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Colour CCTV camera, 8mm 
lens, 12V d.c. 200mA 
582x628 Resolution 380 
lines Automatic aperture 
lens Mirror functicn PAL 
Back Light Compensation 
MLR, 100x40x4Ornm. 
Ref EE2 £69 

Built-in Audio . 15Iux CCD camera 12V 
d.c. 200mA 480 lines s/n ratio >48db 
1V P-P output 110mm x 60mm x 50mm. 
Ref EE1 £99 

Excellent quality multi-
purposeTV/TFT screen, works 
as just a LCD colour monitor 
with any of our CCTV cameras 
or as a conventional TV. Ideal 
for use in boats and caravans 
49.7MHz-91.75MHz VHF 
channels 1-5.168.25MHz-
222.75MHz VHF channels 6-
12, 471.25MHz-869.75MHz 
Cable channels 112.325MHz-
166-75MHz Z1-Z7, Cable 
channels 224.25MHz-
446.75MHz Z8-Z35 5 colour 
screen. Audio output 150mW. 
Connections, external aerial. 
earphone jack, audio/video 
input, 12V d.c or mains. 
Accessories supplied Power 
supply, Remote control, Cigar 
lead power supply. Headphone 
Stand/bracket. 5" model £139 
Ref EE9, 6" model £149. Ref 
EE 10 

Fully cased IR light source 
suitable for CCTV applications. 
The unit measures 10 x 10 x 
150mm, is 12V d.c. operated 
and contains 54 infra-red LEDs. 
Designed to mount on a 
standard CCTV camera bracket. The 
unit also contains a daylight sensor 
that will only activate the infra-red 
lamp when the light level drops below 
a preset level. The infra-red lamp is 
suitable for indoor or exterior use, 
typical useage would be to provide 
additional IR illumination for CCTV 
cameras. £49. Ref EE11 

Metal CCTV camera 
housings for inzernal or 
external use. Made from 
aluminium and plastic they 
are suitable for mounting 
body cameras in. Available 
in two sizes 1 - 100 x 70 x 
170mm and 2 - 100 x 70 x 
280mm. Ref EE6 £22 EE7 
£26 multi-position brackets. 
Ref EE8 £8 

Self-cocking pistol plcr002 
crossbow with metal body. 
Self-cocking for precise string 
alignment Aluminium alloy 
construction High tec fibre 
glass limbs Automatic safety 
catch Supplied with three 
bolts Track style for greater 
accuracy. Adjustable rear 
sight 50Ib drawweight 150ft 
sec velocity Break action 17" 
string 30m range £21.65 Ref 
PLCR002 

Mains operated and designed to be used 
with any CCTV camera causing it to scan. 
The clips can be moved to adjust the 
span angle, the motor reversing when it 
detects a clip. With the clips removed the 
scanner will rotate constantly at approx 
2.3rpm. 75 x 75 x 80mm £23. Ref EE12 

Colour CCTV Camera measures 
60x45mm and has a built-in light level 
detector and 12 IR LEDs 0.2 lux 12 IR 
LEDs 12V d.c. Bracket Easy connect 
leads £69. Ref EE15 

A high quality external colour 
CCTV camera with built-in infra-
red LEDs measuring 60 x 60 x 
60mm Easy connect leads 
colour Waterproof PAL 1/4in. 
CCD 542 x 588 pixels 420 lines 
0.05 lux 3.6mm F2 78 deg lens 
12V d.c. 400mA Built-in light 
level sensor. £99. Ref EE13 

Colour pinhole CCTV camera module 
with audio. Compact, just 
20x20x2Omm, built-in audio and easy 
connect leads PAL CMOS sensor 6-9V 
d.c. Effective Pixels 628x582 
Illumination 2 lux Definition >240 
Signal/noise ratio >40db Power 
consumption 200mW £35. Ref EE21 

A small colour CCTV camera 
measuring just 35 x 28 x 30mm. 
Supplied complete with bracket, 
microphone and easy connect 
leads. Built-in audio. Colour 380 
line resolution PAL 0.2 lux 4-18db 
sensitivity. Effective pixels 628 x 
582 Power source 6-12V d.c. 
Power consumption 200mW £36. 
Ref EE16 

Complete wireless CCTV sytem 
with video. Kit comprises pinhole 
colour camera with simple battery 
connection and a receiver with 
video output. 380 lines colour 
2-4GHz 3 lux 6-12V d.c manual 
tuning Available M two versions, 
pinhole and standard. £79 (pinhole) 
Ref EE17, £79 (standard). Ref EE18 

Small transmitter designed to transmit 
audio and video signals on 2.4GHz. Unit 
measures 45 x 35 x 10mm. Ideal for 
assembly into covert CCTV systems 
Easy connect leads Audio and video 
input 12V d.c. Complete with aerial 
Selectable channel switch £30. Ref EE19 

2.4GHz wireless receiver Fully cased 
audio and video 2.4GHz wireless 
receiver 190x140x3Omm. metal case. 4 
channel, 12V d.c. Adjustable time 
delay. 4s, 8s, 12s, 16s. £45. Ref EE20 

The smallest PMR446 radios currently 
available (54x87x37mm).These tiny 
handheld PMR radios not only look great, 
but they are user friendly & packed with 
features including VOX. Scan & Dual Watch. 
Priced at £59.99 PER PAIR they are 
excellent value for money. Our new favourite 
PMR radios! Standby: - 35 hours Includes: - 
2 x Radios. 2 x Belt Clips & 2 x Carry Strap 
£59.95 Ref ALAN1 Or supplied with 2 sets of 
rechargeable batteries and two mains 
chargers £84.99. Ref Atan2 

Beltronics BEL550 Euro radar and 
GATS0 detector Claimed Detection 
Range: GATSO up to 400m. Radar 
& Laser guns up to 3 miles. Detects 
GATS0 speed cameras at least 200 
metres away, plenty of time to adjust 
your speed £319. Ref BEL550 

TheTENS mini Microprocessors offer 
six types of automatic programme for 
shoulder pain, back/neck pain, aching 
joints. Rheumatic pain, migraines 
headaches, sports injuries. period pain. 
In fact all over body treatment. Will not 
interfere with existing medication. Not 
suitable for anyone with a heart 
pacemaker. Batteries supplied. £ 19.95 
Ref TEN327 Spare pack of electrodes £5.99. Ref TEN327X 

• . 
a 

Dummy CCTV cameras These motorised 
cameras will work either on 2 AA batteries or 
with a standard DC adapter (not supplied) 
They have a built-in movement detector that 
will activate the camera if movement is 
detected causing the camera to 'pan' Good 
deterrent. Camera measures 20cm high. 
supplied with fixing screws. Camera also has a 
flashing red I.e.d, built in. £9.95. Ref 
CAMERAB 

INFRA-RED FILM 6" 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 only using standard light bulbs Easily 
cut to shape. 6" square £ 15. Ref IRF2 or a 12" 
sq for £29 IRF2A 

GASTON SEALED LEAD-ACID BATTERIES 

1.3AH 12V 43 £5 REF GT1213 
3.4AH 12V @ £8 REF GT1234 
7AH 12V @ £8 REG FT127 
17AH 12V @ £ 18 REF GT1217 

All new and boxed, bargain prices. 
Good quality sealed lead-acid 
batter.es 

SOLAR PANEL 10 was silicon so., 
panel, at least 10 year life, 365 r 
26mm, waterproof, ideal for fixing to 
caravans, boat, motorhomes etc. 
Nicely made unit with fixing holes for 
secure fittings. Complete with leads 
and connectors. Anodised frame. 
Supplied with two leads, one 3M lead 
is used for the o/p with two croc clips. 
the other lead is used to connect extra 
panels. Panels do NOT require a blocking 
diode, they can be left connected at all 
times without discharging the battery. 
£84.99. REF PAN 
8A solar regulator 12V, 96 watt, 
150mm x 100mm x 25mm. £28. REF 
SOLREG2 

MUM' 

High-power modules (80W-F) using 125mm square 
multi-crystal silicon solar cells with bypass diode. Anti-
reflection coating and BSF structure to improve cell 
conversion efficiency: 14%. Using white tempered 
glass, EVA resin, and a weatherproof film along with 
an aluminium frame for extended outdoor use. system 
Lead wire with waterproof connector. Four sizes. 80W 
12V dc. 1200 x 530 x 35mm, £287. REF NE80. 123W 
12V d.c., 1499 x 662 x 46mm. £439. REF NDL3. 
125W 24V, 1190 x 792 x 46mm, £439. REF NEL5 and 
165W 24V. 157 x 826 x 46mm. £593. 

BULL GROUP LTD 
UNIT D. HENFIELD BUSINESS PARK, 

HENFIELD, SUSSEX BN5 9SL 

TERMS: CASH, PO, CHEQUE PRICES + VAT 

WITH ORDER PLUS £5.50 P&P (UK) PLUS VAT. 

24 HOUR SERVICE £7.50 ( UK) PLUS VAT. 

OVERSEAS ORDERS AT COST PLUS £3.50 

'Tel: 0870 7707520 Fax 01273 491813 

Sales@bullnet.co.uk 

www.bullnet.co.uk 

THE TIDE CLOCK. These clocks 
indicate the state of the tide. Most 
areas in the world have two high 
tides and two low tides a day, so 
the tide clock has been specially 
designed to rotate twice each 
lunar day (every 12 hours and 25 
minutes) giving you a quick and 
easy indication of high and low 
water. The Quartz tide clock will 
always stay calibrated to the 
moon. £21 REF TI DEC 

LINEAR ACTUATORS 12-36V D.C. BUILT-IN ADJUSTABLE LIMIT 
SWITCHES. POWER COATED 18M. THROW UP TO 1,0001b. 
THRUST (400lb. RECOMMENDED LOAD). SUPPLIED WITH 
MOUNTING BRACKETS DESIGNED FOR OUTDOOR USE. 
These brackets originally made for moving very large satellite 
dishes are possibly more suitable for closing gates, mechanical 
machinery, robot wars etc. Our first sale was to a company building 
solar panels that track the sun! Two sizes available. 12m, and 18in 
throw. £29.95. REF ACT12, £34.95 REF ACT18. 

BUM. 

POWERSAFE DEEP CYCLE BATTERIES 
12V 51AH. NOW ONLY £29.95 EACH 

YUASA 6V 100AH NOW ONLY £25 + £5 POSTAGE EACH 

NIGHT VISION SYSTEM. 
Superb hunting rifle sight to fit 
most rifles, grooved for a 
telescopic sight. Complete 
with infra- red illuminator. 
Magnification 27s. Complete 
with rubber eye shield and 
case. Opens up a whole new 
world! Russian made. Can be 
used as a hand held or 
mounted on a rifle. £99. REF 
PN1 

Peltier Effect heat pump. 
Semiconductor thermo-

BRAND NEW MILITARY ISSUE 
DOSE METERS (radiation 
detectors). Current NATO issue. 
Standard emergency services unit. 
Used by most of the world's 
military personnel. New and boxed. 
£69. REF SIEM69 

These Samarium magnets 
measure 57mm x 20mm and 
have a threaded hole t 5/16th 
UNF) in the centre and 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. With 
keeper. £19.95. REF MAG77. 

1111Prek 41 electric device which works 1 ... 
on the Peltier effect. When . - . . 
supplied with a suitable - 
electric current, can either 
cool or heat. Also when 
subject to an externally 
applied temperature gradient 
can produce an electric 
current. Ideal for cooling or 
controlling the temperature of 
sub assemblies. Each module 
is supplied with a comprehensive 18-page Peltier design manual 
featuring circuit designs, design information etc., etc. The Peltier 
manual is also available separately. Maximum watts 56.2 40 x 
40mm 'max, 5.5A Vmax, 16.7 Tmax (c-dry N2). 72. £29.95 ( inc. 
manual. REF PELT1. Just manual £4 REF PELT2. 

New transmitter, receiver and 
camera kit. £69. Kit contains four 
channel switchable camera with built-
in audio. six IR I.e.d.s and transmitter, 
four channel switchable receiver, 2 
power supplies, cables, connectors 
and mounting bracket. £69. Wireless 
Transmitter. Black and white camera 
(75 x 50 x 55mm). Built-in 4 channel 
transmitter (switchable). Audio built-in 

6 IR I e its. Bracket/stand. Power supply 30m range Wireless 
Receiver 4 channel (switchable).AudioNideo leads and scar/ adapter. 
Power supply and manual, £69. REF COP24. 

This miniature Stirling Cycle Engine 
measures 7in. x 41/4 in. and comes 
complete with built-in alcohol burner. Red 
flywheels and chassis mounted on a green 
base, these all-metal beauties silently 
running at speeds in excess of 1.000 r.p.m. 
attract attention and create awe wherever 
displayed. This model comes completely 
assembled and ready to run. £97. REF 
SOLI 

SHOP ONLINE 
WWW.BULLNET.CO.UK 



ISSN 0262 3617 
PROJECTS ... THEORY ... NEWS ... 
COMMENTS ... POPULAR FEATURES ... 

VOL. 33. No. 2 FEBRUARY 2004 
Cover illustration by jgr22 

ELIECTRONICS 
MCOMPORATIF/0 ELECTRONICS TODAY INTERNATIONAL 

www.epemag.wimborne.co.uk 

EPE Online: www.epemag.com 

C) Wimborne Publishing Ltd 2004 Copyright in al 
drawings, photographs and articles published in 
EVERYDAY PRACTICAL ELECTRONICS is fully 
protected, and reproduction or imitations in whole or 
in part are expressly forbidden. 

?elects an? Cecas 
PIC LCF METER by John Becker 
Simple monitoring of inductance, capacitance and frequency values 

SONIC ICE WARNING by Terry de Vaux-Balbirnie 
Don't let the icy road catch you out! 

INGENUITY UNLIMITED - Sharing your ideas with others 
Mantelpiece Anemometer; Short Circuit Alarm; Blue Flash; Stepper Motor Driver; 
Audio Signal Generator 

JAZZY NECKLACE by Thomas Scarborough 
Be the light and soul of your party or disco! 

PIC TUG-OF-WAR by Bart Trepak 
PIC up the battle rope without the brute force! 

110 an? eleatiotes 
TECHNO TALK by Andy Emmerson 
How safe is your mobile phone? A powerful caution about batteries 

SURFACE MOUNT DEVICES by Lyn Jones 
How to use SMDs - it's easier than you might think 
CIRCUIT SURGERY by Alan Winstanley and Ian Bell 
MOSFET Amplifier Basics; CMOS or Bipolar Timers; Anti-Static Desoldering 

NEW TECHNOLOGY UPDATE by Ian Poole 
Improvements in capacitor technology may not hit the headlines, 
but they are still happpening! 

INTERFACE by Robert Penfold 
Further PC serial port use of INPUT32.DLL 

NET WORK - THE INTERNET PAGE surfed by Alan Winstanley 
Have spammers now been given their exclusion orders? 

TEACH-IN 2004 - 4. Experimenting with logic gates by Max Horsey 
Continuing our new 10-part tutorial and practical series - how to 
apply electronics meaningfully 

?egoMe; an aSeetnices 
PIC PROJECTS VOL 1 CD-ROM Invaluable to ad PICkers! 
A plethora of 20 "hand-PICked" EPE past projects 

EDITORIAL 

NEWS - Barry Fox highlights technology's leading edge 
Plus everyday news from the world of electronics 

READOUT John Becker addresses general points arising 

BACK ISSUES Did you miss these? Many now on CD-ROM! 

SHOPTALK with David Barrington 
The essential guide to component buying for EPE projects 

CD-ROMS FOR ELECTRONICS 
A wide range of CD-ROMs for hobbyists, students and engineers 

DIRECT BOOK SERVICE 
A wide range of technical books available by mail order, plus more CD-ROMs 

PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE 
PCBs for EPE projects. Plus EPE project software 

ELECTRONIC MANUALS 
Essential reference works for hobbyists, students and service engineers 
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Our March 2004 issue will be published on 
Thursday, 12 February 2004. See page 83 for details 
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I Visit our website 
www.distel.co.uk  

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

GIANT 10" 7-SEGMENT DISPLAYS 
A bulk purchase enables us to Snag to you these 
GIANT 7-segment diptal displays at a now effort/able 
price!! The 10" character size g-ves exceptional read-
ability at long distances and enables a host of appli:a-
bons mixing, scoreboards, digital docks, counters, 
event timers etc. As the units are a simple e)ectro-
mechanical device and operate from 12V DC. simple 
switching via switches, relays, PIC or PC may be used 
to control single or multiple dons Units feature integral 
'Zero Poner' riemory which pearly simplifies desgn. 
For an excellent DIY practical article, see the May issue of 'E 
Practical Electronics' magazine Ideal School/College construction 
act. Suppled n good RFE condition. complete with data sheet. 

Less than 30% Only £29.95(B) or 4 / £99.00(0) 
of makers price Order RW44 Order PI-126 

THE AMAZING TELEBOX 

TV SOUND & 
VIDEO TUNER 
CABLE COMPATIBLE 

Converts your colour monitor into a QUALITY COLOUR TV!! 

The TELEBOX s an attradve fully cased maire powered unt, containing all 
electronics ready ha plug into a host of video monitors or AV equipment whch 
are fitted with a composite video or SCART input The composite video output 
wi also plug drectly into most video recorders, allowing reception of TV chan-
nels not normally receivable on most television receivers' (TELEBOX 
luth). Push button controls « I the front parid allow recepbon of 8 fully tuneable 
'off 13-IF colour television channels. TELEBOX MB covers virtually all tee-
vex., frequencies VHF and UHF inducing the HYPERBAND as used by 
most cable 7V operators. Ideal for desidop computer video systems 8 
PIP (picture n picture) setups. For complete compatibility - even for monitors 
wthout sand - an integral 4 watt aucio emptier and low level Hi Fi audio out-
put are provided as standard. Brand new - hilly guaranteed. 

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

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

outputs. Micro electronics all on one small PCB only 73 x 160 
x 52 mm enable full tuning control via a simple 3 wire link to an IBM 

pc type computer. Supplied complete with simple working program 
and documentation. Requires + 12V & + 5V DC to operate. 

BRAND NEW - Order as MVO°. Only £39.95 code (B) 
See iwrw.distetco.ukrdata my00.1ffin for picture • full details 

HARD DISK DRIVES 21/2" -14" 
2' / TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm H) New £59.95 
21," TOSHIBA MK4313MAT 4.3Gb laptop (8.2 mm H) New£105.00 
21.," TOSHIBAMK6409MAV 6.1Gb laptop ( 12.7 mm H) New £98.00 
21," TOSHIBA MK1614GAV 18 Gb laptop ( 12 mm H) New£149.95 
2' z" to 3,," conversion kit for Pc's, complete with connectors £15.95 
31a" COMPAQ 313706-B21 ( IBM) 9 gb ULT/SCSI3 New £199.00 
3'2' FUJI FK-309-26 20mb MFM I/F FIFE f59.95 
3'2" CONNER CP3024 20 mb IDE I/F (or equiv.) RFE £59.95 
3' :" CONNER CP3044 40 mb IDE I/F (or equiv.) RFE £69.00 
31," QUANTUM 40S Prodrl ve 42mb SCSI I/F, New RFE £49.00 
5'." MINISCRIBE 3425 20mb MFM I/F (or equiv.) FIFE f49.95 
5'.' SEAGATE ST-238R 30 mb FILL I/F Refurb £69.95 
5'." CDC 94205-51 40mb HH MFM I/F RFE tested £69.95 
5'." HP 97548 850 Mb SCSI RFE tested £99.00 
5'." HP C3010 2 Gbyte SCSI differential FIFE tested £195.00 
8" NEC 02246 85 Mb SMD interface. New £99.00 
8" FUJITSU M2322K 160Mb SMD I/F FIFE tested £195.00 
8 FUJITSU M2392K 2 Gb SMD I/F FIFE tested £345.00 
Many other floppy & H drives, IDE, SCSI. ESDI etc from stock, 
see website for full stock list. Shipping on all drives is code 

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

10,000,000 items EX STOCK 
For MAJOR SAVINGS 

CALL or see web site www.distel.co.uk 

COMPUTER MONITOR SPECIALS 
Legacy products 

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

Mitsubishi FA3415ET(L 14" SVGA Mullisync colour monrtor with fire 0.28 
dot pitch tube and resolubcn of 1024 x 768. A variety of 
inputs allows connection to a host of computers educing 
IBM PC's CGA, EGA, VGA 8 SVGA modes, BBC, 

, COMMODORE (including Amiga 1200), 
L- ARCHIMEDES and APPLE. Many features Etched 
e faceplate, text switchng and LOW RADIA710N MPR 

. ....... specificabon. Fulty guaranteed, e EXCELLENT ittle 
used condition lilt 8 Swivel Base f4.75 

VGA cable f°' BM PC induded Only £129 (E) OrCder 

External cables for other types cd computers available - CALL  

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

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

14" 
£59.00 

15" 
£69.00 

17" 
£79.00 

Supplied in good used condition. Shipping code (D 

I Surplus always 
wanted for cash!  

19" RACK CABINETS 
gee s Europe's Largest Stocks of 

qua lity arnadck  accessories. cabinet s ,  
Ci5 enclosuresciva 

Over 1000 Racks from stock 

VIDEO MONITORS 
PHILIPS HCS35 (same style as CM8833) attractively styled 14" 
colour monitor with both RGB and standard composite 15.625 
Khz video inputs via SCART socket and separate phono jacks. 
Integral audio power amp and speaker for all audio visual uses. 
Will connect direct to Amiga and Atari BBC computers. Ideal for all 
video monitoring / security applications with direct connection to 
most colour cameras. High quality with many features such as 
front concealed flap controls, VCR correction button etc. Good used 
condition - fully tested - guaranteed Only £99.00 ,E, 
Dimensions: W14' x H123/4 ' x 151/2 ' D. 

PHILIPS HCS31 Ultra compact 9" colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket. Ideal 
for all monitoring / security applications. High quality, ex-equipment 
fully tested & guaranteed (possible minor screen burns). In attractive 
square black plastic case measuring W10" x H10" x 131/2" D. 240 V 
AC mains powered. Only £79.00 (o) 

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

as 09d8.s of applications inc: Only £99.00 ( D) 
(newel', routers, robotics etc 

TEST EQUIPMENT & SPECIAL INTEREST ITEMS UtnhliessssemctaiorkneadreNEpWre..iwtenmesd.in 

MITSUBISHI FA3445ETKL 14" Ind. spec SVGA monitors 
FARNELL 0-60V DC @ 50 Amps. bench Power Supplies 
FARNELL AP3080 0-30V DC @ 80 Amps. bench Suppy 
KINGSHILL CZ403/1 0-50V @ DC 200 Amps - NEW 
lkW to 400 kW - 400 Hz 3 phase power sources - ex stock 
IBM 8230 Type 1. Token ring base unit driver £760 
Wayne Kerr RA200 Audio frequency response analyser £2500 
INFODEC 1U. 24 port, RJ45 network patchpanels. 4TH93 £49 
3COM 16670 12 Port Ethernet hub - RJ45 connectors 14_097 £69 
3COM 16671 24 Port Ethernet hub - RJ45 connectors £89 
3COM 16700 8 Port Ethernet hub - RJ45 connectors NEW £39 
IBM 53F5501 Token Ring ICS 20 port lobe modules £P0A 
IBM MAU Token ring distribution panel 8228-23-5050N £45 
AIM 501 Low distortion Oscillator 9Hz to 330Khz. IEEE I/O £550 
ALLGON 8360.11805-1880 MHz hybrid power combiners £250 
Trend DSA 274 Data Analyser with 0703(2M) 64 'a, £P0A 
Marconi 6310 Programmable 2 to 22 GHz sweep generator £4500 
Marconi 2022C 10KHz-1GHz RF signal generator £1550 
HP1650B Logic Analyser £3750 
HP3781A Pattern generator & HP3782A Error Detector £P0A 
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts £1800 
HP6264 Rack mount variable 0-20V @ 20A metered PSU £475 
HP54121A DC to 22 GHz four channel test set EPOA 
HP8130A opt 020 300 MHz pulse generator, GPIB etc £7900 
HP Al, AO 8 pen HPGL high speed drum plotters - from £550 
HP DRAFTMASTER 1 8 pen high speed plotter £750 
EG+G Brookdeal 95035C Precision lock in amp £1800 
Keithley 590 CV capacitor / voltage analyser £P0A 
Racal ICR40 dual 40 channel voice recorder system £3750 
Fiskers 45KVA 3 ph On Line UPS - New batteries £4500 
Emerson AP130 2.5KVA industrial spec.UPS £1499 
Mann Tally MT645 High speed line printer £2200 
Intel SOC 486/133SE Multibus 486 system. 8Mb Ram £945 
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HP6030A 0.200V DC 0 17 Amps bench power supply £1950 
Intel SBC 486/125C08 Enhanced Multibus (MSA) New £1150 
Nikon HFX-11 (Ephiphot) exposure control unit £1450 
PHILIPS PM5518 pro. TV signal generator £1250 
Motorola VME Bus Boards & Components List. SAE / CALL 
£P0A 
Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550 
Fujitsu M3041R 600 LPM high speed band printer £1950 
Fujitsu M3041D 600 LPM printer with network interface £ 1250 
Siemens K4400 64Kb to 140Mb demux analyser £2950 
Perkin Elmer 2998 Infrared spectrophotometer £500 
Perkin Elmer 597 Infrared spectrophotometer £3500 
VG Electronics 1035 TELETEXT Decoding Margin Meter £3250 
LightBand 60 output high spec 2u rack mount Video VDA's £495 
Sekonic SD 150H 18 channel digital Hybrid chart recorder £ 1995 
B8K 2633 Microphone pre amp £300 
Taylor Hobson Tallysurf amplifier / recorder £750 
ADC SS200 Carbon dioxide gas detector / monitor £1450 
BBC AM20/3 PPM Meter (Ernest Turner) + drive electronics £75 
ANRITSU 9654A Optical DC-2.50/b waveform monitor £5650 
ANRITSU ML93A optical power meter £990 
ANRITSU Fibre optic characteristic test set £P0A 
R85 FTOZ Dual sound unit £650 
138S SBUF-El Vision modulator £775 
WILTRON 6630B 12.4 / 20GHz RF sweep generator £5750 
TEK 2445 150 MHz 4 trace oscilloscope £1250 
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955 
TEK TDS380 400Mhz digital realtime + disk drive, FFT etc £2900 
TEK TDS524A 500Mhz digital realtime + colour display etc £5100 
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser £3950 
PHILIPS PW1730/10 60KV XRAY generator & accessories £P0A 
VARIACS - Large range from stock - call or see our website 
CLAUDE LYONS 12A 240V single phase auto volt regs £325 

ALL MAIL TO 
Dept PE. 29 / 35 Osborne Rd 

Thornton Heath 
Surrey CR7 8PD 

Open Mon - Fri 9.00 - 5:30 

This month's special 
33 / 42 / 47 U - High Quality 

All steel Rack Cabinets 
Made by Eurocraft Enclosures Ltd to the highest possible 
spec, rack features all steel construction with 
removable side, front and back doors. Front and 
back doors are hinged for easy access and all 
lockable with five secure 5 lever barrel locks. I 
The front door is constructed of double walled 
steel with a designer style' smoked acrylic front 
panel to enable status indicators to be seen 
through the panel, yet remain unobtrusive. 
Internally the rack features fully slotted reinforced 
vertical fixing members to take the heaviest of , 
19" rack equipment. The two movable vertical j 
fixing struts ( extras available) are pre punched for 

panel internally mounted to the bottom rear, pro- 1 , 
standard 'cage nuts'. A mains distribution 

vides 8 olEC 3 pin Euro sockets and 1 x 13 amp 3 
pin switched utility socket. Overall ventilation is pro-
vided by fully louvered back door and double skinned top section with 
top and side louvres. The top panel may be removed for fitting of 
integral fans to the sub plate etc. Other features include, fitted cas-
tors and floor levelers, prepunched utility panel at lower rear for cable 
/ connector access etc. Supplied in excellent, slight.), used condi-
tion with keys. Colour Royal blue, some grey available - CALL - Can 
be supplied in many other configurations. 

33U 
Order as BC44 

External dimensions 
mm=1625H x 635D x 
603 W. (64" H x 25" D 
x 233/4 " W ) 
Only 

£245 

42U 
Order as DT20 

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

£345 

47U 
Order as RV36 

External dimensions 
mm=2019H x 6350 a 
603 W. (88' H x 25" D 
o 23a4" W ; 
Only 

£410 
Call for shipping quotation 

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

light 8 high light applications. 
A 10 mm fixed focus wide angle lens 
gives excellent focus and resolution 
from close up to long range. rise corn-

,, poslte video output will connect to any 
,ej-' composite monitor or TV (via SCART 
* socket) and most video recorders. Unit 

runs from 12V DC so ideal for security & 
portable applications where mains 
power not available. Overall dimensions 

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

Order as LK33 ONLY £79.00 or 2 for £149.00 (B) 

SOFTWARE SPECIALS 
NT4 WorkStation, complete with service pack 3 
and licence - OEM packaged. ONLY £89.00 e 
ENCARTA 95 - CDROM, Not the latest - but at this price! £7.95 
DOS 5.0 on 3'4" disks with concise books c/w ()Basic £14.95 
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks £55.00 
Windows 95 CDROM Only - No Licence - £19.95 

Wordperfect 6 for DOS supplied on 31," disks with manual £24.95 

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

Order as TD91 ONLY £24.95 (Ai 

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

Ex Stock - Call or see our web site. 

RELAYS - 200,000 FROM STOCK 
Save fl/T's by choosing your next relay from our Massive Stocks 
covering types such as Military, Octal. Cradle. Hermetically 
Continental, Contactors. Time Delay, Reed, Mercury Wetted Solid 
State, Printed Circuit Mounting etc., CALL or see our WOO site 
www.distel.co.uk for more information. Many obsolete typee from 
stock. Save ££££'s 

18 Million Items On Line Now! - 

Secure ordering. Pictures, Information 

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

ALL ENQUIRIES a 

0208 653 3333 
FAX 0208 653 8888 

NI prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amoi et Minimum order £10. Bona Fide account orders accepted from Government Schools, Universities 
and Local Authorities - minimum accotnt order £50. Cheques over £100 are subject to 7wiarisng days clearance. Carnage charges (A)=£3.50. (B)=£6.50, (C)=£10. (0)=115.00, 
(E)=£18.00, iF)ALL Allow apoco 3 days for sheping - faster CALL All goods suppled to our Standard Condbons of Sale With can be viewed at our website and IIIESS slat-
ed guaranteed for 90 days. All guarantees on a return to base basis. All nets reserved to change pro% / specifications without prior notice. Orders subjed to stock. Discounts for 
volume. Top CASH prices paid for surplus goods. AA trademarks, tradenames etc acknowledged. 0 Display Electronios 2002. E & 0 E.. 



NEXT MONTH 
BAT-BAND 
CONVERTER 
A Bat-Band Converter that not only detects 
bats but converts their sounds to frequencies 
that fall within the range of human hearing. It 
does this using just a single quad op.amp i.c. 
and a handful of components to deliver 
surprisingly good performance. 
A bat will emit rapid bursts of ultrasound - 
typically 10 to 200 times a second - increasing 
rapidly as it nears its prey. These bursts are in 
the region of 12kHz to 150kHz depending on 
the species. This unit will "hear" the sounds 
over the range of 13.6kHz to 180kHz 
depending on the transducer used. 
The converter has a number of other uses, 
such as a puncture finder, for checking other 
ultrasonic devices and, with slight modification, 
as a v.1. f. receiver or a digital voice transmitter. 

MIDI HOME STUDIO 
HEALTH-CHECK 
A MIDI code transmitter and receiver that will enable 
you to check out a range of MIDI (Musical Instrument 
Digital Interface) based instruments/modules/ 
computers. When originally using a new MIDI set-up, 
the system will often not function correctly the first 
time and it is usually difficult to decide if something is 
faulty, devices are connected wrongly or if particular 
settings are incorrect. This easy-to-build PIC-based 
system transmits and detects single MIDI messages 
in a way that clearly demonstrates the presence or 
absence of meaningful code signals using an l.c.d. 
readout. 
Invaluable for those who need to set up a home 
recording studio etc. 

RC MIXER 
FOR DELTA 
OR V-TAIL PLANES 
This simple mixer cross-mixes two radio control 
channels for delta or V-tail model airplanes. In 
such a configuration one servo must respond to 
both aileron and elevator commands; this mixer 
takes the signals as they come from the 
receiver, does the maths, and generates the 
required servo signai to move the control 
surfaces correctly. It's all done with a score of 
components and a PIC, and provides resolution 
of one microsecond, giving one thousand steps 
over the servo's range. 

STANDBY LIGHT - BE PREPARED FOR POWER CUTS 
TEACH-IN 2004 - PART 5 LOGIC GATES AS SWITCHES 

NO ONE DOES IT BETTER 
EVERYDAY 

_J 
L i __ÈCoM    

DON'T MISS AN 

ISSUE - PLACE YOUR 

ORDER NOW! 
Demand is bound to be high 

Evervdav Practical Electronics. February 2004 



Quasar Electronics Limited 
PO Box 6935, Bishops Stortford, 
CM23 4WP 
Tel: 0870 246 1826 
Fax: 0870 460 1045 
E-mail: sales@quasarelectronics.com 

Add £2.00 P&P to all UK orders. 1st Class Recorded - £4. 
Next day ( insured £250) - £7. Europe - £5. Rest of World - £ 10. 
We accept all major credit/debit cards. Make cheques/POs 
payable to Quasar Electronics Limited. 
Prices include 17.5°. VAT. MAIL ORDER ONLY. 
Call now for our FREE CATALOGUE with details of over 300 
high quality kits, projects, modules and publications. 

VISA 

Pie SOLO 

QUASAR 087 1 CREDIT CARD 7 1 7 7 1 68 
electronic SALES 
Helping you make the right connections, 

PIC & ATMEL Programmers 

We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 

Programmer Accessories: 
40-pin Wide ZIF socket (ZIF4OW) £15.00 
18VDC Power supply ( PSU201) £5.95 
Leads: Parallel ( LEAD108) £4.95 / Serial 
(LEAD76) £4.95 / USB (LEADUAA) £2.95 

NEW! USB 'All-Flash' PIC Programmer 
USB PIC programmer for all 
'Flash' devices. No external 
power supply making it truly 
portable. Supplied with box 
and Windows Software. ZIF 
Socket and USB Plug A-A lead 
not incl. 
Kit Order Code: 3128KT - £29.95 
Assembled Order Code: AS3128 - £39.95 

Enhanced "PICALL" ISP PIC Programmer 
Will program virtually ALL 8 
to 40 pin PICs plus certain 
ATMEL AVR, SCENIX SX 
and EEPROM 24C devices. 
Also supports In System 
Programming (ISP) for PIC 

and ATMEL AVRs. Free software. Blank chip 
auto detect for super fast bulk programming. 
Requires a 40-pin wide ZIF socket (not 
included) 
Kit Order Code: 3144KT - £54.95 
Assembled Order Code: AS3144 - £59.95 

ATMEL 89xxx Programmer 
Uses serial port and any 
standard terminal comms 
program. 4 LEDs display 
the status. ZIF sockets 
not included. Supply: 
16VDC. 
Kit Order Code: 3123KT - £29.95 
Assembled Order Code: AS3123 - £34.95 

NEW! USB & Serial Port PIC Programmer 
USB/Serial connection. 
Header cable for ICSP. Free 

[1• 

Windows software. See web-
site for PICs supported. ZIF 
Socket and USB Plug A-A 

- lead extra. 18VDC. 
Kit Order Code: 3149KT - £29.95 
Assembled Order Code: AS3149 - £44.95 

Introduction to PIC Programming 
Go from a complete PIC 
beginner to burning your 
first PIC and writing your 
own code in no time! 
Includes a 49-page step-
by-step Tutorial Manual, 
Programming Hardware (with LED bench 
testing section), Win 3.11-XP Programming 
Software (will Program, Read, Verify & 
Erase), and a rewritable PIC16F84A that 
you can use with different code (4 detailed 
examples provided for you to learn from). 
Connects to PC parallel port. 
Kit Order Code: 3081KT - £14.95 
Assembled Order Code: AS3081 - £24.95 

ABC Mini Microcontroller Board 
Currently learning about 
microcontrollers? Need 
to do more than flash a 
LED or sound a buzzer? 
The ABC Mini Starter 
Kit is based on ATMEI2s 
AVR 8535 RISC tech-
nology and will interest 
both the beginner and 
expert alike. 
Beginners will find that 
they can write and test a simple program, 
using the BASIC programming language, 
within an hour or two of connecting it up. 
Experts will like the power and flexibility of 
the ATMEL microcontroller, as well as the 
ease with which the board can be 
"designed-in" to a project. 
The ABC Mini STARTER PACK includes 
everything you need to get up and experi-
menting right away. On the hardware side, 
there's a pre-assembled ABC Mini Board 
with parallel and serial cables for connection 
to your PC. Windows software included on 
CD-ROM features an Assembled, BASIC 
compiler and in-system programmer. 
Order Code ABCMINISP - £49.95 
The ABC Mini boards only can also be 
purchased separately at £29.95 each. 

ABC trIni Starter Pack 

Controllers & Loggers 

Here are just a few of the controller and data 
acquisition and control units we have. 
See website for full details. Suitable PSU for 
all units: Order Code PSU203 - £9.95 

Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High security. 
4 channels. Momentary or 
latching relay output. Range 
up to 40m. Up to 15 TXs can 
be learned by one Rx ( kit 
includes one Tx but more 
available separately). 
4 indicator LEDs. 
Rx: PCB 77x85mm, 12VDC/6mA (standby). 
Two & Ten Channel versions also available. 
Kit Order Code: 3180KIT - £41.95 
Assembled Order Code: AS3180 - £49.95 

Computer Temperature Data Logger 
Serial port 4-channel tem-
perature logger. °C or ° F. 
Continuously logs up to 4 
separate sensors located 
200m+ from board. Wide 

FE range of free software appli-
cations for storing/using data. 
PCB just 38x38mm. Powered 

by PC. Includes one DS1820 sensor and 
four header cables. 
Kit Order Code: 3145KT - £22.95 
Assembled Order Code: AS3145 - £29.95 
Additional DS1820 Sensors - £3.95 each 

Most items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix). 

NEW! DTMF Telephone Relay Switcher 
Call your phone number 
using a DTMF phone from 
anywhere in the world 
and remotely turn on/off 
any of the 4 relays as 
desired. User settable 
Security Password, Anti-Tamper, Rings to 
Answer, Auto Hang-up and Lockout. 
Includes plastic case. 130 x 110 x 30mm 
Power: 12VDC. 
Kit Order Code: 3140KT - £39.95 
Assembled Order Code: AS3140 - £59.95 

lid remrdel 

:1111 811113: 

Serial Port Isolated I/O Module 
Computer controlled 
8-channel relay 
board. 5A mains 
rated relay outputs 
and 4 opto-isolated 
digital inputs (for 
monitoring switch 

states, etc). Useful in a variety of control 
and sensing applications. Programmed via 
serial port (use our new Windows interface, 
terminal emulator or batch files). Serial 
cable can be up to 35m long. Includes 
plastic case 130 x 100 x 30mm. Power: 
12VDC/500mA. 
Kit Order Code: 3108KT - £54.95 
Assembled Order Code: AS3108 - £64.95 

Infra-red RC 12-Channel Relay Board 
Control 12 on-board relays 
with included infra-red 
remote control unit. Toggle 
or momentary. 15m+ range. 
112 x 122mm. 
Supply: 12VDC/0.5A. 

Kit Order Code: 3142KT - £41.95 
Assembled Order Code: AS3142 - £59.95 

PC Data Acquisition & Control Unit 
Monitor and log a 
mixture of analogue 
and digital inputs 
and control external 
devices via the ana-
logue and digital 
outputs. Monitor 
pressure, tempera-
ture, light intensity, weight, switch state, 
movement, relays, etc. with the apropriate 
sensors (not supplied). Data can be 
processed, stored and the results used to 
control devices such as motors, sirens, 
relays, servo motors (up to 11) and two 
stepper motors. 

ved 
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Features 
• 11 Analogue Inputs - 0.5V, 10 bit (5mV/step) 
• 16 Digital Inputs - 20V max. Protection 1K in 

series, 5-1V Zener 

• 1 Analogue Output - 0-2.5V or 0-10V. 8 bit 

(20mV/step) 

• 8 Digital Outputs - Open collector, 500mA, 33V 

max 

• Custom box ( 140 x 110 x 35mm) with printed 

front & rear panels 

• Windows software utilities (3.1 to XP) and 

programming examples 

• Supply: 12V DC (Order Code PSU203) 

Kit Order Code: 3093KT - £69.95 
Assembled Order Code: AS3093 - £99.95 



Cool New Kits This Winter! 
Here are a few of the most recent kits 
added tc our range. See website or join our 
email Newsletter for al' the latest news. 

NEW! EPE Ultrasonic Wind Speed Meter 
•.. Solid-state design 

wind speed meter 
(anemometer) that 
uses ultrasonic 
techniques and has 
no moving parts 
and does not need 

calibrating. It is intended for sports-type 
activities, such as track events, sailing, 
hang-gliding, kites and model aircraft flying, 
to name but a few. It can even be used to 
monitor conditions in your garden. The probe 
is pointed in the direction from which the 
wind is blowing and the speed is displayed 
on an LCD display. 

Specifications 
• Units of display: metres per second, feet per 

second, kilometres per hour and miles per hour 
• Resolution: Nearest tenth of a metre 
• Range: Zero to 50mph approx. 

Based on the project published in Everyday 
Practical Electronics, Jan 2003. We have 
made a few minor design changes (see web 
site for full details). Power: 9VDC (PP3 bat-
tery or Order Code PSU203). 
Main PCB: 50 x 83mm. 
Kit Order Code: 3168KT - £34.95 

NEW! Audio DTMF Decoder and Display 
Detects DTMF 
tones via an 
on-board electret 
microphone or 
direct from the 
phone lines through 
an audio trans-
former. The 

numbers are displayed on a 16-character, 
single line display as they are received. Up 
to 32 numbers can be displayed by scrolling 
the display left and right. There is also a 
serial output for sending the detected tones 
to a PC via the serial port. The unit will not 
detect numbers dialled using pulse dialing. 
Circuit is microcontroller based. 
Supply: 9-12V DC (Order Code PSU203). 
Main PCB: 55 x 95mm. 
Kit Order Code: 3153KT - £17.95 
Assembled Order Code: AS3153 - £29.95 

NEW! EPE PIC Controlled LED Flasher 
'This versatile 
- PIC-based LED 
, or filament bulb 
-iflasher can be 
7 used to flash 
from 1 to 160 

LEDs. The user arranges the LEDs in any 
pattern they wish. The kit comes with 8 
superbright red LEDs and 8 green LEDs. 
Based on the Versatile PIC Flasher by Steve 
Challinor, EPE Magazine Dec '02. See web-
site for full details. Board Supply: 9-12V DC. 
LED supply: 9-45V DC (depending on 
number of LED used). PCB: 43 x 54rrtm. 
Kit Order Code: 3169KT - £10.95 

Most items are available in kit form (KT suffix) 

or assembled and ready for use (AS pre9x) 

No.1 
KITS 

FM Bugs & Transmitters 
Our extensive range goes from discreet 
surveillance bugs to powerful FM broadcast 
transmitters. Here are a few examples. All 
can be received on a standard FM radio 
and have adjustable transmitting frequency. 

MMTX' Micro-Miniature 9V FM Room Bug 
Our best selling bug! Good 
performance. Just 25 x 15mm. 
Sold to detective agencies 
worldwide. Small enough to 
hide just about anywhere. 
Operates at the ' less busy' top 

end of the commercial FM waveband and 
also up into the more private Air band. 
Range: 500m. Supply: PP3 battery. 
Kit Order Code: 3051KT - £8.95 
Assembled Order Code: AS3051 - £14.95 

HPTX' High Power FM Room Bug 
Our most power-
ful room bug. 
Very Impressive 
performance. Clear and stable output signal 
thanks to the extra circuitry employed. 
Range: 1000m @ 9V. Supply: 6-12V DC (9V 
PP3 battery clip suppled). 70 x 15mm. 
Kit Order Code: 3032KT - £9.95 
Assembled Order Code: AS3032 - £17.95 
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MTTX' Miniature Telephone Transmitter 
Attach anywhere 
along phone line. 
Tune a radio into the 
signal and hear 

exactly what both parties are saying. 
Transmits only when phone is used. Clear, 
stable signal. Powered from phone line so 
completely maintenance free once installed. 
Requires no aerial wire - uses phone line as 
antenna. Suitable for any phone system 
worldwide. Range: 300m. 20 x 45mm. 
Kit Order Code: 3016KT - £7.95 
Assembled Order Code: AS3016 - £13.95 

4 Watt FM Transmitter 
Small, powerful FM 
transmitter. Audio 
preamp stage and 
three RF stages 
deliver 4 watts of RF 
power. Can be used 
with the electret 

microphone supplied or any line level audio 
source (e.g. CD or tape OUT, mixer, sound 
card, etc). Aerial can be an open dipole or 
Ground Plane. Ideal project for the novice 
wishing to get started in the fascinating 
world of FM broadcasting. 45 x 145mm. 
Kit Order Code: 1028KT - £22.95 
Assembled Order Code: AS1028 - £34.95 

25 Watt FM Transmitter 
Four transistor based stages with a Philips 
BLY89 (or equivalent) in the final stage. 
Delivers a mighty 25 Watts of RF power. 
Accepts any line level audio source (input 
sensitivity is adjustable). Antenna can be an 
open dipole, ground plane, 5/8, J, or VAGI 
configuration. Supply 12-14V DC, 5A. 
Supplied fully assembled and aligned - just 
connect the aerial, power and audio input. 
70 x 220mm. 
Order Code: 1031M - £124.95 

QUASAR 
electronics 
Helping you make the right connections! 

CREDIT 

CARD 

SALES 

0871 

717 

7168 

Electronic Project Labs 
Great irtroduction to the world of electron-
ics. Ideal gift for budding electronics expert! 

200-in-1 Electronic Project Lab 
A great way to 
learn 200 exciting 
electronic experi-
ments safely. 
Everything you 
need to start a 
fascinat:ng hobby 
in basic electron-
ics! Learn about 
transistors, transformers, diodes, capacitors, 
oscillators, basic electronic circuits and 
schematic symbols. Easy-to-read 110-page 
A5 illusuated lab style manual takes you 
through each electronic experiment step-by-
step arid includes schematics diagrams and 
circuit explanations. 
Order Code EPL200 - £47.95 
30, 130-300 and 500-in-1 project labs also 
available - see website for details. 

Number 1 for Kits! 
With over 300 projects in our range we are 
the UK's number 1 electronic kit specialist. 
Here are a few other kits from our range. 

1046KT - 25W Stereo Car Booster £26.95 
3087KT - 1W Stereo Amplifier £4.95 
3105KT - 18W BTL mono Amplifier £9.95 
3106KT - 50W Mono Hi-fi Amplifier £ 19.95 
3143KT - 10W Stereo Amplifier £9.95 
1011KT - Motorbike Alarm £ 11.95 
1019KT - Car Alarm System £10.95 
1048KT - Electronic Thermostat £9.95 
1080KT - Liquid Level Sensor £5.95 
3005KT - LED Dice with Box £7.95 
3006KT - LED Roulette Wheel £8.95 
3074kT - 8-Ch PC Relay Board £29.95 
3082KT - 2-Ch UHF Relay £26.95 
3126147 - Sound-Activated Relay £7.95 
3063KT - One Chip AM Radio £10.95 
3102KT - 4-Ch Servo Motor Driver £ 15.95 
3160KT - PIC16F62x Experimenter £8.95 
1096KT - 3-30V, 5A Stabilised PSU £3C.95 
3029KT - Combination Lock £6.95 
3049KT - Ultrasonic Detector £ 13.95 
3130KT - Infra-red Security Beam £12.95 
SGO1MKT - Train Sounds £6.95 
SG10 MKT - Animal Sounds £5.95 
1131KT - Robot Voice Effect £8.95 
3007KT - 3V FM Room Bug £6.95 
3028<T - Voice-Activated FM Bug £ 12.95 
3033KT - Telephone Recording Adpt £9.95 
3112KT - PC Data Logger/Sampler £ 18.95 
3118KT - 12-bit Data Acquisition Unit £52.95 
3101KT - 20MHz Function Generator £69.95 

www.quasarelectronics.com 
Secure Online Ordering Facilities • Full Product Listing, Descriptions & Photos • Kit Documentation & Software Downloacs 



EPE PIC PROJECTS 
VOLUME 1 

MINI CD-ROM 
A plethora of 20 "hand-PICked" PIC 
Projects from selected past issues 
Together with the PIC programming 
software for each project plus bonus articles 

The projects are: 

PIC-Based Ultrasonic Tape Measure 
You've got it taped if you PIC this ultrasonic distance measuring 
calculator 

EPE Mind PICkler 
Want seven ways to relax? Try our PIC-controlled mind machine! 

PIC MIDI Sustain Pedal 
Add sustain and glissando to your MIDI line-up with this 
inexpensive PIC-controlled effects unit 

PIC-based MIDI Handbells 
Ring out thy bells with merry tolling — plus a MIDI PIC-up, of 
course! 
EPE Mood PICker 
Oh for a good night's sleep! Insomniacs rejoice — your wakeful 
nights could soon be over with this mini-micro under the pillow! 

PIC Micro-Probe 
A hardware tool to help debug your PIC software 

PIC Video Cleaner 
Improving video viewing on poorly maintained lys and VCRs 

PIC Graphics LCD Scope 
A PIC and graphics LCD signal monitor for your workshop 

PIC to Printer Interface 
How to use dot-matrix printers as data loggers with PIC 
microcontrollers 

PIC Polywhatsit 
A novel compendium of musical effects to delight the creative 
musician 

PIC Magick Musick 
Conjure music from thin air at the mere untouching gesture of a 
fingertip 

PIC Mini-Enigma 
Share encrypted messages with your friends — true spymaster 
entertainment 

Vol 1 It 
Vol 2 
Vol 3 

of EPE 

ONLY 

£14.45 
INCLUDING 
VAT and P&P 

•••••• 
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Wrntlorne PubleIng 

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

or www.epemag.com (USA $ prices) 
or by Phone, Fax, Email or Post. 

NOTE: The PDF files on this CD-ROM are suitable to use on any PC with a 
CD-ROM drive. They require Adobe Acrobat Reader. 

EPE PIC PROJECTS CD-ROM 
ORDER FORM 

Please send me (quantity) EPE PIC PROJECTS VOL 1 CD-ROM It 

I Address   

  Post Code   

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

a 
a 
a 
a 

a a 
Card No.   

PIC Big-Digit Display 
Control the giant ex-British Rail platform clock 7-segment digits I Card Security Code   
that are now available on the surplus market 

PIC Freezer Alarm 
How to prevent your food from defrosting unexpectedly 

PIC World Clock 
Graphically displays world map, calendar, clock and global 
time-zone data 

PICAXE Projects 
A 3-part series using PICAXE devices — PIC microcontrollers 
that do not need specialist knowledge or programming 
equipment 

PIC-based Tuning Fork and Metronome 
Thrill everyone by at long last getting your instrument properly 
tuned! 

Versatile PIC Flasher 
An attractive display to enhance your Christmas decorations or 
your child's ceiling 

I Price £14.45 each — includes postage to anywhere in the world  

Name   

PIC Virus Zapper i 
Can disease be cured electronically? Investigate this j [I Please charge my Visa/Mastercard/Amex/Diners Club/Switch 
controversial subject for yourself o 

i £   
i 

PIC Controlled Intruder Alarm 
A sophisticated multi-zone intruder detection system that offers a 
variety of monitoring facilities 

I. 

(The last 3 digits on or just under 

the signature strip) 

Expiry Date   Switch Issue No  

SEND TO: Everyday Practical Electronics, 
Wimborne Publishing Ltd., 

408 Wimborne Road East, Ferndown, Dorset BH22 9ND. 

Tel: 01202 873872. Fax: 01202 874562. 
Email: orders@epemag.wimborne.co.uk 

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

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

BECOME A PIC PROJECT BUILDER WITH THE HELP OF EPE! 
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NEW 32 bit PC Assembler Learn About Microcontrollers 

111«le. 

No rma 1 mode 
5v ON 13v OFF 

PIC Training & Development System 
The best place to start learning about microcontrollers is the PIC16F84. This is 
easy to understand and very popular with construction projects. Then continue on 
using the more sophisticated PIC16F877 family. 

The heart of our system is two real books which lie 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 hew they work. Test 
them with real hardware. Follow on with a little theory 

Our complete PIC training and development system consists of our universal 
mid range PIC programmer, a 306 page book covering the PIC16F84, a 262 page 
book introducing the PIC16F877 family, and a suite of programmes to run on a 
PC. The module is an advanced design using a 28 pin PIC16F870 to handle the 
timing, programming and voltage switching requirements. The module has two 
ZIF sockets and an 8 pin socket which between them alIow 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 5 volts, verified with 2 volts or 3 volts applied and verified again with 
5.5 volts applied to ensure that the PIC is programmed correctly over its full 
operating voltage. DC version for UK, battery version for overseas UK orders 
include a plugtop power supply. 

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 PIC16F870 test PICs £159.00 

(Postage & insurance UK £ 10, Europe £ 15, Rest of world £25) 

Experimenting with PIC Microcontrollers 
This book introduces the PIC16F84 and PIC16C711, and is the easy way 
to get started for anyone who is new to PIC programming. We begin with 
four simple experiments, the first of which is explained over ten and half 
a pages assuming no starting knowledge except the ability to operate a 
PC. Then having gained some practical experience we study the basic 
principles of PC programming, learn about the 8 bit timer, how to drive 
the liquid crystal display, create a real time clock, experiment with the 
watchdog timer, sleep mode, beeps and music, including a 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. In the space of 24 experiments, two 
projects and 56 exercises the book works through frcm absolute 
beginner to experienced engineer level. 

Hardware & Ordering Information 
Our latest programmer module connects to the serial port of your PIC 
(COM1 or COM2), which enables our PIC software to operate directly 
within Windows 98, XP, NT, 2000 etc. 

Telephone with Visa, Mastercard or Switch, or send cheque/PO for 
immediate despatch. All prices include VAT if applicable. 

Web site:- www.brunningsoftware.Comk 

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 + made up kit 1 a + software  £73.50 
Book + unmade kit lu + software  £66.50 
(PP UK £4, Europe £10, Rest of world £ 14) 

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 + made up kit 2a + software  £57.50 
Book + unmade kit 2u + software   £51.50 
Book + top up kit 21 + software  £37.98 
(PP UK £4, Europe £ 10, Rest of world £ 14) 

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. 

Assembler and C & C++ 
Click on 'Special Offers' on our website for details of 
how to save by buying a combined kit for assembler and 
C & C++. 

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 ND converter. 
The PIC16F627 is then 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. We study how to use a PIC to switch mains power using 
an optoisolated triac driving a high current triac. Finally we study 
how to use the PICs USART for serial communication to a PC. 

Mail order address: 

Brunning Software 138 The Street, Little Clacton, Clacton-on-sea, 
Essex, C016 9LS. Tel 01255 862308 
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GENT 
ELECTRONICS T D 

EE258 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST 

Tel 01283 565435 Fax 546932 
http://www.magenta2030.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 

1.11.0CARO 

*1141) 

VISA 

MAIL ORDER ONLY • CALLERS BY APPOINTMENT 

EPE PROJECT PICS 
Programmed PICs for 'EPE Projects 

12C508/9 - £3.90; 16F627/8 - £4.90 
16C84/16F84/16C71 - £5.90 

16F876/877 - £10.00 
All inc. VAT and Postage 

(Some projects are copyright) 

EPE MICROCONTROLLER 
PI 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 

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 
SV REGULATOR 

• PSU £6.99 
• SERIAL LEAD £3.99 

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. 

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. LED. monitor. 

KIT 868 £22.95 POWER UNIT £3.99 

PIC WATER 
DESCALER 

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 

MOSFET MkIIVARIABLE BENCH 
POWER SUPPLY 0-25V 2-5A 

Kit No. 845  £64.95 

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-1N 2000 - 

KIT 879£44.95 

MULTIMETER £ 14.45 

SPACEWRITER 
An innovative and exciting protect. 9°:% 
Wave the wand through the air and Se, 
your message appears. Programmable e.Z., 
to hold any message up to 16 digits long. 
Comes pre-loaded with 'MERRY XMAS'. Kit 
includes PCB. all components 8. tube plu, 
instructions for message loading. 

KIT 849 £16.99 I 

12V EPROM ERASER 
A safe low cost eraser for up to 4 EPROMS at a 
time in less than 20 minutes. Operates from a 

12V supply (400mA). Used extensively for mobile 
work - updating equipment in the field etc. Also in 
educational situations where mains supplies are 
not allowed. Safety interlock prevents contact 
with UV. 

KIT 790 £29.90 

SUPER BAT 
DETECTOR 

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

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

KIT 861  £27.99 
ALSO AVAILABLE Built & Tested... £42.99 

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 

SIMPLE PIC 
PROGRAMMER 

KIT 857... £12.99 

Includes PIC16F84 chip 

disk, lead, plug, p.c.b., 

all components and 

instructions 

Extra 16F84 chips £3.84 
Power Supply £3.99 
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MAGENTA BRAINIBOT I & II 
• Full kit with ALL hardware 

and electronics 
• As featured in EPE Feb 03 

KIT 910 
• Seeks light, beeps, avoids 

obstacles 
• Spins and reverses when 

'cornered' 
• Uses 8-pin PIC 
• ALSO KIT 911 - As 910 
PLUS programmable from PC 
serial port - leads and E.oft-
ware CD provided 

KIT 

NEW 

910 £16.99 KIT 911 £24.99 

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

• ZERO VOLT SWITCHING 
• OPTO ISOLATED 5 Amp 
• 12 KEYPAD CONTROL 

Kit 855 £39.95 

• HARD-FRED TRIADS 
• WITH SOURCE CODE 
• SPEED & DIMMING POT. 
• EASILY PROGRAMMED 

PIC 16F84 LCD D 
INCLUDES 1-PIC16F84 WITH DEMO 
PROGRAM SOFTWARE DISK, PCB, 
INSTRUCTIONS AND 16-CHARAC-
TER 2-LINE 

LCD DISPLAY 

SPLAY DRIVER 
Kit 860 £19.99  

Power Supply £3.99 

FULL PROGRAM SOURCE CODE 
SUPPLIED - DEVELOP 

'(OUR OWN APPLICATION' 

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

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

KIT 877 £49.95 inc. 8 x 256K EEPROMS 

I CEBREAKER 
0000000000 

PIC Real Time 
In-Circuit: Emulator 

• Icebreaker uses PIC16F8 77 M circuit debugger 
• Links to Standard PC Serial Port (lead supplied) 
• Windows' (95+) Software included 
• Works with MPASM and tYPLAB Microchip software 
• 16 x 2 LCD., Breadboard. Relay, I/O devices and patch leads supplied 

As featured in March '00 EPE. Ideal for begnners AND advanced users. 
Programs can be written, assembled, downloaded into the microcontroller and run at full 

speed (up to 20MHz), or one step at a time. 
Full emulation means that all I/O ports respond exactiy 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 ui;er selected 'Watch Window' registers. 

KIT 900 ... £34.99 
POWER SUPPL" £3.99 SlEPPING MOTOR 100 SEEP £9.99 

Tel: 01283 565435 Fax: 01283 546932 

THE LATEST SERIES - STARTED NOV '03 
ALL PARTS INCLUDING PROTOTYPE BREADBOARD AND WIRE 
- AS LISTED ON p752 NOV. ISSUE (EXCL MISC.) 
"A BRILLIANT NEW ELECTRONICS COURSE" 

KIT 920 ... £29.99 
ADDITIONAL PARTS - AS LISTED UNDER MISCELLANEOUS - BUT 
LESS RADIO MODULES, SOLENOID LOCK AND MOTOR/ 
GEARBOX. 

KIT 921 ... £12.99 

EPE PIC Tutorial V2 
EPE APR/MAY/JUNE '03 and PIC RESOURCES CD 

FOLLOW THIS SERIES WITH EPE PIC TOOLKIT 3 

• THE LATEST TOOLKIT BOARD - 8, 18, 28 AND 40-PIN CHIPS 
• MAGENTA DESIGNED P.C.B. WITH COMPONENT LAYOUT 
AND EXTRAS 

• L.C.D. BREADBOARD AND PIC CHIP INCLUDED 
• ALL TOP QUALITY COMPONENTS AND SOFTWARE SUPPLIED 

KIT 880 ... £34.99 WITH 16F84 

PIC TUTOR 1 MARCH - APRIL - MAY '98 
EPE SERIES 16F84 

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 
• WINDOW , SOFTWARE 
• PIC16C AND 16F - 6X, 7X, AND 8X 
• USES ANY PC PARALLEL PORT 
• USES STANDARD MICROCHIP • HEX FILES 
• DISASSEMBLER SOFTWARE 
• 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 

PIC STEPPING MOTOR DRIVER 

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

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

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

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

E-mail: sales@magenta2000.co.uk 
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I 02003 

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

Prices Exclude Vat 0171496. 
UK Carriage £1.50 (less than lkg) 

£330 greater than lkg 
Cheques / Postal orders payable to 

ESR Electronic Components. 
Pt EASE ) CARRIAGE & VAT TO AU. MFRS 

'IL Sockets 

Stamped Pin 
6 Pin DIL 0,3" • £0.07 
8 Pin DIL 03" £0.06 
14 Pin DIL 0.3" £0.11 
16 Pin DIL 0.3" £0.11 
la Pin DIL 0.3" £0.12 
20 Pin DIL 0.3" £0.12 
24 Pin DIL 0.3" £0.12 
24 Pin DIL 0 6" £0.12 
28 Pin DIL 0.3" £0.13 
28 Pin OIL 0.6" £0.13 
32 Pin DIL 0.6" £0.13 
40 Pin QIL 0.6" £0.19 
Turned Pin 
8 Pin DIL 0.3" £0.11 
14 Pin DIL 0.3" £0.20 
16 Pin DIL C.3" £0.23 
18 Pin DIL 0.3" £0.25 
20 Pin DIL 0.3" £C.28 
24 Pin DIL 0.3" £0.35 
24 Pin DIL C.6" £0.35 
28 Pin DIL 0.3" £0.39 
28 Pin DIL C 6" £0.39 
3: Pin DIL 0.6" £0.43 
4C Pin DIL 0 6" £0.64 

ZIP Sackett 
Universal ZIP DIL Sockets 
24 Way 0.3-0.6" £6.74 
28 Way 0.3-0.6" £7.80 
32 Way 0.3-0,6' £7.25 
40 Way 0.3-0.6" £10.63 
Transistor Sockets 
TC18-4 Base Socket £0.24 
TCL5 Base Socket £0 24 
IDC Cable Sockets 

10 Way Socket £0.26 
14 Way Socket £0.35 
16 Way Socket £0.38 
20 Way Socket £0.37 
26 Way Socket £0.36 
34 Way Socket £0.39 
40 Way Socket £0.55 
50 Way Socket £0.80 

UDC Cable Plugs 
10 Way Plug £0.52 
14 Way Plug £0.58 
16 Way Plug £0.62 
20 Way Plug £0.66 
26 Way Plug £0.70 
34 Way Plug £0.80 
40 Way Plug £0.92 
50 Way Plug £1.12 

PCB !Box 
He a ders 

10 Way Straight £0.22 
14 Way Straight £0.33 
16 Way Straight £0.32 
20 Way Straight £0.41 
26 Way Straight £0.52 
34 Way Straight £0.68 
40 Way Straight £0.68 
50 Way Straight £ 1.03 
10 Way 90' - £0.32 
14 Way 90 £0.39 
16 Way 9e £0.42 
20 Way 90' £0.63 
26 Way 90' £0.68 
34 Way 90' £0.81 
40 W.1, 90" £1.17 

£1.14 

PCB Latch 
Headers 

ii.  
10 Way Straight £0.39 
14 Way Straight £0.45 
16 Way Straight £0.51 
20 Way Straight £0.55 
26 Way Straight £0.73 
34 Way Straight £0.88 
40 Way SfraigH £0.92 
50 Way Straight £1.27 
10 Way 90* £0.46 
14 Way 90" £0.48 
16 Way 90' £0.54 
20 Way 90' £0.59 
26 Way 90' £0.81 
34 Way 90' £1.03 
40 Way 90" £1.23 
50 Way 90' £1.41 
DIL Menders 

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

£0.51 
£0.53 
£0.90 
£1 37 

VISA 

Transistien Headers 
10 Way Transistion £0.42 
14 Way Transistion £0.42 
16 Way Transistion £0.48 
20 Way Transistion £0.48 
26 Way Transistion £0.52 
34 Way Transistion £0.56 
40 Way Transistion £0.63 
50 Way Transition £0.84 
Large Range of Cory-ectors 
in stock - New Connectors 
Catalogue now available 

see our web site for details. 

D Type Connecters 

Solder Bucket 
9 Way Male Plug £0.20 
9 Way Female Socket £0.20 
15 Way Male Plug £0.27 
15 Way Female Socket£0.29 
15 Way H.D. Plug £0.42 
15 Way H.D. Socket £0.45 
23 Way Male Plug £0.60 
23 Way Female Socket£0.66 
25 Way Male Plug £0.30 

Female tj0.35 

9 Way Male Plug £1.08 
9 Way Female Socket £C.93 
15 Way Male Plug £1.30 
15 Way Female SÓcketEl.32 
25 Way Male Plug £1.10 
25 Way Female Socket£1.13 
I C Crimp looJ £11.80 

Angled PCB 

9 Way Male Plug £0 33 
9 Way Female Socket £0.33 
15 Way Male Plug £0.39 
15 Way Female 5ôcketL0.32 
15 Way H.D. Socket £0.58 
25 Way Male Plug £0.43 
2S Way Female Socket£0.50 

D Covers 
9 Way Cover - Grey £0.27 
9 Way Cover - Black £0.30 
15 Way Cover - Grey £0.30 
23 Way Cover - Grey £0.40 
23 Way Cover - Black £0.38 
25 Way Cover - Gre/ £0.34 
25 Way. Cover - Bloc £0.37 LI 5,1. 5 e 1°mm £0.4 

.-l-1 9 to 9 ,_over / Case £0.80 1. 5 e 1°MM £0.53 
25 to 25 Cover / Case £0.84 SPOT C/Off 5 x lOmm £ 1.01 
9 to 25 Cover / Case £0.80 ID_PDI 9 2 x 10mn £0.63 

Miniature 
Audio Connecters 6A 125V 3A 250V 

6.2mm 0 Mounting Hole 
GIS SPST 8 x 13mm £0.58 

SPOT 8 x 13mm £0.55 
2.5mm lack Plug £ .25 SPOT c/off 8 x 13mm £0.65 
2.5mm Line Socket £0.24 SPOT c/o Biased 2 way£0.84 
2.5mm Chassis Socket £0.12 SPOT do Biased 1 vvay£1.15 
3.5mm Mono Plug £0.24 DPDT 12 x 13mm £0.65 
3.5mm Mono Line Skt £0.24 DPDT c/off 12 x 13mm £0.88 
3.5mm Mono Chassis £0.14 DPDT do Biased 2W £1.20 
3.5mm Stereo Plug £0.35 DPDT da;iliased 1W £1.28 
3.5mm Stereo Line Skt £0.27 M end-
3.5mm Stereo Chassis £0.22 10A 250V Push on terminals 
Y." Mono Plug £030 12mm 0 Mounting Hole 
Y." Mono Line Socket £ 0.36 SPST 18 x 30mm £1.05 
N" Moro Chassis Skt £0.,46 SPDT 18 x 30mm £1.18 
Y." Stereo Plug £0 .-,4 SPOT doff 18 x 30mm £1.18 
h" Stereo Line Socket R0.32 DPDT 21 x 30mm £1.78 
Y." Stereo Chassis Skt £0.38 DPDT c/off 21 x 30mm £ 1.78 
mum« Spegkon Plug 
Mien. Series Slide Switches 

RF Connectors 

BNC Plug 500 Solder £0.99 
BNC Plug 504 Crimp £0.68 
BNC Plug 750 Solder £1.08 
BNC Plug 750 Crimp £0.69 
BNC Chassis Socket £0.76 
F Plug - Twist £0.20 
F Plug - Crimp £0.20 
TNC Plug 500 Solder £ 1.08 
TNC Plug 500 Crimp £1.04 
TNC Plug 750 Solder £ 1.17 
TNC Plug 750 Crimp £0.96 
UHF Plug 5mm Cable £0.63 
UHF Plug Ilmm Cable £0.72 
UHF Chassis Skt- Sqr £0.54 
UHF Chassis Skt- Rnd £0.75 
Extensive range of RF con-
nectors in stock, inc.FME, 
SMA, Mini UHF & N Ty. 
Terminals 

Colours Red, Black, Green, 
Blue, White or Yellow 
2mm Solder Plugs £0.23 
2mm Chassis Sockets £0.28 
4mm Plugs - Solder £0.34 
4mm Plugs - Screw £0.38 
4mm Stackable Plugs £0.40 
4mm Shrouded Plugs £0.74 
4mm Chassis Sockets £0.21 
4mm Binding Posts £0.48 
33mm Crocodile Clips £0.10 

Power Connecters 
DC Lew Voltage 

DC Plug 0.7ID 2.3500L0.47 
DC Plug 1.3ID 3.400 £0.17 
DC Plug 1.710 4.00D £0.44 
DC Plug 1.710 4.750D £0.50 
DC Plug 2.1ID 5.00D £0.24 
DC Plug 2.510 5.000 £0.73 
DC Plug 3.1ID 6.300 £0.53 
DC Line Socket 2.1mm £0.66 
DC Line Socket 2.5mm £0.68 
DC Chassis Skt 2.1mm £0.44 
p_g_Ç bapi s Skt 2.5/nm £0.44 
IRC Mains 0A 2501fas 

3 Pin IEC Line Socket 
3 Pin IEC Line Plug 
3 Pin Chassis Socket 
3 Pin Chassi,r. t'lJg 
8 Way Bulgon 

£0.87 
£1.20 
£0.55 
£0.56 

8 Pin Line Plug P551 £3.58 
8 Pin Chassis Skt P552 £1 27 
Toggle 
Swdches 

Sub-Min re 
3A 125V lA 250V 
5mm 0 Mounting Hole 

à1001 
Red Line Plug £.20 
Black Line Plug ,...„E.,,20,., Miniature 
Yellow Line Plug £u-eu 300mA 125V 
White Line Plug £C-20 7 x 15mm Mounting Hole 
Red Line Socket £0.20 DPOT 7 x 23mm £0.17 
Black Line Socket £0.20 treendeerd 
Yellow Line Socket £0 20 lA 125V 
White Line Socket £0. 20 5.5 x 12mm Mounting Hole 
Red Chassis Socket £0.20 DPDT 12 x 35mm £0.27 
Black Chassis Socket £0 20 DPDT do 12 x 35mm £0.25 
Gold Plated Plug Red £0.68 
Gold Plated Plug Blaçk£068 Reflir7 Switch« 
XLR Serb's - metal 
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3 Pin Line Plug £0.96 
3 Pin Line Socket £0.96 
3 Pin Chassis Plug £1.23 
3 Pin Chassis Socket £1.22 
Neutrik Line Plug £1.80 
Neutrik Line Socket £2.10 
Neutrik Chassis Plug £2.24 
Neut, 

150mA 250V Make before 
Break 22mm 0 
9.8mm 0 Mounting Hole 
1 Pole 12 Way £0.84 
2 Pole 6 Way £0.84 
3 Pole 4 Way £0.84 
4 Pole 3 Way £0 84 

Push Switches 

Miniature Round 
250mA 125V 28 x lOmm 
7mm 0 Mounting Hole 
Non Latching Push to Make 
Black, Red, Yellow, Green, 
Blue or White £0.23 
Non Latching Push to Break 
t4, lack PTB £0.24 
Standard Square 

lA 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 
Black, Red, Blue 
or White £0.65 
ilztewitcheis 

13 x 19mm Mounting Hole 
SPST 4A 250V £0.57 
SPST 6A Red Neon £1.65 
SPST 3A Red LED £1.92 
SPOT 6A 250V £0.75 
DPST 4A 250V £0.81 
DPST 4A Red Neon £1.10 
DPST 3A Amber Neon£1.40 
gipST IA green Neon £ 1.32 
a. Orill 

10(SP),22(DP) x 30mm 
Mounting Hole 
SPST 10A 250V £0.60 
SPST 16A 250V £0.75 
SPST 15A Red Neon £0.90 
SPDT 16A 250V £0.75 
DPST 10A 250V £0.90 
DPST 15A Red Neon £1.18 
DPST Amber Neon £1.25 
DPST Green Neon £1.25 
DPDT 10A 250V £0.90 
Relays 
PCB Mounting 
lA 24Vdc DPDT 5V £1.38 
lA 24Vdc DPDT 12V £1.35 
3A 110V SPOT 6V £0.58 
3A 110V SPOT 12V £0.60 
5A 110V SPDT 6V £0.72 
5A 110V SPOT 12V £0.72 
SA11OVDPOTÓV £0.93 
5A 110V DPDT 12V £0.93 
5A 240V DPDT 6V £1.76 
5A 240V DPDT 12V £1.50 
10A 240V SPOT 6V £1.20 
10A 240V SPDT 12V £1.44 
10A 240V SPOT 24V £1.44 

enpufer Accessories 
apt.» 

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 

Din - 6M Mint Din £ 1.73 
Testers / Patel' Vexes 
Mini Tester 7 LEDs £4.72 
Check Tester 18 LEDs £6.32 
Enhanced+ Switches £15.18 
250 Patch Box M-F £2.64 
Anti- Static Wrist Strap£4.76 
5A Surge Protector £5.20 
13A Surge Protector £10.00 
4 Gang Surge glock £10.50 
Leads & CiMies 

1.5m Print. Lea 2.55 
2m BD Printer Lead £2.98 
5m BD Printer Lead £4.98 
10m BD Printer Lead £9.88 
2m 1EEE1284 Printer L £4.38 
5m IEEE1284 Printer L £8.90 
10m 1EEE1284 Printer£16.13 
Sertgl Printer 25M-25F£4.38 
Null Modem Leads 
9 Female - 9 Female £4.38 
25 Female- 25 Female£6.48 
9 Female - 25 Female £4.38 
98.25, to 98.25P £4.88 
Modem Leads 
25Male to 9Female £4.08 
25Male.to 75F male £3.78 
PC Mac Leads 
Interlmk 25Ivj to 25M £3.88 
Patch Lead 
25Male to 25Male £3.60 
îlefiliMaleatiDeal sle £2.60 

Floppy Cable A/B £2.28 
Hard Disk 2xIDE £1.65 
Hard Disk 2xATA66 £3.38 
Power 31i-2 x 354 £1.88 
Power 514-2 x 5Y. £1.50 
Power 5K-2 x 31i £1.88 
Power 5V..- 3'A,51: £1.88 
Nefwerichig 
BNC T Piece FMF £1.71 
BNC Coupler F £0.81 
BNC Ratchet Crimper£15.68 
500 BNC Terminator £0.98 
Thinnet Cable _per m £0.38 
Full range of CAT5e cables, 
outlets, switches & accesso-
lie" in stork 

Boxes & Cases 
Many more sizes available 

General Purpose 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 
1 0x80,,deanium £2.72 

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 
»e a CdMe 
Ribbon Cable 
Price per 305mm ( ifs) 
10 Way Grey Ribbon 
16 Way Grey Ribbon 
20 Way Grey Ribbon 
26 Way Grey Ribbon 
34 Way Grey Ribbon 
40 Way Grey Ribbon 
50 Way Grey Ribbon 
60 Way ,5rty Ribbon 
InameRed Capper 
Per 509 (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 

£0.10 
£0.17 
£0.24 
£0.29 
£0.38 
£0.49 
£0.52 

£1.03 
£1.03 
£1.03 
£1.03 
£1.06 
£1.18 
£1.20 
£1.29 
£1.31 
£1.33 

34 SWG Enamelled £ 1.35 
36 SWG Enamelled £1.37 
38 SWG Enamelled £1.63 
4Q SW Q Enamelled £1.96 
Tinned Copper Wire 
Per 50g (2oz) Reel 
500g reels available 
14 SWG 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 Wire 
Black, Brown, Red, Orange, 
Yellow, Green, Blue, Purple, 
Grey & White. Per 100m 
Solid 1/0.6mm £2.67 
5tranded 7/0.2rnm £2.44 
Extra flex Cable 
Black, Brown, Red, Yellow, 
Green, Blue & White. 
25m 55/0.1mm Cable £2.16 
Black & Red 20A lkV Dou-
ble Insulated. 
10m 260/0.07mm £7.20 

Cnrstais 
DT-38 Small Can 
32.768KHz 
NC-49/11 Case 
1.8432MHZ 
2.0MHZ 
2.4576MHz 
3.2768MHz 

£0.39 

£1.08 
£1.46 
£0.84 
£0.51 

3.579545MHz £0.41 
3.6864MHz £0.41 
4.0MHz £0.45 
4.194304MHz £0.41 
4.433619MHz £0.41 
4.9152MHz £0.41 
6.0MHz £0.41 
6.144MHz £0.41 
7.3728MHz £0.53 
8.0MHz £0.49 
8.867238MHz £0.39 
10.0MHz £0.40 
11.0MHz £0.40 
11.0592MHz £0.41 
12.0MHz £0.41 
14.7456MHz £0.41 
16.0MHz £0.41 
20.0MHz £0 42 

Also in stock 
Lew Profile Crystals, 
2 & 3 Pin Ceramic Res-

onators 
Details on our web site 

Oipto 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 550mcd £0.96 
5mm White 300mcd £0.69 
5mm White 1100mcd £2.05 
3mm Bi-Colour £0.15 
3mm Tri-Colour £0.24 
5mm Red Led £0.07 
5mm Green Led £0.08 
5mm Yelow Led £0.08 
5mm Orange Led £0.10 
5mm Blue 60mcd £0.78 
5mm Blue 80mcd £0.78 
5mm Blue 100mcd £0.78 
5mm Blue 450mcd £1.12 
5mm Blue 1000mcd £1.12 
5mm Red Flashing £0.37 
5mm Green Flashing £0.37 
5mm Yellow Flashing £0.37 
5mm Bi-Colour Led £0.15 
5mm Tri-Colour Le çl £0.15 
7 Segment Displays 
0.56" Red C.Cothode £0.65 
0.56" Red C.Anode £0.65 
0.3" Red C Cathode £0.65 
0.3" Re gl C Anode £0.65 
Infra Rea Devises 
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 Opto-Coupler £0.85 
6N138 Opto-Coupler £0.84 
6N139 Opto-Coupler £0.90 
CNY17-1 0-Coupler £0.38 
CNY17-2 0-Coupler £0.32 
CNY17-3 0-Coupler £0.48 
IS- 74 Opto-Coupler £0.40 
ISD-74 Opto-Coupler £1.02 
ISQ-74 Opto-Coupler £1.41 
MOC3020 Opto-Triac£0.49 
MOC3041 Opto-Triac£0.70 
Mini LDR £0.45 
ORP12 LDR £1.10 

Technical Books titt 
CD ROMs 

Data Table & Equivalent charts from 
501. Characteristics, pin outs, equiva-
lents & selector tables for semiconduc-
tors. Demo version of the CD ROMs & full details of the 
complete range are available from our web site. 

Semiconductors Equivalents & Reference 
Covering_ Transistors, Diodes, Thyristors, Triacs & ICs. 
These riference books series covers more than 115,000 
types with more than 200,000 equivalent types. Each type 
is provided with information as to device family, short-
form description and the salient electrical data, along with 
the dimensioned outline drawing and pin assignments 
Split intp two paper volumes or available on one CDROM 
art volume» 1 A...Z Device Codes £14.34 
ISBN3881090339, 1184 Pages, 14th Update 2002 
art volume 2 1N..60 000... Device Codes £14.34 
ISBN3881090355, 720 Pages, 13th Update 2002 

These books are zero vat rated, carriage 
for one OR both £3.50-tvat 

 "19 

-!ettte. 

vre-disk 2003 CD ROM, £30.551-val 
ISBN3881 090703 Windows 95/98/NT/2000/XP 
The software version of the two vrt books. In addition to 
pin assignments of all discrete semi-
conductors this CD-ROM version con- ere. 
loins the pin assignments for all 
standard CMOS e00/7400, TTL 7400 --
circuits, many operational amplifiers ,-
and some Audio- and Video IC's. Ex- ' dim 
tensive search facility, Manufacturers --
Details, a " Note- Function" to add your 
own data for each device. 
Coma e for CD on £1 50-tvat 

Full details of UK, European or Worldwide 
Order information on our web site. 

Tel: 019'l 2514363 Fax: 0191 2522296 Email: sales@esr.co.uk http: //www.esr.co.uk 

90 Everyday Practical Electronics, February 2004 



fl@nfl MAGAZINE FOR ELECTRONICS TECHNOLOGY & COMPUTER PROJECTS 

10 

VOL. 33 No. 2 FEBRUARY 2004 

Editorial Offices: 
EVERYDAY PRACTICAL ELECTRONICS EDITORIAL 
WIMBORNE PUBLISHING LTD., 408 WIMBORNE ROAD EAST, 
FERNDOWN, DORSET BH22 9ND 
Phone: (01202) 873872. Fax: (01202) 874562. 
Email: enquiries@epemag.wimborne.co.uk 
Web Site: www.epemag.wimborne.co.uk 
EPE Online (downloadable version of EPE): www.epemag.com 
EPE Online Shop: www.epemag.wimborne.co.uk/shopdoor.htm 
See notes on Readers'Technical Enquiries below - we regret 
lengthy technical enquiries cannot be answered over the tele-
phone. 
Advertisement Offices: 
EVERYDAY PRACTICAL ELECTRONICS ADVERTISEMENTS 
MILL LODGE, MILL LANE, 
THORPE-LE-SOKEN, ESSEX C016 OED 
Phone/Fax: (01255) 861161 Email: epeads@aol.com 

COMMERCIAL 
I often wonder if some of the projects we publish will make it as commercial products. Over 

the years we have seen a number of projects eventually emulated as commercial designs. One I 
remember well from many years past was a meter to monitor electricity use that was featured on 
Tomorrow's World. They demonstrated it by showing the cost of electricity used to cook a casse-
role in a conventional oven and in a microwave oven. The day I spent at the BBC was fascinat-
ing - they also had a motorised rollerskate on the same programme and watching the presenters 
try it out was quite fun, but that is another story - one thing that I remember well was how fast 
the crew devoured the two casseroles once the programme had finished! We have published other 

electricity monitors since, the last one being John Becker's PIC Electric Meter back in 1996, and, 
of course, these are now available as commercial products. 
On a totally different subject, the Jazzy Necklace design by Thomas Scarborough in this issue 

surely deserves to be turned into a commercial product. The display is fascinating and, with some 
miniaturisation of the electronics and development of the style. it would make a truly beautiful 
piece of unusual and relatively inexpensive jewellery. It will be interesting to see if anything on 
similar lines becomes available. Or if indeed anything is already available - if you are aware of 
any jewellery of this type please let us know. In the meantime you can stand out from the crowd 
with your own "unique" necklace. 

POINTLESS? 
Of course, many of our projects are already widely available. Take, for instance, the Sonic Ice 

Warning in this issue. Plenty of cars now have outside temperature monitors that will tell you 
when it is freezing outside, but, of course, there are still large numbers of models that do not have 
this feature, hence our worthwhile design. 

There are also a number of projects that we publish that, on the face of it, seem a little point-
less because it is easier and cheaper to buy the commercial equivalent. The recent series of 
Practical Radio Circuits falls into this category, but what is more satisfying than building your 
own receiver and tuning in to programmes and amateur transmissions from around the world? 

The whole point of a hobby is doing it because you enjoy doing it. No matter that you can buy 
a radio off the shelf, where is the satisfaction in that? We engage in electronics because we are 
fascinated by it, because we enjoy it and because of the satisfaction gained from designing or 
making something unusual that works. It works for us! 

AVAILABILITY 
Copies of EPE are availab:e on subscription anywhere 
in the world (see opposite), from all UK newsagents 
(distributed by COMAG) and from trie following 
electronic component retailers: Omni Electronics and 
Yebo Electronics (S. Africa). EPE can also be pur-
chased from retail magazine outlets around the world. 
An Internet on-line version can be purchased and 
downloaded for just $ 10.99US (approx £7) per year 
available from %,vww.epemag.corn 

SUBSCRIPTIONS 
Subscriptions for delivery direct to any address in the 
UK: 6 months £ 16.50, 12 months £31, two years £57; 
Overseas: 6 months £19.50 standard air service or 
£28.50 express airmail, 12 months £37 standard air ser-
vice or £55 express airmail, 24 months £69 standard air 
service or £ 105 express airmail. To subscribe from the 
USA or Canada see the last magazine page. 
Online subscriptions, for downloading the magazine via 
the Internet, $ 10.99US (approx £7) for one year avail-
able from vnNw.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@ epemag.wimbome.co.uk. 
Also via the Web at: http:/hwiw.epemag.wimbome.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 £6.95 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. Send, fax or 
phone your card number, card expiry date and card 
security code (the last 3 digits on or just under the sig-
nature strip), with your name, address etc. Or order on 
our secure server via our UK web site. Overseas cus-
tomers - 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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READERS' TECHNICAL ENQUIRIES 
E-mail: techdept@epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a self-
addressed envelope and international reply 
coupons. 

PROJECTS AND CIRCUITS 
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. 
A number of projects and circuits published in 
EPE employ voltages than can be lethal. You 
should not build, test, modify or renovate 
any item of mains powered equipment 
unless you fully understand the safety 
aspects involved and you use an RCD 
adaptor. 

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 

PIC 
LCF METER 
JOHN BECKER  

Simple monitoring of inductance, 
capacitance and frequency values 

Tv 

simple PIC-based unit was 
designed to measure and display the 
values of inductors and capacitors. 

As a by-product of the technique used, it 
can also display the frequency of an exter-
nal OV/+5V signal source. 
The ranges are approximately: 

Capacitance: 1pF to 6500/iF 
Inductance: le to 10H 
Frequency: 0.05Hz to 5MHz 

OSCILLATOR 
CONCEPTS 
The design is based upon the concept 

that oscillators can be constructed from 
CMOS NAND gates or inverters, and that 
their oscillation frequency depends on the 
values of inductance, capacitance and 
resistance in their feedback paths. The 
principles were discussed by George 
Hylton in his two-part series Logic Gate 
Inverter Oscillators of Sept/Oct '02. 

Using a suitable rnicrocontroller, such 
as one from the PIC16F62x or PIC16F87x 
families, software can read the frequency 
of an oscillator and calculate the value of 
an unknown component if the values of the 
other components are known. In this 
design, a PIC16F628 is used and the 
results are output to an alphanumeric liq-
uid crystal display (I.c.d.). 
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Fig. 1. A basic inductance and capaci-
tance (LC) oscillator. 

One technique for using an inductor in a 
CMOS oscillator circuit is that shown in 
Fig. I. Here the oscillation frequency is 
determined by the formula: 

1  
F- 2 x.nxle. -.X-E) 

where: 

F = frequency 

C - CI x C2 
C 1 + C2 

L = inductance 
= 22/7 

Using this formula, if any two values are 
known, the third can be readily calculated. 
For instance, if C and F are known, then L 
can be calculated using the formula: 

L - 

(  I  )2 
2 X Jr X F,  

Similarly, using the capacitance-resis-
tance oscillator configuration shown in 
Fig.2, the output frequency can be calcu-
lated for known values of R and C. Several 
formulae exist for this calculation and the 
one used in this application is: 

1  
F- ,nxRxC 

from which the value for C can be calcu-
lated if R and F are known: 

1  
c_nxRxF 

Fig.2. A basic capacitance and resis-
tance (CR) oscillator. 

FREOLIENCY TO PIC 
Referring to the full circuit diagram for 

the PIC LCF Meter in Fig.3, two indepen-
dent oscillators are used, one based on 
inductance and capacitance (LC) values, 
the other on capacitance and resistance 
(CR) values. 
The LC oscillator is formed around 

NAND gate IC3a. The inductance is pro-
vided by inductor LI, used in series with 
the external inductor whose value needs to 
be measured. The external inductor is con-
nected across probe clips P I and P2 and 
switched into circuit by rotary switch S2 in 
position 1. The capacitance is provided by 
capacitors C5a, C5b, C6a and C6b. 
Two pairs of capacitors are used so that 

the value of C in the LC formula is simple 
for the software to process. The values for 
each of the four capacitors is set at lOnF. 
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Fig.3. Complete circuit diagram for the PIC LCF Meter. 

Therefore the parallel value of C5a/b = 
C6a/b = 20nF (a value not obtainable in 
standard capacitor ranges). In the formula, 
as expanded above, the value for C is thus 
lOnF. 
A preset potentiometer, VR2, is also 

included in the feedback path. Its princi-
pal purpose is to ensure that oscillation 
starts reliably and then continues in a sta-
ble manner. The effect is due to its rela-
tionship with capacitors C6a/b, which 
impose a more pronounced phase shift on 
the signal being fed back through the 
inductor than the output of the gate itself 
can allow. 

Potentiometer VR2 also has the side 
effect of providing a degree of frequency 
control, although this is not important in 
this application. 

In use, the inductor whose value is to be 
measured is placed in series with Li. The 
latter provides a minimum inductance 
value against which the circuit is "nulled" 
prior to taking measurements. Its use min-
imises the effect of stray fields within the 
physical circuit assembly. 
The CR oscillator is formed around 

NAND gates IC3b and IC3c. The maxi-
mum frequency at which the oscillator runs 

is basically set by resistor R4 and capacitor 
C7. The external capacitor whose value is 
to be measured is connected between the 
probe clips and switched in parallel with 
C7 by switch S2 in position 2. As with LI, 
Cl provides a minimum reference against 
which the circuit is "nulled". 

Because the reference value has been set 
to be high enough to effectively "swamp" 
stray capacitance into an unimportant role, 
the software is capable of discerning very 
small capacitance differences, typically 
from 1pF upwards. 

It should be noted that the value of resistor 
R3 also has an effect on the oscillation fre-
quency. In this circuit it has been chosen to be 
ten times the value of R4 and is ignored in the 
frequency calculation formula. 

GATE CONTROL 
The use of NAND gates in this circuit 

allows the oscillators to be selectively 
turned on and off by the PIC microcon-
troller, ICI. 
The LC oscillator becomes active when 

IC3a input pin 12 is taken high by PIC pin 
RAO. When RAO is low the oscillator is 
inhibited, with IC3a output pin 11 being 
held high. 

The CR oscillator is similarly controlled. 
PIC pin RAI when high allows the IC3b/c 
configuration to oscillate. When RAI is 
low, the oscillator stops with IC3b output 
pin 4 held high. 
The outputs from IC3a and IC3b are 

jointly fed to the inputs of NAND gate 
IC3d. When IC3a is oscillating, its frequen-
cy is passed through IC3d via pin 9 since its 
other input, pin 8, is held high by IC3b's 
output pin 4. Conversely, when IC3b/c is 
oscillating, its frequency is passed through 
IC3d via pin 8 since pin 9 is now held high 
by IC3a's output pin 11. 
As only one oscillator can be selected 

at any time, there is no conflict of fre-
quencies passing through IC3d. The out-
put from IC3d pin 10 is fed via resistor 
R5 to PIC pin RB6. This pin is used as 
the input to the PIC's TMR1 16-bit 
counter/timer. 

FREQUENCY CAPTURE 
For high frequency monitoring, the PIC 

is set for non-synchronous input to TMR1 
and input rates in excess of 5MHz can be 
registered correctly. It is this fact that also 
makes this circuit suitable as a frequency 
counter up to about 5MHz. 
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For external frequency counting the sig-
nal is input directly to PIC pin RB6 via 
socket SKI, with resistor R5 providing a 
buffer between the signal and the output of 
IC3d. The resistor also provides a buffer 
when the PIC is programmed in-circuit 
from a system such as PIC Toolkit TK3 
(Oct-Nov '01) — see later. 
The frequency output from IC3d can be 

connected via R5 and socket SKI to an 
external frequency counter suited to accept-
ing normal logic-level signals. 

MODE SELECTION 
As stated earlier, the function of switch 

S2 is two-fold. The component to be mea-
sured, either inductor or capacitor, is con-
nect via crocodile clipped leads (P1 and 
P2) to the poles of S2a and S2b. The switch 
is set so that the component is connected to 
its appropriate oscillator circuit. There is no 
danger of component or circuit damage if 
the wrong switch setting is selected. It will 
be obvious from the measured results if the 
wrong path has been chosen! 
The second function of switch S2 is to 

inform the PIC which type of component it 
is to measure. This is controlled by S2c. 
When in position 1, S2c connects the +5V 
line to PIC pin RA4. In position 2, RA4 is 
held at OV via resistor R6. Software 
monitors the logic on RA4 and reacts 
accordingly. 

Switch S3 is a push-to-make type and is 
used to "null" the circuit prior to taking 
measurements. It is monitored by PIC pin 
RA2, which is biased low by resistor R2 
when S3 is not pressed. 

Switches S2 and S3 are also used to set 
"corrective" factors should any be found 
necessary, as discussed later. 

OTHER COMPONENTS 
The results of component value calcula-

tions are output to the 2-line by 16 charac-
ters per line 1.c.d., X2. Preset VR I sets the 
1.c.d.'s screen contrast. 
The system is operated at 3.2768MHz, 

as set by crystal X1 in conjunction with 
capacitors C3 and C4. It can be powered at 
between +7V and +12V d.c., at about 9mA 
for a 9V supply. 

Regulator IC2 reduces the input supply 
voltage to +5V, to suit the PIC and the 1.c.d. 
Capacitors Cl, C2 and C8 help to ensure 
additional power line stability. 

Connector TB2 is in the author's stan-
dard configuration for programming PICs 
in-situ should readers wish to modify the 
software. Brand new PICs should not be 
programmed via this option due to the con-
figuration settings installed during manu-
facture (adverse LVP setting). Such PICs 
should only be programmed on the board 
of a dedicated PIC programmer. 

Diode D1 and resistor RI prevent the 
programming and unit supply voltages 
from interacting. (They must be retained 
even if on-board programming is not 
required.) 

CONSTRUCTION 
Component position and track layout 

details for the PIC LCF Meter's printed cir-
cuit board are shown in Fig.4. This board is 
available from the EPE PCB Service, code 
434. 

In order to obtain the best potential accu-
racy from this unit, components C5a, C5b, 
C6a, C6b, R3 and R4 should have the best 

tolerance that you can obtain. Ideally all 
should be 1% devices, although capacitors 
having such close tolerance are not widely 
available and you may have to accept 2% or 
5% for them. The software has an offset 
compensation facility should you need to 
correct displayed values upwards or down-
wards in the light of experience. 

Assemble in your own preferred order — 
that preferred by the author is wire links, 
i.c. sockets, and then in ascending order of 
component size. Ensure that electrolytic 
capacitors and the semiconductors are 
inserted the correct way round, but do not 
insert IC1 and IC3, or connect the 1.c.d. 
(whose p.c.b. connections are in the 
author's standard order, also see Fig.4), 
until the correctness of the power supply 
has been checked. The latter should only be 
done once you are sure that everything else 
is correctly positioned and soldered. 

Note that inductor L 1 is mounted verti-
cally on the board, with its other lead 
trimmed to serve as a terminal pin. In the 
prototype it was originally mounted flat on 
the board but it was found that this caused 
instability in the oscillation frequency due 
to the proximity of a signal-carrying p.c.b. 
track running in parallel with the inductor. 
The switches and socket SKI need only 

be temporarily connected at this stage, 
wiring them permanently once the case has 
been prepared and assembled. Adjust S2's 
lugged washer so that only positions 1 and 
2 can be selected. 

In the test model, extra-flexible wire was 
used for the probe leads, about 15cms long, 
terminated in miniature crocodile clips 
with different coloured insulating covers 
indicating their polarised identities. 

For the prototype, a plastic case (the 
author's "orange box" again!) measuring 
150nun x 80mm x 50mm was used, having 
been suitably drilled for the panel-mounted 
components (see photograph). Note that the 
author did not use OV socket SK2 (see 
later). 

TESTING 
When initial checks have been made, 

connect the 1.c.d., insert IC3 and the pre-
programmed PIC microcontroller. 

Switch on power and recheck that the 
+5V supply voltage is still correct. Then 
adjust preset VR1 until the I.c.d. screen 
contrast is satisfactory. Switch off power 
and then go through the following main 
check routine: 

Set switch S1 to position 2 (capacitance). 
Leave the probe clips unconnected (open 
circuit). Switch on the power. The screen 
will first briefly display an opening mes-
sage on line 1, EPE LCF METER, followed 
by CAPACITOR, with WAITING TIMING 
on line 2. 
The software then assesses the frequency 

generated by the CR oscillator in relation to 
capacitor Cl and any stray capacitance pre-
sent around the assembled unit. 

Sampling is done at approximately one-
second intervals, so that the frequency 
monitoring is in Hertz (cycles per second). 
After each sampling period, the frequency 
is displayed on screen line 1. Below it is 

rAPPC I TOP 
LIPITING TIMING 

COMPONENTS 
Resistors 
R1 
R2, R5, R6 
R3 
R4 

All 0.25W 5%, except where stated 

1k 
10k (3 off) 
10k 1% 
1k 1% 

see 

TALK 
Page 

Potentiometers 
VR1, VR2 10k min. preset, round 

(2 off) 

Capacitors 
Cl 22p radial elect. 16V 
C2, C8 100n ceramic disc, 

5mm pitch (2 off) 
C3, C4 10p ceramic disc, 

5mm pitch (2 off) 
C5a, C5b, 
C6a, C6b 10n ceramic disc, or 

plate, ideally 1% 
(see text), 5mm pitch 
(4 off) 

C7 1000p ( 1n), ceramic 
disc, 5mm pitch 

Semiconductors 
D1 1N4148 signal diode 
IC1 PIC16F628 

microcontroller, 
pre-programmed 
(see text) 

IC2 78L05 +5V voltage 
regulator 

IC3 4011 CMOS quad 
NAND gate 

Miscellaneous 
L1 10iiH axial inductor 
Si min. s.p.s.t. toggle 

switch 
S2 3-pole 4-way rotary 

switch, panel mounting 
S3 s.p. push-to-make 

switch 
SKI, SK2 socket, size as 

preferred, one each 
red and green 
suggested 

X1 3.2768MHz crystal 
X2 2-line 16-character (per 

line) alphanumeric 
I.c.d. module 

Printed circuit board, available from 
the EPE PCB Service, code 434; plastic 
case, 150mm x 80mm x 50mm; 14-pin 
d.i.l. socket; 18-pin d.i.l. socket; knob for 
S2; 1mm terminal pins; cable ties; p.c.b. 
mounting supports, self-adhesive (4 
off); min. crocodile clips, with insulating 
covers, one each red and green sug-
gested; extra-flexible wire; connecting 
wire; solder, etc. 

Approx. Cost 

Guidance Only £25 

shown the interpretation of that frequency 
in terms of capacitance. It will be wrong at 
this time, until the circuit has been nulled. 
With the prototype, the frequency at this 
stage is typically about 247000Hz with a 
displayed capacitance value of 1227pF. 

This is the value which results from the 
exact value of capacitor Cl and any stray 
capacitance in relation to the values of 
resistors R3 and R4. When taking active 
measurements of a capacitor connected 
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Fig.4. Component layout and master track pattern for the PIC LCF Meter. Typical 
I.c.d. pinouts are shown to the right. 

between the probe clips, this "reference" 
value is subtracted from the result of the 
measurement. However, the PIC must be 
"told" that this is the value to use. At pre-
sent it is subtracting zero from the value, as 
set when the power is switched on. 

Pressing switch S3 sets the reference 
value into temporary memory within the 
PIC. This is confirmed by the word 
NULLED being shown on line 1, followed 
by the capacitance value being reset to zero 
on line 2. 

Having released switch S3, the next sam-
ple value should also read zero until the 
capacitance across the probes is changed. 
Clip the probes to a capacitor nominally 
specified as, say, 1000pF and its actual 
value will be displayed on line 2. Note that 
the frequency value on line 1 is always the 
actual oscillation frequency and is not 
affected by the "nulling". 
Be aware that the act of touching the 

probe leads with your hands will introduce 
additional capacitance across the probes, so 
do not hold them while taking value 
measurements. 
A 470pF ceramic capacitor being moni-

tored while this text is being written is pro-
ducing a frequency of 177653Hz and, after 
the reference value has been subtracted by 
the software, is shown as having a real 
value of 492pF, well within its catalogue-
stated tolerance of ±5%. 

t-s•-1 
TT.' - T. •T -7 Li ...,. 

J. I.  

492PF 

Now clip an electrolytic capacitor in 
place of the previous one, say a value of 
le, correctly connecting the positive clip 
to the positive capacitor lead — an important 
point to note when measuring electrolytic 
capacitors, which are polarity sensitive, of 
course. 

Observe the capacitor's displayed value 
on screen. Using a test capacitor while 
writing this, the screen shows a frequency 
of 311.138Hz and a value of 0.974µF (not 
a bad value for a 1/ÁF capacitor whose tol-
erance is nominally ±20%!). 
Two points are worth noting in relation 

to this displayed value. First, a different 
timing technique is used for frequencies 
that are below 1024Hz, in order to obtain 
better accuracy than with pulse counting 
for low frequencies. 

In this mode, which is entered automat-
ically if a frequency below 1024Hz (a 
binary "round" value) is detected, the PIC 
assesses the logic status of the signal on 
its RB6 pin. It then waits until this logic 
phase changes. It then starts a timing 
counter (TMR1) which runs until the pin 
status has changed twice more, represent-
ing a complete cycle of the waveform. At 
the end of this cycle the counter is 
stopped. 
The count value, which is in relation to 

the 3.2768MHz crystal used, is converted 
into microseconds (T), and then converted 
into the equivalent frequency (F) for that 
timing (F = 1/T). In this mode the reference 
value is too low to be of interest and is 
ignored. 

Secondly, this mode produces frequen-
cy results that have three places of deci-
mals and a decimal point is displayed 
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accordingly. Additionally the value is now 
expressed in microfarads (uF — but shown 
as "uF'). 
Now, if you have a capacitor to hand of, 

say, 220nF (0-22,uF), clip it to the probes 
and examine the result. Taking one at ran-
dom, the prototype displayed a frequency 
of 1305Hz, representing a value of 
231.210nF. Note the "riF" suffix — the soft-
ware, when registering a calculated value 
of less than 10000 (but which has not been 
obtained by the "uF' route), gives an "nF' 
suffix, but otherwise shows "pF'. 

Note that with larger values of elec-
trolytic capacitor, you need to be patient 
while the values are assessed, since up to 
three logic half cycles may need to be 
processed — the initial logic level change, 
followed by one complete cycle. For 
instance, a random test with an electrolytic 
monitored as 5055,uF had a full cycle peri-
od of 0.060Hz. 

INDUCTANCE TEST 
To test the LC oscillator, switch S2 to 

position 1 (inductance) and clip the probes 
to each other (as a short circuit). In this 
configuration inductor L 1 completes the 
feedback circuit for IC3a, which oscillates 
accordingly. 

Adjust preset VR2 until the oscillation 
rate appears stable, as indicated by the fre-
quency value shown on screen line 1. The 
setting will be obvious if an oscilloscope is 
used. If a scope is not available, try VR2 at 
various wiper settings and chose the best — 
it is not critical. In the prototype the author 
set the wiper for approximately three-quar-
ters clockwise rotation (about 7k5). 

Again the frequency and calculated 
results are shown on the upper and lower 
lines of the screen. In the prototype typical 
un-nulled values are 468608Hz and 
11.492,uH. Pressing "null" switch S3 the 
inductance value should read 0.000uH 
Now clip an inductor of, say, 10/4H 

between the probes. A typical display 
might then be 342348Hz, 9.969uH. In this 
case showing that the external inductor is 
pretty close to its marked value. 
As with the capacitance mode, the pulse 

width assessment technique is used when 
the monitored frequency is below a certain 
value, 16384Hz for inductors. Again the 
frequency value is shown with three deci-
mal places. 
On the normal frequency counting range, 

values less than 100,14H are displayed with 
a "uH" suffix, otherwise they are shown in 
millihenries (mH), i.e. 100.801µH would 
be displayed as 0.100801mH. 

Values obtained using the pulse width 
technique are displayed in henries, with a 
suffix of "H", for example 7.305H. 
Be patient when monitoring higher val-

ues of inductance, for the same reason as 
for larger values of capacitance. 

77.449nHz 
9.1F.RuH 

FREQUENCY 
COUNTING 
To monitor an external frequency, which 

must conform to normal logic levels 
(swinging between OV and +5V), connect 
the signal source to socket SKI. Switch S2 
may be in either position. 

Resistor R5 prevents the signal from 
being adversely affected by the running of 
either internal oscillator. 

Frequencies from about 0.05Hz to 
greater than 5MHz can be monitored. 

Because switch S2 does not cause the 
internal oscillators to be inhibited during 
external frequency input, the displayed fre-
quency will always be accompanied by an 
inductance or capacitance value on line 2. 

Socket SKI may also be used to feed the 
internal oscillator frequencies to an exter-
nal frequency counter. 

Note that if the LCF Meter is not pow-
ered by the same power supply source as 
the external signal source or frequency 
counter, then a common OV (ground) con-
nection between them must be provided via 
socket SK2. 

In the prototype SK2 was omitted as the 
author always uses a common workshop 
power supply for all circuits. 

ALIGNMENT 
In the event that the component values 

used with the oscillators are not exactly 
those for which the software has been writ-
ten, compensation is possible through a 
routine selectable when the LCF Meter is 
first switched on. 

With power switched off, set switch S2 
for the capacitance or inductance mode you 
want to modify. Press switch S3 and hold it 
pressed while the power is switched on. On 
recognising the pressed status of S3 during 
its initialisation routine, the PIC's software 
jumps to the appropriate correction routine 
selected by S2. 

This will be confirmed by a screen mes-
sage on line 1 stating which correction 
mode has been accessed, for example CAP 
CORRECTION. On line two the existing 
correction value will be displayed. The 
default is 100. 

CPIP CORRECTION 
loo 

In normal running mode the calculated 
capacitance and inductance values are mul-
tiplied by the correction value and then 
divided by 100. For instance, if the correc-
tion value is 100, then there is no correction 
applied, since multiplying by 100 and then 
dividing by 100 is the same as multiplying 
by 1, so leaving the value unchanged. 

If the correction value is 101, however, 
the effect is to multiply the value by 1.01 (a 
1% increase). Conversely, if the correction 
is 99, then the effect is a multiplication by 
0.99 (a 1% decrease). The range of correc-
tion values is 1 to 199, i.e. a multiplication 
range of 0.01 to 1.99. 
When the screen shows that correction 

mode has been entered, release S3. Wait 
briefly for the software to exit a switch 
debounce routine (about 0.5 seconds). The 
correction value can now be changed using 
both S2 and S3. 

If S2 is in position 2 (capacitor) then 
each press of S3 causes the correction value 
to be incremented. On the other hand, if S2 
is in position 1 (inductance) then each press 
of S3 causes the correction value to be 
decremented. 

Each press of S3 causes the new value to 
be stored to the PIC's internal non-volatile 
(EEPROM) memory, where it remains even 
after power has been switched off. (The 
"nulling" factors referred to earlier are not 
stored beyond switch-off.) 

Each time the unit is switched on, the 
correction values for the two oscillator 
modes are recalled from memory and 
applied to each value calculation. 

It would have required an extra switch to 
allow the software to be told to exit correc-
tion mode and the only way out of it is to 
switch off and then switch on again, leav-
ing a suitable pause before doing so to 
allow the circuit's power line capacitors to 
discharge. 

Correction for the other oscillator's rou-
tine is entered in the same way, first setting 
switch S1 to the opposite position prior to 
power-up. 

STABILITY 
A point to appreciate is that this simple 

unit has no temperature compensation 
circuitry. The oscillator frequencies can 
and will drift with temperature changes. 
For higher capacitance and inductance 
values, especially those in the "fiF' and 
"H" ranges, the drift is insignificant. For 
lower component values (i.e. higher 
oscillation rates), though, you should 
always "null" the meter prior to taking a 
measurement. 

For capacitance nulling the probes must 
be open; for inductance nulling they should 
be closed (shorted). 

Finally, never try to measure the values 
of components that are "in-circuit". At best, 
the existence of other components within 
that circuit is likely to result in incorrect 
readings. At worst, if the other circuit is 
powered, it and the PIC LCF Meter could 
be damaged. 

RESOURCES 
The software for the PIC LCF Meter is 

available from the EPE PCB Service on 
3.5in disk (for which a nominal handling 
charge applies). It is also available for free 
download from the EPE website, accessi-
ble via the Downloads click-link on our 
home page at www.epemag.wimborne. 
co.uk (path PICs/LCFmeter). 
Read this month's Shoptalk page for 

information on component buying for the 
PIC LCF Meter. 
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MOBILISING PICTURE 
PHONE PATENTS 

Sendo challenges Orange under Patents law, 

as Barry Fox reports. 

ALTHOUGH less than four years old, 
British mobile phone maker Sendo is 

not afraid to tangle with the big boys. Last 
year Sendo pulled out of a deal with 
Microsoft to make Windows-powered pic-
ture phones for use on the Orange network. 
Sendo is still in dispute with Microsoft and 
is now trying to stop Orange selling 
Windows picture phones made in Taiwan. 
The Orange Smartphone, claims Sendo, 
infringes Sendo's patent on integrated cir-
cuits and printed circuit boards. 
Last year Microsoft and Orange joined 

forces to launch a Smartphone service, 
offering SPV (Sound, Pictures and Video) 
on the move for 40 million Orange sub-
scribers in 21 countries. The SPV phones 
use Microsoft Windows and Internet 
Explorer to access the Internet, and the 
GPRS (general packet radio service) sys-
tem to squeeze higher transmission speeds 
from existing GSM networks. 
At the London launch Orange and 

Microsoft announced support from Sendo, 
and Sendo called its Windows-powered 

Z100 "the world's smartest phone". A 
month later Sendo backed out, and adopted 
the rival Symbian system from Nokia. 
Now Sendo has started legai proceedings 

in the British High Court, using recently 
granted British Patent 2 377 080 to try and 
stop Orange selling the Orange SPV 
phone. Sendo also wants damages for 
phones already sold. 
"We have tried to solve the matter in an 

amicable way", says Hugh Brogan, 
Sendo's CEO, "Now we have to take legal 
steps". 
The patent tells how to keep the many 

connections to an integrated circuit short 
and separate from each other, by arranging 
them in rings like a square darts board. The 
power supply contacts are in the outer 
rings, the earth or ground contacts in the 
centre and data contacts in between. 
So far Sendo only has a British patent. 

So the company cannot try to stop manu-
facture in Taiwan. But the UK patent has 
legal force as soon as the phones are 
imported into Britain for sale and use. 

MULTILOGGING DATA 
NICON Designs have introduced a low cost analogue data acquisition module 
that offers 4-channel 12-bit logging on demand, and with timed measurement 
capabilities. The Multilog ML4-12 module provides true differential and unipo-

lar inputs with 12 programmable 
voltage/current ranges and inde-
pendent sensor supplies for each 
channel. 
When fitted with the optional MMC 

memory card, the unit is capable of 
storing up to two million time-
stamped data sets. Setup and data 
transfer is via a standard RS232 
interface. The simple interface 
enables straightforward connection 
to off-the-shelf GPRS and LPRS 
modules. 
Multilog is supplied with a weath-

erproof enclosure and Windows-
based control and display software. 
For more information contact 

Nicon Designs Ltd, Dept EPE, 13 
The Buntings, Bradwell, Norfolk 
NR31 8PE. Tel: 01493 442350. Fax: 
01493 667689. 
Web: www.nicon-designs.co.uk. 

Schmart Boards 

A NEW product for developing elec-
tronic circuits and known as 
Schmartboard has been introduced. 
It is described as providing "electron-
ic circuit blocks for engineers, stu-
dents and hobbyists". 
Schmartboard allows prototype 

electronic circuits to be assembled in 
a modular fashion, allowing subse-
quent modifications to be made with 
minimal changes to the overall 
assembly. The system uses pre-
tracked printed circuit boards that are 
connectable like building blocks. 
They allow circuits to be assembled 
block by block, connecting the blocks 
together to form a functional board. 
Because the boards are pre-tracked, 
the need for wire jumpers is min-
imised. The boards are available in 
several style configurations. 
For more information browse 

www.schmart.com and www. 
engineeringlab.com. 

NCT on Course 
for 2004 

SINCE joining forces with OakCAD 
Training, the National College of 
Technology has been focusing on the needs 
of the electronics sector. Its range of dis-
tance learning courses is suitable for begin-
ners and those with more experience who 
need to update their skills. 
The programme of courses offered 

through the college is being adjusted as 
part of the continuous development 
process and further new courses are cur-
rently being prepared for launch during 
2004. These coarses can lead to a BTEC 
qualification or taken as individual mod-
ules. Tutor support is avaiiable to help indi-
viduals through each part of a course. 
Anyone interested to register can contact 

NCT on 08456 345 445 or view the cours-
es on www.oakcad.co.ukinct.aspx. 
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MINITOOL 

THE new Minitool range of high quality precision tools from Shesto is designed and made 
in Germany to exacting standards. The manufacturers, Boehler, have over 30 years expe-
rience in producing 12V tools which answer the specific needs of anyone interested in 
miniature precision work. They enjoy a high reputation in Europe as well as in the USA and 
Canada. 
The functions offered by the Minitool include sword saw, detad sander, 3D contour 

sander, high speed rotary tool, jigsaw/scrollsaw, planer, screwdriver/rotary tool, rotary cut-
ting tool, engraving pen, 4-in-1 cutting tool. 

For more details of the Minitool and its stockists, contact Shesto Ltd., Unit 2, Sapcote 
Trading Centre, Dept EPE. 374 High Road, Willesden, London NWIO 2DH. Tel: 020 8451 
6188. Fax: 020 8451 5450. Email: sales@shesto.co.uk. Also browse ufww.minItool.co.uk. 

SQUIRES 
2004 CAT 

SQUIRES are renowned for their compre-
hensive range of miniature hand and power 
tools and their extensive range of electron-
ic components. Their 2004 catalogue has 
recently been received at HQ. It seems 
even more massive than their previous one. 
It is impossible on this page to give full 
credit to the enormous variety of items that 
are listed and illustrated in 600-odd pages, 
but it seems fair to say that there can sure-
ly be nothing of the craft tools nature that 
has been omitted. 
Squires have also purchased Gough 

Brothers fine art materials shop and The 
Nimble Needle needle craft shop, both in 
Bognor Regis, where Squires themselves 
are based. So whatever your art and craft 
requirements, Squires should be more than 
capable of helping you. 
For more information contact Squires 

Model and Craft Tools, 100 London Road, 
Bognor Regis, W. Sussex P021 1DD. Tel: 
01243 842424. Fax: 01243 842525. 
Email: sales@squirestools.cm. 
Web: www.squirestools.com. 

STRONG 
L.C.D.S 

HAVE you ever had the misfortune to 
break the glass screen of an 1.c.d., or dam-
aged one by dropping it, or exposing it to 
adverse weather conditions? It seems that 
these are quite common occurrences, for 
Sharp have now introduced new "Strong 
L.C.D.s". These have been designed 
specifically for use under difficult condi-
tions. You may not only touch and shake 
these new displays, but even expose them 
to temperatures as low as - 10°C and as 
high as 65°C. 
Enhanced integration and a more com-

pact mechanical design make these 1.c.d.s 
much less susceptible to vibration, surface 
pressure and shock. Sharp have also 
increased the brightness by a new long-life 
backlight, providing for excellent visibility 
even with bright sunlight or from greater 
distance. 

Initially, the size available is 10.4 inches 
(26.4cm) with 640 x 480 pixels resolution, 
but Sharp say that 12.1in (53.3cm) with 
800 x 600 pixel resolution will soon 
become available. 

BOOSTED 
DVD+RW/+R 
DVD recording capacity is 

increased again. 
Barry Fox reports 

inFIE DVD+RW/+R recordable format, 
II developed by Philips, has received 

three significant boosts. Pioneer, the driv-
ing force behind the rival DVD-RW/-R 
format has built DVD+ support into its new 
generation of PC burners. These are now 
on sale. Apple, previously committed to 
DVD-R, has now added DVD+RW/+R 
support to the latest version of its Mac 
operating system. 
Hot on the heels of announcing 8x 

recording speeds for DVD+R blanks at the 
IFA show in Berlin, Philips and 
Mitsubishi/Verbatim have increased 
DVD+R capacity from 4.7GB per side to 
8.5GB. This extends recording time to four 
hours of DVD-quality video or 16 hours of 
VHS-quality video, without the need to 
turn over the disc. 
The new DVD+R blanks use a dual-layer 

coating. During recording the laser focuses 
first on one organic dye film, and then dur-
ing a second pass on the other. Although 
the new blanks will only work on new 
recorders, the dual-layer recordings will 
play back on existing players - because 
DVD drives are already designed to play 
dual-layer pressed discs. 
The trick is to use a highly reflective 

lower layer and sandwich a thin layer of 
semi-reflective silver-alloy in the upper 
layer. The upper layer passes 50% of the 
laser light through to the lower layer for 
recording and playback, while reflecting 
at least 18% for readout of the upper 
layer. 
All eyes are now on Pioneer and the 

DVD-RW/-R camp to see if they can come 
up with a dual-layer DVD-R blank. 

MICROMOUSE 2004 
THE micro-robotics competition known 
as Micromouse 2004 is to be hosted by 
the Technology Innovation Centre at 
Birmingham's Millennium Point on 
Saturday 19 June 2004. It is the latest 
event in the world's longest running 
robotics competition. Originated in the 
UK by the Institution of Electrical 
Engineers (IEE), it has run for more than 
20 years. 
The event consists of races against the 

clock between microprocessor controlled 
robotic "mice" programmed to search and 
solve complex mazes. There are several 
technical standards in the competition, 
with senior and junior categories. This 
enables individuals and organisations at 
different levels of technical skill to enter. 
Individuals, clubs, schools, colleges and 
universities have all competed in past com-
petitions. 
Anyone interested in learning more 

about Micromouse 2004 should contact the 
Event Administrator, Rita Kerry, on 0121 
331 5400 or rita.kerry@tic.ac.uk. 
Also browse: http://micromouse.cs. 

rhul.ac.uk/events. 
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=TALK ANDY EMMERSON 
Handset Hazards 

How safe is your mobile phone? Andy Emmerson explains how to 
avoid becoming the next victim. 

T
HE pronouncement "Woman burned 
by exploding cellphone" was one of 
several similar headlines last year. It 

wasn't booby-trapped and it won't be the 
last to cause injury. So exactly what hap-
pened and why? 

Figuratively, mobile phones can burn a 
hole in your pocket, but the last thing you 
expect them to do is to burn up in your 
hand. Yet over the past 12 months or so 
there has been a spate of occurrences of 
this kind. 

According to news reports on the Web, 
the first victim was an Indonesian man, 
who suffered severe burns on his face 
when his cellphone ignited a fire at a gas 
station in 1999. Closer to home was 15-
year-old Niklas Eivik in Norway, whose 
Nokia 3310 cellphone exploded during 
November 2002. A report states that the 
phone first vibrated, then started beeping 
while smoke erupted, and finally the phone 
exploded leaving marks on the floor, the 
ceiling and people in the room. 

Ten months later in Amsterdam another 
phone, again reported to be a Nokia prod-
uct, exploded in a woman's face while she 
was out shopping. The blast caused burns 
to her face and neck. Apparently the phone 
switched itself off when its 33-year-old 
owner dropped it. When she switched it 
back on again, the phone exploded. 

LINKING FACTOR 
Reading all this you might think that 

Nokia phones. were at worst lethally dan-
gerous or at best hopelessly unreliable. 
That's not the case, however, and other 
makers' kit has been struck as well. When 
an Ealing-based electrician's phone com-
busted spontaneously, it was a Sharp, not a 
Nokia. 

Steve Wing said that after recharging his 
GX10 (in a proper Sharp charger) it started 
hissing, glowed red and then shot the back 
off the phone in a cloud of smoke. Reports 
on the Internet indicate that GPS receivers 
have also self-destructed and in all cases 
the linking factor is the use (or possibly 
misuse) of lithium batteries. 
The actual mechanism causing the 

explosions is simple — overheating caused 
by a short-circuit. 

BAD NAME 
Investigation into the incidents shows 

that in most cases the explosions were 
caused by non-original (but perfectly legal) 
replacement batteries. Nokia, concerned 
that these explosions were giving its 
mobiles an undeserved bad name, held a 
press conference the day before this article 
was written at which the company took aim 
at unsafe, low-quality counterfeit batteries. 

"I want to stress that consumer safety is 
our top concern," said Janne Jormalainen, 
Vice President, Mobile Enhancements, 
Nokia Mobile Phones. "We believe con-
sumers are unknowingly being fooled into 
buying unsafe, low-quality batteries and 
we are actively taking measures to combat 
the illegal counterfeit operation at the root 
of this problem." 
He revealed that tens of thousands of 

counterfeit products had been seized in 
recent raids in Belgium, the United 
Kingdom, and other countries in the EU, 
bringing the total global number of seized 
and destroyed products in 2003 to more 
than five million. As a result of these raids, 
authorities gained valuable leads on a 
counterfeit network, enabling them to 
begin immediate actions against those 
involved. 

MISLEADING 
Counterfeit batteries had also misled 

consumer groups, he said. Test-Aankoop, a 
Belgian consumer group, acknowledged 
their recent test results that had led them to 
announce Nokia batteries were unsafe 
were "most probably unreliable" due to the 
inclusion of counterfeit batteries in their 
test sample. Test-Aankoop has agreed to a 
new, independent test of batteries, using 
only Nokia original batteries. 

If consumer protection groups can be 
fooled by sophisticated counterfeits, it's 
little wonder that users are taken in, 
although retailers should know full well 
when they buy through other than normal 
channels. For this reason Nokia will now 
adopt "aggressive, regional anti-counter-
feit measures" to thwart the sale of prod-
ucts that to the average consumer appear to 
be Nokia original accessories. 

Retailers sell counterfeit batteries for 
one reason only: because they are cheaper. 
And the reason why these replacements are 
cheaper is because they lack essential safe-
ty features. "Official" replacement lithium-
ion battery packs cost more than generic 
equivalents because they include extra 
electronics to guarantee reliable (and safe) 
performance. 
A small printed circuit board, shrink-

wrapped inside the pack, performs a num-
ber of vital functions. While charging, the 
circuit balances the voltage of the cells, 
ensuring that both cells are properly 
charged as well as preventing the cells 
from being overcharged, which could lead 
to rupture. 

During discharge, the circuit prevents 
the cells from being shorted by automati-
cally shutting down the pack if too much 
current is drawn. This prevents the batter-
ies from exploding if something shorts out 

the pack. To ensure long battery life the 
circuitry also shuts down the battery pack 
automatically before the individual cell 
voltages reach 3V. 

HOBBY APPLICATIONS 
Needless to say, the statistical risk of 

being injured by an exploding mobile 
device is minimal; you have more chance 
of winning the national lottery. But you 
need to be aware of the risks of misusing 
lithium-ion cells, regardless of their envi-
ronment or application. 
You may have spotted that lately some 

sellers have been offering surplus cell-
phone batteries on eBay for use in micro 
radio-controlled aircraft and other elec-
tronic projects. One typical battery pack 
contains two lithium-ion cells that can 
provide 8.4V at 830mAh. They are rated 
for discharge rates up to 1.66A. Weighing 
only 2oz (56g), they are seemingly perfect 
for most applications. In addition, with 
only a little bit of work, the single cells in 
the packs can provide 4.2V for smaller 
models. 
So why are these cells not sold more 

widely? The main reason why lithium-ion 
batteries are not more widely sold for 
hobby use is the limitations in their safe 
use. It's a fact that lithium-ion batteries can 
explode if shorted out or (and this is cru-
cial) if the cells are charged improperly. 
Unless you have a charger designed for 
charging lithium-ion cells and tailored to 
the specific type of cell you are using, you 
should not attempt to charge them at all. 
Fortunately, the more responsible vendors 
sell suitable chargers as well as the battery 
packs. 

SAFETY TIPS 
To avoid being scarred by your mobile: 

• Buy only original batteries from your 
phone's manufacturer; products from 
third-party suppliers may have different 
characteristics even though dimensional-
ly compatible. 

• Even if the battery bears your cellphone 
maker's name, check that it looks 
"right". Crummy packaging is an obvi-
ous give-away. 

• Buy from recognised dealers and keep 
the receipt; you'll have a job claiming 
against boot sale or street market traders. 

• Avoid leaving batteries charging unat-
tended in case they overheat and catch 
fire. 

STOP PRESS 
After this article was written, Nokia 

announced that a new study by the Belgian 
consumer organisation confirmed the safe-
ty of genuine Nokia batteries. 
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Constructional Project 

SONIC ICE 
WARNING -luieemgt 
TERRY de VAUX-BALBIRNIE  

Don't let icy roads catch you out/ 

T
ERE is nothing new about car ice 

alarms. The first appeared many 
years ago and the author has pro-

duced one or two of these designs. 
Usually, the "ice warning" is given by 

an 1.e.d. (light-emitting diode) which oper-
ates at, say, 2°C. A small margin above the 
ice point (0°C) is desirable to provide an 
early warning. 

RESISTANCE TO 
CHANGE 
Many circuits have used a thennistor to 

sense the temperature of the air close to the 
road surface. These devices change their 
resistance according to the temperature 
(most types reduce this with rising temper-
ature). A thennistor would therefore have a 
certain resistance at the chosen operating 
point and this could be used as a basis of 
operation. 

This method is satisfactory but there are 
some potential problems. The first is that 
inexpensive thermistors do not have a 
precisely known resistance at a given 
temperature. The finished circuit would, 
therefore, need to be calibrated using a 
thermometer. 

DRIFTING ALONG 
A further problem is that the resistance 

of a thennistor tends to drift slightly with 
time. This has the effect of changing the 
operating point so the circuit would possi-
bly need to be recalibrated after a period of 
use. 
An 1.e.d. is not altogether satisfactory to 

use as the warning device. During daylight 
hours, it might not even be seen. At night it 
tends to be distracting. It is also true that 
most people do not want a home-made 
panel to appear on their dashboard. No 
matter how well it might be made, it would 
almost certainly not blend in with the 
styling of a modem car. 
The present design overcomes the above 

problems. It uses a temperature-sensing 
i.c. (integrated circuit) to determine the 
temperature. This requires no calibration 
because it provides an accurately known 
voltage output at a given temperature. The 
operating temperature should lie within 
0.5°C of the theoretical value and it will 
remain like that in the long term. 

HEARD BUT NOT SEEN 
Instead of a visual warning, the signal 

given here is audible. This is not provided 
as a continuous tone but takes the form of 
intermittent bleeps that will not be found 
unduly distracting. 

It was thought that two operating signals 
would provide a better warning than just 
one. The first occurs as the temperature 
falls below 4°C (single bleeps) and the 
other at 2°C (double bleeps). A spin-off to 
using an audible warning is that the device 
may be placed behind the dashboard out of 
sight. 

CIRCUIT DETAILS 
The complete circuit diagram for the 

Sonic Ice Warning is shown in Fig. 1 . A 
nominal 12V supply is obtained from the 
car battery via an existing fuse, the ignition 
switch, terminal block TB2, local fuse FS1 
and diode DI. This diode provides reverse 
polarity protection. Thus, if the supply 
were to be mistakenly connected in the 
opposite sense it would be reverse biased 
and would not conduct. Capacitor C6 
smoothes the noisy output from the car 
charging system and conditions it for the 
rest of the circuit. 
The remote temperature sensing inte-

grated circuit, ICI, provides an output 
voltage that is directly proportional to its 

Celsius temperature at the rate of 0.01V 
(10mV) per degree. It will therefore pro-
vide 20mV at 2°C and 40mV at 4°C (the 
chosen operating points). 

Sensor IC1's operating current is only 
60µA so there is very little self-heating 
which would disturb the operating values. 
Connections are made to it using a piece of 
stereo screened wire via terminal block 
TB1 and plug and socket PL 1 /SKI in the 
main unit. 

Devices such as IC1 have a limited capa-
bility to drive capacitive loads. The cable 
along which the output signal passes will be 
moderately capacitive. 
To overcome the inaccuracy which 

would ensue from excessive capacitance, 
resistor RI is included in series with the 
output and wired close to IC1 itself. This 
has the effect of isolating the output from 
the load. It does not do it perfectly but this 
method is quite adequate for the present 
purpose. 
The positive supply voltage feed to IC1 

is made via resistor R2 on the circuit panel 
in the main unit. This has no effect on nor-
mal operation since, due to the low current 
flowing, the voltage drop across it will nor-
mally be very small. 

However, in the event of a short circuit 
between the +V sensor wire and OV, the 
current flowing from the supply will be 
limited to some 5mA. This is why it is sat-
isfactory for the sensor's positive supply to 
be made using one of the cores of the con-
necting wire. 
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Voltage reference device IC2 has three pins: supply positive (pin 
3), OV (pin 1) and output (pin 2). The output is an accurate 2.5V 
over a wide range of input voltages. Capacitor Cl, connected 
directly across the supply pins, is necessary for stable operation. 

DUAL CONTROL 
The output from sensor IC1 is applied to both inverting inputs 

(pin 2 and pin 6) of IC3, a dual low-power operational amplifier 
(op.amp). Resistor R6 prevents the inverting inputs from "float-
ing" (being left unconnected) if the sensor were to be disconnect-
ed while a supply voltage was present. 
The 2.5V reference voltage, from pin 2 of IC2, is connected to 

the "ladder network" comprising resistors R3, R4 and R5 con-
nected in series. These provide a potential divider "chain" with 
connections made to two points along it. The upper point is con-
nected to IC3a non-inverting input (pin 3) while the lower one is 
connected to IC3b non-inverting input (pin 5). 

With the resistor values used, the voltage at IC3b pin 5 will be 
very close to 0.02V (20mV) and at IC3a pin 3, 0.04V (40mV). 
These voltages have been chosen because they are equal to those 
at the corresponding inverting inputs at sensor temperatures of 4°C 
and 2°C respectively. Any small discrepancy is not important since 
precise operating values are not required. 

Imagine the temperature of ICI is greater than 4°C. The volt-
age at both op.amp inverting (—) inputs will exceed those at the 
corresponding non-inverting (+) ones. Both outputs of IC3a 

COMPONENTS 
Resistors 

R1 2k2 
R2 2k2 1% 
R3 27k 1% 
R4 220Q 1 ri 
R5 2200 
R6 2M2 
R7 47k 
R8, R9 2M2 (2 off) 
R10 4M7 

All resistors 0.25W 5% carbon film, except where stated 

See eumup 
TALK 
Pine 

Potentiometer 
VR1 2M2 min. enclosed carbon preset, vertical 

Capacitors 
Cl, C4 100n ceramic (2 off) 
C2, C3, C5 47n ceramic (3 off) 
C6 100p radial elect. 25V 

Semiconductors 
D1 1N4001 50V 1A rect. diode 
IC1 LM35 temperature sensor 
IC2 AD680 2.5V reference 
IC3 TS932IN micropower dual op.amp 
IC4 4017 decade counter 
IC5 4011 quad 2-input NAND gate 
IC6 7556 dual CMOS timer 

Miscellaneous 
WD1 solid-state buzzer, 3V to 24V d.c. operation, 

10mA maximum 
FS1 200mA 20mm fuse and p.c.b. mounting 

fuseholder 
TB1 3-way p.c.b. terminal block, 5mm spacing 
TB2 2-way p.c.b. terminal block, 5mm spacing 
PLVSK1 3-pin DIN line plug and chassis socket 

Printed circuit board available from the EPE PCB Service, 
code 433; plastic case, size 130rnm x 68mm x 46 mm (exter-
nal); 8-pin d.i.l. socket; 14-pin socket (2 off); 16-pin d.i.l. 
socket; light-duty auto-type wire; bullet-type connectors; small 
nylon fixings; plastic stand off insulators (2 off); solder etc.; 
stereo screened cable; sleeving; plastic tube and silicone adhe-
sive/sealant to make sensor (see text). 

Approx. Cost 

Guidance Only £16 
excl. case Fig. 1. Complete circuit diagram for the Sonic Ice Warning. 
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and IC3b (pins 1 and 7) will therefore 
remain low. 

With a temperature less than 4°C, the 
voltage at IC3a pin 2 will fall below that at 
pin 3 and IC3a output, pin 1, will go high 
(positive supply voltage). With a tempera-
ture less than 2°C, the voltage at IC3b pin 6 
will be less than that at pin 5 and the output 
at pin 7 will go high as well as pin I. 

COUNTING THE COST 
The next section of the circuit is centred on 

decade counter IC4. This device has ten indi-
vidual outputs 0 to 9 (pins 1 to 7 and 9 to 11). 
The outputs go high in turn and the process 
repeats when positive pulses are applied to 
the clock input at pin 14. These pulses are 
obtained from the astable (pulse generator), 
which comprises IC6a (one section of dual 
timer IC6) and peripheral components. 

Capacitor C2 bypasses any electrical 
noise on the printed circuit board track con-
necting IC6a output pin 5 to IC4 clock 
input at pin 14. Without this, the counter 
might tend to pick up false clock pulses. 

Only IC4 outputs 1 and 3 are used (pins 
2 and 7) in this circuit. The reset input and 
the clock inhibit are not required and are 
connected to OV rail along with the OV 
input, pin 8. Pin 12 is the carry out (which 
could be used to cascade more than one 
counter) and this is ignored. 
The frequency of astable IC6a (pulse 

repetition frequency) is related to the val-
ues of resistor R7 and preset VR1 connect-
ed in series with fixed resistor R9 in con-
junction with capacitor C4. Preset VR1 
allows for an adjustment of the frequency 
to suit personal preference. 

THROUGH THE GATE 
The output from op.amp IC3a (pin 1) 

and output 1 (pin 2) of counter IC4 are fed 
to the input pins (1 and 2) of gate IC5a. 
Likewise, the output from IC3b (pin 7) and 
output 3 (pin 7) of counter IC4 are con-
nected to the two inputs of gate IC5b. The 
outputs from IC5a (pin 3) and IC5b (pin 4) 
are fed to gate IC5c and its output (pin 10) 
passed to the combined inputs of IC5d. 
The final output (Icm pin 11) is normally 

high. Below 4°C (IC3a pin 1 high) and on 
each high pulse from IC4 pin 2, it will go low. 
Below 2°C it will go low on pulses received 
from both IC4 pin 2 and pin 7. The effect is 
that single low pulses are given below 4°C 
and double pulses below 2°C. The short inter-
val between these double pulses is provided 
when IC4 output 2 (pin 4) goes high. 

FINDING TIME 
The inal part of the circuit is based on the 

remaining section of dual timer IC6b. This is 
connected as a short-period monostable. The 
timing components are resistor RIO and 
capacitor C5 and with the values specified, 
the period will be some 0-2 seconds. This 
provides the actual buzzer "on" time. 

Thus, the output (pin 9) will go high for 
this time when the device is triggered by a 
low pulse applied to the trigger input, pin 8. 
Trigger pulses are derived from IC5d out-
put, pin 11, via capacitor C3. Resistor R8 
keeps the trigger input normally high and 
this prevents false operation. 
The purpose of the monostable is to pro-

vide short bleeps at the buzzer. Without it, 
the buzzer would pulse on for much longer 
periods due to relatively long "on" times of 
IC4 outputs. 

CONSTRUCTION 
Note that this device should never be 

relied on to provide a timely warning of icy 
roads. It does not absolve the driver from 
exercising normal vigilance. It is only 
intended to be an aid to safe driving. 

Construction of the Sonic Ice Warning is 
based on a single-sided printed circuit 
board. This board is available from the EPE 
PCB Service, code 433. The component 
layout and actual size copper master pat-
tern are shown in Fig.2. 

Begin construction by drilling the 
mounting holes (the upper one should be 
kept well clear of the +12V track). Solder 
the pieces of terminal block TB1 and TB2, 
the i.c. sockets and the two link wires in 
position. Add all resistors (including preset 
VR1) and capacitors apart from C6. 

Follow with the polarity-sensitive com-
ponents: electrolytic capacitor C6, buzzer 
WD1, diode D1 and the voltage reference 
device, IC2. Note that this latter component 
is placed so that its flat face is towards the 

0 

OV OUTPUT ICI VIA RI +V 
(REMOTE TEMP SENSOR) , 

PLISKI 

upper edge of the p.c.b. Insert fuse FS1. 
Adjust preset VR1 to minimum resistance 
(fully clockwise as viewed from the bottom 
edge of the p.c.b.). 

TESTING 
Do not make any connections to terminal 

block TB1 for the moment. Commence 
preliminary testing by connecting a 9V bat-
tery to TB2 observing the correct polarity — 
usually the buzzer bleeps once on power-
up. Since no sensor is present, the effect is 
the same as if it were present at 0°C (that is, 
the output would be OV). Double bleeps 
should therefore be heard. Adjust preset 
VR1 as necessary for best effect — usually 
left at minimum. 

Disconnect the battery and now connect 
the temperature sensor IC1 direct to TB1 
observing the orientation. With the flat face 
uppermost the pins will connect correctly 
(the pinout is shown inset in Fig. 1). Re-
connect the battery. 

Providing the ambient temperature is 
greater than 4°C, the buzzer should remain 

Fig.2. Sonic Ice Warning printed circuit 
board component layout, copper foil mas-
ter and off-board wiring details. 

4,n (102min) 
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silent. Hold digital voltmeter probes 
between TB1 terminals 2 and 3 (that is, ICI 
output). The reading in millivolts divided 
by ten should correspond to the ambient 
temperature. 
Wrap an ice cube in cling film and hold 

it on ICI (this method ensures that no water 
can reach the connections). You should 
hear single bleeps when the temperature 
reaches 4°C and this should change to dou-
ble bleeps when 2°C is reached (with 
approximately 40mV and 20mV respec-
tively being indicted) 

BOXING UP 
If all is well, the p.c.b. may be mounted in 

its case and a permanent sensor constructed. 
Use a small plastic box that will accommo-
date the circuit panel and a 3-pin DIN sock-
et that will be used to connect the sensor. 
Mark through the p.c.b. fixing holes and 

drill these through. Make holes for the DIN 
socket fixing and a further small hole for 
the power supply wires to pass through. 
Attach the p.c.b. on short stand-off insula-
tors and nylon fixings. This will prevent 
any possibility of a bolt head assuming bat-
tery positive potential and causing a short 
circuit with a metallic part of the car. 
You may need to drill a hole in the lid of 

the box later to allow the sound from the 
buzzer to pass through. However, depend-
ing on the type of buzzer used, it might be 
loud enough without this. 

WHAT A DIN 
Referring to Fig.3. Attach the DIN socket 

and connect it to terminal block TB1 using 
short pieces of stranded connecting wire. 
As a departure from normal practice, the 

metal part of the DIN socket should not 
make contact with OV. The reason for this is 
because, if the supply were to be connected 
incorrectly (in the opposite sense), the 
socket body would assume battery positive 
voltage. It would then be possible for it to 
touch a metal part of the car body and cause 
a short circuit to the supply resulting in a 
remote fuse blowing. 

Connect short pieces of red and black 
automotive type stranded wire to terminal 
block TB2/1 (+V) and TB2/2 (OV) respec-
tively. Pass the wires through the hole 
drilled in the case for them. Leave a little 
slack inside the case and apply a strain 
relief (a tight cable tie) so that they cannot 
be accidentally pulled out of the terminals. 
Connect the free ends of the wires to insu-
lated "bullet" type plugs (not sockets). 

SENSOR 
CONSTRUCTION 
The sensor "head" unit should now be 

made. The method used in the prototype is 
shown in Fig.3. Remembering that the sen-
sor will be sited outside the car, it is impor-
tant this is completely waterproof. 

Decide on suitable positions for the sen-
sor and main unit. A good place for the sen-
sor would be behind the front bumper 
where it would respond to the temperature 
of the air close to the road. Of course, it 
must not be placed near any source of heat 
such as the exhaust system. 

Find the best way for the connecting 
wire to pass between the two units. 
Measure the length of stereo screened wire 
required and cut this off. The sensor 
provides a very low voltage output and 
ordinary (unscreened) wire would pick up 

Fig.3. Sensor head details and wiring. 

Sensor head (left) plugged into the DIN socket on the side of the ca. 

GOOD CONNECTIONS 
Secure the sensor in position on the vehi-

cle. Apply some strain relief to the wires 
using, say, a small clip to prevent them 
pulling free. Route the wire to the main unit 
position remembering that wherever it must 
pass through a hole drilled in metal, a rub-
ber grommet must be used. Sleeve the 
screening at the end and connect the wires 
to the DIN plug terminals that correspond 
to those made at the socket. 

Disconnect the car battery positive termi-
nal before proceeding. Make sure you have 
noted any code needed for audio equipment 
since this will need to be entered again 
when the supply is re-established. 

electrical noise that could result in false 
operation. 
The prototype sensor was housed in a 

fuseholder boot. It is important that the 
screening of the interconnecting wire should 
be used for ICI's OV connection and the 
inner conductors for its output and +V feed, 
keep a note of which is which. Use a piece of 
sleeving to insulate the end of the screening. 

Solder resistor RI in series with the sen-
sor output pin inside the housing as shown. 
It is acceptable to solder the connections to 
ICI's end leads but this must be done 
quickly to avoid damage. Make certain all 
connections are properly insulated and can-
not short circuit with one another. 
Now fill the tube using non-conducting 

silicone adhesive/sealant. This should be 
forced into the open end of the tube until it 
is completely full and emerges from the 
other end. In this way, ICI, resistor RI and 
the soldered joints will be totally water-
proofed, insulated and held securely. Wait 
for the material to completely harden 
before proceeding. 

POWER SUPPLY 
Using light-duty auto-type cable, make 

the +12V connection to a point that is 
"live" (via an existing fuse) only while the 
ignition is switched on. This ensures that 
the device does not drain the car battery 
and sound unnecessarily when the vehicle 
is left parked. Similarly, make the OV con-
nection to an "earth" (car chassis) point. It 
is often convenient to make these connec-
tion& to the existing radio wiring using 
"snap-lock" connectors. 

Note that car radios usually have two 
+12V feed wires — one is "live" all the 
time and the other "live" only when the 
ignition is switched to the "radio" posi-
tion. Terminate both + 12V and "earth" 
wires using bullet-type sockets (not 
plugs). Connect these to the unit making 
sure the polarity is correct and plug in the 
sensor. 

Connect the car battery. Make a check 
that everything is working by switching on 
the ignition and applying ice to the sensor 
(or use freezer spray). If after using the cir-
cuit you decide to alter the operating 
points, change the value of resistor R3. 
Raising its value will lower the operating 
temperatures and vice versa. 

FINAL POINT 
Remember that the sensor has a fairly 

large thermal inertia. This means that it 
takes several minutes to respond to the tem-
perature of its surroundings. It will not 
"see" sudden, local changes of temperature 
which can cause patches of ice to form in 
unexpected places! 
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MANTELPIECE ANEMOMETER - 

MMYZ< nelP) MAIM 

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 published or submitted for publication else-
where. 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 
component values. Please draw all circuit schematics as 
clearly as possible. 
Send your circuit ideas to: Ingenuity Unlimited, Wimborne 
Publishing Ltd., 408 Wimborne Road East, Ferndown Dorset 
BH22 9ND. (We do not accept submissions for /U via E-mail.) 

Your ideas could earn you some cash and a prize! 

erfiE domestic variety of anemometer usually employs an external 
I anemometer spinning in the wind, with a digital or linear display 
indoors to indicate wind speed. The anemometer itself, however, is 
seldom seen. This usually stands in the garden, or is attached to the 
roof. 
The circuit of Fig.1 is a domestic anemometer with a difference. 

When the wind blows, a miniature anemometer spins on the mantel-
piece indoors. All that is required to achieve this is a simple current 
amplifier, namely power transistor TRI. This amplifies the current 
generated by outside anemometer MI, so as to spin miniature 
anemometer M2 on the mantelpiece. 

Both of these motors need to spin freely at various speeds, therefore 
"solar" motors (those designed to be powered by solar cells) are rec-
ommended. As shown, both motors will spin clockwise. Since we 
need to overcome the base-emitter voltage drop of TRI, a higher volt-
age solar motor (6V to 12V) is recommended for MI. A lower voltage 
motor here would require higher wind speeds to start to move M2. M2 
on the other hand is any solar motor powered at between 3V and I2V, 
preferably geared. 

If wind speed is moderate to high, an ungeared M2 will spin at great 
speed, therefore a geared motor will give a more realistic representa-
tion of the wind speed outside. Supply voltage should match the volt-
age of M2, alternatively use a suitable series resistor with M2. The 
motor outside is connected to the circuit inside through a length of 

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. 

Fig. 1. Circuit diagram for the Mantelpiece Anemometer. 

narrow "twin-flex" wire. Resistor R I serves to limit current through 
the base-emitter junction of IR 1 (since this would not normally rise 
very high, the value of RI may be low). Preset resistor VR I adjusts the 
sensitivity of motor M2 — that is, its readiness to spin. 
A mains operated d.c. power supply is recommended for the circuit, 

since it may draw significant current over long periods. Since most 
small motors will not draw more than about 0.5A, and since TR 1 is 
rated as 1.5A 12.5W, there should be no overheating of TRI, even if a 
12V supply is used. However, if M2 at full speed draws more than 
about 1A, use a suitable series resistor to limit current. 

If a more powerful external motor and larger anemometer cups were 
to be used for MI, this could in fact drive M2 directly. 

Thomas Scarborough, South Africa 

SHORT CIRCUIT ALARM - DMOMM osozirep 
01,ING prone to accidentally shorting out my home-made 2V to 25V 
UNpower supply, I decided to incorporate the alarm circuit shown in 
Fig.2 to warn me when it happens. Its operation is as follows: 
As long as the power supply output voltage is above 1 V or so, the 

current flowing through resistor R I will be sufficient to keep transis-
tor TRI saturated, ensuring that transistor TR2 is held off. If the power 
supply output is short circuited, the current flowing through resistor 
RI will fall to zero, and transistor TRI will be cut off. This allows 
transistor TR2 to conduct due to the base current via R2, saturating the 
transistor. This turns on the piezo sounder WDI. 

Resistor R3 reduces the unregulated voltage of the power supply to 
that required by the piezo sounder and should be selected to suit. The 
optional led. D1 can be included in series with the sounder to give a 
visual indication if required. The circuit should work well on any 
power supply with an output voltage greater than about I V, so long as 
the unregulated voltage is sufficient to drive the sounder. 

If the unregulated voltage is around 12V then R I and R2 should be 
471d2, and above 20V they should be 100W — the general rule being 
that R2 should be low enough to saturate TR2 when TRI is cut off, and 
R I should be low enough to saturate TRI at the lowest output voltage 
of the power supply. 
The power supply cable feeding the unit should be substantial 

enough to prevent significant voltage drop across it, which would pre-
vent the unit from working. 

Fig.2. Circuit diagram for a Short Circuit Alarm. 

This circuit, although useful, is no substitute for a current limiting cir-
cuit, and is intended to complement such a circuit rather than replace it. 

P. A. Tomlinson, Hull 

106 Everyday Practical Electronics, February 2004 



BLUE FLASH - WOUT MOM UEM MUM 
A SUPPLY of more than 3V is normally 

equired to light a blue 1.e.d. The circuit 
diagram shown in Fig.3a will repeatedly flash 
a blue 1.e.d. from a 1.5V D-cell. 

Transistors TRI and TR2 are configured as 
a complementary astable with a cycle of 
approximately 1 to 2 seconds, adjustable by 
potentiometer VR1. In this type of oscillator 
both transistors are either on or off together. 
While TR 1 and TR2 are off, which is the 

case for most of the timing cycle, capacitor 
C3 charges close to the supply voltage 

through resistors R3 and R7 and similarly C4 
charges through R6 and R5. When C2 
charges sufficiently so that it can no longer 
divert the current through VR1, RI and R2 
from entering the base of TR 1 the astable 
switches and both transistors are driven into 
saturation. 
The collector of TRI now falls close to OV 

taking the negative side of C3 well below zero 
volts, similarly the positive side of C4 is forced 
above the voltage of the battery as the collec-
tor of TR2 rises. Capacitor C4, the battery and 

Fig.3a. Circuit diagram for a Blue L.E.D. Flasher. 

C3 are now effectively connected in series 
across the 1.e.d. (see Fig.3b) and there is suffi-
cient voltage to cause the 1.e.d. DI to light. 

Transistors TR 1 and TR2 only remain on 
for a short time while sufficient base current 
to TR 1 can be supplied by C2. Once TR 1 
starts to come out of saturation the astable 
switches and the the next cycle begins. 

If the cycle rate is too quick the flash 
brightness will dim because C3 and C4 do not 
get enough time to recharge between flashes. 
Capacitor C 1 helps to maintain the flash 
brightness as the battery ages. 

B. L Page, Bracknell 

Fig.3b. When TR1 and TR2 conduct 
C4, B1 and C3 are connected in series 
across Dl. 

STEPPER MOTOR DRIVER - VAVZ MCMD 

TIII simple circuit shown in Fig.4 will 
operate a unipolar stepper motor (6V to 

15V) in wive mode, using just a handful of 
common components. Such motors are now 
widely available from discarded floppy disk 
drives, printers and scanners in particular. As 
shown, the circuit is wired up for manual con-
trol, with switch SI determining the motor's 
direction (clockwise/anticlockwise), and S2 
advancing the motor one step at a time. If SI, 
S2, RI and C 1 are removed, then IC1 pins 10 
and 15 may be controlled by digital inputs. 

IC1 is wired as a 4-bit binary up-down 
counter. The state of the up-down input at pin 
10 (through Si) causes the motor to reverse 
direction. Depending on the state of pin 10, 
the count is either increased or decreased as 
digital pulses are received at clock input pin 
15, thus turning the motor either clockwise or 
anticlockwise. 
IC 1's outputs Q1 to Q4 produce a four-bit 

binary number, which is converted to deci-
mal, one to four, to sequence the four phases 
of the unipolar stepper motor. The two centre 
digits of IC1's binary sequence repeat every 
four steps, therefore outputs Q2 and Q3 are 
selected to clock two-to-four line decoder 
IC2. 

Four IRF510 power MOSFETs (or similar) 
are used to drive the stepper motor. These 
have the advantage of being able to carry a 
heavy current, while introducing a minimal 
voltage drop across the motor. Since stepper 
motors work up quite a heat (they are fre-
quently rated at more than 100°C). a suitably 
rated resistor may be inserted in the motor's 
common line to avoid excessive heating if full 
power is not required. A suitably rated power 
supply is also required — typically 500mA. 

Further possibilities would be to use the 
circuit (with suitable ballast resistors) to 

sequence lights or I.e.d.s, or to use switches 
Si and S2 to carry out sequential tasks with 
button-presses or even a light beam. If eight 
signal diodes are added, as demonstrated with 
the Manual Stepper Motor Controller (see 

EPE May 2001), and if a 471S2 pull-down 
resistor is employed at the gate of each 
MOSFET, the circuit will operate a unipolar 
stepper motor in full-step mode. thus greatly 
increasing torque. 

Thomas Scarborough, South Africa 
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Fig.4. Circuit diagram for a simple Stepper Motor Driver. 
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AUDIO SIGNAL GENERATOR - gounD )32llpaz 

mrHE Wien-bridge oscillator (WBO) is famil-
iar from textbooks. However, a practical 

WBO-based signal generator covering the 
whole audio range of 20Hz to 201cHz benefits 
from some tweaks to the basic textbook circuit. 
The oscillation frequency of the bridge is 

given by 11(2.7tRC), where R and C are the 
resistance and capacitance in the branches of 
the Wien network (blocks "R" and "C" in the 
circuit diagram of Fig.5). Switch S2 selects 
the frequency decade. 

However, frequency adjustment with a 
simple variable resistor (potentiometer) 
would give a horrendously non-linear (recip-
rocal) relationship between control rotation 
and frequency. The circuit shown in Fig.5 
therefore uses switched resistors R 1 a to R6a 
and R lb to R6b to provide six evenly-spaced 
frequencies per decade (e.g. on lowest fre-
quency range: 20, 50, 80, 110, 140, and 
170Hz) with a dual-gang variable resistor 
VR2 wired in parallel to access intermediate 
frequencies. The unusual resistor values are 
from Rapid Electronics's 0.4W, 0.1% preci-
sion range (not much more expensive than 
1% types). 

In WBOs, the closed-loop gain of the 
active device must exactly balance the atten-
uation in the Wien network, if the oscillation 
is not either to die away, or run into clipping. 
Several methods are commonly applied, but a 
small incandescent lamp (28V, 60mA) 
appeared a simple and cheap solution. 

When used on its own, preset VR1 could 
not be adjusted to a value which gave stable 
oscillation over the whole frequency range, 
with large periodic variations of amplitude 
("squegging") often observed. Adding resis-
tors R8 and R9 solved these problems by 
making the feedback factor less sensitive to 
the lamp resistance. Amplitude bounce on 
changing frequency died away in 5 to 6 sec-
onds, and a good sinewave was available over 
the whole range. 
The feedback network has a low resistance 

of around 500 ohms to 600 ohms, so IC1 
must be able to provide over ±15mA output 
current. The OPA134 has an output current 
rating of ±35mA as well as low distortion. 
The amplitude of the sinewave at the out-

put of IC1 is not well-defined, so preset VR3 
is used to adjust the amplitude at VR4 to ±5V 

peak, so that the maximum output from 
buffer IC2 is ±10V. Potentiometer VR4 and 
the stepped attenuator series resistor (R11 to 
R15) then allow output level to be adjusted. 
The attenuator resistors are made up from 
series combinations: 90k = 75k + 15k, etc. 
The prototype had a reasonably flat fre-

quency response: ldB down at 201cHz. To 
estimate the distortion, a notch filter was used 
to null out the fundamental at 11cHz by —66dB 
and the residual viewed on an oscilloscope. 
Only the fundamental could be seen above 
the noise. Thus thd (total harmonic distor-
tion) is likely to be no worse than 0-05% at 
lkHz — although it may be larger at lower 
frequencies as lamp LP1 heats and cools dur-
ing an oscillation cycle. 

M. Toohey, 
Manchester 

INGENUITY UNLIMITED 
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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solutions for learning electronics 
PlCmicro(R) microcont'oller 

tra4iing days 

We can help you learn PrC niera programming and also 
help you teach PlCmicro programming to ihers. We 
provide a number of trairing days each ten, 

Introduction to PCmicro and flowchart 
programming 

Programming PlCmicros in Assembly 

Programming PlCmicros in C 

Each day includes 7 hands-on hours of training. and full 
support materials to allow you to continue learning at 
home 

CPLD/FPGA training resources 

Th, i.e. mut ievelopment board is suitable for both 
learning how :o program CPLDs as well as for 
developing C"LD based projects 

Suitable for programming and 
developing CPLD projects 

Free development software from Altera" 

Includes an Altera 7000 series device 

Includes sample projects 

'requires broadband Internet connection 

electronics workbench 

Multi-channel scope 
Power supply 
Proto board 

£149 
-VAT 

Fluwlog electronics workbench is the perfer t pact trio to 

allow you to develop electronic projects and learn 
electronics When connected to your PC it will provide 
you with: 

SV power supply (500mA) 

2 channel analogue 'scope 

4 channe digital scope 

Software for datalogging and control 

Prototype board and metal backplane 

please see our web site for full details of all products and training days and for free resources 

ffin next time you are online take a quick look at: 

www.matrixmultimedia.co.uk 
Matrix Multimedia Limited 

sales@matrixmultimedia.co.uk 
t. 0870 700 1831 f. 0870 700 1832 

A COMPLETE RANGE OF A Complete range of regulated inverters to power 
220V and 240V AC equipment via a car, lorry or boat 
battery. Due to their high performance (>90%) the 
inverters generate very little heat The high stability of 

150W TO 2500W - 12V & 24V the output frequency (+/-1%) Makes them equally 
BX ELECTRONICS 

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 superiry 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. 

INVERTERS 

Order Code Power Voltage Was Price 

651.581 
378 

651.582 
,_•51.585 
651.583 
65" 593 
651.587 

597 
651.602 
651.605 
651.589 
651.599 

150W Continuous 
150W Continuous 
300W Continuous 
300W Corrinuous 
600W Continuous 
600W Continuous 
1000W Continuous 
1000W Continuous 
1500W Continuous 
1500W Continuous 
2500W Continuous 
2500W Continuous 

12V ..£36-.3,3 £29.72 
24V .£36-le £29.72 
12V 5.60-:621- £41.93 
24V ....cse-eir £41.93 
12V El-91-M £83.76 
24V £.141-1--."51g £83.76 
12V £1-77-113 £147.52 
24V £1-7-7-.1.8 £147.52 
12V £31-452 £261.18 
24V £3-1-4-:52 £261.18 
12V £ W154 £416.27 
24V £49tr5.4 £416.27 

REF 1115 

Many uses 'include:- . Fetes . Fairgrounds . Airshows Picnics Camping . Caravans . Boats. Carnivals . Field Research and. ORDERS FRCM SCHOOLS, COLLEGES, GOVT. BODIES, PLC.S DELIVERY CHARGES ARE £6-00 PER ORDER. OFFICIAL 
. Amateur 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:-
UNIT 1, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR 
TEL.: +44(ffi1702-527572 FAX.:+44(0)1702-420243 R.L44l'1Mk1.WA4 14  

Radio field days * Powering Desktop & Notepad Computers. 

r 
B.K. ELECTRONICS 
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Special Feature   

SURFACE MOUNT 
DEVICES 
LYN JONES   

How to use SMDs - it's easier than 
you might think 

M
OST commercial equipment is now 
made with at least some surface 
mount devices (SMDs) which 

means that automatic equipment can place 
components on a printed circuit board 
(p.c.b.), making production faster and 
reducing costs. Another advantage of SMD 
technologies is miniaturisation. Equipment 
that uses SMDs is usually smaller than if 
through-hole components are used, and 
there are major advantages in not having to 
drill holes to accept component leads. 

For many hobbyist constructors, though, 
there may seem little appeal to SMDs 
since through-hole components work well. 
However, the major advantages of SM 
components enjoyed by manufacturers can 
be had with minimal equipment. It is worth 
noting also that many components are now 
only available as SMDs, which is a trend 
that is set to continue. 

COMPONENTS 
Most of the normal components that are 

used in electronic circuits are available as 
SMDs, including semiconductors, resis-
tors, capacitors, inductors, switches and 
connectors. As with through-hole compo-
nents, there is a large array of sizes and 
variations available. 
One of these variations is in the lead-

outs of the components. Most passive 
SMD components are usually called 
"chips" and have the contacts either side 
(Fig. 1 a), while semiconductors usually 
have bent legs (Fig. lb and Fig. 1c). Solder 
is simply applied between the contacts and 
the p.c.b. pad, in the same way as with a 
through-hole component. 

Table 1 lists the dimensions of some com-
mon SMD chip packages, which are indicat-
ed by number codes. The smallest sizes 
(0402 and 0603) are often used in modem 
commercial equipment, but the 0402 size is 

Table 1. Typical chip dimensions 

Size code 

0402 
0603 
0805 
1206 

Width (mm) 

1.0 
1 6 
2.0 
32 

Length (mm) 

0.5 
0.9 
1.3 
1.6 

a) 

b) 

c) 

SIDE courfters 

GULL VVING LEADS 

J-LEADS 

Fig. 1. SMD chip (a) and semiconductor 
(b and c) contact assemblies. 

too small to solder accurately by hand. 
Arger sizes are easier to solder manually, 

with size 1206 chips being the recommend-
ed choice for hobbyist constructors. 

OFF THE MARK 
One of the problems that results from 

the small size is that many components 
lack the usual markings. Chip capacitors 
are the worst offenders as they have no 
marking whatsoever. Some components, 
mainly resistors, have a three or four digit 
code that identifies the value. See Panel 1 
for more information on resistor markings. 

Electrically, the components have simi-
lar characteristics to through-hole equiva-
lents. But note that the power dissipation 
and working voltages are typically lower 
because of the smaller size. Like all com-
ponents, SMDs have a limited shelf life 
because the contacts oxidize. However, the 
packaging is designed to limit this problem 
and components should be stored in their 
protective packaging until they are needed. 
One major concern for constructors is 

that the components are generally only 
available in large quantities from major 
mail order suppliers and can sometimes be 
difficult to obtain. It might be worthwhile 

buying some packs of assorted surplus 
components, especially resistors and 
capacitors, when they are advertised. 
Sometimes it is possible to salvage parts 
from scrap commercial equipment p.c.b.s. 

P.C.B.S FOR SMDS 
Readers who produce their own p.c.b.s 

should already have the equipment needed 
for SMDs, especially if an ultra-violet 
light box is available. Most p.c.b. CAD 
(computer-aided design) packages have 
SMD capabilities available. 
Not everyone has access to a UV light 

box, though, and then the only way to cre-
ate a p.c.b. is by hand. To show how sim-
ple this can be, the author's prototype for 
the demonstration circuit, shown in Photo 
1, was hand-drawn on a small scrap of 
copper-clad board using etch resist trans-
fers and a pen. 

Photo 1. The demonstration circuit 
board was hand-drawn. 

One of the biggest advantages, as 
already mentioned, is that no holes need to 
be drilled to take the components. 
Removing this additional stage means that 
constructors can immediately work on the 
p.c.b. after the etching process has fin-
ished. This rapid turnaround in prototyp-
ing is a definite advantage for those who 
like to see as quickly as possible if their 
new circuit actually works! 

TOOLS 
Many readers will already have the tools 

that are needed for working with SMDs. 
Panel 2 lists the few tools that are needed 
(although some readers might like to add 
to this list). 
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PANEL 1. Resistor 
Codes 
The three main numbering systems 

used on SMD resistor chips. With types a 
and b, the codes are simply made from 
the first significant figures with the last 
digit indicating the number of zeros. In 
these two examples, both resistors are 
47k ohms. 

Another code is often found on low 
value resistors in which an R is used to 
show the value in ohms. If this appears 

a 

a) THREE DIGIT CODE 
b) FOUR DIGIT CODE 
C) LOW OHM VALJE 

c) 4R7 

LETTER INDICATES 
DECIMAL POINT 

D.GIT SHOWING NUMBER OF 
ZEROS THAT FOLLOW THE 
F'FIST TWO OR THREE DIGITS 

with numbers either side it acts as the 
decimal point, so in example c, the value 
is 4.7 ohms. 

The most important tool is the soldering 
iron, which should have a pointed tip so as 
to accurately supply heat to the compo-
nents. Most low power soldering irons are 
adequate, but a soldering iron station is 
more useful because the temperature of the 
soldering iron can be altered depending on 
the component that is being soldered. Set 
the iron to the lowest setting that melts the 
solder and gives a good joint. 
Some manufacturers produce soldering 

iron handles that resemble tweezers with 
two tips either side of a handle, as shown in 
Photo 2. These are used to heat both sides 
of an SMD chip simultaneously, which can 
be especially useful when removing a com-
ponent. It is also possible to get special 
two-pin soldering iron tips that can be used 
on standard soldering irons, but these 
restrict the user to one component size at a 
time. 
A source of hot air can be useful to melt 

the solder on more than one pin of a com-
ponent. In industry, special hot air guns and 
soldering pencils are used, some needing 
compressed air. The unit shown in Photo 4 
has adjustable airflow and temperature con-
trols, and the nozzles can be changed 
depending on the component dimensions. 
For occasional use, a small butane powered 
blowtorch is useful, providing it has a suit-
able "hot air" adaptor which does not pro-
duce any flames that would damage the 
board. 
A fine grade solder, for example 0.4mm 

or 0.7mm, is preferred because it is easier 
to dispense just the right amount of solder 
onto the joint. Both traditional solders and 
lead free equivalents can be used, but a 

pai.ideP.P.:17) 
• 

Photo 2. Soldering station with both stan-
dard and tweezer-type soldering irons. 
Courtesy www.paceworldwide.com 

SOLDEIVNG IRON 

a) )  

SOWER THE FIRST PAD 

b)   

RAW SOLDER TO FIX COMPONENT IN PLACE 

C) 

SOLDER OTHER SIDE 

REHEAT JOINTS WITH FLUX TO MAKE 
A GOOD CONNECTION 

Fig.2. Recommended steps when sol-
dering SMD components. 

Photo 3. The Antex 690SD tempera-
ture control solder station with a 
selection of surface mount bits. 
Courtesy www.antex.co.uk. 

PANEL 2. Tools 
For SMD soldering you will need: 

• Soldering iron with small pointed bit 
and fine solder 
• Flux pen and (optional) flux cleaner 
• P.C.B. cleaner block and/or 

abrasive pen 
• Tweezers with fine points 

(e.g. size AA) 
• Magnifying lens 

Additional tools for rework are: 
• Hot air gun 
• Desoldering braid and solder sucker 

Recommended: 
• Bench mounted lamp unit with 
magnifier 

'no-clean" flux provides a cleaner and 
more satisfactory result than "rosin" flux. 

Because of the small size of components, 
a well-lit workstation is necessary. Some 
readers will find a magnifying lens a neces-
sary aid, in which case a bench mounted 
magnifier and lamp unit is ideal. 

SOLDERING 
Soldering SMDs onto a p.c.b. is straight-

forward. Following the steps outlined 
below, and with a little practice, readers 
who are competent in through-hole assem-
bly will become proficient in soldering 
SMDs. Fig.2 shows the most important 
stages graphically: 

1. Prepare the p.c.b. using a p.c.b. clean-
er block or an abrasive pen to make sure 
that the copper is clean and will accept the 
solder. 

2. Place a small quantity of solder onto 
one of the pads for the component, as 
shown in Fig.2a. 

3. Offer the component onto the p.c.b. 
using tweezers and flow the solder to 
secure the component in place as shown in 
Fig.2b. Make sure that the component is 
flush and square with the p.c.b., checking 
for short circuits between pads. 

4. Solder other pin(s) or pad(s) on the 
device. For chips, as shown in Fig.2c, sim-
ply solder the other side. For i.c.s, continue 

Photo 4. Hot air station for SMD 
rework. Courtesy www. leistercom. 
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with the lead that is diagonally opposite to 
the first pin then continue in any order. 

5. If needed, reheat the joints with flux 
(from a flux pen) and melt the solder so that 
all connections are good and "wet" as in 
Fig.2d. 

6. Inspect the whole component and 
check for dry joints etc. Should you need to 
remove excess solder shorting out i.c. pins, 
first apply some flux and re-flow the solder 
using the soldering iron. 

7. Repeat for any other components. 
8. Clean off any flux residue on the 

board as this could lead to reliability 
problems. 
A solder resist layer is usually present on 

commercial boards to prevent solder shorts 
and to stop the solder flowing along the 
tracks. Home-made p.c.b.s usually do not 
have the benefit of this layer, so a little 
additional care is needed when the compo-
nents are soldered onto the p.c.b. 
Sometimes a small piece of heat resistant 
Kapton tape can be used as a solder resist, 
or as protection for other parts on the 
board. 

Care is also needed not to overheat the 
components because their small size makes 
them more susceptible to heat damage. As 
when soldering through-hole components, 
the soldering iron should be used for the 
shortest time possible for the solder to melt 
and flow to make a good joint. 

COMPONENT 
REMOVAL 

Although soldering components onto a 
p.c.b. is a relatively easy operation, some-
times components need to be removed to 
rework a p.c.b. The most important consid-
eration when removing SMDs is to make 
sure that the pads do not lift off from the 
p.c.b. Extra care is needed because the heat 
required to melt the solder also loosens the 
adhesive that bonds the copper pads and 
tracks to the board. 

For many components, the whole device 
must be heated so that all soldered joints 
melt simultaneously. However, care is 
needed because some components, like 
electrolytic capacitors and 1.e.d.s, are made 
from plastic housings that melt with the 
heat. 
On some commercial p.c.b.s a small spot 

of adhesive is used to hold the components 
in place so that they do not fall off in the 
soldering machinery. If boards using this 
technique are encountered, take extra care 
not to damage the pads because more force 
is needed to remove the components. 

There are three methods that can be used 
to remove SMDs from a board, as shown in 
Fig.3. 

Small chips can be removed simply by 
heating the whole component with the sol-
dering iron tip, as shown in Fig.3a. 
Sometimes, a little solder might need to be 
added to cover the whole component to 
make it easier to remove. A solder sucker 
can be used to "vacuum up" the component. 
Medium sized components, like larger 

chip resistors and i.c.s, can be removed by 
hot air, as shown in Fig.3b. Take extra care 
not to dislodge nearby parts when heating 
up the p.c.b. (the use of Kapton tape is 
advisable). Lift the component straight up 
using tweezers. 

Large components (especially electrolyt-
ic capacitors) may be gently prised off one 
side at a time, which is shown in Fig.3c. 

SOLDERING IRON 

SMALL COMPONENT PACKAGES 

MEDIUM-SIZED PAC/CAGES 

PRISE OFF f_ 

C) ) 

LARGE PACKAGES 

• 

Fig.3. Removal of SMD components 
from a circuit board. 

Gently lever the component when the sol-
der is fully molten, taking extreme care not 
to lift off the pad. Some components might 
need tweezers to be used underneath to 
prise the part off the p.c.b. 
The pads should then be cleaned off 

using desoldering braid before a new com-
ponent is soldered onto the board. 

EXAMPLE CIRCUIT 
The example circuit presented in Fig.4 

can be used to demonstrate the soldering 
techniques for a number of common and 
low cost SMD components. It is a simple 
555 timer plus 1.e.d. flasher circuit that can 

Fig.4. Circuit diagram for the SMD 
assembly demonstration board in 
Photo 1 and Fig.5. 

Fig.5. Component and track layout for 
the suggested demonstration p.c.b. 

be constructed with minimal cost. This cir-
cuit should be familiar to most readers, 
which is why it has been chosen and no 
functional description is offered here. 
The p.c.b. layout shown in Fig.5 has 

been designed with space to help readers 
who are new to SMDs to solder the compo-
nents. This board is intended for creation as 
described earlier. It is not available for pur-
chase. Throughout construction, refer to 
the soldering guide given earlier. 

Start by soldering the resistors on the 
p.c.b. as these are the smallest components. 
The i.c. should then be fitted, checking the 
orientation, which is usually shown by a 
small dot, indent or the manufacturer's logo 
near pin 1. First solder pin 5 of the i.c., then 
solder all the remaining pins in any order. 

Finally, solder the capacitor and the 
1.e.d., making sure that they are both in the 
correct orientation. Electrolytic capacitors 
usually have a mark showing the negative 
side, but note that with tantalum capacitors 
the mark shows the positive side. L.E.D.s 
usually have a dot or mark on the cathode, 
but it is advisable to test this first using a 
multimeter. 
The circuit can be powered from any 9V 

or 12V d.c. power supply, and can be incor-
porated into many different projects. The 
1.e.d. should flash for about half a second 
every one and a half seconds, but this can 
be altered by changing the resistor and 
capacitor values. 

CONCLUSION 
With SMDs being used increasingly in 

equipment, an appreciation of how to use 
them is important for constructors and stu-
dents. It is clear that we will all encounter 
more of these components as the industry 
makes ever smaller products. Additionally, 
many readers will appreciate the speed with 
which designs can be made into working 
circuit boards when they use SMDs, with 
the space saving an additional benefit. D 
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Following on from last month's column, the basic design of a single MOSFET amplifier 
stage is outlined, anti-static soldering precautions are described and we look at the 

differences between CMOS and bipolar timers. 

MOSFET Amplifier Basics 

LAST month we looked at the basic 
physics of how MOSFETs can con-

duct in a linear circuit. Many readers 
probably think of power switching when 
MOSFETs are mentioned, as this is a 
particularly popular application. 
Furthermore, a look at a catalogue such 
as Famell will reveal a lot of switching 
MOSFETs and few or no devices obvi-
ously aimed at linear applications. 
However, MOSFETs can be used in lin-

ear amplifier circuits, and are commonly 
used this way inside i.c.s. Discrete devices 
optimised for linear rather than switching 
use do exist, for example the ADL1101 
matched n-channel MOSFET pair from 
Advanced Linear Devices Inc., which is 
targeted at precision analogue circuit 
designs. 
Another area where linear discrete MOS-

FET circuits are used is in RF amplifiers, in 
particular dual-gate MOSFETs (semicon-
ductor tetrodes) such as the BF996S from 
Philips. Dual-gate MOSFETs are used to 
build cascode amplifiers, which have better 
performance than single transistor ampli-
fiers. MOSFETs are also used in the output 
stages of audio power amplifiers. 
This month we will look at the design of 
a single transistor MOSFET voltage ampli-
fier. Previously, after a request to discuss 
linear MOSFET circuits, we described the 
behaviour of a MOSFET and showed that 

In 

LINEAR 
REGION 

SATURATION REGION 

vo,„ 

vr,„ 

von 

Fig. 1. Idealised output characteristics 
for a MOSFET transistor. 

in the saturation region the drain-source 
current was controlled by the gate-source 
voltage, more or less independently of the 
drain-source voltage. This region of opera-
tion is exploited in linear amplifiers. 
The first step in designing such a circuit 

involves finding a suitable operating point 
at which to bias the transistor. Usually this 
will be well into the saturation region to 
allow the device to amplify a relatively 
wide range of signal levels without distor-
tion (see Fig.1). 

Amplifier Circuit 
The amplifier circuit is shown in Fig.2. 

This circuit will look familiar to many 
readers as the same circuit arrangement 
can be used with BJTs (bipolar junction 
transistors) and JFETs (junction field-
effect transistors). In this circuit resistors 
RI and R2 set the bias voltage at the gate, 
the output voltage is developed across R3 
and R4 provides negative feedback to sta-
bilise the bias. 
The voltage at the gate VG is given by the 

standard potential divider equation VG = 
VDD X R2/(Ri+R2) and controls the gate-
source voltage along with R4. This deter-
mines the quiescent drain current, Ins, an 
important element in the bias conditions. 
Resistors RI and R2 can be large values 

to keep the input impedance high; values 
around 1M are practicable. Similar circuits 
using BJTs cannot usually employ such 
high values due to the need to supply base 
current without loading the potential 
divider. 
The quiescent drain-source current is 

usually chosen by the designer rather than 
calculated. A value which gives best per-
formance can be selected using the data 
sheet, but other considerations such as 
power consumption may come into play. 

If we know the required value of IDs we 
can find the corresponding value of VG5 
using the equation VDs=VT-1- (1/74,e) or 
using a suitable graph from the data sheet. 
To use the equation we also need to know 
the threshold voltage VT and the transistor 
gain parameter K. 

For example if we have a MOSFET for 
which VT= 0•7V and K=2.5mA/V2 and we 
choose a quiescent drain-source current of 
10mA we require a gate source voltage of 
0-7+V(10/2.5) = 2-7V. 
Unfortunately K is a fundamental MOS-

FET parameter that you may not find on 
the data sheet. It is related to the transcon-
ductance (g,), which is often quoted, by 
gm=2V(KIDs), or K=g 2/(4IDs). Note that 
transconductance varies with the drain-
source bias current. The above example 
has a transconductance of about 3-2naAN 
at IDs=lmA. 

Fig.2. Single MOSFET amplifier circuit 
diagram. 

Resistor R4 helps stabilise the bias point 
against variations between individual 
devices (in different copies of our circuit) 
or variations for an individual device with 
factors such as age and temperature. Each 
device will have slightly different values of 
K and VT and hence different values of ID 
will result from a fixed VDs. Similarly ID 
will vary with temperature for a fixed VGs. 
If R4 was not present these variations 
would upset the bias conditions. 
The negative feedback operates as fol-

lows. Imagine we have set up the circuit 
with a particular drain-source current, but 
due to (say) a change in temperature the 
drain-source current increases. This 
results in a larger voltage drop across R4, 
which decreases the gate-source voltage, 
which in turn reduces the drain-source 
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current, and tends to cancel out the origi-
nal increase. 

If we choose 500 ohms for R4 we get 
0.5V at the source from the 1 mA bias cur-
rent. This means the R 1/R2 potential 
divider must give 0.5+2.7 = 3-2V, so we 
could use R1=900 kilotons and R2=330 
kilotons. 
The value of R3 influences the voltage 

gain and output swing. The drain voltage 
should not fall below the gate voltage by 
more than VT (0.7V in our example), so the 
minimum drain voltage is 2.5V. The maxi-
mum drain voltage is the supply voltage 
(12V), so we have a maximum swing of 
9.5V or ±-4.75V centred on 7.25V. For a 
drain voltage of 7.25V with no signal we 
need R3=(12-7.25)/1mA=4-75 kilotons. 
The voltage gain of the circuit is given by 

—g„,R3 / ( l+g„,R4). 
In our example the gain is about 5.8. The 

stabilising resistor reduces the gain, but 
this can be overcome by bypassing it with 
a capacitor. I.M.B. 

CMOS or Bipolar Timers 
I am about to build the Super Motion 

Sensor frvm the May 2003 edition (Back 
Issues available by visiting our Online Shop 
www.epemag.wimborne.co.uk — ARW). 
One component is listed as a 7556 CMOS 
dual timer I have been offered an alterna-
tive NE556 dual timer instead. Is there a dif-
ference between the two types? Thanks from 
Neil, posted in the EPE Chat Zone. 

We looked at some basic differences 
between the two families in last month's 
Circuit Surgery. The NE556 is the original 
dual 555 timer and is classed as a bipolar 
device, i.e. one that is made from n-p semi-
conductor material. 
Ordinary silicon transistors such as the 

BC548 also belong to the same bipolar 
family. Then along came the CMOS 
(Complementary Metal-Oxide Semicon-
ductor) timer which in theory is pin-for-pin 
compatible with the old bipolar chip whilst 
offering all the advantages of CMOS 
technology. 
The main differences are that the output 

of the CMOS type is better able to switch 

from one rail to the other (nearer to +V 
and OV), where a bipolar timer output 
tends to swing to say a volt or two below 
the maximum, or above the minimum. A 
CMOS timer operates typically down to 
+3V (bipolar: +5V). 
Also, the CMOS device has a lower 

operating current than the bipolar timer, 
which can improve a circuit's current con-
sumption, especially when twin timers are 
used. The inherently high impedance of 
the CMOS timer enables it to use higher 
value resistors and smaller capacitors 
compared with the bipolar 555/556. 
In practice I have usually found no prob-

lems with swapping one timer for the 
other, but one area to check is the output 
characteristic: if output currents are impor-
tant, then a bipolar type is higher (200mA) 
than a CMOS ( 100mA). The CMOS output 
falls noticeably when source current (see 
last month) increases. Using a voltmeter, 
some tests with both types driving a simple 
load (e.g. a 150 ohm resistor) will soon 
highlight any differences, or you can try to 
unravel the graphs in a data sheet down-
loaded from the web. A.R.W 

Anti-Static Desoldering 
In an effort to find some information on 

soldering and desoldering techniques I 
found your web pages and photos 
(www.epemag.wimborne.co.uk then the 
Resources link on the home page). In my 
case I need to take care of ESD (electro-
static discharge), and wondered what is the 
best mode of soldering and desoldering, 
and where can I buy an ESD proof desol-
dering pump? Thanks from Dr Sumi Dhar 
by email. 

For the hobbyist, CMOS damage caused 
by static is far less of a worry than it used 
to be, and it isn't necessary for ESD-proof 
equipment to be needed to assemble typi-
cal projects. However, nylon carpets and 
PVC carpet protectors are notorious for 
creating enormous static voltages that can 
be dealt with using an anti-static wriststrap 
— and it is wise to do this when handling 
e.g. computer memory chips or expensive 
motherboards. 

In manufacturing applications, where 
static sensitive components or boards are 
being soldered or repaired, then problems 
can arise due to static electricity discharg-
ing into semiconductors, possibly destroy-
ing them. For example, a search on the 
Internet soon unearthed (no pun intended) 
the web site of Assurance Technology 
Corporation who posted some interesting 
images of an ESD failure in an op.amp. 
See http://www.assurtech.com/FALasp. 
ESD-safe tools are made from partially 

conductive materials that will not generate 
any damaging static nor allow static 
charges to be carried to components being 
soldered. The bit of an ESD soldering iron 
is usually grounded (possibly through a 
resistor) to prevent static accumulating on 
it, so that you can't transfer a charge to a 
semiconductor. They may be listed as "sta-
tic dissipative" tools. 
An ESD-safe desoldering pump is also 

static-conductive, this time so that it will 
be automatically discharged to earth when 
you take hold of it: wrist or ankle straps 
can be worn which are grounded through a 
resistor. ESD benchtop mats can be bought 
that also connect to ground through a spe-
cial mains adaptor that has plastic live and 
neutral pins and a metal ground pin. These 
can also allow a wriststrap to be connected 
and earthed. 
Manufacturers of ESD safe soldering 

irons include Antex (www.antex.co.uk) — 
see their advert in this issue, and pumps are 
made by Edsyn (Soldapult brand) or Abeco 
to name but two. Major suppliers include 
Famell (www. farnellinone.co.uk) and RS 
Components (www.rswww.com). 

If using a wriststrap, then the fact that 
you are grounded, and that the tools are 
ESD safe as well, means that there is 
nowhere for static charges to gather, so 
there is no possibility of "zapping" 
components being soldered or desol-
dered. It's rather like the way the equip-
ment and buildings in a power station 
are completely grounded throughout, 
using heavy copper busbars, to make it 
easy for "escaping" high voltages to 
find their way to earth and blow a trip 
switch. A.R.W. 
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Constructional Project 

JAZZY 
NECKLACE 
THOMAS SCARBOROUGH   

Be the light and soul of your party or disco 

A
CHIC appearance and a striking 
piece of jewellery can emphasise 
the beauty of the wearer, as well as 

adding a sense of lightness to life. 
An item of jewellery that lends itself 

particularly well to electronic enhance-
ment is a traditional African necklace 
which comprises an array of vertical rods, 
artistically arranged, suspended from a 
string around the neck. These rods may be 
made of various traditional materials, 
including wood, ivory, tortoiseshell, or 
stone. 

This article unveils a 21st-Century ver-
sion of this necklace which, instead of 
using rods of wood or other customary 
materials, employs sixteen sparkling clear 
cast acrylic rods. These are accompanied 
by a compact circuit which darts all 
colours of light down the length of the 
rods, at random. 

Clear cast acrylic rods are superb 
transmitters of light. They are also good 
reflectors of light, when their surfaces are 
suitably abraded. If a 45-degree arc is 
roughened at the back of such a rod, 315 
degrees remain for the transmission of 
light down the length of the rod. 
Any light that is caught by the abrasions 

at the back is cast forward through the 
magnifying curve of the rods. Thus if an 
ultrabright 1.e.d. is shone down the length 
of the rod, there is no apparent loss of 
brightness down tens of centimetres of 
rod. 

CIRCUIT DETAILS 
The Jazzy Necklace randomly flashes 

sixteen 1.e.d.s using just two common 
CMOS i.c.s. The full circuit diagram for 
the "necklace" is shown in Fig.!. 

This is not a pseudo-random display, 
as may be created tas an example) with 
shift registers, but comes close to a 
truly random display by using three 
oscillators, IC 1 a to 'Cie, each of which 
oscillates independently of the other two. 
These create a constantly changing three-
digit binary "select" number, which is 
decoded to eight switch positions of a 
CMOS 4051 eight-channel analogue 
multiplexer (IC2). 

This multiplexer i.e. is similar to a sin-
gle-pole, eight-position switch, with the 
important difference that it allows random 
access to each of the eight switch posi-
tions. This means that it does not need to 
sequence through each of the eight posi-
tions as a normal switch would do, but has 
the ability to jump randomly from one 
position to the next. 

It has, of course, only eight switch 
positions, and in order to independently 
flash sixteen 1.e.d.s, the number of switch 
positions is effectively multiplied by two 
by creating two alternating OV rails. A 
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Fig. 1. Complete circuit diagram for the sixteen Le. d. Jazzy Necklace. 
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Front-on view of the "necklace" circuit board. Note the Le.d.s bent at an angle just above the components. 

fourth oscillator (IC1d) is employed for 
this purpose, again oscillating indepen-
dently of the other three, to effect the 
multiplication. Two buffers (IC 1 e and 
IC 10 prevent excessive loading of the 
oscillator. This creates a random display 
of sixteen 1.e.d.s., using less than one 
component per 1.e.d. 

Pin 3 of IC2 is the centre or common 
pole of the "switch", which is connected to 
any given output position (numbered 0 to 
7). The three-bit binary value which is pre-
sented at the three "select" terminals A, B 
and C (pins 9 to 11) are decoded to the 
eight separate outputs. 

Since only one three-digit value can be 
entered at a time, only one of the output 
terminals can go "high" at any time. Thus. 
a practically random three-digit binary 
value is generated, with fleeting patterns 
emerging. 

Since the common pole (IC2 pin 3) in 
this circuit is connected to the positive sup-
ply rail, through ballast resistor R5, each of 
the switch positions goes "high" when con-
nected, therefore the cathodes of the 1.e.d.s 
are connected to the alternating OV rail. 
An important feature of this design is 

that when a switch position is disconnected 
from the common pole, the corresponding 
1.e.d. is disconnected from the power sup-
ply. This is in contrast with the 4028 
CMOS i.c., which may serve a similar 
function in digital circuits. 

However, the output terminals of the 
4028 i.c. will only go "high" or "low" (it is 
thus a bi-state device). Therefore, if the 
4028 had been used in this design, the 
reverse voltage across the I.e.d.s would 
have been close to 12V, which exceeds the 
rating of the typical 1.e.d. 

While the supply voltage could have 
been reduced to overcome this, the design 
could not then have accommodated all 
colour te.d.s. Therefore the 4051 8-chan-
nel analogue multiplexer i.c. is used. 

FOUR-TO-ONE 
The four oscillators (IC la to IC1d) are 

each based on a single Schmitt inverter (or 
N(YT) gate, and are thus very simple, requir-
ing only one resistor and one capacitor 
each. For the purpose of preventing "fre-
quency lock" (the tendency of oscillators to 
"lock on" to one another in close proximi-
ty), the values of capacitors C2 to C4 and 
C6 are, therefore, relatively large ( 10µF). 

For a less jazzy ( that is, more sedate) dis-
play, increase the values of the capacitors, 

and vice versa. A supply decoupling capac-
itor C 1 is included for "good practice", 
although it is not strictly necessary. 
Due to the relatively high supply voltage 

(12V), and since only one 1.e.d. is ever 
flashed at a time, a single ballast resistor 
(R5 — connected to IC2 common pin 3) can 
be used for all sixteen 1.e.d.s combined, 
thus simplifying and compressing the 
circuit. While it would be possible to use 
several ballast resistors, thus perfectly 
matching them to each colour I.e.d., in 
practice this is not necessary, and would 
considerably increase the component 
count. The result is a very compact circuit. 
Do note, however, that when selecting 

1.e.d.s, their luminous intensity should be 
approximately the same — alternatively, test 
them first with 12V and a one kilohm (1k) 
ballast resistor. 

SLEEP SUPPLEMENT 
Besides the "circuit proper", three fur-

ther components are employed, so as to dis-
able the Jazzy Necklace when the wearer is 
no longer moving ( for instance, when hav-
ing moved off the dance floor to enjoy a 
refreshment). 
To accomplish this, the inhibit pin (pin 

6) of IC2 is wired to a non-mercury tilt 
switch, SI. As long as this switch is occa-
sionally closed, pin 6 is held "low" through 
capacitor C5, and the circuit continues to 
flash jazzily. But when pin 6 is taken 
"high" through the gradual discharging of 
C5 through resistor R4, all switch positions 
are disabled, and the Necklace, after a few 
seconds, "goes to sleep". 

Note, however, that it does not switch off, 
but continues to draw about 2mA current. 
If a tilt switch is not available this compo-
nent may simply be omitted from the p.c.b. 
A miniature 12V battery is used (a 23A 

or MN21 or similar), and diode D17 is 
employed on the printed circuit board 
(p.c.b.) for supply reverse polarity protec-
tion. The circuit is switched off simply by 
removing the battery — or a suitable con-
nector may be inserted in one lead. The 
circuit draws about 10mA, and should 
therefore run for about three hours continu-
ous off the specified battery. 

Finally, a question which is commonly 
asked about the 4051 i.c. is what purpose pin 
7 (V,E) serves. When this terminal is tied 
low, the i.c. will handle signals between OV 
and +Ve, as it does in the present circuit. 
When, on the other hand, analogue sig-

nals need to be routed through the i.c., this 
pin would normally be connected to the 
lowest voltage level in the circuit. For 
instance, pins 16 and 7 could be connected 
to +6V and —6V respectively, while pin 8 
could be connected to ground (OV). In this 
way, analogue voltages of up to ±-6V could 
be handled with 6V digital control signals. 

CONSTRUCTION 
Construction of the Jazzy Necklace is on 

a single-sided printed circuit board (p.c.b.) 
measuring 128mm x 28nun, which is fur-
ther cut and filed to shape as shown in 
Fig.2. The topside component layout and 
full-size copper foil master pattern is illus-
trated in Fig.2. This board is available from 
the EPE PCB Service, code 432. 
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Flg.2. Printed circuit board topside component layout and full-size underside copper foil master for the Jazzy Necklace. Cover 
the back of the p.c.b. with some felt or other fabric to prevent it from scratching the skin. 

CIRCUIT BOARD 
Turning to the main printed circuit 

board, the two solder pins and twelve link 
wires are soldered to the p.c.b. — followed 
by the six resistors, diode D17, and the six 
electrolytic capacitors. Take special note of 
the polarity of diode D17 and the elec-
trolytic capacitors. 

Insert the miniature non-mercury tilt 
switch Si, keeping it raised a little on its 
legs, so that it may be tipped forward 
slightly. In this way it will switch "on" only 
when the circuit is jiggled. Note that as 
mercury is such a highly toxic substance, a 
mercury-filled switch MUST NOT be used 
here. 
Now solder ICI and IC2, observing anti-

static precautions (most importantly, touch 
your body to earth immediately before han-
dling), directly in position on the p.c.b. Be 
quick with the soldering iron, so as not to 
damage the i.c.s. 

Alternatively, you should use low-profile 
dual-in-line (d.i.I.) sockets. The author 
omitted such sockets in the prototype to 
achieve a flatter profile, but these would be 
advised for less experienced constructors. 

BATTERY HOLDER 
A battery holder (see Fig.3) is construct-

ed of two round 8nun crimp terminals 
which are soldered to a 40mm x 12mm 
piece of copper-clad board with a score 
down the centre to isolate the battery termi-
nals from each other. In the prototype, a 
No.2 brass round-head paper fastener was 
inserted into one of the crimp terminals as 
shown, and soldered into place, to accom-
modate the negative terminal of the battery. 
This serves its purpose well, and also 
makes a neat impression. The battery hold-
er is connected to the circuit via suitable 
lengths of flexible wire, and the battery is 
worn behind the neck. 

BRIGHT LIGHT 
Finally, solder the sixteen ultrabright 

I.e.d.s into place, noting their correct orien-
tation (the flat on the encapsulation is the 
cathode (k)). These I.e.d.s are given fairly 

-VE 

long legs, so that they may "peer over" the 
components beneath them and so illumi-
nate the array of clear cast acrylic rods. 

1.041n (25.4mm) 

• 
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• 
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59
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Fig.3. Using a piece of copper-clad 
board, two crimp terminals and a paper 
fastener to make a battery holder. 

Battery contacts made from two crimp 
teminals and a paper fastener. 

Author's improvised battery holder. 

COMPONENTS 
Resistors 
R1, R6 10k (2 off) 
R2 15k 
R3 22k 
R4 470k 
R5 680Q 

All 0-25W 5% carbon film 

Capacitors 
C1 to C6 

See 

TALK 
Page 

10µ radial elect. 16V 

Semiconductors 
D1 to D16 5mm ultrabright I.e.d.s 

(16 off — 6 red, 5 green, 
3 yellow, 2 blue) 

D17 I N4148 signal diode 
Cl 40106 hex Schmitt 

inverter (or equivalent) 
IC2 4051 8-channel 

analogue multiplexer 

Miscellaneous 
Si min. non-mercury tilt 

switch (see text) 
Bi 12V battery, MN21 or 

23A or equivalent 12V 
keyfob type 

Printed circuit board available from 
the EPE PCB Service, code 432; clear 
cast acrylic rods, 2 metres x 6mm dia.; 
piece of copper-clad board for battery 
terminals, 40mm x 12mm; 14-pin dit 
socket; 16-pin d.i.l. socket; plastic cov-
ered link wire; 8mm crimp terminal, for 
battery holder (2 off); No. 2 round-head 
paper fastener for battery negative ter-
minal; 30cm x 5mm (3/16in.) dia, brass 
rod; 20cm x 6mm wide brass strip (2 
off); suitable lengths of flexible "neck-
lace" wire (2 off); epoxy glue; 12mm drill 
bits (several off — to allow for break-
ages!); solder pins (2 off); solder etc. 

Approx. Cost 
Guidance Only £15 

excl. clear cast acrylic rods 
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Note that some ultrabright 1.e.d.s are sta-
tic sensitive, and anti-static precautions 
may need to be observed. Only ultrabright 
1.e.d.s should be used, since these typically 
offer many times the luminous intensity of 
ordinary 1.e.d.s. 
The author specially chose a sequence of 

colours which would offer a colourful dis-
play while also being cost effective. This is 
red-green-yellow, red-green-blue, and so on, 
ending with red (thus requiring six redl.e.d.s, 
five green, three yellow, and two blue). 

Little remains now but to squeeze the 
battery into its holder, taking care to insert 
it the correct way round. If the circuit is 
laid on its back, the Jazzy Necklace should 
immediately "fire up", and all of its 1.e.d.s 
should pulse, apparently at random. In the 
cover photograph a half-second exposure is 
shown — in reality only one acrylic rod 
lights up at a time. 

If the circuit does not behave as 
described, immediately disconnect the bat-
tery, and carefully re-check the circuit 
board. Ensure that there are no solder 
bridges on the p.c.b., that all components 
are inserted correctly, and that all inter-
wiring is correct. 

SPARE THE ROD 
The clear cast acrylic rods are a pleasure 

to work with, since they are relatively easy 
to cut and machine, and are fairly forgiving 
with regard to their positioning on the 
necklace. 

Each individual rod is cut to length as 
required, with a fine saw. A slightly rough 
finish at the ends was not found to diminish 
light output, therefore they need no polish-
ing at the ends. The traditional African 
necklace frequently arranges its rods in a V-
shape, so that those at the sides are shorter 
than those in the middle, and a similar 
arrangement was used for the prototype. 

In order to reflect the light forward 
through the magnifying curve of the rods, 
the backs of the rods need to be abraded. 
For this purpose, about a 45-degree angle 
of the rods is abraded at the back, as shown 
in Fig.4. Abrasion with sandpaper or a file 
was found to be inadequate, therefore the 
author used a sharp knife to create a dense 
"cross-hatch" pattern of cuts (see pho-
tographs). This is a labour-intensive exer-
cise, but it is well worth the effort. 
The author's most important considera-

tion was how to bind the acrylic rods to the 
circuit board so that the Necklace would 
represent a durable whole. Glue seemed 
inadequate to the task, therefore the rods 
were clamped between two 611-an wide 
brass strips. 

These strips were drilled with sixteen 
1.2nun dia. holes each, placed 8nam apart, 
and then cut to length with pliers. Sixteen 
short pieces of 5nun (3/16in.) dia. brass rod 
were then passed through the top strip, and 
soldered into place — with the two end rods 
being longer than the other fourteen (the 
end rods are eventually inserted into the 
holes provided at the corners of the p.c.b., 
and soldered into place). 
The sixteen acrylic rods were each 

drilled with 1.2nun holes, and pressed onto 
the brass rods. The second brass strip was 
then pressed over the brass rods, and simul-
taneously glued and soldered into place — 
the rods being held temporarily in position 
in relation to each other with Blu-Tack (or 
Pres-stik). 

Rear view of the necklace showing the I.e d.s aligned with the ends of the rods. 

While drilling the acrylic rods slightly 
reduces their light output, this seemed a 
worthwhile trade-off to produce a robust 

THROUGH-HOLE 
FOR MOUNTING 

ABRADED 
SURFACE 

.4-- 6mm 

1 
1 2mr, 

Fig.4. Preparation derails of the clear 
cast acrylic rods. 

Abraded surface of acrylic rod. 

Completed Jazzy Necklace with a decorative glass bead strip covering the circuit board. 

necklace. Note that drilling needs to be 
fairly swift if a hand-drill is used, otherwise 
the bit may stick and break. Remove the bit 
immediately the hole goes through, or it 
may be "glued" into place! Also, the angle 
of the through-holes needs to be reasonably 
accurate. 

LIGHT TRANSFER 
Fortunately, the rods do not need to be 

mounted particularly skilfully in relation to 
the 1.e.d.s. An approximately correct position 
is all that is requited. Try to avoid ultrabright 
1.e.d.s with a very narrow viewing angle (e.g. 
10 degrees), mainly because their light is 
more easily obscured by the mounting holes. 
The final assembly weighed a whole 99 

grams — but then, needless to say, some of 
the most desirable pieces of jewellery 
weigh a little more than the rest! 

Last of all, a decorative strip of artwork 
may be used to conceal the necklace's cir-
cuitry, and a piece of felt used to cover the 
scratchy rear of the p.c.b. The author com-
missioned street artist Fijo Jumira in Sea 
Point, Cape Town to create a suitable front-
piece for the necklace (see photographs), 
made of wire and beads. 
The resulting necklace, particularly 

when viewed in subdued light, is a striking 
adornment. The first comment of the wife, 
on seeing a working prototype, was: "It is 
truly impressive!" D 
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READOUT WIN AN ATLAS LCR ANALYSER 

Email: john.becker@wimborne.co.uk 
John Becker addresses some 
of the general points readers 
have raised. Have you anything 

interesting to say? 
Drop us a line! 

All letters quoted here have previously been replied to directly. 

IAIORT14 £78 
An Atlas LCR Passive Component 

Analyser, kindly donated by Peak Electronic 
Design Ltd., will be awarded to the author 
of the Letter Of The Month each month. 

The Atlas LCR automatically measures 
inductance from luH to 10H, capacitance 
from 1pF to 10,000uF and resistance from 
1S2 to 2MQ with a basic accuracy of 1%. 

* LETTER OF THE MONTH * 
LIFE OF BRYON? 

Dear EPE, 
Just a thought about your mag! I've been a 

subscriber now for many years and really appre-
ciate the trouble you guys must go to in finding 
new projects and articles each month. I am also 
a professional electronics engineer having 
worked in various fields, from my early days in 
domestic radio and TV, through main frame 
computers, then industrial computers, CNC 
machines and PLCs, with some interface mod-
ule design and manufacture thrown in, an inter-
esting life? Yes — well paid, no. 
My other great love is aviation, I hold a pri-

vate pilots' license and subscribe to Pilot maga-
zine. One of their regular features, I learnt 
about flying from that, is a column written by 
readers about interesting or scary moments that 
have happened to them while flying. Couldn't 
you run a similar column for electronics related 
subjects? Nearly everyone interested in elec-
tronics must have a story of how they solved an 
unusual problem. Somewhere between 
Ingenuity Unlimited, Readout and Circuit 
Surgery. Just to give you a bare bones example: 
The mystery of the blowing 12V fuse: after 

retrofitting a PC in place of a Tape Reader to a 
CNC system, the 12V fuse would blow at 
switch on, exhaustive tests found no shorts but 
the vital clue was that during the retrofit an 
interface module powered by 12V was removed 
as not required. The culprit was a transducer 
module with catching diodes (connected to the 
12V line) on a level changer circuit that 

stopped the transducer input from going 
above 12V. 
The power supply was fitted with a crowbar 

circuit and though capable of sourcing 10A 
had no sink capability, so the catching diodes 
were pulling the 12V above the crowbar volt-
age limit and thus blowing fuses. The removed 
interface module was acting as current sink. 
Loading the p.s.u. with a suitable resistor fixed 
the problem. 

This story is a practical demonstration of 
the use of catching diodes, crowbar circuits 
and the often-overlooked fact that most p.s.u.s 
cannot sink current 
Some years ago I remember a series, sort of 

"week in the life of a radio and TV repair 
shop". This was a "fictional" story about an 
Old Bob figure in charge of the workshop and 
his keen-to-learn apprentice struggling with a 
problem. Old Bob explains, with the aid of cir-
cuits and drawings, how to fix it. Sorry but I 
can't remember which publication it was in, or 
know of anyone who could write it. Maybe it 
wouldn't work today anyway, just an idea. 

Bryon Epps, via email 

Yes, Bryon, I half remember a column of 
that nature, but I'm atro not sure that it would 
work today. You may recall that we used to do 
a column Ohm Sweet Ohm by Max Fidling. 
From his workshop, and helped by his cat 
Piddles, Max looked at life's electronic oddi-
ties and their possible solutions, but that was 
eventually dropped as it was hard to sustain. 

ZAPPER AND BLOWN BULBS 
Dear EPE, 
I've just been perusing Andy Rind's PIC 

Virus Zapper MIX (Dec ' 03). I can see that he's 
creating a square wave that sweeps between 
<2kHz to >22kHz. But what is the frequency of 
the sweep, and does it pause at each end, or 
come straight back? 

Also, regarding Blown Bulbs (Readout Dec 
'03) — a company did a Bulb Failure Detection 
presentation to us at Jaguar in ' 86. They used 
exactly the system that David Palmer describes, 
i.e. reed switches. It was so simple and reliable. 
Unfortunately, Jaguar decided not to try this sys-
tem (internal politics I think) on the X.140 and 
stuck with another one using in-line resistors — 
just some crude coils of wire on formers. 

Because they were doing high-side detection, 
the op.amps that were monitoring the voltage 
drop across the coils had to have a supply rail 
greater than that of the vehicle. To achieve this, 
they used a simple 555 oscillator driving a 
charge pump. Now — each comer of the car had 
a Bulb Control/Failure Detection module, so 
there were four of these units in all. 

This seemed to be doing the business until my 
mate tried to do his radio reception sign-off test. 
He was getting all sorts of interference — which 
was ultimately traced to these 555s merrily oscil-
lating away and bunging out r.f. harmonics into 
the car wiring harnesses! A few carefully placed 
capacitors managed to smooth off the edges. 
The design for the Dim/Dip Headlamp con-

troller was even more hilarious — as a dealer was 

launching the new model to some enthusiastic 
potential customers, smoke was pouring out the 
front comer of the car behind him as the MOS-
FET controlling the 60W bulb drifted uncontrol-
lably into the linear region! And boy did it stink! 

Sorry to digress — I've got pages of 
Automotive Electrical horror stories! Perhaps I 
ought to make it into a regular column? 

Steve Dellow, via email 

Thanks, Steve, for the interesting "bulb" com-
ments! I regret we can't offer you an X-rated 
column but they do make interesting Readout — 
also see above. 
Andy replies to your question: 

In the article a few lines under the heading 
"Mk2 Circuit" it says, "a simple oscillator with 
a period of about sixteen seconds, or eight sec-
onds in each phase direction, as set by capacitor 
C8 and resistor R9". There's not supposed to be 
any "dwell" at either end, though component 
tolerances may mean that it "bottoms" and gives 
a brief period. I seem to recall struggling a bit to 
minimise that during the design stage. 

PICS FOR RADIO CONTROL 
Dear EPE, 
I was interested to see the discussions on ser-

vos etc., in recent Readout columns. PICs and 
servos do make a very good combination. 
You asked for information, so please have 

a look at my website: www.rdforrest. 
freeserve.co.uk. This gives some of my ideas 
for radio control applications — many of them 

based on EPE articles. The links give some info 
on other applications, such as Ft/C aircraft etc. 

Thanks for an excellent magazine. 
David Forrest, via email 

Thanks David, that's an interesting site 
you've got — and even covers model subs! Also 
see page 83 of this. issue. 

TEACH-IN DIODES 
Dear EPE, 
I am avidly reading your Teach-In 2004 arti-

cles and although I have a little electronics expe-
rience and understanding, there are occasions 
where I cannot get my head around certain dia-
gram configurations. 

In your December issue on page 828 there is 
one such arrangement. In Fig.2.7 there is a diode 
and it is inserted to prevent back-e.m.f. from the 
motor damaging the transistor. Yes I can under-
stand back-e.m.f. and I do know that current can 
pass one way through a diode but not the other. 
What I cannot understand is why it is in parallel. 
Surely it should be in series? In that drawing 
there is a clear path between the motor and the 
transistor and I just cannot see how the diode is 
likely to protect the motor. Can you explain? 

Stephen Eyre, via email 

Max Horsey, author of our Teach-In 2004 
series replies: 

Parallel diodes often provoke questions like 
this. The main thing to appreciate is that elec-
tricity always takes the easiest route. So a diode 
in parallel with the motor will provide an easy 
path for the current caused by back-e.m.f. In 
normal circumstances the maximum voltage 
across a silicon diode in the forward direction is 
around 0•7V. So the voltage at the collector of 
the transistor cannot rise much above P + 0.7, 
where P is the power supply voltage. Hence the 
back-e.m.f. which may otherwise rise to 100V 
or more, is held at P + 0•7V. 

It's rather like a lavatory pan. If you pour a 
bucket of water (the back-e.m.f.) into the toilet, 
the water level rises a little, but quickly returns to 
normal, as the water flows though the U-pipe (the 
diode). The analogy isn't perfect, as the U-pipe 
would allow flow both ways, unlike the diode 
which allows the flow in only one direction. 
A series diode wouldn't work. If the diode point-

ed downwards, the back-e.m.f. would damage the 
transistor. If the diode pointed upwards, it would 
prevent the normal flow of current via the motor. 

Max Horsey 

CAR COMPUTER 
With our US pleads always in his mind, our 

Online Editor Alan Winstanley asked whether 
Mike Hibbert's PIC Car Computer (Jan '04) 
could display miles per US gallon (which is 
0.83268 British gallons). Mike replied: 

The simple answer is yes. The reason for this 
is that the combinations 'Er/Ian, It/mile, gal-
lons/lun, gallons/mile are nothing more than text 
labels. The calculation is simply distance trav-
elled/fuel used, The program doesn't care what 
the units of measurement are expressed as. This 
is why you have to clear the memory when you 
change from one unit type to another. 

Mike Hibbett, via email 
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Constructional Project   

PIC 
TUG-OF-WAR 
BART TREPAK   

PIC up the battle rope without the 
brute force! 

ivi
\Nv electronic handheld games 
are intended for only one player 
who pits his wits against the com-

puter. thus giving the player little opportu-
nity for social interaction and producing 
what many psychologists fear could 
become a generation of social misfits! 

This simple Tug-of-War game, although 
it is built around a PIC microcontroller, 
must be played by two people (in their 
anoraks if they wish), providing, as they 
say, "fun for all the family". 

SPEED OF LIGHT 
Unlike the real game, however, it does 

not require a rope or a large space such as 
a field or village green, or large quantities 
of beer(?). Nor does it rely on brute 
strength so that a large number of rugby 
types are also superfluous and, as the win-
ner is clearly indicated, there should be no 

need for any "physical" interaction either 
during or after the game! 

Instead, speed of reaction is important 
and the two players are equipped with 
pushbuttons which they must press as 
quickly as possible after a light emitting 
diode (1.e.d.) is lit to "pull" their opponent 
over the line. The software program is 
written to ensure that the delay before the 
I.e.d. lights is random, so the players can-
not accurately predict when it will light. 

STATE OF PLAY 
To make the game last longer (just like 

the real Tug-of-War game does not rely on 
one sharp tug to determine the winning 
team) the winner must beat his opponent 
five clear times before the game is decided. 
The state of play is displayed on a row 

of nine I.e.d.s and the game begins with the 
centre one lit. Each time a player beats his 

opponent, the 1.e.d. to the left or the right of 
the centre will light, depending on which 
player was successful. At the end of the 
game, the I.e.d. on one or other end of the 
row remains lit to indicate the winner. The 
microcontroller then plays a tune in the 
winner's honour! 
To prevent any cheating, a player who 

anticipates the Pull I.e.d. lighting and press-
es his (or her - it's a non-sexist game) but-
ton before this I.e.d. has lit is penalised by 
the cancellation of one of his earlier suc-
cessful attempts. Thus if he has beaten his 
opponent four times and requires only one 
more successful attempt to win the game 
but presses his button too early, he will have 
one of his earlier attempts cancelled. He 
will then require a further two successful 
turns to win, assuming his opponent contin-
ues to be slower. 

CIRCUIT DESCRIPTION 
The complete circuit diagram for the PIC 

Tug-of-War is shown in Fig. 1. 
Being based on a microcontroller, all of 

the logic is performed by software so that 
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Fig. 1. Complete circuit diagram for the PIC Tug-of- War game. 
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the circuit itself is quite simple. It consists 
of a PIC microcontroller, ICI, to which are 
connected two switches, S I and S2, which 
set their respective inputs (RA3 and RAI) 
high when they are pressed. When the 
switches are released, the inputs are held 
low by resistors R2 and R3. 

DISPLAY OF STRENGTH 
The other port pins, except for RA4. are 

used to drive the ten 1.e.d.s required. Since 
only one of the "contestant" 1.e.d.s lights at 
any one time, only one current limiting 
resistor, RI, is required. 

The "central" display 1.e.d., D5, which is 
controlled by RA2, is lit at the beginning of 
the game and may be a different colour if 
desired. The Pull 1.e.d., D10, is controlled 
by RAO. This lights to indicate that it is 
safe to press the button. Resistor R4 limits 
the current flow. 

Pin RAO is also used to drive a piezo 
sounder, WD b, to play the tune at the end 
of the game. Since this output is common 
to both the sounder and the 1.e.d., both will 
be activated together. This means that 
each time the 1.e.d. lights to indicate 
"Pull", the sounder will produce a short 
click. 
As the timing in this application is not 

critical, the PIC is operated in RC oscillator 
mode, at a rate set by resistor R5 and 
capacitor CI. 

POWER PLAY 
The circuit is run from a 9V battery, such 

as a PP3. Since this voltage is higher than 
the maximum allowable for the PIC, it is 
reduced to a nominal 4.7V by the inclusion 
of Zener diode D1 and resistor R6. Current 
consumption is around 10mA, due mainly 
to the 1.e.d.s. 

Note that the author used a PIC16C84, 
but the use of a PIC 16F84 (which is pin-
compatible) is recommended, as the former 
is no longer manufactured. 

SOFTWARE 
In the software, the delay before the 

Pull 1.e.d. is illuminated is made variable, 
and thus unpredictable. A routine counts 
the number of internal instructions which 
have been executed since the buttons 
were last pressed. Since the counter is 
never reset, and so is effectively always 
started from a different initial count, the 
delay generated will be different each 
time. 
The program continuously reads the 

input ports to determine if either of the 
switches SI or S2 has been pressed, and if 
not the random delay counter is decrement-
ed. When this counter reaches zero, the Pull 
1.e.d. is switched on. 

In the interests of strict fairness, both 
switches are read simultaneously, by read-
ing the whole of Port A, and then extract-
ing the status of RAI and RA3 using an 
AND command. This is preferable to using 
the bit test instructions (BTFSS) on RAI 
and RA3, which would have to be used 
sequentially. 

WINNING LINE 
Once a switch operation is detected, the 

program determines which instruction to 
execute, depending on which button was 
pressed and whether or not the Pull 1.e.d. is 
on, and then checks if an overall winner has 
emerged. The 1.e.d. display is updated 

Completed prototype Tug-of-War circuit board. The supply "smoothing" electrolytic 
capacitor (C2) is missing from the board and the Zener diode (D11) has been repo-
sitioned in the final model. You could use chassis mounting pushswitches and 
mount them in separate "contestanr boxes on long connecting leads if desired. 

accordingly. if appropriate. In the unlikely 
event that both switches have been pressed 
simultaneously the 1.e.d. display remains 
unaltered. 
Once 1.e.d.s D1 or D9 are turned on, a 

further win by switches S 1 or S2 respec-
tively does not result in a further shift 
and the 1.e.d. remains on indicating the 
winner. 

Normally at this point in a real tug-of - 
war, the teams retire to the village pub 
where the winning team would enjoy a 
round of drinks at the expense of the losers_ 
Here. with this PIC version, the winner 
must be content with the rendition of a 
tune, which in the author's opinion is 
appropriate, as it may remind you of 
Queen's "We are the champions . . .", even 
though it is only played via a simple piezo 
electric sounder! 

CONSTRUCTION 
Printed circuit board assembly and lay-

out details are shown in Fig.2. This board is 
available from the EPE PCB Service, code 
435. 
The board holds all of the components 

except for the sounder WD1, on/off switch 
S3 and, of course, the battery Bl. Assemble 
the board in order of ascending component 
size. Ensure that capacitor C2, Zeiler D 1 I 
and the 1.e.d.s are mounted the right way 
around. 

If the finished board is to be mounted in 
a box, the switches could be changed to 
panel mounted types and connected to the 
board by short lengths of wire. 
A socket must be used for the PIC, IC I. 

which must be pre-programmed — see 
later. Normal anti-static precautions 
should be observed when handling the 
PIC and it should be fitted only when all 
the other components are soldered in 
place and thorough checks made of the 
assembly. 

Before fitting the PIC, connect a 9V bat-
tery to the circuit. With a voltmeter set to a 
suitable range, measure the voltage 

between pins 5 and 14 on the i.c. socket 
(pin 5 OV) and check to see that it does not 
exceed 5V. 

If all is well, switch off and mount the 
chip in the socket taking care to ensure that 

COMPONENTS 
Resistors See 
R1, R4, R6 390Q (3 off) 
R2, R3 100k (2 off) 
R5 5k6 

Al 0.25W carbon film 

Capacitors 
C1 
02 

TALK 
page 

22p ceramic disc 
22a axial elect. 16V 

Semiconductors 
D1 to D10 red . ed., 5mm ( 10 off) 
D11 4V7 500m\N Zener 

diode 
IC1 PIC16F84 

microcontroller 
(preprogrammed, 
see text) 

Miscellaneous 
Si, S2 min. s.p. push-to-make 

switch, p.c.b. mounting 
(2 off) (see text) 

S3 min. s.p.s.t. toggle 
switch 

WD1 piezoelectric passive 
sounder 

B1 9V battery (PP3 type), 
with clip 

Printed circuit board, available from 
the EPE PCB Service, code 435; plastic 
case, size and type to choice; 18-pin 
di]. socket; connecting wire; solder etc. 

Approx. Cost 
Guidance Only £15 

excl case & batt. 
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Fig.2. Printed circuit board component layout, full-size copper foil master and wiring 
details for the PIC Tug-of- War. 

it is fitted the correct way around. Further 
testing or setting up is not required and pro-
vided no wiring mistakes have been made, 
the circuit should function correctly. 

BRINKSMANSHIP 
Having played the game a few times, the 

author realised that if the Pull led. was 
disabled, an even more interesting version 
of the game would result. Since there 
would now be no indication of whether or 
not it was "safe" for a player to press his 
button, the whole nature of the game would 
change from one based simply on the speed 
of reaction to one of brinkmanship. 

It would obviously be in a player's inter-
est to hang back for as long as possible to 
ensure that it was safe to press his button, 
but on the other hand delaying too long 
could result in his opponent pressing his 
button first and winning the round. 

This change can be implemented at the 
time that the unit is first switched on prior 
to any gaming session. 

If switch S2 is held pressed prior to 
power being applied, the circuit simply 
programs pin RAO as an input and in this 
(high impedance) mode it is unable to 
light the Pull led. so that it remains off 
throughout the game. At the end of the 
game, when the unit plays its tune, port 
RAO is redefined as an output so that the 
tune plays normally. 

RESOURCES 
The PIC programming software for this 

design is available from the EPE PCB 
Service on 3.5-inch disk, for which a nom-
inal handling charge applies. It is also 
available for free download via our website 
at www.epemag. wimberne.co.uk. It is in 
folder PICs/Tug of War. Read this month's 
Shoptalk page for details about purchasing 
preprogrammed PICs and other compo-
nents for this project. 
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Sonic Ice Warning 
Some readers may have difficulties in tracking down a local source for 

two of the semiconductor devices used in the Sonic Ice Warning project. 
The rest of the components seem to be "off-the-shelf" items. Certainly, 
the LM35DZ temperature i.c. is stocked by most of our components 
advertisers. 
The TS932IN dual, rail-to-rail, micropower op.amp is currently stocked 

by Farnell (fe 0870 1200 200 or www.farnellinone.co.uk), code 332-
9392. They also supplied the Analog Devices AD680 2.5V reference volt-
age chip, code 411-218. Expect to pay a handling charge. 
The author suggests that other low-power dual op.amps that are pin-

tor-pin compatible and suitable for a single supply could be used here. 
The same applies to the reference voltage i.c. 
The printed circuit board is available from the EPE PCB Service, code 

433 (see page 147). 
Finally, note that it is most important that the metal body of the DIN 

socket must not make contact with the OV line. The light-duty auto-wire 
and "bullet" connectors should be available from motor spares shops. 

PIC LCF Meter 
Just a few minor points came to light when checking out parts for the 

PIC LCF Meter project. As a 2-way 3-pole combination rotary switch 
appears to be non-existent, you will need to order a 4-way 3-pole type 
with an adjustable rotation end-stop and set it for 2-way operation. Quite 
a number of our advertisers now stock 2-line 16-characters per line 
alphanumeric I.c.d. modules and sourcing should not be a problem. 
The 1014H axial inductor used in the prototype is the type that resem-

bles a resistor and should be widely availabre. It can usually be found in 
catalogues listed as an r.f. choke. 

Ideally, the LC oscillator capacitors, C5a/b and C6aJb, should be 1% 
types but these are not generally available and you may have to accept 
5% tolerance types. We have only seen "close tolerance" polystyrene 
film and silvered mica types boasting a 1% tolerance — at a price, of 
course. 
A pre-programmed PIC16F628 microccntroller can be purchased 

from Magenta Electronics (le 01283 565435 or www.magenta2000. 
co.uk) for the inclusive price of £4.90 each (overseas add £1 p&p). The 
software is available on a 3.5in. PC-compatible disk (Disk 7) from the 

EPE Editorial Office for the sum of £3 each (UK), to cover admin costs 
(for overseas charges see page 147). It is also available Free via the 
Downloads click-link option on the EPE home page when you enter our 
main web site at www.epemag.wimborne.co.uk, then enter the PIC 
Microcontroller source codes folder and select PIC LCF Meter. 
The printed circuit board is available from the EPE PCB Service, code 

434 (see page 147). 

Tug-of-War 
No likely problems to report concerning components for the Tug-of-

War game project. 
For those readers unable to program their own PICs, a ready-pro-

grammed PIC microcontroller can be purchased directly from the author 
for the sum of £5.50 inclusive (add £1 for overseas). Although the author 
used a PIC16C84 in the model, which is no longer manufactured, and 
the PIC16F84 is its pin-compatible replacement, we understand the 
author will be supplying the PIC16C54. 

Orders should be sent to Bart Trepak, 20 The Avenue, London, W13 
8PH. Payments should be made out to B. Trepak, and only in £ sterling 
and drawn on a British bank, UK postal orders are also accepted. 
The software is available on a 3.5in. PC-compatible disk ( Disk 7) from 

the EPE Editorial Office for the sum of £3 each (UK), to cover admin 
costs (for overseas charges see page 147). It is also available Free via 
the Downloads click- link option on the home page when you enter our 
main web site at www.epemag.wimborne.co.uk, then enter the PIC 
Microcontroller source codes folder and select PIC Tug-of-War. 
The printed circuit board is available from the EPE PCB Service, code 

435 (see page 147). 

Jazzy Necklace 
The only source we have located for the 6mm clear cast acrylic rods 

used in the Jazzy Necklace project has been RS Components, code 
824-531 (five per lot). They can be ordered through any bona-fide RS 
stockist, including some of our advertisers. You can order direct (credit 
card only) from RS on fe 01536 444079 or rswww.com). A post and 
packing charge will be made. 
We most strongly recommend that readers only use a non-mercury tilt 

switch in this project. If any readers have problems finding one, it is cur-
rently listed in the new Squires (le 01243 842424 or 
www.squirestools.com) catalogue, code TSW760. 
The ultrabright I.e.d.s and other semiconductors are fairly common 

devices and should be easy to find locally. The "necklace" printed circuit 
board, together with the small battery p.c.b., are obtainable from the 
EPE PCB Service, code 432 (see page 147). For the glass beads we 
can only suggest you try needlecraft shops. 
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New Technology 
Update 
MANY of the recent improvements in 

capacitor technology are being taken 
for granted. These days capacitors are far 
smaller, and offer far greater levels of per-
formance and reliability than those pro-
duced a few years back. 
As many of the improvements have 

taken place without all the fanfare of the 
semiconductor developments they are 
often overlooked. Nevertheless, there are 
many revolutionary ideas that are being 
worked upon even now. 
Increasing the capacitance density is 

one major focus for activity. The possi-
bility of having very large capacitances 
in a small volume is of particular inter-
est. With much greater values of capaci-
tance density very large figures for 
capacitance are available in manageable 
packages. 
The developments are opening up new 

applications for these components. Many 
of these are in the higher current areas, 
including some electrical applications. 

New Research 
Researchers at Cambridge University 

are developing new electrode materials 
for very high performance super-capaci-
tors. The focus of this research has been 
directed towards merging the properties 
of nano-tubes and conducting polymer 
films. Carbon nano-tubes provide a very 
high surface area and good electrical 
conductivity that enable them to achieve 
very fast response times, making them 
particularly good for many electronic 
applications. 
The other element to the research has 

been into developing the conducting poly-
mers. These polymers can be reversibly 
oxidised and reduced, and their conductiv-
ity approaches that of copper. This makes 
them ideal for use in capacitors where high 
levels of charge storage are required. 
However, they offer comparatively slow 
response times. 

It was the aim of this research to be able 
to provide the best from both technologies 
to enable high value super-capacitors, with 
fast response times, to be produced. In this 
way super-capacitors will be able to be 
utilised in a number of new applications 
that were not previously possible. Using 
the new technology capacitance levels of 
up to 2F/cm3 have been attained — levels 
which only a few years ago would not have 
been thought possible. 
The research has focussed upon merging 

the two technologies by utilising carbon 
films and conducting polymers in compos-
ite films of the two materials. 

Whilst the spotlight seems to be continually on 
semiconductor developments, equally important 
advances are being made ih capacitor technology, 
reports Ian Poole. 

Growing Films 
In order to be able to grow the compos-

ite films, very close control of the condi-
tions is required. Only in this way is it pos-
sible to effectively combine the redox 
charge storage mechanism of the conduct-
ing polymers with high surface area of the 
carbon nano-tubes. It has been found that 
the alignment, concentration, production, 
dimensions and the chemical treatment of 
the nano-tubes all varied the overall per-
formance of the resulting material. This 
has resulted in nano-tubes coated in a very 
thin layer of a conductive polymer known 
as polypyrrole. 

It has also been found that introducing a 
negatively charged functional group 
improves the production process. The 
group is attached to the nano-tube surface 
during production using an acid treatment 
process. 
This enables excellent interaction 

between the nano-tube surface and the 
conducting polymer film to be achieved. It 
also indicates that theories developed for 
the interaction of small molecules with 
conducting polymers is equally applicable 
in many respects for the interaction of 
much larger carbon nano-tubes with these 
polymers. 
The technology works using an electro-

chemical reduction and oxidation process. 
Charge is stored on the polypyrrole mole-
cules that are strictly known as pseudo-
capacitors. It is then possible to optimise 
the capacitor using different levels of film 
thickness, different polymers and different 
production techniques. In this way the 
optimum performance can be provided for 
a given application. 

Results 
The research team managed to success-

fully produce composites of carbon nano-
tubes with conducting polymers and to 
gain some remarkable results. They were 
able to achieve capacitance levels in excess 
of 200F/g and 2.6F/cm2. These levels are 
quite remarkable and are more than twice 
the figures seen when the technologies are 
used on their own. 
These levels of capacitance open the way 

for the use of these capacitors in electric 
vehicles. Currently one of the major prob-
lems limiting the use of electric vehicles is 
that the batteries used are typically lead 
acid types that are exceedingly heavy. This 
weight significantly limits the use of these 
vehicles with most of the weight often 
being contributed by the batteries them-
selves. By using these new capacitors to 

store power electric vehicles could be 
given a new lease of life. 

In addition to this the capacitors could 
find many uses within the much lower cur-
rent electronics area. Here they could pro-
vide very high levels of capacitance for 
small circuits. They may even provide a 
hold-up-battery function, charging up 
when the power supply is available, and 
then supplying the circuit when the power 
is removed. 
Now that the technology has been 

proved, the university is looking for 
investors to help in commercialising the 
technology. 

Other Developments 
There are many other capacitor devel-

opments that are being undertaken. AVX, 
a major manufacturer of capacitors has 
moved forward tantalum capacitor tech-
nology to provide capacitors with an 
extended temperature operating range, 
allowing operation at temperatures up to 
170°C. Although these temperatures are 
unlikely to be experienced in normal 
domestic electronics, automotive and 
especially many "on-engine" applica-
tions as well as many applications in the 
industrial sector experience extreme tem-
peratures. Here the ability to use compo-
nents that are operating well within their 
limits ensures that reliability is kept to 
the highest levels. 
To achieve this the maximum operating 

temperature of the materials was investigated 
to prove their long-term stability at elevated 
temperatures. 
Further developments of other areas have 

also been made. The tantalum anode itself 
is particularly important. Applying similar 
rules to those used for the general material 
development, the tantalum powder used 
for the anode has been optimised. Even 
small changes in characteristics such as the 
granularity, porosity, and purity make sig-
nificant differences. 
Again the encapsulation of the finished 

capacitor is important. This needs to be 
able to reduce the stresses arising from 
thermal and mechanical shocks as well as 
preventing moisture ingress. To achieve 
this new moulding compounds have been 
developed. 
This work has resulted in components 

that are able to run continuously in an envi-
ronment at 150°C with reliability levels 
twice that of existing components at lower 
temperatures. 
Further information about electronics 

technology can be seen at www.radio-
elecronics.com. 
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H.P. 533104 Mod Domain Analyser Opt 001,003 [5000 
060 00661 CF300 %rises FFT Analyser £1500 
HP. 87200 Mcrae. Nenvork Analyser. 501.1Hz,20GH, £ 12,500 

RADIO COMMBNICATIONS TEST SETS 
MARCONI 295512955R Frpr, £1000 
ROHDE k SCHWAR2 CIIIT 0.1.1000MH4 £ 5Ce 
SCHLUMBERGER 4840 £ 50 

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 o' Goods and Carriage 
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INTER 
Robert Pen fold 

FURTHER PC SERIAL PORT USE OF INPOUT32.DLL 

IN the previous Interface article the 
subject of directly controlling the PC 

serial ports was considered with special 
reference to the new version of 
inpout32.dll. By writing the appropriate 
values to the registers of a serial port it is 
possible to set the required baud rate and 
word format. 
Writing bytes of data can be equally 

straightforward, and in its most basic it is 
just a matter of writing the data to the 
data register of the UART. Receiving is 
also fairly straightforward. The UARTs 
used in PCs, in common with most UART 
chips, do not provide individual control 
of the sending and receiving baud rate or 
word format. The methods of setting the 
baud rate and word format described in 
the previous Interface article therefore 
apply equally to receiving data. 

Multiple Readings 
When sending data it is necessary to 

ensure that bytes are not written to the 
transmission register at an excessive rate. 
There can be a similar problem when 
receiving data, in that it is possible to take 
readings at a higher rate than data is 
received. This is not necessarily of impor-
tance, and it depends on how the 
received data will be used. In a very sim-
ple application it would probably be of no 
importance. 
Suppose that the serial port is receiving 

readings from a temperature interface 
and displaying the readings on the screen 
via a digital readout. Suppose also that 
the interface is monitoring the air temper-
ature, which would change only quite 
slowly. The interface could be designed to 
provide (say) a new reading once per sec-
ond. This would be more than adequate 
to accurately track slow temperature 
changes. 
The software could be designed to 

update the display at a somewhat faster 
rate of perhaps ten times per second. This 
would ensure that any change in the data 
from the interface would quickly be read 
and the new reading would be displayed 
almost at once. 

Sampling Rates 
With this system each byte of data 

would be read from the UART about ten 
times. While this is admittedly a bit ineffi-
cient, it is unlikely to be of any practical 
importance. Although there are multiple 
readings of each byte of data, the values 
being displayed are the latest readings 
and are accurate. The situation would be 
different if readings were being taken at 
regular intervals and plotted on a graph. 
Readings would have to be taken at one 
second intervals in order to match the 
rate of the interface. 
This could be done using separate 

timers in the interface and the software 
running on the PC, but this type of thing 
cannot be guaranteed to maintain proper 
synchronisation. With a low sampling 

rate it might actually work quite well, but 
at higher rates the two parts of the system 
would inevitably suffer from a lack of 
accurate synchronisation. Some bytes of 
data would be missed and others would 
be read twice. 
On the face of it, with a serial interface 

it is possible to transfer bytes of data, 
which is of little use where it is necessary 
to transfer 16 or 32 bits of data. Also, a ser-
ial interface seems to be unsuitable where 
it is necessary to read several sensors with 
each one producing a byte of data. 

In practice serial ports are often used 
with sophisticated pieces of hardware 
that require something more than an 8-bit 
interface. The trick is to send groups of 
bytes. With five sensors for example, 
groups of five bytes would be sent. 
This is another example where it is 

essential for the PC receiving the 
data to be properly synchronised 
to the sending device. The 
receiving computer knows that 
the first, second, third, etc., bytes 
of data in each group correspond 
to the first, second, third, etc. 
sensors. This method clearly 
relies on the computer detecting 
each new byte of data so that its 
group, and position in the group, 
can be determined using a sim-
ple counting system. With ran-
dom reading there is no way of 
knowing which sensor has pro-
duced each byte of data. 

Polling 

this problem is to have the soft-
ware detect and immediately read each 
fresh byte of data. With this system the 
rate at which readings are taken is con-
trolled solely by the timer in the interface, 
and synchronisation will not be lost pro-
vided the program in the PC can keep up 
with the flow of data. 
This should not be a problem because 

an ordinary serial interface is not par-
ticularly fast even when used at high 
baud rates. Some other form of inter-
face is required if you need to transfer 
data at more than about 10 kilobytes 
per second. 
Of course, things are effectively slowed 

down still further when sending data in 
the form of groups of bytes. With a single 
sensor producing single bytes of data it is 
possible to take readings at about 10,000 
per second when using the highest nor-
mal baud rate of 115 kilobaud. 
Using five sensors would still give an 

overall rate of 10,000 per second, but just 
2,000 per sensor. Using a single sensor but 
with (say) four bytes per reading, the 
maximum number of readings per second 
would be reduced to 2,500. Clearly these 
rates are still high enough to acconuno-
date many applications, but serial inter-
facing is not suitable for the more 
demanding tasks. 

In both cases the way around 

Basic Reading 

In order to read data from a serial port 
it is just a matter of reading from the data 
register, which is at the base address of 
the port. This will usually be &H3F8 for 
port one (COM1) and &H2F8 for port two 
(COM2), but these port addresses can be 
checked using the Windows Device 
Manager program if you are in any doubt. 
Reading from the ports using Visual 

BASIC is now very straightforward 
regardless of which version of Windows 
is in use. Using the new version of 
inpout32.dll it is possible to add the Inp 
and Out commands, even with a PC run-
ning under Windows NIT 2000, or XP In 
the simple examples provided here it is 
assumed that Visual BASIC is equipped 
with the new inpout32.dll. 

C3=11111111111111r 

64 
ii 

).1 

Fig. 1. Incorrect value at the halfway slider setting 
when the slider's maximum value is set to 255. 

In order to display readings from a ser-
ial port it is merely necessary to add a 
label and a timer to the form and add a 
line of code. Make the label quite large 
and give it a suitably large text size using 
the Font panel of the Properties Inspector. 

Set the timer's Interval value at (say) 
50 milliseconds using the Properties 
Inspector, which will give twenty read-
ings per second. Use this routine for the 
timer component: 

Private Sub Timerl Timer() 
Labell.Caption = litp(&H3F8) 
End Sub 

The Inp function reads the data register 
of the serial port and writes that value to 
the caption property of the label so that it 
is displayed on the screen. The address 
used here is correct for serial port one, 
and should be changed to &H2F8 in order 
to read serial port two. 
The easiest way to test the reception of 

serial data is to get the port to send data 
to itself. This requires a link between the 
transmit and receive pins on the serial 
port. A nine or 25-way female D connec-
tor is needed to make connections to a PC 
serial port, and with both types the 
required link is between pins 2 and 3. The 
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pin numbers are marked on the connec-
tors, but you might need a magnifier in 
order to read them. In this case a small 
crocodile clip can be used to bridge the 
relevant two pins on the male connector, 
but due care must be taken to avoid acci-
dental connections to earth or other pins. 
The setup described above needs a hor-

izontal scrollbar added to the form. This 
should have its Min and Max values set at 
0 and 255 respectively using the 
Properties Inspector. This routine is used 
for the timer: 

Private Sub Timed Timer() 
Out dr.H3F8, HScrorll.Value 
Labell.Caption = Inp(grH3F8) 
End Sub 

The additional line of code outputs the 
value read from the scrollbar to the serial 
port's data register. As before, values from 
this register are read and applied to the 
caption. It is easy to show that the values 
read from this register are being sent via 
the serial link and are not simply being 
read from the transmitter's data latch. 
Remove the link and the readings on the 
display will be "frozen". 

This is not a limitation of the 
hardware, and Microsoft's 
MSCOMM ActiveX add-on pro-
vides full eight-bit operation. It 
is presumably due to a peculiari-
ty in the operating system or 
firmware. Anyway, limiting the 
system to seven-bit operation by 
setting the Max value of the 
scrollbar to 127 does get the sys-
tem functioning correctly (Fig.2). 

Looping 
Data being received by the ser-

ial port generates an interrupt, 
so this represents one way of 
limiting the program to only tak-
ing a reading when fresh data is 
available. If you prefer to avoid 
the complications of interrupts it 
is possible to obtain a hold-off by 
using a flag bit in the UART's 
Line Status register. 
This register is at &H3FD for serial port 

one and &H2FD for serial port two. The 
received data bit is at bit 0, and this is set 
to 1 when a new byte of data is received. 
It is automatically reset to zero when the 
serial port is read. 

To receive groups of bytes the 
program would therefore have to 
provide a hold-off before reading 
each byte of data. The hold-off 
would be provided by monitor-
ing the received data bit and only 
allowing data to be read once it 
had been set. A simple loop gives 
the required action, such as this 
Do ... Until type: 

Fig.2. Setting the slider's maximum value to 127 
produces the correct result for a halfway setting. 

Limitation 
If you try the program it will soon 

become obvious that it does not work 
properly! Values advance correctly as the 
scrollbar is adjusted to the left, but things 
go wrong at the halfway point (Fig.1). 
What is happening is that bit 7 is stuck 

at zero, causing the count to go from 0 to 
127 at the midpoint. It then counts up to 
127 again as the scrollbar is advanced fur-
ther to the left. The port seems to opt for 
seven-bit operation regardless of the 
word format set via the operating system 
or writing direct to the serial port's 
registers. 

At I- purl 

Do Until 
(Inp(&1-13FD) AND 1) = 1 
Loop 

The bitwise AND function is 
used to read only the required bit 
of the register and mask the oth-
ers. Of course, some form of sim-
ple counter routine is needed in 

order to ensure that each byte of data is 
sent to the correct destination. 

Ins and Outs 
The UART gives individual access to 

the handshake lines of the serial ports, 
which makes it possible to use them as 
general purpose inputs and outputs. 
Remember though, that these lines oper-
ate at nominal levels of -±12V and not 
normal 5V logic levels. 
The DTR and RTS outputs are respec-

tively controlled by bits 0 and 1 of the 
Modem Control register which is at 
address &H3FC (port one) or &I-I2FC 

SET LOW 

F 

SET HIGH 

DSR 

16 0 

64 0 

Fig.3. The program in operation. 

(port 2). Setting one of these bits at 0 
places the relevant output at —12 volts, 
and setting it to 1 sends it to + 12 volts. 

Handshake 
The handshake inputs can be read at 

the most significant nibble of the Modem 
status register, as detailed below: 

Bit Handshake Line 
4 Clear to send (CTS) 
5 Data set ready (DSR) 
6 Ring indicator (RI) 
7 Data carrier detect (DCD) 

The following listing, together with 
eight labels, two command buttons, and a 
timer, enables the handshake outputs to 
be set high or low, and the values read 
from individual handshake bits to be dis-
played. You can check out the handshake 
lines by coupling the outputs to some of 
the inputs and operating the buttons. 
The readings on the relevant labels 

should change when the output states are 
changed using the buttons. Fig.3 shows 
the program in operation. 

Private Sub Commandl_Clicko 
Out &H3FC, 
End Sub 

Private Sub Command2_Click() 
Out &H3FC, 3 
End Sub 

Private Sub Timerl Timer() 
Labell.Caption = (Iiip(8rH3FE) And 16) 
Labe12.Caption = (Inp(&H3FE) And 32) 
Labe13.Caption = (Irtp(&1-13FE) And 64) 
Labe14.Caption = (Inp(&H3FE) And 128) 
End Sub 
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE 

—414 LVital Syanns 

Complimentary output stage 

Logic Probe testing 

ELECTRONICS CD-ROMS 
ELECTRONICS PROJECTS 

Electronic Projects is split into two main sections: Building Electronic Projects 
contains comprehensive information about the components, tools and techniques 
used in developing projects from initial concept through to final circuit board 
production. Extensive use is made of video presentations showing soldering and 
construction techniques. The second section contains a set of ten projects for 
students to build, ranging from simple sensor circuits through to power amplifiers. A 
shareware version of Matrix's CADPACK schematic capture, circuit simulation and 
p.c.b. design software is included. 
The projects on the CD-ROM are: Logic Probe; Light, Heat and Moisture Sensor; 
NE555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power 
Amplifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics 
and p.c.b. layouts are included on the CD-ROM. 

ELECTRONIC CIRCUITS & COMPONENTS V2.0 

Circuit simulation screen 

Provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The 
virtual laboratories, worked examples and pre-designed circuits allow students to 
learn, experiment and check their understanding. Version 2 has been considerably 
expanded in almost every area following a review of major syllabuses (GCSE, GNVQ, 
A level and HNC). It also contains both European and American circuit symbols. 
Sections include: Fundamentals: units & multiples, electricity, electric circuits, 
alternating circuits. Passive Components: resistors, capacitors, inductors, 
transformers. Semiconductors: diodes, transistors, op.amps, logic gates. Passive 
Circuits. Active Circuits. The Parts Gallery will help students to recognise common 
electronic components and their corresponding symbols in circuit diagrams. 
Included in the Institutional Versions are multiple choice questions, exam style 
questions, fault finding virtual laboratories and investigations/worksheets. 

ANALOGUE ELECTRONICS 
Analogue Electronics is a complete learning resource for this most difficult 
branch of electronics. The CD-ROM includes a host of virtual laboratories, 
animations, diagrams, photographs and text as well as a SPICE electronic circuit 
simulator with over 50 pre-designed circuits. 
Sections on the CD-ROM include: Fundamentals - Analogue Signals (5 
sections),Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps 
- 17 sections covering everything from Symbols and Signal Connections to 
Differentiators. Amplifiers - Single Stage Amplifiers (8 sections), Multi-stage 
Amplifiers (3 sections). Filters - Passive Filters ( 10 sections), Phase Shifting 
Networks (4 sections), Active Filters (6 sections). Oscillators - 6 sections from 
Positive Feedback to Crystal Oscillators. Systems - 12 sections from Audio 
Pre-Amplifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos. 

DIGITAL ELECTRONICS V2.0 
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Virtual laboratory - Traffic Lights 

Filter synthesis 

Digital Electronics builds on the knowledge of logic gates covered in Electronic 
Circuits & Components (opposite), and takes users through the subject of digital 
electronics up to the operation and architecture of microprocessors. The virtual 
laboratories allow users to operate many circuits on screen. 
Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, 
monostable action and circuits, and bistables - including JK and D-type flip-flops. 
Multiple gate circuits, equivalent logic functions and specialised logic functions. 
Introduces sequential logic including clocks and clock circuitry, counters, binary 
coded decimal and shift registers. A/D and D/A converters, traffic light controllers, 
memories and microprocessors - architecture, bus systems and their arithmetic logic 
units. Sections on Boolean Logic and Venn diagrams, displays and chip types have 
been expanded in Version 2 and new sections include shift registers, digital fault 
finding, programmable logic controllers, and microcontrollers and microprocessors. 
The Institutional versions now also include several types of assessment for 
supervisors, including worksheets, multiple choice tests, fault finding exercises and 
examination questions. 

FILTERS 
Filters is a complete course in designing active and passive filters that makes 
use of highly interactive virtual laboratories and simulations to explain how filters 
are designed. It is split into five chapters: Revision which provides underpinning 
knowledge required for those who need to design filters. Filter Basics which is a 
course in terminology and filter characterization, important classes of filter, filter 
order, filter impedance and impedance matching, and effects of different filter 
types. Advanced Theory which covers the use of filter tables, mathematics 
behind filter design, and an explanation of the design of active filters. Passive 
Filter Design which includes an expert system and filter synthesis tool for the 
design of low-pass, high-pass, band-pass, and band-stop Bessel, Butterworth 
and Chebyshev ladder filters. Active Filter Design which includes an expert 
system and filter synthesis tool for the design of low-pass, high-pass, band-pass, 
and band-stop Bessel, Butterworth and Chebyshev op.amp filters. 

ELECTRONICS 
CAD PACK 

PCB Layout 

Electronics CADPACK allows users to 
design complex circuit schematics, to view 
circuit animations using a unique SPICE-
based simulation tool, and to design 
printed circuit boards. CADPACK is made 
up of three separate software modules. 
(These are restricted versions of the full 
Labcenter software.) ISIS Lite which 
provides full schematic drawing features 
including full control of drawing 
appearance, automatic wire routing, and 
over 6,000 parts. PROSPICE Lite 
(integrated into ISIS Lite) which uses 
un.que 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. 

ROBOTICS & 
MECHATRONICS 
1==r-

Case study of the Milford 
lbstruments Spider 

Robotics and Mechatronics is designed to 
enable hobbyists/students with little 
previous experience of electronics to 
design and build electromechanical 
systems. The CD-ROM deals with all 
aspects of robotics from the control 
systems used, the transducers available, 
motors/actuators and the circuits to drive 
them. Case study material (including the 
NASA Mars Rover, the Milford Spider and 
the Furby) is used to show how practical 
robotic systems are designed. The result 
is a highly stimulating resource that will 
make learning, and building robotics and 
mechatronic systems easier. The 
Institutional versions have additional 
worksheets and multiple choice questions. 
• Interactive Virtual Laboratories 
• Little previous knowledge required 
• Mathematics is kept to a minimum and 

all calculations are explained 
• Clear circuit simulations 

PRICES 
Prices for each of the CD-ROMs above are: 

(Order form on third page) 

Hobbyist/Student £45 inc VAT 
Institutional (Schools/HE/FE/Industry)  £99 plus VAT 

Institutional 10 user (Network Licence) £199 plus VAT 
Site Licence £499 plus VAT 
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(UK and EU customers add VAT at 17.5% to "plus VAT" prices) 
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PlCmicro TUTORIALS AND PROGRAMMING 
HARDWARE 

VERSION 2 PlCmicro MCU 
DEVELOPMENT BOARD 

Suitable for use with the three software packages 
listed below. 

This flexible development board allows students to learn 
both how to program PlCmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40-pin devices. For 
experienced programmers all programming software is 
included in the PPP utility that comes with the development 
board. For those who want to lean, choose one or all of the 
packages below to use with the Development Board. 
• Makes it easier to develop PlCmicro projects 
• Supports low cost Flash-programmable PlCmicro 

devices 
• Fully featured integrated displays — 13 individual I.e.d.s, 

quad 7-segment display and alphanumeric I.c.d. display 
• Supports PlCmicro microcontrollers with AID converters 
• Fully protected expansion bus for project work 
• All inputs and outputs available on screw terminal 

connectors for easy connection 

El 45 including VAT and postage 

12V 500mA plug-top PSU (UK plug) £7 

25-way 'D' type connecting cable £5 

SOFTWARE  
Suitable for use with the Development Board shown above. 

ASSEMBLY FOR PlCmicro V2 
(Formerly PICtutor) 

Assembly for PlCmicro microcontrollers V2.0 
(previously known as PICtutor) by John 
Becker contains a complete course in 
programming the PIC16F84 PlCmicro 
microcontroller from Arizona Microchip. It 
starts with fundamental concepts and 
extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 
The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PlCmicro micro-
controller. This is a simulation tool that 
allows users to write and execute IvPASM 
assembler code for the PIC16F84 
microcontroller on-screen. Using this you 
can actually see what happens inside the 
PlCmicro MCU as each instruction is 
executed which enhances understanding. 
• Comprehensive instruction through 39 
tutorial sections • Includes Vlab, a Virtual 
PlCmicro microcontroller: a fully fJnctioning 
simulator • Tests, exercises and projects 
covering a wide range of PlCmicro MCU 
applications • Includes MPLAB assembler 
• Visual representation of a PlCmicro 
showing architecture and functions • 
Expert system for code entry helps first time 
users • Shows data flow and fetch execute 
cycle and has challenges (washing 
machine, lift, crossroads etc.) • Imports 
MPASM files 

Virtual PlCmicro 

'C' FOR PlCmicro 
VERSION 2 

The C for PlCmicro rnicrocontrollers CD-
ROM is designed for students and 
professionals who need to learn how to 
program embedded microcontrollers in C. 
The CD contains a course as well as aU the 
software tools needed to create Hex code 
for a wide range of PlCmicro devices — 
including a full C compi.er for a wide range 
of PlCmicro devices. 
Although the course focuses on the use of 
the PlCmicro microcontrolle's, this CD-
ROM will provide a good grounding in C 
programming far any microcontroller. 
• Complete course in C as well as C 
programming for PlCmicro microcontrollers 
• Highly interactive course • Virtual C 
PlCmicro improves understanding • 
Includes a C compiler for a wide range of 
PlCmicro devices • Ircludes full Integrated 
Development Environment • Includes 
MPLAB software • Compatible with most 
PlCmicro programmers • Includes a 
compiler for all the PICnicro devices. 
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Minimum system requirements for these 
items: Pentium PC running Windows 98, 

NT, 2000, ME, XP, CD-ROM d-ive; 
64MB RAM; 10MB ha-d disk space. 

FLOWCODE FOR PlCmicro 
Flowcode is a very high level language 
programming system for PlCmicro 
microcontrollers based on flowcharts. 
Flowcode allows you to design and simulate 
complex robotics and control systems in a 
matter of minutes. 
Flowcode is a powerful language that uses 
macros to facilitate the control of complex 
devices like 7-segment displays, motor 
controllers and I.c.d. displays. The use of 
macros allows you to control these 
electronic devices without getting bogged 
down in understanding the programming 
involved. 
Flowcode produces MPASM code which is 
compatible with virtually all PlCmicro 
programmers. When used in conjunction 
with the Version 2 development board this 
provides a seamless solution that allows 
yo J to program chips in minutes. 
• Requires no programming experience • 
Allows complex PlCmicro applications to be 
designed quickly • Uses international 
standard flow chart symbols (IS05807) • 
Full on-screen simulation allows debugging 
arxi speeds up the development process 
• Facilitates learning via a full suite of 
demonstration tutorials • Produces ASM 
code for a range of 8, 18, 28 and 40-pin 
devices • Institutional versions include 
virtual systems (burglar alarms, car parks 
etc.). 

eft 

Burglar Alarm Simulation 

PRICES 
Prices for each of the CD-ROMs above are:: 

(Order form on next page) 

HoobyistIStudept 
Institutional (Schools/HE/FE/Industry) 
Flowcode Institutional 

Institutional 10 user (Network Licence) 
Site Licence 

£45 Inc VAT 
£99 plus VAT 
£70 plus VAT 

£249 plus VAT 
£599 plus VAT 

(UK and EU customers add VAT at 17.5% to "plus VAT" prices) 
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TEACH-IN 2000 - LEARN ELECTRONICS WITH EPE DIGITAL WORKS 3.0 
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EPE's own Teach-In CD-ROM, contains 
the full 12-part Teach-ln series by John 
Becker in PDF form plus the Teach-In 
interactive software covering all aspects 
of the series. We have also added Alan 
Winstanley's highly acclaimed Basic 
Soldering Guide which is fully illustrated 
and which also includes Desoldering. 
The Teach-In series covers: Colour 
Codes and Resistors, Capacitors, 
Potentiometers, Sensor Resistors, Ohm's 
Law, Diodes and L.E.D.s, Waveforms, 
Frequency and Time, Logic Gates, 
Binary and Hex Logic, Op.amps, 
Comparators, Mixers, Audio and Sensor 
Amplifiers, Transistors, Transformers and 
Rectifiers, Voltage Regulation, Integration, Differentiation, 7-segment Displays, L.0 D.s. 
Digital-to-Analogue. 
Each part has an associated practical section and the series includes a simple PC 
interface so you can use your PC as a basic oscilloscope wth the various circuits. 
A hands-on approach to electronics with numerous breadboard circuits to try out. 

£12.45 including VAT and postage. Requi.es Adobe Acrobat (ava,lable free from 
the Internet - www.adobe.com/acrobat). 

FREE WITH EACH TEACH-IN CD-ROM - Electronics Hobbyist Compendium 80-page 
book by Robert Penfold. Covers Tools For The Job; Component Testing; Oscilloscope 
Basics. 
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FREE BOOK 
WITH TEACH-IN 
2000 CD-ROM 

Electronics 
Hobbyist 
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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 sectios featuring animations and video clips. Provides an ideal introduction 
or revision guide, including multi-choice questions with feedback. GCSE: Aimed a: 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 wit 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 incLides 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 aid for hobbyists who want 
to get to grips with project design. Over seventy dfferent Input, Processor and Output modules are illustrated and fuly 
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) 

nn 
uu 

I 

Counter 

project 

Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability • Software 
for simulating digital logic circuits • Create 
your own macros - highly scalable • Create 
your own circuits, components, and i.c.s • 
Easy-to-use digital interface • Animation 
brings circuits to life • Vast library of logic 
macros and 74 series i.c.s with data sheets 
• Powerful tool for designing and learning. 
Hobbyist/Student £45 Inc. VAT. 
Institutional £99 plus VAT. 
Institutional 10 user £199 plus VAT. 
Site Licence £499 plus VAT. 

ELECTRONIC 
COMPONENTS PHOTOS 

A high quality selection of over 200 JPG 
images of electronic 
components. This 
selection of high 
resolution photos can be 
used to enhance 
projects and 
presentations or to help 
with training and 
educational material. 
They are royalty free for 
use in commercial or 
personal printed projects, and can also be 
used royalty free in books, catalogues, 
magazine articles as well as worldwide web 
pages (subject to restrictions - see licence for 
full details). 
Also contains a FREE 30-day evaluation of 
Paint Shop Pro 6 - Paint Shop Pro image 
editing tips and on-line help included! 

Price £19.95 inc. VAT 

W,Prili 

211141"71iffl 

Minimum system requirements for these CD-R0111s: Pent:um PC, CD-ROM drive, 32MB RAM, 10MB hard disk space Windows 95/98/NT/2000/MEXP, mouse, sound card, web browser. 

Please send me: 

Electronic Projects 
Electronic Circuits & Components V2.0 
Analogue Electronics 
Digital Electronics V2.0 
Filters 
Electronics CAD Pack 
Robotics & Mechatronics 
Assembler for PlCmicro 
'C' for PlCmicro 
Flowcode for PlCmicro 
Digital Works 3.0 

CD-ROM ORDER FORM 

Version required: 
Hobbyist/Student 

El Institutional 
L] Institutional 10 user 
ID Site licence 

V/S4 e: 

?Morn,: 

PlCmicro Development Board (hardware) 
Development Board UK plugtop power supply 

Development Board 25-way connec:ing lead 

Teach-In 2000 + FREE BOOK 
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. 

Address:   

 Post code . Tel. No:   

Signature:   

D I enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £ 
D Please charge my Visa/Mastercard/Anex/Diners Club/Switch: £  Card expiry date:   

Card No.  Switch Issue No  

Card Security Code (The last 3 digits on or just under the signature strip) 

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 17 1/2 % 
VAT or provide your official VAT registration 
number). 

Send your order to: 
Direct Book Service 

Wimborne Publishing Ltd 
408 Wimborne Road East 

Ferndown, Dorset BH22 9ND 

To order by phone ring 

01202 873872. Fax: 01202 874562 
Goods are normally sent within seven days 

E-mail: orders@wimborne.co.uk 

Online shop: 
www.epemag.wimborne.co.uk/shopdoor.htm 

134 Everyday Practical Electronics, February 2004 



SURFING THE INTERNET 

NET WORK 
ALAN WINSTANLEY 
A Shed/cad Of Spam 

il's month we examine what effect the latest legislation will have 
on the deluge of spam that affects almost every Internet user. 
Major Internet service providers intercept millions of spam 

emails every day, yet a vast number of uninvited spam mails still 
find their way through to unsuspecting recipients. Fraudulent and 
deceitful spammers are using increasingly desperate and dirty tricks 
to confuse spam filters, including stripping in random characters to 
avoid being trapped by filter systems. 

Ironically, many spammers are becoming ever more self-defeat-
ing this way, because the mails are so full of random ASCII as to 
make them virtually unreadable anyway. Other tricks include using 
an enticing Subject in the message, such as "About our meeting 
tomorrow" or "I called you last night but you were out", or Subject 
lines may be left blank altogether. The unrecognised sender's name 
is usually the giveaway. 

Spanuners have an atrocious habit of forging senders' email 
addresses, by mixing usemames with legitimate domain names. For 
example, at the time of writing I am receiving numerous reject mes-
sages to e.g. alberto_zutman@epemag.demon.co.uk from irate peo-
ple who think I am a big cheese in the latest "Weight Loss Patch 
100% Guarantee" sales drive. It was my Usenet posts from the mid 
1990's that yielded my email address to spammers, and I now receive 
many thousands of spams every year as a consequence. Email 
addresses are also vacuumed up from web sites for use by spammers, 
either to target mail or to forge them as senders' addresses. 

A Case for Enterprise 
There are some commercial solutions to help overcome the prob-

lems of spam. In the case of EPE's mail, when the volumes of highly 
tmsavoury spam reached industrial quantities, genuine incoming 
emails were in danger of being overlooked or buried as our mailbox-
es filled up with hundreds of unwanted messages every day. A two 
week trial with the Enterprise version of Email Filtering (www.email 
filtering,.co.uk) revealed these statistics: out of 5,843 emails received, 
89% of them (5,200 or 371 per day) were either spam or virus-laden. 
The few hundred pounds a year that is now being spent on EMF's 
commercial filtering seems like money well spent: for just five users 
the service starts at £ 137 per year plus VAT, for which the vast major-
ity of spam, virus and porn emails are filtered out. But of course, this 
pushes the cost of dealing with spam onto the recipient whilst the 
senders can send spam for next to no cost. 
The EMF commercial system requires alterations to the MX 

(mail exchange) records of the domain name, so that all incoming 
email actually arrives at EMF's servers where the junk is then 
sieved out. The remainder is forwarded to the ISP's mail server 
awaiting customer collection. It must be said that on a couple of 
occasions, delays in delivery have resulted in our mail backing up, 
but alarm bells do ring when the email suddenly dries up so we 
know something is wrong somewhere. A good tip is to use a POP3 
mail client such as Popcorn (www.ultrafunk.com price $20) or the 
recommended JBMail (http://jbmaiLpc-tools.net $35) to track the 
live contents of mailboxes, so you can see for yourself what's hap-
pening on the mail servers. 
A cheaper filtering system operated by EMF is classed as the 

"home" service. Their server fetches all mail from your POP3 mail-
box and filters out most of the spam and virus mail, leaving the 
client to fetch the remainder from an EMF mailbox or through web-
mail. This system is less configurable and has been problematic on 
a small number of occasions, but overall the cost is negligible and 
the ardent home email user will definitely consider it as money well 
spent (£3.75 per month). My epemag.demon.co.uk mail is filtered 
this way and EMF has intercepted at least 10,000 emails over the 
year. Home users face other restrictions, notably the 15MB mailbox 
size. 

Looking at more robust and high-end options, MessageLabs 
(www.messagelabs.co.uk) is one of the best known filtering ser-
vices around and is used by many large commercial and 
Governmental sectors, including, they claim, our military intelli-
gence services. Their service requires customers to install a dedi-
cated mail server at the ISP, so it's not possible to hook into your 
ISP's shared mail server. The cost is more substantial therefore, but 
they do still offer to cater for small to medium enterprises. 

Look - No Teeth! 
For readers in the UK, I have some fantastic news — spam email 

is now illegal! Yes, that's right: under the Privacy & Electronic 
Communications Regulations, UK marketers cannot transmit unso-
licited marketing material by electronic mail to individual sub-
scribers, unless they have previously advised that they consent (i.e. 
they opt-in) to receive it "for the time being". 
The catch — sorry to dash your hopes so cruelly — is that there is 

an immediate exception to this rule that cow-tows to UK-based 
marketers, known as the "soft opt-in". It's still OK for them to spam 
individuals if they have previously obtained your contact details 
from previous sales or negotiations, provided that (i) the products or 
services now being spanuned are similar to anything transacted pre-
viously, and (ii) the recipient had been given a means of refusing 
the use of his details for marketing purposes when his details were 
first collected, and (iii) where recipients did not refuse the use of 
his details, he is offered a chance to refuse their use at the time of 
each subsequent communication (from that marketer). Corporate 
users will enjoy none of the anti-spam protection afforded to indi-
vidual subscribers (that's residential users, sole traders and partner-
ships) under these regulations. 

These UK anti-spam rules became law on 11 December '03 but 
the realisation soon dawned that, actually, it will have little 
immediate impact on UK users' mailboxes, a view echoed by the 
highly respected UK anti-spam group Spamhaus (www.spamhaus. 
org). The main problem is of course that the majority of spam is of 
American origin. A new US law (Controlling the Assault of Non-
Solicited Pornography and Marketing Act of 2003, or "CAN-
SPAM") effective Jan 1st 2004 actually makes it entirely legal to 
spam recipients provided they get an opportunity to be removed 
from subsequent mailings. 

However, misleading Subject lines, the harvesting of email 
addresses from web sites, the hijacking of open relays (i.e. using 
someone else's mail server to send it) and the forging of Return 
Addresses are all outlawed. Spanruners must also provide a valid 
Remove-me link for at least 30 days (i.e. links of the sort that we've 
become conditioned to never using, because it often confirms your 
valid address to the spammer.) 

This means that the UK/European Directive and the new US 
law will be at odds with each other, with UK marketers needing a 
(soft) opt-in from recipients before mails can be sent, whilst US 
spam will arrive in torrents, requiring only a subsequent Opt-Out 
from recipients. In fact, Spamhaus reckons that as a result of the 
new US anti-spam laws being implemented, the volume of spam 
seen by European users will more than double in 2004. 
My own view is that although spam volumes may certainly 

rise as a result of the US CAN-SPAM law, the new rules do at 
least address a number of major aspects that will help users to 
identify spam more easily, avoid users being deceived by falsi-
fied Subjects and avoid having one's personal address forged as 
the sender. In two to three years time we should also be able to 
filter out spam ruthlessly because it will also be a requirement 
that US spam Subjects are labelled with "ADV" (advert) to per-
mit ruthless filtering. It remains to be seen whether spammers 
will follow the rules! 
You can email me at alan@eperiag.demon.co.uk 
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EPE Tutorial Series 

TEACH-IN 2004 
Part Four - Experimenting with Logic Gates 

MAX HORSEY 

How to apply electronics meaningfully - the aim of this 10-part series is to show, experimentally, 

how electronic components function as part of circuits and systems, demonstrating how each part 

of a circuit can be understood and tested, and offering advice about choosing components 

O
PERATIONAL amplifiers (op.arnps), 
as discussed in Part 3, deal with 
analogue signals, i.e. voltages 

which can vary continuously between the 
upper and lower power supply voltages. A 
digital signal has only two voltage states, 
generally zero and positive. 

ANALOGUE vs DIGITAL 
Analogue systems have — unfairly — 

gained a reputation for being less accurate 
than digital systems. The word digital 
seems to have become synonymous with 
excellent and perfect. Advertisers frequent-
ly use the word digital even in systems 
which are inherently analogue, digital 
headphones, for example. 
As another example, digital television is 

sold as the ultimate in picture quality, but 
the rather low bit-rate allowed in the digital 
signal for some programmes, sometimes 
produces a picture inferior to the analogue 
alternative. 

In principle, an analogue system can be 
perfect. But it is rarely perfect in practice, 
and it is difficult to copy an analogue signal 
perfectly. Analogue systems can suffer 
from external interference, e.g. the wires 
and components can be affected by mag-
netic and electrostatic fields. Once interfer-
ence is added to a signal, it is very difficult 
to remove. 
A digital system can be virtually 

immune from interference, and a digital 
signal can be copied with great, even per-
fect, accuracy. We will return to the prob-
lems of digitising an analogue sound signal 
later in the series, but for now we will con-
centrate on digital signals — examining 
logic gates and logic systems. 

LOGIC LEVELS 
Logic systems, from the humble logic 

gate to the mightiest Pentium chip, work on 
two logic levels, logic 0 (generally OV) and 
logic 1 (generally the power supply volt-
age). The power supply voltage used to be 
5V for most systems, but some types of 
CMOS logic gates can operate at up to 16V, 
(making them very useful for hobbyist 

project work), and the latest computer 
chips operate on 3V or less. The lower the 
voltage, the closer you can pack the com-
ponents in the chip, and the faster they 
operate. 

If, for now, we assume a 5V power sup-
ply, then we can generalise by saying that 
any signal of less than 2.5V will be inter-
preted by the chip as logic 0, and any signal 
above 2.5V will be interpreted as logic I, 
although there are exceptions to this rule. 
The point is, though, that within the voltage 
ranges called logic 0 and logic 1, our signals 
do not need accurate voltage levels. 

A LOGICAL PROBLEM 
To understand why logic gates are use-

ful, consider the problem of a simple coffee 
vending machine. To obtain coffee, the cus-
tomer must insert a coin, and press a but-
ton. The coffee will only be dispensed if a 
cup is in place, and the machine is not 
shaken. We can sum this up as follows: 

Coffee dispensed if: 

coin-sensor AND coffee-button AND 
cup-sensor AND NOT shake-sensor 

You could probably devise a circuit 
using switches. For example, an AND cir-
cuit could simply be two switches connect-
ed in series as shown in Fig.4.1. When 
switches A or B are pressed separately, 
nothing happens, but if switch A AND 
switch B are pressed at the same time, lamp 
LP1 is turned on. 

Fig.4.1. Example of an AND function 
using switches. 

However, a hard-wired system is inflexi-
ble, and becomes very complicated if more 
options are added, e.g. milk and sugar! So 
we resort to electronic logic gates. 

IN (NOT) GATE 
Our shake sensor switch produces a pos-

itive output (logic 1) whenever the machine 
is shaken. So we will need a NOT gate 
since shaking must prevent the coffee being 
dispensed. 
A NOT gate is simply a circuit in which 

the output always has the opposite logic 
level to that at the input. It is also known as 
an inverter gate, a term we shall use here 
(and you are unlikely to find the term NOT 
gate used in catalogues). 
An example using a transistor is shown in 

Fig.4.2. If you connect a voltmeter across 
the output points it will show a reading of 
the same voltage as the power suply, in this 
case the battery. This is because no current 
is flowing through the transistor, and so 
there will be no voltage drop across resistor 
R2 (as explained in Part 2). Since the top 
end of R2 is connected to positive, the lower 
end will therefore also be positive. 

Fig.4.2. A transistor-based inverter 
circuit. 

Now connect the input to RI directly to 
the positive power line. The transistor will 
switch on, and the voltage at the output will 
fall to zero. Hence the output is always at 
the opposite logic level to the input. We 
have an inverter gate. 
A transistorised inverter gate may be 

appropriate when only a single inverter 
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INVERTED 
IllIalil OUTPUT 

Fig.4.3. Symbol for an inverter gate. 

is required, but in logic systems we 
often require large numbers of gates, 
and so symbols are used to represent 
them. The symbol for an inverter gate is 
shown in Fig.4.3. When the input is at 
logic 0, the output will be at logic 1, and 
vice-versa. 

It is essential to realise that the gate has 
access to a power supply, even though 
power supply pins are often not shown. 
The inversion principle is illustrated in 

Fig 4.4. Note that the switch within the 
inverter symbol is imaginary — the true 
story is more like that illustrated by the 
transistor gate in Fig.4.2. 

INPUT 
= LOGIC 0 

A) 

INPUT 
= LOGIC 1 

B) 

Fig.4.4. Schematic representation of 
the inversion function. 

The circuit in Fig.4.4a shows an imagi-
nary lamp, LP1, which is lit when the 
inverter input is at logic O. When the input 
is at logic 1, the imaginary switch changes 
over, and the situation is as shown in 
Fig.4.4b. 

(In practice the outputs of most logic 
gates cannot control a lamp directly, due to 
the limited current that is available, 
although some gates can manage to light an 
I.e.d.) 

AND GATE 
Our coffee machine also requires an 

AND gate function. The symbol for an 
AND gate is shown in Fig.4.5. 

Fig.4.5. Symbol for an AND gate 

The function of the AND gate is summed 
up as follows: 

both inputs logic 0 = output logic 0 
either input logic 1 = output logic 0 
both inputs logic 1 = output logic 1 

We will see later how this information is 
expressed as a "truth table" and how logic 
gates are used in practice, but for now we 
will wire-up our coffee machine. 

COFFEE MACHINE SYSTEM 
As said, coffee is dispensed if: 

coin-sensor AND coffee-button AND 
cup-sensor AND NOT shake-sensor 

We will begin by reducing the word-
count as follows: 

coffee = coin AND button AND cup AND 
NOT shaken 

When we devise an electronic circuit, the 
output (coffee) will be on the right, and the 
inputs on the left. The complete system is 
shown in Fig.4.6, comprising three AND 
gates and one inverter. 

Fig.4.6. Symbolic logic for the coffee machine. 

If the coin is inserted (logic 1) AND the 
button is pressed (logic 1), then gate A out-
puts a logic 1. If the cup is also in place 
(logic 1), then gate B outputs a logic 1. If 
the machine is NOT shaken (logic 0) then 
the inverter (NOT) gate outputs a logic 1, 
and so gate C outputs a logic 1 and the cof-
fee is delivered. 

So, only if all inputs to all three AND 
gates are at logic 1 will coffee be delivered. 
If any of the AND gate inputs is at logic 0, 
then coffee will not be 
delivered. 

SELECTING 
THE GATES 
There are a number 

of "families" of gates 
available, but for now 
we will consider the 
CMOS 4000 series. 
These are ideal for 
project work, since 
they can be powered 
from a supply of 
around 3V to 15V. In 
this Teach-In we shall 
use a 9V supply. 

In the CMOS 4000 
series, four 2-input 
AND gates are includ-
ed in one package. 
This device has the 
type number of 4081. 
Because it has four 
gates it is known as a 
quad 2-input AND 
gate. Its outline and 
pinouts are shown in 
Fig.4.7. 

Positive power is 
delivered to the gates 
via pin 14, which may 
be notated as VDD or 
+VE. The OV supply 
is fed to pin 7, which 
may be notated as OV, 
or GND (ground) or 

Vss• 

Note the notch at the top of the i.c. out-
line. With the real i.c. package, pin 1 is 
always to the left of this notch, although 
some i.c.s have a dot indicating pin 1, and 
some have both the notch and a dot. 
The CMOS 4000 series has a device, 

type 4069, with six inverter gates in it, 
hence its name of hex inverter gate. Its 
pinouts are also shown in Fig.4.7. 

Since we require only one inverter for 
our coffee machine circuit, we might actu-
ally consider using a transistor inverter as 
shown in Fig.4.2, but many circuits will 
require several inverter gates, making the 
use of an i.c. worthwhile, so we will stay 
with the type 4069 hex inverter. 

Having chosen the 
i.c.s we need, we can 
now amend the circuit 
in Fig.4.6 to a physical 
layout, such as that in 
Fig.4.8. This is not 
meant to be a fully fin-
ished layout, but shows 
how the two i.c.s could 
be combined. There 
are also refinements to 
this layout which we 
must make, as dis-
cussed later. 

STATIC PRECAUTIONS 
There are several things you need to 

understand in order to use CMOS logic 
i.c.s successfully. The first is that the input 
pins on each gate are static sensitive, and 
you must take "static precautions" in order 
to avoid damaging the chip. 
When we move about, our bodies and 

clothes often become charged with static 
electricity. The amount of current involved 

Fig.4.7. Pinout diagrams for four logic gate types. 
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Fig.4.8. Physical interpretation of the logic in Fig.4.6. 

is too small to cause us any harm, but the 
voltage can rise to several hundred volts or 
more. 
When we handle "ordinary" components, 

such as resistors and bipolar transistors, this 
voltage is unlikely to harm them. However, 
an increasingly wide variety of modem 
electronic components can be damaged or 
destroyed if such voltages are appplied to 
them. Such devices include field effect tran-
sistors (f.e.t.$) and, in particular. those 
devices manufactured using what is known 
as the CMOS process, which includes the 
4000 series of logic gates. 

Therefore, when handling a CMOS 
device you must first touch an earthed 
metal object, such as the metal case of an 
appliance plugged into the mains. This dis-
charges the static electricity from your 
body. 
Once a CMOS device has been connect-

ed into a circuit, the presence of other com-
ponents in the circuit will usually protect it 
from static damage. However, when exper-
imenting, it is wise to frequently touch an 
earthed object, especially after walking 
around the room. 

Wrist earthing straps are also available 
and should be used when handling 
expensive i.c.s. Such straps have a very 
high resistance which limits the current 
flow to a very small amount, and so 

de 
Photo 4.1. An earthed wrist strap 
which prevents the build-up of static 
electricity in the user. 

allows high static voltages to flow harm-
lessly out of your body and to ground. 
Photo 4.1 shows an earthing strap 
plugged into the earth terminal on a 
power supply. 

INPUT PROTECTION 
Any CMOS logic gate input which is 

open-circuit (also known as floating), i.e. 
not connected to anything, is liable to stat-
ic damage at worst, and erratic behaviour at 
best. This applies to inputs that are con-
trolled by switches, and those that are 
unused. In the case of unused inputs, they 
must be connected to either the OV or +VE 
power line. It is preferable to use the OV 
line wherever convenient. 

Note that the outputs of unused gates 
must be left unconnected. 

If unused gate inputs remain open-cir-
cuit, stray voltages may cause the gates to 
oscillate (switch rapidly between logic 1 
and logic 0). This in turn may generate 
interference and will certainly increase the 
current consumed by the i.c. 
An example of an input that can be 

switched from logic 0 to logic 1 is shown in 
Fig.4.9. When switch SI is open (not 
pressed), resistor RI pulls the input to logic 
0. When the switch is closed, the input is 
forced to high (positive), i.e. logic 1. 
The value of the resistor can be from 

10kQ to 1MQ. A lower value will make the 
system less sensitive to stray voltages, a 
higher value will waste less current when 
the switch is closed. A value of 1001d2 is a 
good compromise. 

Flg.4.9. A switch-controlled inverter 
circuit. 

When experimenting with the logic gate 
circuits described from hereon, it is advis-
able to always connect any unused inputs to 
the OV line. 

FINAL CIRCUIT 
The output from a CMOS gate cannot 

source enough current to operate a solenoid 
or motor required to switch on the flow of 
coffee. So a Darlington transistor is 
employed (these were discussed in Part 2). 
The final circuit is shown in Fig.4.10, 

minus the inverter gate, which has been 
designed out! This is achieved by using 
resistor RI as a "pull-up". If switch S1 is 
not pressed (i.e. machine not shaken) then 
the input at IC 1 c pin 9 will be at logic 1, 
until SI is pressed. Hence the inversion 
action is achieved without an inverter gate. 

Note the pull-down resistors R2,- R3 and 
R4. These ensure that the inputs are held at 
logic 0 unless switches S2, S3 or S4 are 
pressed. 

There is one unused gate in the quad 
package of the 4081 AND gate, IC ld. Its 
two inputs are connected to OV, and its out-
put left unconnected, as discussed earlier. 
The output of gate IC I c is fed to 

Darlington transistor TR 1, with resistor R5 
limiting the current flow into its base (b). 
The transistor is employed to power the 
output device, labelled as the "coil". This 
may be a relay coil, a solenoid or a motor. 
In all three cases, diode D1 is required to 
remove high voltage spikes (back e.m.f.) 
produced by the coil at the moment that it 
is switched off. 

Capacitors C 1 and C2 help to remove 
any power supply line voltage fluctuations, 
especially those caused by a solenoid or 
motor starting up. 

Note that the supply has now been 
increased to 12V. This is because the 
majority of relays and solenoids require 
I2V. The breadboarded test circuit, com-
plete with p.c.b. mounting relay but minus 
capacitor C2, is shown in Photo 4.2. 

Fig.4.10. Final circuit diagram for the coffee machine controller. 
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Photo 4.2. Breadboard layout for the circuit in Fig.4.10. but minus capacitor C2. 

TRUTH TABLES 
Having seen the practical use of an AND 

gate, we need to consider the full range of 
gates available. First, though, you need to 
be familiar with the concept of truth tables. 
These were mentioned earlier in relation to 
the behaviour of an AND gate in response 
to the logic levels on its inputs. 

It is easier to view the effect of gates by 
means of a truth table (see Fig.4.I1). To 
take the truth table for an AND gate, the 
inputs are labelled A and B, and the output 
Q. Notice how all the possible combina-
tions of logic levels for A and B are shown. 
Output Q remains at logic 0 unless both A 
and B are at logic 1. 

All the principle logic gate symbols, 
together with their truth tables, are shown 
in Fig.4.11. 
We have already discussed the use of 

AND and inverter gates. Example uses of 
other gate types will be given as we 
progress, but in brief their functions are: 

NAND GATE: a NAND gate combines 
an AND gate and an inverter. Its output is 
the opposite of an AND gate in response to 
the same input logic levels. 

OR GATE: with an OR gate, if either 
input is at logic 1, so too is the output. Both 
inputs must be at logic 0 for the output to 
also be at logic O. 

NOR GATE: the output of a NOR gate 
is the opposite of that for an OR gate. 

BUFFER GATE: this gate may appear 
pointless, but remember that the current 
required at the input is generally very low, 
under litA for a CMOS gate, yet the 

double-negative the negatives cancel, and 
we are left with an AND gate. 
The combination of a NOR gate with an 

inverter is shown in Fig.4.12c. Using two 
inverters together simply produces a buffer 
gate, as in Fig.4.12d. 
We can also make an inverter gate by 

joining together the inputs of a NAND gate 
or a NOR gate, as shown in Fig.4.13. For 
example, if you need an AND gate, a 
NAND gate and an inverter gate in the 
same circuit, instead of buying three i.c.s, 
you can use a single quad 2-input NAND 
gate (e.g. CMOS 4011), as shown in 
Fig.4.14. 
The NAND gate is simply IC la. The 

inverter is formed by connecting the inputs 
of IC1b. The AND gate is made combining 
IC1c and IC ld. 

COMBINED GATES RESULT 

A) 

B) :«1D9-1>-0 

C) colD,H>o_o 

D) c—t>c--r>o—o 0—P0—o 

Fig.4.12. The results of following a logic gate by an inverter. 

output current required can be several mil-
liamps. A buffer can be used as a "current 
amplifier" between the input and output 
devices. 

XOR GATE: the output of an exclusive-
OR gate (written as XOR or occasionally 
EOR) is at logic 1 when input A is at logic 1, 
OR input B is at logic 1, but not both togeth-
er — when the output is always logic 0. 

XNOR GATE: the output of this gate is 
the opposite of that for an XOR gate. 

COMBINING GATES 
It is possible to combine some gates to 

achieve another function. For example, if 
you follow an AND gate with an inverter 
gate, as shown in Fig.4.12a, the result is a 
NAND gate. 

If you combine a NAND gate with an 
inverter (Fig.4.12b), then like any 

A AND 

B 

A) A B o 0 0 
0 0 
I 0 0 
1 1 1 

A NAND 

B Q  

B) 

C) 
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A B D 
o 
o 

o 

o 

A NOR 

D) IA  
o o 

o 
o 
o 
o 

4>020  

E) A 0 
o o 

X01,1 
A 

ISE>1 0  

G) A 13 0 
C OC 
C 1 
1 0 T 
1 1 0 

INVERTER (NOT) A XNOR 

H 
A 0 ) 
o 1 

o 

AE Q 
C 0 • 
C. 1 0 
1 0 0 
1 1 1 

Fig.4.11 Truth tables for a vailety of logic gates. other gate types with more inputs 
exist. 

In fact you can 
make any gate out of 
NAND gates or NOR 
gates. For instance, 
the making of an OR 
gate from three 
NAND gates is illus-
trated in Fig.4.15. 

But how do you 
know the system in 
Fig.4.15 will work? 
Again, a truth table 
comes to the rescue. 
Begin by labelling the 
intermediate points, T 
and U in our case. 
Now list all the possi-
ble combinations of 
the inputs, R and S: 

COMBINED GATES RESULT 

°—E[1>°  

°—{11:>°  

Fig.4.13. Connecting the two inputs of 
NAND or NOR gates results in an 
inverter gate. 

1Cla 1C1b 
4011 5 4011 

2 

NAND NVERTER 

1C1c 1Cid 
4011 12 4011 

10 

AND 

Fig.4.14. Using the four gates in a 
quad NAND package to achieve invert-
er, AND and NAND functions. 

Fig.4.15. Using three NAND gates to 
achieve a NOR function. 
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1 
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Notice that output Q is logic 1 when R or 
S are logic 1. Hence we have an OR gate. 
You could add another NAND gate with its 
two inputs joined to make an inverter and 
convert the system into a NOR gate. It can 
often be cheaper or more convenient to use 
several NAND gates and convert them into 
whatever gate is required. 

LATCHING 
From this point on, we will use the word 

high to indicate logic 1, and low to indicate 
logic O. 
An OR gate can be made to latch, i.e. the 

output changes to high and remains high 
even if the input is made to switch back to 
low. To do this we can employ positive 
feedback where the output is fed back to a 
spare input as shown in Fig.4.16. 

Fig.4.16. Using feedback to produce a 
latching OR gate. 

If input B goes high, the output will 
copy, and will in turn feed to input B, so 
keeping the gate latched in the new state. 
The gate behaves rather like a "bit" of 
memory. 

In practice, if input B is controlled by a 
switch, it must be held at logic 0 by means 
of a resistor (as discussed earlier), and we 
must make provision for unlatching (reset-
ting) the gate, so a more intelligent 
approach would be the circuit shown in 
Fig.4.17. 

Resistor RI holds input pin 2 low unless 
switch Si is pressed. When S 1 is pressed, 
the output goes high and feeds back via 
resistor R2 to input pin 1, so latching the 
system. When switch S2 is pressed input 
pin 1 is pulled to OV, so unlatching the 
system. 

Resistor R2 is needed so that the output 
is not "shorted" when S2 is pressed. 
An example of using two inverter gates 

in a latch configuration is illustrated in 
Fig.4.18. Note that the value of feedback 
resistor R2 has been reduced to 101Q. This 
is to ensure that when the output is high, 
the potential divider effect of resistors RI 
and R2 provides a high enough voltage to 
ensure that the system remains latched. 

Fig.4.17. A practical latch/unlatch function using an OR gate 

Resistor R2 could 
be replaced with a 
diode (D1) if pre-
ferred, with its anode 
(a) connected to the 
output at pin 4. 

OUIZ GAME 
CONTROLLER 
And now for some-

thing fun! It is a 
"who's first?" monitor 
for two contestants, 
each with a pushbut-
ton switch. The circuit 
is shown in Fig.4.19. 
If contestant A presses 
first (switch Si) then 
A's output will go 
high, and that prevents 
contestant B's switch 
from working. 
The system requires 

four inverting gates; we 
will use NOR gates 
wired as inverters, 
based on the quad 2-
input NOR gate type 
4001, although four 
gates in a hex inverter 
type 4069 would do 
just as well. You could 
also use NAND gates, type 4011 for example. 
We will assume that at power-up the out-

puts from pins 4 and 11 are low. Hence the 
feedback will cause input pins 1, 2, 8 and 9 
to be low. The inversion action will make 
pins 3 and 10 high, and these will force 
pins 5, 6, 12 and 13 high. The system is 
therefore stable, and the high from pin 3 is 
connected to switch S2, and likewise the 
high from pin 10 is connected to switch Si. 

Suppose person B presses switch S2. 
Pins 8 and 9 will go high, and so pin 10 will 
go low. This makes pins 12 and 13 low, and 
the inversion action of IC 1 d forces pin 11 
high. Hence output B switches high. 
Meanwhile, the feedback loop to pins 8 and 
9 maintains gates IC1c and IC1 d in this 
new state. Remember that pin 10 is now 
low. Hence if person A tries to press switch 
Si, nothing will happen. So person A has 
been beaten by person B. 
Whoever presses their switch first will 

make their own output switch high, and this 
prevents the other output from working 
until the system is reset. 

FINER DETAILS 
There are several potential failings for 

the circuit in Fig.4.19. The first is that there 
is no way of telling whether A has beaten 
B. This can be resolved by using 1.e.d.s 
activated appropriately in response to the 

winning output level. 
However, CMOS 

Fig.4.18. Using two inverters in a latching configuration. 

Fig.4.19. Circuit diagram for an elementary "who's first" 
monitor. 

4000 series devices 
cannot provide suffi-
cient current to ade-
quately drive an 
ordinary I.e.d. The 
outputs can typically 
provide about 4mA 
maximum, and the 
output voltage falls if 
an attempt to take 
more than this is 
made. 
To boost the output 

current a transistor 

can be used. The circuit in Fig.4.20 shows 
how this is done. Each output has its own 
transistor, TR 1 and TR2, with its drive cur-
rent buffered by resistors R3 and R4. 
When an output is high, the respective 

transistor is turned on, so turning on the 
I.e.d. (D1 or D2) in its collector path. The 
current through the 1.e.d.s is buffered by 
resistor R5. Only one resistor is needed 
here as only one 1.e.d. can ever be active at 
any given time. 
The second problem is that we assumed 

that at power-up the circuit would start in 
its reset state, with output pins 4 and 11 
both low. This depends upon which gates 
switch on first — and this depends upon 
minute differences in manufacture. To the 
user, it is random. We need to ensure that 
inputs 1, 2, 8 and 9 are held low for a 
moment at power up, so forcing the system 
to start-up in its reset state. 

This can be achieved by means of capac-
itors C 1 and C2. Capacitor C 1 holds pins 1 
and 2 low at power-up, and capacitor C2 
does the same for pins 8 and 9. When 
switch S2 is pressed, C2 quickly charges 
and so pins 8 and 9 go high. 

Whilst there is virtually a short-circuit cur-
rent into C2 at this moment, it is for a very 
short time, and CMOS 4000 series outputs 
can tolerate a brief short-circuit. A 101S2 
resistor could be placed in series with each 
pushswitth, but it really is not necessary. 
A more risky short-circuit is prevented 

by resistors RI and R2. These ensure that 
input B at pins 8 and 9, for example, can be 
made positive when switch S2 is pressed, 
even though output pin 11 is low. Resistor 
R2 ensures that the current flowing via S2 
from output pin 3 is not "lost" into output 
pin 11, which is initially at OV. 
The power supply, 9V in this case, is 

decoupled by capacitor C3. The value 
required for C3 depends upon the amount 
of current required by the output devices 
but 470µF should be more than sufficient 
with 1.e.d.s D1 and D2 as the output 
devices. 
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Fig.4.20. A fully working implementation of the circuit in Fig.4.19 

Remember that the purpose of C3 is to 
"smooth-out" any sudden dips in the power 
supply voltage, which could cause the sys-
tem to fail to latch (i.e. fail to stay on after 
a switch is pressed). In other applications, 
if a greater load is used, the value of C3 
may need increasing. 

Toggle switch S3 is used to reset the sys-
tem, by switching it off and then on again. 
You could use a normally-closed push-
switch in series with S3 if a pushbutton 
reset is preferred. 

The prototype test circuit assembly is 
shown in Photo 4.3. 

It is worth noting that the 74HC family 
of logic gates can provide an output current 
of up to about 25mA, and so could be used 
to drive an 1.e.d. (via a buffer resistor of 
course) without transistors. 

It must be noted, though, that the 74HC 
series can only be powered at a typical 
maximum of about 6V (7V for 74HC 
devices from some manufacturers). 
Secondly, devices in this 74HC family 
have different pinouts to devices of a simi-
lar function in the 4000 series. 

MULTIVISRATORS 
In the context of electronics, the term 

multivibrator simply means a circuit 
which generates a voltage that switches 
between high and low, either once, or 
many times. 
Two graphs are illustrated in Fig.4.21, 

the upper one is a sinewave. This is a 

Iry , em 
In OD F111111 

gillililif01111102 ;rep oirrowifore•prity 
$evorutertnu 
gutrararewtourb,-, orarunrinvorarat quire 

Every musical instrument has a differ-
ent set of overtones, and so, for exam-
ple, a trumpet sounds different to a 
piano, even when both are playing the 
same note. 
A square wave (the bottom graph in 

Fig.4.21) contains an infinite number of 
overtones. Most amplifiers can handle 
sinewaves with ease, but a test of a good 
amplifier is to apply a square wave at its 
input and view the shape of the 
waveform at the output. You are likely to 
see rounded edges and other imperfec-
tions, especially at upper and lower 
frequencies. 
We will examine three types of multivi-

brator, based on logic gates: 

• Bistable multivibrator — often referred 
to as a flip-flop or latch 

VOLTAGE (V) 

VOL1 , 

4 12 16 20 24 28 32 

TIME (ms) 

36 40 

Fig.4.21. A sinewave (upper graph) contains no harmonics or overtones and is a "pure" 
waveform. A square wave (lower graph) contains an infinite number of overtones. 

"pure" waveform and it consists of an 
exact frequency with no overtones or 
harmonics. 
A mechanical tuning fork produces a 

sinewave and so is useful when tuning 
instruments. But most musical sounds 
contain overtones — additional frequen-
cies which add "colour" to the sound. 
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Photo 4.3. Breadboard assembly for the circuit in Fig.4.20. 

• Monostable multisibrator — also 
known as a one-shot multivibrator and is 
often used as a timer 

• Astable multivibrator — which generates 
a continuous stream of waveforms, typi-
cally square waves but not necessarily so. 

&STABLE MULTIVISRATOR 
A bistable circuit is stable in two states, 

but can be switched between those states. 
So our quiz circuit was a type of bistable 
since each half of the circuit could be 
latched with its output high or low. We 
have already seen how an OR gate can be 
made to latch by means of feedback, but 
we will now examine a more sophisticated 
bistable, using two NOR gates, as shown in 
Fig.4.22. 
We will assume that at power-up ICI b 

output pin 4 (marked Q) is low, and that 
IC la output pin 3 (marked is high. 
Hence IC la input pin 2 is low and IC1b 
input pin 5 is high. 

At this stage we need to check the truth 
table for a NOR gate since this will help 
understand the action of the circuit. 

INPUTS OUTPUT 

0 0 1 
0 1 
1 0 
1 1 
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Fig.4.22. A NOR gate bistable. 

GATE A: At present, IC 1 a input pin 1 
will be low since it is pulled down by resis-
tor RI. Remember that IC la input pin 2 is 
held low by IC lb pin 4. The truth table 
shows that if both inputs are low then the 
output will be high. Hence IC la output pin 
3 is high, which is what we agreed earlier — 
i.e. gate ICIa is stable. 

GATE B: If IC la pin 3 is high, then 
IC1b pin 5 will be high. IC lb pin 6 will be 
low, due to R2. The truth table shows that 
with one input high, and the other low, the 
output will be at logic O. Hence gate IC1b 
is also stable. 

PRESS Si: When Si is pressed, ICI a 
pin I will go high. IC 1 a pin 2 will still be 
low, so our truth table shows that ICla out-
put pin 3 will now go low. This forces IC1b 
pin 5 low. Now with both input pins 5 and 
6 low, IC1b output pin 4 will go high. 

RELEASE Si: When SI is released, 
IC 1 a pin 1 will return low. But IC la pin 2 
is now high since it is connected to IC1b 
output pin 4, and the truth table shows that 
IC la output pin 3 will remain high. In other 
words, the system has now been latched 
into its alternative state. 

You will have seen from this sequence 
that the two outputs always have the oppo-
site logic state, one inverted in respect of 
the other. Conventionally, such outputs are 
labelled Q and Q, the bar symbol indicating 
the inversion. 

Triggering the Set input (Si) causes out-
put Q to go high and output Q to go low. 
The Reset input (S2) causes output Q to go 
low and output Q to go high. 

It is worth noting that with slight modifi-
cation to the circuit, a NAND gate could be 
used to perform the same function. The 
modification is to interchange the positions 
of S 1 and RI, and also the positions of S2 
and R2. This means that the inputs are nor-
mally held high but go low when their 
switch is pressed. 

PRACTICAL NOR INSTABLE 
Staying with the NOR gate bistable, we 

will add the necessary components to make 
a practical circuit, plus a transistor and 
relay to control an appliance. You will then 
be able to press SI to switch on the appli-
ance, and press S2 to switch it off. 
The full circuit is shown in Fig.4.23 (and 

Photo 4.4). We have added transistor TRI, 
which can be any high-gain npn type capa-
ble of driving a small relay, a BC549 for 
example (see Part 2). It is controlled by 

R1 100k 

14 
GIDàil 

C3 

10011. 

R2 

100k 

IC1a 4001 
ANY SUITABLE 

NPN TRANSISTOR (SEE PART 2) 3 D1 1N4001 a 
IC1 b   4001 
 D 4 0  'D IC 1 C 

R3 

2k2 

4001 10 9 N C 

*TR1 

ICid 
12 4001 
,3 11 NC 

RLA1 

Cl   470µT 

B1 a.r. 12V 1 

A practical implementation for a bistable controlled relay. 

Photo 4 (below). Breadboard assembly for the circuit in Fig.4.23. 

IC lb output pin 4 (Q) 
via base resistor R3. 
The value of R3 has 

been chosen to ensure 
that enough current is 
available through TR1 
to suit the relay coil 
(RLA). As the relay 
coil will generate back 
e.m.f. at the moment 
that it is switched off, 
diode D1 is used to 
protect the transistor. 
The relay contacts 

(RLA1) are used 
like any change-over 
switch, to control the 
appliance. DO NOT 
use a mains appliance, 
unless you are suitably 
qualified, in which 
case ensure that the 
relay contacts can withstand the a.c. mains 
voltages applicable in your country. The 
contacts must also be suitably rated for the 
current (amps) used by the appliance. 
The power supply for the circuit is 

shown as 12V, since this is a more useful 
supply when using relays. Note that at 
power-up the circuit may latch in either 
state, and may need to be reset by pressing 
switch S2. If you require the circuit to 
always latch into its "output low" state at 
power-up, then add capacitor C3. This will 
provide a short logic 1 pulse at power-up to 
force a reset. 

f 

MONOSTABLE 
As the name suggests, a monostable 

multivibrator is stable in only one state. If 
it is forced into the 
alternative state it 
returns to its stable 
state after a set period 
of time. It is frequent-
ly used as the basis of 
timing circuits. 
A basic monostable 

is shown in Fig.4.24. 
Again we have 
employed NOR gates, 
but note that you can-
not use NAND gates 
in this design without 
redesigning it. 

At power-up the 
system generally trig 
gers. This should not 

4 

wool«, 
soittnunrs 
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111111g11011) 

be a problem, though, as the circuit is nor-
mally left permanently on and the initial 
triggering will time out after the preset 
period. 

Assuming we have waited sufficiently 
for the circuit to enter its standby state, the 
output pin 4 will be low and I.e.d. D1 will 
be switched off. In this state, the current 
consumed by the circuit is negligible. 

IC la pins 1 and 2 will be low when the 
circuit is in its standby state, IC 1 a output 
pin 3 will be high. The positive side of 
capacitor Cl will also be high due to the 
presence of resistor R2. Hence IC1b pins 5 
and 6 are high, so making its output pin 4 
low. The system is stable in this condition. 

Pressing switch S 1 sets ICla pin 1 high. 
The NOR gate truth table shows that output 
pin 3 will thus go low. This sudden change 

Fig.4.24. A basic monostable circuit. 

142 Everyday Practical Electronics, February 2004 



of voltage on the negative side of Cl will 
be copied to its positive side (remember 
that capacitors conduct changes of volt-
age). Consequently IC 1 b pins 5 and 6 will 
go low, hence the output pin 4 will go high 
and 1.e.d. D1 will light. 

This high state is fed back to ICla pin 2 
so that even if the switch is released, the 
system will remain in this new state. In 
other words, pressing switch Si just pro-
vides a trigger. 

However, the system is now unstable. 
There is a voltage difference across resis-
tor R2 and so current will flow through it, 
slowly charging up capacitor Cl. The 
negative side of C I will remain low, while 
the positive side rises in voltage. When 
this voltage reaches about one half of the 
supply voltage, the output of IC1b 
changes state, pin 4 going low. So 1.e.d. 
D1 is turned off and ICla pin 2 goes low 
again. 
The truth table shows that IC 1 a output 

pin 3 will now go high, and this change of 
voltage is copied to the positive side of 
Cl, trying to push it above the positive 
power supply voltage, as shown in 
Fig.4.25a. 

All this happens very quickly, and the 
effect is to make IC 1 b output pin 4 change 
state very decisively — a good thing. 
However, trying to push IC lb input pins 5 
and 6 above the positive supply voltage can 
be quite a bad thing! 
CMOS gates are (within limits), 

designed to withstand such abuse, having 
protection diodes built into their input cir-
cuitry. These diodes limit the input voltage 
swings to about 0.6V above the power sup-
ply positive voltage, and to about 0.6V 
below the power supply OV line. 

Provided that the current flow through 
these diodes is not too great, input voltages 
are held within the set extremes. It is 
preferable, though, to place an external 
diode on the input pins in the type of situ-
ation just described for IC 1 b. The diode is 
shown as D2, and a type 1N4148 is 
suitable. 

TRIGGER PERIOD 
The time for which the output at IC1b 

pin 4 is high can be obtained from the 
formula: 

T=RxCx 0.7 

where: 

T is in seconds 
R is in ohms 
C is in farads 

The units in this 
formula are rather 
inconvenient in rela-
tion to the values for 
R2 and Cl in 
Fig.4.24, and a better 
arrangement is for R 
to be expressed in 
megohms and C in 
microfarads. So in 
Fig.4.24, with R2 at 
1MQ and Cl at 10/4F 
the triggered time will 
be: 

T=I x 10x 0.7=7 
seconds 

The actual time will 
depend upon the toler-
ances of the compo-
nents used. Note in 
particular that large 
value electrolytic 
capacitors are very 
inaccurate. Also, there 
is no provision in the 
circuit for completely discharging the 
capacitor, and so the actual time will be 
slightly shorter than predicted if the button 
is pressed soon after the end of the previ-
ous timing cycle. 

It is also unwise to use a resistor value 
greater than IMO as electrolytic capaci-
tors can be "leaky" (see Part 1), which can 
cause considerable inaccuracy. So a max-
imum capacitor value of 1000uF is rec-
ommended if reasonable accuracy of 
repeatability is required. This provides a 
maximum calculated time of 11.7 min-
utes. If much longer times are required, it 
is better to use an astable and a counting 
circuit. 

Note that holding the switch down does 
not affect the timing — you can even hold it 
for longer than the timing cycle and the cir-
cuit will still time-out correctly. 

ASTABLE 
An astable mu tivibrator is never happy! 

If its output is high, it 
soon changes to low, 
and then back to high, 
and so on. An example 
circuit and its wave-
forms are shown in 
Fig.4.26. 
The circuit consists 

of two NOR gates 
used as inverter gates, 
ICla and IC 1 b, plus 
resistor R1 and capac-
itor Cl. NAND gates 
would work equally 
well in place of the 
NOR gates. 
At power-up, one 

gate generally turns 
on faster than the 
other. Let's assume 
that gate IClb's out-
put goes high first. 
The change of voltage 
will be transferred via 
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Fig.4.25. Graphs illustrating the behaviour of the circuit 
shown in Fig.4.24. 
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Fig.4.26. An example astable (oscillator) circuit and associ-
ated waveforms. 

capacitor Cl into the inputs of gate IC 1 a 
and its output will go low. 

However, a voltage difference now 
exists across the resistor, and so current 
flows from the left hand side of the capac-
itor, via the resistor and into the output of 
ICla. Hence the voltage point A falls as 
shown by graph A. 

At about half the supply voltage (i.e. 
2.5V assuming a supply of 5V), gate ICla 
changes state and its output goes high. This 
causes gate IC lb to change state, its output 
going low, as shown by graph B. 
The change of voltage passes via the 

capacitor making the voltage at point A fall 
to just below OV, causing the output from 
ICla to go high. There is again a voltage 
difference across the resistor, but in the 
opposite direction. Current now flows into 
point A from the output of ICla. When the 
voltage reaches 2.5V again the gates 
switch back to their original state and the 
cycle continues. 
The approximate frequency of the 

astable is given by: 

Frequency (Hz) — 
1RC 

FLASHING LIGHT 
The circuit shown in Fig.4.27 (and 

Photo 4.5) shows an astable designed to 
make two 1.e.d.s flash alternately. It is 
important that the current flowing through 
the 1.e.d.s is kept to a minimum otherwise 
the circuit will not perform correctly (see 
earlier regarding CMOS 4000 output cur-
rents). It may be wiser to use a transistor 
buffer for each 1.e.d. as shown in previous 
circuits (although low current 1.e.d.s. are 
available). 
The circuit is likely to start correctly at 

power-up, but the addition of resistor Rx and 
capacitor Cx will ensure start-up by providing 
a "kick-start" to input 2 of gate ICla. If the 
inputs are wired in this way it is essential that 
NOR gaies are used. If you wish to do the 
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PANEL 4.1. LOGIC FAMILIES 

Photo 4.5. Breadboard assembly of 
the circuit in Fig.4.27. 

RI 

IM 

ICla 
4001 

3 

R2 
1k 

DI 

L.E.D. 

IC1b 
4001 

/31> 
IC1 C 

8 4001 

10 

9 N.C. a 

IC1d D2 
LED 

12 4001 

13 11 N.c. 

R3 

C2 
709 MIM 

et 
9V 

Fig.4.27. An astable circuit to alternately flash two Le.d.s. 

same trick with NAND 
gates, then Rx and Cx 
should be interchanged. 

TO INFINITY 
AND BEYOND 
We have barely 

scratched the surface 
of digital electronics 
in this part of Teach-
In 2004. Each of the 
elements discussed 
can lead to other sys-
tems. Logic gates, for 
instance, can be made into complex prob-
lem solving systems, and bistable latches 
can lead to counters and computers. 

However, although logic gates and coun-
ters, etc., still form the basis of many elec-
tronics applications, the use of 
microcontrollers, such as PICs and other 
similar devices, have largely taken over as 
a way of squeezing a lot of processing 
power into a small, low-cost package. 

But while the means of achieving digital 
processing may be forever changing, with 
more complex and faster processors. the 

There are two main families of logic i.c.s: 'ITL, based on ordi-
nary bipolar transistor technology, and CMOS, more akin to 
field-effect transistor technology: 

TTL (Transistor-Transistor-Logic) 
The original range of TTL logic devices was known as the 

7400 series. This has long since been superseded by other TTL 
logic families, such as the 74LS series, for instance. All are 
designed for operation on 5V. This inflexible supply voltage, and 
rather awkward operating characteristics, make them unsuitable 
for the Teach-In 2004 series. 

CMOS (Complementary Metal Oxide Semiconductor) 
The oldest range of CMOS logic devices in common use is the 

4000 series. These are ideal for use in this Teach-In as they can 
operate on a supply voltage of between about 3V and I5V. 

Another range of CMOS logic i.c.s is the 74HC series. These 
have many advantages, including higher speed than the 4000 
series, and their outputs can supply a generous amount of current, 
typically around 25mA, plenty to light a typical I.e.d, for example. 

However, because 74HC devices can only operate on supply 
voltages within the range 2V to 6V, they are only suited for use 
in Teach-In 2004 if the power supply voltage suggested in the 
circuit diagrams is reduced to within this lower range. It is essen-
tial to note that the 4000 and 74HC series have different pinouts. 

Both CMOS families require static precautions, as explained 
earlier. 

Note that CMOS 4000 series device numbers may have a suf-
fix of "B", standing for Buffered, or "U" or "UB", which stands 
for "Unbuffered". Buffered outputs are generally better as they 
are electrically more robust, but will make little difference in the 
circuits in this series. 

electronic principles employed remain the 
same, and it is well worth understanding 
them. 

NEXT MONTH 
In Part 5 next month, we shall examine 

logic gates and their use as switches, with 
special reference to audio applications. We 
also introduce PIC microcontrollers to 
reduce the chip count. We shall look at 
more specific applications using digital cir-
cuits as and when appropriate in other parts 
of this series. 

EPE BINDERS 
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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 
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The binders are finished in hard-wearing royal blue p.v.c. with the magazine logo in gold 

on the spine. They will keep your issues neat and tidy but allow you to remove them for use 
easily. 
The price is £6.95 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). 
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draft, or cheque drawn on a UK bank or pay by card), to Everyday Practical Electronics, 
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FREE Electronics Hobbyist Compendium 

book with Teach-In 2000 CD-ROM 

till I 
..i lib te' / 

Ai re, 

EPE TEACH-IN 
2000 CD-ROM 

The whole of the 12-part Teach-ln 2000 series by John 
Becker (published in EPE Nov '99 to Oct 2000) is now 
available on CD-ROM in PDF form. Plus the Teach- In 
2000 interactive software covering all aspects of tie 
series and Alan Winstanley's Basic Soldering Guide 
(including illustrations and Desoldering). 

Teach-In 2000 covers all the basic principles of elec-
tonics from Ohm's Law to Displays, including Op.Amps, 
Logic Gates etc. Each part has its own section on tne 
iateractive software wnere you can also change compo-
rent values in the various on-screen demonstration cir-
cuits. 

The series gives a hands-on approach to electrones 
with numerous breadboard circuits to try out, plus a 
simple computer interface which allows a PC to oe 
used as a basic oscilioscope. (Win 95. 98, ME ONLY). 

ONLY £ 12.45 including VAT and p&p 
Order code Teach-In CD-ROM 

PROJLL 
CONSTRUCTION 

IC 555 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 
t mer is such a device. Included in this book are over 70 
circuit diagrams and descriptions covering basic and 
general circuits, motor car and model railway circots, 
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 profession-
al engineers or designers, students or hobbyists. 

167 pages Temporarily out of print 

POWER SUPPLY PROJECTS 
Fl. A. Penfold 
This book offers a number of power supply designs, 
including simple unstabilised types, and variable voltage 
stabilised designs, the latter being primarily intended for 
use as bench power supplies for the electronics work-
shop. The designs provided are all low voltage types for 
semiconductor circuits. The information in this book 
should also help the reade: to design his own power 
supplies. Includes cassette PSU, Ni-Cad charger, volt-
age step-up circtit and a simple inverter. 

91 pages 0"der code BP76 £4.99 

HOW TO USE OSCILLOSCOPES AND OTHER TEST 
EQUIPMENT 
R. A. Penfold 
This book explains the basic function of an oscilloscope, 
gives a detailed explanation of all the standard controls, 
and provides advice on buying. A separate chapter 
deals with using an oscilloscope for fault finding on 
linear and logic circuits, plenty of example waveforms 
nelp to illustrate the control functions and the effects of 
various fault conditions. The function and use of vari-
ous other pieces of test equipment are also covered, 
ncluding signal generators, logic probes, logic pulsers 
and crystal calibrators. 

104 pages Order code BP267 £4.99 

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 pract.cal 
remote control projects. But this is not all. as each of 
these projects provides a model for building dozens of 
other related circuits by simply modifying parts of the 
design slightly to suit your own requirements. This 
book tells you how. 

Also included are techniques for connecting a PC to a 
remote control system, the use of a microcontrolle, in 
remote control, as exemplified by the BASIC Stamp, and 
the application of ready-made type-approved 418h1Hz 
radio transmitter and receiver modules to remote control 
systems. 

160 pages Temporarily out of print 

DIRFCT 
SERV 

BOOK 
ICE 

The bcoks listed have been selected by Everyday Practical 
Electronics editorial staff as being of special interest to everyone 
involved in electronics and computing. They are supplied by mail 
order direct to your door. Full ordering details are given on the last 
book page. 

FOR A FURTHER SELECTION OF BOOKS 
SEE THE NEXT TWO ISSUES OF EPE. 

All prices include UK postage 

ELECTRONIC PROJECT BUILDING FOR BEGINNERS 
R. A. Penfold 
This book is fo- complete beginners to electronic project 
building. It provides a complete introduction to the practi-
cal side of this fascinating hobby, including the following 
topics: 
Component identification, and buying the right parts; 

resistor colour codes, capacitor value markings, etc; 
advice on buying the right tools for the job; soldering; 
making easy work of the hard wiring; construction meth-
ods, including stripboard, custom printed circuit boards, 
plain matrix boards, surface mount boards and wire-wrap-
ping: finishing off, and adding panel labels; gett ng "prob-
lem" projects to work, including simple methods of fault-
finding. 

In fact everything you need to know in order to get start-
ed in this absating and creative hobby 

135 pages Order code BP392 £5.49 

A PRACTICAL INTRODUCTION TO SURFACE 
MOUNT DEVICES 
Bill Mooney 
This book takes you from the simplest possible starting 
point to a high level of competence in handworking with 
surface mount devices (SMD's). The wider subject of SM 
technology is also introduced, so giving a feeling for its 
depth and fascination. 

Subjects such as p.c.b. design, chip control, soldering 
techniques and specialist tools for SM are fully 
explained and developed as the book progresses. Some 
useful constructional projects are also included. 

Whilst the book is mainly intended as an introduction 
it is also an invaluable reference book, and tie browser 
should find it engrossing. 

120 pages Order code 81,411 £5.49 

TEST EQUIPMENT CONSTRUCTION 
R. A. Penfold 
This book describes in detail how to construct some simple and 
inexpensive but extremely useful, pieces of test equipment. 
Stripboard layorts are provided for all designs. together with 
wiring diagrams where appropriate, plus notes on construction 
and use. 
The following designs are included:-
AF Generator-, Capacitance Meter, Test Bench Amplifier, AF 

Frequency Meter. Audio Mullivoltmeter, Analogue Probe, High 
Resistance Voltmeter. CMOS Probe, Transistor Tester, TTL 
Probe. The designs are suitable for both newcomers and more 
experienced hobbyists. 

104 pages Order code BP248 £4.49 

COMPUTING 
COMPUTING FOR THE OLDER GENERATAION 
Jim Gatenby 
Especially widen for the over 50s, using plain English 
and avoiding technical jargon. Large clear type for easy 
reading. 
Among the many practical and useful ideas for using 

your PC that are covered in this book are: Choosing, set-
ting up and understanding your computer and its main 
components. Writing letters, leaflets, invitations, etc., and 
other word processing jobs. Keeping track of your 
finances usinç, a spreadsheet. Recording details of holi-
days and other ideas using a database. Using the Internet 
to find useful information, and email to keep in touch with 
family and friends. Making 'back-up copies of your work 
and checking or viruses. How to use Windows XP to help 
people with impaired vision, hearing or mobility. 

Provides the basic knowledge so you can gain enough 
confidence to loin the local computer class. 

308 pages Order code BP601 

THE INTERNET FOR THE OLDER GENERATION 
Jim Gatenby 
Especially written for the over 50s. Uses only clear and 
easy-to-understand language. Larger type size for easy 
reading. Provides basic knowledge to give you confidence 
to join the local computer class. 

This book explains how to use your PC on the Internet 
and covers amongst other things: Choosing and setting 
uo your computer for the Internet. Geling connected to 
the Internet. Sending and receiving email& photographs, 
etc., so that you can keep in touch with family and friends 
all over the world. Searching for and saving information on 
any subject. On-line shopping and home banking. Setting 
up your own simple web site. 

228 pages Order code BP600 £8.99 

RADIO 
SETTING UP AN AMATEUR RADIO STATION 
I. D. Poole • 
The aim of this book is to give guidance on the decisions 
which have b be made when setting up any amateur 
radio or short wave listening station. Often the experience 
which s needed is learned by one's mistakes, however, 
this can be expensive. To help overcome this, guidance is 
raven on many aspects of setting up and running an effi-
cient station. It then proceeds to the steps that need to be 
taken in gaining a full transmitting licence. 
Topics covered include: The equipment that is needed; 

Setting up the shack; Which aerials to use; Methods of 
construction; Preparing for the licence. 
An essential addition to the library of all those taking 

heir first steps in amateur radio 

85 pages Order code BP300 £4.45 

EXPERIMENTAL ANTENNA TOPICS 
H. C. Wright 
Although neady a century has passed since Marconi's first 
demonstration or radio communication, there is still 
research and experiment to be carried otc in the field of 
antenna design and behaviour. 
The aim of the experimenter will be to make a measure-

ment or confirm a principle, and this can be done with 
relatively fragile, short-life apparatus. Because of his. 
devices described in this book make iberal use of card-
board. cooking foil, plastic bottles, cat food tins, etc. These 
materials are, in general, cheap to obtain and easily worked 
with simple tools, encouraging the trial-and-error philosophy 
which leads to innovation and discovery. 

Although primarily a practical book we text closely 
supported by diagrams, some formulae which can be used 
by straightforward substitution and some simple graphs 
have also been included 

72 pages Order code BP27E £4.00 

25 SIMPLE INDOOR AND WINDOW AERIALS 
E. M. Noll 
Many people live in flats and apartments or other types of 
accommodation where outdoor aerials are prohibited, or a 
lack of garden space etc. prevents aerials from being 
erected. This does not mean you have to fugo shortwave-
listening, for even a 20-foot length of wins stretched out 
along :he skirting board of a room can produce acceptable 
results. However, with some addition a effort and experi-
mentation one may well be able to improve performance 
further. 

This concise book tells the story, and shows the reader 
how to construct and use 25 indoor and window aehals that 
the author has proven to be sure performers. Much infor-
mation is also given on shortwave bands, aerial directivity, 
rime zones, dimensions etc. 

£8.99 SO pages £2.25 Order code BP136 
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CIRCUITS AN D DESIGN 
AN INTRODUCTION TO PIC MICROCONTROLLERS 
Robert Pent old 
Designing your own PIC based projects may seem a 
daunting task, but it is really not too difficult providing you 
have some previous experience of electronics. 
The PIC processors have plenty of useful features, but 

they are still reasonably simple and straightforward to 
use. This book should contain everything you need to 
know. 
Topics covered include: the PIC register set; numbering 

systems; bitwise operations and rotation; the PIC instruc-
tion set; using interrupts; using the analogue to digital 
converter; clock circuits; using the real time clock counter 
(RTCC); using subroutines; driving seven segment 
displays. 

166 pages Order code BP394 £6.49 

PRACTICAL OSCILLATOR CIRCUITS 
A. FlInd 
Extensive coverage is given to circuits using capacitors 
and resistors to control frequency. Designs using 
CMOS, timer i.c.s and op.amps are all described in 
detail, with a special chapter on " waveform generator" 
i.c.s. Reliable "white" and "pink" noise generator circuits 
are also included. 

Various circuits using inductors and capacitors are cov-
ered, with emphasis on stable low frequency generation. 
Some of these are amazingly simple, but are still very 
useful signal sources. 

Crystal oscillators have their own chapter. Many of the 
circuits shown are readily available special i.c.s for 
simplicity and reliability, and offer several output frequen-
cies. Finally, complete constructional details are given for 
an audio sinewave generator. 

133 pages Order code BP393 £5.49 

PRACTICAL ELECTRONICS HANDBOOK - 
Fifth Edition. Ian Sinclair 
Contains all of the everyday information that anyone 
working in electronics will need. 

It provides a practical and comprehensive collection of 
circuits, rules of thumb and design data for professional 
engineers, students and enthusaists, and therefore 
enough background to allow the understanding and 
development of a range of basic circuits. 
Contents: Passive components, Active discrete 

components, Circuits, Linear I.C.s, Energy conversion 
components, Digital I.C.s. Microprocessors and micro-
processor systems, Transferring digital data, Digital. 
analogue conversions, Computer aids in electronics. 
Hardware components and practical work, Micro-con-
trollers and PLCs. Digital broadcasting, Electronic 
security. 

440 pages Order code NE21 £17.99 

COIL DESIGN AND CONSTRUCTIONAL MANUAL 
B. B. Babani 
A complete book for the home constructor on "how to 
make" RF, IF, audio and power coils, chokes and trans-
formers. Practically every possible type is discussed and 
calculations necessary are given and explained in detail. 
Although this book is now twenty years old, with the 
exception of toroids and pulse transformers little has 
changed in coil design since it was written. 

96 pages Order code BP160 £4.49 

OPTOELECTRONICS CIRCUITS MANUAL 
R. M. Marston 
A useful single-volume guide to the optoelectronics 
device user, specifically aimed at the practical design 
engineer, technician, and the experimenter, as well as 
the electronics student and amateur. It deals with the 
subject in an easy-to-read, down-to-earth, and non-
mathematical yet comprehensive manner, explaining 
the basic principles and characteristics of the best 
known devices, and presenting the reader with many 
practical applications and over 200 circuits. Most of the 
i.c.s and other devices used are inexpensive and read-
ily available types, with universally recognised type 
numbers. 

182 pages Order code NE14 £20.99 

OPERATIONAL AMPUF1ER USER'S HANDBOOK 
R. A. PantoId 
The first part of this book covers standard operational 
amplifer based "building blocks" (integrator, precision 

rectifier, function generator, amplifiers, etc), and consid-
ers the ways in which modern devices can be used to give 
superior performance in each one. The second part 
describes a number of practical circuits that exploit mod-
ern operational amplifiers, such as high slew-rate, ultra 
low noise, and low input offset devices. The projects 
include: Low noise tape preamplifier, low noise RIAA pre-
amplifier, audio power amplifiers, d.c. power controllers, 
opto-isolator audio link, audio millivolt meter, temperature 
monitor, low distortion audio signal generator, simple 
video fader, and many more. 

120 pages Order code BP335 £5.45 

A BEGINNERS GUIDE TO CMOS DIGITAL ICs 
R. A. Penfold 
Getting started with logic circuits can be difficult, since many 
of the fundamental concepts of digital design tend to seem 
rather abstract, and remote from obviously useful applica-
tions. This book covers the basic theory of digital electronics 
and the use of CMOS integrated circuits, but does not lose 
sight of the fact that digital electronics has numerous "real 
world" applications. 
The topics covered in this book include: the basic 

concepts of logic circuits; the functions of gates, invert-
ers and other logic "building blocks"; CMOS logic i.c. 
characteristics, and their advantages in practical circuit 
design; oscillators and monostables (timers); flip/flops, 
binary dividers and binary counters: decade counters 
and display drivers. 

119 pages Order code BP333 £5.45 
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VALVE & TRANSISTOR AUDIO AMPLIFIERS 
John Linsley Hood 
This is John Linsley Hood's greatest work yet, describ-
ing the milestones that have marked the development of 
audio amplifiers since the earliest days to the latest 

BOOK ORDERING DETAILS 
All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) 
please add £2 per book. For the rest of the world airmail add £3 per book. CD-ROM prices 
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order (£ sterling only) made payable to Direct Book Service or card details, Visa, Mastercard, 
Amex, Diners Club or Switch to: DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LIMIT-
ED, 408 WIMBORNE ROAD EAST, FERNDOWN, DORSET BH22 9ND. 
Books are normally sent within seven days of receipt of order, but please allow 28 days for 

delivery — more for overseas orders. Please check price and availability (see latest issue of 
Everyday Practical Electronics) before ordering from old lists. 

For a further selection of books see the next two issues of EPE. 

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

Order from our online shop at: www.epemag.wimborne.co.uldshopdoor.htm 
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Please send book order codes:   
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systems. Including classic amps with valves at their 
heart and exciting new designs using the latest compo-
nents, this book is the complete world guide to audio 
amp design. 
Contents: Active components; Valves or vacuum 

tubes; Solid-state devices; Passive components; 
Inductors and transformers; Capacitors, Resistors, 
Switches and electrical contacts; Voltage amplifier 
stages using valves; Valve audio amplifier layouts; 
Negative feedback; Valve operated power amplifiers; 
Solid state voltage amplifiers; Early solid-state audio 
amplifiers; Contemporary power amplifier designs; 
Preamplifiers; Power supplies ( PSUs). Index. 

250 pages Order code NE24 £25.99 

AUDIO AMPLIFIER PROJECTS 
R. A. Pent°Id 
A wide range of useful audio amplifier projects, each 
project features a circuit diagram, an explanation of the 
circuit operation and a stripboard layout diagram. All 
constructional details are provided along with a shop-
ping list of components, and none of the designs 
requires the use of any test equipment in order to set 
up properly. All the projects are designed for straight-
forward assembly on simple circuit boards. 

Circuits include: High impedance mic preamp, Low 
impedance mic preamp, Crystal mic preamp, Guitar and 
GP preamplifier, Scratch and rumble filter, RIAA 
preamplifier, Tape preamplifier, Audio limiter, Bass and tre-
ble tone controls, Loudness filter. Loudness control, 
Simple graphic equaliser, Basic audio mixer, Small 
(300mW) audio power amp, 6 watt audio power amp, 
20/32 watt power amp and power supply, Dynamic noise 
limiter. 
A must for audio enthusiasts with more sense than 

money! 
116 pages Order code PC113 _£.1.9:95 £5.45 

VALVE AMPLIFIERS 
Second Edition. Morgan Jones 
This book allows those with a limited knowledge of the field 
to understand both the theory and practice of valve audio 
amplifier design, such that they can analyse and modify cir-
cuits, and build or restore an amplifier. Design principles and 
construction techniques are provided so readers can devise 
and build from scratch, designs that actually work. 
The second edition of this popular book builds on its main 

strength - exploring and illustrating theory with practical 
applications. Numerous new sections include: output trans-
former problems; heater regulators; phase splitter analysis; 
and component technology. In addition to the numerous 
amplifier and preamplifier circuits, three major new designs 
are included: a low-noise single-ended LP stage, and a pair 
of high voltage amplifiers for driving electrostatic transduc-
ers directly- one for headphones, one for loudspeakers. 

288 pages Order code NE33 £32.99 

LOUDSPEAKERS FOR MUSICIANS 
Vivan Capel 
This book contains all that a working musician needs to 
know about loudspeakers; the different types, how they 
work, the most suitable for different instruments, for 
cabaret work, and for vocals. It gives tips on constructing 
cabinets, wiring up, when and where to use wadding, 
and when not to, what fittings are available, finishing, 
how to ensure they travel well, how to connect multi-
speaker arrays and much more. 
Ten practical enclosure designs with plans and 

comments are given in the last chapter, but by the time 
you've read that far you should be able to design your own! 

164 pages Order code BP297 £5.49 
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PCB SERVICE 
Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. All prices include VAT and postage ard packing. Add £1 per board for 
airmail outside of Europe. Remittances should be sent to The PCB Service, 
Everyday Practical Electronics, Wimborne Publishing Ltd., 408 Wimborne Road 
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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. We do not supply kits or components for our projects. 

Please check price and availability in the latest issue. 
A large number of older boards are listed on our website. 

Boards can only be supplied on a payment with order basis. 

PROJECT TITLE Order Code Cost 

*PIC Controlled Intruder Alarm APR '02 339 £6 50 
*PIC Big Digit Display MAY '02 341 £6.02 

Washing Ready Indicator 342 £4.75 

Audio Circuits-1 - LM386N-1 343 £4.28 

- TDA7052 344 £4.12 

- TBA820M 345 £4.44 

- LM380N 346 £4.44 

- TDA2003 347 £4.60 

- Twin TDA2003 348 £4.75 

World Lamp JUNE 02 340 £5.71 

Simple Audio Circuits-2 - Low, Med and High 
Input Impedance Preamplifiers (Single Trans.) 349 £4.60 

Low-Noise Preamplifier (Dual Trans.) 350 £4.75 

Tone Control 351 £4.60 

Bandpass Filter 352 £4.75 

Frequency Standard Generator - Receiver 353 £4.12 
- Digital 354 £6.82 

*Biopic Heartbeat Monitor 355 £5.71 

Simple Audio Circuits - 3 JULY 02 
356 £4.60 - Dual Output Power Supply 

- Crossover/Audio Filter 357 £4.44 

Infra-Red Autoswitch 358 £4.91 

*EPE StyloPIC 359 £6.50 

Rotary Combination Lock - Main Board 360 £5.39 

- Interface Board 361 £4.91 

*Using the Pt C's PCLATH Command - Software onl - - 

Big-Ears Buggy AUG 02 362 £5.71 

*PIC World Clock 363 £5.39 
Simple Audio Circuits-4 - Low Freq. Oscillator 364 £4.44 

- Resonance Detector 365 £4.28 

Vinyl-To-CD Preamplifier SEPT 02 366 £5.71 

*Freebird Glider Control 367 £4.91 

*Morse Code Reader 368 £5.23 

Headset Communicator OCT 02 369 £4.75 

EPE Bounty Treasure Hunter 370 £4.77 

**Digital I.C. Tester 371 £7.14 

*PIC-Pocket Battleships - Software only 

Transient Tracker NOV '02 372 £4.75 

*PICAXE Projects-1: Egg Timer; Dice Machine; 
Quiz Game Monitor (Multiboard) 373 £3.00 

*Tuning Fork 8. Metronome 374 £5.39 

**EPE Hybrid Computer - Main Board 1 double- 375 £18.87 
- Atom Board I sided 376 £11.57 

*PICAXE Projects-2: Temperature Sensor: DEC '02 

Voltage Sensor; VU Indicator (Multiboard) 373 £3.00 

*Versatile PIC Flasher 377 £5.07 

*PICAXE Projects-3: Chaser Lights JAN '03 373 £3.00 
6-Channel Mains Interface 381 £5.08 

EPE Minder - Transmitter 378 £4.75 

- Receiver 379 £5.39 

*Wind Speed Monitor 380 £5.08 

Tesla Transformer FEB '03 382 £5.07 

*Brainibot Buggy 383 £3.00 

*Wind Tunnel 384 £6.02 

200kHz Function Generator MAR '03 385 £6.34 

Wind-Up Torch Mk II 386 £4.75 

*Driver Alert 387 £6.35 

*Earth Resistivity Logger APR '03 388 £6.02 

*Intelligent Garden Lights Controller 389 £3.96 

*PIC Tutorial V2 - Software only - 

Door Chime MAY 03 390 £5.07 

Super Motion Sensor 391 £5.55 

Radio Circuits-1 MK484 TRF Receiver JUNE '03 392 £4.44 

Headphone Amp. 393 £4.28 

*Fido Pedometer 394 £4.91 

*PICronos L.E.D. Wall Clock 395 £14.65 

EPE Mini Metal Detector JULY '03 396 £4.28 

Radio Circuits - 2 CI-Multiplier 397 £4.28 

MW Reflex Radio 398 £4.60 

Wave Trap 399 £4.28 

Speaker Amplifier 400 £4.44 

Ohmmeter Adaptor Mk11 401 £4.60 

Ultimate Egg Timer (Top Tenner) 403 £4.91 

PROJECT TITLE Order Coce Cost 

*EPE PIC Met Office AUG '03 402 £10.46 [ 
Alarm System Fault Finder 404 £4.44 

Radio Circuits-3 Regen. Radio 405 £5.07 

' Tuning Capacitor Board 406 £4.28 

Master/Slave Intercom (Top Tenner) 407 £4.75 

Two-Up (Top Tenner) 408 £4.91 

Priority Referee (Top Tenner) SEPT '03 410 £5.07 

Vibration Alarm (Top Tenner) 411 £5.39 
Radio Circuits-4 Varicap Tuner 412 £4.44 

Coil Pack - General Coverage 413 £5.07 

Coil Pack - Amateur Bands 414 £4.75 

*PIC-A-Colour - Software only - - 

Spooky Bug (Top Tenner) OCT '03 409 £5.07 

Radio Circuits-5 Crystal Marker 415 £4.44 

Super Regen. Receiver 419 £5.07 

Buffer Amplifier 420 £4.44 

**Serial Interface for PICs and VB6 416 £5.23 

*PIC Breakpoint - Software only - 

Anyone At Home - Logic Board NOV '03 421 } Pair £6.35 
- Relay Board 422 

Radio Circuits-6 Direct Conversion SW Receiver 423 £6.02 

*PIC Random L.E.D. Flasher 424 £4.60 

*PIC Virus Zapper Mk2 DEC '03 425 £5.72 

Radio Circuits-7 SW Superhet Tuner/Mixer 426 £5.70 

Christmas Cheeks (double-sided) 427 £4.44 

*PIC Nim Machine - Software only - 

Bedside Nightlight (Top Tenner) JAN ' 04 

Sound Trigger 417 £4.44 

Timing/Lamp 418 £4.60 

Radio Circuits-8 Dual Conversion SW Receiver 
I.F. Amp 428 £5.71 

Signal-Strength Meter 429 £4.45 

B.F.O./Prod. Detector 430 £4.75 
*Car Computer (double-sided) 431 £7.61 
*PIC Watering Timer - Software only 
*GPS to PIC and PC Interface - Software ont - - 

Jazzy Necklace FEB ' 04 432 pair £5.40 

Sonic Ice Warning 433 £5.39 

*LCF Meter 434 £5.00 

*PIC Tug-of-War 435 £5 00 

EPE OFTWARE 
Software programs for EPE projects 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 V2 (Apr-June '03); EPE Disk 3 
(2000); EPE Disk 4 (2001); EPE Disk 5 (2002); EPE Disk 6 (2003 - excl. 

Earth Resistivity and Met Office); EPE Disk 7 (Jan 2004 to current cover 
date); EPE Earth Resistivity Logger (Apr-May '03); EPE PIC Met Office 
(Aug-Sept '03); EPETeach-In 2000; EPE Spectrum; EPE Interface Disk 1 

(October '00 issue to current cover date). **The software for these pro-
jects is on its own CD-ROM. The 3.5 inch disks are £3.00 each ( UK), the CD-

ROMs are £6.95 ( UK). Add 50p each for overseas surface mail, and £1 each 
for airmail. All are available from the EPE PCB Service. All files can be down-
loaded free from our Internet FTP site, accessible via our home page at: 
www.epemag.wimborne.co.uk. 

EPE PRINTED CIRCUIT BOARD 7RVICE 
Order Code Project Quantity Price 

Name  

Address   

Tel. No.   

I enclose payment of £ (cheque/PO in £ sterling only) to: 

1/1SA Everyday 411 
Practical Electronics 
MasterCard, Amex, Diners 

Club, Visa or Switch 

Card No.  

Card Exp. Date   Switch Issue No  

Card Security Code  
(The last 3 digits on or just under the signature strip) 

Signature  

NOTE: You can also order p.c.b.s by phone, Fax, Email or via our 
Internet site on a secure server: 

http://www.epemag.wimborne.co.uleshopdoor.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: 

BASIC 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 your own projects. From basic principles, iike soldering 
and making printed circuit boards, to the tools needed for 
circuit-building, the Modern Electronics Manual and its 
Supplements describe clearly, with appropriate diagrams, how to 
assemble a radio, loudspeaker circuits, amplifiers, car projects, 

• Over 800 pages 

• In-depth theory 

• Projects to build 

• Detailed assembly instructions 

• Full components checklists 

• Extensive data tables 

• Manufacturers' web links 

• Easy-to-use Adobe Acrobat 

format 

• Clear and simple layout 

• Comprehensive subject range 

• Professionally written 

• 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.cs. 

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. 
Supplements: Additional CD-ROMs each containing approximately 500 pages of additional information on specific areas of electronics are 
available for £ 19.95 each. Information on the availability and content of each Supplement CD-ROM will be sent to you. 
Presentation: CD-ROM suitable for any modern PC. Requires Adobe Acrobat Reader which is included on the MEM CD-ROM. 

Price of the Basic Work: £29.95 POST FREE. 

ORDER BOTH MANUALS TOGETHER AND SAVE £20 
A mass of well-organised and clearly explained information Is brought to you by expert editorial 

teams whose combined experience ensures the widest coverage 
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 icentify Electronic Components, Avoid Static 
Hazards, Carry Out Soldering and Wiring, Remove and Replace Components. 

TEST EQUIPMENT: How to Choose and Use Test Equipment, Assemble a Toolkit, Set 
Up a Workshop, and Get the Most from Your Multimeter and Oscilloscope, etc. 

SERVICING TECHNIQUES: The regular Supplements include vital guidelines on how to 
Service Audio Amplifiers, Radio Receivers, TV Receivers, Cassette Recorders, Video 
Recorders, Personal Computers, etc. 

TECHNICAL NOTES: Commencing with the IBM PC, this section and the regular 
Supplements deal with a very wide range of specific types of equipment — radios, TVs, 
cassette recorders, amplifiers, video recorders etc.. 

REFERENCE DATA: Detailing vital parameters for Diodes, Small-Signal Transistors, 
Power Transistors Thyristors, Triacs and Field Effect Transistors. Supplements include 
Operational Amplifiers, Logic Circuits, Optoelectronic Devices, etc. 

ELECTRONICS SERVICE MANUAL 
(ESM - Printed version only) 

Basic Work: Contains around 900 pages of information. Edited by Mike Tooley BA 
Regular Supplements: Unlike a book or encyclopedia, this Manual is a living work — 
continuously extended with new material. If requested, Supplements are sent to you on 
approval approximately every three months. Each Supplement contains around 160 pages 
— all for only £23.50+£2.50 p&p. You can, of course, return any Supplement (within ten 
days) which you feel is superfluous to your needs. You can also purchase a range of past 
Supplements to extend your Base Manual on subjects of particular interest to you. 

Presentation: Durable looseleaf system in large A4 format 

Price of the Basic Work: £29.95 
(to include a recent Supplement FREE). 

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 safely precautions 

• Professionally written 

• Regular Supplements 

• Sturdy gold blocked ring-binder 

MEE! 1cPc. "dr0Pc Pc AM Pc.1 MIN 1 MI ME Pr Pr. 1 MIR I SOP LIEEPP  (buttratit re Eararer&gren EPLEMP LEEMPPLEDEP  

Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy with the Elecovnics 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. 

Lp 

5 

5 
st 
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Wimborne Publishing Ltd., Dept 1/2, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. Fax: 01202 874562. 
Online shop: www.epemag.wimborne.co.uk/shopdoor.htm 

r PLEASE send me 
VISA 

E THE MODERN ELECTRONICS MANUAL (CD-ROM version only) 
Ej ELECTRONICS SERVICE MANUAL plus a FREE SUPPLEMENT (Printed version only) 

I enclose payment of £29.95 (for one Manual) or £39.90 for both Manuals (saving £20 by 
ordering both together) plus postage if applicable. 
I also require the appropriate ESM Supplements four times a year. These are billed 
separately and can be discontinued at any time. (Please delete if not required.) 

FULL NAME   
(PLEASE PRINT) 

ADDRESS   

 POSTCODE   

SIGNATURE   

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

D 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. Y2, 408 Wimbome 
Road East, Femdown, Dorset BH22 9ND 

We offer a 30 day MONEY BACK GUARANTEE 
on ESM - see the panel above for details. 

POSTAGE CHARGES FOR ESM 
MEM CD-ROM POST FREE TO ALL COUNTRIES 
(Note we use the VAT portion of the MEM CD-ROM payment 

to pay for overseas postage) 

Price PER ESM PRINTED MANUAL 
Postal Region Surface Air 

Mainland UK 
Scottish Highlands, 
UK Islands & Eie 

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

FREE 

£7 each 

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

£23 each 
£30 each 
£39 each 
£43 each 
£52 each 

Card Security Code  Please allow four working days for UK delivery. 
(The last 3 digits on or just under the signature strip) NOTE: Surface mail can take over 10 weeks to some parts of 

the world. Each ESM weighs about 4kg when packed 

men-cd 



HORIZON 

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 nineteen 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 £ 10 (+VAT) per single column centimetre (minimum 2.5cm). 
The prepaid rate for classified adverts is 40p (+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. 

\p/ 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 3, Sheat Manor Farm, Chillerton, 
Newport, Isle of Wight, P030 3HP 

Tel: 0870 243 0414 Fax: 01983 721572 

email: sales@wt-cowes.freeserve.co.uk 

MAGNIFIERS 

Head mounted, hands-free 
magnifier specialists 

Bifocal Safety Glasses OptiVISOR 

FREE MAIL ORDER CATALOGUE 

PO BOX 44 TIVERTON EX16 6YF 

01884 254172 

www.magnifiers.co.uk 

The Versatile, Programmable 
On Screen Display System 

www.STV5730A.co.uk 

• Fully programmable 
• PIC 16F628 microcontroller 
• Demo software code available 
40SD IC 28 by 11 screen 
4 I/O lines free to connect sensors or buttons 
•Serial or PC keyboard interface versions 

BOWOOD ELECTRONICS LTD 
Suppliers of Electronic components 

Place a secure order on our website or call our sales 
All major credit cards accepted 

Web: s. s. w.howood-electronics.co.uk 

7 Flakewell Road, Baslow, Derbyshire DE45 IRE 
Sales: 01246 583777 

Semi .12;r quo'', fin catalogue 

X-10® Home Automation 
We put you in control' 

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. 
E-Mail: info@lasercom 

hup://www.lasencom 

Tel: ( 020) 8441 9788 

Fax: (020) 8449 0430 

VISA 

Professional CD Duplication 

Printing and Packaging 

Ideal for software 
Data distribution, 

Catalogues etc. 
Low cost quick 

professional service. 

www.rapidcd.co.uk 
Tel 0161 344 2929. Fax 0161 344 2727 

TOTALROBOTS 
ROBOTICS, CONTROL & 

ELECTRONICS TECHNOLOGY 

High quality robot kits and components 
UK distributor of the 00Pic microcontroller 

Secure on-line ordering 
Rapid delivery 

Highly competitive prices 

Visit www.totalrobots.com 

Tel: 0208 823 9220 

Pt illo%rope â 

Signal Generator 41111 
Digital Oscilloscope + Signal Generator + Spectrum 

Analyser. Samples at 20 or 30 Msps. Programmable signal 
generator with built in sine, triangular, saw and square waves 
in normal & sweep modes. Plugs into printer port. 

Prices from £ 129 - CL SYSTEM 
Visit www.clsystem.ro.uk or call 07986 860815 

- Mobile Phones - 
Do you want to repair mobile phones? 

L1L) Spare Parts - Repair Books - Tools    tI 

We stock almost everything you'll need to repair mobile phones: 

D Opening Tools 
L] Repair Books with schematic diagrams 

CI Spare Parts 
E Test Boards 

We also provide an UNLOCKING and REPAIR service 

BITZ TECHNOLOGY LTD 
344 KILBURN LANE, LONDON W9 3EF 

TEL: 0208-964-8898 

BTEC ELECTRONICS 
TECHNICIAN TRAINING 

VCE ADVANCED ENGINEERING 
ELECTRONICS AND ICT 

HNC AND HND ELECTRONICS 
NVG) ENGINEERING AND IT 

PLEASE APPLY TO COLLEGE FOR 
NEXT COURSE DATE 

FULL PROSPECTUS FROM 

LONDON ELECTRONICS COLLEGE 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 

TEL: (020) 7373 8721 

TRANSFORMERS 
• Custom Wound 

• 1 Phase to 50k VA 
• 3 Phase to 100kVA 

• A.C. and D.C. Chokes 
• H.T. opto 5kV 

• Transformer Kits 

• Coils up to 1m Dia. 
• Transformer Rectifiers 
• Toroidals 
• Motor Generators 

Visit www.jemelec.com for details 
or request our free leaflet 

Jernelec. Unit 7 Shirebrook Business Park, Mansfield. NG20 8RN 

Tel: 0870 787 1769 

SWAYSCIENCE 
LOW TEMPERATURE DESOLDERING 

(60 C-80 C) 

Remove electronic components without heat 
damage to semiconductors or p.c.b.s. 

* New Product * Cost Effective 
* Free Details 

* Safer than most solder itself 

* Trade and Retail Enquiries Welcome 

TEL: 0778 770 3785 
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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 BT5 4GX. 
PRINTED CIRCUIT BOARDS — QUICK SERVICE. Prototype and production art-
work raised from magazines or draft designs at low cost. PCBs designed from schemat-
ics. Production assembly, wiring and software programming. For details contact Patrick 
at Agar Circuits, Unit 5. East Belfast Enterprise Park, 308 Albertbridge Road, Belfast. 
BTS 4GX. Phone 028 9073 8897, Fax 028 9073 1802, Email agar@argonet.co.uk. 
G.C.S.E. ELECTRONICS KITS, TOOLS, pocket money prices. S.A.E. for free 
catalogue. SIR-KIT Electronics, 52 Severn Road. Clacton. C015 3RB. 
www.geocities.com/sirkituk. 
VALVES AND ALLIED COMPONENTS IN STOCK. Phone for free list. Valves. 
books and magazines wanted. Geoff Davies (Radio), tel. 01788 574774. 
LOW DENSITY CONCRETE CABINET LOUDSPEAKERS. Direct sale, d-i-y, a 
sonic revelation! www.taradaysound.co.uk. 
P.C.B. SERVICES. Prototype, one-offs. design, assembly. Details: 01633 895580. 
07748 658567. 
GRIMSBY ELECTRONICS, Lamben Road. Grimsby: Components, accessories. 
unusual items. S.a.e. enquiries, tel. 01472 697414. 
STEREO AMPLIFIER MODULES AND CONTROLS, assorted 10-30 watt, vin) I 
turntable and stereo pick-up, £ 12.60. K.I.A., 1 Regent Road. Ilkley LS29. 

N. R. BARDWELL LTD (Est. 1948) 
100 Sign., Doses .14d• 48 
75 Recrlf rer Doies 154001 
50 Rectifier Diodes 154107 
10 WO1 Bridge Peddlers 
10 555 Timer l Cs 
4 741 Op Amps 
50 Assorted Zener Diodes 400mW 
12 Assorted 7.segment Displays .£1.00 
35 Assorted led s var shapes. cokaurs 8 sizes 11.00 
25 5mrn le d s. red or green or yellow ...CIA» 
25 3mm 1 e d.s. red or green or yellow 81  CO 
75 5mm Le d.s. green. 6.5mm legs 11  00 
50 Axial I.e.d s. 2mcd red Diode Package £1  03 
25 Asstd. High Brghtness le d s var cols ...11.03 
29 BC182L ransistors   . 11.00 
25 BC212L Transistors . .£1.00 
30 BC237 Transstors .01.00 
20 BC327 Tr a n s ts to r s .01.00 
30 FIC328 Transistors .£1.00 
30 BC547 Transistors 
20 BC547B Transistor  £1.00 
30 BC548 Transstors 11  00 
30 BC549 Transistors .  11.00 
25 BC557 Transistors . £1.00 
30 BC558 Transistors . £1.00 
30 BC559 Transistors .£1.00 
29 293904 Transistors . £1.00 
100 1n1 50V Mg Axial CapacCors . _01.00 
100 497 50V wkg Axial CaPecders .£1 OD 
80 Asstd capacitors electrolyte. . £1.00 

11 00 
CI 00 
Cl  00 
01 00 
01 00 
f1.00 
£1.00 

80 Asstd capacitors 1nF to 1 a F 
200 Asstd Ose casasse caPeotds 
50 Asset Skel Presets Ism stand. cemlen 

Asset RF chokes (inductors) 
Asstd grommets 

10 Asstd crystals - plug rn   
8 Asstd AL watches   
8 Asstd push-button entches, mutb-bank, nib-pole 
30 Assld di sockets up to 40 way  
10 lVcoaeplune, ebssc 
40 
20 
100 
10 
300 

50 
50 

8.. 00 
Et 00 
£1.00 
fl  00 
£1  00 
£1.00 
£1.00 
.1100 
£1.00 
11  00 

metres .mry thin conneding wire red£1  00 
lin glass reed switches £1  00 
Any one value 5°. cf resrstors range IFIto IPA .01.45 
7812 Voltage Regulators £1  00 
Mstd resistors. IvW/11W, nvosay ce tapes  £1.00 

288 Abbeydale Road, Sheffield Si 1FL 

Phone (local rate): 0845 166 2329 

Fax: 0114 255 5039 

salesebardwells.co.uk 
web: www.bardvrells.co.uk 

Prices Include VAT.Postage £ 1.65 
44p stamp for lists or disk 

POs. Cheques and Credit Cards accepted 
SEE OUR WEB PAGES FOR MORE 

COMPONENTS AND SPECIAL OFFERS 

• 
National College of Technology 

DISTANCE LEARNING 
COURSES 

Electronic Circuits 
Digital Circuits 
Mathematics 

Electronic Testing & Fault Finding 
Programmable Logic Controllers 
Mechanics & Mechanisms 

These courses lead to a BTEC QUALIFICATION and are 
suitable for beginners and those with more experience, needing 
to update their skills. 

Register NOW and learn at your own pace with tutor support 
available to help you succeed 

For further details telephone 

08456 345 445 

or visit our web site 

www.oakcad.co.uk/nct.aspx 

OakCAD 

N C T is part of the OakCAD Training Group. 

SQUIRES 
MODEL & CRAFT TOOLS 
A COMPREHENSIVE RANGE OF MINIATURE HAND AND 

POWER TOOLS AND AN EXTENSIVE RANGE OF 

ELECTRONIC COMPONENTS 
FEATURED IN A FULLY ILLUSTRATED 

624 PAGE MAIL ORDER CATALOGUE 

2004 ISSUE 
SAME DAY DESPATCH 

FREE POST AND PACKAGING 
Catalogues: FREE OF CHARGE to addresses in the UK. 
Overseas: CATALOGUE FREE, postage at cost charged 

to credit card 

SHOP EXTENSION NOW OPEN 
Squires, 100 London Road, 

Bognor Regis, West Sussex, P021 1DD 

TEL: 01243 842424 

FAX: 01243 842525 

EUROCARO 

VISA 

FRUSTRATED! 
Looking for ICsTRANSIS—ORs? 
A phone call to us could get a result. We 
offer an extensive range and with a world-
wide database at our fingertips, we are 
able to source even more. We specialise in 
devices with the following prefix ( to name 

but a few). 

2N 2SA 2SB 2SC 2SD 2P 2SJ 2SK 3N 3SK 4N 6N 17 40 AD ADC AN AM AY BA 
BC BD BDT BDV BDW BDX BF BFR BFS BFT BFX BEY BLY BLX BS BR 
BRX BRY BS BSS BSV BSW BSX BT Ern BTB BRW BU BUK BUT BUV 
BUW BUX BUY BUZ CA CD CX CXA DAC DG DM DS DTA DTC GL GM HA 
HCF HD HEF ICL ICM IRF J KA KIA L LA LB LC LD LF LM M M5M MA 
MAB MAX MB MC MDAJ MJE MJF MM MN MPS MPSA MPSH MPSU MRF 
NJM NE OM OP PA PAL PIC PN RC S SAA SAB SAD SAJ SAS SDA SG SI SL 
SN SO STA STK STR STRD STRM STRS SVI T TA TAA TAG TEA IC TCA 
TDA TDB TEA TIC TIP TIPL TEA TL TLC IMP TMS TPU U UA UAA UC UDN 
ULN UM UPA UPC UPD VN X XR Z ZN ZTX + many others 

PLEASE ASK FOR OUR FREE CD-ROM 
(In Excel) STOCK LIST 

We Stock a Massive Range of Components 

Mail, phone, Fax Credit Card orders and callers welcome 

f=iV:ICAN 

DCPRESS 
VISA Connect 

Cricklewood Electronics Ltd 
40-42 Cricklewood Broadway London NW2 3ET 

Tel: 020 8452 0161 Fax: 020 8208 1441 
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Watch Slides on TV. 
Make videos of your slides. Digitise your slides 
(using a video capture card) 
"Liesgang diatv" automatic slide viewer with built in 
high quality colour TV camera. It has a composite 
video output to a phono plug (SCART & BNC adaptors 
are available). They are in very good condition with few 
signs of use. More details see www.diatv.co.uk. 
£91.91 + VAT = £108.00 

Board cameras all with 512 x 582 pixels 8.5mm 1/3 inch sensor and composite video 
out. All need to be housed in your own enclosure and have fragile exposed surface 
mount parts. They all require a power supply of between 10V and 12V DC 150mA. 
47MIR size 60 x 36 x 27mm with 6 infra red LEDs (gives the same illumination as a 
small torch but is not visible to the human eye) £37.00 + VAT = £43.48 
30MP size 32 x 32 x 14mm spy camera with a fixed focus pin hole lens for hiding 
behind a very small hole £35.00 + VAT = £41.13 
40MC size 39 x 38 x 27mm camera for 'C' mount lens these give a much sharper 
image than with the smaller lenses £32.00 + VAT = £37.60 
Economy C mount lenses all fixed focus & fixed iris 
VSL1220F 12mm F1.6 12 x 15 degrees viewing angle £15.97 + VAT £18.76 
VSL4022F 4mm F1.22 63 x 47 degrees viewing angle £17.65 + VAT £20.74 
VSL6022F 6mm F1.22 42 x 32 degrees viewing angle £19.05 + VAT £22.38 
VSL8020F 8mm F1.22 32 x 24 degrees viewing angle £19.90 + VAT £23.38 

Better quality C Mount lenses 
VSL1614F 16mm F1.6 30 x 24 degrees viewing angle £26.43 + VAT £31.06 
VWL813M 8mm F1.3 with iris 56 x 42 degrees viewing angle £77.45 + VAT = £91.00 
1206 surface mount resistors E12 values 10 ohm to 1M ohm 
1000f 1 value £1.00+ VAT 1000 of 1 value £5.00 + VAT 

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 & packing per order 

JPG Electronics 
Shaws Row, Old Road, Chesterfield, S40 2RB. 

Tel 01246 211202 Fax 01246 550959 
MastercardNisa/Switch 

Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday 

SHERWOOD ELECTRONICS 
FREE COMPONENTS 

Buy 10 x £1 Special Packs and choose another one FR EE 
SP1 
SP2 
SP3 
SP5 
SP6 
SP7 
SP8 
SP9 
SP10 
SP11 
SP12 
SP18 
SP20 
SP23 
SP24 
SP25 
SP26 
SP28 
SP29 
SP33 
SP34 
SP36 
SP37 
SP39 
SP40 
SP41 
SP42 
SP47 
SP49 
SP102 
SP103 
SP104 
SP105 
SP109 
SP112 
SP115 
SP116 
SP118 
SP124 
SP126 

SP130 
SP131 

15 x 5mm Red LEDs 
12 x 5mm Green LEDs 
12 x 5mm Yellow LEDs 
25 x 5mm 1 part LED clips 
15 x 3mm Red LEDs 
12 x 3mm Green LEDs 
10 x 3mm Yellow LEDs 
25 x 3mm 1 part LED cups 
100 x 1N4148 diodes 
30 x 1N4C01 diodes 
30 x 1N4002 diodes 
20 x BC182 transistors 
20 x BC184 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 
4 x CMOS 4081 
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 025W CF. 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 
4 x 74LSOO 
15 x BC557 transistors 
4 x CMOS 4093 
3 x 10mm Red LEDs 
3 x 10mm Green LEDs 
2 x CMOS 4047 

20 x Assorted ceramic disc caps 
6 x Battery cups - 3 ea. 

PP3 a PP9 
100 x Mixed 0.5W CF resistors 
2 x TL071 Op.Amps 

RESISTOR PACKS - C.Film 
RP3 5 each value - total 365 0.25W £3.20 
RP7 10 each value - total 730 0.25W £4.45 
RP10 1000 popular values 0.25W £6.35 
RP4 5 each value-total 345 OSW £4.10 
RP8 10 each value-total 690 05W £6.75 
RP11 1000 popular values 0.5W £8.60 

SP133 20 x 1N4004 diodes 
SP134 15 x 1N4007 diodes 
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 cups 

(Red 8. Black) 
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 
SPI 54 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 5 x BC107 transistors 
SP168 5 x BC108 transistors 
SP172 4 x Standard slide switches 
SP173 10 x 220/25V radial elect. caps 
SP174 20 x 22/25V radial elect. caps 
SP175 20 x 1/63V radial elect. caps. 
SP177 10 x 1A 20mm quick blow fuses 
SP178 10 x 2A 20mm quick tdow fuses 
SP181 5 x Phono plugs - asstd colours 
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 
SP195 3 x 10mm Yellow LEDs 
SP197 6 x 20 pin DIL sockets 
SP198 5 x 24 pin OIL sockets 
SP199 5 x 2.5mm mono jack plugs 
SP200 5 x 2.5mm mono jack sockets 

2004 Catalogue now available £1 
Inc. P&P or FREE with first order. 

P&P £1 50 per order NO VAT 
Orders to: 

Sherwood Electronics, 
7 Williamson St., Mansfield, 

Notts. NG19 STD. 

ADVERTISERS 
INDEX 

ANTEX  113 
AUDON ELECTRONICS  113 
N. R. BARDWELL  151 
B.K. ELECTRONICS  Cover (iv)/109 
BRUNNING SOFTWARE  87 
BULL GROUP  Cover ( ii) 
CRICKLEWOOD ELECTRONICS  151 
DISPLAY ELECTRONICS  82 
ESR ELECTRONIC COMPONENTS 90 
JPG ELECTRONICS  152 
LABCENTER  Cover ( iii) 
MAGENTA ELECTRONICS  88/89 
MATRIX MULTIMEDIA  109 
MILFORD INSTRUMENTS  97 
NATIONAL COLLEGE OF TECHNOLOGY  151 
PEAK ELECTRONIC DESIGN  121 
PICO TECHNOLOGY  101 
QUASAR ELECTRONICS  84/85 
RYKEL TECHNOLOGIES  113 
SHERWOOD ELECTRONICS 152 
SQUIRES  151 
STEWART OF READING  129 
TOTAL ROBOTS 129 

ADVERTISEMENT MANAGER: PETER J. MEW 
ADVERTISEMENT OFFICES: 
EVERYDAY PRACTICAL ELECTRONICS, ADVERTISEMENTS, 
MILL LODGE, MILL LANE, THORPE-LE-SOKEN, 
ESSEX C016 OED. 
Phone/Fax: (01255) 861161 

For Editorial address and phone numbers see page 91 
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Subscriptions for delivery direct to any address in the UK: 
6 months £ 16.50, 12 months £31, two years £57; Overseas: 
6 months £19.50 standard air service or £28.50 express airmail, 
12 months £37 standard air service or £55 express airmail, 
24 months £69 standard air service or £ 105 express airmail. 
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@epemag.wimborne.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.) 

ONLINE SUBSCRIPTIONS 
Online subscriptions, for downloading the magazine via the 
Internet, $ 10.99US (approx. £7) for one year available from 
www.epemag.com. 

USA/CANADA SUBSCRIPTIONS 
To subscribe to EPE from the USA or Canada please telephone 
Express Mag toll free on 1877 363-1310 and have your credit 
card details ready. Or fax (514) 355 3332 or write to Express 
Mag, PO Box 2769, Plattsburgh, NY 12901-0239 or Express 
Mag, 8155 Larney Street, Anjou, Quebec, H1J 2L5. 
Email address: expsmag@expressmag.com. 
Web site: www.expressmag.com. 
USA price $60(US) per annum, Canada price $88(Can) per 
annum - 12 issues per year. 

Everyday Practical Electronics, periodicals pending, ISSN 0262 3617 is 
published twelve times a year by Wimborne Publishing Ltd., USA agent 
USACAN at 1320 Route 9, Champlain, NY 12919. Subscription price in 
US $60(US) per annum. Periodicals postage paid at Champlain NY and at 
additional mailing offices. POSTMASTER: Send USA and Canada 
address changes to Everyday Practical Electronics, do Express Mag., PO 
Box 2769, Plattsburgh, NY, USA 12901-0239. 

Published on approximately the second Thursday of each month by Wimbome Publishing Ltd., 408 Wimborne Road East, Femdown. Dorset BH22 9ND. Printed in England by Apple Web Offset Ltd.. Warrington. 
WA I 4RW. Distributed by COMAG Magazine Marketing. Tavistock Rd.. West Drayton, UB7 7QE. Subscriptions INLAND: C16.50 (6 months): £31 ( 12 months): £57 (2 years). OVERSEAS: Standard air ser-
vice. £ 19.50 (6 months): £37 ( 12 months): £69 (2 years). Express airmail. £28.50 (6 months): £55 112 months): £ 105 (2 years). Payments payable to"Everyday Practical Electronics". Subs Dept. Wimborne 
Publishing Ltd. Email: subs@epemag.wimhome.co.uk. EVERYDAY PRACTICAL ELECTRONICS is sold subject to the following conditions, namely that it shall not, without the written consent of the 
Publishers first having been given. be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not he lent, resold, hired 
out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 
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• Powerful & flexible schematic capture. 
• Auto-component placement and rip-up/retry PCB routing. 
• Polygonal gridless ground planes. 
• Libraries of over 8000 schematic and 1000 PCB parts. 
• Bill of materials, DRC reports and much more. 

Mixed Mode SPICE Circuit Simulation 

• Berkeley SPICE3F5 simulator with custom extensions for 
true mixed mode and interactive simulation. 

• 6 virtual instruments and 14 graph based analysis types. 
• 6000 models including TTL, CMOS and PLD digital parts. 
• Fully compatible with manufacturers' SPICE models. 

- 

--tiiiertual,. System Modelling 

New Features 
in Version 6 

• Drag and drop toolbars. 
• Visual PCB packaging tool 
• Improved route editing. 
• Point and click DRC report. 
• Multiple design rules ( per net). 
• Multiple undo/redo. 

Call Now for Upgrade Pricing 

Proteus VSM - Co-simulation and debugging for popular Micro-controllers 

• Supports PIC, AVR, 8051, HC11 and ARM micro-controllers. 
• Co-simulate target firmware with your hardware design. 
• Includes interactive peripheral models for LED and LCD displays, 

switches, keypads, virtual terminal and much, much more. 
• Provides source level debugging for popular compilers and 

assemblers from Crownhill, IAR, Keil, and others. 

Electronics 
53-55 Main Street, Grassington. BD23 5AA 

Tel: 01756 753440 
Fax: 01756 752857 

Contact us foil ' 

Free Demo CD 

Works with 

PIC Basic Plus 
from Crownhill 

Associates 
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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 transformers 
• Twin L.E.D. Vu Meters ' Level controls Illuminated on/off switch Jack / XLR inputs • 
Speakon Outputs 'Standard 775mv inputs 'Open and Short circuit proof Latest Mos-Fets 
for stress free delivery into virtually any load • High slew rate Very low distortion Aluminium 
cases MXF600 & MXF900 fan cooled with -D.C. Loudspeaker and thermal protection. 

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC 

MXF200 W19" D11" H3V 
MXF400 W19" D12" H5'/. - -3U 
MXF600 W19" D13" 3U 
MXF900 W19" D14" 1-15'/,' 3U 

PRICES:- MXF200 £ 175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL £12.50 Each   

SIZES:-
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100 WATT ACTIVE SUB BASS AMPLIFIER PANEL 

AN ACTIVE SUB BASS AMPLIFIER WITH A TRUE 100W 
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 (NAT 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 24031z ( FULLY ADJUSTABLE) 
• AC3 COMPATIBLE FILTER CAN BE BYPASSED 
FOR 5-1 FORMATS. • AIRTIGHT CONSTRUCTION 
• TENS OF THOUSANDS OF OUR PANELS ALREADY 
IN USE. • COMPLETE WITH LEADS 

SPECIFICATIONS:-' POWER 100W RMS @ 8 OHMS *FRED RESP. 10Hz 15KHz 
-3dB DAMPING FACTOR >200 DISTORTION 0.05% S/N A WEIGHTED 
>100dB • SUPPLY 230V A.C. 'WEIGHT 2.7Kg SIZE H254 X W254 X D94mm 

THERE ARE 2 VERSIONS OF THE ABOVE PANEL AVAILABLE :-ESE100/8 
8 OHM VERSION BSB100/4 4 OHM VERSION BOTH PANELS ARE PRICED AT 
£117.44 + £5.00 P&P INCL. V.A.T. it 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. 

* PRICES INCLUDE V.A.T. 

* PROMPT DELIVERY 
A new range of quality loudspeakers, designed to take advantage of 
latest loudspeaker technology and enclosure designs. All models 
utilise high quality studio cast aluminium loudspeakers with factory 

fitted grilles, wide dispersion constant directivity horns, extruded aluminium corner protectbn and steel 
ball corners, complimented with heavy duty black covering. The enclosures are fitted as standard with 
top hats for optional loudspeaker stands. The FC15-300 incorporates a large 16 X 6 inch horn. All 
cabinets are fitted with the latest Speakon connectors for your convenience and safety. 
Five models to choose from. 
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PLEASE NOTE:- POWER RATINGS 
QUOTED ARE IN WAITS R.M.S. FOR 
EACH INDIVIDUAL CABINET ALL 
ENCLOSURES ARE 8 OHMS 

15=15 Inch speaker 
12=12 Inch speaker 

ihl FC15-300 WATTS Freq Range 35Hz-20kHz,Sens 101dB, Size H695 W502 D415mm 
Price:- £299.00 per pair 

ihi FC12-300 WATTS Freq Range 45Hz-20kHz, Sens 96dB, Size H600 W405 D300mm 
Price:- £249.00 per pair 

ibl FC12-200 WATTS Freq Range 40Hz-20kHz, Sens 97dB, Size H600 W405 D300mm 

Price:- £199.00 per pair 
ibl FC12-100 WATTS Freq Range 45Hz-20kHz, Sens 100dB, Size H546 W380 D300mm 

Price:- £179.00 per pair 
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:- £49.00'or air Delve :- £6.00 

OMP X03-S STEREO 3 WAY ACTIVE CROSSOVER 

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 & Top. The removable front facia allows access to the 
programmable DIL switches to adjust the cross-over frequency: Them are two versions available:-
X03- S Bass- Mid 125/250/500Hz, Mid-Top 1.8/3/5kHz. all at 24 dB per octave. 
k03 Bass- Mid 2 5 0/5 00/800Hz. Mid- Top 1.8/3/5kHz, all at 24 dB per Octave. 
Please make sure you ask for the correct model when ordering. The 2/3 way selector switches are 
also accessed by removing the front facia. Each stereo channel can be configured separately. Bass 
Invert Switches are incorporated on each channel. Nominal 775mV input/output. Fully compatible 
with the OMP Rack Amplifier and Modules. 

BOTH MODELS PRICED AT :- £ 117.44 + £5.00 P&P 

1-< („4 "--3A-6-6)< MID/TOP \ 

2 WAY BASS/MID COMBINED 2 WAY MID/TOP COMBINED 

OMP MOS-FET POWER 
BUILT AND TESTED 

These modules now enjoy a world-wide reputation for quality, reliability and performance at a realistic price. Four 
models are available to sud the needs of the professional and hobby market . ie. Industry, Leisure, Instrumental 
and Hi-Fi etc. When comparing prices, NOTE that all models include toroidal power supply, integral heatsink, 
glass fibre P.C.B. and drive circuits to power a compatible Vu meter. All models are open and short circuit proof 

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 
OMP/MF 100 Mos-Fet Output Power 110 watts 
R.M.S. into 4 ohms,freq_uency response 1Hz - 
100kHz -3dB, Damping Factor >300, Slew Rate 
45V/uS, T.H.D. typical 0.002%, Input Sensitivity 
500mV, S.N.R. 110dB. Size 300 x -123 x 60mm. 

Price:- £42.85 + £4.00 P&P 

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 -3d13, 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,frequency response 1Hz - 
100kHz -3dB, Damping Factor >300, Slew Rate 
75V/uS, T.H.D. typical 0.001%, Input Sensitivity 
500mV, S.N.R. 110dB. Fan Cooled, D.C. 
Loudspeaker Protection, 2 Second Anti Thump 
Delay. Size 385 x 210 x 105mm. 

Price:- £135.85 + £6.00 P&P 
OMP/MF 1000 Mos-Fet Output Power 1000 watts 
R.M.S. into 2 ohms, frequency response 1Hz - 
100kHz -3dB, Damping Factor >300, Slew Rate 
75V/uS, T.H.D. typical 0.001%, Input Sensitivity 
500mV, S.N.R. 110dB. Fan Cooled, D.C. 
Loudspeaker Protection, 2 Second Anti Thump 
Delay. Size 422 x 300 x 125mm. 

Price:- £261.00 + £12.00 P&P  
'N,17fE: LOS-FET f NODULES AIRE AVA/LABLE IN IWO VERSIONS. 
STANDARD - INPUT SENS 500mV,BANDVVIDTI-1 103:1-tz OR PEG 
(PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BANDWD71-1 534-iz ORDER STANDARD OR PEC 

REF D5 

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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