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12v 18Ah SEALED LEAD ACID BATTERIES, 
new and boxed, unused pack of 4 £39.95 ref 
CYC7 or £ 15 each ref CYC6 
AUTOMATIC CHARGER the above battenes. charges 

2 at once charge level indicator circuitry 6 hour charge £ 10 ref CYC8 

A new range of 12v to 240v INVERTERS 

1V400S (400 watt) £89,1V800S ( 800 watt) £ 159.1V1200S 

(1200 watt) £219 

ECG MACHINES?/6v 10AH eArrst24v 8A TX Ex 
government ECG machines, Measures 390X320X12Ornin on me 
front are controls for scan speed scan delay scan mode loads oi 
connections on the rear including video out etc On the front panel are 
two DIN sockets for connecting the body sensors to Sensors not 
included Inside 2 x 6v 10AH lead acid batts ( not in good condition) 
pchs and a 8A? 24v toroidal transformer (mains in) sold as seen may 
have one or him broken knobs etc due to poor storage £ 15 99 ref VP2 

SODIUM LAMP SYSTEMS £75.70 Complete system 
with 250w or 400 watt SON-T Agro bulb, reflector with bulb 
holder and remote ballast and starter(uncased) all you need is 
wire. 250W system ref SLS1, 400W system SLS2. 

PC SUPPORT HANDBOOK The ultimate technical 
guide to building and maintaining PCs. Over 460 001 pages 
pecked with technical data and diagrams Just £ 10 ref PCBK. if 
you want 4 copies for £33 ref PCBK2 Also available is a CD 
packed with diagnostic programmes to use with the book £5 ref 
PCBK1 

D SIZE NICADS Tagged. 1200mA. 1.2v pack of 4 for £6 ref 
CYC9 or as a peck of 24 for £22 ref CYC10 

D SIZE SEALED LEAD ACID BATTERIES 
2v 2 Sari rechargeable sealed lead acid battery made by Cyclon 

60x45mm (standard D see) supplied as a pack or 12 or 20 awing you 
options for battery conegerations cg 12v at 5ah. 24v at 2 bah. 6v at 
lOsh These batteries are particularly useful in mat you can arrange 
them in your proiect to optimise space etc (cg boat ballast etc) Pack of 
12 £10 ref CYC4. pack of 20 £ 16 ref CYC5 

HYDROPONICS DO YOU GROW YOUR OWN? 
We have a full colour hydroponics catalogue available containing 
nutnents, pumps fittings enviromental control iight finings. pants test 

equipment etc Ring for your free copy. 

PC COMBINED UPS AND PSU The und has a tote 
power of 292 wens standard mother board connectors and 12 penpneral 
power leads for drives etc Inside is 3 12v 7 2aH sealed lead acid 
batteries Backup time is 8 rruns at full load or 3() mins at half load Made 
in the UK by Magnum 110 or 240vac input. 5v at 35A -5v at 5A...12y 
at 9A - 12v at 5A outputs 170x260x220min new and boxed £29 95 
Ref PCUPS2 

ALTERNATIVE ENERGY CD, PACKED WITH HUN-
DREDS OF ALTERNATIVE ENERGY RELATED ARTICLES PLANS 
AND INFORMATION ETC £ 14 50 REF CD56 

AERIAL PHOTOGRAPHY KIT Ttes rocket comes with 
a bun In cameral it flies up to 500feet (160m) turns wer and takes an 

aerial photograph of the ground below The rocket then returns win its 

film via its paracute Takes 110111m Suppled complete with everyttung 
including a launch pad and 3 motors (rio film) £29 98 ref astro 

PROJECT BOXES Another bargain for you are these smart 
ABS project boxes. smart two piece screw together case measunng 
approx6Y5"x2" complete with panel mounted LED Inside you will find 
loads of free bits, tape heads, motors, chips resistors, transistors etc 
Pack of 20 £ 19 95 ref MD2 

TELEPHONES Just in this week is a huge delwery of telephones 
all brand newand boxed Two piece construction - Illuminated keypad. 
tone or pulse (evechable), recall rectal and pause high/low and oft 
nnger switch and quality construction Off white colour and is supplied 
with a standard international lead (same as US or moderns) 1 you wish 
to have a BT lead supplied to convert the phones hese are £ 1 55 each 
ref ST r..X Phones £4.99 each ref PI42 10 off £30 ref SS2 

3HP MAINS MOTORS Single phase 240v brand new 2 
pole. 340x18Ornm 2850 rpm twine automaton reset overload pro-
tector. keyed shaft (40x16rnm)Made by Leeson £99 each ref LEE1 

BUILD YOU OWN WINDFARM FROM SCRAP 
Nevpubleation gives step by step guideto building wndgeneratorsand 
propellors Armed with this publication and a good local scrap yard 
could make you self sufficient n electricity , £ 12 ref LOT81 

CHIEFTAN TANK DOUBLE LASERS 9 WATT+3 
WATT+ LASER OPTICS Could he attaptedfor laser teener 
long range corms etc Dor.,cie beam units designed to fit in the barrel 
of a tank, each unit has 2 semi conductor lasers and motor time units 
for ahgnement 7 inle range. no croon diagrams dueto MCO new price 
£50.0001 us9 £199 Each unit has two gallium Arsenide newton 
Lasers 1 x9 watt, 1 x 3 watt, 900nm wavelength 28bdc 600n2 Pulse 
hero The units also contain a receiver to detect reflected signals from 
targets £ 199 Ref LOT4 

MAGNETIC CREDIT CARD READERS AND 
ENCODING MANUAL £9.95 Cased with llyleads, designed to 
read standard credit cardsl compete with control elcnonics PCB and 
manual covering everything you coed want to know about whets hidden 
in that magnetic stnp on your card, rust £9 95 ref BAR31 

SOLAR POWER LAB SPECIAL 2x ne ttv 133rtet 
cell& 4 LED's wee buzzer, switch • relay or motor £7.119 REF Siik27 

SOLAR NICAD CHARGERS it x AA size £9 99 ref 
6P476. 2 x C size £9 99 ref 6P477Y OUR HOME COULD 
BE SELF SUFFICENT IN ELECTRICITY 
Comprehenswe plans with loads of info on designing systems panels 

contra electronics etc £7 ref F'Vl 

AUTO SUNCHARGER 155x30Ornm spar panel .th mode 
and 3 metre lead and cigar plug 12v 2w £12.99 REF 

AUG1CP3 STEPPER MOTORSerand new stepper roe= 
4rnm fixing holes with 47 14mm tong centres, 20mm shaft. 6 35mm 
diameter 5v/phase . O 7A/phase 1 8 deg step (200 step) Body 55x36mm 
£14 99 ea ref STEP6, pack of 4 for £49 95 PIC based vanable 
Speedcontroller kit £ 15 ref STEPT 

WAREHOUSE 
CLOSING SALE 

Come and vist our Sussex 
warehouse, fill you car (or van) 

with loads of goodies at bargain 
prices. We must clear this 
warehouse regardless of cost, 

first come, first served, 10,000 
square feet of bargains to 

browse. Call us for an 
appointment and directions. 

Appointments only. 

Hydrogen fuel cells 
Our new Hydrogen fuel cells are 1v at up tp IA output, 

Hydrogen input, easily driven from a small electrolosis 

assembly or from a hydrogen source, our demo model 

uses a solar panel with the output leads in a glass of salt 

water to produce the hydrogen! Each cell is designed to be 

completely taken apart, put bac k together and expa nded to 

what ever capacity you like, ( up to 10watts and 12v per 

assembly. Cells cost £49 ref HFCI 1 

PHILIPS VP406 LASER DISC PLAYERS, SCART 
OUTPUT. JUST PUT YOUR VIDEO DISK IN AND PRESS PLAY, 
STANDARD AUDIO AND VIDEO OUTPUTS. FULLY TESTED 
AND WORKING. £24.95 REF VP406 

SMOKE ALARMS Mains powered, made by the famous 
Gent company easy et next to lightettings power point Pack 015 1:15 

ref SS23 pack of 12 £24 ref SS24 

4AH D SIZE NICADS pack of 4 £10 ref 4AHPK 
SENDER KIT Carters all components to build a AN transmitter 
complete wrth case £35 ref VSXJ(2 

10 WATT SOLAR PANEL Alr.r Onoles,ficon panel heel 
in a anodized aluminium frame Panel measures 3 by I. veth screw 
terminals for easy connection 3' x 1' solar panel £55 ref MAG45 

Unframed 4 pack (3'x1') £58.99 ref SOLX 

12V SOLAR POWERED WATER PUMP Perfect 
for many 12v DC uses from solar fountains to hydroponicsi small 
and compact yet powerful works direct from Ouf 10 watt solar panel 

in bright sun Max hd 17 ft Max flow = 8 Lem 1 SA Ref AC8 £ 18 99 

SOLAR ENERGY BANK KIT 50x 6"x 12" 6v solar 
panela(amorphous)+50 diodes f99 ref EF112 

PINHOLE CAMERA MODULE WITH AUDIO! 
Superb board camera wen on board sound, extra small lust 28rnm 
square (including microphone) ideal for covert surveillance Can be 
hidden inside anything even a malchboxi Complete with 15 metre 
cabie. psu and tvNcr connnectors £49 95 ref CC,6,1 

SOLAR MOTORS Tiny motors which run quite happily on 
voltages from3-12vdc Works on our 6v amorphous 6 panes and 
you can run them from the sun , 32mrn dia 20min thick £ 1 50 each 

WALKIE TALKIES 1 MILE RANGE £37/PA1R REF MAG30 

LIQUID CRYSTAL DISPLAYS Bargain prices, 
16 character 4 line. 62x25mm £5 99 ref SMC 1640A 

40 character 1 line 154x1f3mm £6 00 ref SMC4011 A 

YOUR HOME COULD BE SELF SUFFICENT 
IN ELECTRICITY Comprehensve pans with loads of info 

Jesgriing systems panes control electronics etc £7 ref PV1 

AUTO SU NCHARG E R 155£113Ornm solar pane with (bode 
and 3 metre lead and cigar plug 12v 2w £12.99 REF AUG10P3 

SOLAR POWER LAB SPECIAL rEx66o 130mA 
cells. 4 LEDs wire buzzer swatch • re, £7.99 REF SA27 

SOLAR NICAD CHARGERS a = AA sue £9 99 ref 
6P476. 2 x C size £9 99 ref 6P477 

MINATURE TOGGLE SWITCHES These top quakty 
Japanese panel mount toggle switches imeas..iie 35x • 3.12rnin. are 2 
pole changeover and will switch 1 A at 250vac or 3 A at 125vac 
Complete with mounting washers and nuts Supplied as a box of 100 
switches for £29 95 ref SVVT35 or a bag of 15 for Eit 99 ref SWT34 

VOICE CHANGERS Hold one of these units over your 
phone mouth paean you can adjust your voice using the controls on 
the unit, Battery operated £ 15 ref CC3 

BULL ELECTRICAL 
250 PORTLAND ROAD, HOVE, SUSSEX. 
BN3 5QT. (ESTABLISHED 50 YEARS). 

MAIL ORDER TERMS: CASH, PO OR CHEQUE 
WITH ORDER PLUS f.4.110 P&P PLUS VAT. 

24 HOUR SERVICE £6.50 PLUS VAT. 
0% MMUS ORDERS AT COST PLUS £3.341 

(ACCESS,V1SA, SWITCH. AMERICAN EXPRESS) 

'phone orders: 01273 203500 
FAX 01273 323077 

Salese_,bull-electricalcom 

30 WATTS OF SOLAR POWER forjust £69, 4 
panels each one 3'x • and producing 8w, 13v. 
PACK OF FOUR £69 ref SOLX 
200 WATT INVERTERS Plugs straight into your car 
cigarette banter socket and s fitted with a 13A socket so you can run 
your mans operated devices horn your car battery £49 95 ref SS66 

THE TRUTH MACHINE Tells if someone is lying by micro 
Irwitrirs inftierrsouce. battery operated works in general conversation 
and on the phone and TV as welli £ 42 49 ref TD3 

INFRA RED FILM 6- square piece of flexible infra red hlm that 
will only allow IR light through Perfect for convernng ordinary torches. 
lights headlights etc to infra red output only using standard light bulbs 

Easily cut to shape 6- square £ 15 ref IRF 2 

33 KILO UFT MAGNETr'eodynium 32mm diameter with 
a bang bon on the back for easy mounting Each magnet will let 33 kilos 
4 magnets bolted to a pate will lift an incredible 132 kilos, £ 15 ref 

MAG33 Pack of 4 lust £39 reg MAG33AA 

HYDROGEN FUEL CELL PLANSLoads of rtformaton 
on hydrogen storage and production Practical Pans to bulk! a Hydrogen 
fuel cell ( good workshop facilities required) £8 set ref FCP1 

STIRUNG ENGINE PLANS Interesting information pack 
covering all aspects of Stirling engines pictures of home made 
engines made from an aerosol can running on a candlei El2 ref STIR2 

ENERGY SAVER PLUGS Saxes up to 15% electnaty 
when wed with fridges motors up to 2A light bulbs soldering irons etc 

£9 ea ref LOT71 10 pack £69 ref LOT72 

12V OPERATED SMOKE BOMBS Type 3 is a 12v 
trigger and 3 smoke carosters eacn cannrster will fill a room in a very 
short space of timer £ 14 99 ref 583 Type 2 is 20 smaller cannraters 
(surtabie for mock equipment fires etc) and 1 trigger module for £29 
ref SB2 Type lisa 12v trigger and 20 large cannisters £49 ref SB1 

HI POWER ZENON VARIABLE STROBES useful 
12v PCB fitted reel hi power strobe tube and control electronics and 
speed control potentiometer Perfect for interesting proects etc 
70165mm 12vdc operation £6 ea ref FLS1 pack cd 10 £49 net FLS2 

NEW LASER POINTERS 4 5mw. 75 metre range hand 
held unit runs on two AA battenes (supplied) 670nm £29 ref DEC49J 

HOW TO PRODUCE 35 BOTTLES OF WHISKY 
FROM A SACK OF POTATOES Cornprehensne 270 
page book covers all aspects of spnt production from everyday 
materials Includes construction details of simple stills £ 12 ref MS3 

NEW HIGH POWER MINI BUG Wrth a range of up tp 
809 metres and a 3 days use from a PP3 this is our top selling bugi 
less Man 1" square arid a 10m %mice pickup range £28 Ref LOT102 

IR LAMP KIT Suitable for cctv cameras enables the camera 
to be used in total darkness, £6 ref EF1 38 

INFRA RED POWERBEAM Handheld battery powered 
amp 4 inch reflector owes out powerful pure infrared heel perfect for 
CC TV use nightsigMs etc £29 ref PSI 

SUPER VVIDEBAND RADAR DETECTOR Defects 
both radar and laser . XK and KA bands speed cameras, and all known 
speed detection systems 360 degree coverage fronter 
eaveavegurdes. 1 rx2 rx4 6" fits on visor or dash £ 149 

LOPTX Made by Samsung for colour TV £3 each ref SS52 
LAPTOP LCD SCREENS 240x175mm. £ 12 ref SS51 
WANT TO MAKE SOME MONEY? STUCK 
FOR AN IDEA? We haw collated 140 business manuals that 
give you Mormation on setting up different businesses you peruse 
these at your leisure using the text editor on your PC Also included is 
the certificate enabling you to reproduce land sell) the manuals as 

much as you like £ 14 ref EP74 

HIGH POWER DC MOTORS, PERMANENT 
MAGNET 12 - 24v Operation probaby about 1/4 horse power, 
body measures 11X)rn r 75mrn with a 60mrn e5mn,rr output shaft with a 
machined flat on rt Fining is simple using the two threaded bolts pro-

truding horn the front £22 ref M014 

Online 

web catalogue 
hull-electrical.com 

ELECTRONIC SPEED CONTROLLER KITFor 
move MOtOr 1. 1.; ref MAC,' Save Lt.' you buy :,,em LiCith 

together 1 motor plus speed controller rrp £41, offer price £36 ref 
MOT5A 

INFRA RED REMOTE CONTROLS made for TVs 
but may have other uses pack of 100 £39 ref IREAd 

RCB UNITS Inline IEC lead with feted RC 
breaker. Installed in seconds. Pack of 3 £9.98 
ref LOT5A 

On our web sites you can 
1. Order online. 
2. Check your premium bonds. 
3. Enter our auction or build your own. 
4. Add E-commerce to your own site. 
5. Discover our software site, optical site, 
hydroponics site, holiday home exchange 
site, inkjet site, hotels site. 
6. View our web camera. 
7. Invest in our future. 

http://www.bullnet.co.uk 
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'PAleas an Chtcalis 
FLASH SLAVE by Robert Penfold 
Make a striking image with this latest Starter Project 
GARAGE UNK by Terry de Vaux-Balbirnie 
An open and shut case for a 418MHz Transmitter/Receiver link 

MICRO-PICSCOPE by John Becker 
Plenty of scope for this ingenious piece of portable test gear 
INGENUITY UNLIMITED hosted by Alan Winstanley 
PC Controlled D.C. Motor; Omnidirectional Pendulum; 
Brushless Fan Speed Control 
HIGH PERFORMANCE REGENERATIVE RECEIVER — 2 
by Raymond Haigh 

Construction of our "art-deco" receiver 

Saga 4,0 ( ealsotes 
NEW TECHNOLOGY UPDATE by Ian Poole 
Electronic Ink - Is this the real dawn of the paper-less office? 
NET WORK — THE INTERNET PAGE surfed by Alan Winstanley 
I'm all . sch.uk up; I'll name that Domain in One; Freenetname 
TECHNOLOGY TIMEUNES — 3. Communications and Related 
Technologies 1900 — 1999 by Clive "Max" Maxfield and Alvin Brown 
The fascinating story of how technology developed in the last millennium 

INTERFACE by Robert Penfold 
Bidirectional Printer Ports 
TEACH-IN 2000 — 6. Logic gates, Binary and yex Logic 
by John Becker 

Essential info for the electronic novice, with breadboard experiments 
and interactive computer simulations 

CIRCUIT SURGERY by Alan Winstanley and Ian Bell 
Op. Amps — Getting Loaded; Biased Approach; Socket to Me; 
Surface-Mount Selection 
TELCAN HOME VIDEO by Barrie Blake-Coleman 
A British first in home video recording 

Xegolae; an Sengees 
EDITORIAL 
NEWS — Barry Fox highlights technology's leading edge 
Plus everyday news from the world of electronics 
BACK ISSUES Did you miss these? 
SHOPTALK with David Barrington 
The essential guide to component buying for EPE projects 

READOUT John Becker addresses general points arising 

CD-ROMS FOR ELECTRONICS 
Parts Gallery + Electronic Circuits and Components; Digital Electronics; 
Analogue Electronics; plus PICtutor, plus Modular Circuit Design; 
see also Direct Book Service pages 

ELECTRONICS MANUALS 
Essential reference works for hobbyists, students and service engineers 

PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE 
PCBs for EPE projects, plus EPE software 

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

ELECTRONICS VIDEOS Our range of educational videos 
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Our May 2000 issue will be published on Friday, 
7 April 2000. See page 235 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 

l Surplus always 
wanted for cash! 

THE AMAZING TELEBOX 
Converts your colour monitor into a QUALITY COLOUR TV!! 

TV SOUND & 
VIDEO TUNER 
CABLE COMPA7701.E* 

The TELEBOX is an attractive fully cased mains powered unit containing al 
elecenios ready bo {tug itto a host of video monitors or AV equanent whch 
are fitted with a composite videoor SCART spit The composite tidao output 
will also plug cirectty into most video recxxiders, allowing reception of TV chan-
nels not normally receivable on most television receivers' (TELEBOX 
M8). Push button coeds on the front panel allow reoepbon el 8 fully Saleable 
'off at' UHF colour televisith channels TELEBOX MB cowers virtually al televi-
sion frequencies VHF and UHF including the HYPF_RBAND as used by 
most cable TV operators. Ideal tor deeldop computer video systems & PIP 
(picture in picture) setups For complete ccmpatbiky - even for monitors %%about 
sound - an integral 4 watt aislo amplifier and low bevel Knew:fro output are 
provided as standard Brand new - fully guaranteed 
TELEBOX ST for composite video input type monitors £36.95 
TELEBOX STL as ST but fitted with integral speaker £39.50 
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95 
For overseas PAL versions state 5.5 or 6 mHz sound specification. 
'For cable / hyperband signal reception Telebox MB should be con-
nected t 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 pro-
gram and documentation. Requires + 12V & + 5V OC to operate. 

BRAND NEW - Order as MVO°. Only £49.95 code (B) 
See •vwby.disteLco.ukidata my00.htm for picture + lull details 

FLOPPY DISK DRIVES 2'/2" - 8" 
All units (unless stated) are BRAND NEW or removed from often 
brand new equipment and are fully tested, aligned and shipped to 
you with a full 90 day guarantee. Call or see our web site 
bvionv.distel.co.uk for over 2000 unlisted drives for spares or repair. 

3%4" Mitsubishi MF355C-L 1.4 Meg. Laptops only £25.95(B) 
314" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18.95(0) 
51/4 " Taac FD-55GFR 1.2 Meg (for IBM pc's) RFE £18.95(8) 
5%4" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE £29.95(B) 
5ki" BRAND NEW Mitsubishi MF5010 360K £22.95(B) 
Table top case with integral PSU for HH 514" Floppy I HD £29.95(8) 
8" Shugart 800/801 8' SS refurbished & tested £210.00(E) 
8" Shugart 810 8' SS HH &and New £195.00(E) 
8" Shugart 851 8" double sided refurbished & tested 
8 Mitsubishi M2894-63 double sided NEW 
8" Mitsubishi M2896-63-02U DS slirnline NEW 
Dual 8' cased drives with integral power supply 2 Mb 

£260.00(E) 
£295.00(E) 
£295.00(E) 
£499.00(E) 

HARD DISK DRIVES 21/2" -14" 
2W TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm H) New £79.95 
2Yie TOSHIBA MK2101MAN 2.16 Gb laptop ( 19 mm H) New £89.50 
214" TOSHIBA MK4309MAT 4.3Gb laptop (8.2 mm H) New £ 105.00 
215' TOSHIBAMK6409MAV 6.1Gb laptop ( 12.7 mrn H) New£190.00 
2W to 3W conversion kit for Pc's, complete with connectors £14.95 
3W FUJI FK-309-26 20mb MFM 1/F AVE £59.95 
3W CONNER CP3024 20 mb IDE I/F (or equiv.) RFE £59.95 
3W CONNER CP3044 40 mb IDE I/F or equiv.) RFE £69.00 
3W QUANTUM 40S Prodri ve 42mb SCSI I/F, New RFE £49.00 
51/4" MINISCRIBE 3425 20mb MFM VF (or equiv.) RFE £49.95 
5%4" SEAGATE ST-238R 30 mb PILL VF Refurb £69.95 
51/4" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95 
514" HP 97548 850 Mb SCSI RFE tested 
51/4 " HP C3010 2 Gbyte SCSI differential RFE tested £195.00 
8 NEC 02246 85 Mb SMD interface. New £199.00 
8' FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00 
8" FUJITSU M2392K 2 Gb SMD VF AVE tested £345.00 
Many other drives in stock - Shipping on all drives Is code (Cl) 

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

10,000,000 items EX STOCK 
For MAJOR SA VINOS 

CALL OR SEE OUR WEB SITE www.distel.co.uk 

VIDEO MONITOR SPECIALS 
One of the highest specification 
monitors you will ever see - 

mu At this price - Don't miss it!! 41,11 
Mitsubishi FA3415ETKL le SVGA Muttisync colour monitor with the 

028 dot pitch tube and resolution of 1024 x 768. A 
variety of inpias Mows connection lo a host cf comput-
ers inoludhig IBM PC's ii CGA EGA VGA & SVGA 
modes, BBC, COMMODORE (inducing Amiga 1200), 
ARCHIMEDES and APPLE. Many features Etched 
faceplate, tee swehrig and LOW RADIATION MPR 

specification Fuly guaranteed, in EXCELLENT little 
used concken. Order as 
& Swivel Base £4.75 Only £119 (E) MITS-SVGA 

VGA cable fa IBM PC included. 

External cables for other types of computers available - CALL 

Ex demo 17" 0.28 SVGA Mitsubishi Diamond Pro 

monitors, Full multisync etc. 

Full 90 day guarantee. Only £199.00 (E) 

Just In - Microvitec 20" VGA (800 x 600 res.) colour monitors. 
Good SH condition - from £299 - CALL for Info 

PHILIPS HCS35 (same style as CM8833) attractively styled 14" 
colour monitor with la= ROB 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 H1214" x 15W D. 

PHIUPS HCS31 Uftra compact 9" colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket Ideal 
for all monitoring / security applications. High quaky, ex-equipment 
fully tested & guaranteed (possible minor screen burns). In attrac-
tive square black plastic case measuring W1CY x H10' x 13W D. 
240 V AC mains powered. Only £79.00 (D) 
KME 10' 15M10009 high definition colour monitors with 0.28' dot 
pitch. Superb clarity and modern styling. 
Operates from any 15.625 khz sync PIGE video 
source, with RGB analog and composite sync 
such as Atari, Commodore Amiga, Acorn' 
Archimedes & BBC. Measures only 13W x 12" x 

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

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

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

DC POWER SUPPLIES 
Virtually every type of power 
supply you can imagine.Over 

10,000 Power Supplies Ex Stock 
Call or see our web site. 

TEST EQUIPMENT & SPECIAL INTEREST ITEMS 
MITS.J. FA3445ETKL 14- Industrial spec SVGA monitors f245 
FARNELL 0-60V DC 0 50 Amps, bench Power Supplies £995 
FARNELL AP3080 0-30V DC 0 80 Amps, bench Suppy £1850 
lkW to 400 kW - 400 Ftz 3 phase power sotrces - ex stock EPOA 
IBM 8230 Type 1, Token ring base unit driver £760 
Wayne Kerr RA200 Audio frequency response analyser £2500 
IBM 53F5501 Token Ring ICS 20 pon lobe modules £750 
IBM MAU Token ring distribution panel 8228-23-5050N £95 
AIM 501 Low distortion Oscillator 9Hz to 330Khz. IEEE £550 
ALLGON 8360.11805-1880 MHz hybrid power combiners £250 
Trend OSA 274 Data Analyser with G703(2M) 64 lc, £P0A 
Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500 
Marconi 2022C 10KHz-1GHz RF signal generator £1550 
Marconi 2030 opt 03 10KHz-1.3 GHz signal generataNew £4995 
HP16SOB 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 0 20A metered PSU £675 
HP54121A DC to 22 GHz four channel lest set £P0A 
HP8130A opt 020 300 MHz pulse generator, GPIB etc £7900 
HP Al, AO 8 pen HPGL high speed drum plotters - from £550 
HP DRAFTMASTER 1 8 pen high speed plotter £750 
EG+G Brookdeal 95035C Precision lock in amp £1800 
View Eng. Mod 1200 computerised inspection system £P0A 
Sony DXC-3000A High quality CCD colour TV camera £995 
Keithley 590 CV capacitor / voltage analyser £P0A 
Racal ICR40 dual 40 channel voice recorder system £3750 
Flskers 45KVA 3 ph On Line UPS- New batteries £9500 
Emerson AP130 2.5KVA industrial spec.UPS £2100 
Mann Tally MT645 High speed fine printer £2200 
Intel SEC 486/133SE Multibus 486 system 8Mb Ram £945 
Siemens K4400 64Kb to 140Mb dernux analyser £2950 

HP6030A 0-200V DC 0 17 Amps bench power supply £1950 
Intel SEC 486/125C08 Enhanced Multibus (MSA) New £1150 
Nikon HFX-11 (Ephiphot) exposure control unit £1450 
PHIUPS 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 
Perkin Elmer 299B 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 SO 150H 18 channel digital Hybrid chart recorder £1995 
B&K 2633 Microphone pre amp £300 
Taylor Hobson Tallysurf amplifier / recorder £750 
ADC SS200 Carbon dioxide gas detector / monitor £1450 
BBC AM20/3 PPM Meter (Ernest Turner) + drive electronics £75 
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5650 
ANRITSU MS9001B1 0.6-1.7 uM optical spectrum analyser £P0A 
ANRITSU ML93A optical power meter 
ANRITSU Fibre optic characteristic lest set £P0A 
R&S FTDZ Dual sound unit £650 
R&S SBUF-E1 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 a- colour display etc £5100 
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser £3950 
PHILIPS PW1730/10 60KV XRAY generator & accessories £P0A 
CLAUDE LYONS 12A 240V single phase auto volt regs £325 
CLAUDE LYONS 100A 240/415V 3 phase auto volt regs £2900 shipping charges for software is code B 

19" RACK CABINETS 
Superb quality 6 foot 40U 

Virtually New, Ultra Smart 
Less than Half Price! 

Top quality 19' rack cabinets made in UK by 
Optima Enclosures Ltd. Units feature 
designer, smoked acrylic lockable front door, 
full height lockable half louvered back door 
and louvered removable side panels. Fully 
adjustable internal fixing struts, ready punched 
for any configuration of equipment mounting 
,plus ready mounted integral 12 way 13 amp 
socket switched mains distribution strip make 
these racks some of the most versatile we 

have ever sold. Racks may be stacked side by side and therefore 
require only two side panels to stand singly or in multiple bays. 
Overall dimensions am: Mr." H 32W D x 22" W. Order as: 
OPT Rack 1 Complete with removable side panels. £345.00 (G) 
OPT Rack 2 Rack Less side panets £245.00 (01 

Over 1000 racks, shelves, accessories 
19" 22" 81 24" wide 3 to 46 U high. 

Available from stock 

32U - High Quality - All steel RakCab 
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 are lockable with 
five secure 5 lever barrel locks. The front door 
is constructed of double walled steel with a 
'designer style' smoked acrylic iront 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 fixing struts 
(extras available) are pre punched for standard 
'cage nuts'. A mains distribution panel in 
mounted to the bottom rear, provides 8 x IEC 3 

pin Euro sockets and 1 x 13 amp 3 pin switched 
utility socket. Overall ventilation is provided by , 
fully louvered back door and double skinned top section 
with top and side louvres. The top panel may be removed for fitting 
of integral fans to the sub plate etc. Other features include: fitted 
castors and floor levelers, prepunched utility panel at lower rear for 
cable / connecta access etc. Supplied in excellent, slightly used 
condition with keys. Colour Royal blue. External èhmensions 
mm=1625H x 6350 x 603 W. ( 64" H x 25" D x 233/4 " W ) 

Sold at LESS than a third of makers price fl 

A superb buy at only £245 00 (G) 
42U version of the above only £345 - CALL 

12V BATTERY SCOOP - 60% off 
A special bulk purchase from a cancelled export order brings you 
the most amazing savings on these ultra high spec 12v DC 14 Ah 
rechargeable batteries. Made by Hawker Energy Ltd, type SBS15 
featuring pureibad plates which offer a far superior shelf & guaran-
teed 15 year service life. Fully BT & BS6290 approved. Supplied 
BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77 deep. 
M6 bat terminals. Fully guaranteed. Current makers price over £70 

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

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

COLOUR CCD CAMERAS 
Undoubtedly a miracle of modern technology & 

49 /  

our special buying power! A quality product fea-
turing a fully cased COLOUR CCD camera at a %%lee 
give away price Unit features full autolight sensing for 

use in low light & high light 
applications. A 10 mm fixed focus 
wide angle lens gives excellent focus 
and resolution from close up to long 
range The composite video output will 
connect to any composite monitor or TV 
(via SCART socket) and most video 
recorders. Unit runs from 12V DC so 
ideal for security & portable applica-
tions 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 applica-
tions including Security, Home Video. Web TV, Web Cams etc. etc. 

Web ref = LK33 ONLY £99.00 or 2 for £180.00 (B) 

SOFTWARE SPECIALS 
NT4 WorkStation, complete with service pack 3 
and licence - OEM packaged. ONLY £89.00 (8) 
ENCARTA 95 - CDROM, Not the latest - but at this price I £7.95 
DOS 5.0 on 3v,' disks with concise books clw OBasic. £14,95 
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks £55.00 
Wordperfect 6 tor DOS supplied on 3W disks with manual £24.95 

DISTEL on the web II - Over 16,000,000 items from stock - vvww.distel.co.uk 
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ALL MAIL TO 
Dept PE, 29/35 Osborne Rd 

Thornton Heath 

Surrey CR7 8PD 
Open Mon - Fri 9.00 - 5:30 

I',LONDON SHOP Open Mon- Sat 9.00 - 5:30 
215 Whitehorse Lane 

South Norwood 
On 613A Bus Routs 
/*Thornton Heath & 

Selhurst Park SR Red Stations 

ce,DISTEL1 
Visit our web site 
www.distel.co.uk 
email = admin@distel co.uk 

ALL ENQUIRiES 

0208 C53 3333 
FAX 0208 653 8888 

Alt prices lor UK Maniand UK customers ack1 17.5% VAT to TOTAL ,-.• der amount. Mtorturn outer £ 10. Bona Fide armed orders accepted from Government Schobb, 
Universities and Local Authorities - mnirnum account order £5o Cheques mer £103 are suaect to 10 workng days clearance Carnage charges (A)=£3.00, (A1)=£4.00. 
(B)=£5.50, (C)=£650, (Cl) £ 12.50, (D)=£15.03. (E)=£18.03, (F)=I:20.00. (G-CALL Allow approx 6days for shipping taster CALL Al goods supplied to ois Standard Conditions 
of Sale and unless stated guaranteed tor 90 clays Al guarantees on a return to base basis. AR rights reserved to change prices/ spectications without peor notice. Orders stated 
to stock Discounts for volume, Top CASH pees paid tor surplus gorets Al trademarks. hadenames etc acknowledged. O Display Electronics 1999. E & 0E. 07/99 
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TECHNOLOGY TIMELINES 
We've put all the Timelines together in order, added some new illustrations 

and displayed the whole lot on a wall chart that will be given away with next 
month's issue. It's fascinating to see when everything happened — and what the 

people and their inventions looked like. Don't miss it. 

VERSATILE MICROPHONE/ 
AUDIO PREAMPLIFIER 
One of the latest chips on the block, the 
Analog Device SSM2166P, is a low noise, low 
distortion, dynamic range compressor with a 
number of interesting features. In this design it 
provides a very versatile preamplifier with 
automatic gain control, signal limiting, variable 
compression and noise reduction circuitry. The 
design is suitable for a wide range of 
applications from PA and surveillance systems 
to amateur radio and audio. Additional circuitry 
is given for readers who require a signal 
strength meter. 

SIXTEEN-CHANNEL TWO-WIRE 
TRANSMISSION SYSTEM 

The uses for this PIC-based project are limited only by the ingenuity of the constructor. 
Everything from extra inputs for simple security projects to communications, signalling and 

control of complex systems over long distances can be handled, and the modules described may 
be tailored to give only the degree of sophistication required for minimum cost. The units can be 
configured to provide either eight or sixteen channels, and where eight are used the system may 
be upgraded later by simply plugging in extra PICs, It will operate in both directions or just one, 

and with one-way operation the transmitter may be powered from the receiver through the 
signalling circuit, making it easy to monitor up to sixteen remote inputs through just a two-core 
connecting lead. There is an optional interface for use with low-amplitude audio circuits which 

can be omitted where direct cable connection is possible. These options should allow this to find 
many uses in signalling, security and remote control projects. 

PLUS: ALL THE REGULAR FEATURES 

NO ONE DOES IT BETTER 

miliMCLUC0)M 
[INCORPORATING ELECTRONICS TODAY INTERNATIONAL 

DON'T MISS AN 
ISSUE - PLACE YOUR 

ORDER NOW! 
Demand is bound to be high 

MAY ISSUE ON SALE FRIDAY, APRIL 7 

Everyday Practical Electronics, April 2000 235 



T EIL NE T 

8 CAVANS WAY, 
BINLEY INDUSTRIAL 
ESTATE. 
COVENTRY CV3 2SF 
Tel: 01203 650702 
Fax: 01203 650773 
Mobile: 0860 400683 

(Premises situated close to Eastern-by-pass in Coventry with easy access 
to Mt M6, M40, M42, M45 and M69) 

OSCILLOSCOPES 

Beckman 9020 - 20MHz - Dual Channel   £150 
Gould OS 245A/250/255/300/3000/3351/4000   from £125 
Hewlett Packard 180A/160C/181A/182C   from £150 
Hewlett Packard 1740A, 1741A, 1744A, 100MHz Dual Channel from £300 
Hewlett Packard 541000 - 1GHz Digitizing  £1250 
Hewlett Packard 54200A - 50MHz Digitizing £500 
Hewlett Packard 54201A - 300MHz Digitizing £1250 
Hewlett Packard 545128 - 300MHz - 1 GS/s 4-Channel £2250 
Hewlett Packard 54501A - 100MHz - 100 Ms/s 4-Channel  £1250 
Hitachi V152F/V302BN302F/V353FN5508N650F from £105 
Hitachi V650F - 60MHz Dual Channel £200 
Hitachi V1100A - 100MHz 4-Channel  £900 
Intron 2020 - 20MHz Digital Storage (NEW) £450 
lwatsu 555710/5S5702 - 20MHz from £125 
Meguro - MS0 1270A - 20 MHz Digital Storage (NEW) £450 
Lecroy 9304 AllA - 200MHz - 100 Ms/s 4-Channel £3000 
Lecroy 9450A - 300MHzJ400 Ms/s D.S.O. 2-Channel £2250 
Philips PM 3055 - 50MHz Dual Timebase £450 
Philips PM 3211/PM 3212/PIA 3214/PM 3217/PIA 3234APM 3240MA 3243/ 
PM 3244,PM 3261/PIA 3262/PM 3263/PIA 3540 from £125 

Philips PM 3295A - 400MHz Dual Channel  £1600 
Philips PM 3335 - 50MHz/20 Mes D.S.O. 2-Channel £950 
Tektronlx 455 - 50MHz Dual Channel  £200 
Tektronix 464/466 - 100MHz Analogue Storage from £300 
Tektronix 465/46513 - 100MHz Dual Channel from £300 
Tektronix 468 - 100MHz D.S.O.  £500 
Tektronix TAS 475 - 100MHz - 4-Channel  £995 
Tektronix 475/475/1 - 200MHz/250MHz Dual Channel from £400 

£750 
Tektronix 2211 - Digital Storage - 50MHz  £800 
Tektronix 2213 - SOMHz Dual Channel  £350 
Tektronix 2215 - 50MHz Dual Trace  £375 
Tektronix 2220 - 60MHz Dual Channel D.S.O.   £950 

£950 
£350 
£600 

Tektronix 2335 - Dual Trace 100MHz ( I  £600 
Tektronix 2440 - 300MHzJ500 Ms/s D. O. 2-   £2500 
Tektronix 2445 - 100MHz - 4-Channel+ OMM  £900 
Tektronix 2445A - 100MHz - 4-Channel   £900 
Tektronix 24768 - 400MHz - 4-Channel  f6500 
Tektronix 5403 - 60MHz - 2 or 4-Channel from £150 
Tektronix 7313, 7603, 7623, 7833 - 100MHz 4-Channel from £225 
Tektronix 7704 - 250MHz 4-Channel from £350 
Tektronix 7904 - 500MHz horn £400 
Trio CS-1022 - 20MHz - Dual Channel £125 

Tektronix 485 - 350MHz - 2-Channel  

Tektronix 2221 - 60MHz Digital Storage 2-Channel  
Tektronix 2225 - 50MHz Dual Channel  
Tektronix 2235 - 100MHz Dual trace   

Other *copes available too 

SPECIAL OFFER 
HITACHI V212 - 20MHz DUAL TRACE£180 
HITACHI V222 - 20MHz DUAL TRACE + ALTERNATE MAGNIFY £180 

SPECTRUM ANALYSERS 

Ando AC8211 - Spectrum Analyser 1-7GHz  £1995 
Anritsu MS626 - 10kHz-1700MHz £1995 
Anritsu MS3401A + 115340113 - (10Hz-30MHz) 03500+03995 
Anritsu MS610B - 10kHz-2GH2 - (Mint)  £4500 
AnrItsu MS710F - 100kHz-23GHz Spectrum Analyser £ 500 
Avcom PSA655 - 1000MHz - portable £850 
Harneg 8028/8038 - Spectrum Analyser/Tracking Gen+ 100MHz OeciNoecope £1000 
Hewlett Packard 162R with 8559A ( 10MHz-21GHz)  

££21275500 Hewlett Packard 1827 x 8558B - 01 to 1500MHz  
Hewlett Packard 853A ) 8558B - 0-1 to 1500MHz £2250 
Hewlett Packard 3562A Dual Channel Dynamic Sig. Analyser £5750 
Hewlett Packard 3580A - 5Hz-50kHz  £800 
Hewlett Packard 3582A - 0-02Hz-25-6kHz (Dual Channel) £2000 
Hewlett Packard 3585A - 20HZ-40MHz £4000 
Hewlett Packard 85696 - (0-01 to 22GHz) £4250 
Hewlett Packard 85046A - S Parameter Test Set £2500 
Hewlett Packard 8753A - Network Analyser from £3000 
Hewlett Packard 87536 - Network Analyser from £4500 
IFR 7750 - 10kHz- f GHz £2000 
Meguro USA 4901 - 1-300GHz (AS NEW) £750 
Meguro USA 4912 - 1-1GHz (AS NEW) £1000 
Rohde & Schwarz - SW06 5 Polyskop 0-1-1300MHz £1500 
Takeda Riken 4132 - 10GHz Spectrum Analyser £2100 
Tektronix 7L18 with mainframe ( 1-5-60Ghz with external mixers) £2000 
Tektronix 495P - 100Hz-1-8GHz programmable £4500 
Tektronix 496P - lkHz-1.8GHz Spectrum Analyser  £4250 

MISCELLANEOUS 

Adret 740A - I 00kHz-1120MHz Synthesised Signal Generator  £800 
 f 1250 

£2500 
Anritsu MG 6456 Signal Generator 0-05-1050MHz  £750 
Boonton 92C R/F Millivoltrneter   £195 
Boonton 93A True RMS Voltmeter  £195 
Dranetz 626 - AC/DC - Multifunction Analyser  £500 
EIP 331 - Frequency Counter 18GHz £450 
EIP 545 - Frequency Counter 18GHz   £1250 
EIP 575 - Frequency Counter 18GHz  £1450 
Eltek SNIPS - Power Supply 60V-30V £350 
Farnell TSV-70 MKII Power Supply (70V - 5A or 95V - 10A) £200 
Farnell DSG-1 Synthesised Signal Generator  £125 
Farnell AP 30250A Power Supply 3V - 250A  £1750 
Feedback PFG 605 Power Function Generator   £150 
Fluke 5100A - Calibrator  £1950 
GN ELMI EPR31 PCM Signalling Recorder £2000 
Guildline 9152 - 712 Battery Standard Cell   

Hewlett Packard 165004JB and C - Frtted with 18510A/1651A/161530A/16531A (5) 
Hewlett Packard 16300 - Logic Analyser (43 Channels)  e) 

Logic Analyser from £2000 
Hewlett Packard 331A - Distortion Analyser £300 
Hewlett Packard 333A - Distortion Analyser £300 
Hewlett Packard 334A - Distortion Analyser £300 
Hewlett Packard 3325A - 21MHz Synthesiser/Function Generator £900 
Hewlett Packard 3335A - Synthesised Signal Generator (200Hz-81M14z)  £2750 
Hewlett Packard 3336C - Synthesised Signal Generator (10Hz-21MHz) £800 
Hewlett Packard 3455A - 61/2 Digit Multimeter (Autocal)  £500 
Hewlett Packard 3456A - Diçatal Voltmeter £600 
Hewlett Packard 3488A - HP - 1B Switch Control Unit (various Plug-ins available)  £550 
Hewlett Packard 35600A - Dual Channel Dynamic Signal Analyser £3750 
Hewlett Packard 3586A - Selective Level Meter £800 
Hewlett Packard 3711A/3712A/3791B/3793B - Microwave Link Analyser £1500 
Hewlett Packard 3746A - Selective Measuring Set £500 
Hewlett Packard 3776A - PCM Terminal Test Set £1000 
Hewlett Packard 3779A/3779C - Primary Mus Analyser from £400 
Hewlett Packard 3784A - Digital Transmission Analyser £5000 

Anritsu MG 3601A Signal Generator 01-1040 z 
Anritsu ME 4626 DF/3 Transmission Analyser 

Hewlett Packard 3785A - Jitter Generator + Receiver £1250 
Hewlett Packard 37900D - Signalling Test Set ( No. 7 and MON) £4250 
Hewlett Packard P3432A - Variable Attenuator  £250 
Hewlett Packard 4192A - LF Impedance Analyser £6500 
Hewlett Packard 4262A - Digital LCR Meter £950 
Hewlett Packard 4342A -'0' Meter £600 
Hewlett Packard 435A or 8 Power Meter (with 8481A/8484A) from £400 
Hewlett Packard 436A and 4378 - Power Meter and Sensor frein £900 
Hewlett Packard 4948A - (TIMS) Transmission Impairment M/Set £1000 
Hewlett Packard 4972A - Lan Protocol Analyser  £1250 

Hewlett Packard 5183 - Waveform Recorder £1250 Hewlett Packard 5238A - Frequency Counter 100MHz £250 

Hewlett Packard 5314A - (NEW) 100MHz Universal Counter £250 
Hewlett Packard 5316A - UnWersal Counter (IEEE)  £400 
Hewlett Packard 5335A - 200MHz High Performance Systems Counter £600 
Hewlett Packard 5324A - Microwave Frequency Counter (500MHz-ItiGHz) Opts 1+3 £800 
Hewlett Packard 5359A - High Resolution Time Synthesiser £2950 
Hewlett Packard 53706 - Universal Timer/Counter £2000 
Hewlett Packard 5384A - 225MHz Frequency Counter £500 
Hewlett Packard 5385A - Frequency Counter - 1GHz - (HP1B) with OPTS 001/003/004/005 f750 
Hewlett Packard 6033A - Power Supply Autoranging (20V - 30A) £750 
Hewlett Packard 6253A - Power Supply 20V - 3A Twin £200 
Hewlett Packard 6255A - Power Supply 40V - 1-5A Twin £200 

HEWLETT PACKARD 8281E1 
Power Supply 209 - 50A £350 Discount tor OutinttUie 

Hewlett Packard 6264B - Power Supply (0-20V. 0-25A) £300 
Hewlett Packard 6266B - Power Supply 40V - 5A £220 
Hewlett Packard 6271B - Power Supply 60V - 3A £225 
Hewlett Packard 6624A - Quad Power Supply  00 
Hewlett Packard 6632A - Power Supply (20V - 5A) £2( 00 
Hewlett Packard 6652A - 20V - 25A System P.S.U. £750 
Hewlett Packard 7475A - 6 Pen Plotter £250 
Hewlett Packard 7550A - 8 Pen Plotter £350 
Hewlett Packard 778D - Coax Dual Directional Coupler £600 

£500 
£1250 
£1500 
£0215500: 

Hewlett Packard 8350B - Sweep Oscillator Mainframe (various plug-in options available)  
Hewlett Packard 83554A - Wave Source Module 26.5 to 40GHz  

Hewlett Packard 8620C - Sweep Oscillator Mainframe  C£3e0: Hewlett Packard 83555A - Millimeter - Wave Source Module 33-50GHz  Hewlett Packard 8405A - Vector Voltmeter  

Hewlett Packard 8640B - Signal Generator (512MHz +1024MHz  from C250 from £650 
Hewlett Packard 8642A - Signal Generator (001 to 1050MHz) High Performance Synthestser ....06500 

Hewlett Packard 8656A - SynthesisedHewlett Packard 8656B - Synthesised Signal Generator  £l£485050 
Signal Generator (990MHz   

Hewlett Packard 8657A - Signal Generator (100kHz-1040MHz) £19050 
Hewlett Packard 8660D - Synthesised Signal Generator (10kHz-2800MHz) £20 
Hewlett Packard 8750A - Storage Normaliser  £295 
Hewlett Packard 8756A - Scalar Network Analyser £1500 
Hewlett Packard 8757A - Scalar Network Analyser £2250 
Hewlett Packard 8901A - Modulation Analyser £1000 
Hewlett Packard 8901B - Modulation Analyser   £2000 
Hewlett Packard 8903E - Distortion Analyser  £1600 

Hewlett Packard 89036 - Distortion Analyser (Mint)   £1500 Hewlett Packard 8920A - R/F Comms Test Set  £2500 

Hewlett Packard 8922B/G/H - Raudo Comms Test Sets (G.S.M.)  from £8000 
Hewlett Packard 8958A - Cellular Radio Interface  £1000 
Keytek 142-15 .EC - Mmizap 15kV Hand-Held ESO Simulator  £1750 
Krohn-Hite 2200 - Lin/Log Sweep Generator  £995 
Kroh- Hite 4024A - Oscillator   £250 
Krohn-Hite 5200 - Sweep. Function Generator  £350 
Krohn-Hite 6500 - Phase Meter £250 
Leader LDIA-170 - Distortion Meter £350 
Leader 3216 - Signal Generator (100kHz-140kHz) AM/FM/CW with built-1n FM stereo 

modulator (mint) £995 
Marconi 106613 - Demultiplexer and Frame Alignment Monitor (new)   
Marconi 2019 - 80kHz-1040MHz Synthesised Signal Generator ££4)A 750 
Marconi 2019A - 80kHz-1040MHz Synthesised Signal Generator £1000 

££ 11, OP:  

Marconi 2610 - True RMS Voltmeter£050 

AA 
Marconi 2305 - Modulation Meter  

Marconi 2111 - UHF Synthesiser ( new)   
Marconi 2185 - 1.5GHz Programmable Attenuator (new)  

££177 

Marconi 2337A - Automatic Distortion Meter £ Marconi 2871 - Data Comms Analyser £500 

Marconi 2955 - Radio Comms Test Set £2000 
Marconi 6310 - Sweep Generator - Programmable - new (2-20GHz)  

from ££3550021 Marconi 6950/6960 - Power Meter & Sensor  
Marconi 6960 - Power Meter & Sensor  from £950 
Marconi 893 - A/F Power Meter  £250 
Philips PM5167 MHz Function Generator £460 
Philips 5190 L F. Synthesiser (G.P.I.B.)  £800 
Philips 5518 - Synthesised Function Generator £1500 
Philips PIA5519 - TV Pattern Generator £350 
Philips PM5716 - 50MHz Pulse Generator £525 
Prema 4000 - 61/2  Digit Multimeter (NEW) £350 
Cluartzlock 2A - Off-Air Frequency Standard £200 
Racal 1992- 13GHz Frequency Counter £700 
Racal 6111/6151 - GSM Radio Comms Test Sel £P0A 
Racal Dana 9081/9082 - Synthesised Signal Generator 520MHz  from £400 
Racal Dana 9084 - Synthesised Signal Generator 164MHz £450 
Racal 9301A True RMS R/F Multivollmeter £300 

£375 
Racal Dana 9303 - R/F Level Meter & Head £650 
Racal Dana 9302A - A/F Multivoltmeter (new version)   

Racal Dana 9517- UHF Frequency Meter 560MHz £175 
Rohde & Schwarz LFM2 - 60MHz Group Delay Sweep Generator £950 

£££700 Schaffner NSG 223 - Interference Generator   505 

Rohde & Schwarz MT* 94  GSM Radio Comms Analyser £6779900 
Schaffner NSG 203A - Line Voltage Variation Simulator   
Schaffner NSG 222A - Interference Simulator   

Schlumberger 2720 - 1250MHz Frequency Counter £400 

Schlumberger 4031 1GHz Radio Comms Test Set Schlumberger Stabilock 4040 Radio Comms Test Set £4 99:55 

Schlumberger 7060,7065/7075 - Multimeters from £350 
Stanford Research DS 340 - 15MHz Synthesised Function (NEW) and Arbitrary 

Waveform Generator   £1200 
Systron Donner 6030 - Microwave Frequency Counter (265GHz)  £1995 
Tektronix AM503 + TM501 + P6302 - Current Probe Amplifier  £995 
Tektronix PG506+ TG501 + SG503 + TM503 - Oscilloscope Calibrator  £1995 

Tektronix 124o - Logic Analyser  ££ ££119259011 
Tektronix 577 - Curve Tracer  

Tektronix 141A - PAL Test Signal Generator   
Tektronix AA5001 & T114.5006 11./F - Programmable Distortion Analyser   

Tektronix 1145003 + AFG 5101 - Arbitrary Function Generator  f1500 Tektronix - Plug- ins - many available such as SC504, SW503, SG502, 

PG508 F0504. F0Time 9811 - Programmable ResIstance  E £P4°00A 
. 503. 70501. TR503 + many more  

Time 9814 - Voltage Calibrator   £550  

: £1155:0 
£9950 

Valhalla Scientific - 2724 Programmable ResIstance Standard  £P O* 
& Goltermann PFJ-8 - Error/Jitter Test Set   £ 

Wandel & Goltermann MU30 - Test Point Scanner  
Wandel & Goltermann + options) 

Wayne Kerr 4225 LCR Bridge   
Wavetek 171 Synthesised Function Generator  
Wavetek 172B Programmable Signal Source (0.0001Hz-13MHz)  
Wavetek 184 - Sweep Generator 5MHz  
Wavetek 3010 - 1-1GHz Signal Generator   
Wiltron 6409 - RF Analysers ( 1MHz-2GHz)   
Wiltron 6620S Programmable Sweep Generator 13(60Hz-6/50Hz)  
Wiltron 6747-20 - Swept Frequency Synthesiser (10MHz-20GHz)  
Yokogowa 3655 - Analysing Recorder 

Hewlett Packard 8015A - 50MHz Pulse Generator  
Hewlett Packard 8165A - 50MHz Programmable Signal Source  
Hewlett Packard 8180A - Data Generator   
Hewlett Packard 8182A - Data Analyser 

£600 
£250 
£P0A 
£250 

£1250 
£P0A 
£650 

£3950 
EPOA 

MANY MORE ITEMS AVAILABLE - 
SEND LARGE SAE FOR LIST OF EQUIPMENT 

ALL EQUIPMENT IS USED - 
WITH 30 DAYS GUARANTEE. 

PLEASE CHECK FOR AVAILABILITY BEFORE ORDERING - 
CARRIAGE & VAT TO BE ADDED TO ALL GOODS 
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r Professional Quality Electronic 

OUERU flU/1,1D7C 
Equipment & Kits 

The 'MILLENNIUM' is HERE!! 
The year 2000 is a double celebration for SUMA DESIGNS as 

it signifies 20 YEARS in business as the UK's No.1 supplier of 

professional quality electronic surveillance equipment in kit 

and modular form. What we don't know about surveillance is 
not worth knowing!! Because everything we sell is designed 

and manufactured in our own rural workshops by our own 

experienced engineers we avoid the over inflated prices 
charged by the big city operators. 

We import NOTHING!! and can export EVERYTHING!! 

NEW FOR 2000 THE MILLENNIUM BUG CATALOGUE 
WATCH THIS SPACE FOR ANNOUNCEMENT OF THE NEW SUMA 2000 
MILLENNIUM BUG CATALOGUE SOON TO BE RELEASED CONTAINING A 
BRAND NEW RANGE OF SURVEILLANCE KITS, MODULES AND PRODUCTS 
INCLUDING: 

• ROOM TRANSMITTERS AND MONITORING EQUIPMENT 
• TELEPHONE TRANSMITTERS AND MONITORING EQUIPMENT 
• BODYWORN DEVICES 
• BUG DETECTION EQUIPMENT 
• TRACKING AND DIRECTION FINDING EQUIPMENT 
• BROADBAND, VHF, UHF, CRYSTAL CONTROLLED, SYNTHESISED 
• RECEIVERS AND RECORDERS 
• VIDEO CAMERAS AND TRANSMISSION EQUIPMENT 
• SURVEILLANCE HINTS, TIPS AND 'KNOW-HOW' 

FOR OUR CURRENT CATALOGUE PLEASE SEND TWO FIRST CLASS STAMPS TO THE 
ADDRESS SHOWN BELOW. OVERSEAS PLEASE SEND TWO IRC'S 

WEBSITE ONLINE SOON 

OUI) 
, rp)iouomo e 
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£1 BARGAIN PACKS 
- list No. 5 

One item only per pack unless otherwise stated. 

TEST PRODS FOR MULTIMETERS with 4mm sockets. 
Good length very flexible lead. Order Ref: 086. 
PAXOLIN PANELS, size 6in. x 6in, approximately 1116m. 
thick, pack of 2. Order Ref: 0103. 
13A SOCKET, virtually unbreakable, ideal for trailing lead. 
Order Ref: 095. 
PIEZO BUZZER with electronic sounder circuit, 3V to 9V DC 
operated. Order Ref: D76. 
LUMINOUS ROCKER SWITCH, approximately 30mm sq., 
pack of 2 Order Ref: D64. 
FERRITE RODS, 7in. with coils for Long and Medium waves. 
pack of 2. Order Ref: D52. 
DITTO but without the coils, pack of 3. Order Ref: 052. 
MAINS DP ROTARY SWITCH with 114mn. control spindle. 
pack of 5 Order Ref: D49. 
ELECTROLYTIC CAP, 800uf at 6.4 pack of 20. Order Ref: 
D48. 
ELECTROLYTIC CAP, 1000 1000uf 12V, pack of 10. Order 
Ref: D47. 
MINI RELAY with 5V coil, size only 26mm x 19mm x 11mm, 
has 2 sets changeover contacts. Order Ref: 042. 
MAINS SUPPRESSOR CAPS, 0-1 uf 250V AC. pack of 5. 
Order Ref: 1050. 
MES LAMP HOLDERS, slide onto 1/4in. lag, pack of 10. 
Order Ref: 1054 
PAX TUBING, 1/4in. internal diameter, pack of 2, 12m, 
lengths. Order Ref: 1056. 
HALL EFFECT DEVICES, mounted on small heatsink, pack 
of 2. Order Ref: 1022. 
12V POLARISED RELAY, 2 changeover contacts. Order Ref: 
1032. 
PAXOLIN PANEL, 12in. X 12in., 1/16in. thick. Order Ref: 
1033. 
MINI POTTED TRANSFORMER, only 1-5VA, 15V-0V- 15V or 
30V. Order Ref: 964 
PRE-SET POTS, 1 meg, pack of 5. Order Ref: 998. 
WHITE PROJECT BOX with rocker switch in top left-hand 
side, size 78mm x 115mm x 35mm, unprinted. Order Rel: 
1006. 
6V SOLENOID, good strong pull' but quite small, pack of 2. 
Order Ref: 1012. 
FIGURE 8 MAINS FLEX, alsoo makes good speaker lead, 
15m. Order Ref. 1014 
HIGH CURRENT RELAY, 24V AC or 12V DC. 3 change-over 
contacts. Order Ref: 1016. 
LOUDSPEAKER, 8 ohm 5W, 3.7in. round. Order Ref: 962. 
NEON PILOT LIGHTS, oblong for front panel mounting, with 
internal resistor for normal mains operation, pack of 4. Order 
Ref: 970 
3.5mm JACK PLUGS, pack of 10. Order Ref. 975. 
WANDER PLUGS, pack of 10. Order Ref: 986. 
PSU, mains operated, 2 outputs, one 9.5V at 550mA and the 
other 15V at 150mA. Order Ref: 988. 
ANOTHER PSU, mains operated. output 15V AC at 320mA 
Order Ref - 989. 
PHOTOCELLS, silicon chip type, pack of 4. Order Ref: 939. 
LOUDSPEAKER, 5in, 4ohm 5W rating. Order Ref: 946. 
LOUDSPEAER, 7in. x 5m. 4 ohm 5W. Order Ref: 949. 
LOUDSPEAKER, 4m, circular 6ohm 3W, pack of 2. Order 
Ref: 951. 
FERRITE POT CORES, 30mm x 15mm x 25mm, matching 
pair Order Ref: 901. 
CAR SOCKET PLUG with PCB compartment. Order Ref: 
917. 
PROJECT CASE, 95mm x 66mm x 23mm with removal lid 
held by 4 screws, pack off 2. Order Ref: 876, 
SOLENOIDS, 12V to 24V, will push or pull, pack of 2. Order 
Ref: 877. 
2M MAINS LEAD, 3-core with instrument plug moulded on. 
Order Ref: 879. 
MICROPHONE, dynamic with normal body for hand holding. 
Order Ref: 885. 
BATTERY CONNECTOR FOR PP3, superior quality, pack of 
4. Order Ref: 887 
LIGHTWEIGHT STEREO HEADPHONES, Order Ref: 898. 
PRESETS, 470ohm and 220K, mounted on single panel. 
pack of 10 Order Ref: 849. 
THERMOSTAT for ovens with 174m, spindle to take control 
knob. Order Ref- 857. 
12V-0V-12V 10W MAINS TRANSFORMER. Order Ref: 811. 
18V-0V-18V 10W MAINS TRANSFORMER, Order Ref: 813. 
AIR-SPACED TRIMMER CAPS, 2pf to 20pf, pack of 2. order 
Ref: 818 
2 CIRCUIT MICRO SWITCHES, licon, pack of 4. Order Ref: 
825. 
LARGE SIZE MICRO SWITCHES (20mm x 6mm x lOmm), 
changeover contacts, pack of 2. Order Ref: 826. 
MAINS VOLTAGE PUSH SWITCH with white dolly through 
panel mounting hexagonal nut. 
POINTER KNOB for spindle which is just under 1/4in., like 
most thermostats, pack of 4 Order Ref: 833. 
AC MAINS CAPACITOR, 4uf metal cased with screw termi-
nal, made by TCC. Order Ref: 1/26R7. 
DITTO but 2-Sut. This is actually 350V rms, pack of 2. Order 
Ref 1/26R8. 
REED SWITCH, 1in. 6W. pack of 2. Order Ref: 1/26R13. 
LINEAR POT, 10k with good length 1/41e, spindle, pack of 2. 
Order Ref: 1/26R14. 
4-POLE 3-WAY WAFER SWITCH, with extra long 1/4mn. sin-
dle. pac of 2. Order Ref: 1/26R15. 
DITTO but one pole 12-way, pack of 2. Order Ref: 1/26R32. 
NEON LAMP with resistor for mains voltage in plastic tube, 
approx. 3/8in. dia, with yellow lens and good length leads, 
pack of 2. Order Ref: 1/26R18. 
BC LAMP HOLDER ADAPTOR, made by Ashley, pack of 2. 
Order Ref: 1/26R20. 
MAINS BUZZER, open, built on solid open metal frame with 
terminals. Order Ref: 1/26R23. 
6 DIGIT COUNTER, nice silver plated case, 12V DC or 24V 
AC, has its own fixing bracket. Order Ref: 1/26R28. 

BIG BUYERS PARCELS 
Many of those listed last month are still available and there is 
a new list. If you want this, please phone. 

MOTORS AND ACCESSORIES 
RECHARGEABLE 12V JELLY ACID BATTERY 

Yuasa 12V 2.3AH. These are 7in. long, 3m, high and 
11/2in. wise with robust terminals protruding through 
the top. Price £3.50 or 5 for £ 15. Order Ref: 3.5P11. 
DITTO but 12V 18AH. This is 7in. long. 7m, high and 
31n. wide. Brand new with 12 month guarantee, one 
for £ 12.50 or pck of 4 for £48. including VAT and car-
riage. Order Ref: 12.5P3. 
Note - This battery will start a car and is ideal for 
golf trolleys, etc. 
CHARGER for these batteries and other sealed 
lead acid batteries. £ 5. Order Ref: 5P269. 

1- 5V-6V BATTERY MOTORS 
3 DIFFERENT, small, medium and large, for mod-
els, £ 1. Order Ref: 35. 
SPIN TO START 3V. ideal model aircraft. 5 for £ 1. 
£15 per 100. Order Ref: 134. 
SOLAR POWER MOTOR, £1.50. Order Ref: 
1.5P33. 
MINI 1.5V-3V MOTOR, 4 for £ 1. £20 per 100. Order 
Ref: D305. 
MOTOR WITH GEARBOX. 
Unit comprises motor 
mounted on gearbox with 
interchangeable gears giv-
ing a range of speeds and 
motor torques. With instruc-
tions for changing gears and 
calculating speeds. Price 
£6. Order Ref: 7P26. 

REVERSIBLE 12V DC MOTORS 
1/5HP 12V by Smiths, very powerful. £ 12. Order 
Ref: 12P101. 
1/8HP 12V by Smiths. £8. Order Ref: 8P54. 
1/10HP 12V by Smiths, £6. Order Ref: 6P47. 
MINI but quite powerful. 32mm diameter, 25mm 
body length. £ 1.50. Order Ref: 1.5P33. 

VERY POWERFUL BATTERY MOTORS 
Were intended to operate portable screwdrivers. 
Approximately 2' 21n. long. 11/2in. diameter, with a 
good length of spindle. Will operate with considerable 
power off any voltage between 6V and 12V DC. Price 
£2. Order Ref: 2P456. Quantity discount 25% for 100. 

BATTERY MOTOR WITH GEARBOX 
The motor will operate on any DC voltage between 
6 and 24. price £3. Order Ref: 3P108. The speed at 
6V is approximately 200 rpm and at 12V approxi-
mately 40Orpm, but the speed controller listed 
below will in all probability give you just the right 
speed you require. 

AC MAINS MOTORS WITH GEARBOXES 
5 RPM 30W, £8. Order et: 8P55, 
80 RPM 60W, £10. Order Ref: 10P159. 
110 RPM 60W, £8. Order Ref: 8P67. 
BRUSH TYPE MOTOR with angle gearbox as used 
on food mixers. £8. Order Ref: 8P68. 
DITTO but less gearbox. £4.50. Order Ref: 4.5P11. 

MINI AC MOTORS WITH GEARBOXES 
1 REV PER 24 HRS 2W, £1. Order Ref: 89. 
1 REV PER 4 HRS 2W, £2. Order Ref: 2P239. 
1 REV PER HOUR 2W, extra small. 2 for £ 1. Order 
Ref, 500. 
6 RPH 2W, £2. Order Ref: 2P430. 
12 RPH, £2. Order Ref: 2P342. 
20 RPH, £1. Order Ref: 1010. 
1/3 RPM, £2. Order Ref: 2P460. 
1 RPM, £3. Order Ref: 2P2251. 
2 RPM 2W, £3. Order Ref: 3P249, 
4 RPM 2W, £2. Order Ref: 2P393. 
10 RPM 2W, £3. Order Ref: 3P217. 
15 RPM 2W, £2. Order Ref: 2P321. 
20 RPM 2W, £2. Order Ref: 2P432. 
250 RPM 2W. £ 1. Order Ref: 750. 

MAINS MOTORS 
SUPER CROMPTON PARKINSON MOTOR. Really 
well made, totally enclosed by ventilated framework. 
Size approx. 4m. dia.. 4in. high and 2mn. of a 38m, spin-
dle. Speed is 875 rpm. hp is not quoted but we estimate 
this to be around 1/6hp. Price £ 10. Order Ref: 10P149. 

SHADED POLE MOTORS. The stack size indi-
cates the power. 3/4in. stack. £2. Order Ref: 
2P850. 1 in. stack with extra long spindle. £3. 
Order Ref: 3P203. 11/2in. stack with good length 
of spindle from each side, £3.50. Order Ref: 
3.5P22. 

REVERSIBLE 230V AC MOTORS 
1/8HP MOTOR by EMI. 2 speeds. 10Orpm and 
50Orpm. £4. Order Ref: 4P80. 
1/20HP PRECISION MOTOR, Japanese made. 
totally enclosed. £4. Order Ref: 4P94. 

MOTOR CONTROLLERS 
DC MOTOR SPEED CONTROLLER for 12V 
motors up to 1/6HP. £ 12 in kit form. Order Ref: 
12P34. and £20 made up and working. Order Ref: 
20P39 
REVERSING SWITCH, single pole 40A or double 
pole 20A. £ 1. Order Ref: 343. 
30A DP SWITCH, panel mounting. £ 1. Order Ref: 
166 
MAINS DRIVEN DC OUTPUT CONTROLLER with 
switch to give 6V. 8V or 12V and reversing switch. 
Ideal to control a battery motor. price £2. Order Ref: 
2P3 

STEPPER MOTORS 
MINI MOTOR BY PHILIPS, 12V. 7.5 degree step. 
quite standard. only £2. Order Ref: 2P457. 
MEDIUM POWERED, Jap made. 15 degree step. 
£5. Order Ref: 5P272. 

MOTOR START CAPACITORS 
All are 250V AC working so can nave many other 
applications. 32uf. £2. Order Ref: 2P452. 40uf. 
£2.50. Order Ref: 222.5P30. 125ut. £3.00. Order 
Ref: 3P239. 165uf. £3.50. Order Ref: 3.5P16. 

CAPACITORS FOR MOTOR RUNNING 
440V AC working unless stated: 
1 mid. 2 for £ 1. Order Ref: 633. 
1.3 mfd. 2 for £ 1. Order Ref: 279. 
2 mfd. £1 each. Order Ref: 1036. 
4 mfd. £1 each, Order Ref: 702. 
6 mfd. £2 each. Order Ref: 2P246. 
14uf at 40V. £3. Order Ref: 3P199. 
15 mfd. £3 each. Order Ref: 3P190. 
18 mfd. 500V. £4 each. Order Ref: 4P107. 
25 mfd but 375V working, £3 each. Order Ref: 
3P67. 
35 mfd. 375V working. £4 each. Order Ref: 4P88 

GEARBOXES 
METAL CASED, size approximately 4in. x 3m. x 
314in. thick. Good length 1/4in. spindle in and out. All 
£10 each. 3 ratios available: 200-1. Order Ref: 
10P121. 50-1. Order Ref: 10P127. 16-1. Order Ref: 
10P125. 

BALL RACES 
Superior quality Jap made. Three sizes available: 
1/2in. x 3/16in.. 26mm x lOmm and 33mm x lOmm. 
all 50p each. 

SOLENOIDS 
Metal clad coil, pulls in an iron plunger when ener-

gised. 
Mains voltage. coil size approximately 1'/4in. x 
11/ in. x 11/4in.. price £ 1, Order Ref: 8771. 
DITTO but with a prod that pushes instead of pulls. 
price £ 1. Order Ref: 872. 
12V DC operated. £ 1. Order Ref. 232. 
12V or 24V DC but smaller. only 1,2in. X 112m. X 1 in. 
long, push or pull. 2 for £ 1. Order Ref: 877. 
6V DC operated. 2 for £ 1. Order Ref: 1012. 

FAN BLADES 
61/21n. - 5-bladed aluminium. Order Ref: 86A. 
5in. - 4-bladed aluminium. Order Ref: 86. 
3in. - 4-bladed plastic. Order Ref: 638. 
7in. - 3-bladed plastic. Order Ref: D51. 
All 75p each - discount for quantity. 

THIN DRILLS 
Order Ref 129 is 12 pack assortment of sizes 
between 0.1mm and 0.7mm. Order Ref 128 is 12 
between 0.7mm and 1.5mm. Order Ref 130 is 12 
varying sizes between 1.6mm and 2-5mm. 

TERMS 
Our prices include VAT. Send cash. PO cheque or quote credit card number and d 

order under £25 add £3 service charge. over £25 carriage free 

J & N FACTORS 
Pilgrim Works, Stalrbridge Lane, 

Boiney, Sussex RH17 5PA 
Telephone: 01444 881965 
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WIZPIC - A Totally new way to develop PIC software 

WIZPIC - a new front end to FED's popular 
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PICDESIM development program 
• Rapid Application Development for the PIC microcontroller 
• Drag and drop your software component selections on to your 

design 
• Included components support timers, serial interfaces, I2C, LCD, 7 

Seg displays, keypads, switches, port controls, and many more. 
• Connect software components to PIC pins by point & click using the 

mouse 
• Set parameters for each component from drop down list boxes, 

check boxes, or text entry 
• Links your code automatically into library events (e.g. Button 

Pressed, Byte Received etc 
• Automatically generates your base applica-

tion including full initialisation, interrupt han-
dling and main program loop 

• The complete PICDESIM program is inte-
grated into WIZPIC - total 
editing/assembly/simulation support in one 

FEZ program r 

• Blazingly fast - simulates up to 10 times con,,ach 

ii  faster than MPLAB 
• Includes Waveform Analyser - examine your 

simulation results on a logic analyser style 
window 

• Also includes the Element Editor to enable 
you to create your own components with 
ease. 

• WIZPIC supports all 14 bit core PIC's - 
12C67x, 16C55x, 16C6x, 16C7x, 16C8x, 
16C87x etc. 

Prices 
PICDESIM £20. WIZPIC - £30, or buy the WIZPIC CD-ROM including PIC data sheets & source material - £35. 

Upgrade - PICDESIM users £10.00 floppy / £15.00 CD-ROM 

Programmers for PIC & AVR 

PIC Serial 
Programmer 
(Left) 
Handles serially programmed 
PIC devices in a 40 pin multi-
width ZIF socket. 16C55X, 
16C6X, 16C7X, 16C8x, 16F8X, 
120508, 12C509, 16C72XPIC 
14000, 16F87X, etc. 
Also In-Circuit programming. 
Operates on PC serial port 

Price : £45/kit - £50/built & tested 

PIC Introductory - Programs 8 & 18 pin devices 16C505, 
16C55X, 16061, 16C62X, 16C71, 16C71X, 16C8X, 16F8X, 
12C508/9, 12C671/2 etc. £25/kit. 
AVR - AVR - 1200,2313,4144,8515, 8535, 4434 etc. in ZIF. 4.5V bat-
tery powered. Price : £40 for the kit or £45 built & tested. 

All our Programmers operate on PC serial interface. No hard to 
handle parallel cable swapping ! Programmers supplied with 
instructions, + Windows 3.1/95/98/NT software. Upgrade pro-
grammers from our web site! 

C Compiler 

FED PIC C 
Compiler 

Price Crash! 
Supports all PIC 16Cxx, 12C6xx devices 

Designed to ANSI Standards 

Integrated Compiler Environment includes 

FED's PICDESIM for simulation/debugging 

Ring/Write for details or visit our Web Site: 
http:\\www.fored.co.uk 

Now - £60 CD-ROM, £75 with printed 

manuals 

Forest Electronic Developments 
60 Walkford Road, Christchurch, Dorset, BH23 50G. 
E-mail - info@fored.co.uk, or sales@fored.co.uk 
Web Site - http://www.fored.co.uk  

01425-274068 (Voice/Fax) 
Prices are fully inclusive. Add £3.00 for P&P and handling to each order. 
Cheques/POs payable to Forest Electronic Developments, or phone with 
credit card details. 

EUPOCARO 

1114, 

VISA 

16F877 
Fully supported by WIZPIC, 

PICDESIM, the serial programmer 
and our C Compiler. 

16F877-04 
16F877-20 

£5.50 
£6.00 
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Components, Equipment 
8t Accessories from 

Sky Electronics 
PONDS di Wipe • ',taut; & Disco • Car • Communications - CCTV • Electrical • 

Usmiter • Test Equipment • Rouen Supplies - Tools Connectors - Cable - »taken 

• Quality> Products 
' Range 

owest Prices 
bstantiol 

erienced 
if 

Sky Electronics 
40-42 Cricklewood Broadway, 

London NW2 3ET 

Tel: 020 8450 0995 Fax: 020 8208 1441 

ri 

o 

o 
o 

£2.00 for a Catalogue including post if. package apply to the above address 

VARIABLE VOLTAGE 
TRANSFORMERS 

INPUT 220V'240V AC 50/60Hz OUTPUT 0V-260V 
PANEL MOUNTING 

Price 
Ot5KVA 2.5 amp max £33.00 

1KVA 5 amp max £45.25 

P&P 
£6.00 

(£45.84 Inc VAT) 
£7.00 

(£61.39 Inc VAT) 
SHROUDED 
0.5KVA 2•5 amp mac £34.00 £6.00 

£47.00 inc VAT) 
1KVA 5 amp max £46.25 t  £7.00 

£62.57 Inc VAT) 
2KVA 10 amp max £65.00 (  £8.50 

£86.36 nc V 
3KVA 15 amp max £86.50 ( i £ 

8AT) 50 

(£111.63 inc VAT) 
5KVA 25 amp max £150.00 (.,. Carriage & VAT) 
Buy direct trom the Importe5s Keenest prices in the country. 

500 VA ISOLATION TRANSFORMER 
Input lead 240V AC Output via 3-pin 139 socket 240V AC 
continuously rated mounted in fibreglass case with handle. 
Internally used Price £35.00 carriage paid VAT (£41.13) 

TOROIDAL L.T. TRANSFORMER 
Primary 0-240V AC Secondary 0-30V . 0.30V 600VA 
Firing bolt suppled. 
Price £25.00 carriage paid . VAT (029 38) 

COMPREHENSIVE RANGE OF TRANSFORMERS-
LT- ISOLATION & AUTO 
11 OV.240V Auto transfer either cased with American socket 
and mains lead or open frame type Available for immediate 
delivery 

ULTRA VIOLET BLACK LIGHT BLUE 
FLUORESCENT TUBES 

4tt 40 war £ 14.00 ( callers only) 
211 20 wan £9.00 t callers only) 
12in 8 wan £4.80 s 75p p&p 
yin 6 watt £3.96 •• 50p p&p 
6n 4 watt £3.96 e 50p p&p 

230V AC BALLAST KIT 
For ether fen 91n or 12in kees £6.05-£1 40 p&p (£8 75 inc VAT) 

The 'be" Tees are 3500 4000 angst 1350-400uml deal lor detecting 
secunty markags effects lighteg & Chelsea] applications 
Other Wavelengths of UV TUBE available or Germicidal & Photo 
SensitNe applications Please telephone your enquiries 

1£16.45 Inc VAT) 
1£10.58 Inc VAT) 
(£6.52 nx VAT) 
(05.24 Inc VAT) 
(£5.24 inc VAT) 

400 WATT BLACK LIGHT 
BLUE UV LAMP 
GES Mercury Vapour lamp suitable for 
use with a 400W PF Ballast 
Only £39.95 ,ncl p&p & VAT 

Masts 

57 BRIDGMAN ROAD, CHI 
Open 

Monday Friday Tel: 0181-995 1560 

5 KVA ISOLATION TRANSFORMER 
As New. Es-Equipment, fully shrouded, Line Noise 
Suppression, Ultra Isolation Transformer with termi-
nal covers and knock-out cable entries.Primary 
1201//240V. Secondary 120V/240V, 50/60Hz, 
0•005pF Capacitance Size. L 37cm a W 19cmc a H 
16cm, Weight 42 kilos. Price £120 r. VAT. Ex-ware-
house. Carriage on request. 

24V DC SIEMENS CONTACTOR 
Type 311-18022-0B 2 a NO and 2 x NC 230V AC 10A. 
Contacts. Screw or Din Rail fixing Size H 120mm e 
W 45mrn e D 75mm Brand New Free £7.63 tied 
p&p and VAT 

240V AC WESTOOL SOLENOIDS 
Model T1'2 Max stroke 16mm, 51b. pull. Base mount-
ing. Rating 1. Model 116 Max. stroke 25mm, 151b. 
pull. Base mounting. Rating 1. Series 400 Max. 
stroke 28mm. 151b. pull. Front mounting. Ranng 2. 
Prices Inc. p&p & VAT: TT2 05.88,116 £8.81, Series 
400 £8.64. 

AXIAL COOLING FAN 
230V AC 120mm square x 38mrn 3 blade 10 watt 
Low Noise fan. Price £7.29 Inc' p&p and VAT 
Other voltages and sizes evadable from stock. 
Please telephone your enquiries 

INSTRUMENT CASE 
Brand new Manufactured by 1r-oho'. L 31cm x H 
18crn e 19cm Deep Removable front and rear panel 
for easy assembly of your components. Grey tex-
tured firdsh. complete with case feet Price £16.45 
not, p&p and VAT. 2 off £28.20 inclusive. 

DIECAST ALUMINIUM BOX 
With internal PCB guides Internal size 265mm x 
165mm x SOmm deep. Price £9.93 not p&p & VAT 2 
off £ 17.80 vol  
230V AC SYNCHRONOUS GEARED MOTORS 

Brand new Ovoid Gearbox Crouzet type motors. H 
65mm x W 55mm x D 35mm. 4mm dia shaft x lOrnm 
long 6 RPM anti cw f9.99 incl. p&p & VAT. 
20 RPM anti cm Depth 40mm. £11.16 incl. p&p & VAT 

16 RPM REVERSIBLE Chaucet 220V/230V 
50Hz geared motor with ovoid geared box 
4mm dia. shaft. New manuf. surplus Sold 
complete with reversing capacitor, connect-
ing block and cire. Overall size, h 68mm x w 
52rnm x 43mm deep 

PRICE incl. P&P 8. VAT £9.99 

EPROM ERASURE KIT 
Budd your own EPROM ERASURE for a fraction ot the 
price of a made-up unit Kit of parts less case includes 
12m 8watt 2537, Angst Tube Ballast unit, pair of toi-pin 
leads, neon indicator, on off switch. safety merosentch 
and circuit £15.00.£2.00 p&p 09.98 Inc VAT) 

WASHING MACHINE WATER PUMP 
Brand new 240V AC fan coolpd Can be used for a 
variety of purposes Inlet 1 f.pal outlet 1 In. de. 
Price Includes p&p & VAT £11.20 each or 2 for 
£20.50 inclusive 

SERVICE TR ADING CO „vat 
SWICK, LONDON W4 5BB A „.4,„ 

FAX: 0181-995 0549 Parking Space 

HOW DOES YOUR EQUIPMENT MEASURE UP? AT STEWART OF READING THERE'S ALWAYS 'SCOPE' FOR IMPROVEMENT! 

TEKTRONIX 2445. 4-ch, dula icig) 
sweep, cursors. readout ONLY 

PHILIPS PM3217- Dual Trace 50MHz Delay 

VERY GOOD 
OSCILLOSCOPE 

Ind. 2 probes. Pouch 
& Front cover 

FROM 

.7......,..,.. F  13.,.1..1..1 
200-£30 

GOULD 0S300 
Dual Trace 20MHz 
Light weight Very good 
value 
ONLY 43;ID 

THIS IS THE 

BEST CHEAP 

SCOPE 

YOU WILL 

EVER BUY!!! 

GOULD 051100- Dual Trace 30MHz 
Dday Very bright suppled with 
manual and two probes 

TEKTRONIX 400 SERIES 

e•-.614-51.' • si,s.‘). 

468 Digital Storage Dual Trace 100MHz Delay 
466 Analogue Storage Dual Trace 100MHz Delay 
485 Dual Trace 350MHz Delay Sweep 
475 Dual Trace 200MHz Delay Sweep 
465 Dual Trace 100MHz Delay Sweep 

£550 
£250 
£750 
£450 
£350 

FLUKE SCOPE METERS 
Models 93/96/99. Dual Trace 50MHz 

Digital Storage etc. 
Unused from £400 to £650 

MARCONI 2022E 
Syn AM/FM SIG GEN, 

10 KHz-1.01GHz 
Up to -0 OdElm output. 
phase mod. I.c.d. display. 
keyboard entry, etc 
smal.. lightweight 

MARCONI 6311 prog mew gen 10MHz-20GHz £3750 
HP 8657A syn sq gen. tODKHz-1040MHz £2500 
HP 86568 syn Po gen. 100KHz-990MHz £1350 
HP 8656A syn sig gen. 100KHz.990MHz £995 
GIGAWOSK 7100 syn sig gen. 10MHz•20GHz, good signai 
Poll' £9300 
MARCONI 210704'FM phase lake eg gen.101012-1024MHz . £1200 

HP 8640A sq gel, 530KHz.5121AHz £250 
HP4275A LCR meter, 10KHz.10MHz F2750 
HP4192A LF otpedance analyser. 5Hz-13MHz ..............£5000 
HP 8903E Cistorten analyser £750 
MARCONI 2305 mod meted 500KH2-2GHz ..... from £900 
FARNELL 051112000 auto n•ott meter, 10Hz-24Ghz. unused £950 
STABILOCK 4015 ratio cow lest set £2250 
HP 53508 hag counter. 20GHz. £2000 
HP 3460 -zise source, 10MHz-18GHz ............... £500 
HP 116922 dual cis =Ow. 2GHz.18GHZ............ ....... £1600 
HP 11691D dual& COupler, 2GHz-18GHz £1250 
WAYNE KERR Industance analyser 3245 £2000 
H.P. 8112A pulse generator. 50MHz £1250 
DAMON AutoCal muenster. 5.1.7-, Mort. 10661061A1071 

From £330-06C0 
RACAL 1998 freq counter. 1.3GHz, IEEE etc ... . £400 
MARCONI 2440.2442 Iraq counter. 20GHL26GHz .From £1250 
PHILIPS PIA532/3 wig gen, 100KHz.180MHz, veth built-in 
'ea ' I- • Ido counter. IEEE £650 

FARNELL .'51, type AP10030 £1000 
FARNELL PSU type AP7030 £800 
B&K Acceigiarneter type 4366 . £300 
TEKTRONIX probes P61098 100MHz teadout .-tusect £60 
TEKTRONIX probes P5106A 250MHz readout. unused £85 

OSCILLOSCOPES 
PHILIPS P643092 2-2 ch.. 200MHz dedy TB cursors etc £950 
PHILIPS PIA3082 2-2 ch.. 100MHz de ay, etc £800   
TEKTRONIX TAS465 dual trace. 100MHz delay etc £800 

UNUSED OSCILLOSCOPES 
TEKTRONIX TDS350 dual trace 200MHz. 1GS Sec 
TEKTRONIX TAS485 4-cneme 200MHz etc 
HP 54610E 1401 trace 500Mid 20M S 
HP 546006 dual irace 100MHZ 20V S 
GOULD 400 dual trace, 20MHz. 100M S 

SPECTRUM ANALYSERS 
H.P. 8562A KHz-220Hz £9000 
H.P. 8595E 9KHz.6.5KHz With Opts 004041 11;" 05 -.1 

8571710 card are 850246 Noe frect probe £9000 
H.P. 8590A 10KHz-1-8GHz (75. ohms) £2250 
H.P. 85588 witla main haine ICOKHz-1500MHz.. £1250 
H.P. 853A Ichg frwne) troth 05596 100KHzt21GHz £2750 

MARCONI 2382 100HzdOOMHz high resci.lo, £2000 
B&K 220339 senal analyser .... £1500 
ADVANTEST 194131 10KHz.3.5GHz.. £2750 
MARCONI 2370 30Hz.110MHz From £500 
H.P.141 Systems: 
8553 1Khz 10MHz 
8554 500KHz.1250MHz 
8555 ' OMHp.18GHz From £1000 

......From £500 
From £750 

MARCONI TF2015 
AM FM Sig Gen 
10-520NHz IUD 

RACAL 9008 
Automatic mod meter 
1.5MHz 2GHz 

q 
MO 

  WAYNE KERR ANN255 
Automate ehodutalton Meter 
AM FM 15MHz-2Gliz 35 d a It )  

Unused 

GOODWILL GFC 8010G 
FREOUENCY COUNTER. Range 
iHz.120MHz 8-Dett Deplay 15mV 
RMS Senspivny Unused £75 sr  

£1500 
£11100 
£2000 
£1000 
£800 

MARCONI 2610 TRUE RMS 

VOLTMETER 
DigiteAnalogue As new 

ONLY QED 

STEWART of READING 
110 WYKEHAM ROAD, READING, BERKS. RG6 1PL 

Telephone: (0118) 9268041. Fax: (0118) 9351696 

Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement) 

GOODWILL 
GVT427 DUAL CHANNEL A C 
MILLIVOLTMETER 
10,V 300V in 12 ranges 
Frequency 10Hz-I MHz 
Used £100 Unused £125 

A Classic Bench Mutineer 

Solatron 7045 - 4•2 Digit 

SPECIAL OFFERS 
WHILST STOCK 

TEKTRONIX 2215 - 

e IP Me 

• - • ,„„, 

LASTS 
Dual Trace 60MHz 

0., Sweep Delay 
i e-t ;ncludeS 2 probes 

NOW ONLY 
0 

- ED e 

HC3502 Dual -Pace 20'.'-: 

, 

Ur) 

- 4 %.... J,,i «ID 
_..7. 

Solatron 7150 
QDmm 65 qit «ID 
True RMS lEtE 

,.  

FLUKE MULTIMETERS 
Type 8050A 4' Alen. 2A True RMS .............,...............,,07! 

TAT 
H.P. 5315A unnersalCounter,IGHz i ch tat 
RACAL 9918 Frequency Counter. 10Hz-560MHz . 066 

GOULD J3B Sine/Square Oscillator 
100Hz-100KHz. Low distortion 

(0) 

bright led. Working with leads. r FARNELL /LF1  

ONLY • '=" 10Hz-1MHz CE) It s so cheap you should have it as a spare. Sine Sq Oscillator te • 

ONLY 

FARNELL L30/2 Bench Power Supply 
0-30 Volts: 0-2 Amps. 
Constant D.C. outputs, 
Constant current. ONLY 4 31) 

MANY OTHER POWER SUPPLIES AVAILABLE 

LEVELL TG200DMP RC Oscillator 
1Hz-1MHz Sine/Square, meter. 
battery operated ( Batteries not supplied) (E) 

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

before ordering. 
CARRIAGE all units £ 16. VAT to be added to Total of Goods and Carriage 
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Transform your PC.... Into an 
oscilloscope, spectrum analyser 
and multimeter... 
The Pico Technology range of PC based oscilloscopes 
offer performance only previously available on the most 
expensive ‘ benchtop' scopes. By intergrating several 
instruments into one unit, they are both flexible and cost 
effective. 

Connection to a PC gives these virtual instruments the edge over 

traditional oscilloscopes: the ability to print and save waveforms is 

just one example. Units are supplied with PicoScope for Windows 
which is powerful. yet simple to use, with comprehensive on line 
help. 

Features 
✓ A fraction of the cost of comparable benchtop scopes 

✓ Oscilloscope and data logging software supplied 
✓ Prices from £69 (excl VAT) 

✓ Up to 100 MS/s sampling 
✓ Up to 50 MHz spectrum analyser 
✓ Up to 16 bit resolution 

MO M• 

Pico Technology data acquisition products allow 

your computer to display and record voltages. By 
connecting suitable sensors, they can be used to 
measure voltage, pressure, humidity, temperature. 
resistance, light.., in fact anything you need to measure. 

Call for a FREE catalogue and software 

demonstration disk or visit our web site. 
Fax: +44 (0)1954 211880 Tel: +44 (0)1954 211716 

E-mail: post@picotech.com 
Web: www.picotech.com 

I :11».• 

d f t P S I 10 

I tfa . 7/.•11111 

Applications 
✓ Video 

✓ Automotive 
✓ Audio 
✓ Electronics design 
✓ Fault finding 
✓ Education 

te. 

V Prices from £59 (excl. VAT) 
✓ Software supplied (WIN & DOS) 
✓ Supplied with software drivers & examples 

✓ Free software upgrades and support 

✓ Easy and intuitive to use 

✓ Up to 20,000 samples per second 
✓ 1 to 22 channels 
✓ Parallel or serial port connection 

Terminal blocks connect to the 

input socket on the ADC- 11 or 

ADC- 16 and provide screw 
terminal inputs. The ease of use 
means the possibilities for exciting 
data logging projects are endless! 

Have a look at our example application: 

"Using an ADC-16 to monitor battery 
discharge" on our web site, at: 

www.picotech.com/applications.html 

All units are supplied with software. Prices exclude VAT and delivery. 
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EE212 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST tt 
Tel 01283 565435 Fax 546932 
http://www.magenta2000.co.uk 

E-mail: sales@magenta2000.co.uk 

ELECTRONICS LTD All Prices include VAT. Add £3.00 per order p&p. £6.99 next day 

MAIL ORDER ONLY • CALLERS BY APPOINTMENT 

VISA 

EIM733 

EPE MICROCONTROLLER1 
P.I. TREASURE HUNTER! 

The latest MAGENTA DESIGN - highly ' 
I stable Et sensitive - with I.C. control I 
I of all timing functions and advanced I 
I pulse separation techniques. 

I • High stability 
I drift cancelling 

I • Easy to build 
& use 

I • No ground 
I effect, works 

in seawater 

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

• Efficient quartz controlled 
microcontroller pulse generation. 

• Full kit with headphones Et all 
hardware 

KIT 847 £63.95 L— — — — — — — — — — — — — J 

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

KIT 842 £22.56 

SEE SPECIAL OFFER 
IN ICEBREAK AD 

PAGE 263 

DC Motor/Gearboxes 
Our Popular and Versatile DC 
motor/Gearbox sets. 
Ideal for Models, Robots, 
Buggies etc. 1-5 to 4.5V 
Multi ratio gearbox 
gives wide range of speeds 

LARGE TYPE - MGL £6.95 
SMALL - MGS - £4.77 

Stepping Motors 

MD38...Mini 48 step...£8.65 

MD35...Std 48 step...£9.99 
MD200...200 step...£12.99 

MD24...Large 200 step...£22.95 

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

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

£3.99 KIT 868  £22.95 POWER UNIT  

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 £1 9.99 
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 

1000V Et 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 Et ALL 
components. 

KIT 848 £32.95 

MOSFET Mk11 VARIABLE BENCH 
POWER SUPPLY 0-25V 2-5A. 
Based on our Mk1 design 
and preserving all the 
features, but now with 
switching pre-regulator for 
much higher efficiency. Panel 
meters indicate Volts and 
Amps. Fully variable down to 
zero. Toroidal mains trans-
former. Kit includes punched 
and printed case and all 
parts. As featured in April 
1994 EPE. An essential piece 
of equipment. Kit No. 845 £64.95 

EPE 
PROJECT 

PICs 
Programmed PICs for 

all* EPE Projects 

16C84 16F8416C71 

All £5.90 each 
PIC16F877 now in stock 

£10 inc. VAT 8. postage 
(*some projects are 

copyright) 

EPE 
TEACH-IN 
2000 
Full set of top quality NEW 
components for this educational 

series. All parts as specified by 

EPE. Kit includes breadboard, 

wire, croc clips, pins and all 

components for experiments, as 
listed in Introduction to Part 1. 
'Batteries and tools not included. 

TEACH-IN 2000 — 

KIT 879£44.95 

MULTIMETER £14.45 

SPACEVVRITER 
I An innovative and exciting 
I project. Wave the wand through %.+, 
the air and your message appears. • i. 

I Programmable to hold any message %Z.; 
wlit:,o.,1jEdai esex.sCo;"r(liternpre-loaded yl̀t,t 

1 PCB, all components & tube plus 
instructions for message loading. 

KIT 849 £16.991 

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 
1400mA). Used extensively for mobile work - up-
dating equipment in the field etc. Also in educa-
tional situations where mains supplies are not al-
lowed. Safety interlock prevents contact with UV 

KIT 790 £29.90 

SUPER BAT 
DETECTOR 

1 WATT 0/P, BUILT IN 

SPEAKER, COMPACT CASE 

20kHz-140kHz 

NEW DESIGN WITH 40kHz MIC. 
A new circuit using a 'full bridge' audio 
amplifier i.c., internal 
speaker, and head-
phone/tape socket. The 
latest sensitive transducer, 
and 'double balanced mixer' 
give a stable, high peformance 
superheterodyne design. 

KIT 861 £24.99 
ALSO AVAILABLE Built Et Tested .... E39.99 

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 Et CASE 

• EFFICIENT 100V 
TRANSDUCER OUTPUT • UP TO 4 METRES 

• COMPLETELY INAUDIBLE RANGE 
TO HUMANS • LOW CURRENT DRAIN 

KIT 812 £15.00 

 I P U 
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SIMPLE PIC PROGRAMMER 
INCREDIBLE LOW PRICE! Kit 857 £ 12.99 

INCLUDES 1-PIC16F84 CHIP 
SOFTWARE DISK, LEAD 

Power  Supply £3.99 

CONNECTOR, PROFESSIONAL 
PC BOARD Et INSTRUCTIONS 

EXTRA CHIPS: 
PIC 16F84 £4.84 

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

PIC16C84 LCD DISPLAY DRIVER 
INCLUDES 1 - PIC16F84 Kit 860 £19.99 
WITH DEMO PROGRAM 
SOFTWARE DISK, PCB, Power Supply £3.99 
INSTRUCTIONS AND 
16-CHARACTER 2- LINE 
LCD DISPLAY 

FULL PROGRAM SOURCE 
CODE SUPPLIED - DEVELOP 
YOUR 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 develpment base for meters, terminals, calculators, 
counters, timers -- Just waiting for your application! 

PIC16F84 MAINS POWER 4-CHANNEL 
CONTROLLER Et LIGHT CHASER 

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

• ZERO VOLT SWITCHING 
MULTIPLE CHASE PATTERNS 

• OPTO ISOLATED 
5 AMP OUTPUTS 

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

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

Kit 855 £39.95 LOTS OF OTHER APPLICATIONS 

PIC TOOLKIT V1 
• PROGRAMS PIC16C84 and 16F84 • ACCEPTS TASM AND MPASM CODE 
Full kit includes PIC16F84 chip, top quality p.c.b. printed with component 
layout, turned pin PIC socket, all components and software' 
'Needs QBASIC or QUICKBASIC 

KIT 871 . . . £ 13.99. Built and tested £21.99 

PhizzyB ALL PARTS FOR SERIES INCLUDING PCBs, 
PROGRAMMED CHIP, CD-ROM AND DISPLAYS 

MAIN BOARD - FULL KIT £ 131.95 BUILT £149.95 
I/O PORT KIT  £16.99 BUILT  £24.99 
L.C.D.   £12.49 POWER SUPPLY £3.99 
8-BIT SWITCH/LATCH   £7.95 INT. MODULE £10.45 

68000 DEVELOPMENT AND TRAINING KIT 

• NEW PCB DESIGN 
• 8 MHz 68000 16- BIT BUS 
• MANUAL AND SOFTWARE 
• 2 SERIAL PORTS 
• PIT AND I/O PORT OPTIONS 
• I2C PORT OPTIONS 

KIT 621 
£99.95 
• ON BOARD 

5V REGULATOR 
• PSU £6.99 

• SERIAL LEAD £3.99 

Mini-Lab & Micro Lab 
Electronics Teach-In 7 
As featured in EPE and now 
published as Teach- In 7. All 
parts 
are supplied by Magenta. 
Teach-In 7 is £3.95 from us or 
EPE 
Full Mini Lab Kit - £ 119.95 - 
Power supply extra - £22.55 
Full Micro Lab Kit - £ 155.95 
Built Micro Lab - £ 189.95 

EPE PIC Tutorial 
At Last' A Real, Practical Hands-On Series 

• Learn Programming from scratch using PIC16F84 

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

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

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

KIT 870   £27.95, Built fi 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 UPGRADE FROM V1 • 18, 28 AND 40-PIN CHIPS 
• READ, WRITE, ASSEMBLE & DISASSEMBLE PICS 
• SIMPLE POWER SUPPLY OPTIONS 5-20V 
• ALL SWITCHING UNDER SOFTWARE CONTROL 
• MAGENTA DESIGNED PCB HAS TERMINAL PINS AND OSCILLATOR 
CONNECTIONS FOR ALL CHIPS 

• INCLUDES SOFTWARE AND PIC CHIP 

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

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

Kit 862 £29.99 
• SEND FOR DETAILED 
INFORMATION - A 
SUPERB PRODUCT AT AN 
UNBEATABLE LOW PRICE. 

Power Supply £3.99 

DISASSEMBLER 
SOFTWARE £11.75 

PIC STEPPING MOTOR DRIVER 
INCLUDES: PCB, 
PIC16F84 WITH 
DEMO PROGRAM, 
SOFTWARE DISK, 
INSTRUCTIONS 
AND MOTOR. 

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

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

8-CHANNEL DATA LOGGER 
As featured in Aug./Sept. '99 EPE. Full kit with Magenta 

redesigned PCB - LCD fits directly on board. Use as Data 
Logger or as a test bed for many other 16F877 prolects. Kit 
includes programmed chip, 8 EEPROMs, PCB, case and all components. 

KIT 877 £49.95 inc. 8 x 256K EEPROMS 

All pricesinclude VAT Add £3.00 p&p. Next Day £6.99 

Tel: 01283 565435 Fax: 01283 546932 E-mail: sales@magenta2000.co.uk 
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042000 

NIC COMPONENTS 

Station Road, Col'snouts, 
Tyne & Wear, NE30 4PQ 

C r 
All Major Credit cards Accepted emzu so/o 

Prices Exclude Vat 017%,96. Add £1.25 carriage 
& Vol to all orders. Cheques / Postal orders 
payable to ESR Electronic Components.  

4000 Series 74NC $eries 
40008 £0.18 74HCOO £0.19 
4001B £0.20 74HCO2 £0.21 
40028 £0.17 74HCO3 £0.21 
400613 £3.40 74HCO4 £0.21 
4007UB £0.18 74HCO8 £0.25 
40088 £0.23 74HC10 
4009U8 £0.23 74HC11 £0.20 
40108 £0.23 74HC14 £0.22 
401113 £018 741-1C20 £0. 28 
40128 £0.16 74HC27 £0.16 
40138 £0.20 74HC30 £022 
40148 £0.30 74HC32 £0.20 
40158 £0.24 74HC42 £036 
40168 £028 74HC73 £0.40 
40178 £029 74HC74 £0.22 
4018B ,..„v£0-3,7 74HC75 £0 .40 

.- 40198 -z° 74HC76 £0.20 
402013 £0.36 74HC85 £0.24 
40218 £03„1 74HC86 £022 
40228 £0u-4,,, 74HC107 £0.40 
40238 .,..,.,,...V, 74HCI 23 £0.33 
40246 £0 -,1.. 74HC125 £0.26 
40258 
40268 ....? 74HCI 26 £0.46 
40278 £05 74HC132 £0.35 
40288 £0.34 74HC133 £0.34 
40298 £0.4074HC137 £0.30 
4030B £0.17 74HCI 38 £0.25 
40358 £0-31 74HCI 39 £031 
4040B £0.32 74HCI 51 £0.33 
40418 £0'31 74HCI 53 £0.30 
4042B £0-22 74HCI 54 £0.85 
40438 £0•28 74HCI 57 £0.40 
40448 £o'35 74HCI 58 £023 
40468 £638 74HC160 £0.64 
40478 £0 .32 74HC161 £0.28 
40486 £0.34 74HCI 62 £0.45 
404913 £0-28 74HC163 £0.26 
4049UB £0.24 74HC164 £0.35 
40508 £0.28 74HC165 £0.35 
40518 £0.33 74HCI 73 £038 
40528 £0 .32 74HC174 £0.27 
40538 £0..29 74HCI 75 £0.35 
40548 £0.56 74HCI 92 £0.72 
40558 £0.34 74HC195 £032 
40608 £0.29 74HC240 £0.37 
40638 £029 74HC24I £0.37 
40668 £029 74HC244 £042 
40678 £220 74HC245 £0.42 
40688 £07 6 74HC251 £0.30 
406908 MI 9 74HC253 £0.25 
40708 £0.21 74HC257 £0.25 
407113 £0.23 74HC259 £0.57 
40728 £018 741-1C273 £0.32 
40738 £0.17 74HC299 £0.64 
40758 £017 74HC365 £0.34 
40768 £0.30 74HC367 £0.25 
40778 £0.28 74HC368 £0.25 
40788 £0.20 74HC373 £0.35 
40818 £0.21 741-1C374 £040 
40828 £021 74HC390 £052 
40856 £0.28 74HC393 £038 
40868 £025 74HC541 £032 
40938 £0.25 £0.56 
40948 £0.29 74HC564 £0.48 
40958 £0.56 74HC573 £0.38 
409713 £1.20 74HC574 £0.38 
40986 £0.48 74HC595 £0.39 
40998 £339 74HC688 £0.64 
45028 £0.32 74HC4002 £0.31 
45038 £0.40 74HC4017 £0.42 
450813 £1.40 
45108 £13 -.,4a5 741-1C4040 £0 36 Lipeor Ice OP290GP 

. 

451113 OP297GP 
£0 •e., 74HC4049 £031 AD524AD £23.04 op400Gp 45128 „.-„v-a„. 74HC4051 £0 40 AD5481N £2.48 OP495GP 45148 

45158 £ ,3-3 'n' 74HC4052 £0.43 AD590.11-1 £5.28 RC4136 
45168 „.-.,v.'„' 74HC4053 £0 .38 AD592AN £4.48 SAA1027 

.,..,.,-,..".,." 74HC4060 £0.44 AD595AQ £12.65 SG3524N 
45188 ,...„.,..r, 74HC4075 £0 27 AD620AN £9.88 5G3543 
45208 
4521B «...,.,.."., 74HC4078 £0 .32 AD625.1N £16.20 SSM2017P 
4526B ,'.-.,''',,`-, 74HC4511 £0.64 AD633.IN £7.54 SSM2131P 
4527B £0-‘'.3,"-, 74HC4514 £0.84 AD648.1N £2.57 SSM2141P 
45288 £0 .3nw 74HC4538 £0.41 AD654.IN £7.18 SSM2142P 
45298 ".'" 74HC4543 £090 AD708.IN £5.69 SSM2143P £0.44 
4532B£0D711.IN £1.46 TBA120S 0.32 74LS Series 45368 AD712.IN £2.38 TBA800 £1.00 741500 £0.23 
45388 AD736.1N £8.75 TBA810S £0.37 741501 £0.14 

AD797AN £8.69 TBA820M 45416 
£0.33 741502 £0.26 AD811N £6.24 TDAII70S 

454313 £0.47 741503 £029 AD8I 2AN £6.32 TDA2004 
45558 £0.32 741504 £0.21 AD8I 7AN £3 85 7D2 45568 £0 40 741.505 1N5406 

45668 en.n, AD820AN £3.41 TDA2050V £2 :84 £1.96 741508 
45848 ,'..,".,.¡É AD822AN £5.20 TDA2611 A £ 1.88 1N5407 £0.24 741509 
45858 £..-,.,1-,' AD829.IN £6.41 TDA2822A £0.86 1N5408 £0.47 741510 
47248 ...'" AD830AN £5.44 TDA2653A £2.99 66AA015 

£0.94 741511 £0.,17 AD847.IN £5.95 TED3718DP £5.03 401068 £0 .24 741512 6A2 
CB.'" AD9696KN £7.73 TEA5I 15 £3.11 4010913 £0.58 741513 £0 .29 6A4 

ADEL2020A £5.06 71.061CP £0.35 40174E1 £046 741.514 £0.,25 ADM222AH£3.55 71062CP £0.60 6A6 
40175B £0 41 741515 6A8 

£13.." ADM232AA £3.55 71.064CN £0.72 741.520 £05 
74 Series ADM485-IN £2.97 71.071CP £0.38 6A10 
7407 £0.40 741521 £0.14 

741526 £0.14 ADM690AN £5.13 TL072CN £0.32 8,11/4,11e3 
ADM691AN £6.48 TL074CN £0.,4,3 

741527 £0.1" ADM695AN £6.48 71081 
..„ ADM699AN £3.58 TL082CN £0.35 BA 1 59 

741.537 ££0. 7; CA7410E £0.24 71084CN £705-0 

SAMEDA7 741.530 £0.20 

£03 CA747CE £0.39 71494CN f0.70 BAT41 
BAT42 DESPATCH 741.532 

Ne  741538 BAT46 
Order Value 741_540 £0.14 '-`-'• ' " CA3046 £0.42 717705ACP £0.82 BBAA TT8495 

CA3059 £ 1.33 TLC271 £0 63 

74LS42 
741547 
741551 
74LS73 
741574 
741575 
741576 
741583 
741585 
741.586 
741590 
741592 
74LS93 
7415107 
7415109 
7415112 
7415113 
7415114 
7415122 
7415123 
7415125 
7415126 
7415132 
7415133 
7415136 
7415138 
7415139 
7415145 
7415148 
741.5151 
7415153 
7415154 
7415156 
7415157 
7415158 
7415160 
7415161 
7415162 
7415163 
74LS164 
741.5165 
7415173 
7415174 
7415175 
7415190 
7415191 
7415192 
7415193 
7415195 
7415196 
741.5221 
7415240 
7415241 
7415243 
7415244 
7415245 
7415247 
7415251 
7415257 
74 15258 
7415259 
74LS266 
7415273 
7415279 
7415365 
7415367 
7415368 
74LS373 
7415374 
7415378 
7415390 
7415393 
741.5395 

£0,31 
£0.41 
£0.2! 
£0.4( 
£0.4! 
£0.4 
£0.3( 
£0.21 
£0.24 
£0.2: 
£0.3e 
£0.31 
£0.31 
£0.2E 
£0.2! 
£0.26 
£0.36 
£0.2: 
£0.32 
£0.24 
£0.5E 
£0.64 
£0.2.5 
£0.40 
£0.7C 
£0.36 
£0.22 
£0.21 
£0.48 
£0.32 
£0.44 
£0.32 
£0.24 
£0.48 
£0.24 
£0.24 
£0.24 
£0.60 
£0.24 
£0.60 
£0.48 
£0.24 
£0.24 
£041 
£0.32 
£032 
£0.30 
£0.32 
£0.36 
£0.32 
£0.24 
£3.24 
£0.24 
£0.45 
£014 
£0.32 
£024 
£0.21 
£0.21 
£0.21 
£0.33 
£0.34 
£0.62 
£0.24 
£0.33 
£0.26 

CA3080E £0.73 
4.101 CA3130E £0.87 

CA3140E £0.52 
11,1" CA3189E £1.26 

CA3240E £1.00 
,00 DG211CJ £1.55 
xle DG2120 £1.55 

DG411D1 £2 00 
CM 0.7106CPL £2.80 

C17107CPL £2.00 
kàet CL7109CLP £8.99 

CL761IDCP £0.75 
CL7621 £0.96 

qz CL7660SCP £0.86 
+NO C 18038 £3.84 

CM7555 £0.38 
CM7556 £08.4 

HA_ 1165 £2.56 
• 1272M £1.84 
Z L293E £3.84 .0 L297 £6.72 
IVL298N £6.67 

L6219 £4.48 
- LF347N £0.46 
£0.4: LF35IN £0.45 
cam LF353N £0.40 
£0.2e 1E356 £084 
£0.4( LM301AN £0.40 
£0.3: LM308N £0.58 
co.3( I.M311N8 £0.25 
£0.4( LM318 £0.98 

LM319N14 £0.90 
LM324 £0.26 
LM335Z £0.97 
LM339N £0.25 
LM348N £031 
LM358N £0.29 
LM380N £0.88 
LM381N £2.64 
LM386 £0.45 
LM392N £0.79 
LM393N £0.21 
LM748CN8 £0.37 
LM1881 £3.92 
LM2917N8 £3.10 
LM3900N £0.72 
LM3909N £1.18 
LM3914 £2.16 
LAA3915 £2.70 
LM13600 £1.10 
LMC660CN £1.44 
IMC6032IN £ 1.55 
19311N £0.74 
LP324N £0.72 
LP339N £0.75 
LT1013CN8 £4.64 
MAX202CPE £2.97 
MAX208CN £6.99 
MAX220CPE £5.06 
MAX222CPE £5.06 
MAX232CPE £ 1.80 
MAX483CP £3.13 
MAX485CP £2.08 
MAX631ACP£4.99 
MAX635ACP£4.99 
MAX I 232CP £2.80 
MCI 458N £027 
MC1488 £040 
MC1489 £040 
MC3302 £0.56 
MC3340P £1.60 
MC4558P £0.33 
MV601DP £2.97 
NE521N £6.39 
NE555N £0.21 
NE556N £0.29 
NE565N £1.94 
NE566N £0.90 
NE567N £0.39 
NE571N £2.72 
NE592 £0.62 
NE5532N £048 
NE5534N £0.64 
NE5539N £4.35 
OPO7CN £0.90 
OP27CN £2.48 
OP77GP £2.18 
OP9OGP £3.11 
OP97FP £2.43 
OP113GP £3.44 
OP176GP £2.09 
OP177GP £1.89 
OP200GP £5.60 
OP213FP £5.20 
OP275GP £2.57 
OP282GP £2.27 
OP283GP £5.20 

£5.40 
£5.74 
£11.81 
££81..0069 

£4.40 
£0.96 
£6.88 
£3.12 
£4.19 
£3.63 
£6.16 
£3.78 
£0.90 

1N4149 
£0.64 1N5400 
£0.40 1N5401 
£ .12 1 N5402 
"- 1N5404 

7806 

777888011528 
78105 
78106 
78108 
78112 
78115 
7788s1.2045 

78512 
779805515 

7912 
7915 

779921045 
79112 £0.23 £0.23 
79115 £028 
79124 £0.30 
ADM666AN £3.44 
L200CV £1.50 
L296 1.387A £6.30 £2.72 
LM2940075 £0.96 
LM317LI 
LM3I 77 
LM3I 7K 
LM323K 
LM334Z 
LM3377 £0.64 
LM338K ££51.4582 ;1.4, 
LM3387 
LM723 £0:29 tAt 
LP2950CZ £2.70 •A..; 
REFOICP £3.44 
RE FO2CP £4.66 1,'-; 
REF12Z £1.28 ity 
REFI95GP £4.72 -.0 
REF25Z £1.24 
REF5OZ £1.20 "se 
71431CP vim ii;; 
ZR423 £082 :iïi; 
ZN4588 £1.41 loon 

2200 

43715: 

Dittookis 
1N91 4 
1N916 
1N4001 
1N4002 
1N4003 
1N4004 
1N4005 
1N4006 
1N4007 
1 N4148 

£0.06 
£0.05 
£0 04 
£0.04 
£0.04 
£004 
£0.04 
£0.04 
£0.05 
£0.04 
£0.07 
£0.09 
£0.08 
£0.08 
£0.09 
£0.10 
£0.10 
£0.11 
£0.27 
£0.27 
£0.27 
£0.28 
£0.29 
£0.30 
£0.35 
£0.10 
£0 10 
£0.14 
£0.12 
£0 10 
£0.20 
£0 36 
£0 12 

TLC272 £0.90 BAV21 £0.07 2N649I £1.58 BC528 
75555CN £0.34 BAW62 £0.07 2513548 £0.30 BC537 
TMPOI FP £5.60 BAX13 £0.05 25D1730 £1.44 BC54613 
ULN2003 £040 BAX16 £0.05 AC126 £0.74 BC546C 
ULN2004A £0.44 BB40513 £026 AC127 £0.50 BC547A 
ULN2803 £0.60 BYI26 £0.13 AC128 £0.72 BC547B 
ULN2804A £ 1.64 BYI 27 £0.18 AC187 £0.68 BC547C 
XR2206 £3.84 BYI33 £0.10 AC188 £0.97 BC548C 
RPRO/A's 0A47 £0.44 ACY17 £3.84 BC549C 
2716 £5.22 0A90 . £1.67 BC550C 
2732 

000AAA22900102 £030 BC107 

£0.26 AD161 
£0.56 AD162 £0.92 BC556A £0.92 8C5578 

2277C646-42-°°250 £££523:895891 £0.16 BC557C 
Zene s 2.7 to 33V BC107B £0.17 BC5588 

27C128-15 £3.02 1 3v., 500mrW £0.06 BC108 £0.14 8C5596 
27128-200 £3.99 

£0 10 BC1088 £0.16 BC560A 27256-200 £3.99 
27C256-20 £3.68 MAN Rectifiers BC108C £0.15 BC5608 
27C512-150 £2.64 1.5A-50V £0.19 BC 109 £0.17 BC637 

BC109C £0.17 BC638 27C1001-15. £3.12 1.5A 200V £0.20 
27C2001-15. £4.50 1.5A 400V £0.22 BC 114 £0.19 BC639 
27C4001-120£5.73 1.5A 600V £0.22 8BCC111185 £0.41 BC640 
RA/A 1.5A 800V £0.27 BC132 £0.41 BCY70 
GM76C88. £3.60 1.5A lkV £0.24 £0.36 BCY 71 
HM62128.-7 £9.14 
H76116-10 £0.88 3A 400V £0.40 .6 ,C-. 135 ..._140 

BC134 £036 BC Y 72 
£036 8D124P 

3A 200V £0.36 

U6264ADC7 £ 1.42 3A 600V £0.33 £0.25 BDI 31 
KM62256.-7 £3.20 6A 200V £0.70 BCI41 £0.34 BDI 36 

£0.27 80135 
41256-10 £3.52 6A 800V £0.59 BCI 42 

10A 400V £1.39 BC 143 £0.38 BDI 37 
AID Ceenreniers 25A 200V £1.54 BBCC115547 Deem £0.36 80138 

25A 600V £1.81 BC159 £0.12 BDI 39 
A D420AAriern y Inm ate" £0.17 B0140 

BCI 60 £0.28 BD150C 
AD557.IN £8.75 CI 06D £0.30 BC1708 £0.16 BDI 65 
AD7528.1N £ 11.42 P0102AA £0.30 EIC17113 £0.16 8D201 
AD7545AKN£14.04 TIC116D £0.66 Bd I 728 £0.13 80202 
AD7828KN £20.33 TIC1260 £0.77 BCI 77 

BC178 £023 60232 DAC0800 £2.72 
£0.18 80237 1C17109CPL£7.75 Trines 

ZN448E £7.34 TIC2060 £0.55 BC179 
BC182 £0.18 8D238 TLC549IP £2.75 Z0105DA £0.42 

£0.10 130240C 
TIC226D £0.94 BC I 82A £0.11 (10245C 

Pemeriliers BTA08-60013 £0.72 AT89C2051 £6.43 BC1828 £0.12 8D246 
BC1821. £0.09 BD246C TIC236D £1 12 

12C508A-04P00.85 
12C509A-04P00.86 87139-600 £ 1.20 oBil EL £0.10 8D283 

TIC246M £1.00 ' £0.08 60284 16C54A04P £3.07 . mac, si. switch BBCC11884318 £0.08 E10400 
£0.10 130442 

1 6C56-04P £2.05 DB3,. 32V £0.16 BC1841. £010 80534 
16F84-04P £3.40 BRY39 £1.30 BC204C £0.72 BD535 
16F84- 10P £5.44 Iniesisters BC2068 £0.72 80581 
h0/0613 301101}Iff DEVCES 

2NI71 1 £0.26 
2NI 613 £0.31 BC208 

BC209A £0.72 80646 
4 0,494331‘, 015(01.1414 £0.72 BD597 

17Ahevers£0.31 2N2219A £0.24 BC2138 £0.10 80807 

2NI 893 £029 BC2I 2 £0.08 8D648 
2N2218A £0 28 BC2121 £0.08 BD650 

£0.35 2N2646 £1.06 
2N2222A £0.19 8C2I3LC £0.11 EIDX32 

£0.08 BDX33C 
£0.32 

£0.30 2N2905A £0.25 BC214 BC225 £0.15 BDX53C 
£0.28 2N2904A £0.25 BC2141 £0.10 BDX34C 

2N2907A £0.19 BC2378 £0.09 BDX54C 
21,43053£0 7 

£0.85 
. BC238B £0.11 BFI 80 

£0.20 
£0.32 

£0.24 2N3439 BC239C £0.10 BF182 £0M 2235 2N3055 
£0.62 
£0.58 BC250A £0.15 BF185 

8C252 

£0.70 2N3703 

£E03793 22NN33470420 £0.50 BC26IB £0.30 BF1948 
£0.13 BF194 

£0.32 2N3705 £0.10 

£0.09 BC26213 £0.24 8E195 
BC2678 £0.30 BF244 

£0.38 2N377I £010 

£0.11 BC307 
BC308 £0.10 BF244C 

£098 2N3704 
£0.30 2N3706 £0.10 BF244B 

£0 38 2N3772 £0.10 BC3I 9C £0.13 8F257 £1.44 
£1.51 BC328 

BC327 
£0112 BBFF323597 

2N3773 £1.70 BC337 £0.10 8F355 
22NN33882109 

£0.66 
£0.34 BC337-25 £0.10 8F423 

BC338 £0.12 BF451 
2N3905 £0.09 BC3488 £0.14 111F459 

£0.25 BF469 
2N3904 

£0.43 2N555I 

2N5296 £0.57 

£0.11 BC357 

BC478 

2N4036 BC393 £0.73 BFX29 2N3906 
£0.34 
£0.10 
£0.80 BC441 8C461 2N5245 8C463 £0.40 BFX84 £0.46 BFX85 

£0.30 2N5401 £0.29 BFY50 
£2.48 2N6I 07 £0.12 £0.32 BFY51 

£9..6101 BBCC547169 £0.32 BFY52 £0.21 BS107 
£1.35 BC5I 7 £0.17 BSI 70  £2 40 

ilectrlytic Radial 
16, _ 53 403. 6 3, 100k 

•• 10115 -•-

1.0 05 £0 05 
-- £0 05 --
£0115 £0115 £006 

£005 £0115 £ 1111S £ 0115 £009 
£0115 £110S £1105 11H17 £0 1 I 
£0115 /II 
/II 05 £1105 £1105 £0 II 10 14 
1007 £1105 10 10 10 I 10 26 
£1104 /009 £0 I £0 2s 

£0 13 £0 17 £0 24 £o 13 - 
£0 21 £0 13 £0 34 -. 
10 32 /II 55 £0 70 ---

111 67 £1 05 - 

£0.2( 
£0.21 
£0.01 
£001 
£0.01 
£0.01 
£0.01 
£0.01 
£0.1( 
£0.01 
£0.01 
£0.01 
£0.01 
£0.01 
£0.11 
£0.01 
£0.05 
£0.15 
£0.21 
£0.11 
£0.12 
£0.22 
£0.2C 
£0.2C 
£6.8! 
£0.52 
£0.21 
£0.21 
£0.22 
£0.24 
£0.2E 
£0.2! 
£0.82 
£0.42 
£0.40 
£0.70 
£0.50 
£0.3 
£0.44 
£0.37 
£1.18 
£1.18 
£1.18 
£0.61 
£0.61 
£0.79 
£0.37 
£0.47 
£0.50 
£0.62 
£0.92 
£0.52 
£0.52 
£0.53 
£0.80 
£1.78 
£0.56 
£0.50 
£0.47 
£0.50 
£0.31 
£0.31 
£0.58 
£0.31 
£0.19 
£0.14 
£0.35 
£0.35 
£0.35 
£0.33 
£0.33 
£0.40 
£0.38 
£0.13 
£0.19 
£0.33 
£0.36 
£0.29 
£0.31 
£0.32 
£0.30 
£0.24 
£0.28 
£0.21£  

20 

•l.dv.Jytk AaI.l 
Ito 25s 4113, 61', 1110y .. 503/ 491I 
--• •-• - 

£0.1 3 - £0.22 
£0.3)) 

£0 13 £0.41 
10 12 111 I 2 10 13 £0.17 £0.441 £0.67 
£0 12 10 13 £0 14 £0.15 £0.21 £0.52 £ 1.06 

135W66 £1.35 
BU208A £1.24 
BU326A £1.40 
BU500 £1.54 
BU508A £1.30 
13U5080 £0.98 
BU806 £1.06 
BUTI 1 A £0.57 
BUTIIAF £1.14 
BUX84 £0.78 
IRF530 £048 
IRF540 £1.26 
IRF740 £1.88 
M12501 £1.60 
M13001 £1.80 
M.111015 £2.45 
M111016 £2.56 
MJE340 £0.40 
MJ 8350 £0.48 
MPSA05 £0.14 
MPSA06 £0.11 
MPSA13 £0.13 
MPSA42 £0.15 
TIP29A £0.32 
71P29C £0.30 
TIP30A £0.47 
TIP30C £0.37 
71P31A £0.27 
TIP31C £0.35 
TIP32A £0.26 
TIP32C £0.26 
TIP33C £0.74 
TtP41A £0.38 
TIP41C £0.32 
TIP42A £032 
TIP42C £0.39 
TIP50 £0.31 
TIPI 10 £0.28 
TIP120 £0.28 
TIP121 £0.34 
TIPI 22 £0.41 
T1P125 £0.33 
TIPI 26 £0.28 
TIPI 27 £0.40 
TIPI 32 £068 
TIP137 £0.64 
TIP141 £0.93 
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Starter Project 

FLASH 
SLAVE 
ROBERT PENFOLD  
Create the right image with this low 
cost photographic aid 

C
AMERAS have undoubtedly 
increased in sophistication over 
the last ten years or so, with fea-

tures such as auto-focus and built-in 
flashguns now being commonplace. On 
the other hand, a few "standard" features 
seem to have become rarities that are fea-
tured on little more than a few up-market 
cameras. 
The humble flash socket cer-

tainly falls into this category. At 
one time even the cheapest of 
compact cameras had this feature, 
but it seems to have disappeared 
in favour of an integral flashgun. 
It is actually quite a rarity on 
modem SLR cameras, although 
most sport a "hot shoe" that can 
be connected to a standard flash 
lead via an adapter. Most digital 
cameras seem to be styled on 35 
millimetre and APS compact 
cameras, and have a built-in flash-
gun and no flash socket. 

SECONDS OUT 
For most users this lack of an 

external flash connector is proba-
bly of little consequence, but it is a 
major drawback for anyone wish-
ing to go beyond simple "point and shoot" 
flash photography. The problem with a sin-
gle flashgun is that it tends to produce a 
single shadow that is very strong and over-
obvious. A balance of flash light and natur-
al light generally gives better results, but is 
only possible if there is sufficient natural 
light and the camera can handle this type of 
lighting. 
A more practical solution is to use a sec-

ond flashgun, well separated from the main 
flashgun, to provide some fill-in lighting. 
Ideally the second gun should be a type that 
has variable output power so that the fill-in 
light can be balanced properly with the 
main light. However, even the cheapest of 
flashguns is good enough to provide a bit of 
fill-in lighting. 

If a camera lacks a flash socket but does 
have a built-in flashgun, it is actually possi-
ble to use a second gun. In fact several 
additional guns can be used, but with more 
flashguns it obviously becomes more diffi-
cult to get the required lighting effect and 
the correct exposure. 

In order to fire the secondary guns it is 
merely necessary to have each one trig-
gered via a slave unit. A flash slave is just a 
high-speed light activated switch that trig-
gers a secondary flashgun when it detects 
the flash of light from the main gun. 

Provided the camera has a built-in flash 
unit, flash slaves enable any number of 

An inexpensive thyristor or triac could 
handle the high voltages, and the switching 
action provided by one of these devices 
was all that was needed in this application. 
Unfortunately, most modem flashguns 
operate with much lower trigger voltages of 
around 12V to 24V, and the voltage drop 
through a triac or thyristor can prevent 
them from triggering these flashguns 
reliably. 

Another common problem is that of the 
flash being triggered correctly the first 

time, but not firing on subse-
quent attempts. The unit can be 
made to work again by switching 
it off, waiting a few seconds, and 
then turning it back on. However, 
the flash only triggers once and 
then refuses to co-operate again! 
The significant current that 

flows once the flash has been 
triggered causes this odd behav-
iour. Unlike a transistor, a triac 
or thyristor remains switched on 
until the current flow falls to a 
low level. 

With older flashguns there is a 
high current flow during trigger-
ing, followed by a negligible cur-
rent flow thereafter, causing the 

device to switch 

Fig. 1. Complete circuit diagram for the Flash Slave. 

extra flashguns to be used without the need 
for any form of external flash connections 
on the camera. Even if you use a camera 
that has a standard flash socket, it can still 
be advantageous to use flash slave units. 

Multi-flash photography using connect-
ing cables is slightly risky because there are 
inevitably long trailing cables that are 
easily tripped over. Apart from the per-
sonal safety aspect, with such a set 
up it is very easy to do a lot of 
expensive damage to the equip-
ment. 

CIRCUIT 
OPERATION 
The full circuit diagram for the 

Flash Slave appears in Fig. 1. For 
many years flash slave units used 
a triac or a thyristor as the 
switching device at the output. A 
device of either type was a good 
choice in the days when flashguns 
had high voltage trigger circuits that 
operated at around 150V to 180V. 

off. With low 
voltage 

trigger 

Finished 
unit 

showing 
the "light 

window" and 
extension lead 

socket. 
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circuits the current flow is high enough to 
hold the triac or thyristor switched on. This 
usually stops the gun from operating, 
rather than causing it to fire each time an 
adequate charge is reached. 

TRANSISTOR 
SWITCHING 
Modern flash slave units use an ordinary 

transistor as the switching element. When 
driven with a suitably strong base (b) cur-
rent a transistor will reliably trigger virtu-
ally any flashgun, ancient or modern. Once 
the pulse of light from the main gun has 
ceased, the base current to the transistor 
ends and the device switches off. This 
ensures that the flashgun can recycle prop-
erly, even if it is a type that has a low volt-
age trigger circuit. 

This is not a problem if the camera 
gives a degree of manual control, since 
the user can set a shutter speed that is 
long enough to embrace the second flash. 
It is a potential problem if the camera 
automatically sets the minimum accept-
able shutter speed for flash operation 
when the built-in flash unit is used. With 
the leaf shutters used in most compact 
cameras the highest shutter speed for 
flash can be less than two-milliseconds 
(1/500th second). 

In order to ensure that the slave reacts 
quickly enough it is important to use a fast 
photocell, and in practice this means using 
either a phototransistor or a photodiode. 
Cadmium sulphide photo-resistors and 
photo- Darlington devices are not fast 
enough. 

The two halves of the completed Flash Slave case showing positioning of the circuit 
board and mounting of the On/Off switch. 

Of course, the transistor must be a high 
voltage type if the slave unit is to be used 
to trigger a flashgun that has a high voltage 
trigger circuit. The switching transistor in 
this circuit is TR3, and the specified com-
ponent has a collector-to-emitter voltage 
rating of 300V, which is comfortably high-
er than the maximum voltage it is likely to 
receive. It also has a high peak collector (c) 
current rating of 5A, which is substantially 
higher than its likely operating current in 
this application. 

Other transistors having a similarly high 
voltage and current ratings should work 
equally well in this design, such as the 
2N3440 (which has a T039 encapsulation 
and not an E-Line type). Lower voltage 
types should only be used if the unit will be 
used exclusively to control guns having 
low voltage trigger circuits. 

RESPONSE TIME 
It is important that the slave unit has a 

very short response time. If there is fast sub-
ject movement, a gap of even a few millisec-
onds between the two flashes could produce 
a noticeable double-image effect. Another 
problem is that of the shutter closing before 
the second flash has a chance to fire. 

A phototransistor (TRI) is used in this 
design, but a photodiode can be used if pre-
ferred. Under dark conditions a phototran-
sistor operates much like any other . 
transistor, and with no base current applied 
only minute leakage currents flow in the 
collector-emitter circuit. 
When a phototransistor 

light the leakage currents 
become much larger. The 
higher the light level the 
greater the leakage current 
that flows. Under standby 
conditions the leakage 
current through phototran-
sistor TRI is inadequate to 
bias the pnp transistor 
TR2 into conduction, but 
TR2 is switched on during 
the brief pulse of current 
from the primary flash-
gun. It in turn supplies a 
strong base current to tran-
sistor TR3, which con-
ducts heavily and triggers 
the secondary flashgun. 
Note that the flashgun 
must be connected to 
TR3 with the polarity 

is subject to 

COMPONENTS 
Resistors 

R1 10k 
R2 100Q 
R3 47Q 
R4 4k7 

All 0.25W 5% carbon film 

See eyL-or 
TALK 
Page 

Capacitors 
Cl 47µ radial elect. 25V 
C2, C3 330p ceramic plate 

(2 off) 

Semiconductors 
TR1 BPX25 silicon npn 

phototransistor (see 
text) 

TR2 BC321 pnp, medium 
power, transistor 

TR3 ZTX857 (or 2N3440) npn, 
high voltage, transistor 

Miscellaneous 
SK1 flash socket (see text) 
B1 9V (PP3 size) battery 
Si s.p.s.t. min toggle switch 

Small plastic case, 100mm x 60mm x 
23mm approx.; 0.1in. strippboard, 16 
holes by 13 strips; battery connector; 
multistrand connecting wire; solder pins; 
solder etc. 

Approx. Cost 
Guidance Only £14 

excluding bets. 

shown in Fig.I in order to obtain reliable 
triggering. 

Resistors R2 and R3 respectively limit 
the collector currents of TRI and TR2 to 
safe levels, and capacitors C2 and C3 
slightly improve the response time of the 
circuit. A BPX25 is specified for TRI, but 
on trying several silicon npn phototransis-
tor in the circuit they all provided satisfac-
tory results. 

For the fastest response time a photo-
diode should be used in place of TRI. 
Connect the anode (a) and cathode (k) ter-
minals in place of TRI 's emitter (e) and 
collector (c) respectively. 
The sensitivity of a photodiode is much 

less than that of a phototransistor, but omit-
ting resistor RI will largely compensate for 
this. Any general-purpose photodiode 
should be suitable, but infra-red types do 
not seem to work well in this application. 

m iniimi,inum inimingmeinumiemaileatomPrialem 
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FLASHGUN 

Fig.2. Flash Slave component layout and interwiring. 

The current consumption of the circuit 
under standby conditions is only the leak-
age current through phototransistor TR 1 , 
which is normally less than 50/4A. A PP3 
size battery is therefore adequate to power 
the unit, and should provide more than 
1000 hours of operation. 

CONSTRUCTION 
The Flash Slave circuit is built up on a 

small piece of stripboard having 16 holes 
by 13 copper strips. The topside component 
layout, together with the underside details, 
is shown in Fig.2. Only two breaks in the 
copper strips are needed. 

Unless you have a suitable off-cut, com-
mence construction by cutting a standard 
piece of stripboard down to size using a 
hacksaw and then drilling the two 3-3mm 
dia. mounting holes. These will accept 
either 6BA or metric M3 mounting bolts. 

Plastic stand-offs are not a good choice 
for use with stripboard because most types 
do not provide a secure mounting when 
used with this type of board. The two 
breaks in the strips can be made using the 
special tool, or a twist drill bit of about 
5mm in diameter will do the job well. 

Although there are few components to 
deal with, there is not much space for them 
on the circuit board. Everything should still 
fit into place without too much difficulty 
provided miniature components are used. 
In particular, C2 and C3 must be ceramic 
plate capacitors or some other miniature 
ceramic type. It is unlikely that other types 
such as polystyrene capacitors will fit suc-
cessfully into this layout. 

Transistor TR3, used in the prototype, 
has an unusual encapsulation know as an E-
Line case. At first glance it looks symmet-
rical, but if you look at it closely it becomes 
apparent that one side is flat and the other 
has slightly rounded corners. The type 
number is on the side that has the rounded 
corners, and this side faces towards capaci-
tor C3, see Fig.2 and photographs. Fit 

solder pins to the board 
at the points where 
connections will be 
made to the in-line 
socket SKI, switch SI, 
and the battery. 

CASING UP 
Virtually any small 

plastic box should be 
adequate to accommo-
date this small project. 
The prototype is 
housed in a case that 
measures about 
100mm x 60mm s 

23mm, and this is 
slightly larger than the 
bare minimum. 
The circuit board is 

mounted on the rear 
panel of the case, well 
towards one end so that 
there is sufficient space 
for the battery at the 
other end. On/Off 
switch SI is mounted 
at any convenient posi-
tion on the front panel. 
A "window" for 

photocell IR 1 is need-
ed in the front panel, 
and there are two ways 

of tackling this. The method used on the pro-
totype is to drill a hole of about 5mm dia. in 
the front panel, directly in front of TR1. 
With the leads of TR I left quite long this 
brings it into the hole when the two halves of 
the case are fitted together. 
The alternative, and slightly easier 

method, is to crop the leads of TR 1 quite 
short, and to make a much larger "win-
dow" in the front panel. Some clear plastic 
should be glued over the rear of the "win-
dow" to keep dust out of the case. 

FLASH CONNECTOR 
The miniature coaxial connectors used for 

flashguns seem to be impossible to obtain 
these days, but flash extension leads can be 
obtained from photographic shops at reason-
able prices. Cut the socket from the extension 
lead, together with about 150nun to 250mm 
of cable. Incidentally, the in-line version of 
the socket fitted to flash extension leads is 
actually the one that looks like a plug. 

Drill a hole of about 4mm dia. in the case 
for the lead, thread it through the hole, pre-
pare the end of the cable, and then connect the 
two wires to the circuit board. The unit will 
not work properly unless the flash lead is con-
nected with the polarity 
indicated in Fig.2. 

Ideally a voltmeter 
should be used to check 
the polarity of the poten-
tial on this lead, but trial 
and error can be used if 
necessary. It is very 
unlikely that connecting 
the flash lead with the 
wrong polarity will dam-
age anything. Most flash 
leads have black and white 
insulation on the leads, 
and the black lead is usual-
ly the negative (—) lead. 
To complete the unit, 

connect the black (—) 

8 

I. 
Test shot result showing light burst" produced by pointing 
the "master" directly at the "slave". 

battery clip lead and the lead from switch 
SI to the circuit board. The red (+) lead 
from the battery clip goes to the switch, see 
Fig.2. After a final check through the unit is 
now ready for testing. 

IN USE 
When initially testing the unit it is best to 

try it at almost point blank range. If all is 
well try it at longer ranges, but switch off 
immediately and recheck the wiring if it 
fails to trigger the flashgun properly. Avoid 
aiming photocell TR 1 towards strong light 
sources as this could result in the unit being 
held in the triggered state. This will prevent 
it from working and will greatly reduce the 
life of the battery. 
The maximum range depends on the power 

of the primary flashgun and the precise char-
acteristics of the photocell used for TR I , but it 
should be several metres or more. Raising the 
value of resistor RI will increase the sensitiv-
ity of the unit, but this also increases the pos-
sibility of a strong ambient light level holding 
the unit in the triggered state. 
When used indoors it is not normally 

necessary to aim the photocell at the pri-
mary flashgun, because light reflected from 
the walls, ceiling, etc. is usually sufficient 
to trigger the unit. When used in a large 
building or out of doors there will be less 
reflected light and it will then be necessary 
to aim it at the master flash unit in order to 
obtain reliable triggering. 
The easy way of handling this is to fix 

the slave on one side of the secondary 
flashgun or on a separate lighting stand 
using something like Bostik Blu-Tack. The 
Blu-Tack provides a sort of universal joint 
that makes it easy to aim the flashgun in 
practically any desired direction. 

Bear in mind that the light from the sec-
ondary flashgun will increase the exposure 
slightly. Provided the light from the sec-
ondary gun is relatively weak it will not 
alter the exposure sufficiently to give any 
major problems, even when using trans-
parency film. The exposure latitude of print 
films is such that even an extra stop or so of 
exposure from the secondary flashgun 
should still achieve good results. 

If you wish to check that the unit is 
responding quickly enough, the only sure 
test is to take some test shots. If you take a 
photograph of the slave flashgun and it 
comes out properly, the slave is not acting 
quickly enough and a longer shutter speed 
must be used. If you get what looks like a 
photograph of an explosion (below), the 
slave flashgun is being triggered fast 
enough. LI 
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News A roundup of the latest Everyday 
News from the world of 

III electronics 

WATERMARKING MUSIC 
Barry Fox reports on the arrival of a 
new method to prevent unauthorised 

music copying. 
THE music and electronics industries 

have agreed on the technology they 
will use to bury a watermark in music 
recordings to control unauthorised copy-
ing from the Internet. The Secure Digital 
Music Initiative, a committee of 120 hard-
ware and software companies, has chosen 
MusiCode from Ans Technologies of 
Cambridge, Massachussetts, USA. 
The SDMI was formed when record 

industry trade body the Recording 
Industry Association of America failed in 
its legal bid to block sales of Diamond 
Multimedia's Rio, the pager-sized solid 
state recorder that uses MP3 compression 
technology to download and replay music 
from the Internet. 

Watermarked Source 
SDMI agreed that music will be water-

marked at the recording studio with digi-
tal code which identifies the copyright 
owner and tells how the music is intended 
to be sold, for instance on a CD. An 
"SDMI-compliant" Internet music player 
will search for any watermark which 
reveals that a recording is an unauthorised 
copy from the Internet, and refuse to play 
it. Laws will be tightened to stop people 
modifying players so that they ignore 
"don't play me" marks. 
The SDMI wanted a mark which can 

survive to-and-fro conversion between the 
analogue and digital domains and resist 
hackers who try and wash it out, while not 
degrading the sound. 4C Entity, a consor-
tium of IBM, Intel, Matsushita 
(Panasonic) and Toshiba, took on the job 
of testing 11 different proposals. 
Some spread a thin layer of modulated 

noise under the audio: others suck notch-
es from the music and add modulated 
noise to the gaps. MusiCode works in a 
completely different way. 

Coded Symbols 
The encoder in the recording studio 

holds a library of symbols, digitally coded 
letters of the alphabet and numbers, which 
are represented by pre-determined pat-
terns of a musical waveform. These can be 
peaks within a limited range of heights, 
which occur within a fixed period of time. 
The encoder analyses the music, looking 
for patterns that are similar to the library 
patterns. When a close match is found for 
a symbol that is to be buried in the music, 
the encoder modifies the music peaks so 
that they exactly match the library sym-
bol. 
A decoder in the player holds a library 

of symbol representations like those in the 

encoder. When it finds a matching pattern 
in the music it triggers the appropriate 
symbol. Together the symbols build up a 
copyright message. 
The symbol data rate varies depending 

on the music content, but is typically 
around 100 bits per second. So it takes a 
few seconds for the decoder to recognise 
all the symbols needed for a copyright 
message or copy-control signal. 

Golden Ear Tests 
Ans claims that although the music 

waveform is slightly altered to convey the 
symbols, there is no noticeable effect on 
the sound, even when it comes from a 
super hi-fi source such as a DVD-Audio 
player, with frequency range of 100kHz 
and dynamic volume range of 140dB. 
Audio enthusiasts have always been 

wary of anything that alters the sound but 
Ans says the tests done by 4C prove the 
system works. 4C built on the so-called 
Muse tests of CD watermarking which 
were carried out in Europe with EU fund-
ing by the music industry's trade body the 
International Federation of the 
Phonographic Industry. All the major 
record companies played music in their 
studios to panels of "golden ear" audio 
experts listening to marked and unmarked 

music without knowing which was which. 
Paul Jessop, the IFPI's Technical 

Director, organised the European tests has 
confidence in the SDMI's findings. 

"I am delighted" he says "that we have 
found a technology that independent lis-
tening tests have shown to be inaudible". 

Scepticism May Remain 
The SDMI, like the IFPI, refuses to 

name any of the "internationally recog-
nised golden ears" which it claims were 
satisfied. Paul Jessop says he knows what 
this means. Audio enthusiasts will refuse 
to believe that any mark can be inaudible 
and be sure they can hear degradation 
even when there is none. 
Renowned US mastering and recording 

engineer Bob Ludwig had previotisly 
warned that although watermarking might 
be inaudible on lo-fi Internet music, its 
effect on super hi-fi DVD-Audio would be 
noticeable. He said he was wary of any 
reassurances from the RIAA, which had 
argued in the 1980s that the Copycode 
notch system was inaudible. 
Ludwig now says "my fervent hope is 

that digital signal processing has 
improved to the point where watermark-
ing can be totally inaudible under all rea-
sonable circumstances". 

LIFE, THE UNIVERSE AND THE UK 
THE British National Space Centre has announced that the search in the UK for life in the 
Universe is on! Astrobiology — a new science to search for life across the Universe — was 
launched in mid-December '99 and the excellence of UK scientists puts us in a strong world 
position. 
Dr Don Cowan, Chair of the panel of experts which spent last year investigating work cur-

rently underway in the UK, recently made the following statement: 
"This is a really exciting time in Astrobiology. In our investigation we found many British sci-

entists who were Astrobiologists without knowing it; biologists were studying how life survives 
in the harsh environment of Antarctica, astronomers were developing new missions to find 
new planets, chemists were developing new techniques to identify biochemical markers, 
geologists were studying the way life transforms the properties of our planet. 
"Brought together they make a powerful force in Astrobiology which will enable us to find 

out still more about where we come from and what other life might exist or have existed in 
the universe. 

In a separate statement, Science Minister Lord Sainsbury has announced that the UK is to 
invest £ 1 .4m in the experimental and research opportunities offered by the European Space 
Agency's EMIR-2 programme. The funding includes £15m investment in the UK small satel-
lite sector, helping transfer the UK's world-leading capability in small satellites from the aca-
demic into scientific and commercial markets. 

Furthermore, Surrey Space Centre, run by the University of Surrey at Guildford, tell us that 
NASA has once again selected Surrey Satellite Technology Ltd (SSTL) as the only non-US 
supplier for its Rapid Spacecraft Acquisition contracts over the next five years. 
Under the contract, SSTL will supply its flight-proven off-the-shelf mini-satellite platform for 

space and science technology missions to all of NASA's centres and other US Government 
agencies. 
SSTLs first mini-satellite, UoSAT-12 was launched in early '99 and their sixteenth, 

Clementine, was launched in December '99. 
All-in-all it seems an excellent start to the new millennium for the UK's involvement with 

Space. Surf www.sstl.co.uk. 
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Guiding Inventors 
QX3 INTELPLAY MICROSCOPE 

MATTEL, the world's best known toy maker 
responsible for favourites such as the Barbie 
doll, has teamed up with Intel to produce a range 
of toys to complement the personal computer. 
Aimed at the six year-plus market, the marvel-
lous Intelplay OX3 microscope is a Universal 
Serial Bus (USB) compatible device that allows 
colour images to be captured on a Pentium PC 
at several magnification factors, from x10 to 
x200. This allows youngsters to explore the fas-
cinating world of microscopy and see images live 
on-screen. 

Magnification factors refer approximately to the 
size of the image when viewed on a 15in com-
puter monitor, say Mattel: this would, for exam-
ple, enable a 1mm mustard seed to become a 
wonderful 20cm knobbly spheroid on a 19in 
monitor. The microscope resolution is 512 x 384 
pixels, which is more than adequate for most 
investigations. 
The excellent Windows software, replete with 

brilliant and fun sound effects, permits live view-
ing of the object (the frame delay depends on the 
throughput performance of the PC — it can 
appear virtually real-time on a 350MHz desktop). Still-capture and time-lapse movies can 
also be produced, perhaps to illustrate the growth of a mung bean or the movement of 
star-struck creepy crawlies. Slide-shows of microscopic montages, accompanied by 
some great sound tracks, can easily be put together by budding young boffins. Images 
can be printed or exported as bitmaps, and there is a great paint package included which 
allows pictures to be suitably enhanced. 
The microscope has colourful chunky controls to allow youngsters to control the mag-

nification and focus, and a push-button allows still images to be captured on disk for 
future reference. The QX3 incorporates two filament light sources (above or backlit) 
which are selectable through the software. The microscope unit can be detached from its 
stand to allow free-standing use, and the USB lead is approximately three metres long 
for this purpose. 

It is completely powered through the USB connection and requires no extra mains 
adaptor or batteries. This also means that it could be used as a stand-alone device with 
a USB-enabled laptop computer, perhaps for junior field studies. 
A complete kit is supplied by Mattel, including an Activity Book, sample slides and con-

tainment capsules. Everything is safely moulded in plastic of a high quality, with no glass 
parts or sharp edges being present. 
Although it was launched towards the end of 1999 in the USA, our reviewer managed 

to obtain one of the first in Europe earlier this year, and had great fun exploring various 
natural objects, such as seeds, shrimps, sugar crystals and the anatomy of honey bees. 
Surface-mount electronic devices found their way under the lens too, and some reason-
able photos captured of SMD chips and close-ups of soldering. 
The OX3 is a fantastically creative educational gadget — much more than a toy — and 

is bound to be a big success with children, parents and teachers. Expect a UK launch in 
late Summer 2000, at a price of approximately £90. 

Alan Winstaniey 

.••••••, 

A step-by-step guide to help inventors 
make an informed choice about using 
invention promotion companies has 
recently been published on the Internet 
by Lord Sainsbury, DTI (Department of 
Trade and Industry) Minister with 
responsibility for science and innova-
tion. The guide is intended to help 
inventors get the most out of promotion 
services and provides advice on finding 
sources of free or low cost information. 
Said Lord Sainsbury, "I do not want 

creative individuals to become unsus-
pecting victims of unscrupulous firms. I 
am confident that the easy-to-follow 
steps will help inventors avoid making 
costly mistakes". 
The DTI factsheet can be accessed at 

www.innovation.gov.uk. Another use-
ful Web address is that of the Patent 
Office, at www.patent.gov.uk. The 
DTI's phone number is 0171 215 5000. 

EMF Facts 
THERE has been a lot of publicity for 
the topic of EMF (electromagnetic 
fields), much of it having a negatively-
biased approach. We have been advised 
that the new Safety Test Solutions web 
site. www.safety-test-solutions.de. 
offers a wide range of information 'on 
this topic. It tells you about the charac-
teristics of EMF, where they occur and 
their effects. It also explains technical 
terms. 
The website information is available 

in English. French, German and 
Spanish, on a wide variety of subject 
areas. "On our new website, every visi-
tor will quickly find the information 
they need, no matter whether they are 
getting involved with electromagnetic 
fields for the first time, or if they are an 
EMF expert looking for detailed infor-
mation", stated Hans J. Forster, 
Executive Director of Safety Test 
Solutions. 

TITANIC RECEIVER DISCOVERED 

AUNIQUE and valuable Edwardian 
crystal receiver, made in England in 

1910, has recently been unearthed by a 
Midlands antique dealer, and has been 
acquired for a major private wireless col-
lection in this country. 
Early radios of this period are rare 

enough, but what makes this particular 
set especially unique is that its maker, Mr 
George Leadbetter (a machine turner and 
clock repairer then living in Ledbury, 
Worcestershire), while listening-in on the 
set's earphone on the morning of Monday 
15th April 1912, suddenly tuned into the 
sinking Titanic's CQD/SOS Morse dis-
tress signals. 
Unfortunately, having run round to the 

local police station to tell the sergeant 
what he had heard, he was turned away, 
none of the police officers on duty believ-
ing what he had to say! 

It would be difficult to know what help 

Mr Leadbetter"s news could have been 
had he been believed (the Titanic was 
some 3,000 miles away across the other 
side of the Atlantic), but help was nearby 
and the distress signals were picked up by 
ships close at hand, resulting in the rescue 
of over 700 passengers and crew. 
Such a pivotal role did wireless play in 

saving many hundreds of lives on board 
the stricken ship that its value was dra-
matically demonstrated and acknowl-
edged around the world. 
This beautiful engineer-made radio, 

measuring some 24in x 14in x 9in (60cm 
x 35mm x 7cm) and weighing 42Ib 
(18kgs), is the only surviving radio 
receiver documented as having heard the 
distress cries from the Titanic — a fantas-
tic relic from this most famous of historic 
disasters. A photo of the receiver is 
shown in this month's Technology 
Timelines feature. 

The receiver will be on show in pride of 
place at the next National Vintage 
Communications Fair which will be held 
at the NEC in Birmingham on Sunday 
30th April 2000. 
Other exhibition items on show at the 

fair will be a comprehensive collection of 
WWII spy radio transmitters and 
receivers, a Horophone time-signal 
receiver (another unique Edwardian 
radio), and a display depicting the history 
of recorded sound. 
For more Information contact The 

National Vintage Communications Fair. 
Spice House, 13 Belmont Road, Exeter, 
Devon EX1 2HF. Tel: 01392 411565. E-
mail:sunpress@eurobell.co.uk.Web:www 
.angelfire.com/tx/sunpress/index.html. 

(If you are interested in vintage radio, 
why not take out a subscription to our sis-
ter magazine, Radio Bygones? For details 
see page 284.) 
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418MHz Band 
To Go 

THE Radiocommunications Agency has 
announced a forthcoming change in the 
use of the 417.9 to 418.1 MHz band, 
known as the 418MHz band, which is 
currently allocated for use by Short 
Range Devices (SRDs). We have pub-
lished many projects which use this fre-
quency, including one in this issue, and 
have more in the pipeline. From 31 
December 2007, this band will be reas-
signed for use by terrestrial trunked radio 
(TETRA). Short-range devices are cur-
rently allowed to operate on the 418MHz 
band on a licence-exempt basis and with-
out protection from interference from 
licensed radio services. 
SRD equipment certified under the 

Radio and Telecommunications Terminal 
Equipment (R&TTE) Directive before 31 
December 2002 may continue to be sold 
and used in the UK until 31 December 
2007. After this date. SRD equipment 
using the 418MHz band may no longer be 
sold for use in the UK, but equipment 
already in use may continue to operate 
within the band, provided that it does not 
cause interference to the TETRA 
network. 
The Agency states that it recognises the 

very real concerns of the low-power radio 
community in response to this change. 
Details of alternative European harmonised 
frequencies for SRDs are available in the 
Agency's SRD information sheet RAI 14, 
available on the RA web site: 
www.radio.gov.uk/document/ralle 
ra114.htm, or from the RA library, tel: 
0207 211 0502/0505. 
The postal address of the Radio com-

munications Agency is: New King's 
Beam House, 22 Upper Ground, London 
SE 1 9SA. 

Future PIC 
BROWSING the Web recently revealed 
that Microchip have another new PIC 
microcontroller series in preparation — 
the PICI8Cxxx. It appears to be worth 
keeping track of its progress. 
According to the manufacturers, the 

evolutionary PIC18Cxxx architecture 
will allow existing PIC users to "seem-
lessly migrate their designs to higher 
integration while maintaining their code 
investment". In other words, code rou-
tines you have already developed ( for 
PIC16C5x 12- bit, I2Cxxx 14- bit, 
16Cxxx I4-bit and 17Cxxx 16-bit) can 
be transferred to the new series without 
rewriting them. 
The PIC I8Cxxx architecture has two 

million bytes of program memory 
address space, 4K bytes of data memory, 
and 10 MIPS (million instructions per 
second) performance. Multiply and 
divide commands are expected to be 
included (hooray!). This PIC series uses 
16-bit instructions and 8-bit ALU archi-
tecture. 
We shall keep track of the PIC18's 

progress — as can you, via web site 
www.microchip.com. 

PIC EXPERIMENTING 

>eganagaisaaame 

Experimenting 

with PIC 

Mierocontrollers 

I 

BRUNNING Software have announced the third release in their "Experimenting with " 
series. The latest package "Experimenting with PIC Microcontrollers" concentrates on 
the PIC16F84 and PIC16C711 and consists of a book, a programmer/experimental 
module and an integrated suite of programs to run on a PC. 
The book is the heart of the system with details of 22 experiments and two complete 

projects. The software, a text editor, assembler, disassembler simulator and program-
ming software, has been specially written to complement the book. Its entire operation 
centres around the text editor. As the text is typed in the assembler tests each line so 
that errors are immediately highlighted. 
When the typing is done the simulator can be used to single step or run the program. 

Boxes pop up showing the contents of registers and the result of any text written to a 
standard 2-line by 16-character display. When the program works correctly plug the pro-
grammer/experimental module onto the end of your printer lead and test it using a real 
live PIC. 

All operations work directly from the assembler text in the editor, and the experiments 
are all performed using the programmer/experimental module which is already wired 
with I.e.d.s, push-buttons and an alphanumeric liquid crystal display. 

Flashing I.e.d.s, text display, real time clock, period timer, beeps and music, including 
a rendition of Beethoven's Pik Elise! Then there are two projects to work through; build-
ing a sinewave generator covering 0.2Hz to 20kHz in five ranges, and investigating 
measurement of the power taken by domestic appliances. The system assumes no prior 
programming or electronic knowledge and is suitable for absolute beginners and 
experienced programmers. 
The book is £24.00. The programmer/experimental board with the software suite is 

£64. Contact: Brunning Software, 138 The Street, Little Clacton, Clacton-on-Sea, Essex, 
C016 9LS. Tel: 01255-862308. 

B.A.E.C. 
IT'S good to see from the British 
Amateur Electronics Club ( B.A.E.C.) 
that EPE readers are periodically fol-
lowing our suggestion that the club is 
well worthwhile joining. The latest 
newsletter shows that overseas readers 
are joining, as well as those living in the 
UK. 
The B.A.E.C. is open to anyone who 

is interested in electronics. It operates 
on a self-help basis. Club members 
write articles for the Newsletter on the 
basis of their own knowledge or experi-
ence. The Newsletter is published quar-
terly and Membership costs £8 per year 
(UK). 

If you wish to join the Club, contact 
the Hon Secretary, Martyn Moses, 5 The 
Paddocks, Aberaman, Aberdare, Mid 
Glam CF44 6YU. Tel: 01685 879025. E-
mail: MPMOSES@compuserve.com. 
Mention EPE as your source of info. 

Vann Draper 
Moves 

REGULAR advertiser Vann Draper 
Electronics has moved to new larger 
premises — into a Grade Il listed build-
ing, built in the I 800s and set in three 
acres of grounds. The new site offers 
extensive office and warehouse space, 
with visitor car parking adjacent to the 
main building. 
The new contact details are: Vann 

Draper Electronics Ltd.. Stenson House, 
Stenson, Derby DE73 I HL. Tel: 01283 
704706. Fax: 01283 704707. 
E-mail: sales@vanndraper.co.uk. 
Web: www.vanndraper.co.uk. 

Free plugs 
ADVERTISERS, you could have your 
new products plugged here — send us 
details! 
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New Technology 
Update 
maiE paperless office is something that 

has been long talked about but has 
never happened. Rather than reducing the 
amount of paper that is produced, comput-
ers and computer technology appear to 
have had exactly the opposite effect, caus-
ing paper to be used in vastly greater quan-
tities than before the computer revolution. 
Using computers it is far easier to pro-

duce enormous quantities of paper. 
Multiple copies of a document can easily 
be printed out. Also looking at a document 
on screen is never there same as reading a 
hard copy. Proof checking and even look-
ing at the document or picture to see 
whether it is right can all be done more 
easily when a hard copy is to hand. 
There have been many attempts to intro-

duce the paperless office. New facilities 
like E-mail have been introduced and have 
helped in many ways, but initiatives like 
these often just seem to increase the 
amount of traffic travelling to and fro with-
out reducing the actual amount of paper 
produced. 
Many companies would like to reduce 

the amount of paper that is produced. 
Apart from important factors like green 
issues, paper documents and drawings are 
costly and take space to store. If they could 
be stored electronically and the impetus to 
print things onto a hard copy could be 
reduced then the paperless office might 
have a chance. 

New Idea 
In an attempt to overcome this problem a 

new idea know as electronic ink is being 
developed. A new company named 
ImmediaTM is developing a thin light 
weight display. Its format is such that it can 
almost be considered as paper on which 
messages can be displayed and changed 
electronically. 
This gives an enormous scope for new 

methods of displaying information. Not 
only can it be used for emulating paper, but 
it can also be used in many other ways for 
displays on a variety of surfaces, as the 
technology does not have the limitations of 
cathode ray or liquid crystal technology 
where rigid constructions are needed. 
The idea involves the use of two new and 

developing technologies. The first is the 
electronic ink itself and the second is the 
carbon based organic transistors that are 
being developed by Lucent Technology's 
Bell Laboratories. 

The ink consists of millions of minute 
spheres. These are the key to the new tech-
nology, containing a dark dye and very 
small partiales of titanium oxide suspend-
ed in a light oil. The titanium oxide pig-
ments are white in colour and carry a 

Ian Poole reports that the development of electronic 
ink may indeed help to achieve that elusive dream, the 
paper-less office. 

negative charge. Accordingly under the 
influence of an electric field the oxide par-
ticles will either move to the back or front 
of the sphere. With the oxide particles at 
the back of the sphere. the dye is seen, and 
the area appears dark, but when the oxide 
particles are at the front of the sphere. the 
area appears white. In view of the size of 
the microcapsules. the definition of the 
display is governed by the control of the 
electric charge. 
One of the advantages of paper is that it 

offers a very high degree of contrast pro-
viding a true black on white image. rather 
than the grey on grey provided by a liquid 
crystal display. A further advantage is that 
the electronic ink gives a very wide angle 
of view. This is one of the main disadvan-
tages of liquid crystal displays. 

Fig. 1. Operation of electronic ink. 

Running from supplies between 10 and 
100 volts, the displays consume very little 
power, as they operate by the attraction of 
charges and do not require current to flow. 
This will be of particular interest to devel- - 
opers of battery powered equipment. It is 
also found that once the control is removed 
the pattern remains in place, providing a 
non-volatile display — a facet that could be 
widely used to advantage. 

Reek Transistors 
The charge required to control the ink 

capsules can be applied through transis-
tors. However to enable the display to be 
made sufficiently thin, the new organic 
transistor technology being developed by 
Lucent will be used. These devices have 
the further advantage that they are also 
flexible, enabling the display to be printed 
onto a variety of surfaces and not be 

contained by a rigid mechanical environ-
ment like that of a cathode ray tube, or a 
liquid crystal display. 

It is also anticipated that it will be possi-
ble to print the displays onto other surfaces 
using traditional printing technology. This 
would be a tremendous step forward. 
enabling electronic displays to be situated 
almost anywhere. This is achieved by sus-
pending me microcapsules in traditional 
ink as the transport mechanism. It would 
then be possible to control the capsules. 
The goal is to be able to print the transis-

tors onto a flexible plastic film containing 
the microcapsules. The transistors will 
then be able to activate small areas (pixels) 
within the display area to create whatever 
shapes are required. 
Development of both areas of the tech-

nology required for the display is still 
under way. Nevertheless a prototype dis-
play using traditional semiconductor tech-
nology has been put together and has 
shown encouraging results. 

Developments 
Although the basic idea has been proven 

there is still much development to be 
undertaken before displays in the final 
form are seen. Those developing the drive 
system using the new transistors are 
exploring the requirements for them. 
Decisions have to be made about the char-
acteristics of the devices including whether 
they should he p-type or n-type. 
Research is also progressing in the area 

of the electronic ink itself. One area they 
are investigating is the combinations of 
dye and white pigment. These too are cru-
cial to the operation of the system. 
Obviously the first aim is to move 

towards a small scale demonstration of the 
system. It is hoped to build a display with 
about I (X) pixels within the next year. This 
will demonstrate the performance of the 
whole system. and give information to 
enable the development to move on to the 
next stage. 
Moving on from this, the first major goal 

will be to produce signs or paper that can 
be remotely updated. At this stage it may 
also be possible to produce low cost flexi-
ble displays for the many portable products 
that will be available. Ultimately the goal 
is to produce an electronic book, with 
pages that can be viewed in the same way 
that a traditional paper book can be 
viewed. Whether this becomes reality, or 
whether technology takes the development 
down a different road remains to be seen. 
However, it is certainly an interesting 

development and one that may have a sig-
nificant effect on the format of electronic 
products and the man machine interface in 
the years to come. It may even help resolve 
the problem of the paperless office. 
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SHAREWARE VERSIONS 
NOW WITH INTERACTIVE CIRCUIT ANIMATION 

Download your copy now 

"the I http://www.labcenterco.uk 

BEST all-round 
PROGRAM" 

EWW CAD Review Round Up September 1998 

Simulation 

NOW WITH 

Interactive Circuit 
Animation 

• Berkeley SPICE3F5 analogue simulation kernel. 
• True mixed mode simulation. 
• New analysis types include multi-plot sweeps, 

transfer curves, distortion and impedance plots. 
• Active Components: Switches, Pots etc. 
• Over 1000 new library parts with SPICE models. 
• Greater ease of use. 

"a constant 
high level 

of capability throughout" 
EWW CAD Review Round Up September 1998 

Schematic Capture 

• Produces attractive schematics like in thmagazines. 
• Netlist, Parts List & ERG reports. 
• Hierarchical Design. 
• Full support for buses including bus pins. 
• Extensive component/model libraries. 
• Advanced Property Management. 
• Seamless integration with simulation and PCB design. 

PCB Design 

• Automatic Component Placement. 
• Rip-Up & Retry Autorouter with tidy pass. 
• Pinswap/Gateswap Optimizer & Back-Annotation. 
• 32 bit high resolution database. 
• Full DRC and Connectivity Checking. 
• Shape based gridless power planes. 
• Gerber and DXF Import capability. • 

Available in 5 levels - prices from £295 to £1625 + VAT. 
Call now for further information & upgrade prices. 

cibcenen 
Electronics 

Write, phone or fax for your free demo disk, or ask about our full evaluation kit. 

Tel: 01756 753440. Fax: 01756 752857. EMAIL: info@labcenter.co.uk 

53-55 Main St, Grassington. BD23 5AA. WWW: http://www.labcenter.co.uk 

Fully interactive demo versions available for download from our WWW site 
Call for educational multi-user and dealer pricing - new dealers always wanted 
Prices exclude VAT and delivery . All manufacturers trademarks acknowledged 



CiLIASAFI Et_ec-rnonncs 
Unit 14 Sunningdale BISHOPS STORTFORD Herts CM23 2PA 

TEL: 01279 306504 FAX: 0870 7064222 
WEB: httpD'www.ChiasarElectronics.com 
emad: epesalesoluasarElectromcs.com 

1st 
(Inaured a50) V. &gape £4 00 Rest of Woad £8.00). We MOM all 
MIN Mel mode Melia cheques Pas payable to Omer Efeetrogite. 
Prices include 17.5% et MAIL ORDER ONLY 
FREE CATALOGUE with order or send 2 x In class stamps 
(refundable) for delaite of over 150 kits & publications 

Estatikaked 1990 

El a 
PROJECT KITS 

OUR PROJECT KITS COME COMPLETE WITH ALL COMPONENTS, 
HIGH QUALITY PCBs, DETAILED ASSEMBLY OPERATING INSTRUCTIONS 

• 2 a 25W CAR BOOSTER AMPLIFIER Connects 
to the output of an existing car stereo cassette play-
er CD player or radio Heatsinks Provided PCB 
76x 75rnm 1046-KT. £24.95 
• IN.' W STEREO AMPLIFIER MODULE Uses 
Samsung KA2209 IC ( equivalent to the TDA2822) 
designed for portable cassette players 8 radios 1 8 
9VDC PCB 35x5Ornm 3087-KT £4.25 
• 10Ww1OW STEREO AMPLIFIER MODULE 
Uses TDA2009 class audio power any IC designed 
for high quality stereo applications 8 28VDC PCB 
4548Ornm 3088-KT £9.95 
• 18W BTL AUDIO AMPUFIER MODULE Low 
voltage, high power mono 18W BTL arnp using 
FIA13118 IC Delivers 14W into 4 Ohm s 11% THD) 
with 13 2V supply Thermal surge protection 8-
18VDC Heatsink provided PCB 57455rnm 3105-
KT £8.95 
• 3-CHANNEL WIRELESS UGHT MODULATOR 
No electrical connection with amplifier Light modu-
lation achieved via a sensitive electret rnerophone 
Separate sensitivity control per channel Power 
handing 400W channel PCB 544112mm Mains 
Powered BO, Provided 6014-KT £23.45 
• 12 RUNNING LIGHT EFFECT Exciting 12 LED 
light effect deal tor parties, discos shop windows 
eye-catching signs PCB design allows replacement 
ut LEDs with 220V bulbs by inserting 3 TRIACs 
Adjustable rotation speed & direction PCB 
544112mm 1026-KT [10.95; BOX (for mains 
operation) 2026-KT £8.50 
• DISCO STROBE LIGHT Probably the most exert 
•p of all light effects Very bright strobe tube 
Adjustable strobe frequency 1 60Hz Mains pow-
ered PCB 60x68mm Box provided 6037-KT 
£28.90 
• SOUND EFFECTS GENERATOR Easy to build. 
Create an almost infinite variety of 
interesfing unusual sound effects from bords chirp-
ing to sirens 9VDC PCB 54485rnrn 1045-KT £8.95 
• ROBOT VOICE EFFECT Make your voice sound 
similar to a robot or Darlek Great fun for discos. 
school plays theatre productions radio stations & 
playing jokes on your trends when answering the 
phone, PCB 42,71rnm 1131-KT £7.95 
• AUDIO TO LIGHT MODULATOR Controls inten-
sity of one or inure lights in response to an audio 
input Safe modern opto-couple design Mains volt-
age exPerence required 3012-KT £7.95 
• MUSIC BOX Activated by light Plays 8 
Christmas songs and 5 other tunes 3104-KT £6.95 
• 20 SECOND VOICE RECORDER Uses non-
volatile memory no battery backup needed. 
Record replay messages over & over Playback as 
required to greet customers etc Volume control 8 
built-in me 6VDC PCB 50a73mrn 
3131-KT (1195 
• TRAIN SOUNDS 4 selectable sounds whistle 
blowing, level crossing bell cleckety-cladi á 4 in 
sequence SOONA £4.95 
• ANIMAL SOUNDS Cat dog chicken & cow 
Ideal for kids lannyard toys & schools SG1081 
£4.50 
• 3 12 DIGIT LED PANEL METER Use for basic 
vottage current displays or customise to measure 
temperature light, weight movement sound iev 
eh; etc with appropriate sensors Mot supplied). 
Various input circuit designs provided 3061-KT 
£11.95 

FAC TO R 
IF11.114',11141iNS 

THE EXPERTS IN RARE 
UNUSUAL INFORMATION! 

Full *tads d al X FACTOR PUBL'CATIONS can be bond Of 
Olf catalogue NB kénenern order charge lb, report, and 
plans e £6 0 0  PLUS normal PAP 

• SUPER-EAR LISTENING DEVICE Complete plans 10 
bud your ore parabolic dell rnerbohone Listen to distant 
voces and sdr-lrre through open endows and even vale 
Made horn reader available parts R13032 £3.50 
• TELEPHONE BUG PLANS Budd you own mero beetle 
telephone bug Steal* for any phone Transme over 250 
metres more with good redeye Made from easy to 
edam, cheap components R006 £2 50 
• LOCKS Flow they work and how to pick them This tact 
Med reporteS teach you more about locks arx1 the art 01 
lodx peung than many books we have seen at 4 times the 
price Faded enth inlormaton and limitations R006 £3.50 
• RADIO TV JOKER PLANS 
We show you how to bad three different orcurts for Os 
Wang TV ordure and sound plus FM radio' May upset 
your neighbours O the authorities" DISCRETION 
REQUIRED R017[3.50 
• INFINITY TRANSMITTER PLUM Conde% pare tar 
tub% the larnous Infinity Transmit./ Once nstaied o, 
the target phone deem acts lee a tom bug Just can the 
tan271 ter* & activate die une to hear teem sounds 
Great hOnle011Ce mount), 9519 [3.50 
•THE ETHER BOX CALL INTERCEPTOR PLANS Grate 
telephone cats out of thin wri No need to wge-ri a phone 
Dog . Sgeph place Pris deree new the phone Ines to hear 
the comersaborn taking pace, R025 (350 
• CASH CREATOR IIIISMSS REPORTS Need ideas 
loi need some cash, Well the could be lust what you 
need, 'Sou get 40 reports (approx 800 pegesi on floppy 
desk that give you information on selfing up afferent toe, 
'esses eu also getvaluable reproduction and duplication 
rghts so that you can sell the manuals as you like 9530 
£7.50 

• IR REMOTE TOGGLE SWITCH Use any 
TV VCR remote control unit to wench onboard 
12V IA relay on off 3058-KT £9.95 
SPEED CONTROLLER tor any common DC motor 
up to 100V 5A Pulse width modulation gives max, 
mi-fm torOue at all speeds 5. j5upc Box provided 
3067-KT £10.95 
• 3 x 8 CHANNEL IR RELAY BOARD Control eçbt 
12V lA relays by Infra Red ( IRi remote Control over a 20mn 
range in sunlight 6 relays turn on only the other 2 toggle 
on. off 3 operation ranges determned by vipers 
Transmitter case & all components provided Reverter PCB 
70419mn 3072-KT £44.95 
• PC CONTROLLED RELAY BOARD 
Convert any 286 upward PC into a dedicated 
automatic controller to independently turn on off 
up to eight rights. motors & other devices 
around the home. office laboratory or factory 
using 8 240VAC 12A onboard relays DOS utili-
ties, sample test program full- featured 
Windows utility 6 all components (except cadet 
provided 12VDC PCB 70 x20Ornm 3074-KT 
£29.95 
• 2 CHANNEL UHF RELAY SWITCH Contains 
the same transmitter receiver pair as 30A15 below 
plus the components and PCB to control Neo 
240VAC 10A relays also supplied) Ultra bright 
LEDs used to indicate relay status 3082-KT 
£26.95 
• TRANSMITTER RECEIVER PAIR 2- button 
keyfob style 300-375MHz Tx with 30m range 
Receiver ennnsar module with matched decoder 
IC Components must be built into a circuit like kit 
3082 above 30A15 (13.95 
• TELEPHONE LINE RELAY SWITCH Ter, ONOti 4 
relays ow your otene line horn anywhere in the world 
4-digit securrty code Lire protection orcurtry 
Inon-acceoved) PCB 78005mm 3086-KT £39.95 
• PC DATA ACOUISITIONCONTROL UNIT Use 
your PC to monitor physical variables leg pressure. 
temperature light weght belch state movement. 
relays. etc I process the informationS use resuits to 
control physical devices like motors sirens. relays. 
Servo & stepper motors Inputs 16 digital 6 11 ana-
logue Outputs 8 deal A 1 analogue Plaste case 
with printed front rear panel5. software utilities. pro-
gramming examples components ¡ except sen-

SURVEILLANCE 
yr surredance Otgs Room traoseeters swotted se seesaw eiectrer etictopteee 4 battery holder Otto Alt earn 
meters car to reamed On an denary VHF FM redo between 88 10814fQ &Made e Ke Fcern (KT or Assembled 41 Tested IASI 

ROOM SURVEILLANCE 
• MIX- MINIATURE %TRANSMITTER 
Easy to we 's guarantee/ to Paned 300, (0 3V Long  bat 
tery de 3-5V operator Only 454113mm 0300710[5.95 
AS3[07 £ 0.95 
&MIX • IMMURE 06 TRANSMITTER 
Our best seling beg Super seenne Mire parer • 50Orn range 
pl pv ow, ro, et1•8V supory and better aerial( 45.419nyn 
3018KT [6.95 AS3018 [ 1795 
HPIX • HIGH POWER TRANSMITTER 
HMI performance 2 stage 
trabedeter gives greater 
stability it Nee duality 
recede 1000m ange 6- ill 
12V DC townie, Site 
70415mm 3032KT 0.95 
AS3032[17.95 
• filAfTX. IIIC/MIMMATURE 96 TRANSMITTER 
The ultimate tug for Is size performance and 'Yee ...lust 
15425mm 500m range di 9V Goo] stately 6 -.8V operation 
305110 [7.05 ASM5I £13.95 
• VTX - VOICE ACTIVATED TRANSMITTER 
Operates yvy when sounds detected Loa stanctoy bran 
Variable trigger sersrovey 500m range Peaking dart sue 
Pied tor maximum FIF cure On on switch 6,1 operation Only 
EJx3einr, 302810 £11.95 AS3328 £2295 
HARDPARED BUGTWO STAMM INTERCOM 
Each station has Is own winner, speaker ano ,nc Can be 
set up as either a red-weal tug or twestmon intercom 1 Om 

2-core cable supeSed 9V operation 3021KT £13.95 (kit 
Km only, 
• MS - TAPE RECORDER VOX SWITCH 
Used to adomicaly operate a tee recorder (not suctobed 
ea its REMOTE socket when sourds are oelecled All come 
salions recorded At:leasable SenSitinty O turnoff dewy 
115,1pen 30150 [7.95 AS3013 £19.95 

TELEPHONE SURVEILLANCE 
• hITTX • MINIATURE TELEPHONE TRANSMITTER 
Attaches anywhere to phone ere Trarernts only she, phone 
is used Tune.n your redo and hear toe OHM or range 
Uses we as aerial & poem source 20x45nim 3016KT £1.95 
AS3016 £12.95 
• TRI• TELEPHONE RECORD•10 MTERFACE 
hdanabcalty record al conversattons Cornects batmen 
Phone line & tam mode mot suppled) Operates recorders 
wort 5-12V battery systems Powered tem hoe 50a33nyri 
30321(1(750 AS3033 (16.% 
• IPA • TELEPHONE NORIP ANPUFIERVARELESS 
PHONE BUG 
Place »up col on the prone Ire a near prone weed 
and hear bon, sides d the convesaton 305501 [9.95 
*53099 £19.90 
• I WATT FM TRANSMITTER Easy to construct bel-ces a 
crisp, clear seal leo-stage dart Kit includes meroffione 
and rewires a smote open cane ae,a1 8 10000 PC8 
42445mm 1009-KT £245 
• 4 WATT FL TRANSMITTER Gutty:irises tfeee OF 
stages and an audio preamplifier stage Piezoelectric 
ner0Phorie supplied or you can use a separate Proem 
pilfer circuit Antenna can De an open dipole or Ground 
Plane Ideal protect tor those who wish to get started in 
the fascinating world or FM broadcasting and want a 
good basic circuit to experiment with 12 1800G PCB 
444146mrn 1028-KT. t19.95 
• 15 WATT NA TRANSMITTER (PRE-ASSEMBLED 8 
TESTED) Four transistor based stages with Philps BLY 
88 in final stage 15 Watts RF power on the air 88 
108MHz Accepts open dipole Ground Plane 58 J or 
VAGI configuratron antennas 2 18VDC PCB 
70.22Ornm SWS meter needed 'or alignment 1021-KT 
£6495 
• SIMILAR TO ABOVE BUT 25W Output. 1028-KT £ 19.95 

electrically isolated voltage switching sources On. 
board relay relit switch 240V 5A Box software & 
all components provided PCB 56 x 97rnrn 3054-
KT £24.95 
• STEREO VU METER shows peak music 
power using 2 rows of 10 LED s ( mired green & 
red) moving bar display 0 30db 3089-KT 
£10.95 
• AM RADIO KIT 1 Tuned Radio Frequency front-
end single chip AM radio IC & 2 stages of audio 
amplification All components inc speaker provid-
ed PCB 32,102rnrn 3063-KT £9.95 
• DRILL SPEED CONTROLLER Adjust the 
speed of your electric chili according to the job at 
hand Suitable tor 240V AC mains powered drills 
up to 700W power PCB 48mm x 65mm Box pro-
vided 6074-KT £15.90 
• 3 INPUT MONO MIXER Independent level 
control for each input and separate bass treble 
controls Input sensitivity 240mV 18V DC PCB 
6Ormn x 185mm 1052-KT £16.96 
• ELECTRONIC SIREN 5 Watt. Impressive 5W 
power output Suitable for alarm systems car 
motorbikes. etc Output frequency 1-214Hz 6-12V 
DC PCB 37mrn o 71rnm Siren not provided 

ARGelei Buy!! 30-In-ONE 
Electronic Projects Lab 

Great introduction to electronics Ideal for the budding elec-
tronics eaperti Build a radio burglar alarm water detector 
morse code practice circuit, simple computer circuits and 
much more' NO soldering tools or previous electronics 

knowledge required Circuits can be built and unassembled 
repeatedly Cemprehens,ve 68-page manual with explana-

tions, schematics and assembly diagrams Suitable for age 
10. Excellent for schools Requires 2 x AA batteries 

ONLY £14.95 ( phone for bulk discountsi 

sors & castel provided 12VDC 3093-KT f 79 95 
• PIC 16C71 FOUR SERVO MOTOR DRIVER 
Simultaneously control up to 4 servo motors Software 

all COmPOnentS lexcept servos control pots) supplied 
5VDC PCB 50470mn 3102-KT [14615 
• PC SERIAL PORT ISOLATED PO BOARD 
Provdes eight 240 VAC 10A relay outputs & 4 dab 
catty isolated inputs Designed for use in various 
control & sensing applications e g load switching. 
external switch input sensing. contact Closure & 
external voltage sensing Controlled via serial port 
6 a termina, emulator program ( built into 
Windows) Car be used with ANY computerroper-
ating system Plastic case with printed front rear 
>vets & all COmPOnents (except cable) Prodded 
3108-KT £49.95 
• UNIPOLAFI STEPPER MOTOR DRIVER for 
any 568 lead motor Fast slow & single step 
rates Direction control 8 on off switch Wave. 2 
phase & half-wave step modes 4 LED indicators 
PCB 50x65mm 3109-KT £13.95 
• PC CONTROLLED STEPPER MOTOR DRI-
VER Control two uniPOlar stepper motors ( 3A 
max eachi via PC printer port Wave 2- phase & 
han-wave step modes Software accepts 4 digital 
inputs from external switches & will single step 
motors PCB fits in D- shell case provided 3113-
KT £16.95 
• 12-BIT PC DATA ACOUISITIONCONTROL 
UNIT Similar to kit 3093 above tut uses a 12 bit 
Analogue-to•D.gital Converter (ADC) with internal 
analogue multipleoor Reads 8 silage ended chan-
nes or 4 differential inputs or a Mixture of both 
Analogue Inputs read 04V Four TTL CMOS com-
patible digital input outputs ADC conversen time 
./10uS Software IC Of3 6 Win) extended D shell 
case & all components (except sensors & cade) 
provided 3118-KT £47.95 
• LIOUID LEVEL SENSOR/RAM ALARM Will ind-
cate turd levels or simply the presence of Mud Relay 
output to control a pump to addrerrove water Wen 
n reaches a certain leivot 1080-KT £6.95 
• UNIVERSAL TIMER Seven crystal controlled 
timing operations in steps of 0 1 s from 0 1 
6553 Ks or 1 second steps from 0 1-65536s 
Allows 4 signal input types from push button to 

1003-KT £5.95 
• NEGATIVE POSITIVE ION GENERATOR 
Standard Cockcroft- Walton mJII,plier circuit 
Mains voltage experience required 3057-KT 
£9.95 
• LED DICE Classic intro to electronics Et circuit 
analysis 7 LED's simulate dice roll slow down 
land on a number at random 555 IC circuit 3003-
KT £7.95 
• STAIRWAY TO HEAVEN Tests hand-eye coorclina-
ton Press becn when green segment of LED lights to 
climb the stairway miss & start again. Good oho to 
several basic circurts 3005-KT £7.95 
• ROULETTE LED Ball spins round the wheel. 
slows clew. 8. drops into a slot 10 LED's Good 
•tro to CMOS decade counters 8 Op-Arnps 
3006-KT £9.95 
• DUAL LED DICE PIC 16C54 circuit performs 
similar function to 3003-KT above but two dice 
Good intro to micro-controllers 3071-KT £11.55 
• 9V XENON TUBE FLASHER Transformer cur-
Cult steps up 9V battery to hash a 25rnm Xenon 
tube Adjustade flash rate ( 0-25 2 Sec's) 3022-
KT £10.95 
• LED FLASHER 1 5 ultra bright red LED, flash 
in 7 selectable patterns 3037MKT £4.50 
• LED FLASHER 2 Similar to above but flash in 
sequence or randomly Ideal for model railways 
3052IA-KT £4.50 
• I6C84 PIC PROGRAMMER Reads. programs 
6 verifies Uses any PC parallel port All hardware. 
software & documentation needed to learn & test 
this uC provided 3081-KT £21.95 
• SERIAL PIC PROGRAMMER for all 8 18 28 40 
pin DIP serial programmed PICs 3,0 Party Soft -
ware supplied expires after 21 days ( costs USS25 
to register) 3096-KT £ 12.95 
• PICALL SERIAL & PARALLEL PIC PRO-
GRAMMER tor all 8 18,2840 pin DIP parallel 
AND serial PICS Includes fully functional 8 regis-
tered software ( DOS. W3 1. W95/81 3117-KT 
£54.95 
• ATMEL MC4051 PROGRAMMER Simple- lo-
use yet powerful programmer for the Atrnel 
89C 1051. 89C2051 & 89C4051 uC s Programmer 
does NOT require special software other than a 

terminal emulator program ( built into Windows) 
Can be used with ANY computer operating sys 
lem 3121-KT £24.95 
• 3W1-5V TO 9V BATTERY CONVERTER 
Replace expensive 9V batteries with economic 
1 5V batteries IC based circuit steps up 1 or 2 
AA batteries to give 9V 18mA 3035-KT £4.95 
• STABILISED POWER SUPPLY 3-30812.5A 
Ideal for hobbyist & professional laboratory Very 
reliable & versatile design at an extremely reason 
able price Short ClItUd protection Variable DC 
voilages ( 3 300) Rated output 2 5 Amps Large 
heatsink supplied hou just supply a 24VAC 3A 
transformer PCB 554112mm Mains operation 
1007-KT £17.50. Custom Designed Box 2007 
£34.95 • 
• STABILISED POWER SUPPLY 2-30V 5A As 
kit 1007 above but rated at 5Arnto Requires a 
24VAC 5A transformer 1096-KT £29.95. Custom ; 
Designed Box 2096 £34.95 
• RF1 POWER SUPPLY Designed to power RF 
transmitters receivers Blocks high frequencies & 
eliminates problems like noise overheating 
standing waves. etc Output 12-14VDC,3A 
Thermo/short circuit protection & electronic sta-
bilisation You just supply a 18VAC3A transformer 
PCB 72082rnrn 1171-KT £24.95 
• MOTORBIKE ALARM Uses a reliable vibration 
sensor ( adjustable sensitivity) to detect movement of 
me bike to trigger eie alarm & wench the output relay 
to which a seen. Skies horn indicators or other warn 
«1 deuce can be attached Auto- reset 6-1200C 
PCB 57464mn 1011-KT £10.95 Boz £5.95 
• CAR ALARM SYSTEM Protect your car from 
theft Features vibration sensor. courtesy boot 
light voltage drop sensor and bonnetboot earth 
switch sensor Entry exit delays auto reset and 
adjustable alarm duration 6-12V DC PCB 47rnrn 
4 55mm 1019-KT £9.95 Box £6.50 
• LIGHT ALARM Protect your valuables Alarm 
sounds if circuit detects smallest amount of fight 
Place in cash so, etc 3008-KT [4.50 
• PIE20 SCREAMER 110dB 01 ear piercing 
noise Fits in box with 24 35mm pezo elements 
built into their own resonant cavity Use as an 
alarm siren or just for funi 6-9VDC 3015-KT 
£9.95 
• COMBINATION LOCK Versatile electronic lock 
comprising main circuit 8. separate keypad for 
remote opening of lock Relay supplied 3029-KT 
£9.95 
• ULTRASONIC MOVEMENT DETECTOR Crystal 
iod,ed *elector trectuency for stability 6 Wabiny 
PCB 75a4Omm houses all components 4.7m range 
Adjustable sensitrvity Output will drive external 
retay crcurts 9VDC 3049-KT £12.95 
NR DETECTOR MODULE 3-lead assembled unit 
just 25x35rnrn as used in commercial burglar 
alarm systems 3076-KT £7.95 
• INFRARED SECURITY BEAM When Me irnos 
We IR beam is broken a relay is tripped that can 
be used to sound a bell or alarm 25 metre range 
Mains rated relays provided 12VDC operation 
3130-KT £11.95 
• FUNCTION GENERATOR Quad Op-Amp oscil 
(atom & wave shaper circuit generates audio range 
square Waves ( 6Hz -6KHz). triangle & pseudo sine 
outputs 9VDC 3023-KT £3.95 
• LOGIC PROBE tests CMOS & TTL circuits & 
detects fast pulses Visual & audio indication of 
logic state Full instructor's supplied 3024-KT 
(6.95 
• SQUARE WAVE OSCILLATOR Generates . 
square waves at 6 preset frequencies in factors of 1 
10 from (Hz.100KHz Visual output indicator 5. 
18VDC Box provided 3111-KT f7.95 I 
• PC DRIVEN POCKET SAMPLER/DATA LOG-
GER Analogue voltage sampler records voltages 
up to 2V or 20V over periods from milliseconds to 
months Can also be used as a simple digital 
scope to eoamine audio & other signals up to 
about 5KHz Software & D shell case provided 
3112-KT £18.95 
• 20 MHz FUNCTION GENERATOR Square. 
triangular and sine waveform up to 20MHz over 
3 ranges using coarse and fine frequency ' 
adjustment controls Adjustable output from 0 I 
2V pp A TTL output is also provided for Con-
nection to a frequency meter Uses MAX038 IC 
Plastic case with printed front rear panels 6 all 
components provided 7-12VAC 3101-KT 
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Constructional Project 

GARAGE 
LINK 
TERRY de VALIX-BALBIRNIE 
Have you left the garage door open 
all night again? You need this versatile, 
licence exempt, coded radio link. 

H
AVE you ever gone to get the car out 
of the garage and found that you 
left the door open all night? With 

luck, the car is still there and everything 
inside the garage untouched. You breath a 
sigh of relief and vow to be more careful 
in future. 

OPEN DOOR 
But what if the car had been stolen? 

How would you square that with the insur-
ance company when you declared that the 
car is left overnight "in a secure garage"? 
What about expensive power tools, bicy-
cles and gardening equipment which you 
keep there? 

These would be easily removed by any 
opportunist prowler. You could hardly 
show the "forcible entry" needed to make 
a claim on your household policy when all 
he had to do was walk in and take what he 
wanted! 

WIRELESS LINK 
This Garage Link circuit helps to pre-

vent the garage door (or either door in the 
case of a double garage having twin doors) 
being left open all night. It works by estab-
lishing a radio link between the garage 
transmitter and some point inside the 
house. The indoor receiver then provides 
an audible warning in the form of a short 
bleep every 45 seconds. 

The likely operating range is difficult 
to predict. In the open air, the prototype 
operated reliably at a distance of over 20 
metres. However, the range will be much 
less when used in buildings. The presence 
of metallic objects and even ordinary 
building materials will reduce the signal. 

The prototype units were set up under 
"fair" conditions. The garage was built 
with single brick walls and the house with 
double walls made of brick and breeze 
block. The easily-obtainable range was 
approximately 8 to 10 metres (26ft to 
33ft). Obviously working to as short a 
range as practicable will give the most 
reliable results. 

ON SITE 
With the likely operating distance in 

mind and before beginning construction 
work, it is essential to check that there are 
suitable positions for the two units. The 

garage Transmitter does not need to be 
particularly close to the door as long as a 
piece of twin wire can be connected to it 
from a "remote" trigger switch there. It is 
better, in fact, if it is kept away from the 
door if this is made of metal. 

Both units should be sited clear of large 
metallic objects. There should be a mains 
socket near the house-based Receiver 
because it is operated using a plug-in 
power supply unit. 

The garage section is battery-operated, 
using a pack of four "AA" size cells inside 
the case. This avoids the need for a mains 
supply in the garage with possible safety 
implications. The batteries should last for 
one year approximately. 

Of course, applications for this circuit 
are not confined to monitoring garage 
doors and many readers will have their 
own ideas about how to use it. Because the 
Transmitter is self-contained, it could be 
used to monitor other doors, gates, win-
dows, etc. In some situations, it would be 
necessary to use a waterproof enclosure 
but this is left up to the constructor. 

LIGHT WORK 
Since people often wish th leave the 

garage door open during the day, operation 
is held off until 
the light falls to 
a certain preset 
level. Another 
point is that the 
door might have 
been left open in 
the evening on 
purpose — per-
haps because a 
member of the 
family is expect-
ed home soon. 

This is one 
reason why the 
warning is given 
intermittently. It 
may then be 
ignored if 
required. The 
other reason is 
that it saves bat-
tery power. 

Designing a 
circuit which 

would sound a warning if the garage door 
was left open would be easy if there was a 
clear path for a length of wire to be laid 
between a switch at the door and a unit 
inside the house. Unfortunately, this is not 
usually the case. 

Even where it would be theoretically 
possible to run such a wire, it is unlikely 
that there would be a neat and simple way 
of doing it. It would also involve drilling 
holes through walls or window frames. 
This is why it was decided to use a differ-
ent approach and base this system on a 
radio link. 

FOLLOW THE BAND 
The use of the radio frequency (r.f.) 

spectrum is carefully controlled with specif-
ic bands being allocated for various purpos-
es. In the UK, the body which oversees this 
is the Department of Trade and Industry 
(DTI). Some frequency bands are reserved 
for radio and TV broadcasting, some for 
military, some for radio amateurs, some for 
the public services and so on. 

Some small bands of frequencies are left 
on a licence-exempt basis and may be used 
by anyone. However, strict regulations exist 
for their use. In particular, the power 
radiated must be extremely small so that no 
appreciable signal may be detected more 
than a short distance from the transmitter. 

One such frequency is 418MHz and 
this is used for certain local pagers, car 
security devices, "wireless" house alarms 
and so on. However, due to so-called 
TETRA services operating at around this 

Self-contained Transmitter. 

Everyday Practical Electronics, April 2000 255 



frequency and more so in the future, the 
DTI have licensed 433MHz for the same 
purpose. 

This frequency is already in wide-
spread use in mainland Europe. Note that 
these are actually narrow bands (that is, 
ranges) of frequencies but for the sake of 
simplicity they are stated as spot values — 
418MHz and 433MHz. 

NO GUARANTEES 
Although 433MHz equipment is prob-

ably less likely to suffer from interference 
problems especially in the coming years, 
there is always some risk of this occurring 
whichever frequency is used. Correct 
operation therefore cannot be guaranteed 
under all circumstances. 

The prototype unit operates at 418MHz 
because the necessary modules were read-
ily available at the time. However, there is 
no reason why similar 433MHz modules 
could not be used. 

Another choice is whether to use a.m. 
(amplitude modulation) or Lm. (frequency 
modulation). Frequency modulation is 
more immune from interference, would 
provide a greater range and, for critical 
applications, would probably be better. 
However, here the less sophisticated a.m. 
system was used and it performed perfect-
ly well. 

For those who are interested, modula-
tion is the way in which radio waves carry 
data. With a.m. it is the signal strength 
(amplitude of the waves) emitted by the 
transmitter which is varied with the fre-
quency remaining constant. In the simplest 
case, this is performed by switching it on 
and off. With f.m. it is the frequency of the 
waves which is shifted slightly while 
keeping a constant amplitude. 

COMMERCIAL 
MODULES 

To allow the use of home-made trans-
mitters would lead the way to potentially 
botched equipment causing interference 
with vital services. The actual transmitter 
(but not the circuit controlling it) must 
therefore be commercially-built to the pre-
scribed specification. It is then said to be 

Fig. 1. Block schematic of a simple radio link. 

"DTI MPT1340 approved, W.T. licence 
exempt". 

Appropriate commercial modular 
transmitters are available quite cheaply. 
The simplest variety has only two wires 
which are used for the power supply and 
aerial (antenna) and this is the type used in 
this project. 

The receiver section is based on a 
matching receiver module. No traditional 
"radio" skills are therefore needed during 
construction and setting-up. 

BASIC LINK 
A simple radio link between two posi-

tions using a transmitter and receiver 
tuned to the same frequency is shown in 
Fig. 1. Switching on ("keying") the trans-
mitter would send out radio waves from its 
aerial. The signal would be picked up by 
an aerial at the receiver and, after suitable 
processing, the I.e.d. (light-emitting diode) 
connected to its output would operate. By 
switching the transmitter on and off, the 
I.e.d. would flash in sympathy. 

However, this type of system would be 
vulnerable to false triggering. Every time 
the receiver picked up a signal from any 
other source of radio waves operating at or 
about the same frequency, the led. would 
come on. 

To avoid this, the transmitter is keyed 
according to a certain pre-arranged digital 
code. Only if this code is matched at the 
receiver end will an output be given. The 
receiver may well pick up signals which 
carry no code at all or carry the wrong 
code (from similar equipment) but, in 
either case, it will have no effect. 

CODED LINK 
To illustrate this, suppose the code 

Fig.2. Transmitter code. 

consists of the six-bit word: 1 0 1 1 0 1. A 
"1" would be given by switching the trans-
mitter on for a certain time and a "0" by 
switching it off for the same time. The sig-
nal given by the transmitter is shown 
graphically in Fig.2. The receiver would 
then be pre-set to "see" this code and no 
other. 

In the Garage Link, the code has 
twelve bits (although only six of them may 
be changed by the user). It is, therefore, 
very unlikely that any signal, apart from 
the intended one, would carry the correct 
code. If someone within range happened 
to be operating similar equipment and 
using the same code then all that would be 
necessary would be to change it. 

Unfortunately, any strong signal at 
about the working frequency and not car-
rying the code could swamp the receiver 
so that it would not "see" the weaker sig-
nal from the transmitter. During that time, 
no output would be given. 

CIRCUIT DETAILS - 
TRANSMITTER 

The complete circuit diagram of the 
Transmitter section of the Garage Link is 
shown in Fig.3. While the garage door is 
open, it allows the normally-closed (n.c.) 
contacts of microswitch S7 to close and 
establish a supply to the circuit from the 
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Fig.3. Circuit diagram for the Transmitter section of the Gara, ie Link. Note that the normally closed contacts of microswitch S7 
are used and that closing the garage door opens them. The TE designation at IC3 pin 14 means Transmit Enable. 
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6V battery pack, BI. When the door is 
closed, the switch contacts open and no 
current flows. This method has the advan-
tage that for much of the time, the battery 
is not being drained. 

Diode D2 prevents damage to the cir-
cuit if the supply were to be connected in 
the wrong sense. If it was, the diode would 
not conduct and nothing would happen. 
For the moment, ignore ICI and IC2. IC3 
is an encoder which keys the transmitter 
according to the pre-arranged code. IC4 is 
the transmitter module. 

The twelve address inputs of IC3 are at 
pins 1 to 8 and pins 10 to 13. These may 
be set to logical 1 or 0 to provide the cho-
sen code. Four of the addresses could also 
be used to carry separate data but this is 
not done here. 

To establish the code some of the 
address pins are connected to the OV line 
to provide logical 0 status. Any pin left 
unconnected automatically assumes 
logic 1. 

CODE SETTING 
Setting up the code is carried out using 

a set of d.i.p. (dual in-line package) 
switches (Si to S6) on the p.c.b. (printed 
circuit board). With a switch on, a "0" is 
set and by switching it off, a " 1". This 
gives a simple means of changing the code 
at any time if required. 

It seemed unnecessary to allow user 
selection of all the addresses so here only 
IC3 pin 1 to pin 6 may be set using the 
d.i.p. switches. The other addresses (pins 
7, 8 and 10 to 13) are tied to OV together 
with pin 9 which is the OV input, making 
them always logic "0". 

When TE (transmit enable) pin 14 is 
made low (imagine this is so for the 
moment), the data present on the address 
pins is given serially at the data output, pin 
17. This is in the form of four-word groups 
and continues as long at pin 14 'IT is kept 
low. 

If it is low for less than the time taken 
for one word, it will still transmit a four-
word group. When the low state of pin 14 
is removed, pin 17 finishes its current 
cycle then stops. 

The rate at which data is transferred is 
determined by the frequency of an on-
chip oscillator. This, in turn, is set by the 
value of resistor R9 connected between 
pin 15 and pin 16 (Osc 1 and Osc2). The 
specified value sets a frequency of 2kHz 
approximately. 

The data from IC3 pin 17 is used to 
power the transmitter module direct. 
When it is high, the transmitter ( IC4) 
receives current and sends out a signal. 
When low, it is off. A short loop aerial 
(antenna) is used to radiate the waves and 
trimmer capacitor VC1 is used to tune it 
for maximum signal strength. 

PULSE TIME 
It is not necessary for the Transmitter 

to be providing data continuously — in 
fact, this would run down the batteries 
without good reason. IC3 pin 14 (transmit 
enable) only needs to be pulsed low for 
sufficient time to provide the bleeps at the 
Receiver. 

To provide these pulses, IC3 pin 14 is 
connected via resistor R8 and test link 
LK1, to the output (pin 3) of the astable 

based on timer IC2. A continuous string of 
pulses is then produced. 

The frequency and mark/space ratio 
(that is, how long each pulse is high com-
pared with low) is determined by the val-
ues of resistors R6 and R7 in conjunction 
with capacitor Cl. With the values speci-
fied, one cycle is produced every 42 sec-
onds with each "low" taking 0-2s but this 
is subject to a fairly wide tolerance. 

Test resistor Ri is connected in parallel 
with resistor R6 to begin with. This sets a 
much shorter time period (about half a sec-
ond) so the buzzer bleeps rapidly. This 
will be useful for testing and setting-up 
purposes. At the end of setting up one of 
Ri end leads is cut to disconnect it from the 
circuit. 

SEEING THE LIGHT 
The light-sensing aspect of the circuit 

is based on operational amplifier (op.amp) 
ICI. This inhibits the action of the encoder 

when the light level is high enough. The 
op.amp is of a type which requires very 
little quiescent current ( 10pA approx.). It 
therefore has negligible effect on the life 
of the batteries. 

The non-inverting input (pin 3) of ICI 
receives a voltage equal to one-half that of 
the supply (nominally 3V) due to the 
potential divider action of resistors R3 and 
R4. The inverting input (pin 2) is connect-
ed to a further potential divider. Its top arm 
consists of fixed resistor RI connected in 
series with preset potentiometer VR1. The 
lower arm is light-dependent resistor 
(I.d.r.) R2. 

When the I.d.r. is brightly illuminated, 
its resistance will be lower than the 
RI/VRI combination and the voltage at 
pin 2 will be less than 3V — that is, less 
than that at pin 3. With the op.amp non-
inverting input voltage exceeding the 
inverting one, the output at pin 6 will be 
high. 

COMPONENTS 
TRANSMITTER 

Resistors 
R1 
R2 

470k 
sub-min light dependent 

resistor (I.d.r.) — dark 
resistance 5MQ 
approx (see text) 

R3, R4 3M3 (2 off) 
R5 66M (2 x 33M connected 

in series - see text) 
R6 2M7 
R7 10k 
R8 47k 
R9 1M5 (or 1M and 470k in 

series — see text) 
R10 680Q 
Rt 10k (test - see text) 

All 0-25W 5% carbon film, except R2 

Potentiometer 
VR1 4M7 min 

preset, 
horiz 

Capacitors 
Cl 
C2 
C3 
VC1 

See 
ru-_ 

TALK 
PIMP 

22/4 radial elect.10V 
220p polystyrene 
471.1 radial elect. 10V 
min. preset trimmer 
2pF to 5pF 

Semiconductors 
01 1N4148 signal diode 
02 1N4001 1A 50V 

rectifier diode 
IC1 ICL7611 micropower 

op.amp 
IC2 ICM7555IPA CMOS 

timer 
IC3 HT12E encoder 
IC4 AM-TX1-418 transmitter 

module (see text) 

Miscellaneous 
S1 to S6 d.i.p. switches — one 

strip of six 
S7 lever-arm microswitch 
B1 6V battery pack (4 x AA) 

Printed circuit board available from the 
EPE PCB Service, code 261 (Trans.); 
plastic case size 118mm x 98mm x 
45mm; 8-pin i.c. socket (2 off); 18-pin 

i.c. socket; battery connector (PP3 
type); bracket for microswitch — see text; 
connecting wire; solder; etc. 

RECEIVER 
Resistors 

R1 100k 
R2 10k 

All 0.25W 5% carbon film 

Capacitors 
Ci, C2 470n min metallised 

polyester — 2.5mm 
pin spacing (2 off) 

C3, C4 220n min metallised 
polyester — 2.5mm 
pin spacing (2 off) 

C5 100µ radial elect. 25V 

Semiconductors 
D1 1N4001 1A 50V rect. 

diode 
TR1 ZTX300 npn general 

purpose transistor 
IC1 AM-HRR3-418 receiver 

module 
IC2 HT12F decoder 
IC3 78L05 5V 100mA 

voltage regulator 

Miscellaneous 
S1 to S6 d.i.p. switches — one 

strip of six 
WD1 piezo buzzer — d.c. 

operation 3V to 24V 
at 10mA 

FS1 250mA miniature p.c.b. 
mounting fuse (see 
text) 

Printed circuit board available from the 
EPE PCB Service, code 262 (Rec.); plas-
tic case, size 102mm x 76mm x 38mm; 
9V 300mA (unregulated) mains adaptor 
plus socket to suit; 18-pin i.c. socket; 
sil. socket for receiver module, see text; 
connecting wire; solder, etc. 

Approx. Cost Transmitter 
Guidance Only 

Receiver excluding 
excluding batts. mains adaptor 

£17 £23 
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This state is transferred through diode 
DI to IC3 pin 14. Whatever the state of 
IC2 output, IC3 "transmit enable" pin will 
be made high so operation is inhibited. 

FAILING LIGHT 
As the light level falls, the resistance of 

the I.d.r. increases and at some point will 
exceed that of the RUN/RI combination. 
The voltage at the inverting input will then 
exceed 3V — that is, greater than that at the 
non-inverting one. The op.amp will switch 
off and pin 6 will go low. This state is 
blocked by diode D1 so it has no effect on 
the encoder (IC3) which is now controlled 
by the astable (IC2) alone. 

The exact light level at which the tran-
sition occurs is determined by the adjust-
ment of preset VR1. Resistor R5 
connected between ICI non- inverting 
input and the output, introduces a small 
amount of positive feedback and ensures a 
sharp switching action at the critical light 
level. 

While actually transmitting data, the cir-
cuit requires some 2mA but between pulses, 
the prototype needs less than 95µA. Due to 
the short pulse length, the average current is 
very small. Remembering that when the 
garage door is closed there is no current 
drain at all, the overall current needed by the 
Transmitter is even less. 

CONSTRUCTION - 
TRANSMITTER 
Important Note: The design of the aeri-

al is specified by regulations. There are 
two configurations possible but, of these, a 
tuned loop is used here. The enclosed area 
must not exceed 700sq. mm and it must be 
integral within the unit — it cannot be 
placed externally and driven through a 
feeder. Radio amateurs please note: this 
transmitter is not type approved for use 
with a quarter wave or helical antenna 

All components for the Transmitter 
(apart from the battery pack) are mounted 
on a single-sided printed circuit board 
(p.c.b.). The topside component layout and 
full size underside copper foil track master 
are shown in Fig. 4. This board is available 
from the EPE PCB Service, code 261. 

Begin construction by drilling the two 
fixing holes and soldering the i.e. sockets, 
d.i.p. switches Si to S6 and the two link 
wires in position. One of these is soldered 
between points A and B. The other is the 
test link (LK1 — C-D-E). The wire should 
be soldered as shown between C and D for 
normal operation. 

Next, the resistors, capacitors and diodes 
(taking care with the polarity of capacitors 
CI. C3 and the diodes) can be mounted and 
soldered in position. If a 1.5M52 resistor is 
not available for R9, connect one 1 MQ and 
one 4701M in series. 

In the prototype, resistor R5 (66MQ) 
consisted of two 33MQ units connected in 
series to make up the value. You could use 
a single resistor having a value of between 
56MQ and 100MQ if this is available. 

Cut the I.d.r. (R2) leads to a length of 
about 15mm and solder it in place. Bend 
the leads through right angles so that the 
"window" points to the side (see photo-
graph). Solder the positive (red) and nega-
tive (black) wires of the PP3-type battery 
connector to the "-s-6V" (via switch S7)and 
"OV" points respectively on the p.c.b. 

Completed Transmitter circuit board. The "loop" aerial can be seen on the right. The 
I.d.r. leads have been carefully bent at right-angles to the p.c.b. to align with a 
"light-window" in the plastic case. 

LOOP AERIAL 
The prototype aerial was made using a 

piece of light-duty single-core insulated 
wire cut to a length of 80mm. The end 
1mm or so was stripped and the wire bent 
into a loop. It was then soldered into the 
"aerial" position on the p.c.b. 

TRANSMITTER 
MODULE 

Before unpacking the transmitter mod-
ule, remove any static charge which might 
exist on the body by touching something 
which is "earthed" such as a metal water 
tap. This is because it is a static-sensitive 
device and such charge could damage it. 

Cut its leads to a length of 15mm and 
solder it in place on the p.c.b., using mini-
mum heat from the soldering iron. Take 
care over the polarity — the positive end is 
identified by a black mark on the body. 

Taking the same anti- static precautions, 
unpack IC2 and IC3. Insert them in their 

sockets taking care over the orientation. 
By leaving ICI position empty for the 
moment, the light-sensing aspect of the 
circuit will be disabled and this will sim-
plify testing. 

Adjust trimmer capacitor VCI so that 
the plates are not meshed or only slightly 
so (look closely at it while rotating the top 
screw). This gives the minimum capaci-
tance of 2pF which worked well in the 
prototype. 

MARK DENOTES 
POSITIVE SIDE 

AM-TX1 A18 

-AI 0 35 IN I.-

Fig.5. Transmitter module (IC4) pin 
polarity identification. 

Fig.4. Printed circuit board component layout and full size underside copper foil 
master for the Transmitter. 
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RECEIVER 
The complete circuit diagram of the 

Receiver section of the Garage Link is 
shown in Fig.6. The receiver module ICI 
requires a 4-5V to 5.5V supply. 

Since the total current requirement of 
the circuit is 5mA approximately, this 
could not be maintained by a battery over 
a long period of operation. This is why a 
mains power adaptor (sometimes referred 
to as a battery eliminator) is called for. 
The power adaptor supplies a nominal 

9V to the input of voltage regulator 1C3, 
via fuse FSI and diode Dl. The output of 
1C3 provides the 5V needed by the receiv-
er module and this is also used by the rest 
of the circuit. Fuse FS1 prevents possible 
damage in the event of a short-circuit. 

Diode Dl prevents damage if the supply 
were to be connected the wrong way 
round. This is a possibility where plug-in 
power supply adaptors are used because 
the output polarity is sometimes uncertain. 
If the supply was reversed, Dl would not 
conduct and nothing would happen. 

The receiver module is in the form of a 
single- in- line package — that is, it has only 
one row of pins. Not all the pins are pre-
sent and gaps are left where they would 
have been. The numbering takes into 
account those which are present as well as 
those which are not so, although there are 
15 numbered "pins", only 10 of them actu-
ally exist. The pin layout and designations 
are shown in Fig.7. 

There are separate pins for the positive 
supply feed to the r.f. (radio frequency) 
and the a.f. (audio frequency) sections. 
These are pin 1 and pins 10, 12 and 15 
respectively. There are also separate 
ground (OV) connections for these (pins 2 
and 7 for ri. and pin 11 for a.f.). 
The same power supply is used for both 

sections but they are decoupled separately 
using capacitors Cl and C2. The aerial is 
connected to ICI pin 3 (Data In). The 
amplified data appears at output pin 14. 

DECODING 
The decoder IC2 is, in many respects, 

similar to the encoder ( IC3) in the 
Transmitter unit. The receiving code is set 
up in the same way using a set of d.i.p. 
switches SI to S6. The non-settable 
address pins 7, 8 and 10 to 13 are fixed 
with a logic state of 0, by tying them to the 

Completed Receiver circuit board 
showing the receiver module plugged 
into an adapted socket. 

OV line. Pin 9 is connected along with 
these because it is the OV input. Data is 
applied to pin 14 (Data In) from the 
receiver module output, pin 14. 

Resistor RI connected between pin 15 
and pin 16 (Oscl and Osc2) sets the 
decoder oscillator frequency. This needs to 
be approximately fifty times higher than 
that used in the transmitter section and the 
specified resistor sets it at 100kHz 
approximately. 
When correct data arrives at IC2 pin 14, 

pin 17 (Valid Transmission) goes high. 
Current then flows, via the resistor R2, 
into the base (b) of transistor TR 1 and the 
buzzer WD1 in the collector (c) circuit 
operates. Since data is received in short 
bursts as determined by the Transmitter 
output, the buzzer will sound with regular 
bleeps. 

CONSTRUCTION - 
RECEIVER 

All components for the Receiver (apart 
from the supply input socket) are also 
mounted on a single-sided printed circuit 
board (p.c.b.). The topside component lay-
out and full size underside copper foil 
track master are shown in Fig.8. This 
board is available from the EPE PCB 
Service, code 262. 
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Fig. 7. Receiver module pin layout and 
function details. 
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Fig.6. Full circuit diagram for the Receiver section of the Garage Link The designation VT at IC2 pin 17 means Valid Transmission. 
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Fig.8. Printed circuit board component layout and full size copper foil track master for the Receiver. 

Begin construction by drilling the two 
fixing holes then solder the terminal block 
TB1, link wire, i.c. sockets and d.i.p. 
switches SI to S6 in position. Use pieces 
of single in-line ( s.i.1.) socket for receiver 
module ICI — do not solder it directly onto 
the board. You could make these by cut-
ting up a dual-in-line socket. 

Solder all resistors and capacitors in 
position taking care over the orientation of 
electrolytic capacitor C5. Add fuse FS I. In 
the prototype this was the p.c.b-mounting 
type; this is convenient because it will 
probably never blow. 

Follow with diode D1, transistor TRI, 
regulator IC3 and buzzer WD I, again, tak-
ing care over their orientation. Note that 
the flat face of the regulator is downwards 
and that of the transistor to the right. Some 
regulators have a different pin arrange-
ment so check this point if necessary. 

PRELIMINARY SET-UP 
Attach a PP3-type battery connector to 

terminal block TB1, taking care over the 
polarity. A 9V battery will be used for test-
ing but it will be replaced with the plug-in, 
mains adaptor, power supply at the end. 

Solder a piece of light-duty stranded 
wire 18cm long to the "aerial" point. This 
corresponds to one-quarter of a wave-
length approximately. Note that, unlike the 
Transmitter aerial, this could be placed 
outside the case. You could even use a 
short telescopic aerial, if you wish. 

Observing the anti-static precautions 
again, insert IC2 and the receiver module, 
ICI, into their sockets. IC1 will only fit 
one way — that is, with the components 
side facing IC2. Take great care when 
inserting it. If too much force is used, the 
pins will bend and possibly damage it. 
Note also that the pins are fairly long and 
will not push fully "home". 

PRELIMINARY TESTS 
Decide on a code for the two units. It 

does not matter what it is but the d.i.p. 
switches (Si to S6) in each unit must be 
set in exactly the same way. 

Connect a PP3 battery to the Receiver 
and pull out the aerial into a straight line. 

Place the two units approximately 2m (6ft 
approx.) apart. Insert the cells into the 
Transmitter battery holder and connect it 
up. Note that the maximum voltage to be 
used with the Transmitter is 6V — more 
than that will damage it. 

With luck, the buzzer will begin sound-
ing with rapid bleeps! Remember, resistor 
Ri is in the circuit and the time period has 
been reduced for testing. 

If it fails to work, change the alignment 
of the transmitter aerial. Try moving the 
units closer together to see if that improves 
matters. Experiment with the adjustment 
of capacitor VC I. 

If it still doesn't work, check that the 
code switches in each unit are definitely 
set in the same way. A faulty soldered joint 
at a d.i.p. switch in either unit could set the 
wrong code and prevent the system from 
working. 

AT FAULT 
If there is still a fault, it is more likely to 

be in the Transmitter because this has two 
distinct sections. These are the encoder 
and transmitter on one hand and the light 
sensor (but this part has been temporarily 
disabled) and astable on the other. If there 
is a persistent fault, you could try isolating 
it to one of these sections. 

First, remove the i.c.s observing the 
anti-static precautions mentioned earlier. 
Now, change the connection of the "test 
link" LK1 on the p.c.b. so that C connects 
to E. This takes IC3 pin 14 to OV and 
allows the Transmitter to send data contin-
uously. If it now works, check the earlier 
stages. If nothing happens, it is more like-
ly that the fault lies in the Receiver. 
Assuming the two units are operating 

over a short range, try increasing it. Move 
them to the point where the buzzer oper-
ates intermittently or in a "chirping" way 
due to periods which lack proper data. 
Adjust VC1 using a plastic trimming tool 
(a metal screwdriver blade will affect 
operation) to tune the Transmitter aerial 
for the best signal. Increase the range to 10 
metres and make further adjustments as 
necessary. Experiment with the orientation 
of the aerials. 

LIGHT WORK 
To check the light-sensing stage (ICI), 

first disconnect the Transmitter battery. 
Observing the anti-static precautions, 
insert ICI taking care over the orientation. 
Adjust preset VR1 fully anti-clockwise 
(this means it does not have to be very 
dark to operate and simplifies testing). 

Re-connect the battery and test the sys-
tem. With sufficient light reaching the 1.d.r. 
(R2) sensitive surface, the buzzer should 
stop sounding. When the I.d.r. is covered, 
it should begin again. If this does not 
work, try covering the 1.d.r. more carefully 
— perhaps sufficient light is still reaching 
it. Cover the I.d.r. with black opaque p.v.c. 
tape so that the transmitter works continu-
ously again. 

ON TRIAL 
With the aid of an assistant, hold the 

two units in various trial positions to find 
the best ones. As with any very low-power 
radio equipment, there will be good and 
bad spots. Check with the car in the 
garage. The orientation of the Transmitter 
loop is important. Set this and the Receiver 
aerial for best effect. 
Do not use metal boxes to house the 

units — only plastic ones. Metal boxes 
would screen the circuits and prevent radio 
waves passing in or out! 

FINAL ASSEMBLY 
- TRANSMITTER 

Place the Transmitter p.c.b. and battery 
holder on the bottom of the box in their 
correct positions. When deciding on the 
orientation of the p.c.b. take account of the 
direction from which the I.d.r. will receive 
light. Ideally, it should end up pointing 
towards the garage door so that when this 
is open, it will receive "outside" light. 
Alternatively, try to direct it towards a 
window. 
Mark through the fixing holes, remove 

everything again and drill them through. 
Holding the p.c.b. in place, a small dis-
tance above the base of the box, mark the 
1.d.r. position. Measure the position of pre-
set VR1 and mark the lid directly above it. 
Remove the p.c.b. and drill these holes. 
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The one for the 1.d.r. should be about the 
same diameter as its window. The hole for 
VR1 should be large enough to allow it to 
be adjusted from the outside using a small 
screwdriver or trimming tool. Drill a hole 
near the right-hand side of the p.c.b. for 
the wires leading through from the garage 
door switch. 

Before attaching the p.c.b., drill two 
holes in the back of the box clear of all 
internal components. These will be used 
for attaching the unit to the wall later. 
Secure the p.c.b. using plastic washers on 
the bolt shanks. The I.d.r. leads should be 
bent so that the window lies a few mil-
limetres behind the hole drilled for it. 
Secure the battery holder using adhesive 
fixing pads or a small bracket. 

The lever-arm microswitch mounted 
on a small metal bracket. 

- RECEIVER 
Disconnect the battery and remove the 

connector from the terminal block TB I. 
Place the Receiver p.c.b. on the bottom of 
its box and mark through the fixing holes. 
Take it out and drill these through. 
Measure the position of the buzzer and 
drill a hole in the lid larger than that in the 
buzzer itself for the sound to pass through. 
Check the type of connector fitted to the 

mains adaptor power supply unit. Drill a 
hole in the side for a socket of the same 
type and attach it. Drill two holes in the 
back of the box, clear of the p.c.b., to 
attach it to the wall later. Secure the p.c.b. 
using plastic washers on the bolt shanks. 

Solder two pieces of connecting wire to 
the power socket. Take care that the cor-
rect tags are used. Check the polarity of 
the power supply unit output and connect 
the wires to terminal block TB1 observing 
the correct polarity. 

If you are unsure about this, do not 
worry. If the receiver does not work at the 
end it will be simply a matter of reversing 
these wires. If you are using a power sup-
ply unit with an adjustable output, you 
may find that the "6V" setting actually 
provides over 9V when used under the 
low-load conditions of this circuit. 

Attach the Transmitter and Receiver 
units in their final positions. 

SWITCHED ON 
Decide on the switching arrangement for 

switch (S7) at the garage door. In the proto-
type, a lever-arm microswitch was used. This 
was attached to a small aluminium bracket 
(see photograph) which was, in turn, secured 
to the door frame. The microswitch had a 
large paddle-style lever which allowed for 
some tolerance in fitting although any type 
could probably be used. 

The switch should be operated by some 
part of the door mechanism which moves 
relatively slowly when the door is operat-
ed. This will avoid heavy jarring as the 
door closes. 

Hold the switch assembly in position 
and check that the lever will be pressed to 
the point where the switch clicks as the 
door reaches its closed position. Check 
carefully that this does not interfere with 
normal operation of the door. 

Attach the switch and make any adjust-
ments as necessary. Make sure the switch 
lever still has some movement left when 

Garage door closed — microswitch 
arm compressed, power off! 

Garage door open — microswitch arm 
released, power on! 

the door is closed so that it is not placed 
under any undue strain. 

CONNECTING UP 
Identify the switch contacts which 

"break" when the door is closed (that is, 
the normally-closed contacts). There is 
usually a diagram of 
this on the side of 
the microswitch. 
Using spade recep-
tacle connectors, 
attach a short piece 
of light-duty twin 
stranded wire to the 
appropriate tags. 
This should be suffi-
cient to reach a 
small junction box 
(the burglar alarm 
type is ideal) attached near the door 
frame. 

Referring to Fig.9, complete the exter-
nal wiring. Any light-duty twin stranded 
wire will be suitable. You will need to 
place a 2-way piece of screw terminal 
block TB2 inside the transmitter case. 

Cut the red battery connector wire and 
connect its free ends to the terminal block. 
Connect the switch wires to the block, via 
the junction box, as shown. If two switch-
es are used for two doors, connect them in 
parallel. 

Connect the power supply unit to the 
Receiver and test the whole system. If it 
fails to work, reverse the polarity of the 
power supply wires. 

The Receiver aerial wire could be either 
routed around the inside of the case (make 
sure the end is insulated so that it cannot 
make metallic contact with any internal 
components. Alternatively, it can be allowed 
to hang outside through a small hole. 

LIGHTING-LIP TIME 
It is now time to remove the tape from 

the I.d.r. in the Transmitter so that the 
light-sensing part operates. Wait until it is 
dark enough and, with the lid in place and 
the garage door open, adjust preset VR I so 
that the system just responds at this point. 

You will find that the light level at 
which the unit starts to operate (going 
dark) is not quite the same as that at which 
it stops operating (going light). This is due 
to the effect of feedback resistor R5 in the 
Transmitter. If the effect is too pro-
nounced, increase its value or remove it. 

You may find that the 1.d.r. "sees" the 
garage light when this is switched on. Of 
course, this would hold the buzzer off. This 
would probably be an advantage because 
if someone was working in the garage at 
night with the door open, the buzzer would 
not sound. 

TRANSMITTER 
PC B 

+ 6V 
0 

TERMINAL 
BLOCK 
182 

DOOR-OPERATED 
JUNCTION MICROMMTCH 

BO% 

8V 
BATTERY 
PACK 

UGHT-DLITY 
TWIN WIRE 

Fig.9. Interwiring between the Transmitter and remote door-
operated microswitch. 

If you want it to operate under these 
circumstances, shield the I.d.r. so that the 
garage light does not reach it. Bending 
its leads so that it lies further behind the 
hole and directing the unit more careful-
ly at the source of "outside" light will 
also help. 
Remove the Transmitter lid and cut 

through one of the leads of test resistor, Rt. 
Move the cut ends apart to prevent them 
from touching. The buzzer should now 
give a short bleep every 45 seconds 
approximately. 

ON APPROVAL 
Before putting the system into perma-

nent service, it is important to display a 
mark on the transmitter stating that it con-
forms to DTI Specification MPT1340. 
This must state the wording "MPTI340 
W.T. Licence Exempt". The size must not 
be less than lOmm x 15mm and the figure 
height must not be less than 2mm. EI 
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mulurfflum FOI alatoncsuanace6 COMM PROJECTS 
We can supply back issues of EPE and ET! (see panel) by post, most EPE issues from the past five years are available An EPE index for the last five years is also avail-
able - see order form. Alternatively, indexes are published in the December issue for that year. Where we are unable to provide a back issue a photostat of any one arti-
cle (or one part of a series) can be purchased for the same price. 

DID YOU MISS THESE? 
NOV 98 Photostats Onl 

PROJECTS • PIC Tape Measure • 15-way Inf ra-
Red Remote Control • T-Stat Electronic 
Thermostat - 1 • PhizzyB Computers - 1. 
FEATURES • Circuit Surgery • Ingenuity 
Unlimited • New Technology Update • Net Work 
- The Internet • Easy PC for Windows 95 Review 
• FREE EPE CD-ROM No.1. 

DEC 98 Photostats Onl 
PROJECTS • EPE Mind PICkler-1 • Fading 
Christmas Lights • Handheld Function Generator 
• Damp Stat Electronic Thermostat • PhizzyB 
Computers-2. 
FEATURES • PhizzyB Computers-2 Under-
standing Computers • Circuit Surgery • Ingenuity 
Unlimited • Index • FREE 48-page 
Understanding Passive Components booklet. 

JAN 99 
PROJECTS • Alternative Courtesy Light 
Controller • Twinkle Twinkle Reaction Game • 
Volume Compressor • PhizzyB Computers-3 • 
EPE Mind PICkler-2. 
FEATURES • New Technology Update • From 
Russia With Love • Circuit Surgery • PhizzyB 
Computers-3 • Net Work, 

FEB 99 
PROJECTS • PIC MIDI Sustain Pedal • Light 
Alarm • Wireless Monitoring System-1 • PhizzyB 
Computers-4. 
FEATURES • Ingenuity Unlimited • Scolar 
Project • PhizzyB Computers-4. 

MAR '99 
PROJECTS • Smoke Absorber • Auto Cupboard 
Light • PhizzyB Computers-5 • Time and Date 
Generator • Wireless Monitoring System-2. 
FEATURES • Ingenuity Unlimited • I/ITSEC Show 
Report • PhizzyB Computers-5 • Practically 
Speaking • Circuit Surgery • Net Work. 

APRIL 99 
PROJECTS • Mechanical Radio • Voice Record/ 
Playback Module • Versatile Event Counter • 
PhizzyB Computers-6 • Ironing Board Saver. 
FEATURES • Microcontrollers • PhizzyB 
Computers-6 • MAX761 D.C. to D.C. Converter • 
Interface • Circuit Surgery • Net Work • FREE 
48-page Basic Soldering Guide booklet. 

MAY '99 
PROJECTS • MIDI Handbells • A.M./FM. Radio 
Remote Control • PhizzyB Computers-7 • PIC 
Toolkit Mk2-1. 
FEATURES • PC Engines - From 4004 to 
Pentium III • Ingenuity Unlimited • Practically 
Speaking • PhizzyB Computers-7 • Circuit 
Surgery • New Technology Update • Net Work • 
FREE pull-out 7400 series Pinout Data Chart. 

JUNE 99 
PROJECTS • Clipping Video Fader (Starter 
Project) • PC Audio Frequency Meter • Musical 
Sundial • PIC Toolkit Mk2-2. 
FEATURES • Alan Dower Blumlein • Circuit 
Surgery • Interface • PhizzyB Computers-8 • 
Ingenuity Unlimited • Edison 3 Review • Net 
Work - The Internet. 

JULY '99 
PROJECTS •12V Lead-acid Battery Tester • 
LE.D. Stroboscope • EPE Mood Picker • Intruder 
Deterrent. 
FEATURES • Practical Oscillator Designs-1 • 
Practically Speaking • Circuit Surgery • Ingenuity 
Unlimited • New Technology Update • Net Work 
- The Internet 

AUG '99 
PROJECTS • Ultrasonic Puncture Finder • 
Magnetic Field Detective • Freezer Alarm • 8-
Channel Analogue Data Logger- 1 • Sound 
Activated Switch. 
FEATURES • Practical Oscillator Designs-2 • 
Power Generation from Pipelines to Pylons- 1 • 
Ingenuity Unlimited • Circuit Surgery • New 
Technology Update • Interface • Net Work - The 
Internet. 

SEPT '99 
PROJECTS • Loop Aerial SW Receiver • Child 
Guard • 8-Channel Analogue Data Logger-2 • 
Variable Dual Power Supply. 
FEATURES • Practical Oscillator Designs-3 • 
Power Generation from Pipelines to Pylons-2 
• Practically Speaking • Circuit Surgery • 
Ingenuity Unlimited • New Technology Update 
• Net Work. 

OCT 99 
PROJECTS • Interior Lamp Delay • Mains Cable 
Detector • OWL Loudspeaker System • Micro 
Power Supply. 
FEATURES • PIC16F87x Mini Tutorial • Practical 
Oscillator Designs-4 • Circuit Surgery • Interface 
• New Technology Update • Ingenuity Unlimited • 
Net Work - The Internet. 

NOV 99 
PROJECTS • Acoustic Probe • Vibralarm • 
Ginormous Stopwatch-1 • Demister One-Shot. 
FEATURES • Teach- In 2000-Part 1 • Ingenuity 
Unlimited • Practically Speaking • Practical 
Oscillator Designs-5 • Circuit Surgery • New 
Technology Update • Net Work - The Internet 
FREE Identifying Electronic Components booklet. 

DEC '99 
PROJECTS • PIC Micro-Probe • Magnetic Field 
Detector • Loft Guard • Ginormous Stopwatch - 
Giant Display-2. 
FEATURES • Teach- In 2000-Part 2 • Practical 
Oscillator Designs-6 • Interface • Ingenuity 
Unlimited (Special) • Circuit Surgery • 
Network-The Internet • 1999 Annual Index. 

JAN 00 
PROJECTS • Scratch Blanker • Versatile Burglar 
Alarm • Flashing Snowman • Vehicle Frost Box. 
FEATURES • Ingenuity Unlimited • Teach- In 
2000-Part 3 • Circuit Surgery • Practically 
Speaking • Tina Pro Review • Net Work - The 
Internet. 

FEB '00 
PROJECTS • PIC Video Cleaner • Voltage 
Monitor • Easy-Typist Tape Controller • Find It - 
Don't Lose It' 
FEATURES • Technology Timelines-1 • Circuit 
Surgery • Teach- In 2000-Part 4 • Ingenuity 
Unlimited • Interface • Net Work - The Internet. 

MAR '00 
PROJECTS • EPE ICEbreaker • High 
Performance Regenerative Receiver-1 • Parking 
Warning System • Automatic Train Signal. 
FEATURES • Teach- In 2000 - Part 5 • Practically 
Speaking • Technology Timelines-2 • Ingenuity 
Unlimited • Circuit Surgery • New Technology 
Update • Net Work - The Internet. 

BACK ISSUES ONLY £2.75 each inc. UK p&p. 
Overseas prices £3.35 each surface mail, £4.35 each airmail. 
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No. I. We are not able to supply any material from ETI prior to 1998. Please put ETI clearly on your order form it you require 
ET! issues. 
Where we do not have an issue a photostat of any one article or one part of a series can be proveed at the same price. 

ORDER FORM - BACK ISSUES - PHOTOSTATS- INDEXES 

CI Send back issues dates   

Send photostats of ( article title and issues date)   

E Send copies of last five years indexes (£2.75 for five inc. p&p - Overseas £3.35 Surface, £4.35 airmail) 
Name   

Address   

E I enclose cheque/P.O./bank draft to the value of £   
Please charge my Visa/Mastercard £ 

Card No ,,   Card Expiry Date   

Note: Minimum order for credit cards £5. Please supply name and address of cardholder if different from that shown above 

SEND TO Everyday Practical Electronics, Allen House, East Borough, Wimbome, Dorset BH21 1PF. 
Tel 01202 881749 Fax 01202 841692 IDue to the cost we cannot reply to overseas queries or orders by Fax 1 

E-mail: orders@epemag wimborne co uk 
Payments must be e sterlInq - cheque or bank draft drawn on a UK bank Normally suppled «the seven days of receopt of order. 

Send a copy of this form, or order by letter of you do riot wosh to cut your issue Ma00 
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ICEBREAKER 
DE1000000013 

N\soci PIC Real Time 
In-Circuit 
Emulator 

20MHz full speed operation 
PC Serial port connection 
Use With Microchip MPLAB 
Standard MPASM Language 
PCB with solder mask & component ID 
Kit with all components, PIC16F877 
Solderless Breadboard, lcd, 
Serial Lead, and Software 

Kit 900   £34.99 

GENT 
ELECTRONICS LTD 

* SPECIAL OFFER UNTIL 31st MARCH 
Includes Stepping Motor & Power Supply 

135 Hunter Street, Burton-on-Trent. Staffs. DE14 2ST 
Tel: 01283 565435 Fax: 546932 
http: www.magenta2000.co.uk 
E-mail: sales@magenta2000.co.uk 

All Prices Include VAT. Add £3.00 p&p. £6.99 next day 

1111111 MUM a•111 II 

Tel: 01536 204555 or Fax: 01536 405555 to order 

OMNI 

OPEN AN 
ELECTROMAII. 
ACCOUNT 

Ask for details about opening an 
account, which can give you up to 
50 days' interest tree credit by 

paying by Variable 
Direct Debit. 

U. •  rstore 
that's always open 

The Electromail CD-ROM Catalogue contains more than 107,000 technical products, all available 

from stock for same or next day despatch. All you have to do is make your selection from the 

CD-ROM and phone your order through to our 24 hour orderline - any day of the week. 
— 
— Our sister company, RS Components, is the U.K.'s largest distributor of electronic, electrical and mechanical 
:7( - products to technical professionals. The Electromail CD-ROM makes this extensive product range available to 
.-. 
c technical hobbyists and small businesses, and there's a comprehensive library of product datasheets already on 

ee the CD-ROM which contain detailed information on the majority of our product range. There are also technical 
f— 
C..; helplines. to answer more specific enquiries, relating to 

your actual intended application. 

Al just £3.99. the Electromail CD-ROM gives you 

everything at your fingertips, with the service back-up 

which is second to none. 

1EIECTRODMIll 
Electromail, P.O. Box 33, Corby, Northants. NN17 9EL. 

Please quote stock number 342-6067 when ordering, and have your credit card information available. 
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SURFING THE INTERNET   

NET WORK 
ALAN WINSTANLEY 

I'm all .sch.uk up 

ONE of the first things to ponder when creating an Internet pres-
ence is what domain name to adopt, and it is here that many 

organisations may immediately face a difficulty: someone may 
already have beaten them to it, so they may be forced into using 
something less relevant (or memorable) instead. 
The fact is that the demand for domain names has rocketed since 

the late 1990's. In effect, if you can think of a name, a word or a 
place then there is a good chance that the domain name has already 
been spoken for. However the practice of "cybersquatting" on a 
domain name is increasingly frowned upon, and there have been 
several celebrated cases of failed attempts to profit from a name, by 
trying to sell it to its rightful but less forward-thinking owner (e.g. 
marksandspencer.co.uk). 
The laws of attempted passing-off and trademark infringement 

may also be invoked. In short, you cannot apply for your "own" 
domain name soon enough, if only to prevent competitors from 
beating you to it, so if you are contemplating creating an Internet 
presence now or in the future, then you should investigate this 
aspect with some urgency. 
The issuing of the .uk top-level domain (TLD) name is controlled 

by Nominet (www.nominet.org.uk), and the cost of a dot-UK 
name has fallen dramatically to reflect the increased uptake. 
Second-level domains (SLDs) include .co.uk for commercial 
organisations, or if the names are registered at Companies House, 
.plc.uk for public limited companies and .1td.uk for limited liabili-
ty companies, together with .sch.uk for UK schools. 

It is important to note that domains are issued on a first-come, 
first-served basis, and names are sometimes bought as a defensive 
measure to prevent them falling into the hands of other parties. A 
whole different set of rules relates to the popular dot corn domains, 
and you should refer to Network Solutions at www.networksolu-
tions.com if necessary. 

Although it is easier than ever before to apply for a domain name, 
things can get rather complicated because there are several parties 
to the Nominet agreement. Firstly, there's you - the Registrant. The 
domain name is registered in your name (literally), so you gain the 
right to its exclusive use provided that Nominet's fees and terms are 
met. An Administrative Contact will be assigned, together with 
Billing and Technical Contacts; often these are the sanie. Using the 
Nominet WHOIS look-up (www.nominet.org.uk/whois.html), 
you can find out if .uk domain names are already taken. Also see 
www.netnames.co.uk to search for .uk and .com names. 
The simplest way of acquiring a domain name is to ask an ISP to 

arrange it for you. Hopefully they will be members of Nominet, not-
ing that the ISP acts as your agent only when completing the for-
malities on your behalf, using their credit account with Nominet. 
You can also opt to buy your name directly from Nominet at a 

cost of £80 + VAT for the first two years. The system is quite trans-
parent as regards the registration costs, though, and Nominet mem-
bers pay a heavily discounted price - only £5 plus VAT for two 
years, although membership itself costs £500 plus VAT to start with. 

I'll name that domain in one 
The market in web domains is now global, and on-line auctions 

such as those at Amazon.co.uk list names offered for sale for as 
much as $ 1,000,000. Some domain name and web design compa-
nies are doing a roaring trade in marketing domain names simply by 
cashing in on the ignorance of users in order to make a profit. One 
recent case involves an acquaintance working in the electronics 
industry who was approached by a dubious Internet company from 
the south of England. The representative phoned to say that some-
body had recently tried to register my friend's company name as a 
domain and in order to prevent this happening again, he should 

register his name immediately. The Internet company "could do this 
for him for a fee" (surprise) and faxed through the application 
forms twice. I can imagine many inexperienced people falling for it. 

Happily my friend suspected something fishy was going on. Clearly 
they were simply going through a directory of business names, picking 
out likely-looking sales leads and checking if a domain is already reg-
istered before phoning to drum up some trade. Beware of any such 
agreements, especially if they handicap your ability to move the name 
elsewhere. Most reputable ISPs will co-operate with each other if you 
decide to move, especially if they are ISPA members. 

FREENETNAMES 
In the event my colleague responded by getting his domain name 

for free instead! The Internet Service Provider Freenetname 
(www.freenetname.co.uk) adopts an altogether different approach. 
They will offer you your choice of domain name for free, along 
with 20MB of free web space and E-mail as well. You must dial in 
via a local rate Freenetname dial-up account, which is how the offer 
is financed. A CD ROM is provided with pre-configured software. 

This deal almost seems too good to be true, yet there appear to be 
no catches. Rather confusingly, Freenetname says in its FAQ that the 
domain is registered "in the name of the person entered when the orig-
inal Freenetname dialup account was created" and later says that "as 
long as the Freenetname Terms and Conditions... are upheld, the 
domain can continue to be used by the customer free of charge." 

However, if your account lapses (after 90 days or more of disuse), 
or if your Freenetname dialup account is terminated, then the 
domain name "remains the property of Freenetname" says the FAQ. 
At least you can choose to buy it outright from Freenetname for 
payment of a nominal fee, or transfer it to another firm. The whole 
situation regarding the rights to use a domain name can become 
very confusing, and it's worth looking around the Nominet site and 
also downloading their terms and conditions. 
An associate is currently testing Freenetname and the dial-up 

bandwidth appears to be average and fairly uninspiring (as a 5Mb 
download proved). However it beats paying a cold-calling salesman 
trying to cash in on your entitlement to a domain name. 

Even English village names ( 15,000 of them) have been 
hoovered up and registered by the parochial portal builder 
Webhound Ltd. (wwvi.any-web.co.uk). Judging by the defensive 
and indignant tone of their on-line FAQs (see www.any-
web.co.uk/Portal/Towns/Towns_FAQ.asp),Webhound's shopping 
spree has had some stick and upset many prospective domain name 
users. The firm was forced to withdraw its original plan to sell a 
number of village domains to finance the rest of their portal-build-
ing project, saying that their site would ultimately be financed by 
paid-for advertising. They will also charge customers for the privi-
lege of a domain-related E-mail address. Their proposal to develop 
an entire portal at www.ANY-Town.co.uk containing a localised 
web content for 15,000 villages in Great Britain, seems an overly 
ambitious undertaking. 
Webhound also aspires to build a genealogy portal site, and to 

facilitate this they claim unashamedly to have registered a large 
number of surnames as dot-com domains. Their web site declares 
that in their view "surname domain names should be shared by all 
people of that name and not the lucky individual who registered it 
first." Of course, this disingenuous ploy overlooks the fact that 
Webhound Ltd. was a "lucky" company which used exactly the 
same rules of first-come, first-served to grab all those surnames for 
itself in the first place. Perhaps the whole lot will be sold off one 
day in another Internet merger or takeover, village names and all. 
Winstanley dot corn is already spoken for, by the way. 
You can contact me by E-mail to alaneepemag.demon.co.uk. 

My web site is at http://homepages.tcp.co.uki-alanwin. 
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CONTROL St ROBOTICS 
ilford Instruments 

BASIC Stamp Microcontrollers 
Still the simplest and easiest way to get your project or 
development work done. BASIC Stamps are small computers that 
run BASIC programmes. With either 8 or 16 Input-Output pins 
they may be connected directly to push-buttons, LEDs, speakers, 
potentiometers and integrated circuits such as digital 
thermometers, real-time clocks and analog-digital converters. 
BASIC Stamps are programmed using an ordinary PC running 
DOS or Windows. The language has 
familiar, easy- to- read instructions such 
as FOR...NEXT, IF.. THEN and GOT. 
Built-in syntax make it easy to measure 
and generate pulses, read push-
buttons, send/receive serial data etc. 
Stamps from £25 (single quantities), 
Full development kits from £79 

• 
PROGRAMMING 
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Full information on using BASIC 
Stamps plus lots of worked 
projects and practical 
electronics help. CD-ROM also 
includes 30+ past magazine 
articles and Stamp software. 
£29.95 

Stamp2 based 3-axis machine 
Stepper drive to X, Y and Z axes with 0.1mm 
(4thou) resolution. 
Kit conains pre-machined frame components. IComplete with Windows software for drilling 
pcbs. 

.!_, Full kit at £249, Part kit at £189 
• . 

«.« 

TecArm4 
New range of robotic arms 
for educational and hobbyist use 
with super powerful servos. 
Controlled From PC (Windows 
freeware provided) or from optional 
keypad. Stands about 450mm 
high when fully extended. 
Kit includes all pre-cut body 
parts, servo controller board, 
servos and software. Requires 9v Dc Kits start at £ 189 

On Screen Display 
Superimpose text onto 
standard CCTV from simple 
RS232 serial line. 
Ready built/tested at £59 

IR Decoder Board 
Control your project using a standard domestic 
IR remote. 
7 Output lines ( 5v @ 20mA) may be set to 
momentary or toggle action. 
Simple teaching routine. Requires 9-12vDC 
Supplied built and tested. 
£29 single quantity 

Milford Instruments 
120 High Street, South Milford, LEEDS L525 5AQ 
Tel: 01977 683665 Fax: 01977 681465 
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New to PICs or just wanting to learn more tricks? 
We stock the excellent PIC primer books 

from David Benson-
suitable for the complete beginner to the advanced user. 
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Low power, easy 
serial interface 

1- r-i 

SIZES rh; 

SERIAL LCDs 
Bannish the hassle of interfacing to LCD displays. 

We stock a comprehensive range of alphanumeric and Graphic LCDs - 
all with an easy- to- use standard RS232 serial Interface. Sizes from 

2x16 to 4x40 plus 128x64 graphic panels. 
Prices start at £25 (single quantity) 

StampBug 
Stampl based walking insect 
Forwards,backwards and left/right turn when 
feelers detect object in path. Up to 2 hours 
roving from irl,r-AA Nicads. Chips pre-
programmed but programme may be changed 
(software supplied). Body parts pre-cut. 
Full kit £68 

BigFoot 
Stampl based walking 
humanoid 
Walks forwards/backwards 
with left and right turn when 
detects obstacles. Electronics 
pcb pre- built and tested. 
Programme pre-loaded but 
may be changed with 
supplied software. 
Full kit £68 

Alex- Animated Head 
Stamp2 based controller with voice record-playback 
capability, PIR input and/or random playback. 4- servo 
actions are recorded/edited one track at a time. May 
also be controlled from PC. 
Head kits start at £29. Controllers from £29 

Servo Driver Board 
Control up to 8 standard hobby servos from an RS232 
serial data line using this controller board. Simple command 
structure holds servos in position until update is received. 
Fully built and tested- requires 9vDC and servos. Supplied 
with Windows freeware. 
£29 single quantity. Optional keypad available. 

All prices exclude VAT and shipping. 
BASIC Stamp is the registered trademark of Parallax Inc. For further 
details on the above and other interesting products, please see our web site-
www.milinst.demon.co.uk 
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Special Feature 

TECHNOLOGY 
TIMELINES 
PART 3 - COMMUNICATIONS AND 
RELATED TECHNOLOGIES 1900-1999 
CLIVE "MAX" IWAXFIELD AND ALVIN BROWN 

Boldly going behind the beyond, behind which no-one 
has boldly gone behind, beyond, before/ 

T
HE purpose of this series is to review 
how we came to be where we are day 
(technology-wise), and where we 

look like ending up tomorrow. 
In Part 1 we cast our gaze into the depths 

of time to consider the state-of-the-art in 
electronics, communications, and comput-
ing leading up to 11:59pm on the 31st 
December 1899. 

In Part 2 we discussed fundamental 
electronics between 1900 and 1999. Now, 
in Part 3 we consider some of the key dis-
coveries in communications and related 
technologies that occurred during the 20th 
Century. 

MIND BOGGLING! 
When we originally set out to write this 

instalment, we had thought it would be pos-
sible to describe a linear progression of 
developments, starting with the Morse 
Telegraph in 1837 and leading steadily 
onwards and upwards to the present day 
(we were young and foolish then). 

For example, surely television was sim-
ply the next step after radio? Well not quite, 
because the first televisions were mechani-
cal in nature, and used cable as a transmis-
sion medium. 

In fact, the communications arena is a 
complete mish-mash of developments. 
Many core concepts were developed in iso-
lation (the telephone and the radio, for 
example) and then brought together some-
time later. 

Similarly, communications media tend 
to come into favour, fall by the wayside, 
and then reappear with "go faster stripes". 
For example, copper telephone cables were 
displaced by radio waves and satellites, but 
now fibre-optic cables are proving to offer 
more efficient and cost-effective solutions 
in certain cases. 

However, if we take a high-level view of 
communications over the last 100 years, 
four core technologies stand out as being 
particularly significant: the telephone, 
radio, television, and the Internet. There 
are also the key underlying delivery media, 
including cable (copper and fibre-optic) 
and radio transmissions. 

Similarly, there are enabling technolo-
gies such as satellites and computers, along 
with off-shoot technologies such as 
microwaves (leading to radar and 
microwave ovens), radio astronomy, and — 
the list goes on. Thus, rather than attempt-
ing to artificially force everything into a 
linear progression, we are going to consid-
er some of these core developments areas 
in whatever order we think makes sense! 

EARLY RADIO 
As the world entered the 20th Century, com-

munication by means of radio waves was still 
only just beginning to emerge. Even though the 
telephone had been around for nearly 25 years, 

there was little thought given to using radio 
waves to communicate verbal messages, 
because the best that could be achieved was to 
transmit and receive individual pulses. 

This meant that the first use of radio as a 
communications mechanism was in the 
form of the RadioTelegraph, which was 
used to transmit messages in Morse Code. 

During the early 1900s, Marconi's 
RadioTelegraphs were developed to the 
extent that they were installed on some ocean 
going vessels. However, these systems were 
mainly used to send commercial messages 
dubbed "Marconi Grams", and using them 
for such things as distress calls was not par-
ticularly high on anyone's priorities. 

Crystal radio made by George Leadbetter, Worcestershire, 1910. This set is docu-
mented as having received Titantic's distress call on 15 April 1912. Courtesy National 
Vintage Communications Fair ( also see this month's News pages). 
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In fact, it was not until 1912 that govern-
ments started to mandate the installation of 
wireless equipment on ships following the 
sinking of the Titanic, whose radio operator 
sent out distress signals after the vessel col-
lided with an iceberg. 

DIODES AND TRIODES 
Meanwhile, as far back as 1883, 

William Hammer (an engineer working 
for the American inventor Thomas Alva 
Edison) observed that he could detect 
electrons flowing from the lighted fila-
ment to a metal plate mounted inside an 
incandescent light bulb. This Edison 
Effect was subsequently used to create a 
vacuum tube rectifier by the English elec-
trical engineer, John Ambrose 
Fleming in 1904 (this device was 
called a diode because it had two 
terminals). 

Diodes were soon used in radio 
receivers to convert a.c. to d.c., 
and also to detect radio frequency 
signals. Unfortunately, Fleming 
didn't fully appreciate the possi-
bilities inherent in his device, and 
it was left to the American inven-
tor Lee de Forest to take things to 
the next stage. In 1907, de Forest 
conceived the idea of placing an 
open-meshed grid between the 
cathode (the heated filament) and 
the positively biased anode (called 
the plate). 
By applying a small voltage to 

the grid in his Audion tube (which 
soon became known as a triode 
because it had three terminals), de 
Forest could cause a much larger 
voltage change to be generated at 
the plate. 

This was extremely significant 
for the fledgling radio industry, 
because it became possible to 
amplify radio signals captured by 
the antenna before passing them 
to the detector stage, which made 
it possible to use and detect much 
weaker signals over much larger 
distances than had previously 
been possible. 
The triode was really rather cunning, but 

of more significance was de Forest's 1912 
discovery that he could cause his device to 
oscillate. This allowed him to replace exist-
ing spark transmitters with vacuum tube-
based oscillators that could generate purer, 
more stable radio waves. 

A Strowger automatic telephone of about 1905. Courtesy of 
Science Museum/Science and Society Picture Library. 

RADIO SET 
One question that is often asked is "Why 

is a radio commonly called a radio set or a 
wireless set? In fact, early radio systems 
intended for home use essentially consisted 
of three stages: the receiver (to detect and 
pre-amplify the signal), the demodulator 
(to extract the audio portion of the signal), 
and the main amplifier (to drive the loud-
speaker). 

All of these stages were packaged in 
their own cabinets, which had to be con-
nected together. Hence the user had to pur-
chase all three units which formed a set, 
and this term persisted long after all of the 
components started to be integrated into a 
single unit. 

In addition to requiring a mains supply 
to provide their high internal voltages, 

vacuum tube-based radios tended to be 
somewhat large, so the thought of a pocket 
radio didn't strike many people as being 
practical. However, the invention of the 
transistor in 1947 opened the floodgates for 
a whole raft of new applications. 

In 1954, the Regency TR-I, the first 
pocket transistor radio, was introduced in 
the USA. The Japanese transistor radio 
(TR-52) was produced, but not put on sale. 
It was the TR-55 which was the first com-
mercial Japanese "tranny", introduced in 
1955 by Sony. (SONY used to be called 
Tokyo Tsushin Kogyo Ltd in those now far-
off days, but this didn't exactly roll off the 
tongue so you can see why they decided to 
change it). 

THE TELEPHONE 

Considering the fact that Alexander 
Graham Bell filed his patent for the first 
telephone in 1876, the actual development of 
this device has, in many ways, been remark-
ably slow compared to other consumer-ori-
entated technologies. In the early days this 
was due to several reasons, not the least that 
there was no existing infrastructure (why 
have a phone if none of your friends have one 
and there is no one to call?). 
By some strange quirk of fate, when an 

infrastructure eventually came along, it was 
so costly and huge that the technology had 
to migrate forward slowly. The fact that 
new systems had to work alongside old 
ones served to curtail revolutionary 
changes and to dictate an evolutionary 
adoption of new technology. 

For example, it took British Telecom 
more than ten years to transition from 
electromechanical technology to its digital 
equivalent. Furthermore, these electro-
mechanical switching exchanges, many of 
which persisted well into the 1990s, were 
themselves based on techniques that had 

been invented in America by Almon B. 
Strowger 100 years earlier. 

AUTOMATIC 
SWITCHING 
As fate would have it, Strowger was an 

unlikely character to have had such an 
impact on the development of telephone 
exchanges around the world. As an under-
taker in Kansas City, USA, Strowger was 
an "early adopter" of telephone technolo-
gy, because he thought it would facilitate 
potential customers (or at least their rela-
tives) contacting him. 

However, telephone exchanges in those 
days were manual, which meant that the 
person placing the call first contacted an 

operator, who then physically 
made the connection between the 
caller and the intended recipient. 
As fate would have it, the oper-

ator who handled Strowger's calls 
was the wife of a competing 
undertaker. Thus, when potential 
clients tried to contact Strowger, 
she would instead connect them to 
her husband's business (the little 
rascal). 

Not surprisingly Strowger 
found this state of affairs to be 
somewhat frustrating, so he set 
about designing an automatic sys-
tem that would remove the opera-
tor (in the form of his competi-
tor's wife) from the picture. 

In fact, Strowger did not really 
invent the concept of automatic 
switching — Connolly and 
McTigthe had discussed the idea 
as early as 1879 — but with the 
help of his nephew (Walter S. 
Strowger) he was the first to come 
up with a practical implementa-
tion based on banks of electro-
mechanical relay selectors in 
1888. 

In 1901, Joseph Harris licensed 
Strowger's selectors to the 
Automatic Electric Co (AE). The 
first dial telephone was invented 
in 1905, and the combination of 
dial telephones and Strowger 

selectors paved the way for automatic tele-
phone exchanges, such as the first public 
automatic telephone exchange in the UK, 
which opened in Epsom, Surrey in 1912. 
Of course, Strowger exchanges were ini-

tially only used to process local calls — oper-
ator assistance was still required for long 
distance and international calls. In fact, it 
wasn't until 1971 that it became possible to 
direct-dial between the US and Europe! 

TESTING, 1, 2, 3 
With the advent of the triode valve in 

1907 and the discovery of vacuum tube-
based oscillators in 1912, it became appar-
ent that speech could be transmitted by 
radio. The first significant demonstration of 
this concept occurred in 1915, when speech 
signals were successfully transmitted 
across the Atlantic between Arlington, 
Virginia, and Paris, France. 
One year later, a ground-to-air radiotele-

phone message was transmitted from an 
airfield at Brooklands, England, to an air-
craft flying overhead. 
The first commercial radiotelephone ser-

vice came into being in St Louis, Missouri, 
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USA in 1946, but once again progress was 
somewhat slow due to the infrastructure 
and bureaucracy. 

Following a number of attempts, the first 
mobile phone service started operating in 
North America in 1978. Across the 
Atlantic, the first cellular service was intro-
duced in Europe in 1981 in the form of the 
Nordic mobile telephone system. 

In fact, it is interesting to note that 
although America was the first to deploy a 
cellular service, the multiple competing 
standards in the USA have caused that mar-
ket to become segmented and fragmented. 
By comparison, Europe and Japan are 

now years ahead of the USA, because they 
were quick to adopt a common standard. 
For example, as of 1998 there were 100 
million cellphone subscribers in Europe, 
with 5 million new subscribers joining each 
month. 

MECHANICAL TV 
Television, which comes from the Greek 

tele, meaning distant and the Latin visio, 
meaning seeing or sight, has arguably 
become one of the wonders of the 20th 
Century. 

Prior to the advent of electronic scan-
ning, all workable television systems 
depended on some form or variation of the 
mechanical sequential scanning method 
exemplified by the Nipkow disk (as dis-
cussed in Part 1). 

Modern television systems are based on 
the cathode ray tube (CRT). The idea of 
using a cathode ray tube to display televi-
sion images was proposed as early as 1905, 
but progress was hard fought for, and it 
wasn't until the latter half of the 1920s that 
the first rudimentary television systems 
based on cathode ray tubes became opera-
tional in the laboratory. 

There are two primary requirements for 
a functional television system: a technique 
for capturing an image and a way to display 
it. Following Nipkow's experiments, other 
inventors tried to move things forward with 
limited success. The history books mention 
several names in this regard, such as John 
Logic Baird, a Scotsman who used a 
derivation of Nipkow's disks for capturing 
and displaying pictures during the latter 
half of the 1920s and the early 1930s. 
The British Broadcasting Corporation 

(BBC) allowed Baird to transmit his pic-
tures on their unused radio channels in the 
evening. By 1 9S4, even though he could 
only transmit simple pictures with a max-
imum resolution of around 50 lines, Baird 
had sold thousands of his Televisor 
receivers around Europe in the form of 
do-it-yourself kits. 

Meanwhile, on the other side of the 
Atlantic, the Radio Corporation of America 
(RCA) experimented with a system con-
sisting of a mechanical disk camera com-
bined with a cathode ray tube display. 
Using this system, RCA transmitted a pic-
ture of a model of Felix the Cat endlessly 

OUOTABLE °VOTES 
"The radio craze will die out in time", 

Thomas Edison, 1922 
"While theoretically and technically 

television may be feasible, commercially 
and financially I consider it an impossi-
bility", Lee de Forest, 1926 

Ferguson Model 993T 14-inch console 
television, original invoice dated 
29/5/54 for £75-12s-Od. Courtesy 
Dreweatt-Neate. 
rotating on the turntable of a record player 
in the early 1930s. 

PHILO FARNSWORTH 
Strange as it may seem, relatively few 

reference sources seem to be aware of the 
real genius behind television as we know it 
today — an American farm boy named Philo 
T. Farnsworth from Rigby, Idaho, In 1922, 
at the age of 14, with virtually no knowl-
edge of electronics, Philo conceived the 
idea for a fully electronic television system. 
Flushed with enthusiasm, he sketched his 
idea on a blackboard for his high school 
science teacher. 

Over the years, Philo solved the prob-
lems that had thwarted other contenders. 
He invented a device called an Image 
Dissector, which was the forerunner to 
modern television cameras, and he also 
designed the circuitry to implement hori-
zontal and vertical flyback blanking signals 
on his cathode ray tube, which solved the 
problems of ghosting images. 
By the early 1930s, Philo could transmit 

moving pictures with resolutions of several 
hundred lines, and all subsequent televi-
sions are directly descended from his orig-
inal designs. 
As video historian Paul Schatzkin told 

the authors: "Many engineers and scientists 
contributed to the emergence of the televi-
sion medium, but a careful examination of 
the record shows that no one really had a 
clue until Philo Farnsworth set up shop in 
San Francisco at the age of 20 and said: 
"We'll do it this way!". 

COLOUR TELEVISION 
Perhaps the earliest proposal for colour 

television is to be found in a German patent 
from as far back as 1904. However, it was 
not until 1928 that Baird gave the first prac-
tical demonstration of a colour television 
using mechanical scanning based on a 
Nipkow disk having three spirals of 30 
apertures, one spiral for each primary 
colour in sequence. 

As we've already discussed, however, 
electronic techniques came to dominate the 
market, and creating colour variations of 

TIMELINES 
1901: Marconi sends a radio signal 

across the Atlantic. 
1902: US Navy installs radio tele-

phones aboard ships. 
1902: Transpacific cable links 

Canada and Australia. 
1904: Telephone answering machine 

is invented. 
1905: Dial telephone is invented. 
1906: Dunwoody and Pickard build a 

crystal-and-cats-whisker radio. 
1906: America. First radio program 

of voice and music is broadcast. 
1907: Lee de Forest begins regular 

radio music broadcasts. 
1909: Radio distress signal saves 

1900 lives after ships collide. 
1909: Marconi shares Nobel prize in 

physics for outstanding contribution made 
to telegraphy. 

1910: America. First installation of 
teleprinters on postal lines between New 
York City and Boston. 

1912: Titanic sends out radio distress 
signal when it collides with iceberg. 

1912: Feedback and heterodyne sys-
tems usher in modern radio reception. 

1914: Better triode valve improves 
radio reception. 

1914: Radio message is sent from the 
ground to an airplane. 

1914: First trans-continental tele-
phone call. 

1915: First transatlantic radio tele-
phone conversation. 

1916: Radios get tuners. 
1917: Frank Conrad builds a radio 

station (becomes KDKA — call sign still 
in use to this day). 

1917: Condensor microphone aids 
broadcast recording. 

1918: First radio link between UK 
and Australia. 

1919: People can dial their own tele-
phone numbers. 

1919: Shortwave radio is invented. 
1921: Quartz crystal keeps radio from 

wandering. 
1922: First commercials broadcast 

($100 for 10 minute advert). 
1922: Lewis Alan Hazeltine invents 

the neutrodyne which eliminates 
squeaks and howls of earlier radio 
receivers. 

1923: First ship-to-ship communica-
tions (people on one ship can talk to 
people on another). 

1925: First commercial picture/fac-
simile radio service across USA. 

1926: First commercial picture/fac-
simile radio service across Atlantic. 

1926: John Logic Baird demonstrates 
an electromechanical TV system. 

1927: Philo Farnsworth assembles 
complete electronic TV system. 

1927: First public demonstration of 
long-distance television transmission 
(basically a Nipkow disk). 

1928: John Logic Baird demonstrates 
colour TV on an electromechanical TV 
system. 

1928: John Logic Baird invents video 
disk to record television. 

1928: First scheduled television 
broadcast in Chenectady. 
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these systems was significantly more prob-
lematic. One big problem was the number 
of black and white television sets that had 
already been deployed, because it was 
decided that any proposed colour system 
had to be backwards compatible (that is, 
the colour signal had to be capable of dri-
ving both colour and black and white sets). 

Public broadcasting of colour television 
began in 1954 in the United States. 
Widespread adoption of colour receivers 
began in the United States in 1964 and in 
Great Britain and West 
Germany in 1967. 

TELEVISION 
STANDARDS 
Standards are great, 

everybody should have one, 
as the old saying goes. 
Unfortunately the US set-
tled on television pictures 
composed of 525 lines 
being refreshed at 30 
frames per second, while 
Europe decided to use 625 
lines at 25 frames per sec-
ond. Other countries subse-
quently adopted one or the 
other of these standards 
(and don't get us talking 
about NTSC versus PAL, 
or the fact that the French 
decided to go their own 
way with SECAM). 

UNDERSEA 
CABLES 
As we discussed in Part 

1, the first undersea tele-
graph cable was laid in 
1845 between England and 
France. The Atlantic was 
spanned in 1858 between 
Ireland and Newfoundland, 
but the cable's insulation failed and it had 
to be abandoned. Following these early 
attempts, the first successful transatlantic 
telegraph cable was laid in 1866, and in the 
same year another cable, partially laid in 
1865, was also completed. 
These early attempts were plagued by 

deterioration of the signal over these huge 
distances and also by a lack of understand-
ing of the environment 2,000 fathoms 
beneath the sea (could there be a film title 
here?). 
Of course, the problems were signifi-

cantly more daunting in the case of audio 
signals. In fact, these issues were not 
resolved until the invention of vacuum 
tube-based repeaters that could operate 
continuously and flawlessly with no atten-
tion for at least 20 years at these depths. 
These made possible the first transatlantic 
telephone cable, from Scotland to 
Newfoundland in 1956. 

Following the success of this first cable, 
similar systems were deployed between 
California and Hawaii and between Hawaii 
and Japan in 1964. More recent undersea 
cables employ transistorised repeaters and 
provide even more voice circuits, and some 
are even capable of transmitting television 
pictures. 

Today's cables, such as the Pacific cable 
laid in 1998, use technology based on fibre-
optics and can handle 40,000 simultaneous 
conversations! 

SATELLITES 
In 1952, the International Council of 

Scientific Unions stated that July 1957 to 
December 1958 would be the International 
Geophysical Year (IGY), because solar 
activity would be at a high point during this 
period. Two years later, in October 1954, 
the council adopted a resolution calling for 
artificial satellites to be launched during the 
IGY to map the Earth's surface. 

In 1955, in a fit of exuberance, the 
American government announced plans to 

Reconstruction of Sputnik 1, the world's first artificial 
satellite, launched 4 October 1957. Courtesy Science 

Museum/Science and Society Picture Library. 

launch an Earth-orbiting satellite for the 
IGY, and set to work on the project. But 
much to their dismay, the (former) Soviet 
Union successfully launched Sputnik I, the 
world's first artificial satellite on October 4, 
1957. 
Sputnik I was small (about the size of a 

basketball weighing in at 183 pounds, 
83kg) and its sole function was to repeated-
ly beep a simple Morse Code-type message 
(to annoy the Americans). However, the 
significance of this event cannot be under-
stated as it paved the way to a wide range 
of political, military, technological and sci-
entific developments. 

SPACE RACE 
The Russian's ability to launch a satellite 

50 times the mass of the American's pro-
posed 3.5 pound(1.6kg) payload sent shiv-
ers of fear throughout the Western world. It 
was obvious to all that intercontinental bal-
listic missiles were now more than a possi-
bility. Thus, in addition to causing the 
Americans to form NASA (which gave us 
Velcro fasteners and Teflon for our frying 
pans), Sputnik I initiated the so-called 
"Space Race". 

This culminated with America putting a 
man on the moon, but also led to deep 
space probes throughout the solar system, 
and drove electronic developments like 
miniaturisation in the form of integrated 
circuits, more efficient solar cells, and oth-
ers too numerous to mention. 

TIMELINES 
1929: Experiments begin on electron-

ic colour television. 
1929: First ship-to-shore communi-

cations (passengers can call relatives at 
home — at a price). 

1929: The first car radio is installed. 
1929: In Germany, magnetic sound 

recording on plastic tape. 
1929: British mechanical TVs roll off 

production lines 
1933: Edwin Howard Armstrong con-

ceives a new system for radio communi-
cation — wideband frequency modula-
tion (FM). 

1934: Half the homes in the USA 
have radios. 

1935: Audio tape recordings go on 
sale. 

1935: All-electronic VHF television 
comes out of the lab. 

1935: England. First demonstration 
of radar, at Daventry. 

1936: Munich Olympics televised. 
1936: First electronic speech synthe-

sis ( vodar). 
1937: Pulse-code modulation points 

the way towards digital transmission. 
1938: John Logic Baird demonstrates 

live TV in colour. 
1938: Television broadcasts can be 

taped and edited. 
1938: Radio drama War of the Worlds 

causes widespread panic. 
1939: Regular TV broadcasts begin. 
1939: Bell labs begin testing high-

frequency radar. 
1940: Bell labs conceive the idea of 

cell phone ( technology won't exist to 
bring it to market for another 30 years). 

1941: First touch-tone phone systems 
(too expensive for general use). 

1941: First microwave transmissions. 
1945: Sci-fi author Arthur C. Clark 

envisions geo-synchronous communica-
tions satellites. 

1946: Automobile radiotelephones 
connect to the telephone network. 

1948: America. Airplane re-broad-
casts TV signal to nine States. 

1949: America. Start of network TV. 
1950: Vidicon camera tubes improve 

TV pictures. 
1952: Sony demonstrates first 

Japanese miniature transistor radio (pro-
duces it commercially in 1955). 

1953: America. First TV dinner 
is marketed by the C.A. Swanson 
company. 

1954: Launch of giant balloon called 
Echo I — used to bounce telephone calls 
coast to coast. 

1954: Number of radio sets in world 
out-numbers newspapers sold each day. 

1956: First transatlantic telephone 
cable goes into operation. 

1957: Russia launches Sputnik 1, the 
world's first artificial satellite. 

1960: NASA and Bell Labs launch 
the first commercial communications 
satellite. 

1960: DARPA begins work on what 
will become the Internet. 

1960: Theodore Maiman creates the 
first laser 

1962: America. Steven Hofstein and 
Fredric Heiman at RCA Research Lab 
invent field effect transistors (FETs). 
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BALLOONS 
Whilst working at Bell Laboratories in 

1960, John Robinson Pierce developed the 
first experimental communications satellite 
by bouncing radio signals of a 150-foot 
(45m) aluminium-coated high-altitude bal-
loon called Echo I. 

These experiments were closely fol-
lowed by the Telstar series of communica-
tions satellites, which initiated a new age in 
electronic communications. Unlike the pas-
sive reflection employed by Echo I , Telstar 
received signals transmitted from a ground 
station, amplified them, and re-transmitted 
them to another ground station. 

Echo 1, the first experimental communications satellite, dur-
ing inflation tests. Courtesy Science Museum/Science and Society 
Picture Library. 

Following Telstar's launch on 10 July 
1962, the first television pictures were 
transmitted across the Atlantic Ocean from 
a giant antenna near Andover, Maine, to a 
receiver located at Goonhilly in England. 
These television pictures were quickly fol-
lowed by transmissions of telephone, tele-
graph, facsimile ( FAX), and computer data. 

CRYSTAL BALLS 
As far back as 1945, Arthur C. Clarke 

(who was to gain fame as a Science Fiction 
writer) proposed that microwave signals 
could be beamed to an unmanned orbiting 
satellite and bounced back to a different 
part of the world. But his key suggestion 
was that three satellites parked in a geo-
synchronous orbit 36,000 kilometres above 
the Equator could be used to provide 
world-wide coverage. Clark's vision was 
eventually realised by Telstar's successors. 

Today, thousands of satellites race 
around the Earth, to the extent that it's 
becoming increasingly difficult to select an 
orbit for a new satellite so as to maintain a 
safe separation from existing devices. 

RADAR 
When Heinrich Hertz first began experi-

menting with radio waves in 1887, he dis-
covered that they could be transmitted 
through some materials, but that they 
would be reflected by others. Almost 50 

years later, scientists began to discover how 
to use radio waves to detect and locate 
objects. 

In 1935, a report entitled The Detection 
of Aircraft by Radio Methods was present-
ed to the British Air Ministry by Sir Robert 
Watson-Watt and his assistant Arnold 
Wilkins. This was soon followed by a trial, 
in which the BBC's short wave radio trans-
mitter at Daventry, England was used to 
detect a British Heyford Bomber. 

The success of this trial led to a chain of 
Radio Detecting and Ranging (RADAR) 
stations along the South and East coasts of 
England. These were to provide vital 

advance information that was to help the 
Royal Air Force win the Battle of Britain. 

MAGNETRONS 
Sad to relate, early RADAR sets were not 

as efficacious as one might have hoped for. 
What was required was a new generation of 
high and low power signal generators. One 
solution that was to find favour was the mag-
netron, which was developed by British physi-
cists at the University of Birmingham in 1939. 
A magnetron is a diode vacuum tube-like 

device that is capable of generating 
extremely high frequencies and also short 
bursts of very high power. 

Telstar 1, first commercial communications satellite. It was a 
multi-faceted sphere one metre in diameter. Courtesy of BT 
Archives. 

Goonhilly Earth Station. Courtesy of BT Archives. 
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Original cavity magnetron, 1940. Developed by John 
Randall and Harry Boot of Birmingham University. Courtesy of 
Science Musem/Science and Society Picture Library. 

The need to manufacture tens of thou-
sands of magnetron tubes to satisfy the war 
effort drove the British government to seek 
help from American industry. One compa-
ny that was consulted was Raytheon, which 
already had been experimenting with their 
own microwave tubes. 

After listening to the British scientists 
describe their method of producing the mag-
netron tubes, one of Raytheon's engineers, 
Percy L. Spencer boldly stated that their 
technique was "awkward and impractical". 
Percy took the tube home over the weekend 
and came up with radical changes that would 
both simplify the manufacturing process and 
improve the functioning of the radar. 

Britain awarded the little-known 
Raytheon a contract to supply the mag-
netrons, and by the end of the war 
Raytheon was producing 80 percent of all 
magnetrons in the world. Spencer, a man 
with only a basic school education, became 
Raytheon's chief engineer. 

MICROWAVE OVENS 
The discovery ot microwave cooking in 

1945 is also attributed to Raytheon's Percy 
Spencer. A candy bar in Spencer's pocket 
began to melt as he stood in front of a mag-
netron tube that had been switched on. 
Spencer next placed popcorn kernels in 
front of the tube — and they popped. 

Scientists already knew that magnetrons 
generated heat whilst radiating 
microwaves, but Spencer was the first to 
discover that one could cook food using 
microwave radio signals. 

Based on Spencer's discovery, Raytheon 
demonstrated the first commercial 
microwave oven in 1947. These beasts 
were presented in refrigerator-sized cabi-
nets and cost $2000 to $3000 (which was 
an expensive way to cook one's popcorn). 

THE IN 
The latest development in the communi-

cations arena is the Internet, which 
combines the widespread availability of 
computers with every other communica-
tions technology known to man. 
The Internet had its origin in a US 

Department of Defence program called 
ARPANET (Advanced Research Projects 
Agency Network), which was established 
in 1969 to provide a secure and survivable 
communications network for organisations 
engaged in defence-related research. 

called a 
Internet 
release 
1993. 

In December 1999, the number of daily 
E-mails passed daily conventional mail let-
ters for the first time. 

The Internet now uses radio, satellites, the 
telephone network, cable TV, amateur radio, 
and numerous other delivery media. In addi-
tion to raw computer data, the Internet is 
itself used to deliver static images, telephone 
conversations, music and television pictures. 
Cutting across national boundaries, the 
uncensored Internet is seen by many as being 
one of the most momentous achievements of 
the 20th Century. 
The most amazing thing is that the 

Internet today is still in its infancy. In many 
ways the state of the Internet at the begin-
ning of the year 2000 is comparable to that 
of the telephone as the world entered the 
1900s. However, the speed of the Internet's 
development is exponential compared to 
that of the telephone, and the social impact 
of the Internet will be more profound than 
most people can conceive. 

By the 1980s, 
ARPANET had 
evolved into a fledg-
ling version of today's 
Internet that was pre-
dominantly used by 
academics as a way to 
publish textual data 
and as a text-based 
search engine. 
One of the original 

uses of the Internet was 
electronic mail (com-
monly called E-mail), 
bulletin boards and 
newsgroups, and re-
mote computer access. 
The World Wide Web 
(WWW), which en-
ables simple and intu-
itive navigation of 
Internet sites through a 
graphical interface 

Web Browser (such as Netscape or 
Explorer) was popularised by the 
of the MOSAIC web browser in 

NEXT MONTH 
In Part 4 we shall turn our attention to com-

puting in the 20th Century, and in Part 5 we 
shall polish up our crystal ball and peer into 
the future in a desperate attempt to predict the 
new and wonderful ideas and techniques that 
are racing towards us like a runaway train at 
the beginning of this new millennium! 

TIMELINES 
1962: America. Unimation intro-

duces the first industrial robot. 
1962: First commercial touch-tone 

phone systems. 
1962: First commercial communica-

tions satellite (Telstar) launched and 
operational. 

1963: Philips introduces first audio 
cassette. 

1964: Birth of Practical Electronics 
magazine. 

1967: Dolby eliminates audio hiss. 
1967: America. Fairchild introduce 

an integrated circuit called the 
Micromosaic (the forerunner of the 
modern ASIC). 

1968: America. First Static RAM i.c. 
reaches the market. 

1969: First radio signals transmitted 
by man on the moon. 

1970: America. Fairchild introduce 
the first 256-bit static RAM called the 
4100. 

1970: America. Intel announce the 
first 1024-bit dynamic RAM, called the 
1103. 

1970: Researchers at Corning Glass 
develop first commercial/feasible opti-
cal fibre. 

1971: Birth of Everyday Electronics 
magazine. 

1971: First direct telephone dialing 
between USA and Europe. 

1971: America. Intel creates the first 
microprocessor, the 4004 

1975: England. First liquid crystal 
displays ( 1.c.d.$) are used for pocket cal-
culators and digital clocks. 

1977: First implementation of optical 
light-wave in operating telephone 
company. 

1980: Development of the world 
wide web begins. 

1980: Faxes can be sent over regular 
phone lines. 

1980: Cordless and cell phones are 
developed. 

1989: Pacific fibre-optic link/cable 
opens (supports 40,000 simultaneous 
conversations). 

1992: PE and EE combine to become 
EPE. 

1993: MOSAIC web browser 
becomes available. 

Interior of a Sony TR-63 transistor radio. 114,536 of them were manufactured 
between March 1957 and November 1958. Courtesy Radio Bygones. 
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IN TE! 
Robert Pen fold 
BIDIRECTIONAL PRINTER PORTS 

AS REGULAR readers will be aware, there 
have recently been changes to the 

way PC add-ons are tackled in this series 
of articles. Good old GW-BASIC and Q 
BASIC have been replaced by visual pro-
gramming languages such as Visual 
BASIC 6.0 and Delphi 1 or 2. 
Most projects now require a bidirec-

tional printer port whereas those fea-
tured in the past needed only a stan-
dard printer port. I think most would 
agree that these changes have resulted 
in projects that are superior to their pre-
decessors, even though in most cases 
the hardware and software are actually 
simpler. 
However, these changes seem to have 

caused an increase in the number of let-
ters and E-mails relating to Interface arti-
des. A number of projects that utilize a 
bidirectional printer port and (or) soft-
ware written in a visual language will 
feature in future Interface articles, so it is 
perhaps worthwhile clarifying some 
points raised by readers before getting 
embroiled in these designs. 

Ongoing 
I think it is worth making the point that 

the Interface articles are largely self-con-
tained, but they are also part of an ongo-
ing series. It is a series that is not really 
aimed at beginners. When a design is fea-
tured in an Interface article, most of the 
information provided is specific to that 
project. 

In general, background information is 
not provided. Some of this information is 
the type of thing that anyone having a 
reasonable amount of experience with 
computer add-ons should know. The rest 
is subject matter that has been covered in 
recent Interface articles. 

In short articles of this type there is not 
enough space available to keep repeating 
things over and over again. If an article 
does not tell you everything you need to 
know it may be necessary to delve back a 
few issues for the answers. 

Bidirectional 
One or two readers seem to have run 

into trouble because they have tried to 
use projects requiring a bidirectional port 
with old PCs that have standard printer 
ports. In general, Pentium PCs have bidi-
rectional ports while 80486 and earlier 
PCs do not. However, some early Pentium 
PCs lack this facility and a few 80486 
based PCs do have this bidirectional 
capability. 
Some PCs that have bidirectional 

printer ports default to the standard 
mode of operation, and must be set to 
the bidirectional mode using the BIOS 
Setup program. The documentation 
supplied with the PC should give 
details of the BIOS Setup program and 
changing the mode of the printer port. 
It is SPP mode that is required, but EPP 

mode also seems to be suitable. ECP is 
an advanced mode that does not seem 
to support simple bidirectional 
operation. 
The only sure way to determine 

whether or not a port can read data on 
its eight data lines is to run a simple 
test. Writing a value of 32 to the hand-
shake output register sets a port to 
input operation, and data can then be 
read from the data lines at the base 
address of the port. 

Right Address 
This brings us to another source of 

problems, which is determining the right 
address range for the printer port. There 
are three address ranges used for printer 
ports, as shown here: 

Data H/S Input HIS Output 
Register Register Register 

&H3BC 8tH3BD &H3BE 
&H378 &H379 &H37A 
&H278 &H279 &H27A 

Most PCs have one printer port as stan-
dard, and this is usually at a base address 
of &H378, but some seem to use &H3BC. 
Where there is more than one printer port 
the operating system designates the port 
at the highest address port one, the one at 
the next highest address port two, and if 
there are three ports, the one at the low-
est address will be port three. If there are 
ports at addresses &H378 and &H278 for 
example, these will respectively be used 
as ports one and two by the operating 
system. 

If you do not know the addresses of the 
ports in your PC the easiest way to find 
out is to use the Windows 95/98 System 
Information program. Operating the 
Windows Start button and then selecting 
Programs, Accessories, System Tools, and 
System Information will launch this 
program. 

Double click on Resources and then on 
VO to bring up a list of the input/output 
address assignments. This will provide a 
list of the type shown in Fig.1, which 
should include the serial and parallel 
ports. 

Simple Test 
A very simple test routine is all that is 

needed to check whether the port sup-
ports bidirectional operation. This GW 
BASIC program will do the job. The 
addresses are correct for what will nor-
mally be printer port two, but they are 
easily changed if necessary. 

10 CLS 
20 OUT &H27A,32 
30 LOCATE 10,20 
40 PRINT INP(&H278) 
50 GOTO 10 

Line 20 sets the port to the input mode, 
and a loop then repeatedly reads the data 
lines and prints the results at the same 
point on the screen. Feeding various logic 
patterns to the data inputs of the port 
(pins 2 to 9) should produce the appropri-
ate readings on the screen. 

It is best to drive the port via current 
limiting resistors of about 220 ohms in 
value. If the port is still working as an 
output type these resistors will limit the 
current flow to a level that will prevent 
anything from being damaged. 

On The Cards 
If the readings from the port do not 

change it is clearly not a bidirectional 
type. The easiest solution is to fit the PC 
with a printer port card (see Fig.2) and 
any modern card of this type should 
support simple bidirectional operation. 
A card of this type should cost about 
£10 to £20 from any large computer 
store, which is not bad for a port that 
provides a total of 17 input and output 
lines. 

Since most PCs have a printer connect-
ed to parallel port one, adding a second 
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Fig. 1. The Windows System Information program can provide a list of address 
ranges for the hardware. 
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port specifically for use with your add-
ons is a good idea anyway. Assuming the 
existing port is at a base address of 
&H3BC or &H378, the new port should 
be configured for a base address of 
&H278, to use IRQ5, and for EPP or SPP 
operation. 

Delphi 
Using visual languages with your own 

add-on devices is not as straightforward 
as using a traditional BASIC such as GW 
BASIC. Direct accessing of ports is per-
mitted under Windows 95 and 98, but 
there is little support for doing this with 
Windows programming languages. 
Borland's Delphi (a sort of visual 

Pascal) does have a Port function that can 
be used to read from and write to ports. 
However, this facility is only supported 
by version One of the program, and is 
absent from all the subsequent versions. 
The software for most user add-ons is 
fairly basic, and Delphi 1.0 is more than 
adequate for this type of thing. 
Although it is no longer available as a 

separate entity, it is supplied with later 
versions of Delphi (both the commercial 
versions and the "free" versions occa-
sionally given away with computer mag-
azines). The original Delphi language 
produces programs that will run under 
Windows 3.1, but later releases are strict-
ly for use with the 32-bit versions of 
Windows. Version 1.0 of Delphi is there-
fore included with later versions to pro-
vide 16-bit compatibility. Delphi 1.0 pro-
grams will run properly under Windows 
95 and 98 incidentally. 
Delphi 1.0 has definite advantages over 

the alternatives, and will probably be 
used to produce the programs featured 
in future Interface articles. One advantage 
is that it produces stand-alone programs 
that do not have to be installed, and at 
around 200k to 250k they are not particu-
larly big either. 
As explained previously, Delphi 1.0 

programs will run under Windows 3.1, 
95, and 98. Because of the built-in Port 
function it is not necessary to resort to 
any software add-ons, keeping things 
simple and straightforward. 

Getting In-line 
Although Delphi 2.0 and beyond do 

not have a Port function they are 
equipped with a simple but effective in-
ane assembler. Reading from and writing 
to ports can therefore be accomplished 
using a few lines of assembler. 
Due to the lack of a Port function it is 

not possible to compile any Delphi 1.0 
listings provided in Interface articles 
using Delphi 2.0 or later. However, it 
should be possible to rewrite them to 
use assembler routines instead of the 
Port function, and the programs should 
then compile successfully under the 32-
bit versions of Delphi. 
As far as I am aware, the "free" ver-

sions of Delphi are not available for 
download at any web site. The size of 
these programs is such that it would 
take a very long time to download them 
anyway. 

Versions up to Delphi 3.0 Professional 
have appeared from time to time as free-
bies on magazine cover discs. These are 
the same as the full commercial equiva-
lents, but they are for personal use only. 
In other words, if you start to distribute 
your programs commercially you must 
buy "the real thing". 

Programming user add-ons using 
Delphi 1.0 was covered in the June '99 
issue of EPE, and using the assembler in 
later versions was covered briefly in the 
August '99 issue. 

Going Visual 
Visual BASIC is now the most popular 

programming language, and it is proba-
bly the most simple to use. In recent years 
I have received a steady flow of enquiries 
about using this language with PC 
projects. 

Unfortunately, as far as I can ascertain 
there are no INP or OUT functions in 
Visual BASIC 6.0 or any of the earlier ver-
sions. Neither is there a built-in assem-
bler or any other integral function that 
provides access to the ports. 

It is possible to access the ports using 
this language, but only with the aid of a 
software add-on. Anyone interested in 
using Visual BASIC with user add-ons 
should certainly pay a visit to the web site 
at http://www.lvr.com where there is a lot 
of information, software add-ons, and 
links to other useful sites. 

If nothing more than basic port access 
is needed, and this is certainly all that is 
needed for most projects, the freeware 
DLL called inpout32.dll would seem to be 
the best option. Use inpout16.d11 for 16-
bit versions of Visual BASIC. Using either 
of these adds INP and OUT functions to 
Visual BASIC, and these functions are 
used in exactly the same way as their GW 
BASIC counterparts. 
One or two readers have queried 

whether or not this file will be included 
when a program is compiled. Visual 
BASIC does not compile programs into 
standalone files, but instead produces a 
group of files complete with an 
instalVuninstall program. A DLL file such 
as inpout32.dll will be included with the 
program group, and the installed pro-
gram will function properly. 
Unfortunately, the smallest of Visual 
BASIC programs seems to compile into 
almost two megabytes of files! 

Working Model 
There is a "working model" version of 

Visual BASIC 6, but this does not seem to 
be available as a download from the 
Microsoft web site. Again, it would prob-
ably take too long to download anyway. 
The working model is almost the com-

plete program, but it cannot compile pro-
grams. They can be run from within 
Visual BASIC though, rather like running 
programs under GW BASIC or Q BASIC. 

When run in this way the programs seem 
to run at full speed and without any 
restrictions. 
The usual way of obtaining the Visual 

BASIC working model is to buy a book 
that includes it on the accompanying 
"free" CD-ROM. Although I hate to 
admit it, I found "The Complete Idiot's 
Guide To Visual BASIC 6" by Clayton 
Walnum (ISBN 0-7897-1812-X) an 
excellent introduction to Visual BASIC 
programming. 
At around £15, complete with the 

working model version of the program, it 
probably represents the cheapest way of 
trying Visual BASIC 6. Using Visual 
BASIC with user add-ons was covered in 
the August '99 issue of EPE incidentally. 

Windows NT4 
Windows 3.1, 95, and 98 all permit 

direct accessing of the ports, but 
Windows NT4 does not. It is designed to 
be more secure than other versions of 
Windows, and it only permits port 
accesses via the operating system. This 
ensures that two programs cannot simul-
taneously attempt to access the same 
piece of hardware. 
There are add-ons that can provide 

programming languages with a port 
access facility in Windows NT4 (see the 
lvr.com web site mentioned earlier), but 
this is doing things the hard way. 
Windows 95 and 98 are a better choice for 
a PC that will be used with PC based 
projects. 

Liberty BASIC 
It is perhaps worth mentioning a little 

known BASIC programming language 
called Liberty BASIC. This shareware 
program is a traditional BASIC that will 
produce Windows programs, and it 
includes INP and OUT functions. 
Being shareware this program can be 

tried out for the cost of downloading it 
from one of the source web sites. There 
are several of these including 
http://www.liberty-basic.com. 

Fig.2. A bidirectional printer port card. 

Everyday Practical Electronics, April 2000 273 



Constructional Project 

MICRO-
PICSCOPE 
JOHN BECKER 
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Visual signal monitoring with frills! 

I
T Is astonishing what opportunities are 
continuing to be revealed for the recent-
ly introduced PIC16F87x series of 

microcontrollers. The Micro-PICscope is a 
prime example of a design idea whose 
implementation was greatly simplified by 
using one of these devices. 
The Micro-PICscope is a handy little 

item of test gear and of benefit to anyone's 
workshop. Using an alphanumeric liquid 
crystal display ( 1.c.d.), it is basically a sig-
nal tracer, but one with the great advantage 
that it shows a representation of the signal 
waveform that is being traced. This is 
shown across eight of the I.c.d. character 
cells and is a real-time trace of the moni-
tored waveform. 

Not only that, the display also shows the 
frequency of the signal being monitored, 
and its peak-to-peak voltage. The frequen-
cy range covered is basically for audio, but 
frequencies well to either side of this range 
can be traced. 

Several ranges of control are offered by 
switch selection, covering the sampling 
rate, and synchronisation on/off for the 
'scope display. The signal input is switch-
able to provide different maximum peak 
voltage monitoring ranges. Selection of a.c. 
or d.c. input is provided. 

The entire design requires only two i.c.s, 
a PIC micro and an op.amp, plus a 2-line by 
16-character I.c.d. An optional third i.c. 
provides power regulation if required. 

Example of the screen display obtainable on the I.c.d. module. 

A typical example of the I.c.d. screen 
display is shown below. 

DESIGN HISTORY 
Some 12 or more years ago, when the 

author first became familiar with "intelli-
gent" alphanumeric I.c.d.s, it became 
apparent that by using the internal pro-
grammable character generator, their 
screens might be capable of displaying a 
simple representation of a signal being 
monitored, 
He had already designed and published a 

similar purpose unit based on multiplexed 
led. (light emitting diode) displays. In that 
unit (PE June '92), an LM3914 bargraph 
i.c. was used in conjunction with shift reg-
isters and digital multiplexers to portray a 
waveform across four 5 x 7 bit matrixed 
I.e.d.s. It was very effective, although 
somewhat power hungry. 

At the time though, microcontrollers 
were an unknown to the author and a 
method by which an I.c.d. screen could be 
similarly used eluded him. Whereas led. 
matrices require only logic control, 
alphanumeric displays require a variety of 
data commands to be provided under pro-
gram control. 

For some simple operations I.c.d. com-
mands can be generated using codes pre-
programmed into an EPROM (electrically 
programmable read only memory). This 
technique had already been successfully 

used by the author in a real-time Morse 
Code decoder (EE Jan ' 87), but did not 
lend itself to circuit board signal tracing 
and monitoring. 
The introduction of the versatile 

PIC16x84 microcontroller resparked inter-
est in the idea, and it could have been done 
using that PIC with a separate analogue-to-
digital converter (ADC). Then along comes 
the PIC16F87x family — with built-in ADC. 
Bingo, the idea was now as good as con-
structed to full workshop working order as 
a single chip design — apart from writing 
the command program, of course! 

CIRCUIT DETAILS 
In fact, as you will see from the complete 

circuit diagram for the Micro-PICscope in 
Fig. I, the practical implementation of the 
idea has been expanded a bit to use more 
than just a microcontroller (IC2). A buffer-
ing and gain setting op.amp (IC I a) has 
been included as well. So too has a SV reg-
ulator ( IC3), allowing the unit to be pow-
ered from 9V or 12V supplies. If you have 
an existing well-stabilised SV supply, IC3 
may be omitted. 
The signal being monitored is brought 

into op.amp IC la. As set by resistors RI to 
R3, the gain can be selected by switch S 1 to 
be xt (unity — via R2) or x10 (via RD. 
Other gain-setting values could be chosen 
instead. For example, a 101d2 resistor could 
be used for R3 instead of a 100kQ. This 
would provide switchable gains of unity 
and 1/10. 

Switch S2 provides selection of a.c. or 
d.c. signal coupling, switching capacitor 
C 1 in and out of circuit. The output from 
¡Cl to the microcontroller is d.c. coupled. 
You will spot that the op.amp is used in 
inversion configuration. Software ensures 
that the signal is seen the "right way up"! 
A MAX492 dual op.amp is used for ICI, 

with the second half ignored. This device is 
part of the author's stock "library" and has 
proved itself for its nearly rail-to-rail output 
swing. The circuit has also been used with 
a TL082 device, which provides good fre-
quency range, although does not offer full 
rail-to-rail output (typically more like 4V 
swing for a SV split supply as used here — 
split by resistors R4 and RS). 

MICROCONTROLLER 
Microcontroller IC2 is a PIC16F876 

device, operated at a clock rate of 5MHz, as 
set by crystal XI. Because of this clock 
rate, the 20MHz version of the PIC should 
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be used. The "standard" version has a 
maximum guaranteed clock rate limit of 
4MHz. However, you may find it interest-
ing to note that the author has successfully 
used the 4MHz version at rates well in 
excess of 5MHz. 
The PIC16F87x family has been dis-

cussed at length in previous issues of EPE 
and the '876 will not be described in detail 
here. Suffice to say that it has three 
input/output (I/O) ports, one of which, 
PORTA, can be used for analogue-to-digi-
tal conversion via five of its pins (RAO to 
RA3, plus RAS). In this design, only RAO 
(pin 2) is used, its input being taken direct-
ly from the output of op.amp IC la at pin 1 

Internally, the PIC is programmed by the 
software so that the voltage reference for 
the ADC is taken as OV to 5V (the power 
line voltage range). Consequently, an A-D 
conversion value of 255 results when the 
input to RAO is at the positive supply line 
level of 5V. A result of zero occurs when 
the RAO input is at OV. 

Output to the 1.c.d. (X2) is via PORTB, 
using lines RBO to RB5 to control the dis-
play in conventional 4-bit mode. 
Connections to the 1.c.d. are via the termi-
nal pin block TB1. The order of the pins, 
both physically on the printed circuit board 
(p.c.b.) and in terms of program control, is 
identical to that used by the author in many 
of his recently published designs. Display 
contrast of the I.c.d. screen is set by preset 
VR I . 

EXTERNAL CONTROL 
External control of the PIC's monitor-

ing and timing functions is actioned via 
PORTC, through pins RCO to RC2. The 

FRECI SYNC RAT! 

Completed Micro-PICscope showing general layout of display and controls. 

iiiiinflegaggeolgeleggeeng«lielle 

FR-FE 
03720H: 3. 24U-' 

Micro-PICscope 

functions controlled are the ADC sam-
pling rate (via S3), waveform synchroni-
sation on/off (S4), and frequency counter 
display on/off (S5). These will be dis-
cussed later. 

Pins RB6 and RB7, whilst not actively 
used by the design itself, can be used to 
program the PIC via a suitable program-
mer, such as PIC Toolkit Mk2 (May-June 
'99). The MCLR pin (master reset) is nor-
mally powered at 4-3V (5V — 0.7V) via 
diode D1 and buffering resistor R6. This 
allows programming voltage control with-

out disturbing the normal 5V supply rail 
from voltage regulator IC3. 

Terminal pin block TB2 provides 
access to MCLR, RB6, RB7 and the OV 
common line. The pin order on the p.c.b. 
is the also same as that used by the author 
in previous designs. This will be wel-
comed by those who have established a 
plug-in link between Toolkit Mk2 and 
such designs! (The author intends for all 
his future PIC designs to use this same 
pin configuration for 1.c.d. and program-
ming connections.) 
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Fig.1. Complete circuit diagram for the Micro-PICscope. The voltage regulator IC3 is optional — see text. 
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CONSTRUCTION 
Details of the p.c.b. component and track 

layouts are shown in Fig.2. This board is 
available from the EFE PCB Service, code 
259. 

Regular readers will know this author's 
preferred constructional order: wire links, 
resistors, diodes, small capacitors, i.c. 
sockets and then on upwards in order of 
component size. 

Dual-in-line sockets should be used for 
ICI and IC2. Note that microcontroller IC2 
is the narrow version (0-3in width between 
pin rows, as opposed to 0.6in). 

Details of the switch and signal input 
connections are also shown in Fig.2. Socket 
SKI may be a different type to that shown 
if preferred. 
The I.c.d. module might have one of two 

possible pin connection arrangments. They 
are shown in Fig.3. 
As always, do a thorough check of the 

component positioning, orientation and 
solder joint integrity before applying 
power. Do not insert ICI, IC2 or the I.c.d. 
until the output from regulator IC3 has 
been validated, exactly 5V (within a few 
millivolts) for a supply between 7V and 
12V. 
An output voltage from IC3 other than 

5V will usually indicate a fault in construc-
tion — too high and IC3 is wrongly inserted, 
too low and there may be a short circuit 
somewhere on the board. 

o, 

\ 

0 14 13 12 11 1C1 9 8 7 6 5 4 3 2 1 

0 

140 0 13 / 
120 011 
10009 
500 7 

005 
4003 

2001 \ 

o 

J 

Fig.3. Pinout arrangement of the two 
basic I.c.d. formats. 

FIRST RUN 
When happy about the power supply, test 

the circuit with ICI, IC2 and the I.c.d. 
plugged in (correctly!). Set switch S4 
(Sync) off and S5 (Frequency) on. When 
power is applied, the PIC first goes into an 
1.c.d. initialisation routine, in which it sets 
the I.c.d. for 2-line 4-bit mode. 

Following this, text messages similar to 
those in the photographs should appear. 
The signal trace display in the top left I.c.d. 
character cells should show as a straight 
line about half way up the screen. Adjust 
preset VR1 to set the screen contrast (you 
may see nothing at all until you have 
adjusted it). 

Having read the sections all about the 
control program, you can then feed in an 
audio signal, play with the switches, and 
see the results on screen. The input gignal 

MICRO-PICSCOPE 
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Fig.2. Printed circuit board component layout. wiring to the off-board components 
and full-size copper foil master for the Micro-PICscope. 
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amplitude should be selected so that the 
majority of the 1.c.d. vertical pixel range is 
used. COMPONENTS Approx. Cost £a19 50 Guidance Only 

excl. case 
ENCLOSURE 
A small plastic hox was used to house 

the prototype. The p.c.b. has been designed 
so that the I.c.d. can be mounted above it 
using stand-off pillars, although the proto-
type did not use this option. 
The rectangular viewing slot was cut by 

first drilling small perimeter holes and 
using a file to smooth the edges to shape 
and size. Holes must also be drilled to suit 
the switches and input socket. The proto-
type used a 3.5mm jack socket for the 
power input, but other techniques, such as a 
battery connector, can be used. 

A-TO-O CONVERSION 
Basic A-to-D conversion using a PIC 

was discussed in the Mini PIC16F87x 
Tutorial of Oct '99. A simplified version of 
the routine described there is used here: 

In the START routine while in PAGEL 
register ADCON1 is set with the binary 
value of %00000101, which tells the PIC 
that the 2-byte ADC register is to be justi-
fied left, with RAO as an analogue input 
referenced to +VE and OV. 

Then, back in PAGEO, by loading regis-
ter ADCONO with a binary value of 
%010000001, ADC conversion is activated 
at an oscillator rate of one-eighth of the 
clock rate (Fosc/8). 

(Readers who write their own PIC soft-
ware should note that in order for PAGE 
commands to be used with the Toolkit pro-
grammer and the PIC16F87x family, bit 

Resistors 
R1. R4. 

R5, R7 10k (4 off) 
R2, R3 100k (2 off) 
R6 1k 

All resistors 0.25141 5% 
carbon film or better. 

See ft©I 
TALK 
Page 

Potentiometer 
VR1 10k min. round preset 

Capacitors 
C I 
C2. C6 
03. C4 

104 radial elect. 16V 
224 radial elect. 25V (2 off) 
10p ceramic. 5mm. pin 

spacing (2 off) 
C5. C7 100n ceramic, 5mm. pin 

spacing (2 off) 

Semiconductors 
D1 1N4148 signal diode 
101 MAX492 dual op.amp 
IC2 PIC16F876-20P 

microcontroller (20MHz 
version, 0.3- in width), 
preprogrammed 

IC3 78L05 +5V 100mA 
voltage regulator 
(see text) 

Miscellaneous 
Si, S2, 
S4, S5 min. s.p.d.t. toggle switch 

(4 off) 
S3 min. push-to-make switch 
S6 min. s.p.s.t. (or s.p.d.t.) 

toggle switch 
SK1 BNC socket (see text) 
X1 5MHz crystal 
X2 2-line x 16 characters per 

line alphanumeric liquid 
crystal display 

Printed circuit board, available from the 
EPE PCB Service, code 259; power sup-
ply connector, — see text; plastic case, 
150mm x 80mm x 50mm; 8-pin d.i.l. 
socket; 28-pin d.i.l. socket; 1mm terminal 
pins (or strips) for TB1 and TB2; p.c.b. 
and I.c.d. supports (8 off); connecting 
wire; cable ties; solder, etc. 

RP1 of the PIC's STATUS register must be 
set to 0 — as it is in the START routine of 
the Micro-PICscope source code.) 
A single ADC sample is taken when the 

command BSF ADCON,G0 is issued, 
where the quaint GO term (Microchip's 
description!) refers to bit 2. Sampling and 
conversion are not quite instantaneous and 
the program repeatedly polls the GO bit 
until it goes low, signifying an end to the 

conversion process. There are several sub-
routines which are used in the program to 
perform this task, one of them being: 

WAITS1: BTFSC ADCONO,G0 
GOTO WAITS1 
MOVF ADRESH,W 

When the GO bit is clear, the command 
MOVF ADRESH,W retrieves the high byte 
of the 2-byte conversion result. Because the 

Completed unit showing the I.c.d. module mounted on the lid of the case and wiring to the p.c.b. 
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display is only eight pixels high, the low byte 
is not needed (see the Mini Tutorial, or the 
PIC16F87x data book, for details of the con-
version result format options). 
The value held in ADRESH (and now 

also in W) is that which represents the volt-
age level of the signal being sampled. It 
cannot yet, however, be put out to the I.c.d. 
screen, there's a great deal of work to be 
done first! For the moment, this value is 
simply stored in one of a set of temporary 
memory locations. The conversion 
and storage is performed 128 
times before further action is 
needed. 

DISPLAY 
PRINCIPLE 

Before that "further action" is 
described, it is first necessary to 
understand the concept behind the 
way in which a waveform can be 
displayed on the 1.c.d. by making 
use of its character generator. 
You already know that the 1.c.d. 

used here has two display lines 
each having 16 character cells. Each of 
these 32 cells consists of a matrix of I.c.d. 
pixels, arranged as five across by eight 
down (see Fig.4a). 

Normally, the I.c.d. module places pre-
programmed (as part of the module's con-
trol chip manufacturing process) 
alphanumeric data into these cells accord-
ing to command codes from an external 
source, a PIC in this case. 

However, the module has the facility to 
allow eight characters to be "designed" by 
the user and called as well as the standard 
alphanumeric set. These characters are 
stored at module address locations 0 to 7. 

At first sight, when examining the 
1.c.d. data sheet, it might appear that 
address locations 8 to 15 can also be used 
to hold custom characters as well. 
Regretably for an application such as this 
PICscope, addresses 8 to 15 only hold 
repeats of the data at addresses 0 to 7. 
Thus only eight addresses can be used for 
alternative character data, hence the 
PICscope only having eight cells for 
waveform display. 

Eight cells each having five pixels hori-
zontally allows 40 waveform samples to 
have their values plotted at eight vertical 
pixel levels. 
The reason that 128 samples are taken 

even though only 40 will be displayed from 
each block is to allow for frequency and 
amplitude values to be more readily 
established. 
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Flg.3(a). L.C.D. character cell matrix with all pixels on, (b) exam-
ple of waveform representation across two character cells. 

CHARACTER 
GENERATOR 
The way in which data for a character 

cell is evaluated is illustrated in Fig.4b. 
Each of the seven rows which make up the 
cell display are treated individually. The 
five pixels of each row are numbered from 
4 to 0, allowing a 5-bit binary number to be 
compiled. Logic 1 in a bit position turns on 
the equivalent pixel, logic 0 turns it off. 

Close-up of typical screen display. There are three rates, the 
maximum counting frequency is about 17kHz. 

Having established which bits are to be 
active, the 5-bit binary number for each 
row (expanded to 8-bit with zero in bits 7 to 
5) is sent to the required character genera-
tor address, of between 0 and 7. The same 
procedure can be used for the other seven 
possible addresses, each of them storing 
different data, as appropriate. 
When character data is being generated in 

this way, the I.c.d. is first told that the data 
about to arrive is destined for the character 
generator rather than for the screen display. In 
the program the initial command is given by: 

MOVLW % 01000000 
CALL LCDLIN 
BSF RSLINE,4 

which sets the character generator to 
address 0 from which address onwards the 
"designed" data is to be stored, the address 
incrementing each time a data byte is writ-
ten to the 1.c.d. The LCDLIN call is to one 
of several standard routines which the 
author wrote some years ago to send vari-
ous commands and data to an 1.c.d. module. 

For all eight character cells to be fully 
programmed, 8 x 8 = 64 bytes of data are 
written to the character generator. 
Once the character generator has been 

programed, the data held at each of the 
eight address blocks can be called to the 
screen by simply accessing that address in 
the same way that "normal" alphanumeric 
data is accessed. 

For example, to display letter "A" on 
screen you might use either MOVLW 'A', 
CALL LCDOUT. or MOVLW 65, CALL 
LCDOUT, the value of 65 being the ASCII 
value for capital letter 'A'. In both cases the 
character held at character generator 
address decimal 65 would be displayed on 
screen, which, fortunately for us all is 
indeed the letter "A". 

Similarly, to show the character newly 
programmed into address 3, the commands 

would be MOVLW 3, CALL 
LCDOUT. 
The data held at character gener-

ator addresses 0 to 7 can be 
changed as often as required. In 
this design it is typically changed 
about twice per second (faster with 
S4 and S5 off). All data at these 
addresses is lost when power is 
switched off. 

WAVEFORIta 
CHARACTERS 
When a full block of samples 

has been converted and stored, the 
data is then analysed for amplitude and 
compiled into 64 bytes for sending to the 
character generator. Row 8 is the top row 
and (naturally) represents the highest 
voltage range that can be displayed. The 
display is, of course, compressed to one-
eighth of the conversion value received. 

The analysis procedure is far more com-
plex than can be described here. It is not 
just a matter of ascertaining which row a 
value should be allocated to. The result also 
has to be "doctored" so that the active pix-
els are seen to be as close to a continuous 
line as possible. 

For instance, suppose the waveform is 
alternating rapidly between high and low 
levels at a rate faster than the sampling can 
keep pace with. Without corrective action, 
you might only see pixels on the upper and 
lower lines, those between remaining 
blank. 
The corrective action fills in those blank 

pixels so that they appear as though they 
naturally follow on from each other. This 
was an extremely difficult process to write 
the program for! Even experienced pro-
grammers might have difficulty analysing 
the way in which the source code has been 
written — be warned! 

However, you don't need to understand 
the program in order to use it. Just load it 
into your PIC (or buy a ready-programmed 
PIC — see later). 

Although there is a great deal of process-
ing being carried out, each batch of 
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sampled data is displayed in rapid succes-
sion and really does give a "real-time" dis-
play of what is happening in a monitored 
circuit. 

FREOUENCY AND 
AMPLITUDE 

Each batch of data is also analysed for 
waveform frequency and peak-to-peak 
amplitude values. 

Amplitude is easily determined by sim-
ply looking for the maximum and mini-
mum conversion values and then relating 
them to the maximum possible sample 
level of 255. The latter, as said earlier, rep-
resents the positive line level, which has 
been assumed to be exactly 5V. If you need 
greater accuracy for signal level voltages 
use your multimeter to read them! The 
PICscope is only intended for providing an 
approximate value (but it's still pretty 
accurate). 

Note that the PIC does not monitor 
which gain setting has been selected. It 
simply reports the voltage it finds on its 
RAO pin. You must mentally adjust the 
value shown if the gain is other than unity. 

Frequency is assessed by counting the 
number of times the voltage level crosses a 
preset threshold value. The result is then 
divided by two to obtain the equivalent 
number of cycles per batch, the rate of data 
acquisition being pre-determined by the 
sampling rate, which in turn is relative to 
the master clock rate. 
Much effort went into writing the soft-

ware so that relative timings were main-
tained consistently, irrespective of 
conditional branch timings in the sampling 
routines. 

There are three rates at which the ADC 
can be set to sample waveforms, selectable 
by pressing switch S3. The rates cycle as a 
repeating group of three, numbered from 0 
to 2. The number of the selected rate is 
shown at the top right of the screen. It is not 
a representation of the frequency range 
covered. 

The rates are set according to the value 
by which the master clock oscillator is 
divided via the ADCONO prescaler. This 
value is set by bits 6 and 7 in the ADCONO 
register. Rate 0 sets Fosc/2, rate 1 sets 
Fosc/8, rate 2 sets Fosc/32. The routine 
which reads S3 and sets the bits com-
mences at label TESTIT, following on into 
GETRATE, near the end of the source 
code listing. 

FREQUENCY 
CALCULATION 

Relating the ADCONO sample rate to the 
actual frequency of the signal has to take 
into account the time taken for all the com-
mands in the sampling routine to be per-
formed. As experienced programmers will 
acknowledge, such matters are not always 
readily calculated (friend and EPE author 
Andy Rind has researched heavily into this 
— we hope he'll one day share it with us 
all!). 
The solution here was to count the 

swings above and below the threshold level 
and then divide the answer by a conversion 
factor, with a separate factor for each of the 
three sampling rates. 

Using a subtractive technique, the con-
version involves fractions, which are fixed 
in the software as two-byte binary 
numbers. 

Completed circuit board mounted on self-adhesive plastic stand-off pillars. 

For example, for Rate 0, the MSB is set 
at decimal 85 and the LSB at 70, which has 
an equivalent decimal value of 21830 (256 
x 85 + 70). From this value is repeatedly 
subtracted the count value determined 
when counting the swing changes, each 
successful subtraction incrementing a 
counter. Thus the cycle count is divided 
into the conversion factor, the secondary 
counter providing the answer. The result is 
remarkably accurate. (MSB and LSB, inci-
dentally, mean Most and Least Significant 
Bytes, respectively.) 

During prototype testing, the unit was 
fed with a frequency of 4000Hz and the 
"fraction" values repeatedly adjusted by 
trial and error until the 1.c.d. also showed a 
value of 4000Hz. 

Having established the values for the 
three ranges, the input frequency was 
raised to see how far accuracy was main-
tained, the results were: 

Rate 

o 

2 

Generator 
17007Hz 
17007Hz 
5827Hz 

Display 
16984Hz 
16998Hz 
5812Hz 

Beyond those frequencies, the unit began 
to display harmonic frequency values 
because the generator rate exceeded the 
rate at which the waveform could be 
sampled. 
The values programmed into the unit 

depend, of course, on the exact frequency at 
which the crystal controlled oscillator func-
fions. However, crystal controlled oscillators, 
while not being perfectly tuned to a given fre-
quency, do stick closely to it. Consequently, 
other units should achieve results that are not 
too different from the author's. 

Those who which to experiment are 
referred to the sub-routines at GETFREQO, 
GETFREQ1 and GETFREQ2, where the 
preset values can be changed. The program 
will naturally need to be re-assembled and 
reprogrammed into the PIC. 

Analysis of the peak-to-peak and fre-
quency values can be switched off using 
S5. This speeds up the rate at which the 
screen is fed with a fresh waveform 
display. 

SYNCHRONISATION 
Switch S4 turns the waveform syn-

chronisation facility on and off. When 
synchronisation is on, before each sam-
pling batch is started the software waits 
until the waveform voltage has twice 
passed through a preset trigger level. 
Only then does it start sampling the rest 
of that batch. 

This facility allows the waveform dis-
play to start about half-way up the screen, 
providing a degree of stability to a repeti-
tive waveform. Inevitably, the process 
increases the wait period before each new 
display is shown. There is a time-out 
counter which prevents the system from 
"locking-up" should the waveform not 
cross the sync thresholds. 

It is best to start off sampling any new 
signal with sync off, only turning it on 
once adequate signal levels are being 
received. The source routines which con-
trol sync start at label WAITS1. The full 
batch sampling routine commences at 
WA ITA DO. 

IN THE PIPELINE 
That, in a nutshell, is really all there is 

to tell about this astonishingly simple 
signal monitor ( simple in hardware terms 
— but certainly not regarding software 
writing!). Designing it has fulfilled one 
of the author's ambitions. Software is in 
TASM. 

Another yet to be fulfilled is to design 
a more advanced 1.c.d. based scope which 
will give far greater resolution to the 
waveform shapes displayed. Such a 
design, though will have to wait until the 
exorbitant cost of I.c.d. graphics displays 
comes down greatly! 
What is in the pipeline, however, is the 

Virtual PICscope in which one of the 
PIC16F87x family is used to sample two 
waveforms simultaneously and output the 
data to a PC computer for display on its 
screen. 

If you have any ideas for PIC-based 
workshop designs (or any other type of 
design, of any sort), let us know. 
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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 tips, not simply mechanical or 
electrical ideas. Ideas must be the reader's own work and 
not have been submitted for publication elsewhere. 
The circuits shown have NOT been proven by us. Ingenuity 
Unlimited is open to ALL abilities, but items for 
consideration in this column should preferably be typed or 
word-processed, with a brief circuit description (between 
100 and 500 words maximum) and full circuit diagram 
showing all relevant component values. Please draw all 
circuit schematics as clearly as possible. 
Send your circuit ideas to: Alan Winstanley, Ingenuity 
Unlimited, Wimborne Publishing Ltd., Allen House, East 
Borough, Wimborne, Dorset BS21 1PF. 
They could earn you some real cash and a prize! 
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WIN A PICO PC BASED 
OSCILLOSCOPE 

• 50MSPS Dual Channel Storage Oscilloscope 
• 25MHz 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 six months, Pico Technology will be 
awarding an ADC200-50 digital storage 
oscilloscope for the best IU submission. In 
addition, two single channel ADC-40s will be 
presented to the runners-up. 

PC Controlled D.C. Motor - Merpeffizd, 

APC can be used to control the speed and 
the direction of a d.c. motor using the cir-

cuit of Fig. 1 along with the brief BASIC list-
ing provided. The circuit is used to interface 
a d.c. motor to the parallel port (LPT I) of an 
IBM-compatible PC. It consists of comple-
mentary transistors connected in an H-bridge 
network. Four diodes are used to provide a 
free-wheeling action. 
Two general-purpose small-signal transis-

tors TR5 and TR6 (type 2SC1483, or perhaps 
a BC548 or equivalent — ARW) are used to 
interface the power driver stage to the paral-
lel port of the PC. The data bits DO and D1 
(pin 2 and pin 3) of the parallel port are used 
to drive the bridge circuit, whilst pin 25 is ref-
erenced to the ground of the bridge power 
supply. A simple QuickBasic program to run 
the d.c. motor at any speed and in any direc-
tion is given in Listing 1. The address of the 
parallel port is 378H. When a low on data bit 
DO and a high on data bit D1 is sent, this 
switches transistors TRI and TR3 on. The 

Listing 1: Motor Speed 
Controller BASIC Program 

ON KEY(1) GOSUB Speed 
KEY(1) ON 
ON KEY(2) GOSUB Direction 
KEY(2) ON 
d= 1:h= 500:M=0 

INPUT "Speed 0-500 = "; s 
20 FOR i% = O TO h - s: NEXT i% 
OUT &H378, d 
FOR j% = 0 TO M + s: NEXT j% 
OUT &H378, 
GOTO 20 

Speed: 
INPUT "Speed 0-500 ="; s 
RETURN 

Direction: 
INPUT "Direction 1=>CW; 

2=>CCW"; d 
RETURN 

Fig. 1. Circuit diagram for the PC Controlled D.C. Motor Speed Control. 

result is a current flow through the motor in 
one direction. 
When a high on data bit DO and a low on 

data bit D1 is sent, this switches transistor 
TR2 and transistor TR4 on instead. A cur-
rent flows through the motor in the opposite 
direction hence changing its direction of 
rotation. 

Speed Control 
The speed of the motor is controlled 

using pulse width modulation through soft-
ware. If TR 1 is on for example (DO = low) 
then current flow through the motor is con-
trolled by switching on alternately the tran-
sistor TR2 and TR3. The duration of two 
FOR TO NEXT loops in the program deter-
mines the speed of motor. If the duration of 

Dineen 

one FOR TO NEXT loop is increased, then 
the duration of the second FOR TO NEXT 
loop is decreased accordingly to maintain 
constant overall loop timing. This results in 
fixed-frequency output pulses at data bit DO 
or data bit Dl. The pulse width of the out-
put is controlled by the loops' timing hence 
controlling the speed of motor. In my case 
the QuickBasic program running on a 
Pentium 166MHz PC produced a frequency 
of about 7kHz at the output, with the speed 
and direction of the motor controlled by the 
function keys Fl and F2. The H-bridge 
10220 power transistor types shown are 
rated for 3A and alternative types could 
readily be used. 

M T lqbal, 
Rawalpindi, Pakistan 
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Omnidirectional Pendulum - llaa Uro. ewtTe 

APENDULUM swinging in a single plane is 
ighly predictable, and can easily be 

enhanced electronically. An omnidirectional 
pendulum, however, falls towards its centre 
of gravity at different velocities and from 
many different angles, thus posing a greater 

electronic challenge. 
My Omnidirectional Pendulum described 

here is continually in motion, swinging rapid-
ly through its centre, or occasionally spi-
ralling around it or bouncing away from it. It 
will form an interesting novelty display. 
A neodymium ( super-strength) permanent 

magnet is suspended from a point by an 
inelastic line which prevents the magnet from 
jumping to the core of an electromagnet LI. 
The electromagnet is fixed below the pendu-
lum at its centre of gravity, see Fig.2b. 
The pendulum's length of swing is about 

25cm and the point of suspension is 25cm to 
50cm above the electromagnet (28cm is rec-
ommended). The magnet should pass with 
about 5mm clearance above the electromag-
net's core. 
The electromagnet was salvaged from a 

12V 200 ohm miniature mains relay, and is 
polarised to repel the pendulum when 

overhead. The magnet used was a small slug 
about 8mm long and 4mm in diameter. 
(Consider a small voice coil magnet from an 
old speaker. ARW.) 
A network of miniature glass reed switch-

es. SI to S15, surrounds the electromagnet 
and detects the incoming pendulum. The trig-
ger network is built by soldering the reed 
switches to a thin wire perimeter (thick wire 
might cause the magnet to jump to the wire) 
at 2cm intervals to form the outer circle, see 
Fig.2c. 
A thin wire ring is then soldered around its 

centre to produce a circle of reed switches of 
about 1 lcm in diameter. The trigger network 
should be laid flush with the top of the elec-
tromagnet's core, and wires taken from its 
inner and outer rings to the rest of the circuit. 

Circuit Detail 
Referring to the circuit diagram of Fig2a. 

as the pendulum falls towards the trigger net-
work's outer perimeter, monostable timer ICI 
pulses and triggers 1C2a, which in turn dis-
ables the 555 monostable at pin 4 until the 
pendulum has crossed the entire trigger 
network. 

At the same time, ICI triggers 1C2b, via 
diode D3, which powers the electromagnet 
using transistor TR2. In order to kick-start 
the pendulum should it stall in a circular pat-
tern of motion (particularly if a longer pen-
dulum is used), components TR 1 to C5 are 
included, causing the magnetic field to col-
lapse at intervals indicated by I.e.d. D6. ( It 
may be found that these components can be 
omitted.) 
To set up. centralise all three presets VR1 

to VR3 then power up (there will be a short 
delay before the pendulum kick-starts). 
Adjust preset VR1 so that green I.e.d. DI 
pulses once only as the pendulum falls 
towards the centre of gravity — not as it shoots 
away. 
Some experimentation is needed using pre-

set VR2 to synchronise the electromagnet's 
repulsion with the pendulum's swing, as indi-
cated by led. D4 (note that too vigorous a 
swing may render the kick-start useless). 
A 12V mains adapter is recommended as a 

power supply, since batteries would soon be 
exhausted. 

Rev. Thomas Scarborough, 
Cape Town, South Africa. 

Fig.2. (a) Circuit diagram for an Omnidirectional Pendulum, (b) pendulum and magnet positioning and (c) reed switch arrange-

ment surrounding the magnet. 
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Brushless Fan Speed Control - Wf,T® enlilteee 

ET may not be generally realised that the 
speed of brushless fans commonly found in 

computers can be controlled down to just two 
or three revolutions per second if necessary. 
This could allow their use in other applica-
tions such as displays, lighting effects, or 
even driving the "Nipkow Disk" described in 
/U December 1999. 
The motors within these fans generally 

consist of an outer revolving armature con-
taining permanent magnets surrounding a sta-
tic inner coil assembly. The coils are switched 
sequentially to produce the rotation by an 
internal electronic circuit, using Hall Effect 
devices to sense the position of the magnets. 
Although the motor speed can be reduced to 
some extent by lowering the supply voltage, a 
point is quickly reached where the voltage 
becomes too low for the electronics to oper-
ate, so it simply stops. 
Much lower speeds can be achieved with a 

pulse-width modulated (PWM) supply where 
the power is applied as brief pulses of the full 
supply voltage, with a constant frequency but 
a variable width. The circuit of Fig. 3 has 
been used successfully to achieve this. 

How It Works 
The circuit works as follows. Op.amp IC I a 

acts as an integrator and IC lb as a compara-
tor with hysteresis set by resistors R4 and R5. 
Together these two circuit elements form an 
oscillator with a triangle wave output. Note 
that the triangle wave from the output of ICIa 
is applied to the inverting input (pin 2) of IC2, 
whilst the non-inverting input of IC2 is con-
nected to a control voltage set by VR1, the 
speed control which provides a range span-
ning zero to full power. The value of VR1 is 
shunted by resistor R7 to counteract the wide 
tolerance typical of these controls. IC2 acts as 
a comparator and drives output transistor TR 1 
(a general-purpose npn medium power tran-
sistor), which in turn powers the brushless 
motor. Diode DI counters any back-e.m.f. 
which may be present. 
The op.amp used for IC2, e.g. the 3130 

should have an output capable of reaching 

Fig.3. Circuit diagram for the Brushless Fan Speed Controller. 

TRIANGLE 
WAVE R7 

19, 

negative rail so that the transistor is turned 
completely off when it is low. No external 
compensating capacitor is necessary for the 
op.amp in this switching application. Some 
other op.amps which could be used in this 
position include the 3140. half an LM358 or 
perhaps one of the new generation of rail-to-
rail CMOS types. (Also see our Op.Amp 
Selector Chart in Circuit Surgery, March 
2000 — ARW.) 
Motors used with this circuit should be 

12V types. When tested, a 75mm fan from a 
scrapped 386 computer and a 47mm Pentium 
CPU fan both worked without any problems. 
The motors were surprisingly tolerant of high 
pulse rates, frequencies up to 100Hz being 
accepted with no performance loss. The larg-
er fan produced some audio noise at higher 
frequencies, the smaller unit much less, and 
this could be minimised by adjusting the fre-
quency through the values of R3 and CI. The 
values shown produce a frequency of about 
33Hz for good performance and minimal 

noise. Experiment if necessary by attaching 
extra mass to the motor's armature to increase 
inertia, otherwise the rotation may be slightly 
jerky. A drop of dry lube oil on the bearing 
may also help. 

Andy Rind, 
Taunton, Somerset. 

INGENUITY 
UNLIMITED 
BE INTERACTIVE 

IU is your forum where you 
can offer others readers the 
benefit of your Ingenuity. 
Share those ideas, earn some 
cash and possibly a prize! 

NEXT MONTH WE ARE COMMUNICATING - SO JOIN US NOW! 

* 16-CH. TRANSMISSION SYSTEM * MIC/AUDIO PREAMP * 

eicompouranume ILOCTRONICS TODAY IIITEMATIONAL 

MeflIAGAZIEFOIBECTIOIESTE0111010ffiCOIPUTEINOJECTS 

SUBSCRIPTION ORDER FORM 
Annual subscription rates (2000): UK £26.50 
Overseas £ 2.50 (surface mail) £50 (airmail) 

To: Everyday Practical Electronics, 
Allen House, East Borough, Wlmborne, Dorset BH21 1PF 

Tel: 01202 881749 Fax: 01202 841692 
E-mail: subs@epemag.wimborne.co.uk 

Name 

41auNtant 

I enclose payment of £  (cheque/PO in £ sterling 
only), VISA 

payable to Everyday Practical Electronics 

Access or Visa No. 

Signature  
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Please supply name and address of cardholder if different from the 
subscription address shown below. Subscriptions can only start with the 
next available issue. For back numbers see the Editorial page. 

Address   
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 Post code   

282 Everyday Practical Electronics, April 2000 



Micro-PICscope 
For those readers who like the look of the neat orange plastic box 

used in the Micro-PICscope project, this is an RS (http://rswww.com) 
product and can be purchased through Electromall (le 01536 204555) 
code 281-681, their mail order outlet. They can also supply the MAX492 
dual op.amp, code 182,2738. 
The 2- line 16-character alphanumeric liquid crystal display module, 

complete with connector, used in the prototype was originally purchased 
from Magenta Electronics (le 01283 565435 or http://www.magen-
ta2000.co.uk). We understand they still have stocks. 
The PIC16F876-20P used in this project is the 20MHz version. For 

those readers unable to program their own PICs, a ready-programmed 
16F876 can be purchased from Magenta (see above) for the inclusive 
price of £ 10 (overseas readers add £1 for postage). Software for the 
Micro-PICscope is available on a 3.5in. PC-compatible disk from the 
EPE Editorial office (there is a small handling charge to cover admin 
costs) — see PCB Service page 308. It is also available free via the EPE 
web site: flp://epemag.wimborne.co.ukipubs/PICS/picscope. The 
software is written in TASM. 
The printed circuit board is available from the EPE PCB Service, code 

259 (see page 308). Finally, data sheets for the PIC16F87x family (and 
other PIC products) are available for free download from Microchip's web 
site: www.microchip.com. Maxim manufacture the MAX492 op.amp 
used in this design. Their web site is at: www.maxim-ic.com. 

Garage Link 
The main items of concern regarding the Garage Link project are like-

ly to be the transmitter and receiver modules and the Holtek encoder 
and decoder chips. 

Starting with the HT12E encoder and HT12F decoder, the last time we 
looked for similar Holtek chips they were in very short supply and FML 
Electronics ( 01677 425840) bought some in. Once again, we under-
stand they are happy to supply the above encoder and decoder i.cs. 

Regarding the R.F. Solutions a.m. transmitter and receiver modules. 
several of our advertisers, such as Suma Designs (73* 01827 714476), 
Quasar Electronics (fe 01279 306504) and Veronica Kits (le 01274 
883434) may be able to help. Also, Maplin (www.maplin.co.uk) are cur-
rently listing a low cost pair, quote code VY47B. 
The last mentioned company also supplied the lever-arm microswitch 

(code NF21X) and the miniature I.dr. (code AZ83E). You can, if you wish, 
use the good old ORP12. The 66MQ resistor for R5 in the Transmitter 

was made up from two 33MQ "high voltage" types (code V33Mi. The IWO 
printed circuit boards come as a pair and are available from the EPE 
PCB Service, codes 261 (Tran.) and 262 ( Rec.), see page 308. 

Flash Slave 
Not much can go wrong when shopping for parts for the Flash Slave. 

this month's simple Starter Project. The phototransistor may cause some 
local sourcing concerns, but, as the author states in the article, several 
npn types have been successfully used in the unit. The BPX25 npn - 
phototransistor used in the prototype came from Maplin 
(www.maplin.co.uk), code OF3OH. 
We understand that some overseas readers are having difficulty find-

ing ZTX type transistors locally, so we suggest they opt for the 2N3440 
type. Other, high voltage and high current transistors should work equal-
ly well in this design. One important point though, like the 2N version, the 
pinout and encapsulation may differ and must be carefully checked 
before inserting on the circuit board. 

High Performance Regenerative Receiver 
As we highlighted last month, some of the type numbers quoted for 

the "plug-in" TOKO coils called for in the High Performance 
Regenerative Receiver did not tally with our information. However, 
thanks to the designer's, Raymond Haig, efforts, the TOKO coil num-
bers and ranges used in the Receiver have been set out in Table 2 in 
the article and were purchased from Bonex Ltd (le 01753 549502), 
type numbers and order codes are as follows: CAN1A350EK, 380-
350; RWO6A7752EK, 3357-752; RWR331208NO, 351-208; 
154FN8A6438EK, 356-438; KANK3426R, 363-426; KANK3337R, 
363-337: MKXNAK3428R, 363-767. We have also been informed that 
JAB Electronic Components (te 0121 682 7045) stock an exten-
sive range of TOKO coils. 
One item we neglected last month was the slow-motion reduction ball-

drive for the tuning capacitor. Glancing through a 'flyer" from Mainline 
Surplus Sales (e 0870 241 0810) we see they list one for just £2.50, plus 
a £3 (UK) post and packing charge. Quote order code 81-0224. 
The three small printed circuit boards are available as a set from the 

EPE PCB Service, codes 254, 255 and 256 (see page 308). 

PLEASE TAKE NOTE 
Video Cleaner Feb '00 
Amended software now available on EPE Disk 3 and via our web 

site. The INIT routine should read: 
INIT CLRF PORTA 

BSF STATUS. PAGE1 
MOVLW 8'00000000' 

This configures PORT A as outputs only. 

• • 
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Web: http://www.nct.ltd.uk 

SQUIRES 

MODEL & CRAFT TOOLS 
Fluorescent Bench Magnifier. 

• With 22W circular daylight simulation tube. 

• 5" dia. glass lens, x1.75 magnification. 
Spring balanced arms for universal positioning. 

• Multi-angle table clamp. 
• Robust metal construction. 

Code LA100 - Price f49.95 Post Free to UK addresses. 

Post, Telephone or Fax your orders to:-

Squires, 100 London Road, Bognor Regis, 
West Sussex, P021 1DD 

Tel 01243 842424 
Fax 01243 842525 
Shop Now Open 
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REACinuT 
John Becker addresses some 
of the general points readers 
have raised. Have you anything 

interesting to say? 
Drop us a line! 

WIN A DIGITAL 
MULTIMETER 111111 

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

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

Readout letter. 

* LETTER OF THE MONTH * 
FUSED COIL FORMERS 

Dear EPE, 
Reading much of the series recently on 

Practical Oscillator Design (Jul-Dec '99), has 
prompted me to come up with a practical idea 
for constructors of r.f. oscillators etc. 

Basically the idea, which I have already put 
into practice, makes use of the ordinary house-
hold 3A/13A ceramic fuse. Prepare to disman-
tle the fuse by easing off one end with pliers, 
whilst the other end is secured by soldering it 
to a piece of scrap p.c.b. for support. Discard 
the internal fuse wire plus sand, and a very 
nice ceramic coil former remains, also keep 
the connector at one end, this will prove useful 
too. 

Ceramic type coil formers are often referred 
to in the ARRL Handbook in numerous con-
struction articles for VFOs etc, and apart from 
the excellent mechanical and temperature sta-
bility they offer, coils can easily be wound and 
secured using the following method: 
By soldering the lower contact of the fuse to 

a small pad on the etched oscillator p.c.b., the 
coil can be wound as in Fig.1, and the turns 
held tightly, whilst the "hot end" of the coil is 
soldered to its intended point of the circuit, 
before any other components are mounted. By 
applying a smear of Araldite to the coil layers, 
and holding a 25W iron near, heat and melt the 
resin whilst turning the former, this will ensure 
a uniform, covering and ultimately hold the 
turns permanently in place. 

In fact, many of your readers will probably 

coil 

%MITI» 

Fig.1 

tilt: 1in III( 

connector 

(-1 

part of PCB assembly 

be familiar with heating of Araldite to increase 
its flow and quicken its setting time, and in 
this application the coil will appear glazed, as 
if encased in glass! 

Using 28 or 30swg enamelled copper wire 
and using most of the length of the former, 
popular MF frequencies and beyond can 
be covered with the appropriate value of 
capacitor. 

Hopefully readers can be encouraged to 
experiment using items such as fuses to pro-
vide potentially excellent coil formers, rather 
than the seemingly ever elusive pre-wound 
coils — once found in constructors' catalogues. 
In fact the humble fuse can also be used as 
p.c.b. stand-offs! 

D.B. Venuti, Thurgarton, Norwich 

A very useful suggestion, and one which we 
are pleased to publicise. Thank you DB — 
enjoy your new meter! 

PC SCREEN DUMPS 
Dear EPE, 
t commend John Becker and your team on 

your intuitive treatment and presentation of elec-
tronics in the Teach-In 2000 series. The accom-
panying interactive computer program is also 
very impressive. 

It looks as if the printed screen-shots are actu-
al photographs of a PC monitor taken with a 
camera. Indeed, this seems to be your method for 
reproducing any PC graphical output. You prob-
ably have your own reasons, but just in case, I 
have a suggestion that would save time and 
effort, while also dramatically improving the 
quality of the reproductions. The following 
applies to IBM-compatible PCs only, running 
Windows 3.1, 95, 98 or NT. 

Pressing the <PRINT SCREEN> button 
(located beside the <SCROLL LOCK> key) on 
the keyboard causes the monitor output at that 
time to be stored to the clipboard. The "Edit 
Paste" command, available in most Windows-
based editing software, can then be used to dump 
the image into a document, or in the case of a 
graphics editing package, into an image file. 
To capture DOS output, run the DOS-based 

program from Windows at the full screen setting, 
hit <PRINT SCREEN> to capture the desired 

•output and use the <ALT> <TAB> key combina-
tion to return to the Windows editing program 
for subsequent pasting. It is then also very easy 
to label the image with graphics editing software 
if desired. 

Active Dialog/Message boxes can be neatly 
captured to the clipboard by pressing <ALT> 
<PRINT SCREEN>. This causes the back-
ground graphics to be omitted from the capture. 
I thoroughly enjoy your magazine, and with 

practical circuits, it certainly lives up to its name. 
John Harris, 

Co. Longford, Ireland, via the Net 

Your assumption about using screen photos is 
absolutely correct. I did not know that my com-
puters were capable of screen saving in this way 
from a DOS-based program. Other authors have 
previously provided us with electronically cap-
tured images but I had assumed they had special 
software. 
I tried it when I saw your E-mail and it worked 

nicely, enabling the images to be stored to disk 
and passed to our in-house typesetting team. The 
screen images in this month's Teach-In have 
been done this way. Thank you. 

Your E-mail was actually passed to us by Max, 
our Online edition editor in the USA. He added 
the following additional advice: 

If you want to see how easy it is in normal 
Windows mode, just press (and release) the Print 
Screen button now, then use Start > Programs > 
Accessories > Paint to open the simplest of paint 
programs and then use Edit > Paste and see what 
happens — you can then save this image as a 
.BMP file, and then use Adobe Photoshop to 
shrink it and/or change it into other formats. 

UP TO SCRATCH 
Dear EPE, 
EPE Jan 2000 — best issue for a long time, as 

well as being PIC-free! Glad I renewed my 
subscription. 
The mag arrived as t was finishing writing up 

notes and drawing the circuit diagram for some-
thing I've just finished and t was trying to 
remember the symbol for a thermistor (not 
something you use everyday), so I was well 
pleased with Fig.3.3 on page 33. I really think 
the Teach-Ins are one of the best things you do. 
I have been a hobbyist on and off for nearly 50 
years since t built a one-valve set, later convert-
ed to mains for the HT, given the price of 90V 
HT batteries, and my first serious electric shock 
(no namby-pamby PP3 batteries then!). I have 
found there is always something new to learn. In 
fact the reason I read EPE today is down to pick-
ing up the Jan '93 issue in WH Smiths, glancing 
through Teach-In 93 Part 3 and that is why I 
subscribe! 

Regarding "Notations" on page 32 (Jan '00), I 
have used quite a few pots made by Radiohm 
that are labelled, for example, 'OKA, 10KB or 
10KC where A, B and C indicate lin, log and 
reverse-log respectively. I always assumed that 
this was a house code but 1 have seen it used on 
published circuit diagrams too. Also, an Orneg 
pot 1 have is labelled 10K LIN.A. By the way, if 
you take two dual-gang Radiohm or Omeg pots 
and disassemble them you can rebuild them as 
one 3-gang and a single-gang pot (nothing wast-
ed!). The 3-gang pot makes a passable 
18dB/octave variable Sallen and Key filter a pos-
sibility. I have assembled a 4-gang pot but it's no 
good hying for a 24dB/octave filter as the 
matching is not good enough. 

Robert Penfold's Practically Speaking feature 
on page 58 demonstrates how difficult it is to 
insulate transformers of the style illustrated in 
Fig.2 since the centre tap is not insulated nor are 
the vertical parts of the tags where the ends of 
the windings are soldered to. If possible, I usual-
ly try to mount a transformer so that the primary 
tags are difficult to touch and have often thought 
this would be easier if the primary tags were at 
the bottom of a transformer and not the top. 
Where this is impossible t have either stuck a 
piece of acrylic sheet on top of it with double-
sided sticky foam pads or fashioned a shroud 
from "Masticard" as used by model makers. I 
cannot think of any better way and it does seem 
daft that you can buy a boot for the mains inlet 
but have to improvise on the transformer. 
I also studied Robert's Scratch Blanker (Jan 

'00) very carefully as I am about to build a sim-
ilar device using a Reticon SAD1024 CCD delay 
line that I bought years ago for the purpose and 
never got round to. I had dug out my old notes 
and cuttings. One of the cuttings was An 
Experimental Scratch Eliminator (Hi-Fi News 
Sept-Oct '79) by one R.A. Penfold, which makes 
me wonder if it is coincidence that 20 years later 
when I am about to build what I started thinking 
about in 1979, Robert Penfold publishes another 
design. Spooky! 

Barry Taylor, via the Net 

Thank you Barry for another interesting con-
tribution to Readout. Sorry we can't publish it in 
its entirety. 

Everyday Practical Electronics, April 2000 285 



WHAT'S PIC STAND FOR? 
Dear EPE, 
I keep reading about PIC programmers, but 

am having problems to find out what the abbre-
viation stands for. Could somebody clear it up 
for me? 

Mark Zenier, 
Washington State, USA, via the Net 

Our On-Line Editor Alan unearthed (or 
ungrounded, in the USA) these answers: 

In the 1977 General Instruments databook, it's 
given as Programmable Intelligent Computer. A 
couple years later, they changed it to 
Programmable Intelligent Controller. There's a 
short history of the early 16x x series in 
Computer Structures: Principles and Examples, 
a computer architecture text from 1982. There 
were several families of PIC microcontrollers. 
The 16xx series is the same (with a few exten-
sions since) as the current CMOS parts, although 
these were NMOS with a factory programmed 
ROM, so they didn't get wide hobby or small 
volume use. 
The PIC7000 were a second source of the 

Texas Instruments TMS7000 series. Their widest 
known use was the brains inside of the 
Videocipher satellite TV video descrambler. 

Alan Winstanley 

Thanks Alan. But the plot thickens — in 
Readout Oct ' 99, Joseph Birr-Pixton quoted 
Arizona Microchip's early literature stating 
Peripheral Interface Controller. It has to be 
remembered, though, that GI were (we under-
stand) the company who first introduced PICs, 
with Microchip only taking over some years 
later. 

Interestingly, Brian Brooks of Magenta 
Electronics some time ago sent us a copy of a 
1982 GI data book in which the PICs were 
described as being microcomputers rather than 
microcontrollers. 

Brian comments that "we could have been 
publishing PIC projects 10 years or earlier than 
we have" (our first was in June ' 92). "I wonder 
if the timing of the PIC's success has more to do 
with the ownership of PCs to program with? 
Sometimes it seems, the market is not ready for 
something, no matter how good — there must be 
a lesson there!". 
From a hobbyist point of view, I'm sure PCs 

formed one of the keys to PIC acceptance, 
although 1 know I could have programmed my 
1979 Commodore PET 32K to handle PIC 
programming. What has really unlocked the 
door, though, is the availability of the electri-
cally erasable PICs, such as the PIC16x84 
devices. 

HUMIDITY SENSING 
Dear EPE, 
Whilst on holiday in the UK last year. I came 

across your article on the construction of the PIC 
Altimeter in the Sept '98 issue. My interest in 
this is that it appears, in principle, to be adapt-
able as an all electronic hygrometer for measur-
ing relative humidity. The accurate indication of 
relative humidity has been the subject of study at 
the Technical Centre in south Mexico and I 
should be pleased to pass-on information to you 
on a confidential disclosure basis, to have your 
opinion on some ideas. 

Tim Warren, Merida, Yucatan, Mexico 

In principle, the unit could be adapted but it is 
regretted that we cannot advise on modifying 
designs for other purposes, nor can we offer other 
advice of the type you are looking for. 
We would suggest, though, that asking similar 

questions via the EPE Chat Zone on our web site 
might prompt responses from other readers. 

Incidentally, some years ago I had intended to 
design a humidity meter and bought in the 
required sensor. By the time I got round to con-
sidering the idea further, the sensor had become 
obsolete. One day I might start to searching for 
another type. 

CODE PROTECTION 
Dear EPE, 
I've had two instances of the PIC16F876 and 

PIC 16F877 code protect bits being set — this has 
happened twice in approximately 100 program-
mings. It happens after programming, not while 
configuring the PIC, and occurs with a program 
that has been and continues to be OK (with a 
new PIC!). Has anybody else reported such prob-
lems and is there a known reason for this? 

Darren Southee, via the Net 

Assuming Darren was using the PIC Toolkit 
Mk2 programmer, I replied that I did not know 
the reason but would look into it. Doing so. I 
could find no reason for code protect bits becom-
ing erroneously set. Then back from Darren 
comes: 

I've just found out that it occurs occasionally 
on the PICSTART+ as well. My 16F877 was 
only partially code protected, i.e. with IFOO:IFF, 
which suggests corruption of bit CPO in the con-
figuration word. 

Curious. Can anyone throw light on this, or 
has had similar experiences? 

WEB OFFSET 
Dear EPE, 
Re: your rotten web site. 
What is the point of having a web site if you 

don't put any information on it? God knows it's 
cheap enough to buy enough server space to do 
so. I wanted to order a p.c.b. and I don't have the 
latest copy of the magazine to see whether it is 
still available and at what price. So I thought "I'll 
look on their web site — it's bound to tell me". 
Some hope! 

Like everybody else in the entire world, I 
don't need to order things on the Internet — we 
have a perfectly adequate postal service. I just 
need the information! 

Brian Thompson, via the Net 

Our On-line Editor Alan Winstanley received 
this attack. He politely replied to the assailant: 

I am sorry you are not happy with our on-line 
service. Our future plans include a shopping cart 
which is at an advanced stage, but we cannot do 
everything all at once. We have plenty of server 
space at our disposal, which is not a problem 
(nor the bandwidth needed to serve it), the issue 
is obviously the time and resources needed to put 
it all together. 
I looked at putting p.c.b. info on-line but the 

fill-in order form was already getting very cum-
bersome. The current page is an interim attempt 
to cater for those wanting to order Back Issues 
and p.c.b.s in the same credit card order, rather 
than placing a separate order for boards via a 
separate page. 
I agree that you could already use ordinary let-

ter post, or phone or fax instead, but our overseas 
readers particularly enjoy and welcome our 
Internet service. In particular they like the free 
information we do already give away, e.g. the 
Basic Soldering Guide which enjoys world-wide 
popularity, not forgetting the free source codes 
we publish for nearly all our PIC projects. The 
service is, however, continuing to evolve. 

Most readers are courteous in their communi-
cations with us. as indeed should be the attitude 
of any human to another. Occasionally, though. 
we do receive unwarranted attacks over trivial 
matters. One can only speculate as to the frame 
of mind of those who do not observe the common 
decencies of courteousness. 

At HQ, aggressive correspondence is likely to 
be binned forthwith. Alan, though, is a kind and 
courteous man who puts most of his waking 
hours into keeping EPE readers happy and sup-
plied with information, not only via our pages 
but especially via the Net. Accordingly, good 
natured as he is, Alan did respond to this ill-
mannered E-mail. No doubt it's too much to hope 
that he will have received thanks and an apology 
from its sender. 

SCOPE CHOICE 
Dear EPE, 
I am what your magazine would probably 

describe as an Electronics Hobbyist, although I 
am not sure that even that may not be an 
overstatement. 

For the last twenty years I have been retired 
from employment through ill health, during 
which time a previously curious interest has had 
time to deepen into dabbling. I have a very basic 
knowledge of electronics which has enabled me 
to construct small projects from magazine arti-
cles as well as repair my TV and VCR when 
occasion required. 
My equipment is not extensive, the usual 

tools plus multimeters etc., but also includes a 
rather "ancient" oscilloscope which I pur-
chased some years back for the princely sum of 
£40. It has served me well in spite of its age and 
cumbersome size but unfortunately the main 
transformer has blown, developing an internal 
short circuit in the high voltage winding that 
supplies the CRT final anode and focusing cir-
cuits. The scope being now obsolete means that 
spares are not available and because of the 
number of windings involved an alternative 
would not be suitable. I did have an attempt, 
twice in fact, at rewinding it but without suc-
cess and to have one custom-made would not be 
economically viable. 

In reading February's EPE and Part 4 of 
Teach-In 2000 in particular, a comment of yours 
wherein you mentioned that you had built your 
first oscilloscope yourself from ex-government 
surplus components, rang a bell with me as I had 
read a book some years ago on oscilloscopes 
where the writer made the same statement. 

In your opinion, would it be possible for me to 
rejuvenate my scope with the use of solid state 
components in place of the original valve cir-
cuitry. The final anode voltage of 4kV and the 
other high voltages required for the CRT seem to 
me to present quite a problem. 
Do you know of any books or articles that 

would give practical as well as technical help as 
I am not up to designing the fairly complex cir-
cuits myself. The scope in question is a Solatron 
Type CD 1400 (twin-beam, double-gun, 5-inch 
CRT). If in your opinion it is not worth the effort 
or would not be financially practicable (and 
finance is an important issue, not having an 
income to speak of), then may I say that I have 
been toying with the possibility of purchasing a 
Virtual Scope, such as that advertised on page 
100 in the same issue of EPE. (I have been given 
a thrown-out 386 computer which should be able 
cope.) 

The alternative being a second-hand conven-
tional scope, a number of which are also adver-
tised in EPE for about the same outlay. In your 
opinion which would be the better way to go, are 
there any major advantages or disadvantages 
with either? 

R.J. Spratt, Whitton, Middx 

I too used to have a Solatron of ancient age. 
When it failed I felt it was not worth updating it. 
My Virtual Scope of Jan-Feb '98 is good but 
complex to build. It has, though, provided vital 
assistance in analysing circuit waveforms which 
my conventional scope could not deal with. 
Consequently, I see great merits in having such a 
workshop tool. 

However, having been brought up on conven-
tional scopes, I think on balance that should the 
situation arise I would still go for one those first. 
Against that is the enticing thought of all the 
facilities which a virtual design can offer. They 
would be especially enhanced, no doubt, by a 
modern fast computer. I wonder whether an old 
386 would actually be up to the job? On this 
point you should check with those advertisers 
who sell virtual scopes. 

Books-wise, I do not know any of the calibre 
which would suit you. If you have Internet access 
(and many libraries offer a free service for this), 
you could try browsing the major book sellers on 
the web, such as www.amazon.com and 
www.bol.com. 
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TEACH-IN 2000 HELP! 
Dear EPE, 
Thanks for the wonderful magazine. I had 

been trying to get involved with electronics for a 
while but our local library did not have enough 
info. Then I found out about EPE. I began read-
ing the magazine in Aug '99, understanding little 
and eventually subscribed to EPE Online. The 
Teach-In 2000 series has really helped me to 
begin understanding electronics. 
I was working on the experimental section of 

Part 4 and found that on my computer the read-
ings I get for the 8-bit data output are -5V for 
low and OV for high. The same with the inputs. I 
reversed the polarity of my input voltage to get 
the programs to work. I hope this will not affect 
the programs in any way and that I will be able 
to continue with the wonderful Tutorials. 
The computer was purchased as is. second-

hand and has a Pentium I66MHz processor, 
that's about all I can tell you about it. I also used 
a length of 25-way ribbon cable with a male 25-
way D-type snap-in adapter on one end and sol-
dering the ends of the cable to strip board on the 
other end. I did this so I don't need to make a 
p.c.b. for the Centronics adaptor. 

Hitesh Lala, South Africa, via the Net 

Great to know you appreciate us! The only 
reason I can think of for the negative values is 
that you are connecting the meter in back-to-
front. The COM lead should go to OV. i.e. the 
negative terminal of your battery, or the metal 
chassis or other known ground (0V) point of 
your computer or its connecting lead. 

The Centronics parallel connector to the 
breadboard for Teach-In has more than just one 
pin which can be used for ground (0V) connec-
tion. Pins 19 to 29 provide separate grounds for 
the screening on individual signal wires, pin 16 
is Logical ground, pin 17 is Chassis ground, 
while pins 30 and 33 are quoted in my source 
book as just being Ground. 
Look closely at the connector for the identity 

of the pins. Note Mal once you have found pin I, 
the numbers follow sequentially to the end of that 
row, and continue on the second row from the pin 
immediately opposite pin I. This is contrary to 
the order in which d.i.l. i.c. pins are numbered, 
going down one side and then back up the next. 
This explains the cause of the pin numbering 
error in Fig.4.6 (Feb), as reported last month 
(March); the author (me!) had erroneously 
counted in the wrong direction — how infantile! 

TEACH-IN AND PSION (2) 
Dear EPE, 
As a person who is involved mainly in 

Computers/IT, and only dabbles in Electronics as 
a very part-time hobby. I feel relatively refreshed 
to be able to answer one of the questions posed 
in your Readout section. 
I refer to the letter from Federica Appolloni in 

the January 2000 Issue of EPE Online. Federica 
is trying to use the Teach-In 2000 software on an 
XT-Emulator. 

Normally, I don't think that there would be a 
significant problem in using the software on a 
Real XT based PC. I think that the problem is 
caused by the display mode used by the soft-
ware. The display resolution required by the 
Teach-In 2000 software is just not possible on a 
Psion series 5 palmtop. The error generated 
would be consistent with an attempt to switch to 
a different display mode failing. 

Mike Insch, Aberdeen, via the Net 

Thank you Mike. The resolution of the screen 
mode used (Screen 9 in QBasiclQuickBASIC • 
EGA1VGA) is 640 x 350 pixels, with text set for 
80 characters x 25 lines, 16 colour attributes. 

Interestingly, with regard to the "hieroglyphs" 
problem being experienced by some readers (see 
several previous Readouts), / have succeeded in 
simulating the situation (via codepage com-
mands) on two of my machines and found that 
problem then exists with text set for 80 x 25, but 
not with it set for 80 x 43. 

DOING IT RIGHT! 
Dear EPE, 
l bought a copy of your magazine the other 

day after a nine year gap. I was pleasantly sur-
prised to find that the comfortable old format 
was pretty much intact, and that the regular con-
tributors like Robert Penfold were still hard at it. 
doing their best to instil their wisdom to us read-
ers, and even the familiar old Bull Electrical ad. 
inside the front cover was still there after all this 
time. The small details such as the component 
lists and the stripboard layouts, and even the lit-
tle cartoon illustrations brought the memories 
back as if I'd only bought a copy last month. 

The noticeable changes included things like 
the Internet feature Net Work and the fact that 
most advertisers now have web sites (which is 
good news), and that everyone seems to be going 
on about this PIC processor thingy (sorry to be 
an ignoramus). But it was reassuring to know 
that some institutions like EPE have remained 
essentially unchanged over nearly a decade, even 
despite a merger with another publication (when 
I was a regular reader in '91 it was of course 
Everyday Electronics I read). 
Some might say that this shows a lack of 

progress on the part of the publication, but I say 
that in reality what it means is that the formula is 
right and therefore doesn't need to change. 
My life veered away from electronics in '91, 

but now after the re-igniting of my interest in 
hobby electronics thanks to another interest of 
mine, cycling, and the desire to build a two-stage 
sealed lead acid battery charger to charge my 
self-designed front lighting rig. I am glad t did 
pick up a copy of EPE. as I found it as enjoyable 
to read now as I did back then. 
I also found/find EPE a valuable source of 

suppliers of parts thanks to the ads, but I noticed 
that your Online issue (judging by the sample 
issue only) does not contain these ads. I see the 
adverts as almost as an important part of the 
magazine as the articles, and thus it seems a 
shame to omit them from the electronic version, 
especially when so many have web presence 
these days that overseas subscribers can also 
contact them very easily. Just a thought. 

Please keep up the good work and the high 
quality of EPE and be assured that your publica-
tion is probably amongst a very small minority 
that seems to have got it right. 

Jason Webb, Reading, Berks 

Thanks for your kind comments. Jason. Some 
may regard us as a bit staid, but as you said, it 
seems to work OK. We are moving towards ads in 
the Online version. Watch that space! 

TEACH-IN BUG 
Dear EPE, 
While using the TY2K (Teach-In 2000) soft-

ware I have stumbled on a bug with the self-test 
of the Resistor Values and Colour Codes pro-
gram. The first four questions ask for the resis-
tance to be typed in and this is followed by four 
questions which ask for the resistance to be 
selected graphically. 
When the last of these questions is answered 

correctly (eight questions), the program gets into 
a loop where the question remains unchanged 
and the graphical value of the resistance changes 
to what the program thinks should be the correct 
next answer. Typing <Enter> several times just 
gives the correct answer. After pressing <A> to 
get the answer, the program gets back to normal, 
only to repeat the same after the 16th question. 
and so on. 

Thanks for a great Teach-1n series and for a 
great magazine. 

Federica Appolloni, via the Net 

So it did! I've now fixed it and the fix will be 
released when software versión Vi.! (with more 
demo routines) is released with Teach-In Part 7. 
In the meantime, just remember that this bug is 
lurking (but it's not malignant and it's not a Y2K 
bug — has anyone encountered one of those yet? 
I haven't). 

SOLDERING TIP 
Dear EPE, 
1 have a question on soldering iron tips. After 

a job is done I have been told to put a small 
amount of solder on the tip and then unplug the 
soldering iron. I have also been told do not do it. 
Who is right? 

Michael Powell, via the Net 

On-Line Editor Alan Winstanley received 
Michael's query, and replies to it: 

I always dab a small amount of solder on the 
tip to tin it, wipe it clean on a damp sponge and 
then unplug the iron and let it cool while the tip 
is still nice and shiny. This preserves the cleanli-
ness of the tip ready for the next job. However, 
you MUST WIPE it clean before unplugging, or 
the excess solder and flux will just bum and 
"dull" the tip and lead to unwanted deposits 
before the iron has gone cold. 

If you don't use the iron for a time (say 5 to 10 
minutes or more) before switching off, the tip is 
bound to be dirty when it cools down due to 
baked-on flux deposits, oxides etc. This could 
make it harder to clean up the tip when you next 
switch it on. (Brand new tips can gradually be 
made unusable for this reason. Hence you must 
always thoroughly tin a new tip straight away.) 

If a tip is always kept nice and shiny, it is 
always easier to use. It will accept solder readily 
and let you solder accurately and more quickly. 
So whoever told you to add some solder is right 
— provided you wipe the tip to remove any excess 
solder, before the iron has gone cold. 

SERIAL LOG 
Dear EPE. 
I'm designing and building an automatic 

weather station based around the PIC16F877. 
I've been pinching ideas and bits of circuit from 
your PIC Data Logger (Aug '99) and PIC 
Altimeter (Sep '98). 

I've been trying to get a serial RS232 link 
from the PIC's USART to my PC working (to 
transfer results). I used exactly the circuit and 
cable pinout you have in the Data Logger 
except that, not finding a spare 7404 buffer in 
the components box. I used a couple of NAND 
gates with paralleled inputs from a 4011 
instead. 1 eventually succeeded in getting it 
going, but only by using one of the gates, not 
two in sequence as in the Data Logger circuit. 
In other words I had to invert the output from 
the PIC's RC6 pin. 
I checked with Microchip technical support 

about this. The RC6 output is indeed inverted, 
and is intended to be used with an RS232 trans-
ceiver, most of which invert the input signal ( so 
that on the line side of the transceiver chip the 
output is correct). 

Since your design puts the signal through two 
inverting buffers in sequence, i.e. retains the 
inverted signal as output by the PIC, how did you 
ever get it to work at all? I looked through your 
PC comms input program (DATLOG02.BAS), 
but I couldn't see anything that was doing any-
thing strange to the hardware — but t don't use 
QuickBASIC so I'm not an expert in it. 

But if you get any queries from folks with 
older kits who can't get it to work, you might 
suggest that they try using something like the 
MAX232CPE instead of the 74HC04. R.A. 
Penfold had a useful article on using this chip 
(Interface July '96). 

Malcolm Wiles, via the Net 

As I explained in the Data Logger article, and 
advised to Malcolm. I am not an expert in comms 
port use and had to research heavily before 
achieving a working circuit, which was subse-
quently proved on my several computers. 

What Malcolm missed when examining the 
.BAS code is that a machine code routine is also 
accessed, this doing the actual reading of the 
comms port. In it the data is indeed re-inverted. 
The full machine code text can be read in file 
DATLOG02.J. 
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Everyday Practical Electronics are pleased to be able to offer all readers these 

6.01Ie 

ELECTRONICS CD-ROMS 
ANALOGUE ELECTRONICS 
by Mike Tooley 
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. 
FUNCTIONS 
The component values on all 
circuits can be edited and the user 
can use the simulation engine to 
see how the value of each 
component affects circuit 
performance. You can, for instance, 
alter frequency and phase angle 
and plot outputs on a virtual 
oscilloscope or show load line 
graphs etc. 

COVERAGE 
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. 

• Includes SPICE circuit 
simulator with over 50 
circuits 

• Unique virtual laboratories 

• Editable assignments 

• Design parameters for circuits 
included 

• Complete hi-fi amplifier case 
study 
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DIGITAL ELECTRONICS 
by Mike Tooley 
Digital Electronics builds on the knowledge of logic gates 
covered in Electronic Circuits & Components (below), 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. 
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FUNDAMENTALS 
Fundamentals introduces the basics 
of digital electronics including binary 
and hexadecimal numbering 
systems, ASCII, basic logic gates 
and their operation, monostable 
action and circuits, and bistables - 
including JK and D-type flip-flops. 

COMBINATIONAL 
LOGIC 
Multiple gate circuits, equivalent logic 
functions and specialised logic 
functions such as majority 
vote, parity checker, scrambler. 
half and full adders. Includes 
fully interactive virtual 
laboratories for all 
circuits. 

SEQUENTIAL LOGIC 
Introduces sequential logic 
including clocks and clock circuitry, 
counters, binary coded decimal 
and shift registers. 

DIGITAL SYSTEMS 
ND and DIA converters and 
their parameters, traffic light 
controllers, memories and 
microprocessors - architecture, 
bus systems and their arithmetic 
logic units. 

GALLERY 
A catalogue of commonly used 
IC schematics taken from the 
74xx and 40xx series. Also 
includes photographs of 
common digital integrated 
circuits and circuit technology. 

Hobbyist/Student £45 inc VAT 

Prices for each of the two CD-ROMs above are: Institutional (Schools/HE/FE/Industry) £99 plus VAT 

Institutional 10 user ( Network Licence) £199 plus VAT 

(UK and EU customers add VAT at 17.5% to "plus VAT- prices) 

TWO 
APPLICATIONS 

ON ONE 
CD-ROM 

—411 Fludoweentala 

ELECTRONIC CIRCUITS & COMPONENTS 
+ THE PARTS GALLERY by Mike Tooley 

Electronic Circuits & Components 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 as they proceed through the sections on 
the CD-ROM. Sections on the disk 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 - many students have a good understanding of electronic theory but 
still have difficulty in recognising the vast number of different types of electronic 
components and symbols. 
The Parts Gallery helps overcome this problem; it will help students to recognise 
common electronic components and their corresponding symbols in circuit diagrams. 
Selections on the disk include: Components, Components Quiz, Symbols. Symbols 
Quiz, Circuit Technology 

Hobbyist/Student  £34 inc VAT 
Institutional (Schools/HE/FE/Industry)  £89 plus VAT 
Institutional 10 user (Network Licence)  £169 plus VAT 

(UK and EU customers add VAT at 17.5% to "plus VAT" prices) 
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Interested in programming PIC microcontrollers? Learn with PICtutor by John Becker 

The Virtual PIC 

Deluxe PICtutor Hardware 

This highly acclaimed CD-ROM. together with the PICtutor experimental and development board, will teach 
you how to use PIC microcontrollers with special emphasis on the PIC16x84 devices. The board will also act 
as a development test bed and programmer for future projects as your programming skills develop. This 
interactive presentation uses the specially developed Virtual PIC Simulator to show exactly what is 
happening as you run, or step through, a program. In this way the CD provides the easiest and best ever 
introduction to the subject. 
Nearly 40 Tutorials cover virtually every aspect of PIC programming in an easy to follow logical sequence. 

HARDWARE 
Whilst the CD-ROM can be used on its own, the physical demonstration provided by the PICtutor 
Development Kit, plus the ability to program and test your own PIC16x84s, really reinforces the lessons 
learned. The hardware will also be an invaluable development and programming tool for future work once you 
have mastered PIC software writing. 
Two levels of PICtutor hardware are available - Standard and Deluxe. The Standard unit comes with a battery 
holder, a reduced number of switches and no displays. This version will allow users to complete 25 of the 39 

Tutorials. 
The Deluxe Development Kit is supplied with a plug-top power supply (the Export Version has a battery 
holder), all switches for both PIC ports plus I.c.d. and 4-digit 7-segment I.e.d. displays. It allows users to 
program and control all functions and both ports of the PIC and to follow the 39 Tutorials on the CD-ROM. 
All hardware is supplied fully built and tested and includes a PIC16F84 electrically erasable programmable 

microcontroller. 

PICtutor CD-ROM 
Hobbyist Student £45 inc. VAT 

Institutional ( Schools HE,FE Industry) £99 plus VAT 
Institutional 10 user ( Network Licence) £199 plus VAT 

HARDWARE 
Standard PICtutor Development Kit £47 inc. VAT 
Deluxe PICtutor Development Kit £99 plus VAT 
Deluxe Export Version £96 plus VAT 
(UK and EU customers add VAT at 17.5% to "plus VAT" prices) 

MODULAR CIRCUIT DESIGN by Max Horsey and Philip Clayton 
This CD-ROM contains a range of tried and tested analogue and digital circuit modules, 
together with the knowledge to use and interface them. Thus allowing anyone with a basic 
understanding of circuit symbols to design and build their own projects. 

Essential information for anyone undertaking GCSE or "A" level electronics or technology and 
for hobbyists who want to get to grips with project design. Over seventy different Input, 
Processor and Output modules are illustrated and fully described, together with detailed 
information on construction, fault finding and components, including circuit symbols, pinouts, 
power supplies, decoupling etc. 

Single User Version £19.95 inc. VAT 
Multiple User Version £34 plus VAT 

(UK and EU customers add VAT at 17.5% to -plus VAT" prices) 

designing your circuit 
simply select your modules from the wide choice available. 
read how they work and loin them up to make your circuit 

LDR 

output 

found that I could design a circuit without my teacher's help 
And it worked, Everything was to hand - which chips to use - 
and which pins did what " Andrew Preston (GCSE student) 

A Web Browser is required for Modular Circuit Design - one is provided on the EPE CD-ROM No. 1 (see below) but most modern computers are supplied with one. 

Minimum system requirements for these CD-ROMs: PC with 486/33MHz. VGA+256 colours, CD-ROM drive, 8MB RAM, 
8MB hard disk space. Windows 3.1/95/98/NT, mouse, sound card ( not required for PICtutor or Modular Circuit Design). 

CD-ROM ORDER FORM 
Please send me: 
11 Electronic Circuits & Components +The Parts Gallery 
D Analogue Electronics 
D Digital Electronics 
D PICtutor 

D Hobbyist'Student 
D Institutional 
ED Institutional 10 user 

Note: The software on each version is the 
same, only the licence for use varies 

PICtutor Development Kit - Standard 
D PICtutor Development Kit - Deluxe E Deluxe Export 

Note: The PICtutor CD-ROM is 
not included in the Kit prices. 

D Modular Circuit Design - Single User 
D Modular Circuit Design - Multiple User 

Full name: 

Address  

 Post code:  Tel. No:   

Signature:   

D I enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £   

(1 Please charge my Visa/Mastercard: £  Card expiry date:   

Card No:   

Please supply name and address of cardholder if different to the delivery address. 

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 Ido not 
add VAT unless you live in an EU country, then 
add 171/2 % VAT or provide your offical VAT 
registration number). 

Send your order to: 
Direct Book Service 

Allen House, East Borough, Wimborne 
Dorset BH21 1PF 
(Mail Order Only) 

Direct Book Service is a division of Wimborne 
Publishing Ltd. To order by phone ring 

01202 881749. Fax: 01202 841692 
We cannot reply to overseas orders by Fax 
Goods are normally sent within seven days 

Demos (not Modular Circuit Design) available on the EPE CD-ROM No. 1 (Free with the November '98 issue of Everyday Practical Electronics magazine) - 

send £2 for this CD-ROM if you require the demos. Minimum order for credit card payment is £5. ee50b 
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EPE/ETI Tutorial Series 

TEACH-IN 2000 
Part Six - Logic Gates, Binary 
and Hex Logic 

So, it's five parts of Teach-In 2000 under our belts and 
we know that you are greatly enjoying and learning 
from this 10-part series. We are pleased to have been 
told on many occasions that you appreciate the way in 
which we are leading you by the hand, on the assump-
tion that you knew little or nothing about electronics 
before you started reading the series. Your comple-
mentary comments are very welcome. 

We have covered the basic "passive" components and 
provided you with a means by which to create wave-
forms and display them on a PC-compatible computer 
screen. This enables us to now explore somewhat 
more sophisticated components of an "active" nature. 
Our experimental subjects this month are not only 
gates but binary counters to complement the Tutorial, 
and a decimal counter — for fun as well as instruction! 

I
N previous parts of Teach-ln, 
the term AND has been used 
from time-to-time. Indeed, in 

Part 4 we gave a brief description 
of what it does. The term occurs 
in both computing and electron-
ics. In both instances, the imple-
mentation of AND is physically 
carried out by an electronic 
device or circuit somewhere in 
the system. 
We explained that if two logic 

bits are ANDed together then the 
result will be logic 1 only if both 
source bits are also at logic 1. If 
either or both bits are at logic 0, 
the result will also be logic O. 

AND NOW THE 
GA TES 
The first subject to be covered 

this month is the expansion of the 
AND concept, and to describe not 
only integrated devices that use 
AND, but those that use the other five main 
logic functions, NAND, OR, NOR, XOR 
and XNOR. 
One of the uses for an AND gate is as a 

signal (data) switch, only allowing the sig-
nal on one input to pass to the output if the 
other input is high. Another is to indicate 
whether or not all inputs are high, allowing, 
for example, a process to start if several 
preceding processes have been completed. 

Let's use your breadboard and the oscil-
lator you were using last month, plus an 
electronic AND gate, to demonstrate the 
AND principle, and in doing so to show its 
use as a signal switch. 
The symbol for a 2-input AND gate is 

given at the top of Fig.6.I a ( the table below 
it will be discussed presently). 
From your bag of components, select a 

74HCO8 integrated circuit ( i.c.). This i.c. is 
another digital electronic device (as are the 
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Fig.6.1. Symbols and truth 
gate functions. 

Fig.6.2. Pinouts for a 74HCO8 2-input 
AND gate. 

tables for the six 2-input logic 

74HCO4 and 74HC14 inverters 
you have already been using). It 
is a quad 2-input AND gate, and 
as such has four separate AND 
gate circuits within it. Its pinouts 
are shown in Fig.6.2. 

Whereas the inverters each 
had one input and one output, the 
AND gate we are about to use 
has two inputs (as stated in its 
functional title) and one output. 
The logic levels applied to the 
two inputs can be regarded as the 
bits to which we referred a few 
paragraphs earlier when stating 
what AND means in an electron-
ic or computing context. 

It is worth noting that there are 
other AND gates which have more 
than two inputs. We shall not dis-
cuss them, but just comment that 
similar principles apply to all 

types. There are also other quad 2-
input AND gates with different 

type numbers (indeed all the devices we use 
in this Tutorial are available with different 
type numbers to those quoted, but not neces-
sarily with the same pinouts). 

PRELIMINARIES 
Before you remove the 74HCO8 from its 

packaging, briefly touch something that is 
earthed to discharge any static electricity 
from your body. ( See also Panel 6.1.) 

Plug the i.c. ( call it IC3) into your bread-
board and connect it up as shown in 
Fig.6.3. Ensure that it is placed in the cor-
rect way round (as we discussed in Part 2). 
We are using just one AND gate from 

within IC3, and shall refer to it as IC3a. 
Pin 1 (call it Input A) of IC3a connects 
back to the output of oscillator ICla pin 2 
(see Part 4). Pin 2 ( Input 13) of IC3a is 
linked to the positive power line via 
resistor R11. 
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Fig.6.3. Breadboard layout for the 
AND, NAND, OR and XOR 2-input gate 
experiments. 

Fig.6.4. Circuit diagram for the AND 
gate experiment. The circuits for the 
other gates are similar. 

The power line connections for IC3 are 
positive to pin 14 and OV to pin 7. With the 
breadboard links as shown, these connec-
tions are automatically made to the battery 
when it is connected to the board as in pre-
vious experiments. 
An 1.e.d. (D4) is connected to the output 

of IC3a (pin 3) via the usual ballast resistor 
(R12). 
The circuit diagram for this set up is 

shown in Fig.6.4. 
Capacitor Cl of the oscillator should be 

100#2 F. 
Incidentally, the A and 13 names given to 

the gate inputs do not have to be in that 
order, or even with those names. They 
could even be called Input John and Input 
Gill if you wanted to. Nor is it necessary to 
use the same suffix letters as those used 
here, the gate having pins 1, 2 and 3 could 
be named IC3d in another circuit (or even 
IC54c). It is entirely up to the circuit 
designer to give i.c.s what ever circuit part 
numbers he or she prefers. 

FIRST TEST 
Connect power to the board and adjust 

preset VR1 (Fig.4.1 in Part 4) until the 
oscillator's I.e.d. (D1) flashes on and off at 
a fairly even and slow rate. You should see 
that I.e.d. D4 also flashes on and off in time 
with Dl. 
Now make a temporary link between 

IC3a pin 2 (Input B) and the OV power line 
(see Fig.6.3 — Link B). Leave R11 in place 
— it prevents the input from "floating", a 
condition in which the gate would be 
unsure of what logic state is on that input 
should you remove and swap a link wire 
between it and either of the power lines. 

You will now find that I.e.d. D1 contin-
ues to flash, but I.e.d. D4 is turned off. 
Remove the link and D4 should flash again. 
This is what's happening: 

In the first instance, the data (bit) at 
Input A (pin 1) of the AND gate has been 
set to logic 1 via the 101(52 resistor R11. 
The data (bit) for Input B ( pin 2) is alter-
nating between logic 1 and logic 0, as pro-
vided by the oscillator. As we said before, 
the conditions in which an AND gate will 
produce an output of logic 1 is when both 
ANDed bits are at logic I. 

In the circuit you are running, one bit (A) 
is already at logic 1 ( via R11), and the other 
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Photo 6.1. Breadboard showing the 74HCOO and 74HCO2 
configured for the demos. Note that they are not in the final 
recommended board positions. 

bit ( B) is switching between the two logic 
states. When bit B is at logic 1, the AND 
condition has been met and the output goes 
high, to turn on I.e.d. D4. With bit B low, 
the condition is not met and so the output is 
low, and D4 is off. 
When you take bit A low by connecting 

Input A to OV, the AND condition can never 
be met, irrespective of what happens on 
Input B. Thus led. D4 remains off. 

TRUTHOFTHEMATTER 
As you will have deduced, there is a per-

mutation of four logic states that can occur 
on the two inputs of the AND gate. There is 
only one combination of those input states 
in which the output can go high. This per-
mutation of states and their resultant out-
puts can be tabulated, as in Fig.6.1a, below 
the gate's logic symbol. Tables such as this 
are called Truth Tables. 
The truth table in Fig.6.1a (and in those 

we give later and in the computer program) 
is headed with the inputs in order of B and 
A. which allows the table to be arranged so 
that the logic on these inputs is shown in 
binary value order (discussed later in this 
Tutorial). The output is headed with a Y (a 
common letter encountered with many, but 
not all, output-indicating illustrations and 
tables). 

Truth tables can be compiled for any 
number of inputs and outputs of any digital 

logic device. Some can become very long 
indeed! For example, AND gates (and other 
members of the logic family) can have 
three, four, eight or even more inputs. The 
number of permutations of 2-state (digital) 
logic on those inputs is two to the power of 
the input quantity, e.g.: 

INPUTS 
2 
3 
4 

PERMUTATIONS 
22 = 4 
23 = 8 
24 = 16 
28 = 256 

NANO GATE LOGIC 
We stated earlier that as well as AND 

gates, other types of gate exist to meet 
other logical conditions. The repertoire 
comprises AND, NAND, OR, NOR, XOR, 
XNOR, NOT (another term for inverter). 
Having met AND and NOT (the 74HCO4 
and 74HC14 inverters you've been using in 

 the oscillators), we 
shall now discuss the 
others in turn, starting 
with the NAND gate. 
The term NAND 

simply means NOT-
AND. A NAND gate is 
thus an AND gate 
whose output is invert-
ed. Its logic symbol 
and truth table are 
shown in Fig.6.1b. 
The symbol is 

almost identical to that 
for the AND gate, 
except that the output 
has a small circle on it. 
This symbol is fre-
quently encountered on 
outputs (and inputs) to 
signify that the logic is 
inverted. 
You can, in fact, 

achieve a NAND situa-
tion by taking the output of an AND gate 
through an inverter (try it sometime). There 
are, though, logic devices manufactured to 
specifically perform the NAND function. 
One such is the 74HCOO. 
The 74HCOO is a quad 2-input NAND 

gate, and its pinouts are shown in Fig.6.5. 
Note that the order of the pins per gate is 
identical to that for the 74HCO8 AND gate. 

With the breadboard power off, remove 
the 7414C08 and in its place put a 74HCOO. 
Again touch something that is earthed 

Fig.6.5. Pinouts for the 74HCOO quad 
2-input NAND gate. 



immediately prior to handling it (as we 
advise you in Panel 6.1). 

With power on again, do the same tests 
as you did with the 74HC08, connecting 
Input A (pin 1) variously between +VE (via 
R11) and OV. Note the way in which I.e.d. 
D4 flashes compared with I.e.d. Dl. 
You should find that D4 will only be 

turned off when inputs A and B are both at 
logic 1, the opposite of the situation with 
the AND gate. Indeed, your findings should 
correspond to the data shown in the NAND 
gate truth table in Fig.6.1b. 

OR GATE LOGIC 
With a 2-input OR gate, the output is 

high if either Input A OR Input B is high. If 
neither is high, the output will be low. As 
with the AND and NAND gates, OR gates 
are available with more than two inputs. In 
these cases if any of the inputs are high, so 
too will be the output. 
OR gates allow, for example, a process 

to start or continue if any preceding 
processes have been completed or are still 
in progress. 
The logic symbol and truth table for a 2-

input OR gate are shown in Fig.6.1c. 
An example of a quad 2-input OR gate is 

the 74HC32. Put one into your breadboard 
in place of the 74HCOO. The pinouts are 
identical to the previous two gates. 
Do the same tests as you did before, and 

compare your results with the truth table. 

Fig.6.6. Pinouts for the 74HC32. 

Fig.6.7. Pinouts for the 74HCO2. Note 
that the pin order is different to the 
other gates discussed. 

PANEL 6.1 - HANDLING INTEGRATED CIRCUITS 

Although modern integrated circuits 
(i.c.$) are very reliable, they have to be 
handled with respect. They must be 
inserted into circuit boards the correct 
way round, stated maximum voltages 
should not be exceeded and current lim-
its should be adhered to (although many 
devices have current limiting circuits 
built into them). 
One point which must always be 

observed, is that i.c.s should not be 
exposed to the dangers created by static 
electricity discharges, especially i.c.s 
which have the term CMOS (comple-
mentary metal oxide silicon) in their 
datasheet/catalogue description. 

Although we have not mentioned it 
before, all the i.c.s with the 74HC prefix 
that you have, and will be handling for 
this Teach-ln, are CMOS devices. The 
74HC type was chosen for its particular-
ly hardy nature, including the ability to 
operate at up to 7V and to provide a rea-
sonable amount of current to drive the 
I.e.d.s. (Note that there are many other 
digital logic devices with a 74 prefix, but 
with a different set of letters following it, 
and with different characteristics.) 

Whilst CMOS devices have diodes 
protecting certain external connections, 
particularly the inputs, the diodes can 
only drain away excessive applied volt-
ages up to finite limits. The discharges 
from static electricity can be many thou-
sands of volts, levels which are way 
beyond what the protecting diodes can 
handle. 

It is easy to avoid static electricity 
from discharging into an i.c. when han-
dled by always touching a grounded item 
(one which is connected to electrical 
"earth") before touching it. This dis-
charges static from your body or the tool 
you might be handling. The metal rear 
panel of a plugged-in mains-powered 
computer is a good place to touch; even 
its printer port cable has bare metal earth-
ed connectors at each end. 

In professional electronics, those han-
dling i.c.s do so in conditions where 
sophisticated earthing techniques are 
used to prevent static electricity build-up. 
There is no need for the average con-
structor to go to such lengths and the 
"touching ground" method normally 
proves satisfactory. Also, any mains pow-
ered item of test or construction gear 
(e.g. soldering iron) should be firmly 
earthed. 

Whenever possible, use sockets for 
i.c.s on any printed circuit board or strip-
board (e.g. Veroboard) assembly where 
soldering is required. This enables the 
i.c.s to be easily replaced if necessary. It 
also prevents them from becoming over-
heated during soldering, even though 
they can be quite robust in this situation. 
Do not feel unduly alarmed by the 

warnings about static electricity and its 
effect on i.c.s. Providing you observe the 
basic precautions, you can enjoy using 
i.c.s without endangering them, most are 
actually far more resilient than many 
texts suggest. 

NOR GATE LOGIC 
For a given input combination, a NOR 

(NOT-OR) gate produces an inverted out-
put compared to that for an OR gate. The 
symbol and truth table for a 2-input NOR 
gate are shown in Fig.6.1d. Again note the 
inversion circle on the output. 

Whilst NOR gates are available with sev-
eral inputs, it is one of the quad 2-input types 
we use now, the 74HCO2. Its pinouts are 
shown in Fig.6.7. Note that its pinouts are dif-
ferent per gate section to the previous gates. 

The reason for this difference is 
unknown — it seems illogical. It has to be 
said, though, that there are occasional 
inconsistencies between what one might 
expect of a digital i.c. compared to what the 
situation actually is. 
One reason given to the author many 

years ago is that digital logic devices were 
originally designed for the United States 
Military and that this had an affect upon 
how devices were manufactured. 

Insert a 74HCO2 into the breadboard in 
place of the previous OR gate, but connect 
it, plus the resistor and led., according to 
Fig.6.8. Do your tests in the same way as 
before. 

XOR GATE LOGIC 
The term XOR stands for Exclusive-OR 

and such gates are only likely to be encoun-
tered as 2-input types. The logic symbol 
and truth table are given in Fig.6.1e. 
The important thing to note about an 

XOR gate is that the output only goes high 

Fig.6.8. Breadboard layout for the 
NOR gate experiment. 

if the two inputs do not have equal logic 
values on them. If the inputs do have equal 
logic, then the output will be low. 

This condition is highly useful in many 
situations, such as when you need to com-
pare whether or not signals from two 
sources have equal logic values. The prin-
ciple in computing allows easy assessment 
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Fig. 6.9. Pinouts for the 74HC86. 

for the equality between byte values (8-bits 
being compared simultaneously, with a sin-
gle output bit being set to represent the 
answer). 
XOR gates also allow, for instance, sig-

nal logic levels to be dealt with "as are" or 
inverted, just by changing the logic level on 
one input. One application for this is in the 
control of some simple types of liquid crys-
tal display ( 1.c.d.) — as we shall see later in 
the Teach-In series. 
The quad 2-input XOR gate we want you 

to examine now is the 74HC86. Its pinouts 
are shown in Fig.6.9 — they are in the same 
order as the first three gates you examined. 
Use the breadboard layout shown in 
Fig.6.3, and run the usual tests. 

XNOR GATE LOGIC 
With an XNOR gate (Exclusive-NOT-

OR), the output logic is the inversion of 
that which applies to an XOR gate. The 
logic symbol and truth table are shown in 
Fig.6.1f. Again the circle on the output 
indicates the inversion. 

Whilst XNOR gates are manufactured, 
they are not readily available through hob-
byist retailers and are not amongst the list 
of components we suggested that you 
bought for this Teach-In series. 

However, we can actively demonstrate 
an XNOR gate via another of our interac-
tive computer programs. The same program 
allows you to examine on-screen the other 
logic gates we've been discussing. From 
the main menu, run the 2-Input Logic Gates 
program. 

PANEL 6.2 - SAMPLING RATIOS 

You will recall that when discussing 
frequency counting in Part 4, we com-
mented on the problems created by sam-
pling at too slow a rate. 

There is a simple ratio of minimum 
sampling rate to original frequency rate 
that allows the essence of the waveform 
(whether it's above or below a midway 
reference level) to still be discerned. The 
ratio is 2:1, i.e. sampling should be at a 
frequency no less than twice that of the 
waveform being sampled. 

It was a certain Mr Nyquist (dates and 
history unknown) who formally 
expressed this ratio, apparently defining 
the minimum sampling rate that allows 
accurate reconstruction of a signal in 
pulse-coded communications systems. 

So far as audio signal sampling is 

concerned, where the shape of the 
waveform needs to be closely pre-
served, rather than its high or low sta-
tus, a sampling frequency that is much 
higher than the frequency of the audio 
signal is required. This is very much 
apparent in the ADC Demo, which we 
discussed last month. 

There does, though, seem to be a gen-
eral concensus that for the upper audio 
frequencies (at the top end of human 
hearing) a minimum ratio of 3:1 is 
acceptable. 

It is worth noting that when reconsti-
tuting a digitally sampled audio signal 
back to analogue, the harmonics created 
by the original sampling frequency need 
to be filtered out using additional elec-
tronic circuits. 

LOGIC GATES PROGRAM 
With the 2-Input Logic Gates program 

running, the screen displays the logic sym-
bols and truth tables for the six 2- input 
gates just discussed. 

You can interact with any of the sym-
bols, using the left and right keyboard 
arrows to select which one. The selected 
table is indicated by a light-blue back-
ground in the table heading. 
Up and down keyboard arrows highlight 

different rows in the selected table. 
Notations on the logic symbol reflect the 
logic shown for the selected row. It is stat-
ed in binary (0 or 1) and red "flags" also 
show whether the logic is high or low (just 
a bit of fun the author enjoyed putting in!). 
We suggest you explore the symbols and 

try to memorise the logic tables (or at least 
the logic behind the creation of the tables, 
as discussed earlier). 

SELF-TEST 
When you are confident enough, have a 

go at another of our Self-Test options. Press 
<S> and correctly answer the questions 
asked! (We hope you will be mildly 
amused by the result of correctly answering 
each of them — and doubly so for getting all 
right!) 

LOGIC WAVEFORMS DEMO 
The next demonstration we've prepared 

illustrates two waveforms before and after 
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Photo 6.2. The interactive logic gates screen in which all 
permutations of 2-input logic are demonstrated. 

they pass through three logic gates, AND, 
OR and XOR. Run program Digital 
Sampling and Logic Demo. 
The cycle width for the input square 

waves displayed ( Signals A and B) is 
changeable, and the waveforms traverse the 
screen to show how their relationships 
change with time. 

All the control key options are stated on 
screen. When you press <P> the waveform 
for Signal B alternates between a narrow 
pulse and a square wave. 

Whilst experimenting with different fre-
quency rates, consider the implications of 
what the result would be if you were using 
one waveform to sample the other. In the 
screen demo, it's the AND result that is 
your best guide to sampling results. 
You will see, for example, that when the 

edges of Signal A and Signal B cross, the 
ANDed result can be a pulse much shorter 
than Signal B's pulse. In any practical sam-
pling circuit it is likely that some sort of addi-
tional circuit would be required to detect 
whether or not a sampled result occurs for 
less than a specified minimum duration. 

If the result is too short, it could be that it 
has been caused by "noise" in other parts of a 
complex circuit (think of how the electrical 
noise from some vehicles can interfere with 
your TV or radio reception). 

There's a snippet of further info on sam-
pling in Panel 6.2. You will find Panel 6.3 
interesting as well (relatively speaking!). 

ELM 

SIGNAL B 

A AND B 

A 011 

A MR 

DIGITAL SAMPLING NID LOGIC DENO 

CYCLE WIDTH: CONTROLS: MENU = M 
SIGNAL A - 120 SIGNAL ft/8 - UP/D0101 MODS HOLD ON/OFF H HOLDING 
SIGNAL 8 = 86 CYCLE WIDTH = • - • / PULSE 8 ON/OFF P 

SIGNAL 8 SHIFT WHEN HOLDING) , LEFT/RIGHT ARROUS 

Photo 6.3. Interactive digital sampling demo screen which 
highlights the relationship between two logic signals. 
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8-BIT LOGIC 
Earlier in this Tutorial we discussed dig-

ital logic from the point of view of 2-input 
(2-bit) gates. It is now worth considering 8-
bit logic, not in terms of actual electronic 
logic gate devices, but from the point of 
view of computers and computing pro-
grams. From the main menu select 8-Bit 
Binary Logic. 
The screen now displays six boxes com-

prising data for eight combined 2-bit ver-
sions (two bytes) of the logic functions 
previously discussed. The formula for each 
function is shown as (for example) Y = A OR 
B where the three letters are the same as 
those used in the 2-input gate logic demo. 

Below the formulae are the eight 2-bit 
values for A and B. together with their Y 
answer. Eight steps are needed for you to 
produce the answer, taking each of the A/B 
bit pairs as separate items, combining them 
as required by the logic function stated. For 
information only, the decimal values for the 
full 8-bit binary values are given in green. 
(Binary/decimal conversion is examined a 
bit later in this Tutorial.) 
We believe the rest of the screen's func-

tions are obvious, including the Self-Test 
option. Except — there's a small clarifica-
tion: when in the Self-Test mode and you 
want to use <M> or <S> to return to the 
menu or terminate Self-Test, you must 
press <ENTER> to activate the letter once 
keyed in. Otherwise, with the Control keys 
stated, just press and see what happens! 

BINARY TABLE 
Before we get into the business of illus-

trating binary conversion, have a look at the 
program Binary, • Hex, Decimal Table 0-
255. It's what it says it is, decimal values 
from 0 to 255, with their 8-bit binary and 
hexadecimal equivalents. 

There are three screen pages, rotating on 
a cycle at each press of the space bar (or 
any key except <M>, which brings back the 
menu display). 

This table will prove invaluable on many 
a future occasion! Keep it on screen while 
you read this next section. 

There is also a text file of the data that 
you can print out from your usual word-
processor software. It's in directory 
C:\TY2KPROG (where the rest of your 
Teach-In 2000 programs are held) and is 
named TY2KBDHX.TXT. 

BINARY CONVERSION 
So, you've had a glance at the binary 

conversion program pages, and you've 
been exposed to binary numbers in various 
ways since we discussed the installation 
and operation of your computer interface 
board in Part 4. 

8-13-1I OR 

Y = A OR 

A 1 1 0 1 0 1 0 1 
11 0 1 0 1 1 1 0 1 

11011101 

A 213 93 Y 221 

Y = A AND 13 

A 1 1 0 1 0 1 0 1 
B 0 1 0 1 1 1 0 1 

Y 01010101 

A 213 8 93 Y 85 

8-BIT MOR 

Y = A MDR B 

Id 1 1 0 1 0 1 0 1 
BO 1 0 1 1 1 0 1 

Y 0 0 1 0 0 0 1 0 

A 213 11 93 Y 34 

8-8 I T NAND 

Y = A NAND B 

A 1 1 0 1 0 1 0 1 
B 0 1 0 1 1 1 0 1 

Y 10101010 

A 213 B 93 Y 170 

8-BIT XOR 

= A X011 B 

A 1 1 0 1 0 1 0 1 
B 0 1 0 1 1 1 0 1 

Y 1 0 0 0 1 0 0 0 

A 213 B 93 Y 136 

8-8 I T XMOR 

Y = A »MR 

A 1 1 0 1 0 1 0 1 
B 0 1 0 1 1 1 0 1 

Y 0 1 1 1 0 1 1 1 

A 213 B 93 Y 119 

CONTROLS 
+ - * / 
plus arrows 
plus numerals 0 to 7 

M MENU 
SELFTEST 

Photo 6.5. Interactive screen which illustrates the principle of 8-bit logic functions. 

In case you've not yet figured-out the 
logic behind binary numbers, let's explain 
it here and now! 
We've told you several times that digi-

tal logic can be in one of two states, var-
iously expressed as high or low, logic 1 
or logic 0, 1 or 0, on or off, H or L, set or 
cleared. Using 1 or 0 is the most conve-
nient method of expressing binary num-
bers, in the same way that decimal values 
are expressed using the numeric symbols 
0 to 9. 

As you well know, in decimal we count 
from 0 to 9 and then cycle over to 0 again, 
but placing symbol 1 in front of 0 to pro-
duce 10 ( ten), and so on. 

In binary, we count from 0 to 1 and cycle 
back to 0, again placing a 1 in front of 0 to 
produce 10, but this time the symbol " 10" 
represents decimal 2. Next we get " 11" 
(decimal 3) followed by " 100" (decimal 4), 
and so on. The sequence from 0 to 16 is as 
shown in Table 6.1. 

In many instances it is conventional to 
place leading zeros before the binary value, 
so that its length is, for example, eight dig-
its long (or 8 bits to use the commonplace 
term). 

Referring back to the conversion table 
still on your screen, you will see the 8-bit 
structure applied to the first 256 binary val-
ues. Yes, we deliberately said "256" rather 
than "255" — remember that 0 is a value as 
well! 

So what about binary numbers beyond 
decimal 255? You just extend the principle: 
keep on increasing the length of the binary 
number, but, perhaps showing as two (or 

DECIMAL, BINARY, HEXADECIMAL TABLE PAGE 1 NEXT <BAR> MENU <M> 
0 00000000 00 
1 00000001 01 
2 00000010 02 
3 00000011 03 
4 00000100 04 
5 00000101 05 
6 00000110 06 
7 00000111 07 
8 00001000 08 

22 00010110 16 
23 00010111 17 
24 00011000 18 
25 00011001 19 
26 00011010 lA 
27 00011011 1B 
28 00011100 1C 
29 00011101 10 
30 00011110 lE 

44 00101100 2C 66 01000010 42 
45 00101101 2D 
46 00101110 2E 
47 00101111 2F 
48 00110000 30 
49 00110001 31 
50 00110010 32 
51 00110011 33 
52 00110100 34 

67 01000011 43 
68 01000100 44 
69 01000101 45 
70 01000110 46 
71 01000111 47 
72 01001000 48 
73 01001001 49 
74 01001010 4A 

Photo 6.4. Part of the decimal-binary-hex conversion screen displays, covering 
decimal 0 to 255. 

Table 6.1. Decimal and binary 
symbols. 

DECIMAL 

O 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
etc. 

BINARY 
0 

10 
11 
100 
101 
110 
ill 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 
10000 

more) 8-bit lengths, separated by a space, 
e.g. 256 could be shown as: 

00000001 00000000 or just 100000000 

What you have probably spotted is that 
there are several situations in a binary num-
ber when just one bit is a 1, the others being 
0. Run through your screened binary table 
— confirm that the single bit numbers and 
their decimal conversions are as shown in 
Table 6.2. Each of the decimal values is, of 
course, twice that of the previous one, and 

Table 6.2 

BINARY DECIMAL POWER 
00000001 1 2° 
00000010 2 21 
00000100 4 22 
00001000 8 23 
00010000 16 24 
00100000 32 25 
01000000 64 26 
10000000 128 27 

Table 6.3 

POWER 7 6 5 4 3 2 1 0 
DECIMAL 128 64 32 16 8 4 2 1 
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it is also a power of 2, as shown in the third 
column. From Table 2 we can get the val-
ues shown in Table 6.3. 
You will recall that the bit numbers in 

binary are numbered from left to right as 7 
to 0, which is the same order and number of 
the above power values. 
What we can say, then, is that if a bit in 

a binary number is a 1, it represents the 
same decimal power of 2 as its bit number. 
If there is a 0 in a bit position, the value 
represented by that bit is also 0. For exam-
ple, take the binary number 11010110, we 
can analyse it as illustrated in Table 6.4. 

Try this with other binary numbers you 
think up, and cross-check your result with 
the conversion table. 

Table 6.4 

decimal you need a pen and paper, and/or a 
calculator (or the program we discuss in a 
moment!). Neither conversion is difficult. 

Take a binary number of 00001101 
00011001, for example ( 16 bits split into 
two groups of eight as discussed a moment 
ago). From right to left, write down in a 
column the bit numbers for each bit that has 
a 1 in it. Beside each bit number write 
down the value of 2 to the power of that bit 
number: 

BIT 

o 
4 
8 
10 
11 

BIT NO 7 6 5 4 3 2 1 0 
DECIMAL 128 64 32 16 8 4 2 1 
BINARY 1 1 0 1 011 0 
VALUE 128 + 64 + 0 + 16+0 + 4 + 2 + 0=214 

HEXADECIMAL NUMBERS 
We have commented that the symbols 

for decimal numbers run from 0 to 9 and 
that binary just uses 0 and I. The hexadec-
imal (hex) system uses 16 symbols, 0 to 9 
plus A to F. The following thus applies: 

DECIMAL 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
HEX 
0123456789ABCDEF 

Decimal 16 then becomes hex 10, deci-
mal 17 = hex 11, decimal 31 = hex IF, dec-
imal 32 = hex 20, etc., always incrementing 
through groups of 16 before roll-over to the 
next prefix symbol change, whereas in dec-
imal you increment in groups of ten before 
roll-over. 

This is illustrated in the conversion table 
on screen, where the blue values prefixed 
by "$" are the hexadecimal representations 
of the decimal and binary numbers to their 
left. 

For incrementing from decimal 255 to 
256, the roll-over becomes $FF to $ 100. 
Hex values are indicated as such in a 

variety of ways. On screen now the symbol 
"$" indicates hex, the prefix "&H" is also 
used (as required by the QuickBASIC soft-
ware in which the program you are now 
viewing was originally written). The letter 
"H" (or "h") is also often used as a prefix 
or suffix. 

Value systems can also be stated by pre-
fixes or suffixes of"b" or "B" (binary), and 
"d" or "D" (decimal). In some instances a 
numerical suffix is given to indicate the 
value system used, e.g.: 100 10 (decimal), 
1002 (binary), 100 16 (hex). 
Obviously, when there is any doubt 

about which system a value is expressed in, 
clarification should always be given, either 
in words, or as a prefix or suffix, unless the 
context in which it appears makes its value 
obvious. If, for example, you saw the value 
100 written on its own, you might not be 
sure if it meant decimal 100, binary 100 
(decimal 4), or hex 100 (decimal 256) — 
scope for confusion! 

For the remainder of this text we shall 
use "$" to indicate a hex value. 

BINARY TO DECIMAL 
For converting binary or hex numbers to 

VALUE 
1 
8 
16 
256 
1024 
2048 

Now add up the sec-
ond column: 3353 in 
this example. 

HEX TO 
DECIMAL 

Converting a hex 
value to decimal is near-
ly as easy. Take SFD58 
for example: from right 
to left, write down in a 
column the place num-
ber for individual hex 
numbers within the full 
number. In column 2 
write down the value of 
16 to the power of each 
position. In column 3 write the individual 
hex values themselves, and beside them the 
decimal equivalent for each of those values. 
Now multiply the values in column 2 and 
column 4, and write down the answer in col-
umn 5. Then add up column 5: 

39923 / 4096 = 9 (= $9) 
4096 x 9 = 36864 
39923 —36864 = 3059 

3059 / 256 = 11 (= $B) 
256 x 11 = 2816 
3059 —2816 = 243 

243 / 16 = 15 (= $F) 
16 x 15 = 240 
243 —240 = 3 (= $3) 

Collecting the integer answers plus the 
final remainder gives us: 9, 11, 15, 3. 
Converting the decimal integer answers to 
hex gives: $96F3. 

M MENU 
S SELFTEST 
CONTROLS: 
- 

G-9 A-F C 7 
HOME, END 
PAGE UF/DONN C7 
ARIUS 
SPACE BAR 
LEFT DELETE 
<ENTER> 

BINARY, HEX AND DECIMAL 

2 " 21 = 16,777,216 

31 - 24 Z3 - 16 

BIT VALUE 

15-8 7-0 BIT NUMBERS 

10000 00011101 10000100 leaffl1111 

1 0 1 D 8 4 HEX NIBBLES 

10 1D 81 HEX BYTES 

C7101D81 HEX 32- BIT 

3,339,722,116 DECIMAL 

VALUE CONVERSION 

ENTER BINARY VALUE THEN PRESS (ENTER> 
I 

Photo 
screen, 

PLACE (x) I6x HEX DEC RESULT 
0 1 8 8 8 
1 1655 80 
2 256 D 13 3328 
3 4096 F 15 61440 

The total for this example is 64856. 

DECIMAL TO HEX 
It gets a bit more complicated for deci-

mal to hex conversion. First, have the fol-
lowing table to hand: 

POWER VALUE 
16° 1 
161 16 
162 256 
163 4,096 
164 65,536 
165 1,048,576 
166 16,777,216 
167 268,435,456 

Let's take decimal 39,923 as the example. 
By inspection, establish which is the 

highest decimal value in the table that 
will divide into your starting value. In 
this case it is 4,096 and (noting that only 
integer values — whole numbers — are 
used in the division answers) the 
sequence becomes: 

6.6. Interactive decimal-binary-hex conversion 
catering for up to 32-bit numbers. 

HEX TO BINARY 
We before go any further we must 

explain the term nibble that's about to be 
used. A nibble (or nybble) is a quaint com-
puting term and refers to a group of four 
bits, whereas a group of eight bits is gener-
ally known as a byte. 

Conventionally, a byte is split equally 
into two nibbles, left and right, comprising 
bits 7 to 4, and 3 to 0. You would not, for 
example, take the group comprising bit 5 to 
2 as being a nibble. 

Having clarified that, here's how to con-
vert a hex value to binary: 

First write down as a table the powers of 
2 that make up a 4-bit binary value 
(nibble): 

POWER 
DECIMAL 

23 22 21 20 

8 4 2 1 

Take as our example $A75D. The right-
hand value is $D. Hopefully, you will 
recall, or can work it out, that D is decimal 
13, which is made up from the following 
power-of-two values: 

8 + 4 + 1 = 13 

So your table now becomes: 

POWER 
DECIMAL 
$D = 13 = 
BINARY 

23 22 21 2° 
8 4 2 1 
8 4 0 1 
1 1 0 1 (nibble 0) 

Therefore $D = 13 decimal = binary 
1101. 

In a similar fashion, work right to left 
taking each hex value in turn. In this 
instance to produce: 
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$5 = 5 = 0 4 0 1 
BINARY 0 1 0 1 (nibble 1) PANEL 6.3 - RELATIVELY SPEAKING 

$7 = 7 = 0 4 2 1 
BINARY 0 1 1 1 (nibble 2) 

$A = 10 = 8 0 2 0 
BINARY 1 0 1 0 (nibble 3) 

In reverse order, from 3 to 0, write down 
your nibbles: 

1010 0111 0101 1101 

which is the binary conversion for $A75D 
(or 10100111 01011101 as a 2-byte value 
rather than four nibbles). 

VALUE CONVERSION 
PROGRAM 
A program that allows conversion 

between decimal, binary and hex is avail-
able from the main menu: run Binary, Hex, 
Decimal Converter. 
The program caters for binary numbers 

up to 32 bits long — decimal and hex maxi-
mums of 4,294,967,295 and $11-1-11-11.h. 
The central box is split into seven horizon-

tal sections (see Photo 6.6). Sections 3 to 7 
(Binary to Decimal) can be selected using the 
up/down arrow keys. In each section any indi-
vidual character within the full value can be 
accessed using the left and right arrows. 
The selected character can be changed 

and the result of that change is calculated in 
relation to the other four controllable sec-
tions and the results displayed. Try it! The 
full range of control keys available is stated 
in the left-hand box. 
We believe the display and its options are 

obvious, but we will just clarify one small 
matter: the "A" symbol will be seen in the 
Bit Value line, this indicates that the fol-
lowing number is a power (index), e.g. 2/4 
means 24. 

DIRECT ENTRY 
The Binary, Hex and Decimal Converter 

program allows you to directly enter your 
own values for conversion. When the high-
light is active on one of the five Binary to 
Decimal options, press <ENTER>. At the 
bottom of the screen, value entry then 
becomes available. Enter the value, press 
<ENTER> again and the value is converted 
to the other modes. 

An important concept to appreciate in 
electronics is that nothing happens 
instantaneously; everything takes a cer-
tain length of time to change from one 
state to another, whether it is a switch 
changing from on to off, or a voltage 
changing from one level to another, or 
just a fuse blowing. 

It may seem that the switch is either 
open or closed, contacts either apart or 
touching, and at a molecular level this is 
true, but the physical nature of a switch 
means that because of the broad area of its 
conducting contacts, there is a period dur-
ing switching off, for example, when the 
area of each contact which is actually 
touching the other is changing progres-
sively from full-area contact to point con-
tact, and only at the very final moment is 
the ultimate point contact broken. 

During this period, the resistance 
between the contacts increases to the cur-
rent flowing between them, and even at 
the moment when the physical point con-
tact is broken, an electrical arc might be 
formed between the two open points, 
allowing current to still flow across them 
until they are even further apart. So much 
for the instantaneous nature of an on-off 
switch! 

In digital electronic circuits, it is cus-
tomary to think of the logic gates 

involved as responding to an instanta-
neous change from, say, logic 0 to logic 1 
(from a low voltage to a high one). No 
such immediate change takes place, it 
takes time for the change to occur and 
there is a constant gradient through 
which the actual voltage level has to 
pass: it does not just suddenly jump from 
OV to 5V, for example. 

The time taken to make the transition 
may be short, possibly only fractions of a 
millionth of a second, but it still exists 
and the concept of synchronicity — two 
things occurring at the same moment — is 
only a convenience when working out the 
logic of a digital circuit. 

In reality, the synchronisation of var-
ious actions taking place in order to 
create a further change is related to a 
"window" in time, during which all the 
required changes can occur at their 
own separate rates. The window could 
be a mere picosecond; it could be half 
of eternity; how it matters depends on 
what the circuit is required to do, and 
as long as all those changes happen 
while the window is "open", the circuit 
will behave as though they had all 
occurred at the same moment. But, if 
any of them occur outside the window, 
the result may be unpredictable and 
undesirable. 

There are a few intercepts to prevent you 
"crashing" the program with most practical 
joke entries! (But nothing to stop malicious 
intent if you are really set on it! If you do 
get the screen messed up, return to the 
menu and re-select the program.) 

SELF-TEST 
Press <S> to test your understanding of 

bin-hex-dec conversion! With a bit of prac-
tice, and reference to our earlier discus-
sions, you should find that it's actually 
easier than you might think. 

Note that when asked to convert a value 
to binary, you enter the answer in groups of 
nibbles separated by a space. This makes it 
easier to examine your answer if it's wrong. 

If you really cannot work out an answer. 
press <A> plus <ENTER> for it to be 
revealed. But it's worth trying to get 

answers for yourself, the ability to do such 
conversions is invaluable. 

MORE EXPERIMENTS 
You've learned that you can count on us 

to offer you some interesting hands-on 
ideas each month — you can count on us 
again in this month's Experimental section, 
so clock onto it! 

NEXT MONTH 
In part 7 we examine op.amps, integrat-

ed circuits for use with analogue signals 
and voltages. Amongst other things, 
op.amps allow waveforms to be amplified, 
mixed and generally processed in a variety 
of ways. We shall illustrate their principles 
and some of the ways in which they can be 
used, to allow you, for example, to listen to 
the waveforms we discussed in Part 5. 

TEACH-IN 2000 Experimental 6 

BINARY AND DECIMAL COUNTERS 

I
N the latter part of this month's Tutorial, 
we discussed binary numbers and the 
way in which they relate to decimal and 

hexadecimal values. We are now in a posi-
tion to introduce an integrated circuit that 
allows you to physically see the binary 
counting process in action. We refer, of 
course, to a binary counter plus some 
1.e.d.s! 
There are numerous types of counter 

manufactured, with such descriptive 

names as binary ripple counter, 
synchronous binary counter,, asynchro-
nous binary counter, binary-coded-deci-
mal counter, Gray counter, decade 
counter, Johnson counter, up/down 
counter, and so on. Far too many to dis-
cuss in detail — and there are even vari-
ants on these! 
We shall just concentrate on two types, a 

7-bit binary ripple counter, and an 11-out-
put decade counter. 

BINARY COUNTER 
The 7-bit binary ripple counter we shall 

use is the 74HC4024. Find one from your 
components bag and connect it into your 
breadboard, together with the required 
1.e.d.s and resistors, as shown in Fig.6.10. 
As usual, touch a grounded (earthed) item 
to discharge static electricity from your 
body before handling the device (and 
ensure that it's the right way round!). 
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Fig.6.10. Breadboard layout for the 
binary ripple counter experiment. 

If you only have five 470Q resistors 
available, you could use any value between 
100Q and 11S2 for the other two. 
Connect up power and watch the I.e.d.s 

while adjusting the oscillator for different 
frequencies. 

Fig. 6.11. Circuit diagram for the binary ripple counter experiment. 

74HC4024 
03 

04 

The Clock input is the next important 
pin. This is the pin into which the data puls-
es that the counter has to count are input. 
The ">" symbol in the pinout diagram also 
indicates that this is the Clock input pin. It 
is frequently omitted in many circuit dia-
grams. 

Note also the small circle at this input 
pin. It indicates that inside the device the 
pulse logic level to which the device 
responds is "inverted". You met a similar 
situation with the NAND, NOR and XNOR 
gates, although in their case the inversion 
took place on the output data. 

i I I I I i 1 Ili  
Photo 6.7. Breadboard showing the binary counter 
I.e.d.s. Part of the oscillator is shown at the left. 

SYMBOLICS 
The circuit diagram for this setup is 

shown in Fig.6.11, and the pinouts for the 
74HC4024 are in Fig.6.12. Unlike with 
logic gates, there is no "official" symbol to 
illustrate the nature of this device (which is 
increasingly the case with integrated 
circuits that become more and more 
complex). 
What we have to content ourselves with 

is a boxed outline with some pin numbers 
and their descriptions. In the circuit dia-
gram, note first the pins to which the power 
lines are connected. As with the logic gates 
discussed in the Tutorial these are pin 7 for 
OV (GND) and pin 14 for +VE (this is not 
always true for other digital devices). The 
recommended operating voltages are 
between 2V and 6V, although this device 
will withstand up to 7V for short periods 
(but never above 7V). 

and 

we have done in Fig.6.11). Indeed, the use 
of a bar to signify inversion is arguably 
more commonplace than the circle. 

RESET LOGIC 
Pin 2 of the 74HC4024 is the Reset pin. 

When Reset is at logic 0 (low), the counter 
is permitted to count any pulses that enter 
the Clock pin. Two things happen when the 
Reset pin is taken high (logic 1). First, the 
entire count within the device is reset to 
zero. Second, the counter is prevented from 
counting any further pulses until Reset has 
been returned low. 

SYMBOL 
(SEE TEXT) 

14 74HC4024 

FUNCTION TABLE 

PINOUTS 
NC NO CONNECTION 

CLOCK RESET OUTPUT STATE 

_/- L NO CHANGE 

--L L ADVANCE TO NEXT STATE 

X H ALL OUTPUTS ARE LOW 

X . DON'T CARE 

Fig.6.12. Symbol, pinouts and function table for a 
74HC4024 binary ripple counter. 

The significance about the logic level to 
which a device such as a counter responds 
is important to note. Many devices do not 
respond to the actual voltage level at an 
input (as did the logic gates in the Tutorial) 
but to the change in logic level. 

In the case of the 74HC4024, the change 
responded to is that from high to low, and 
the counter adds 1 to its internal count 
value. The device is said to respond to the 
trailing edge of a pulse (a term we used 
when looking at pulses in the 'Tutorial). 
When the pulse changes from low to high, 

the device does not respond in any way and 
the count remains as it was. (The 741IC4017 
we shall use later responds to the change from 
low to high — i.e. to the leading edge). 
Be aware that not all circuit diagrams 

show the inversion circle even though 
inversion occurs. Some circuits show a bar 
line above the description for such a pin (as 

Note that in some types of counter, Reset 
may be active-low, in other words, Reset 
occurs when the pin is set low (logic 0), but 
counting is permitted when the pin is high. 
The terms active-low and active-high are 

frequently encountered in electronics. The 
latter means that the stated function (Reset, 
Clock, Enable, etc.) is permitted or occurs 
when that pin is taken (or is already at) 
high. 

"0" OUTPUTS 
The remaining useful pins are labeled 

QO to Q6 (in some circuits or pinout dia-
grams, they may be labeled as QI to Q7). 
Note that three pins have no function (8, 10 
and 13). Note also the use of "Q" to signi-
fy an output; conventionally, this is the let-
ter normally used with digital devices such 
as counters (whereas "Y" was used with 
the gates, earlier). 
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We have said that the 74H4024 is a 7-bit 
counter. Pins QO to Q6 are the outputs at 
which the seven bits of the internal binary 
count value are accessed. Referring you 
back to what you have learned about bina-
ry numbers, output QO corresponds to bit 
0, Q1 to bit 1, etc. 

It is to tie in with this numbering that the 
resistors andl.e.d.s are numbered from 0 to 
6 in Fig.6.11. 

BINARY COUNT-UP 
If you run the 8-Bit Binary Logic pro-

gram and set the 8-Bit OR line A to zero, 
and then keep pressing the <+> key the 
binary sequence will count up in ones 
(increment) at each press, from 0 to 255 
and then back to zero to start counting 
again. 

This is what's happening inside the 
74HC4024 (except that it only has seven 
bits). From a reset value of 0000000, it will 
increment each time the clock pulse goes 
from high to low. When it reaches a count 
of decimal 127 (binary 1111111), at the 
next negative-going clock pulse it rolls-
over to 0000000 again. 

That, then, is the sequence you should 
be seeing on the 1.e.d.s connected to your 
74HC4024 (although the breadboard space 
available prevents them from being insert-
ed in the ideal visual sequence). 
As with the logic gates, there is a truth 

table for the 74HC4024, except that it is 
actually referred to as a Function Table and 
takes a somewhat different format. It is 
shown as part of Fig.6.12. 
The table shows the output state in rela-

tion to the conditions on the counter's 
Clock and Reset pins. Note the upwards 
and downwards waveforms in the clock 
column. The first signifies the rising (lead-
ing) edge of an input clock pulse, the sec-
ond shows the falling (trailing) edge. These 
are commonly encountered symbols in 
digital electronics. 

If the counter's QO to Q4 pins are linked 
to the computer interface input pins ¡NO to 
IN4, you can observe the count sequence 
for the first five bits via the Parallel Port 
Data Display/Set program. With the oscil-
lator rate set slow enough, the bits will be 
seen to change state in the two upper 
boxes, with the actual decimal value that 
the bits represent shown in the Corrected 
Input Byte box. 

FREQUENCY DIVISION 
A further experiment you can try is to 

select any of the counter outputs as the 
source of the data signal when running the 
Computer As Frequency Counter program. 

This will enable you to really wind up 
the oscillator rate, yet still be able to see a 
meaningful frequency value displayed on 
screen (which you should mentally multi-
ply by the division rate provided by the 
counter pin selected — each output is at half 
the rate of the previous one, remember!). 
What we also suggest you do is to put 

the 74HC4024's Reset under computer 
control. Disconnect the link between the 
counter's pin 2 and OV. Now link pin 2 to 
OUT2 of the interface. Repeatedly press-
ing key <2> will then cause the counter to 
run or be reset. You should be able to see 
the result on the I.e.d.s and on the screen. 

If you are feeling further adventurous 
(and why not?!), also disconnect the 

counter's Clock input pin 1 from the oscil-
lator, and couple it to interface OUT3 (con-
ttolled by key <3>). This puts the counter's 
Clock and Reset total under finger-tip con-
trol. The Mutual Melding of Man, Mind 
and Machine, no less! 

RIPPLE 
Ripple, incidentally (but significantly), 

in this context refers to the way that the 
counter's internal sections respond. (Note 
that ripple has a different meaning in the 
context of power supplies — which we dis-
cuss later in the Teach-In series.) In simple 
terms, the counter contains several divide-
by-two circuits in a chain. It takes time for 
each counter to react to a trigger pulse 
from the preceding counter. 
The delay is only short (nanoseconds for 

the 74HC4024), but the total delay as the 
pulses ripple through stages to the final 
output can be critical to other circuits, 
which may rely on the synchronisation 
between a multi-stage counter's clock 
pulse and the setting of an output pin. 

There are counters in which the internal 
circuitry is designed so that each section is 
triggered at the same 
time. These counters 
are referred to as syn-
chronous. 

DECIMAL 
COUNTER 
When you can tear 

yourself away from the 
fascination of binary 
counting, have a look 
at the attributes of a 
decade counter, the 
74HC4017. Remove 
the 74HC4024 and 
insert the 74HC4017. 
Connect its pins as 
shown in Fig.6.13, 
complete with I.e.d.s 
DO to D9 and resistors 
RI and R2. You will 
need to "thieve" the 
tenth I.e.d. from the 
oscillator, unless you 
bought more than the 
suggested quantity of 
10. Ignore D10 for the 
moment. 

IC1 

Power up your breadboard and watch 
the sequence of the I.e.d.s. Adjust the oscil-
lator rate so that you clearly see the steps 
of the count. 
Whereas the 74HC4024 counted in 

binary, from 0 to 127, the 74HC4017 
decade counter counts in steps from 
0 to 9, rolling over to begin the count 
from 0 again following 9. During the 
count only one output is ever high at any 
time. 
The pinouts for the 74HC4017 are 

shown in Fig.6.15, the circuit diagram for 
the connections on your breadboard is 
illustrated in Fig.6.14. Again the 1.e.d.s are 
numbered from zero to correspond with the 
output numbers. Note that only one ballast 
resistor (R1) is needed for the 101.e.d.s DO 
to D9, since only one can ever be on at 
once. 

You will see from the circuit diagram 
that, in common with the binary counter, 
this decade counter has a Clock input (pin 
14) and a Reset pin (pin 15). As we said 
earlier, the 74HC4017 increments the 
count on each rising edge of the clock 
pulse 
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Fig.6.14. Circuit diagram for the 74HC4017 decade counter. 
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Photo 6.8. Breadboard showing the decade counter exper-
imental circuit, with part of the oscillator seen to the left, and 
part of the ADC chip to the right. Take care that crossing link 
wires do not touch. 

The count is reset to 0 when the Reset 
pin is high. However, when the Reset pin is 
low, the continuation of the count depends 
on the status of a third pin, Enable, pin 13. 
Not surprisingly, this pin enables or 
inhibits the clock count. Because there is a 
bar-line above the word Enable (or a circle 
on its input), we know that the counter is 
enabled when the pin is low. 
The ten outputs are labeled QO to Q9, 

which ties in with the count value that a 
logic 1 on the respective pin represents. 
The function table for the 74HC4017 is 

shown as part of Fig.6. 14. An interesting 
point to note is that the Enable pin can also 
act as a clock signal to the counter. When 
Clock is held high and Enable is taken from 
high to low, the count advances to the next 
state. 

In most circuits it is more usual to use 
Clock rather than Enable as the clocking 
signal. However, what this option high-
lights is that Enable should never be taken 
low when the clock is high if you wish to 
preserve the count value existing at the last 
clock pulse. 

It is subtleties like this that abound in 
digital electronic circuits, especially when 
the overall circuit complexity is great. You 

always need to 
consider the 
implications of 
how the timing of 
different signals 
can affect the 
response. In reali-
ty, at this stage of your learning, you need 
not concern yourself about them. When 
you are ready to consider them, you'll find 
that data sheets give typical timing values 
for practically everything! 

There is an eleventh output pin, the 
Carry Out pin. This pin goes high when the 
counter is reset or rolls over to zero. It 
remains high until a count of five is 
reached. 
The Carry Out signal is of benefit in a 

variety of situations; such as where you 
might wish to couple (cascade) two or 
more decade counters in series, for exam-
ple. In this case the rising edge of the Carry 
Out signal would be used as the clock pulse 
for the next stage. Thus the first counter 
would count units from 0 to 9 and the sec-
ond stage count the decades from 10 to 90. 
A third stage could count the hundreds, 100 
to 900, and so on. 

Observe the Carry Out pin in action by 

74HC401 7 

FUNCTION TABLE 

CLOCK CLOCK 
ENABLE 

RESET OUTPUT STATE 

L X l NO CHANGE 

X H L I«) CHANGE 

X X H RESET COUNTER 
OD. ‘, HA 1 DC 1 TO 

CD .H 
0:E 

_A- L l 

XL i . AO N. .00 

E STATE 

--..„. X L NO CHANGE 

X _A- L NO CHANGE 

H -.N... L ADVANCE TO NEXT STATE 

X . DONT CARE 
• CARRY OUT . H FOR 00, 01. 02. 03 OR 04. H 
CARRY OUT . L OTHERWISE 

Fig.6.15. Symbol, pinouts and function table for the 
74HC4017 decade counter. 

removing, say, the I.e.d. from one of the 
outputs (but not from outputs 0 or 5). Add 
the 1.e.d. to the Carry Out pin as DIO, via 
the already inserted resistor R2). Power 
back up again and observe the sequence. 
As with the 74HC4024, you can connect 

up to five outputs to the computer interface 
at INO to IN4. You can also connect the 
Clock, Reset and Enable pins to the inter-
face outputs OUT2 to OUT4, controlling 
them from your keyboard when running 
program Parallel Port Data Display/Set. 
So there's a whole raft of ideas to play 

around with until next month. You could 
also include some experiments with the 
logic gates, interfacing them to the com-
puter and counters as well. Till then this 
author's out for the count! 

CORRECTION 
Part 5, Fig.5.6. Add link wire to join 
rows E and F of column 42. 
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Constructional Project   

HIGH PERFORMANCE 

REGENERATIVE 
RECEIVER 
RAYMOND HAIGH  Part Two L 

Provides continuous coverage from 1,301(Hz to 30MHz. 

L
AST month we explored the merits, 
and problems, of regenerative 
receivers and gave an in-depth circuit 

description. We also included the compo-
nent listing and offered the option of 
"electronic tuning." 
We conclude this month with the 

assembly, plug-in tuning coil details and 
setting-up procedure. 

CONSTRUCTION 
The receiver, power amplifier, and the 

alternative electronic tuning system, are 
assembled on three small printed circuit 
boards (p.c.b.$). This enables constructors 

to select what they want from the design 
and to use tuning components that may be 
to hand. Many will already have suitable 
audio amplifiers, and not everyone will 
wish to adopt electronic tuning. 
The three printed circuit boards are 

available as a set from the EPE PCB 
Service, codes 254, 255 and 256. The top-
side component layout and full size copper 
track masters of the three p.c.b.s are illus-
trated in Fig.4, Fig.5 and Fig.6. 

Starting with the main Receiver board, 
mount the smallest components first, work-
ing up to the largest, but solder the semi-
conductors on to the board last. It is a wise 

precaution to clip a small heat shunt (such 
as a crocodile clip) to the leads of the f.e.t.s 
when they are being soldered. 
Use solder pins, inserted through the 

board at the dual-gate MOSFET lead-
outs, to enable it to be located on the 
component side. Solder pins should also 
be inserted, just to the right of VR4, so 
that capacitor C8 can be temporarily sol-
dered across preset VR4 during the set-
ting up process. 

Solder pins inserted at the p.c.b. inter-
wiring points will ease the task of off-board 
wiring. Use of an 8-pin dil. socket will facil-
itate the substitution and checking of IC1. 
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Fig.4. Printed circuit board layout for the electronic tuning system - shown full size. Tuning board mounted on the side of 
the chassis. 
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Fig.5. Main printed circuit board layout and wiring and (below) 
full size copper foil master for this p.c.b. 
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Chassis topside layout showing D-type socket 
for the tuning coils. 
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Fig. 6. The audio power amplifier printed circuit board — 
shown full size. 

With care a neat construction for L2 
can be achieved. 

The same construction approach should 
be adopted for the two smaller boards. 

BAND CHANGING 
Tuning coils (L2) could be connected 

into circuit by means of miniature 
crocodile clips and short (50mm maxi-
mum) wire links. However, a much better 
arrangement is to wire them, together 
with C7, R6 and C8 (when used), to 9-
pin D-type computer plugs to make up 
plug-in modules and to mount a match-
ing socket on the Receiver frame (see 
photographs). 
How this can be achieved is shown in 

Fig.7. Also illustrated are the different 
methods of connecting the coil windings. 

RECEIVER ASSEMBLY 
Layout is not critical, but connections 

between the tuning components and the 
receiver p.c.b. must be short and direct and 
signal input and output leads should be 
kept well separated. 

For the satisfactory reception of weak, 
amateur, SSB transmissions (where correct 

The audio amplifier p.c.b. mounted on the side of the 
chassis. 

TABLE 2: Tuning Ranges 

TOKO Coils and a 10pF-365pF Variable Capacitor 
(See Fig.7 for details of coil base wiring) 

Min. Max. 
TOKO Base C7 R6 C8 frequency frequency 
Coil wiring pF Q pF MHz MHz 

CAN1A350EK C 12k 0.130 0-322 
RWO6A7752EK C 6k8 0-257 0.765 
RWR331208NO A - 22k 1000 0-510 1.600 
154FN8A6438EK C 470 8k2 1.246 3.034 
KANK3426R A 470 12k 1000 2.143 5.100 
KANK3337R A 470 3k3 1000 4.900 11.970 
MKXNAK3428R A 220 8k2 1000 11.200 23.500 
KXNK3767EK B 47 12k 10 22.000 30-500 

Notes: 
(1) Adjustable cores permit wide variation in tuning range. 
(2) The 470pF capacitor, C7, reduces the variable capacitor swing to 10pF-205pF; with the 

220pF capacitor, the swing is 10pF-137pF; and, with a 47pF capacitor as C7, 8pF-40pF. 
(3) The RWO6A7752EK coil is useful for covering the If. end of the Medium Wave band 

Fig.7. Using 9-pin D-type plugs to connect coils into circuit and coil base wiring for L2. 

Various versions of L2 for full frequency coverage. 
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tuning is extremely critical), the p.c.b.s and 
tuning capacitors must be very rigidly 
mounted and screened in a metal box or case. 
The prototype is assembled in and on a small 
aluminium box with a piece of double-sided 
p.c.b. forming a screened front panel. 
The photographs show how this is done. 

The arrangement has proved quite satisfac-
tory, but a heavier, diecast metal box would 
be preferable, if one is to hand. 
Some form of reduction drive to the 

Bandset capacitor VC1 will make tuning 
easier, and dial calibrations can be 
marked on a piece of card stuck to the 
front panel. 

SETTING UP 
This is very much a switch-on-and-go 

receiver, and the setting up .process only 
involves optimising the feedback levels so 
that the Regen. control VR2 is smooth and 
effective over the full swing of the tuning 
capacitor on all coil ranges. 

First, check the p.c.b.s for any bridged 
tracks or poor joints. Check the orientation 
of the semiconductors and polarised 
capacitors. 

Set VR3 to minimum and VR4 to maxi-
mum resistance. Connect the Medium 
Wave coil into circuit, wire in capacitor C8, 
connect an aerial, and switch on. 

Turn up the r.f. attenuator (VR1) and a.f. 
gain (VR8), then advance regeneration 
control VR2. Transmissions should be 
picked up, loud and clear, around the dial. 

With the tuning capacitor VC1 fully 
meshed, set preset VR4 to the highest 
possible resistance consistent with the Q-
multiplier just oscillating when Regen. 
control VR2 is turned to maximum. 
Measure the resistance of VR4 and per-
manently wire a fixed resistor of the 
same value, R6, in series with the tapping 
on the coil. 

Preset potentiometer VR3 determines the 
voltage across the regeneration control. Set 
it to the highest possible resistance consis-
tent with effective regeneration being 
obtained on all ranges. 

The optimum values of resistor R6, mea-
sured on the prototype receiver, are listed in 
Table 2. They may not hold good for all 
dual-gate MOSFETs, but they will certain-
ly be a useful guide. 

Tabulated values of swing-reducing 
capacitors (C7) relate to a 365pF variable 
capacitor. If a different component is used, 
they will need modifying. Indeed, if its 
maximum value is as low as 200pF, swing 
reducers will only be required on the two 
highest shortwave ranges. 

Coil cores should be set to give continu-
ous coverage. Varying the inductance caus-
es slight changes in the optimum value of 
resistor R6, and this part of the procedure 
should be carried out before the resistors 
are selected. 

OPERATION 
Best results will be obtained by attenuat-

ing the r.f. input as much as possible and 
adjusting a.f. gain to ensure audibility. 

The regeneration control VR2 should be 
set just short of the oscillation point when 
receiving broadcast transmissions. When 
amateur SSB signals are being tuned in, it 
must be advanced until the Q-multiplier 
stage is just oscillating. (The internally 
generated oscillation replaces the carrier 
removed at the transmitter so that the detec-
tor can render the signal intelligible in the 
usual way.) 

If the set is reluctant to regenerate, 
strong signals tend to spread across the 
dial, or difficulty is encountered when try-
ing to clarify SSB signals, reducing the 
input from the aerial will invariably cure 
the problem. In cases where local Medium 

Wave or, less likely, Long Wave transmit-
ters swamp the receiver, a wave trap 
(L I/C1) will have to be fitted. 

CALIBRATION 
A crystal marker or signal generator can 

be used for calibration purposes. 
Alternatively, an "all-band" radio with an 
accurate dial (preferably digital) should 
prove suitable. 

Take a short aerial wire from the calibrat-
ing receiver and place it close to the Q-mul-
tiplier whilst it is oscillating. This will enable 
the radio to pick up the radiated energy. 
The two receivers can now be tuned in 

step whilst the dial is marked out. Even if 
the calibrating receiver does not have a 
B.F.O. (beat frequency oscillator) to make 
the oscillations audible as a tone, the pres-
ence of the signal should be discernible. 

Refer to Table 2 for guidance on the fre-
quency coverage to be expected with indi-
vidual coils. It is easy to be confused by 
harmonics whatever method of calibration 
is adopted. 

PERFORMANCE 
When correctly set up and operated, 

the radio is sensitive, selective, and 
capable of receiving broadcast and 
amateur transmissions from all over the 
world. 

If a reasonable aerial is used, say 15 
metres or 20 metres of wire located as high 
as possible and clear of earthed objects, the 
r.f. input control will have to be turned well 
down when listening to all but the weakest 
stations. An earth (a metal rod in the 
ground) connection can improve reception, 
especially at low frequencies. 
The receiver has a clear, pleasant 

tone, and audio output is more than 
adequate. 
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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 

The essential reference 
work for everyone 

studying electronics 
• Easy-to-use format 

• Clear and simple layout 

• Comprehensive subject range 

• In-depth theory 

• Projects to build 

• Detailed assembly instructions 

• Full components checklists 

• Extensive data tables 

• Detailed supply information 

• Professionally written 

• Regular Supplements 

• Sturdy ring-binder 

EVERYTHING YOU NEED TO GET 
STARTED AND GO FURTHER IN ELECTRONICS! 

The revised edition of the Modern Electronics Base Manual 
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 (9 sections), Power Supplies, The Amateur 
Electronics Workshop, The Uses of Semiconductors, Digital 
Electronics (6 sections), Operational Amplifiers, Introduction to 
Physics, Semiconductors (6 sections) and Digital Instruments 

sect ions). 

CIRCUITS TO BUILD: There's nothing to beat the satisfaction of 
creating your own project. From basic principles, like soldering and 
making printed circuit boards, to circuit- building, the Modern 
Electronics Manual and its Supplements describe clearly, with 
appropriate diagrams, how to assemble radios, loudspeakers, 

amplifiers, car projects. computer interfaces, measuring 
instruments, workshop equipment, security systems, etc. 
The Base Manual describes 13 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 turn 
to the glossary included in the Manual and you'll find a 
comprehensive definition in plain English. 

The Manual also covers Safety and Suppliers. 
The most comprehensive reference work ever produced at a price 
you can afford, the revised edition of THE MODERN 
ELECTRONICS MANUAL provides you with all the essential 
information you need. 

THE MODERN ELECTRONICS MANUAL 
Revised Edition of Basic Work: Contains over 900 pages of information. Edited by John Becker. 
Regular Supplements: Approximately 160-page Supplements of additional information which, if requested, are forwarded to you 
immediately on publication (four times a year). These are billed separately and can be discontinued at any time. 
Presentation: Durable looseleaf system in large A4 format 

Price of the Basic Work: £39.95 (to include a recent Supplement FREE) 
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Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy with either 
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days and we will make a full refund of your payment — no small print and no questions asked. 

(Overseas buyers do have to pay the overseas postage charge) 
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ELECTRONICS SERVICE MANUAL 
EVERYTHING YOU NEED TO KNOW TO GET STARTED IN 
REPAIRING AND SERVICING ELECTRONIC EQUIPMENT 

SAFETY: Be knowledgeable about Safety Regulations. Electrical Safety and First Aid. 

UNDERPINNING KNOWLEDGE: Specific sections enable you to Understand Electrical 
and Electronic Principles, Active and Passive Components. Circuit Diagrams. Circuit 
Measurements. Radio, Computers. Valves and manufacturers' Data. etc. 

PRACTICAL SKILLS: Learn how to identify Electronic Components. Avoid Static 
Hazards, Carry Out Soldering and Wiring. Remove and Replace Components. 

TEST EQUIPMENT: How to Choose and Use Test Equipment, Assemble a Toolkit. Set 
Up a Workshop. and Get the Most from Your Multimeter and Oscilloscope. etc. 

SERVICING TECHNIQUES: The regular Supplements include vital guidelines on how to 
Service Audio Amplifiers. Radio Receivers. TV Receivers. Cassette Recorders, Video 
Recorders, Personal Computers, etc. 

TECHNICAL NOTES: Commencing with the IBM PC, PC- XT, PC-AT, this section and 
the regular Supplements deal with a very wide range of specific types of equipment. 

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 

The essential work for 
servicing and repairing 
electronic equipment 
• Easy-to-use format 

• Clear and simple layout 

• Vital safety precautions 

• Fundamental principles 

• Troubleshooting techniques 

• Servicing techniques 

• Choosing and using test 

equipment 

• Reference data 

• Professionally written 

• Regular Supplements 

• Sturdy ring-binder 

Basic Work: Contains around 900 pages of information. Edited by Mike Tooley BA 

Regular Supplements: Approximately 160-page Supplements of additional information which, if requested, are forwarded to you 

immediately on publication (four times a year). These are billed separately and can be discontinued at any time. 
Presentation: Durable looseleaf system in large A4 format 

Price of the Basic Work: £39.95 (to include a recent Supplement FREE) 

ORDER BOTH MANUALS TOGETHER AND SAVE OVER £10! 
A mass of well-organised and clearly explained Information Is brought to you by expert editorial 

teams whose combined experience ensures the widest coverage 
Regular Supplements to these unique publications, each around 180 pages, keep you abreast of 

the latest technology and techniques If required 

REGULAR SUPPLEMENTS 

Unlike a book or encyclopedia. these Manuals 
are living works - continuously extended with 
new material. If requested, Supplements are sent 
to you 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. 

RESPONDING TO YOUR NEEDS 

We are able to provide you wet the most 
important and popular, up to date. features in our 

Supplements. Our unique system is augmented 
by readers' requests for new information. 
Through this service you are able to let us know 
exactly what information you require in your 
Manuals. 

YOU can also contact the editors directly in writing 
if you have a specific technical request or query 
relating to the Manuals. 

PLEASE send me a Digital Multimeter (offer ends Mar 17. 2000) together with 

El THE MODERN ELECTRONICS MANUAL plus a FREE SUPPLEMENT 

Fij ELECTRONICS SERVICE MANUAL plus a FREE SUPPLEMENT 
I enclose payment of £39.95 ( for one Manual) or £69.75 for both Manuals ( saving over 
PO by ordering both together) plus postage if applicable. 

I also require the appropriate Supplements four times a year. These are billed 
separately and can be discontinued at any time. (Please delete if not required.) 

Should I decide not to keep the Manual s I will return it them and the Digital Multimeter 
to you within 30 days for a full refund. 

FULL NAME   
PLEASE PRINT) 

ADDRESS   

 POSTCODE   

SIGNATURE   

LI I enclose cheque PO payable to Wimborne Publishing Ltd. 
[ I Please charge my Visa/Mastercard 

Card No. Card Exp. Date   

ORDER FORM 
Simply complete and return the order form with your 

payment ro the following address 

Wimborne Publishing Ltd. Dept. Y4, Allen House, 
East Borough, Wimborne, Dorset BH21 1PF 

We otter a 30 day MONEY BACK GUARANTEE 
- if you are not happy with the Manual simply return it to us 

in good condition together with the Multimeter within 30 
days for a full refund 

Overseas buyers do ha,e to pay the overseas postage see below 

POSTAGE CHARGES 

Price PER MANUAL 
Postal Region Surface Air 

Mainland UK 

Scottish Highlands, 

UK Islands & Eire 
Europe ( EU) 

Europe (Non-EU) 

USA & Canada 
Far East & Australasia 

Rest of World 

FREE 

£5 50 

£20 

£25 

£31 

£25 

£20 

£26 
£33 

£35 

£45 

Please allow four working days for UK delivery. 
NOTE Surface mail can lake over 10 weeks to some parts of 

the world Each Manual weighs about 4kg when packed 

esm2 
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Regular Clinic 

CIRCUIT 
SURGERY 
ALAN WINSTANLEY  
and IAN BELL 

Onwards with our op.amps extravaganza we go, unearthing more of the inner 
workings of these essential electronic workhorses. Plus more questions and 
answers from our postbag as well. 

COLLOWING several readers' enquiries 
r we received concerning op.amps, last 
month we provided a summary Op.Amp 
Selector chart which illustrates the often 
gargantuan differences between individual 
types. There are thousands of op.amps 
available, often optimised for a particular 
use and in demanding applications (e.g. 
instrumentation or low-power circuits) the 
choice of device type can be very critical. 

It's a good idea to decide on the factors 
which are most important in your applica-
tion (input impedance/slew rate/power 
consumption?) and then choose a likely-
looking device using our selector as a 
guide, or check the major catalogues for 
guidance. Also, many manufacturers now 
have web sites from which data sheets can 
be downloaded, and using the data in our 
previous articles you will be able to navi-
gate through the minefield of op.amp para-
meters and specifications more easily. 

Op.Amps — Getting Loaded 
We now continue to investigate op.amp 

characteristics and techniques. We 
described the basic differential amplifier 
last month, which we have drawn again in 

Fig. 1. Differential amplifier formed 
from a matched pair of npn transistors. 

Fig. 1 . Op.amps should have a very high 
voltage gain, so the voltage gain of our dif-
ferential amplifier should be as high as 
possible. 
Any transistor used in the amplifier will 

have a (more or less) fixed gain, but this is 
in terms of its current output, i.e. its col-
lector current. Variations in the transistor's 
base-emitter voltage and base current will 
cause large variations in its collector cur-
rent. The collector current flows through 
the collector resistor, R., giving rise to the 
output voltage, V.. 
By Ohm's Law, V=IR so for a given cur-

rent variation, then the larger we make R 
the larger the voltage variation will be. 
This means that the larger we make 12,, the 
larger the voltage gain of the differential 
amplifier. This seems straightforward 
enough — just use large values of R, and we 
get a nice high gain: after all resistors are 
cheap and large values don't cost any more 
than smaller ones! 
Unfortunately it's not that simple. First 

of all op.amps are usually integrated cir-
cuits where large resistors do cost more — 
they take up more space (silicon real 
estate!). 
Furthermore, it is difficult for i.c. makers 

to fabricate precise resistance values, so 
there can be comparatively few resistors on 
a typical chip. Secondly, the transistors 
have to operate within a certain range of 
bias currents, below which they may give 
poor performance in terms of gain etc. 

If we use large resistors and keep the 
supply voltage the same, we have to reduce 
the bias current, possibly to an unaccept-
able level. Alternatively, we can always 
increase the supply voltage, but do you 
really want an op.amp that needs a supply 
of 100V? 
This seems like a no-win situation, but 

happily the current mirror circuit comes 
to our rescue. Although, a current source 
has a very high resistance (ideally infinite, 
in fact), any current we choose can flow 
from it. 
Thus, in our op.amp circuit we can set up 
a current source outputting the appropriate 
bias current, and use it in place of the col-
lector resistor; the transistor gets the 

correct operating current it needs, and we 
get a high voltage gain due to the very 
large effective resistance of the current 
source. See May and June '99 Circuit 
Surgery for a detailed explanation of tran-
sistor current sources. 

Fig.2. Simple single-transistor 
amplifier. 

Biased Approach 
Before seeing how we apply this to our 

differential amplifier, it is easier to have a 
look at a simple one-transistor amplifier, 
and at this point it is useful to recall the 
idea of biasing in more detail. Consider 
Fig.2, a very basic transistor amplifier. It is 
biased by applying a d.c. voltage to the 
base (not shown), and often a potential 
divider is used for this purpose. 
The input signal varies around the bias 

voltage, so for example if the bias voltage 
was 0-65V and the signal was 0-02V peak-
to-peak, then the bias voltage would vary 
from 0-64V to 0.66V. The bias current 
causes a certain collector current to flow 
(call this /b.,$) which results in a certain 
voltage drop across the collector resistor. 
As the signal varies, the collector current 

varies around causing the voltage drop 
across the collector resistor to vary as well. 
This action produces the (amplified) out-
put voltage signal. We can think of the bias 
and the signal as two separate components 
of the collector signal, which when added 
together give the overall action of the 
circuit. 

It does not matter where the bias "comes 

306 Everyday Practical Electronics, April 2000 



from", so we could apply the bias current 
directly to the collector circuit by using a 
current source as shown in Fig.3. With no 
signal applied the base voltage would 
adopt the appropriate voltage (0-65V in our 
example), always assuming than the 
required base current could be supplied to 
the base (the means for this is not shown, 
but in a real circuit the base would obvi-
ously be connected somewhere to achieve 
this). 

Fig.3. Simple transistor amplifier with 
current source load (active load). 

Active Load 
When we applied the signal to the ampli-

fier, we would force the collector current to 
something other than /b,u, and in order for 
the current to be maintained through the 
constant current source the difference, i.e. 
the signal current, would flow in the inter-
nal resistance of the current source. Now 
this resistor is large and therefore results in 
a very large voltage gain (a small current 
change results in a large voltage change). 
A current source used to get high gain 

from an ampifier in this manner is known 
as an active load. The schematic for a basic 
implementation of Fig.2 is shown in Fig.4. 

Fig.4. Schematic of transistor amplifier 
with active load. 

We can use an active load with the dif-
ferential amplifier, but the situation is a lit-
tle more complex because we have to be 
careful not to upset the symmetry of the 
circuit. If we used two separate current 
sources for the two transistors, we may not 
be able to match the currents accurately 
enough to the emitter bias current. 
The reason this matching is difficult 

(unlike the two transistors in the differen-
tial amplifier itself which are well 
matched) is that if the emitter current 
source and differential amplifier transistors 

are npn then the active load will be pnp, 
and it is difficult to match npn with pnp 
transistors. The solution is use a current 
mirror with its reference connected to one 
differential transistor and its output to 
other. This is shown in Fig.5. 

It looks like even this approach breaks 
the symmetry of the clItuit (TR3's base 
connection is not the salle as TR4's), but 
as far as current flow is eonicerned the cir-
cuit is still symmetrical.W hen a differen-
tial input voltage is applit;:.i, the amplified 
output difference current on TR2's side is 
dropped across the current mirror's very 
large internal (output) resistance. So we 
get a highly amplified voltage signal at 
TR2's collector. 
However, TR4 is wired like a forward 

biased diode (the transistor's base-emitter 
junction) and therefore has a low resis-
tance. The voltage gain at TR1's collector 
is therefore low and this output cannot be 
used. With an active load the differential 
amplifier has to be used with a single 
ended output. 

We'll be rounding off our op.amp mini-
tutorial next month, by looking at the output 
side of things, including ways of implement-
ing short-circuit protection. ¡MB. 

Socket To Me 
David Preston asks: "/ have a question 

on the use of dual in-line (di.!.) sockets. 1 
have several designs which use an opto-
triac operating at mains voltages. Could 
you tell me the maximum ratings of a d.i.l. 
socket? Would they be suitable for a d.i.l. 
opto-triac or should I solder the device 
straight to the board?" (By E-mail.) 
The typical contact rating of a d.i.l. sock-

et is at least lA or more. Harwin is a well-
known maker and their catalogue of 
turned-pin sockets quotes a rating of 2A 
per pin, with an insulation resistance of 
500V (which I would interpret as the max-
imum voltage allowed between two 
adjacent pins). 
Another maker (Augat) is quoted at up to 

3A with a dielectric strength of lkV r.m.s. 
(1.4kV peak). However, I would hate to 
hang a 750W mains load on such a socket! 
I would prefer say 50W to 100W or so 
maximum as a safe rule of thumb. 
There are two types of d.i.l. socket — the 

"leaf" type uses a pair of wiping spring 
contacts on every pin. The entrance to each 
contact is large, and the i.c. pins are grad-
ually guided into alignment using automat-
ic or manual insertion equipment. 
More expensive precision "turned-pin" 

sockets make a good contact with the four 
corners of each i.c. pin and require that the 
chip must be pre-aligned, but they tend to 
be easier and smoother to work with. The 
idea is to produce a gas-tight seal around 
the four points of contact, to ensure a 
noise-free and reliable joint. The current 
ratings of both types is about the same, but 
I would say that the "leaf" type will have a 
stronger joint. 
Personally speaking, with any opto-iso-

lator or triac device controlling mains 
loads, I would want to solder it directly to 
the board, so that there are nice "meaty" 
solder joints that will help with the current-
carrying capacity of the joint. The p.c.b.'s 
copper tracks will also help to heatsink the 
device as well, and for this reason audio 
amplifier i.c.s are always best soldered 

Fig.5. Differential amplifier with higher 
gain due to active load. Transistors TR3 
and TR4 form a current mirror used as 
the active load. 

direct to the board rather than using a d.i.l. 
socket. ARW. 

Surface-Mount Selection 
"I would like to ask what the term 

"MSOP" stands for: I have a school 
project in mind using a TC07 to detect tem-
perature and wondered if the MSOP 
version would be suitable? Thank you!" 
This question was posed in the EPE Chat 

Zone message board of our web site. MSOP 
simply means Moulded Small Outline 
Package. Anything with "SO" in its descrip-
tion means "Small Outline" and should 
immediately set alami bells ringing! 

It means you're looking at the tiny sur-
face-mount version, which will be unsuit-
able for most school or hobbyist projects 
because of the steady hand needed to posi-
tion and solder them reliably by hand, 
although you could try if you fancy a 
challenge. Otherwise be sure to buy the 
ordinary discrete version instead. 
Here is a mini-glossary of some abbrevi-

ations used in this area: 

CERDIP: Ceramic dual-in-line package 
DIP: Dual-in line package 
LCCC: Leadless ceramic chip carrier 
(20 to 84 pin, square body, no leads). 

LDCC: Leaded ceramic chip carrier 
PLCC: Plastic leaded chip carrier 

(square-style SM chip) 
PQFP: Plastic quad flat-pack 
QFP: Quad flat-pack 
SMC: Surface mount component 
SMD: Surface mount device 
SMT: Surface mount technology 
SOIC: Small-outline integrated circuit 
(generic surface-mount i.c.) 

SOJ: Small-outline with "J"-shaped 
leads , 

SOMP/MSOP: Moulded small-outline 
package 

SOP: Small-outline package (for surface 
mounting) 

SOT: Small-outline transistor 
Take it from someone who knows, it's 

dead easy to order a surface-mount device 
by accident so you need to pay close atten-
tion to the catalogues (and data sheets) 
when ordering. ARW. 
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PCB SERVICE 
Printed circuit boards for certain EPE constructional projects are available from the 
PCB Service, see list. These are fabricated in glass fibre, and are fully eked and 
roller tinned. All pnces include VAT and postage and packing. Add £1 per brtard 
for airmail outside of Europe. Remittances should be sent to The PCB Seevite, 
Everyday Practical Electronics, Allen House, East Borough, Wimborne , Dorset 
BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot reply to 
overseas orders or queries by Fax); E-mall: orders@epemag.wimborne -co.uk 
Cheques should be crossed and made payable to Everyday Practical Elcctrones 
(Payment in £ sterling only). 

NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for 
delivery - overseas readers allow extra if ordered by surface mail. 

Back numbers or photostats of articles are available if required - see the 
Back Issues page for details. 
Please check price and availability in the latest issue. 
Boards can only be supplied on a payment with order basis. 

PROJECT TITLE Order Code Cost 

Active Receiving Antenna EUGUEM 140 £6.59 
Soldering Iron Controller 157 £6.63 
*PIC Noughts & Crosses Game 165 £7.82 
Micropower PIR Detector - 3 
Alarm Disarm/Reset Switch 166 £5.72 

Ironing Safety Device 167 £5.12 

Remote Control Finder Mâabli 168 £6.32 
Rechargeable Handlamp 169 £6.23 
*PIC Water Descater 170 £6.90 
*EPE Time Machine Itiejkal 171 £8.34 
Auto-Dim Bedlight 172 £6.63 
Portable 12V PSU/Charger 173 £6.61 
Car Immobiliser 11.14eltja 175 £7.00 
Safe and Sound (Security Bleeper) 179 £7.32 
Surface Thermometer J 98 174 £7.64 
Disco Lights Flasher 178 £8.30 
Waa-Waa Pedal (Multi-project PCB) BLUM 932 £3.00 
*Virtual Sco_pe - Digital Board 176 £14.49 
Analogue Board (per board) 177 £7.34 

*Water Wizard 180 £7.69 
Kissometer 181 £7.67 
*EPE PIC Tutorial &LULU. 182 £7.99 
The Handy Thing (Double-Sided) 183 £6.58 
Lighting-Up Reminder 184 £5.90 
*Audio System Remote Controller - PSU 185 £7.05 

Main Board 186 £8.29 
Simple Metal Detector'P .  '98 

932 £3.00 (Multi-project PCB) 
Single or Dual-Tracking Power Supply 187 £7.90 
*RC-Meter 188 £7.66 
Security Auto-Light 189 £8.10 
Stereo Tone Control plus 20W Stereo Atrier 
Tone Control 190 £7.78 
20W Amplifier 191 £8.58 

*Dice Lott 192 £8.05 

EPE Mood Changer IMMIEM 193 £7.75 
*AT89C2051/1051 Programmer 
Main Board 194 £8.50 
Test Board 195 £8.69 

*Reaction Timer Software only - - 
*PIC16x84 Toolkit MENEM 196 £6.96 
*Greenhouse Computer 
Control Board 197 £9.08 
PSU Board 198 £8.10 

Float Charger f G'98 199 £6.59 
Lghtbulb Saver 202 £3.00 
Personal Stereo Amplifier MULL' 932 £3.00 

(Multi-project PCB) 
*Greenhouse Radio Link 200 £8.32 
*PIC Altimeter 201 £8.15 
Voice Processor Beg lfzill 203 £7.18 
*Digisery BIC Expander 204 £7.69 
IR Remote Control 
Transmitter 205 £3.00 
Receiver 206 £3.50 

*PIC Tape Measure 0 '98 207 £6.82 
Electronic Thermostat 
T-Stat 208 £4 00 

PhizzyB £14.95 
A-PCB B-CD-ROM C-Prog, Microcontroller Bee (A)(B)(C) each 

15-Way IR Remote Control 
Switch Matrix 211 £3.00 
15-Way Rec/Decoder 212 £4.00 

Damp Stet D C.98 209 £4.50 
Handheld Function Generator 213 £4.00 
*Fading Christmas Lights 215 £5.16 
PhizzyB I/O Board (4-section) 216 £3.95 
Twinkle Twinkle Reaction Game MUM 210 £7.55 
*EPE Mind PICkler 214 £6.30 
PhizzyB I/O Board (4-section) 216 £3.95 
Alternative Courtesy Light Controller 217 £6.72 
Light Alarm M ilei 218 £6.78 
*Wireless Monitoring System - Transmitter 219+a £9.92 

Receiver 220+a £8.56 
*PIC MIDI Sustain Pedal Software only - - 
*Wireless Monitoring System-2 • i - • See 
F.M. Trans/Rec Adaptors 219a/220a Feb'99 

*Time and Date Generator 221 £7.37 
Auto Cupboard Light 222 £6.36 
Smoke Absorber 223 £5.94 

PROJECT TITLE Order Code (..,t 

Ironing Board Saver APR'99 
Voice Record/Playback Module 

224 
225 

£5.15 
£5 12 

Mechanical Radio (Pair) 226A&B £7.40 pr. 
*Versatile Event Counter 207 £6.82 

*PIC Toolkit Mk 2 MAY'99 227 £8.95 
A.M.,'F.M. Radio Remote Comrc, 

Transmitter 228 £3.00 
Receiver 229 £3.20 

*Musical Sundial JUNE'99 231 £9.51 
PC Audio Frequency Meter 232 £8.79 

*EPE Mood PICker EMI. 233 £6.78 
12V Battery Tester 234 £6.72 
Intruder Deterrent 235 £7.10 
L.E.D. Stroboscope ( Multi-proiect PCB , 932 £3 00 

Ultrasonic Puncture Finder AUG'99 236 £5.00 
*8-Channel Analogue Data Logger 237 £8.88 
Buffer Amplifier (Oscillators Pt 21 238 £6.96 
Magnetic Field Detective 239 £6.77 
Sound Activated Switch 240 £6.53 
Freezer Alarm ( Multi-project PCB, 932 £3.00 

Child Guard SEP 99 241 • £7.51 
Variable Dual Power Supply 242 £7.64 

Micro Power Supply OCT99 243 £3.50 
*Interior Lamp Delay 244 £7.88 
Mains Cable Locator - ( Multi-project PCB, 932 £3.00 

Vibralarm NOV'99 230 £6.93 
Demister One-Shot 245 £6.78 
*Ginormous Stopwatch - Part 1 246 £7.82 

*Ginormous Stopwatch - Part 2 DEC'99 
Giant Display 247 £7 85 
Serial Port Converter 248 £3.96 

Loft Guard 249 £4.44 

Scratch Blanker JAN 00 250 £4.83 
Flashing Snowman (Multi-project PCB) 932 £3.00 

*Video Cleaner FEB'00 251 £5.63 
Find It 252 £4.20 
*Teach-ln 2000 - Part 4 253 £4.52 

High Performance MAR 00 254. 255 
Regenerative Receiver 256 - Set £5.49 

*EPEICEbreaker - PCB257. programmed PIC16F877 
and floppy disk 

Set Only £22 99 

Parking Warning System 258 £5.b8 

*Micro-PICscope APR*00 259 £4.99 
Garage Link 
Transmitter 261 } Set £5.87 
Receiver 262 

Software programs for EPE projects marked with an asterisk * are available 
on 3.5 inch PC-compatible disks or free from our Internet site. Six disks are 
available: PIC Tutorial ) Mar-May '98 issues): PIC Toolkit Mk2 (May-Jun .99 
issues): EPE Disk 1 (Apr '95-Dec '98 issues): EPE Disk 2 (Jan-Dec 99). 
EPE Disk 3 (Jan 00 issue to current cover date): EPE Teach-In 2000 The 
disks are obtainable from the EPE PCB Service at £2.75 each ( UK) to cover 
our admin costs ( the software itself is free). Overseas ieach): £3.35 surface 
mail. £4.35 each airmail. Ali tiles can be downloaded free from our Internet 
FTP site: ftp://ttp.epemag.wimborne.co.uk. 

' EPE PRINTED CIRCUIT 
. BOARD SERVICE i i . 
I I Order Code Project Quantity Price 
I 1 

I Name  

I Address  

I enclose payment of £   (cheque/PO in £ sterling only) to. I 

Everyday 
Practical Electronics 

VISA 
MasterCard or Visa No. 

Minimum order for credit cards £5 

Signature Card Exp. Date  

I Please supply name and address of cardholder if different from the address shown 

NOTE: You can order p.c.b.s vta our Internet site on a secure server: 
http://www.epemag.wimborne.co.uk 

EIJ II 
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LEADING EDGE TECHNOLOGY LTD 
KW18D Kordin Industrial Estate, Paola, MALTA 

UNIVERSAL PIC PROGRAMMER £49.95 

SERIAL and PARALLEL Programming 
...... modes (unlike cheap programmers). 

Universal ZIF socket, no more damaged/bro-
ken pins, inferior products can ruin expensive 
chips! 

, Supports: PICI2C5XX, 12C6XX, 14XXX. 
16C5XX, 16C50X, 16C6XX, 16C7XX, more 

than 75 devices. Free Software updates. Memory 24LCXXX. 
85CXX, 93CXX. 
Includes CD with PIC-BASIC, DataSheets and Software for 
DOS and Windows. 

plc ICE 11 Pic54-57. 71 & 84. In-Circuit Emulator £59.95 

In Circuit Emulator for 54/55/56/57/71/84 

Integrated Editor/Assembler, Tracer with 
Pk PICs. A/D emulated for 16C71. 

Single-step, breakpoints etc. Supplied with 
leads, manual, software and hardware proj-
ects. Pic-Basic and DataSheets on CD rom. 

PIC12C508/9 10E and PROGRAMMER £59.95 

In Circuit Emulator. Single-Step, set 
Breakpoints, test before •  o 

-.M. I. 

- 

code programming 
the PIC. Supplied with leads, 10 breadboard 
circuits which include DVM, StopWatch. 
Smoke Alarm, Sound & Light. CD with 
PIC BASIC Compiler and Examples. 

5eriall LCD 16 x 2 line' £17.95 

-  C AlphaNumeric and Graphics. 
Easy interface to RS232 or I2C 
bus (User selectable). Features 
include full cursor control, stan-
dard ASCII characters + Graphics 
and LCD contrast control. 

Other Products, see our Website for further information. 

MEGAPROM EpromProgrammer 

Universal ZIF for 27xx, 28xx, 29xx, EEprom, Flash and 24 
series memory £69.95 

GAL Programmer 

Read, Write, Copy SGS/NSC/Lattice 16v8A/B/D/Z, 
20v8A/B/D/Z and 22V10 GALS with standard JEDEC files 

£49.95 

FPROM EMULATOR 128k x 8-bit or 2 x 64k 

Emulates all Roms from 2716 to 27101 £59.95 

DELUXE SMARTCARD PROGRAMMER 

Read/Write to all types of Smartcard including Satellite, GSM etc 
Supplied with large amount of "interesting" card information 

£79.95 

SMARTDRIVE Development System 

The complete Smartcard solution. Make your own security cards. 
Connects to PC serial port, supplied with Software, source, 
*.DLLs on CD and working IS07816 card to experiment with. 

£69.95 

Í  FREE PIC BASIC COMPILER FOR %% MONS 
Supports Picl6C54-57, 71, 84, 508/9 produces stand alone machine 
code (no runtime modules). Standard BASIC syntax, more than 40 

commands. 
Why pay £50+ when ours is free? Download it from our Website now! 

‘ Or supplied on CD with PicDatasheets - £5.00 (to cover handling etc) j 

N. ../ 

WEBSITE http://LET.cambs.net 

E-mail johnmorr@keyworld.net 

All products manufactured in Malta and carry a 12 months Parts & Labour guarantee 

ORDER DIRECT: Tel: (00 356) 678509 Fax (00 356) 6674B-S 
ICU/ SAME DAY DESPATCH 
este,c.Ifti Registered AirMail £5.50. NO VAT PAYABLE VISA 

HALF PRICE CCTV CAMERAS! 
HIGH 
QUALITY 
EXTRA 
SMALL 
B&W 
CAMERA 

• 3m. CCD BOARD CAMERA 
WITH AUTO BACKLIGHT 

COMPENSATION 
128 STEP ELECTRONIC IRIS 

AND 380 TV LINES 
RESOLUTION. 

320.000 PIXELS AND 0.2 LUX 
LEVEL GIVES REMARKABLE 
CRYSTAL CLEAR PICTURES 
32mm (w)x 32mm(l) x 20mm ( h) 

MAPLINS PRICE £79.99 

OUR PRICE 05 00 
3)6mM WIDE Altn.E.LIS 

ADD £5 AUDIO 

Camera PSU 
and Cable Kit 
A total solution to, pew 
enng and connecting • 
our range of board ca-
re modules and cover, 
cerneras The lut co 
tains a quality plug 
mains adaptor and a 
20m pre wired cable 
One end of the cede 

has a SCART plug an aucho phono plug a ndeo phono plug and a 
DC power sodet The lead from ere mains adaptor is Nagged info Me 
DC socket and &the. IS. SCART plug or &zit° and veep phono plugs 
are plugged into your TV. monnor or VCR 

MAPLINS PRICE £24.99. OUR PRICE £12.90 

CAMERA CASING WITH SWIVEL WALL 
BRACKET TO TAKE ANY OF OUR 

BOARD CAMERAS £3.90 

MONOCHROME AND COLOUR DOME CAMERAS 

TV System 
Resolution 
Min. Illumination 
Lens Angle 
Voltage Supply 
Video Out 
Focal Length 
Chipset 

Technical Data 
Monochrome 
CCIRrEIA 
>380TVL 
0-5 lux 
78° 
12V (9-15V) 

1V p-p, 750 
4-3mm 
Sharp 

Colour 
CCIR EIA 
330TVL 
2 lux 
78° 
12V ± 10% 

1V, p- p. 7512 
4.3mm 
Sony 

COMPACT fiOmm DIAMETER QUALITY DOME CAMERAS 

WITH FULLY ADJUSTABLE INTERNAL MODULES WHICH WATCH 
BUT CANNOT BE SEEN' EASY CEILING OR WALL MOUNT 

250mm CONNECTION LEAD FITTED 
DISCREET, PROFESSIONAL AND VERY AFFORDABLE 

MONO £46 COLOUR £66 
AUDIO MODEL ADD £5 USE WITH OUR CABLE KIT 

11 DUMMY CCTV 
el CAMERAS WITH 

ACTIVE LED 
Very realistic dummy camera with 
cable, swivel bracket and screws 
Some cunning customers convert it 
to a real camera by fitting a BAN or 
colour board! 

MRRP £23.50 

OUR PRICE 

£8.75 EACH 
P&P £3 Any Quantity 

ALL 

OUR 

PRICES 

INCLUDE 

VAT 

SONY COLOUR CCTV 
BOARD CAMERAS 

The best cotour cameras we have ever seen - the rich dolours 
and crystal clear images amazed our buyer! High grade Sony 
image sensor chip has auto ins and 290.000 pixels, 330 TV line 
resolution and LUX level 2. Standard UK PAL works on any TV or 
monitor. Use with our camera PSU and cable kit (see above). size 
32mm x 32mm. 12V DC or will work off PP3 9V battery 

NEW LOWER PRICE £56.00 (audio add £5) 

UNUSUAL NOCTURNAL CCTV CAMERAS 
These twin-board B/W cameras can see in total dark-
ness up to 20ft. Made for chimney and drain inspec-
tion but very useful for baby monitoring or any situa-
tion where an invisible beamed camera is needed. 
Don't confuse with basic LED models which only 
work up to 511. Made to our specification in Japan. 
As illustration but with 8 yellow super LEDs. 12V 
300mA. Size: 32mm x 32mm x 32mm. 

ONLY £48.50 incl. WIDE ANGLE LENS 

Professional aluminium model in beige finish. 
11 in. x 3m. x 
MRRP £29.85 

OUR PRICE £13.00 
ALL GOODS ARE BRAND NEW en Es 1979i A.S.A. Order Hotline 
AND PERFECT BULK BUYERS 
PLEASE ASK FOR JOHN r e 51 Cambridge Floe 01642 851256 
PRICES INCLUDE VAT Middlesbrough Fax: 
£3 PP ANY SIZE ORDER VISA WI= TS5 5NL 01642 823173 
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Everyday Practical Electronics Books 

TEACH- IN No. 7 plus FREE Software 
ANALOGUE AND DIGITAL 
ELECTRONIC COURSE 
(Published by Everyday Practical Electronics) 
Alan Winstanley and Keith Dye 
B.Eng(Tech)AIVIIEE 
The highly acclaimed Teach- In series, which included 
the construction and use of the Mini Lab and Micro 
Lab test and development units, has been put together 
in book form. Additionally EPT Educational Software 
have developed a GCSE Electronics software program 
to compliment the course and a FREE DISC covering 
the first two parts of the course is included with the 
book. 
An interesting and thorough tutorial series aimed speci-

fically at the novice or complete beginner in electronics. 
The series is designed to support those undertaking either 
GCSE Electronics or GCE Advanced Levels, and starts with 
fundamental principles. 

If you are taking electronics or technology at school 
or college, this book is for you. If you just want to 
learn the basics of electronics then this is for you. 
If you are teaching electronics or technology you 
must make sure you see it. Teach-In No. 7 will be 
invaluable if you are considering a career in electronics or 
even if you are already training in one. The Mini Lab and 
software enable the construction and testing of both 
demonstration and development circuits. These learning 
aids bring electronics to life in an enjoyable and interesting 
way: you will both see and hear the electron in action ( The 
Micro Lab microprocessor add-on system will appeal to 
higher level students and those developing microproces-
sor projects. 
152 pages £3.95 

SOFTWARE 

Testing and 
Test Gear 

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 con-
trols, 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 
help to illustrate the control functions and the effects of 
various fault conditions. The function and use of various 
other pieces of test equipment are also covered, includ-
ing signal generators, logic probes, logic pulsers, and 
crystal calibrators. 
104 pages Order code BP267 £3.50 

SERVICING PER-
SONAL COM-
PUTERS - 4th 
EDITION 
Mike Tooley BA 
The revised and 
enlarged forth edition 
has been completely 
re-written to cover 
the latest technology. 
such as 32- bit 
microprocessors and 
serial communica-
tions servicing. It 
includes a diag-
nostic disk of-
fer. Essential for 
anyone concerned 
with the maintenance 
of personal computer 
equipment or peripherals whether professional service 
technician, student or enthusiast. 
387 pages Hardback Temporarily out of print 

SERVICING 
PERSONAL 
COMPUTERS 
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DIRECT 
BOOK 

SERVICE 
The books listed have been 
selected by Everyday Practical 
Electronics/Eli editorial staff as 
being of special interest to everyone 
involved in electronics and comput-
ing. Books are supplied by mail 
order direct to your door. Full 
ordering details are given on the 
last book page. 

For another selection 
of books see the next 

two issues 

Radio 
BASIC RADIO PRINCIPLES AND 
TECHNOLOGY 
Ian Poole 
Radio technology is becoming increasingly important in 
today's high technology society. There are the tradi-
tional uses of radio which include broadcasting and 
point to point radio as well as the new technologies of 
satellites and cellular phones. All of these developments 
mean there is a growing need for radio engineers at all 
levels. 
Assuming a basic knowledge of electronics, this book 

provides an easy to understand grounding in the topic. 
Chapters in the book: Radio Today, Yesterday, and 

Tomorrow; Radio Waves and Propagation; Capacitors, 
Inductors, and Filters; Modulation; Receivers; Trans-
mitters; Antenna Systems; Broadcasting; Satel-
lites; Personal Communications: Appendix - Basic 
Calculetigns 
263 pages Order code NE30 £14.99 

PROJECTS FOR RADIO AMATEURS AND S W.L.S. 
R. A. Penfold 
This book describes a number of electronic circuits, 
most of which are quite simple, which can be used to 
enhance the performance of most short wave radio 
systems. 

The circuits covered include An aerial tuning unit; 
A simple active aerial; An add-on b.f.o. for portable 
sets; A wavetrap to combat signals on spurious 
responses; An audio notch filter; A parametric 
equaliser; C.W. and S.S.B. audio filters; Simple noise 
limiters; A speech processor; A volume expander. 

Other useful circuits include a crystal oscillator, and 
RTTY/C.W. tone decoder, and a RTTY serial to parallel 
converter. A full range of interesting and useful cir-
cuits for short wave enthusiasts 
92 pages Order code 8P304 £3.95 

AN INTRODUCTION TO AMATEUR RADIO 
I. D. Poole 
Amateur radio is a unique and fascinating hobby 
which has attracted thousands of people since it 
began at the turn of the century. 

This book gives the newcomer a comprehensive 
and easy to understand guide through the subject so 
that the reader can gain the most from the hobby. It 
then remains an essential reference volume to be 
used time and again. Topics covered include the basic 
aspects of the hobby, such as operating procedures, 
jargon and setting up a station. Technical topics 
covered include propagation, receivers, transmitters 
and aerials etc. 
150 pages £4.99 Order code BP257 

SIMPLE SHORT WAVE RECEIVER CONSTRUCTION 
R. A. Penfold 
Short wave radio is a fascinating hobby, but one that 
seems to be regarded by many as an expensive 
pastime these days. In fact it is possible to pursue this 
hobby for a minimal monetary outlay if you are 
prepared to undertake a bit of d.i.y., and the receivers 
described in this book can all be built at low cost. All 
the sets are easy to costruct, full wiring diagrams etc. 
are provided, and they are suitable for complete 
beginners. The receivers only require simple aerials, 
and do not need any complex alignment or other 
difficult setting up procedures. 

The topics covered in this book include: The broad-
cast bands and their characteristics; The amateur 
bands and their characteristics; The propagation of 
radio signals; Simple aerials; Making an earth connec-
tion; Short wave crystal set; Simple t.r.f. receivers; 
Single sideband reception; Direct conversion receiver. 

Contains everything you need to know in order to 
get started in this absorbing hobby. 
88 pages Order code BP275 £3.95 

Computers and Computing 

MULTIMEDIA ON THE PC 
Ian R. Sinclair 
In this book, you'll find out what a CD ROM is, how it 
works, and why it is such a perfect add-on for a PC, 
allowing you to buy programmes, text, graphics and 
sound on a CD. It also describes the installation of a 
CD ROM drive and a sound card, pointing out the 
common problems that arise, and then shows how to 
use them to create a complete multimedia presenta-
tion that contains text, photos, a soundtrack with your 
own voice recorded as a commentary, even animation 
and edited video footage 
184 pages Order code PC112 £11.95 

HOW TO BUILD YOUR OWN PC 
Morris Rosenthal 
More and more people are building the own PCs. 
They get more value for their money, they create ex• 
actly the machine they want, and the work is highly 
satisfying and actually fun. That is, if they have a 
unique beginner's guide like this one, which visually 
demonstrates how to construct a state-of-the-art com-
puter from start to finish. 

Through 150 crisp photographs and clear but mini-
mal text, readers will confidently absorb the concepts 
of computer building. The extra- big format makes it 
easy to see what's going on in the pictures. For 
non-specialists, there's even a graphical glossary that 
clearly illustrates technical terms. The author goes 
"under the hood" and shows step-by-step how to 
create a socket 7 ( Pentium and non•intel chipsets) and 
a Slot 1 ( Pentium Ill computer, covering: What first-
time builders need to know; How to select and 
purchase parts; How to assemble the PC; How to 
install Windows 98. 

The few existing books on this subject, although 
badly outdated, are in steady demand. This one 
delivers the expertise and new technology that fled-
gling computer builders are eagerly looking for. 
224 pages - large format girder code MGH2 £19.99 

UNDERSTANDING PC SPECIFICATIONS 
R. A. Penfold ( Revised Edition) 
If you require a microcomputer for business applica-
tions, or a high quality home computer, an IBM PC or 
compatible is often the obvious choice. They are com-
petitively priced, and are backed up by an enormous 

range of applications programs, hardware add-ons, 
etc. The main difficulty for the uninitiated is deciding 
on the specification that will best suit his or her needs. 
PCs range from simple systems of limited capabilities 
up to complex systems that can happily run applica-
tions that would have been considered beyond the 
abilities of a microcomputer not so long ago. It would 
be very easy to choose a PC system that is inadequate 
to run your applications efficiently, or one which goes 
beyond your needs and consequently represents poor 
value for money. 

This book explains PC specifications in detail, and 
the subjects covered include the following: Dif-
ferences between types of PC ( XT, AT, 80386, etc); 
Maths co-processors; Input devices ( keyboards, mice, 
and digitisers); Memory, including both expanded 
(EMS) and extended RAM; RAM disks and disk 
caches; Floppy disk drive formats and compatibility; 
Hard disk drives ( including interleave factors and 
access times); Display adaptors, including all standard 
PC types ( CGA, Hercules, Super VGA, etc); Contains 
everything you need to know if you can't tell your 
EMS from your EGA! 
128 pages Order code BP282 £4.95 
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Theory and Reference 

Bebop To The Boolean Boogie 
By Clive (call me Max) 

Maxfield 

Specially imported by EPE — 
Excellent value 

An Unconventional Guide to 
Electronics Fundamentals, 
Components and Processes 
This book gives the " big picture" of digital 

electronics. This indepth, highly readable, 
up-to-the-minute guide shows you how 
electronic devices work and how they're 
made. You'll discover how transistors operate, 
how printed circuit boards are fabricated, and 
what the innards of memory ICs look like. 
You'll also gain a working knowledge of 
Boolean algebra and Karnaugh maps, and 
understand what Reed- Muller logic is and how it's used. And there's much, 
MUCH more ( including a recipe for a truly great seafood gumbo!). Hundreds of 
carefully drawn illustrations clearly show the important points of each topic. The 
author's tongue-in-cheek British humor makes it a delight to read, but this is a 
REAL technical book, extremely detailed and accurate. A great reference for 
your own shelf, and also an ideal gift for a friend or family member who wants 
to understand what it is you do all day.... 
470 pages - large format • rder code BEB1 £24.95 

DIGITAL ELECTRONICS - A PRACTICAL APPROACH 
With FREE Software: Number One Systems - EASY-PC 
Professional XM and Pulsar ( Limited Functionality) 
Richard Monk 
Covers binary arithmetic, Boolean algebra and logic gates, combination logic, 
sequential logic including the design and construction of asynchronous and 
synchronous circuits and register circuits. Together with a considerable practi-
cal content plus the additional attraction of its close association with computer 
aided design including the FREE software. 

There is a ' blow-by-blow' guide to the use of EASY-PC Professional XM (a 
schematic drawing and printed circuit board design computer package). The 
guide also conducts the reader through logic circuit simulation using Pulsar 
software. Chapters on p.c.b. physics and p.c.b. production techniques make 
the book unique, and with its host of project ideas make it an ideal com-
panion for the integrative assignment and common skills components re-
quired by BTEC and the key skills demanded by GNVQ. The principal aim of 
the book is to provide a straightforward approach to the understanding of 
digital electronics. 

Those who prefer the 'Teach- In' approach or would rather experiment with 
some simple circuits should find the book's final chapters on printed circuit 
board production and project ideas especially useful. 
250 pages Order code NE28 £16.99 

SOFTWARE 

Bebop Bytes Back 
By Clive "Max" Maxfield 

and Alvin Brown 

Specially imported by 
EPE — Excellent value 

An Unconventional Guide 
To Computers 

Plus FREE CD-ROM which includes: 
Fully Functional Internet- Ready 
Virtual Computer with Interactive 

Labs 

This follow-on to Bebop to the Boolean 
Boogie is a multimedia extravaganza of 
information about how computers work. 
It picks up where "Bebop I" left off, guid-
ing you through the fascinating world of 
computer design ... and you'll have a few 
chuckles, if not belly laughs, along the 
way. In addition to over 200 megabytes of 
mega-cool multimedia, the accompanying CD-ROM (for Windows 95 machines 
only) contains a virtual microcomputer, simulating the motherboard and stan-
dard computer peripherals in an extremely realistic manner. In addition to a 
wealth of technical information, myriad nuggets of trivia, and hundreds of 
carefully drawn illustrations, the book contains a set of lab experiments for the 
virtual microcomputer that let you recreate the experiences of early computer 
pioneers. If you're the slightest bit interested in the inner workings of com-
puters, then don't dare to miss this one! 
over 500 pages - large format • rder code BEB2 £29.95 

RE 
CD-ROM 

Bebop BYTES Back 
An Unconventional Guide to 

Computers 

"1".. 
Fully Fuctionol Intemet4 
Virtual Computer with 
Interoche Lobs 

DIGITAL GATES AND FLIP-FLOPS 
Ian R. Sinclair 
This book, intended for enthusiasts, students and technicians, seeks to establish 
a firm foundation in digital electronics by treating the topics of gates and flip-
flops thoroughly and from the beginning. 

Topics such as Boolean algebra and Karnaugh mapping are explained, 
demonstrated and used extensively, and more attention is paid to the subject of 
synchronous counters than to the simple but less important ripple counters. 
No background other than a basic knowledge of electronics is assumed, and 

the more theoretical topics are explained from the beginning, as also are many 
working practices. The book concludes with an explanation of microprocessor 
techniques as applied to digital logic. 
200 pages Order code PC106 £8.95 

Music, Audio and Video 
AN INTRODUCTION TO LOUDSPEAKERS AND 
ENCLOSURE DESIGN 
V. Capel 
This book explores the various features, good points 
and snags of speaker designs. It examines the whys and 
wherefores so that the reader can understand the 
principles involved and so make an informed choice of 
design, or even design loudspeaker enclosures for him - 
or herself. Crossover units are also explained, the 
various types, how they work, the distortions they 
produce and how to avoid them. Finally there is a 
step-by-step description of the construction of the 
Kapellmeister loudspeaker enclosure. 
148 pages Order code BP256 £3.99 

ACOUSTIC FEEDBACK - HOW TO AVOID IT 
V. Capel 
Feedback is the bane of all public address systems. 
While feedback cannot be completely eliminated, many 
things can be done to reduce it to a level at which it is 
no longer a problem. 
Much of the trouble is often the hall itself, not 

the equipment, but there is a simple and practical 
way of greatly improving acoustics. Some microphones 
are prone to feedback while others are not. Certain 
loudspeaker systems are much better than others, and 
the way the units are positioned can produce a reduced 
feedback. All these matters are fully explored as well as 
electronic aids such as equalizers, frequency-shifters 
and notch filters. 

The special requirements of live group concerts are 
considered, and also the related problem of instability 
that is sometimes encountered with large set-ups. We 
even take a look at some unsuccessful attempts to cure 
feedback so as to save readers wasted time and effort 
duplicating them. 

Also included is the circuit and layout of an 
inexpensive but highly successful twin- notch filter, and 
how to operate it. 
92 pages Temporarily out of print 

VIDEO PROJECTS FOR THE ELECTRONICS 
CONSTRUCTOR 
R. A. Penfold 
Written by highly respected author R A Penfold. 

this book contains a collection of electronic projects 
specially designed for video enthusiasts All the projects 
can be simply constructed, and most are suitable for 
the newcomer to project construction, as they are 
assembled on stripboard. 

There are faders, wipers and effects units which will 
add sparkle and originality to your video recordings, 
an audio mixer and noise reducer to enhance your 
soundtracks and a basic computer control interface. 
Also, there's a useful selection on basic video produc-
tion techniques to get you started 

Complete with explanations of how the circuit works, 
shopping lists of components, advice on construction, 
and guidance on setting up and using the projects this 
invaluable book will save you a small fortune 

Circuits include video enhancer, improved video 
enhancer, video fader, horizontal wiper, improved video 
wiper, negative video unit, fade to grey unit, black 
and white keyer. vertical wiper, audio mixer. stereo 
headphone amplifier dynamic noise reducer, automatic 
fader, pushbutton fader computer control ,nterface. 12 
volt mains power supply 
124 pages £9.95 Order code PC115 

COMPUTERS AND MUSIC - AN INTRODUCTION 
R. A. Penfold 
Computers are playing an increasingly important part 
in the world of music, and the days when com-
puterised music was strictly for the fanatical few are 
long gone. 

If you are more used to the black and white keys of 
a synth keyboard than the OWERTY keyboard of 
a computer, you may be understandably confused 
by the jargon and terminology bandied about by 
computer buffs. But fear not, setting up and using a 
computer- based music making system is not as dif-
ficult as you might think. 

This book will help you learn the basics of 
computing, running applications programs, wiring up 
a MIDI system and using the system to good effect, 
in fact just about everything you need to know 
about hardware and the programs, with no previous 
knowledge of computing needed or assumed. This 
book will help you to choose the right components for 

a system to suit your personal needs, and equip you 
to exploit that system fully 
174 pages Temporarily out of print 

THE INVENTOR OF STEREO - THE LIFE AND WORKS 
OF ALAN DOWER BLUMLEIN 
Robert Charles Alexander 
This book is the definitive study of the life and works 
of one of Britain's most important inventors who, due 
to a cruel set of circumstances, has all but been over-
looked by history. 

Alan Dower Blumlein led an extraordinary life in 
which his inventive output rate easily surpassed that 
of Edison, but whose early death during the darkest 
days of World War Two led to a shroud of secrecy 
which has covered his life and achievements ever 
since. 

His 1931 Patent for a Binaural Recording System 
was so revolutionary that most of his contemporaries 
regarded it as more than 20 years ahead of its time, 
Even years after his death, the full magnitude of its 
detail had not been fully utilized. Among his 128 
patents are the principal electronic circuits critical to 
the development of the world's first elecronic tele-
vision system. During his short working life, Blumlein 
produced patent after patent breaking entirely new 
ground in electronic and audio engineering. 

During the Second World War, Alan Blumlein was 
deeply engaged in the very secret work of radar develop-
ment and contributed enormously to the system even-
tually to become 'H2S' - blind-bombing radar. Tragically, 
during an experimental H2S flight in June 1942, the 
Halifax bomber in which Blumlein and several colleagues 
were flying, crashed and all aboard were killed. He was 
just days short of his thirty-ninth birthday. 
420 pages Hardback order code NE32 £29.99 

HIGH POWER AUDIO AMPLIFIER CONSTRUCTION 
R. A. Penfold 
Practical construction details of how to build a number 
of audio power amplifiers ranging from about 50 to 
300/400 watts r.m.s. includes MOSFET and bipolar tran-
sistor designs. 
96 pages Order code BP277 £3.99 

Everyday Practical Electronics, April 2000 311 



Circuits, Data and Design 
PRACTICAL ELECTRONIC FILTERS 
Owen Bishop 
This book deals with the subject in a non-mathematical 
way. It reviews the main types of filter, explaining in 
simple terms how each type works and how it is used. 

The book also presents a dozen filter- based projects 
with applications in and around the home or in the 
constructors workshop. These include a number of 
audio projects such as a rythm sequencer and a multi-
voiced electronic organ. 

Concluding the book is a practical step-by-step guide 
to designing simple filters for a wide range of purposes, 
with circuit diagrams and worked examples. 

88 pages Order code BP299 £4.99 

ELECTRONIC HOBBYISTS DATA BOOK 
R. A. Penfold 
This book should tell you everything you are ever likely 
to want to know about hobby electronics, but did not 
know where to ask or refer. Comprehensive contents 
pages makes it easy to quickly locate the data you re-
quire. 

The subjects covered include: Common circuits, and 
related data (including helpful graphs and tables of 
values). Colour codes for resistors, capacitors and in-
ductors; Pinout details for a wide range of CMOS 
and TTL devices, plus basic data on the various logic 
families; Pinout details and basic data for a wide range 
of operational amplifiers; Data and leadout information 
for a wide range of transistors, FETs, power FETs, 
triacs, thyristors, diodes, etc; General data including 
MIDI message coding, radio data. ASCIII3audot coding, 
decibel ratios. etc. 
242 pages Order code BP396 

Moor ki 

for 

50 SIMPLE LED CIRCUITS 
R. N. Soar 
Contains 50 interesting and useful circuits and applica-
tions, covering many different branches of electronics, 
using one of the most inexpensive and freely available 
components - the light-emitting diode ( LED). Also in-
cludes circuits for the 707 common anode display. 
64 pages Order code BP42 £2.99 

BOOK 2 50 more I.e.d. circuits 
50 pages Order code BP87 £2 99 

CIRCUIT SOURCE BOOK 1 
A. Penfold 
Written to help you create and experiment with your 
own electronic designs by combining and using the 
various standard "building block" circuits provided. 
Where applicable, advice on how to alter the circuit 
parameters is given. 
The circuits covered in this book are mainly con-

cerned with analogue signal processing and include: 
Audio amplifiers (op.amp and bipolar transistors); audio 
power amplifiers; d.c amplifiers; highpass, lowpass, 
bandpass and notch filters; tone controls; voltage con-
trolled amplifiers and filters; triggers and voltage corn-
parators; gates and electronic switching; bargraphs; 
mixers; phase shifters, current mirrors, hold circuits, etc. 
Over 150 circuits are provided, which it is hoped will be 

useful to all those involved in circuit design and applica-
tion, be they professionals, students or hobbyists. 
182 pages Order code BP321 f4.99 

A BEGINNER'S GUIDE TO TTL DIGITAL ICs 
R. A. Penfold 
This book first covers the basics of simple logic circuits 
in general, and then progresses to specific TTL logic 
integrated circuits. The devices covered include gates, 
oscillators, timers, flip/flops, dividers, and decoder circuits. 
Some practical circuits are used to illustrate the use of TTL 
devices in the "real world" 
142 pages Order code BP332 £4.95 

HOW TO USE OPAMPS 
E. A. Part 
This book has been written as a designer's guide cover-
ing many operational amplifiers, serving both as a source 
book of circuits and a reference book for design calcula-
tions. The approach has been made as non- mathematical 
as possible. 
160 pages I rder code BP88 £3.99 

CIRCUIT SOURCE BOOK 2 
R. A. Penfold 
This book will help you to create and experiment with 
your own electronic designs by combining and using 
the various standard " building blocks- circuits provided. 
Where applicable, advice on how to alter the circuit 
parameters is provided. 
The circuits covered are mainly concerned with signal 

generation, power supplies, and digital electronics. 
The topics covered in this book include: 555 oscillators; 

sinewave oscillators; function generators; CMOS oscil-

lators; voltage controlled oscillators; radio frequency 
oscillators; 555 monostables; CMOS monostables; TTL 
monostables; precision long timers; power supply and 
regulator circuits; negative supply generators and volt-
age boosters; digital dividers; decoders, etc; counters 
and display drivers; D,A and ND converters; opto-

isolators, flip/flops, noise generators, tone decoders, 
etc. 

Over 170 circuits are provided, which it is hoped will be 
useful to all those involved in circuit design and applica-
tion, be they professionals, students or hobbyists. 
192 pages Order code BP322 £4.99 

Project Building 
ANDROIDS. ROBOTS AND ANIMATRONS 
John Lovine 
Build your own working robot or android using both 
off- the-shelf and workshop constructed materials and 
devices. Computer control gives these robots and 
androids two types of artificial intelligence (an expert 
system and a neural network). A lifelike android hand 
can be built and programmed to function doing 
repetitive tasks. A fully animated robot or android can 
also be built and programmed to perform a wide variety 
of functions. 

The contents include an Overview of State-of- the-Art 
Robots; Robotic Locomotion; Motors and Power Con-
trollers; All Types of Sensors; Tilt; Bump; Road and 
Wall Detection; Light; Speech and Sound Recognition; 
Robotic Intelligence (Expert Type) Using a Single-Board 
Computer Programmed in BASIC; Robotic Intelligence 
(Neutral Type) Using Simple Neural Networks (Insect 
Intelligencel; Making a Lifelike Android Hand; A Com-
puter-Controlled Robotic Insect Programmed in BASIC; 
Telepresence Robots With Actual Arcade and Virtual 
Reality Applications; A Computer-Controlled Robotic 
Arm; Animated Robots and Androids; Real-World 
Robotic Applications. 
224 pages Order code IVIC,H1 £20.99 

ELECTRONIC PROJECTS FOR EXPERIMENTERS 
R. A. PantoId 
Many electronic hobbyists who have been pursuing 
their hobby for a number of years seem to suffer 
from the dreaded "seen it all before" syndrome. This 
book is fairly and squarely aimed at sufferers of this 
complaint, plus any other electronics enthusiasts who 
yearn to try something a bit different. No doubt many 
of the projects featured here have practical applica-
tions, but they are all worth a try for their interest 
value alone. 

The subjects covered include:- Magnetic field detec-
tor, Basic Hall effect compass, Hall effect audio isolator, 
Voice scrambleridescrambler, Bat detector, Bat style 
echo location, Noise cancelling, LED stroboscope, Infra-
red "torch", Electronic breeze detector, Class D power 
amplifier, Strain gauge amplifier. Super hearing aid. 
138 pages Order code BP371 £4.95 

PRACTICAL FIBRE-OPTIC PROJECTS 
R. A. Penfold 
While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics en-
thusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide 

an innovative interesting alternative to electric cables, 
but in most cases they also represent a practical ap-
proach to the problem. This book provides a number of 
tried and tested circuits for projects that utilize fibre-
optic cables. 

The projects include:- Simple audio links, F.M. audio 
link, P.W.M. audio links. Simple d.c. links, PW.M. d.c. 
link, P.W.M. motor speed control, RS232C data links, 
MIDI link, Loop alarms, RPM. meter. 

All the components used in these designs are readily 
available, none of them require the constructor to take 
out a second mortgage. 
4132 pages Order code BP374 £4.95 

ELECTRONIC PROJECT BUILDING FOR BEGINNERS 
R. A. Penfold 
This book is for complete beginners to electronic project 
building. It provides a complete introduction to the prac-
tical side of this fascinating hobby, including the follow-
ing 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 
methods, including stripboard, custom printed circuit 
boards, plain matrix boards, surface mount boards and 
wire-wrapping; finishing off, and adding panel labels; 
getting " problem" projects to work, including simple 
methods of fault-finding. 

In fact everything you need to know in order to get 
started in this absorbing and creative hobby. 
135 pages Order code BP392 £4.95 

A BEGINNER'S GUIDE TO MODERN ELECTRONIC 
COMPONENTS 
R. A. Penfold 
The purpose of this book is to provide practical in-
formation to help the reader sort out the bewilder-
ing array of components currently on offer. An ad-
vanced knowledge of the theory of electronics is not 
needed, and this book is not intended to be a course 
in electronic theory. The main aim is to explain the 
differences between components of the same basic 
type ( e.g carbon, carbon film, metal film, and wire-
wound resistors) so that the right component for a 
given application can be selected. A wide range of 
components are included, with the emphasis firmly 
on those components that are used a great deal in 
projects for the home constructor. 
166 pages Order code BP285 £4.99 

BOOK ORDERING DETAILS 
Our postage price is the same no matter how many books you order, just add £1.50 to your 
total order for postage and packing ( overseas readers add £3 for countries in the EEC, or add 
£6 for all countries outside the EEC, surface mail postage) and send a PO, cheque, interna-
tional money order (£ sterling only) made payable to Direct Book Service or credit card 
details, Visa or Mastercard - minimum credit card order is £5 - to: DIRECT BOOK SERVICE, 
ALLEN HOUSE, EAST BOROUGH, W1MBORNE, DORSET BH21 1PF (mail order only). 

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. 
DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Tel 01202 881749 

Fax 01202 841692 

E-ma: dbs@epemag. wi mborne. co. uk 

BOOK ORDER FORM 
Full name: 

Address:   

  Post code:   Telephone No:   

Signature:   

  I enclose cheque/PO payable to DIRECT BOOK SERVICE for E   

Please charge my Visa/Mastercard E  Card expiry date  

Card Number  

Please send book order codes .  

Please continue on separate sheet of paper If necessary 2a 
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VIDEOS ON 
ELECTRONICS 

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

BASICS 
V1201 to V206 is a basic electronics course 
and is designed to be used as a complete 
series, if required. 
VT201 54 minutes. Part One; D.C. Circuits. 
This video is an absolute must for the begin-
ner. Series circuits, parallel circuits, Ohms 
law, how to use the digital multimeter and 
much more. Order Code VT201 
VT202 62 minutes. Part Two; A.C. Circuits. 
This is your next step in understanding the 
basics of electronics. You will learn about how 
coils, transformers, capacitors, etc are used in 
common circuits. Order Code VT202 
VI203 57 minutes. Part Three; Semicon-
ductors. Gives you an exciting look into the 
world of semiconductors. With basic semicon-
ductor theory. Plus 15 different semiconduc-
tor devices explained. 

Order Code VI203 

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

Order Code V1204 
VT205 57 minutes. Part Five; Amplifiers. 
Shows you how amplifiers work as you have 
never seen them before. Class A, class B, 
class C, op.amps. etc. Order Code VT205 
VI206 54 minutes. Part Six; Oscillators. 
Oscillators are found in both linear and digi-
tal circuits. Gives a good basic background in 
oscillator circuits. Order Code VT206 

£34.95 each 
inc. VAT & postage 

Order 8 or more get one extra FREE 

Order 16 get two extra FREE 

VCR MAINTENANCE 
vrio2 84 minutes: Introduction to VCR 
Repair. Warning, not for the beginner. 
Through the use of block diagrams this 
video will take you through the various 
circuits found in the NTSC VHS system. 
You will follow the signal from the input to 
the audio/video heads then from the 
heads back to the output. 

Order Code V102 
VT103 35 minutes: A step-by-step easy to 
follow procedure for professionally clean-
ing the tape path and replacing many of 
the belts in most VHS VCR's. The viewer 
will also become familiar with the various 
parts found in the tape path. 

Order Code VT103 

DIGITAL 
Now for the digital series of six videos. This 
series is designed to provide a good ground-
ing in digital and computer technology. 
VT301 54 minutes. Digital One; Gates begins 
with the basics as you learn about seven of 
the most common gates which are used in 
almost every digital circuit, plus Binary 
notation. Order Code V301 

vrso2 55 minutes. Digital Two; Flip Flops 
will further enhance your knowledge of digital 
basics. You will learn about Octal and 
Hexadecimal notation groups, flip-flops, 
counters, etc. Order Code VT302 
VT303 54 minutes. Digital Three; Registers 
and Displays is your next step in obtaining a 
solid understanding of the basic circuits 
found in today's digital designs. Gets into 
multiplexers, registers, display devices, etc. 

Order Code V303 
VT304 59 minutes. Digital Four; DAC and 
ADC shows you how the computer is able to 
communicate with the real world. You will 
learn about digital-to-analogue and ana-
logue-to-digital converter circuits. 

Order Code VT304 
VT305 56 minutes. Digital Five; Memory 
Devices introduces you to the technology 
used in many of today's memory devices. You 
will learn all about ROM devices and then 
proceed into PROM, EPROM, EEPROM, 
SRAM, DRAM, and MBM devices. 

Order Code VT305 
V306 56 minutes. Digital Six; The CPU 
gives you a thorough understanding in the 
basics of the central processing unit and the 
input/output circuits used to make the system 
work. Order Code VT306 

ORDERING: Price includes postage to anywhere in the world. 

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

payable to Direct Book Service. 

Visa and Mastercard orders accepted — please give card number, card expiry date and 
cardholder's address if different from the delivery address. 

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

Send your order to: Direct Book Service, Allen House, East Borough, Wimborne, 
Dorset BH21 1PF (Mail Order Only) 

Direct Book Service is a division of Wimborne Publishing Ltd., Publishers of EPE 

Tel: 01202 881749. Fax: 01202 841692 

Due to the cost we cannot reply to overseas orders or queries by Fax. 

E-mail: dbsl@epemag.wimborne.co.uk 

RADIO 
VT401 61 minutes. A.M. Radio Theory. The 
most complete video ever produced on a.m. 
radio. Begins with the basics of a.m, trans-
mission and proceeds to the five major stages 
of a.m. reception. Learn how the signal is 
detected, converted and reproduced. Also 
covers the Motorola C-QUAM a.m, stereo 
system. Order Code vrai 
V402 58 minutes. F.M. Radio Part 1. F.M. 
basics including the functional blocks of a 
receiver. Plus r.f. amplifier, mixer oscillator, 
i.f, amplifier, limiter and f.m. decoder stages 
of a typical f.m. receiver. Order Code VT402 

V403 58 minutes. F.M. Radio Part 2. A con-
tinuation of f.m. technology from Part 1. 
Begins with the detector stage output, pro-
ceeds to the 19kHz amplifier, frequency dou-
bler, stereo demultiplexer and audio amplifier 
stages. Also covers RDS digital data encoding 
and decoding. Order Code V403 

MISCELLANEOUS 
vr5oi 58 minutes. Fibre Optics. From the 
fundamentals of fibre optic technology 
through cable manufacture to connectors, 
transmitters and receivers. 

Order Code VT501 
VT502 57 minutes. Laser Technology A basic 
introduction covering some of the common 
uses of laser devices, plus the operation of the 
Ruby Rod laser, HeNe laser, CO2 gas laser 
and semiconductor laser devices. Also covers 
the basics of CD and bar code scanning. 
Order Code VT502 

Each video uses a mixture of animated current 
flow in circuits plus text, plus cartoon instruc-
tion etc., and a very full commentary to get the 
points across. The tapes are imported by us and 
originate from VCR Educational Products Co, 
an American supplier. We are the worldwide 
distributors of the PAL and SECAM versions of 
these tapes. (All videos are to the UK PAL stan-
dard on VHS tapes unless you specifically 
request SECAM versions.) 
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Special Feature 

TELCAN 
HOME VIDEO 
BARRIE SLAKE-COLEMAN 

The true story of a British "first" in 
home video recording 

B
RITAIN stands pre-eminent in cre-
ative science and engineering but 
the depressingly long list of "lost" 

British firsts in invention shows how often 
thwarted or disillusioned British inventors 
and innovators have either abandoned their 
ideas or gone abroad, thereby reducing 
British competitiveness. Decades of 
British under-investment in British ideas 
and British technologies has meant that 
other nations either independently develop 
the same ideas, or directly capitalise on 
British technical creativity — and soon 
overtake us in our markets. 

Just such a story is that of Norman 
Rutherford and his partner Michael 
Turner, who have learnt this lesson and are 
quick to remind us. They should know, 
back in the early 1960's they not only 
developed the first domestic video record 
and replay system, but also the first com-
bined TV and VTR and the first 
Camcorder; but, it is claimed, poor fore-
sight by their backers and investors lost 
them the edge. 

Making a Picture 
The announcement of the Cathodian 

Vidicon 3-inch TV camera tube early in 
1960 took the attention of both Norman 
Turner and Michael Rutherford. The pos-
sibility of a new product for their 
Nottingham Electronic Valve Company 
(N.E.V.Co) was compelling. They wanted 
to develop a small CCTV system but the 
broadcast standard camera tubes were far 
too bulky and expensive. 
The Cathodian device now made mat-

ters simpler. Cost was still a problem so, 
not requiring the full TV standard quality, 
they negotiated with Cathodian to buy all 
the slightly imperfect tubes (one or two 
drop-outs on the video array). 

Oftimes a genius in circuit design, 
Michael developed the camera electronics 
using just four stages from two thermionic 
valves. This miracle of economy was 
based on an ECC82 double triode and an 
ECL82 triode pentode valve. The first pro-
vided a video amplifier and diode mixer, 
the second a triode r.f. oscillator and 
power output stage for the horizontal scan 
coils. 
The vertical signal was obtained from a 

mains-ripple supply, giving a usable mains 

locked sawtooth. "It was a unique — if not 
eccentric, piece of design typical of 
Michael and myself, but it worked like an 
absolute dream," so commented Norman 
Rutherford recently. 
The whole camera assembly, desig-

nated NEVI Mini-Eye in its initial 
design, sold for £ 150 and outpriced and 
outperformed anything around. It was 
£250 less than its nearest competitor, but 
the "transistorised" version soon 
appeared from their development bench 
and at £72 was even more astonishing. 

In a Spin 
Reg Hammons made frequent trips from 

Granada to liaise with the company on 
behalf of Bernstein. On one occasion he 
mentioned that he was aware of a large 
effort taking place in the US and Japan to 
develop a video system for recording 
broadcast TV at home. Ampex had devel-
oped the helical scan system for profes-
sional users in the US in the middle fifties 
and the same approach was being tried for 
domestic recorders. 
Hammons thought there could be a 

large market for home video recorders and 
urged the two to have a go at developing a 
system for the British market. The idea 
found a receptive audience, the mini-eye 
camera had sold well but now orders were 
tailing off. 

Advertisements   
elicited an inspiring 
response. Domestic 
and international sales 
rocketed — an order for 
4000 cameras came in 
from Germany. An 
absolute triumph given that the Germans 
held the British electronics industry in 
low regard. 

"There Is a popular point of view, originated by 
Emerson, which assumes that building the first, or a bet-
ter mousetrap, results in people beating a path to your 
door - this must be the most pernicious fallacy ever to 
misrepresent invention." 

Take Over 
The then senior engineer at Granada TV, 

Reg Hammons, saw a trade advert for the 
NEV2 and thought the camera would be 
good for mobile outside broadcasts and 
rehearsals. He mentioned his viewing of 
the camera to Sidney (later Lord) 
Bernstein then head of Granada. 

Bernstein flew to Nottingham and at a 
meeting with both Norman and Michael 
learnt that not only was manufacturing 
capacity very limited, but the development 
of the camera had so depleted the compa-
ny's reserves that they were unable to meet 
anything approaching a substantial order. 
He then asked how much they would need 
to continue R&D and production. "Too 
much." said Norman "About half the value 
of the Company". 
"What is that amount" asked Bernstein. 

"About £20,000," said Norman. 
"That's petty cash." Bernstein said and 

instructed his accountant to write a cheque 
there and then. 
The company now had a new owner, but 

though Bernstein had a 75 per cent stake, 
both the original partners were appointed 
directors with full management of the 
company's operations. All debts were paid 
off. More to the point they now had no 
limits to what they could spend on R&D. 

It was known that Ampex had solved 
the video tape problem using four rotat-
ing heads producing a helical scan — but 
this was an expensive option for a home 
video system. At first they tried a nar-
row bandwidth design based on a 
domestic audio recorder to emulate the 
high speed wire and metal tape 
recorders already used by the big broad-
casting operations. 

It was the path of least resistance — no 
one actually knew what the maximum fre-
quency limit was on very high speed 
recording and so they converted two 1/4 in. 
reel-to-reel Grundig and Ferrograph AF 
recorders to run at 60 and 120 inches per 
second (i.p.$). Surprisingly, enough video 
information could be recorded at 60 i.p.s 
to create a shadow of a picture; at 120 
i.p.s. it was "just recognisable" but a lot 
more work needed to be done. 

But months of work gave little in the way 
of encouragement. Then, in January of 1962, 
Michael Turner discovered in the course of 
examining head driver methods that a con-
siderable improvement in signal-to-noise 
could be achieved by introducing significant 
pre-emphasis on the driver signal. 
The improvement was so profound that 

it implied that a broadcast quality picture 
could be achieved quite soon. Unfort-
unately it was also a damaging revelation 
— the improvement was genuine but simply 
took the existing operational limits in a 
different direction. 
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Head to Head 
The main problem was identified as the 

record and replay heads. The head gap was 
too wide to give the high frequency response 
necessary to approach the ideal 3MHz need-
ed to reproduce the full video bandwidth of 
the 405-line system. It was also determined 
that the lowest response able to give a wide 
enough grey scale to enable the picture to 
have clarity was 2-5MHz. 

Something needed to be done to elimi-
nate the head problem and give the design-
ers a chance to grapple with the other 
aspects of the video processing. A narrow 
gap head was produced from an existing 
Ferrograph unit but even without a.c. bias 
on the tape ( rather, a heavy d.c. bias direct-
ly applied to the tape by means of a per-
manent magnet) and heavy pre-emphasis 
on the video signal, the best that could be 
achieved was 2MHz. "It just got by" 
Norman Rutherford recounted, but it had 
to be better. 

Unfortunately they had a seemingly 
intractable problem. The narrower the 
head gap, the lower the magnetic path 
reluctance around the gap became. Thus, 
the greater the flux shunt around the gap, 

the more the signal field was shared 
between the gap and the leakage path. 
The result was that as the response was 

increased with a narrowing gap, so the sig-
nal-to-noise ratio worsened. A mu-metal 
Ampex head ( intended for h.f. telemetry 
and imported from the States) was one 
possible solution, but it was prohibitively 
expensive. The only recourse was to 
design one themselves! 
Many months of work led inevitably to 

a design which avoided the conventional 
problems associated with ordinary heads — 
they plumped for a cross-field head where 
the passive section was made of two screw 
adjustable copper arms nominally separat-
ed at the rear by a 200 micron gap with a 
tape face gap of just under 50 micron. The 
active section carrying the coil laterally 
straddled the two copper arms and this 
design gave the necessary bandwidth. 

Nevertheless, d.c. bias was still 
employed as too a considerable amount of 
pre-emphasis. But by contriving an over-
wind on the final video driver stage's 
inductive load, the effective bandwidth 
shot up to well in excess of 2-6MHz. The 
replay signal was, of course, still highly 
differentiated and this was equalised by 

immummt 
Te/can unit playback demonstration at 
its launch in 1963. The early prototype 
(1962) model is shown in the heading. 

First Meeting 
Norman Rutherford and Michael Turner 

were school friends in the war years, having 
met one Wednesday afternoon on the school 
football field during a sports period. They 
found themselves in trouble when the sports 
master espied them rooted to the spot in mid-
field, deeply engrossed in discussing a 
design for a radio control circuit — a small 
error for both, since Michael was on one side 
and Norman was the opposing goalie! 

Norman's father owned a radio retailers 
and then, later in the fifties, a television retail 
and repairs shop in Nottingham. Michael's 
father was the proprietor of a garage, and 
thus both boys developed against a back-
ground of technology and engineering. 

Later, in 1952, the two boys met again 
as college chums at the Peoples College in 
Nottingham, where both developed an 
abiding interest in electronic design, 
becoming immersed in the white heat of 
the post war broadcasting and electronics 
age. They bought government surplus 
components and constructed the first tele-
vision receiver in the East Midlands to 
operate from the London transmitters. 
Norman Rutherford went on to study, at 

the ( then) Nottingham and District 
Technical College, and lost contact with 
Michael for a few years until early 1957. 
Then, with a £ 100 stake scraped up and 
borrowed they started a partnership and 
the late fifties dawned with both men mak-
ing a living reconditioning television 
Cathode Ray Tubes ( CRT's). 

They started in a converted garage with 
Norman, Michael and one employee learn-
ing the delicate art of cutting off tube 
necks, removing the electron guns and 
rejuvenating the cathodes. New TV tubes 
were notoriously unreliable (usually cath-
ode poisoning due to poor vacuum or 
faulty assembly) and a replacement CRT 
cost in excess of £20 to purchase (equiva-
lent to £230 today). However, the 
Nottingham partners were bringing the 
price of reconditioned CRT's down to 9 

pounds and 10 shillings (£9.10s.0d) and in 
a good week could recycle well over 50 
tubes through the process. 

Not all CRT re-conditioning had been 
immediately within their grasp — Mullard 
tubes had removable cathodes, Mazda 
ones did not. But they soon solved the 
problem. A US company (Superior 
Electronics) began to sell complete elec-
tron-gun assemblies. Buying the new guns 
gave them an even greater edge — they 
had developed all the machinery and 
process technology ( including the r.f. 

induction heating and most of the vacuum 
technology) for a universal CRT re-gun-
ning process. 
Now they started to make more money 

selling and instructing on complete re-gun-
ning systems ( proudly made by their new 
well established and well respected 
Nottingham Electronic Valve Company). 
The old workshops, in a disused cinema at 
Netherfield became hopelessly limited and 

the company, now with 12 employees and 
an accountant, moved to an old malt house 
at East Bridgford near Nottingham. 
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employing a series of 3db/Octave 
integrators and phase correction circuits to 
recover the original signal. 

Tape speed still needed to be high ( 120 
i.p.s. for broadcast standard recording) but 
by using 12,000ft of Vain.  triple play tape 
on 101/2 in. spools (for increased play time 
and better head wrap) the record time was 
extended to over 20 minutes. An added 
advantage was the narrow video and audio 
track widths (the latter f.m. modulated on 
a second head), this narrow track enabled 
the tape to be turned over and recorded on 
the other side. 
More to the point, the replay produced a 

very good video signal — normally (with 
high contrast pictures) hard to distinguish 
from the original 405 transmission even at 
lower speeds. Head fouling remained a 
problem with the relatively high oxide loss 
of early tapes, but the passive section of 
the head was designed to be quickly 
removable and cleaned 

On Their Own Again 
Demonstrations to Granada were unex-

pectantly cool, for reasons never fully 
explained by Bernstein. N.E.V.Co lost 
their sponsor at the very time it expected 
further investment. The reason given at the 
time was poor picture quality, but this was 
specious and clearly not the issue. 
Whatever the reason, Norman 

Rutherford and Michael Turner had lost a 
major investor and somehow had to keep 
the business going. The Granada decision 
could not have come at a worse time, the 
tube reconditioning business had virtually 
collapsed with the ever improving quality 
and durability of new tubes, and the com-
pany payroll was now supporting some 70 
plus people. That Bernstein allowed the 
directors of NEV to buy back his interest 
for the original buying price was no con-
solation. 

Initially thinking themselves fortunate, 
they were quick to find a new partner with 
the US based Cinerama corporation which 
had made its shareholders a massive return 
with the film 'How the West Was Won'. 
Cinerama bought in to N.E.V.Co to the 

The "Combi" television/video recorder. 

value of £200,000 even though at this time 
Cinerama were, as an organisation, run-
ning at a substantial loss. 

Well Kitted Out 
Time had been lost, and though not per-

sonally financially embarrassed by the 
new US shareholding, the two partners 
were aware of their financial and business 
vulnerability — they were on their own 
once again and looking to develop their 
products and product range further. 
Hoping to salvage the profitable divisions 
of the company Norman, as Managing 
Director, split the operation by forming 
Telcan (Research and Development) and 
Telcan TV, the latter being mainly 
involved in manufacturing. 

Close-up shot of the TV screen during 

Trading again in early 1963, the part-
ners (now including a financial manager, 
Brian North) set out to provide the video 
units in kit form (as the Telcan TKR 500). 
The new operation manufactured every 
major component necessary including the 
record/replay heads, printed circuit 
boards, video circuits, tape transport and a 
variable capstan size system ( 1/4 h.p. 
motor). With variable speed operation (60, 
120 or 180 inches per second) the kit, if 
correctly assembled, produced a recorder 
of very satisfactory performance. 
A public demonstration and press con-

ference at the Aldwich Hotel, London, 
held on June 24th 1963 created a wealth of 
interest and publicity, but the attitude of 
the press and the public appeared to be dif-
fident. It was staggering that few could 
actually see the need for "home video 
recording" — even if they had the slightest 
notion of how technically awesome the 
development of Telcan was! 
Norman Rutherford demonstrated 

Telcan on the BBC 9 O'clock News 
(replaying the opening few minutes of the 
broadcast) but this was as ineffective as a 
next day ATV interview was ridiculous — 
the interviewer continually asking the 
originators if they thought Telcan a "gim-
mick". They were later to maintain that the 
interviewer could not grasp the concept of 
electronic recording, and mistakenly 
believed that the Telcan method involved 
the use of an 8mm movie camera (similar 
to a system already in use). 

Orders for the Telcan units were slow. 
The kits sold for £60 (some £ 00 today) — 
only the technically skilled and well off 
could afford them. A number of pre-built 

units did sell well, as too did special 
"Combi" examples fitted into TV's, but of 
the total number sold the greater majority 
were kits. 
As sales of the TKR 500 faltered, the 

partners designed a miniature battery dri-
ven portable record player for 7 inch 45 
r.p.m. records which, entirely self con-
tained and enclosed, operated like a mod-
ern floppy disk drive. A fair number were 
produced and for a short while were 
popular. 

Orders from Overseas 
However, Cinerama, already a stock-

holder in N.E.V.Co, proposed through its 
Chairman Nicholas Riesini, the formation 
of a joint company for exploitation of 

Telcan in the US and, given 
the other possible financial 
holdings of stock in 
N.E.V.Co, agreed to purchase 
any stock willing to be 
released by other interests. 
This ultimately resulted in a 
fairly large injection of new 
cash for the company and 
R&D was the first to benefit. 
For a moment there appeared 
to be yet another new begin-
ning for the company. 

Unfortunately, what was 
desirable in one context was 
not in another and the two 
partners found themselves 
embroiled in business negoti-
ations and legal entangle-
ments to the detriment of the 

Telcan replay. company's main business. In 

December of 1963 Norman and Michael 
were asked to demonstrate the video 
recorder at a crucial shareholders meeting 
of the ailing Cinerama Corporation at the 
Capital Theatre, Broadway in New York. 

However, they were asked to try some-
thing novel — to video the shareholders 
themselves at the meeting. Being away 
from base, and unable to get one of their 
own Mini-Eye 4 inch cameras, Norman got 
hold of a 525-line studio standard Vidicon 
camera and videoed all and sundry, amaz-
ing everyone by playing back the pictures 
at the meeting. 
The technology was enough to placate 

all the unhappy shareholders — now 
absolutely convinced that Cinerama had a 
real winner. However, all was not sweet-
ness and light, Cinerama itself was not 
actually able to invest any further — even 
though its individual principals were well 
able to. The partners returned from the US 
with the mistaken expectation of a large 
order for the new "Telcan" system but it 
failed to materialise. 
As Cinerama floundered the 

Chairmanship changed to that of William 
Foreman, a creditor of Cinerama. Foreman 
was not slow to convey his personal dis-
trust of the Telcan business to the new 
Executive. 

Sensing mounting hostility from their 
new principals, the two partners decided to 
look further afield for investment and gave 
demonstrations in the US to the Filco 
(Ford Motor Co.) and Admiral Corpor-
ations. But the interest and enthusiasm 
was less than it might have been in the face 
of an ever growing hostility and starvation 
of funds. 
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The Wesgrove (Telcan) kit of components (1963). One of the last remaining examples of the Telcan video 
recorders on show at the Wollaton Hall Industrial 
Museum, Nottingham. 

In hindsight, Norman Rutherford admits 
that had they "toadied" a little to their new 
partners things may have gone better. In 
short, there was only one way out and in 
August of 1964 Norman Rutherford, as 
Managing Director, put the company into 
voluntary liquidation. 

Overstretched 
Undaunted, and with the greater number 

of their 70 odd original staff still at hand, 
the two partners set up again at Basford 
under the name Wesgrove. Again this was 
a kit form recorder business though, as 
always, customers could purchase a fully 
assembled version. 

Unfortunately, by this time, the Ampex 
helical scan system had already appeared 
in competing domestic video recorders. 
One leader was the Sony 1/2 in. reel-to-reel 
video recorder; Philips were also compet-
ing while a further system was marketed 
by Loewe Opta in Germany. 
The message was obvious, the Telcan 

linear system needed to be updated to 
record in the helical scan mode in order to 
rival other products. But this was beyond 
the resource of the already ailing and over-
stretched Telcan/Wesgrove operation. 

Acknowledgements. 
The author offers his sincere thanks to Mr Norman Rutherford ( for 
patiently retelling his story for the umpteenth time), to Mr Rob Cox, 
curator of the Wollaton Hall Industrial Museum in Nottingham, Mr 
John Brunton at the Nottingham Post and to all those that gave their 
time to find, or process. material for this article. 

Talks with various potential backers, even 
Japanese interests, got nowhere. The 
Wesgrove business, like its predecessor, 
was put into voluntary liquidation just 19 
months after the Cinerama debacle. 

Epilogue 
Only two of the original Telcan units 

built by Norman Rutherford and his 
Company survive to this day — one in San 
Francisco, owned by Al Cox the owner of 
a music shop and and f.m. radio station, 
and one now to be seen at the Wollaton 
Hall Industrial Museum in Nottingham. 
Norman and his partner Michael Turner 
became disaffected and parted company 
just after the firm was wound up. 
Norman continued to do some 

consultancy work in electronics; he 
eventually gave up and went into property 
development with his brother, only return-
ing to his first love in the early 1980's 
when he became involved in developing an 
infra-red transmission system for closed 
circuit TV. He finally found lasting fame 
by way of an entry into the Guinness Book 
of Records in 1982. 
Much could be said about this lost 

opportunity for British enterprise in 

terms of too little too late, but the reality 
is different. The technical principle was 
only good enough to prove the value of 
the product — for all the negativity faced 
at the Telcan launch, everyone quickly 
came to see how useful a home video 
unit could be and that a massive market 
awaited. 

Although the original technical prihci-
ple of Telcan defined the operational lim-
its, the linear record system was never 
going to have the technical flexibility 
required by the market (for convenient 
long play, high resolution monochrome or 
colour recording). Also, the short record 
/replay time, and poor long term head 
dependability were very much a weakness. 

Yet, for all that the promise was there, 
and had the investment vision come any-
where close to the technical vision, then a 
a good deal more might have been 
accomplished. 
As it was, the two partners, Norman 

Rutherford, Michael Turner and their asso-
ciates did unequivocally demonstrate and 
sell the first commercial home video 
recorder, the first Camcorder (and the first 
"Combi" TV and video recorder). What 
price "vision"? 

Now you can pet the Skills and qualiiiceions you need for 
career success with an CS Home Study Course Learn et the 
cannon t of your own home at the pace and times that sud you. 
ICS is the workrs largest, most experienced home study 
school. Over the past 100 years ICS have helped nearly 10 
'nettle people to improve their gob prospects Find out how we 
can help YOU. Post or phone today for FREE INFORMATION 
on the course of your choice 

Electrica Contracting & Installation 
Electrstal Englneenng 
CEG/ICS Basic Electronic Engineering 
CaGilCS Basic Mechanical Engineering 
TV and Voleo Serve:try 
Rae° and Hi-Fr Serwong 
Reffigerabon Heating & Au Conditioning 
Motorcycle Maintenance 

FREEPHONE 0500 581 557 
Or «fee to Intcanattonal Correspondence Schools FREEPOST 882. 8 Elliot Place. 

Clycleway Skypark Glasgow G3 8BR Tel 0500 581 557 or TeL Fa> Dutd,n 285 2533 
UM MIMI MI BM INV Inn Iffl 1181Z MI MI 

Please send me my Free Information on your Electronics Courses. 

Mr/MrsdAslAiss 
(BLOCK CAPITALS PLEASE) Date of Birth I / 

Address 

Postcode 

koilis Romer to Wee tee peen« Wax cereluay screened orgentsasons to ente to you about 
1:100ucts ana senses If you rout peter nor to hear hors such cattansatons citase or to> 

Occupason Tel No. 

.0 Dept. ZEEE 030 )300 

1...i  

el / 

I- t, 1, / 7 ;«7 ., ............. 
wwwepemag , 

Get your magazine "instantly" anywhere in 
the world - buy and download from the web. 

TAKE A LOOK, A FREE 
ISSSUE IS AVAILABLE 

A one year subscription (12 issues) 
costs just $9.99 (US) 
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&REITER CLASSIFIED 

_eoUl 
uramaroaarwea ELECTRONICS TODAY INTERNATIONAL 

Everyday Practical Electronics reaches twice as 
many UK readers as any other independent monthly 
hobby electronics magazine, our audited sales 
figures prove it. We have been the leading 
independent monthly magazine in this market for the 
last fifteen years. 

If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display 
pages offer the best value. The prepaid rate for semi-display space is £8 (+VAT) per single column centimetre (minimum 2.5cm). 
The prepaid rate for classified adverts is 30p (+VAT) per word (minimum 12 words). 

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together 
with remittance, should be sent to Everyday Practical Electronics Advertisements, Mill Lodge, Mill Lane, Thorpe-le-Soken, Essex C016 
OED. Phone/Fax (01255) 861161. 

For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above. 

RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY 
Up to 20 volts dc. at 1 amp continuous 1-5 amps peak. 
fully variable from 1 to 20 volts Twin, 
Voltage and 
Current meters 
for easy read-
out 240 volt a c Post £4 
Input Fully smoothed. we 23cmx14cmx8cm. 

Ill £45 \;ÁT 

RADIO COMPONENT SPECIALISTS 

in 337 WHITRIORSE ROADi mom« •w' 
sUY,C1ID2NLT.IOS1.IS41SS6 

tots of »wax"», to wimps wows owm trirelarrin,iet eliOck 
Plum e-- your...era bit bo.cle 

Zan NOW AVAILABLE WITH 
1 28K AND 51 21( — OZ4 

ALSO SPECTRUM 
AND QL PARTS 

W. N. RICHARDSON & CO. 
PHONE. FAX 01494 8713196 

RAVENSMEAD, CHALFONT ST PETER. 
BUCKS. SL9 ONB 

X-10" Home Automation 

We put you in control m 

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. 

Philips Pronto Intelligent Remote now available! 

Laser Business Systems Ltd. 
E-Mail: info@lasencom VISA 
http://www.laser.com 

is Tel: (0181) 441 9788 
Fax: (0181) 449 0430 'en 

BTEC ELECTRONICS 
TECHNICIAN TRAINING 

GNVC) ADVANCED ENGINEERING 
(ELECTRONIC) - PART-TIME 

HND ELECTRONICS - FULL-TIME 

B.Eng FOUNDATION - FULL-TIME 

Next course commences 
Monday 18th September 2000 
FULL PROSPECTUS FROM 

LONDON ELECTRONICS COLLEGE 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT. LONDON SW5 9SU 

TEL: 0171-373 8721 

THE BRITISH AMATEUR 
ELECTRONICS CLUB 

exists to help electronics enthusiasts by 

personal contact and through a quarterly 
Newsletter. 

For membership details, write to the 
Secretary: 

Mr. M. P. Moses, 
5 Park View, Cwmaman, 
Aberdare CF44 6PP 
Space donated by 

Everyday Practical Electronics 

Miscellaneous 

TIS - Midlinbank Farm 
Ryeland, Strathaven MLIO 6RD 
Manuals on anything electronic 

Circuits - VCR £8, CTV £6 
Service Manuals from £ 10 
Repair Manuals from £5 
P&P any order £2.50 

Write, or ring 01357 440280 for full details 
of our lending service and FREE quote for 

any data 

• Circuits developed from concept to schematic 
to PCB layout to prototype. 
• Prototype and small qty. PCB manufacture 
•Assistance with design and development. 

Contact R. Tanfield for further details 

CircultInnovate©cs corn 

C I 
: Circuit 24 Leasmires Avenue 
Innovations Easingwold. York 

Y061 3DU 

PCB MANUFACTURING SERVICE. 
Affordable PCB production from CAD or 
magazines (fibre glass single-sided only). For 
detailed information and cost, write to: Mr. Belt. 
5 Velden Way, Mill Road, Market Rasen, Lincs 
LN8 3HD ( including a sae). 

HEAR TWEAKS' PINGS-WHISTLES. 
Unique Receiver Design; Self-A Envelope. PO 
Box 694, St Helier, JE4 9PZ. Jersey Cl. 

VISIT OUR WEB SITE AT http://www.par-
tridgeelectronics.co.uk for components, valves. 
i.c.s. transistors, surplus bargains, audio equip-
ment etc.. or phone 01268 793256. 
PRINTED CIRCUIT BOARDS - QUICK 
SERVICE. Prototype and Production. Artwork 
raised from magazines or draft designs at low 
cost. PCBs also designed from schematics. 
Production assembly also undertaken. For 
details send to P. Agar, Unit 5. East Belfast 
Enterprise Park, 308 Albenbridge Road. Belfast. 
BT5 4GX, or phone/fax 01232 738897. 

PROTOTYPE PRINTED CIRCUIT 
BOARDS one offs and quantities, for details 
send s.a.e. to B. M. Ansbro, 38 Poynings Drive. 
Hove. Sussex BN3 8GR, or phone Brighton 
883871, fax 01273 706670. 

G.C.S.E. ELECTRONIC KITS, at packet 
money prices. S.A.E. for FREE catalogue. SIR-
KIT Electronics, 52 Severn Road. Clacton. 
C015 3RB. 
VALVE ENTHUSIASTS: Capacitors' and 
other parts in stock. For free advice/lists 
please ring. Geoff Davies ( Radio). Tel. 01788 
574774. 
1N-CIRCUIT TRANSISTOR TESTER. 
£31.99 ( inc. p&p). SAE for info sheet: North 
Valley Electronics. 259 North Valley Road, 
Colne. Lancashire. Tel. 01282 864415. 

PCB's MADE FOR HOME PROJECTS. 
Tinned and drilled. Vero and breadboard layouts 
copied. Low cost. E-mail JFWilliamset 
Mail.com. 

EPE NET ADDRESSES 
EPE FTP site: ftp://ftp.epemag.wimborne.co.uk 

Access the FTP site by typing the above into your web browser, or by setting 
up an FTP session using appropriate FTP software, then go into quoted 
sub-directories: 
PIC-project source code files: /pub/PICS 
PIC projects each have their own folder; navigate to the correct folder and open it, then 

fetch all the files contained within. Do not try to download the folder itself! 

EPE text files: /pub/docs 

Basic Soldering Guide: solder.txt 

EPE TENS Unit user advice: tens.doc and tens.txt 
Ingenuity Unlimited submission guidance: Ing_unIt.txt 

New readers and subscribers info: epe_Info.txt 
Newsgroups or Usenet users advice: usenet.txt 
Ni-Cad discussion: nicadfaq.zip and nIcad2.zip 
UK Sources FAO: uksource.zip 

Writing for EPE advice: write4us.txt 

EPE CHAT ZONE 

On-line readers! Try the EPE Chat Zone- a virtually 
real-time Internet "discussion board" in a simple to use 

web-based forum! 

http://www.epemag.wimborne.co.ulewwwboard 

Or buy EPE Online: www.epemag.com 

Ensure you set your FTP 

software to ASCII transfer 

when fetching text files, or 
they may be unreadable. 

Note that any file which 

ends in .Zip needs unzip-

ping before use. Unzip utili-

ties can be downloaded 

from: 

http://www.winzip.com or 
http://www.pkware.com 

318 Everyday Practical Electronics, April 2000 



WS4 El STOCKTAKING SALE 7i1 

BUY ONE, GET ANOTHER HALF PRICE!!! 

OFFER LASTS FOR ONE MONTH ONLY, BUY NOW!!! 
FIRST COME FIRST SERVED, ALL SUBJECT TO STOCK REMAINING 

AVAILABLE 
SALE APPLIES TO ALL COMPONENTS LISTED IN OUR OCT 99 
CATALOGUE, EXCEPT ALL OUR PACKS. KITS AND COMPUTER 

PRODUCTS WHICH ARE STILL AVAILABLE AT NORMAL CATALOGUE 
PRICES 

ALL MAJOR CREDIT CARDS, CHEQUES AND P.O.S ACCEPTED. NO 
VAT. POSTAGE AND PACKING STILL FREE ON ALL ORDERS OVER £7 
DUE TO THE ANTICIPATED LARGE DEMAND. MAIL ORDER ONLY 

PLEASE 
PLEASE SEND STAMPED ADDRESSED ENVELOPE IF YOU REQUIRE 

A CATALOGUE 

FML ELECTRONICS 
FREEPOST NEA 3627, BEDALE, NORTH YORKSHIRE DL8 2BR 

TEL: 01677 425840 

Professional 88-108MHz FM Broadcasting Kits 
A» Ow KlIs Include 

Detailed Instructions with Schematics 

High Quality Screen Printed PCBs 

High Quality Components 

Our Product Range Includes 

Transmitters from 0.05W to 35W 
FM Stereo Coders 

Audio Compressor Limiters 

Antennas 
RF Power Amps 

Our Kits Are Also Available 
Fully Assembled And Tested 

WE DELIVER WORLD-WIDE AND 
ACCEPT MAJOR CREDIT CARDS 

Contact Us Now For A Free Brochure 

Visit our Website at http:: ,www.veronica.co.uk 

Tel 01274 883434 Fax 01274 428665 
email infoeveronica.co.uk 
And 56 IA Sandbeds Albert Rd OueensOury BRADFORD 13013 IAA 

KIT MASTER — EDUCATIONAL — KITS FREE CATALOGUE 

RADIO CLUBS— NOVICES— COLLEGES— SCHOOLS BUY 2 KITS OR MORE 
KITS BUILT ON TRIPAD PCB - BUILD AS YOU SEE SYSTEM GET FREE GIFT 

PERFECT FOR NOVICE FIRST TIME NU. KIT A 838 018 MIN TIMER L E D & SPEAKER E5 50 
BUILDERS IN ELECTRONICS INSTRUCTIONS 839 TOY THERAMIN MUSIC £6 80 

X, 2- IC 1.11(484 MW FL&DIO f 10 CIO 840 AMPLIFIED R F PROBE . METER f 10 50 

x3 ,.IC .. TRANMW RADIO f 10 00 841 TRANSMITTER R F INDICATOR fa 80 
US 1.4K484 . 2030 M>W, RADIO £18 00 843 AUDIO NOISE GENERATOR f 10 00 
A7 661484 TUNER M W NO AMP £6 00 845 GENERAL 1 TRANSISTOR AMP £5 50 
X8 SW HMI RECEIVER f 13 50 846 LA4386 AMPLIFIER GENERAL £5 50 
82 BASIC CRYSTAL SET AMPLIFIED £10 00 848 commoN PRE-AAW RADIO f 5 50 
X9 SW HAM RADIO £17 50 849 PEST SCARER HIGH PITCH £12 07 
Ea WORKSHOP AMPLIFIER £10 00 850 VARIM3LE FROG OSCIUATOR £5 5G 

X10 SW TUNER KAM £10 00 851 AUTOMATIC NIGHT LIGHT £.5 50 
XII S METER flO 50 852 FROST ALARM £5 80 
844 SIIIPLE I-I F MW ATU £7 50 853 PRESSURE MAT & ALARM f 13 57 

88 S W TUNER GENERAL £10 00 854 GUITAR TUNER £9 50 
CI BASIC CRYSTAL SET M W. £6 50 855 TOUCH ALARM £5 8C 
861 MW SIGNAL BOOSTER f 12 50 856 SIMPLE LIGHT METER £13 5C 

89 FAKE CAR ALARM FLASHER £5 00 857 LE D CONTINUITY METER fd 50 
1310 2 L.E D FLASHER id 80 B58 SOUND-OPERATED SWITCH £6 50 
Ell 1 LOW VOLTS L E D ALMA 9V-I 2V £5 00 8556 8 FLASHING L E D s £6 80 
812 LIE DETECTOR WITH METER f 10 00 859 IBA 82014NA:80 AMP flO 50 
813 TOY ORGAN f 6 50 860 IDA 2030 AUDIO AMP £9 50 

814 METRONOME IC CONTFOL f 5 00 862 ELECTRONIC DICE GAME £8 50 
1315 TOUCH SWITCH f 5 00 863 ADVANCED THERA/ON-MUSIC £10 5C 
816 HEADS OR TAILS GAME f 5 00 BEd TOUCH DELAY LAMP £5 5C 

817 SIREN DI 80 865 FISHERSAWS ROD BITE ALARM f5.00 
1318 RIJN DETECTOR fa 80 866 BEAM BREAK DETECTOR ALARM £8 OD 

819 CONTINUITY TESTER fd 50 867 LATCHING BURGLAR ALARM £7 50 
820 MORSE CODE OSCILLATOR fa 80 868 LIGHT-OPERATED RELAY £7 50 
52' BURGLAR ALARM L E D. & SPEAKER £5 00 869 MICROPHONE PRE-AMP £7 50 

922 LOOP SECURITY ALARM £5 00 870 IAAGNE TIC ALARM - MODELS £7 50 
923 VIBRATION ALARM £4 80 872 BATH OR WATER BUTT ALARM f6.80 
.7,24 METAL DETECTOR . METER £1 400 873 0-18 VOLT POWER SUPPLY UNIT £6 80 
825 HAND TREMOR GMIE fa 80 874 FM BUG POWER SUPPLY OV-90 £6 50 
826 RAIN SYNTHESISER - NOISE f 10 50 875 I TRANSISTOR FM BUG 0650 
827 AUTO LIGHT DARK INDICATOR £4 80 876 2 TRANSISTOR FM BUG 07 50 
828 ADJ LOW LIGHT INDICATOR fa 80 
829 DARK ACTIVATED LED FLASHER fa 80 
830 LIGHT ACTIVATED TONE ALARM £480 LOOK! NEW VALVE RADIO KITS 
8331 CAR ELECTRIC PROBE (4 5° Kt VALVE PSU FOR OUR KITS £20 00 
832 SIGNAL INJECTOR ft 50 
833 MOISTURE METER - LED fa 80 K2 ONE VALVER M W 8, S.W £1750 
834 LED TRANSISTOR TESTER NF9I £450 K3 TWO VALVER M.W.& S.W. £2500 
835 DIODE TESTER- LED fa 50 
e36 LE D TRANSISTOR TESTER PAP fa 50 K4 ONE VALVE AMPLIFIER £1200 
837 IC 555 TESTER - LED £5 50 K5 BATTERY 1-VALVER SW £15.00 

MAKE POSTAL ORDERS CHEQUES PAYABLE TO DAVID JOHNS AND SEND TO 
37 GOSBECKS ROAD, COLCHESTER, ESSEX CO2 9JR 

TEL. 07941 252679 FAX: 01206 369226 
* UK POST AND PACKING £3 - ALLOW 14 DAYS DELIVERY * 

*WORLDWIDE POST AND PACKING £5 * 

01206 523123 
http: .www.davidjohns.f9.co.uk 

COVERT VIDEO CAMERAS 
Black and White Pin Hole Board Cameras 

with Audio. Cameras in P.I.R., Radios, 
Clocks, Briefcases etc. Transmitting 
Cameras with Receiver (Wireless). 
Cameras as above with colour. 

Audio Surveillance Kits and Ready Built 
Units, Bug Detector etc. 

A.L. ELECTRONICS 
Please phone 0181 203 6008 for free catalogue. 

Fax 0181 201 5359 
www.uspy.COM 

New DTI approved Video Transmitters and Receivers (Wireless) 
Major credit cards now taken 

N. R. BAROWEL.I. LTD CIEFeE) 
100 Signal Diodes 1194148 £1 00 
75 Reedier Diodes 1N4001 £1 00 
50 Rectifier Otodes 1N4007   £1 00 
10 WO1 Bridge Rectifiers   f 1 00 
10 555 Timer IC s  f 1 00 
4 741 Op Amps  £1 00 
50 Assorted Zener Diodes 400mW  £1 00 
12 Assorted 7-segment Decilitre .. . £1 00 
25 5rnm I e.d s. red. green or yellow C I 00 
25 3mm i e d s. red. green Or weber . £1 00 
50 Axial I e d s. 2rn. red Diode Padova .£ 1.00 
25 Asstd High Brghtness I ed.s. var cols f1 00 
20 BC182L Transistors f 1 00 
25 BC212L Transistors . £1 00 
30 60237 Transistors £1 00 
20 60327 Transistors f 1 00 
30 BC328 Transistors Et 00 
30 BC547 Transistors £1 00 
30 BC548 Transistors £1 00 
30 60549 Transistors El 00 
25 BC557 Transistors £1 00 
30 60558 Transistors f 1 00 
30 60559 Transistors  Et 00 
20 2N3904 Transistors  £1 00 
100 1,1 50V wkg Axial Capacitors  £ 1.00 
100 4N7 50V wig Anal Caper.xtors  £ 1.00 
12 lut 250V encapsulated radel pewee 

cased cageceare  f t 00 
80 AssId capacitors electrolytic- CI  00 
80 Asstd. capacdors 1nF to IxiF  fl 00 

200 Asstd disc ceramic capacitors £ 1 00 
50 Asstd Skel Presets turn. stand. cerrne0 £ 1 00 
50 Asstd RF chokes ( inductors)  El 00 
50 Asstd grommets  El 00 
80 Asstd solde, tags. pconns, termsues El 00 
10 Asstd crystals - plug in   £1 00 
24 Asstd coil butlers £1  00 
8 Asstd dil switches f 1 00 
20 Miniature slide svetches sosco £1 00 
10 Standard slide switches Opc11 f 1 OC 
100 Asstd beads ( ceramic. tenon. Asir spine) f 1 00 
80 Asstd somali stand offs. ithroughs etc Et 00 
30 Asstd Oil sockets up to 40 way . El 00 
10 TV coax plugs. plastic .£1.00 
20 Small spring Ioaded terminals .£1.00 
40 metres very thin connecting wire. red £1.00 
20 1 in glass reed switches £1 00 
20 Magnetic ear pees weh lead and plug f 1 00 
100 Any one value ' 4W 5% Cl resistors range 

IFI to 10M £0 45 
10 7812 Voltage Regulators £1 00 

Phces nciude VAT Postage LI 45 31g rom LUS 

288 Abbeydale Road. Sheffield S7 1FL 
Phone (0114) 2552886 Fax ( 0114) 2500689 

E mail saleS@Barchvells Cook 
Web site http, www bardwells co uk 

DIGITAL 
TEST METER 
Ideal for TEACH-IN 2000 

Built-in transistor test socket 

and diode test position. 

DC volts 200mV to 1000V. 
AC volts 200V to 750V. 

DC current 200mA to 10A. 
Resistance 200 ohms to 

2000K ohms. 

Special offer to EPE readers 

£5.99 incl. VAT 
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NEW SPECIAL OFFERS 
Amiga genlock pcb iuncased) for titling videos it has 
a 23pn D lead to plug into the computer and pcb 
ins tor composite video in and out When no video 
input is connected the normal computer display is 
shown on the composite video out when the video 
input is added the while areas on the screen are 
replaced by the video image The DOD is powered 
horn the computer £19 98 
WATCH SLIDES ON TV Lesgang diatv" automatic 
Siide viewer with built in high quality colour tv cans-
era composite video output with a BNC plug. In very 
..•• condition with few signs of use .... £ 108 00 

d carneras all with 51 2x582 pixels 4.4x3 3mm 
sensor with composite video out All need to be 
housed in your own enclosure and have fragile 
erFoSed surface mount parts and require 10V to 
12V dc power supply 
47MIR size 60>36x27non with 6 infra red leds ( gives 
the same illumination as a small torch viduid) 

£50 00.vat-£58 75 
MP size 39x38x23mm spy camera with a fired locus 
pin hole lens for hiding behind a very small hole 

. . . £57•vatx£366 98 
«MAC size 39>38x213non camera for 'C' mount lens 
this gives a much clearer picture than with the small 
lenses   £68 79 
Standard •C> mount lens F 1 6 16rnm tor 40MC 

£2843.vataL31 06 
Waterproof camera with stylish tilt & »net case 

£92 76•vai.£109 00 or 1 0.£89.32.-vat.£1 04 95 
DTA30 Handheld transistor analyser it tellS you 
which lead is the base the collector and emitter and 
if it is NON or PNP or tautly HMA20 handheld MOS-
FE T analyser ',Pantiles gate drain and source and if 
P or N channel DTA30 & HMA20 £38 34 each 
OCASO component analyser with lcd readout identi-
fies transistors. models. decides 8 LEDs teed con-
nections   £69.95 
Speaker calzeets 2-sep speaker systems eel Motorola tureen 
speaker Oa 15 
Coker rating 250W RIAS 175W RIAS 100W OMS 
noeclance 601. Bohm 601m 
Vag well 401,2-20kHz 45rtz-20kHz 60hz-20i01 
unseat/11W tul 9795 8495 9203 
size n rrm 500,720040 450x640045 315x4601230 
keel 21 ikg 16 8kg 740g 
oce each or bake 
very i owing £139 95 £9999 £54 94 
grey tell coati% £15997- £119 97- £64 99 

.not normally in stock Mow 1 week to delivery) 
Pose smolders 19' rack mourn with gern MVOs 
STA1 50 2x160Wrms (4ohm load) 14kg £202 11 
STA300 2x190Wrms (4ohm load) 1 1kg £339 00 
STA900 24490Wrms (4ohm /cad) 15kg £585 00 
LEDs 3rrrn or 5inrn re] o green 1p sad, Mica 1 1 p each 
Cade Des 1p each £595 per 1000 £49 50 per 10 000 
Rechargable Batteries 
AA)487)50OrnAH CO 99 4.4 50OrnAki solier tags CI 55 
AA 950mArt ti 75 CniPt tit 2AH £2 20 
C 2Akt ken Key Was £3 60 DIHP21 1 2Aki £2 60 
D 44/Jiwei Mai ins £4 95 PP3 8 4V 1 lOrnAJI f 4 95 
l 244 ea sceix tags £1.55 Sub C aeh lode tags . £2 50 
MA ( NPI 6) 18OrnAél CI 75 11 AA eh tap (PhoesCNK, 50 
Nickel Metal klydryde M cells kph capacity wrIt, , 
memory it charged at 10OrnA and ckscharged at 250mA or 
less I 300mAH capacity ( lower capacity for high discharge 
rates) £2.95 

Special otters please check lOr avalabuily sick of 4 
42x16mm Nead batteries 171mm 16rnm Sa wen red & 
black leads 4 8V £5 95 
5 button cell 6V 28OrnAh battery with erres ( Vanta 
5x250DKi £2 45 
Orbit& 866 battery pack I2V 1 60611 contains 10 sub C 
cells wrth solder tags the size most commonly used in 
cordless Strew:knows and Chills 22 clax42mrn tall) it e 
easy to crack open and was manufactured in 1994 

£8 77 eaCh Or £ 110 50 per box of 14 
Bd I box 190x106x50mrn arty slots to house a pcb the id 
contains an edge connector i12-way 8mrn pacts) and 
screw terminals to connect in wires and 5 slide in cede 
blanks . £2 95 
7-segment corner, arose iect display 12mm £0 45 
GaAs FET low leakage current 58873 f 12 95 each 
£9 95 104 £7 95 1004 BC5478 transistor 20 tor £1 00 
SL952 UHF Levin amplifier LC 16 surface mounting 
d with data eeet £1 95 

PDaC-ne consiertor Rehabley model 01205 12V e 55 
203mA out 300V input to output Isolation wrth data 
04 95 each or pack of 10 £39 50 
Anse. A82903-C ange stepping motor 145 75 step 
27ohm 68rnrn Oa body 6 3mrn shall 

£8 95 or £200 0010m a bao 0130 
Polyester capacitors box type 22 5non lead parch 09.4F 
250V Cc 18p each. 14p 100.. 9p1000v1uf250VdC20p 
each 15p 100. 10p 1000. 
Polypropylene lf 400V de (Mina Mt(P10) 27 5rtsm pick 
32x2t3x17mrn case 750 each 60p 100. 
Philips 123 seres sold aluminium axial leads 33tiF 105 6 
2 2eF 40V 40p each. 25p 100. 
Sold carbon resistors very low inductance deal for RF co. 
cues 27010n 2W. 68011m 2W 25p each 15p each WO., we 
hase a range of 0 25W 05W 1W and 2W sold carton 
resistors, please send SAE for iist 
MX180 ()peal multmeter 17 ranges 10005 dc 7505 ac 
2Morm 200mA transistor Hte 9V and 1 55 battery test 

£9 95 
Hand held ultrasonic remote control £3 95 
C52486 gas relay 30x lOrnm dia vorth 3 eve laminae veil 
also wed as a neon light 20p each or £8 50 per 100 
Verbatim R3OGNH Streamer tape commonly used on nc 
machines and print mg presses etc flocks like a normal 
causette With a 510! Cut out of the top . £495 each 

(£3 75 100.) 
Reatsink cornpouno tube .. £0 95 
Hv3-2405-E5 5-24V 5OrriA regulator e 18-264V at input 8 
pe DIL padkage f3 49 each ( 1004 f2 25, 
All products advertised are new and unused unless other 
wise stated Wide range of CMOS TL 7414C 74F Linea-
Transistors kits rechargable batteries capacitors too s 
etc always in stock 
Please add CI 95 towards P&P ( orders horn the Scottish 
Highlands. Northern Ireland Isle of Man. Isle of Wight and 
overseas may be subject to higher P&P for heavy 
items) VAT included in all prices 

J PG ELECTRONICS 
276-278 Chatsworth Road 

Chesterfield S40 213hi 
Access Visa orders: 

Tel: (01246) 211202 Fax: (01246) 550959 
Callers welcome 930 am to 5 30 per 

Monday to Saturday 

SHERWOOD ELECTRONICS 
FREE COMPONENTS 

Buy 10 x £1 Special Packs and choose another one FREE 

SPI 
SP2 
SP3 
SP6 
SP7 
SP10 
Spit 
SP12 
SP18 
SP20 
SP21 
SP23 
SP24 
SP25 
SP26 
SP28 
SP29 
SP31 
SP34 
SP36 
SP37 
SP39 
SP40 
SP41 
SP42 
SP47 
SP102 
SP103 
SP1 04 
SP105 
SP109 
SP112 
SP114 
SP115 
SP116 
SP118 
SP120 
SP124 
SP130 

15 x 5mm Red LEDs 
12 x 5mm Green LEDs 
12 x 5mm Yellow LEDs 
15 x 3mm Red LEDs 
12 x 3mm Green LEDs 
100o 1N4148 diodes 
30 x 1N4001 diodes 
30 x 1N4002 diodes 
20 x BC182 transistors 
20 x BC184 transistors 
20 x BC212 transistors 
20 x BC549 transistors 
4 x CMOS 4001 
4 x 555 timers 
4 0741 Op Amps 
4 x CMOS 4011 
3 x CMOS 4013 
4 x CMOS 4071 
20 x 1N914 diodes 
25 x 10,25V radial elect. caps. 
15 x 100/35V radial elect. caps. 
10 x 470/16V radial elect. caps. 
15 x BC237 transistors 
20 x Mixed transistors 
200 x Mixed 0:25W C.F. resistors 
5 x Min. PB switches 

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 
5 x ZTX500 transistors 
3 x lOmm Red LEDs 
3 x 10mm Green LEDs 
2 x CMOS 4047 
3 x 74LS93 

20 x Assorted ceramic disc caps 
100 x Mixed 0-5W C.F. resistors 

RESISTOR PACKS — C.Film 
RP3 5 each value - total 365 0:25W £2 85 
RP7 10 each value - total 730 0:25W £4.10 
RP10 1000 popular values 0:25W £5.85 
RP4 5 each value-total 365 0-5W £3.80 
RP8 10 each value- total 730 0:5W £6.45 
RP11 1000 popular values 0:5W £8 15 

SP131 2 x TL071 Op Amps 
SP133 200 1N4004 diodes 
SP134 15 x 1544007 diodes 
SP135 6 x Min slide switches 
SP136 3 x BFY50 transistors 
SP137 4 x W005 1:5A bridge rectifiers 
SP138 20 2:2163V radial elect caps 
SP140 3 x WO4 1:5A bridge rectifiers 
SP142 2 x CMOS 4017 
SP143 5 Pairs min crocodile clips 

(Red 8 Black) 
SP145 6 x ZTX300 transistors 
SP146 10 x 2543704 transistors 
SP147 5 x Stnpboard 9 strips x 

25 holes 
SP151 4 x 8mm Red LEDs 
SP152 4 x 8mm Green LEDs 
SP153 4 x 8mm Yellow LEDs 
SP154 15 x BC548 transistors 
SP156 3 x Stnpboard 14 strips ) 

27 holes 
SP160 10 o 2543904 transistors 
SP161 10 x 2543906 transistors 
SP165 2 x LF351 Op Amps 
Sr167 6 x BC107 transistors 
SP168 6 x BC108 transistors 
SP175 20 x 1163V radial elect caps 
SP177 10 x 1A 20mm quick blow tuses 
SP182 20 x 4:7163V radial elect caps 
SP183 20 x BC547 transistors 
SP187 15 x BC239 transistors 
SP191 3 x CMOS 4023 
SP192 3 x CMOS 4066 
SP193 20 x BC213 transistors 
SP194 8 x 0A90 diodes 
SP195 3 x lOmm Yellow LEDs 
SP197 6020 pin DIL sockets 
SP198 5 024 pin DIL sockets 

2000 Catalogue now available £1 
inc. P&P or FREE with first order. 
P&P £1.25 per order. NO VAT 

Orders to: 

Sherwood Electronics, 
7 Williamson St., Mansfield, 

Notts. NG19 6TD. 

Millions of quality components 
at lowest ever prices! 

Plus anything from bankruptcy — theft recovery 
— frustrated orders — over productions etc. 
Send 50p stamped self-addressed label or 

envelope for clearance lists. 
Brian J Reed 

6 Oueensmead Avenue, East Ewell, 

Epsom, Surrey KT17 3E0 

Tel: 07775 945386 or 0208 393 9055 
Mall Order UK only. 

Lists are updated and only 40 are sent out every 2 weeks. This 
normally ensures that orders can be fulfilled where only a few 
thousands of an item is available. ( Payment is returned if sold out. 

I do not deal in credit notes). 
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OMP MOS-FET POWER AMPLIFIERS 
HIGH POWER, TWO CHANNEL 19 INCH RACK 

BK ELECTRONICS 

1000's 
SOLD 
TO PRO 
USERS 

THE RENOWED 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/oft switch * Jack/XLR inputs * Speakon outputs * Standard 775mV 
inputs * Open and short circuit proof * Latest Mos-Fets tor stress free power 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" H34- " ( 2U) 
MXF400 W19" D12" H5÷," (3U) 
MXF600 W19" D13" H5÷" (3U) 
MXF900 W19" D14:" H5÷" (3U) 

PRICES:- MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 

SPECIALIST CARRIER DEL. £12.50 EACH 

SIZES:-

OUP X03-S STEREO 3- WAY ACTIVE CROSS-OVER 

/ BASS/MID » /G và.SX MID/TOP \ 

CONFIGURED 3 WAY 
FEATURES: 
Advanced 3-Way Stereo Active Cross-Over (switchable two way), housed in a 19' x lu case. Each channel 
has three level controls: Bass, Mid & Top. The removable front fascia allows access to the programmable DIL 
switches to adjust the cross-over frequency: Bass-Mid 125/250/500Hz, Mid- Top 1.8/3/5Hz, all at 24dB per 
octave. The 2/3 way selector switches are also accessed by removing the front fascia. Each stereo channel 
can be configured separately. Bass Invert Switches are incorporated on each channel. Nominal 775mV 
input/output. Fully compatible with OMP Rack Amplifier and Modules. 

PRICE:- £117.44 + £5.00 P&P 

2 WAY BASS/MID COMBINED 2 WAY MID/TOP COMBINED 

SoundLAB SPM 12 AND 16 CH.MIXERS 
The 12 and 16 Channel SPM Series Of Studio Quality Mixers 
Are Ideal For Fixed Installation Stage And Mobile Use. 
* 48v PHANTOM POWER 
* BUILT IN POWER SUPPLY 
* 230V AC/50Hz 
* PEAK INPUT LEVEL LEDS 
* PRE FADE LISTEN (PFL) 
* SUB MASTER OUTPUT 
* COMBINED XLR/ JACK 
eomm FADERS * CH.MUTE 

* 2 STEREO AUX.SEND/RETURNS 
* CONSTANT PAN CONTROL 
* 3 BAND EQ WITH MID SWEEP 
* HEADPHONE/CONTROL ROOM 0/P 
* CD/TAPE INPUTS & OUTPUTS 
* BALANCED INPUTS & OUTPUTS 
* BUS ASSIGN SWITCH 
* MONITOR SEND 

PRICES:- SPIA1202 4MONO MIC/LINE.4STEREO INPUTS £ 299.00 FREE 
SP1A1602 8MONO MIC/LINE.4STEREO INPUTS £ 99.00 UK P&P 

FilMaldrel.WWWWITT7e4rÀ ECHO & SOUND EFFECTS 

* 4 STEREO INPUT 
CHANNELS 

* 2 DJ MIC INPUT 
CHANNELS 

* 2X7 BAND GRAPHIC 
EQUALISERS 

* HEADPHONE 
MONITOR WITH PFL 

* ASSIGNABLE 
CROSSFADE 

* DIGITAL ECHO 
STEREO DISCO MIXER WITH:- *2X7 GRAPHIC EQUALISERS *2 MONO MIC INPUTS * DJ MIC 
WITH FADER, TALKOVER AND VOICE CHANGER *4 STEREO CHANNELS WITH INDIVIDUAL 
FADERS AND ASSIGNABLE CROSSFADE *CHANNELS SWITCHABLE, TURNTABLE (MAG 
CARTRIDGE), CD, LINE, TAPE, ETC. *ECHO WITH BALANCE, REPEAT AND DELAY 
*HEADPHONE MONITOR WITH PREFADE LISTEN *CHOICE OF 6 SOUND EFFECTS * STEREO 
MONO SWITCH *2 X LED VU METERS *MASTER FADER * OUTPUT 775mV 
*SIZE:- 482X240X115mm *POWER:- 230V AC 50/60Hz.PRICE:- £169.00 + £5.00 P&P 

RADIO MICROPHONE CYBERWAVE FMM 1000 
* IDEAL FOR:- LIVE BANDS, PUBLIC ADDRESS d KARAOKE ETC. 
*ON/STANDBY/OFF SWITCH MOUNTED ON MIC BARREL FOR EASE OF USE 
*100 HOURS BATTERY RUNNING TIME. 1 PP3 (NOT SUPPLIED) 
* SINGLE CHANNEL RF MICROPHONE 174.23 OR 174.56MHz 
*MAINS ADAPTOR 'OR RECEIVER SUPPLIED * FM LOCK INDICATOR 
VOL CONTROL ON RECEIVER. PRICE:- £119.99 FREE UK P&P 

Access DELIVERY CHARGES.- PLEASE INCLUDE AS ABOVE, TO A MAXIMUM 
AMOUNT £30.00. OFFICIAL ORDERS FROM SCHOOL,COLLEGES, 
GOVT. BODIES,PLCs ETC PRICES INCLUSIVE OF V.A.T. SALES 
COUNTER CREDIT CARD DOERS ACCEPTED BY POST PHONE OR FAX 

BAD 
WZ/X11 

*PRICES INCLUDE V.A.T.*PROMPT DELIVERIES 
*LARGE [A4] S.A.E. 60p STAMPED FOR CATALOGUE  

FLIGHTCASED 

LOUDSPEAKERS 

A new range of quality loudspeakers, designed to take 
advantage of the latest loudspeaker technology and 
enclosure designs. All models utilize high quality studio 

cast aluminium loudspeakers with factory fitted grilles, wide dispersion constant 
directivity horns, extruded aluminium corner protection and steel ball corners, 
complimented with heavy duty black covering. The enclosures are fitted as standard 
with top hats for optional loudspeaker stands. The FC15-300 incorporates a large 
16 X 6 inch horn. All cabinets are fitted with the latest Speakoneconnectors 
for your convenience and safety. Five models to choose from. 
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PLEASE NOTE:- POWER RATINGS 
QUOTED ARE IN WATTS R.M.S. FOR 
EACH INDIVIDUAL CABINET. 
ALL ENCLOSURES ARE 8 OHM. 

=15-15 inch speaker 
y L-12-12 inch speaker 

ibl FC15 300 WATTS Freq Range 35Hz-20KHz, Sens 101dB, Size H695 W502 D415mm 
PRICE:- £299.00 per pair 

ibl FC12-300 WATTS Freq Range 45Hz-20KHz, Sens 96dB, Size H600 W405 D300mm 
PRICE:- £249.00 per pair 

ibl FC12-200 WATTS Freq Range 40Hz-20KHz, Sens 97dB, Size H600 W405 D300mm 
PRICE:- £199.00 per pair 

lb! FC12-100 WATTS Freq Range 45Hz-20KHz, Sens 100dB, Size H546 W380 D300mm 
PRICE:- £179.00 per pair 

ibl WM12-200 WATTS Freq Range 4 0Hz-2 OKHz, Sens 97dB, Size H418 W600 D385mm 
PRICE:- £125.00 EACH 

SPECIALIST CARRIER DEL:- £12.50 per pair, Wedge Monitor £7.00 each 
Optional Metal Stands PRIDE:- £ i9.00 per pair Delivery:- £6.00 

COLOSSUS POWER 
VERY HIGH POWER LOUDSPEAKERS 

THE COLOSSUS RANGE OF LOUDSPEAKERS 
ARE DESIGNED FOR USE IN SUPERIOR HIGH 
POWER OUTPUT SYSTEMS. ALL MODELS ARES OHM 

COLOSSUS 12MB:-* 12 INCH * 450WATT R.M.S. 
* 900 WATTS PEAK * Sens 98 dB.* Res Freq.55 Hz. 
* Frequency Range 40 Hz-3.5KHzPRICE £129.00 
COLOSSUS 15XB:-* 15 INCH * 600 WATTS R.M.S. 
* 1200 WATTS PEAK * Sens 99 dB * Res Freq 35 Hz. 
* Frequency Range 30 Hz-1.0KHz PRICE £159.00 
COLOSSUS 18XES:-* 18 INCH * 600 WATTS 
* 1200 WATTS PEAK *Sens 100dB.* Res Freq.30 Hz. 
* Frequency Range 27 Hz-1.0Kz PRICE £183.00 
ALL MODELS ARE DELIVERED CARRIAGE FREE(UK ONLY) 

OMP MOS-FET POWER AMPLIFIER MODULES SUPPLIED READY 
BUILT AND TESTED 

These modules now enjoy a world-wide reputation for quality, reliability and pert ormance at a realistic price. Four 
models are available to suit the needs of the professional and hobby market i e. Industry, Leisure, Instrumental and 
Hi-Fi etc When comparing prices. NOTE that al models include toroidal power supply.integral heat sink. glass fibre 
P.CB 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/UF 100 Moe-Fat Output power 110 watts 
R.M.S. into 4 ohms, frequency 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 Moe-Fat Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 50V/uS, T.H.D. 
typical 0.001%, Input Sensitivity 500mV, S.N.R. - 110dB. 
Size 300 x 155 x 100mm. 

PRICE:- £66.35 + £4.00 P&P 

OMP/MF 300 Moe-Fat Output power 300 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 60V/uS, T.H.D. 
typical 0.001%, Input Sensitivity 500mV, S.N.R. - 110dB. 
Size 330 x 175 x 100mm. 

PRICE:- £83.75 + £5.00 P&P 

OMP/MF 450 Moe-Fat 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 +£8.00 P&P 

OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz - 3dB, Damping 
Factor >300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 500mV, S.N.R. -110dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti-Thump Delay. Size 422 x 300 x 125mm. 

PRICE:- £261.00 + £12.00 P&P 

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD INPUT SENS 500mV, BAND WIDTH 100KHz, OR 
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV. BAND WIDTH SOKHz. ORDER STANDARD OR PEC 

B.K. ELECTRONICS 
UNIT 1 COMET WAY, SOUTHEND-ON-SEA, 

ESSEX, SS2 6TR. 
TEL.: 01702 527572 FAX.: 01702-420243 

Web:- http://www.bkelec.com E-mail:- Salesebkelec.com 
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'Electronics, Electricgl 
e laihematics P'-'ncir 'es Va' 

If you are looking for an easy and enjoyable way of studying or improving 
our kn wl hen this software for you. 
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A COMPLETE PC BASED ELECTRONICS 
& MATHEMATICS COURSE 

eptsoft limited. Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ. 
Tel: 01376 514008. Fax: 0870 0509660 infoûeptsoft.com www.eptsoft.com 
Switch, Delta, Visa and MasterCard payments accepted - please give card 

number and expiry date. 

Features. 
Analogue. 
Digital. 
El t i I ec r ca . 
Microprocessors. 
PIC Microcontrollers. 
Mathematics. 
Electronics Toolbox. 
Components and Equipment 
Dictionary. 
Fully interactive graphics and 
calculations. 
Single page colour printing. 
Full Windows integration. 
Explanatory text. 

CD-ROM 
Special INTERNET offer 
Student/hobbyist 

£49.95* ($82.17) normally £99 95* 

Education Package 
including unlimited user 

Site Licence. 

'Ca;ranot ••• 

£299.95* normally £595.95* 
* +VAT 

Postage FREE 

Calculates using your inputs. 
Default values on startup. 
Easy to use, no prior 
knowledge, assumed. 
Comprehensive menu and 
indexing. 
Covers college courses from 
GCSE to University level. 

, & 

de F • od. tr. 

2 ..10- e F ,::3 

.‘50 t • For full software details 
plus 

'Electronics Principles Online' 
Based on the popular software package it's now 

available on the INTERNET and is 
absolutely FREE. 
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