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GAS MASKS RUSSIAN, new and boxed standard NATO - 
filter, £39. 
LOW COST NIGHT VISION system. Russian handheld complete 
with infra- red illuminator, 100m range. Runs on 2 AA batteries. just 
£109.95. 
COBRA NIGHT VISION equipment also stocked, more info on our 
web site at www.cobra-optics.co.uk. 
ELECTRIC SCOOTERS 18kph, 24V motor. 6 hour charge time, 
22kg weight. max load 90kg, running time up to 1 hour, range 
15km. 8.5A motor, 24V, direct drive. Our Price £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. 
EMMINENCE LOUDSPEAKERS 12m. dia., 50W nom, 100W 
peak. 16 ohm impedance. Pack of 4 just £39.95. Ref SPEAK39. 
PIR SECURITY SWITCHES These brand new swivel mounting 
PIR units will switch up to 2 kilowatts. Adjustable sensitivity, light 
level and time delay (9 seconds to 10 minutes), 15m detection 
range, mains operated, waterproof. £5.99 Ref PIR1PACK or a 
pack of 5 for £22.95 Ref PIR5PACK or 10 for £39.95 Ref 
PIR1OPACK. 
12V 18Ah SEALED LEAD-ACID BATTERIES, new and boxed. 
unused, pack of 4 £44.95 Ref CYC7 or £ 15.95 each Ref CYC6. 
12V 6.5Ah SEALED LEAD-ACID BATTERIES, new and boxed, 
pack of 5 £34.95 Ref CYC65A or individually at £8.99 Ref 
CYC65B. 
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 aer-
ial photograph of the ground below. The rocket then returns with its 
film via its parachute. Takes 110 film. Supplied with everything 
including a launch pad and 3 motors (no film). £29.98 Ref Astro. 
BUILD YOUR OWN WINDFARM FROM SCRAP. New publication 
gives step-by-step guide to building wind generators and propel-
lors. Armed with this publication and a good local scrapyard could 
make you self-sufficient in electricity! £ 12. Ref LOT81. 
MAGNETIC CREDIT CARD READERS AND ENCODING INFO, 
£9.95. Cased with flyleads. designed to read standard credit 
cards! Complete with control electronics p.c.b. and manual cover-
ing everything you could want to know about what's hioden 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 2.2 gauss. We have tested these on 
a steel beam running through the offices and found that they will 
take more than 170Ib. (77kg) in weight before being pulled off. 
Supplied with keeper. £ 19.95 ea. Ref MAG77. 
HYDROGEN FUEL CELL PLANS. Loads of information on hydro-
gen storage and production. Practical plans to build hydrogen fuel 
cell (good workshop facilities required). £8 set. Ref FCP1. 
STIRLING ENGINE PLANS. Interesting information pack covering 
all aspects of Stirling engines, pictures of home made engines 
made from an aerosol can running on a candle! £ 12 STIR2. 
12V OPERATED SMOKE BOMBS. Type 3 is a 12V trigger and 3 
smoke cannisters, each cannister will fill a room in a very short 
space of time! £ 14.99. Ref SB3. Type 2 is 20 smaller cannisters 
(suitable for mock equipment fires etc.) and 1 trigger module for 
£29. Ref SB2. Type lisa 12V trigger and 20 large cannisters. £49. 
Ref SB1. 
BRAND NEW NATO ISSUE RADIATION DETECTORS, SALE 
PRICE JUST £69.95. Current NATO issue standard emergency 
services unit. Used by most of the world's military personnel. New 
and boxed. Normal retail price £400, Bull's bargain price just 
£69.95. Ref PDRM. 
BASIC GUIDE TO BIO DIESEL. How to make diesel fuel from 
used kitchen oil, £6. Ref BIOF. 
SAVE £££££s. RCB UNITS. Inline IEC lead with fitted RC break-
er. Installed in seconds. Fit to any computer, monitor, office equip-
ment and make it safe! Pack of 10 just £9.98. Ref LOT5B. 
INFRA-RED REMOTE CONTROL WATCHES, £16.99. 
VIBRATING WATCHES, vibrate when your phone rings, £ 16.99. 
PULSE WATCHES, display your pulse. £ 16.99. 

www.quemex.co.uk 
MINIATURE TOGGLE SWITCHES. These top quality Japanese 
panel mounting toggle switches measure 35mm x 13mm x 12mm, 
are 2-pole changeover and will switch lA at 250V a.c., or 3A at 
125V a.c. Complete with mounting washers and nuts. Supplied as 
a box of 100 switches for £29.95. Ref SWT35 or a bag of 15 for 
£4.99. Ref SWT34. 
STEPPER MOTORS. Brand new stepper motors, 4mm fixing 
holes with 47.14mm fixing centres. 20mm shaft, 6.35mm diameter, 
5V/phase, 0.7A/phase. 1.8 deg. step (200 step). Body 56mm x 
36mm. £14.99 each. Ref STEPS, pack of 4 for £49.95. 
BASIC GUIDE TO LOCKPICKING. New publication gives you an 
insight! £6. Ref LPK. 
NEW HIGH POWER MINI BUG. With a range of up to 800 metres 
and a 3 days use from a PP3 this is our top selling bug! Less than 
lin square and a 10m voice pick-up range. £28. Ref LOT102. 
IR LAMP KIT. Suitable for CCTV cameras, enables the camera to 
be used in total darkness! £6. Ref EF138. 
INFRA-RED POWERBEAM. Handheld battery powered lamp, 4in. 
reflector, gives out powerful pure infra-red light! Perfect for CCTV 
use, nightsights, etc. £29. Ref PB1. 
YOUR HOME COULD BE SELF-SUFFICIENT IN ELECTRICITY. 
Comprehensive plans with loads of into on designing systems, 
panels, control electronics etc. £7. Ref PVI. 
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. 

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.alrpistol.co.uk 

e INKJET CARTRIDGES 
FROM JUST £3 ATPd  . 
www.officebits.co.uk 
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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. 6M. square. £ 15. Ref IRF2 or 
a 12in. square for £29.95. Ref IRF2A. 
HYDROGEN FUEL CELLS. Our new hydrogen fuel cells are 1V at 
up to IA output, hydrogen input, easily driven from a small elec-
trolysis assembly or from a hydrogen source. our demo model 
uses a solar panel with the output leads in a glass of salt water to 
produce the hydrogen! Each cell is designed to be completely 
taken apart, put back together and expanded to whatever capaci-
ty you like ( up to 10 watts and 12V per assembly). Cells cost £49. 
Ref HFC11. 
SMALL 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.cchnituff.co.uk and www.home-ccty.co.uk. 
14 WATT SOLAR PANELS. Amorphous silicon panel fitted in an 
anodised aluminium frame. Panel measures 311. by 1ft. with 3m 
leads for easy connection. 3ft. x 1ft. solar panel £79. Ref MAG45. 
Unframed 4 pack, 8-9W ( 311. x 1ft.) £99, Ref SOLX. 35 watts of 
solar power for Just £99. 4 panels, each one 3ft. x 1ft, and pro-
ducing 8W min.. 13V. Pack of four £99, Ref SOLX. 
NEW 12V 12In. SQUARE SOLAR PANEL Kevlar backed. 3 watt 
output. copper strips for easy solder connections. £22. Ref 15P42. 
NEW UNIVERSAL SOLAR CHARGER. Charges AAAs, AAs, Cs 
and D-type NiCads. £9.99. Ref UNISOL. 
12V SOLAR POWER WATER PUMP. Perfect for many 12V d.c. 
uses, from solar fountains to hydroponics! Small and compact yet 
powerful. works direct from our 10W solar panel in bright sun. Max 
HD: 17ft, max flow = 8 Lpm. 1.5A. Ref AC88. £18.99. 
SOLAR MOTORS. Tiny motors which run quite happily on volt-
ages from 3-12V d.c. Works on our 6V amorphous 6m, 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 cameras and all 
known speed detection systems. 360 degree coverage, front and 
rear waveguides. 1-lin. x 2.7in. x 4.6in., 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 blew one up to 
7ft. diameter then it popped due to stones on the ground! £13.99. 
Ref TOTEX. 
PHILIPS VP406 LASER DISC PLAYERS, sale price just £9.95. 
Scarf output, just put your video disk in and press play, standard 
audio and video outputs. £9.95, Ref VP406. 
12V DC SIRENS. Very loud, suitable for indoors or outdoors, two-
tone, 160mm x 135mm, finished in white with bracket. £4.99. Ref 
SI R2A. 
FREEZER/MAINS FAIL ALARMS. Designed to fit around the 
mains cable on a freezer this alarm will sound il the device is 
unplugged from the mains supply. battery operated, cased, built-in 
sounder. Ideal for TVs. Hi-Fi equipment etc. £7.01, Ref FRE2, 
BARNET CROSSBOWS. We stock the entire range of crossbows, 
check out our web site at www.xbows.co.uk. 
HOT AIR BALLOON KITS. Everything you need to build a 1.7m 
high. 4.5m in circum. hot air balloon, launch over a small burner or 
heater. £ 12.49, Ref HAI. 
CROOKES RADIOMETER. Fascinating glass bulb contains 
blades driven around by the sun. £9.9. 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 AIRI. 
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, Ref WM2, and a 
large one ( ideal for 4 or more). £42.44. Ref WMI. 
COMPLETE WIRELESS CCTV SYSTEM. Includes monitor, cam-
era, up to 100m range, audio and video, UK legal, 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 PELTI, pack of 4 modules and manual is £99.99, 
Ref PELT2. The manual on its own is £4, Ref PET3, 
DC MOTOR. 12VC d.c., 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 70mm, 50mm 
x 5mm shaft, 12A continuous rating, thermal protected. £22. Ref 
MGM1. 
SOLID STATE RELAYS. P.C.B. mounting. these relays require 3-
32V d.c. to operate but will switch up to 3A a.c. mains. Pack of 4 
£5, Ref SPECI B. 
12V RELAYS. 2 x 2 do 16A contacts p.c.b. mount (will fit Vero), 
tray of 25 relays for just £9.95, Ref SPECI, 
VENNER TIME CONTROLS. Designed to be wired in permanent-
ly they will switch up to 16A 240V a.c. motorised with dial and pins. 
New and boxed. £ 15, Ref VTS. 
GYROSCOPES. We still sell original 1917 design, hours of fun for 
all the family, complete with stand, string, box and info. £6. Ref 
EP70. 
INNOVATIONS. We also sell a wide range of innovative products 
for the home, these are at www.seemans.com. 
INVERTERS. Convert 12V d.c. into 240V mains (modified sine 
wave), 300 waft ( 150 watt continuous), £59.95, Ref VER3. 600 
watt model (330 watt continuous), £79.97, Ref VER4. 

BULL ELECTRICAL 
UNIT D, HENFIELD BUSINESS PARK, 

HENFIELD, SUSSEX BN5 9SL 
TERMS: CASH, PO OR CHEQUE WITH 
ORDER PLUS £5.00 P&P (UK) PLUS VAT 

24 HOUR SERVICE £7.50 (UK) PLUS VAT 
OVERSEAS ORDERS AT COST PLUS £.3.50 

(ACCESS/VISA/SWITCH ACCEPTED) 

'phone: 01273 491490 Fax 491813 

Sales @ bull-electrical.com 

10 WATT SILICON SOLAR PANEL, 10 year life. 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. 
RED LE.D.s. Hewlett Packard red I.e.d.s, 5V operation, available 
in a pack of 50 for £8. Ref SS200. or 500 for £9.95, Ref SS201. 
MICROSOFT TRACKBALL AND MOUSE. Called the Microsoft 
Ballpoint this has 4 buttons, a trackball and PS2 connector. Will 
work with most PCs. £5.99. Ref EP50. 
MAXON WALKIE TALKIES, up to 2 mile range. UK legal, 300 
channel. 2 x walkie talkies, £74.95, Ref. Maxon1. Chargers £14. 
Ref. Maxonc, battery packs £12. Ref. Maxonb (otherwise uses 
AAA batteries). 
2-WAY MIRROR KIT. Contains enough material to make up to a 
500mm x 2200mm mirror (excl. glass). full instructions. £ 19.95, 
Ref WF001 
.22 AIR RIFLE. Under lever type. powerful Chinese training rifle. 
£38.26, Ref A1047. 500 pellets, £2.68, Ref A1091. 
.22 AIR RIFLE STANDARD TYPE. Chinese training rifle, on legal 
limit for air rifles, £29.75. Ref A1040. Pellets £2.68. Ref A1091. 
SHUT THE BOX. Check out www.bullybeef.co.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. Ref 
MAG33. Pack of 4 just £39, Ref MAG33AA. 
BSA METEOR AIR RIFLE. UK made .22 rifle, top quality profes-
sional air rifle. £84.15. Ref BSAMET 500 Lazapell pellets £5, Ref 
LAZAPELL. 
MAMOD 1313 TE1A TRACTION ENGINE. Attractive working 
model of traditional steam engine, £85. Ref 1313. 
MAMOD STEAM ROADSTER (white), magnificent working steam 
model car, £ 112. Ref 1319. 
MAMOD STEAM WAGON. Working model steam wagon finished 
in blue. £ 112. Ref 1318. Brown version ( with barrels). £ 122. Ref 
1450. 
POCKET SPY MONOCULAR. Clever folding monocular with 8 x 
21 magnification, made by Helios. with case. £ 14.99, Ref MONOC. 
KEVLAR BRITISH ARMY HATS. Broken or missing straps, hence 
just £8 each. Ref KEV99. 
CCTV SYSTEMS. £24.99. Complete with camera, 20 metres of 
cable, p.s.u. and into simple connection to scarf. £24.99. Ref 
CCTVCAM2. 
FM BROADCAST BAND HIGH POWER TRANSMITTERS can be 
viewed and bought online at www.yeronIca-kIts.co.uk. 
TONER CARTRIDGES FOR COPIERS AND PRINTERS can be 
bought online at www.natIonaltoners.co.uk. 
VELOSOLEX. Traditional French style two-stroke moped (engine 
over front wheels), black only. £695. Ref VELO. Delivered direct in 
a box, you need to fit the pedals etc. then register it with your local 
DVLC. 
HYDROPONIC GROWING SYSTEMS. Complete, everything you 
need apart from plants and light, contains grow tank, nutrients, 
pump, tester etc. GT205 710mm x 390mm. NFT system, £31.45, 
Ref GT205. GT424 1070mm x 500mm. NFT system, £58.65. Ref 
GT424, 
ELECTRIC BIKES, £679, Viking, built-in indicators, radio. lights, 
13mph, 5 hour charge. Shimano gears, up to 50 mile range. horn, 
26in. wheels, suspension, no licence needed, key operated. £679. 
Ref VIKING, 
PIR PCBs. These contain a standard PIR detector circuit with all 
components, easy to wire up and use. Pack of 4 £6, Ref FIRS. 
NEBULISER, WATER ATOMISER. Ultrasonic module that you 
place in water, atomises the water into a very fine mist, many 
applications from special effects to scientific. £69. Ref NEB6. 
PORTABLE X-RAY MACHINE PLANS. Easy to construct plans 
on a simple and cheap way to build a home X-ray machine! 
Effective device, X-ray sealed assemblies, can be used for exper-
imental purposes. Not a toy or for minors! £6/set, Ref F/XP1. 
TELEKINETIC ENHANCER PLANS. Mystify and amaze your 
friends by creating motion with no known apparent means or 
cause. Uses no electrical or mechanical connections, no special 
gimmicks yet produces positive motion and effect. Excellent for 
science projects, magic shows. part demonstrations or serious 
research and development of this strange and amazing psychic 
phenomenon. £4/set, Ref FaKE1. 
ELECTRONIC HYPNOSIS PLANS á DATA. This data shows sev-
eral ways to put subjects under your control. Included is a full vol-
ume reference text and several construction plans that when 
assembled can produce highly effective stimuli. This material must 
be used cautiously. It is for use as entertainment at parties etc 
only, by those experienced in its use. £ 15/set, Ref F/EH2. 
GRAVITY GENERATOR PLANS. This unique plan demonstrates 
a simple electrical phenomena that produces an anti-gravity effect. 
You can actually build a small mock spaceship out of simple mate-
rials and without any visible means cause it to levitate. £ 10/set, Ref 
F/GRA 1. 
TESLA COIL/LIGHTENING 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 listening and bugging. £6/set, Ref FNS9. 
PULSED TV JOKER PLANS. Little handheld device utilises pulse 
techniques that will completely disrupt TV picture and sound! 
Works on FM too! Discretion advised. £8/set, Ref F/TJ5. 
BODYHEAT TELESCOPE PLANS. Highly directional long 
range device uses recent technology to detect the presence of 
living bodies. warm and hot spots, heat leaks etc. Intended for 
security, law enforcement, research and development etc. 
Excellent security device or very interesting science project. 
£8/set, Ref F/BHT1. 
BURNING, CUTTING CO2 LASER PLANS. Projects an invisible 
beam of heat capable of burning and melting materials over a con-
siderable distance. This laser is one of the most efficient, convert-
ing 10% input power into useful output. Not only is this device a 
workhorse in welding, cutting and heat processing materials. but it 
is also a likely candidate as an effective directed energy beam. 
Burning and etching wood, cuffing, plastics. textiles etc. £ 12/set. 
Rol F I 07 
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www.distel.co.uk  

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

THE AMAZING TELEBOX 
Converts your colour monitor Into a QUALITY COLOUR TVII 

TV SOUND & 
VIDEO TUNER ' 
CABLE COMPATIBLE' 

The TILEBOX e an attradne tuer reeel mains perweed tee entarang at 
elieiteurs ready to pkag nto a host of wee° moieties or AV equermert Wne•i 
are feel widi a amposite video re SCANT input The semeterte elk%) 01.11pla 
we also ploy directly nip mote eider recorders, Cowing recephon of TV chare. 
nets not normally receivable on moat television receivers (TELEBOX 
Mel) Peer bison entries on the treat panel ado« teepee el 8 key kneel Sr 
*:el as' tlFfF Luker leieverai channe(s. TELEBOX MB covers wlualfy al teeve 
son kequences VHF and UHF including the HYPERBAND as used by 
most cable TV operators. Ideal b desktop computer video systems & PIP 
(picture n pidure) seuee For ccmplete compatbiky - even le mentors without 
seed - an areal 4 watt auk° emptier and low level FI h audio output are 
proveolas standard Brand new • key guaranteed 
TELEBOX ST tor composite video input type monitors £36.95 
TELEBOX STL as ST but fitted with integral speaker £39.50 
TELEBOX MB Mulliband VHF/UHF/Cable/Hyperband tuner £69.95 
For overseas PAL versions state 5.5 or 6 mHz sound specification. 
'For cable / hyperband signal recepteon Telebox M8 should be con. 
nected I a cable type service. Shipping on all Telebox's, code ( 6) 

Slate of the art PAL (UK spec) UHF TV tuner module 
with composite IV pp video & N1CAM ri, Ir Ster00 sound 

outputs Micro electronics all an one small PCB only 73 a 163 
e 52 mm enable full tuning control via a simple 3 wire link to an 

IBM pc type computer Supplied complete with simple working pro-
gram and documentation Requires + 12V & * 5V DC to operate. 

BRAND NEW - Order as MY00. Only £49.95 code (6) 
See www.distel.co.uk/data my00.htm for picture. lull details 

FLOPPY DISK DRIVES 21à" - 8" 
At units (unless stated) are BRAND NEW or removed tree ohen 
brand new equipment and are fully tested. aligned and stripped to 
you with a full 90 day guarantee. Call or see our web site 
WNW . distel.co.uk kw over 2000 unlisted serves for spares or repair 

3e; Mitsubishi MU- 3550-L. 1.4 Meg Laptops only £25.95(8) 
3W Mitsubishi MF355C-0. 1 4 Meg Non laptop £18.95(8) 
5Y.' flac FD-55GEH 1.2 Meg (for 10M res) RUE £18.9518) 
5.4" Teem FD- 55F-03-U 720I 40/80 (for BBC's etc) NFL £29.95(B) 
5W BRAND NEW Mitsubishi MF5018 360K £22.9518) 
Table top case with integral PSU for FIll 5W Floppy / HD £29.95(8) 
8" Shugart 800/601 8' SS refurbished & tested £210.0010 
8 Shugart 810 e SS Fitt Brand Now £195.00(E1 
13" Shugart 851 8' double sided refurbished & tested £260.00(0 
V Mitsubishi M2894-63 double sided NEW £295.00(E) 
V Mitsubishi M2896-63-02U OS semen° NEW £295.001E) 
Dual a^ cased cloves with • t • al • . er su. • 2 Mb £499.00(E 

HARD DISK DRIVES 2,/2" - 14" 
21/2 " TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm H) New £79.95 
2 ve TOSHIBA MK2101MAN 2.16 Gb laptop ( 19 mm H) New £89.50 
2,/,' TOSHIBA MK4309MAT 4 3Gb laptop tfl 2 mm H) NewC105.00 
2Ye TOSHIBAMK6409MAV 6.1Gb laptop ( 12.7 mm H) NewC190.00 
24a- to 314" conversion kit for Pc's. complete with connectors £14.95 
35f FUJI FK-309-26 20mb MUM RUE £59.95 
3Y,' CONNER CP3024 20 mb IDE I/F rectum ) RUE £59.95 
31/2 " CONNER CP3044 40 mb IDE I/F or equiv.) RUE £ 69.00 
3e.e QUANTUM 40S Prodri ve 42mb SCSI I/F, New RFE £49.00 
55" MINISCRIBE 3425 20mb MUM I/F (or equiv ) /SEE £49.95 
514' SEAGATE ST-2380 30 mb RLL I/F Refuter £69.95 
5e" CDC 94205-51 40mb HH MFM I/F RUE tested £69.95 
5e.• HP 97546 850 Mb SCSI RUE tested £99.00 
5Ia' HP C3010 2 Gbyte SCSI differential RFE tested £195.00 
8' NEC D2246 85 Mb SMO interlace. New £199.00 
8' FUJITSU M2322K 160Mb SMD I/F REF tested £195.00 
8" FUJITSU M2392K 2 Gb SW) VF RUE tested £345.00 
Many other drives in stock - Shippin. on all drives is code (Cl) 

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

10,000,000 items EX STOCK 
ior MAJOR SA PINGS 

One of the highest specification Nth monitors you will ever see - 
At this price - Don't miss it!! 

Mitsubishi FA3415ETKL 14" SVGA Multisync colour monitor. with fee 
028 iks Own lube and resolution of 1024 a 768. A 
variety of routs grows connection Kra/net of =rout-
' ors roguing IBM PCs n CGA EGA, VGA & SVGA 
modes. BBC, COMMODORE (ncluing &ma 120)), 
ARCHIMEDES and APPLE. Marry ¡waxes Etched 
faceplate, 104 swschrq ami LOW RAOtAIlOIrI MPH 
epreeheation Fay guaranteed, n EXCELLENT letle 

used caldron. 
Tilt & Swivel Base £4 75 Only £1 10 ,morree.A 
VGA cable for IBM PC included. 

External cables for other heave of computers available • CALI. 

Ex demo 17' 0.28 SVGA Mitsubishi Diamond Pro 

monitors, Full multisync etc. 

Full 90 day guarantee. Only £199.00 (E) 

Just In - Mictovitec 20- VGA (800 x 600 res.) colour monitors. 

Good Set condition - groin E299 - CALL for Into 

PHILIPS HCS35 (same style as CM8833) attractively styled 14" 
colour monitor with bee ROB and standard composite 15.625 
Khz video Inputs via SCANT 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 tor all 
video monitoring 1 security applications wrth direct connection 
to most colour cameras. High quality with many features such as 
front concealed flap controls. VCR correction button etc Good 

used condition • fully tested. guaranteed OnlY £00 00 
x Dimensions: W14' x H1244' 15W D. ' (el 

PHILIPS IICS31 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 bums). In attrac-
tive square black plastic case measuring W1fe x H10' x 13W D. 
240 V AC mains Dowered. Only £79.00 (D) 
KME 10' 15M 10009 high definition colour monitors with 0 28' dot 
pitch. Superb clarity and modern styling. • o 
Operates from any 15.625 khz sync Fitefi video 
source, with FiG8 analog and composite sync 
such as Atari. Commodore Amiga, Acorn 
Archimedes & BBC. Measures only 13W x 12" x 

II'. Good used condition. Only £125 (E) 

20" 22" and 26" AV SPECIALS 
Superbly made UK manufacture PIL all solid stale colour monitors, 
complete with composrte video & optional sound input. Attractive 
teak style case. Perlent for Schools. Shops, Disco, Clubs. etc In 
EXCELLENT little used condition with full 90 day guarantee. 

20"....£135 22"....£155 26"....£185 (F) 
We probably have the largest range of video monitors In 
Europe, All sizes and types from 4" to 42' call for info. 

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. 

TEST EQUIPMENT & SPECIAL INTEREST ITEMS 
MITS. et FA3445ETKL 14" Industrial spec SVGA monitors £245 
FARNELL e-eov OC 0 50 Amps. bench Power Supplies 
FARNELL AP3080 0-30V DC 0 80 Amps, bench Suppy £1850 
I kW to 400 kW - 400 liz 3 phase power ariscas- ir stock £P0 A 
IBM 8230 Type 1, Token rung base unit driver £760 
Wayne Kerr RA200 Audio frequency response analyses £2500 
IBM 53F5501 Token Ring ICS 20 port lobe modules £750 
IBM MAU Token ring distribution panel 8228-23-5050N £95 
AIM 501 Low distortion Oscillator 911z to 330Khz, IEEE £550 
ALLGON 8360.11805-1880 MHz hybrid power combiners £250 
Trend OSA 274 Data Analyser with G703(2M) 64 i/o £P0A 
Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500 
Marconi 2022C 10KHz-1GHz RF signal generator £1550 
Marconi 2030 opt 03 10KHz-1.3 GHz signal generalosNew £4995 
HP1650B Logic Analyser 
HP3781A Pallen generator & HP3782A Error Detector £ f3P7092 n  
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts £ t800 
HP6264 Rack mount variable 0-20V 0 20A metered PSU £675 
HP54121A OC to 22 GHz four channel test set£ P0A 
HP8130A opt 020 300 MHz pulse generator. GPIB etc £7900 
HP Al. AO 8 pen HPGI. high speed drum plotters - from £550 
HP DRAFTMASTER 1 e pen high speed plotter£ 750 
EG+G Brookdeal 95035C Precision lock in amp £1800 
View Eng. Mod 1200 computerised inspection system £P0A 
Sony DXC-3000A High quality CCD colour TV cernera £995 
Keithley 590 CV capacitor / voltage analyser£ P0A 
Racal ICR40 dual 40 channel voice recorder system£ 50 
Fiskers 45KVA 3 ph On Lune UPS'. Now batteries ££935700 

Emerson AP130 2 5KVA Industrial spec.UPS £2100 
Mann Tally MT645 High speed line printer £2200 
Intel SBC 486/133SE Multibus 486 system 8Mb Ram £945 
Siemens K4400 64Kb to 140Mb deems analyser £2950 

HP6030A 0-200V DC 0 17 Amps bench power supply £1950 
Intel SBC 486/125C08 Enhanced Mullein (MSA) New £1150 COLOUR CCD CAMERAS 
Nikon HFX-11 (Ephiphol) exposure control unit £1450 
PHILIPS PM5518 pro. TV signal generator £1250 Undoubtedly a miracle of modern technolegY & .c. 4/5e1,. 
Motorola VINE Bus Boards & Components List. SAE / CALL EPOA our special buying power 1 A quality product tea -
Trio 0-18 vie linear, metered 30 amp bench PSU. New ••• 

4 .4 
£660 luring a fully cased COLOUR CCD camera at a 

Fujitsu M3041R 600 LPM high speed band printer £1950 give away price 1 Unit features lull autolight sensing for 
Fujitsu M304113 6lX1 LPM printer with network interface £1250 use in low light a. high light 
Perkin Elmer 2998 Infrared spectrophotometer £500 applications. A 1C rrire feed locus 
Perkin Elmer 597 Infrared spectrophotometer £3500 wide angle lens gives excellent locus 
VG Electronics 1035 TELETEXT Decodung Margin Meter £3250 and resolution horn close up to long 
LightBand 60 output high spec 2u tack mount Video VDA's £495 range The composite video output will 
Sekonic SD 150H 18 channel digital Hybrid chan recorder £1995 connect to any composite monitor or TV 
B&K 2633 Microphone pre amp £300 (via SCAR! socket) and most video 
Taylor Hobson Tallysurf amplifier / recorder £750 recorders. Unit runs from 12V DC so 
ADC SS200 Carbon dioxide gas detector / monitor £1450 ideal for security & portable applica-
88C AM20/3 PPM Meter (Ernest Turner) + drive etectronics £75 lions where mains power not available. 
ANRITSU 9654A Optical DC.2.5G/b waveform monitor £5650 Overall durionsens 66 mm wide x 117 deep x 43 high Supplied 
ANRITSU MS9001B1 0 6.1 7 uM optical spectrum analyser £P0A BRAND NEW & telly guaranteed with ruse, data. 100's of aPRitca-
ANRITSU ML.93A optical power meter £990 lions including Security, Home Video. Web IV. Web Cams etc. etc 
ANRITSU Fibre optic characteristic test sel &OA 

Web rer = t K33 ONLY £99.00 or 2 for £ 180.00 (e) R&S FTDZ Dual sound unit £650 
R&S SBUF-E1 Vision modulator £775 
WILTRON 66300 124 / 20GlIz RF sweep generate£ 5750 
TEK 2445 150 MHz 4 trace oscilloscope  £1250 
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955 NT4 WorkStation, complete with service. pack 3 
TEK TDS380 400Mhz deal realeme + disk drive, FUT etc £2900 and Itcence - OEM packaged. ONLY £89.00 la) 
TEK TDS524A 500Mhz digital realeme + colour display etc £5100 ENCARTA 95 - COROM, Not the latest - but at this price I £7.95 
HP3585A Opt 907 20liz to 40 Mhz spectrum analyser £3950 DOS 5.0 Cr,, 31S' disks with concise books c/w OBaeic £14.95 
PHILIPS PW I 73W10 60KV XRAY generator & accessories & OA Windows foe Workgroups 3.11* Dos 6.22 on 3.5- disks £55,00 
CLAUDE LYONS 12A 240V single phase auto volt. rags £325 Wordpertect 6 for DOS seemed on 3kb' dears with manual £24.95 
CLAUDE LYONS 100A 240,415V 3 phase auto volt regs £2900 shipping charges for scrftware is code B 

DISTEL on the web H - Over 16,000,000 items from stock - www.distelaiuk 
tODISTELe 

I Surplus always 
wanted for cash!  

19" RACK CABINETS 
Superb quality 6 foot 40U 

Virtually New, Ultra Smart 
Less than Half Price! 

Top quality 19' rack cabinet; made in UK by 
Optima Enclosures Ltd Units feature 
desrenes smoked acrylic lockable front door. 
lull height lockable half louvered back door 
and louvered removable side panels. Fully 
adjustable internal luring struts. early punched 
for any configuration of equipment mounting 
sees ready mounted integral 12 way 13 amp 
soske switched mains distribution ship make 
these racks sor-ne of the most versatile we 

have aver sold. Racks may be stacked side by side and therefore 
require only Iwo side panels to stand singly or al muitiplo bays 
Overall dimensions are 71W H . 32W n x 22* W. Order as: 
OPT Rack 1 Complete with renrivasie side pane:5 £345.00 (G) 
e a ; 

Over 1000 racks, shelves, accessories 
19" 22" & 24" wide 3 to 46 U high. 

Available from stock I! 

32U - High Quality - All steel RakCab 
Made by Eurocrat t Enclosures ( to to the highest possible spec, 
rack features all steel construction with removable 
side, front and back doors Front and base doors are ",;:e.,, 
hinged for easy access and ad are lockable with .2' 
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 reman unobtrusive Internally the rack 
features fully slotted reinforced vertical fixing 
members to take the heaviest of 19" rack 
equipment. The two movable vertical fixing struts 
(extras available) are pre punched for standard 
'cage nuts'. A mains distribution panel Internal. 
ty mounted to the bottom rear, provides 6 x IEC 3 
per Euro sockets and 1 x 13 amp 3 pin switched 
utility socket. Overall ventilation is provided by s 
telly louvered base doe and double skinned top section 
with lop and side louvres The top panel may be removed for fitting 
of integral tans lo ma sub plate etc Other features include, titled 
castors and floor levelers, prepunched utility panel al tower roar lot 
cable / connector access etc. Supplied on excellent, slightly used 
condition with keys Colour Royal blue External chmensione 
mrne1625H x 6350 x 603 W ( 64" x 25" x 2314" W  ) 

Said at LESS than a third of makers price If 

A superb buy at only £245.00 (G) 
42U version of the above only £345 - CALL 

12V BATTERY SCOOP - 60% off II 
A spacer bulk purchase horn a cancelled export order brings you 
the most amazing savings on these ultra high spec 12v DC 14 Ah 
rechargeable batteries Made by Hawker Energy Ltd, type SBS15 
featuring pure lead plates which reeler a far superior shell & guaran-
teed 15 year service Ide. Fully BY & BS6290 approved. Suppled 
BRAND NEW and boxed Drmensions 200 wide, 137 high, 77 deep 
M6 bolt terminals Fully guaranteed Current makers price over £70 

each Our Price £35 each (C) or 4 for £99 (E) 

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 
Stale, Printed Circuit Mounting etc CALL or see our web sit* 
www.distel.co.uk for more Plormahon Many obsolete types horn 
stock. Save tiff's 
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-ELECTRONICS-

ALL MAIL TO 
Dept PE, 29/35 Osborne Rd 

Thornton Heath 
Surrey CF17 BPD 

Open Mon • Fri 9.00 - 5:30 

LONDON SHOP 
Open Mon - Sat 9:00 - 5:30 

215 Whitehorse Lane 
South Norwood 
On 6all BUS Pouf. 
farThornlon Floath 

S elhur at Park SR Raal Stationa 

Visit our web site 
www.distel.co.uk 
email e adminedistel co.uk 

ALL ENQUIRIES 

0208 653 3333 
FAX 0208 653 8888 

At pires le UK Manand UKouserriee. eel i !  eAT to TOTAL oro,, arise, Mirurnam omer £ 10 Bala oilers arax.otee teen Gee:armor.. sehree... 
UraVerSittaa and Loot' Authontes rereart ?recount nee £50 Gangues oaer £ 100 are subset to 10 working cews dearanre Carnage charges (A*,-£3.00, (Al e £4.00. 
(B)_.£5 era (C).4.8 5o, (C1) £12 50. (les-£15 00. (te£18.00. IF1s£20.0:). (Gk-CALL Now amok 6 clays tor shgerrg - laser CALL All go.'>Xi, SUPPied 10 cmx Stancia,1 Create:es 
d Sale and carless seated guaranteed tor 90days Ali guarantees on a mien to base base, Al nghts reserved to change paces / snacecations wrhout pee noire Ceders eseyea 
to stair Dansais tor wAkane Top CASH puree part kv expire youth Al trademarks. eadenames etc, acknowledge:I Electrocies 11191 1 5 0E. 07,99. 
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PIC-CONTROLLED 
INTRUDER ALARM 
This sophisticated multi-zone intruder detection system offers the 
following deluxe monitoring facilities. 

• alphanumeric liquid crystal display of all functions 
• monitors up to eight zones, including 'panic" and anti-tamper 
• zone intrusion indicated via bell, buzzer, strobe and Lad. 
• bell shut-off time adjustable, 5 to 20 mins 
• zone entry/exit exit time adjustable, 1 to 99 secs 
• access via keypad-entered alphanumeric PIN code, changeable 
• keypad selection of control options 
• mains powered, plus trickle-charged battery back-up 
• interchangeable use of open or closed circuit sensors 
• I.c.d. preview of zone sensor status 
• system checking via indicator lights without activating the bell 
• "panic" button always enabled for immediate use 
• "passive" advice (buzzer) of zone sensor status when required 
• accepts ail conventional types of switched-output commercial 

sensor 
• optional slave keypad with separate PIN code for access to 

selected zone 
• plus many more features 

ELECTRIC GUITAR TUNER 
This guitar tuner design uses a very simple frequency 
comparison circuit that works just as well whether the input to 
the comparator is at the fundamental frequency or a harmonic. 
This avoids the need for any signal processing other than a 
simple input amplifier. 
The display is just a single Lad. that flashes at a rate equal to 
the difference between the guitar's frequency and the correct 
frequency. Ccrrect tuning is therefore indicated by a steady state 
from the Lad. indicator. The unit is powered from a small 9V 
battery and it is fully portable. 
This project is simple enough to be tackled by a complete 
beginner at electronic project construction. No test equipment is 
needed to set up the finished unit, but an accurately tuned 
instrument or pitch-pipes are needed to provide reference 
frequencies. 

SOLAR CHARGE AND GO 
With more and more people "travelling" and using mobile 
phones, not only to keep in touch with family and friends but 
also as an item of safety equipment, there comes the need 
to recharge when miles from the nearest power point or car 
battery This solar-operated circuit will charge a nominal 
2.4V or 3.6V nickel-cadmium or nickel metal hydride mobile 
phone battery. It may also be used to power an inexpensive 
3V personal cassette player (the type that normally uses 
two AA size cells). You could listen to music or learn the 
local language! 
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QUASAR ELECTRONICS LIMITEO 
Unit 14 Sunningdale BISHOPS STORTFORD Herts CM23 2PA 

TEL: 01279 467799 FAX: 07092 203496 

ADD £200 P&P to all orders (or 1st Class Recorded £4, Nee day 
(Insured 1250) £7. Europe 1500, Rest of World £ 10.00). We accept all 
major credit cards Make cheques/PO's payable to Quasar Electronics. 
Prices include 17.5% VAT. MAIL ORDER ONLY 
FREE CATALOGUE with order or senc 2 x 1st class stamps 
(refundable) for details of over 150 kits & 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 Heatsonks provided. PCB 
76x75mm 1046KT. £24.95 
• 3-CHANNEL WIRELESS LIGHT MODULATOR 
No electrical connection with amplifier Light modu-
lation achieved via a sensitive electret microphone. 
Separate sensitivity control per channel Power 
handing 400W/channel. PCB 54x112mm. Mains 
powered Box provided. 6014KT £24.95 
• 12 RUNNING UGHT EFFECT Exciting 12 LED 
light effect ideal for parties, discos, shop-windows & 
eye-catching signs. PCB design allows replacement 
of LEDs with 220V bulbs by inserting 3 TRIACs. 
Adjustable rotation speed & direction. PCB 
54x112mm 1026K1 £15.95; BOX (for mains opera-
Hon) 2026BX £9.00 
• DISCO STROBE LIGHT Probably the most excit-
ing of all light effects. Very bright strobe tube. 
Adjustable strobe frequency 1-60Hz Mains powered 
PCB: 60x68rnm. Box provided. 6037KT £26.95 

• ANIMAL SOUNDS Cat, dog. chioren & cow. Ideal 
for kids farmyard toys & schools SG1 OM £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. 3061K1 
£13.95 
• IR REMOTE TOGGLE SWITCH Use any TVNCR 
remote control unit to switch onboard 12V/1A relay 
on/oft 30511KT £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. 3067KT 
£12.95 
• 3 x 8 CHANNEL IR RELAY BOARD Control eight 12Vil A 
relays by Infra Red ( IR) remote control over a 20m range in 
sunlight 6 relays turn on only, the other 2 toggle os/oft 3 oper-
aten ranges determined by jumpers. Transmitter case 8 all 
components orovided Receiver PCB 76x139rnm 3072KT 
f52.95 

PRODUCT FEATURE 
COMPUTER TEMPERATURE DATA LOGGER 
PC serial port controlled 4-channel temperatire 
meter (either deg C or F). Requires no external 
power. Allows continuous temperature data logging of 
up to four temperature sensors located 200m, from 
motherboarcVPC. 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 x 38mm. Sensors con-
nect via four 3-pin headers. 4 header cables supplied 
but only one 0518520 sensor. 
Kit software available free from our website. 
ORDERING' 3145KT £ 3.95 (kit form): 
AS3145 £29.95 (assembled): 
Additional DS18S20 sensors £4.95 each 

• SOUND EFFECTS GENERATOR Easy to build. 
Create an almost infinite variety ol interesting/unusu-
al sound effects from birds chirping to sirens 9VDC. 
PCB 54x85mm. 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 & playing jokes on your friends when 
answering the phone! PCB 42x71mm. 1131K1 
£8.95 
• AUDIO TO LIGHT MODULATOR Controls intensi-
ty of one or more lights in response to an audio input. 
Sale, modern opto-coupler design Mains voltage 
experience required. 3012K1 £8.95 
• MUSIC BOX Activated by light. Plays 8 Christmas 
songs and 5 other tunee 3104KT £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 
bait-in me. 6VDC. PCB 50x73rnm. 
3131KT £12.95 
• TRAIN SOUNDS 4 selectable sounds whistle 
blowing. level crossing bell. 'clekety-clack' & 4 in 
sequence. SGO1M £6.95 

FACTOR 
PUBLICATIONS 

THE EXPERTS IN RARE It 
UNUSUAL INFORMATION! 

Fuit derails ol all 0-FACTOR PUBLICATIONS can be rc„' o n 
our catalogue NB Minimum order charge tor reports ana pians 
a £500 PLUS normal P&P 

• SUPER-EAR LISTENING DEVICE Compete plans to 
build your own parabole dish microphone Listen to distant 
voices and sounds through open windows and even walls! 
Made from readily available parts R002 £3.50 
• LOCKS. Hoar they work and how to pick them This fact 
hied repon will teach you more about locks and the an of 
lock picking than many books we have seen at 4 times the 
price. Packed wah information and illustrations 9009 £3.50 
• RADIO & TV JOKER PLANS 
We show you how to WM three different arcurts lor disrupt-
ing TV picture and sound plus FM rader May upset your 
neighbours 8 the authorities!. DISCRETION REQUIRED. 
R017 £3.50 
• INFINITY TRANSMITTER PLANS Complete plans for 
bolding Inc famous Infinity Transmater. Once installed on the 
target phone device acts like a roan bug Just call the target 
phone 8 activate Ile unit to hear all morn sounds Great for 
home/office secunly! 9019 £3.50 
*THE ETHER BOX CALL INTERCEPTOR PLANS Grabs 
telephone calls out of thin air' No need to wire-in a phone 
bug Simply place this device near the phone lines lo hear the 
conversations taking place! R025 £3.00 
• CASH CREATOR BUSINESS REPORTS Need ideas la 
making some cash, Well this could be lust what you need' 
You get 40 reports (ammo 8130 pages) on floppy disk that 
give you information on setting up afferent businesses You 
also get valuable reproductron and duplication rights so that 
you can sell the manuals as you like R030 £7.50 

• PC CONTROLLED RELAY BOARD 
Convert any 286 upward PC into a dedicated 

automatic controller to independently turn on/Ott 
up to eight lights, motors & other devices around 

the home, office, laboratory or factory using 8 
240VAC/12A onboard relays. DOS utilities, sample 

test program, full-featured Windows utility & all 
components (except cable) provided. 12VDC. PCB 
70x200mm. 3074KT £31.95 
e 2 CHANNEL UHF RELAY SWITCH Contains the 
same transmitterreceher pair as 30A15 below plus 
the components and PCB to control two 
240VAC/10A relays (also supplied). Ultra bright 
LEDs used to indicate relay status. 3082KT £27.95 

OTRANSMTTTER RECEIVER PAIR 2-button keyfob 
style 300-375MHz Tx with 30m range. Receiver 
encoder module with matched decoder IC. 
Components must be built into a circuit like kit 3082 

above. 30A15 £14.95 
• PIC 18C71 FOUR SERVO MOTOR DRIVER 

Simultaneously control up to 4 servo motors. Software 8 
all components (except servos/carrol pots) supplied. 

5VDC. PCB 50x7Ornm. 3102KT £15.95 
• UNIPOLAR STEPPER MOTOR DRIVER for any 

5/66 lead motor. Fast/slow 8 single step rates. 
Direction control & on/off switch. Wave. 2-phase & 
half-wave step modes 4 LED indicators. PCB 

50a65mm. 3109K1 £14.95 
• PC CONTROLLED STEPPER MOTOR DRIVER 
Control two unipolar stepper motors (3A max each) 

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

eed case provided. 3113KT £17.95 
• 12-BIT PC DATA ACQUISMON/CONTROL UNIT 

Similar to kit 3093 above but uses a 12 bit Analogue-
to-Digital Converter (ADC) with internal analogue 
multiplexor Reads 8 single ended channels or 4 dif-

ferential inputs or a mixture of both. Analogue inputs 
read 0-4V Four TTL/CMOS compatible digital 
input/outputs. ADC conversion time < 10uS. Software 
(C, OB & Win), extended D shell case & all compo-
nents (except sensors & cable) provided. 3119KT 
£52.95 
• LIQUID LEVEL SENSOR/RAIN ALARM Will indi-
cate fluid levee or simply the presence of fluid. Relay 

output to control a pump to add/remove water when it 
reaches a certain level. 10410K1 £5.95 
• AM RADIO KIT 1 Tuned Radio Frequency f root-
end, single chip AM radio IC & 2 stages of audio 

amplification. All components i. speakee provid-
ed. PCB 32x102mm. 3063KT £10.95 
• DRILL SPEED CONTROLLER Adjust the speed 

of your electric drill according to the job at hand. 
Suitable for 240V AC mains powered drills up to 

SURVEILLANCE 
High performance surveillance buge Room transmitters suppled with sensitive electret microphone 1 bailey beetle Al transmit-

can be reared on an ordinary VHF/FM radio between 88-10BMHz. Available in KO Form IKT)or Assembled II Tested (AS) 

ROOM SURVEIWUICE 
• IATX • MINIATURE 3V TRANSMITTER Easy to build 8 guar. 
anteed lo transmit 300m 0 3V. Long banery hIe 3-5V operation 
Doh" 45x18mm B 3007KT £6.95 AS3007 £11.95 
IARTX. MINIATURE 9V TRANSMITTER Our best selling bug 
Super sensitive. high power - 500m range di 9V lover 1krn with 
18V supply and boner aerial). 45x19mm.3018KT £7.95 AS3018 
£12.95 
HPTX • NIGH POWER TRANSMITTER High performance 2 
stage transmitter gives 
greater stabilmi & hgher qual-
ity reception 100Orn range 6-
12V DC operation Size 
70x15mm. 303201 £9.95 
AS.9032 £19.95 
• »TX- MICRO-MINIATURE 9V TRANSMITTER The ultimate 
hug for its size. performance and price Just 15x25mm 500m 
range 0 9V Good stately. 6-18V ieeraten. 3051KT ate 
AS3051 £14.95 
• rrx - VOICE ACTIVATED TRANSMITTER Operates only 
when sounds detected. Low standby current Venal* trigger sen. 
sanity. 50Orn range. Peaking circuit suppled tor maximum RF out-
put Ott/off meta) 6V operation Only 63xXimm 3028111 £12.95 
553829 £21.95 
HARD-WIRED BUG/TWO STATION INTERCOM Each Mahon 
has es own emptier, speaker and mc. Can be sel up as either a 
nard-wred bug or two-station intercom 10m x 2-core cable sup-
plied. 9V operation 3021KT £15.95 (Idt form only) 
• TRVS - TAPE RECORDER VOX SWITCH Used to automak 
rally operate a tape recorder (not suppled) ea its REMOTE sodc,. 
et when sounds are detected All corwersailons recorded 
Adjustable sensitivity 8 turn-off delay. 115x19mm 301301 £9.95 
AS3013 £21.95 

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

6074KT £17.95 

• 3 INPUT MONO MIXER Independent level con-

trol for each input and separate bass/treble controls. 
Input sensitivity. 240mV. 18V DC. PCB 60mm x 

185mm 1052K1 £16.95 

• NEGATIVELPOSITIVE ION GENERATOR 
Standard Cockcroft-Walton multiplier circuit. Mains 
voltage experience required 3057KT £10.95 
• LED DICE Classic intro to electronics & circuit 

analysis. 7 LED's simulate dice roll, slow down 8i land 
on a number at random. 555 IC circuit. 3003ICT £9.95 
• STAIRWAY TO HEAVEN Tests hand-eye co-ordi-
nation. Press switch when green segment of LED 

lights to climb the stairway - miss & start again! 
Good intro to several basic arcuits. 3005K1 £9.95 
• ROULETTE LED 'Ball spins round the wheel, 

slows down & drops into a slot 10 LED's Good intro 

to CMOS decade counters 8 Op-Amps. 3006ICT 
£10.95 

• 9V XENON TUBE FLASHER Transformer circuit 
steps up 90 battery to flash a 25mm Xenon tube. 

Adjustable flash rate (0•25-2 Sece). 3022K1 £11.95 
• LED FLASHER 1 5 ultra bright red LED's flash in 
7 selectable patterns. 3037MKT £5.95 

• LED FLASHER 2 Similar to above but flash in 
sequence or randomly Ideal for model railways. 

3052MKT £5.95 
• INTRODUCTION TO PIC PROGRAMMING. 
Learn programming from scratch. Programming 

hardware, a P1 6F84 chip and a two-part, practical. 
hands-on tutorial series are provided. 3081K1 
£22.95 
• 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). 3096K1 £13.95 
• 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/1.5V TO 9V BATTERY CONVERTER Replace 
expensive 90 batteries with economic 1.5V batter-

ies. 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 & professional laboratory. Very 
reliable & versatile design at an extremely reason-

able price. Short circuit protection. Variable DC 
voltages (3-30V). Rated output 2.5 Amps. Large 

heatsink supplied. You just supply a 24VAC/3A 
transformer. PCB 55x112mm. Mains operation. 

1007KT £16.95. 

TELEPHONE SURVEILLANCE 
• UTTX. MINIATURE TELEPHONE TRANSMITTER Attaches 
anywhere to phone line Transmits only when phone is used' 
Tunein your fade and hear both panes 300m range Uses line 
as aerial 8 power source 20x45mm 3016KT £8.95 AS3016 
£14.95 
• TRI TELEPHONE RECORDING INTERFACE Automatically 
record all conversabons Connects between phone line 8 tape 
recorder (nol suppled) Operates recorders with 1 5-120 battery 
systems. Powered from line 50x33mm. 303301 £9.95 853833 
£18.95 
• TPA • TELEPHONE PICK-UP AMPLIFIERMIRELESS 
PHONE BUG Place pek-up coil on the phone line or near phone 
earpiece and hear both sides of the conversation 305501 £11.96 
AS3055 00.95 

HIGH POWER TRANSMITTERS 
• 1 WATT FM TRANSMITTER Easy to construct Delrvers a 
crisp clear stout Two-stage circuit III includes merophone and 
requires a simple open dipoe venal 8.30VDC PCB 42x45mm 
100901 E14.95 
• 4 WATT FM TRANSMITTER Comprises three RF 
stages and an audio preamplifier stage Piezoelectric 
microphone supplied or you can use a separate preampli-
fier circuit Antenna can be an open dipole or Ground 
Plane Ideal project for those wrio wish lo get started in the 
fascinating world of FM broadcasting and want a good 
basic want to experiment with 12-18VDC PCB 
44x146mm. 102901. £22.95 AS1028 £34.95 
• 15 WATT FM TRANSMITTER (PRE-ASSEMBLED & 
TESTED) Four transistor based stages with Philips B/F 
88 in final stage 15 Wons RF power on the air. 88-
108MHz. Accepts open dipole, Ground Plane, 5/8, J. or 
VAGI antennae 12-18VDC PCB 70x22Ornm. SWS meter 
needed for alignment. 102101 £99.95 
• SIMILAR TO ABOVE BUT 25W Output 1031Ia £102.95 

• STABILISED POWER SUPPLY 2-30V/5A As kit 
1007 above but rated at 5Amp. Requires a 
24VAC/5A transformer. 1096KT f27.95. 

• MOTORBIKE ALARM Uses a reliable vibration 
sensor (adjustable sensitivity) to detect movement 

of the bike to trigger the alarm & switch the output 
relay to which a siren, bikes horn, indicators or 
other warning device can be attached. Auto- reset. 
6-12VDC. PCB 57a64mm. 1011KT £11.95 Box 

2011BX £7.00 
• 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. PCB: 47mm x 55mm 

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

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

just for fun! 6-9VDC. 3016KT £10.95 
• COMBINATION LOCK Versatile electronic lock 
comprising main circuit & separate keypad for 

remote opening of lock. Relay supplied. 3029KT 

£10.95 
• ULTRASONIC MOVEMENT DETECTOR Crystal 

locked detector frequency for stability & reliability. PCB 
75x4Omm houses all componente 4-7m range. 

Adjustable sensitivity Output will drive external 
reey/circurts. 9VDC. 3049KT £13.95 
• PIR DETECTOR MODULE 3- lead assembled 
unit just 25x35mm as used in commerce' burglar 

alarm systems. 3076KT £8.95 
• INFRARED SECURITY BEAM When the invisible 
IR beam is broken a relay is tripped that can be used 
to sound a bell or alarm. 25 metre range. Mains 
rated relays provided. 12000 operation. 3130KT 

£12.95 
• SQUARE WAVE OSCILLATOR Generates 
square waves at 6 preset frequencies in factors of 10 
from 1Hz-100KHz. Visual output indicator. 5-18VDC. 

Box provided. 3111KT £8.95 

• PC DRIVEN POCKET SAMPLER/DATA LOG-
GER Analogue voltage sampler records voltages 

up to 2V or 20V over periods from milli-seconds to 
months Can also be used as a simple digital 

scope to examine audio & other signals up to 
about 5KHz. Software & 0-shell case provided. 
3112KT £18.95 

• 20 MHz FUNCTION GENERATOR Square, tri-
angular and sine waveform up to 20MHz over 3 
ranges using 'coarse' and 'line' 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 £69.95 

njur4 30-In-ONE 
Electronic Projects Lab 

Great introduction to electronics. Ideal for the budding elec-

tronics expert! Build a radio. burglar alarm, water detector, 

morse code 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 explana-

tions, schematics and assembly diagrams. Suitable for age 

10n. Excellent for schools. Requires 2 x AA batteries. 
ONLY £14.95 (phone for bulk discounts). 

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

Secure Online Ordering Facilities 
Full Kit Listing, Descriptions & Photos 

Kit Documentation & Software Downloads 
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`PICALL' PIC Programmer 
Kit will program ALL 8*, 18*, 28 and 40 pin 
serial AND parallel programmed PIC 
micro controllers. Connects to PC parallel 
port. Supplied with fully functional pre-
registered PICALL DOS and WINDOWS 
AVR software packages, all components ir 
and high quality DSPTH PCB. Also 
programs certain ATMEL AVR, serial 
EPROM 24C and SCENIX SX devices. New PIC's can be added to the 
software as they are released. Software shows you where to place 
your PIC chip on the board for programming. Now has blank chip auto 
sensing feature for super-fast bulk programming. *A 40 pin wide ZIF 
socket is required to program 8 & 18 pin devices (available at £15.95). 

3117KT 'PICALL PIC Programmer Kit £59.95 
A$3117 Amiembled PICALL PIC Programmer £69.95 
AS3117ZIF Aeiembled 'PICALL PIC Programmer 

chk ZIF socket £84.95 

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

DIP AT90S4414 & AT90S8515 devices. NO special software 
required - uses any terminal emulator program (built into 
Windows). The programmer is supported by BASCOM-AVR Basic 
Compiler software (see website for detals). 
NB ZIF sockets not Included. 

3122KT ATMEL AVR Programmer £24.95 
AS3122 Assembled 3122 £39.95 

Atmel 89Cx051 and 89xxx programmers also available. 

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

FEATURES: 
• 8 Digital Outputs: Open collector, 500/1A, 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. 6 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. 

i 
3093KT PC Data Acquisition 8 Control Unit £99.95 
AS3093 Assembled 3093 £124.95 

See opposite page for ordering 

information on these kits 

ABC Mini liotchip' 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 ;ike the power and flexibility of the ATMEL microcontroller, 
as well as the ease with which the little Hot Chip board can be 
"designed-in" to a project. 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 Schematic Capture 
and Simulation Software 

ifiLtr,L'fl ' 

A c.1) e Le gm.. lode bee 

àeg%LrilL LliPlit — UUBMW % vi 

444.4it Advanced Schematic Capture, Simulation, PCB Layout 
.„ 

JJ 
Ready 

Advanced Hierarch.' Schematic Capture Includes 
Graphical Library Browser and Device Searcher Device 

device 
EditormodeS  r Spceain.dp..„ w.;,s i PCBNetttaGu nis e, p o . eneratioOver 7000d 

and import models from device manufacturers web page 

• Advanced 32-bd Analog Digital and Mixed Mode Simi awn 
• Virtual Instruments OhmNoltagetCurrent/Power Mull, meter 
snows compiex Vortage Current Phase Magnitude etc 

• Built in 64-Channel Real-Time Virtual Oscilloscope 
• Built in Modal Logic Analyzer alb,e5 you to set breakpoints 
• Supports Advanced BSIM3v3. BSIM4. and SOI Models 
• 21 Different analysis types . nrclud.ng advanced Monte Carlo/WC 

• PCB design up to 255 layers 3rx3r boards 001" resclubon 
• AutoRouter Autoplacement Viewer. Thousands of %de' 

VisualSpice Software Purchasing Options 
Personal Edlbon £ 74 95 

" Professional Edon £ 24 95 (see web or call for full detailsi 
Standard Edition £ 149 

dl 9.5 
1 ,,j 

Serial Port Isolated I/O Controller 
Kit provides eight 240VAC/12A 
(110VAC/15A) rated relay outputs and 
four optically isolated 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 I/O Controller £69.95 
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Video Surveillance 
• C-M05 B/W Camera 15mm/15mm 

• C-M05 Colour Camera 15mm/15mm 

• PCB B/W Camera 32mm/32mm 

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

• 23cm ( 1-361-lz) Video/Audio Transmitter 

• 13cm (2-46Hz) Video/Audio Transmitter 

• 1-2 Watt 2-4GHz Video/Audio Transmitter 

• 4" TFT Boxed Colour Monitor w/Audio 

• Video to VGA Converter 

• VGA to Video Converter 

• 10m Outdoor IR Illuminator 

£29.00 

£65.00 

£24.00 

£65.00 

£35.00 

£35.00 

£120.00 

£110.00 

£65.00 

£90.00 

£55.00 

All prices exclude VAT. 

Many more products on our website: 

WWW.BITZTECHNOLOGY.COM 

Tel: 01753 522 902 Fax: 01753 571 657 

it 
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SPECIAL OFFERS 

 . • 

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

with 2 Tektronix probes. 

ONLY CI> 

TEKTRONIX 2232 Digital Storage Scope 
Dual Trace, ICCMHz. 1COM/S with probes £525 
M.P. 51501* D%. psalm:ape, 100MHz 4-Ch £425 
H.P. 3312A Function Gen., 0.1Hz-13MHz. 
AM/FM Sweep,"Tm/Gate/Brst etc.   £300 
FARNELL Dual >SU XA35-21, 0-35V, 0-2A. 
Twice °MD. lorO Display   £180 
CIRRUS CRLZ4 Sound Level Meter 
with Calibrator 30-12003, LEO  £150 
EDDYSTONE 11302 Receiver, 150kHz-30MHz 
Brooadcast FAZ. unused  £125 

FARNELL AMM255 Automated Mo 
Meter. 1.5MHz-2GHz. unused  £300 
FARNELL DSC01 Low Frequency Syn Sig Gen.. 
0.001Hz-99-991C-Iz, low distortion, 
10L/Square/Pulse Outputs etc.  £95 
FLUKE 8060A Handheld True RMS, OMM. 
435 digit    As new £150, used £95 
BECKMAN HD110 Handheld 315 digrt OMM, 28 
ranges, with bad. ry. leads and carrying case .£40 

H.P. 3310A Function, Gen.. 0-005Hz-5MHz, 
Sme/Sq/Tn/RarrePulse £125 
FARNELL LFM4 Sme/I-ig Oscillator, 10Hz-1MHz, 
low distortion. TTL output, Amplitude Meter £125 
H.P. 545A Logic Probe with 546A Logic 
Purser and 547,5 Current Tracer  £90 
FLUKE 77 Mughneter, 353-digit, handheld  £60 
FLUKE 77 Senss 11  £70 
HEME 1000 L CII Clan p Meter. 00-1000A. 
in carrying case    £60 

Racal 9008 ONLY 

Automatic Moe, ation Meter, AM/FM 1 5MHz-2GHz 

patron 1061 
High Oualrty 5-5 DO Bench 
Multmeter 
True RMS/4 wire Flee/Current Converter/IEEE 

£150 

High Oualrly 61,4 digit Bench CD 
Muthmeter 
True RMS/4 wirerCurrent Converter 

Datron 1061A 

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

MARCONI 2019A 

ele 
le - 
.4 

AM/FM SYNTHESISED SIGNAL 
GENERATOR 
80 kHz - 1040MHz 

NOW ONLY 

£400 

MARCONI 893C AF Power Meter. Swed Measurement 
 Unused £100. Used £60 

MARCONI 8936. No Salad  £30 
MARCONI 2510 True RAIS Voltmeter, AulorangIng. 
5Hz-25MHz  £195 
GOULD J3B Sine/Sq Osc., 10H2-1001tHz, 
low distortion  £754125 
AVO Mk. 6 in Every Ready case. with eads etc. 180 
Other AVOs from ................ .£50 
GOODWILL 067427 Dual Ch AC MIllivohmeter, 
10mV-300V in 12 ranges. Fneq. 10Hz-1MHz  £106£125 
SOLARTRON 7150 OMM 6W-digit 
Tru RMSPEEE £9,5-C150 
SOLARTRON 7150 Plus  £200 

NIGH QUALITY RACAL COUNTERS 
9904 Universal Timer Counter. 50MHz  £50 
9916 Counter. 10Hz-520MHz  £75 
9918 Counter. 10Hz-560MHz, 9-chgrt   £50 
WAYNE KERR 6424 Component Bridge £125 
RACAL/AIM 9343M LCR Databodge. 
Digital Autorneasurernent of R. C. L. O. D £200 
HUNTRON TRACKER Model 1000  £125 
FLUKE 8050A 4 5 Digit 2A. True WAS   £75 
FLUKE 8010A 3 5 De. 10A   £50 
FLUKE 8012A 35 Digit 2A   £40 

SOLARTRON 7045 
Bench Multirneter ONLY 
4.5 Digit Bright LEO with leads 

Portable Appliance Tester 
Megger Pat 2 Only £180 

H.P. 601213 DC PSU 0-60V. 0-50A, 1000W £1000 
FARNELL AP60/50 1KW Autoranging  £1000 
FARNELL H60/50 0.60V 0-50A   £750 
FARNELL H60/25 0-60V. 0-25A  £400 
Power Supply HPS3010. 0-30V, 0-10A . £140 
FARNELL L30-2 0-30V, 0-2A   £80 
FARNELL L30-1 D3OV, 0-1A   £60 
Many other Power Supplies available 
Isolating Transformer 7-47V V. Out 500VS £40 

STEWART of READING 
110 VirYKEHAM ROAD, READING, BERKS. RG6 1PL 
Telephone: (0118) 9268041. Fax: (0118) 9351896 

www.stewart-of-readIng.co.uk 
Callers welcome 9g-o-5 30pm Monday to Friday (other times by arrangement) 

VISA 

GOULD 0S300 
Dual Trace. 20MHz 
Tested with Manual 

ONLY 41» 

OSCILLOSCOPES 
TEKTRONIX 100310 aual !raze. 2001,4Hz IG,S Unused £1500 
TEKTRONIX 105320 dual trace. 1COMHz. 5001,1/S .  £ 1500200 
TEKTRONIX 10X310S310 dual trace. 50MHz. 20045'S £ 60 
LECROY 9400A nst trace. 175MHz. 5G'S  
HITACHI VC6523, 3trace. 20MHz. 20MS. delay etc Unused £800 
PHILIPS PM3092 2.2-ch 200MHz. Se/ay etc.. £800 as owe £950 
PHILIPS P103082 2.2-dr. 100MHz. delay etc . £700 es new MOO 
TEKTRONIX 165465 clual trace. 1COMHz. delay etc.  £750 
TEKTRONIX 24658 4-Ch . 4C01,4Hh. delay cursors etc  £1500 
TEKTRONIX 2465 4-ch. 300MHz. deiay cursors ex £930 
TEKTRONIX 2445/AS 4-ch 150MHz delay cursors etc 15004900 
TEKTRONIX 488 Dg Storage dual trace. 100111b. delay  £450 
TEKTRONIX 466 Analogue Storage dial hate 100MHz  £250 
TEKTRONIX 465 dual hace. 35CMHz. delay ewes  £550 
TEKTRONIX 475 dual trace 200Mitz delay sale  £400 
TEKTRONIX 4658 dual trace. 100MHz. delay smep  £325 
PHIUPS PM3217 dual trace. 50MHz delay  12001250 
GOULD 051100 dial sacs 30MHz delay  LISO 
NAMES HM303 dial hace 30MHz component teeter .. £275 
NAMES 1111203.7 dual hace. 20MHz component tester  C200 
FARNELL 01920 dual hace 20MHz corripcneni tester  £125 
Many 011ar OselPoscopes 08114184 

MARCONI 2022E Syehl AMPO Sig Gen 
idinz-I OIGHz1cd &play etc £525-£750 

H.P. 86570 Syrtt 9g gen, 1001;Hz-1010MHz  42000 
 £1350 

H.P 86560 Syrtt slg gen. 100Idiz-990MHz  £995 
RAS APN62 Synth. 1Hz.26CAH1 9g gen 
tyalarcedurtalanced output. cd. display . £425 
PH1UPS PM5328 seg gen. 1001diz-113011Hz 
200MHz keg counter. IEEE 

RACAL 9081 Synth AM/FM 9g g en. 5kHz-1024MHz 
H.P. 33250 Syne hector gen. 21MHz 
MARCONI 65C6 Amplitude Analyser 

CR A  PP, 4419r4 L Meter. 1 l'eedance Analyser H.P. z.10MHz 
H.P. 89034 Dean. Analyser 
WAYNE KERR 3245 Inductance Analyser 
H.P. 41120 Pulse Generator 50MHz 
MARCONI 2410 Frequency Counter, 206Hz 
H.P. 53506 r•eduency Counter. 20GHz   
HP 53420 I 010.18Gib Frequency Counter   
HP 16508 Logic Analyser. 60-charnel   
MARCONI 2535 Mod Mete 5001112-2GH2 

.. 165KB tryrdlr tug 

£550 
£250 
£802 

£1500 
£5000 
£2750 
£1000 
£2000 
£1250 
£1000 
£2000 
£00 

£1000 
£750 

RADIO COMMUNICATIONS TEST SETS 
MARCONI 29553995A  Front £1500 
ROHDE X SCHWARZ CUT 0 1.1000MHz £2000 
SCHLUMBERGER 4040 £100 

JUST IN 

H.P. 64438 OC bectronc Load. 0240V/010h 250W Pou 
HP. 163126 PSU, 0-20116-2A  0400 
H.P.1143116 P5V, 0401/03A   0400 
H.P. 863010 PSU 015. 0-3,01042. 04.5A  f750 
11.P. 58328 Psu.movrosa   £500 
H.P. 66234 PSU, tnpfe ougzut ranting Apr1%0-790-50 to 
0-20V 0-4A £850 
H.PJAGILENT 34401A DMIA Al, deist   £400/£450 
H.P. 34750 OMM 51, cbgd   £275 
FLUKE 45 DMM dial Malay   cam 
KEITHLEY 2010 OMM 711 Aga   £950 
KE/THLEY 617 Prograrnmatée Electrometer £1250 
H.P. 43388 Millownmeter  £1500 
RACAL Court« type 1999 2-6011z, £500 
H.P Counter type 53131A 3012  £850 
H.PJAGILENT 331264 Func.GerstAREL 10010-19AH 

 £10010 IGO 
SONY/TEKTRONIX AFG320 Artery Func Gen   £1250 
H.P.0904A Syn FunCtioe Gen, 0C6OCIdiz £100311250 
BLACK STAR JUNT011 2010 Franc Gen. 0.211z-211Hz raP 
Seguencyweser £140 

H.P.11115A Pulse Generator, 1m11-50MHz   01950 
H.P.1165711 Syn Ge 01-20130MHz   02500 
CO-AXIAL SWITCH, 1.5GHz   £40 
IEEE CABLES £10 

SPECTRUM ANALYSERS 

H.P. 85618 50Hz-6-56Hz £5500 
H.P. 85604 50Hz.2 9GHz sreeseed £5000 
H.P. 8594E 91r112-2-9GFIz   £4500/£5000 
M.P. 8591E 114H91.86Hz. 75 Ohm £3500 
H.P. 8534 4141 85554 1130tHz21GHz   M250 
M.P. 85588 4411 5441 Rune, 103149.15008118 £1250 
H.P. 3585A 2010-40MHz   £3000 
M.P. 35604 5Hz-50kHz ...... MOO 
ADVANTEST 541316 101diz-3-50Hz £3500 
EATOKAILTECH 7r70-001-22Gliz £1500 
MARCONI 2382 1001-0-400MHz.hrgh resolutron f2000 
MARCOM 2370 3011z-1101SHz   from £500 
H.P. 182 me 8557 10kHz-35011Hz   .£100 
M.P. 141T SYSTEMS 
8553 IMP-110MHz  tran £500 
8554 503kHz.1250MHz  horn £750 
6555 10MHz-18Gliz   horn £1030 
TEKTRONIX 491 10MHz-t24Gliz  £00 
M.P. 8413 Traclung Gen/Canter. It 01,012 £250 
HR. 8444 OPT 059 
88K 20330 Signal Analyser £750 
H.P. 53735 Frequency 8 Time Interval Analyser  £2250 
M.P. 01540 Network Analyser. 4MHz-1300MHz   £1250 
H.P. 3557A Network Analyser. 5Flz-203MHz £3000 
HO 533104 Mod Owen Analyser Opt 0111003 £5000 
ONO SOKKI CF300 Portable FFT Analyser E1500 

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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NEW From FED - In Circuit Debugging for PIC 16F87x series 

Operates with all FED PIC Development applications (PIXIE, WIZPIC, PICDESIM, C Compiler) 

In Circuit Debugger 

Board 

What is In-Circuit Debugging (ICI) ? 

In Circuit Debugging is a technique where a monitor program runs on the PIC in the application circuit. The ICD 
board connects to the PIC and to the PC. From any of our applications it is then possible to set breakpoints on 
the PIC, run code, single step, examine registers on the real device and change their values. The ICD makes 
debugging real time applications faster, easier and more accurate than simulation tools available for the PIC. 

Features 

• Allows real hardware to be examined & programs to be debugged and to be run in real time on your application 
• Powered from the application circuit (3.3V to 5V) 
• The FED ICD requires only one data I/O pin on the PIC which can be chosen from any of ports B, C or D. 
• Can program and re-program applications in circuit 
• Up to 3 breakpoints 
• Run, single step and step over, run to cursor line, set PC to any value in the program 
• Trace execution in the original C or Assembler source files 
• Animate operation to trace variables at breakpoints or watch the program executing 
• Auto Run application if ICD not connected 
• View and change values of PIC special function and general purpose registers, W and the ports. 
• Uses a standard (3 wire) serial interface to a PC 

Prices 

In Circuit Debugger Board - £30.00 
You will also need a copy of PICDESIM, WIZPIC, our C Compiler, or PIXIE, all of which operate with the ICD board. 

PIXIE Visual Development for the FED PIC C Compiler 

• An application designer for the FED PIC C Compiler FULLY including the 
PIC C Compiler 

• Drag a software component or to your design & set up the parameters 
using check boxes, drop down boxes and edit boxes (see shot right). 

• Connect the component to the PIC pins using the mouse 
• Select your own C functions to be triggered when events occur (e.g. Byte 

received, timer overflow etc.) 
• Simulate, Trace at up to 10x the speed of MPLAB 
• Generate the base application automatically and then add your own 

functional code in C or assemoler 
• Supports 14/16 bit core PICS - 16F87x,16C55x,16C6x, 16F8x, 16C7xx 18Cxx 
• C Compiler designed to ANSI C Standards 

•Jr ;,„ ie 
- • 

Ilmemeemeyde 

iàleteneefflYee 

Dee. • •• 

A elt1 

Prices 
PIXIE with Introductory manual (C Manuals on CD) - £70 

PIXIE with WIZPIC, Serial Programmer, or Development Board £50.00 CD-ROM 

PIC & AVR Programmers 
PIC Serial Programmer 

(Left) including 18Cxxx 
Handles serially programmed 
PIC devices in a 40 pin multi-
width ZIF socket. 16C55X, 
16C6X, 16C7X, 16C8x, 16F8X, 
12C508, 12C509, 16C72XPIC 
14000, 16F87X, 18Cxxx etc. 
Also In-Circuit programming. 
Operates on PC serial port 
Price : £45/kit 

£50/built & tested 

PIC Introductory - Programs 8 & 18 pin devices : 16C505, 16C55X, 

16C61, 16C62X, 16C71, 16C71X, 16C8X, 16F8X, 12C508/9, 12C671/2 £25/k1t. 

AVR- AVR1200,2313,4144,8515, 8535, 4434 etc. in ZIF. 4.5V battery powered. 
Price : £40 for the kit or £45 built & tested. 

All our Programmers operate on PC senal interface. No hard to handle parallel 
cable swapping ' Programmers supplied with instructions, + Windows 
3.1/95/98/NT software. Upgrade programmers from our web site 

NEW - PIC Development Board 

Prices 
Kit with integrated 
programmer hardware £35.00 
CD-ROM including FED PIC 
BASIC compiler £5.00 
Other options available - 
please ring or see web site  

Forest Electronic Developments 
12 Buldown Walk, Sway, Lymington, Hants S041 6DU 
Email - info@fored.co.uk, or sales@fored.co uk 

Web Site -httpj/www.fored.co.uk 

01590 681511 (Voice/Fax) 
Prices are fully inclusive, Add £3.00 for P&P and handling to each order. 
Cheques/POs payable to Forest Electronic Developments, or phone with 
credit card details. 

VISA 

For ALL 40 pin PICS from 
16cxxx, 16Fxxx and 18cxxx 
• Includes In-Circuit 

Programmer - NO separate 
programmer required 

• LCD module interface ( 1:1) 
plus contrast control 

• Hex keypad interface 
• 4 LED's and driver 
• 32 I/O pins available on IOC 

headers 
• Variable resistor for ND 
• Socket for 12C EEPROM 
• 1A 5V regulator on board 
• 2 serial interfaces 
• CD-ROM supplied with FED 

PIC BASIC and Compiler 
• Peripherals operate only on 

port D and E leaving others 
free 

Manual on CD-ROM or download 
free from our web site 

18C452 
New architecture (more instructions 
• Hardware muitiply), 40MHz clock, 
16K program words, 1536 bytes 

RAM. Easy to upgrade from 16F877 

18C452/JW £20.00 

18C452/0TP £8.00 
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ELECTRONICS LTD 

EE235 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 

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 

PIC WATER 
DESCALEF 

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 
As featured in March '97 issue. 
Magenta have prepared a FULL KIT for this. 
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 

Set of 
4 spare 

electrodes 
£6.50 

1000V & 500V INSULATION 
TESTER 

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

KIT 848 £32.95 

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

TEACH-IN 2000 - 

KIT 879 £44.95 
MULTIMETER £14.45 

S PAC EW R ITER 
An innovative and exciting project. 
Wave the wand through the air and in 
your message appears. Programmable 
to hold any message up to 16 digits long. 
Comes pre-loaded with "MERRY XMAS". Kit 
includes PCB, all components & tube plus 
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 
'full-bridge' audio 
amplifier i.c., internal 
speaker, and 
headphone/tape socket. 
The latest sensitive 
transducer, and 'double 
balanced mixer give a 
stable, high perfor-
mance superheterodyne design. 

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

MOSFET Mk11 VARIABLE 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 & 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 EPE PIC TOOLKIT 3 

INCREDIBLE LOW PRICE! Kit 857 £12.99 

INCLUDES 1-PIC16F84 CHIP 
SOFTWARE DISK, LEAD 
CONNECTOR, PROFESSIONAL 
PC BOARD & INSTRUCTIONS 

Power Supply £3.99 

EXTRA CHIPS: 
PIC 16F84 £4.84 

Based on February '96 EPE. Magen a desigied 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 ard B port pins. 

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

LCD DISPLAY 

Kit 860 £19.99, 
Power Supply £3.99 

FULL PROGRAM SOURCE CODE 
SUPPLIED - DEVELOP 

YOUR OWN APPLICATION! 

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

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

• WITH PROGRAMMED 16E84 AND DISK 
SOURCE CODE IN MPASM 

• ZERO VOLT SWITCHING 
MULTIPLE CHASE PATTERNS 

• OPTO ISOLATED 
5 AMP OUTPUTS 

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

Kit 855 £ 9.95 LOTS 

WITH 

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

OF OTHER APPLICATIONS 

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

KIT 877 £49.95 inc. 8 x 256K EEPROMS 

ICEBREAKER 
00000001300 

PIC Real Time 
In-Circuit Emulator 

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

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

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

Tel: 01283 565435 Fax: 01283 546932 
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• THE LATEST TOOLKIT BOARD - 8, 18, 28 AND 40-PIN CHIPS 
• MAGENTA DESIGNED P.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, I.e.d.s, and on 
board programmer 

PIC TUTOR BOARD KIT 
Includes: PIC16F84 Chip, TOP Quality PCB printed with 

Component Layout and all components* (*not ZIF Socket or 
Displays). Included with the Magenta Kit is a disk with Test 
and Demonstration routines. 

KIT 870 .... £27.95, Built & Tested .... £42.95 
Optional: Power Supply — £3.99, ZIF Socket — £9.99 

LCD Display  £7.99 LED Display   £6.99 

Reprints Mar/Apr/May 98 - £3.00 set 3 

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

• SEND FOR DETAILED 
INFORMATION - A 
SUPERB PRODUCT AT 
AN UNBEATABLE LOW 
PRICE 

Kit 862 £29.99 
Power Supply £3.99 

DISASSEMBLER 
SOFTWARE £11.75 

PIC STEPPING MOTOR DRIVER 

INCLUDES PCB, 
PICi6F84 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 step 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 

sales@magenta2000.co.uk 



032002 

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

Prices Exclude Vat 017%796. 
UK Carrioge £ 1.50 (less than lkg) 

£3.56 greater than lkg 
Cheques / Postal orders payable to 

ESR Electronic Components. 
PLEASE ADD CARRIAGE & VAT 10 ALL ORDERS 

VISA 

13111113 

Stamped Pin 
6 Pin DIL 0.3" 
8 Pin DIL 0.3' 
14 Pin DIL 0.3' 
16 Pin DIL 0.3' 
18 Pin DIL 0.3' 
20 Pin DIL 
24 Pin DIL 0.6' 
28 Pin DIL 0.6' 
40 Pin Qlei 

Turned e 8 Pin DIL 0.3" £0.11 
14 Pin DIL 0.3' £0.20 
16 Pin DIL 0.3' £0.23 
18 Pin DIL 0.3' £0.25 
20 Pin DIL 0.3' £0.28 
24 Pin DIL 0.6' £0.35 
28 Pin DIL 0.6' £0.39 
ZIP iodises 
Universal ZIF DIL Sockets 
24 Way 0.3-0.6' £5.78 
28 Way 0.3-0.6" £6.60 
32 Way 0.3-0.6' £7.50 
40 Way 0.3-0.6' £8.93 
Transistor Sockets 
TO18-4 Bose Socket £0.24 
105 Base Socket £0.24 
UDC Cable Socket, 

£0.07 
£0.06 
£0.11 
£0.11 
£13.12 
£0.12 
£0.12 
£0.13 
£0.19 

10 Way Socker £0.23 
14 Way Socket £0.35 
16 Way Socket £0.37 
20 Way Socket £0.37 
26 Way Socket £0.38 
34 Way Socket£0.39 
40 Way Socket £0.55 
50 Way Socket £0.80 
UDC Cable Pimp 
10 Way Plug £0.52 
14 Woy Plug £0.58 
16 Way Plug £0.62 
20 Way Plug £0.66 
26 Way Plug £13.70 
34 Way Plug £0.80 
40 Way Plug £0.92 
50 Way Plug £1.12 

PCB Ilex 
Headers 

10 Way Straight 
14 Way Straight 
16 Way Straight 
20 Way Straight 
26 Way Straight 
34 Way Straight 
40 Way Straight 
50 Way Straight 
10 Way 90' 
14 Way 90° 
16 Way 90° 
20 Way 90° 
26 Way 90' 
34 Way 90° 
40 Way 90° 
50 Way 90' 
PCB Latch 
Headers 

10 Way Straigh 
14 Way Straight 
16 Way Straight 
20 Way Straight 
26 Way Straight 
34 Way Straight 
40 Way Straight 
50 Way Straight 
10 Way 90' 
14 Way 90° 
16 Way 90° 
20 Way 90' 
26 Way 90° 
34 Way 90° 
40 Way 90° 
50 Way 90° 

DIL Headers 

14 Way OIL 
16 Way DIL 
24 Way OIL 
40 Way DIL 

£0.23 
£0.33 
£0.32 
£0.41 
£0.55 
£0.68 
£0.68 
£1.03 
£0.32 
£0.39 
£0.42 
£0.63 
£0.82 
£0.81 
£1.17 
£L14 

£0.41 g.45 
.51 
.55 

£0.73 
£0.88 
£0.92 
£1.27 
£0.46 
£0.48 
£0.54 
£0.59 
£0.81 
£1.03 
£1.23 
£1.41 

£0.51 
£0.53 
£0.90 
£1.37 

Translation Headers 
10 Way Tpinsistion £0.42 
14 Way Transistion £0.42 
16 Way Transistion £0.48 
20 Way Trensistion £0.48 
26 Way Trensistion £0.52 
34 Way Transistion £0.56 
40 Way Transistion £0.63 
50 Way Transition £0.84 
Large Range ot Connectors 
in stock -, ully illustrated 
details on our web site 
inc. quantity discounts. 

D Type Connecters 

Solder Bucket 
9 Way Male Plue £0.20 
9 Way Female ocket £0.20 
15 Way Male P ug. £0.28 
15 Way Female Socket£0.29 
15 Way H.D Plug £0.48 
15 Way H.D. Socket £0.64 
23 Way Male Plug £0.44 
23 Way Female Socket£0.50 
25 Way Mals Plug £0.30 
25 WciEemole Ski £0.35 
IDC Ribbon Mountine 
9 Way Male Plu_g £1.08 
9 Way Female Socket £0.93 
15 Way Male Plug £1.30 
15 Way Female Socket£1.32 
25 Way Male Plug £1.10 
25 Way Female Focket£1.13 
IDC Crimp Pagl £11.80 
Itlebt Angled PCS 

9 Way Male Plug £0.33 
9 Way Female Socket £0.33 
15 Way Male Plug £0.39 
15 Way Female Socket£0.39 8 Pin Line Plug P551 £3.58 
15 Way H.D. Socket £0.58 8 Pin Chassis Skt P552 £ 1.08 
25 Way Male îl Plug £0.48 _ eWay Female Socket£0.50 Mtn  

stk D Covers 
9 Way Cover - Grey £0.29 
9 Way Cover - Black £0.30 
15 Way Cover - Grey 
23 Way Cover - Grey 
23 Way Cover - Block 
25 Way Cover - Grey 
25 Way Cover Block 
9 to 9 Cover, Cose 
25 to 25 Cover / Case 
9 to 25 Cover / Case 
Audio Connectors 

RF Connectors 
- 

BNC Plug 50D Solder £0.99 
BNC Plug 500 Crimp £0.68 
BNC Plug 75(1 Solder £1.08 
BNC Plug 7543 Crimp £0.68 
BNC Chassis Socket £0.81 
F Plug - Twist £0.24 
F Plug - Crimp £0.26 
INC Plug 50t) Solder £1.24 
INC Plug 500 Crimp £0.85 
TNC Plug 7513 Solder £1.40 
TNC Plug 7513 Crimp £1.16 
UHF Plug 5mm Cable £0.63 
UHF Plug Ilmm Cable£0.75 
UHF Chassis Skt- Sqr £0.54 
UHF Chassis Skt- Rnd £0.73 
Extensive range of RF con-
nectors in stock inc.FME, 
SMA, Mini UHF' & N Ty e. 
Terminals 

Colours Red, Bloçk, Green, 
Blue, White or Yellow 
2mm Solder Plugs £13.18 
2mm Chassis Sockets £0.28 
4mm Plugs - Solder £0.33 
4mm Plugs - Screw £0.38 
4mm Stackable Plugs £0.40 
4mm Shrouded Plugs £0.74 
4mm Chassis Sockets £0.24 
4mm Binding Posts £0.46 
33mm Crocodile Clips £0.10 

Power Con= 
DC Lew Ve 

DC Plug 0.7ID 2.3500 £0.47 
DC Plug 1.310 3.400 £0.32 
DC Plug 1.7ID 4.000 £0.47 
DC Plug 1.7ID 4.750D £0.47 
DC Plug 2.1ID 5.000 £0.25 
DC Plug 2.5ID 5.000 £0.24 
DC Plug 3.1ID 6.300 £0.46 
DC Line Socket 2.1mm £0.57 
DC Line Socket 2.5mm £0.68 
DC Chassis Skt 2.1mm £0.44 
DC Chassis Skt 2 5min_£0.41 
IBC Males 6A 230Vac 

3 Pin IEC Line Socket £1.08 
3 Pin IEC Line Plug £1.78 
3 Pin Chassis Socket £0.55 
3 Pin Chossis Mug £0.72 
I Way IMO, 

2.5mm Jack Pug 
2.5mm Line Socket 
2.5mm Chases Socket 
3.5mm Mono Plug 
3.5mm Mono Line Skt 
3.5mm Mono Chassis 
3.5mm Stereo Plug 
3.5mm Stereo Line Skt 
3.5mm Stereo Chassis 
A" Mono Plug 
'4" Mono Line Socket 
A' Mono Chassis Skt 
A" Stereo Plug 
A' Stereo Line Socket 
A" Stereo Chassis Skt 
nee= Sireedescon Plug 

£038314A"125ViallA 250reV £9..3347 SPST051 eMeoumnmting Hole 
£0.80 SPDT 5 x 1_Qmm £0.53 £0.53 
£ .84 SPDT C/Oft 5 x lOmm £1.01 
£0.80 las)lelliec 1 Omm £0.63 

£0.25 
£0.16 
£0.20 
£0.20 
£0.30 
£0.14 
£0.35 
£0.37 
£0.22 
£0.34 
£0.35 
£0.37 
£0.40 
£0.38 
£0.38 

81 

‘4011° 
Red Line Plug £0.20 
Block Line Plug £0.20 
Yellow Line Plug £0.20 
White Line Plug £0.20 
Red Line Socket £0.20 
Black Line Socket £0.20 
Yellow Line Socket £0.20 
White Line Socket £0.20 
Red Chassis Sccket £0.20 
Black Chassis Socket £0.20 
Gold Plated Plug Red £0.66 
be Loit ilP.12.13âik£0.66 

3 Pin Line Plug £0.96 
3 Pin Line Socket £0.96 150mA 250V Make before 
3 Pin Chassis Plug £1.50 Break 22mm 0 
3 Pin Chassis Socket £1.49 9.8mm 0 Mounting Hole 
Neutrik Line Plug £1.79 1 Pole 12 Way £0.84 
Neutrik Line Socket £1.99 2 Pole 6 Way £0.84 
Neutrik Chassis Plug £2.13 3 Pole 4 Way £0.94 
Neutrik Chassis Socket£2,32 4 Pole 3 Way £0.84 

6A I25V 3A 250V 
6.2mm 0 Mounting Hole 
SPST 8 x 13mm £0.58 
SPDT 8 x 13mm £0.55 
SPDT c/off 8 x 13mm £0.65 
SPDT c/o Biased 2 way£1.18 
SPOT do Biased 1 way£1 15 
DPDT 12 x 13mm £0.65 
DPDT c/off 12 x 13mm £0.88 
DPDT c/o Biased 2W £1.20 
e llii4/.13iosed 1W £1.28 

10A 250V Push on terminals 
12mm 0 Mounting Hole 
SPST 18 x 30mm £1.05 
SPDT 18 x 30mm £1.18 
SPDT c/off 18 x 30mm £1.18 
DPDT 21 x 30mm £1.78 
DPDT c/off 21 x 30mm £1.78 

Slide Switches 

»dolor, 
300mA 125V 
7 x 15mm Mounting Hole 
DPDT 7 rdx ,23mm £0.18 
Standa 
lA 125V 
5 5 x 12mm Mounting Hole 
DPDT 12 x 35mm £0.27 
DPDT do 12 x 35mm £0.25 
Rotary Switches 

Push SwItche 

- 
Minialure Round 
250mA 125V 28 x lOmm 
7mm 0 Mounting Hole 
Non Latching Puff' to Make 
Black, Red, Yellow, Green, 
Blue or White £0.23 
Non Latching Push to Break 
Black PTB £0.24 
Standard Square 

1 A 250V 
39 x 15MM 
12mm 0 Mounting Hole 
Non Latching Push to Make 
Black, Red, Blue 
or White £0.60 
Latching -push On push Off 
Block, Red, Blue 
or White £0.65 
Recker Switches 
Miniature 
13 x 19mm Mounting Hole 
SPST 4A 250V £0.57 
SPST 6A Red Neon £1.65 
SPST 3A Red LED £1.92 
SPDT 6A 250V £0.75 
DPST 4A 250V £0.81 
DPST 4A Red Neon £1.10 
DPST 3A Amber Neon£1.40 
arlik eâreen Neon £1.32 

10(SP),22(CIP), x 30mm 
Mounting Hole 
SPST 10A 250V 
SPST 16A 250V 
SPST 15A Red Neon 
SPDT 16A 250V 
DPST 10A 250V 
DPST 15A Red Neon 
DPST Amber Neon 
DPST Green Neon 
DPDT 10A 250V 
Relays 
PCB Mounting 
lA 24Vdc DPDT 5V £1.38 
lA 24Vdc DPOT 12V £2.00 
3A 110V SPDT 6V £0.58 
3A 110V SPOT 12V £0.60 
5A 110V SPDT 6V £0.72 
5A 110V SPDT 12V £0.72 
5A 110V DPDT 6V £0.93 
5A 110V DPDT 12V £0.93 
5A 240V DPDT 6V £1.76 
5A 240V DPDT 12V £1.55 
10A 240V SPDT 6V £1.20 
10A 240V SPOT 12V £1.44 
10A 240V SPDT 24V £ 1.44 
Computer Accessories 
Adaptors 

£0.60 
£0.75 
£0.90 
£0.75 
£0.90 
£1.18 
£1.25 
£1.25 
£0.90 

9M Gender Changer £1.73 
9F Gender Changer £1.73 
25M Gender Changer£2.20 
25F Gender Changer £2.43 
9 Male - 25 Female £1.73 
9 Female - 25 Male £1.73 
9M - 6 Mini Din Male £2.48 
9F- 6 Mini Din Female£2.23 
5M Din - 6F Mini Din £1.73 F Din - 6 Min in £ 1.73 
Testers / Fatal Denee 
Mini Tester 7 LEDs £4.72 
Check Tester 18 LEDs £6.32 
Enhanced+ Switches £ 15.18 
25D Patch Box M-F £2.64 
Anti-Static Wrist Strop£4.76 
RS232 Surge Protector£5.43 
5A Surge Protector £5.20 

48..G.00 uattock £ 
3A Surir Protector £10.00 

00.50 

11,  • f 

1.5m Printer Lead £2.55 
2m BD Printer Lead £2.98 
5m BD Printer Lead £4.98 
10m BD Printer Lead £9.88 
2m IEEE1284 Printer L £4.38 
5rn 1EEE1284 Printer L £8.90 
10m IEEE1284 Printer£16.13 
Serial Printer 25M-9F £4.88 
Serial Primer 21.4%2Z£4.38 
Null Melees 
9 Female - 9 Female £4.38 
25 Female- 25 Female £6.48 
9 Female - 25 Female £4.38 
9&25.F to 98,25f £4.88 
M•dests Leeds 
25Male to 9Femole 
25Moletojamole 
PC Yak 
eel; lej to 25M 

25Male to 25Male 
36.Alaeelesee 

Floppy Cable A/B 
Hard Di isk 2xIDE 
Hard Disk 2xATA66 
Power 3%.2 x 3'6 
Power 5A-2 x 5A 
Power 5A-2 x 
Power 54-3'6,5'4 
11.1w na 
BNC T Piece -FMF £1.71 
BNC Coupler F £0.81 
BNC Ratchet Crimper£15.68 
son BNC Terminator £0.98 
Thinnet Cable per m £0 38 

£4.08 
£3.78 

£3.88 

£3.60 
£2.60 

£2.28 
£1 65 
£3.38 
£1.88 
£1.50 
£1.88 
£1.88 

Boxes a Cases 
Many more sizes ovoilable 

emend Plastic 
75 x 56 x 25mm £0.99 
75 x 51 x 22mm £0.99 
111 x 57 x 22mm £1.12 
79 x 61 x 40mm £1.70 
100 x 76 x 41mm £1.79 
118 x 98 x 45mm £2.08 
150 x 100 x 60mm £2.77 
1S.0 x 80 x_SOmm £2.72 
Meant Alansinbriss 
50 x 50 x 31mm £2.67 
100 x 50 x 25mm £3.50 
112 x 62 x 31mm £4.18 
120 x 65 x 40mm £4.61 
150 x 80 x 50mm £6.56 
121 x 95 x 61mm £7.06 
'Mesa= 
lintbees 
Price per 305mm ( 1h) 
10 Way Grey Ribbon £0.10 
16 Way Grey Ribbon £0.17 
20 Way Grey Ribbon £0.24 
26 Way Grey Ribbon £0.29 
34 Way Grey Ribbon £0.38 
40 Way Grey Ribbon £0.49 
50 Way Grey Ribbon £0.52 
60 Way Ribbon _£Q,64 
a Vinre 
Per 50g (2oz) Reel 
500g reels available 
14 SWG Enamelled 
16 SWG Enamelled 
18 SWG Enamelled 
20 SWG Enamelled 
22 SWG Enamelled 
24 SWG Enamelled 
26 SWG Enamelled 
28 SWG Enamelled 
30 SWG Enamelled 
32 SWG Enamelled 
34 SWG Enamelled 
36 SWG Enamelled 
38 SWG Enamelled 
.401SWQ Enamelled £1.96 
Tinned Copper Wire 
Per 50g (2oz) Reel 
500o reels available 
14 PVG Tinned £1.03 
16 SWG Tinned £1.03 
18 SWG Tinned £1.03 
20 SWG Tinned £1.06 
22 SWG Tinned £1.06 
24 SWG Tinned £1.08 
26 SWG Tinned_ £1.08 
Equipment VOre 
Black, Brown, Red, Orange, 
Yellow, Green, Blue Purple, 
Grey & White. Per 100m 
Solid 1/0.6mm £2.67 
Strandeà. 7/0. up £2.44 
Extra nos Cable 
Black, Brown Red, Yellow, 
Green Blue White. 
2m 5S/0.1mm Cable £2.16 
Black & Red 20A IkV Dou-
ble Insulated. 
10m 260/0.07mm 
Cnrstals 
DT-30 Smell Can 

Want / Case 
1.8432MHZ 
2.0MHZ 
2.4576MHz 
3.2768MHz 

3.579545MHz 
3.6864MHz 
4.0MHz 
4.194304MHz 
4.433619MHz 
4.9152MHz 
6.0MHz 
6.144MHz 
7.3728MHz 
8.0MHz 
8.867238MHz 
10.0MHz 
11.0MHz 
11.0592MHz 
12.0MHz 
14.7456MHz 
16 OMHz 
20 OMH, 

Also in stock 
Low Profile Crystals, 
& 3 Pin Ceramic 
Resonators 

Details on our web site 

£0..'.'. 
£0.41 
£0.41 
£0.41 
£0.41 
£0.41 
£0.41 
£0.41 
£0.41 
£0.49 
£0.39 
£0.38 
£0.40 
£0.41 
£0.41 
£0.41 
£0.41 
CO 42 

Ire Electronics 
3mm White 900mcd £2.13 
3mm Red Led £0.07 
3mm Green Led £0.09 
3mm Yelow Led £0.09 
3mm Orange Led £0.10 
3mm Blue 40mcd £0.78 
3mm Blue 60mcd £0.78 
3mm Blue 100mcd £0.96 
3mm Blue 550mcd £0.96 
5mm White 300mcd £0.69 
5mm White 1100mcd £2.05 
3mm Bi-Colour £0.15 

£1.03 3mm Tri-Colour £0.24 
£1.03 5mm Red Led £0.07 
£1.03 5mm Green Led £0.08 
£1.03 5mm Yelow Led £0.08 
£1.06 5mm Orange Led £0.10 
£1.18 5mm Blue 60mcd £0.78 
£1.20 5mm Blue 80mcd £378 
£1.29 5mm Blue 100mcd £0.78 
£1.31 5mm Blue 450mcd £1.12 
£1.33 5mm Blue 1000mcd £1.12 
£1.35 5mm Red Flashing £0.37 
£1.37 5mm Green Flashing £0.37 
£1.63 5mm Yellow Flashing £0.37 

5mm Bi-Colour Led £0.15 
5mm Tri-Colouredayp.15 
7 Seameed DI O.56 Red C.Cothode £0.65 
0.56' Red C.Anode £0.65 
0.3' Red C.Cothode £0.65 
Q.3." Red C Anode £0.65 
Mean Red Devices 
3mm IR Emitter £0.15 
5mm IR Emitter £0.30 
3mm Photo-Transistor £0.15 
5mm Photo-Transistor £0.52 
Photo Diode £0.76 
4N25 Opto-Coupler £0.25 
4N26 Opto-Coupler £0.36 
4N32 Opto-Coupler £0.36 
6N135 Opto-Coupler £0.96 
6N136 Opto-Coupler £0.85 
6N137 Qpto-Coupler £0.90 
6N138 Opto-Coupler £Q.84 
6N139 Opto-Coupler £0.90 
CNY17-1 0-Coupler £0.38 
CNY17-2 O-Çoupler £0.32 

£7.20 CNY17-3 0-Coupler £048 
IS-74 Opto-Coupler £0.40 
ISD-74 Opto-Coupler £ 1.02 

£0'39 1/%54(3à10?IrCelPecS:19 
£1.08 M0C3041 Opto-Triac£0.70 
£1•46 Mini LDR £0.45 
£84 ORP12 LDR £1.10 
£0.51 

CCTV Camera Modules Ils Systems 
cmos & CCD camera modules, wide ronge of units in-
cluding Black & White, Colour, Micro-Miniature, Sub-
Miniature & Miniature. 

CMOS Black a White 
Sub-Miniature (24 x 24 x 27mm) 110k Pi el 
Lens 3.6mm F1.4 >1.9 Lux 
Power 12Vdc 50mA 
660400123.73 + vat 
Miniature (35 x 35 x 28mm) 100k Pixel 
Lens 3.6mm F1.4 >0.5 Lux 
Power 12Vdc 40mA 
660400 £22.36 + not 

CCD Bieck a White 
Pinhole (32 x 32 x 14mm) 

ele Sensor 298k Pixel >1.0 Lux Lens 3.7mm F1.2 90° 
Power 12Vdc 110mA 
660412 £29.21 + vat 
Pinhole+Audio(32 x 32 x 28mm) flo 
Sensor 298k Pixel >1.0 Lux 
Lens 3.7mm F1.2 90' 
Power 12Vdc 120mA 
660416132.16 + vat 

C/AOS *deer 
Miniature + Audio (31 x 31 x 28mm) 
Sensor 270k Pixel >7 Lux 
Lens 7.8mm F1.2 56° 
Power 12Vdc 30mA 
660-040 £30.61 + vat 

Full range & detailed specs. available upon request. 
Complete outdoor systems also stocked. Including PIR 
triggered, Multiple camero & Auto video start units. 
Prices from £27.65 inc cable, PSU & fixings.  

Technical books & CD ROMs 
Data Table & Equivalent charts from KCAL 
Characteristics, pin outs, equivalents & sele:tor 
tables for semiconductors are available as pa-
per books or on CO ROM. Demo version of 
the CD ROMs & full details of the complet, 
range are available from our web site. 

Full details of UK, European or World-
wide Order Information on our web site. 

Tel: 0191 2314363 ram 0191 2522296 Einalls sales@esr.co.uk http: //www.esr.co.uk 
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QUERIES 
It still surprises me that many readers do not seem to be aware of some of the services we offer. In 

virtually every issue there are adverts for Back Issues, our cover always gives URLs for both the EPE 
UK web site and our EPE Online web site, Shoptalk highlights where to buy unusual components and 
gives the web addresses for free downloads of software etc., whilst the PCB Service gives details of the 
p.c.b.s and software that are available for our projects, and subscription and binder prices etc. are given 
below. Plus, of course, our shop on the UK web site allows you to order books, p.c.b.s, back issues, 
CD-ROMs etc. 

But still we get letters, phone calls, faxes and emails from readers who obviously have the magazine 
but want to know about one of the above services. Sometimes it seems they just want to ask something 
- anything! We are, of course, happy to help with queries but often it would save e}eryone some time 
if readers would please check in the magazine before contacting us. Unfortunately, our time has to be 
mainly dedicated to producing EPE. 

ELECTRONIC EPE 
The EPE Online web site is hosted for u by Max and Alvin in Alabama, USA, this allows us to sell 

EPE Online in US dollars (a currency that is widely understood around the world) and to charge the 
$9.99 it costs for a year's subscription instantly I something that we could not easily achieve in the UK 
when EPE Online was set up back in 1998 - yes, it has been going over 3 years now. EPE Online is 
also still a bit of a mys:er} to some readers who expect us to email them issues once they have paid; 
that is not how it works.. 

Once you have logged on to the Online web site (www.epemag.com) you can pay for a year's sub-
scription or back issues with a credit card, which is then automatically checked and charged in about 
20 seconds, while you are on-line, and then you can download the magazine to your computer and read 
it in Adobe Acrobat ( you do not need to stay on-line to read it if you save it to your hard disk). You can, 
of course, also print out the magazine. The next time you go back to EPE Online from the same com-
puter the system should remember you and allow you to download the next issue from your subscrip-
tion. Should it not remember you, you can log on with the account number and a password issued when 
you first paid for the sLbscription. 

It sounds a bit comolicated but in practice it really is very straightforward and user friendly. So if 
you are based on the other side of the world ( or even in the UK) and you want to ge: copies without the 
delay and hassle of the post then EPE Online might be the way to go. 

There is also a range of books. CDs etc. available in US dollars from the Online web site, again for 
those who find it easier to buy in that currency; you can even buy a subscription to the printed magazine 
there if you so wish. If you want to give it a try, log on and download the free issue that is available. 
The Library on the site also contains a number of articles and supplements from past issues that are 
available for free download. 

AVAILABILITY 
Copies of EPE are available on subscription anywhere 
in the world (see below), 'rom all UK newsagents 
(distributed by COMAG) and from the following 
electronic component retailers: Omni Electronics and 
Yebo Electronics (S. Africa). EPE can also oe pur-
chased from retail magazine outlets around the world. 
An Internet on-line version can be purchased and 
downloaded for just $9.99(US - approx £7.70) per year 
available from www.epemag.com 

SUBSCRIPTIONS 
Subscriptions for delivery direct to any address in the 

UK: 6 months £ 15, 12 months £28.50, two years £52; 
Overseas: 6 months £18 standard air service or £27 
express airmail, 12 months £34.50 standard air service 
or £52 express airmail, 24 months £64 standard air 
service or £99 express airmail. 
Online subscriptions, for downloading the magazine via 
the Internet, $9.99(US - approx £7.70) for one year 
available from www.epemag.com. 
Cheques or bank drafts (in £ sterling only) payable to 
Everyday Practical Electronics and sent to EPE Subs. Dept., 
Wimborne Publishing Ltd. 408 Wimborne Road East, 
Ferndown, Dorset BH22 9ND. Tel: 01202 873872. Fax: 01202 
874562. Email: subs@epemagmimbome.co.uk. Also via 
the Web at http://www.epemag.wimborne.co.uk. 
Subscriptions start with the next available issue. We accept 
MasterCard, Amex, Diners Club, Switch or Visa. (For past 
issues see the Back Issues page.) 

BINDERS 
Binders to hold one volume ( 12 issues) are available 
from the above address. These are finished in blue 
p.v.c., printed with the magazine logo in gold on the 
spine. Price £5.95 plus £3.50 p&p (for overseas readers 
the postage is £6.00 to everywhere except Australia 
and Papua New Guinea which cost £ 10.50). Normally 
sent within seven days but please allow 28 days for 
delivery - more for overseas. 

Payment in £ sterling only please. Visa, Amex, Diners 
Club, Switch and MasterCard accepted, minimum card 
order £5. Send, fax or phone your card number and 
card expiry date with your name, address etc. Or order 
on our secure server via our UK web site. Overseas 
customers - your credit card will be charged by the 
card provider in your local currency at the existing 
exchange rate. 

Editor: MIKE KENWARD 

Deputy Editor: DAVID BARRINGTON 

Technical Editor: JOHN BECKER 

Business Manager: DAVID J. LEAVER 

Subscriptions: MARILYN GOLDBERG 

Administration: FAY KENWARD 
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Advertisement Manager: 
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PETER SHERIDAN, (01202) 873872 

On-Line Editor: ALAN WINSTANLEY 

EPE Online (Internet version) Editors: 
CLIVE (MAX) MAXFIELD and ALVIN BROWN 

READERS' ENQUIRIES 
E-mail: techdept@epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a self-
addressed envelope and International reply 
coupons. All reasonable precautions are 
taken to ensure that the advice and data given 
to readers is reliable. We cannot, however, 
guarantee it and we cannot accept legal 
responsibility for it. 

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

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

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

MK484 
SHORTWAVE 
RADIO 
TOM MERRYFIELD  

Hit the shortwave trail with this 
two chip receiver 

A
r LTHOUGH many a constructors have 
cut their teeth on building ZN414 
adio circuits, the device, sadly no 

longer in production, now has a first class 
replacement in the MK484 a.m. radio chip. 
The MK484 i.c. is a similarly three-

pinned device with a.g.c. (automatic gain 
control) requiring only a few components 
to make a high quality tuner with a maxi-
mum supply voltage of just 1.8V. But that 
isn't all! The author was intrigued to see if 
it performed as well as its predecessor with 
the popular LM386 audio amplifier i.e. 
added to make a simple but effective 
shortwave radio project with loudspeaker 
output. 

CIRCUIT DESCRIPTION 
The results were quite surprising and the 

full circuit diagram for the MK484 
Shortwave Radio is shown in Fig.1 . 

As with f.e.t.s, the circuit's high input 
impedance (several megohms!) is exploit-
ed to receive shortwave frequencies up to 
several megahertz (MHz), so long as the 
tuned circuit has negligible losses, thereby 
maintaining good selectivity. 
The tuned circuit of the receiver is 

formed by LI, wound from 24 s.w.g. 
enamelled copper wire, and variable 
capacitor VC I. (For Cx and the aerial coil 
L2, see later.) Resistor RI is needed to bias 
IC1, with capacitor C 1 ensuring stability. 
As with other "front end" tuner compo-
nents these should be soldered close to 
ICI, with coil LI and VC1 leads to the cir-
cuit board kept as short as possible. 

Resistor R3 and capacitor C2 play an 
important role in setting the optimum gain 
for the MK484. In theory, the gain could 
be increased until instability results but 
there would be a loss in audio quality — i.e., 

more noise — well before this point. Hence 
the selection of R3 and C2 values. 

Given that the maximum allowable sup-
ply to the MK484 should not exceed 1.8V, 
in conjunction with resistor R4, diodes D1 
and D2 stabilise the voltage at about 1.5V. 
Due to the voltage drop across resistor R3, 
this falls to between 1.3V and 1.4V; a typ-
ically safe working voltage for the radio 
chip. 

Capacitor C3 is needed to block d.c. get-
ting through to the following audio stage, 
whilst coupling ICI 's output signal to the 
LM386 audio amplifier IC2, via Volume 
conntrol VR I , at pin 3. Note also the 
bypass capacitor C4 preventing any stray 
a. from being connected to IC2. 
From this point onwards the circuit is 

fairly typical with capacitor C5 setting the 
gain of IC2 and pins 2, 4 and 7 tied to 
ground, the latter via capacitor C6. 
The inclusion of R6, C9, 125 and C7 pre-

vents instability, thereby avoiding distor-
tion in the output. In fact, the value of 
resistor R5 could be raised slightly higher 
to 18 ohms. 

*LONG AERIAL v 

* SEE TEXT 
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Fig. 1. Complete circuit diagram for the MK484 Shortwave Radio. 
Coil L2 and trimmer VC2 are optional — see text. 
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With the output impedance being fairly 
low, a 64 ohm speaker gives a strong and 
even output but should be placed away 
from the tuned circuit area to avoid spuri-
ous feedback. For weaker signals however, 
Walkman type headphones can be used. 

O FACTOR ANO 
AERIAL COIL 
One point to bear in mind is that beyond 

4MHz, losses in the tuned circuit heavily 
affect the selectivity. That is, the ability of 
a receiver to magnify a selected signal and 
reject others without an appreciable loss in 
gain. 

In trials, the main coil Li being loosely 
wound from 24 s.w.g. enamelled wire at 25 
turns provided a suitable Q factor whilst 
still giving a broad enough tuning range. 
As with most high gain devices at the 

front end, overloading tends to be a prob-
lem. This was certainly clear with the pro-
totype. An ATU (Antenna Tuning Unit) 
would be ideal here in terms of matching 
the impedance of the aerial system and thus' 
the signal to that of the receiver's input. 

Failing that, an adequate measure is to 
connect up a long aerial lead via an aerial 
coil (L2) wound on a length of ferrite rod, 
and connected to the junction of RI, 
LINC1, via lead C (see Fig.1 and Fig.2.) 
This, in effect, provides additional tuning 
by sliding the aerial coil along the ferrite 
rod. 
The long aerial itself can be any thin 

p.v.c. insulated connecting wire of . 10 
metres or so mounted as high as possible. 
For the most part this gives adequate 
results. 

GETTING IN TRIM 
In the prototype, a trimmer capacitor. 

VC2, was wired to the aerial circuit in series 
with the aerial coil L2 to give additional 
selectivity. With appropriate adjustment, 
this proved very effective in selecting indi-
vidual signals from the crowded shortwave 
bands. 

However, one precaution has to be 
observed; it is important to keep the aerial 
circuit and thus the aerial coil L2 well 
away from the main coil L 1 and the, receiv-
er's input. Otherwise the signal can in 
effect bypass or "leapfrog" ahead instead 
of passing through the aerial coil! 

Although the prototype was built on 
stripboard, a terminal block is ideal for 
wiring up the aerial coil L2 and trimmer 
capacitor VC2 and divorcing it from the 
tuned input circuit (Fig.2). 
As a rough and ready filter, polystyrene 

capacitor Cx is needed to subdue stronger 
signals. Although a 20pF capacitor has 
been quoted, any value from 20pF to 50pF 
can be tried. In case a polystyrene isn't 
available, a ceramic-dipped or multi-
layered capacitor also works well. 

COIL WINDING 
Some readers may be surprised at 

home-made coils being used in the 
receiver as opposed to commercial types. 
In trials, these proved far more effective 
than the latter whilst being simple to 
make and inexpensive. 

Unfortunately, a badly constructed coil 
can impinge on the performance by 
inhibiting the Q factor. On the other hand 
this can be easily avoided, the key being a 
good former and plenty of patience. 

The former on which coil turns are 
wound can be a sheet of thin cardboard 
or gum paper about 4Orrun by 35mm 
wide rolled into a tube. Its diameter 
should be slightly larger than that of any 
ferrite rod/slab used so it can freely slide 
up and down. It is, therefore, a good idea 
to make this check before proceeding 
further. 

It is also important to apply sticky tape 
inside as well as out. This keeps the former 
robust enough to withstand compressive 
stresses. 
As for winding the turns, any difficulties 

can be avoided by handling the wire tactfully 
so it doesn't tie itself up in to knots. A good 
start is essential by securing the first few turns 
with insulation tape to prevent them from 
unwinding. 

For the main coil LI, loosely wind 25 
turns of 24 s.w.g. enamelled copper wire 

onto the carboard former, making sure 
there is a gap between most turns. Leaving 
short lengths at the start and finish of the 
coil for later attachment to the circuit 
board. Once completed, fasten the start 
and end windings with adhesive insulation 
tape and scrape the enamel coating off the 
end of the leads. 
The aerial coil L2 should be made up of 

35 turns of 26 s.w.g. enamelled wire more 
tightly wound with most turns touching. 
Once complete, check for any weak points 
and seal over with another applicatication 
of tape or wax. The enamel coating for the 
"tailends" can be gently scraped off using 
sand-paper or emery cloth 

CONSTRUCTION 
Despite employing quite a few capaci-

tors, the receiver's simplicity means build-
ing it should not be too complicated a task. 

COMPONENTS 
Approx. Cost 
Guidance Only £18 

excl. speaker & case 

Resistors 
R1 100k 
R2 1M 
R3 570Q 
R4 1k8 
R5 15Q 
R6 22Q 

All 0-25W 5% carbon film 

See mop 
TALK 
Palie 

Potentiometers 
VR1 10k min. rotary carbon, log. 

Capacitors 
C4 

C2 
C3, C5 
C6, C7 

C8, C11 
C9 
C10 
Cx 

VC1 

VC2 

10n mylar poly. (2 off) 
220n mylar polyester 
lop radial elect. 25V (2 off) 
100n disc ceramic, 5mm 

pitch (2 off) 
100µ radial elect. 25V (2 off) 
100µ axial elect. 25V 
100n mylar polyester 
20p axial polystyrene 

(see text) 
126p min. a.m./f.m. 

tuning capacitor 
(ZN414 type) 

5.3p to 65p min. trimmer 

Semiconductors 
DI, D2 1N4001 lA 50V rect. 

diode (2 off) 
Cl MK484 a.m. radio i.c. 
IC2 LM386 low voltage audio 

amp. 

Miscellaneous 
LS1 64 ohm 0.3W 

loudspeaker (see text) 
SK1 3-5mm mono jack socket 
Si s.p.s.t. toggle switch 
TB1 8-way screw terminal 

block 
Ll, L2 tuning coils (see text) 
Stripboard, 0.1in. matrix, size 50 holes 

by 15 strips; plastic case, size approx. 
160mm x 90mm x 55mm; 24 s.w.g. and 
26 s.w.g. enamelled wire for coils; ferrite 
rod/slab; 8-pin d.i.l. socket; 9V battery, 
with PP3 type clips; long aerial wire ( 10m 
p.v.c. covered connecting wire); plastic 
knob, 16mm skirted; 12-5mm long 
hexagonal spacer; M2.5 x 15mm screw; 
M4 x 30mm stud with nut (2 off); adhe-
sive strips and card for aerial formers; 
solder pins; solder etc. 
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The prototype was built on a piece of strip-
board measuring 50 holes by 15 copper 
tracks. 
The topside component layout, inter-

wiring and details of the breaks required in 
the underside copper tracks are shown in 
Fig.2. Commence construction by making 
all the necessary copper track breaks and 
inserting all the link wires (9 off). 

This should be followed by inserting the 
resistors, capacitors, diodes and the two i.c.s. 
Care should, of course, be taken to ensure 
that diodes and electrolytic capacitors are 
inserted the correct way round. Wiring-up 
the aerial coils, volume control and tuning 
capacitor is carried out later when assem-
bling the circuit board into a case. 

Because the MK484 i.c. can be damaged 
by excessive heat, some form of heatsinlc is 
necessary during soldering. For instance, 
holding the device with metal tweezers to 
conduct the heat away whilst soldering it 
in; or attaching a croc-clip. An i.c. holder 
should be used for the LM386, IC2. 
Once the soldering is complete, check 

for dry joints and tiny splashes of solder 
between tracks — the latter can be very eas-
ily missed, contributing to the "invisible 
short circuit" phenomenon. Also, double-
check that all polarised components are 
correctly wired on the circuit board. 

Prototype stripboard component layout. 

As stated previously, the aerial coil L2 
and trimmer capacitor VC2 should not be 
soldered directly to the board, but instead 
are wired via an 8-way terminal block. 
To help reduce losses at higher frequen-
cies, keep the tuned circuit leads as short 
as possible. 

TESTING 
Although designed for shortwave use, the 

receiver can be easily tested in medium wave 
mode to see if everything works. 
A pre-wound MW coil or one made from 

30s.w.g. wire of 50 to 60 turns on a ferrite rod 
acts as the main coil for receiving MW fre-
quencies. Also, no aerial, aerial coil or trim-
mer is required. If all is well, a strong and 

even output should be heard from the speaker 
or headphones at a half turn of the Volume 
control VR I . 

CASING IT UP 
Bearing in mind the prototype was used 

for the reception of high frequency bands 
with Walkman type headphones, the unit 
was cased in a box approximately 160nun 
x 95mm x 55mm high, without the 
speaker. 

This kept things simple by using a 
3.5nun mono socket for either headphone 
or a loudspeaker output. If preferred, a 
speaker could be mounted in a bigger case 
with a series of perforations over the 
speaker section. 
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Fig.2. Stripboard component layout, interwiring and details of breaks required in the underside copper tracks. Pinout details 
(underside) for the MK484 radio chip are shown inset top left. Leads X and Y are for attaching additional tuning components. 
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WOOL SUPPORT B_OCK 
50mm x 50mm SQUARE 

50mm 

M10 HOLE 

M4 -10LE M4 140LE 

M4 BOLT FRONT PANEL 

Fig. 3. Suggested method of fitting the variable tuning capac-
itor VC1 to the front panel. 

Fig.4. Lengthening the tuning capaci-
tor spindle. 

In terms of varying the frequency range, 
this can be achieved by adding a second 
coil or low value polystyrene capacitor in 
parallel with the main coil. Hence the leads 
X and Y in Fig.2. Given that the main coil 
Li is soldered in-circuit, the "additions" 
can be wired up using a terminal block; as 

preferably with an adjustable grub screw 
fixing. 

with the aerial circuit this is placed outside of 
the case. The circuit board and battery were 
simply affixed to the bottom panel of the 
case using adhesive pads. 

TUNING CAPACITOR 
More challenging is mounting the stan-

dard a.m. variable capacitor (VC1) secure-
ly to the panel. Basically, this isn't easy 
because of the tuner's dimensions, so a bit 
of improvising is needed. 
As Fig.3 shows, a square offcut of thin 

wood or plastic measuring around 50mm x 
50nun acts as a support to keep VC1 in 
place relative to the panel via M4 studs 
after drilling holes. 
The problem of lengthening VC1's 

shaft is solved by using a hexagon spac-
er secured with an M2.5 screw of 
approp- riate length, see Fig.4. Care is 
needed here not to drive the screw too far 
into the capacitor, this risks damaging 
the vanes. A knob can then be attached, 

RESULTS 
The prototype picked up many stations 

from all over Europe including Sweden 
and Denmark and several American reli-
gious broadcasts on the 41 metre band. The 
latter signals, however, required fine-tun-
ing via the trimmer using a small screw-
driver. 

For higher frequencies, including the 25 
metre band, little or no adjustment of the aer-
ial coil may be needed. This includes broad-
casts from China and many arabic stations 
including the United Arab Emirates. 

Depending on atmospheric conditions 
and propagational effects, some fading of 
the signal is likely to occur at these fre-
quencies. Of course, this happens with 
more complex receivers but to a lesser 
degree due to better signal processing and 
more stages. 

That being said, Radio Korea, Turkey 
and Egypt were received loud and clear. 
Generally, the best time to try the h.f. 
bands is during the evenings when propa-
gation conditions are better. 

For those who would like to experiment, 
using different coils or varying the turns of 
the main coil always brings interesting 
results. 

With practised intuition, plenty of sig-
nals can be tuned in, making the MK484 
radio chip an impressive replacement for 
the ZN414. D 

The completed prototype MK484 Shortwave Radio. 
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ow Technology 
Update 

UPERCONDUCTORS have been known 
for many years. Their unusual attribute 

of having zero resistance seems almost to 
go against the laws of physics. Generally 
they are associated with high current 
machines and electromagnets. 
However, they are equally applicable to 

smaller current electronic circuits where 
they can bring significant benefits. A fur-
ther advantage is that although supercon-
ductors would only operate at very low 
temperatures, originally within a few 
degrees of absolute zero, many new mate-
rials are being developed that supercon-
duct at much higher temperatures. 

In a new development a three-terminal 
device with transistor-like properties has 
been developed by Emeritus Physics 
Fellow Norman Booth at Oxford 
University in the UK in collaboration with 
a group in Naples, Italy. 
Their super-conducting device, called a 

"quasi-particle trapping device" or quatra-
tran (Q11'), behaves in a very similar fash-
ion to a transistor. It is anticipated that this 
device will be used for research projects, 
particularly in close proximity to arrays of 
highly sensitive superconducting sensors 
and detectors that are being used far more 
widely in astronomy, X-ray micro-analysis 
and in mass spectrometry applications. As 
a further advantage, the new quatratrans 
can be fabricated so that they act as radia-
tion detectors, as well as providing high 
degrees of amplification. 
The new device is particularly conve-

nient to use because it operates well at the 
very low temperatures required for this 
work. Conventional semiconductor transis-
tors do not operate well at these tempera-
tures and dissipate a large amount of heat 
that is difficult to remove efficiently so that 
the overall temperature of the assembly 
does not rise, 

What are Superconductors? 
To understand how superconductors 

work it is necessary to look at a normal 
conductor. The nuclei in a normal conduct-
ing material are arranged in a regular lat-
tice. They are surrounded by electrons that 
have escaped from their atoms and are free 
to move around the lattice. When an elec-
tric field is applied across the lattice the 
electrons are forced to move under the 
influence of this field. However, the elec-
tron movement is hindered by the nuclei 
and the impurities in the conductor. This 
causes the electrons to scatter and not flow 
in an orderly fashion, instead the flow is 
more random. This impedes the flow of the 
electrons and gives rise to resistance. 
In the case of a superconductor there is 

an interaction between the nuclei and 

Superconducting transistors known as quatratran 
devices have evolved from research into particle 
detection in astronomy. Ian Poole reports. 

electrons but in this case the effect 
results in electrons being able to flow 
unimpeded through the lattice. What 
happens is that as one electron flows 
through the lattice it distorts it. When a 
second electron approaches the first, it is 
attracted by the greater density of the 
positive charge where the nuclei have 
been pulled together. This effect over-
comes the repulsive force that would 
normally exist between two electrons 
and they travel together as a pair known 
as a Cooper pair. These pass through the 
lattice with no obstruction and as a result 
there is no resistance. 
As the temperature increases the nuclei 

start to vibrate more and eventually a point 
is reached where the Cooper pairs start to 
break up and the material rapidly reverts to 
its normal state, along with the associated 
resistance. This effect can also occur if the 
level of current becomes too high. This is 
known as the critical current. 

Other Properties 
There are a number of other properties 

associated with superconducting states. 
One of these is a property known as dia-
magnetism where no magnetic field exists 
within the conductor. Currents are set up 
on the surface of the conductor, creating a 
field that is equal and opposite to the 
applied field. 
A further effect is related to the quantum 

tunnelling. If two superconductors are sep-
arated by an insulating layer between ten 
and twenty Angstroms thick it is found that 
two electrons can tunnel through it with no 
resistance. The effect is known as the 
Josephson effect and the device is known 

Fig. 1. Energy diagram of quatratran 
operation. The films SO, S1 and S2 are 
superconducting and N is a normal 
metaL Quasi-particles injected into the 
intermediate electrode give up their 
energy D to heat the electrons in the 
normal metaL This increases the cur-
rent through the detector junction. 

as a Josephson junction. The device can be 
used in switching applications because if 
the junction is placed in a magnetic field 
the critical current is reduced. The switch-
ing action occurs very fast enabling it to be 
used in applications where other switches 
could not be used as effectively. 

Transistor Developments 
The quatratran device grew out of 

Booth's work in developing a solar neu-
trino detector using superconducting 
principles. The device can be thought of as 
a three-terminal superconducting transis-
tor. It possesses features such as voltage 
and current gain, isolation between output 
and input, impedance compatibility with 
other devices, low power dissipation, high 
speed, and the possibility of being easy to 
manufacture. 
Electronic signals are amplified by apply-

ing a voltage or current to the injector 
electrode that consists of a thin film super-
conductor. The intermediate electrode that 
consists of a bi-layer of superconductor and 
a normal metal constitutes the area where 
the amplification is provided. 
In operation quasi-particles are injected 

into the intermediate electrode giving up 
their energy to heat the electrons in the 
normal metal. In turn this increases the 
current through the detector junction. As a 
result amplification is obtained when an 
electrical signal (which may be either a 
voltage or current) is applied to the injec-
tor electrode. Current gains anywhere 
between 70 and 1000 have been measured, 
demonstrating that the device provides 
some very useful levels of gain. 

It is also found that an output signal can 
be produced from the device when an elec-
tromagnetic wave passes through it. When 
this occurs the signal passes through the 
transparent substrate and is then absorbed 
by the injector electrode. In this way it can 
detect electromagnetic signals — an impor-
tant feature of the device that enables it to 
be used in many more applications. 
A unique and interesting feature of the 

device is that it is almost polarity insensi-
tive. It can be used as an equivalent of either 
a pnp or npn transistor, simply by reversing 
the polarities of the power supplies. 

Future 
Two further devices can also be fabricat-

ed by reversing polarities within the struc-
ture. The development team under Booth 
believe that this opens the door to possibil-
ities of making complex devices using 
large scale integration techniques. 
Applications for these devices may include 
cryogenic particle and radiation detection 
systems. 
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6.114 ii Virtual System Modelling 
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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, universal keypad 
plus a range of switches, buttons, pots. 
LEDs, 7 segment displays and much more. 

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

• Source level debugging supported for 
selected development tools. 

• Integrated make' utility - compile and 

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

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

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

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



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 /U via E-mail.) 
Your ideas could earn you some cash and a prize! 

Lightning Detector 

E circuit diagram of Fig.1 is a very sen-
sitive static electricity detector that can 

provide an early warning of approaching 
storms from inter-cloud discharge well before 
an earth-to-sky return strike takes place. An 
aerial (antenna) formed of a short length of 
wire detects storms within a two mile radius. 
The circuit emits an audible warning tone 

from a piezo buzzer, or flashes an 1.e.d. for 
each discharge detected, giving you advance 
warning of impending storms so that precau-
tions may be observed, such as unplugging 
modems, switching off computers and so 
forth. 
The primary feature is the circuit's ability 

to be set close to self-oscillation, with its 
relaxation optimised via the bias resistor val-
ues shown in the circuit diagram. The oscilla-
tor is d.c. coupled and feedback is routed 
through the collector (c) of transistor TRI to 
the base (b) of TR2, while the overall loop 
gain is set with the multiturn ( 12, 18 or 22) 
preset VR1. 

Capacitor C3 sets the fixed phase at the 
emitter (e) of TR2, and at the wiper of VR1 
capacitor C2 increments the phase shift for 
oscillation to occur. (Any similar small signal 
high-gain transistor can probably be used, 
e.g. a BC548C — ARW) 
The collector of TR2 outputs a 42kHz 

sinewave once triggered, and is coupled by 
capacitor C4 to the base of TR3. Diode D1 
rectifies the positive-going phase of the oscil-
lator, to bias TR3 on and output a d.c. voltage 
at TR3 emitter. This drives WD1, a self-con-
tained piezo-electric sounder. A pulsed I.e.d. 
D2 can be added as an option for a visual 
indication if required. 

Setting Up 
To set the circuit up, adjust preset VR1 for 

oscillation by monitoring test point TP1, 
which should be at roughly 7V peak-to-peak. 
Test point TP2 should be at +6V d.c. Now re-
adjust VR1 back slightly to stop oscillation; 
use a screwdriver to touch the aerial-side of 
C 1 several times; the alarm should sound for 
1 or 2 seconds then stop. If it continues, make 
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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. 

dmtIhc ©Ilemeg 

Fig. 1. Circuit diagram for the Lightning Detector. Note that preset VR1 
cermet multitum type. 

a very small adjustment back, and recheck. 
The other method is to electrostatically 
charge a plastic ruler, and then draw your fin-
ger close to discharge, about two metres away 
from the aerial. 
Powered from a 9V battery, the Lightning 

Detector circuit consumes about 600/2A in 
standby. Powered continuously it could pro-
vide a good year of uninterrupted monitoring. 

should be a 

When sounding the alarm, the current will 
rise to 4mA depending on the low current 
sounder WD1. A minimum 3V device is 
required for a good output level, and it will 
produce a "pinging" alarm to warn in real 
time of any electrostatic pulse activity. 

Brian M. Lucas, 
St Helier, Jersey, 
Channel Islands. 

INGENUITY UNLIMITED r 
BE INTERACTIVE 

IU is your forum where you can offer other readers 
the benefit of your Ingenuity. Share those ideas, 

earn some cash and possibly a prize! 
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Dog and Cat Scarer 

- LL@tin.m OT 
'THE circuit diagram of Fig.2 is a high out-

put ultrasonic transmitter which was pri-
marily intended to act as a dog and cat scarer, 
which can be used by individuals to act as a 
deterrent against some animals. It should not 
be relied upon as a defence against aggressive 
dogs but it may help distract them or encour-
age them to go away. 
The circuit uses a standard 555 timer ICI 

set up as an oscillator using a single RC net-
work to give a 40kHz square wave with an 
equal mark/space ratio. This frequency is 
above the hearing threshold for humans, but 
is known to be an irritating frequency for 
dogs and cats. 

Since the maximum current that a 555 
timer can supply is 200mA an amplifier stage 
was required so a high-power H-bridge net-
work was devised, formed by the four tran-
sistors TR 1 to TR4. A second 555 timer IC2 
forms a buffer amplifier that feeds one input 
of the H-bridge driver, with an inverted wave-
form to that of IC1 output being fed to the 
opposite input of the H-bridge. 

This means that conduction occurs through 
the complementary pairs of TR 1/TR4 and 
TR2/TR3 on alternate marks and spaces, 
effectively doubling the voltage across the 
ultrasonic transducer, LS1. This is optimised 
to generate a high output at ultrasonic fre-
quencies. 

This configuration was tested by decreas-
ing the frequency of the oscillator to an 
audible level and replacing the ultrasonic 
transducer with a loudspeaker; the results 
were astounding. If the circuit was fed by a 
bench power supply rather than a battery that 
restricts the available current, the output 

PICO PRIZEWINNERS 
Once again it's time for us to consider our prizewinners, three lucky Ingenuity Unlimited 

contributors each receiving valuable prizes of Pico PC-based Oscilloscopes generously donat-
ed to Everyday Practical Electronics by PICO Technology Ltd (www.picotech.com). Our 
thanks as always to Pico for their magnanimous support in keeping alive the spirit of "inge-
nious" circuit design and for generally promoting an interest in exploring the fascinating world 
of electronics. 

All the contributions published between August 2001 and February 2002 were carefully con-
sidered by Editor Mike Kenward and host Alan Winstanley for originality and technical merit, 
appropriateness and completeness. As always, the overall presentation was used as a tie-breaker. 
The finalists each had their own particular merits making the judges' decision a very tough one! 

FIRST PRIZE: LE.D. DYNAMO TORCH by Alan Bradley (Feb 2002), who wins a superb 
PC-based Pico ADC200-50 Dual-Channel Storage Oscilloscope. The circuit was an interesting 
application of high brightness 1.e.d.s coupled to a dynamo generator, to produce a self-powered 
flashlight that evolved through methodical experimentation. We are especially pleased to award 
first prize to a previous Pico runner-up — Alan won a Pico ADC-40 in the October 1998 issue. 

RUNNERS-UP: Precision UV Timer by Ian Hill (Jan 2002), who wins a PICO ADC-40 PC-
based oscilloscope. This was an interesting timer circuit to help produce consistent results with 
UV exposures, using the mains sinewave to provide an accurate clock signal. 

Wein Bridge Audio Generator by Paul Fellingham (Sept 2001), who wins a PICO ADC-40 
PC-based oscilloscope. A thoroughly developed audio oscillator using an a.g.c. circuit instead 
of an expensive thermistor to provide stability. 

Congratulations to all PICO prizewinners. Readers, how is your ingenuity? If you have an 
electronic circuit idea that uses some degree of novelty or "lateral thinking", or you have a cir-
cuit tip you would like to share with readers, then why not submit it for possible publication 
in Ingenuity Unlimited? We pay between £ 10-£50 for each article published and, of course, 
there's a chance to win a Pico PC-based Oscilloscope as well! We cannot accept items by 
email, and all articles must be sent by letter post to the Editorial address. 

reached 110dB with 4A running through the 
speaker, which is plenty loud enough! 
The Dog and Cat Scarer was activated 

using a normally open push switch SI to con-
trol the current consumption, but many forms 
of automatic switching could be used such as 
pressure sensitive mats, light beams or PIR 
sensors. Thus it could be utilised as part of a 
dog or cat deterrent system to help prevent 

unwanted damage to gardens or fiowerbeds, 
or a battery powered version can be carried 
for portable use. Consider also using a lead-
acid battery if desired, and a single chip ver-
sion could be built using the 556 dual timer 
i.c. to save space and improve battery life. 

D. Stringwell, 
Scunthorpe 
North Lincs. 
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Flg.2. Circuit diagram for a harmless Dog and Cat Scarer. 

EPE BINDERS tg> 

KEEP YOUR MAGAZINES SAFE - RING US NOW! 
This ring binder uses a special system to allow the issues to be easily removed and re-inserted without any 
damage. A nylon strip slips over each issue and this passes over the four rings in the binder, thus holding the 
magazine in place. 

The binders are finished in hard-wearing royal blue p.v.c. with the magazine logo in gold on the spine. They will 
keep your issues neat and tidy but allow you to remove them for use easily. 

The price is £5.95 plus £3.50 post and packing. If you order more than one binder add £1 postage for each 
binder after the initial £3.50 postage charge (overseas readers the postage is £6.00 each to everywhere except 
Australia and Papua New Guinea which costs £10.50 each). 

Send your payment in £'s sterling cheque or PO (Overseas readers send £ sterling bank draft, or cheque 
drawn on a UK bank or pay by card), to Everyday Practical Electronics, Wimborne Puublishing Ltd, 408 
Wimborne Road East, Ferndown, Dorset. BH22 9ND. Tel: 01202 873872. Fax: 01202 874562. 

E-mail: editoriel@epemagmilmbome.co_uk. Web site: http://www.epemag.wimborne.co.uk 
Order on-line from www.epemag.wimborne.co.uk/shopdoor.htm 

We also accept card payments. Mastercard, Visa, Amex, Diners Club or Switch (minimum 
card order £5). Send your card number and card expiry date plus Switch Issue No. with VISA 
your order. 
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News A roundup of the latest Everyday 

I News from the world of 
electronics 

CD COPYING LEGALITY CHALLENGED 
There is a confusion in law about the right of CD producers to prevent their CDs from 

being copied for individual use. Barry Fox reports. 

RECORD giant BMG is the first record company in the world to use copy-protection on 
widely released chart CDs; Natalie Imbruglia's White Lilies Island and Five's Greatest 

Hits. Some customers have complained about the unwelcome side effect that the CD only 
plays in low fidelity on a PC. Although the sleeves and artwork do not refer to copy protec-
tion, they do credit a system called Cactus Data Shield from Midbar of Israel. Midbar con-
firms that the technology used to modify PC playback is covered by international patent 
application WO 01/80546. 
The CD is a "multi-session" disc of a videogames sold today have some form of 

type normally used to let audio and com- protection. The recording industry is taking 
puter data share the same disc. The data steps to get ' in tune' (with) the right balance 
and audio are recorded at physically differ- between preventing wholesale copying and 
ent positions, and the ROM drive in a PC uploading to the Internet, while still allowing 
goes first to the data area. On the Imbruglia some copying onto hard drives or CD-Rs for 
and Five CDs the data is actually music in personal use. Fans may rest assured that 
heavily compressed form, encrypted so these companies' first priority will remain 
that a PC can only read it with the help of the listening experience." 
authorised software which is also stored in Martin Dalgleish, of British hifi compa-
the data area. The encrypted music cannot ny Linn, warns that finding the right tech-
be copied by normal PC software. But nology is getting harder all the time 
innocent listeners get only heavily corn- because hardware manufacturers are find-
pressed sound. ing it increasingly difficult to obtain good 
Although BMG claims that the number quality CD drive components. So they 

of complaints has been "very low", and often build computer ROM drives into 
orchestrated by anti-protection lobbyists, their consumer CD and DVD players; and 
the record company has now backed down 
on the experiment and new versions of the 
two discs are being pressed without copy-
protection. The tell-tale signs are the refer-
ence to Midbar/Cactus on the rear of the 
artwork and a clear band on the playing 
surface of the disc which separates the 
music and data sections. 

Congressional Intervention 
In the US, Universal's new compilation 

CD of Fast and Furious rock music is sim-
ilarly copy-protected but clearly marked 
with consumer warnings. 
But this has not pacified the 

Congressional Internet Caucus Committee, 
a public interest group which works to 
educate Congress and the public on infor-
mation technology. The Committee is warn-
ing the music industry that selling CDs 
which prevent or inhibit home recording 
may violate the Audio Home Recording Act 
(AHRA) of 1992. The AHRA levies a roy-
alty of 2 per cent on the price of recording 
equipment and 3 per cent on recording 
media such as tapes and discs. Well over $5 
million a year is now collected. 
Co-Chairman Rick Boucher has now 

asked the music industry's main trade bod-
ies, the Recording Industry Association of 
America and International Federation of 
the Phonographic Industry, to justify tak-
ing money from consumers in return for 
the right to copy, while using technology to 
try and prevent copying. 
Speaking also for the IFPI, Hilary Rosen, 

President and CEO of the RIAA, says: 
"Copy-protection is not new to the enter-

tainment industry — most movies and 

some of the copy-protection systems are 
designed to interfere with ROM drive play-
back. 

Changing the Rules 
"The recent non-CDs from BMG change 

the rules in a totally unpredictable way. 
There is no published specification and 
therefore it is impossible for Linn or any 
other company to predict the playability of 
these discs. The CD players we make all 
react in different ways." 
The UK is the only country in Europe 

where it remains illegal to copy one's own 
CD for personal use. Like the US, most 
major European states levy a royalty on 
recording media. But lawyers for the 
IFPI's Head Office in London insist there 
is no link in law between paying a royalty 
and the right to make a copy. 
"So using copy-protection CDs does not 

violate any laws, and the situation will not 
change when the EU's Copyright Directive 
comes into force at the end of this year" 

FREE METER! 

TO CELEBRATE the launch of its new On-Line store, Lascar Electronics is giving away a 
free multimeter to anyone who visits their website site and spends over £50 (ex. VAT and 
carriage) on any of the digital panel meters, data loggers or power supplies listed. The 
DMM 350 multimeter is equipped with five functions and 19 ranges, with each test posi-
tion selected by a simple turn of the function/range rotary selector switch. The promotion 
is available while stocks last. 
For more information contact Lascar Electronics Ltd., Module House, Whiteparish, 

Salisbury, Wilts SP5 2SJ. Tel: 01794 884567. Fax: 01794 884616. 
Email: lascar@ netcomuk.co.uk. Web: www.lascarelectronics.com. 
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COPPER ISLAND 

NO — not a suggestion for where to go on holiday, Cooper Island 
is a printed circuit board manufacturing technique! It is said to 
make electronic construction faster arid easier than ever before, 
and without chemicals or drilling. 
The quick and easy-to-use technique utilises specially shaped 

"pads" that are made of copper laminate. These are glued to a 
copper laminate base board to implement your design. The pads 
are then used as electrically isolated "copper islands". Your 
components are soldered between the pads, and from the pads 
to the baseboard wherever ground connections are required, the 
baseboard acting as the ground plane. 
This system seems like it could be a boon to home electronics 

and radio constructors where prototypes, one-offs, or a small 
number of boards are required without the need to make p.c.b.s 
in the normal way. 
The Copper Island Construction Outfit is a complete 262-piece 

self-contained kit. It is housed in a neat compartment box with a 
hinged lid and contains pads for 8, 14 and 16-pin i.c.s, round 
pads for leaded components and special pads for miniature 
screened r.f. coils. 
Adhesive, tweezers, pressure rod and an abrasive cleaning 

block are also included, plus two sheets of copper laminate 
boards measuring 150mm x 100mm. Full instructions are 
enclosed and extra pads and "top-up" materials are available. 
The kit is priced at £15 plus £2.85 UK P&P (no credit/debit 

cards please). It is available by mail order from J. D. Walters, 11 
King George V Avenue, Mansfield, Notts, NG18 4ER. Tel: 01623 
465443. Web: www.copperisland.biz. 

NATIONAL VINTAGE 
COMMUNICATIONS FAIR 

SUNDAY 5 May 2002, the National Vintage Communications 
Fair will be held at N.E.C. Birmingham. It is open from 10.30am 
to 4.00pm at an entry price of £5 (under 14's free). 

It will be the Tenth Anniversary Special and there will be masses 
of vintage wireless sets, crystal sets, valve amplifiers, classic hi-fi, 
horn loudspeakers, record players, gramophones, early televisions. 
old telephones. records, valves and spares, plus all sorts of 
mechanical and electrical antiques and collectables. The fair is 
scheduled to have 300 stallholders — one of which will be our 
sister publication Radio Bygones. 
For more information contact N.V.C.F., 13 Belmont Road, 

Exeter, Devon EX I 2HE Tel: 01392 411565. 
Email: sun.press@btinternet.com. 
Web: www.anglefire.comitx/sunpress. 

WYTHALL RALLY 
SUNDAY 10 March 2002, the 17th annual Wythall Radio and 
Computer Rally takes place at Wythall Park, Silver Street, Wythall 
near Birmingham, on the A435 just two miles from junction 3 of the 
M42. Doors open from tOam to 4pm. Admission is £ 1.50. 
There will be plenty of traders in three halls and a large marquee. 

Bar and refreshment facilities are on site and there is a bring and 
buy stand. A free park and ride service is provided. 
For more information contact Rally organiser Martin G8VXX 

on 0121 474 2077, evenings. Fax: 0121 742 3471, working hours. 
Talk in on S22. 
Email: enquiries@wrcrally.co.uk. Web: www.wrcrally.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 can pick 
up a "fixed temperature" or " in-handle" terrperature 
model hat will suit your needs perfectly. 
None of which will burn a hole in your pocket. 

If your hobby demands the best iron for the ¡ob 
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 

4... 

1- 1 In F-1 In 

ANT EX 
LJULJ 
Not ¡ust any old iron. 

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

Devon PL19 8DE Tel 01822 613565 
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Regular Clinic 

CIRCUIT 
SURGERIe 
ALAN WINSTANLEY  
and IAN BELL 

We offer some advice for selecting the right battery for your project, 
and describe four-layer semiconductor devices. 

The Right Battery 
Our thanks to John Roberton who writes: 

I'm having problems with some of my 
electronics projects. When I build them and 
switch on to check how well they function, 
I have notice that when testing it with my 
multimeter, the voltage across the supply 
line is much lower than the required volt-
age which is 9V I have used several brands 
of PP3 9V battery but I'm not sure whether 
I'm using the right type. 

It was recommended I use a PP9, which 
did work but it was too large. I would prefer 
to use a smaller PP3 battery, but could you 
please give me any suggestions of what type 
of battery I could use. Thank you, 

John Robertson, by Email. 

Choosing the right battery for your pro-
jects, John, depends on several factors, the 
main aim being to match the battery against 
the supply voltage and current needed by 
your circuit. Having picked the correct bat-
tery voltage (9V), you have to consider the 
capacity of the battery. What is the right 
capacity depends on how much current you 
want to draw and for how long. 
You'll have to calculate the current or 

measure it with an ammeter. A bat-
tery's capacity is measured in 
ampere-hours and it indicates how 
much current the battery can supply 
over time, before its voltage starts to 
fall (the battery goes "flat"). 
The capacity is related to size and the 

battery's chemical composition, and 
for electronic projects you will proba-
bly use alkaline batteries rather than 
zinc chloride or carbon zinc types. I 
couldn't find any data for the PP9 bat-
tery you used, these are very old fash-
ioned, relatively rare and becoming 
increasingly obsolete. However, its 
large capacity meant that it was well 
suited to powering the portable transis-
tor radios of its era. 
These days a 9V PP3 battery (also 

known as the LR61 or 1604 type) is 
adequate for many products, because 
the current needed by circuits is gen-
erally far lower, so a lower capacity 
(therefore physically smaller) battery 

can provide a stable 
9V rail. In industry, 
the quest is always to 
provide ever smaller, 
faster products using 
lower voltages and 
smaller batteries, as 
evidenced by the 
mobile phone. 
The variation in 

voltage you noticed is 
partly caused by the 
ageing effect of the 
battery. As it starts to 
"flatten", its internal 
resistance increases, which starts to restrict 
the maximum current that can flow and the 
voltage across its terminals starts to fall. A 
battery is generally considered "flat" when 
its voltage drops to 0-8V per cell (noting 
that a 9V battery contains six 1.5V cells). 

Dips and Tips 
If the load current increases, then the bat-

tery voltage will dip as you observed. To 
help overcome these dips, it is very com-
mon to place a large electrolytic capacitor 
(say 100,uF to 470µF) across the supply 
lines, which acts as a reservoir for the bat-

Table 1 Comparison of popular battery capacities 
(from Eveready data) 

Size Voltage Capacity mAh 
Carbon Zinc Alkaline 

AAA 
AA 

D 
1604 
908 Lantern 
915 Lantern 
918 Lantern 

1 5 
1 5 
1 5 
1 5 
90 
60 
60 
60 

540 
950 
3000 
5900 
400 
12000 
11000 
nia 

1250 
2850 
8350 
18000 
595 

26000 
26000 
52000 

A rare (old) traditional 9V battery compared with a 9V 
PP3 type battery (centre) and a 9V power pack using 
six AA (1.5V) cells in a holder. 

ter)', helping to ensure that enough current 
can be supplied to the circuit at peak times, 
until the performance becomes so bad that 
the battery must be changed. 
The other likely reason for those voltage 

dips is that the battery, even a new one, just 
hasn't sufficient capacity to start with: it's 
too small. If you "shunt" a battery by 
drawing a very great current, inevitably the 
voltage across its terminals will fall. The 
only answer is to increase the capacity of 
the supply, and if 9V is required you have 
no choice but to use separate 1.5V cells in 
a battery holder instead. 

The web site of Eveready Batteries 
at http://data.energizer.com pro-
vides data sheets for most of their 
products. Their consumer alkaline 
range includes the 9V 1604 type, 
which has a stated capacity of 
595mAh, which means that it could 
in theory supply 595mA over the 
duration of one hour before the volt-
age tailed off too much. 
To give you some idea, Eveready 

states that capacity figures are based 
on a 25mA continuous current to 
0-8V cut-off per cell. So once you 
calculate or measure the current 
drawn by the circuit, you will start to 
get an idea of battery suitability. 
Compare this with an individual 

1.5V cell: an Eveready AA alkaline 
cell has a stated capacity of 
2850mAh (2.85Ah). Put six of them 
in series and you have a 9V 
2850mAh battery pack with nearly 
five times the capacity of a PP3, but 
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of course it is physically larger. Connect 
them all in parallel, and you would have a 
1.5V battery with a 17.1Ah capacity 
instead. (Think about how we calculate the 
value of capacitors in series or parallel.) 
By way of comparison, an Eveready 918 

6V Lantern Battery has a capacity of 
52000mAh (52Ah) which is as much as 
some 12V car batteries can manage. Table 
1 is a summary of battery capacities as 
published by Eveready. (While on the 
Eveready site, be sure to read their fasci-
nating History of the Eveready Flashlight.) 
I hope that helps. ARW. 

Four Layer Devices 
Sam Carson asks in the EPE Chat Zone 

(the message board on our web site, 
www.epemag.wimborne.co.uk): 

Could anyone tell me what it means if 
something is a "four layer semiconductor 
device"? I am unsure of this term. 

A thyristor, also known as an SCR (sil-
icon controlled rectifier) is described as a 
four-layer device because, as can be seen 
in Fig. 1 it is constructed from four layers 
of silicon of alternating type (that is. 
p-n-p-n (p and n type semiconductor). 
Compare this with a bipolar junction 
transistor (bjt) which is three-layer — 
either p-n-p or n-p-n. The thyristor is 
constructed like two overlapping transis-
tors — the np of a pnp transistor which 
overlaps the np of an npn type, as indi-
cated by the dotted boxed in Fig. 1 a. This 
leads to the transistor equivalent circuit in 
Fig. lb. The circuit symbol of a thyristor 
is shown in Fig. lc. 

The thyristor is a unidirectional 
device, meaning that, like a diode, 
current will only flow one way 
through it (from anode to cathode). 
However, if we simply apply an 
anode-cathode voltage no current 
will flow until the device is triggered 
by a gate current. This is not like a 
transistor, however, which turns off 
again if the base or gate current is 
removed; the thyristor's anode-cath-
ode current continues to flow even if 
the gate current stops. It will only 
stop when anode-cathode voltage is 
removed or if the anode-cathode cur-
rent drops below a certain minimum 
level. Thus the trigger current causes 
the thyristor to latch on. 
We can understand this behaviour 

by looking at the equivalent circuit 
of the thyristor in Fig.lb. The "trig-
ger" gate current turns on transistor TR1. 
The collector current of TR 1 provides a 
base current for TR2, turning that on too. In 
a similar manner the collector current of 
TR2 provides more base current for TR 1 
turning it on even more. This is a positive 
feedback effect that quickly ensures that 
both transistors conduct. Once the gate has 
triggered this condition is self-sustaining, 
so gate current is no longer needed. The 
thyristor can only be turned off by reducing 
its anode-cathode current below some criti-
cal point, known as the holding current. 
The gate current is unfortunately not 

the only way to turn on a thyristor. A suf-
ficiently fast rising anode-cathode volt-
age can also trigger the device, due to the 
capacitances inherent in the thyristor's 
structure. To prevent this. RC snubber 

Fig. 1. (a) Four layer pnpn construction of a 
thyristor (SCR), (b) equivalent circuit, (c) circuit 
symbol for an SCR. 

circuits can be used to reduce the rise-
time of voltages across the thyristor, 
which has been dealt with in this column 
in the past. 
The voltage across a thyristor when it is 

ON typically has a minimum value of 
around 1V, but may be higher (2V to 3V) for 
high current devices; the ON current can be 
very high (tens of amps in high power 
devices). The OFF current is very small — a 
leakage current. The maximum OFF voltage 
(supply voltage) can be very high — hun-
dreds of volts in high power devices. 
The trigger current must be applied for 

long enough to allow the device to turn on 
(typically microseconds, but this varies 
between devices). Thyristors also take a 
time to switch off (maybe tens or hundreds 
of microseconds, again this varies a lot 
between different types). IMB. 
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TEA TIC TIP TIPL TEA 11 TLC TMP TMS TPU U UA 
UAA UC UDN ULN UM UPA UPC UPD VN X XR Z ZN 
ZTS + many others 

We can also offer equivalents (at customers' risk) 
We also stock a full range of other electronic components 
Mail, phone, Fax Credit Card orders and callers welcome 

"r79.t-s1 VISA 
P` 

Connect 

weéricklewood Electronics Ltd 
40-42 Cricklewood Broadway London NVV2 3ET 

Tel: 020 8452 0161 Fax: 020 8208 1441 
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Special Feature 

PROGRAMMING 
PIC INTERRUPTS 
MALCOLM WILES   
How to use Interrupts successfully with 
your PIC programs. 

Tc
IE Microchip PIC family of microcon-
rollers supports interrupts. However, 
relatively few of the projects published 

in EPE to date have used interrupts. 
Programming a PIC to use interrupts is not 

completely straightforward (but then some-
times neither is programming a PIC to do 
anything!) There are some special considera-
tions that need to be borne in mind. 

This article gives a general introduction 
to the topic of writing PIC software to han-
dle interrupts, with special reference to the 
PIC16x84 and PIC16F87x families, which 
are the most popular with hobbyists. This 
article concentrates on how to write pro-
grams to handle interrupts. There are also 
some timing and related issues that need to 
be taken into account when designing cir-
cuits to use interrupts. For full details, 
please refer to the relevant PIC data sheet. 
The assembler dialect used in the exam-

ples is MPASM, but translation to TASM 
(e.g. by EPE PIC Toolkit Mk2 or 
Mk3/TIC3) should be straightforward. The 
software discussed is available as 
stated later and includes the source 
code .ASM (MPASM), plus pre-
assembled files .HEX (MPASM) 
and .OBJ (TASM). 

There are several example pro-
grams and experiments, all of which 
are designed to be run on the circuit 
shown in Fig. 1. This could be set up 
on a solderless breadboard, or on 
PIC Toolkit Mk3. Access to a PIC 
programmer (such as one of the EPE 
Toolkitv) is assumed. 

WHAT ARE 
INTERRUPTS? 
An interrupt is an event which 

causes the PIC to suspend what it 
is currently doing and execute a 
special piece of program designed 
to process that event. When the 
event has been processed, the PIC 
resumes what it was doing at the 
point it broke off. 

Interrupts are useful because 
they free a program from continual-
ly having to check ("poll") whether 
external events that it needs to 
process have occurred. Instead it 
can be arranged that the events 

themselves cause the necessary processing 
code to be run automatically. 
To a PIC, it's maybe a bit like having the 

phone ring while you're reading a book. 
You put a bookmark in the book, put it 
down, pick up the phone and deal with the 
phone call. When the phone call ends, you 
pick up the book again and resume reading 
where you left off. 

INTERRUPT CAUSES 
On the PIC16x84 family there are four 

events that can cause interrupts. These are: 

• a rising or falling edge (configurable) 
on the RBO/INT pin 

• the TMRO counter wrapping from 
H'FF' to 0 

• a change on any of the RB4 to RB7 pins 
(configured as inputs) 

• an EEPROM write complete event 

The PIC16F87x family adds a further 
ten interrupt events to this list. Since the 
principles of handling all interrupts are 
similar, we won't discuss the ones that are 

Part 1   

specific to the ' 87x family in this article. 
There are two bits associated with each 

individual interrupt in the PIC's special 
function registers. These are: 

• an Interrupt Flag bit, which is set when 
the corresponding event has occurred 

• an Interrupt Enable bit, which is set (by 
software) if the corresponding event is 
to cause an interrupt. By default, at 
power up, all interrupt enable bits are 
set to zero, so that no interrupts are 
enabled unless the software specifically 
turns them on. 

Enabling an interrupt means that when 
the corresponding event occurs, the PIC 
will transfer control immediately to a spe-
cial Interrupt Service Routine (ISR) to 
process that interrupt. It does not affect the 
setting of the interrupt flag bit. If the inter-
rupt is not enabled when the corresponding 
event occurs, the flag bit is still set, but the 
ISR is not called. If a flag bit is set and the 
corresponding enable bit is then set, the 
ISR will be called immediately. 

There is one further bit, the Global 
Interrupt Enable bit (GIE). This is like a 
master override switch: if this is zero then 
all interrupts are disabled, irrespective of 
the set ings of the individual event inter-

rupt enable bits. If the GIE bit is 
set to 1, then all interrupt events 
whose individual interrupt enable 
bits are set will cause interrupts. 

Apart from the flag bit associ-
ated with the EEPROM Write 
Complete event, all these bits are 
in the INTCON special function 
register. Table 1 lists the INT-
CON register interrupt bits for 
the PIC16x84 and PIC16F87x 
families. 
The flag and enable bits for the 

additional interrupts on the ' 87 
family are located in the 
Peripheral Interrupt Registers, 
PIE1, PIE2, PIR1 and PIR2 (see 
data sheet). 
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Fig.1. Circuit diagram as used for the Interrupt experiments. 

INTERRUPT 
VECTOR 
When an interrupt occurs, the 

PIC executes a call to program 
memory Location 4. It is usual to 
assemble a GOTO ISR instruc-
tion in this location (as in these 
example programs), where ISR is 
the label of the interrupt service 
routine, although it is possible 
for the ISR itself to start at 
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Bit 7: 

Bit 6 

Bit 6 

Bit 5: 

Bit 4: 

Bit 3: 

Bit 2: 

Bit 1: 

Bit 0: 

Table 1. PIC16x84 and PIC16F87x INTCON register bits 

GIE: Global Interrupt Enable bit 
1 = Enables all un-masked interrupts 
O = Disables all interrupts 
(x84): EEIE: EE Write Complete Interrupt Enable bit 
1 = Enables the EE write complete interrupt 
O = Disables the EE write complete interrupt 
(87x): PEIE: Peripheral Interrupt Enable bit 
1 = Enables all un-masked peripheral interrupts 
O = Disables all peripheral interrupts 
TOIE: TMRO Overflow Interrupt Enable bit 
1 = Enables the TMRO interrupt 
O = Disables the TMRO interrupt 
INTE: RBO/INT External Interrupt Enable bit 
1 = Enables the RBO/INT external interrupt 
O = Disables the RBO/INT external interrupt 
RBIE: RB Port Change Interrupt Enable bit 
1 = Enables the RB port change interrupt 
O = Disables the RB port change interrupt 
TOIF: TMRO Overflow Interrupt Flag bit 
1 = TMRO register has overflowed (must be cleared in software) 
O = TMRO register did not overflow 
INTF: RBO/INT External Interrupt Flag bit 
1 = The RBO/INT external interrupt occurred 
O = The RBO/INT external interrupt did not occur 
RBIF: RB Port Change Interrupt Flag bit 
1 = When at least one of the RB7:RB4 pins changed state (must be cleared in software) 
O = None of the RB7:RB4 pins have changed state 

Additional Peripheral Interrupt Register bits for the PIC16F87x series are located in registers 
PIE1, PIE2, PIR1 and PIR2 (see data sheet). 

Location 4 if preferred. (EPE program-
mers prior to TK3 always require a GOTO 
at Location 4. Ed.) 

Because the GOTO ISR instruction is 
effectively a pointer, it is common to refer 
to Location 4 as the Interrupt Vector. 

EXPERIMENTS 
Now we have just about enough back-

ground to look at an example. First, 
though, a few practical comments regard-
ing the software and hardware. 
The HEX files include Configuration 

data which is automatically loaded into the 
PIC when the code is sent to it via PIC 
Toolkit TK3 and MPASM-type program-
mers. The "embedded" code configures 
the PIC for RC oscillator, power-up timer 
enabled, watchdog timer disabled, code 
protection disabled. 

However, EPE programmers Toolkit 
Mkl, Mk2, PIC Tutorial, PICtutor and the 
original EPE Simple PIC16C84 
Programmer cannot handle HEX files or 
embedded Config data. 

In these cases, the Config data must be 
sent to the PIC in the normal manner 
required by the programmers before the 
OBJ program code is sent. The PIC should 
be configured for RC oscillator, power-up 
timer enabled, watchdog timer disabled 
(code protection is automatically disabled 
with these programmers). 

Although RC Oscillator mode is sug-
gested, you may use a crystal oscillator 
mode instead if you prefer, configuring 
the PIC accordingly. A suitable crystal 
would be a 3.2768MHz type (XT mode) 
although other frequencies could be used 
instead. 
Be aware that if assembling the ASM 

code yourself, none of the EPE PIC pro-
grammers can assemble embedded 
Config instructions or Macro coding 
structures and that only Toolkit Mk2 V2.4 
and Toolkit TK3 can handle "Include" 
files. The exception to this statement is 

that TK3 can handle embedded Config 
data in the source code when it is in the 
form: 

_CONFIG H'3FF3' 

The above command (as used in the 
example source code files) translates for 
the PIC 16F84 as CP off, POR on, WDT 
off. RC oscillator. The command for CP 
off, POR on, WDT off, XT crystal is: 

_CONFIG H'3FF1' 

Where a programmer/assembler cannot 
handle such Macro and Include structures, 
the full equivalent code must be appropri-
ately typed into the ASM file as required, 
and then assembled. Config values, if your 
assembler cannot handle them directly, 
should be sent via the normal 
Configuration option that you are already 
accustomed to using. 

With the Include file (P16F84.INC), for 
example, the required Equates defined 
within it ( it is readable as a text file) should 
be typed into the program in the region 
where the statement INCLUDE Pl6F84 is 
made and this statement should then be 
deleted (or commented out). You do not 
need to type in those equates which are not 
used in the programs. Your Assembler will 
advise if you miss any. 

EXPERIMENT I 
The full source code for the first exper-

iment, INTPROG1, is shown in Listing 1. 
Load its appropriate INTPROG I .HEX or 
INTPROGLOBJ into the PIC (having sent 
Config data separately if necessary — as 
discussed above). 

This program turns on the 1.e.d. con-
nected to PIC port RAO, waits for about a 
second (with the oscillator rate set as in 
Fig.1, typically about 2-5MHz for 
4k7/47pF), then turns it off again. Connect 
a wire to RBO and touch this to a 

convenient OV point somewhere. This 
causes an RBO/INT interrupt (INTF set), 
and the ISR turns on the 1.e.d. 

After a variable time up to another sec-
ond (depending on where it was in the 
count up to 10 sequence), the main loop 
turns the 1.e.d. back off again. This 
sequence can now be repeated indefinitely, 
so touch the wire on OV a few more times 
just to see. 

CONTEXT 
Let's have a close look at the program in 

Listing I. Firstly, what's all this SWAPF 
stuff at the beginning and end of the ISR? 

Imagine we're just entering the ISR: the 
main program loop has been interrupted. 
This can happen between any two instruc-
tions; exactly where is just a matter of 
chance depending on exactly when we 
happen to touch the wire to OV. 
Now suppose the interrupt actually hap-

pened between the two instructions: 

B1: XORWF COUNT,W 
(interrupt occurs here) 
B2: BTFSS STATUS,Z 

The main program has just done an 
Exclusive-OR of COUNT with W (which 
holds a value of 10 from the previous 
instruction MOVLW 10), and is about to 
go on and test the Z flag in the STATUS 
register to see if the result was zero (i.e. 
COUNT = 10). But in between the ISR 
will run, and this does an INCF 
ICOUNT,F instruction. This will over-
write the Z flag. So when the ISR exits, 
and the main program resumes at the 
instruction labelled B2, that Z test will be 
invalid. 

Therefore the ISR must save anything 
before it changes it, and restore it before it 
exits. The phone analogy used earlier is 
perhaps not accurate enough; rather than 
reading a book when the phone rings, 
imagine you were in the middle of recon-
ciling your bank statement and had lots of 
sums and calculations part completed on a 
sheet of paper. It is as if, when you put the 
phone down, you had obliterated all those 
calculations with notes of the phone 
conversation. 
The bits and pieces that a program uses 

as working state are often referred to as its 
Context, and so the preamble and postam-
ble in the ISR is called Saving and 
Restoring Context. 
The most important items of Context on 

a PIC are the various flags in the STATUS 
register, and the contents of the accumula-
tor (Working register) W, but there may be 
others. If the ISR uses indirect addressing, 
for example, then it will need to preserve 
FSR. On the ' 87x family if more than 2K 
of program memory is used then preserva-
tion of PCLATH may become important, 
as it may on the 16x84 family too if com-
puted GOTO Tables are used other than in 
Page 0. 
The Context preserving instructions in 

Listing 1 for saving W and STATUS are 
those recommended by Microchip. 

This in itself is an interesting sequence. 
Why is the rather obscure SWAPF instruc-
tion used, and not the more obvious: 

MOVWF SAVEW 
MOVF STATUS,W 
MOVWF SAVES 
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Recall that the MOVF instruction affects 
the Z flag in the STATUS register. Suppose 
that Z is currently set. If you now do a 
MOVF STATUS,W instruction, do you 
expect the Z bit (bit 2) in W to be: 

(a) set, because that's how it was in the 
STATUS register, or 

(b) clear, because the MOVF instruction 
has cleared Z because STATUS was non-
zero? 

(You might need to wrap a wet towel 
round your head at this point and think 
about it!) 
The data sheets give no clear answer on 

this question. The author has tested it on 
both a 16F84 and a 16F877, and found that 
it is (a) in both cases. Further, he has found 
demo code (for a PIC 16C745) on the 
Microchip Website written by Microchip 
that actually uses the MOVF STATUS, 
MOVWF SAVES sequence to preserve 
STATUS in its ISR. So it is probably OK to 
use this alternative. 
The SWAPF instruction does not affect 

STATUS, so the situation using that 
instruction is unambiguous. That's maybe 
why the recommended code is that way. To 
save our minds boggling too much we will 
use the Microchip recommended sequence 
(with SWAPF) throughout this article. 
Note, however, that STATUS is actually 
stored in SAVES with its nibbles reversed. 
On exit, the sequence: 

POP: SWAPF SAVES,W 
MOVWF STATUS 

reverses the nibbles back to the correct 
order. Now STATUS has been put back it 
cannot be affected further, so the STATUS 
non-affecting SWAPF must again be used 
to restore W: 

SWAPF SAVEW,F 

SWAPF SAVEW,W 

; reverse the nibbles 
; in SAVEW 
; reverse back to 
; original order and 
; load into W 

Finally, this special instruction is always 
used to exit from an ISR: 

RETFIE 

This resumes the main program at the 
instruction after it was interrupted. We'll 
return to this a bit later. 

SAVING ADDITIONAL 
CONTEXT ITEMS 
Once W and STATUS have been safely 

stored, then it's easier to save any other 
Context items that may need preserving. 
This is because W and STATUS can now 
be changed, so there are no constraints on 
which instructions may be used. 

So, for example, to additionally save FSR, 
the following sequence could be used: 

ISR: MOVWF SAVEW ; save W 
SWAPF STATUS,W 
MOVWF SAVES ; save STATUS 
MOVF FSR,W ; OK to use 

; MOVF and 
; change 
; STATUS here 

MOVWF SAVEF ; save FSR 
; body of ISR 
; goes here 

LISTING 1 
; INTPROGLASM 
; Switch on LED if RBO interrupt 

LIST P=16F84,R=DEC 
_CONFIG H'3FF3' 

; Macros 
#DEFINE BANKO BCF Ox03,5 
#DEFINE BANK! BSF Ox03,5 

; Equates for registers 
INCLUDE Pl6F84.INC; 

; Data locations 
SAVEW: EQU Ox20 
SAVES: EQU Ox21 
COUNT: EQU Ox22 
ICOUNT: EQU Ox23 
DELAY: EQU Ox25 

; code 
ORG 
GOTO INIT 
ORG 4 
GOTO ISR 
ORG 5 

; initialise PIC 
INIT: CLRF PORTA 

CLRF PORTB 
BANK! 
CLRF TRISA 
MOVLW B' 00000001' 
MOVWF TRISB 
MOVLW B'00000111' 

MOVWF OPTION_REG 
BANKO 

; interrupt setup 
BSF ENTCON,ENTE 
BSF 1NTCON,GLE 

; data initialisation 
BSF PORTA,0 

; main loop 
MAIN: 

A2: 
Al: 

B 1: 
B2: 

A3: 

A4: 

CLRF COUNT 
CLRF TMRO 
BCF INTCON,TOIF 
BTFSS 1NTCON,TOIF 
GOTO A3 
INCF COUNT,F 
MOVLW 10 
XORWF COUNT,W 
BTFSS STATUS,Z 
GOTO A2 
BCF PORTA,0 
GOTO MAIN 
MOVLW 250 
MOVWF DELAY 
INCF DELAY,F 
BTFSS STATUS,Z 
GOTO A4 
GOTO Al 

; Interrupt service routine 
ISR: MOVWF SAVEW 

SWAPF STATUS,W 
MOVWF SAVES 
BTFSS 1NTCON,INTF 
GOTO POP 

; there is an INTF interrupt 
INCF ICOUNT,F 
BSF PORTA,0 
BCF INTCON,INTF 

POP: SWAPF SAVES,W 
MOVWF STATUS 
SWAPF SAVEW,F 
SWAPF SAVEW,W 
RETFIE 
END 

or type in required Equates here instead 

; preserve W during interrupts 
; preserve STATUS during interrupts 
; count of timer ticks 
; number of interrupts 
; delay loop counter 

; Reset vector 

; Interrupt vector 

; initialise all port outputs to zero 

; RAO — RA4 all outputs 
; RBO input, rest outputs 

; enable PORTB pullups, falling edge RBO, 
; PSA to TMR, prescale /256 

; enable INTF (RBO/1NT) interrupt 
; enable global interrupts 

; turn on the LED 

; clear ticks count 
; clear internal clock count-up 
; clear the TMRO wrapped flag 
; has TMRO wrapped yet? 
; no, go back and wait for it to wrap 
; bump count of wraps 
; about 10 bumps/sec at 2MHz clock 
; sets Z if COUNT = W 
; test Z 
; Z not set so COUNT <> 10 
; wraps COUNT = 10 so switch off led 
; and repeat main loop 
; a short delay loop 
; load the delay counter 
; bump delay counter 
; and test if it's zero 
; it's not so spin 
; go back and wait for TMRO to wrap 

; save W 

; save STATUS 
; test INTF 
; not an INTF interrupt 

; bump count of interrupts 
; turn on the led 
; clear the interrupt 
; restore STATUS 

; restore W 

; exit ISR 
; of program 

170 Everyday Practical Electronics, March 2002 



The POP sequence is straightforward 
too, noting only that FSR needs to be 
restored before STATUS is restored: 

POP: MOVF SAVEF,W ; restore FSR 
MOVWF FSR 
SWAPF SAVES,W ; restore 

; STATUS 
MOVWF STATUS 
SWAPF SAVEW,F ; restore W 
SWAPF S AVEW,W 
REFFIE ; exit ISR 

The same would apply to saving 
PCLATH, and to any other register that 
also needs to be preserved. 

EXPERIMENT 2 
Suppose that in the main loop of TNT-

PROG1 (Listing 1) there had been an 
access to data stored in EEPROM. This is 
illustrated in program INTPROG2 with the 
addition of the code at A3 and variable 
EBYTE (equated to Ox24 at the head of the 
source code); INTPROG1 is otherwise 
unchanged. The new A3 code is shown in 
Listing 2. 

(The author knows there's no obvious 
reason for doing an EEPROM access in 
this simple program, but bear with him 
because the point illustrated is important.) 
Load the PIC with INTPROG2. Now 
repeat Experiment 1. 

If you are lucky, you may get the I.e.d. to 
flash on a few times, but the chances are 
that the PIC will appear to "die" very 
quickly, the 1.e.d. will stop coming on, and 
a reset will be necessary to get it going 
again. 

Reset the PIC and repeat the experiment 
a few times, because as we'll see in a 
minute there is a large element of chance in 
how this experiment works. 
So what's gone wrong? The EEPROM 

access code is copied straight out of the 
PIC's data sheet, so that must surely be 
OK? See if you can figure it out before 
reading on. 

It's nothing to do with the EEPROM 
access as such. What has happened is the 
Context problem in reverse. INTPROG2 
works until, by chance, the interrupt occurs 
between the BANK1 and BANKO (many 
readers will be more familiar with the 
equivalent terms PAGE1 and PAGEO) 
instructions below A3. 
The ISR is entered with the Bank setting 

bits (RPO and RP I ) set for Bank 1. Thus, 
when it executes the BSF PORTA,0 
instruction, what it actually does is set bit 0 
of Location 5 in Bank 1. This is the TRISA 
register, and so the effect is to make RAO 
an input. Hence the I.e.d. on RAO flashes 
no more. 
Thus after preserving the main pro-

gram's Context, the ISR has also to 
establish its own Context. In this case 
after saving STATUS, the ISR needs to 
set for Bank 0 as illustrated by the ISR 
routine section shown in Listing 3. 
Adding this instruction is the only 
change from INTPROG2. Load the PIC 
with INTPROG3, then repeat 
Experiment 2. This should now work 
correctly, like INTPROG1. 

It is worth noting that the PIC16x84 
family only make use of Bank setting bit 
RPO and the data sheet states that RP1 
should be maintained clear (= 0). 

Listing 2. 43 code section for INTPROG2 
; code to read a byte from EEPROM 
A3: MOVLW O ; EEPROM address 

MOVWF EEADR ; into the address reg 
BANK1 
BSF EECON1,RD ; initiate read 
BANKO 
MOVF EEDATA,W 
MOVWF EBYTE 
MOVLW 250 
MOVWF DELAY 

A4: INCF DELAY,F 
BTFSS STATUS,Z 
GOTO A4 
GOTO A 1 

; copy EEPROM data to W 
; and store in main memory 
; a short delay loop 
; load the delay counter 
; bump delay counter 
; and test if it's zero 
; it's not so spin 
; go back and wait for TMRO to wrap 

MURPHY'S LAW OF 
INTERRUPTS 
Looking at the A3 section in Listing 2, 

you might have imagined that the chances 
of getting an interrupt in the two-
instruction interval (BANK1/BSF 
EECON1,RD) where it would cause trou-
ble were remote. However, Experiment 2 
has demonstrated Murphy's Law of 
Interrupts: if an interrupt can occur at the 
most awkward time, it will, and more 
often than you think. 
Code using interrupts needs to be bullet-

proof against these Context issues, or it 
will inevitably suffer strange and random 
failures that are difficult to reproduce and 
debug. 

BANK SWITCHING 
The need to be careful is even greater on 

the ' 87x family of devices, where there are 
four Banks and a much greater chance that 
the Context will not be Bank 0 when the 
interrupt occurs. 
A further issue on the ' 87x family is that 

there may be physically separate general 
purpose memory on up to four Banks (John 
Becker showed how to access this memory 
in June 2001 — PICI6F87x Extended 
Memory). This means that, when the ISR is 
entered, it cannot assume that it has the 
correct Bank set up to access the save vari-
ables and store the main program's Context 
— and it can't change the Bank setting with-
out corrupting the Context! 

Is this an insoluble chicken-and-egg 
problem? Happily not — on '87x devices 
there are 16 locations, H'70' to H'7F', 
which map to the same physical memory 
independent of the Bank settings. 
The simplest solution on the ' 87x is to 

locate the ISR's Context saving variables 
(e.g. SAVES, SAVEW) in this H'70' to 

H'7F' area, then it doesn't matter which 
Bank is switched in when the ISR is 
entered. 
On the 'x84 family this problem is 

masked because there is physically only 
one Bank of general purpose registers, and 
accesses to general purpose registers in 
Bank 1 map automatically to Bank O. 

INTERRUPT SETTING 
INTPROG4 is a version of INTPROG3 

that uses the PORTB change Interrupt 
(RBIF) to turn on the I.e.d. instead of the 
RBO/INT interrupt (INTF). A change on 
any of the pins RB7 through RB4 could 
be set to cause an RBIF interrupt. 
Program 4 has been written to switch on 
the I.e.d. if either of RB7 or RB6 is 
pulled to OV, but to ignore changes on 
RB5 and RB4. 
Move the wire from RBO to either RB6 

or RB7. Load INTPROG4 and repeat 
Experiment 2. The program should work 
correctly with RB6 and RB7, but not with 
any other RB pin. 

There are several significant differences 
between INTPROG4 and the previous 
programs. The source code is shown in 
Listing 4. 
Read through Listing 4 looking 

particularly at the ISR, and observe that 
handling the RBIF interrupt is noticeably 
more complex than handling the INTF 
interrupt. 

Firstly, the PORTB register must be read 
in order that the changed value is latched 
by the PIC, otherwise it will not be possi-
ble to clear the RBIF interrupt. 

Secondly, we don't know which of the 
RB7 or RB6 pins has changed, and it 
could be more than one of them, so we 
have to work that out. A soft copy of the 
last value read from PORTB is kept to do 
this. 

LISTING 3. Amended 
ISR section used in 

INTPROG3. 
ISR: MOVWF SAVEW 

SWAPF STATUS,W 
MOVWF SAVES 
BANKO 
BTFSS INTCON,INTF 
GOTO POP 

; save W 

; save STATUS 
; ensure bank 0 is set 
; test INTF 
; not an INTF interrupt 

Thirdly, we only 
know something 
has changed, we 
don't know what 
(remember that 
INTF can be con-
figured to interrupt 
on either a rising or 
falling edge). 

In a more com-
plex program, sev-
eral interrupt 
sources might be 
enabled, i.e. several 
interrupt enable 
flags might be set. 
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ThIR21 

TA4R1IF 
INRI IElJ 

CCP2IF 
CCP2IE 

8CLIF 
8CLIE 

LISTING 4. Main source code listing for INTPROG4. 

ORG 0 
GOTO INIT 
ORG 4 
GOTO ISR 
ORG 5 

; initialise PIC 
INIT: CLRF PORTA 

; reset vector 

; Interrupt vector 

; initialise all port outputs to 
; zero 

CLRF PORTB 
BANK1 
CLRF TRISA 
MOVLW B'11110001' ; 

MOVWF TRISB 
MOVLW B'00000111'; 

MOVWF OPTION_REG 
BANKO 

; interrupt setup 
MOVF PORTB,W 

MOVWF SOFTB 
BCF INTCON,RBIF 
BSF INTCON,RB1E 
BSF INTCON,GIE 

; data initialisation 
BSF PORTA,0 

; main loop 
MAIN: CLRF COUNT 

CLRF TMRO 

A2: BCF INTCON,TOIF 

Al: BTFSS INTCON,TOIF 
GOTO A3 
INCF COUNT,F 
MOVLW 10 

B1: 
B2: 

XORWF COUNT,W 
BTFSS STATUS,Z 
GOTO. A2 
BCF PORTA,0 

GOTO MAIN 

RA0-4 all outputs 
RB7-4 inputs, RB3-1 
outputs, RBO input 

enable PORTB pullups, 
PSA to TMR, prescale /256 

; clear initial mismatch on 
; PORTB 
; and initialise soft copy 
; and ensure flag bit is clear 
; enable RBIF interrupt 
; enable global interrupts 

; turn on the I.e.d. 

; clear ticks count 
; clear internal clock 
; count-up 
; clear the TMRO wrapped 
; flag 
; has TMRO wrapped yet? 
; no, read the EEPROM 
; bump count of wraps 
; about 10 bumps/sec at 
; 2MHz clock 
; sets Z if COUNT = W 
; test Z 
; Z not set so COUNT <> 10 
; wraps COUNT = 10 so 
; switch off 1.e.d. 
; and repeat main loop 

; code to read a byte from EEPROM 
A3: MOVLW 0 

MOVWF EEADR 
BANK! 
BSF EECON1,RD 

; EEPROM address 0 
; into the address reg 

; initiate read 

BANKO 
MOVF EEDATA,W 
MOVWF EBYTE 
GOTO Al 

; copy EEPROM data to W 
; and store in main memory 
; go back and wait for TMRO 
; to wrap 

; Interrupt service routine 
ISR: MOVWF SAVEW ; save W 

SWAPF STATUS,W 
MOVWF SAVES ; save STATUS 
BANKO ; ensure Bank 0 set for 

; PORT access 
; first check that it's an RBIF interrupt 

BTFSS INTCON,RBIF ; test RBIF 
GOTO POP ; not an RBIF interrupt 

; read PORTB and compare with last PORTB value read 
; see if either RB7 or RB6 have changed 

MOVF PORTB,W ; read PORTB — also resets 
; the input latches and clears 
; mismatch 

MOVWF BPORT ; and make a working copy 
; in BPORT 

XORWF SOFTB,W ; sets bits in W where 
; changes from last value 
; read 

ANDLW B'11000000' ; are there changes in RB7 or 
; RB6? 

BTFSC STATUS,Z ; Z clear if there are changes 
GOTO CLR ; Z set so no changes — exit 

; if RB7 or RB6 now reads 0, switch on the 1.e.d. 
BTFSS BPORT,7 ; skip if RB7 reads 1 
BSF PORTA,0 ; if RB7 = 0 switch on the 

; 1.e.d. 
BTFSS BPORT,6 ; skip if RB6 reads 1 
BSF PORTA,0 ; if RB6 = 0 switch on the 

; 1.e.d. 
; housekeeping 
CLR: BCF INTCON,RBIF ; clear the interrupt 

INCF ICOUNT,F 
MOVF BPORT,W 
MOVWF SOFTB 

; bump count of interrupts 

; and make an updated soft 
; copy of PORTB 

; restore Context and exit 
POP: SWAPF SAVES,W ; restore STATUS 

MOVWF STATUS 
SWAPF SAVEW,F ; restore W 
SWAPF SAVEW,W 
RE11-Lb ; exit ISR 
END ; of program 

EEIF 
EEIE 

PSPIF 
PSPIE 

ADIF 
ADIE 

RCIF 
RCIE 

TXIF 
TXT 

SSP 
SSP E 

CCP fir 4:9 
CCPirI 

TAIR2IFEID 

Fig.2. Interrupt logic block dia-
grams for the PIC16F87x 
(above) and PIC16x84 (bottom 
right) families. 
Courtesy Microchip 

TOW 11)— 
TOIE 

INTE 41  
NIE ) 
RBIF 
RBIE 

TOIF 

TOIE 

INTF 

INTE 

RBIF 

RBIE 

EEIF 

EEIE 

OIE 

PEII 411)  

Wake-up II, SLEEP mode) 

k— u7erupt to CP11 

Wakeup 
(If in SLEEP mode) 

Interrupt IC CPI) 

Any one of the corresponding events might 
have occurred when the ISR is entered. It's 
also possible that several events might have 
occurred simultaneously, so that more than 
one flag bit might be set. 
The ISR needs to check for every possi-

bility by reading all the flag bits for which 
interrupts might be enabled, and to 
respond appropriately. 

Block diagrams of the interrupt logic for 
the PIC16F87x and PIC16x84 families are 
shown in Fig.2 

OBTAINING 
SOFTWARE 
The demonstration software for this arti-

cle is available from the EPE Editorial 
office on 3.5-inch (for which a nominal 
handling charge applies), or free from the 
EPE web site. See this month's Shoptalk 
page for more details. 

NEXT MONTH 
In Part 2, we examine other aspects that 

need to be considered when using 
interrupts. 
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Constructional Project   

RH METER 
BILL MOONEY 

Uses a capacitive sensor to measure the 
Relative Humidity [RH) of air. 

A
urnouGH we consider air to consist 
of nitrogen, oxygen and a little car-
bon dioxide, one other component is 

essential for normal life, namely water. 
Too much or too little water in our atmos-
phere soon leads to discomfort and even 
serious health problems. 

Static charge build-up with all its conse-
quences is directly related to low humidity. 
Air humidity also has large effects on 
many engineering and building materials 
in everyday use. Also, without water in the 
atmosphere we wouldn't have weather, as 
we know it. 
The RH Meter (Hygrometer) described 

here uses a new capacitive RH (relative 
humidity) sensing element to give an accu-
rate measure of the relative humidity of air. 
The sensor contains on-chip integrated sig-
nal processing to give a d.c. output propor-
tional to RH. The element is laser trimmed 
to a preset output span so that a simple but 
very effective RH meter can be produced 
without the need for calibration in standard 
atmospheres. 
The traditional analogue meter readout 

is a visually comfortable way or represent-
ing the ambient RH. But a ground refer-
enced analogue output is also provided for 
PC or PIC recording, processing or data 
logging. 

HUMIDITY 
Relative Humidity is a measure of the 

amount of water in air. The scale covers 
from 0% which is "bone" dry to 100% 
when the air is referred to as "saturated". 
We are used to living in an atmosphere 
between about 30%RH and 70%RH. 
Above 70% RH things are getting a little 

humid and over 80% it is downright 
uncomfortable and rain-forest like. Humid 
air feels warmer than it really is because of 
the reduction in evaporative cooling of the 
skin. In very high humidity conditions, 
moulds and fungi proliferate but dust mites 
prefer it slightly less humid at around 
60%RH. 

There are many other effects of high RH 
such as breakdown of materials like insu-
lating foams releasing toxic gases and 
increased warping and break-up of chip 
board and similar cellulose building com-
posites. At high RH we run the risk of a 

small drop in temperature suddenly taking 
the air above saturation. This means con-
densation or liquid water everywhere. 
Water in this state is very corrosive, metals 
rust, paint flakes off, materials which 
should never get wet irreversibly distort. 

LOW LEVEL 
Below 30% RH we start to dry out and 

it feels cooler than it really is because of 
increased ease of skin evaporation. 
Humans perceive humidity in part as a 
temperature effect. Many houses hit 15% 
RH or lower in late autumn when the 
central heating comes on. This results 
in various infections as the protective 
mucus linings of our mouth and air-
ways dry out. 

Apart from low oxygen content a 
major enemy of Everest climbers and 
arctic explorers is low RH. The atmos-
phere is freeze-dried and the human 
skin becomes dehydrated and brittle 
and finally cracks. 

Similarly, frosty nights can easily 
result in unhealthy low RH levels. At 
low RH the electrical resistivity of 
most materials increases to greater 
than a million megohms per square 
(10 12Q). This results in huge static 
electricity generation and charge 
build-up. Shocks and discharges from 
carpets, clothing and cars, become 
intolerable and, of course, there are 
increased fire risks. 

Atmospheric humidity is particularly 
important to timber merchants. When we 
buy wood from the DIY we must select 
inside or outside conditioned timber. Try 
using wood which is seasoned and cut out-
side for your inside shelves and they will 
warp and crack Lnacceptably. 

MEASURING RH 
There are several ways of measuring and 

expressing the amount of water in the air, 
including dewpoint, vapour pressure and 
wet bulb depression or psychrometery. But 
Relative Humidity (RH%) is by far the 
widest used and most familiar descriptor 
for moisture in air. 
The RH scale also corresponds well to our 

perception of moisture level. RH is defined 
as the ratio (expressed as percent) of the 

actual partial vapour pressure to the saturat-
ed vapour pressure at the prevailing temper-
ature. Without the temperature RH does not 
define the actual water content as the water 
content increases with temperature. 
A more intuitive definition of RH is the 

ratio of the water content of air to its water 
content at saturation expressed as a per-
centage. Or simply how close we are to 
saturation. An example will put some real-
ity into this. One cubic meter of air at 
40%RH weighs about Ikg at 10°C and 
contains about 3 grams of water. 
The inter- -7-- play between 

Temperature, RH% and actual 
water content is complex but well 
known and tables can be con-
sulted to get values for 

specific conditions. At some point the 
amount of water in air reaches a limit 
which we recognise as saturation or 100% 
Relative Humidity. 

Another example will give a feel for 
what this means in reality. Taking one 
cubic meter of air at 50% RH and 20°C, it 
contains 7g of water. If water is added to 
this air it will reach saturation or 100%RH 
at a water content of 14g. 

Taking this sample of air at 50% 
RH/20°C containing 7g of water per cubic 
meter, if we increase the temperature to 
25°C it would need to contain lOg of water 
to maintain the same 50% RH. This is why 
many commercial RH meters also contain 
a thermometer. But even if the temperature 
is not known the RH figure tells us how 
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"wet" the air is, which is what we need to 
know and is therefore a great way of 
expressing this property. 

Finally, and probably to add to the con-
fusion, it must be pointed out that when we 
refer to the capacity of air to "hold" water 
and similar phrases we are not strictly cor-
rect in physics terms. But it is a useful 
model. In fact, water vapour behaves quite 
independently of the other gases so that 
you could have an RH value for just water 
vapour in a space. The prevailing pressure 
of the air/water system is the sum of the 
partial (independent) pressures of each of 
the gases. 

CAPACITIVE SENSOR 
Dew point, Psychrometery, and vapour 

pressure measurements give accurate direct 
measures of RH. But these methods require 
us to take some action such as twirling a wet 
and dry bulb psychrometer for several min-
utes just to get a single figure. 

Automatic measures which give a vary-
ing voltage representing RH are required 
for control, data logging and automatic PC 
processing. Such sensors have been 
around for some time in the form of con-
ductive cells. But the latest capacitive sen-
sors are particularly easy to use, yet give 
instrument quality accuracy and long term 
reliability. 
The Honeywell HIH3605 device is a 

good example as it contains on-board 
interfacing electronics to produce a linear 
voltage/RH output. The internal elements 
and the construction of the HIH3605 are 
shown in Fig. 1 . 

It contains a small planar capacitor 
made from an absorptive polymer dielec-
tric with porous platinum plates. A top 
layer of porous polymer on the surface 
protects the sensor from dust, dirt, and oily 
contamination. But it should still be treat-
ed with care. 
When moisture enters the dielectric the 

capacitance changes in proportion to the 
mass of water present. The sensing capac-
itor and the small interfacing circuit are 
integrated on a ceramic base with just 
three pins to supply power and for output. 

If a stable supply of exactly 5V is used, 
the output voltage span is from 0.80V to 

3.90V for 0%RH to 100%RH at 25°C. The 
change in this span with temperature is 
small enough to be ignored for this project, 
see Fig.2. For example, the 100%RH value 
drops to 3.50V at 85°C which is a higher 
temperature than likely to be encountered 
with this meter. But automatic temperature 
correction is a simple matter for high tem-
perature applications. 

It is usually possible to be confident in 
the RH readings ta within 5%RH, with a 
little care such as allowing enough settling 
down time. This is very adequate for our 
RH Meter and in fact most conditioning 
systems work to this accuracy. Small fluc-
tuations in RH of 1% or so can still be 
detected for comparative purposes. 
Getting very accurate RH measurements is 
difficult and usually means invoking a 
complex set of corrections. 

CIRCUIT DESCRIPTION 
The full circuit of the RH Meter is 

shown in Fig.3. After initial setting up, the 
RH sensor's output (X1) is connected to 
the non-inverting input at pin 3 of ICIa. 
This is a voltage follower and faithfully 
delivers the sensor output to the moving 
coil meter MEI. 
The output of IC 1 a is also the take-off 

point for output socket SKI when the sig-
nal is required for external processing. A 
low value resistor R8 protects the i.c. from 
accidental shorts and has no effect on high 
impedance loads. 

For 0%RH the meter must read OV but 
this corresponds to 0.80V output from the 
sensor X 1 . A potential divider network 
consisting of resistors R3, R4 and preset 

Fig.1 (above). 
Internal elements 
and construction 
of the HIH3605 
capacitive RH 
sensor. 

(Right). The 
Honeywell 
HIH3605 
capacitive 
RH sensor. 

45 

4 

3.5 

3 

25 

SENSOR 
OUTPUT 2 
VOLTAGE 

15 

0.81; 

0.5 

f 407V ?.5çc 
  3 50V 135% 

o 
20 h) 60 60 11)0 

RELATIVE HUMIDITY (.) 

Fig. 2. HIH3605 output voltage for 0°. 
to 100°.RH. 

Fig.3. Complete circuit diagram for the RH Meter. Resistor RX is a "zero ohm jumper" but can be an SMD resistor having a 
value less than 10 ohms or be just a link wire. 
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VR3 is set to exactly 0.80V and after isola-
tion by IC1b provides a steady 0.80V to 
meter ME1's negative terminal. When the 
sensor output is at 0.80V i.e. 0%RH, the 
meter therefore has 0.80V on both termi-
nals and reads 0%RH. 
The potential divider made up of RI, 

VR1, R2 is used as a 3.90V reference for 
setting up. The output socket, SKI, 
ground is connected to the output of IC1b 
(at pin 7) and the RH signal is taken from 
ICIa pin 1 so that a span of OV to 3.1V 
represents the full RH scale. Preset VR2 
is used for setting the meter ME 1 gain to 
give 100% RH reading at full-scale, see 
later "Setting Up". 

REGULATED SUPPLY 
The published calibration for the sensor, 

which we rely on for this project (it's large-
ly what we pay for) assumes an exact 5V 

COMPONENTS 
Resistors 

R1, R4 
R2, R3 
R5 
R6 
R7 
R8 
Ax 

See 
1k (2 off) Cli,gep 
33k (2 off) 
470Q TAU( 
8k2 
18k Page 
100Q 
zero ohm jumper or wire 

link (see text) 
All SM case size 1206 

Potentiometers 
VR1, VR3 10k (2 off) 
VR2 100k 

All SM min. preset type 3204 (4mm) 

Capacitors 
Cl 
C2 

C3 

C4 

33ii SM tantalum, 16V 
470n SM ceramic, case 

size 1206 
100n SM ceramic, case 

size 1206 
10,u SM tantalum, 16V 

Semiconductors 
D1 3mm red led. 
TR1 SCX71H pnp transistor, 

SM case SOT23 
IC1 LM2904 dual op.amp 

SM case size SO8 
IC2 LM2931 5V regulator 

SM case size SO8 
X1 HIH3605-A capacitive 

RH sensor 

Miscellaneous 
Si s.p.d.t. sub-min. slide 

switch 
SK1 phono socket, chassis 

mounting 
M El 100,aA moving coil panel 

meter, calibrated 0 to 
100, with 60mm x 
46mm face 

B1 9V battery, with PP3 type 
connector lead 

Printed circuit board available from the 
EPE PCB Service, code 338; plastic 
case, with brass-threaded inserts for lid, 
size 79mm x 61mm x 40mm approx.; 3-
pin in-line socket for RH sensor; 10mm x 
lOmm x 1mm thick aluminium angle 
bracket; multistrand connecting wire; 
solder etc. 

Approx. Cost 
Guidance Only 

excluding meter & batt. 
£29 

supply. This is provided by IC2 which is a 
low dropout, low quiescent current, regula-
tor designed for battery equipment. The 
array of capacitors (Cl to C4) on its input 
and output pins are essential for its stability. 
The LM2931 can operate down to 5.2V 

thus squeezing the last bit of charge from a 
PP3 type battery. With a total current drain 
of just 1.4mA the RH Meter should give up 
to 400 hours service from an alkaline PP3 
battery. 

Transistor TRI drives the low battery 
indicator 1.e.d. Dl. Its emitter (e) is con-
nected to the 5V stabilised line. But its 
base (b) is connected to the unregulated 9V 
supply through a potential divider made up 
of resistors R6 and R7. With the values 
shown, the base reaches 0.6V lower than 
the emitter at about 5.6V from the battery. 
At this point TRI turns on and starts to 
supply 1.e.d. current. The increased internal 
resistance of the battery and the increased 
current drain results in a sharp end point. 

In the prototype the 1.e.d. began to light 
about 10 hours before a final rapid drop in 
meter reading and shutdown over a few 
minutes. This gives sufficient warning that 
the battery needs changing whilst main-
taining an accurate reading. 

CONSTRUCTION 
The RH Meter is built on a small "sur-

face mount" printed circuit board and the 
component layout is shown twice-size in 
Fig.4 for clarity. A full-size ( 1 to 1) copper 

foil master pattern is also included in this 
diagram. Note that the components are 
mounted directly on the copper pads. 
The construction method described here 

uses surface mount components (SMDs) 
and some care is needed, particularly with 
the i.c. leads, when soldering them in 
place. Although not essential, the applica-
tion of a non reactive flux pen to the p.c.b. 
before placement of the SMDs will ensure 
good solder wetting. 
A simple method of placing chip compo-

nents is to solder one end first. Align the 
component on the pads and hold it in place 
by gently pressing it onto the pads. One end 
can now be soldered to fix it in place. The 
second end can then be soldered with ease. 

Try to use minimal solder and in fact to 
remove any excess with a solderwick. 
Minimal solder reduces stress on the chip, 
which is particularly important for chip 
capacitors. Particular care should be taken 
with the high value ceramic capacitors C2 
and C3. They can easily crack and the end 
contacts can detach. 
The component marked RX is a zero ohm 

jumper which is used here for neatness. 
These devices are used in mass production 
for minimal inductance which is not impor-
tant in this application. A low value resistor, 
less than 10 ohms, could be used or even a 
wire link for the non-perfectionist. 
The two i.c.s can be soldered by fixing 

pins 1 and 8 first. Pin 1 can be marked on 
the SO8 i.c. package in several ways, 

39V 
REF  P. B 

C 

SUPPLY +VE 

VP I 

MEI +VE 

1 
VR2 

TO SKI 

Fig.4. RH Meter surface-
mount printed circuit board 
component layout shown 
twice full-size for clarity. 
The full-size master pat-
tern is shown on the right. 

OUT 
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IN 

MEI VE 

VR3 

• 

1 9IN (48 5mm) 

SUPPLY VE 

338 r eill 

M-1 1  

rure5male47_14 

go lalien   
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Fig.5. lnterwiring from the circuit board 
components. 

to off-board 

usually by a light band across the pin 1 
end. Most SO packages also have a cham-
fered edge along the pin 1 side. The i.c. 
pins are very close and a magnifier will be 
a help to check for any solder bridges. 

Transistor TR1 also needs care as the 
SOT23 case is quite small and any magnet-
ism of the tweezers is quite a nuisance. 

FINAL ASSEMBLY 
The p.c.b. conveniently fits onto the 

back of the 100/4A moving coil meter, 

Prototype model show-
ing general layout inside 
case. 

(Above). The 
sensor plugged 
into its socket 
on the top of 
the meter case. 

Fig.6 (right). 
Details of the 

sensor mount-
ing bracket. 

MEI. The 3mm bolts hold the p.c.b. in 
place and electrically connect the meter to 
the circuit. The meter suggested is a very 
common type with 26nun spacing. If a dif-
ferent meter is preferred, the connection 
can be made by soldering leads from the 
meter to the circular p.c.b. pads. 

Select a project box (prototype size 
approx. 79nun x 61mm x 40mm) with 
metal screw holes for the lid rather than 
self-tap types as regular access is required 
for changing the battery. A small piece of 
sponge on the inside of the lid can be used 
to hold the battery in place. 
The positioning of the off-board com-

ponents within the plastic case should be 
finalised and the box 
drilled out to take these 
parts. You will need to 
drill a series of small 
holes around the 
required meter cutout 
and the jagged edges 
around the resulting 
larger hole should be 
smoothed down with a 
file. The components 
can now be mounted on 
the case; the prototype 
model layout is shown 
in the photographs. 
The interwiring inside 

the case is shown in 
Fig.5. The battery condi-
tion 1.e.d. D1, output 
socket SKI and the On-
Off switch Si are all 
readily accessible and 
can be wired up after the 
p.c.b. is fixed in place. 

SENSOR 
The meter reads up to 

100%RH and it is easy to 
get to this reading in var-
ious circumstances. But 
for extended periods it is 

probably not so good for the ink-jet deco-
ration on the case, not to mention conden-
sation on the p.c.b. 

Monitoring high RH inside test cham-
bers, animal cages and so-on is best done 
by extending the sensor probe with a 3-way 
lead. The recommended HIH3605-A sen-
sor comes in a 0l inch pitch, 3-pin single-
in-line (SIL) format. It can be plugged-in 
or soldered. If a socket is used. it is easy to 
add a small extension lead when required. 

Suitable 0.1in. pitch pre-wired plugs and 
sockets can be selected from the popular 
Futaba and other makes used for model 
radio control work. These are widely avail-
able from model shops. It is convenient to 
cut the socket along with a short length of 
lead from a ready-made extension. Choose 
a socket which makes a tight fit. 
Run the sensor wires from the circuit 

board through a small hole in the case 
"top" to the sensor SIL socket. The socket 
can be fixed to a short length of 1mm thick, 
lOmm x 10nun, aluminium angle bracket 
using rapid setting epoxy, as shown in 
Fig.6. This bracket can be fixed to the case 
with two 2nun bolts, see photographs. 
The data sheet suggests that the 

HIH3605 capacitive humidity sensor is 
light sensitive. In practice this means direct 
sunlight. The naked sensor seems insensi-
tive to changes at normal room light levels. 
Moving it into weak sunlight from a 

window causes a small increase in indicat-
ed RH%. But bright summer sunlight caus-
es a sudden switch-off. For these condi-
tions therefore. a shield should be made 
and a black or even translucent 35mm film-
tub is ideal. Drill several holes in the cover 
to ensure good air circulation yet provide 
shade from direct light. 

Finally, the decorative graph, Fig.7, 
gives useful information on RH, tempera-
ture and air moisture content. The RH sen-
sor output pin should not be connected to 
the p.c.b. meter input, pad C, until the cal-
ibration sequence has been completed. 
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Using an extension lead for non-friendly environments. 

SETTING UP 
After a really close check on the 

wiring, the supply current should be 
checked on first switch-on. There is 
some spread in the i.c. current drain 
specifications but the total current 
should be around 1.4mA. 
The first operation is to set the 0.80V 

reference. Connect a good quality high 
impedance voltmeter between the test 
point TP1 on the circuit schematic, which 
is the VR3 slider, and the OV (battery —ve) 
line. Using a small well-fitting screwdriver 
adjust preset VR3 until the voltmeter reads 
exactly 0.80V. This should be very simple 
to achieve if the preset is in good mechan-
ical condition. 

Miniature presets like the specified type 
3204 have a limited number of reset cycles 
before the moving contact works loose and 
the "resistor" value changes a little. Once 
it is set, VR3 should not need further 
adjustment. If ICI operation is correct, this 
0.80V reference should appear at ICIb out-
put pin 7, which is marked as TP2 on the 
circuit. This is also a check on the volt-
meter and whether it is loading the poten-
tial divider chain. 
To set meter ME1 to full-scale deflec-

tion (f.s.d.) it is necessary to use an accu-
rate 3.9V source. This is provided by the 
potential divider network around preset 
VR1 and is available at pad B. Connect the 
voltmeter between pad B and OV line and 
adjust VR1 to give exactly 3.90V, again 
assuming the test meter does not load the 
potential source. This should also be stable 
and need not be set again. 
Now solder a temporary link from IC 1 a 

input, pad C, to the 3.9V Ref, pad B. This 
3.9V signal represents 100% RH and 
meter MEI f.s.d. should now be set to 
100% using preset VR2. 
Moving coil meters require the mechan-

ical zero, on the face of the meter, to be set. 
Present day meters can be a bit marginal in 
quality and this adjustment may need to be 
repeated. This adjustment must be made 
with the meter held in the vertical position 
as the makers seem to have lost the art of 
balancing the meter movement. 

Similarly the readings should also be 
made with the meter vertical. The temporary 
link from pad C to B can now be removed 
and the sensor X1 output pin connected to 
the meter input, pad C. If a meter with a 0 to 
100 calibration is used the RH Meter should 

Sensor socket glued to the mounting bracket. 

now be reading the 
ambient humidity in 
R14%. 

IN USE 
Given the many 

variables, including the analogue output 
meter mechanics and settling down time, the 
RH Meter should easily read the actual RH 
to within a 5 per cent band. The moving coil 
meter graduations are at 2% intervals so 
small relative values can be tracked. This is 
a very small change in RH terms and is more 
than adequate for most purposes. 

( "C 
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Fig. 7. Room temperature RH graph for 
mounting on the meter case. 

Determining absolute RH more accu-
rately than this gets difficult. 
Individually certified versions of the 
sensor can be obtained for scientific and 
close-in control purposes. The fact that 
the manufacturers can do this is a good 
indication of the excellent quality and 
reliability of HIH series technology. 
Taking the output to a PC using a DAC 
will allow much smaller changes, from 
around 1%RH up to the full 100% RH 
range to be investigated with almost per-
fect linearity. 
To check the operation of the RH Meter 

and underline our confidence in the cali-
bration it is useful to check the operation. 
A few simple experiments will get you 
started in the world of RH. 
The sensor is described as chemically 

resistant and durable in harsh environ-
ments. However, it is suggested that the 
sensing area is treated with care and not 
handled directly. 
The first test is to put a finger tip up 

close to the sensor, not actually touching 
it. After a second or so the reading usually 
rises by about 10% from the body's near-
skin humidity. Breathing on the sensor will 
drive it to about 80%RH, the normal RH of 
the breath. However, getting in close will 
drive the reading up to 100% due to con-
densation as when breathing on a mirror. 
The meter will stay at 100% for several 
seconds and will then drop back to the 
original reading. 

Prolonged exposure to such high humid-
ity or contact of the sensor with liquid 
water for any length of time, results in a 
temporary 3% shift in the RH reading. In 
this case the sensor will need to recondi-
tion over 30 minutes or more. 
The RH of air reduces if the tempera-

ture is increased. An example of this is 
the air flowing through a computer mon-
itor or TV. On a humid day when the 
ambient humidity was 70% the warm air 
from the monitor was reading 40%RH. 
Another example of reducing RH con-
sisted of blowing air from a hair dryer in 
a room where the ambient RH was 65%. 
In this case the warmed air passing 
through the dryer dropped to about 
25%RH. 

Again a few minutes is needed for the 
reading to get back to the ambient value. If 
the sensor itself is warmed it will momen-
tarily loose heat to the air within a couple 
of millimetres of the sensor reducing 
its RH. 

This kind of experiment soon gives the 
user a feel for response times, re-settling 
times and other sources of error. There 
are many charts available linking RH, 
moisture content and temperature 
depending on the particular end use. The 
small chart shown in Fig.7, and suggested 
as a decoration for the meter front panel, 
is useful for getting a general view of the 
relationship between RH and moisture 
over typical room temperatures. 
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VIDEOS ON 
ELECTRONICS 

A range of videos selected by EPE and designed to provide instruc-
tion on electronics theory. Each video gives a sound introduction 
and grounding in a specialised area of the subject. The tapes make 
learning both easier and more enjoyable than pure textbook or 
magazine study. They have proved particularly useful in schools, 
colleges, training departments and electronics clubs as well as to 
general hobbyists and those following distance learning courses etc 

BASICS 
W201 to VT206 is a basic electronics course 
and is designed to be used as a complete 
series, if required. 
VT201 54 minutes. Part One; D.C. Circuits. 
This video is an absolute must for the begin-
ner. Series circuits, parallel circuits. Ohms 
law, how to use the digital multimeter and 
much more. Order Code VT201 
VT202 62 minutes. Part Two; A.C. Circuits. 
This is your next step in understanding the 
basics of electronics. You will learn about how 
coils, transformers, capacitors, etc are used in 
common circuits. Order Code VT202 
VI203 57 minutes. Part Three; Semicon-
ductors. Gives you an exciting look into the 
world of semiconductors. With basic semicon-
ductor theory. Plus 15 different semiconduc-
tor devices explained. 

Order Code V1203 

15.000  

VT201 

VT204 56 minutes. Part Four; Power 
Supplies. Guides you step-by-step through 
different sections of a power supply. 

Order Code VI204 
vne 57 minutes. Part Five; Amplifiers. 
Shows you how amplifiers work as you have 
never seen them before. Class A. class B. 
class C, op.amps. etc. Order Code V1205 
VT206 54 minutes. Part Six; Oscillators. 
Oscillators are found in both linear and digi-
tal circuits. Gives a good basic background in 
oscillator circuits. Order Code Vr206 

£34.95 each 
inc. VAT & postage 

Order 8 or more get one extra FREE 

Order 16 get two extra FREE 

VCR MAINTENANCE 
VT102 84 minutes: Introduction to VCR 
Repair. Warning, not for the beginner. 
Through the use of block diagrams this 
video will take you through the various 
circuits found in the NTSC VHS system. 
You will follow the signal from the input to 
the audio/video heads then from the 
heads back to the output. 

Order Code VT102 
vnce 35 minutes: A step-by-step easy to 
follow procedure for professionally clean-
ing the tape path and replacing many of 
the belts in most VHS VCR's. The viewer 
will also become familiar with the various 
parts found in the tape path. 

Order Code V103 

DIGITAL 
Now for the digital series of six videos. This 
series is designed to provide a good ground-
ing in digital and computer technology. 
VT301 54 minutes. Digital One; Gates begins 
with the basics as you learn about seven of 
the most common gates which are used in 
almost every digital circuit, plus Binary 
notation. Order Code VT301 

V302 55 minutes. Digital Two; Flip Flops 
will further enhance your knowledge of digital 
basics. You will learn about Octal and 
Hexadecimal notation groups, flip-flops, 
counters, etc. Order Code VT302 
VT303 54 minutes. Digital Three: Registers 
and Displays is your next step in obtaining a 
solid understanding of the basic circuits 
found in today's digital designs. Gets into 
multiplexers, registers, display devices, etc. 

Order Code VT303 
VT304 59 minutes. Digital Four; DAC and 
ADC shows you how the computer is able to 
communicate with the real world. You will 
learn about digital-to-analogue and ana-
logue-to-digital converter circuits. 

Order Code vrao4 
vre5 56 minutes. Digital Five; Memory 
Devices introduces you to the technology 
used in many of today's memory devices. You 
will learn all about ROM devices and then 
proceed into PROM, EPROM, EEPROM, 
SRAM, DRAM, and MBM devices. 

Order Code VT305 
VT306 56 minutes. Digital Six; The CPU 
gives you a thorough understanding in the 
basics of the central processing unit and the 
input/output circuits used to make the system 
work. Order Code VT306 

ORDERING: Price includes postage to anywhere in the world. 
OVERSEAS ORDERS: We use the VAT portion of the price to pay for airmail postage 
and packing, wherever you live in the world. Just send £34.95 per tape. All payments 
in £ sterling only (send cheque or money order drawn on a UK bank). Make cheques 

payable to Direct Book Service. 

Visa, Mastercard, Amex, Diners Club and Switch orders accepted - please give card 
number, card expiry date and Switch Issue No. 

Orders are normally sent within seven days but please allow a maximum of 28 days, 
longer for overseas orders. 

Send your order to: Direct Book Service, Wimborne Publishing Ltd., 408 Wimborne 
Road East, Ferndown, Dorset BH22 9ND 

Tel: 01202 873872. Fax: 01202 874562. E-mail: dbs@epemag.wimborne.co.uk 

Online store: www.epemag.wimborne.co.ult/shopdoor.htm 

RADIO 
VT401 61 minutes. A.M. Radio Theory. The 
most complete video ever produced on a.m. 
radio. Begins with the basics of a.m. trans-
mission and proceeds to the five major stages 
of a.m. reception. Learn how the signal is 
detected, converted and reproduced. Also 
covers the Motorola C-QUAM & M. stereo 
system. Order Code vrai 
vr4o2 58 minutes. F.M. Radio Part 1. F.M. 
basics including the functional blocks of a 
receiver. Plus r.f. amplifier, mixer oscillator, 
if. amplifier, limiter and f.m. decoder stages 
of a typical f m. receiver. Order Code V1402 

V1403 58 minutes. F.M. Radio Part 2. A con-
tinuation of f.m. technology from Part 1. 
Begins with the detector stage output, pro-
ceeds to the 19kHz amplifier, frequency dou-
bler, stereo demultiplexer and audio amplifier 
stages. Also covers RDS digital data encoding 
and decoding. Order Code VT403 

MISCELLANEOUS 
VT501 58 minutes. Fibre Optics. From the 
fundamentals of fibre optic technology 
through cable manufacture to connectors, 
transmitters and receivers. 

Order Code VT501 
VT502 57 minutes. Loser Technology A basic 
introduction covering some ol the common 
uses of laser devices, plus the operation of the 
Ruby Rod laser, HeNe laser, CO, gas laser 
and semiconductor laser devices. Also covers 
the basics of CD and bar code scanning. 
Order Code V1502 
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Each video uses a mixture of animated current 
flow in circuits plus text, plus cartoon instruc-
tion etc., and a very full commentary to get the 
points across. The tapes are imported by es and 
originate from VCR Educational Products Co, 
an American supplier. We are the worldwide 
distributors of the PAL and SECAM versions of 
these tapes. (All videos are to the UK PAL stan-
dard on VHS tapes unless you specifically 
request SECAM versions.) 
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Learn About Microcontrollers 

Horioal no 
5v 04 13v OFF 

PIC Training & Development System 
The best place to start learning about microcontroliers is the PIC16F84. This is 
easy to understa ld and very popular with construction projects. Then continue on 
using the more sophisticated PIC16F877 family. 
The heart of our system is a real book which lies open on your desk while you 

use your computer to type in the programme and control the hardware Start with 
four very simple programmes. Run the simulator to see how they work Test them 
with real hardware. Follow on with a little theory 

Our complete PIC training arm development system consists of our universal 
mid range PIC programmer, a 306 page book covering the PIC16F84, a 212 page 
book introducing the PIC16F877 famly, 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, simulator 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 batteries which are not supplied. 

Universal mid range PIC programmer module 
+ Book Experimenting with PIC Microcontrollers 
+ BOOK Experimenting with the PIC16F877 (2nd edition) 
+ Universal mid range PIC software suite 

 + PIC16F84 and PIC16F872 test PICs. . . . . . £157.4' 
UK Postage aid insurance. . . ......... £ 7.50 
(Europe postage & Insurance. . £ 13.00. Rest of world. . £22.00) 

Experimenting with PIC Microcontrollers 
This book introduces the PIC16F84 and PlC16C711, 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 t,mer, how to drive 
the liquid crystal display, create a real time clock, experiment with the 
watchdog timer, steep mode, beeps and music, including a rendition of 
Beethoven's Für Elise. Finally there are two projects to work through, 
using the PIC16F84 to create a sinewave generator and investigating the 
power taken by domestic appliances. Ii the space of 24 experiments, two 
projects and 56 exercises the book works through from absolute 
beginner to experienced engineer level. 

Ordering Information 
Telephone with Visa, Mastercard or SwRch, or send cheque/PO tor 
immediate despatch. All prices include VAT if applicable. Postage must be 
added to all oi-ders. 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.cauk 

NEW 32 bit PC Assembler 
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 'top 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: 

Brunning Software 138 The Street, Little Clacton, Clacton-on-sea, 
Essex, C016 9LS. Tel 01255 862308 
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852- IC BS2-SX B52E-IC BS2P/24 BS2P/40 

Parallax BASIC Stamps - still the easy way to get your project up and running! 
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Serial Alphanumeric and Graphic Displays, 
Mini-Terminals and Bezel kits 

www.milinst.com 

Animated 1-fead I 3-Axis Machine Six-Legged Walkers 

13 
Robotic Arms Bipeds 1 

Robotic models for both the beginner and the advanced hobbyist 

Servo Drivers 
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Motor Drivers On-Screen Displays DMX Protocol U/Sound Ranging 

Animatronics and Specialist Interface-Control Modules 

Quadravcx 
MP3 & Speech Systems 

Sensorylnc 
Voice Recognition 

seem C) 
ParchIpx 

Ubicom Tool Kits 
Tech-Tools 

PIC & Rom Emulators 
BASICMicro 

PIC BASIC Compilers 

Development Tools 

Milford Instruments Limited Tel 01977 683665, Fax 01977 681465, sales@milinst.com 



READOUT 
E-mail: editorial@epemag.vvimborne.co.uk 

John Becker addresses some 
of the general points readers 
have raised. Have you anything 

interesting to say? 
Drop us a line! 

WIN A DIGITAL 
MULTIMETER 

A 31/2 digit pocket-sized I.c.d. multime-
ter which measures a.c. and d.c. volt-
age, d.c. current and resistance. It can 
also test diodes and bipolar transistors. 

Every month we will give a Digital 
Multimeter to the author of the best 

Readout letter. 

* LETTER OF THE MONTH * 
ELECTRONIC COURSES 

Dear EPE, 
I am a teacher of Design Technology cur-

rently specialising in teaching electronics in a 
secondary school in Lancashire. This is a new 
subject for us at GCSE and I have been 
encouraged in my teaching through a scheme 
supported by Marconi, amongst others. The 
most general aim of the scheme is initially to 
encourage all schools in the country to offer an 
electronics based course at GCSE. 

Recently I have been selected to train as a 
trainer for other teachers and am currently 
undergoing accreditation to do this. Part of this 
accreditation involves a research project. I 
have decided to look at the relevance of the 
current approach to GCSE examinations with 
regard to electronics education in the widest 
sense, so I was interested to read your 
Editorial in Jan '02. 

Although members of the Marconi scheme 
possess a variety of approaches, I think we all 
agree that our target is to produce students 
who are capable of studying for higher elec-
tronics qualifications and then move into 
industry as innovators, technicians and profes-
sionals. 
As part of the scheme members are current-

ly working on a new ECT (Electronic and 
Communications Technology) syllabus which 
we hope to offer as an examination in the next 
few years. We are just as concerned as you at 
the way some examination boards are 

effectively discouraging schools and students 
from being creative with electronics. 
I personally am trying very hard to move 

away from component based teaching to a 
mainly systems approach, but I feel that this 
conflicts with the Board's expectations of 
students. We are being asked to equip stu-
dents with such specific knowledge that the 
subject becomes difficult to teach in the two 
years of Key Stage 4 and, therefore, many 
schools are having to target students with 
this knowledge in the three years before that. 
This I am sure discourages students who do 
not get more of an overview of the hi-tech 
work, which they are actually capable of pro-
ducing, using modern software and chips. 
They could be put off the subject before they 
even attempt GCSE. 
I would be really interested to take this dis-

cussion further and would be grateful if any 
readers who have any contacts in industry or 
further education who would be willing to 
speak to me about what they expect from 
GCSE students. I am happy for you to quote 
my email address. 

Simon Wolf, via email, 
wolf@ horwic h 14. f reeserve.co. u k 

Thank you Simon, it is good to have a posi-
tive approach to electronics education being 
expressed through these pages. We hope you 
receive a wealth of feedback through your 
email address. 

PIC LEARNING 
Dear EPE, 
I am relatively new to electronics and have 

worked my way through your excellent Teach-In 
2000 course. I'm a partner in a market-gardening 
business and have used some of the ideas from 
the course to design (I use the term loosely!) a 
fairly simple irrigation controller for our poly-
thene tunnels. We're organic growers and rather 
low-tech so some of the more sophisticated and 
expensive proprietary controllers on the market 
wouldn't suit. 

Building this one successful design has whet-
ted my appetite and having been aware of the 
great use of PIC microcontrollers through the 
pages of your magazine, feel I'd like to learn 
about them. Although there's obviously a great 
deal of information around both in EPE and 
from other sources, being a novice in electron-
ics in general and programming in particular 
and not having a huge amount of time or indeed 
cash, can you please point me in the right direc-
tion to get me started on the PIC learning-
curve? What are the basic essentials? For 
instance, would I be able to both program and 
teach myself about PICs from scratch using 
your Toolkit TK3 and the software or would I 
need more basic information? 

Barry Ward, via email 

Hi Barry, its always good to know when peo-
ple have been inspired by something I've 
designed or written! PICs are certainly capable 

of controlling irrigation, as my PIC Water 
Monitor of Sep '01 might suggest. 

To learn about PICs I still maintain that my 
3-part PIC Tutorial of March to May '98 is the 
best inexpensive way. Copies of the texts are 
available at the usual Back Issue prices. The 
CD-ROM version (PICtutor) is also recommend-
ed as it provides a simulation interface which 
allows you to experiment with writing simple 
PIC codes and observe them being processed on-
screen. Both routes have their own development 
p.c.b.s, that for PICtutor is professionally manu-
factured, whereas that for the '98 version is for 
self-construction. 
TK3 is not suitable as a learning guide — it is 

a programming system for more experienced 
programmers 

MSF SIGNAL REPEATER 
Dear EFL 
Would it be possible that Andy Flind's MSF 

Signal Repeater design of July '98 would work 
in a similar application with the WWVB signal 
here in the USA? I have an application where we 
are trying to use several of the new low cost 
auto-set clocks in a factory. 

Steve Davenport, 
Laurinburg, NC, USA, 

via email 

Andy says he does not know but thinks that it 
probably only requires the frequency to be 
retuned from 50Hz to 60Hz. 

MEMORY AIDS PLUS LINUX 
Deal LPL. 
Thanks for the explanation in Circuit Surgery 

(Jan ' 02) concerning the equation f = 1/21r RC. I 
too have always struggled with dozens of zeroes 
in my calculations and often got results which 
seemed to be wrong by a factor of a million or 
so, give or take a couple of billion. Here are a 
couple of memory aids which I find useful: 
NPN and PNP transistor symbols: NPN — Not 

Pointing iN, PNP — PoiNting at Plate (referring 
to the arrowhead on the emitter). I'm not proud 
of it, maybe readers can think of something bet-
ter, but it works for me. 
I was pleased to see Craig Shelly's letter (Jan 

'02), particularly the paragraph about Linux. I 
built an intranet server, using Red Hat Linux and 
Apache. It ran "24f7" for months without a sin-
gle hiccup and only stopped when a Microsoft 
devotee switched the machine off. Linux appears 
to be very stable indeed, though I have to admit 
that I keep it on a separate hard disk on my home 
PC, in an inexpensive drive caddy. That way I 
can be sure that my Win 98 disk won't get over-
written, or vice versa. 
I think that Linux would be a good platform 

for any electronics projects which involve con-
nection to a PC. The latest versions of Windows 
make it very difficult to talk directly to the hard-
ware ports. This is a problem with Win 2000, XP 
and NT. The huge size of these operating sys-
tems also means that it is virtually impossible to 
re-use obsolescent PCs for hobby purposes. The 
required disk space and RAM upgrades would 
cost too much, and an "old" Pentium 100 would 
practically die under the burden. Have you 
looked at the implications of talking to the hard-
ware directly under Linux? I suspect it will work 
but I need to be sure. 

Jon Lester, via email 

Thanks for your comments Jon. No, I have not 
investigated Linux. To be intentionally provocative, 
we've had a fair bit correspondence in Readout on 
Linux, but no-one has ever offered us a project that 
was based on it. What are you all doing with Linux 
apart from telling us how good it is?! 

Incidentally, talking about re-using old PCs, a 
BBC Radio 4 program recently suggested that 
anyone with a working but unwanted PC should 
offer it to a charity organisation for their own 
use — apparently there are many without com-
puter facilities and who could benefit from the 
simple facilities of an older machine. 

TK3 AND LAPTOPS 
Dear EPE, 
In the article on Toolkit TK3 you ask for feed-

back about using it with laptops. I have been 
using it on a Compaq Armada 1592 laptop (P233 
64MB and Win 95 osr2) — originally on the old 
hardware. I recently received the new hardware 
as a kit from Magenta and have now used this as 
well without any problems! I also added my text 
editor of choice, EDITPAD — free for private use, 
download from www.editpadlite.com. 
I Like the new software and hardware and 

found them both easy to use. 
Bob Allan, via email 

Thanks Bob, that's useful info which I am 
pleased to share with readers. 
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EDUCATIONAL FAILINGS 
Dear EPE, 
I recently retired as an electrical technician 

owing to ill health and decided to enter the 
teaching profession. Technically I thought that 
my skills were reasonable (I have an FIND and 
a Post Advanced Diploma in Power 
Engineering). 
I took up a course to gain a teaching certifi-

cate and whilst doing so I was approached by a 
chap who was about to set himself up as a 
Private Training Provider operating within a 
local college. Unfortunately the entrants were 
of such low quality he could not offer any elec-
trical subjects, the learners' knowledge of 
mathematics was abysmal and so I was asked 
to teach mechanical engineering subjects. 
Recall that we in the electrical industry had 
made the change to metric many years ago. 

But worse was to come, most of the draw-
ings were in Imperial units. I saw at first hand 
how much difficulty learners had using 
Imperial measurements when they had only 
been taught in metric. I thought it immoral to 
use Imperial units when colleges and schools 
were forbidden to do so, but under the Blair 
Public/Private initiative Private Training 
Providers seemed exempt from this ruling. And 
according to our national body EMTA, the 
Engineering and Manufacturing (used to be 
called Marine) Training Authority, we had to 
teach what employers wanted and the claim 
was made that Employers did want Imperial! 
I felt that we as a country would never make 

the progression to be European unless we did 
what the Government dictated in the sixties: 
become a metric nation. Before I resigned 
through frustration I made representations to 
the Training Body and the departments of trade 
and industry and the department of Education 
and found that no one wanted to rock the boat, 
all claimed that we have to use Imperial 
because we deal with North America. 
I did eventually get a concession from 

EMTA in that they then claimed that we only 
needed to "teach a knowledge of Imperial 
units". Which is a million kilometres away 
from "Competence in" which an NVQ is sup-
posed to be about. 
My arguments that the rest of Europe also 

have dealings with the USA and that they did not 
use metric was to no avail. I argued that we have 

a factor by which every Imperial dimension could 
be converted to metric and visa versa (i.e. 25.4nun 
= 1 inch) and hence there was no problem. 
Now do not get me wrong I have no problems 

with the use of Imperial if Employers actually 
want that. But remember my employer only got 
the poorer quality learners, usually those with-
out any worthwhile GCSEs. i.e. Ds, Es and 
ungraded. They had beautiful gold embossed 
school leavers' portfolios full of awards for good 
attendance etc. 

It was whilst working at the college I saw that 
every time the college tried to offer more worth-
while subjects, such as Programmable Logic 
Controllers (another of my interests), there was 
virtually no interest and the planned courses had 
to be cancelled. The same has happened at 
another local college that franchised out the 
teaching of City and Guilds courses in electron-
ics to a private training provider who has since 
virtually ceased offering the electronics (it is 
still advertised but not actually offered.) He now 
concentrates on offering The European 
Computer Driving License and a C&G network-
ing course. Both colleges spent thousands of 
pounds on buying PLC equipment which is now 
lying dormant and which incidentally would not 
have been purchased by the private sector 
because they need to show a profit. 
I believe that eventually I saw what was hap-

pening. It would appear that we should really 
raise our school leaving age to 18 or 19, because 
the old technical colleges have had to lower their 
standards to accommodate the poorer quality 
intake and the universities have done likewise so 
that only by attending University can one reach 
the level of qualifications, which I gained by 
college. 
The general school leaving standard is now so 

very low. Going to college should now be 
regarded as simply continuing school education. 
Perhaps this is why 16-year-olds can no longer 
claim unemployment benefit? Our only saving 
grace is that the better students do go to univer-
sity, but this means that employers can only get 
suitably educated staff by recruiting university 
graduates. 

Herein lies the problem for the older genera-
tion, modem employers do not realise how 
much experience and knowledge older techni-
cians have, who get discriminated against. My 
last employer asked all his electricians and 

mechanics to become NVQ qualified and to a 
man they resisted because they quite rightly 
said that they had been there for up to 20 years 
and if the employer did not think they were 
competent then fire them. The employer said 
that they had to prove to the operator that they 
only employed competent technicians. Most of 
us had ONCs and some like me had 
HNDs/HNCs and even one had a degree btu 
the employer stated that we all had to become 
NVQ qualified. 
When I studied for a teaching certificate it 

included an NVQ assessor's award, what is 
called a D32/D33, and we were taught that 
medical doctors, for example, would be regard-
ed as having been qualified to NVQ level 4 or 
5. I suggested that if I am insulted by being 
regarded as having an NVQ how much so 
would a university graduate be. 
The NVQ in fact only proves that one is capa-

ble of doing what the employer requires him to 
do in his normal work. But a great industry has 
been created and one has to put in many hours of 
work to present a suitable and assessed portfolio 
in order to gain the NVQ, a qualification which 
incidentally was created by the government to 
reduce paper qualifications but which, in fact, 
has created a mountain of paperwork both for the 
candidate and the assessor. 
I have also concluded that perhaps the popu-

lation is such that we will never be able to edu-
cate sufficient people to the level that industry 
require. Perhaps more people of my generation 
were the lucky ones. I never had a day's unem-
ployment and was sufficiently able not to get 
myself too specialised. 
One final point about the level of our uni-

versities. My son gained a first class honours. 
and his employer in Europe issued instructions 
that the only university graduates which they 
will offer employment to will be a very small 
select group from specific UK Universities 
because they have found the general output to 
be below what they require. 

Name withheld by request 

It is extremely disturbing that we still do not 
seem to have an education system that satisfies 
industry's requirements, despite successive 
changes made by governments of all flavours. 
The Letter of the Month, from Simon Wolf 
does, however, offer hope. 

SPELL-BINDING 
Dear EPE, 
Yet another magickal issue of EPE — Jan '02! I 

usually dive straight into Readout but I could not 
resist starting at the proper place (page 1). The 
ingenuity of Thomas Scarborough never rea.ps to 
amaze me. At last I am reading Teach-In 2002, it's 
a little more advanced than previous ones. 
Andy Flind's power supply looks a good one, 

it appears to be based on the traditional design 
for lab supplies. At first I was concerned about 
Ban Trepak's Touch Switch circuit being live, 
then I realised that the sensor plate is behind 2-
3min thickness of plastic. 

After thinking about the requirements of P/C 
Magick Musick I believe I could do it with only 
one PIC, but it would need an 8MHz crystal. By 
the way, I have never encountered a 4MHz PIC 
that would not run reliably at 8MHz even with 
XT osc. 

Peter Hemsley, via email 

Thanks Peter for your kind comments, all 
author's like praise! 

Yes, in principle, it does seem that one PIC could 
cope with Magick Musick, but the difficulties of 
ensuring tonal consistency at all stages of note gen-
eration, ultrasonic transmission and reception are 
extensive. Rather than spend that amount of time, 
which would not change the ultimate usefulness of 
the design, I preferred to take the easy route and 
use two PICs — they are not expensive. 
I too have frequently "over-run" a PIC using 

a higher oscillator rate than its data sheet specs 

suggest (only recently I was successfully running 
an '877 at 10MHz, and then realised it was only 
the 4MHz version in the socket!). I would not 
wish to use such techniques, though, in a pub-
lished article since correct operation could not 
he guaranteed in all cases. 

MAGICKAL SERMONS 
Dear EPE, 
Regarding the January edition of EPE and 

Magick Musick, my father was president of the 
London Magic Circle many years ago, and won 
the International Award for Magic three times 
(magic design). I should use your Magick Musick 
to punctuate my sermons! 

Rev. Thomas Scarborough, via email 

That's fascinating about your Dad, Thomas. I 
should have persisted with my original intent for 
Magick Musick to generate harp sounds — they 
really would have been even more appropriate to 
your preaching! 

BIT MAPS RE-SURFACE! 
In Readout of Nov 01 Javier Fernadez raised 

the subject of converting bitmaps for use with 
graphics Lc.d.s and PICs. Ultimately several 
readers reported that they could not access the 
web addresses quoted. Querying this with Javier, 
he responded: 

Yes, indeed, the quoted pdf path does not 
seem to work any longer. However, it should still 
be possible to have access to that app-note, by 
navigating web-page www.hantronix.com. 

Javier Fernadez, via email 

MICROCHIP CD-ROMS 
Deal LPL. 
I'm looking for somewhere that I can get the 

"full Microchip 2001 technical library" CD-
ROMs that where included with the Oct '01 
magazine, or failing that, where can I get the info 
from the web? 

Michael Edwards, Cape Town, via email 

Back issues of Oct '01 are still available and 
if you purchase one you will automatically 
receive the free CD-ROM. Alternatively, all the 
info on the CD-ROM is available separately via 
Microchip's site at www.microchip.com. You can 
also order the CD-ROM from Microchip via that 
address. 

EGG TIMERS 
Dear EPE, 
I read the letter from Anonymous Pupil about 

an egg timer in your Dec '01 issue. You say that 
since 1990 you have not published such a pro-
ject. But if you look in Oct '93 you will find a 
constructional project for an L.E.D. Sandglass, 
by Mark Daniels. I think this was a nice and neat 
project and I still have this article. 

Harry de Groot, 
Cape Town, South Africa, 

via email 

Thanks Harry — when looking at my master 
list of projects since 1990 it did not occur to me 
to look under Sandglass (and '93 was "before 
my time")! 
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BBC BASIC 
Dear EPE, 
Please note the popularity of BASIC_on_chip 

PIC systems! I've worked with many BASIC 
dialects, from "Integer" and Applesoft through 
various proprietary "enhanced" TinyBASICs, 
Microsoft's Q/Quick series, even HP_Technical 
running on a luggable Unix_in_ROM system (!). 

Only the BBC versions had the knack of being 
intuitive, orthogonal, friendly and fast. So tradi-
tional Beeb BASIC lacks the edge of C++, the 
panache of Java, the rigour of Pascal and ADA, 
the elegant power of an Archimedes, or the bloat-
ed over-kill of VBA . . who cares? 

Beeb BASIC was robust, compact, economi-
cal, quick, easy to use, painless to edit, did much 
remarkably well, and had an integrated, multi-
pass, symbolic assembler "up its sleeve" for 
emergencies. What more can you ask of a utility 
language ? 

Nik, Lifetime secretary of MBUG, 
Mersey BBC User Group, via email 

You are not alone in such feelings Nik, see 
Richard Russell's letter that follows! 

BBC BASIC AGAIN 
Dear EPE, 
OK, you dangled the bait so I'll take it! In 

your reply to Trevor Cattermole's letter (Jan ' 82) 
about BBC BASIC you say "In fact most readers 
have moved on now, and it seems best that they 
do". Why? What have you got against BBC 
BASIC (or is it BASIC in general)? 
I use BBC BASIC on an almost daily basis in 

my professional activities for a very well known 
broadcasting organisation. I know for a fact that 
it is also used by other professional engineers in 
the course of their work. It might not be in the 
same league as Visual BASIC (let alone Visual 
C++) but nonetheless it is a very useful tool 
which can often give quick results. 
I am not a regular reader of your magazine, 

but it was drawn to my attention by a reader who 
has subsequently bought BBC BASIC for 
Windows. 

Richard Russell (G4BAU), 
M.A. C.Eng. M.I.E.E., via email. 

To which I replied: 
Fishing's not really my scene, but Basic cer-

tainly is. I learned programming using 
Commodore PET Basic, found BBC to be just a 
variant but better in several respects, got into 
Amstrad's PCs and used GW, followed by the 
superior QuickBASIC and sidetracked into 
QBasic (which is far less versatile). Visual 
BASIC it took me long time to begin to explore, 
which eventually I did following readership pres-
sure, but soon found I understood it and appreci-
ated its facilities, resulting in my Toolkit TK3 
software (Nov '01). 

No, I have nothing against BASIC and have 
never got on with C, but have not needed to 
explore BBC BASIC again, which I did not know 
still existed until recently. No reader has ever 
offered us anything written in a current version. 
QB and VB are readily available, though, and 

on the face of it I can see no justification for 
adding another dialect to those that we support 
now However, if enough readers disagree with 
me and prove BBC's worth in a large way we 
could reconsider. We have, though to adopt a 
certain consistency in the type of projects we 
publish and facilities needed to implement them. 

Richard then came back with: 

Not being a reader of your magazine, I hadn't 
realised that the use of BASIC was an aspect of 
some of your projects. I can well understand that 
you would want to standardise on one dialect, 
although I would have thought Visual BASIC 
might be a little daunting for many of your read-
ers. There is no doubting its power, though. 
I am quite surprised that you weren't aware of 

the continued existence of BBC BASIC, as the 
DOS version (BBC BASIC (86) Plus) has been 
on the market fnr about 15 years! It was for a 

long time sold by a company called M-Tec 
Computer Services (who advertised in some 
national magazines) but they ceased trading a 
couple of years ago. Since then it has been avail-
able directly from me. 
BBC BASIC for Windows is a brand new ver-

sion which I have been developing for about the 
last two years, and which was released in 
October '01. Its principal market is those people 
who have fond memories of the BBC Micro, but 
I have tried to bring it up to date and to provide 
powerful interfaces into the Windows OS, with-
out adding unnecessary complication. 

I then asked: how do you promote your 
version and justify its existence in the face of 
competition? Which prompted: 

My word, you are provocative! I didn't think, 
in our capitalist society, one needed to "justify" 
producing a product in competition with an 
existing one! 

Putting to one side whether BBC BASIC for 
Windows is, in any serious way, competitive with 
Visual BASIC my justification for its existence is 
that there are still quite a few people around who 
learned to program in BBC BASIC, and prefer it to 
the alternatives. It was, after all, the standard 
BASIC taught in schools in the 1980s, and I know 
a few schools still use it even today. 

It's wrong to think of BBC BASIC as being 
associated solely with the BBC Micro/BBC 
Master; it was also the resident language in the 
Acorn Electron, Acorn Archimedes. Cambridge 
Computer Z88 and Amstrad NC100. Machine-
specific implementations have been produced for 
the RM Nimbus, Tatung Einstein, Amstrad CPC 
664/6128, Wren Executive, RM 480Z, Victor 
Sirius and Apple Mac (all but the last supplied by 
me). In addition there are generic Z80 CP/M and 
MS-DOS versions. You can read all about the 
history of BBC BASIC at: 

www.rtrussell.co.uldproducts/bbcbasic/his-
tory.html 

But, Richard, in a "capitalist society" there 
has to be a financial incentive to producing a 
product that one wants supported. To do so just 
for the love of it is praiseworthy, but not exact-
ly commercial! And in that vein, we have to 
cater for a broader picture, for obvious com-
mercial reasons! Similarly, although we love to 
keep older readers happy, who may well have 
fond memories of 20 years ago (like myself), we 
have to consider the needs of the new genera-
tions of readers too who have no knowledge or 
interest in bygone eras, however beneficial the 
concepts of those eras may seem to those "in 
the know". 

Incidentally, we have a series of articles 
scheduled which are based around PICAXE 
devices, a programming system that uses a vari-
ant of BASIC in which to write commands. 
Coming soon, as they say! 

SPECTRUM URL 
Dear EPE, 
I have tried the quoted URL link address 

you quote in your Spectrum Analyser of Feb 
'02 but I can't get anywhere, just the usual 404 
page. 

Incidentally, to avoid multiple copies of VB6 
runtime the files, including inpout32.dil, can be 
moved to Wmdows\System folder. I found my 
system already had them installed. 

Peter Hemsley, 
via email 

Somehow an extra slash got in after ORG, 
delete it and you'll get in ok, as I've just proved 
(wwwloo.tho.orgIcharles/fft.html). Doing a 
search via www.google.com on FFT and on Fast 
Fourier Transform reveals masses of related 
links as well. 

Yes, the VB runtime files can be moved as you 
say. We still have to supply them with our VB 
software, though, for the sake of those who do 
not already have them (which is a pity as they 
take up a good I MB of disk/web space!) 

PIC SPECTRUM ANALYSER 
Dear EPE, 
I've just been reading your PIC Spectrum 

Analyser in Feb '02. Firstly, thanks for raising 
this subject and for the many excellent projects 
in EFE. I am not a professional pure mathemati-
cian, but I have for various reasons been exposed 
to Fourier Transforms and spectral analysis over 
the last year or so, both as part of my job and in 
relation to private projects. 

For more information I would refer readers to 
Numerical Recipes in C, 2nd ed., Press W.H. et 
al. Also there is an excellent book, The Scientist 
and Engineer's Guide to Digital Signal 
Processing available free as PDFs from Analog 
Devices (www.analog.com/technology/dsp/ 
training/materials/dsp_book_index.html) or 
from the book's home page (www.dspguide. 
com). Many people, myself included, take 
issue with the Numerical Recipes coding style, 
in particular that it appears to have been 
transliterated from the Fortran version of the 
book (which came first). It is, however, an 
absolute must-have reference for mathematical 
and statistical programming, even if you only 
use the example code as a starting point for 
your own implementations. 

In the source article you cite, Paul 
Cuthbertson emphasises the importance of the 
truism that aliasing is a major issue when using 
Fourier Transforms, whereas your project has no 
bandwidth-limiting filter on the input. 
The Nyquist (or Shannon) Sampling Theorem 

states that a continuous signal can be properly 
sampled only if it does not contain frequency 
components above half of the sampling rate. This 
cut-off frequency is sometimes called the 
Nyquist Critical Frequency (NCF). If any fre-
quencies above this are present in the input sig-
nal they will be aliased to signals below the NCF. 
e.g. you sample at approximately 100kliz; the 
NCF is therefore 50kHz. 
To prevent gross aliasing errors, you really 

need to band-limit the input signal with some-
thing like an 8th order Chebyshev low-pass filter. 
Using cascaded Sallen-Key 2nd low-pass com-
ponents, this could be constructed from a single 
quad op-amp with a minimum unit gain band-
width of around 2MHz (something like a 
MAX4334). This could be retro-fitted to the 
input of your unit. In addition, it is now generally 
accepted that the Nyquist criteria represent a 
worst-case boundary condition, and that practi-
cal real-world systems need to use "over-sam-
pling" where, rather than sample at just twice 
your expected maximum frequency, you would 
do it at four or more times the peak. 
The subject of which type of anti-aliasing 

filter design to use is also important. I sug-
gested using a Chebyshev due to its steep skirt 
and because the Spectrum is intended for 
audio use. If the input was of a different type, 
say a digital stream with fast rising edges, a 
Bessel filter might be better because of its 
softer impulse response. However, sampling at 
just twice the peak frequency and operating in 
a narrow band doesn't give much room for 
manoeuvre, so a compromise would have to be 
reached. This is a complicated area, as I'm 
sure you appreciate. 

Nick de Smith, 
via email 

Thanks for the informative comments Nick 
which I regret were too long to include in their 
entirety. 

Regarding filters, that would have taken me 
into a realm higher than I wished to take for this 
simple circuit, since, as you say, the whole sub-
ject of filter types would have been raised. Such 
matters are more suited to a tutorial type of arti-
cle than a simple constructional one. However; 
readers who wish to take things further are rec-
ommended to browse via the links you suggest 
and those that I quoted. 
We would be interested to learn how readers 

use this analyser One has told us he wishes to 
use it in connection with astronomical observa-
tions, though he did not say in what capacity. 
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Constructional Project   

PIC VIRUS 
ZAPPER 
ANDY gLIND 

Can disease be cured electronically? 
An experimental circuit for zapping viruses. 

N
or, so long ago the fascinating story 
of Dr. Royal Raymond Rife and his 
Rife Generator was related in the 

pages of EPE (An End To All Diseases — 
April '01 Supplement). This device was 
supposedly capable of curing many ail-
ments including some cancers, and a large 
number of Internet sites devoted to it can 
be found. 

However, it was complex and used a 
special valve similar to an X-ray device, 
which renders it difficult and possibly dan-
gerous for most home constructors to 
experiment with. To compound the prob-
lem, no-one seems to be sure exactly how 
it worked, and apparently some of the 
remaining examples may even be "red her-
rings", non-working devices constructed 
to discredit Dr. Rife during some political 
skullduggery! 

For enthusiasts and experimenters with 
bio-electronic devices however, Royal 
Raymond is far from being the only source 
of interesting ideas. Another prominent 
worker in this field is Dr. HuIda Regehr 
Clark, the originator of a design for an 
electronic "Zapper" which is also claimed 
to cure most ills, including cancer. This 
device is very simple and can be built eas-
ily by anyone with electronic construction-
al knowledge, so it can be presented here 
for readers to try for themselves if they 
wish. 

UNDER COVER 
As in Rife's case, there may be some 

political intrigue in the story of the Zapper. 
It was originally brought to the attention of 
EPE editorial staff some three years ago 
through an email from an enthusiast in 
New Zealand. A copy of this was forward-
ed to the present author who did not have 
Internet access at the time. 
No details of the device were given but 

it was stated that they were to be be found 
in a book entitled The Cure For All 
Cancers by Dr. Clark. At the time this 
book was listed with other works by her in 
an American catalogue, so it was suggest-
ed that EPE might order it via the Internet 
on the author's behalf. A prompt reply stat-
ed that Dr. Clark's books were out of print 
and no longer available, but something 
about its tone suggested that further 
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enquiries might be unwise! Being rather 
fond of life, both the author and EPE's 
staff dropped the matter. 

Since then time and the Internet have 
eliminated much of this kind of secrecy 
and an advertisement offering Dr. Clark's 
books has appeared in a magazine entitled 
Nexus, placed by a stockist in Devon, 
England, so a copy of the one containing 
the Zapper circuit was promptly ordered 
for study. 

substances encountered in modem daily 
life. Dr. Clark says, obviously enough, that 
to cure the problem we should get rid of 
the flukes, stop ingesting isopropyl alcohol 
and flush out the toxins. . 

This is a simplified description of the 
book's main theme and readers wishing to 
learn more are advised to purchase a copy. 
The suggested treatment is partly herbal 
but consists largely of eliminating contact 
with the contaminants. Since these are 
contained in a vast array of processed 
foods and in materials such as plastics and 
products like shampoo and detergents 
some dedication would be required to fol-
low the regimen to the letter. 

Fig. 1. Circuit diagram for the Synchrometer. 

Dr. Clark's theory is that all cancers 
have a common cause and can therefore 
be cured by the same means. She claims 
that most people have in their bodies tiny 
parasites called "Human Intestinal 
Flukes". Normally these only live out 
part of their life cycles within us but the 
additional presence of a substance called 
"Isopropyl Alcohol" in our bodies causes 
them to remain within us for their cycle. 
During later parts of this they produce a 
growth-inducing substance that can trig-
ger cancer. Many readers will know 
Isopropyl Alcohol as the stuff recom-
mended for cleaning tape recorder heads, 
but it is apparently present in many other 
products. 
The book also claims that most of us are 

contaminated by many other toxins, rang-
ing from heavy metals to all kinds, of 
unnatural chemicals originating from 

It is also claimed that metals used in den-
tistry are harmful and should be removed. 
Whilst one of these is mercury, a highly 
toxic substance known to cause serious 
problems for some people, the usual alter-
native to mercury amalgam fillings is a type 
of plastic which also meets with disap-
proval. In short, the options for the true 
Clark treatment enthusiast are a bit thin. 

SYNCHROMETER 
However, the book also offers a couple 

of electronic circuits. One of these is for a 
device called the Synchrometer, which is 
claimed to detect the presence of parasites 
and contaminants within the body. It uses 
"samples" placed on two test surfaces, 
plus a handheld electrode and a probe 
electrode. 
The basic circuit diagram for the 

Synchrometer is shown in Fig. 1. Readers 
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can decide for themselves whether they 
feel it would work or not. It has been re-
drawn for this article since the layout in 
the book is difficult to follow, to put it 
mildly. 

It appears to be a form of oscillator with 
the bias current for the transistor passing 
through the user's body so that variations 
in body resistance will alter the frequency 
to some extent. Dr. Clark suggests that the 
'quality' of the sound produced by the cir-
cuit alters in some way when the contami-
nant being tested for is present and she 
refers to this effect as "resonance". 

Readers wishing to investigate this area 
are advised to purchase the book for fur-
ther details as the procedures given for 
using this circuit are too complex to be 
described here. 

ZAPPER 
The second circuit given is the Zapper, 

which has generated a great deal of inter-
est. A quick search with one of the Internet 
search engines will reveal a large number 
of sites concerned with Dr. Clark and her 
Zapper and it is even possible to find cir-
cuits and construction details amongst 
these. Since it is easy to construct and use 
and so many people swear by its effective-
ness, it is hard to dismiss the Zapper as 
"quackery" without putting it to a test. 
The Zapper circuit given in the book is 

shown in Fig.2. It is essentially the stan-
dard 555 oscillator circuit, operating at 
about 281(1-1z. The user holds two elec-
trodes connected to ground (negative) and 

the output of the cir-
cuit (positive) so that 
a small current flows 
through the body, 
pulsed on and off at 
this frequency. This 
treatment is carried 
out for seven minutes, 
repeated three times 
in succession with 
intervals of twenty to 
thirty minutes. 
The claim is that 

the first treatment 
kills the parasites and 
on dying these 
release bacteria and 
viruses, so the second 
is necessary to kill these and the third kills 
any remaining viruses released by dying 
bacteria. The book warns that once the first 
treatment has been administered it is 
unwise to miss the two follow-ups as 
released bacteria and viruses might cause 
havoc if not subsequently "zapped". 
An interesting observation is that the 

current applied to the body is unidirection-
al, in that when energized one electrode is 
always positive and the other always nega-
tive. This is the opposite to the recommen-
dation for most bio-electronic devices such 
as TENs pain-relievers, but the prevailing 
wisdom seems to be that the Zapper's cur-
rent flow should be unidirectional. To date 
the author has not encountered any opinion 
as to which hand should be positive and 
which negative, or even if this matters! 

Fig.2. Circuit diagram for the original Zapper. 

ORIGINAL CIRCUIT 
The original book circuit was tried using 

a standard 555 timer (ICI) in preference to 
one of the CMOS variants in case the tran-
sition speed of the output waveform was 
important. The only modifications to the 
original circuit are shown in Fig.3. These 
are the addition of a couple of supply 
decoupling capacitors C 1 and C2 and the 
omission of the 1.e.d. 

Inclusion of the I.e.d. is supposed to 
indicate that the circuit is operating but 
it would not tell the user if a fault 
caused the output of the 555 to be per-
manently high! Most EFE readers will 
have better ways to check the output 
anyway, such as a meter which will indi-
cate somewhere close to half the supply 
voltage if the circuit is operating, or an 
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Fig. 5. Suggested electrode construction 

COMPONENTS 
Modified Original Zapper 

Resistors 
R1, R3 1k (2-off) 
R2 3k9 

All 0.6W 1% metal film 

Capacitors 
C1 
C2 
C3 
C4 

10ii radial elect 50V 
100n ceramic 
4n7 ceramic 
10n ceramic 

Semiconductors 
IC1 555 timer 

See 
gme)r 
TALK 
peg. 

Miscellaneous 
Si s.p.s.t. toggle o' slide switch 

Stripboard Olin. matrix, 9 strips by 15 holes; 
8-pin socket; 9V battery ( PP3 type); 22mm dia. 
copper tube for electrodes; solder tags (2 off); 
solder pins; solder etc. 

Approx. Cost 
Guidance Only 

excluding electrodes & batt. 
£5 
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together with copper tube electrodes. Completed PIC-based Virus Zapper 

oscilloscope for inspecting the output 
waveform. 
The constructional method described in 

the book involves holes punched in a card-
board box and a lot of wire and croc clips! 
This is hardly a reliable form of construc-
tion so a simple layout using stripboard is 
shown in Fig.4. 
Many constructors will already have the 

components to hand and will be able to put 
this circuit together very easily if they wish 
to simply try the idea. The handheld elec-
trodes can be made from 22mm copper 
plumbing pipe. The method used by the 
author is shown in Fig.5. The connecting 
wire is soldered to the inside of each pipe 
and an OBA solder tag soldered inside at 
the other end is used for strain relief. Some 
glue spread over the solder connections 
prevents corrosion. 
The electrodes should be wrapped in 

cloth or paper kitchen towel which has 
been dipped in water with a small amount 
of dissolved salt to aid conductivity for a 
good contact. One of these should be held 
in each hand and the treatment repeated 
three times as explained earlier. After use 
the electrodes should be well rinsed to 
avoid corrosion due to the salt. 

Summary 
Enthusiasts for this device claim that it is 

effective in dealing with most viral 

Fig. 6. Another Zapper circuit from the Interne!. 

infections, some going so far as to claim 
they haven't had even a connoon cold in 
years! Apparently they either 'zap' every 
few days as a general precaution or they 
use it at the first signs of a cold or other ill-
ness before it has had time to take hold 
properly. Sounds worth trying at least, but 
the author is still waiting for the onset of a 
cold in order to experiment! 

NETWORK 
A search on the Internet revealed further 

circuits for the device, some of which rep-
resent improvements on the original. One 
of these is shown in Fig.6 as an example of 
another circuit which could easily be put 
together from parts many readers will 
already have. However, these basic circuits 
are tedious to use because they involve 
clock -watching to time both the treatments 
and the intervals, or operation of a timer of 
some kind which is awkward when one is 
holding two electrodes which have been 
dipped in salt water! 

Another design found on the Internet 
was fur a PIC-driven device which provid-
ed not only the treatment but also all the 
timings, which struck the author as a par-
ticularly good idea. The purveyor of this 
circuit also felt that a lower operating fre-
quency of about 2.5kHz was better as it 
would penetrate further into the user's 
body tissues. 

This is probably so, 
but there seems to be a 
considerable body of 
opinion that the actual 
operating frequency of 
the Clark Zapper is 
relatively unimpor-
tant. Since EPE read-
ers deserve only the 
best a PIC-driven 
design has been devel-
oped for this article 
and it has to be said 
that it is a much easier 
way to try out this 
form of treatment. 

The status of the unit is indicated by 
three coloured 1.e.d.s. A Yellow one indi-
cates a treatment in progress, a Green one 
displays for the periods between each 
treatment, and a Red one warns the user 
when battery replacement is due. A bleep-
er indicates the start and end of each 
treatment, making it easy to use whilst 
watching TV or during any other occupa-
tion for which one normally sits still for 
an hour or so. 

PIC VIRUS ZAPPER 
The full circuit diagram for the PIC 

Virus Zapper is shown in Fig.7. The main 
supply is provided by a 9V PP3 type bat-
tery. This voltage is too high for the PIC 
(IC2) so it is reduced to 5V by regulator 
IC1 which is a low-dropout micropower 
type, better suited for battery operation 
than the standard 78L05. 
The PIC's oscillator uses a 4MHz crys-

tal X1 to give an internal clock of 1MHz. 
The three 1.e.d.s D1, D2 and D3 are low-
current (2mA) types driven directly by IC2 
through current limiting resistors R3 and 
R4. Since D2 and D3 are never "on" 
together they share the common resistor 
R4. 

Bleeps are produced from piezoelectric 
sounder WD1. This is a type without an 
internal drive circuit as the author feels it is 
cheating to use a d.c.-operated type when 
the PIC can be programmed to generate a 
squarewave signal for sounder driving! 

Battery voltage sensing is carried out by 
one of the PIC inputs (RBO). This "sees" 
an input voltage as being either "high" or 
"low" so preset potentiometer VR1 is 
adjusted so that it is seen as "low" when 
the battery voltage falls to about 7V. When 
this is detected red 1.e.d. D1 is turned on. 
The Zapper output is controlled by PIC 

outputs RB4 and RB5 which go high 
alternately. When RB4 goes high it turns 
on transistor TR1 which turns on TR2 to 
pull the output up to full battery supply 
voltage. When RB4 goes low RB5 goes 
high to turn on transistor TR3 to pull the 
output low. This generates a squarewave 
at the full battery supply voltage from a 
low impedance, suitable for application 
through the electrodes. Resistor R9 limits 
the maximum output current to a safe 
value if the electrodes are accidentally 
shorted together. 
One further point regarding the circuit is 

the connection of RAO and RB7 to the pos-
itive and negative supply lines respectively. 
This is simply for convenience in the phys-
ical layout where it enables these voltages 
to be routed around the printed circuit 
board (p.c.b.) without the need for 
"between pin" tracks. 

Constructors who make their own p.c.b.s 
from the magazine artwork will probably 
appreciate this. One of the many advan-
tages of designing with PIC microcon-
trollers is that it is perfectly acceptable to 
do this so long as the pins concerned are 
designated as inputs by the program. 

CONSTRUCTION 
Most of the components for this project 

are mounted on a p.c.b. and the topside 
layout and full-size foil master are shown 
in Fig.8. This board is available from the 
EPE PCB Service, code 337. 

Assembly should present no real prob-
lems for most constructors. An 18-pin d.i.l. 
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COMPONENTS 
PIC-based Zapper See 

Resistors 
R1 15k 
R2 4k7 
R3, R4 680Q (2 off) TALK 
R5, R7, R8 10k (3 off) page 
R6 22k 
R9 470Q 

All 0-6W 1% metal film 

emeP 

Potentiometer 
VR1 10k 22-turn cermet 

preset, vertical 

Capacitors 
C 1 100,u radial elect. 16V 
C2, C3, C4 100n ceramic (3 off) 
C5 10,u radial elect. 50V 
C6, C7 22p ceramic 

Semiconductors 
D1 2mA red led. 
D2 2mA yellow led. 
D3 2mA green led. 
TR1, TR3 BC184L npn silicon 

transistor (2-off) 
TR2 BC214L pnp silicon 

transistor 
IC1 LP2905 5V micropower 

positive regulator 
IC2 PIC16F84 

microcontroller, 
pre-programmed 

Miscellaneous 
X1 4MHz crystal 
WDI pie,zo sounder, 4kHz 
Si d.p.d.t. slide switch 
Ski, SK2 4mm chassis socket and 

plug (1 red, 1 black) 

Printed circuit board available from the 
EPE PCB Service, code 337; case, size 
34mm x 80mm x 145mm; 18-pin d.i.l. 
socket; multistrand connecting wire; 
22mm dia. copper tube for electrodes; 
solder tags (2 off). solder pins; solde- etc. 

Approx. Cost 
Guidance Only £22 

excluding electrodes & bet. 

Fig. 7. Complete circuit diagram for the PIC Virus Zapper. 
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Fig.8. Printed 
circuit board 
component layout, 
interwiring to off-
board components 
and full-size 
copper foil master 
pattern. Details of 
electrode 
construction are 
given in Fig.5. 
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socket is recommended for the PIC, IC2. 
Two different types of sounder can be used 
for WD I so holes are provided to suit the 
pins of either. The type used should have a 
resonant frequency of 4kHz as this is the 
drive frequency used and these devices 
generate a lot more noise at resonance. 
The power supply should be tested 

before insertion of the PIC by powering 
the circuit and checking for the presence 
of 5V across pin 5 and pin 14 of the 
socket for IC2. After that it's just a 
question of inserting the PIC, 
completing the assem-
bly and checking 
the opera-
tion. 

ASSEMBLY 
The board is designed to fit onto the 

mounting pillars of a widely available and 
inexpensive plastic case (with battery 
compartment) measuring just 145mm x 
80mm x 34mm. Interwiring from the cir-
cuit board to off-board components is also 
included in Fig.8. Two robust 4rmn sockets 
are used for the electrode lead connections 
and the slide switch S 1 is fitted for turning 
the unit on and off. 
The three 1.e.d.s are connected using a 

short length of ribbon cable and glued into 
position. The actual soldering of the rib-
bon cable to the 1.e.d.s should be done as 
quickly as possible, as one of these failed 
on the prototype and it seems likely that 
heat from soldering was the cause. 

Because the sounder is inside the case 
its sound is muffled to some extent and it 
was found that the bleeps could sometimes 
be missed when watching television. A 
row of five small holes drilled in the side 
of the rear half of the case adjacent to the 
sounder overcame this problem. 

SETTING UP 
It is necessary to set up preset VR1 to 

the correct point. If an adjustable power 
supply is available this can be set to about 
7V and VR1 adjusted so that the Red 1.e.d. 
D1 just illuminates. 

Immediately following switch-on, the 
unit should bleep once and the Yellow 
1.e.d. D2 should flash for thirty seconds. 
This allows the user to moisten the elec-
trodes and take a firm hold of them before 
treatment commences. After this there will 
be another bleep and the Yellow 1.e.d. will 
stay on continuously for seven minutes. 
During this period the output should be 
present so a meter across it will read about 
half the battery supply voltage or an 

oscilloscope will show the 2.5kHz output 
squarewave. 
Next there will be a further bleep, the 

Yellow 1.e.d. will extinguish and the Green 
one (D3) will light to indicate the interval 
between treatments. After 28 minutes there 
will be a further bleep, the green 1.e.d. will 

extinguish and the 
yellow one will 

begin flashing 
again, and the 
sequence 
will 

repeat. 

(Above). General 
positioning of components 

inside the plastic case of the 
PIC Virus Zapper. The finished circuit 

board is shown below. 

This should happen once more, but follow-
ing the third treatment the green 1.e.d. 
should remain on indefinitely and the unit 
should bleep every five seconds to remind 
the user to switch off. 

Supply current taken by the circuit 
varies according to the stage reached in the 
program but the prototype takes about 
4mA when flashing 1.e.d. D2 and about 
7mA plus whatever is delivered through 
the electrodes (usually about 2mA) when 
treating, and about 6mA during the inter-
vals. This is small enough to allow a lot of 
use from an alkaline PP3 battery. 

SOFTWARE 
The software for the PIC Virus Zapper 

is available on a 3.5 inch PC-compatible 
disk from the EPE Editorial office, for 
which a nominal handling charge is made. 
It is available for free download from the 
EPE ftp site. More details are given on the 
EPE PCB Service page. 

Ready-programmed PIC16F84s are being 
made available to readers by the author. For 
further details see the Shoptalk page. 

SUMMING UP 
So there you have it, a de-luxe Dr. 

Clark Zapper as good as any likely to be 

Further Reading 
The Cure For All Cancers — Dr. Huida Regehr 

Clark, New Century Press (US). ISBN1-890035-
00-9. Melanie Davies, The Cottage, Bovisand 
Lane, Down Thomas, Devon, PL9 OAE. Phone: 
01752 862411 (UK suppliers of Dr. Huida Clark's 
books) 
Interesting Zapper websites: 
www.zapperplans.com/plans.html (circuit of 

Fig.5, how to construct). 
www.drclark.net/dicesmehapper.htm more info 

on Dr. Clark and the zapper. 
www.relfe.com/hulda_clark.html (an objective 

review of Dr. Clark's books). 
www.ess-in.com/index.htm (view pictures of 

two commercially produced zappers). 
www.home.att.net/—dennisshepard/health.htm 

(another site selling a zapper, pdf file about it). 
www.huldaclark.com/BuildZapper.htm (book 

sales and construction details). 
www.zapperplans.com/plans.htnd (pdf file of a 

PIC-based circuit, no program given). 

found on the Internet or elsewhere and 
certainly much better than the one 
described in the book! It can be built for 
a fraction of the price of those available 
ready-made. 

Does it work? American Internet sites 
offering Zappers all state that they are not 
approved by the FDA (their official govern-

ment medical body) and 
are "for experimental use 
only" but at least their sale 
hasn't been banned yet. 
To date, it's too early 

for the author to give an 
opinion one way or the 
other, but there are a lot of 
users who praise this little 
device so it's worth trying. 
As always with experi-
mental projects of this 
type, feedback from read-
ers who build and try it 
will be most welcome as 
this may eventually prove 
its worth. D 

EPE 
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Write and compile your first program in under 5 minutes 
Distribute your applications ROYALTY FREE 
Technical Support direct from the author 
Dedicated user group mailing list 
Easy to navigate Windows IDE 
CDROM includes software and example programs 
Book Includes worked examples and projects 
Supports the popular PIC micro's including Flash devices 

oa 

111110 Crownhill PIC BASIC PRO produces 
0 tight concise code from your 

programs, written in the easy to 
learn yet powerful BASIC le language. The compiler will 
produce code for the popular 
12- bit and 14- bit micros. 

For a FREE LITE version of 
PIC BASIC PRO visit 
www.letbasic.com 

The PICBASIC PLUS Compiler 
presents a range of interfacing 

solutions for the most exotic 
peripherals. Such as the I2C bus, 
Alphanumeric and Graphic types e 

of LCD, and 2 or 3-wire SPI. 0 

A FREE Lite version of 
PIC BASIC Plus! is 

available from www.letbasic.com 

For more in-depth 
information about 

our products please visit 
our website at 
w ww Jetbasic.com 

all prices exclude 
delivery and VAT 17.5% 

e'er% a  4C3 

LITE versions of both 
products are available 
from www.letbasic.com 

Crownhill Associates Ltd 
32 Broad Street Ely Cambridge CB7 4AH 

Tel: 01353 666709 Fax: 01353 666710 
Order Online: www.letbasic.com 
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EPE Tutorial Series 

TEACH-IN 2002 
Part Five - Taking the Pressure - more on strain, 
plus accelerometers and pressure sensors 

IAN BELL AND DAVE CHESMORE 

Making Sense of the Real World: Electronics to Measure the Environment 

Imw AST month in Part 4 we looked at 
strain gauge sensors and found that 
e needed to use bridge circuits and 

differential amplifiers to make effective use 
of them. Therefore we spent some time 
looking at the properties of differential sig-
nals and bridges, and we investigated the 
topic of source impedance, which is needed 
to deal with the possibility of our circuits 
loading the sensors. 

This month we take a more practical 
look at the same topics and discuss the 
design of differential amplifiers for sensor 
applications. We also return to strain 
gauges and examine some of their various 
applications. In particular we focus on their 
application for measuring pressure, and 
describe a simple weighing machine in Lab 
Work. First, though, there's more to discuss 
about op.amps in relation to their use in 
sensor circuits. 

OP.AMP SPECS 
In Part 4 we discussed the ideas of dif-

ferential signals and input impedance and 
loading in general terms — these concepts 
relate directly to some important op.amp 
specifications. 

In a real circuit the actual rejection of 
noise or drift common to both halves of a 
differential signal depends on how perfect 
the differential amplifier used for this 
purpose is. 
The ratio of (unwanted) output change to 

common mode input change is called 
Common Mode Gain (AGA, 
Amplification Common Mode) and the 
ratio of differential gain to common mode 
gain is called the Common Mode 
Rejection Ratio (CMRR). CMRR is mea-
sured in decibels (dB). A value of 80dB to 
110dB is fairly typical for op.amps, but 
lower and higher values occur (for the 
OP177 it is 110dB to 126dB. 

High common mode gain, and hence poor 
CMRR, affects gain accuracy in some con-
figurations and determines the ability of the 
op.amp to ignore noise common to both 
inputs. Common mode rejection is particu-
larly important in sensor applications where 
very small differential signals from sensors 
must be amplified in the presence of noise, 
or where temperature compensation signals 

must be accurately dealt with. Sensor appli-
cations such as strain measurement often 
demand high CMRR amplifiers with CMRR 
values in excess of 100dB. 

For an op.amp, Common-Mode Input 
Impedance is the effective impedance 
between either input terminal and ground, 
and is ideally infinite. Differential Input 
Impedance is the apparent impedance 
between the inputs, also ideally infinite. 

The input impedances will take the form 
of capacitance in parallel with resistance. 
Sometimes the capacitance is not consid-
ered and only resistance is quoted. Input 
capacitances may also be quoted separate-
ly. FET-input op.amps have particularly 
high input resistance (e.g. 10 12 ohms). 
We have to be very careful, though, to 

distinguish between the input impedance of 
the op.amp itself and a circuit built using an 
op.amp. The circuit may have a low input 
impedance even if the op.amp has a very 
high impedance. 

DIFFERENTIAL AMPLIFIER 
PITFALLS 
As we have noted, the op.amp is a differ-

ential amplifier. However, in order to use it 
as a practical amplifier we have to apply 
negative feedback. The most straightfor-
ward op.amp-based amplifier circuits (the 
inverting and non-inverting amplifiers) 
have a single ended input, but the differen-
tial amplifier configuration (Fig.5.1) would 
appear to suit our purpose — if the op.amp 
has a good CMRR the circuit seems to pro-
vide what we need. 

Fig.5.1. Differential amplifier. 

Be careful with such assumptions! Good 
op.amp performance does not guarantee 
good circuit performance. The CMRR of 
the circuit in Fig.5.1 is a good example of 
this as it depends strongly on the matching 
of the resistor values. The differential gain 
of the circuit is given by R2/R1 — the 
design assumes that the two RI values, and 
the two R2 values, are exactly the same. 

In fact, with an ideal op.amp and exactly 
matched resistors, the CMRR would be 
infinite (ideal). With real resistors, howev-
er, we get a variation in values which 
degrades the matching and reduces the 
CMRR. 

For example, consider a typical differen-
tial amplifier with a gain of 100 in which 
RI is 11d2 and R2 is 1001d2. If there is a 
value difference of 5% between the two RI 
resistors, or between the two R2 resistors, 
then we get a CMRR of only 26dB, even 
with an ideal op.amp. 

For a 1% variation we get about 40dB, 
for 0.1% about 60dB and for 0.01% about 
80dB. So we need some very expensive 
resistors to get even a half-decent perfor-
mance from this circuit. 
A possible solution is to use a trimmer to 

vary one of the resistor values until the 
common mode gain is minimized. We only 
need one trimmer for this as it is the ratio 
of R2 to RI which is of prime importance. 
However, this approach is not easy because 
the trimmer must be very stable and we still 
need very high accuracy resistors to get 
good CMRR. 

Another problem with the circuit in 
Fig.5.1 is that it is difficult to adjust the sig-
nal gain (e.g. using a trimmer or poten-
tiometer) as we have to vary two resistors 
by exactly the same amount. We could use 

Fig.5.2. Unity gain buffer amplifier. 
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Fig.5.3. Differential amplifier with buffered inputs. 

a dual-gang potentiometer, but the match-
ing between the two values is likely to be 
poor, resulting, as we have seen, in very 
poor CMRR. 

BUFFERING 
CMRR and gain adjustment are not the 

only problem with Fig.5.1 — we also have 
to stop for a moment and consider another 
matter of importance that was discussed 
earlier — input impedance. As we are con-
sidering differential signals we need to 
know the differential input impedance in 
Fig.5.1. Many sensors have high internal 
resistance and we therefore require ampli-
fiers with high input resistance in order to 
use these sensors. 
To find the input resistance of the circuit 

in Fig.5.1 we recall the idea of the virtual 
short circuit discussed in Part 2. The gain of 
the op.amp is so high that its two inputs are 
effectively at the same voltage, or effective-
ly connected together. This is like having 
the two input resistors connected in series 
across the differential input, thus the differ-
ential input resistance is equal to 2R1. 

This input resistance will be quite small 
compared with the op.amp input resistance. 
We could try to use high value resistors, but 
this would impair circuit operation — 
remember that the op.amp needs bias cur-
rent and this results in voltage drops across 
external resistors. 

Amplifiers with very large input resis-
tance are called buffers. Sometimes these 
do not have a great deal of voltage gain, but 
this can be provided by subsequent stages. 

For example, the cir-
cuit shown in Fig.5.2 
has unity gain, but 
has very high input 
impedance, particu-
larly if a high input 
impedance op.amp, 
such as a FET-input 
op.amp, is used. 
We can combine 

Fig.5.1 and Fig.5.2 to 
give a differential 
amplifier with high 
input impedance as 
shown in Fig.5.3. It 
still has poor CMRR, 
but it would be useful 
in situations where 

we know that any common mode signals 
are small. 

INSTRUMENTATION 
AMPLIFIERS 
To solve the CMRR problem we have to 

use a different circuit configuration. The 
key circuit is a two op.amp differential out-
put amplifier as shown in Fig.5.4. The dif-
ferential gain (differential input to 
differential output) is given by (1 + 
2R2 / RI) and the common mode gain is 
one (unity). For a more detailed description 
of this circuit see Panel 5.1. 
The circuit in Fig.5.4 has a differential 

output, but this is easily converted to a 
singled ended signal using a standard 
differential amplifier configuration, as 
shown in Fig.5.5. This circuit is known as an 
instrumentation amplifier (in.amp) as it is 
so commonly used in sensor and instrumen-
tation systems. 
The in.amp (Fig.5.5) overcomes the 

problems highlighted with the previous cir-
cuits. The inputs go straight into the high 
impedance inputs of the op.amps so the 
input impedance is high. The large differ-
ential gain with respect to common mode 
gain available from the first stage means 
that the problem of poor CMRR in the dif-
ferential amplifier stage is far less severe. 
The in.amp can achieve very good CMRR. 
The gain of the amplifier is easily varied 

using a single resistor, RI. The resistor (or 
adjustable preset) should be physically 
close to the op.amps — using a panel-
mounted potentiometer would degrade 

Fig.5.4. Differential output amplifier. 

circuit performance. However, if panel-
mounting has to be used, then the wiring 
should be shielded (screened). 
The differential amplifier output stage is 

usually used with low (e.g. x2) or unity 
gain. For unity gain R3 = R4. 

It is worth pointing out that the inputs of 
the circuits in Fig.5.2 to Fig.5.8 cannot be 
simply capacitively coupled to an a.c. 
source as the op.amps require a d.c. path 
for bias currents. A high value resistor (e.g. 
1M) must be connected between the 
op.amp(s) input and ground if a.c. coupling 
is used. Similarly, a generator sensor such 
as a thermocouple cannot simply be placed 
across the differential inputs of Fig.5.2 and 
Fig.5.3. 

OPTIMISING INA MPS 
In.amps are often used in demanding 

applications, such as the amplification of 
low voltage signals from a strain gauge 
bridge. In order to get the best performance 
from these circuits great care must be taken 
in their design and implementation. 

Referring to Fig.5.6, which shows an 
in.amp schematic with some additional 
details, the following points are important 
in the design of high precision sensor 
circuits. 

In.amps must be constructed using high 
quality op.amps with high input imped-
ances, low bias currents, low offsets, and 
good CMRR. Offsets can be trimmed as 
shown in Fig.5.6 (by VR1), using just one 
of the input op.amps (ICI or IC2). 
However, if possible, this technique should 
be avoided by using ultra low offset 
op.amps. 
The CMRR of the differential amplifier 

stage (around IC3) can be trimmed by bal-
ancing the R4/R3 resistor ratios as men-
tioned previously. To do this, apply a 
common mode signal and adjust the trim-
mer (VR2) for minimum output. 
The feedback resistors of the output 

stage of the in.amp are labelled sense and 
reference in Fig.5.6. Wiring these terminals 
directly to the load as shown eliminates 
errors due to losses in the wiring or exter-
nal circuitry. 
The supply should be capacitively 

decoupled (ideally for each op.amp), close 
to the op.amps and with a combination of 
higher value (say 0.25µF to 0.5µF) and 

Fig.5.5. Instrumentation amplifier (in.amp). 
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lower value (say 0.01µF) capacitors. The 
supply has two rails (+VE and —VE) so you 
need a set of decoupling capacitors for each 
(Cs to Cs4 in Fig.5.6). These suppress 
power supply noise (that might otherwise 
find its way onto the output) by bypassing 
transients. 

HIGH QUALITY 
To get good performance, high quality 

plus high accuracy (1% or better) resistors 
with low temperature coefficients should 
be used. Errors in high precision circuits 
can come from unexpected sources. The 
fact that resistors in different parts of a cir-
cuit have on average quite different voltage 
levels across them, means that their power 
dissipation, and hence self-heating, can be 
quite different. 

So even if all the resistors have the same 
temperature coefficient, their relative val-
ues can change, resulting in gain errors or 
other problems. Using resistors having a 
higher power rating than strictly necessary 
(as long as they are of equal quality) and 
using large value resistors can help allevi-
ate this problem. 
The in.amp may have very good CMRR 

at d.c., but not at very high frequencies. 
Thus radio frequency interference (RFI) 
picked up at the in.amp input may end up 
(after rectification by the op.amp internal 
circuits) as a d.c. error. This can be reduced 
using an RFI suppression circuit (Cl, C2 
and R5 in Fig.5.6). 
The cutoff frequency (-3dB) of the input 

filter is given by the usual formula 1/2.eRC, 
where R is the sum of the two resistances 
and C is the sum of the three capacitances. 
With 201(52 resistors, capacitors C 1 at 1nF, 
and C2 at 22nF, the cutoff frequency is 
around 166Hz. 
The resistors and CI and C2 must be 

high accuracy ( 1% resistors and 5% capac-
itors or better) to prevent unbalancing the 
input and degrading the CMRR. As well as 
potential CMRR reduction, the RFI circuit 
results in higher loading of the source (par-
ticularly for low R4 and R5 values) and 
higher noise (particularly for high R4 and 

Fig.5.6. Instrumentation amplifier with improvements over the circuit in Fig. 5.5 

PANEL 5.1. Analysing the In.amp 

To analyse the in.amp (instrumentation 
amplifier) circuit configuration, we 
assume that ideal op.amps are used, 
allowing us to use our helpful simplifying 
assumptions: the op.amp gain is infinite 
so the two op.amp inputs are at the same 
voltage (virtual short circuit), and the 
op.amp input impedance is infinite so the 
op.amp input current is zero. 

First we consider the fully differential 
amplifier (Fig.5.4) on its own, its (differen-
tial) input voltage Vin is V11—V12. The vir-
tual short circuit means that the voltages 
on either side of R 1 are equal to the input 
voltages, that is Va = Vii and vb = V12. 
The zero op.amp input current means 

that all the current in RI, i, also flows in 
the other two resistors. The differential 
output voltage is equal to the voltage drop 
across the three resistors. By Ohm's Law 
this is simply: 

Vout = V0 1—V02 = i(R1 + 2R2). 

We know the voltage across RI is 
V11 — V12 so, again using Ohm's Law we 
find that i = (V11 — Vi2) / RI = Vib / RI. 

Replacing i in our previous expression for 
Vow with this gives Vbbi = Vin(R1 + 
2R2) / RI. Rearranging this equation 
gives us the differential gain, V01 / = 
(R1 + 2R2) / R1 = 1 + 2R2 / RI. 
The in.amp simply adds a standard 

op.amp differential amplifier after the dif-
ferential output amplifier. The gain of this 
stage is R4 / R3 so the overall differential 
gain of the in.amp is ( 1 + 2R2 / RI) x 
(R4 / R3). 

Returning to the differential output 
amplifier, let's see what happens if we 
apply a common mode signal. For exam-
ple, if we increase both V11 and Vi2 by the 
same amount then Va and Vb will follow 
this change due to the virtual short circuit. 
The voltage difference has not 

changed, i.e. the voltage across RI has 
not changed, so the current through it will 
remain the same. The differential output 
voltage will not change but output volt-
ages with respect to ground will shift by 
the same amount as the inputs. Thus the 
common mode gain of the differential 
output amplifier is 1 (unity). 

R5 values). It should therefore only be used 
when needed. 

Having discussed the fine details of d.c. 
amplification, let's describe various sensors 
with which such techniques are required 
(recall that we discussed strain gauges last 
month). 

ACCELEROMETERS 
When an object is in motion and it 

changes its velocity, it is said to experience 
an acceleration. In many applications, 
acceleration (or deceleration — slowing 
down) can be very large and disastrous. 

Take, for example, a car travelling at 
40kph and hitting a very solid brick wall. 
The car will stop very quickly and the 
deceleration experienced by the occu-
pants will be extremely large. If the driver 

is not wearing a seatbelt his (or her) head 
will hit the windscreen with the force of 
about one tonne ( 1000kg = 22051b)! This 
type of rapid deceleration is called a 
shock. 
We can work out how much deceleration 

occurs if we know how long it takes the car 
to stop. Assume it stops in 0.1s, then 40kph 
= 11.1ms-1 and the deceleration is 11.1/0.1 
= 111ms-2 or 11.3g. If it takes 0.01s ( 10ms) 
then the deceleration will be 1111ms-2 or 
113g! (Remember that 1 g is the accelera-
tion due to gravity = 9.8ms-2). 

Objects vibrating also experience 
acceleration and deceleration, the size of 
which depends on the frequency of vibra-
tion and its maximum amplitude. The 
peak acceleration, a, for any object 
vibrating at a frequency f with peak 
amplitude x is given by: 

a = 4.7r2P 

Let's take an example to illustrate this 
equation. Say we have a pneumatic road 
hammer and it vibrates at 10Hz. If the end 
of the hammer moves by 1 cm (0.01m) for 
each vibration, then the peak acceleration 
that the person operating the hammer expe-
riences is: 

4 x n2 x 102 x 0.01 = 39.5s-2 = 4g 

How do we measure acceleration? All 
accelerometers operate on the same basic 
principle — the spring-mass system (which 
we shall look at in Lab 5.2). Think of a 
spring connected to a mass, the other end of 
the spring being anchored. If the entire sys-
tem is accelerated then the mass pulls away 
from the anchor point but is kept back by 
the force in the spring. 
As the mass moves further away, the 

force in the spring gets stronger until the 
force on the mass (F = ma) equals that of 
the spring, i.e. they are in equilibrium. It 
turns out that the distance moved by the 
mass is proportional to the acceleration, so 
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we can reduce the measurement problem to 
one of measuring distance. 
The mass used in accelerometers is 

called the test mass or seismic mass. Many 
modern accelerometers use either silicon 
strain gauges or a piezoelectric crystal to 
measure distances. Fig.5.7 shows a device 
based on a piezoelectric crystal and has the 
seismic mass heid against the crystal by a 
spring. 

CL, - 71.1-1L SPRIr:3 

SEItMIC LASS 

CRYSIAL 

Fig.5.7. Example of a piezoelectric 
accelerometer. 

Modern accelerometers are integrated 
with digital logic and can produce digital 
outputs. Analog Devices produce several 
devices with one and even two axes. A 
one-axis sensor. the ADXL105 was used 
in the Pocket g-Meter in EPE July 2000. 
This device produces a voltage output 
proportional to acceleration, whereas the 
two-axis ADXL202 produces frequency 
outputs. Unfortunately, accelerometers 
are expensive devices and we will not be 
building any Lab Work circuits that use 
them. 

FEEL THE PRESSURE 
Pressure is defined as force per area 

and there are three forms of pressure 
measurement: 

Absolute pressure - pressure measured 
relative to a perfect vacuum. A common 
measure of pressure is pounds per square 
inch absolute (psia). An example is baro-
metric (or atmospheric) pressure. 

Differential pressure - this is the differ-
ence between two measurement points and 
is often measured in pounds per square 
inch differential (psid). 
Gauge pressure - pressure measured rel-

ative to ambient pressure, measurement is 
again in pounds per square inch gauge 
(psig). An example is measurement of 
blood pressure. 
Measurement units for pressure can be a 

bit confusing since there are several, but all 
are in the form force per unit area. 

You may have an old barometer with a 
mercury column; this measures atmospher-
ic pressure in mmHg (millimetres of mer-
cury). Other older barometers used water 
instead of mercury, which made them very 
large and the measurement unit was in 
inches of water (inH,0). More modern 
barometers measure in Millibars (rnB) or in 
atmospheres (atm). The SI unit of pressure 
is the Pascal (Pa). 

Table 5.1 gives conversions between the 
various units. For example, if the weather 
forecaster says the pressure will be 
1030mB then from the table we can work 
out that this is equivalent to 14.57psi 
(1038mB = 1-038 Bar). 

Table 5.1. Conversions between 
Different Pressure Units 

Unit Equivalent 

1psi 
1psi 
1psi 
1 Bar 
1 atm 

51.714mmHg 
27.680inH20 
6.8946kPa 
14•504psi 
14.696psi 

PRESSURE SENSORS 
The basic principle of operation of a 

pressure sensor is to convert changes in 
position of a diaphragm into an electrical 
signal, which is usually carried out using 
strain gauges. 
We can see how this works if we think 

about an aneroid barometer, which is a 
sealed metal chamber with a vacuum 
inside. Changes in atmospheric pressure 
cause the chamber to change in size and 
this is converted to movement of a needle. 
If we place strain gauges on the sides of the 
chamber then we can measure changes in 
their resistance and therefore changes in 
pressure. 

This type of sensor is an absolute sensor. 
Differential sensors also have a diaphragm 
but instead of a vacuum on one side, that 
side is connected to a second pressure 
source. The diaphragm moves according to 
the difference in pressure between the two 
sides. A gauge sensor is a differential sen-
sor with one side of the diaphragm open to 
the air, usually via a small hole. 

Commercial pressure sensors use four 
silicon strain gauges connected in a bridge 
format (identical to that used in Fig.5.9 of 
the Lab Work weighing machine). Fig.5.8 
shows a cross-section of an absolute pres-
sure sensor which shows the evacuated 
chamber below the diaphragm acting as the 
reference. 

Pressure sensors are sensitive to temper-
ature and they often have a temperature 

Fig.5.8. Cross-section of an absolute 
pressure sensor. 

sensor built in to provide for temperature 
compensation. Characteristics of one series 
of sensors from Sensym (now Sensor-
technics, www.sensortechnics.com) are 
listed in Table 5.2; these are fairly typical 
sensors. 

In Table 5.2, the column labelled Proof 
Pressure states the maximum pressure that 
can be applied without damage. 

USING PRESSURE SENSORS 
Pressure sensors are expensive (mini-

mum about £ 18) and need to be treated 
carefully. Never immerse a sensor in liquid 
unless it is designed for that purpose. Also, 
because the silicon wafer complete with 
gold and aluminium bonding is exposed to 
the air, any moisture or other liquid present 
in the air could cause device failure. 
A third consideration is the material in 

the body of the sensor - in some sensors 
this is stainless steel, which is not a prob-
lem, but in others (particularly low cost) the 
body is plastic. This is not compatible with 
petrol (gasoline) which may cause the 
material to soften or dissolve! 

ATMOSPHERIC PRESSURE 
We have all heard weather forecasters 

mentioning pressure and seen isobars (lines 
of equal pressure) on weather maps. Why is 
air pressure so important? 

Firstly, rotation of the Earth and the 
effect of solar radiation mean that air is not 
stationary and moves in complex ways in 
the atmosphere. We often see on weather 
maps that air tends to circulate around high 
and low pressure regions and the speed of 
rotation varies considerably. 

Take a hurricane, for example, wind 
speeds can reach over 100 miles per hour 
and at the centre of the hurricane is a region 
of very low pressure. When we see tightly 
packed isobars on a weather map, we know 
that it is going to be windy. 

Also, there are times when high pres-
sure regions become established when we 
have clear skies and warm weather in 
summer, and cold, usually frosty weather, 
in winter. 

High pressure is also associated with 
interference on television when UHF radio 
waves become trapped in the atmosphere 
and travel long distances before returning 
to the Earth. Under normal conditions, the 
signals from remote stations will have 
attenuated sufficiently not to interfere, but 
under high pressure, they travel much fur-
ther and cause interference. 

LAB WORK 
In Lab Work we now perform some 

experiments using strain gauges. 

Table 5.2. Characteristics of Some Sensym Pressure Sensors 

Device Operating Proof Full Scale Temperature Input Output 
Pressure Pressure Span Coefficient Resistance Resistance 

(typical) 

SX01" 0-1psid 20psi 

SX05" 0-5psid 20psi 

SX15" 0-15psid 30psi 

SX30** 0-30psid 60psi 

SX100- 0-100psid 150psi 

SX150** 0-150psid 200psi 

differential only (SX01D, SX05D) 

These can be absolute (SX15A, etc) or differential (SX15D, etc) 

Adapted from www.sensortechnIcs.comicil/sx.pdf 

20mV 

75mV 

110mV 

110mV 

150mV 

110mV 

-2300ppm°C-1 

-2300pprreC-1 

-2150ppreC-1 

-2150ppm°C-1 

-2150ppm°C-1 

-2150ppm°C-1 

4 65k52 

4-65k52 
4-651d2 

4 65k52 

4 65kS2 

4-65k52 

4 65k52 

4.65k.Q 
4 5kS2 

4 5k52 

4 51(52 

4-5k52 
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TEACH-IN 2002 Lab Work 5 
DAVE CHESMORE and ALAN ININSTANLEY 

Strain Gauge Weighing Machine 

A
s we saw last month, strain gauges 
are useful for measuring forces on 
objects. Here in Lab 5.1 we use two 

strain gauges attached to an aluminium 
beam to measure bend due to the weight of 
an object. The beam is made of hum thick 
aluminium sheet cut to lcm wide and 8cm 
long. It i; attached at one end to a rigid sup-
port as shown in Photo 5.3. 
The gauges are placed above and below 

the beam at about 2cm away from the fixed 
end. When the beam is bent downwards the 
top gauge will be extended and the bottom 
gauge will be compressed. The gauges are 
placed in a bridge circuit (Fig.5.9) in such 
a way as to double the voltage change as 
compared with only one gauge. 

You will recall from Part 4 that the 
change in resistance of a strain gauge is 
small and the signal needs to be amplified 
perhaps by 1000 times. The output of the 
bridge is therefore connected to an instru-
mentation amplifier (in.amp) built around 
op.amps ICI, IC2 and IC3. The amplifier 
has a gain of 1000 set by the ratio of R4 and 
VR3 as explained in the Tutorial section on 
in.amps. 
The bridge is built around two strain 

gauges (X1 and X2), resistor R3 and preset 
potentiometer VR1. In this circuit, R3 is 
120Q since this is the nominal resistance of 
the strain gauges and VR1 can be varied 
around this value. X1 is the bottom gauge 
and X2 the upper gauge. 

Photo 5.1. Breadboard assembly for Fig.5.9. 

Fig.5.9. Circuit diagram for an experimental weighing machine. 

If you use strain gauges that have a dif-
ferent resistance to those suggested in the 
components list, then make sure VR1 and 
R3 are the same value as the gauges when 
they are unstressed. All resistors should 
ideally be close tolerance, i.e. 2% or 1%. 

The bridge needs a stable voltage which 
is provided by the voltage reference diode 
D1 (here this is 2.5V but you may use any 
Zener diode between 2V and 5V). The cir-
cuit requires a ± 12V supply, which can be 
provided by the Teach-In power supply 
described in Part I. 

CONSTRUCTION 
Referring Lo Fig.5.9 and Photo 5.1, con-

struct the circuit carefully on breadboard. 
For the moment, omit resistor RIO and 
capacitor C2. 
The strain gauges are delicate and their 

wires should be soldered to a small section 
of stripboard. This can be secured to the 
aluminium strip using Blu-Tack (Photo 
5.2). The sensors have a self-adhesive 
backing allowing them to be fixed firmly to 
the aluminium, one on each surface. 

For our test model, we constructed the sup-
port shown in Photo 5.3, but the aluminium 
strip assembly could equally well be taped 
securely to the overhang of a work surface. 

Attach the wires from the strain gauges, 
connect all power supply leads and the 
Picoscope, which should be set to read 
voltage, and turn the power on. 
With no weights on the beam, adjust pre-

set VR2 (offset null) until the output volt-
age is as close to OV as possible. You may 
need to adjust VR1 slightly to accommo-
date any tolerance variations in resistor R3 
and the strain gauges. 
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Photo 5.2. Strain sensor assembly. Fig.5.3. Weighing machine support assembly (see text). 

Place a weight (e.g. 100g) on the beam 
(use a hook of wire) and examine the out-
put voltage — it should have changed posi-
tively. If it has gone down then swap the 
wires from the bridge. Potentiometer VR3 
allows you to adjust the output to a reason-
able value. Change the weight and see 
what happens; hopefully the relationship 
between output voltage and weight should 
be fairly linear! 
The circuit can give a good sensitivity, 

around 10mV/g-I, and works well for 100g 
weights and a bit above, but be careful not 
to bend the beam too far! One noticeable 
problem with the circuit is a drift in the 
zero point over time. You could replace the 
741 op.amps by OP177s to see if this is 
improved. 
By now including components R10 and 

C2, you can add a low pass filter that helps 
to reduce any signal noise. 

Lab 5.2 Spring-Mass Oscillation 
One of the most familiar physics experi-

ments is to look at oscillations of a mass 
connected to a spring. In fact, we have seen 
through the Tutorial that this is the basis of 
an accelerometer. We can use the weighing 
machine from Lab 1, together with the 
Picoscope, to plot changes in force when a 
mass is attached to a spring. 

Attach a spring (any type that will 
respond to a weight of about 100gms) to 
the end of the beam of the weighing 
machine and a weight to the other end. 
When you pull the weight and release it, it 
should oscillate for a time before stopping. 
Use the Picoscope to plot the output volt-
age. 

It might be expected that a nice clean 
decaying sinewave would be the resulting 
waveform, but remember that the beam 
also has a mass and is elastic. 
Consequently, we get a combination of the 
oscillations of the beam and of the weight. 

Try "twanging" the beam without any 
weights attached and observing the signal 
using the Picoscope. However, the ampli-
tude of the beam's oscillation without the 
weight will be smaller, at a higher frequen-
cy and may be difficult to see. 

Lab 5.3. The Problem of Noise 
When trying to process the signals gen-

erated by many forms of sensor, it is 
important to compensate for the effects of 
electrical noise and interference that may 
be picked up along the way. This is 

COMPONENTS 
Approx. Cost 
Guidance Only 

N.B. Some components 
are repeated between Lab 
Works 

Lab 5.1 and 5.2 
Resistors 

R1, R2 4k7 (2 off) 
R3 120Q 
R4, R5 100k (2 off) 
R6, R7 10k 1% (2 cff) 
R8. R9 100k 1% (2 off; 
R10 3M3 

All 0.25W 5% carbon film unless stated 
(see text). 

Potentiometers 
VR1 220Q sub-min preset 
VR2, VR3 10k sub-min preset (2 off) 

Capacitors 
Cl 220µ radial elect. 16V 
C2 144 polyester 

Semiconductors 
D1 2-5V reference diode 

(see text) 
ICI to IC3 741 op.amp (3 off) 

Miscellaneous 
Xi, X2 120Q strain gauge, 8mm 

(2 off) 

Aluminium strip, 1 mm x lcrn x 8cm; 
beam support (see text); small piece of 
stripboard (see text); light-duty spring. 

Lab 5.3a (Fig.5.10) 
Resistors 
R 1 220Q 
R2 100k 
R3 22k 
R4, R6 2k2 (2 off) 
R5 100Q 

All 0.25W 1% carbon film 

Capacitor 
Cl 10n polyester 

See 

TALK 
Page 

Semiconductors 
D1 4V7 Zener diode 
IC1 555 timer 

Miscellaneous 
BI 9V PP3 battery 

Lab 5.3b (Fig. 5.11) 
Resistors 

R1 1k 
R2 22k 

Potentiometer 
10K sub-min preset 

Semiconductor 
IC1 OP177 or similar op.amp 

Resistors 
R1 R2 
R3.94 

Lab 5.4 

lk (2 off) 
22k (2 off) 

Semiconductor 
ICI OP177 op.amp 

Lab 5.5 
Resistors 

Ri 8k25 1% (or 8k2 see text) 
R2 43.2Q 1% (or 47Q see text) 
R3, R4 100k (2 off) 
R5 to R8 10k 1% 

0.25W 5% unless stated. 

Potentiometer 
VRi 4k7 sub-mm preset 

Semiconductors 
IC1 LM334 constant current 

generator 
IC2 to 104 741 op.amp (3 off) 

Miscellaneous 
xi SX100A Sensym 100psi 

pressure sensor 
(see Shoptalk) 

especially true when sensor signals are 
transmitted over long wires, as the accura-
cy and usefulness of signals can be degrad-
ed considerably by noise. 

In this Lab Work we demonstrate the 
basic problems of noise and how to over-
come them. 
To simulate a remote signal source, a 

lIcHz 555 square wave generator can be 

constructed using the circuit of Mg.5.10. 
This is a completely "floating" circuit that 
is powered from a 9V battery, with Zener 
diode D1 limiting the rail voltage to 4.7V. 
This demonstration should not be powered 
from the Teach-In power supply otherwise 
its "floating" characteristic will not exist. 

Construct the circuit of Fig.5.10 on part 
of your solderless breadboard and monitor 
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R1 
220C! 

Fig.5.10. Battery operated square wave generator. 

the output between ICI pin 3 and OV using 
your Picoscope (see Fig.5.11). Select a 
suitable timebase, stop the display (space-
bar) then click on-screen to place two 
rulers. The Picoscope display will measure 
the time period between them — ours was 
969s (f = 1 /t so frequency = 1.03kHz). 
A simple non-inverting amplifier based 

on an OP177 op.amp is shown in Fig.5.12. 
Assemble this on your breadboard, and 
hook it to the Teach-In ± 12V power supply. 

Connect the op.amp's output and OV to 
the Picoscope, and also temporarily con-
nect the wiper of preset VR1 to ICI pin 3. 
Vary the potentiometer and observe the 
output voltage, in order to check that the 
amplifier is functioning. 
By using a very slow timebase and trim-

ming VR1, we obtained results as in 

Fig.5.11 Output of Fig.5.10 as moni-
tored by the Picoscope. 
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Fig.5.13 — note that the Picoscope display 
will clip the signal at ±5V. 
Now we need to simulate a signal source 

connected by relatively long wires. Take 
two 3-metre (approximately) lengths of 
general purpose hook-up wire (solid core is 
better) and twist them together. Simply 
insert one lead into the OV rail on the 
breadboard, close to ICI, and connect the 
other lead to ICI pin 3, the non-inverting 
input. 

Observe the Picoscope display (select a 
timebase of, say, 20ms per division). Our 
results are shown in Fig.5.14. 

Note that although Fig.5.14 apparently 
indicates a square wave, something else has 
actually happened. The op.amp has, in fact, 
amplified the noise 
that is present on those 
long wires, which act 
as antennae, picking 
up the a.c. electrical 
signal from the mains 
wiring all around the 
building. 
A clue is provided 

in the frequency mea-
surement, which is 
calculated as 50Hz. as 
shown, i.e. the UK 
mains frequency 
(overseas, you may 
measure 60Hz). The 
Picoscope display has 
clipped the noise sig-
nal to just ±5V. Fig.5.12. Non-inverting test amplifier circuit. 
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Fig.5.13. Display produced using the 
circuit in Fig.5.12 when using VR1. 
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Fig.5.14. Display produced using the cir-
cuit in Fig.5.12 when using long wires. 

This gives an idea of the scale of the 
problem facing us when we need to trans-
mit low magnitude signals, e.g. those from 
a strain gauge, over long wires and amplify 
them to obtain meaningful results. 
The next stage is to connect the 555 

astable oscillator in Fig.5.10 as the signal 

- . V . • • • • • V 
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Breadboard assembly for ig.5. 10. Breadboard assembly for Fig.5.12. 
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Fig.5.15. Display produced when the 
circuit in Fig.5.10 is connected tc that 
in Fig.5.12. 

source to the op.amp, using the long leads 
to hook across the 1000 output resistor 
(R5). Thus we simulate a sensor's electron-
ic signal of approximately 100mV magni-
tude being transmitted to an amplifier. 
Observe the Picoscope display. Fig 5.15 
confirms a reading of about lkHz. 

Although the problem of noise is less 
evident in this simple demonstration, it is 
still very much there, especially when sen-
sor wires extend for many tens of metres or 
more. Designers must be mindful of this 
and the steps needed to "design-out" such 
problems by using differential amplifiers 
instead. 

Experiment further, if possible, by using 
extremely long wires, or if you have a reel 
of it available, compare the use of screened 
leads or twisted wires. Try to route the 
wires near to "noisy" electrical loads, such 
as motors or mains transformers. 

Next month we discuss noise in more 
detail and at the end of Teach-In series we 
will demonstrate a simple radio-frequency 
system that offers an alternative way of 
monitoring the environment without the 
need to use long wires. 

Lab 5.4. A Differential Approach to Noise 
In Fig.5.16 is shown a simple differential 

amplifier that can be assembled on bread-
board using an OP177 or similar op.amp. 
Use VR1 from Fig.5.12 to apply a test d.c. 
voltage to each input in turn; temporarily 
ground the other input to OV with a link 
wire. This time the output will tend to satu-
rate either high or low when the trimmer is 
adjusted. 

, . 

Breadboard assembly for Fig.5.10 and 
Fig.5.12. 

The 555 oscillator 
is again used as a 
floating signal source 
and this should now be 
connected across the 
two differential inputs 
of the amplifier by 
using the two long 
wires. The op.amp can 
be monitored again 
using the Picoscope, 
see Fig.5.17. 

This time we 
observed that there 
was much less ten-
dency for the signal 
to be affected by out-
side interference 
from mains hum. 
Using a differential method like this is 
clearly likely to ensure that signals from 
sensors will not be unduly affected by 
outside sources of noise, hum, electrical 
spikes and so on. 

Other measures that may need to be 
taken include the appropriate use of shield-
ing and screening, both of the wires them-
selves and sometimes the measuring 
equipment and apparatus as well. 

Fig.5 16. Differential amplifier test circuit. 

Lab 5.5, Atmospheric Air Pressure 
Sensor 
The circuit diagram in Fig.5.18 is for an 

atmospheric pressure sensor that measures 
950mB to 1050mB and uses a Sensym 
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Fig.5.17. Display produced using the 
circuit of Fig.5.16 with that in Fig.5.10. 

SX100 absolute pressure sensor with a 
pressure range of 0 to 100psia. 

Before examining the circuit, we need to 
work out the overall gain required, given 
the sensitivity of ImV per psia. Looking at 
Table 5.1, 1 Bar is equal to 14.504psi, so 
1mB equals 0014504psi and 1psi equals 
1/0.014504 = 68-95mB. Since the SX100 
has an output of ImV per psi then a gain of 
68.95 will give an output such that 1 V rep-
resents a pressure of 1000mB. The output 
from the circuit in mV can therefore be 
read in mB. 
As the SX100 sensors are temperature 

sensitive they need a temperature com-
pensation circuit. This can be achieved 
in a number of ways, including thermis-
tors, diodes and transistors. The method 
used here is taken from the SX series 
datasheet from Sensortechnics 
(www.sensortechnics.com) and uses a 
constant current source device, type 
LM334 (ICI in Fig.5.18) which is tem-
perature sensitive. 
The resistor values for RI and R2 have 

been selected from Table 2 in the LM334 
datasheet to give the best temperature com-
pensation for a power supply voltage of 
I2V. They should be 1% tolerance, 
although the nearest El 2 or E24 series 
values can be used instead. 

Fig.5.18. Circuit diagram for an experimental air pressure sensor. 
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Fig.5.19.Pinout for the SX100 pressure 
sensor. 

It will be seen that the sensor (X1) is 
represented as a bridge-constructed 
device, whose respective outputs feed into 
op.amps IC2 and IC3, the first stage of an 
in.amp. The second stage of the in.amp is 
formed around IC4 and is a differential 
amplifier. The overall gain of the in.amp 
is between 60 and 80, variable by poten-
tiometer VR1. 

Construct the circuit on breadboard, see 
Photo 5.4. The pinouts for the sensor are 
shown in Fig.5.19. 
The circuit should be powered at 

±12V. Following switch on, the bridge 
supply voltage at test point A should 
be 9V. Monitor the output of the amplifi-
er and vary VR1 until the output is close 
to IV. If it is negative then swap the 
Out+ and Out- connections from the 
sensor. 

Calibrating the sensor is not very easy 
unless you have access to a pressure 
source or a digital barometer. A wall-
mounted aneroid barometer is not accu-
rate enough. There are, however, 
occasions when the weather conditions 
are very stable, usually during a period 
of high pressure. When this occurs, the 

Photo 5.4. Breadboard assembly for the circuit in Fig.5.18, with ?he inset at the left 
showing a close-up of the SX100 pressure sensor. 

pressure is usually mentioned on 
weather forecasts and the circuit 
calibrated by varying VR1 until the out-
put in millivolts reads the pressure in 
millibars. 
One thing to note - air pressure also 

varies as a function of height above sea 
level, decreasing with altitude. The circuit 
we have described here is not compensated 
for altitude! 

NEXT MONTH 
In Part 6 next month we examine noise 

in more detail, plus magnetic fields and 
how to sense them. 

If you have any queries directly related 
to this series, you can write to the authors 
do the Editorial address, or you can email 
them to teach-in@epemag.demeace.uk 
(no file attachments or general electronic 
queries please). 

with David Barrington 

MK484 Shortwave Radio 
We can give you two sources for the MK484 radio chip used in the MK484 

Shortwave Radio project. Rapid Electronics (Q 01206 751166 or 
www.rapidelectronics.co.uk) list the MK484 as code 82-1026 and it is 
supplied with a useful data sheet. They also list a suitable miniature (ZN414 
type) tuning capacitor, code 12-0250, and a 100mm length ferite rod, code 
88-3098. The other supplier of the 3-pin radio i.c. is ESR (ne 0191 251 4363 
or www.eseco.uk), who list it as just MK484. The tuning capacitor is listed 
by them as code 896-110. 
The remaining parts for the SW receiver should be readily available from 

most of our components advertisers. 

PIC Virus Zapper 
A pre-programmed PIC16F84 microcontroller for the PIC Virus Zapper can 

be purchased from the author for the sum of £6 (add £1 for overseas). Orders 
(mail only) should be sent to Andy Flind, 22 Hohway Hill, Taunton, 
Somerset, TA1 2HB. Payments should be made out to A. Rind. For those who 
wish to program their own PICs, the software is available from the Editorial 
offices on a 3.5in. PC-compatible disk (EPE Disk 5), see PCB Service page 
219. It is also available Free via the EPE web site: ftp://ftp.epemag.wlm-
borne.co.ukipub/PICSNIrusZapper. 
The 4kHz resonance piezoelectric sounder (code 172-7295) and the plas-

tic case (code 244-8577) used in the model both came from RS and can be 
ordered through any bona-fide stockists, including many of our advertisers. 
You can order direct (credit card only) from RS on te 01536 444079 or at 
rswenv.com. Expect to pay a post and packing charge. 
The printed circuit board is available from the EPE PCB Service, code 337 

(see page 219). 

RH Meter 
We understand that the Honeywell HIH3605-A capacitive humidity sensor 

called for in the RH Meter project is stocked by Farnell (te 0113 263 6311 or 
www.tarnell.com), code 723-4624, and by RS (e 01536 444079 or 
rswww.com) code 334-2975. A post and packing charge may be incurred. 
The rest of the components for this project should be easy to find, but being 

mostly surface mount types you will probably have to order in multiple 
quantities. If you have difficulty locating surface mount versions of the LM2931 
and LM2904 try Fameli, see earlier. The small surface mount printed circuit 
board is available from the EPE PCB Service, code 338 (see page 219). 

PIC Mini-Enigma 
The 2-channel 20-character alphanumeric display module used in the PIC 

Mini-Enigma project appears to be widely stocked. However, they do seem to 
vary in price and their interconnecting arrangements, having data/segment 
wiring pads on the side, top or bottom eages of tne p.c.b., and you will need 
to adapt the wiring to the display The I.c.a. must incorporate a H044780 con-
troller chip. (The type in normal widespread use.) 

This project requires two PIC16F84s, one for Enigma and the other for the 
'Matchbox" unit. A pair of ready-programmed PICs can be purchased from 
Magenta Electronics (e 01283 565435 or wwwmagenta2000.co.uk) for the 
inclusive price of £ 11.80 (overseas add £1 p&p). The software is available on a 
3.5in. PC-compatible disk (EPE Disk 5) for the SJM of £3 (UK), to cover admin 
costs (for overseas, see page 219). It is also available Free from the EPE web 
site at: ftp://ttp.epemag.wimbome.co.uktpubsiPICS/EnIgma. 

Teach-In 2002 — Lab 5 
This month's Teach-ln 2002 — Lab Work 5 need.; two special sensor trans-

ducers. The strain gauge came from Rapid (a 01206 751166 oi www.rapid 
electronlcs.co.uk) and is their type 23 (for aluminium), code 78-1110. 
Unfortunately, the Sensym SX100A pressure sensor appears to be unavailable 
at the tMe of going to press. Famell (It 0113 263 6311 or www.tarnelicom) 
can supply an alternative SX15A (order code 674-217) which can be used if the 
gain of the circuit is changed to 10. 

PLEASE TAKE NOTE 
Time Delay Touch Switch Jan '02 
Page 26, Fig.2. Note that the p c.b. foil mastet should oe a "mirror image" 

(flipped-over) of that shown, i.e. viewed from other side. 

PIC Spectrum Analyser Feb '02 
The RS part number for the TDA703 analogue-to-digital converter should 

be 181-9754. 

Toolklt TK3 
Update version V1.2 is now on the FTP site. file 07Jan02 TK3 

updates.TXT details the enhancements. 

Nov '01 I 
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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 pug 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 r'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 

External 
pH 

probe 
Microphone 

Output 

Voltage 

— Resistance 

Light level 

Temperature 

External sensors: 
+Temperature 
+Humidity 
+Reed Switch 

To order the DrDAQ please choose one of the following options: 
i) Visit our web site and place an order over the Internet, 
ii) Place an order over the phone by ringing the number below,or, 

iii) Fill out the order form and either fax it, or post d back to Pico Technology. 

Quanta} Package 

DrDAQ + Software 

DrDAQ + 2 Temp 
Sensors 

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

Delivery 

Price inc VAT 

£69.32 

£92.85 

£175.08 

£4.11 

Grand Total 

Name 

Address 

Post code 

Phone 

Credit Card 

Card Nether 

Expiry Date 

Visa I Mastercard , Switch Amex 

Start Date & or lssue 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 



PRACTICALLY SPEAKING 
Robert Pen fold looks at the Techniques of Actually Doing It! 

ONE of the low-tech aspects of this 
hi-tech hobby is the wire that can 

be found in every project. Modern 
construction techniques have 
reduced the amount of hard wiring, 
but every project includes at least a 
few wires and cables. Many projects 
are fairly bristling with them. 
The subject of cables is perhaps 

slightly more hi-tech than one might 
think. Looking through one of the larger 
electronic component catalogues will 
probabk reveal many pages of wires 
and cables, with dozens of different 
types listed. For newcomers this may 
be surprising, but there is no universal 
cable that suits all eventualities. A cable 
that is perfect for a television aerial 
down lead is not much use for wiring up 
projects, and vice versa. 

Hard Wiring 
One type of wire every 

constructor needs is con-
necting wire, which is also 
called hook-up or equipment 
wire. Whatever you call it, 
this is a thin wire having 
plastic insulation, and it is 
used for making the connec-
tions from circuit boards to 
controls and sockets, or any 
wiring ot this general type. 
There are usually several 
types on offer in electronic 
component catalogues. 
There are two basic types, 

which a-e the single and 
multi-core varieties. The sin-
gle core ype has the advantage that 
it can 5e formed into complex 
shapes, and it will retain those 
shapes. This makes it easy to run the 
wire neatly from point A to point B. It 
also micas it easier to form several 
wires into what is effectively one 
multi-way cable. 
However, single core connecting 

wire is little used in practice. Its major 
flaw is that the wire is easily dam-
aged when the plastic insulation is 
stripped away. Even using proper wire 
strippers, there is a risk of the wire 
being nicKed slightly. This tends to 
seriously weaken the wire at that 
point, usually causing it to break if 
there is any flexing of the wire. While 
wire having multiple cores is not 
immune from this problem, it is much 
less vulnerable to it. 

Fig.1. Ribbon cable peels apart to produce a cable having 
the required number of ways (wires). The ribbon cable 
shown here is the multi-coloured type. 

Making the Grade 
Both types of equipment wire are pro-

duced in Ight-, medium-, and heavy-
duty varieties. Light-duty equipment 
wire is usually described as something 
like " 10/01, which means that it has 10 
strands of 0.1mm diameter wire. This 
type of wire can only be used for cur-
rents of up to about 500mA, but the 
maximum current in most projects is 
only a fraction of this figure. 

However, a medium duty wire such 
as a 7/0.2 type is probably better for 
general project wiring. The maximum 
current rating for this type of wire is 
about 1.5A. 
An even heavier gauge is needed 

for projects such as power supplies 
and power amplifiers, which often 
involve maximum currents of several 
amps. Heavy-duty 24/0.2 wire can 
handle currents of up to 6A and is 
adequate for most purposes. Heavy-
duty equipment wires are unwieldy 
and difficult to use. Only use a wire of 
this type where high currents are 
involved. 

Single core equipment wire is gen-
erally available in only a limited range 
of sizes. In fact, these days most cat-
alogues only list one size, if it is 

included at all. The most common 
size is 1/0.6, which is suitable for light 
and medium duty applications. 
There are other types of single 

core wire, and most catalogues list 
enamelled copper wire in a range of 
sizes. This type of wire has a very thin 
layer of insulation that is more or less 
just a coat of varnish. Wire strippers 
are not needed with enamelled wire, 
and the insulation can be scraped 
away using a miniature file or a 
penknife. 
Enamelled wire is unsuitable for 

most applications because of the 
ease with which the insulation is 
damaged. The main application for 
enamelled copper wire is home-made 
inductors (coils) and transformers. 
Tinned copper wire has no isolation, 
and is mainly used for link-wires on 
circuit boards. 

Originally, single core wires were 
available in a range of standard wire 
gauges (s.w.g.). The available gauges 
ran from about 14 to 40. These gauge 
sizes were apparently used for all 
sorts of things, including knitting 
needles. 
You may still encounter references 

to something like 24s.w.g. wire, or 
even 24a.w.g. (American wire gauge). 
However, the more normal method 

these days is for the diameter of the 
wire to be given in millimetres. For 
instance, 14s.w.g. wire is very thick at 
about 2mm in diameter, and 40s.w.g. 
wire is very fine at a mere 0-125mm. 

Ribbon Cable 
Ribbon cable is a multi-way type 

that has numerous insulated wires 
laid side by side and joined together. 
This produces a flat ribbon-like cable 
that usually has from 10 to about 60 
wires. 
One type of ribbon cable is specifi-

cally designed for use with computer 
connectors that utilise solderless 
connections. The 0.05in. pitch of the 
wires matches the pitch of the termi-
nals on the connectors. This cable is 
grey in colour apart from a red lead at 

one edge. By convention, the 
red lead is used to connect pin 
1 of one connector to pin one 
of the other connector. 
A second type of ribbon 

cable is of more use when 
building electronic projects. It 
is essentially the same, but 
the wires have insulation of 
different colours. The colour of 
the insulation may seem to be 
of no importance, but it 
enables each wire to be easily 
identified. 
The idea is to use ribbon 

cable instead of a convention-
al cable-form produced from 
individual wires. This type of 
ribbon cable is normally sold 

in 10-way and 20-way varieties, but it 
is easy to peel off a section having 
the required number of wires (see 
Fig.1). 

Cross-talk 
Ribbon cable provides an easy way 

of making multiple connections from 
a circuit board to off-board compo-
nents such as sockets and poten-
tiometers, but it is best not to merge 
too many connections into one group. 
A capacitor consists of two metal 
electrodes separated by a layer of 
insulation. A ribbon cable consists of 
pairs or wires separated by a layer of 
insulation, and each pair or wires 
therefore form a capacitor. 
The capacitance from one wire to 

the next is not very great, and will 
normally be no more than a few pico-
farads. However, this can still be 
enough to couple a signal from one 
wire to the next. 
With something like three wires 

running from a circuit board to a 
potentiometer, the capacitance in the 
cable is likely to be too small to have 
any detrimental effects. Using a four-
way ribbon cable to carry the connec-
tions to an input socket and an output 
type is more dubious. This tends to 
couple some of the output signal 

202 Everyday Practical Electronics, March 2002 



back to the input, which usually 
guarantees instability. If in doubt, 
use a separate piece of cable for 
each component, which is often 
the easiest way to do things 
anyway. 

Screened Leads 
Component catalogues usually 

list many other types of multi-way 
cable, and some of these are for 
specific purposes such as mains 
leads and RS232C serial cables. 
Novice constructors are unlikely 
to use any of these. However, the 
various types of screened cable 
are a different matter. 
Screened leads are used for audio 

cables such as the ones used to con-
nect hi-fi components together. The 
problem with long audio cables is that 
electrical noise tends to be picked up 

Fig.2. Twin lapped audio cable (top) and 75 ohm coaxial 
cable (bottom). 

in the wires. Mains "hum" is the pri-
mary problem, but these days most 
environments are polluted with elec-
trical noise from radio stations, televi-
sion sets, etc. 
A single screened cable has an 

insulated wire at its centre, and this is 
surrounded by some form of screen. 
In the case of an audio cable, this is 
usually a number of fine wires that 
are wrapped around the insulation of 
the inner wire. This is known as a 
lapped screen. With some audio 
cables and many cables that are 
designed for high frequency use, the 
wires are woven into a braiding (or 
mesh). 
The lower cable in Fig.2 is a coaxi-

al cable for hign frequency use, and 
this has a simple form of braided 
screen. The upper cable is a twin 
audio type and this has a lapped 
screen. In either case, an overall 
plastic sheath insulates the screen 
and holds everything together. 
The screen always carries the 

earth or common (OV) connection, 
and it provides a barrier between the 
inner conductor and the outside 
world. This prevents electrical roise 
from reaching the inner conductor, or 
any signals making the trip in the 
opposite direction. 
Audio projects usually have metal 

cases that are earthed to the nega-
tive supply rail, and provide overall 
screening of the components and 
wiring. However, under some circum-
stances it is still necessary to use 

Fig.3. A twin screened (lapped) cable prepared for connection. 

screened leads within a project. One 
reason is simply that the input of the 
circuit is so sensitive that it becomes 
a case of the more screening the 
better. 
A more common reason is that the 

circuit provides a 
very high level of 
voltage gain, and 
that even a minute 
amount of stray 
feedback from the 
output to the nput 
could cause insta-
bility. This usually 
manifests itself in 
the form of the cir-
cuit breaking into 
oscillation. Using 
screened leads to 
carry the input and 
output connections 
helps to minimise 
any stray feedback. 

Seeing Double 
Audio cabes usually carry stereo 

signals and require twin screened 
lead. One type is effectively just two 
single screened leads joined side by 
side (see Fig.2). This is the best type, 
since the inner conductors are 
screened frcm each other as well as 
the outside wcrld. 
Individual 

screening virtually 
eliminates any 
stray coupling from 
one lead to the 
other, which could 
otherwise reduce 
the stereo channel 
separation. The 
cheaper type has 
an overall screen 
for the two inner 
conductors, but no 
screening between 
them. It is best to 
restrict the use ot 
overall screened 
cables to applications that require 
short cables. 
Audio cables tend to differ in terms 

of their quality rather than in any fun-
damental electrical difference. Cables 
for operation at high frequencies are 
different in that they are designed to 
operate with sources and loads hav-
ing a certain impedance. 
These are generally called coaxial 

(or just 'coax") cables, although 
strictly speaking, all screened cables 

are of the coaxial variety. 
Where a project requires 
a specific type of 
screened cable, such as 
a low-noise audio type or 
a 75-ohm coaxial cable, 
the article concerned 
should explain the exact 
requirements. 

Making Connections 
Using screened cables 

is a bit fiddly, but it is not 
too difficult. The first task 
is to remove a piece of 
the outer sheath from 

one end of the cable. Ordinary wire 
strippers work well with thin audio 
cables, but a special heavy-duty type 
is required for most coaxial cables. 
Alternatively, a modelling knife can be 
used to make two cuts through the 
sheath on opposite sides of the 
cable, so that the sheath can be 
peeled back and trimmed. Either way, 
try not to damage the fine wires in the 
screen. 

With a lapped cable the wires in the 
screen can be pulled to one side and 
twisted together to form a short lead. 
It is best to tin the wires with solder 
so that they cannot splay apart again. 
Remove a short piece of insulation 
from the inner conductor using wire 
strippers, tin the end of the wire with 
solder. and the lead is ready to be 
connected (see Fig.3). 

This method works with some 
braided cables, but it can be difficult 
to separate the braiding into individ-
ual wires. An alternative, which can 
also be used with lapped cables, is to 
first cut back the screen so that only 
a few millimetres of exposed wire 
remain. Tin the exposed screen with 
solder, trying not to overheat and 
seriously melt the plastic parts of the 
cable. 

Fig.4. A coaxial cable that has been prepared for connection. 

Take a short piece of tinned copper 
wire, wrap it around the screen, but 
leave lOmm or 20mm of excess wire to 
act as the leadout wire for the screen. 
Solder the wire to the screen, again 
taking care not to damage the cable. 

Finally, remove a piece of insula-
tion from the end of the inner conduc-
tor, and then tin this and the end of 
the leadout wire for the screen. This 
produces something like Fig.4, which 
is ready for connection. 
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Complimentary output stage 

Logic Probe testing 

ELECTRONICS CD-1:1011/IS 
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. 

ANALOGUE ELECTRONICS 
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 
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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. AID and D/A converters, 
traffic light controllers, memories and microprocessors - architecture, bus 
systems and their arithmetic logic units. 

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. 

DIGITAL WORKS 3.0 
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 

ELECTRONICS 
CAD PACK 

PCB Layout 

Electronics CADPACK allows users to 
design complex circuit schematics, to view 
circJit 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. 

"C" FOR PICMICRO 
MICROCONTROLLERS 

C for PlCmicro MIcrocontrollers is 
designed for students and professionals 
who need to learn how to use C to 
program embedded microcontrollers. This 
product contains a complete course in C 
that makes use of a virtual C PlCmicro 
which allows students to see code 
execution step-by-step. Tutorials, exercises 
and practical projects are included to allow 
students to test their C programming 
capabilities. Also includes a complete 
Integrated Development Environment, a full 
C compiler, Arizona Microchip's MPLAB 
assembler, and software that will program 
a PIC16F84 via the parallel printer port on 
your PC. (Can be used with the PICtutor 
hardware - see opposite.) 
Although the course focuses on the use of 
the PlCmicro series of microcontrollers, 
this product will provide a relevant 
background in C programming for any 
microcentroller. 

rD R!CES 
Prices for each of the CD-ROMs above are: 

Hobbyist/Student £45 inc VAT 

Institutional (Schools/HE/FE/Industry) 

Institutional 10 user (Network Licence)  

(UK and EU customers add VAT at 17.5% to "plus VAT" prices) 

 £99 plus VAT 

£199 plus VAT 



Ciecuit simulation screen 

Interested in programming PIC microcontrollers? Learn with PICtutor 

The Virtual PIC 

Deluxe PICtutor Hardware 

This highly acclaimed CD-ROM by John Becker, together with the PICtutor 
experimental and development board, will teach you how to use PIC microcontrollers 
with special emphasis on the PIC16x84 devices. The board will also act as a 
development test bed and programmer for future projects as your programming skills 
develop. This interactive presentation uses the specially developed Virtual PIC 
Simulator to show exactly what is happening as you run, or step through, a 
program. In this way the CD provides the easiest and best ever introduction to the 
subject Nearly 40 Tutorials cover virtually every aspect of PIC programming in an 
easy to follow logical sequence. 

HARDWARE 
Whilst the CD-ROM can be used on its own, the physical demonstration provided by 
the PICtutor Development Kit, plus the ability to program and test your own 
PIC16x84s, really reinforces the lessons learned. The hardware will also be an 
invaluable development and programming tool for future work. 
Two levels of PICtutor hardware are available — Standard and Deluxe. The Standard 
unit comes with a battery holder, a reduced number of switches and no displays. 
This version will allow users to complete 25 of the 39 Tutorials. The Deluxe 
Development Kit is supplied with a plug-top power supply (the Export Version has a 
battery holder), all switches for both PIC ports plus I.c.d. and 4-digit 7-segment led. 
displays. It allows users to program and control all functions and both ports of the 
PIC. All hardware is supplied fully built and tested and includes a PIC16F84. 

PICtutor CD-ROM HARDWARE 
Hobbyist/Student  £45 inc. VAT 
Institutional (Schools/HE/FE Industry) ...£99 plus VAT 
Institutional 10 user (Network Licence) .£199 plus VAT 

Standard Development Kit ....£47 inc. VAT 
Deluxe Development Kit  £99 plus VAT 
Deluxe Export Version  £96 plus VAT 

(UK and EU customers add VAT at 17.5% to "plus VAT" prices) 

ELECTRONIC 
COMPONENTS 

PHOTOS 
A high quality 
selection of over 
200 JPG images 
of electronic 
components. 
This selection of 
high resolution 
photos can be 
used to enhance 
projects and 
presentations or to help with training 
and educational material. They are 
royalty free for use in commercial or 
personal printed projects, and can 
also be used royalty free in books, 
catalogues, magazine articles as well 
as worldwide web pages (subject to 
restrictions — see licence for full 
details). 
Also contains a FREE 30-day 
evaluation of Paint Shop Pro 6 — 
Paint Shop Pro image editing tips 
and on-line help included! 

Price £19.95 inc. VAT 
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ELECTRONIC CIRCUITS 8t 
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 8 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 ciicuit dagrams. Selections include: Components, Components Quiz, Symbols, 
Symbols Quiz, Circuit Technology. 
IncILded in the Institutioral Versions are multiple choice questions, exam style questions, 
fault finding virtual laboratories and investigations/worksheets. 

Hobbyist/Student  £45 inc VAT 

Institutional (Schools/HE/FE/Industry)  £99 plus VAT 

Institutional Site Licence  £499 plus VAT 

(UK and EU customers add VAT at 17.5% to "plus VAT" prices) 

ELECTRONICS IN CONTROL 
Two colourful animated courses for students on one CD-ROM. These 
cover Key Stage 3 and GCSE syllabuses. Key Stage 3: A pictorial look 
at the Electronics section featuring animations and video clips. Provides an ideal 
introduction or revision guide, including multi-choice questions with feedback. GCSE: 
Aimed at the Electronics in many Design & Technology courses, it covers many sections 
of GCSE Electronics. Provides an ideal revision guide with Homework Questions on 
each chapter. Worked answers with an access code are provided on a special 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 VAT at 17.5% to "plus VAT" prices) 

MODULAR CIRCUIT DESIGN 
Contains a range of tried and tested analogue and digital 
circuit modules, together with the knowledge to use and interface 
them. Thus allowing anyone with a basic understanding of circuit symbols to 
design and build their own projects. Version 3 includes data and 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 construction, 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) 

Minimum system requirements for these CD-ROW... Pentium PC, CD-ROM drive. 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME 

Please send me: 

E Electronic Projects 

D Analogue Electronics 
D Digital Electronics 

D Filters 
D Digital Works 3.0 
E Electronics CAD Pack 

D C For PlCmIcro Microcontrollers 
PICtutor 

D Electronic Circuits & Components V2.0 

CD-ROM ORDER FORM 

Version required: 

D Hobbyist/Student 
D Institutional 
D Institutional 10 user 

D Institutional 
site licence 

Note: The software on each 
version is the same (unless 
stated otherwise above), only 
the licence for use varies. 

Mt" 

PICtutor Development Kit — Standard 

PICtutor Development Kit — Deluxe El Deluxe Export 

• 
z 

Eli Duns ( Ise 

Note: The CD-ROM is not included 
in the Development Kit prices. 

Electronic Components Photos 
Electronics In Control — Single User 

Electronics In Control — Multiple User 

Modular Circuit Design — Single User 
Modular Circuit Design — Multiple User 

Full name: 

Note: The software on each version is 
the same, only the licence for use varies. 
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Address:   

 Post code:  Tel. No:   

Signature:   

D I enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £   

Please charge my Visa/Mastercard/Amex/Diners Club/Switch: £  Card expiry date:   

Card No-
t_  

Switch Issue No.   

mouse, sound card, web browser. 

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@wimbome.co.uk 

Online shop: 
www.epemag.wimborne.co.uk/shopdoor.htm 



SURFING THE INTERNET 

NET WORK 
ALAN WINSTANLEY 
WELZOME to Net Work, our monthly column specially written for 
V V Internet users. If you are a new reader of our magazine don't 
forget that you can browse through the indexes of previous issues, 
dating back to 1998, by visiting our web site at 
http://www.epemag.wimborne.co.uk. You can visit our popular 
free "Chat Zone" where you can interact with other readers using a 
text-based message board. 

Also you can subscribe or renew your subscription using our 
secure order forms, and, of course, there's our online Shop (/shop-
door.hthi) where a large range of electronics and radio books, back 
issues and reprints are available for purchase on-line. We also host 
our free source codes for our PIC projects at ftp://ftp.epemag.whn-
borne.co.uk/pub/PICS from where they can be downloaded for 
free! Lastly, don't forget that you can buy EPE and download it to 
your computer for just $9.99(US) for 12 issues (about £7.20) from 
our EPE Online web site at www.epemag.com. 

01/12 Resources 
Very recently I trundled into my local Maplin store in search of a 

DVD-ROM drive for my PC, only to be told that they have all been 
discontinued... ! 

In the UK the DVD player was the consumer product to get at 
Christmas 2001 and prices for DVD players are still falling. Adding 
a DVD player (DVD-ROM) is a very worthwhile and simple 
upgrade for PC users, and 16-speed DVD ROM drives are available 
for only £50 from computer stores. Some magazine cover disks are 
available in DVD format and they include more video footage and 
content than can ever be squeezed onto a CD-ROM. This month's 
Net Work offers web users a few pointers to DVD (Digital Versatile 
Disk) resources available out there in cyberspace. 

If you're thinking of buying a PC DVD-ROM drive, it is always 
worth searching the Internet to see what's on offer, so query some 
shopping carts to compare prices. You will probably have a far 
wider choice than any computer store can offer, plus you get an 
opportunity to do some homework first. 
A good place to start is the official Internet DVD FAQ for the 

rec.video.dvd Usenet newsgroup at www.dvddemystified.com/ 
dvdfaq.html which is extremely comprehensive. A DVD 
Frequently Asked Questions page is at http://faq.inmatrix.com 
where there are some pointers available to those who are new to 
DVDs, including information on region codes. 
To play DVD movie footage you will need some decoder hardware 

and software as well. Windows 95/98 cannot play DVDs directly (both 
Windows ME and Windows XP can), and Apple users probably have 
an easier life in this respect. Before you do anything, check DVD com-
patibility in your operating system first (look around Windows Media 
Player especially) as you may be able to fetch free upgrades or patch-
es over the Internet: check www.mierosoft.com as required. 

Free Out Not Easy 
A search for freeware DVD software players produced very 

mixed results. You can try a freeware player at www.maximus-
dvd.com or search Google for alternatives. However, the general 
feeling seems to be that commercial software produces better and 
more consistent performance. Earlier software packages or bundled 
programs sometimes had compatibility problems so a current soft-
ware product is probably the best answer. 
A very popular DVD player is Cyberlink's PowerDVD 4 which 

is available for download and direct purchase from www.gocyber-
link.com. Version 4 installed and worked perfectly on my own 
system, unlike an earlier version, and it is also Windows XP com-
patible if you don't get on with Windows Media Player. It costs 
$49.95 for the download edition. 
Be aware that you can change the region code no more than five 

times in PowerDVD after which the software will lock you into 
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your fifth selection. It is fully skinnable so you can change its look 
and feel; a "skin" kit is available online, as are PDFs showing you 
how to compose your own skins using your own graphics package. 
(I'm working on a stripboard version!) 
More details are at www.dvdonet.com from where more skins 

can also be downloaded (those intended for V3 also ran on the lat-
est V4). If you have a TV card installed as well, consider 
Cyberlink's PowerVCR 2 which includes PowerDVD 3 and turns 
your system into a complete video recorder — provided you have the 
hard disk space! This and more can be downloaded from 
Cyberlink's web site. 

Other DVD resources include www.digital-digest.com/dvd/ 
downloads/playback.html where there are some applications 
available for Linux and Apple users. Several DVD stores are online, 
including Amazon (www.amazon.co.uk) and the BBC (www.bbc-
shop.com). Time to break out The Matrix on DVD again, to see if 
I understand it! 

Stripboard Designer 
When developing circuits it is often a good idea to prototype 

them on stripboard if possible, which gives you the flexibility need-
ed to modify the circuit design. Many hobbyists crave for a PC soft-
ware package that will assist in designing the component and cop-
per track layouts on-screen. 

Several years ago a package called "Stripboard Magic" made a 
brief appearance but there has been nothing available since then. A 
simple stripboard layout program is now offered by Abdullah Daud 
who emails me to say that a free demo version can be downloaded 
from his web site at www.geocifies.com/stripboarddesigner. It 
has no schematic capture function but may still help to design the 
component layout. 

The simple program includes the ability to draw shapes, place 
wires or make holes. Also included is a small component library to 
get you started. The program is in its early days, and I noted the odd 
glitch placing component shapes, but there's no beating the princi-
ple of trying shareware first so why not download the trial and 
check it out for yourself. The likely cost to buy will be $25.00. 
You can email the author at alan@epemag.demon.co.uk. 
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Screenshot of StripBoard Designer Version 1.1. 
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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 of 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 Vein, spin-
dles. Pack of 10. (›der Ref: 295. 

REVERSING SWITCH. 20A double-pole or 40A 
single pole. Order Ref: 343. 

LUMINOUS PUSH-ON PUSH-OFF SWITCHES. 
Pack of 3. Order Ref: 373. 
SLIDE SWITCHES. Single pole changeover. Pack 
of 10. Order Ref: 1053. 

PAXOLIN PANEL. Approximately 12in. x 12in. 
Order Ref: 1033. 
CLOCKWORK MOTOR. Suitable for up to 6 
hours. Order Ref: 1038. 

TRANSISTOR DRIVER TRANSFORMER. 
Maker's ref. no. LT44, impedance ratio 20k ohm to 
1k ohm; centre tapped, 50p. Order Ref: 1/23R4. 
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. 5012 coil. Pack of 
2. Order Ref: 908. 

5K POT, standard size with DP switch, good 
length % 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: GRZ1 

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: 086. 
LUMINOUS ROCKER SWITCH, approximately 
30mm square, pack of 2. Order Ref: 064. 

MES LAMPHOLDERS slide on to % in. tag, pack 

of 10. Order Ref: 1054. 
HALL EFFECT DEVICES, mounted on small 
heatsink, pack of 2. Order Ref: 1022. 

12V POLARISED RELAY, 2 changeover contacts. 
Order Ref: 1032. 
PROJECT CASE, 95mm x 66mm x 23mrn with 

removable lid held by 4 screws, pack of 2. Order 
Ref: 876. 

LARGE MICROSWITCHES, 20mm x 6mm x 
10mm, changeover contacts, pack of 2. Order 
Ref: 826. 
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. 

QUARTZ LINEAR HEATING TUBES, 306W but 
110V so would have to be joined in series, pack 

of 2. Order Ref: 907. 
REELS INSULATION TAPE, pack of 5, several 
colours. Order Ref: 911. 
LIGHTWEIGHT STEREO HEADPHONES. Order 
Ref: 989. 
THERMOSTAT fo• ovens with % in. spindle to take 
control knob. Order Ref: 857. 

MINI STEREO 1W AMP. Order Ref: 870. 

SELLING WELL BUT STILL AVAILABLE 
IT IS A DIGITAL MUL-
TITESTER, complete 
with backrest 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 resist-
ance up to 2 megs. 
Also tests transistors 
and diodes and has an 
internal buzzer for con-
tinuity tests. Comes complete with test prods, battery and 
instructions. Price £6.99. Order Ref: 7P29. 
INSULATION TESTER WITH MULTIMETER. Internally gen-
erates 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 C«, 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. 
PHILIPS 9In. MONITOR. Not cased, but it is in a frame for 
rack mounting. It is high resolution and was made to work 
with the IBM 'One per disk' computer. price £ 15. Order 
Ref: 15P1, 
METAL CASE FOR gin. MONITOR. Supplied as a flat 
pack, price £ 12. Order Rat 12P3. 
ANOTHER PROJECT CASE. Should be very suitable for a 
non-recognisable bug or similar hand-held device. It is 
150mm long, 36mm wide and 15mm thick. Originally these 
were TV remote controls, price 2 for £ 1. Order Ref: 1068. 
A MUCH LARGER PROJECT BOX. Size 216mm x 
130mm x 85mm with lid and 4 screws. This is an ABS box 
which normally retails at around £6. All brand new, price 
£2.50. Order Ref: 2.5P28. 
BT TELEPHONE EXTENSION WIRE. This is proper heavy 
duty cable for running around the skirting board when you 
want to make a permanent extension. Four cores properly 
colour coded, 25m length only £ 1. Order Ref: 1067. 
HEAVY DUTY POT. Rated at 25W, this is 20 ohm resist-
ance so it could be just right for speed controlling a d.c. 
motor or device or to contraol the output of a high current. 
Price £ 1. Order Ref: 1/33L1. 
1mA PANEL METER. Approximately 80mm x 55mm, front 
engraved 0-100. Price £1.50 eacn. 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. deal for putting on a van, a tractor 
or any vehicle that shoJld always be seen. Uses a Xenon 
tube and has an amber coloured dome. Separate fixing 
base is included so unit can be put away if desirable. Price 
£5. Order Ref: 5P267. 
MOST USEFUL POWER SUPPLY. Rated at 9V 1A, this 
plugs into a 13A socket, is really 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 voltage 
pulses so there should be no loss of power. In kit form 
these are £ 12. Order Ref: 12P34. Or made up and tested, 
£20. Order Ref: 20P39. 
BALANCE ASSEMBLY KITS. Japanese made, when 
assembled ideal for chemical experiments, complete with 
tweezers and 6 weights 0.5 tc 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 beau-
tifully made, slightly larger than the standard 6.3V pilot 
bulb so they would be ideal for making displays for night 
lights and similar appications. 
SOLDERING IRON, super mains powered with long-life 
ceramic element, heavy duty 40W for the extra special job, 
complete with plated wire stand and 245mm lead, £3. 
Order Ref: 3P221. 
HIGH AMP THYRISTOR. Normal two contacts from the top 
and heavy threaded fixing underneath. We don't know the 
amperage of this but think it to be at least 25A. Price 50p 
each. Order Ref: 1/7RC43. 
THREE LEVEL PRESSURE SWITCH. All 3 are low pres-
sures and the switch could be blow-operated. With a suit-
able tubing these switches could control the level of liquid, 
etc., price £ 1. Order Ref: 67. 
BREAKDOWN UNIT, Order Ref: BM41001. This is proba-
bly the most valuable breakdown unit that you have ever 
been offered. It conta.ns the items specified below, just 2 of 
which are currently selling at £3.50 each. Other contents 
are: 
Computer grade electrolytics, 330,14F 250V DC, you get 4 of 
these. 4,700p F at 50V DC, you get 2 of these. 1,000eF at 
16V DC, you get one of these. and 16A 250V double rock-
er switch, 115V to 250V selector switch. You also get a 
standard flat pin instrument socket, a 250V 5A bridge rec-
tifier, 2 x 25A bridge rectifiers mounted on an aluminium 
heatsink but very easy to remove. 
2 NPN power transistors ret BUV47, currently listed by 
Maplins at £3.50 each, a power thyristor. Mullard ref. 
BTW69 or equivalent, listed at £3. 
All the above parts are very easy to remove. 100s of other 
parts not so easy to remove, all this is yours for £5. Order 
Ref: 1/11R8. 

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 
240V AC 1-pole changeover £1.50 FR14 
240V AC 4-pole changeover £2.00 FR15 
Prices include base 
MINI POWER RELAYS 
For p.c.b. mounting, size 28mm x 25mm x 12mm, all have 
16A changeover contacts 
for up to 250V. Four versions 
available, they 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 j I I 
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 deperding 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. 

BUY ONE GET ONE FREE 
ULTRASONIC MOVEMENT DETECTOR. Nicely 
cased, free standing, has internal alarm which can be 
silenced. Also has connections for external speaker or 
light. Price £ 10. Order Ref: 10P154. 
CASED POWER SUPPLIES which, with a few small 
extra components and a bit of modifying, would give 
12V at 10A. Originally £9.50 each, now 2 for £9.50. 
Order Ref: 9.5P4. 
3-OCTAVE KEYBOARDS with piano size keys, brand 
new, previous price £9.50, now 2 for the ¡rice of one. 
Order Ref: 9.5P5. 

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 airing cupboara, etc., needs 
only a simple mounting frame, price £5. Order Ref: 5P23. 
IT IS VERY POWERFUL In fact it is almost 1/4 h.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 company, this motor should give a good, long, trou-
ble-free service. Offered at £ 12 each or if you order a pair, 
then you can have the pair for £20. Order Ref: 12P41. 

TERMS 

Send cash, PO, cheque or quote credit card number. If 
order under £25 and for heavy items add £4.50 carriage. If 
lightweight add postage which you think wil, cover. 

J 81 N FACTORS 
Pilgrim Works (Dept.E.E.) 
Stalrbrldge Lane, Bolney 

Sussex RH17 SPA 
Telephone: 01444 881965 
E-mail: jnfactors@aol.com 

Everyday Practical Electronics, March 2002 207 



BK ELECTRONICS 150W TO 2500W - 12V & 24V 

• ir A COMPLETE RANGE OF A Complete range of regulated inverters to power 220V and 240V AC 

INVERTERS equipment via a car, lorry or boat battery. Due to their high performance 
(>90%) the inverters generate very little neat. The high stability of the 
output frequency (+1-1%) makes them equally suitable to power 

sensitive devices. 
These inverters generate a modified sine wave, which are considerably superior to the square waves which are produced by 
most other inverters. Due to this superior feature they are capable of powering electrical equipment such as TV,s, videos, 
desktop & notepad computers, microwave ovens, electrical lamps, pumps, battery chargers, etc. 

Low Battery Alarm 
The inverters give an audible warning signal when the battery voltage is lower than 10.5V (21V for the 24V version). The inverter 
automatically shuts off when the battery voltage drops below 10V (20V for the 24V version). Fuse protected input circuitry. 

Order Code Power Voltage Price 

651.581 
578 

651.582 
1.585 

651.583 
3 

651.587 

651.602 
'f15 

651.589 
u51.599 

150W Continuous 
150W Continuous 
300W Continuous 
300W Continuous 
600W Continuous 
600W Continuous 
1000W Continuous 
1000W Continuous 
1500W Continuous 
1500W Continuous 
2500W Continuous 
2500W Continuous 

12V £36.39 
24V £36.39 
12V £50.64 
24V £50.64 
12V £101.59 
24V £101.59 
12V £177.18 
24V £177.18 
12V £314.52 
24V £314.52 
12V £490.54 
24V £490.54 

Many uses include:- Fetes • Fairgrounds • Airshows • Picnics • 
Camping • Caravans • Boats • Carnivals • Field Research and 
Amateur Radio field days * Powering Desktop & Notepad Computers. 

  B.K. ELECTRONICS 
UNIT 1, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR 
TEL.: +44(0)1702-527572 FAX. +44(0)1702-420243 

DELIVERY CHARGES ARE £6-00 PER ORDER. OFFICIAL 
ORDERS FROM SCHOOLS. COLLEGES, GOVT. BODIES, PLC,S 
ETC. PRICES ARE INCLUSIVE OF V.A.T. SALES COUNTER. VISA 
AND ACCESS ACCEPTED BY POST, PHONE OR FAX, OR EMAIL 
US AT SALES@BKELEC.COM ALTERNATIVELY SEND CHEQUE 
OR POSTAL ORDERS MADE PAYABLE TO BK ELECTRONICS. 

For Full Specifications View our web site at:-

r--

PLASTIC BOXES 

ENCLOSURES 

Contact us for your free catalogue 

S.L.M. (Model) Engineers Ltd 
Chiltern Road 
Prestbury 
Cheltenham 
GL52 5JQ 

Website: www.slm.uk.com 
Telephone 01242 525488 
Fax 01242 226288 

• • 
NAFIONAI 
COI IFGF OF 
TECHNOIOGY 

DISTANCE LEARNING 
SHORT COURSES with 
BTEC CERTIFICATION 

Analogue and Digital Electronics, Fibre Optics, 

Fault Diagnosis, Mechanics, Mathematics and 

Programmable Logic Controllers 

• Suitable for beginners and 

those wishing to update their 
knowledge and practical skills 

• Courses are very practical and 

delivered as self contained kits 

• No travelling or college attendance 

• Learning is at your own pace 

• Each course can stand alone or be 

part of a modular study programme 

• Tutor supported and BTEC certified 

For information contact: 
NCT Ltd., P.O. Box 11 
Wendover, Bucks HP22 6XA 
Telephone 01296 624270; Fax 01296 625299 
Web: http://www.nct.ltd.uk 
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Constructional Project 

PIC 
MINI-ENIGMA 
NICK DOSSIS 
Share encrypted messages with your 
friends - true Spymaster entertainment! 

p
lc Mini-Enigma was born out of the 
author's interest in both encryption 
techniques and PIC microcon-

trollers. The initial idea was to create a 
PIC-based unit that would enable the user 
to type in a brief text message, which can 
then be encrypted al the press of a button. 
By the same token, if the encrypted 

message was typed into the unit it could be 
decoded into the original text message. 
This would enable two people to send 
secret messages to each other and be safe 
in the knowledge that the text would be 
very difficult to decipher without using the 
unit. 
The design also has the unique capabili-

ty of allowing the user to download a mes-
sage to the data EEPROM (electrically 
erasable programmable read only memo-
ry) of a second PIC, housed in a tiny box, 
such as a matchbox. The information from 
the "matchbox" memory can then be 

retrieved by the other person at a later time 
by using their own Mini-Enigma unit. 

DATA SWAPPING 
At the time that the idea was conceived, 

the author was playing around with the 
PIC16F84 and an alphanumeric liquid 
crystal display (1.c.d.). After connecting 
the 1.c.d. to the PIC and programming it to 
show a line of text, it was discovered that 
some of the characters were being dis-
played incorrectly. 

Further investigation showed that two of 
the data lines from the PIC to the 1.c.d. had 
inadvertently been swapped over. It was 
this error which had caused the incorrect 
text to appear on the screen. 

This gave rise to thoughts about the way 
the 1.c.d. requires an ASCII-coded data 
byte to be sent to it to cause the required 
letter to be displayed. Naturally, by suit-
ably altering the order of the bits that make 

up the byte, a different character could be 
displayed instead. 

This seemed to be an ideal way of 
encrypting a line of text within the PIC, 
and is the basis of the program that con-
trols this project. 

ENIGMATIC 
The original Enigma unit was a coding 

machine used in the Second World War by 
the Germans. It was a very complex 
machine, which amongst other features 
contained interchangeable connecting 
wires and rows of scramblers, which 
changed their position every time a letter 
was encoded. 

This method ensured that there was 
hardly any duplication of encoded text 
because the letters were altered automati-
cally after every encryption. It took the 
British several years to crack Enigma's 
coding technique. 
The Mini-Enigma described here does 

not profess to be the miniature equivalent 
of the original machine. However, the 
encryption technique uses a coding 
method that alters the way individual let-
ters are encrypted. To the untrained eye, it 
is very difficult to crack the code. 

ENCRYPTION METHOD 
The method of encryption, which is doc-

umented in the assembly program, utilises 
a codeword set by the user and which is 
stored in the Enigma's data EEPROM. 
This means that the way in which the mes-
sage is encrypted can be altered and so 
deciphering the text will only be possible 
by using the same codeword that was used 
to encrypt the original message. The code-
word can be up to eight digits long. 

First, regard alphabet letters A to Z as 
numerical values from 1 to 26. Then, for 
example, if the codeword is set as ABCD 
this would have an equivalent numerical 
value of 1234 (see Table 1). Now suppose 
the message BYEBYE needs to be 
encrypted, the process is as follows: 

Since the codeword is ABCD, its first 
letter, A, has an allocated value of 1. This 
is added to the allocated value of the first 
letter of the message, B, i.e. B + 1 = C. C 
thus becomes the code letter for B at this 
point of the encryption. 
The second letter of the message has the 

value 2 added to it as it is the alphabet 
value of second character of the combina-
tion. This converts the letter Y into letter A. 
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This procedure repeats itself until the last 
letter of the codeword has been reached. 
The process then begins again by starting 
back at the first number of the codeword. 

In this fashion, the message BYEBYE 
becomes encrypted as CAHFZG. See 
Example 1. 

Example 1: 
Message 
Codeword 

Encryption 

B YEBYE 
A BCDA B 
1 2 3 4 1 2 
CAHFZG 

It can clearly be seen that the encryption 
method is very secure because although 
the original message contains two identical 
words, the encrypted version does not give 
any clues that this is the case. Remember 
also that the Mini-Enigma can be pro-
grammed to accept an 8-digit codeword 
comprising any of the 26 letters of the 
alphabet, therefore making the possibility 
of somebody decoding the encrypted mes-
sage even harder. 

It should be noted that the encrypted 
message is totally dependent on the code-
word. Mini-Enigma units which have been 
programmed with different codewords will 
encrypt the message in a totally different 
way. An example of this is outlined in 
Example 2 when the codeword is changed 
to BCDE. 

Example 2: 
Message 
Codeword 

Encryption 

B YEB YE 
B CDE BC 
2 3 4 5 2 3 
DBIGAH 

The basis of the software is to either add 
or subtract the individual codeword values 
to the ASCII code which is sent to the 
1.c.d. Coding the text adds the value and 
decoding the text subtracts the value. 

The problem encountered when using 
this method was that ASCII codes 27 to 38 
are not letters and therefore there had to be 
software routines incorporated to bypass 

these values when an 
addition or subtraction 
occurred. 

DATA 
TRANSFER 
As mentioned earli-

er, the unit also 
includes the facility for 
downloading an 
encrypted message into 
the data EEPROM of a 
second PIC, housed in 
a separate box, from 
hereon referred to as 
the "Matchbox" unit. 
The data transfer 

uses a unique protocol 
which was specifically 
designed for this pro-
ject and allows the 
encrypted ASCII code 
of each character to be 
transmitted serially 
from the unit to the 
PIC inside the 
Matchbox. 
The connections 

between the Mini-
Enigma unit and the 
Matchbox are via a 4-pin connector. These 
connections comprise the +5V and OV 
supply, plus data and clock lines. 

For all intents and purposes, the data is 
transmitted over two wires, data and clock. 
Because the Matchbox is controlling the 
data transfer and its clock is running at a 
slower speed than the Mini-Enigma, this 
ensures that the data transfer runs without 
errors. There is specific handshaking asso-
ciated with the protocol, which is written 
into the software of both units. 
When the Matchbox is first energised, it 

waits for either a "load" or "save" instruc-
tion from the Mini-Enigma: 

Table 1 - ASCII and Codeword Values used in the 
Enigma Unit 

Letter ASCII Code Codeword value Letter 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

A 

D 
E 

G 
H 

N 

o 

U 
V 

X 
Y 

0100 0001 
0100 0010 
0100 0011 
0100 0100 
0100 0101 
01000110 
01000111 
0100 1000 
0100 1001 
0100 1010 
0100 1011 
0100 1100 
0100 1101 
0100 1110 
0100 1111 
0101 0000 
0101 0001 
0101 0010 
0101 0011 
0101 0100 
0101 0101 
0101 0110 
0101 0111 
0101 1000 
0101 1001 
0101 1010 

0000 0001 
0000 0010 
0000 0011 
0000 0100 
0000 0101 
0000 0110 
0000 0111 
0000 1000 
0000 1001 
0000 0010 
0000 0011 
0000 0100 
0000 0101 
0000 0110 
0000 0111 
0000 0000 
0000 0001 
0000 0010 
0000 0011 
0000 0100 
0000 0101 
0000 0110 
0000 0111 
0000 1000 
0000 1001 
0000 0010 

1 
2 
3 
4 
5 
6 
7 
8 
9 
2 
3 
4 
5 
6 
7 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
2 

A 

D 
E 

G 
H 

N 

o 

U 
V 

X 
Y 

Lines: Clock 
Load: 
Save: 1 O 

Data 
1 

Once it has received its instruction, the 
Matchbox program is then diverted to the 
relevant routine. The basis of the protocol 
is shown later in Table 2. 

ENIGMA CIRCUIT 
The circuit diagram for the Mini-

Enigma is shown in Fig. 1. 
The heart of the system is the PIC 16F84 

rnicrocontroller, IC2. Its oscillator is run in 
RC (resistor-capacitor) mode, with poten-
tiometer VR2 presetting the speed. The 
capacitance is that inherent in the PIC 
itself and a separate capacitor is not used. 
Even though communication between 

the Mini-Enigma and the additional 
Matchbox memory uses serial data trans-
fer, software routines ensure that the exact 
timing is not too critical. Consequently, 
crystal control is not needed. 
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Fig. 1. Circuit diagram for the main aspect of the Mint-Enigma unit. 
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The PIC is connected via port pins RBO 
to RB5 to a 20-character x 2-line alphanu-
meric liquid crystal display (1.c.d.), Xi. 
This is controlled in standard 4-bit mode. 
Preset potentiometer VR1 controls the 
screen contrast. 

PIC port pins RAO to RA3 are held nor-
mally-low by resistors R1 to R4 and are 
taken high whenever the relevant pushbut-
ton switch, SI to S4, is pressed. 
Communication with the Matchbox 

memory unit is via clock pin RB6 and data 
pin RB7. 

The circuit is powered by a 9V PP3 bat-
tery, via on/off switch S5. Regulator ICI 
reduces the supply to +5V, as required by 
the PIC and 1.c.d. Capacitors Cl and C2 
decouple and smooth the supply. 

MATCHBOX MEMORY 
CIRCUIT 
The circuit diagram for the additional 

Matchbox memory unit is shown in Fig.2. 
It consists primarily of another PIC16F84 
microcontroller, IC3. It does not require a 
battery because it receives its power from 
the host Mini-Enigma via the 4-way 
connector. 
The clock and data lines are held nor-

mally-low via resistors R6 and R7, but are 
under control of the Mini-Enigma when 
the two units are connected. 

This PIC runs at a slower speed than the 
one in the Mini-Enigma, as set by capaci-
tor C3 and variable by preset VR3. 

ENIGMA BOARD 
The component layout and track cutting 

details for the Mini-Enigma and its Match-
box unit are shown in Fig.3. Ensure that all 
the track cuts are made. Use 22s.w.g. plas-
tic covered solid copper wire for the link 
connections. Dual-in-line (d.i.1.) sockets 
should be used for the PICs. 

Referring to Fig.3a, solder the compo-
nents onto the stripboard in the following 
order: d.i.l. socket, links, resistors, ' nun 
terminal pins, voltage regulator, capacitors, 
on/off switch S5, edge connector, pushbut-
ton switches S1 to S4, and the battery lead. 

Note that the 
published Mini-
Enigma has fewer 
resistors than 
shown in the top 
photograph. 
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Fig.2. Circuit diagram for the Matchbox" unit. 
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Note that switches Si to S4 plus four additional link wires are 
soldered on the track-side of the stripboard. 
Once the basic stripboard assembly is complete, use double-

sided tape to stick the battery holder onto the back of the strip-
board. Then connect the longer wires that route around the battery. 
Do not wire-up the 1.c.d. or plug in the PIC yet. 
Check that the component layout and solder joints are sound. If 

at any stage of testing the results are not correct, disconnect the 
battery immediately. Re-check the component positions and solder 
joints, and then restart the checks. 

Apply power to the stripboard and check that +5V appears at 
various components according to the circuit diagram. If all is well 
following this initial power check, disconnect the battery, connect 
the 1.c.d., making sure that there is enough slack in the cable to 
assemble the unit, and then insert the preprogrammed PIC (assem-
bly file E2.ASM). With power applied again, do another check that 
5V is still present as required. 
Check that the PIC's input pins 1, 2, 17 and 18 are normally low, 

and that pressing the pushbutton switches makes the relevant pins 
go high. 
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Fig.3. Stripboard component layouts and details of underside copper track breaks for the Mini-Enigma (a) and Matchbox unit 
(b). Note that in Fig.3a switches S1 to S4 and four link wires are mounted on the trackside. The lettered links should be made 
using insulated solid hook-up wire, linking like-lettered points (i.e. A to A, B to B, etc.). 

Adjust be 1.c.d. contrast control, VR1, 
until the start-up screen is seen clearly. The 
screen display modes are discussed later. 

Adjust the clock rate control, VR2, until 
the unit works at a satisfactory speed for 
pushswitch presses. In the prototype, this 
was with VR2 set for a resistance of about 
10k5-2 to 15k52. 

MATCHBOX MEMORY 
HOARD 

Referring to Fig.3b, assemble the 
Matchbox memory board. 
The small piece of stripboard used was 

intended to be small enough to fit snugly 
inside a standard size matchbox. A match-

box was felt to be suitable because it is 
inconspicuous and conceals the electron-
ics, an ideal cover for the budding spy! 

However, the author found that the strip-
board is also the ideal size to fit inside an 
empty Tic-Tac box, the clear box matching 
the theme of the Enigma unit. So this is the 
enclosure that was used in the prototype. 

212 Everyday Practical Electronics, March 2002 



COMPONENTS 
Resistors 

Ri to R4, R6, R7 10k (6 off) 
R5, R8 1k (2 off) 

All 0.6W metal film 

See 

TALK 
Capacitors Page 

C1 to C2 100n ceramic, 0.2in pitch 
C3 lu radial elect. 16V 

Potentiometers 
VR1, VR3 10k min. horiz. skeleton preset (2 off) 
VR2 100k min. horiz. skeleton preset 

Semiconductors 
IC1 78L05 +5V 100mA voltage regulator 
IC2, IC3 PIC16F84 microcortroller, each separately 

pre-programmed (2 off) 

Miscellaneous 
Si to S4 push-to-make switch, p.c.b. mounting 0.2in x 

0.3in pitch, 6mm to 7'rim "push actuator" 
(see text) (4 off) 

S5 min s.p.c.o. slide switch, p.c.b. mounting 
Ski 4-way edge connector, female, p.c.b. mounting 
PL1 4-way edge connector, male, p.c.b. mounting 
X1 2-line x 20-characters per line alpnanumeric 

I.c.d., with standard HD44780 controller 
Stripboard, 0.1 in pitch, 45 holes x 27 strips; stripboard, 0.1in 

pitch, 21 holes x 12 strips; 18-pin d.i I. socket (2 off); 25mm 
6BA nuts and bolts (see text); clear acrylic perspex sheet 
(2mm x 117mm x 70mm) (2 off); 9V PP3 battery and connect-
ing clip; Tic-Tac box (see text). 

Software: Available as stated in Shoptalk. 

Approx. Cost 
Guidance Only £25 

excluding case 

The 4-way edge connector is fitted to the stripboard so that it 
protrudes through the hole in the Tic-Tac box, although the hole 
needs to be made a little larger to stop the box fouling on the 
Enigma's on/off switch when the two units are plugged together. 

Solder components onto stripboard in order of socket, link 
wires, resistors and edge connector. Do not insert the PIC yet. 
Check the assembly for errors. 

Adjust VR3 ( PIC clock rate) for an effective resistance of about 
3.11(52 to 3.8k52. 

Before inserting the PIC, plug the unit into the Enigma's con-
nector ( space limitations may make it necessary to switch on the 
Enigma first). Check that +5V is present as indicated in the circuit 
diagram. 

If the checks are satisfactory. disconnect the unit from the 
Enigma and insert the second preprogrammed PIC (assembly file 
EEPROM.ASM). 

ENCLOSURE 
The author wanted the Mini-Eniena to look a little bit different 

from the usual constructional projects. but did not find the stan-
dard types of enciosure to be suitable. Consequently, the prototype 
was built using two pieces of 2mm thick clear acrylic perspex 
which form the "bread" of the stripboard sandwich. 

Referring to Fig.4, cut the two pieces of perspex to the same 
size. Cut the slots and drill to match the mounting holes in the 
stripboard and I.c.d. Drill additional holes in the front piece of per-
spex to allow the pushbutton switches ( S1 to S4) to protrude 
through. The whole unit is transparent allowing the electronics to 
be visible. 

Cut a space in the back piece of perspex to allow access to the 
PP3 battery without having to take the unit to pieces. The 
4-way female serial connector is mounted on the side of the strip-
board and is positioned so that the Matchbox memory unit is able 
to be plugged into the Mini-Enigma. 
The on/off slide switch. S5, is also mounted at the side. 
The whole sandwich can now be combined into one unit, using 

6BA bolts and with additional nuts to create spacers between the 
I.c.d. and the stripboard. Labels can now be secured above the 
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Fig.4. Construction details of the perspex plates and how 
they "sandwich" the Mini-Enigma stripboard. 

End view of the assembled Mini-Enigma "sandwich". 
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pushswitches, showing from left to right 
the legends "<", ">", " 1", "2" (see photos). 

CODE CHECKS 
When assembly and checking are com-

plete, insert the pre-programmed PICs, fol-
low the operating instructions discussed 
presently and check that data can be inter-
changed between units. 

First code a line of text on the main unit 
and then save it into the Matchbox. Switch 
everything off and then attempt to load the 
data back into the Enigma. If problems are 
experienced when transferring data, adjust 
the speed of the Matchbox using preset 
VR3 and try again. 
From experience there is quite a narrow 

"window" for the resistance value, found to 
be around 31S2 to 41(Q. It should be noted, 
however, that once data transfer has been 
achieved successfully VR3 should never 
need to be adjusted again. 

OPERATING 
TECHNIQUE 
When the Enigma is first switched on, 

the Start-up screen appears: 

Igma 
ick.D.2001 

Start-up screen. 

Pressing any key changes the display to 
show Screen 1, in which instructions are 
given on the lower line: 

Pressing switch "<" or ">" causes the 
current letter of the codeword or message 
you wish to record, as shown on the top 
line and underlined, to rotate down ("<") 
or up (">") through the alphabet. When 
the required letter is reached, press 
switch " 1" (Enter) to select it. The under-
line then moves to the next character cell 
and the required letter can again be 
reached by using "<" or">", and selected 
by " 1". 

Screen 1, for entering a message or 
codeword. 

If a wrong letter is entered this can be 
rectified by again pressing switch " 1" 
before pressing "<" or ">". This deletes the 
last letter entered. 
A message of up to 40 characters can be 

entered onto the top line if required. Once 
20 characters have been entered, both lines 
of the screen rotate to the left so that the 
text can be followed on the screen, with the 
instructions being duplicated so that they 
can be seen at all times. 
Once the codeword or message has been 

completed switch "2" (Next) can be 
pressed, to take you to Screen 2: 

—Clear. 2=Matoll Box 

Screen 2, function choice. 

Table 2 — Data Save and Load Routines 

Step Mini-Enigma Matchbox Unit 

1. 
2. 
3. 
4. 
5 
6 
7 
8 
9. 
10 
11 
12 
13 

Send Save signal 

Receive high clock signal 
Send data bit X 

Wait for low clock signal 

Receive low clock signal 
Loop back to step 4 until 8- bit word is complete 
Store 8- bit word in EEPROM memory 

Loop back to step 5 until 8- bit word is complete 

Wait for Save signal 

Accept Save signal 
Send high clock signal 

Accept bit X 

Process data and send low clock signal 

Step Mini-Enigma Matchbox Unit 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 

Send Load signal 

Pause 

Wait for high clock signal 
Send high clock signal and data bit X 

Accept high clock signal and data bit X 
Send low clock signal 

Accept low clock signal 
Loop back to step 5 until 8-bit word is complete 

Loop back to step 6 until 8-bit word is complete 
Store data in indirect file memory 

Wait for Load signal 

Accept Load signal 

Retrieve EEPROM memory 

Matchbox unit plugged into Mini-Enigma. 

If the unit has been powered up for the 
first time, or if the codeword is to be 
altered, press switch "2" (now indicated 
as Match Box). This will take you to 
Screen 3: 

Screen 3. Second choice of functions. 

Pressing " 1" (codeword) then shows a 
screen display such as the following: 

Screen 4. Choice of codeword saving 
or retention. 

The top line shows the new codeword 
just created via Screen 1 (e.g. ABCD). 
The second line shows the current code-
word already stored in the Enigma's EEP-
ROM (e.g. ZYA). Pressing the "<" switch 

stores the top line codeword into the 
EEPROM as the new codeword, over-
writing the existing one. However, press-
ing the ">" switch instead causes the new 
codeword to be ignored, while retaining 
the existing one. 

In either instance, the switch press caus-
es Screen 1 to be displayed again. 
A text message can then be "keyed in" 

using the "<", ">" and " 1" keys, e.g.: 

Screen 1 again, for message entering. 

Once complete, pressing switch "2" 
once more displays Screen 2: 

Code •i>=Doocie 
• ear 2.,Match Box 

Screen 2 again, this time for choice of 
message function 
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If the text entered is a normal message 
and you wish to encrypt it, press "<". If the 
text entered is encrypted and you wish to 
discover the original message, press">". If 
you wish to abort, pressing " 1" clears the 
memory and returns to Screen 1, allowing 
you to enter some new text. 

If either the "<" or ">" switches are 
pressed, the screen then shows two lines of 
text, the top line is the original text which 
was entered (either manually or via the 
matchbox), and the bottom line is the 
coded or decoded version. 

An original message (top) and its 
encryption (lower). 

Pressing the "<" or ">" switches while 
viewing the text shifts the screen left or 
right. This is particularly useful when the 
message contains more than 20 letters. 
Once the viewing of text has been fin-

ished, press "2", which returns the display 
to Screen 2. This causes the coded or 
decoded text (as just shown on line 2) to be 
stored in the Enigma's memory. Coding or 
decoding can be carried out again if 
wished. Pressing " 1" clears the memory 
and returns to Screen 1. 

TRANSFERRING DATA 
A 40-digit encrypted message can be 

"saved" to a Matchbox memory unit for 
future retrieval. The procedure for this is as 
follows: 

Type in the required message and pro-
ceed to Screen 2 to encrypt the message. 
Once the encrypted message is on the 
screen, press "2" to return to Screen 2. As 
said earlier, this has the effect of storing the 
encrypted message in the Enigma's memo-
ry. Plug the Matchbox memory into 
Enigma and then press "2" again, which 
then produces the following message on 
Screen 3. 

c'e .4=Load 

Screen 3 again, offering choice of data 
transfer function. 

Pressing the appropriate key begins the 
data transfer either to ("<" save) or from 
(">" load) the Matchbox memory. The 
following screen appears just prior to load-
ing commencing: 

Screen immediately prior to loading a 
Matchbox message. 

When loading or saving data, each letter 
transferred appears on the screen starting on 
line I. If the message is shorter than 40 char-
acters then the data transfer finishes once the 
final letter of the message has been received. 
The program does this by looking for ASCII 
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Press 2 

Mini-Enigma 
Nick.D. 2001 

1 

1, Press Any Key 
1=Enter 2=N1...xt 

<=Code >=Dcode 1=Clear 2=Mbox 

BYEBYE 
CAHFZA 

<=Save >=Load 1=Codeword 

BYEBYE 
"Loading" <=A bort 

<=ABCDEFGH (New?) 
>=ZXCVBNML (Current) 

The logic flow chart for using Mini-Enigma. 

code 128 (binary 1000000). If this character is 
recognised as being transferred then both pro-
grams end the data transfer. 
The data transfer takes about 100 sec-

onds for all 40 characters, and once com-
plete the 1.c.d. reverts back to Screen 2. 
This allows the user either to clear the 
Enigma's memory and start again, or to 
decode the received message. Once the 
data transfer has been completed, the 
Matchbox unit can either be unplugged and 
passed onto a friend, or it can be left 
plugged into the Enigma where another 
load or save can be performed. 

If problems are experienced when load-
ing or saving to the memory unit, pressing 
the "<" key aborts the transfer. If for some 
reason problems still exist, remove the 
memory unit and re-boot the Mini-Enigma 
unit by switching off and then switching 
back on. 
Be aware that sometimes the first bit (bit 7) 

of the first character transferred becomes cor-
rupted (i.e. it is made high instead of low), the 
software in the Enigma clears bit 7 of all 
characters before it shows them on the 1.c.d. 
to eliminate this problem. 

An encrypted message from the 
Matchbox unit (top and its decoded 
meaning (lower). 

2002 

A late model of the Enigma, circa 1947 
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DIREC 

EPE TEACH-IN 
2000 CD-ROM 

The whole of the 12-part Teach-In 2000 series by John 
Becker ( published ir 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 
illustratiors and Desoldering). 

Teach-ln 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 ser es 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 

1 

00K SERVICE 
NOTE: ALL PRICES INCLUDE UK POSTAGE 

CteuMe mud Dadga 
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 pads 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 
systems. 

160 pages Order code BP413 

ELECTRONICS PROJECTS USING 
ELECTRONICS WORKBENCH 
plus FREE CD-ROM 
M. Horsey P.  
This bookoffers 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. 

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 multivibrators; The 555 timer; Flip-flops, 

£6.49 

FREE 
CD-ROM 

ampuemg nicplgUe 
SPECIAL INTRODUCTORY OFFER 

ONLY f6.59 ( including UK p&p) (Offer ends 30th April 2002) 

WINDOWS XP EXPLAINED 
N. Kantaris and P. R. M. Oliver 

If you wart :o 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 expains what hardware requirements you need in 
order to run Windows XP successfully, and gives an 
overview al 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 
control 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 ard My Computer; How to control 
printers, forts, characters, maltmedia and images, and 
how to add hardware and software to your system; How to 
configure your system to communicate with the outside 
world, and Jse Outlook Express for all your email require-
ments; How lo 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 work-
ing state, using Microsoft's Website to update your 
Windows set up, how to clear up. defragment and scan 
your hard disk, and how to backup and restore your daia: 
How to successfully transfer text from those old but cher-
ished MS-DOS programs. 

268 pages £6.99 

INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold 
Shows the raider 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 bast 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 instruetions pro-
vided, inclueng numerous step-by-step photographs. 

288 pages - faige format Order code BP901 £14.99 

MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 

Covers the Vision Command System 

Shows the reader how to extend the capabilities of the 
brilliant Lego Mindstorms Robotic Invention System 
(RIS) by using Legos 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 EDMON 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: P16C84/16F84 as well as 
the P54 and P71 families. 

270 pages Order code NE36 £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 

counters and shift registers; Adders, comparators and multi-
plexers; Field effect transistors; Thyristors. triacs and diacs. 
Constructing your circuit; Index. 

227 pages Order code NE29 £16.99 

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 DEP1 £17.50 

50 SIMPLE LED CIRCUITS 
R. N. Soar 
Contains 50 interesting and useful circuits and applica-
tions, covering many different branches of electronics. 
using one of the most inexpensive and freely available 
components - the Light Emitting Diode (or L.E.D.). Also 
includes circuits for the 707 Common Anode Display. 
A useful book for the library of both beginner and more 

advanced enthusiasts alike. 

62 pages Order code BP42 £3.49 

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 expe-
rience of the author who is an alarm installer, and the 
designs themselves have been rigorously 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 £2t99 

A BEGINNER'S GUIDE TO TTL DIGITAL ICs 
R. A. Pentold 
This book first covers the basics of simple logic circuits in 
general, and then progresses to specific TTL 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 

ELECTRONIC MODULES AND SYSTEMS FOR 
BEGINNERS 
Owen Bishop 
This book describes over 60 modular electronic circuits, 
how they work, how to build them, and how to use them. 
The modules may be wired together to make hundreds of 
different electronic systems, both analogue and digital. To 
show the reader how to begin building systems from mod-
ules, a selection of over 25 electronic systems are 
described in detail, covering such widely differing applica-
tions as timing, home security, measurement, audio 
(including a simple radio receiver), games and remote 
control. 

200 pages Order code BP266 £4.45 

PRACTICAL ELECTRONICS CALCULATIONS AND 
FORMULAE 
F. A. Wilson, C.G.I.A., 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 
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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 Karnaugh Maps, and understand what Reed-Mullet 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 dearly 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 ideal gift for a friend or family 
member who wants to understand what it is you do all day.... 
470 pages — large format Order code 8E131 

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 ove, 
200 megabytes of mega-cool multimedia, 
the CD-ROM contains a virtual microcom-
puter, simulating the motherboard and stan-
dard computer peripherals in an extremely 
realistic manner. In addition to a wealth of tech-
nical information, myriad nuggets of trivia, and 
hundreds of carefully drawn illustrations, the CD-ROM 
contains a set of lab experiments for the virtual microcomputer that let you 
recreate the experiences of early computer pioneers. If you're the slightest bit 
interested in the inner workings of computers. then don/ dare to miss this! 
Over 800 pages in Adobe Acrobat format £18.95 

£28.95 
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Order code BEE2 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 asynclinonous 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 software. 
There is a 'blow-by-blow' 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 circuit simulation using Pulsar 
software. Chapters on p.c.b. physics and p.c.b. production techniques make 
the book unique, and with its host of project ideas make it an ideal companion 
for the integrative assignment and common skills components required by 
BTEC and the key skills demanded by GNVO. The principal aim of the book 
is to provide a straightforward approach to the understanding of digital 
electronics. 
Those who prefer the 'Teach-In' approach or would rather experiment with 

some simple circuits should find the book's final chapters or! printed circuit 
board production and project ideas especially useful. 
250 pages Order code NE28 £17.99 

FREE 
SOFTWARE 

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 micro-
processor techniques as applied to digital logic. 
200 pages Order code PC106 

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 EDA I £29.95 

£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 MGH3 £17.99 

HOW ELECTRONIC THINGS WORK — AND WHAT TO DO WHENTHEY 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 NE35 £18.99 

The books listed have been selected by Everyday Practical Electonlcs 
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 

Zufl@t3Eud, Miuneh 
PREAMPLIFIER AND FILTER CIRCUITS 
R. A. Pent old 
This book provides circuits and background information for a 
range of preamplifiers, plus tone controls, filters, mixers, etc. 
The use of modern low noise operational amplifiers arid a spe-
cialist high performance audio preamplifier i.e. results in cir-
cuits 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 most cases). The preamplifier circuits 
featured include: Microphone preamplifiers (low impedance, 
high impedance, and crystal). Magnetic cartridge piot-up pre-
amplifiers with R.I.A.A. equalisation. Crystal/ceramic pick-up 
preamplifier. Guitar pick-up preamphfier. Tape head preamplifi-
er (for use with compact cassette systems). 

Other circuits include: Audio limiter to prevent overloading 
of power amplifiers. Passive tone controls. Active tone con 
trols. PA filters (highpass and lowpass). Scratch and rumble 
filters. Loudness filter. Mixers. Volume and balance controls. 

92 pages Order code BP309 £4.49 

HIGH POWER AUDIO AMPLIFIER CONSTRUCTION 
R. A. Penlold 
Practical construction details of how to build a number of 
audio power amplifiers ranging from about 50 to 300/400 
watts r.m.s. includes MOSFET and bipolar transistor 
designs. 

96 pages Order code BP277 £4.49 

ELECTRONIC MUSIC AND 
MIDI PROJECTS 
R. A. Ponfold 
Whetter 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 gadgets, 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. Etripboard layouts 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 MIIDI 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 Ord, rock PC 1 lb £10.95 

Everyday Practical Electronics, March 2002 217 



lf@egÊuag, DE3M ngàd. Ee@nu@EgG 
SCROGGIE'S FOUNDATIONS OF WIRELESS 
AND ELECTRONICS - ELEVENTH EDITION 
S.W. Amos and Roger Amos 
Scroggie's Foundations is a classic text for anyone working 
with electronics, who needs to know the art and craft of the 
subject. It covers both the theory and practical aspects of a 
huge range of topics from valve and tube technology, and 
the application of cathode ray tubes to radar, to digital tape 
systems and optical recording techniques. 

Since Foundations of Wireless was first published over 
60 years ago, it has helped many thousands of readers to 
become familiar with the principles of radio and electronics. 
The original author Sowerby was succeeded by Scroggie in 
the 1940s, whose name became synonymous with this 
classic primer for practitioners and students alike. Stan 
Amos, one of the fathers of modern electronics and the 
author of many well-known books in the area, took over the 
revision of this book in the 1980s and it is he, with his son, 
who have produced this latest version. 

400 pages Order code NE27 £21.99 

ELECTRONICS MADE SIMPLE 
Ian Sinclair 
Assuming no prior knowledge, Electronics Made Simple 
presents an outline of modern electronics with an empha-
sis on understanding how systems work rather than on 
details of circuit diagrams and calculations. It is ideal for 
students on a range of courses in electronics, including 
GCSE. C&G and GNVO, and for students of other subjects 
who will be using electronic instruments and methods. 

Contents: waves and pulses, passive components, active 
components and ICs, linear circuits, block and circuit dia-
grams, how radio works, disc and tape recording, elements 
of TV and radar. digital signals, gating and logic circuits, 
counting and correcting, microprocessors, calculators and 
computers, miscellaneous systems. 

199 pages (large format) Order code NE23 £13.99 

TRANSISTOR DATA TABLES 
Hans-Günther Steidle 
The tables in this book contain information about the pack-
age shape, pin connections and basic electrical data for 
each of the many thousands of transistors listed. The data 
includes maximum reverse voltage, forward current and 
power dissipation, current gain and forward trans-
admittance and resistance, cut-off frequency and details of 
applications. 
A book of this size is of necessity restricted in its scope, 

and the individual transistor types cannot therefore be 
described in the sort of detail that maybe found in some 
larger and considerably more expensive data books. 
However, the list of manufacturers' addresses will make it 
easier for the prospective user to obtain further information, 
if necessary. 

Lists over 8,000 different transistors, including f.e.t.s. 

200 pages Order code BP401 £6.45 

ELECTRONIC TEST EQUIPMENT HANDBOOK 
Steve Money 
The principles of operation of the various types of test 
instrument are explained in simple terms with a mini-
mum of mathematical analysis. The book covers ana-
logue and digital meters, bridges, oscilloscopes, signal 
generators, counters, timers and frequency measure-
ment. The practical uses of the instruments are also 
examined. 

Everything from Oscillators, through R, C & L measure-
ments (and much more) to Waveform Generators and 
testing Zeners. 

206 pages Order code PC109 £9.95 

GETTING THE MOST FROM YOUR MULTIMETER 
R. A. Penfold 
This book is primarily aimed at beginners and those of lim-
ited experience of electronics. Chapter 1 covers the basics 
of analogue and digital multimeters, discussing the relative 
merits and the limitations of the two types. In Chapter 2 var-
ious methods of component checking are described, 
including tests for transistors, thyristors, resistors, capaci-
tors and diodes. Circuit testing is covered in Chapter 3, with 
subjects such as voltage, current and continuity checks 
being discussed. 

In the main little or no previous knowledge or experience 
is assumed. Using these simple component and circuit test-
ing techniques the reader should be able to confidently 
tackle servicing of most electronic projects. 

96 pages Order code BP239 £3.45 

NEWNES ELECTRONICS TOOLKIT - 
SECOND EDITION 
Geoff Phillips 
The author has used his 30 years experience in industry to 
draw together the basic information that is constantly 
demanded. Facts, formulae, data and charts are presented to 
help the engineer when designing, developing, evaluating, 
fault finding and repairing electronic circuits. The result is this 
handy workmate volume: a memory aid, tutor and reference 
source which is recommended to all electronics engineers. 
students and technicians. 
Have you ever wished for a concise and comprehensive 

guide to electronics concepts and rules of thumb? Have you 
ever been unable to source a component, or chonkr› between 
two alternatives for a particular application? How much time 
do you spend searching for basic facts or manufacturer's 
specifications? This book is the answer, it covers resistors, 
capacitors, inductors, semiconductors, logic circuits, EMC, 
audio, electronics and music, telephones, electronics in light-
ing, thermal considerations, connections, reference data. 

158 pages Order code NE20 £15.99 

PRACTICAL ELECTRONIC FAULT FINDING AND 
TROUBLESHOOTING 
Robin Pain 
This is not a book of theory. It is a book of practical tips, hints, 
and rules of thJmb, all of which will equip the reader to tack-
le any job. You may be an engineer or technician in search of 
information and guidance, a college student, a hobbyist build-
ing a project from a magazine, or simply a keen self-taught 
amateur who is interested in electronic fault finding but finds 
books on the subject too mathematical or specialized. 
The book covers: Basics - Voltage, current and resistance; 

Capacitance, inductance and impedance; Diodes and tran-
sistors; Op-amps and negative feedback; Fault finding - 
Analogue fault finding, Digital faun finding; Memory; Binary 
and hexadecimal; Addressing; Discrete logic; Microprocessor 
action; VO control; CRT control; Dynamic RAM; Fault finding 
digital systems: Dual trace oscilloscope; IC replacement. 

274 pages Order code NE22 £20.99 

AN INTRODUCTION TO LIGHT IN ELECTRONICS 
F. A. Wilson 
This book is not for the expert but neither is it for the 
completely uninitiated. It is assumed the reader has 

some basic knowledge of electronics. After dealing with 
subjects like Fundamentals, Waves and Particles and 
The Nature of Light such things as Emitters, Detectors 
and Displays are discussed. Chapter 7 details four dif-
ferent types of Lasers before concluding with a chapter 
on Fibre Optics. 

161 pages Order code BP359 £5.45 

UNDERSTANDING DIGITAL TECHNOLOGY 
F. A. Wilson C.G.I.A., C.Eng., F.I.E.E., F.I. Mgt. 
This book examines what digital technology has to otter 
and then considers its arithmetic and how it can be 
arranged for making decisions in so many processes. It 
then looks at the part digital has to play in the ever expand-
ing Information Technology, especially in modern transmis-
sion systems and television. It avoids getting deeply 
involved in mathematics. 

Various chapters cover: Digital Arithmetic, Electronic 
Logic, Conversions between Analogue and Digital 
Structures, Transmission Systems. Several Appendices 
explain some of the concepts more fully and a glossary of 
terms is included. 

183 pages Order code BP376 £5.45 

PRuceea Mellamg 
ELECTRONIC PROJECT BUILDING FOR BEGINNERS 
R. A. Penfold 
This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practical 
side of this fascinating hobby, including: 
Component identification, and buying the right parts; 

resistor colour codes, capacitor value markings, etc; 
advice on buying the right tools for the job; soldering; mak-
ing 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, ano 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 
started in this absorbing and creative hobby. 

135 pages Order code BP392 £5.45 

45 SIMPLE ELECTRONIC TERMINAL BLOCK 
PROJECTS 
R. Bebbington 
Contains 45 easy-to-build electronic projects that can be 
constructed, by an absolute beginner, on terminal blocks 
using only a screwdriver and other simple hand tools. No 
soldering is needed. 

Most of the projects can be simply screwed together, by 
following the layout diagrams, in a matter of minutes and 
readily unscrewed if desired to make new circuits. A 
theoretical circuit diagram is also included with each pro-
ject to help broaden the constructor's knowledge. 
The projects included in this book cover a wide range of 

interests under the chapter headings: Connections and 
Components. Sound and Music, Entertainment, Security 
Devices, Communication, Test and Measuring. 

163 pages Order code BP378 £5.45 

30 SIMPLE IC TERMINAL BLOCK PROJECTS 
R. Bebbington 
Follow on from BP378 using ICs 

117 pages Order code BP379 £5.49 

HOW TO DESIGN AND MAKE YOUR OWN P.C.B.S 
R. A. Penfold 
Deals with the simple methods of copying printed circuit 
board designs from magazines and books and covers all 
aspects of simple p.c.b. construction including 
photographic methods and designing your own p.c.b.s. 

80 pages Order code BP121 £4.49 

IC555 PROJECTS 
E. A. Parr 
Every so often a device appears that is so useful that one 
wonders how life went on before without it. The 555 timer 
is such a device.lt was first manufactured by Signetics, but 
is now manufactured by almost every semiconductor man-
ufacturer in the world and is inexpensive and very easily 
obtainable. 

Included in this book are over 70 circuit diagrams and 
descriptions covering basic and general circuits, motor car 
and model railway circuits, alarms and noise makers as 
well as a section on 556, 558 and 559 timers. (Note. No 
construction details are given.) 
A reference book of invaluable use to all those who have 

any interest in electronics, be they professional engineers 
or designers, students of hobbyists. 

167 pages Order code BP44 £4.49 

BOOK ORDERING DETAILS 
All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) 
please add £1 per book. For the rest of the world airmail add £2 per book. 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 - minimum card order is £5 - to: DIRECT BOOK 
SERVICE, WIMBORNE PUBLISHING LIMITED, 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. E-mall:dbs@epemag.wimborne.co.uk 
Order from our online shop at: www.epemag.wImborne.co.uk/shopdoor.htm 

BOOK ORDER FORM 
Full name: 

Address:   

 Post code: Telephone No:  

Signature:  

El I enclose cheque/PO payable to DIRECT BOOK SERVICE for £  

D 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 
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PCB SERVICE 
Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
rcller tinned. All prices include VAT and postage and packing. Add £1 per board for 
email 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.uttishopdoor.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 mail. 
Back numbers or photostats of articles are available if required - see the Back 
Issues page for details. 

Please check price and availabelity in the latest issue. 
Boards can only be supplied on a payment with orde, basis. 

PROJECT TITLE Order Code Cost 

*EPE Mood PICker riMIEM 233 £6.78 
L.E.D. Stroboscope (Multi-project PCB) 932 £3.00 

*8-Channel Analogue Data Logger Elggrar 237 £8.88 
Freezer Alarm (Multi-project PCB) 932 £3.00 

Child Guard SEPT '99 241 £7.51 
Variable Dual Power Supply 242 £7.64 

Micro Power Supply •• • 243 £3.50 
*Interior Lamp Delay 244 £7.88 
Mains Cable Locator (Muiti-project PCB) 932 £3.00 

Vibralarm NOV '99 230 £6.93 
Demister One-Shot 245 £6.78 
*Ginormous Stopwatch - Part 1 246 £7.82 

*Ginormous Stopwatch - Part 2 DEC '99 
Giant Display 247 £7.85 
Serial Port Converter 248 £3.96 

Loft Guard 249 £4.44 

Scratch Blanker 250 £4.83 
Flashing Snowman (Multi-project PCB) 932 £3.00 

*Video Cleaner MCKIM-  251 £5.63 
Find It 252 £4.20 
*Teach- In 2000 - Parr 4 253 £4.52 

High Performance MAR '00 254, 2551 £5.4g. 
Regenerative Receiver 256 J Set 
* EPE Icebreaker - PCB257, programmed 
PIC16F877 and floppy disc Set only £22.99 

Parking Warning System 258 £5.08 

*Micro-PICscope APR 00 259 £4.99 
Garage Link - Transmitter 

Receiver 
261 } Set 
262 £5.87 

Versatile Mic/Audio Preamplifier MAY '00 260 £3.33 
PIR Light Checker 263 £3.17 
*Multi-Channel Transmission System - Transmitter 264 

Receiver 265 }Set £6.34 
Interface 266 

*Canute Tide Predictor el=11 267 £3.05 

*PIC-Gen Frequency Generator/Counter OMER 268 £5.07 
g-Meter 269 £4.36 

*EPE Moodloop AUG '00 271 £5.47 
Quiz Game Indicator 272 £4.52 
Handy-Amp 273 £4.52 

Active Ferrite Loop Aerial SEPT '00 274 £4.37 
*Remote Control IR Decoder Software only - 

*PIC Dual-Channel V.rtual Scope OCT'00 275 £5.15 

Handclap Switch NOV '00 270 £3 96 
*PIC Pulsorneter Software only - - 

Twinkling Star DEC '00 276 £4.28 
Festive Fader 277 £5 71 
Motorists' Buzz-Box 278 £5 39 
*PICtogram i 279 £4.91 
*PIC-Monitored Dual PSU-1 PSU 280 £4.75 

Monitor Uni 281 £5.23 
Static Field Detector (Multi-project PCB) 932 £3.00 

Two-Way Intercom JAN 01 282 £4.76 
UFO Detector and Event Recorder 

Magnetic Anomaly Detector 283 
Event Recorder 284 Sel £6.19 
Audio Alarm 285 

*Using PICs and Keypads Software only 

Ice Alarm •FEB01 287 £4.60 
*Graphics L.C.D. Display with PICs (Supp) 288 £5.23 
Using the LM3914-6 LE.D.Bargraph Drivers 

Multi-purpose Main p.c.b. 289 
Relay Control 290 Sel £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 Control for Pets APR01 296 £6.50 
Intruder Alarm Control Panel 

Main Board 297 £6.97 
External Ber Unit 298 £4.76 

Camcorder Mixer •MAY 01 299 £6.34 
*PIC Graphics L C.D. Scope 300 £5.07 

Hosepipe Contbrer JUNE01• 301 £5.14 
Magfield Monitor ( Sensor Board) 302 £4.91 
Dummy PIR Detector 303 £4.36 
*PIC16F87x Extended Memory Software only - - 

PROJECT TITLE Order Code Cost 

Stereo/Surround Sound Amplifier JULY ' 01 304 £4.75 
Perpe:ual Projects Uniboard-1 

Solar-Powered Power Supply & Voltage Reg. 
MSF Signal Repeater and Indicator 
Repeater Board 
Meter Board 

*PIC to Printer Interface 

305 

306 
307 
308 

£3.00 

£4.75 
£4.44 
£5.39 

Lead/Acid Battery Charger AUG 01 309 £4.99 
Shortwave Loop Aerial 
*Digitimer - Main Board 

- R.F. Board 
Perpetual Projects Uniboard-2 
L.E.D. Flasher - Double Door-Buzzer 

310 
311 
312 

305 

£5.07 
£6.50 
£4.36 

£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 
- White L.E.D. 

*Sync Clock Driver 
*Water Monitor 

313} 
314 Set 

315 
316 
317 

£ 6.10 

£4.28 
£5.94 
£4.91 

Camcorder Power Supply OCT 01 318 £5.94 
PIC Toolkit Mk3 
Perpetual Projects Uniboard-4 

Gate Sentinel, Solar-powered Bird Scarer and 
Solar- Powered Register 

319 
305 

£8.24 
£3.00 

Teach-In 2002 Power Supply NOV 01 320 £4.28 
Lights Needed Alert 
Pitch Switch 
Capacitance Meter - Main Board (double-sided) 

- Display Board (double-sided) 
**PIC Toolkit TK3 - Software only 

321 
322 
323 } 
324 Set 

- 

£5.39 
£5.87 

£ 1 2.0 0 

4-Channel Twinkling Lights DEC 01 325 £6.82 
Ghost Buster - Mic 

- Main 
*PIC Polywhatsit - Digital 

- Analogue 

326 } Set 
327 

328 } Set 
329 

£5.78 

£7.61 

Forever Flasher JAN '02 330 £4.44 
Time Delay Touch Switch 
*PIC Magick Musick 
Versatile Bench Power Supply 

331 
332 
333 

£4.60 
£5.87 
£5.71 

*PIC Spectrum Analyser WI 
Versatile Current Monitor 
GJitar Practice Amp 

334 
335 
336 

£7.13 

£4.75 
£5.39 

*PIC Virus Zapper MAR '02 337 £4.75 
RH Meter 
*PIC Mini- Enigma - Software only 
*Programming PIC Interrupts - Software only 

338 
- 
- 

£4.28 

EPE SOFTWARE 
Software programs for EPE protects marked with a single 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 Toolkit Mk2 V2-4d (May-Jun '99); EPE 
Disk 1 (Apr '95-Dec '98); EPE Disk 2 (1999); EPE Disk 3 (2000); EPE Disk 4 (2001): 
EPE Disk 5 (Jan 2002 issue to current cover date); EPE Teach-In 2000; EPE 
Spectrum; EPE Interface Disk 1 (October'00 issue to current cover date). ** PIC 
Toolkit TK3 software (Nov '01) is on CD-ROM. The 3.5 inch disks are £3.00 each 
(UK), the CD-ROM is £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 down-
loaded free from our Internet FTP site: ftp://ftp.epemag.wimbome.co.uk. 

EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 

Name  

Address   

Tel. No.   

I enclose payment of £ (cheque/PO in £ sterling only) to: 

Everyday 
Practical Electronics 
MasterCard, Amex, Diners 

Club, Visa or Switch 

Minimum order for cards £5 Switch Issue No. 

Card No.   

Signature Card Exp. Date  

NOTE: You can also order p.c.b.s by phone, Fax, E-mail or via our 
Internet site on a secure server: 

http://www.epemag.wlmborne.co.uk/shopdoor.htm 
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WHETHER ELECTRONICS IS YOUR HOBBY 
OR YOUR LIVELIHOOD . . 

YOU NEED THE MODERN ELECTRONICS MANUAL 
and the ELECTRONICS SERVICE MANUAL 

THE MODERN ELECTRONICS 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: 

BASZ PRINCIPLES: Electronic Components and their 
Characteristics ( 16 sections from Resistors and Potentiometers to 
Crystals, Crystal Modules and Resonators); Circuits Using Passive 
Components ( 10 sections); Power Supplies; The Amateur 
Electronics Workshop; The Uses of Semiconductors; Digital 
Electronics (6 sections); Operational 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 yo..ir 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 
Suppiemems describe clearly, with appropriate diagrams, now 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 Safety and provides web links to 
component and equipment Manufacturers and Suppliers. 
The most comprehensive reference work ever produced at a price 
you can afford, the CD-ROM edition of THE MODERN 
ELECTRONICS MANUAL provides you with all the essential 
information you need. 

THE MODERN ELECTRONICS MANUAL (MEM — CD-ROM version only) 
Revised CD-ROM Edition of Basic Work: Contains over 800 pages of information in Adobe Acrobat format. Edited by John Becker. 
Regular Supplements: Additional CD-ROMs each containing four 160-page Supplements of additional material will be available for £19.95 
each to MEM buyers. 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: £21Y:g-5 OFFER PRICE £24.95 POST FREE. Offer ends May 31st 2002 

ORDER BOTH MANUALS TOGETHER AND SAVE ANOTHER MO 
A mass of well-organised and clearly explained information is brought to you by expert editorial 

teams whose combined experience ensures the widest coverage 
Regular Supplements to these unique publications, keep you abreast of the latest technology and 

techniques if required 



ELECTRONICS SERVICE MANUAL 
(PRINTED VERSION ONLY) 

EVERYTHING YOU NEED TO KNOW TO GET STARTED IN 
REPAIRING AND SERVICING ELECTRONIC EQUIPMENT 

SAFETY: Be knowledgeable about Safety Regulations, Electrical Safety and First Aid. 

UNDERPINNING KNOWLEDGE: Specific sections enable you to Understand Electrical 
and Electronic Principles, Active and Passive Components, Circuit Diagrams. Circuit 
Measurements, Radio, Computers, Valves and Manufacturers' Data, etc. 

PRACTICAL SKILLS: Learn how to identify Electronic Components, Avoid Static 
Hazards, Carry Out Soldering and Wiring, Remove and Replace Components. 

TEST EQUIPMENT: How to Choose and Use Test Equipment, Assemble a Toolkit, Set 
Up a Workshop, and Get the Most from Your Multimeter and Oscilloscope, etc. 

SERVICING TECHNIQUES: The regular Supplements include vital guidelines on how to 
Service Audio Amplifiers, Radio Receivers, TV Receivers, Cassette Recorders, Video 
Recorders, Personal Computers, etc. 

TECHNICAL NOTES: Commencing with the IBM PC, this section and the regular 
Supplements deal with a very wide range of specific types of equipment — radios, TVs, 
cassette recorders. amplifiers, video recorders etc.. 

REFERENCE DATA: Detailing vital patameters for Diodes, Small-Signal Transistors, 
Power Transistors, Thyristors, Triacs and Field Effect Transistors. Supplements include 
Operational Amplifiers, Logic Circuits, Optoelectronic Devices, etc. 

ELECTRONICS SERVICE MANUAL 
(ESM — Printed version only) 

Basic Work: Contains around 900 pages of information. Edited by Mike Tooley BA 
Regular Supplements: Unlike a book or encyclopedia, this Manual is a living work — 
continuously extended with new material. If requested, Supplements are sent to you on 
approval approximately every three months. Each Supplement contains around 160 pages 
— all for only £23.5042.50 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: F.,39-:5-5 SALE PRICE £24.95 
(to include a recent Supplement FREE). Offer ends May 31st 2002. 

MfcaP cPciancPcf0PcP clincPc1SVP 

5 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 Manua/ (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. 

 46uttrantre-

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 

LnLPf-PCS, di] 
is 

I3P cideincin LIncencP  

Wimborne Publishing Ltd., Dept Y3, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. Fax: 01202 874562. 
Online shop: www.epemag.wimborne.co.uldshopdoor.htm 

PLEASE send me VISA z9. 
THE MODERN ELECTRONICS MANUAL (CD-ROM version only) 

El ELECTRONICS SERVICE MANUAL plus a FREE SUPPLEMENT (Printed version only) 
I enclose payment of £24.95 (for one Manual) or £39.90 for both Manuals (saving another 
£10 by ordering both together) plus postage if applicable. (Offers end May 31st 2002) 
I also require the appropriate Supplements four times a year. These are billed separately 
and can be discontinued at any time. (Please delete if not required.) 

FULL NAME   
(PLEASE PRINT) 

ADDRESS   

 POSTCODE   

SIGNATURE   

E 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. Y3, 408 Wimborne 
Road East, Femdown, Dorset BH22 9ND 

We otter 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 

£6 each 

£22 each 
£26 each 
£33 each 
£26 each 

£22 each 
£29 each 
£36 each 
£40 each 
£48 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 

ta 

mern,cd 



LL CoDM 
INCOMPOIRATIMI ŒLICTRONICS TODAY INTERNATIONAL 

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. 

Valve Output Transformers: Single ended 50mA, £4.50: push/pull 
50W, £38; 100W, £53. Mains Transformers: Sec 220V 30mA 6V 
1A, £3; 250V 60mA 6V 2A. £5; 250V 8OrnA 6V 2A, £6. High 
Voltage Caps: 50uF 350V, 680iF 500V, 150pF 385V, 330p F 400V, 
470,,,F 385V. all £3 ea., 32+32,uF 450V £5, 4rrF 800V oil filled 
paper block, £ 10. Postage extra. 
Record Decks and Spares: BSR, Garrard. Goldring, motors, 
arms, wheels. headshells. spindles. etc. Send or phone your 
want list or quote. 

RADIO COMPONENT SPECIALISTS 

1:!:1 337 WHITEHORSE ROAD, CROYDON VISA 
SURREY, CRO 2NS. TN: (020) 8684 11366 

Lots of transtormers fugh volt caps valves. output transformers. speaker% 111 Meek 
Phone or send your wants list for quote 

Test Equipment 

Service Manuals. 

Contact 
www.cooke-int.com  

Tel: +44 01243 55 55 90 

TIS - Midlinbank Farm 
Ryeland, Strathaven ML10 6RD 
Manuals on anything electronic 

Circuits — VCR £8, CTV £6 
Service Manuals from £ 10 
Repair Manuals from £5 
P&P any order £2.50 

Write, or ring 01357 440280 for full details 

of our lending service and FREE quote for 
any data 

BTEC ELECTRONICS 
TECHNICIAN TRAINING 

VCE ADVANCED ENGINEERING 
ELECTRONICS AND ICT 

HNC AND HND ELECTRONICS 
NVQ ENGINEERING AND IT 

Next course commences 
16th SEPTEMBER 2002 

FULL PROSPECTUS FROM 

LONDON ELECTRONICS COLLEGE 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 

TEL: (020) 7373 8721 

THE BRITISH AMATEUR 
ELECTRONICS CLUB 

exists to help electronics enthusiasts by 
personal contact and through a quarterly 

Newsletter. 
For membership details, write to the 

Secretary: 
Mr. M. P. Moses, 

5 Park View, Cwmaman, 

Aberdare CF44 6PP 

Space donated by 

Everyday Practical Electronics 

X-10® Home Automation 
We put you in controlTM 

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. 

_ . 

CnE2C1 

E-Mail: info@laser.com 
http://www.laser.com 
Tel: (020) 8441 9788 
Fax: (020) 8449 0430 

VISA 

OMB( 
http://www.olimex.com/pcb 

PCB prototypes for $ 26 
FR-4, 1.5 mm, 35/35 um 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 

IS THIS YOUR COMPUTER? 
Random Crashes, Data Loss, 1, 
Premature Component Failure 

The demand for a faster PC is turning up the heat 
inside your PC. Monitor and protect it with the 
PC Thermometer. Features: Temperature display, 
Fan control & monitor, Audible alarm, Fits Drive Bay. 

24 Leasmires Avenue 
Easingwold 
York Y061 3DU 

ww,v.circuit-innovations.co.uk 
Other Design. Manufacturing 8 PCB Services too! 

CI Circuit 
Innovations 

ROBOLOGIC 
Hobby Robotics Components 

BasicX Microcontrollers 
Development Kits 

sales@robologic.co.uk 

www.robologic.co.uk 

MARCONI RADIO COMMUNICATIONS 
TEST SET MODEL 2955 

£900 
ANDO SPECTRUM ANALYSER 

MODEL AC 8211 
£900 

Both in good working order 

Tel. 01484 663429. 

\\/ 

TRANSFORMERS 
Transformers and Chokes for all types 

of circuits including specialist valve units 

Custom design or standard range 
High and low voltage 

Variable Voltage Technology Ltd 
Unit 24 Samuels Whites Estate 
Cowes, Isle of Wight P031 7LP 

Tel: 01983 280592 Fax: 01983 280593 
email: sales@wt-cowes.freeserve.co.uk 

2002 CATALOGUE 
PLEASE SEND SAE FOR A FREE COPY TO 

FM L ELECTRONICS 
FREEPOST NEA 3627 BEDALE 
NORTH YORKSHIRE, DL8 2BR 

TEL: 01677 425840 

SUPPLIERS OF ELECTRONIC COMPONENTS, EPE KITS AND 
PARTS FOR TEACH.IN 2002 

Zen NOW AVAILABLE WITH 
128K AND 512K OZ4 

ALSO SPECTRUM 
AND OL PARTS 

W. N. RICHARDSON & CO. 
PHONE/FAX 01494 871319 

E-mail: wnr@compuserve.com 
RAVENSMEAD, CHALFONT ST PETER. BUCKS, SL9 ONB 

WANTED: 

GENIUS 
for a challenging, one-off commission! 

Good rate paid. Apply in confidence with why 
it should be you to: 

Mr Tony Scott, 
4 Holmere Cottages, The Green, 
Ashill, Thetford, Norfolk IP25 7AT. 

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 BIS 4GX. 
EDUCATIONAL ELECTRONIC KITS, GCSE, 
Physics, Hobbyist. 2 x 1st class stamps for catalogue. 
Electroteach, PO Box 2594, Cannock, WS12 4YH. 

www.electroteach.com. 
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, E-mail 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, 
http://www.geocides.com/sirldtukiindex.htm. 
VALVES AND ALLIED COMPONENTS IN 
STOCK — please ring for free list. Valve equipment 
repaired. Geoff Davies (Radio). Phone 01788 574774. 
VOLT DVC250.1 BASS DRIVERS, I pair for sale, 
£200 o.n.o. Telephone 01452 545109. 
COPPER ISLAND CONSTRUCTION OUTFITS. 
Build electronics circuits easily without etching or 
drilling. Full instructions enclosed. Just £ 17.95. Duncan 
Walters, II King George V Avenue, Mansfield, NG18 
4ER. Further information phone 01623 465443. 
www.copperisland.biz. 
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Nox you can get the Skills and qualIfIcatrons you need for 
ardor success with an CS Home Study Course. Learn in the 
mmfort of your own home at the pace and times that suit you. 

CS is the worlds largest. most experienced home study 
school. Over the past 100 years ICS have helped nearly 10 
million people to improve their lob prospects. Find out how we 
:an help YOU. Post or phone today 'or FREE INFORMATION 
on the course of your choice 

Electrical Contracting 8 Installation 
Electrical Engineering 
C8G/ICS Basic Electronic Engineering 
cadrics Basic Mechanical Engineering 
TV and Video Servicing 
Radio and Hen Servicing 
Refrigeration Heating 8 Air Conditioning 
Motorcycle Maintenance 

FREEPHONE 0500 581 557 
Or write to, International Correspondence Schools. FREEPOST 882, 8 Elliot Place, 

Clydeway Skypark, Glasgow, G3 8BR. Tel 0500 581 557 or Tel/Fax: Dublin 285 2533 
IM" BM- IBM 1M -MK-  IBM UM SIM 

Please send me my rree Information on your Electronics Courses. 
Mr/Mrs/Ms/Miss 
(BLOCK CAPITALS PLEASE) Date of Birth / / 

Address 

Postcode 

Occupation Tel No 

From Wye to One se demur other carefully screened organisatens corne to you about 
% products and services If you would prefer not to hear from sudi organisations pease he box E Dee zEevc1B2 

HIM BM ..... 00. 

Bowood Electronics Ltd 
Suppliers of Electronic Components 

Batteries, Buzzers, Capacitors, Connectors, Diodes, Cases, Ferrites, Fuses, 
Heatshrink, ICs, Inverters, L.E.D.s, P.C.B., Potentiometers, Power Supplies, 

Presets, Rectifiers, Relays, Resistors, Soldering Equipment, Stripboard, Switches, 
Test Meters, Therrnistors, Thyristors. Tools, Transistors, Triacs 

Catalogue available NOW 
Send 41p stamp or visit our website 

Website: http://www.bowood-electronics.co.uk 
sales@bowood-electronics.co.uk 

VISA 
r 

Magee E 
Mail Order Only 

7 Bakewell Road, Baslow, Derbyshire, DE45 *IRE, UK 
Telephone/Fax: 01246 583777 

Watch Slides on TV. 
Make videos of your slides. Digitise your slides 
(using a video capture card) 
"Liesgang dialv" 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 vAvvi.diatv.co.uk. 
£91.91 + VAT = £108.00 

Board cameras all with 512 x 582 pixels 8.5mm 1/3 inch sersor 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 o £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 £' 5 97 + VAT £18.76 
VSL4022F 4mm F1-22 63 x 47 degrees viewing angle £ 17.65 + VAT £20.74 
VSL6022F 6mm F1.22 42 x 32 degrees viewing angle £19.05 + VAT £22.38 
VSL8020F 8mm F1-22 32 x 24 degrees viewing angle £ 19.90 + VAT £23.38 

Better quality C Mount lenses 
VSL1614F 16mm F1-6 30 x 24 degrees viewing angle £26.43 + VAT £31.06 
VWL813M 8mm F1.3 with iris 56 x 42 degrees viewing angle £77.45 4-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 + \MI 

866 battery pack originally intended to be 
used with an orbitel 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 & pecking per order 

«IPG 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 

Radio 
Bygones 

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

THERE IS ALSO a selection of free readers' For Sale and Wanted 
advertisements in every issue. 

Radio Bygones covers it all! 
THE MAGAZINE is published six times a year, and is only 
available by postal subscription. It is not available at 
newsagents. 
To TAKE OUT a subscription, or to order a sample copy, 
please contact: 
RADIO BYGONES, Wimborne Publishing Ltd., 
408 Wimborne Road East, Ferndown, Dorset BH22 9ND. 
Tel: 01202 873872. Fax 01202 874562. 
Web sites: wvvw.radiobygones.co.uk 

www.radiobygones.com 

rw ' 
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r- FREE 304-page 2 
colour catalogue 

Great value for Speakers, 
Microphones, Heapphories. 
Aerials, Transmitters, TV Amps, 
Plugs. Sockets, livtls, CD L1"--enrage- Cases. CC , ecurity, 
Connectors, Adaptors, Switch 

Effects, MIzejlik, Amplifiers. 
Turntables. Mublciails' J,Tads. 1 
Car Audio. Test Equipment, 
ybk:tkeby-Kits. Computer Leads & 
Accessories. Power Supplies, 
Inverters, Transformers, Battery 
Chargers. Tools,. Soldering, 
Switches, Fuses, Indicators, 
Cable & Wire. Crossovers, 
Speaker Hardware, PA Amps, 
and a great deal more ... all for 
,the prrce of a stamp. 

ftf 

4 

Sky Electronics 
40-42 Cricklewood Broadway, 

London. NW2 3ET 

Tel: 020 8450 0995 
Fax: 020 8208 1441 

Email: sales@cricklewoodelectronics.com 
www.skyelectronics.co.uk 

The Catalogue Is FREE to shop callers or send stamps to the value of £1.85 to cover postage. 
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N. R. BARDWELL LTD (Est. 1 948) 
100 Signal Diodes 1N4148  £1.00 
75 Rectifier Decides 1N4001 £1  00 
50 Rectifier Diodes 1144007  £1.00 
10 WO1 Bridge Rectifiers . f1  00 
10 555 Timer I.0 s   
4 741 Op Amps £1  03 
50 Assorted Zener Decides 400mW £1  00 
12 Assorted 7-segment Displays£1  03 
25 5mm le 4.5. red, green or yellow  £1.00 
25 3mm I.e.d.s, red, green or yellow £1  00 
75 5rifin Led.s. green, 6.5mm legs £1  00 
50 Axial Le.d.s, 2mcd red Diode Package .f1.00 
25 Asstd. High Brightness I.e.d.s. var cols .£1.00 
20 BC182L Transistors  £1.00 
25 BC212L Transistors £1  00 
30 BC237 Transistors  £1.00 
20 EIC327 Transistors  £1.00 
30 BC328 Transistors  £1.00 
30 BC547 Transistors  £1.00 
20 BC54713 Transistor  £1.00 
30 BC548 Transistors  £1.00 
30 BC549 Transistors  £1.00 
25 BC557 Transistors  £1.00 
30 BC558 Transistors  £1.00 
30 BO559 Transistors  £1.00 
20 2N3904 Transistors £1  00 

£1  00 
£1.00 
El  00 
CI 00 

100 1n1 50V wkg Anal Capacitors 
100 4147 50V wkg Axial Capacitors 
80 Asstd capacitors electrolytic-
80 Asstd capacitors 1nF to 1,1iF   

200 Asstd disc ceramic capacitors f1  00 
50 Asstd. Skel Presets (sm, stand cennet)f1.00 
50 Asstd. RE chokes (inductors)  £1.00 
50 Asstd grommets  £1.00 
80 Asstd solder tags. p/conns, terminals  C1.00 
10 Asstd. crystals - plug in  f1.00 
230 Asstd. dil switches   Miniature slide switches sp/co £1.00 £1  00 
100 Asstd. beads (ceramic. teflon, fish spine) f1.90 
80 Asstd small stand offs. Vthroughs etc .f1.00 
30 Asstd chl sockets up to 40 way £1  00 
10 TV coax plugs, plastic  LI.00 
40 metres very thin connecting wire, red  £1.00 
20 1 in. glass reed switches  £1.00 
100 Any one value I4W 5% cf resistors range 

1R to 10M  £0.45 
tO 7812 Voltage Regulators  LISO 
300 Asstd. resistors. '4W/½W, mostly on 

tapes ...... ..  C1.00 

288 Abbeydale Road, Sheffield Si 1FL 

Phone: 0114 255 2886 * Fax: 0114 255 5039 
salestlbartheells.co.uk * Wets resnebardwelis.co.uk 

Prices include VAT.Postage £1.65 
44p stamp tor 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 incl. VAT 
SEE OUR WEB PAGES FOR 

MORE COMPONENTS AND 

SPECIAL OFFERS 

wwi,v.bardwells.co.uk 

COVERT VIDEO CAMERAS 
Black and White Pin Hole Board Cameras 

with Audio. Cameras in P.I.R., Radios, 
Clocks, Briefcases etc. Transmitting 
Cameras with Receiver (Wireless). 
Cameras as above with colour. 

Audio Surveillance Kits and Ready Built 
Units, Bug Detector etc. 

A.L. ELECTRONICS 
Please phone 0181 203 6008 for free catalogue. 

Fax 0181 201 5359 
E-mail: surveillance@btclick.com www.uspy.com 

New DTI approved Video Transmitters and Receivers (Wireless) 
Major credit cards now taken 

SHERWOOD ELECTRONICS 
FREE COMPONENTS 

Buy 10 x £1 Special Packs and choose another one FREE 

SPI 
SP2 
SP3 
SP6 
SP7 
SP8 
SP10 
SPI 1 
SP12 
SP20 
SP21 
SP23 
SP24 
SP25 
SP26 
SP28 
SP29 
SP34 
SP36 
SP37 
SP39 
SP40 
SP41 
SP42 
SP47 
SP49 
SP102 
SP103 
SP104 
SP109 
SP112 
SP115 
SP116 
SP124 
SP126 

SP130 
SP131 
SP133 
SP134 

15 x 5mm Red LEDs 
12 x 5mm Green LEDs 
12 x 5mm Yellow LEDs 
15 x 3mm Red LEDs 
12 x 3mm Green LEDs 
10 x 3mm Yellow LEDs 
100 x 1N4148 diodes 
30 x 1N4001 diodes 
30 x 1N4002 diodes 
20 x BC184 transistors 
20 x BC212 transistors 
20 x BC549 transistors 
4 x CMOS 4001 
4 x 555 timers 
4 x 741 Op.Amps 
4 x CMOS 4011 
3 x CMOS 4013 
20 x 1N914 diodes 
25 x 10/25V radial elect. caps. 
12 x 100/35V radial elect. caps. 
10 x 470/16V radial elect. caps. 
15 x BC237 transistors 
20 x Mixed transistors 
200 x Mixed 0.25W C.F. resistors 
5 x Min. PB switches 
4 x 5 metres stranded core wire 
20 x 8-pin DIL sockets 
15 x 14-pin DIL sockets 
15 x 16-pin DIL sockets 
15 x BC557 transistors 
4 x CMOS 4093 
3 x 10mm Red LEDs 
3 x 10mm Green LEDs 
20 x Assorted ceramic disc caps 
8 x Battery clips - 4 ea. 

PP3 + PP9 
100 x Mixed 0.5W C.F. resistors 
2 x TL071 Op.Amps 
20 x 1N4004 diodes 
15 x 1N4007 diodes 

RESISTOR PACKS - C.Film 
RP3 5 each value - total 365 0.25W £3.00 
RP7 10 each value - total 730 025W £4.25 
RP10 1000 popular values 0.25W £6.15 
RP4 5 each value-total 365 0.5W £4.00 
RP8 10 each value-total 730 05W £6.65 
RP11 1000 popular values 0.5W £840 

SP135 6 x Miniature slide switches 
SP136 3 x BFY50 transistors 
SP137 4 x W005 1.5A bridge rectifiers 
SP138 20 x 2.2/63V radial elect. caps. 
SP140 3 x WO4 1.5A bridge rectifiers 
SP142 2 x CMOS 4017 
SP143 5 Pairs min. crocodile dips 

(Red & Black) 
SP145 6 x ZTX300 transistors 
SP146 10 x 2N3704 transistors 
SP147 5 x Stripboard 9 strips x 

25 holes 
SP151 4 x 8mm Red LEDs 
SP152 4 x 8mm Green LEDs 
SP153 4 x 8mm Yellow LEDs 
SP154 15 x BC548 transistors 
SP156 3 x Stripboard, 14 strips x 

27 holes 
SP160 10 x 2N3904 transistors 
SP161 10 x 2N3906 transistors 
SP165 2 x LF351 Op.Amps 
SP166 20 x 1N4003 diodes 
SP167 6 x BC107 transistors 
SP168 6 x BC108 transistors 
SP172 4 x Standard slide switches 
SP175 20 x 1/63V radial elect. caps. 
SP177 10 x 1A 20mm quid( blow fuses 
SP182 20 x 4-7/63V radial elect. caps. 
SP183 20 x BC547 transistors 
SP187 15 x BC239 transistors 
SP189 4 x 5 metres solid core wire 
SP192 3 x CMOS 4066 
SP193 20 x BC213 transistors 
SP195 3 x 10mm Yellow LEDs 
SP197 6 x 20 pin DIL sockets 
SP198 5 x 24 pin DIL sockets 
SP199 5 x 2.5mm mono jack plugs 
SP200 5 x 2.5mm mono jack sockets 

2002 Catalogue now available £1 
inc. P&P or FREE with first order. 

P&P £1.25 per order. NO VAT 

Orders to: 

Sherwood Electronics, 

7 Williamson St., Mansfield, 

Notts. NG19 6TD. 
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BK ELECTRONICS 

10,000's 
SOLD 
TO PRO 
USERS 

POWER AMPLIFIER MODULES-LOUDSPEAKERS-MIXERS 

19 INCH STEREO AMPLIFIERS-ACTIVE CROSS/OVERS. 

OMP MOS-FET POWER AMPLIFIERS 
HIGH POWER TWO CHANNEL 19 INCH RACK 

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

MXF600 (300W + 300W) MXF900 (450W + 450W) 

ALL POWER RATINGS ARE R.M.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN 
FEATURES:- Independent power supplies with two toroidal transform es 
• Twin L.E.D. Vu Meters • Level controls • Illuminated on/off switch * Jack / XLR inputs • 
Speakon Outputs 'Standard 775rny inputs *Open and Short circuit proof * Latest Mos-Fes 
for stress free delivery into virtually any load High slew rate • Very low distortion ' Aluminium 
cases • MXF600 & MXF900 fan cooled with D.C. Loudspeaker and thermal protecticn. 

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC 

MXF200 W19* D11" H3'/." 2U 
MXF400 W19" D12" H5'/i" 3U 

SIZES:- MXF600 W19" D13 H5'/." 3U 
MXF900 W19" D14" H5'/-'' 3U 

PRICES:- MXF200 £ 175.00 MXF400 £ 233.85 
MXF600 £ 329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL £12.50 Each 

ATALOGUE 2001-2002 
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FLIGHTCASED 
LOUDSPEAKERS 

* PRICES INCLUDE V.A.T. 

* PROMPT DELIVERY 

A new range of quality loudspeakers, designed to take acantage 
latest loudspeaker technolugy and enclosure designs. All models 
utilise high quality studio cast aluminium loudspeakers with factory 

fitted grilles. wide dIspersion oonstant direcMy hams, extruded aluminium corner protection arid steel 
ball comers. comprimented with heavy duty black covering. The enctreures are fitted as standard with 
top hats for optional loudspeaker stands. The FC15-300 incorporates a large 16 X 6 inch horn Al 
cabinets are fitted witi the latest Speakon connectors for your convenience and safety. 
Re models to choose fem. 

N 

O 

PLEASE NOTE:- POWER RATINGS 
QUOTED ARE IN WATTS P.M.S. FOR 
EACH INDIVIDUAL CABINET ALL 
ENCLOSURES ARE 8 OHMS 

15=15. Inch speaker 
12=12 Inch speaker 

ihf FC15-300 WATTS Freq Range 35Hz-20kHz,Sens 101dB. Size H695 W502 D415mm 
Price:- £299.00 per pair 

FC12-300 WATTS Freq Range 45Hz-20kHz, Sens 96dB. Size H600 W405 D300mm 
Price:- £249.00 per pair 

ibi FC12-200 WATTS Freq Range 40Hz-20kHz, Sens 97dB. Size H600 W405 D300mm 
Price:- £199.00 per pair 

ihl 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 £7.00 each 
0 tional Metal Stands PRICE:- £09.0 e air Delire - £6.00 

SVVTTCHABLE 2-WAY 

/4711-5)(.3A ,(D TC7:>\ 
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 125/250/500Hz, Mid-Top . 8/3/5kHz, all at 24 dB per octave. 
), 03 Bass -Mid 250.500 800Hz. Mid -Top 1 813/5kHz, all at 24 dB per Octave. 
Please make sure you ask for the correct model when ordering. The 2/3 way selector switches are 
also accessed by removing the front facia. Each stereo channel can be configured separately. Bass 
Invert Switches are incorporated on each channel. Nominal 775mV input/output. Fully compatible 
with the OMP Rack Amplifier and Modules. 

BOTH MODELS PRICED AT :- £ 117.44 + £5.00 P&P 

,/EttSi-/TATIT>C07 / 1.3>< MID/TOP 

2 WAY BASS/MID COMBINED 2 WAY MID/TOP COMBINED 

OMP MOS-FET POWER AMPLIFIER MODULES 

00 WATT ACTIVE SUB BASS AMPLIFIER PANEL 

AN ACTIVE SUB BASS AMPLIFIER WITH A TRUE 1110W 
RMS OUTPUT. SUPERB CONSTRUCTION WITH THE 
FACILITIES TO INTEGRATE SEEMLESSLY INTO MOST 
HI-Fl OR HOME CINEMA SETUPS. USE THIS PANEL 
PLUS ONE OF OUR LOUDSPEAKERS TO MAKE YOUR 
OWN SUB WOOFER THAT WILL MATCH OR BEAT MOST 
COMMERCIALLY AVAILABLE SUB WOOFERS. 

FEATURES:- • 100W RMS INTO 8 OHMS • HIGH AND 
LOW LEVEL INPUTS • TOROIDAL TRANSFORMER 
• SHORT CIRCUIT PROTECTION D.C. SPEAKER 
PROTECTION • FREQUENCY ROLL OFF, LOWER 
10Hz, UPPER 60Hz TO 240Hz ( FULLY ADJUSTABLE) 
• AC3 COMPATIBLE FILTER CAN BE BYPASSED 
FOR 5-1 FORMATS. • AIRTIGHT CONSTRUC7ION 
• 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 0.85% S/N A WEIGHTED 
>100dB • SUPPLY 230V A.C. *WEIGHT 2.7Kg * SIZE H254 X W254 X D94mm 

THERE ARE 2 VERSIONS OF THE ABOVE PANEL AVAILABLE :-BS8100,8 
8 OHM VERSION BSB100/4 4 OHM VERSION BOTH PANELS ARE PRICED AT 
£117.44 + £5.00 P&P INCL. V.A.T. CHECK VVEBSITE FOR PANELS UP TO . 00W 

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. 

SUPPLIED READY 
BUILT AND TESTED 

rose modules now Wt)11(1-m(le reputation for quality reliabitty and performance at a realistic price Four 
ixxlels are available to surt the needs of the professional and hobby market ie Industry. Leisure. Instrumenta 
arid Hi-Fi etc. When comparing prices. NOTE that all models include toroidal power supply. integral heatsok. 
Gass fibre PC B. and drive circuits to power a compatible Vu meter All rrodets are open and short ern- tIlt 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 -3dEir 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  

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.0 
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 Sensityily 
500mV, S.N.R. 110dB. Fan Cooled, D.C. 
Loudspeaker Protection, 2 Second Anti Thump 
Delay. Size 422 x 300 x 125mm. 

Price.-1261 00 + £12 00 P&P  
NOTE. MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS. 
STANDARD - INPUT SENS ECOmVBANDIMDTH 100Id-tz OR IC 
(PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV. BANDWIDTH 504-tz ORDER STMOAFtD OR PEG 
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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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'Electronics and Computing 
A Complete PC Based Electronics 

and Computing Course. Principles VT 
1 1 ELECTROVICS - ELECTRICAL - MATHEMATICS - C‘ UTER SCIENCE - 

INFORMATIONFrECHNOLOGY - PIC MICRO CONTROLLge - PHYSIC4I SCIENCE 

U Electronics and Computing Principles V7.1 

DC AC Electrical Semi-Conductors 

MATHENIATI 

2 x pi x R1 x Cl 

R1 Cl 

1k 100nF 

R C HIQh Fac:: Active Filter. 

More than a thousand fully 
interactive Electronics and 
Computing topics. 

FREE V7.1 upgrade to add 
Computer Science and Information 
Technology. 

Mathematics Principles from 
imple numbers to statistics. 

IC Micro controllers, Toolbox, 

Components and Equipment 
Picture Dictionary, Electrical 

Ice all in one package. 

NAL EPT Electronics Lab 
re add-on unit for real 

electronics experiments. 

Digital Computing Testing Micro PIC@ Toolbox Lab Index SAQ Win 

R2 Z =-1 R12 + Xcz 

Pass Band 
fc 'cut-off" 

Vout = Vin x Av 

1-) indicates output 
phase inversion 

-7.07mV 

C2 = 100nF 

R1 = 1k 

F12 = 101' 
fc 'cut-off' e -3dB point = 1.59kHz 
Xc of 100nF @ 1.59kHz = 1k 

@ - 3dB point = 1 411 
j (171 

Vout @ -3dB = -7.07mV 

Used in hundreds of schools, 
colleges and universities in the UK 
and overseas. 

Covers GCSE, inevel, BTEC 
tioneis an iversity courses. 

reme easy to use for 
interactive learning with a unique 
approach to multiple choice Self-
Assessment-Questions. 

A huge source of dynamic 
electronics and computing 
information all in one place. 

Select printing, clipboard, 
explanatory text, calculations and 
graphs from toolbar buttons. 

,_1_12111 

12g 

Resistor. 141' 

Resistor .'R2' 

Capacitor. 'Cl' 

OnLine £29.95 + VAT p.a. 

Personal user CD-ROM £99.95 + 
Education CD-ROM £299.95 +VAT 
(Includes unlimited multi-user site lice ce.) 

FREE TRIAL L - 
complete 

with a descr 
Robert Pe 
www.epts 

OAGIL 
ge 

ion by 

Windows from '95 to XP 

eptsoft limited. Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ. 
Tel: +44 (0)1376 514008. Fax: +44 ( 0)870 0509660. Email: info@eptsoft.com. 

Switch, Delta, Visa and MasterCard accepted. 
No additional postage or airmail charges. 




