sizes 566 
Troublesome UV Timer 726 
Unconfusing Fuses 126 
X and Y Capacitors 439, 519 
Yaesu Battery Charger 519 

INTERFACE by Robert Pen fold 94, 258, 442, 602, 746, 882 
Accessing Serial Ports via MSCOMM Control 442 
Adding MSCOMM Active-X control to your PC 746 
Choosing Visual BASIC 882 
PC Serial Port Interfacing 258 
Producing a DIY MIDI Adaptor for your PC 94 
Using MSCOMM to receive serial data 602 

INGENUITY UNLIMITED hosted by Alan Winstanley 22, 139, 162, 246 
338, 406, 486, 600, 679, 730, 825, 862 

2-Channel Christmas Light Controller 826 
555 Astable 
Battery Discharger 
Budget Light Sensor 
Car Battery Trickle Charger 
Dog and Cat Scarer 
Emergency Light 
Fluid Finder 
L.E.D. and Fuse Checker 
L.E.D. Dynamo Torch 
L.E.D. Sequencer 
Lightning Detector 

679 
338 
826 

487,725 
163,290 

338 
862 
731 
140 

406, 507 
162 

Lottery Predictor 
One-second Crystal Clock 
Pico Prizewinners 
Precision UV Timer 
Quiz Master 
RF Data Spike Avoider 
Smart Alarm Timer 
Switched Mode L.E.D. Nightlight 
Switch Mode Fan Regulator 
Switch Mode Regulators 
Tape Tone Index Marker 
Transistor/Diode Go/No-Go Checker 
Velocity Detector 
Walkman in a Car 
Wien Oscillator 

PLEASE TAKE NOTE 116, 200, 290, 431 
Car Battery Trickle Charger ( I/U) 
Digital I.C. Tester 
Dog and Cat Scarer (I/U) 
EPE Stylopic 
L.E.D. Sequencer ( IU) 
Mains Failure Alarm 
PIC Polywhatsit 
PIC Spectrum Analyser 
PIC Virus Zapper 
Time Delay Touch Switch 
Toolkit TK3 
Using the PIC's PCLATH Command 
Washing Ready Indicator 
Wien Oscillator ( I/U) 
World Lamp 

247 
730 
163 
22 

407 
600 
139 
363 
679 
246 
827 
23 

486 
140 

825, 863 

507, 616, 725, 863 
725 
863 
290 
616 
507 
116 
116 
200 
290 
200 

200, 507 
616 
431 
863 
507 

PRACTICALLY SPEAKING by Robert Pen fold 

Cable and wiring requirements and types 
Component identification, symbols and circuit translation 
Interpreting component codings 
Obtaining a stock of components 
Project construction 
Using enclosures 

TEACH-IN 2002 by Ian Bell and Dave Chesmore 
248, 368, 

3. Op.amps in Sensors, Humidity Sensors 
4. Good Vibrations - Measuring Stress, Strain, Vibration 
5. Strain, Accelerometers, Pressure Sensors 
6. Magnetic Sensors, Interference, Noise 
7. Comparators, Digital Optical Sensing, Noise 
8. Filters, Actuators, Smoke and Gas Detection 
9. Filters, Analogue-to-Digital Conversion, Sampling and 

Nuclear Radiation Sensing 
10. Advanced Sensors and Radio Telemetry Systems 

REGULAR FEATURES 
EDITORIAL 11, 83, 155, 235, 315, 395, 475, 555, 635, 707, 779, 851 

NET WORK - THE INTERNET PAGE 
surfed by Alan Winstanley 64, 112, 206, 273, 360, 447, 527, 

607, 680, 753, 828, 858 
NEW TECHNOLOGY UPDATE by Ian Poole 28, 90, 160, 240, 320, 402, 

484, 562, 652, 728, 796, 856 

30, 202, 335, 
522, 674, 830 

202 
30 

522 
830 
674 
335 

56,128,192, 
448,528,608 

56 
128 
192 
248 
368 
448 

528 
608 

NEWS plus reports by Barry Fox 19, 91, 164, 243, 322, 403, 482, 
563, 643, 714, 787, 859 

READOUT addressed by John Becker 45, 102, 181, 282, 353, 415, 
495, 595, 671, 751, 818, 887 

SHOPTALK with David Barrington 43, 116, 200, 290, 367, 431, 507, 
616, 651, 725, 823, 863 

GENERAL FEATURES 
ALTERNATIVE USES FOR TRANSISTORS by Ned Stephens 869 LOGIC GATE INVERTER OSCILLATORS by George Hylton 

ELECTRONIC CIRCUITS & COMPONENTS V2.0 CD-ROM PROGRAMMING PIC INTERRUPTS by Malcolm Wiles 
REVIEW by Terry de Vaux-Balbirnie 49 
ELECTRONIC PAPER by lan Graham 895 RUSSIAN SPACE SHUTTLE REVISITED by Barry Fox 
ELECTRONIC PRINCIPLES V7.1 REVIEW by Robert Penfold 278 
EVOLUTIONARY ELECTRONICS USING SQUARE ROOTS WITH PICS by Peter Hemsley 
by Chris MacLeod and Grant Maxwell 578 USING THE PIC'S PCLATH COMMAND by John Waller 

USING TK3 WITH WINDOWS XP AND 2000 by Mark Jones 
FLOWCODE FOR PlCmicro and PIC DEVELOPMENT BOARD 
REVIEWS by Terry de Vaux-Balbimie 681 

SPECIAL OFFERS AND SERVICES 
ADVERTISERS INDEX 72, 144, 224, 304, 384, 464, 544, 624, 

696, 768, 840 

BACK ISSUES many now on CD-ROM 40, 121, 190, 270, 350, 429, 
498, 575, 663, 740, 807, 884 

CD-ROMS FOR ELECTRONICS 52, 124, 204, 284, 364, 444, 
524, 604, 676, 748, 820, 892 

COLLECTING AND RESTORING VINTAGE RADIOS SUPPLEMENT 
by Paul Stenning between pages 732/733 

DIRECT BOOK SERVICE 66, 137, 216, 296, 380, 458, 536, 
617, 688, 760, 832, 904 

684,742 

168,291 

114 

597 
509,616 

758 

ELECTRONICS MANUALS 220, 230, 310, 390, 540, 
620, 692, 764, 836, 846 

ELECTRONICS VIDEOS 178, 242, 378, 834 

PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE 69, 141, 219, 
301, 379, 461, 539, 619, 691, 763, 835, 909 

GIANT OP.AMP DATA CHART between pages 264/265 

TEACH-IN 2002 SPECIAL OFFER - PICO ADC-40 65 

WCN SUPPLIES COMPONENT CATALOGUE 
(UK issues only) between pages 804/805 
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PCB SERVICE 
Printed circuit boards fcr 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 :nclude VAT and postage and packing. Add £1 per board for 
airmail outside of Europe. Remittances should be sent to The PCB Service, 
Everyday Practical Electronics, Wimborne 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.ukishopdoor.htm. 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. We do not supply kits or components for our projects. 

Please check price and availability in the latest issue. 
A number of older boards are listed on our website. 

Boards can only be supplied on a payment with order basis. 

PROJECT TITLE Order Code Cost 

*PIC Dual-Channel Virtual Scope OCT '00 275 £5.15 

Twinkling Star I, II 276 £4.28 
Festive Fader 277 £5.71 
Motorists' Buzz-Box 278 £5.39 
*PICtogram 279 £4.91 
*PIC-Monitored Dual PStJ-1 PSU 280 £4.75 

Monitor Unit 281 £5.23 
Static Field Detector (Mulk-project PCB) 932 £3.00 

Two-Way Intercom MI 282 £4.76 
UFO Detector and Event Recorder 

Magnetic Anomaly Detector 283 
Event Recorder 284 Se } £6.19 
Audio Alarm 285 

*Using PICs and Keypads Software only - 

Ice Alarm MM. 287 £4.60 
*Graphics L.C.D. Display with PICs (Supp) 288 £5.23 
Using the LM3914-6 L.E D. Bargraph Drivers 

Multi-purpose Main p.c.b. 289 
Relay Control 290} Se £7.14 
L.E.D. Display 291 

*PC Audio Power Meter Software only - - 

Doorbell Extender: Transmitter MAR 01 292 £4.20 
Receiver 293 £4.60 
Trans/Remote 294 £4.28 
Rec./Relay 295 £4.92 

EPE Snug-bug Heat Ccntro for Pets APR '01 296 £6.50 
Intruder Alarm Control Panel 

Main Board 297 £6.97 
External Bell Unit 298 £4.76 

Camcorder Mixer MAY 01 299 £6.34 
*PIC Graphics LCD. qnripP 300 £5.07 

Hosepipe Controller -WM. 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. Flashe, - 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 Re.ister 
305 £3.00 

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) Display Board (double-sded) 
33223411 Set £12.00 

**PIC Toolkit TK3 - Software only . 
4-Channel Twinkling Lights DEC 01 325 £6.82 

Ghost Buster - Mic 326 
- Main 

} S 
327 

t £5.78 

*PIC Polywhatsit - Digital 328 } S 1 £7.61 
- Analogue 329 

Forever Flasher JAN 02 330 £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 FEB 02 334 £7.13 

Versatile Current Monitor 335 £4.75 
Guitar Practice Amp 336 £5.39 

1PROJECT TITLE Order Code Cost  

*PIC Virus Zapper MAR 02 337 £4.75 
I RH Meter 338 £4.28 
! * PIC Mini-Enigma - Software only 
' * Programming PIC Interrupts - Software onl - - 
-*PIC Controlled Intruder Alarm APR 02 339 £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 

f4.12 - TDA70J2 
- TBA820M 

344 
345 £4.44 

- LM380N 346 £4.44 
- TDA2003 347 £4.60 
- Twin TDA2003 348 £4.75 

World Lamp MIMI 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 MM. 

- Dual Output Power Supply 356 £4.60 
- Crossover/Audio Filter 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 

Vinyl-To-CD Preamplifier SEPT • 02 366 £5.71 
*Freebird Glider Control 367 £4.91 
*Morse Code Reader 368 £5.23 
Headset Communicator OCT 02 369 £4.75 
EFE Bounty Treasure Hunter 370 £4.77 
**Digital I.C. Tester 371 £7.14 
*PIC-Pocket Battleships - Software only - - 
Transient Tracker NOV 02 372 £4.75 
*PICAXE Projects- 1: Egg Timer; Dice Machine; 

Quiz Game Monitor (Mulliboard) 373 £3.00 
*Tuning Fork & Metronome 374 £5.39 
. * * EPE Hybrid Computer - Main Board ), double- 

- Atom Board sided 
375 
376 

£18.87 
£11.57 

*PICAXE Projects-2: Temperature Sensor; DEC '02 
Voltage Sensor; VU Indicator (Multiboard) 373 £3.00 

*Versatile PIC Flasher 377 £5.07 

EPE SOFTWARE 
Software programs for EPE projects marked with a sine asterisk * are available on 3.5 inch 
PC-compatible disks or free from our Internet site. The following disks are available: PIC 
Tutorial (Mar-May '98); PIC Toolkk 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). ** The software for these projects is on CD-ROM. The 3.5 incn 
disks are £3.00 each (UK), be CD-ROMs are £6.95 (UK). Add 50p each for overseas surface 
mail, and £1 each for airmail. All are available from the EPE PCB Service All files can be 
downloaded free from our Internet FTP site: ftp://ftp.epemag.wimborne.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: 

VISA 
Everyday 40 

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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EVERYDAY CLASSIFIED 

C(U 
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 

1-ugh 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: 0208 823 9220 

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: sa1es0wt-cowes.freeserve.co.uk 

Cooke 
International 

www.cooke-int.com  
Electronic Test & 

Measuring Equipment 
Tel: (+44) 0 1243 55 55 90 

Operating & Service Manuals 

Z113113 NOW AVAILABLE WITH 
128K AND 512K — OZ4 

ALSO SPECTRUM 
AND 01— PARTS 

W. N. RICHARDSON á 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 TM 

Why tolerate when you can automate? 
An extensive range of 230V X-10 products 
and starter kits available. Uses proven Power 
Line Carrier technology, no wires required. 

Products Catalogue available Online. 

Worldwide delivery. 

Laser Business Systems Ltd. 

LEI 
E-Mail: info@laser.com 
http://www.laser.com 
Tel: (020) 8441 9788 
Fax: (020) 8449 0430 

VISA 

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 
NVO ENGINEERING AND IT 

PLEASE APPLY TO COLLEGE FOR 
NEXT COURSE DATE 

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/does 
Basic Soldering Guide: solder.txt 
Ingenuity Unlimited submission guidance: ing_unIttxt 
New readers and subscribers info: epe_info.txt 
Newsgroups or Usenet users advice: usenet.txt 
Ni-Cad discussion: nIcadfaq.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: 
http://www.epemag.wimbome.co.uk 
Shop now on-line www.epemag.wimborne.co.uk/shopdoor.htm 

JJJ Electronic Kits 
Electronic kits for students and hobbyists. 

Quality PC Board, reasonable prices. All kits 

are fully assembled. Check our products on 

http://aaw.geocities.com/jjjelectronickit 

2003 CATALOGUE NOW AVAILABLE 
SEND LARGE 1st CLASS SAE FOR A FREE COPY or 

email fmlelectronlesebreathemall.net 
with details of your name. address and postcode 

FIAL ELECTRONICS 
FREEPOST NEA 3627 BEDALE, NORTH YORKSHIRE DL8 28R 
SPECIALIST SUPPLIERS OF SEMICONDUCTORS. RESISTORS, CAPACITORS 

AND OTHER ELECTRONIC COMPONENTS AT COMPETITIVE PRICES 

TEL: 01677 425840 

BOWOOD ELECTRONICS LTD 
Contact Will Outram for your 

Electronic Components 

Email: sales@bowood-electronics.co.uk 
Web: www.bowood-electronies.co.uk 

7 Bakewell Road. Baslow, Derbyshire DE45 IRE 
Tel/Fax: 01246 583777 

Send 4 1p stamp for catalogue 

Miscellaneous 

FREE PROTOTYPE PRINTED CIRCUIT 
BOARDS! Free prototype p.c.b. with quantity orders. 
Call Patrick on 028 9073 8897 for details. Agar 
Circuits, Unit 5, East Belfast Enterprise Park, 308 
Albertbridge Road. Belfast BTS 4GX. 
PRINTED CIRCUIT BOARDS — QUICK SER-
VICE. Prototype and production artwork raised from 
magazines or draft designs at low cost. PCBs designed 
from schematics. Production assembly, wiring and soft-
ware programming. For details contact Patrick at Agar 
Circuits, Unit 5, East Belfast Enterprise Park, 308 
Albertbridge Road, Belfast. BIS 4GX. Phone 028 9073 
8897. Fax 028 9073 1802, Email agar@argonet.co.uk. 
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/si rkituk. 
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. 
ANALOGUE RESEARCH & DEVELOPMENT. 
Reproductions or modern; for feasibility. Call between 
9-10 a.m./1-3 p.m., 01534 610213. 
ELECTONICS PARCEL £15. Assorted power sup-
plies + amplifier modules + directions ... + lotsa com-
ponents!! K.I.A. I. Regent Road, Ilkley, LS29. 
SEEKING MICROELECTRONICS ENTHUSIAST. 
Our venture to develop innovative product with mass-
market potential approaches completion. We need to 
further explore volume circuit production options. An 
interesting problem, call Ashley if you may be prepared 
to help. Phone 01483 776104 eves. 
500 INFRA RED 3-PRONG DETECTORS. Wired — 
I metre. £250. Can deliver M25 area. Split possible. 
Phone 077629 40832. 
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100 Signal Diodes 1144149 . . 
75 Rectifier >odes 1144001 
50 Redder Diodes 104007 
10 WO1 Bridge Rectifiers 
10 555 Timer I C s 
4 741 Op Arens 
50 Assorted Zane, Diodes 40OrnW 
12 Assorted 7-segment Displays 
25 Brim I e d s. red. green or yelew 
25 3rnm I eds red, green or yelp& . 
75 5mm I e d.s. green, 6 Br:mega . 
50 Anal e As 2mcd red Owe Pacage 
25 00574 High Brightness e d s. ve, t cols 
20 BC1821. Transistors 
25 BC212L Transistors 
30 60237 Transistors 
20 00327 Transistors 
30 00328 Transistors 
30 BC547 Transistors 
29 BC54713 Transistor 
30 BC548 Transistors 
30 80549 Transistors 
25 80557 Transistors 
30 00558 Transistors 
30 50559 Transistors 
20 203904 Transistors 
Ina int 50V who Anal Capacitors 
• 41475000590041 Capacitors 

95010 capacitors electrolyte. 
. Ass:d Radial Electronics. 4 72 F 

BO Asstrl capacitors 1oF lo 14F 
200 Asstd cfile ceramic capacdors 
50 Asstd Seel Presets (sm. stand, cerrnet) £1  00 
50 Asstd Ri' chokes inductors)£1  CO 
50 Asstd grommets £1  00 
80 Asstd solder tags ptonns. terminals Et  00 
10 Asstd mystals - plug n  £1.00 
8 Mold cli. svotches  £1.00 
20 Miniaturf slide seines spice  £1,00 
8 Asstd o...shPullon swedes, mulli-bank multHxis C100 
30 Asstd col sockets up to 40 me £1.00 
10 TV coax plugs plastic CI  00 
40 metres eery thin connecting wire, red £1 00 
20 10 glu-s reed svcches   £1 OD 
10 Asstd Ffs no data) £1 00 
100 Any on, value kW 5% cf nesistors range 1R to 1014 £0 45 
10 7812 Waage Regulators .. . . Ft 00 
300 Auld. resistor& I6W44W, mostty on tapes £1 00 

£1  00 
£100 

288 Abbeydale Road, Sheffield S7 1FL 

Phone: 0114 255 2886 * Fax: 0114 255 5039 
saleseoardwelhoo.uk * Web: wvoybardwellscook 

Prices Include VAT.Postage £ 1.65 

44p stamp for lists or disk 

POs, Cheques and Credit 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 inevAT 
SEE OUR WEB PAGES FOR 

MORE COMPONENTS AND 

SPECIAL OFFERS 

www.bardwells.co.uk 

Radio  
Bygones 
The leading magazine for vintage 

radio enthusiasts 

The magazine is published six times a year, and is available 
by postal subscription. It is not available at newsagents. 

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 

ELECTRONICS SURPLUS CLEARANCE SALE 
FLUKE HANDHELD DIGITAL MULT1METER MODEL 80246. Cancelled export order. 
Brand new and boxed but with original purchasing organisation's small identifying mark on 

case. With test leads aid handbook. List price £ 150. Our price £47.50. P&P £6.50. 

A DIGITAL HANDHELD LCR METER. Measuring inductance, capacitance, resistance. 

LCD display. Range 2mH to 20H inductance. 2000pF to 200,uF capacitance. 200 ohm to 
20 megohm resistance. Brand new with test leads and manual. £44.00. P&P £4. 

12V D.C. TO 240V A.C. 300 WATT POWER INVERTER. Ideal for use in your caravan, car, 
boat, to run TV, lighting, fridges, recharge your mobile phone, etc. Compact size, brand 
new and boxed, fully guaranteed. £49.50, p&p £6.50. 

MAGNETIC CREDIT CARD READER. Keyboard and lap top display system, part of 
point-of-sale unit. Cost over £ 150. Our price £13.50. Carriage £7. Two units for £35 

including carriage. 

250 '4 watt metal/carbon film resistors £1 

30 5mm red I.e.d.s £1 

30 fICY71 £1 

30 BCY72 £1 

30 BFX30 £1 

30 8C640 £1 

30 BC558 £1 

10 0C42 Military spec £2.50 

30 2N4393 £1 

10 555 Timer chips £1 

4 IEC 3-pin mains input chassis socket £1 

30 220uF electrolytict. 10V f1 

ZENEP DIODES 

10V, 12V, 16V, 22V, 27V, 33V. All 400mW. 

20 for £1. 

10V, 15V, 33V, 47V AP 3W. 8 for £1. 

120V, 600mW. 10 for Cl. 

BOOKS 
Integrated Electronics, Operational Amplifiers and 
Linear I.C.s with Applications. By J. Carr. An in-depth and 
fascinating i.tudy of op amps and linear bc.s. 21 chapters. 
609 pages, numerous photos and illustrations. Published at 
over £40 Our price £18.50. Carnage £5.50. 
/dullard Circuito for Audio Amplifiers. Power amplifiers, 
preamplifiers. constructional details for valve amps including 
stereo. Phome. illustrations, orcurtk 136 pages £ 11 includ-
ing postage. 
Radar by E S Hall. An absorbing and informative study by 
the author: from The Royal Military College of Science. 
Covers the origin and develooment and operation ol military 
radar from Chain Home to Patriot etc. Numerous photos and 
illustrations of equipment and its principles of operation. 170 
pages. Published by Brasseys Weapons Series at £25. Our 
price E8.50. P&P C3.50. 
The Oldness Book of Espionage by Lloyd Mark. This 
unique book shines a revealing light on the future clandestine 
business of the ad of spying and traces the technical devel-
opment or spying with the particular emphasis on WW2. 
arcades photos and details of spy sets Enigma equipment 
and clandestine devices. 256 pages £12.75. PAP £3.75. 
Electric UFOs by Albert Bidden. The effects of electromag-
netic pollution, UFOs, fireballs, abnormal states 286 pages. 
photos. £10. 
Mullard tdigh Quality Sound Reproduction. A construc-
tional manual for building valve amplifiers, pre-amps, tuners. 
circa 1958 48 large format pages. facsimile copy £12.50. 

Send 2 first class stamps for the Electronic Surplus Trader - our latest catalogue full 

of component bargaMs, valves, high voltage capacitors, obsolete semiconductors etc. 

P&P £2 under £10. Over Free unless otherwise stated. 

(Dept E) CHEVET BOOKS AND SUPPLIES 
157 Dickson Road, BLACKPOOL FYI 2EU 
Tel: (01 2 531 751 8 58. Fox: (01253) 302979 

E-mail: chevet@globalnet.co.uk Telephone Orders Accepted VISA 
Callers welcome Tuesday, Thursday Fnday and Saturday 10 am to 6 pm 

YOUR FUTURE LOOKS BRIGHT WITH ICS 
Make 8 real si...ccess of yourself by gaining rie vital skills 
and qualifications you need with an ICS home study 
course. You learn in your owl tirria at your own pace 
and frodo the comfort or your home. And with over 13 
minion successful students, you'll be ioining the most 
etiperinnxed home study school h the world. You c,an 
do it wth lez! So why not improve sour 'job prospects 
today bis calling us now or re:timing the coupon below. 

Electncal Contracting & installai," 
Electrical Engineering 

C&G Basic Electronic Engineering 

C&G Base Mechanical Engineenno 
TV & Video Servicing 
Red. & Hi-Fi Servicing 

Refrigeration. Heating & A , 

Motorcycle & ARI Rena 

FREEPHONE 0500 581 557 www.icslearn.co.uk 
(": ..é: a; 1,1 '' t I ,e,,,11 ,,, ,b 1,,i,140 , i HI i i • ea, b i lhot Place 

t. Gydeoay Skypark Glasgow. .3:, 8BR Tel 05(.' I 557 o, ' i ea call 1800 620 490 
111M 1M1 BIM MI Il MI MI •M1 MO MI 1•111 ffl.M 

1  Please send me my Free Information on your Technical Courses. 
I IM.I.Ifv...ves. 

1 n' or, cuee"..S Pi F, If.r. 
I 

00a 

POSIC000 

Tag P45 

I From tine to tine, we perm.: errer celehdy screened orgar wens to wme to ice &bow 
produasand mom« it you prate- not 1,. such eganisaticos pease tick ber 

Dept ZEEVCIK2 

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 40 AD 
ADC AN AM AY BA BC BD BDT BDV BDW BDX BF 
BFR RFS BET BFX BFY BLY BLX BS BR BRX BRY BS 
BSS BSV BSW BSX BT BTA BIB 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 ¡CL 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 STR STRD 
STRM STRS SV I T TA TAA TAG TBA IC TCA TDA TDB 
TEA TIC TIP TIPL TEA TL TLC TMP TMS TPU U UA 
UAA UC UDN ULN UM UPA UPC UPD VN X XR Z ZN 
ZTX + many others 

We can also offer equivalents (at customers' risk) 
We also stock a full range of other electronic components 
Mail, phone, Fax Credit Card orders and callers welcome 

V/S4 Connect 

Cricklewood Electronics Ltd 
40-42 Crieldewood Broadway London NW2 3ET 

Tel: 620 8452 0161 Fax: 020 8208 1441 
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Great value fér Speakers. 
Microphones: Headphories, 
Aerials, Trensmittersà TV Amps, 
Plugs. Sockets, 4ds. CD 

---Storage- Cases, CC ecurity, 
Connectors, Adaptors, Switch 

. . 

Amplifiers. 
à 

SHERWOOD ELECTRONICS 

Car Audio, Test u • mert, 
jielieby-Kits, Computer Leads & 
'Accessories, Power Supplies, 
invertett Transfonbars, Battery 
Charptail, Tools, Z So,derIng, 
Switches, Fusesr Indlcators, 
Cable & Wire, Crossovers, 
Speaker Hardware, PA Amps, 
and a great deal more ... all for 
,the ode& of a stamp. 

Sky Electronics 
40-42 Cricldewood Broadway, 

London, NW2 3ET 

Tel: 020 8450 0995 
Fax: 020 8208 1441 

Email: sales@cricklewoodelectronics.com 
www.skyelectronics.co.uk 

FREE COMPONENTS 

Buy 10 x VI Special Packs and choose another one FREE 

SP1 
SP2 
SP3 
SP6 
SP7 
SP8 
SPIO 
SPI 1 
SP12 
SPI8 
SP20 
SP21 
SP23 
SP24 
SP25 
SP26 
SP28 
SP29 
SP34 
SP36 
SP37 
SP39 
SP40 
SP41 
SP42 
SP47 
SP49 
SP102 
SP103 
SP104 
SP105 
SPI 09 
SP112 
SP115 
SP116 
SP124 
SP126 

SP130 
SP131 
SP133 

15 x 5mm Red LEDs SP134 15 x 1N4007 diodes 
12 x 5mm Green LEDs SP135 6 x Miniature slide switcl-es 
12 x 5mm Yellow LEDs SP136 3 x BFY50 transistors 
15 x 3mm Red LEDs SP137 4 x WOOS 1.5A bridge rectifiers 
12 x 3mm Green LEDs SP138 20 x 2.2/63V radial elect. caps. 
10 x 3mm Yellow LEDs SP140 3 x WO4 1.5A bridge rectliers 
100 x 1N4148 diodes SP142 2 x CMOS 4017 
30 x 1N4001 diodes SP143 5 Pairs min. crocodile clips 
30 x 1N4002 diodes (Red & Black) 
20 x BC182 transistors SP145 6 x ZTX300 transistors 
20 x BC184 transistors SP146 10 x 2N3704 transistors 
20 x BC212 transistors SP147 5 x Stripboard 9 strips x 
20 x BC549 transistors 25 holes 
4 x CMOS 4001 SP151 4 x 8mm Red LEDs 
4 x 555 timers SP152 4 x 8mm Green LEDs 
4 x 741 Op.Amps SP153 4 x 8mm Yellow LEDs 
4 x CMOS 4011 SP154 15 x BC5413 transistors 
3 x CMOS 4013 SPI56 3 x Stripboard. 14 strips x 
20 x 1N914 diodes 27 hoJes 
25 x 10/25V radial elect. caps. SP150 10 x 2N3904 transistors 
12 x 100/35V radial elect. caps. SPI51 10 x 2N3906 transistors 
10 x 470/16V radial elect. caps. SP155 2 x LF351 Op.Amos 
15 x BC237 transistors SP156 20 x 1N4003 diodes 
20 x Mixed transistors SP187 5 x BC107 transistors 
200 x Mixed 0.25W C.F. resistors SP168 5 x BC108 transistors 
5 x Min. PB swIches SP172 4 x Standard side switches 
4 x 5 metres stranded core wire SP174 20 x 22/25V radial elect. caps 
20 x 8-pin DIL sockets SP175 20 x I/53V radial elect, caps. 
15 x 14-pin DIL sockets SPI77 10 x 1A 20mm quick blow fuses 
15 x 16-pin DIL sockets SP182 20 x 4.7/63V radial elect. caps. 
4 x 74LSOO SP183 20 x BC547 transistors 
15 x BC557 transistors SP187 15 x BC239 transistors 
4 x CMOS 4093 SP189 4 x 5 metres solid core wire 
3 x 10mm Red LEDs SP192 3 x CMOS 4066 
3 x 10mm Green LEDs SP195 3 x 10mm Yellow LEDs 
20 x Assorted ceramic disc caps SPI97 6 x 20 pin DIL sockets 
6 x Battery clips - 3 ea. SP198 5 x 24 pin DIL soclçets 

PP3 + PP9 SP199 5 x 2.5mm mono jack plugs 
100 x Mixed 0.5W C.F. resistors SP200 5 x 2.5mm monc jack sockets 
2 x TL071 Op.Amps 
20 x 1N4004 diodes 

RESISTOR PACKS - C.Film 
RP3 5 each value - total 365 025W £3.10 
RP7 10 each value - total 730 0.25W £4 35 
RP10 1000 popular values 025W £6 15 
RP4 5 each value-total 345 0 5W £4 00 
RP8 10 each value-total 690 05W £6.65 
RP11 1000 popular values 0.5W £850 

2003 Catalogue now available £1 
Jr c P&P or FREE with first order. 

P&P £ 1 50 per order NO VAT 

Orders to: 

Sherwood Electronics, 
7 Williamson St., Mansfield, 

Notts. NG19 6TD. 

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.diatuco.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 -t 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 £7745 + 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 orbite) 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 

elPG 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 

ADVERTISERS INDEX 
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Crownhill Associates 
olution 

I know what 
I want for 
ch ri stm a s 

e most powerful pic compiler at the lowest cost anywhere! 

PIC Basic Programming 
at an affordable price 

- Low Cost - Entry Leve' compiler 
- Full Windows TM IDE 
- 100% MPASMTm compatability 
- Real-Time Syntax checking 
- Integrated PIC ProgrE -nmer dr ver 
- Program with one ke¡stroke 
- View Basic and the resulting Assembly onscreen 
- Supplied with bock "LET PIC BASIC Unleashed" 
by Les Johnson 

. . PIC BASIC £49.95 

Realise the true potential 
of the PIC microTM 

- Full Wincipw:s' IDE 
- 100% MPASMTm compatabiky 
- Rea:-Time Syntax checking 
- Graphic LCD Support 
- FJII I2C and SPI implemertation 
- Enhanced serial ::ommunicallons 
- Integrated serial bootloader 
-Aimed at the pro and advanced user 
- Support tor 0 1C12C, 16C-F and 18C+F Devices 

PIC BASIC PLUS £99.99 

wnload free working versions of our pic basic compilers 
www.picbasic.org 

Solderless Breadboard. 

Design with ease 

The Crownhill Soldeless Breadboard Development System 
allows projects to be assembied quickly and eas,ly without 
soldering . Add to that, tne on-board power supply and serial 
transceiver, and you have all you need for a quick and efficient 

process of design. 

Solderless Breadboard £24.95 

0 It *) 

% 

I % 

licence free source code 
- API Software 
- API Documentation 
- Six Smart Cards 
- One CHIPDRIVE Micro 120 
- Sample application software 
- Sample code written in C++, DELPHI, and VB ncluded 
- Create a working application in under a day 
- Interface to PIC BASIC using Smart Cards 

smart card evaluation 
system £35 

12C508 
12C509 
16F34 04/D 
16F628 04/P 
16F877 04/P 
16F877 20/P 
16F876 04/P 
18F242 I/SP 
18F442 I/P 

Cut development 
time in half. 

- 16 button keypad 
- True RS232 seria port 
- Suppled with 16F877 
- A choice of crystal frequencies 
- Infrared transmitters and receiver on board 
- A cho.ce of two LCD types ( Graphic or Alphanumeric) 
- I2c Serial eeprom on board and onboard socket for SPI 

Proton Dey System from £67.45 

low Cost 

£0.58 
£0.59 
£1.70 
£1.35 
£3.95 
£5.00 
£2.50 
£4.50 
£5.00 

smart cards 
24C16 
24C64 
24C128 
24C256 
Secure Memory 
cism sim :test) 

£1.40 
£1.70 
£2.70 
£3.30 

from £1 
£.0.00 

www.letbasic.com 

www.crownhill.co.uk 

*all prices exclude VAT and P+F 

t.I 

Tel: 01353 666709 Fax: 01353 666710   
sales@crownhill.co.uk 

Crownhill Associates Ltd, 32 Broad Street, Ely, Combs CB7 4AH 
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BK ELECTRONICS 

10,000's 
SOLD 
TO PRO 
USERS 

19 INCH STEREO AMPLIFIERS-ACTIVE CROSS/OVERS. 

OMP MOS-FET POWER AMPLIFIERS 
HIGH POWER, TWO CHANNIEL 19 INCH RACK 

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS - MXF200 (100W + 100W) MXF408 (200W + 200W) 

MXF600 (300W + 300W) MXF900 (450W + 450W) 

ALL POWER RATINGS ARE R.M.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN 
FEATURES:- • Independent power supplies with two toroidal transformers 
• Twin L ED. Vu Meters • Level controls • Illuminated onioff swech ' Jack / XLR inputs 
Speakon Outputs * Standard 775my inputs Open and Short circuit proof • Latest Mos-Fets 
for stress free delivery into virtually any load High slew rate * Very low distortion * Aluminium 
cases • MXF600 & mxFgoo fan cooled with D.C. Loudspeaker and thermal protection 

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC 

MXF200 W19• D11 - H3 I. 2U) i 
MXF400 VV19" D12" H5 /:' 3t.1 
MXF600 W19" D13" H51:" 3U) 
MXF900 W19" D14" I-15 /:" 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 AMPLIFIER WITH A TRUE 100W 
RMS OUTPUT. SUPERB CONSTRUCTION WITH THE 
FACILITIES TO INTEGRATE SEEMLESSLY INTO kAOST 
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 9 OHMS ' HIGH AND 
LOW LEVEL INPUTS TOROIDAL TRANSFORMER 
• SHORT CIRCUIT PROTECTION ' D.C. SPEAKER 
PROTECTION • FREQUENCY ROLL OFF, LOWER 
10Hz, UPPER 60Hz TO 240Hz ( FULLY ADJUSTABLE) 
• 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 *FREQ 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 D94rrim 

THERE ARE 2 VERSIONS OF THE ABOVE PANEL AVAILABLE :- BSB100/3 
8 OHM VERSION BSB100/4 4 OHM VERSION BOTH PANELS ARE PR,CED AT 
£117.44 + £5.00 P&P INCL. V.A.T. CHECK WEBSITE FOR PANELS UP TO SCOW 

DELIVERY CHARGES:- PLEASE INCLUDE AS ABOVE, 
TO A MAXIMUM AMOUNT £30.00. OFFICIAL ORDERS 

VISA FROM SCHOOL, COLLEGES, GOVT.PLCs ETC. PRICES 
INCLUSIVE OF V.A.T. SALES COUNTER. CREDIT CARD 
ORDERS ACCEPTED BY POST PHONE OR FAX. 

aloofteICICA0111, 

"FLIGHTCASED 
110, LOUDSPEAKERS 

* PRICES INCLUDE V.A.T. 

* PROMPT DELIVERY 

A new range of quality bud-speakers. designed to take advantage of 
latest loudspeaker tecs iiikigy and enclosure designs. All ruudels 
utilise high quality studio cast aluminium loudspeakers with fautuiy 

feted grilles, wide dispeision oonstant directMty XII Is, extruded aluminium corner protection and steel 
ball comers, complimented with heavy duty black covering. The enclosures are fitted as standard with 
top hats for optional loudspeaker stands. The FC15-300 inuirixxates a large 16 X 6 inch hom. 
cabinets are fitted with the latest Speakon connectors for your convenience and safety. 
Five mod•els to choose from. 

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 

ihl FC15-300 WATTS Freq Range 35Hz-20kHz.Sens 101dB, Size H695 W502 D415mm 
Price:- £299.00 per pair 

il,! FC12-300 WATTS Freq Range 45Hz-20kHz, Sens 96dB, Size H600 W405 D300mm 
Price:- £249.00 per pair 

ihl FC12-200 WATTS Freq Range 40Hz-20kHz, Sens 97dB. Size H600 W405 D300mm 
Price:- £199.00 per pair 

di/ FC12-100 WATTS Freq Range 45Hz-20kHz, Sens 100dB. Size H546 W380 D300mm 
Price:- £179.00 per pair 

ihl 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 f7.00 each 

Optional Metal Stands PRICE:- £49.00 per pair Delivery:- £6.00 

OMP X03-S STEREO 3 WAY ACTIVE CROSSOVER SVVETCHAI3LE 2-WAY 

/gi7SYTAIHT\> 

CONFIGURED 3 WAY 

FEATURES:-
Advanced 3-Way Stereo Active Cross-Over (Switchable two way), housed in a 19" x 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- Mid 12 5/2 50/500Hz, Mid- Top 1.8/315kHz, all at 24 dB per octave. 
X03 Bass- Mid 250/500/800Hz, Mid -Top 1 83 15kHz, 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 

7 7 i6 ><7 Op AFA7sy MID/TOP \ 

2 WAY BASS/MID COMBINED 2 WAY MID/TOP COMBINED 

SUPPLIED READY 
BUILT AND TESTED 

These ¡ nodules now enjoy a world-wide reputation for quality reliability and performance at a realistic price Four 
models are available to suit the needs of the professional and hobby market e Industry. Leisure. Instrumental 
and kir-FI etc. When companng peces. NOTE that all models include toroidal power supply, integral heatsink. 
glass fibre PC B and drive circurts to power a c:ompatible Vu meter All models are open and short circuit proof 

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 
OMP/MF 100 Mos-Fet Output Power 110 watts 
R.M.S. into 4 ohms,freq_uency response 1Hz - 
100kHz -3dB, Damping Factor >300, Slew Rate 
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 
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OMP/MF 200 Mos-Fet Output Power 200 watts 
R.M.S. into 4 ohms.freq_uency 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_uency 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 0.001%, 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 MCS-FET NICOULES ARE AVAJLABLE IN TAO VERSICNS 
STANDARD - INPUT SENS 500mVBANDVODT1-1 1C0e-tz CR PEG 
(PROFF_SSIONAL EQUIPMENT COMPATIBLE) INPUT SENS 
775mV, BANDAA)P-19>J-t, ORDER 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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