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NIVIM13,111111C 13113LC 2/0 page book covenng the production of 

alchohol from potatoes rice. grains etc Drawings of simple home 
rnade slits nght through to commercial systems £12 ref MS3 

NEW HIGH POWER MINI BUG With a range of 800 metres or 
more and up 10 100 hours use from a PP3 this will be popular' Bug 
measures less than 1 square, £28 Ref LOT 102 

SINCLAIR C6 MOTORS We have a new ones available without 
gearboxes at £50 ref LOT25 

BUILD YOU OWN WINDFARM FROM SCRAP New 
publication gives step by step guide to building wind generators 
Armed with ths publication and a good local scrap yard could make 

you self sufficient in elecincityi £12 ref LOT81 

PC KEYBOARDS PS2 connector, top quality suitable for all 286/ 
386F486 etc £10 ref PCKB 10 for £65 

TRACKING TRANSM rTTER range 1 5.5 miles 5.000 hours on 
AA battenes also transmits into on car direction and motion Works 

with any FM radio 1 5' square £65 ref LOT 101 

ELECTRIC DOOR LOCKS Complete lock with both Yale lock 
and 12v operated deadlock (keys included) £10 ref LOT99 

GALLIUM ARSEN IDE FISH EYE PHOTO DIODES Complete 
With suggested circuits for long range communicatons‘switching 

£12 complete 

SURVEILLANCE TELESCOPE Superb Russian zoom 
telescope adiustable from I5x to 6001 complete with metal tnpod 
(imposible to use without this on the higher settings) 66mm lense 
leather carrying case E149 ref BARBS 

WIRELESS VIDEO BUG KIT Transmits video and audio 
signals from a minature CCTV camera (included) to any standard 

television, All the components including a PP3 battery will fit into a 

cigarette packet with the lens requinng a hole about 3mm diameter 
Supplied with telescopic aenal but a piece of wire about 4' long will 
stll give a range of up to 100 metres A single PP3 will probably give 

less than 1 hours use £99 REF EP79 (probably not licensable') 

CCTV CAMERA MODULES 46X70X29mm 30 grams 100 
10CmA auto electronic shutter. 3 6mm F2 lens CCIR. 512x492 
pixels. video output is tv p-p (75 ohm) Works directly into a scarf or 
video input on a N or video IR sensitive £79 95 ref EF 137 

IR LAMP KIT Suitable for the above camera. enables the camera 
to be used in total darkness' £5 99 ref EF138 

INFRA RED POWERBEAM Handheld battery powered lamp 4 
inch reflector. krypton bulb gives out powerf utinf rarer] light , 4 D cell s 
required £39 ref PBI 

MONO VGA MONITORS. Perfect condition. Compaq. 14' 3 
months warranty £29 ref MVGA 
SOLAR COOKER GUIDE Comprehensive plans 

9 WATT CHIEFTAN TANK LASERS 
Double beam units designed torn in the gun barrel of a tank each unit 
hasty° semi conductor lasers and motor dnve units for alignement 
7 mile range full circuit diagrams new once £50 000? us? £349 
Each unit has two gallium Arsenide injection lasers 1 x 9 watt 1 x 
3watt 900nm wavelength 28vdc 600hz pulsefrequency The units 
also contain an electronic receiver to detect reflected signals from 

targets five or more units £299 ea £349 for one Ref LOT4 

TWO WAY MIRROR KR Ind udes speaal adhesvvef8m to m ake 
two way mirror(s) up to 60'x20' (glass not included) includes full 

instructions £12 ref TWI 

NEW LOW PRICEDCOMPUTER/WORKSHOP/H 
UNITS Complete prcXection from faulty equipment for everybody' 
Inlineunitfitsin standard IEClead(extends it by 750mm) titled in less 
than 10 seconds reset/test button, 10A rating £6 99 each ref LOTS 
Or a pack of 10 at E49 90 ref LOT6 If you want a box of 100 you can 
have one for £250i 

RADIO CONTROLLED CARS FROM £6 EACH!!!! All 
returns from famous manufacturer 3 types available. single channel 
(left nght forwards backwards) £6 ref LOT 1 Two channel with more 
features £12 ref LOT2 

THOUSANDS AVAILABLE RING/FAX FOR DETAILS! 
MAGNETIC CARD READERS (Swipes) £9 95 Cased with 
flyleads designed to read standard credit cards' they have 3 wires 
coming out of the head so they may wnte as well' complete with 
control elctronics PCB just £9 95 ref BAR31 

WANT TO MAKE SOME MONEY? STUCK FOR AN 
IDEA? We have collated 140 business manuals that give you 
information on setting up different businesses you peruse these at 
your leisure using the text editor on your PC Also included is the 
certificate enabling you to reproduce(and sell) the manuals as much 

as you like, £14 ref EP74 

PANORAMIC CAMERA OFFER Takes double width 
photographs using standard 35mm film Use in honzontal or vertical 
mode Complete with strap £7 99 ref BARI 

COIN OPERATED TRIER MT Complete with coinslot 
mechanism adjustable time delay relay output put a canslot on 
anything you likel TVs. videos fndges Onnks cupboards, HIFI 
takes 50p's and £1 cons DC operated once iustE7 99 ref BAR27 

ZENITH 900 X MAGNIFICATION MICROSCOPE Zoom. 
metal construction built in light shnmp farm, group viewing screen 
lots of accessones £29 ref ANAYLT 

AA NICAD PACK Pack of 4 tagged AA nicads £2 99 ref BAR34 
PLASMA SCREENS 222x310mm, no data hence £4.99 ref 
BAR67 

NIGHTSIGHTS Model TZS4 with infra red illuminator views up to 
75 metresm full darkness in infrared mode 150m range 45rnm lens 
13 deg angle of view focussing range 1 5m to infinity 2 AA battenes 
required 9509 weight £199 ref BARBI 1 years warranty 

LIOUID CRYSTAL DISPLAYS Bargain primes, 
16 character 2 line, 99x24mm £2 99 ref SM1623A 

20 character 2 line. 83x19mm £3 99 ref SM2020A 

16 character 4 line, 62x25mm £5 99 ref SMC1640A 

TA L-1 110MM NEWTONIAN REFLECTOR TEL ESCOP E 
Russian Superb astronomical 'scope everything you need for some 
senous star gazing' up to 169x magnification Send or fax for further 
information ref TAL- I . £249 

SOLAR ENERGY/GENERATOR PLANS For your home. 
loads of info on designing systems etc £7 re1PV1 

SOLAR COOKERS Comprehensive guide to building solar 
powered cookers includes plans recipes cooking times etc £7 ref 
SBC1 

WOLVERHAMPTON BRANCH 
NOW OPEN AT WORCESTER ST 
WHAMPTON TEL 01902 22039 

CENTRAL POINT PC TOOLS Award winning software 1 300 
virus checker, memory optimiser disc optimiser, file compression. 
low level formatbng backup scheduler disk defragmenter undelete 
4 calculators Dbase disc editor over4Oviewers remote computing 
password protection. encryption comprehensive manual supplied 
etc E8 ref lot 97 35' disks 

GOT AN EXPENSIVE BIKE? You need one of our bottle alarms, 
they look like a standard water bottle but open the top insert a key to 
activate a motion sensor alarm built inside Fits all standard bottle 
camers supplied with two keys SALE PRICE £7.99 REF SA32 

CO L O U R 
CCTV VIDEO 
CAMERAS, 
BRAND NEW, 
CASED, £119. 
PERFECT FOR 
SURVEILLANCE 
INTERNET 
VIDEO CONFERENCING 
SECURITY 
DOMESTIC VIDEO 
Works with most modern video's, TV's, 

Composite monitors, video g rabber cards etc 
Pal, 1 v P-P, composite, 76oh m, 1/3" CCD, 4m m F2.8, 
600x682, 12vdc, mounting bracket, auto shutter, 
100x60x180mm,3 months warranty, 10 or more 09 ea. 

Check out our 

WEB SITE 

http://www.pavlllon.00.uk/bull-electrlcal 

GOT AN EXPENSIVE ANYTH ING?You need one of our cased 
vibration alarms. keysvirtch operated fully cased just fit it to 
anything from videos to caravans, provides a years protection from 1 
PP3 battery UK made SALE PRICE £4.99 REF 5.433 

DAMAGED ANSWER PHONES These are probably beyond 
repair so lust £4 99 each 81 response 200 machines REF SA30 

IBM PS2 MODEL 160Z CASE AND POWER SUPPLY 
Complete with fan etc and 200 watt power supply £9.95 ref EP67 

DELL PC POWER SUPPLIES 145 waft. +5.-5, 02.-12, 
150x150x85mm complete with switch. tlyteads and IEC socket 
SALE PRICE £9.99 ref EP55 

1.44 DISC DRIVES Standard PC 35' dnves but returns so they 
will need attenton SALE PRICE £4.99 ref E P68 

1.2 DISC DRIVES Standard 5 25' dnves but returns so they will 
need attention SALE PRICE NOW ONLY £3.50 ref EP69 

PP3 N ICA DS Unused but some storage marks £4 99 ref EP52 
DELL PC POWERSUPPLIES (Customer returns) Standard PC 
psu's complete with fly leads, case and fan • 12v -12v..5v,-5v SALE 
PRICE Et .99 EACH worth Mar the bits alone ref DL I TRADE PACK 
OF 20 £29.95 Ref 01.2 

GAS HOBS AN D OVENS Brand new gas appliances. perfect for 
small flats etc Basic 3 burner hob SALE PRICE £24.99 ref EP72 
Basic small built in oven SALE PRICE £79 ref EP73 

ENERGY BANK KIT 100 6'x6' 6v 10CmA panels. 100 diodes. 
connection details etc E69 95 ref EF 112 

PASTEL ACCOUNTS SOFTWARE, does everything for all 
sizesof businesses indixteswordprocessor repo rt wnter . Windowing . 
networkable up to 10 stations multiple cash books etc 200 page 
comprehensive manual 90 days free technical support (01342. 

'SOME OF OU R manor rrimis M I\ V R R ITR11 ,1•1•11lAill yr rr -ra m I Ia. 

BULL ELECTRICAL 
250 PORTLAND ROAD, HOVE, SUSSEX 

BN3 5QT. (ESTABLISHED 50 YEARS). 

MAIL ORDER TER MS: U'ASIL PO OR CHEQUE 

WITH ORDER PLUS £3 P&P PLUS VAT. 
PLEASE ALLOW 7-10 DAYS FOR DELIVERYPHONE °Ru m 
WELCOME (ACCESS,VISA, SWTT1,11., AMERICAN EXPRESS) 

TEL: 01273 203500 
FAX 01273 323077 

E-mail ba11@pavilion.co.uk 

326009 try before you buyl) Current retail price s £129, SALE 

PRICE £9 95 ref SA12 SAVE £120 0 

RACALMODEM BONANZA! I Racal MPS1 31200175modem 
telephone lead, mains lead. manual and  comms software, the 

cheapest way onto the net' all this for just £l3 ref DEC13 

BULL TENS UNIT Fully built and tested TENS (Transcutaneous 
Electncal Nerve Stimulation) unit complete with electrodes and full 
instructions TENS is used for the relief of pain etc in up to 70% of 
sufferers Drug free pain relief. safe and easy to use. can be used in 
conjunction with analgesics etc £49 Ref TEN/1 

PC PAL VGA TO TV CONVERTER Converts a colour TV into 
a basicVGA screen Complete with builtinpsu. lead and stware Ideal 
for laptops or a cheap upgrade Supplied  in kit form for home 
assembly SALE PRICE £25 REF SA34 

EMERGENCY LIGHTING UNIT Complete unit with 2 double 
bulb floodlights b uilt in charger and auto switch Fully cased 6v BAH 
lead acid req'd (secondhand) £4 ref MAG4P 11 

YUASHA SEALED LEAD ACID BATTERIES Two sizes 
currently availableths month 100 15AH atE 18 ref LOTS and 6v 10AH 
(salable for emergency lights above) at just £6 ref LOT 7 

ELECTRIC CAR WINDOW DE-ICERS Complete with cable. 
plug etc SALE PRICE JUST £4.99 REF SA28 

AUTO SUNCHARGER 155x30Ornm solarpanel with diode and 3 
metre lead fitted with a cigar plug 12. 2watt £9.99 REF SA25 

MICRODRIVE STRPPERS Small cased tape dnves ideal for 
stnpping. lots of useful goodies including a smart case and lots of 
components SALE PRICE JUST £4.99 FOR FIVE REF SA26 

SOLAR POWER LA B SPECIA L YOu get YVV06'x6' 6v 130mA 
solar cells, 4 LED's wire buzzer switch plus 1 relay or motor Superb 
value lot SALE PRICE JUST £4.99 REF SA27 

RGB/CGA/EGA/TTL COLOUR MONITORS 12' in good 
condition Back anodised metal case SALE PRICE £49 REF SA1613 

PLUG IN ACORN PSU 19. AC 14w E2 99 REF MAG3P 10 
13.8V 1.9A PSU cased with leads Just £9 99 REF MAGIOP3 

UNIVERSAL SPEED CONTROLLER KIT Designed by us for 
the C5 motor but ok for any 1:N motor up to 30A Complete with PCB 
etc A heat sink may be required £17 00 REF: MAG17 

PHONE CABLE AND COMPUTER COMMUNICATIONS 
PACK Kit contains 100m of 6 core cable. 100 cable clips 2 line 
dnvers with RS232 interfaces and all connectors etc Ideal low cost 
method of communicating between PCs over a long distance  utilizing 
the senal ports Complete kit £8 99 Ref comp 1 

VIEWDATA SYSTEMS made by Phillips complete with internal 
1200/75 modern keyboard. psu etc RGB and composite outputs 
menu driven. autodialler etc SALE PRICE £12.99 REF SA18 

AIR RIFLES.22A5 used eythechmesearmoortraming !deposes 
so there is a lot about , £39 95 Ref EF78 500 pellets £4 50 ref EF80 

VIDEO SENDER UNIT. Transmits both audio and video signals 
from either a video camera, video recorder. TV or Computer etc to any 
standard TV set in a 1 oa range (tune TV to a spare channel) 12. DC 
op Pnce 15 225 REF: MA615 100 psu is £5 extra REF: MAG5P2 

'MINATURE RADIO TRANSCENERS A pair of walkie talkies 
witha range up Id 2 kmin open country Units measure 22x52x155rnm 
Including cases and earp'ces 2xPP3 req-d £30 00pr REF: MAG30 

'FM TRANSMITTER KIT housed in a standard working 13A 
adapterll the bug runs directly off the mains so lasts foreverl why pay 
£700? or pnce is £15 REF EF62 (kit) Transmits to any FM radio 

'FM BUG BUILT AN DTESTED supenor design to krt Supplied 
to detective agencies. By battery redd £14 REF MAG14 

GAT AIR PISTOL PACK Complete with pistol, darts and pellets 
E 12 95 Ref EF82B extra pellets (500) £4 50 ref EF80 

VX12" AMORPHOUS SOLAR PANEL 124 155x310mm 
130mA SALE PRICE £4.99 REF SA24 

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4 99 
ref MAG5P13 ideal for expenmentersi 30 m for £I2 99 ref MAGI3P I 

MIXED GOODIES BOX OF 

MIXED COMPONENTS  WEIGHING 2 KILOS 

YOURS FOR JUST £6.99 

4X211 TELESCOPIC SIGHTS Satable for all air nfles, ground 
lenses good light gathenng properties E19 95 ref RR 

GYROSCOPES Rememberthese? well we havefoundacompany 
that still manufactures these popular scientific toys, perfect gift or for 
educational use etc £6 ref EP70 

HYPOTHERMIA SPACE BLANK ET 215x150cm aluminised 
foil blanket, reflects more than 90% of body heat Also suitable for the 
constructon of two way minorslE3 99 each ref 0/L041 

LENSTATIC RANGER COMPASS Oil filled capsule strong 
metal case large luminous points Sight line with magnifying viewer 
50mm dia 86gm £10 99 ref 0/K604 

RECHARGE ORDINARY BATTERIES UP TO 10 TRIES! 
With the Battery Wizard' Uses the latest pulse wave charge system 
to charge all popular brands of ordinary battenes AAA AA. C D four 
atatmeled system shows* hen battenes arecharged. automatically 

rejects unsalable cells complete with mans adaptor BS approved 
Pnce is £21 95 ref EP31 

TALKING WATCH Yes !tactually tells you the time at the press of 
a button Also features a voice alarm that wakes you up and tells you 
what the tune si Lithium cell induded £7 99 ref EP26 

PHOTOGRAPHIC RADAR TRAPS CAN COST YOU 
YOUR LICENCE! The new multiband 2000 radar detector can 
prevent even themost responsible of dnvers from losing therlicencel 
Adjustable audible alarm with 8 flashing leds gives instant warning of 
radar zones Detects X K. and Ka bands 3 mile range. 'over the hill' 
'around bends' and 'reartrap facilites micro sizejust 4 25x2 5'x 75. 
Can pay for itself in just one day, £79 95 ref EP3 

3" DISCS As used on older Amstrad machines Spectrum plus3's 
etc £3 each ref BAR400 

STEREO IA ICROSOPES BACK IN STOCK Russian, 200x 
complete with lenses lights, filters etc etc very comprehensive 
microscope that would normally be around the £700 mark our pnce 
is just E299 (full money back guarantee) full details in catalogue 

WE BUY SURPLUS STOCK 

FOR CASH 
BUYERS DIRECT LINE 0802 660377 
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Surplus always I  
wanted for cash! 

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

LOW COST PC's - 

SPECIAL BUY  
'AT 286' 

40Mb HD + 3Mb Ram  "ftlairra 

UNITED QUANTITY only of these 12Mhz HI GRADE 286 systems 
Made in the USA to an industrial specification, the system was 
designed for total reltabtfity The compact case houses the mother-
board. PSU and EGA video card with single 514' 1.2 Mb floppy disk 
drive 8. Integral 40Mb herd disk ddve to the front Real time clock 
with battery backup is provided as standard Supplied in good used 
condition complete with enhanced keyboard. 640k + 2I/Ab RAM, 
DOS 4.01 and 90 DAY Full Guarantee. Ready to Run 
Order as HIGRADE 256 O NL Y s 1 2 to. et  ̂

(E) 

£29.00 
£19.95 
£22.50 
£29.00 

Optional Fitted extras: VGA graphics card 
1 4Mb 31/2 ' floppy disk dnve (instead of 1 2 Mb) 
Wordperfect 6 0 for Dos - when 3W FDD option ordered 
NE2000 Ethernet (thick, thin or twisted) network card 

LOW COST 486DX-33 SYSTEM 
Limited quantity of this 2nd user, supurb small size desktop unit 
Fully featured with standard simm connectors 30 8 72 pin Supplied 
with keyboard. 4 Mb of RAM. SVGA monitor output. 256k cache and 
integral 120 Mb IDE drive with single 1 44 Mb 3 5 floppy disk drive 
Fully tested and guaranteed Fully expandable  Only 
Many other options avalsble - call for details.  £399.00 (,) 

FLOPPY DISK DRIVES 3'2" - 8" 
51/2 " or 31/2 " from only L'18.95 

Massive purchases of standard 514' and 354' drives enables us to 
present prime product at industry beating low prices' All units (unless 
stated) are BRAND NEW or removed from often brand new equip-
ment and are fully tested, aligned and shipped to you with a 90 day 
guarantee and operate from standard voltages and are of standard 
size All are IBM-PC compatible (i1 3W supported on your PC) 
3W Panasonic JU363/4 720K or equivalent RFE  £24.95(B 
31/2 " Mitsubishi MF355C-L 1 4 Meg Laptops only  E25.95(B 
31/2 " Mitsubishi ME355C-D 1 4 Meg. Non laptop  E18.95(B 
51/4 " Tear FD-55GFR 1 2 Meg (for IBM pc's) RFE  £18.95(B 
51/4 " Teac FD-55F-03-U 7201(40/80 (for BBC's Mc) RFE  E29.95(B 
51/4 " BRAND NEW Mitsubishi MF50113 3601( E22.95(B 
Table top case with integral PSU for HH 51/4 ' Flopp or HD E29.95(B 
8" Shugart 800/801 8' SS refurbish ed 8 tested Et 95.00(E  

i 

8" Shugart 810 8' SS HH Brand New 
8" Shugart 851 8' double sided refurbished 8 tested  E250.00(E 
Mitsubishi M2894-63 8' double sided NEW  £195.00(1 E275.00(E 
Mitsubishi M2896-63-02U 8' DS sivnline NEW  £285.00(E) 
Dual 8" cased drives with inte ral power suppl 2 Mb  £499.00(E) 

HARD DISK DRIVES 
End of line purchase scoop! Brand new NEC D2244 8' 85 Mbyte 
drive with industry standard WAD interlace. replaces Fujitsu 
equivalent model Full manual. Only £299.00 or 2 for £525.00 (E) 

314' FUJI FK)309-26 2Ornb MFM I/F RFE  £59.95( 1 
31/2 ' CONNER CP3024 20 mb IDE VF (or equiv )RFE  £59.95(C 
31V CONNER CP3044 40mb IDE VF (or equiv IRFE  E69.00(C 
31/2 ' RODIME R03057S 45mb SCSI VF (Mac 8 Acorn)  £69.O0 (C 
3W" WESTERN DIGITAL 850mb IDE I/F Brand New  E185.  C 

00  

51/4" MINISCRIBE 3425 20mb MFM I/F (or equiv ) RFE  £49.95(C 
5.e• SEAGATE ST-238R 30 mb RLL l/F Refurb  £69.95(C) 
5,4" CDC 94205-51 40mb NH MFM I/F RFE tested  E69.95(C) 
51/4" HP 9754B 850 Mb SCSI RFE tested  £89.00(C) 
5W HP C3010 2 Gbyte SCSI differential RFE tested  £195.00(C) 
8"  FUJITSU M2322K 160Mb SMD VF RFE tested  E195 00(E) 
Hard disc controllers for MFM . IDE. SCSI, FILL etc from £16.95 

THE AMAZING TELEBOX 
Converts your colour monitor Into a DUALITY COLOUR TV! 

TV SOUND & 

VIDEO TUNER 
t ABLE COMPATIBLE' 

The TELEBOX is an attractive fully cased mans powered unrt, con. 
taming all electronics ready to plug into a host of video monitors 
made by makers such as MICRO MEC, ATARI, SANYO, SONY, 
COMMODORE, PHIUPS, TATUNG, AMSTRAD etc The com posite 
video output will also plug directly into most video recorders, allowing 
reception of TV channels not normally receivable on most televi-
sion receivers' (TELEBOX MB) Push button controls on the front 
panel allow reception of 8 fully tuneable 'off air UHF colour television 
channels TELEBOX MB covers virtually all televisi on frequencies 
VHF and UHF including the HYPERBAND as used by most cable 
TV operators. A composite video output is located on the rear panel 
for direct connection to most makes of monitor or desktop computer 
video systems For complete compatibility even for monitors with-
out sound  an integral 4 watt audio amplifier and low level Hi Fi 
audio output are provided as standard 
TELEBOX ST for composite video input type monitors  £36.95 
TELEBOX STL as ST but fated with integral speaker  £39.50 
TELEBOX MB Mulhband VHF/UHF/Cable/Hyperband tuner £69.95 
For overseas PAL versions state 55 or 6 mHz sound specification 
"For cable / hypertiand reception Telebox MB should be connected 
to a cable type service. Shipper • code on all Teleboxe's is (B) 

DC POWER SUPPLIES 
Virtually every type of po wer 
supply you can imagin•. 0v•r 

10, 000 Po wer Supplies Ex Stock 
Call for info / list. 

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

6,000,000 items EX STOCK 
For MAJOR SAVINGS. CALL FOR SEMICONDUCTOR HOTLIST 

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

Mitsubishi FA3415ET1CL 14" SVGA MultIsync colour monlor with fne 
028 dot Filch tube and resolutiori of 1024 x 768 A 
variety of mut& slows corned = lo a hal ofcanpus 
era nducIng IBM PC's n CGA EGA, VGA I SVGA 
m s. BBC, COMMODORE inducing Amiga 1200), 
ARCHIAEDES and APPLE. Many features Etched 
footplate. teal swsching and LOW RADIA1101141APR 
spectftc.ation Fully guaranteed. supplied ri EXCEL-

LENT k5e used condticri  Order as 
Tit & % Mei Base £4.75  Only £119 (E) Fors-SVGA 
VGA cable for IBM PC included 
External cables for other types of coinputers CALL 

As New - Used on film set for 1 week only!! 

15' 0.28 SVGA 1024 x 768 res. colour monitors. 

Swivel & tilt etc. Full 90 day guarantee. £145.00 (E) 

Just In - Microvitec 20' VGA (800 a 600 res.) colour monitors. 
Good SH condition - from £299 - CALL for info 

PHIUPS HCS35 (same style as CM8833) attractively styled 14" 
colour monitor with bath RGB and standard composite 15.625 
Khz video Inputs via SCART socket and separate phono jacks 
Integral audio power amp and speaker for all audio visual uses. 
Will connect direct to Amiga and Atari BBC computers Ideal for all 
video monitoring / security applications with direct connection 
to most colour cameras. HO quality with many features such as 
front concealed flap controls, VCR correction button etc Good 
used condition - fully tested guaranteed 
Dimensions: W14'  H1214'  1515' D.  Only £95 (El 
PHIUPS HCS31 Ultra compact 9" colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket Ideal 
for all monitoring / security applications High quality, ex-equipment 
fully tested A guaranteed (possible minor screen burns) In attrac-
tive square black plastic case measuring W10' x H10' x 131/2 " 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 RGB video • 
source, with RGB analog and composite sync 
such as Atari, Commodore Amiga, Acorn' 
Archimedes & BBC. Measures only 13 W x 12' x 
11'. Good used condrtion  Only £125 (E) 

20" 22" and 26" AV SPECIALS 
Superbly made UK manufacture PIL all solid state colour monitors. 
complete with composite video 8 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"....£185tF) 

MITS.  FA3445ETKL 14" Industrial spec SVGA monitors  £245 
25cW to 400 kW - 400 Hz 3 phase cower ac mes - ex Mock  EPOA 
IBM 8230 Type 1, Token ring base unit driver  £950 
IBM 53F5501 Token Ring ICS 20 port lobe modules  £750 
IBM MAO Token ring distribution panel 8228-23-5050N  £95 
AIM 501 Low distortion Oscillator 91-Iz to 330Khz, IEEE  £550 
Trend DSA 274 Data Analyser with G703(2M) 64 i/o  EPOA 
Marconi 6310 Programmable 2 to 22 GI-lz sweep generator £6500 
HP1650B Logic Analyser  £3750 
HP3781A Pattem generator 8 HP3782A Error Detector  EPOA 
HP APOLLO RX700 system units  £950 
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts  £1800 
HP3081A Industrila workstation c\w Barcode swipe reader  £175 
HP6264 Rack mount variable 0-20V 0 20A metered PSU  £675 
HP54121A DC to 22 GHz four channel test set  EPOA 
HP7580A Al 8 pen HPGL high speed drum plotter  £1850 
EG+G Brookdeal 95035C Precision lock n amp  £650 
View Eng. Mod 1200 computerised inspection system  EPOA 
Ung Dynamics 2kW programmable vibration test system  EPOA 
Computer controlled 1056 x 560 mm X Y table 8 controller £1425 
Kelthiey 590 CV capacitor / voltage analyser  EPOA 
Racal ICR40 dual 40 channel voice recorder system  £3750 
Flake's 45KVA 3 ph On Line UPS - New bads Dec 1995  £9500 
ICI R5030UV34 Cleanline ultrasonic cleaning system  EPOA 
Mann Tally MT645 High speed line printer  £2200 
Intel SBC 486/1335E Multibus 486 system 8Mb Ram  £1200 
Zeta 3220-05 AO 4 pen HPGL fast drum plotters  £1150 
Nikon HFX-11 (Ephiphot) exposure control unit  £1450 
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 band printer  £1950 
Fulitsu 113041D 600 LPM printer with network interface  £1250 
Perkin Elmer 2998 Infrared spectrophotometer  EPOA 
VG Electronics 1035 TELETEXT Decoding Margin Meter  £3750 
Andrews LARGE 3.1 m Satellite Dish -i- mount iror voywarn. £950 
Sekonic SD 150H 18 channel digital Hybrid chart recorder  £1995 
TAYLOR HOBSON Tallysurf amplifier / recorder  £750 
System Video 1152 PAL waveform mondsr  £485 
Test Lab - 2 mtr square quietis ed acoustic test cabinets  £300 
Kellwood 9601 PAL Vectorscope - NEW  £650 
Please call for further details on the above items 

Surplus always 

wanted for cash! 

19" RACK CABINETS 
Superb quality 6 foot 40U 

Virtually New, Ultra Smart 
Less than Half Price! 

Top quality 19" rack 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 are 77 W H x 32 W D x 22' W Order as: 
OPT Rack 1 Complete with removable side panels  £335.00 (G) 
OPT Rack 2 Rack, Less side panels  £225.00 (G) 

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  ;;1,01• 
five secure 5 lever barrel locks. The front door 
is  constructed of double walled steel with a 
'designer style' smoked acrylic front panel to 
enable status indicators to be seen through the 
panel, yet remain unobtrusive Internally the rack 
features fully slotted reinforced vertical fixing 
members to take the heaviest of 19" rack 
equipment. The two movable vertical fixing struts 
(extras available) are pre punched for standard 
'cage nuts' A mains distribution panel internal-
ly mounted to the bottom rear. provides 8 x IEC 3 
pin Euro sockets and 1 x 13 amp 3 per 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 / connector access etc  Supplied in excellent, slightly used 
condition with keys Colour Royal blue. External dimensions 
mm-1625H x635Ds 603 W. (64" H x 25" D a 2334" W) 
Sold at LESS than a third of makers price II 

A superb buy at only £195 00 (G) 

Over 1000 racks - 19" 22" & 24" wide 
3 to 44 U high. Available from stock!! 

Call with your requirements. 

TOUCH SCREEN SYSTEM 
The ultimate in 'Touch Screen Technology' made by the experts - 
MkroTouch - but sold at a price below cost II System consists of 
a flat translucent glass laminated panel measuring 29 5 a 23 5 cm 
connected to an electronic controller PCB The controller produces 
a standard serial RS232 or TTL output which continuously gives 
simple serial data containing positional X 8 V co-ordinates as to 
where a finger is touching the panel - as the finger moves, the data 
instantly changes The X 8 V information is given at an incredible 
matrix resolution of 1024 a 1024 positions over the entire screen 
size  A host of available translation software enables direct con-
nection to a PC for a myriad of applications including control pan-
els, pointing devices. POS systems, controllers for the disabled or 
computer un-trained etc etc Imagine using your finger with 
'Windows', instead of a mouse. (a driver is indeed available') The 
applications for this amazing product ere only limited by your 
Imagination /I Complete system including Controller, Power Supply 
and Data supplied at an incredible price of only 
Full INCROTOUCH softwant support peek  £145.00 (B) 
and nasouses tor IBM compstiblo PC's t2 N RFE Tested 

LOW COST RAM & CPU'S 
INTEL 'ABOVE' Memory Expansion Board Full length PC-XT 
and PC-AT compatible card with 2 Mbytes of memory on board 
Card is fully selectable for Expanded or Extended (286 processor 
and above) memory Full data and driver disks supplied RFE 
Fully tested and guaranteed Windows compatible  E59.95(A1) 
Half length 8 blt memory upgrade cards for PC AT XT expands 
memory either 256k or 512k in 64k steps May also be used to fill 
in RAM above 640k DOS lend Compete with data 
Order as: XT RAM UG. 256k. £34.95 or 512k £39.95 (Al) 

SIMM SPECIALS 
1 MB a 9 SIMM 9 chip 12Ons  Only  £16.50(Al) 
1 MB a 9 SIMM 3 chip 80 ns £19.50  or 7Ons  £22.95 (Al 
I NB x 9 SIMM 9 chip ao ns £21.50  or 7Ons  £23.75 Al 
4 MB 70 ns 72 pin SIMM -with parity- Only £95.00 Al 
M EL 486-OX  33 CPU £55.00 INTEL 486-0X66 CPU £69.00(Al) 
FULL RANGE OF CO-PROCESSORS EX STOCK - CALL FOR DEE 

FANS & BLOWERS 
EPSON D0412 40x40x20 mm 12v DC  £7.95 10 / £65 
PAPST TYPE 612 60460425 mm 12v DC  £8.95 10 / E75 
MITSUBISHI MMF-D6D12DL 60x60x25 mm 12v DC £4.95 10 / £42 
MITSUBISHI MMF-013C120M 80x80,25 mm 12v DC £5.25 10 / £49 
MITSUBISHI MMF-09B12DH 92x92x25 mm 12v DC £5.95 10 / £53 
PANCAKE 12-3.5 92x92418 mm 12v DC  £7.95 10 / £69 
EX-EQUIP AC fans. ALL TESTED 120 x 120 x 38 mm specify 110 
Or 240. £6.95. 80 x 80 x 38 mm • specdy 110 or 240 v £5.95 
IMHOF B26 1900 rack mnt 3U x 19' Blower 110/240v NEW £79.95 
Shipping on all fans (A) Blowers (B) 50.000 Fans Es Stock CALL 

Issue 13 of Display News now available - send large SflE - PACKED with bargains! 
• • • 
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ALL MAIL & OFFICES 
Open Mon-Fri 9.00-5:30 

Dept PE. 32 Biggin Way 

Upper Norwood 

LONDON SE19 3XF 

 ILONDON SHOP Open Mon - Sat 9:00 - 5:30 
215 Whitehorse Lane 
South Norwood 
On 68A Bus Rout. 
Thorntoo Heath I 

Selhurat Park SR Rail Station. 

‘4, 
DISTELO 
The Original 

REE On line database 
Info on 20,000+ stock items. 
RETURNING SOON ! 

ALL Tr ENQUIRIES 
0181 679 4414 

FAX 0181 679 1927 

Al prces for UK Marked UK custmers add 17 5% VAT to TOTAL crder amount Mrshurn canter EIO Bona Fide account ocIers accepted hom Government Sc*  
Universities and Local Authoress mnimurn account order MO. Cheques OYS, £103 are subsict to 10 workng days cieeranoe Carnage charges (A)43.01), (A1).C4.00, r=0. (C)=C8 50. )D) 12 00, (E)-C15 00, (FWE18 00, (G).CAU_ Mow amok 6 days kr shcpng taster CALL Scotkind sxcharge CALL Al goods suopied so ow 

Conde:vs of Sale and iriess stated guararteed for 90 days Al  at a return to base bass Al n;nts maimed to ar mp prces wadi:aliens WO W cox 
nOtice Orders subwd to stock Disodunts Oct ipikme Top CASH prices pad Icir suplus gdods Al trademarks etc acknowiroged 0 Display FJearonim- 1996. E & 0E. 05'6 
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Transform your PC 
into a digital oscilloscope, spectrum 
analyser, frequency meter, voltmeter, 
data logger • • for as little as £19.00 
Pico's Virtual Instrumentation enable you to use your 
computer as a variety of useful test and measurement 

instruments or as an advanced data logger. 

Hardware and software are supplied together as a package 
- no more worries about incompatibility and no programming required. I NN,/ 

Pico Technology specialises only in the development of PC based data 
acquisition instrumentation. We have the product range and experience  The ADC-10 supplied with 
to help solve your test and measurement problem.  PicoScope gives your computer 

a single channel of analog input. 
Call for your guide on 'Virtual Instrumentation'. 

i Me-10 £49 We are here to help you. 

Data Logging 
with PicoLog £59 

Pico's range of PC based data logging products enable you to easily 
measure, display and record temperature, pressure and voltage signals. 

TC-08 Thermocouple to PC Converter 
• Supplied with PicoLog data logging software for advanced 

temperature processing, min/max detection and alarm. 
• 8 Thermocouple inputs 

• No power supply required. 

TC-08 £199 TC-08 £224 with cal. Cert. 
complete with serial cable & adaptor. Thermocouple probes available. 

Virtual Instrumentation 
Pico's PC based oscilloscopes simply plug into the parallel port 

turning your PC into a fully featured oscilloscope, spectrum 
analyser and meter. Windows and DOS software supplied. 

A rr e-/00 Dual Channel 12 bit resolution 

The ADC-100 offers both a high sampling rate 100kHz and a 
high resolution. Flexible input ranges (±50mV to ±20V) make the 
unit ideal for audio, automotive and education use. 

ArDe-/00 £199  /42,e- mo with PicoLog £219 

fitve-200 Digital Storage Oscilloscope 

•  50 MSPS Dual Channel Digital Storage Scope 

•  25 MHz Spectrum Analyser 

•  Windows or 
DOS environment 

•  ±50mV to ±20V  CE 

•  Multimeter 

•  20 MSPS also available  oe 
1, 

ArDe 200-20 £359.00 t-i 
Call for free demo disk and 

,ive 200-50 £499.00  product range catalogue 
Both units are supplied with cables.  Post & Packing UK £3.50, Export customers 
power supply and manuals.  add £9 for carriage & insurance. 

Pico Technology Ltd. Broadway House, 149-151 St Neots Rd, Hardwick, 
Cambridge. CB3 7QJ UK Tel: + 44 (0)1954 211716  Fax: + 44 (0)1954 211880 
E-mail: post@picotech.co.uk Web site: http://www. picotech.co.uk/ 

NE W 
ADC-200 

Phone or FAX for sales. ordering information, data sheets, technical support. All prices exclusive of VAT 
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QUICKROUTE 

"extremely good value 
for money... 
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engineering change, 
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..for such a comprehensive package" 
Quickroute 3.5 is a powerful, affordable and easy to use integrated schematic & 

PCB design system for windows. With its multiple button bars, ' tool tips' and parts-
bin you will find that Quickroute helps you to work quickly and efficiently. 

Whichever version of Quickroute you choose, you can be sure of getting value 

for money! Quickroute is available with multi-sheet schematic capture, 

1-8 layer auto-routing, copper fill, engineering change, 

and a range of popular file import/export features 

allowing connection to simulators and other software 
packages (details on request). See the table for a 
selection of features. 

Prices range from £68 to £399. Post and packing is £5 

(UK), £8 (Europe), £12 (worldwide). VAT must be 
added to the total price. 

• •CADCAM Recommended March 96 

QUICKROUTE 
SYSTE MS 

Schematic Capitals 

Design Ride Checking 

Connecsvity Chicane 

RouteASSIST tomato:I tetda. 
Auto route, 

Export WAIF & Tango 

Export Gerber/NC .Dhll 

Extended Libraries 

Tango . Gerber, Impoll   

Update PCB horn schematic 

DXF & SPICE Export — 

Copper Fill 

1 Simple pass/foil 2 Advanced Check 

Tel/Fax 0161 449 7101 

Practical Wireless July 96 

NEW Now with RouteASSIST 

014cootn, 

aestr
z ern'GF5 In -st 

WWW: www.quickroute.co.uk EMail: info@quicksys.demon.co.uk 
Quickroute Systems Ltd., 14 Ley Lane, Marple Bridge, Stockport, SK6 5DD, U.K. 

DENMARK 45 33 25 0017 GERMANY 49 711 62 7740 NORWAY 22 16 7045 PORTUGAL 351 813 1975 8146230 SWEDEN 468 740 6500 

Prices and specifications subject to change without notice. All trade marks are acknowledged & respected. 

Phone Now 
For More 

Information 



£3 BARGAIN PACKS CAMCHARGER £.7 BARGAIN PACKS 
MAINS SUPPRESSOR-FILTER, 15A. Order Ref: 
3P13. 
SIGNAL BOX, 3 pilot lamps in wiite metal case. 
Order Ref: 3P16. 
120W CHOKE, 8ft tube. Order Ref: EP17. 
KEYBOARD intended for OPD computer. Order 
Ref. 3P27. 
SOLAR CELL, 750mA, Order Ref: 3P42. 
PROJECT BOX  with lid. 165mm x 119mm x 
75mm. Order Ref: 3P49. 
INSTRUMENT TYPE MAINS INPUT SOCKET 
with built-in filter, Order Ref: 3P50. 
6-CORE 5A FLEX, 12m, Order Ref: 3P54. 
20V 3A MAINS TRANSFORMER, Order Ref: 
3P59. 
20V 4A MAINS TRANSFORMER, Order Ref: 
3P106 
36V 3A MAINS TRANSFORMER, Order Ref: 
3P14 
40V 2A MAINS TRANSFORMER, Order Ref: 
3P107 
20V-0V-20V  40VA  MAINS  TRANSFORMER, 
Order Ref: 3P205. 
V2 r.p.m. 2W MOTOR, Order Ref: 3P64. 
METAL PROJECT BOX, size 8" x 41/2 " x 4", made 
for GPO. Order Ref ' 3P74. 
THIN CONNECTING WIRE, 2 cores twisted to-
gether, full length 500m. Order Ref: 3P78. 
12V 1A PSU, filtered and regulated on PCB with 
relays and Piezo sounder, Order Ref: 3P80. 
HORN SPEAKER, 8 ohm 5W, size 4' ,r". Order 
Ref: 3P82 
20A TIME SWITCH, ex-electricly board. Order 
Ref: 3P84 
ABS PROJECT BOX, 145mm x 95mm x 58mm, 
Order Ref :3P85 
HEAT AND LIGHT LAMP, BC 250W. Order Ref: 
3P86 
16-IN-ONE TOOK KIT, Order Ref: 3P100. 
RAINBOW PIANO with tune chart. Order Ref: 
3P101 
BT INSULATION TESTER, faulty. movement OK 
so should be repairable. Supplied with circuit 
diagram, Order Ref: 3P103. 
MODERN TELEPHONE HANDSET without dial. 
cream. Order Ref - 3P104. 
3-CORE 20A FLEX, 10M, Order Ref: 3P109. 
QUARTZ  CLOCK  MOVEMENT  with  hours. 
minutes  and  seconds  hands  and  mounting 
bracket. Order Ref: 3P111. 
29W LOUDSPEAKER, 5" 4 ohm by Goodmans. 
Order Ref 3P145 
CUPBOARD DOOR ALARM, Order Ref: 3P155, 
WATER LEVEL ALARM, fully adjustable. Order 
Ref: 3P156. 
HEAVY DUTY MAINS MOTOR with 21/2 " spindle 
each side. Order Ref: 3P157. 
RESETTABLE 6-DIGIT 12V COUNTER, Order 
Ref: 3P158 
OV-10V PANEL METER. Order Ref: 3P159. 
6FT MINERAL FILLED METAL CLAD 1000W 
ELEMENT, Order Ref 3P161, 
TIME AND SET SWITCH for mains at 30A, Order 
Ref: 3P164 
AMSTRAD 8" 15W WOOFER, Order Ref: 3P167, 
12V BRUSHLESS FAN mounted in frame with its 
own drive circuit. Order Ref . 3P168. 
SOLENOID AIR VALVE 110V, Order Ref :3P178. 
TRANSFORMER  AND  RECTIFIER  for  12V 
charger. Order Ref: 3P180 
WALL MOUNTING MAINS THERMOSTAT, Order 
Ref: 3P182. 
5" 8 OHM SPEAKER IN WOODEN CABINET, 
Order Ref: 3P183. 
MULTI-CORE VIDEO LEAD with proper plugs 
each end. Order Ref 3P187. 
DC PANEL METER, OV-20V. Order Ref: 3P188. 
12pF 660V ac. CAPACITOR, Order Ref: 3P203. 
14µF 400V ac. CAPACITOR, Order Ref: 3P199. 
15p.F 440V ac. CAPACITOR, Order Ref: 3P190. 
20µF 440V ac. CAPACITOR, Order Ref: 3P191. 
25µF 370V ac. CAPACITOR, Order Ref: 3P192. 
500µF  350V  ELECTROLYTIC  CAPACITOR, 
Order Ref -3P204 
MINI STEPPER MOTOR, 1.5 degree steps. Order 
Ref: 3P193 
MAINS OPERATED WATER VALVE, suit high or 
low pressure. Order Ref 3P192. 
AMSTRAD AMPLIFIER, Ref. No. not known, is 
stereo and has 10 LED's on front panel. Order Ref: 
3P195. 
HALOGEN LAMP, 12V 20W. Order Ref: 3P200. 

£3.50 BARGAIN PACKS 
SOLAR CELL, 1A. Order Ref: 3.5P2. 
CIRCUIT BREAKER 5A. Order Ref: 3.5P3. 
AM/FM RADIO CHASSIS with LCD time, date and 
alarm display. Order Ref: 3.5P5. 
4 13A SOCKET MAINS ADAPTOR, Order Ref' 
3.5P9, 
METAL CASE, 140mm x 56mm x 110mm, Order 
Ref: 3.5P10. 

CAMCORDER BATTERY 
QUICK CHARGER (WITH 

RECONDITIONER & TESTER) 

The Camcorder Battery Quick Charger and Dis-
charger with Tester can charge virtually all camcor-
der batteries. Two methods of charging are avail-
able. The discharge/charge mode, under which the 
unit will automatically discharge and then "quick 
charge" your battery. The discharging eliminates 
any battery memory. The charge mode is another 
selection of charging that will solely give a quick 
chargirg function, the test mode tests the capacity 
status of your camcorder. 
The Camcorder Battery Quick Charger and Dis-

charger can be powered by a standard AC outlet 
or on the road from the cigarette lighter socket 0.1 
your automobile. 
Brand new and boxed, would make a wonderful 

present. Normal price £35. yours for £15, Order 
Ref 15P73 

TWO MORE TOROIDAL TRANSFORMERS TO 
ADD TO THE LIST IN LAST MONTH'S ADVERT 
Main difference is that these do not have the fixing 
bracket. 
Order Ref 4P100 is 120 VA. has 2 x 27V windings 
so will give you 4.5A at 27V or 2.25A at 54V. price 
£4. 
Order Ref 1.5P47 is 25VA, will give you 24V at 1A 
or 48V at 0-5A, price £1.50. 

FOR YOU  
An intricate little circuit unit with LCD and an 
opportunity to earn yourself pocket money. 
providing you are a customer during November 
and December you will receive this free! 

FLASHING BEACON. Uses an XENON tube and 
has amber-coloured dome with separate bracket, 
12V operated. Price only £5, Order Ref: 5P.267. 
HIGH RESOLUTION MONITOR. 9" by Philips, in 
metal frame for easy mounting. Brand new, offered 
at less than the price of the tube alone. £15, Order 
Ref. 15P1. 
15W 8" OHM SPEAKER AND 3" TWEETER. 
Amstrad, made for their high quality music centre. 
£4 per. pair. Order Ref 4P57. 
INSULATION  TESTER  WITH  MULTIMETER. 
Internally generates voltages which enables you to 
read  insulation  directly  in  megohms.  The 
multimeter has lour ranges. AC/DC Volts, 3 ranges 
milliamps. 3 ranges resistance and 5 amp range. 
These instruments are ex-British Telecom but in 
very good condition, tested and guaranteed OK, 
probably cost at least £50, yours for only £7.50 
with leads. carrying case £2 extra. Order Ref: 
7.5P4. 
We have some of the above testers but slightly 
faulty, not working on all ranges. should be 
repairable, we supply, diagram, £3, Order Ref: 
3P176. 
250W LIGHT DIMMER. Will fit in place of normal 
wall switch, only £2 each, Order Ref: 2P380. Note 
these are red. blue, green or yellow but will take 
emulsion to suit the colour of your room. Please 
state colour required. 
LCD 31/2 " DIGIT PANEL METER. This is a multi-
range voltmeter/ammeter using the A-D converter 
chip 7106 to provide five ranges each of volts and 
amps. Supplied with full data sheet. Special snip 
price of VIZ Order Ref: 12P19. 
MINI BLOW HEATER. lkW, ideal for under desk 
or airing cupboard. etc. Needs only a sirrple 
mounting frame. £5, Order Ref: 5P23. 
MEDICINE CUPBOARD ALARM. Will warn when 
cupboard door is opened. Light makes the bell 
ring. Neatly cased, requires only a battery, £3, 
Order Ref: 3P155. 
DON'T LET IT OVERFLOW. Be it bath, sink, 
cellar, sump, etc. this device will tell you when the 
water has risen to the pre-set level. Adjustable, 
neatly cased for wall mounting, £3, Order Ref: 
3P156. 

TANGENTIAL HEATER, 3kW. needs simple case Order 
Ref 7P4. 
RECORD PLAYER, BSR linear model New with pick-up 
but less control panel with panel details. Order Ref: 7P11 
WOODS CIRCULAR FAN, 6'  ex-computer but tested 
and guaranteed. Order Ref 7P16. 
SOLAR KITS, make helicopter. Order Ref: 7P17: make 
monoplane. Order Ref: 7P18, make old world gramophone. 
Order Ref 7P20. 
POWER SUPPLY CASE, nickel-plated steel, size approxi-
mately 15  x 5" x 2'  Order Ref: 7P21. 
36-CORE CABLE, each core takes 8A at mains voltage. 
5m length, Order Ref. 7P22 
CAR BATTERY CHARGER KIT, complete with metal 
case Order Ref 723 

BARGAIN PACKS 
83MM SQUARE AXIAL FAN, mains operated. by German 
PAPST Order net 8P35 
SOLAR EDUCATIONAL KIT, makes tan, etc. Order Ref: 
8P42 
SOLAR CHARGER or AA batteries. Order Ref- 8P43 
MULLARD AMPLIFIER, 4 Unilex modules. Order Ref: 
8P44 
LCD DISPLAY, 2 hires. Epsom rel. X16027AR, Order Ref: 
8P48 
80A TIME SWITCH, ex-electricity board. Order Ref: 8P62 
OV-15V D.C. PANEL METER, Order Fief: 8P53. 
' eHP 12V D.C. MOTOR, Order Ref 8P54. 
5 r.p.m. 60W MAINS MOTOR, Order Ref. 8P55. 
150 r.p.m. 60W MAINS MOTOR, Order Ref: 8P57. 
ITT STEREO AMPLIFIER, IOW 10W with radio panel, 
Order Ref. 8P62 

£8.50 BARGAIN PACKS 
ASTEC SWITCH-MODE PSU, gives 38V and 5V. total 
110W. Order Ref 8 5P2 
20,000 OPV MULTI TESTER, ex-BT, complete with prods 
reconditioned and guaranteed. Order Ref 8 5P3. 

£9 BARGAIN PACKS 
FIVE 6180 VIDEO TAPES, Order Ref 9P6 
VIBRATING REED FREQUENCY METER, 55Hz-65H/ 
Order Ref 9P8 
BUMP 'N GO SPACESHIP KfT,Order Ref: 9P9. 
10 TDK AUDIO TAPES, Order Ref. 9P12. 
2-TONE HORN KIT, Order Ref 9P15 
4 OCTAVE KEYBOARD, piano size keys, Order Ref: 
9P16 

VIO BARGAIN PACKS 
100A TIME SWITCH, ex-electricity board. reconditioned. 
Order Ref 10P14. 
MAXIMUM DEMAND INDICATOR, 230V A.C.. Order Ref. 
10P1 5 
TANGENTIAL BLOWER FAN, 28' long fan with motor in 
middle. Order Ref 10 P16 
POWER STATION TYPE VOLTMETER, in 6' diameter 
metal case. Order Ref: 10P25 
ALUMINIUM CASE, 19' .", 12'  k 8". very good condi-
tion Order Ref 10P40 
BULKHEAD SPEAKER, metal case with fixing bracket. 
8 Ohm. Order Ref 10P43 
POWERFUL WATER PUMP, operated by heavy duty 
mains rnotor. Order Ret 10P76 
DOUBLE BLOWER, mains operated suit greenhouse or 
workshop. Order Ref. 10P84. 
FLUORESCENT CONVERTER by Philips for 3' 9" tubes. 
Order Rel- 10P89 
COMPUTER DRIVER, MS-DOS 4 01. Order Ref' 10P99 
MOTORISED DISPLAY, 12 x 10A microswitches, driven by 
mains motor. Order Ref' 10P101. 
CRT ref SE5J3t 6 Order Ref: 10P104 
HOT WIRE PANEL METER, 6". Order Ref. 10P106. 
DATA RECORDER, Sharp ref. 17400. Order Ref: 10P110 
SOLENOID WATER VALVE, Danfoss, 12V D C or 24V 
AC Order Ref. 10P118. 
POWERFUL STEPPER MOTOR, 7-5 degree angle. 
American Philips, 12V-14V. Order Ref: 10P128 
MONITOR, black and white. 4871, ex-equipment but 
4trc, r,fEnr RUDger4R,e 01A0 

rhPi an3i qeover contacts, Order Ref - 
10P136 

YOU SAVE £40 
THE JAP MADE 12V 15AH 
SEALED  LEAD  ACID 
BATTERY  from  regular 
suppliers costs £50, you 
can have one from us for 
Only £10 including VAT if 
you collect or £12.50 if we have to send Being sealed it 
can be used in any position and is maintenance free. All 
in tip top condition and fully guaranteed. Order Ref: 
12 5P2. Or if you want a smaller one we have 12V 
2 3AH. regular price £14, yours for only ES, Order Ref: 
5P258, 

The above prices include VAT but please add £3 
towards our packing and carriage if your order is 
under £25. Send postal order, cheque or quote 
credit card number. 

J & N FACTORS 
Pilgrim Works (Dept. E.E.) 
Stairbridge Lane, Bolney, 

Sussex RH17 5PA 
Telephone: 01444 881965 
(Also Fax but phone first) 
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r K klesvotki Illectromi., I td, 40-42  k  lirt )dth  

London N W2 3ET. Tel: 0181-450 0995 Fax: 0181-208 144 I 

Fully comprehensive 
guide to building and using 

short/medium range radio transmitters 
and receivers. Includes detailed and 
practical information on all aspects of 
construction, from simple FM room 
transmitters to more sophisticated and 
powerful audio and data transceivers. 

Manual includes: 
II.  AM, FM and UHF Transmitters from micro power 
up to 3 Watts. Covers simple 'bugs' as well as circuits 
operating on 27MHz and 418MHz etc. 

TRACKING AND SIGNALLING. How to build 
micro circuits for finding animals, cars etc. 
0.  CRYSTAL CONTROLLED TRANSMITTERS. 
High stability circuits. 
•  RADIO PAGER AND RADIO CONTROL. How 
to build coded radio keys, multi-channel remote controls, 
radio alarms etc. 
▪  RECEIVER CIRCUITS. Wide range of 
receiver projects for building high security audio 
links and transceivers. 
▪  EXTENSIVE assembly information. Includes 
sections on construction, testing, mics, aerials, coils and 
miniaturisation. 

Over 100 detailed PCB, strip-board and point to point 
designs. Manual comes with FREE micro transmitter PCB. 

(Some of the circuits included in the manual may not be used legally in the UKI 

Make cheques/POs payable to 
JCG ELECTRONICS 

P.O. Box HP79. Woodhouse Street. Leeds, LS6 3XN. 
Wide range of Audio/Radio kits available. 
Send stamp for list. Mail order only. 

TRANSMITTERS 

s_c 

WE HAVE THE WIDEST CHOICE OF USED 
OSCILLOSCOPES IN THE COUNTRY 
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kupccea TFB958 Aucb3 Amer Meter Sica0  £250 

£100 
£350 
£75 

£2250 
£1500 
£151/3 

VARIXM if 2165 IlLerkutot X-1Cetz 
p 1349SO iterkilter DC-18017 0-7013 n1063 Rem 
-01005225050005 52505235 
IAARCOPM 2505 W WI& Meter 
&SPAM° Nme Meti 96822 stir U09202 4062-106,-: 
on1TRON 66106 Proprinalie %ex Cen 10/ 790 
eiG %W M IBM meter 49,111 sEll PSE t 
(ACM 9104 RR Poser Neter VIP- ICAB 10enVi- 307N  £325 
3MLILEA 192 Scope canter  
-.0 55588 SMAISMI1 LeYel Gell 100-21140  £800 
- 3581A wave Manner 1SHH 50lH: D  £600 

BRUEL  10000 EQUIPMENT AVAILABLE - 

PLEASE ENQUIRE   

.1:1 = Z EI MIDE M 1 =11 

- i ,,,k — .5-,12-22/A:  M O 
TALEDA RON CR112213 100thz ' .-,  £2504 
ALTECII 727 0 0010e -20Gni  COX 
no 182 Korn 85588 1006e-Isocy-  •- -- £1500 
MP 3580A 5r0-50nu  UM 
HP 35820 25me Dual Chamel  EXAM 
AtARCtee 112370 3012-1100-0  M X 
MARCONI 2582 10011-40010i  MOM 
Come HP 141T %stems *vague _ Rease 1,0," 

. P 81604 P09/4T0140le P00901, Nee Generator scue  £1730 
u-AuFS 896716 Pulse (enema 162-501807 K 20v  MX 
SLAWIABERCER smetca 4021 RAMO TEST SET  MCC 
PACAL 9008 kitanatx Lic0Aocn Neter 1 940-2C6z  £300 
-i / 5312A Canter 2402 leS  £1750 
- / 55401 Canter 1010-1Kitz  £750 
MARCOS 2455 Neluenor Neter 1010.2 CAZ  BOO 
l•'• COM MA 1191 unnerul Cutim/Tmer 160m6t 9 mg  ism 
yARCMA 2457 Menai CosterTmer CC -107010 8 CA7t  0175  
, eCM 9916 F1091005 C0flerl02-52301i( £175 
HA/41. 99064 Umekill Counter Tomer 1010,20/2- - 0250 
AARTECN 7150 6F - 513 130 0114 NM FEE  (350 
' -31  52001  DOG Muttereter 5'h Out  ESCO 
JcE 77 esintteM OMB 5v: Omt 901 cam  (103 
'Lull EIOSCIA Bench/Pam:le MA ASS Opt True MIS  £275 
, JO 8010A Bencrotetzte OMIK 335 0% Tibe OA  1150 
:)utD158 5ne/Scanre Osoltitcr 101-0-1Mmit  ism 
‘EECeACKFC600Saergian  £m 
4E6E0 LAI Sne6tpure 0/4 10te-11/12  £75 
4 ARNELL LMA2 Smehmore OSC 10i11-11/0  £50 
',ANDER TC102 2Miz Fur( Gee TT1  mo 
',KANDER TG501 Fury Gen 0-0009P-SMIt 

etc  1175 
"nANOST N5nO/R2zas' rC5 rivith Sumo Facitee  02is 
_NAOMI E0601 kAlo /Kayser  0550 
TEKTRGNor 1721 vectorsccoe wiln 1755 Poet, Ix; '  (moo 
TECMONa 1421 vectorseaCe 9001 5763 TivefiT, Ikr'  £15°3  
NAPS 5567 Vectorscope MP 5565 Viaseform Mcnec, (Imo 
PASS 5509 COICui RE M Celle/KU  0250 
41PCCRAPAI 052 Peccraer ley Set  0750 
. (AMR LSG216 Stindir0 W O CreratCt  [ISO 
r E IA0 Dul linable Hier V68/3 0 60-10tItz  0200 
MAR OS TF2700 Larmrsal 8nage. Boni °Lemma  - - 175-1150 
ANNE KERR 8424 Do i Ce6re009.m ent Meter 1CR  £200 . 

£7141 -P 6268 0-41:N, 0-50A  £500 
',uRLBe PL52000AD 0 -509. 0-2A Twce Cote  £225 
'14144.01 P1520 0-50V. 0-2A Dom  0100 
4 ARNELL REIMS CAI- 60N. 0-251  /SOO 
404E011365 0- 309 0-5A Teo Meters  £1s0 
'-- ARAEU 1.130 - 2 0-30B 0-2A'ere  0160 
4RNEU L50-2 0.50v, 0-28 9---,•- cm 
',SMELL 060-1 0-30V. 0- '4 - --.  £130 
, P..11L. L10-I 0-30V,0.18 V,'. , 1  £65 
,tlyit., it-- litkei 4721  :K. Mete-El  GM 

MANY 011111P01111111.11118 M UMS 

NEW E • UIPMENT 
•  11111C05 'cO2 Trate 10041H2 

Daylystalos ucelme 
-AMEC  41604 Cual Trace 601ee Dem Sweep  £663 
MA E 05010%13F4 14503 IMO Trace 50140 Ccmp Tester  1422 
52950 09:609XFS 4405-5 aniTrar2152080 Cop %yaw  CM 
m aner nxtels mitt -00501030:06 noted on 2 p-otH 

MAI M IkellP1111119 FP a Lnts E51 
APOLLO 10 1001114 Cotter Tee botYPenc eme nt etc 
WOW 100 1 2 30 atMe 5011 InCle KALOV 
1325 FREOUENCOPERCO COOPER 1 SCAB 
one 503 FUNC936 GEN 0 112-500Aliz Sne/Sortn 
ORIN MOLE MR GENERATCR Par/TVisteo 

m orer EOM SLY eallYnent maim 

OSC USCOPE 0908E5 5MC/00 VISIT  3, £13 

£234 
£332 
£149 
1125 

Used Equipment - Guaranteed. Manuals supplied If possible. 
This is a VERY SMALL SAMPLE OF STOCK SAE or telephone Or lists Please check availability before 

Ordenng CARRIAGE all units £I6 VAT to be added to Total or Goods and Carriage   

CD STE WART O F R EA DI N G 
110 WYKENAM ROAD, READING, BERKS R06 1 PL 

Tel: 01734 268041  Fax: 01734 351 696  Calers welcome 94/k lo 5 3(kprn  FRi 

FREE 
CATALOGUE 

THINK COMPONENTS - THINK CRICKLEWOOD 

• TELEVISION & VIDEO SPARES • RESISTORS & 
CAPACITORS • HI-Fl GADGETS & SPEAKERS 

• TRANSISTORS 8z IC. 's • AUDIOPHILE CAPACITORS 
• IN CAR AUDIO • COMPUTER BOARDS • TOOLS & TEST 

EQUIPMENT • PLUGS SOCKETS & LEADS 

..- l 

alc--,I-wo d 
f-1  (L-)C.'  '4- 11  TT 

PLEASE SEND M  PY OF THE i CRICKLEWOOD CATALOGUE. 

Name   

Address 

SHERWOOD ELECTRONICS 
FREE COMPONENTS 

Buy 10 x £1 Special Packs and choose another one FREE 
SP1  15 x 
SP2  12 x 
SP3  12 x 
SP6  15 x 
SP7  12 x 
SP8  10 x 
SPI 0  100 x 
SPI 1  30 x 
SPI 2  30 x 
SPI 3  20 x 
SP18  20 x 
SP19  20 x 
SP20  20 x 
SP21  20 x 
SP22  20 x 
SP23  20 x 
SP24  4 x 
SP25  4 x 
SP26  4 x 
SP28  4 x 
SP29  4 x 
SP33  4 x 
SP36  25 x 
SP37  15 x 
SP39  10 x 
SP41  20 x 
SP42  200 x 
SP47  5 x 
SP48  12 x 
SP102  20 x 
SP103  15 x 
SP104  15 x 
SP105  5 x 
SP106  5 x 
SP112  4 x 
SP115  3 x 
SP116  3 x 
SP117  15 x 

5mm Red Leds 
5mm Green Leds 
5mm Yellow Leds 
3mm Red Leds 
3mm Green Leds 
3mm Yellow Leds 
1N4148 diodes 
1N4001 diodes 
1N4002 diodes 
Assorted radial elect. caps. 
BC182 transistors 
BC183 transistors 
BC184 transistors 
BC212 transistors 
BC214 transistors 
BC549 transistors 
Cmos 4001 
555 timers 
741 Op.amps 
Cmos 4011 
Cmos 4013 
Cmos 4081 
10/25V radial elect caps 
100/35V radial elect caps 
470/16V radial elect caps 
Mixed transistors 
Mixed 0.25W C.F. resistors 
Min. pushbutton switches 
Assorted axial elect. caps. 
8-pin DIL sockets 
14-pin DIL sockets 
16-pin DIL sockets 
74LSOO 
74LSO2 
Cmos 4093 
10mm Red Leds 
10mm Green Leds 
BC556 transistors 

RESISTOR PACKS - C.Film 
RP3  5 each value - total 365 0.25W  £2.40 
RP7  10 each value -10101730 0.25W £3 75 
RP10 1000 popular values 0 25W  £6 00 
RP4  105 each value-total 365 0.5W  £3.40 
RP8  10 each value-total 730 0.5W  £6 00 

SP118 
SP119 
SP124 

SP125 

SP130 
SP131 
SP135 
SP137 
SP138 
SP142 
SP144 
SP145 
SP147 

SP151 
SP152 
SP153 
SP156 

SP160 
SP161 
SP162 
SP165 
SP167 
SP168 
SP173 
SP175 
SP182 
SP183 
SP187 
SP192 
SP193 
SP194 
SP195 

2 x Cmos 4047 
4 x Cmos 4072 
20 x Assorted ceramic disc 

caps. 
10 x 1000/16V radial elect 

caps. 
100 x Mixed 0.5W C.F. resistors 
2 x TL071 Op.amps 
6 x Mm  slide switches 
4 x W005 1.5A rectifiers 
20 x 2.2150V rad, elect. caps 
2 x Cmos 4017 
3 x TIP31A transistors 
6 x ZTX300 transistors 
5 x Stripboard 9 strips 

25 holes 
4 x 8mm Red Leds 
4 x 8mm Green Leds 
4 x 8mm Yellow Leds 
3 x Stripboard. 14 strips/ 

27 holes 
10 x 2N3904 transistors 
10 x 2N3906 transistors 
10 x 100K hor. trimpots 
2 x LF351 Op.amps 
6 x BC107 transistors 
6 x BC108 transistors 
10 x 220/25V rad. elect. caps 
20 x 1/63V radial elect caps 
20 x 4.7/50V radial elect caps 
20 x BC547 transistors 
15 x BC239 transistors 
3 x Cmos 4066 
20 x BC213 transistors 
10 x OA90 diodes 
3 x 10mm Yellow Leds 

Catalogue EI inc. P&P or FREE 
with first order. 

P&P £.25 per order. NO VAT. 

Orders to. 
Sherwood Electronics, 

7 Willia mson St., Mansfield, 
Notts. NG19 610. 
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E l e c t r o n i c s 

O Easy to Use Graphical Interface under 
both DOS and Windows. 

O Netlist, Parts List & ERC reports. 
c Hierarchical Design. 
O Extensive component/model libraries. 
C  Advanced Property Management. 
O Seamless integration with simulation and 
PCB design. 

gjuillop M[7a2 
O Non-Linear & Linear Analogue Simulation. 
O Event driven Digital Simulation with 
modelling language. 

fl Partitioned simulation of large designs 
with multiple analogue & digital sections. 
Graphs displayed directly on the 
schematic. 

PCB Dedgr 
O 32 bit high resolution database. 
c Multi-Layer and SMT support. 
C Full DRC and Connectivity Checking. 
C RIP-UP & RETRY Autorouter. 
O Shape based gridless power planes. 
O Output to printers, plotters, Postscript, 
Gerber, DXF and clipboard. 
Gerber and DXF Import capability. 

Call now for your free demo disk 
or ask about the full evaluation kit. 
Tel: 01756 753440. Fax: 01756 752857. 
53-55 Main St, Grassington. BD23 5AA. 

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. 

EMAIL: info@labcenterco.uk 
WWW: http://www.labcenterco.uk 



EL E C TI2 0 

135 Hunter Street 
Burton-on-Trent Immi• 
Staffs. DE14 2ST  VISA ri22511  

NI C S  LT D  Tel 01283 565435 Fax 546932  EE174 

All Prices 
include V.A.T. 
Add £3.00 per 
order p Etp 

MAIL ORDER ONLY • CALLERS BY APPOINTMENT 

r EPE M I C R 0 C 0 N T R 0 L L g R1  WINDICATOR 
I  PI. TREASURE HUNTER! 
I The latest MAGENTA DESIGN - highly ' 
I stable Er sensitive - with \ IC control I 
I of all timing functions and advanced I 
I pulse separation techniques. 

I • New circuit design 1994 

I • High stability 
I drift cancelling 

I • Easy to build 
I Er use 

I • No ground 
effect, works 
in seawater 

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

• Efficient quartz controlled 
microcontroller pulse generation. 

• Full kit with headphones Et all 
I hardware 

KIT 847  £63.95 L— — — — — — — — — — — — J 
DIGITAL LCD THERMOSTAT 
A versatile thermostat using a thermistor probe 
and having an I.c.d. display. MIN/MAX memories, 
- 10 to 110 degrees Celsius, or can be set to 
read in Fahrenheit. Individually sellable upper and 
lower switching temperatures allow close control, 
or alternatively allow a wide 'dead band' to be set 
which can result in substantial energy savings when 
used with domestic hot water systems. Ideal for 
greenhouse ventilation or heating control, aquaria, 
home brewing. etc. Mains powered, 10A SPCO 
Relay output. Punched and printed case. 

KIT 841  £29.95 
PORTABLE ULTRASONIC 
PEsT SCARER 
A powerful 23kHz ultrasound generator in a com-
pact hand-held case. MOSFET output drives a 
special sealed transducer with intense pulses via 
a special tuned transformer. Sweeping frequency 
output is designed to give maximum output with-
out any special setting up. 

KIT 842 £22.56 
DIGITAL CAPACITANCE 
METER 
A really professional looking project. Kit is sup-
plied with a punched and printed front panel, 
case, p.c.b. and all components. Quartz con-
trolled accuracy of 1%. Large clear 5-digit display 
and high speed operation. Ideal for beginners 
as the yF. nF and pF ranges give clear un-
ambiguous read out of marked and unmarked 
capacitors from a few pF up to thousands of µF. 

KIT 493 £39.95 

SUPER ACOUSTIC PROBE 
Our very popular project - now with ready built 
probe assembly and diecast box. Picks up vibra-
tions amplifies, and drives headphones. Sounds 
from engines, watches, and speech through walls 
can be heard clearly. Useful for mechanics, in-
strument engineers and nosey parker& A very 
useful piece of kit. 

KIT 856  £29.95 

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

KIT 856  £28.00 

BUCCANEER I.B. 
METAL DETECTOR 
An Induction Balance (I.B.) detector with 
audible output. Providing good 
sensititivy and easy construction. 
COMPLETE KIT - INCLUDES ALL 
HARDWARE, HANDLE, SEARCH 
HEAD, PCB etc. 
CIRCUIT REJECTS IRON 
WHILST PICKING UP GOLD, 
SILVER, COPPER etc. 
A SOLID RELIABLE DESIGN, 

KIT 719  £54.99 

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 MkIIVARIABLE BENCH 
POWER SUPPLY 0-25V 2.5A. 
Based on our Mk1 design and 
preserving all the features, 
but  now  with  switching 
pre-regulator for much higher 
efficiency. Panel meters indi-
cate Volts and Amps. Fully 
variable  down  to  zero. 
Toroidal mains transformer. 
Kit  includes  punched  and 
printed case and all parts. As 
featured in April 1994 EPE. An 
essential piece of equipment. 

KIT 845  £64.95 

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 

• COMPLETELY INAUDIBLE 
TO HUMANS 

O oLP u  W T 
E R 
R A 
S 

 :0 0 

PEsT 
SCARER 

• UP TO 4 METRES 
RANGE 

• LOW CURRENT DRAIN 

KIT 812  £14.81 

D OLBY P R O-L O GI C D E C O DE R 
Experience the delight of SURROUND SOUND in your own 
home. This project brings full Genuine PRO-LOGIC surround 
sound to you at a fantastic price. The circuit meets all 'Dolby 
specifications, with "Stereo", "3-Stereo" and "Surround Sound" selections. 

For minimum cost the "Short Form Kit" is ideal. This is complete 
except for the case and power transformer. It includes the switches, 
sockets, and pots, and is ideal for building into a custom set-up with 
pre-amp and power-amp modules, where power is available. 
The alternative "Full Kit" gives the best value option. With a printed 

front panel, punched rear panel, power transformer and mains lead and black brushed 
aluminium knobs. This kit produces a complete stand-alone decoder that can be used with any 
audio. 

EIJI 01:LEIY SURROUND I 
P R O • LO GI C 

DOLBY and the double-D symbol are trademarks. 

Short Form KIT. Kit Ref: 858 £99.00 
Kit with case and transformer, Kit Ref: 869 £124.99 

As  n 

innovative.  athnedwexaciting 
PACEWRITER 
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KIT 849.......K..iinPCI:doaded XMAS" 
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message loading. 
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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 £28.51 

INSULATION TESTER 
A reliable and neat electronic tester which checks 
insulation resistance of wiring and appliances 
etc., at 500 Volts. The unit is battery powered, 
simple and safe to operate. Leakage resistance of 
up to 100 Megohms can be read easily. A very 
popular college project. 

KIT 444 £22.37  

SUPER BAT DETECTOR 
1 WATT 0/P 

BUILT IN SPEAKER' 

COMPACT CASE 

20kHz-140kHz 

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

KIT 861  £24.99 

E.E. TREASURE HUNTER 
PI. METAL DETECTOR 
MKI 
Magenta's highly 
developed & 
acclaimed design. 
Quartz crystal 
controlled circuit 
MOSFET coil drive 
D.C. coupled 
amplification. 
Full kit includes 
PCB, handle, 
case & 
search coil 

• KIT INC. 
HEADPHONES 

• EFFICIENT 
CMOS DESIGN 

• POWERFUL COIL 
DRIVE 

• DETECTS FERROUS AND 
NON-FERROUS METAL - 
SILVER, COPPER ETC 

• 190mm SEARCH COIL 

• NO 'GROUND EFFECT' 

KIT 815  £45.95 

GOLD, 

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...£12.98 
MD200...200 step...£16.80 
MD24...Large 200 step...£22.95 
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SIMPLE PIC PROGRAMMER 
INCREDIBLE LOW 

PRICE! 
Kit 857 £12.99 

INCLUDES 1-PIC16C84 CHIP 
SOFTWARE DISK, LEAD 
CONNECTOR, PROFESSIONAL 
PC BOARD Et INSTRUCTIONS 

Power Supply £3.99 

EXTRA CHIPS: 
PIC 16C84 £7.36 

Based on the design in February '96 EPE article, 
Magenta have made a proper PCB and kit for this 
project. PCB has 'reset' switch, Program switch, 5V 
regulator and test L.E.D.s. There are also extra 
connection points for access to all A and B port pins. 

PIC16C84 LCD DISPLAY DRIVER 
INCLUDES 1-PIC16C84 
WITH DEMO PROGRAM 
SOFTWARE DISK, PCB, 
INSTRUCTIONS AND 
16-CHARACTER 2-LINE 
LCD DISPLAY 

Kit 860 £17.99  
Power Supply £3.99 

FULL PROGRAM SOURCE 
CODE SUPPLIED - DEVELOP 
YOUR OWN APPLICATION' 

Another super PIC project from Magenta. Supplied 
with PCB, industry standard 2-LINE 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! 

*  Chip is pre-programmed with demo display * 

SUPER PIC PROGRAMMER 
+oil"  • READS, PROGRAMS, AND VERIFIES 

• WINDOWS' SOFTWARE 

• PIC16CXX AND 16C84 
• USES ANY PC PARALLEL PORT 
• USES STANDARD MICROCHIP • HEX FILES 

• OPTIONAL DISASSEMBLER SOFTWARE (EXTRA) 

• PCB, LEAD, ALL COMPONENTS, TURNED PIN 

SOCKETS FOR 18, 28, AND 40 PIN ICs. 

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

Kit 862 £29.99 
Power Supply £3.99 

PIC STEPPING MOTOR DRIVER 
INCLUDES: PCB, 
PIC16C84 WITH 
DEMO PROGRAM, 
SOFTWARE DISK, 
INSTRUCTIONS 
AND MOTOR. 

Kit 863 £18.99  4 0 

FULL SOURCE CODE SUPPLIED. 
ALSO USE FOR DRIVING OTHER 4:06,  

POWER DEVICES e.g. SOLENOIDS. 

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

PIC16C5x 
• IN-CIRCUIT SIMULATOR 
• POWERFUL ON-LINE MONITOR 
• SINGLE STEP, DISPLAY REGISTERS, 
MEMORY, AND  READ Er PROGRAM 

• SUPPORTS PIC16C54, 55, 56, Et 57. 
• FULL SOFTWARE Er DATA SUPPLIED 
• THE IDEAL SYSTEM FOR 
EDUCATIONAL USERS  Kit 853 £99.00 

DEVELOPMENT AND 
TRAINING SYSTEM 

The easiest way to 
get started with PIC 
Microchips. This system 
allows you to test programs 
one line at a time and see 
what happens to the I/0 pins, 
the internal registers and 
memory. From these simple 
steps you gain experience and 
soon will be writing and running 
longer and longer programs. 

Power 
Supply £8.99 

X WITH OPERATING 
PROGRAMMING, AND 
CROSS ASSEMBLER 
SOFTWARE 

RUNS WITH 
ANY PC 

SERIAL 
PC LEADS 

9-WAY £6.00 
25-WAY £7.00 

68000 DEVELOPMENT AND 
TRAINING KIT 

• USED WORLD WIDE IN SCHOOLS 
COLLEGES Et UNIVERSITIES 

• DOUBLE EUROCARD, 2 SERIAL PORTS 
• NO W WITH EXPANDED RAM Et ROM 
• FULL FEATURED MONITOR 8 LINE ASSEMBLER 
IN ROM 

• CROSS-ASSEMBLER AND COMMS SOFTWARE DISK 

• FULL 8MHz 68000 16-BIT DATA BUS 
• EXPANDABLE - PIT OPTION 68230 

• FULL MANUAL PLUS DATA 
• SUPER LOW PRICE: 

KIT 601  £69.95 
EXTRAS: 9-way PC. lead £6.99 

25-way PC. lead £6.99 
Case - black bottom, clear lid - £5.99 

PSU + 5V, + 12V, - 12V £12.99 

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 

GENT 
All prices include VAT 

Tel: 01283 565435  Fax: 01283 546932  Add £3.00 p&p. 
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4000 Series 
4000 
4001 
4002 
4006 
4007 
4008 
4009 
4010 
401 I 
4012 
4013 
4014 
4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4031 
4033 
4034 
4035 
4040 
4041 
4042 
4043 
4044 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 
4054 
4055 
4060 
4063 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4077 
4078 
4081 
4082 
4085 
4086 
4089 
4093 
4094 
4095 
4097 
4098 
4099 
4502 
4503 
4508 
4510 
4511 
4512 
4514 
4515 
4516 
4518 
4520 
4521 
4526 
4527 
4528 
4529 
4532 
4534 
4536 
4538 
4541 
4543 
4555 
4556 
4560 
4566 
4572 
4584 
4585 
4724 
40106 
40109 
40163 
40174 
40175 
40141 

74FIC Series 
£0.17 74HCOO 
£0.18 74HCO2 
£0.17 74HCO3 
£0.40 74HCO4 
£0.18 7411C08 
£0.23 74HC 10 
£0.19 74HC I 1 
£0.23 74HC14 
£0.20 74HC20 
£0.16 74HC27 
£0.19 74HC30 
£0.30 74HC32 
£0.24 74HC42 
£0.30 74HC73 
£0.29 74HC74 
£0.27 74HC75 
£0.48 74HC76 
£0.36 7411C85 
£0.31 74HC86 
£0.32 74HC107 
£0.16 74HC 123 
£0.32 74HC125 
£0.15 74HC126 
£0.78 74HC132 
£0.25 74HC I 13 
£0.34 74I1C138 
£0.40 74HCI 39 
£0.17 74F1C 151 
£0.70 74HCI53 
£0.56 74HC I 54 
£1.24 74HCI57 
£0.31 74HC158 
£0.38 74HCI60 
£0.31 74HC 161 
£0.22 74HCI62 
£0.28 74HC 163 
£0.35 74HC164 
£0.52 74HCI65 
£0.47 74HCI73 
£0.28 74HCI74 
£0.22 74EIC175 
£0.26 74HCI92 
£0.38 74HC 195 
£0.32 74HC240 
£0.40 74HC24 I 
£0.56 74HC243 
£0.14 74HC244 
£0.44 74HC245 
£0.29 74HC25I 
£0.24 74HC253 
£2.20 74HC257 
£0.16 74HC259 
£0.20 74 HC273 
£0.26 74HC299 
£0.23 74HC356 
£0.17 74I1C365 
£0.17 74HC367 
£0.17 74HC368 
£0.30 74HC373 
£0.28 74HC374 
£0.20 74HC390 
£0.23 74HC393 
£0.21 74HC423 
£0.28 74HC553 
£0.26 74HC563 
£0.55 74HC564 
£0.22 74HC573 
£0.31 74HC574 
£0.56 74HC640 
f 1.20 74HC688 
£.48 74HC4002 
£0.38 74HC4017 
£0.38 74HC4020 
£0.40 74I1C4040 
£1.40 7411C4049 
£0.36 74HC4050 
£0.38 74HC4060 
£0.32 74HC4075 
£0.77 74HC4078 
£0.99 74HC4511 
£0.44 74HC4514 
£0.44 74HC4538 
£0.41 7411C4543 
£0.62 
£0.40 
£0.40 
£0.40 
£0.44 
£0.32 
£2.48 
£1.00 
£0.37 
£0.33 
£0.49 
£0.32 
£0.40 
£1.18 
£1.96 
£0.25 
£0.24 
£0.47 
£0.94 
£0.37 
£0 .58 
£0.46  741S30 
£0.46 74LS32 
£0.36  74LS37 
(0  60  741 S38 

'41 S40 

74 LS42 
£0.20 74LS47 
£0.21  74LS51 
£0.21  741S73 
£0.18 74LS74 
£0.21  74LS75 
£0.16 74LS76 
£0.20 74LS83 
£0.22  74LS85 
£0.28 74LS86 
£0.16 74LS90 
£0.22  741592 
£0.21  741593 
£0.25  7415107 
£0.40 741S109 
£0.23  74LS I 12 
£0.40 74LS113 
£0.20 741S114 
£0.24  74LS I 22 
£0.22  74LS123 
£0.40 74LS I 25 
£0.33  74LS126 
£0.24  741S 132 
£0.46 74LS133 
£0.37 74LS136 
£0.29 74LS I 38 
£0.25  74LS139 
£0.31  74L5145 
£0.33  74LS147 
£0.27 7415148 
£0.85  74LS I 51 
£0.40 74LS153 
£0.23  74L5 154 
£.64  74LS 1 55 
£0.28  74LS156 
£0.45  74L5 157 
£0.27  7415158 
£0.35  74LS160 
£0.35  74LS161 
£0.38 74LSI62 
£0.27 74LSI63 
£0.35  74LS164 
£0.72  74LSI65 
£0.32  74LS I 70 
£0.37 74LS173 
£0.37 74LSI74 
£0.48 74LS I 75 
£0.42  7415190 
£0.46 74L.S191 
£0.25  7415192 
£0.25  7415193 
£0.25  74LS195 
£0.57  7415196 
£0.35  74LS 197 
£0.64 74LS22 I 
£0.45  74LS240 
£0.34  74LS24 I 
£0.25 7415242 
£0.25  7415243 
£0.35  74LS244 
£0.40 74LS245 
£0.52  74LS247 
£0.38 74LS25 I 
£0.37 74LS257 
£0.42  74LS258 
£0.48 74LS266 
£0.48 7415273 
£0.43  74LS279 
£0.45 7415365 
£0.73  7415367 
£0.64  74LS368 
£0.3 I 74LS373 
£0.64  74LS374 
£0.36 74LS375 
£0.45  741S377 
£0.25  7415378 
£0.25  741S390 
£0.44 7415393 
£0.27  7415395 
£0.32  7415399 
£0.64  74LS670 
£0.84  Linear ICs 
£0.41  AD524AD 
£0.90 AD548.IN 

74LS Series  A13590111 
741500  £0.26 AD592AN 
74LSO I  £0.14 AD595AQ 
741502  £0.29 AD620AN 
741503  £0.29 AD625.IN  £16.20 ,.,43.P.2.,,„,,,.836 L7 
74LSO4  £0.2 I AD633JN  £8.25 s-"""‘"'" 
74LS05  £0.14  A D648JN  £2.57 OP297GP 
741507  £0.32  AD654JN  £7.25  ,°„P4°4:16.„.,..,P,, 
74LSO8  £0.23  AD698AP  £23.28 -̀"r",‘-.." 
74LSO9  £0.14  AD708.IN  £5.69  RC4136 
74LSIO  £0.14 AD711.1N  £1,51  SAA 1027 
74LS I 1  £0.17 A D712.IN  £2.38  SG3524N 
74LS12  £0.14 AD736.11.1  £8.75  SG3543  
741513  £0.29 AD795.1N  15.94  SL486 
74LS14  £0.21  AD797AN  £8.69 SSM20 I 5P 
74LS15  £0.14  Ad mi m  £5.73  SS6420160 
741520  £0.16 A13812AN  £6.32  SSM20 1 7P 
74LS21  £0.14  AD813AN  £8.81  SSM213IP 
741522  £0.14  AD8 I 7AN  £3.85  SSM214 I P 
741S26 £0.14  AD820AN  £3.24   SSM2142P  

£0.14  AD822AN  £5.20 SSM2 I 41P 
£0.20 AD826AN  E5,33  TBA120S 
£0.2 I A D829.IN  £6.41  TBA800 
£0.14 AD830AN  £6.14 TBAR1OS 
£0.19  4118471N  £5 .7 1 TBA 820M 
1.0 14  AD9696KN  f 7 71  ")AI MS 

\Di-1.2020A L5 06  TDA2002 

y rA A DM222A11 £3.55  TDA2004  £3.11  0A91  £0.10 ACI88 
_o w ADM232AA £3.55  TDA2030  El.18 0A200  £0.56 ACY17 
4-. in ADM485.1N  £2.97  TDA2050V  £3.9% 0A202  £0.29 AD149 
,...; pg ADM690AN £5.13  TDA261 I A £1.88 Zeners 2.7 to 33V  ADI61 

ADM69 IAN £6.48 TDA2822A  £1.68 400mW  £0.08 A13162 
. A  ADM695AN £6.48 TED37 I 8DP £5.03  I .1W  £0.14 BC107 
:n A  A DM699AN £3.58  TEAS I 15  £3.11  R..id.. R.,,,n.r.  BC10713 
.0 64 CA74 I CE  £0.26 TL061CP  £0.35  175r ',)-Q--- ""iii-19 BC108 
c 0  CA747CE  £0.39 TL062CP  £0.60  I .5A 200V  £0.20  BC108A 

R3M  IciT TIVR £3.1124 1.5A 400V  £0.22  ,BC ,10,.„„8C  
I.5A 600V  £0.22  „„--,̀,,,a,-

..-- .et CA3080E  £0.73  TL072CP  EO M 
CA3130E  £0.98  TL074CN  £0.50  I.5A 800V  £0.27  „"„-.-., ,' v, .-- 
CA3140E  £0.51  TL08 I  £0.33  I.5A I kV  £0.24  ,',',,' : r, 

,_1 ir-• CA3 I 89E  £1.22  TL082CP  £0.54  3A 200V  £0 36  •--- ' '' 3A 400V  £0.,10 I3C 116  
CA3240E  LI.12  TLOMCN  £0.50 3A 600V  10.13  BC.I 18 BC 132 

6A 200V  £0.70 BCI34 

13C135 
BC140 
BC141 

Tbyristors  BC142 
C 106D  £0.36 BCBC 114493 
P0102AA  £0.30 BC I 54 
TIC116D  £0.66 BC 157 
TIC I 26D  £0.77 BCI59 

EtC160 
BC170 
13C17013 
BC171 
BC17IB 
BC172 
EtC172B 
BC I 77 
BC178 

Transistors  BC179 BC I 79A 
2N1613  £0.31 BC182 

BC I 82A 
22NN 118971 31 2N22 I 8A  £££30.:222968 BC0c  110822r 

2N22 I 9A  £0.25 BC1821-11 
2N2222A  £0.18 BCI83 

2N2904A  £1..2152 BCBC 188ILLB 
2N2646 

2N2905A  £0.25 BC184 

2N2907A  £ig..2200 BCBC1 I86841  
2N2907 

Data Acquisition  2N3055  £0.16 BC204C 

2N2926 

AD420AN  £25.38 2N3439  £0.27 BC206B 

2N3053 

AD5571N  £8.75  2N3440  £0.85 BC207B 

A/D Converters  2N3054 

AD574AJN £18.48 2N3702  £0.58 BC208 
AD7751N  £18.48 2N3703  £0.62 BC209A 
AD7226KN £25.69 2N3704  £0.50 BC2 12 
AD75281N  £8.63  2N3705  £0.09 BC212L 

£0.10 BC212LB 
£0.10 BC213 

1CL7109CPL £7.75  2N3772  £ 

£01,4410 EtcBC221143B 
£0.10 BC2 I3LC 

£1.51 EtC2 I4L 

AD7545AKN£14.04 2N3706 
AD7828KN £20.33 2N3771 

ZN428E  £5.94  2N3905  £££001..664702 B:C222332075H 

TLC5491P  £3.51  2N3773 
ZN425E  £5.94  2N3819 
ZN426E  £3.13  2N3820 
ZN427E  £9.25  2N3904 

ZN448E  £7.50  2N3906 
Voltage  254036 
Regulators  2N5245 

7812  £0.35 255296 E011.3508 22NN55332221 411; 

77991125 
7924  Lif£ 

!7 333088 222555 6554501051 
£0.38 2N6491 

2SB548 

7815 
7905 

78108 
781.12  £ 

E00.2233 2SDI 730 
£0.23 ACI26 

78L05 

78115 £ 
CI27 

7798112045 Li00..2243 ACI 28 £0.39 ACI87 

79112  £0.21 
79L15  £0.28 
79L24  £0.30 
ADM666AN  £3.44 
L200CV  £1.30 
1296  £8.13 
L387A  £3.24 
LM2940CT  £2.30 
LM3 I 7T  £0.50 
LM123K  £2.84 
1M3342  £1.35 
LM338K  £5.52 
LM 723  £0.29 
LP2950CZ  £2.70 
REFOICP  £3.44 
REFO2CP  £4.66 
REF12Z  £1.28 
REF195GP  £4.72 
REF25Z  £1.24 
REF5OZ  £1.22 
TL43 I CP  £0.45 
ZN423  £1.55 
ZN458B  £1.89 
Diodes 
5914  £0.06 
5916  LOAM 
54001  £0.06 
N4002  £0.07 
54003  £0.07 
54004  £0.07 
544305  £0.07 
N4006  £0.08 
N4007  £0.08 
N4148  £0.05 
N4149  £0.06 
55400  £0.09 
55401  £0.09 
55402  £0.10 
55404  £0. II 
55406  £0.12 
N5407  £0.14 

£4.21  55408  £0.15 
£6.40  BAI 57  £0.10 
£3,78  BA 158  £0.10 
£090  8A159  £0.10 
£13.70  BY 126  £0.11 
£0.64  BY 127  £0.18 €0.4. BYI33 £0.10 
E2 48 0447  £0.28 
41 04  0490  L0.07 

74 0  DG212C1  £1.55  TL7705ACP El .62 
DCA 111/1  £3.11  TLC27 I  £0.54 

Z  EL2030CN  £5.67  TLC272  £0.88 
CL7 106  £2.80 TMPO1FP  £5.60 

C)  CL761 I DCP £1.06  ULN2003  £0.52 
(13 u  C17621  £1.70  ULN2004A  £0.48 

C18038  £4.89  ULN2803  £0.90 
£0.42  CM7555  £0.36  ULN2804A  £1.64 
£0.58  CM7556  £0.98  ULN2806  £1.20 
£0.24  L I 65V 

£1.86 ZN409CE  £1.89 
£2.63  XR2206  £5.71 

LOAD L272M 
£4.35  ZN414Z  £1.16 ££00..3302  12L2997S  E £6.37  ZN4 I 6E  £1.99 

£0.25  1.298 
£.31 16219  £4.48  EPROM's 

£6.99 ZN I034E  £3.11 

£0.35  LF3475  £0.46  2716  £4.74 
£0.20  LF35IN  £0.43  2732  £4.84 
£0.48  LF353N  £2.4.3 
£00.4325 

LMF3 3056 I A  £0.25 
L'."'  27C64-25  £3.44 

2764-25  £4.20 

£0.23  LM308N  £0.58  27128-20  ££45.0748 
27C010 

£0.21  LM3115-8  £2.3.2 27C128-20  £4.08 
£0.24 LM318  L'."  27256-20  £4.85 
£0.21  LM3 I 9N-I4 £0.96  27C256-20  £3.68 
£00..2311 LLmM332345z  £132  £0.24  27C5 12  £3.42 

£0.31  LM339N  £0.24  RAM 
LM348N  £0.31  £1.90 £0.27  6116-10  £1.53 

£0.25  LM3585  £0.27 £2.57 6264-10  £3.I6 £0.2  LM377 

LM3815  £2.64 62256-10 
41256-10 £0.36 LM1805-14 £1.12 

£0.23  £ .79  511000-8  £8.54 £0.40 LM386 
£0.24  LM392N  £0.79  514256-8  £6.80 
£0.56  LM393N  £0.21 
£I.26 LM709T  £0.79 
£0.64  LM731  £1.04 
£0.25  LM748CN-8 £0.37 
£0.25  LM759CP  £3.38 
£0.70  LM1458  £0.37 
£0.25  1M1881  £3.92 
£0.36 LM29 I 7N8  £3.10 
£0.22  LM3900N  £012 
£0.21  LM3909N  £1.76 
£0.48  LM39 I I  £2.56 
£0.32  LM3914  £2.30 
£0.44  LM3915  £2.70 
£0.32  1M13600  £1.66 
£0.24  LMC660CN £2.16 
£0.48 LMC6032IN £1.55 
£0.30  LP31 IN  £0.74 
£0.24  LP124N  £0.67 
£0.24  LP339N  £0.73 
£0.24  LT1013CN8 £2.99 
£0.60 LT1014CN  £10.20 
£0.24  MAX202CPE £2.97 
£0.60 MAX208CN £6.99 
£0.24  MAX220CPE £5.06 
£0.24  MAX222CPE £5.06 
£0.24  MAX232CPE £2.16 
£0.24 MAX483CP £3.13 
£0.40 MAX485CP £2.58 
£0.32  MAX63 I ACP £4.99 
£0.32  MAX635ACP £4.99 
L0.12  MC1488  £0.39 
£0.30 MCI489  £0.39 
£0.32  MC3302  £0.56 
£0.60 MC3340P  £1.60 £0.32 MC4558P  £0.36 
£.24 MV60IDP  £2.97 
£0.24 NE52 IN  £6.39 
£0.24 NE531  £1.47 
£0.14 NE555N  £0.25 
£0.32 NE556N  £0.36 £0.25 5E565  £1.84 
£0.21  515665  £0.90 
£0.21  5E5675  £0.39 
£0.21  5E5715  £2.47 
£00:3343 NNEE 

55953225  £0.60 
£0.62 

£0.34 NE5534N  £0.64 
£0.32 5055395  £4.35 
£0.62 NE5560N  £2.31 
£0.25 OPO7CN  £1.42 
£0.24 OP27CN  £2.90 
£0.26 OP77GP  £2.36 
£0.62 OP9OGP  £3.11 
£0.69 OP97FP  £2.43 

OP1 1 3GP  £3.44 
OP176CiP  £2.09 
OP I 77GP  £1.89 
OP200GP  £5.60 
OP213FP  £5.20 
OP275GP  £2.57 
OP282GP  £2.27 

£5.20 
£5.40 
£5.74 
£11.81 
£81..0069 

£4.46 

£1,0888 
£2.88 
£12.32 
£13.33 
£3.38 

£23.04 
£1.62 
£5.40 
£4.52 
£12.65 
£9.88 

6A 800V  £0.59 
10A 400V  £1.39 
25A 200V  £1.68 
25A 600V  £1.80 

Than 
Z0105DA  £0.42 
TIC206D  £0.65 
T1C226D  £0.94 
BTA08-6008 £0.99 
TIC2360  £0.96 
Dim, Si. Switch 
DB3, 32V  £0.20 
BRY39  £1.30 

0.47 
1.0 
2.2 
4.7 
10 
22 
33 
47 
100 
220 
330 
470 
1000 
2200 
3300 
4700 
teramk Mini Disc 
1.0.1.2.1.5.1.8.2.2.2.7.3.3.3.9.4.7.5.7,6.8.8.2 
1.0pF to 22nE 100V  £0.06 
47nF & 100nF 50V  £0.07 

£0.48 BC341tB  £0.14 8E180  £0.31 
£3.1t4 BC357  £0.25 BF I ti2  £0.31 
£1.67 BC391  £0.73 BE M  £0.58 
£0.92 BC414C  £0.13 BF194  £0.31 
£0.92 BC44 1  £0.40 BF 194B  £0.19 
£0.16  '  £0.46 BF195  £0.19 
£0.17 BC463  £0.29 8E244  £0.35 
£0.14 BC478  £0.12 BF244B  £0.40 
£0.14 BC479  £0.32 BF244C  £0.35 
£0.15 BC490  £0.24 BF257  £0.33 
£0.17 BC5 I 6  £0.22 BF259  £0.13 
£0.19 BC5I7  £0.17 BF337  £0.40 
£0.19 BC527  £0.20 8E355  £0.38 
£0.41 BC528  £0.20 8E423  £0.13 
£0.41 BC537  £0.20 BF451  £0.19 
£0.41 BC'546B  £0.08 8E459  £0.33 
£0.36 BC546C  £0.08 BF469  £0.36 
£0.36 BC547B  £0.09 BFX29  £0.29 
£0.36 BC547C  £0.09 BFX84  £0.11 
£0.25 BC548C  £0.08 BFX85  £0.32 
£0.27 EtC549C  £0.10 BEY50  £0.30 
£0.31 BC550C  £0.10 BEY51  £0.25 
£0.34 BC556A  £0.08 BEY52  £0.28 
£0.21 BC557B  £0.08 BS107  £0.21 
£0.36 BC557C  £0.08 BSI 70  £0.23 
£0.12 BC558C  .  BSW66  £1.35 
£0.17 BC559C  £0.08 BU126  £1.32 
£0.28 BC560A  £0.09 1311205  £1.41 
£0.16 BC560B  £0.09 BU208A  £1.24 
£0.16 EtC637  £0.21 BU326A  £1.40 
£0.11 13C638  £0.21 M1500  £1.54 
£0.16 BC639  £0.21 B1.1508A  £0.98 
£0.13 BC640  £0.21 BU508D  £1.44 
£0.13 BC Y 70  £0.22 131.1526  £1.74 
£0.18 BCY7 I  £0.20 BU806  £1.06 
£0.18 BCY72  £0.20 BUT1 I A  f I .30 
£0.18 130124P  £6.86 BUT I I AF  £1.30 
£0.17 B0135  £.21 BUX84  £0.78 
£0.11 BDI16  £0.21 1RF540  £1.26 
£0.11 BD I 37  £0.23 1RF740  £1.80 
£0.12 130138  £0.22 MJ2501  £1.60 
£0.08 BD139  £0.26 M13001  £1.80 
£0.08 591 40  £0.25 M111015  £2.11 
£0.08 I3D150C  £0.82 MJI 1016  £2.56 
£0.08 13D165  £0.42 M11340  £0.40 
£0.08 B9166  £0.35 MJE350  £0.48 
£0.08 BDI 87  £0.39 MPSA05  £0.14 
£0.08 1313201  £0.40 MPSA06  £0.12 
£0.33 80202  LOAD MPSA I 3  £0.12 
£0.72 BD201  £0.40 MPSA42  £0.17 
£0.72 BD204  £0.40 MRF475  £7.28 
£0.74 BD222  £0.58 TIP29C  £0.11 
£0.72 BD225  £0.42 TIP30C  £0.37 
£072 BD232  £0.50 TIP31C  £0.41 
£0.08 BD237  £0.32 TIP32C  £0.41 
£0.08 BD238  £0.44 TIP33C  £0.72 
£0.08 BD240C  £0.37 TIP4 1 A  £0.48 
£0.08 131324313  £0.50 TIP42C  £0.52 
£0.08 BD244A  £0.53 TIP47  £0.48 
£0.08 BD244C  £0.53 TIP48  £0.62 
£0.08 BD245C  £1.18 TIP50  £0.53 
£0.08 BD246  £1.18 TIPI21  £0.48 
£0.15 BD246C  £1.18 TIP122  £0.48 
£0.09 80283  £0.61 T1P125  £0.46 
£0.09 BD284  £0.61 TIPI27  £0.40 

£0.10 BC238C  £0.09 813400  £0.79 TIP132  £0.46 
£0.10 BC239C  £0.10 BD44 1  £0.41 TIPI 37  £0.56 
£0.10 BC250A  £0.15 BD442  £0.37 TIP I 42  £1.30 
£0.34 BC25 I  £0.11 BD534  £0.47 TIP 147  £1.12 
£0.80 EtC252  £0.13 110535  £0.50 TIP2955  £097 
£0.57 BC26IB  £0.30 1313536  £0.65 TIP3055  £0.70 
£0.57 BC262B  £0.24 1313581  £0.62 VNIOKM  £0.48 
£0.57 BC267B  £0.30 BD597  £0.92 ZTX100  £0.16 
£0.11 BC307  £0.10 13D646  £0.52 ZTX500  £0.16 
£0.11 BC308  £0.10 BD648  . 
£0.60 BC31 9C  £0.13 BD650  £0.53 
£1,58 BC327  £0.10 BD707  £0.42  ... O.) c i1 
£0.30 BC 327-16  £0.10 BD708  £1.04  p,s+. NI 
Li.44 BC328  £0.10 89807  £0.80  
£0.44 BC328- 16  £0.10 BDX32  £1.78  •-•  
£0.50 BC337  £0.10 BDX33C  £0.56  
E0.40 BC337-25  £0.12 BDX34C  £0.50  
LO 4% BC138  £0.10 BDX53C  £0.47  v.."-stde• v 13(.1.18-25  1.0.10 BpX54C,  £0 5Q   

Etc.:trot) tic Radial  Electrolytic Axial 

16v  25s  40s  63s  1005 

-  £0.05 £-0- .05 

£0.05 £0.05 £.0.05 
£0.05 £0.05 £0.05 £0.05 £0.09 
£0.05 £0.05 £0.05 £0.07 £0.1 I 
£0.05 --  £0.05 --  - 
£0.05 £0.05 £0.07 £0.10 £-0.19 
£0.06 £0.06 £0.10 £0.13 £0.26 
£0.08 £0.09 £0.13 £0.25 --
£0.09 -  £0.19 -  --
£0.12 £-0.17 £0.24 £0.33 --
£0.15 £0.33 £0.34 ---  --
£0.27 ££0.55 £0.70  - 

10.67£1.05 

Also in stock - Mylar Film. MKT, Boxed 
& Dipped Polyester. Tantalum. Sub-

miniature. low Leakage & I05°C Radia 

16v  25v  40v  63v  100v 250v 450v 

£0.13  £0.22 
£0.13  £0.30 
£0.13 -  £0.41 

£0.12 -  £0.12 £0.13 £0.17 £.-0.40 £0.51 
£0.12 £-0.13 £0.14 £0.15 £0.21 £0.52 £1.06 

-  - 
£0.13 LOA 3 £0.15 £0.19 £0.32 £0.57 ---
£0.14 £0.16 £0.19 £0.26 £0.44 
£0.19 £0.20 £0.27 £0.39 £0.48--

£0.24 £0.28 £0.43 £0.53 ---  ---
£0.33 £0.43 £0.59 £1.08 --

10.66 £1.11 £1.55 
-  - 

£0.86 £1.11 - 
Dipped Ceramic MuRilayer 
10.22.33.47 and multiples. 
10pF to 100nF 100V 
220nF 100V 
330nF 100V 
470nF 100V 
1.0 pF 100V  1.0 24 
Full Technical Specification available 

£0.10 
£0.14 
£0.16 
£0 22 

Ttesistors - Please State Value Required 
'/.W Carbon Film 5% E12 Series  11-10M 
'4W Metal Film I%  E24 Series  Oil- I M 
'AW Carbon Film 5% El2 Series  0-10M 
I W Carbon Film 5% E12 Series  110-10M 
2W Carbon Film 5% 112 Series  C10-10M 
2.5W Vi''rewound 5% 012 Series  0111-2200 
Preset Resistors - Please State Value Required 
Enclosed. lOmm Square Hon/ / Vert.  10011 - IMO 0.15W  £0.15 Each 
Skeleton, 10min Dia. Boa / Vert.  I 0011 - IMO 0.1W  £0.11 Each 
Sub-min. 6min Dia. Morzontal  E3 10011-1M0 0.2W  £0.19 Each 
Mulinum. 1 Omm Square. Top Adjust.  E3 10011-1MO 0.5W  £1.00 Each 
Multiturn. I 9inm long. End Adjust.  13 5011-2M0 0.5W  £0.64 Each 
Potentiometers - Please State Value Required 
Single Gang - '4' Shall. 25mm Dia.  47011-2M2 Linear  £0.49 Each 
Single Gang - '4" Shall. 25mm Dia.  4K7.10K.47K.100K.1M.2M2 Log £0.49 Each 
Dual Gang - '4" Shalt. 20mm Dia.  1K0-2M2 Linear  £1.62 Each 
Dual Gang - ''." Shaft, 20mm Dia.  1K0-2M2 Logarithmic  £1.71 Each 
Switched - '4" Shall. 20mm Dia.  1K0-2M2 Linear  £1.56 Each 
Switched - ',:" Shall. 20mm Dia.  1K0-2M2 Logarithmic  £1.69 Each 
PCB Mount. Spline(' Shaft. 16mm Dia. 47011-1MO Linear  £0.42 Each 
PCB Mount. Splini.xl Shaft, 16mm Dia. 47011.4K 7. I MO Log  £0.42 Each 
Dual PCB. Splined Shall, 16inin Dia,  10K.50K100K.500K Linear  £0.85 Each 
Dual PCB. Splined Shaft. 16min Dia.  I OK.50k. I (10K.500K I,o i rithinic £0 85 Each 

£0.02 Each. £0.60 per 100 
£0.04 Each. £1.72 per 100 -,•1 
£0.02 Each. £0.95 per 100 g ; 
£0.07 Each. £3.90 per 100 
£0.12 Each. £5.99 per 100 S.-
£0.23 Each 

ORDERING INFORMATION - Carriage £1.25+Vat, Prices Exclude Vat (171/2%), Add Carriage & Vat to all orders. Payment with Srder. PO/Cheques 
payable to ESR Electronic Components. ALL Credit Card Orders Accepted. NO Credit Card Surcharges. Trade discount for Schools & Colleges. 
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QUESTIONS, QUESTIONS 
First of all my thanks to all those readers who have returned last month's Reader-
ship Survey forms - if you still have one to fill in we would appreciate its early return. 
These will help us to shape the future of the magazine to meet your needs. Having 
said that, it is sometimes amazing to see the widely differing opinions on certain 
regular features; some people love them, some hate them and plenty are in between. It 
just goes to show that you cannot please all of the people all of the time. 
Your general response has, however, been very positive and we have also received 
some thought provoking ideas for future projects. Please be assured that your extra 
comments and suggestions have all been read by myself and, once the number 
crunching is over, I will also be pouring over the final results for your collective 
verdict on all aspects of EPE. 

TAKE YOUR PIC 
One point that 1 have noticed from the questionnaire is that a number of readers feel 
that they cannot build PIC based projects unless they have a computer. In virtually all 
cases this is not true. Whilst we try to make the PIC software available free (or for a 
very small charge) for those who can program their own chips, we also try to make 
sure preprogrammed chips are available for those who just want to build the project 
with what amounts to a dedicated chip. 
The PIC Digital and Analogue Tachometer in this issue is just such a project. It can 
be built as a straightforward design for those with no interest in the software aspect, or 
it can be programmed for a variety of applications for those with the inclination and 
equipment. The software, like that for most of our projects, is available free from our 
Bp site on the Internet, or it can be obtained on disk (together with software for seven 
previous projects) from the editorial offices for a handling charge of just £2.50 (see 
page 945 for more details on both of these options - also see this month's Net Work 
page). 
We try not to take up pages and pages of our valuable magazine space with 
printouts of the software, as this is only of interest to a relatively small percentage of 
readers, but it is usually readily available to those who want it. In this way we can 
ensure that we get the maximum amount of information into the magazine and that 
we provide free (or nearly free) software whenever possible. 

SUBSCRIPTIONS 
Annual subscriptions for delivery direct 
to any address in the UK: £24. Over-
seas: £30 standard air service (£47.50 
express airmail). Cheques or bank drafts 
(in  sterling only) payable to Every-
day Practical Electronics and sent to 
EPE Subscriptions Dept., Allen House, 

ELECTRONICS 

East Borough, Wimborne, Dorset BH21 
1PF. Tel: 01202 881749. Subscriptions 
start with the next available issue. We 
accept MasterCard or Visa. (For past 
issues see the Back Issues page). 

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

Payment in f sterling only please. 
Visa  and  MasterCard  accepted, 
minimum credit card order £5. Send 
or phone your card number and 
card expiry date with your name, 
address etc. 

Editor: MIKE KENWARD 

Secretary: PAM BROWN 

Deputy Editor: DAVID BARRINGTON 

Technical Editor: JOHN BECKER 

Business Manager: DAVID J. LEAVER 

Subscriptions: MARILYN GOLDBERG 

Editorial: Wimborne (01202) 881749 

Advertisement Manager: 
PETER J. MEW, Frinton (012551 850596 

Advertisement Copy Controller: 
DEREK NEW, Wimborne (012021 882299 

READERS' ENQUIRIES 
We are unable to offer any advice on the use, 
purchase, repair or modification of com-
mercial equipment or the incorporation or 
modification of designs published in the 
magazine. We regret that we cannot provide 
data or answer queries on articles or projects 
that are more than five years old. Letters 
requiring a personal reply must be accom-
panied by a stamped self-addressed er - 
velope or a self-addressed envelope and 
international reply coupons. Due to the cost 
we cannot reply to queries by Fax. 
All reasonable precautions are taken to 
ensure that the advice and data given to 
readers is reliable. We cannot, however, 
guarantee it and we cannot accept legal 
responsibility for it. 

COMPONENT SUPPLIES 
We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers. 
We advise readers to check that all parts are 
still available before commencing any project 
in a back-dated issue. 
We regret that we cannot provide data, or 
answer queries, on projects that are more 
than five years old. 

ADVERTISEMENTS 
Although  the  proprietors  and  staff  of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the inter-
ests of readers by ensuring as far as 
practicable that advertisements are bona fide, 
the magazine and its Publishers cannot give 
any undertakings in respect of statements or 
claims made by advertisers, whether these 
advertisements are printed as part of the 
magazine, or in inserts. 
The Publishers regret that under no cir-
cumstances will the magazine accept liability 
for non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. Legal 
remedies are available in respect of some of 
these circumstances, and readers who have 
complaints should first address them to the 
advertiser. 

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

VARI-COLOUR 
CHRISTMAS 
TREE LIGHTS 
ROBERT PENFOLD 
Light-up your tree with ever - 
changing colours this festive 
season. 

THE  electronically  controlled 
Christmas tree lights featured here 
consist of a string of ten or twelve 

tri-colour light emitting diodes (1.e.d.$). A 
range of colourful effects can be produced, 
and standard flashing Christmas tree lights 
simply do not bear comparison to this 
system. The basic effect is for the lights to 
be cycled through red, green, yellow and 
off in a pseudo random fashion. 
A tri-colour I.e.d. is basically just a 

green I.e.d. and a red type housed in the 
same case, with their light output directed 
at a single diffuser. As one would expect, 
red or green light is produced if one or 
other of the I.e.d.s is switched on. If both 
I.e.d.s are switched on at once, their light 
output mixes to produce yellow/orange 
light. By altering the relative strengths of 
the two I.e.d.s, the exact colour of the light 
can be varied from a very red-orange 
through to a green-yellow colour. 

LIGHT FANTASTIC 
Hie electronics at the heart of this 

"lights show" is basically just two low 
frequency triangular oscillators, one driv-
ing the red I.e.d.s and the other driving the 
green ones. A triangular waveform gives a 
steady variation from zero to full bright-
ness and back again. 
One of the oscillators operates at a fixed 

frequency of about one Hertz, but the other 
has an adjustable output frequency. Its 
approximate frequency range is one cycle 
every 2.5 seconds to a little over four 
Hertz. 
Example output waveforms for the os-

cillators are shown in Fig. I. In this case 
the oscillator driving the green I.e.d.s is 
operating at three times the frequency of 
the one controlling the red I.e.d.s. 
The colours produced at various points 

in the sequence are also shown in Fig. I. 
Even with one oscillator operating at a 
frequency which is an exact multiple of 

the other oscillator's frequency, and a 
convenient phase relationship between the 
two, the sequence of colour changes is 
quite involved. 
Results are best if the oscillators are set 

at frequencies which do not have such a 
convenient mathematical relationship. This 
gives a display which varies in brightness 
at a rate which is controlled by the higher 
frequency oscillator, but the colour varia-
tions are apparently rather random. 
In truth the colour patterns will always 

repeat, but over a long period of time, 
giving an apparent randomness to the dis-
play. The effect is hard to describe, but 
the complex and continuous variations in 
colour make a simple flashing light display 
look rather pedestrian by comparison. 

CIRCUIT 
DESCRIPTION 
The main circuit diagram for the Vari-

Colour Christmas Tree Lights appears in 
Fig. 2, and the mains power supply circuit 
is shown separately in Fig. 3. 

A dual operational amplifier, ICI, is 
utilized in a conventional triangular/ 
squarewave oscillator. ICla acts as the 
integrator and provides the triangular 
output signal, while IC1b is used as the 
trigger and provides a squarewave signal. 
In this case it is only the triangular 
waveform that is needed, and the output 
signal of IC1b is unused. 
Maximum efficiency is usually obtained 

by driving large numbers of I.e.d.s in 
series. Unfortunately, in this case series 
connection is not an option. 
Tri-colour I.e.d.s invariably seem to have 

either a common cathode (k) or a common 
anode (a) connection, and the I.e.d.s used 
in this design are of the common cathode 
variety. Series connection is only possible 
if the anode and cathode terminals are in-
dividually accessible. 

DRIVING FORCE 
the I.e.d.s must therefore be driven in 

parallel, which inevitably means that quite 
high output currents are involved. A drive 
current of about 20 milliamps per I.e.d. is 
needed in order to give really good bright-
ness, which gives a total drive current of 
200 milliamps (200mA) for a bank of ten 
I.e.d.s. 
This current is far higher than ICI a can 

supply, and the 1.e.d.s (Dla to D10a) are 
therefore driven via transistor TR I, which 

Red Output 

Green Output 

Mid Yellow  Bright Green 

Bright Red Mid Red 

Fig. 1. Example output waveforms and colours. 
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operates as an emitter follower buffer 
stage. Transistor TR I is actually a power 
Darlington device which can easily supply 
output currents of 200mA or so, even 
though IC la can provide an output current 
of only a few milliamps. 
Ideally, each I.e.d. would be driven via its 

own current limiting resistor. This is im-
practical as it would require each I.e.d. to be 
fed from the controller via a separate lead. 
In order to avoid a complete "rats nest" 

of wires it is necessary to use a method of 
connection that enables the I.e.d.s to be 
interconnected via a single cable that runs 
from one light to the next. Experiments 
showed that there was no problem if the 
I.e.d.s are fed via a common current limit-
ing resistor (R6) provided they are all of 
the same type. 
The circuit seems to regulate itself so 

that the current through each I.e.d. is more 
or less the same, and there is no obvious 
difference in the brightness of the lights. 

VARIABLE 
FREQUENCY 
The other sections of the I.e.d.s (DI b 

to DI0b)  are  driven  from  another 
triangular/squarewave oscillator and buffer 
amplifier, but this circuit has a variable 
output frequency. This is achieved by 
using a rotary potentiometer VR I , wired as 
a variable resistor, as part of the timing 
resistance. 
The maximum frequency of about four 

Hertz is achieved with VR1 set at min-
imum resistance, running through to the 
minimum frequency of around 0.4Hz with 
VR1 at maximum resistance. 

PO WER SUPPLY 
The mains powei suppl) circuit (Fig. 3) 

is of conventional design. Mains trans-
former T1 provides a voltage step-down 
and isolation from the dangerous mains 
supply. Full-wave bridge rectification is 
provided by rectifier diodes D11 to DI4, 
and the supply is smoothed by the high 
value electrolytic capacitor C4. 
A monolithic voltage regulator, IC3, 

stabilises the output potential at eight 
volts. The supply current to the main 
circuit varies from about 10mA with all 
the lights switched off, to a little over 
400mA with both sections of all ten lights 
at maximum brightness. 

Completed controller with "lights" chain. 

CONSTRUCTION 
A stripboard having 52 holes by 26 

copper strips accommodates most of the 
components. This is not a standard size in 
which the board is sold, and a larger piece 
must be trimmed to the correct size using a 
hacksaw. 
The circuit board topside component 

layout and interwiring details are given in 
Fig. 4. Also included is an underside view 
showing the positioning of the 34 breaks 
required in the copper strips. 
Start construction by drilling the two 

mounting holes, which should be about 
3.3mm in diameter. Three holes of the 

same size are also needed where TR1, 
TR2, and IC3 will eventually be bolted to 
the board. 
Next the numerous breaks should be 

made in the copper strips, using either a 
special track-cutting tool or a hand-held 
twist drill bit of about five millimetres 
in diameter. Make sure that each break 
covers the full width of the strip, but try to 
avoid cutting too deeply into the board 
(which could weaken it significantly). 
The board is now ready for the 

components and 14 link-wires to be fitted. 
It is best to work methodically across the 
board, being careful not to omit anything. 

D11  DIO 
4 x 1N4002 

230V AC 
MAINS 

Fig. 3. Circuit diagram for the 8V mains power supply. 
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Fig. 2. Main controller circuit diagram for the Van-Colour Christmas Tree Lights. 
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Op.amps ICI and IC2 are not MOS 
devices and do not require any special 
handling precautions, but it is still ad-
visable to tit them to the board via d.i.l. 
holders. Capacitors C2 and C3 must be 
miniature printed circuit mounting types 
having 7-5mm (0-3 inch) lead spacing if 
they are to fit neatly into this component 
layout. 

Be  careful  to fit the electrolytic 
capacitors Cl and C4 the right way round 
as a mistake here could result in the 
incorrectly  fitted  component  being 
destroyed  (probably  in  spectacular 
fashion). For the same reason, double 
check that diodes D11 to D14 are all fitted 
correctly. The link-wires can be made 
from 22s.w.g. or 24s.w.g. tinned copper 

wire, or trimmings from the resistor 
leadout wires might suffice. 
The amount of power dissipated by 

TR I , TR2, and IC3 is not very large, but it 
is advisable to fit them with small bolt-on 
heatsinks. The heatsinks used on the 
prototype are somewhat larger than neces-
sary, and the smallest of ready-made 
heatsinks for TO220 cased devices should 
be perfectly adequate. The screws which 
hold the heatsinks in place are also used to 
secure the components to the circuit board. 
To complete the circuit board, fit single-

sided solder pins at the points where 
connections VR1, T1, etc. will be made. 
"Tin" the tops of the solder pins with 
plenty of solder, as this will make it easier 
to produce reliable connections to them. 

CASE 
For reasons of safety this project must be 

housed in a metal case which has a screw 
fitting lid, and not one that simply clips 
on and unclips. The case must be reliably 
''earthed" to the mains Earth lead. 
A mains powered project such as this 

is not suitable for beginners unless they 
are closely supervised by someone who is 
suitably experienced at electronic project 
construction. 
A metal instrument case is probably the 

best choice for this project, and one about 
200mm (8in.) or so wide should com-
fortably accommodate everything. Switch 
SI is mounted well towards the left-hand 
end of the front panel (rear view), and 
potentiometer VR I is fitted at any desired 
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Completed circuit board showing the Darlington transistors bolted to heatsinks. 

position on the right-hand section of the 
panel (rear view). The circuit board is 
mounted well towards the right-hand side 
of the case, which should leave ample 
space for transformer TI to its left (as 
viewed in the internal photograph). 
Mount the circuit board on the base 

panel using 6BA or metric M3 screws. 
using spacers about 12mm long to hold the 
board well clear of the case. This should 
ensure that there is no danger of the fixing 
screws for the outer casing damaging or 
"short circuiting" the board. 
Also be careful to position the mains 

transformer TI where it will not be 
damaged by these screws. A solder tag is 
fitted on one of TI's mounting bolts, and 
this acts as an Earth connection point for 
the case. 
A hole for the mains lead is made in 

the rear panel of the case, roughly op-
posite mains on/ff switch SI. This hole 
must be fitted with a "strain relief" type 

grommet and the connecting leads securely 
anchored to protect the mains cable from 
young prying fingers. particularly at this 
seasonal time of year. 
Fuse FS 1 is fitted in a chassis mount-

ing fuseholder which is bolted to the base 
panel of the case to the rear of TI. Alterna-
tively, a panel mounting fuseholder can be 
mounted on the rear panel of the case, next 
to the entrance hole for the mains lead. 
The output of the unit can be connected 

to the I.e.d. "light chain" via a three-way 
socket fitted on the rear panel. but direct 
connection is used on the prototype. This 
requires a hole for the output lead in the 
rear panel, and this hole should also be 
fitted with a grommet to protect the cable. 

INTER WIRING 
'I lic "hard wiring'", apart from the con-

nections to the I.e.d.s. is also shown in 
Fig. 4. The wiring is very straightforward, 
but it is essential to take extra care with 

a Completed unit showing 
components inside case. 

COMPONENTS 
Resistors 
Al, R2. 
R7. R8 47k (4 off) 
R3. R10 56k (2 off) 
R4  1M 
R5, All 82k (2 off) 
R6. R12 121/ 0-5W (2 off) 
R9  220k 
All 0.25w 5% carbon film, unless stated 

See 

TALK 
Page 

Potentiometer 
VR1  2M2 rotary carbon, ho 

Capacitors 
Cl  101.1. radial elect. 25V 
C2, C3  470n polyester, 7.5mm lead 

spacing (2 off) 
C4  1000p. radial elect. 25V 
C5. C6  100n disc ceramic 

Semiconductors 
D1 to 
D10 5mm common cathode, high 

brightness, tri-colour led. 
(10 off) 

D11 to 
D14  1N4002 100V 1A rectifier 

diode (4 off) 
TR1, 
TR2  TIP122 or TIP 121 npn 

power Darlington (2 off) 
Id, IC2 TL072CP bifet dual 

low-noise op.amp (2 off) 
IC3  p.A7808 8V lA positive 

regulator 

Miscellaneous 
Ti  standard mains primary, 

9V 666mA secondary 
(see text) 

Si  rotary mains switch 
FS1  500mA 20mm "quick-blow" 

fuse 
Stripboard 0.1 inch matrix, size 52 
holes x 26 strips; metal instrument case, 
size 203mm x 127mm x 51mm; 8-pin 
d.i.l. holder (2 off); control knob (2 
off); 20mm chassis or panel mounting 
fusehclder; mains lead and plug, small 
T0220 finned heatsink (3 off), three-way 
ribbon cable for I.e.d.s, wire solder, etc. 

Approx Cost 
Guidance Only £25 

excluding case 



the wiring to the mains transformer Ti 
and on/off switch Si. Mistakes here could 
cause costly damage, and could also be 
very dangerous. Make quite sure that the 
connections to the Earth solder tag are 
reliable, and resolder the joint if it seems 
at all dubious. 
A mains transformer having a 9V 

secondary winding rated at about 666mA 
is required. These days virtually all small 
mains transformers seem to have twin 
secondary windings. 
The specified transformer has twin 9V 

333mA secondary windings which are 
connected in parallel, as shown in Fig. 4. 
This effectively gives a single 9V 666mA 
winding. Note that this method of connec-
tion must only be used with transformers 
that have accurately matched secondaries 
that are designed for parallel connection. 

LIGHTING CHAIN 
The 1.e.d.s are wired together using a 

length of thin three-way cable. Grey rib-
bon cable is a good choice, and a three-
way strip is easily peeled off a wider 
piece. 
About 0.5m to one metre of cable is 

needed to connect the controller unit to the 
first I.e.d., and the I.e.d.s are then spaced 
at intervals of about 150mm to 250 mil-
limetres. Fig. 4 also provides connection 
details for the chain of I.e.d.s. 
In order to fit an I.e.d., the 3-way ribbon 

cable must first be split into three separate 
wires at the point where the I.e.d. is to be 
fitted/inserted. This is easily done using a 
modelling knife and a cutting mat, being 
careful to cut between the wires, and not 

into them. The wires should be separated 
over a length of about 20mm. 
Wire strippers can then be used to cut 

through the insulation on each wire, so that 
it can be pulled apart to reveal a few 
millimetres of bare wire. This bare wire is 
"tinned" with solder, and there should 
then be no difficulty in connecting the 
I.e.d. to it. 
The built-in current limiting of IC3 plus 

fuse FS I should avoid disasters if acciden-
tal short circuits should occur in the I.e.d. 
wiring, but it is a good idea to use some 
Bostik "Blue-Tak" around the leads of 
each I.e.d. to keep them apart. 

FINAL CHECKS 
Give the finished unit a final check 

before plugging it in and switching on. If 
all is well the I.e.d.s should provide a 

psychedelic display as soon as the unit is 
switched on, and by adjusting the Rate 
control VR I it should be possible to con-
trol the rate at which the colour change 
occurs. 
If a simple red flashing display is 

produced, at least one of the I.e.d.s has its 
"red" and "green" anodes connected the 
wrong way round. The red sections have a 
lower turn-on voltage than the green 
sections, which makes it essential to have 
all the red sections driven from one output, 
and all the green sections driven from the 
other output. 
Any attempt at mixed operation results 

in the red sections limiting the drive volt-
age to a level that is too low to switch on 
the green sections. Hence only the red half 
of each I.e.d. is activated. 

Happy Christmas to all EPE readers! 

II BTEC approved 
TUTOR supported 

• 
NA T I O N A L 
COLLEG E  Of 
If( H NO 1 06 Y 

DISTANCE 
LEARNING COURSES in: 
Analogue and Digital Electronic 
Circuits, Fibres & Opto-Electronics 
Programmable Logic Controllers 
Mechanics and Mechanisms 

Courses to suit beginners 

and those wishing to update 

their knowledge and practical skills 

MI Courses are delivered to the student 

as self-contained kits 

III No travelling or college attendance 

is required 

MI Learning is at your own pace 

For information contact: 
NCT Enterprises 
Barnfield Technology Centre 
Enterprise Way, Luton LU3 4BU 
Telephone 01582 569757 • Fax 01582 492928 

PIC EEZE 
PIC EEZE-V2 

Program/read/verify 16C54/55/56/57/58/61/62/620/621/ 
62263/64/71/73/74/84/Serial EEPROMs. Expansion port 

Built and Tested Only £52.95 
PIC EEZE-V3 

As above but with In-Circuit Emulation Capability. 
Built and Tested Only £72.95 

Both systems have ZIF sockets unlike similar priced systems 
and operate via serial or parallel link to PC, all software 
provided. (V2 upgradeable to V3) 

Other PIC developments. Learning pack for beginners. 
demonstration pack, PIC basic (Tel/write for details) 

True PIC based 
Real 
Time 
In 
Circuit 

Emulation 

TRICE"' 
PIC Real Time In-Circuit Emulation. 

• Real time to 4MHz. 

• Step/Skip/Animate/Run etc. 

• Variable speed selection. 

• Supports most 18/28 pin PIC s 

(Tel/write for further specs, 

Only £149.95 

Test your code in a 
'TRICE' 

LE_Imard Please add £2.00 P&P and 
make cheques payable to 
LENNARD RESEARCH 

29 Lavender Gardens..lesmond, Newcastle upon Tyne. NE2 3DD. 
Telephone (0191) 281 8050. 
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Innovations A roundup of the latest Everyday 
News from the world of 

electronics 

HOW GREEN IS MY SILICON VALLEY 
Not to be outdone by other Celts, Wales is to benefit from the arrival of a 

Korean electronics giant - by Hazel Cavendish 

THERE is little doubt that it is the Celtic fringes 
of the British Isles which are attracting the 

major inward investment deals in electronics at 
the present time. Up to now, Scotland has 
appeared to lead the way, followed by much 
trumpeting by Eire's Industrial Development 
Authority that 300 electronic companies employ-
ing 34,000 people had been lured to the 
Republic. However, now Wales is emerging as 
the UK's leading centre for consumer electronics. 
One in five British employees in that sector is 
now employed in Wales. 
The  Korean  electronics 

giant,  the  LG  Group, 
announced this summer that 
it has chosen Newport in 
Gwent for the location of a 
£1.7 billion complex which 
will bring 6,100 jobs to the 
region  and  is hailed  as 
Europe's  biggest  inward 
investment deal of the decade. 
(LG Group was previously 

known as Lucky Goldstar, but 
decided earlier this year that 
its somewhat Western title, 
redolent of a cowboy riding 
out from the Last Chance 
Saloon, could perhaps be re-
placed by something more 
dignified.) 

THE DRAGON 
CHALLENGES 
Eire based its claim of being 

"the Silicon Valley of Europe" 
(so named by John Shepherd, 
UK and Ireland manager for 
Gateway 2000) on the figure 
of 7,200 jobs in the elec-

tronics and software industry 
recorded last year. However, 
with the LG Group's figure of 
over 6,000 jobs predicted for 
their company alone (other 
electronic interests having al-
ready found their way into the 
Valleys), Wales may be said 
to be mounting a substantial 
challenge. 
Two separate companies 

owned by the LG Group will 
operate from the Welsh site in 
Imperial Business Park just 
outside Newport, with an 
estimated Government grant 
of around £200 million. The 
deal was considered a for-
midable coup on the part of 
William Hague, Secretary of 
State for Wales, who was 
competing with his opposite 
number, Scottish  Secretary 
Michael Forsyth. 
LG Electronics Inc was 

Korea's first consumer elec-
tronics manufacturer in 1958, 
whose  Goldstar  consumer 

THE MISSING LINK 
MESSERS Music Fidelity believe 
that CD players never quite seem 
to achieve  the  potential  that 
technical specifications promise. 
And  they  believe  they  know 
reason why, and how to change 
all that! 
They  have  found  that  CD 

players can  be  let down by 
analogue output  stages which 
have difficulties driving variable 
inductive, capacitive and resistive 
loads  presented  by  a typical 
amplifier and cable combination. 
To combat  these problems, 

Musical Fidelity have introduced 
the X10-D system. inventively also 
known as The Missing Link. What 
the X10-D does is to offer a 

electronics now sell in 150 
countries and earned £5.6 
billion last year, and LG 
Semicon is one of their major 
exporters. 

DRAM-ATIC 
INCENTIVE 
When fully developed, the 

factory will produce DRAM 
(dynamic  random  access 
memory) chips, semiconduc-
tor  wafers,  the  latest 
technology  available  for 
monitors and TVs, suspen-
sion yokes, flyback trans-
formers, and tubes. It will 
also  assemble  TVs  and 
monitors  at  competitive 
prices. The first phase of the 
building is expected to be 
completed in a year's time. 
LG  said  the  incentive 

package offered by the Welsh 
was the best on offer from 
any of the European locations 

it examined, and another 
decisive  factor  was  the 
advanced  training  oppor-
tunity available through the 
long-standing links between 
the  business  park  and 
London's Imperial College, 
and the University of Wales. 
The  construction  of a 

purpose-built semiconductor 
training centre swung the 
decision in favour of New-
port, as LG Semicon has set a 
high priority on R&D, with a 
target of 8.3 per cent of its 
revenue to be devoted to this 
by the year 2,000. 
South Wales also benefited 

from forming part of the M4 
Motorway Corridor — the fo-
cal point for IT-Electronics 
related industries in the UK. 
Welsh consumer electronics 
now represent 23 per cent of 
British employment in this 
sphere. 

AND NOW SILICON GLEN 
THE above Welsh success story was written prior to the 
recent news that Scotland is to benefit from investment by 
the Korean giant Hyundai. 
Hyundai Electronics Europe Ltd (HEE) have announced 

plans to build two microchip manufacturing facilities in 
Dunfermline. The first phase involves an investment of £1 
billion and the creation of 1000 new jobs. 
HEE also plans to invest up to £1.4 billion in a second 

phase which will create a further 1000 new jobs. The 
plants will produce DRAM chips primarily for the European 
market. 
We now have more than 20 Korean companies 

manufacturing in Britain and by far the largest share of 
Korean investment in the European Union. 

perfectly steady load for your CD 
player's analogue stages to drive. 
The rest of the system then plugs 
into the X10-D. Hence, your CD 
sees  a "perfect"  load,  and 
you hear a hard-to-believe im-
provement in sound from your 
speakers. 
It is claimed that the system 

does not add distortion or noise, 
and does not alter the frequency 
response. Rather it turns your ex-
isting CD player into a state-of-
the-art "sounding" machine! 
For further information, contact 

Musical Fidelity Ltd., Dept. EPE, 
15-17 Olympic Trading Estate. 
Fulton Road. Wembley, Middx 
HA9 OTF. Tel: 0181 900 2866. 
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GREATER REALITY 
THROUGH VR 

- By Hazel Cavendish 

Widescreen viewing, synchronous smells and faster sound recognition are 
offering greater credibility to Virtual Reality simulations. 

THE USEFULNESS of Virtual Reality is some-
times questioned, largely due to its early appear-
ance in amusement arcades, but its versatility is 
amply illustrated by recent applications demonstrat-
ing steady development in many spheres. 
A new widescreen VR system has replaced, in 

some cases, the headsets which were frequently 
disliked. Crispin Gray, chief executive of Cadcentre, 
a software company based in Cambridge, described 
headsets as "the head-in-a-bucket approach," and 
his company's Visuality system is based on a 
Silicon Graphics Onyx computer with three Reality 
Engine graphics processors, each of which drives a 
colour projector and generates a third of the display, 
and can be set up and dismantled in 12 hours. 
A 5-metre wide 120-degree wrap-around screen 

can display an entirely accurate simulation of a 
building and its setting, although it needs mathe-
maticians to do the complicated calculations for 
each frame. 
One of its uses recently was for a prototype model 

of an oil-rig to be demonstrated before its construc-
tion. The value of this experiment was underlined by 
a safety engineer's discovery that important safety 
valves were placed in an inaccessible position, and 
that the positioning of various ducts posed a poten-
tial hazard. This discovery saved the firm £3 million. 
Cadcentre are now making the technology avail-

able at all visual engineering centres as well as sell-
ing complete Visuality systems. 

PUNGENTLY REAL 
The latest VR development is to produce smells 

in order to make the viewer feel at home in the 
environment being presented (!Ed,). First in this 
field was Ferris Productions of the USA, who felt 
that the fourth sense needed to be added to sight and 
sound. The viewer is shown to a special chair, where 
smells are stored in a compressor unit under the seat, 
with a vaporised droplet being pumped along a 
small hose to the nose within a millisecond. 
In this case, 3D television goggles are still used, 

presumably with the hose built in. The viewer is 
treated to seven smells on a fascinating and realistic 
ride, ranging from the aroma of pine needles and 
camp-fire smoke to the brine of the seashore. 
Now Virtuality, a British VR firm based in 

Leicester, has developed another olfactory system 
based on the smell of cordite which can be used with 
a replica gun with a new "Total Recoil" simulator 
in a Wild West scene, with all the ingredients for the 
would-be cowboy. The gas (carbon dioxide) used in 

the recoil mechanism is also channelled to a valve 
which mixes it with the smell of a small pinch of 
cordite delivered to the nasal area of the headset. 

NEARLY 
FIGHTING FIRES 
A more practical use of Virtual Reality is being 

used to train fire-fighters at the Fire Services College 
in Moreton-in-the-Marsh, Gloucestershire, where a 
Hampshire firm, Colt Virtual Reality, has developed 
a low-cost programme using sophisticated technol-
ogy to enable fire brigades to experience the 
problems of tackling major incidents such as the 
King's Cross or Bradford fires. The latest technol-
ogy allows the company to simulate the reality of a 
dramatic fire by mirroring the exact conditions at the 
command and control centre from which such a fire 
would be fought. 

AND SPEAKING 
OF SAFETY 
From defining smells and experiencing the horror 

of fire, it is logical that someone would move on to 
research the possibility of recognising exact sounds 
in order to identify mechanical faults or recognise 
the nuances of the human voice. A new technology 
known as Tespar has been developed at Cranfield 
University and is being marketed by a Shrivenham 
firm called Domain Dynamics. It is based on math-
ematics with the object of compactly digitizing 
the analogue waveforms of sound (and all natural 
waveforms). 
This has previously been done conventionally 

using Fast Fourrier Transformation (FFT), but the 
disadvantage is the huge amount of digital data 
incurred. Cranfield has evolved a system whereby a 
snippet of sound can be defined completely in only a 
few bytes of data and can be compared with a stored 
reference sound "signature". 
The technology has wide-ranging applications 

from monitoring aircraft engines to detect failing 
components before they cause a crash, to rapidly 
identifying the voice of a person presenting a credit 
card. 
Much interest is being shown by the smart-card 

firms which propose to base their systems on voice 
identification. Domain Dynamics have been con-
ducting exhaustive tests and are delighted by the 
infallibility of the system in identifying a person's 
voice, even when that person has a bad cold — or is 
exceedingly drunk! 

GET BATTING 
RESPONDING to the persistent 
fascination that people have for 
trying to find bats, Magenta have 
introduced their MKII Bat Detec-
tor kit, at a mere £27.99 including 
p&p and VAT. 
It had been under consideration 

ever since Magenta realised the 
success of the EPE original bat 
detector, in 1989. The new design 
draws on feedback received from 
bat enthusiasts all over the UK. 
It includes many  new  ideas 
and provides the following fea-
tures: I W audio output; built-in 

weatherproof microphone: 20kHz 
to 140kHz range; hand-held case 
with battery compartment; all-
new superhet circuit; compact 
p.c.b. layout. 
Magenta say that assembly 

is straightforward and should 
present little difficulty to anyone 
with basic craft and soldering 
skills. Apparently, some cus-
tomers have reported detecting 
Pipistrelle and Horseshoe bats on 
the same evening that they have 
constructed the detector! 
As with all their kits, Magenta 

offer telephone technical support 
and, if all else fails, for a standard 
charge will "fix" kits that refuse 
to work. 
For more information, contact 

Magenta Electronics Ltd., Dept 
EPE, 135 Hunter Street, Burton-
on-Trent, Staffs DEI4 2ST. Tel 
01283 565435. 

PIC•SCANNING 
SECURITY 

SECURE encyption has taken another 
step forward with the recent launch of a 
new microcontrolled data coding tech-
nique by ScanCard (IPR) Ltd., a south 
London development company. 
ScanCard have recognised that the 
rapidly growing use of PCs, both in 
business and private life, for various 
forms of intercommunication raises the 
important issue of privacy and confiden-
tiality. It is the Company's opinion 
that the currently available encryption 
systems mostly have limitations or 
drawbacks. 
Such systems, for example, might 

use encryption key codes having up to 
500 binary bits. If these codes are 
the basis of mathematical calculations 
which need to be made before data can 
be transmitted, preparation time can be 
lengthy. Furthermore, such methods 
may still not guarantee confidentially 
because computer aided scanning is 
becoming even more efficient. 
The new system developed by 

ScanCard, which has been patented, 
has addressed these and other security 
problems.  The  microcontroller,  a 
P'IC16C84, has been programmed to 
produce an uninterrupted sequence of 
binary data giving no clue to the 
"attacker" where random word lengths 
begin or end, and thus it is claimed to 
be impossible to determine which bits 
are "clear data" and which are "random 
data". 
Additionally, the key codes can be 

changed at will: error detection is swift 
and does not require repetition of long 
blocks of text: authentication elements 
can be build into the algorithm. Scan-
Card also say that computer-aided 
analysis of encrypted data will not 
reveal how the system works (there's 
a statement to make any hardened 
hacker recognise a challenge!). 
Also under development by Scan-

Card is the next version of this system, 
making it suitable for transmission of 
data over the telephone. This system is 
to be the basis of an EPE project which 
we expect to publish in the Spring of 
1997. 
For more information, contact Scan-

Card (IPR) Ltd., 250 Brighton Road, 
Croydon, CR2 6AH, Tel: 0181 688 
6067. 

WE KNO WS 
ABOUT WENOS! 

AMONGST the information sent 
through to our Web site is news about 
the founding of the WeNos Robotics 
Society. Pronounced "We knows" 
( 'cos they do knows!), WeNos has 
been formed to further the advances of 
robotics in general. It is intended that 
the group should flourish and con-
tribute to the field of robotics, and 
mobile robots in particular. 
There are no monetary dues ex-
pected by the group and the only 
requirement to joining is that you 
either make contributions to the data 
base or offer surplus components for 
general group usage. 
If you're interested in robotics (and 

we know from the survey forms 
coming back — thanks for them all 
— that many of you are), you 
can contact WeNos via E-mail at 
The2x4@aol.com. Who knows, you 
might even find out how to invent a 
mobilised version of our forthcoming 
Psycho Rat! 
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The Winter 96/97 Edition brings you: 

Even further additions to the Computer section extending our range of PC 
components and accessories at unbeatable prices. 

P. 100's of new products including; Books, Connectors, Entertainment, Test 
Equipment and Tools. 

0. New Speakers, Mixers and In-Car Amplifiers in the Entertainment section. 

£25 worth discount vouchers. 

248 Page main Catalogue, plus 32 Page full Colour Computer 
Catalogue, incorporating 24 Sections with over 4000 Products 
from some of the Worlds Finest Manufacturers. 

110. Available at WH Smiti, John Menzies and most large 
newsagents, or directly from Cirkit. 

Get your copy today! 



!ULTRASONIC MOVEMENT DETECTOR Xtal controlled oscillator. 
detector circuits ft edge 
mounted transducers on 
one PCB just 75x4Omm 
Detection range 4.7m Adjustable 
sensitivity LED indicator Outputs to drove ex 

1
 ' ternal relay'circuits 9V DC operation 3049-Kr 
£14 16   

MINI CCTV CAMERA 

Established 1990 

K U M A R 
Eleetroodes 

SECURITY 

Latest high mutiny IR. 
sensobve monochrome 
camera  module  for 
Video Intercom CCTV 
Surveillance etc Sim ple 
plug into surt or video. 
Six Onboard IR LED's 
Less than half the size 
01 a cigarette packet , 

ASSEMBLED UNIT 
.3(147•AS LM.116 

111 -FACTOR 
TNE EXPERTS IN RARE A 
UNUSUAL INFORMATION/ 

1 Full derails ol all l I Sill ik It 141 II 4 lloosti can be 
found in our catalogue. N8 Minimum order charge 
for reports and plans is a 00 PLUS normal PbP 

SUPER-EAR USTENING DEVICE Complete plans 
to build your own parabolic dish microphone. 
Listen to dostant voices and sounds through 
open windows and even walls, Made from 
readily available parts R002 (3.50 
, TELEPHONE BUG PLANS Build you own micro. 
, beetle telephone bug Suitable for any phone. 
' Transmits over 250 metres  more with good 

• receiver Made from easy to obtain, cheap corn. 
ponents R006 £Z50 

LOCKS - Now they work and how to pick them. 
This fact lolled report will teach you more about 
locks and the art of lock picking than many books 
we have seen at 4 times the price Packed with 
information and illustrations R0013 (3.50 

RADIO It TV JOKER PLANS We show you how 
to build three different circuits for dosruptong TV Ipicture and sound plus FM radm, May upset 
your neighbours b the authorities ,' DISCRETION 
REQUIRED R017 (3.50 

INFINITY TRANSMI'TT'ER PLANS Complete plans 
for building the famous Infinity Transmitter. Once 
installed on the target phone, device acts like a 
room bug Just call the target phone Er activate 
the unit to hear all room sounds  Great for 
home/office security , R019 (250 

THE ETHER BOX CALL INTERCEPTOR PLANS 
Grabs telephone cells out of thin air , No need to 
wire-se a phone bug. Simply place this device 
near the phone linos to hear the conversations 
taking place , R025 £3.00 

GENERAL KITS 
3 DIGIT LED COUNTER 2 board basic event 
counter Main board has 3 digit counter Pratt!. 2nd 
board has Count b Reset switches b detxrunce 
circuit Cascaded vont other boards to provide 
more dogns Box b battery holder provided. 9V 
batten, 78x50.25rnm 3001.Kr L1465 
OP-AMP FUNCDON GENERATOR Quad Op-Amp 
connected as oscillator b wave shapers to gen. 
.ate Loudio range wave-forms Oscillator gener• 
enes Square Wave horn 6112 to 6KH2 Other amps 
produce Tria ngle Et pseudo Sine outputs Solder 
pad outputs W powered 47x40x22rnm. 3023-A7 
L4.96 

FEATURES 

'ComPect 66sht canon 
PCB module 54Wx381. 
a3Ornron1 33 grams 
•Los poem consumption 
120 Pc 15OrnA 
'flow light requirement 
o ILux OR LED PI 
'Ugh weary, high 
resolutoon CPR irrupt 
512s562 omen 
'Video output 1Vp-p(7511 
'Lens 3.6non, F1 8 
'Feld of wee 7(Ht ssr 
•Mantenance free 

elePronocally 
controlled auto-one 
Internal sync...maim 

LOGIC PROBE Original, modern design tests both 
CMOS Er TTL comforts as well as detecting fast 
Pulses Casa% vowel Et Duda indication of lo w 
' states found Powered from w ant under test Its 
operolion is fully explained 3024-Kr £ I15 

ROULETTE LED A greal 
12r1 introducnon to gambling .. 

en elactronial Watch ma 
la' spin round the roulette 
wheel, slow down 6 &op into 
slot UM 10 LED's. CMOS 
decade counter 6 Op-Amp to teach 
I Voltage Controlled Oscillator IVCO) poncoples. 9V 
' pawered. Educational ft fun, 3006-ICT L10.116 
PELTIER JUNCTION MEAT PUMP Boil or freeze 
water Instantly, Use fp regulated cooling of tem-
perature sensitive components and much more 
3066-Kr £2196 

W XENON TUBE RASHER This powerful high 
voltage xenon flasher runs off a simple 9V tottery 
A transformer is used to step up the 9V supply 
vottage to the high voltage required to Rash the 
25mm long tube Rash fete adoptable between 
ols to 2 second intervals X22-KT ET /.115 

LO OM AMPUFIER MODULE Proven, popular build-
ing block for use on any audio protect where general 
arnpkficebon required. Power &AP., de ws:ten on 
guppy voltage  toed resistance. Typical ratings. 
Over IOW for 16V supply It 2W speaker, 1W for W 
supply  SW speaker 3047-KT It % 

plus AUDIO • EDUCATIONAL • LASER • SECURITY • TEST GEAR • BOOKS 6 more  

Our high quail), protect kits are supplied with all components, fibre glass PCB's & comprehensrve 
instructions FREE CATALOGUE with order or ser K2,  1,st,glass zaknps (refundable) for details of over 
100 kits & publications Mail order only Please "4'. fl'uv (Europe £3, Rest of Word ES) & 

make cheques/PO's payable to Quasar Electronics. Goods normally despatch within 5 working days 
Please allow 28 days for delivery. Pnces include VAT at 17 5% For safety send cash by recorded delivery 

Quasar Electronics Unit 14 Sunnningdale eIsHors STORTFORD Hens CM23 2PA 
E- mail 10136.4.3510 co mpuserve corn 

Web site. http,i,•ourworld co mpuserve corn/ ho mepages/CluaserElectronics 

COMBINATION LOCK Versatile electronic lock 
comprising main circuit It separate 9 key touch-
pad for remote opening of lock 120VAC/10A relay 
supplied 9.12V 3029-Kr f1145 

LIGHT ALARM Protect your valuables with this 
practical. clever little circuit Alarm sounds if even 
the smallest arnount of light falls on the circuit. 
Place in cash box etc 30013KT E4.1115 

THE SCREAMER! Painful alarm siren gives Out • 
massive 110db of ear piercing noose Box sup-
plied has two 35mrn poe m elements already built 
into their own resonant cavity PCB fits onside box 
t g ea neat. compact unit  Use as part of 
an alarm circuit or lust for the fun of otl I 6-11111 
operation 3015-KT CE95  

IV T 7 T V 7 7 7 7 T Y Y Y Y Y v v  

SURVEILLANCE 
High performance surveillance kits.  Room 
transmitters supplied with sensitive electret 
microphones  It battery  holderschps.  All 
transmitters can be received on an ordinary 
VHF FM radio 

MIX - Miniature 
3V Transmittet 
Easy to build It guaranteed to 
transmit 500 metres (over 1000m possible with 
higher voltage It better /rebel/ 3-9V operation. 
Only 45x18mm 3007.07 (4.95 

MRTX - Mlnieture 9V Room Transmitter 
Our best selling 'bug' Super sensitive. high power 
• 1000m range fUp to 2 miles with 181/ supply It 
better aeroal ,1 9V operation 45x19rvorn 3018-Kr 
LI M 

HPTX - High Power Room Tr ansmitter 
High performance, 2 stage transmotter gives greeter 

stabarty Er Pugh quality reception 
1000m range wont 9V battery. 

6 12V operation ON off 
UU  svetch Sue 70x15mm. 

3032-Kr BI M 

VTX - Voice Activated Trerarnitter 
Powerful  2 stage  voice  activated  transmitter. 
Only operates when sounds are detected Iltm 
range. Low standby CUrvell - COnalIVIS battery 
power. Athustable sensitivity ft hirn-off delay. Only 
63418rnm. 3028-KT tIt15 

MI- Telephone Recording Interface 
Connect between phone line It cassette recorder. 
Autornatic.ally switches on tape when  a 
used Records all conversations Powered horn line. 

0,, 48x32mm 3033•Ar ra w 

1.1 TRVS - Ten. Recorder Vox Switch 
Or Very sensthve, voice activated switch - autornett 

5
 caIN turns on cassette recorder when sounds we 
detected Ackustable sensnovrty fa turn-off delay. 
115x19mm Inc mu 3012Kr 1750 

fri MT/X - Minnows Telephone Trensminer 
Attaches anywhere to phone lone Transmits only 

when phone m used Uses phone 
line as aerial It power source . 

50Orn range30 : KT.x15mni mso. 

Two Station  ercom/Hard Wired Bug 
Each unit hos its own speaker, microphone ft 

' amplifier ILM366) Turn into a hard weed bug by 
using 4 stand nbbon cable supplied to send power 
from the receiving tine to the remote bug unit W 
30214cr LIZI6 

Telephone Ampaiier Kit 
Pick-up coil It sensitive ainplifer let you heat Com 
verfatiOna WithOut even holding the phone! Can be 

LED SEOUENCE/RANDOM RASHER. 5 ultra bright 
red LED's flesh in seguence or rendom bled for model 
footways On/off switch. COB PCB 15xlitmm (spare 
provided) 351 powered 3051-KT MI5 

LED DICE The clear electronic protect that never 
loses is popularity Combines a greet game with 
an easy introduction to electronics*, simple circuit 
analysis  7 LED's simulate a real dice face. The doe 
rolls, slows down, stops on a number at randorn. Uses 
a 565 arner It count. IC Box included 951 operation 
3003-Kr MI6 

STAIRWAY TO HEAVEN GAME This game of skill tests 
your hand-eye coordination If you press the switch 
each time the green part of the bi-poler LED lights you 
climb higher up the stairway - but miss It you start 

Introduces you to several basic electronic cit. 
cues. Box provoled 9V operation 761x50.19rnm Rolle 
Harris NOT included , 3005-KT 11105 

op 

address at 

INIERSITE 
*n ate S W  DC MOTOR SPEED CONTROLLER 

Control the speed of any common 
DC motor rated up to 10051 I5A) 
Operates on 5-15V Uses NE556 
IC to pulse-width modulate a 

f' adv.  TIP122 high current, switching foot o   
Power trances-tor In this way torque of the 

motor is not lowered Box mounted 3067Kr LIR * 
SWTTCHING POWER SUPPLY Replace expensive W 
batteries with cost-efficent 15V cells IC based circurt 
acts as  a s'afruP .w4Ch.ng power suPPiy Selectable 
1 5 or 351 DC inputs Gross a fixed output of 951 So 18mA , 
!roma 15V 'AA" cell Solder pods for input/output 
cell Er 2 cell "AA' holders it pumper 'vetches supplied 
40v15a12rnm 30.35-Kr £4116 

SINGLE CHIP AM RADIO Complete mini sued AM 
radio on a PCB Tuned Radio Frequency front-end, I 
AM Radio IC It 2 stages 04 audio amplification All 
components supplied int prewound coil ft speaker 
32.102min 3063-Kr te.15 

TANN SOUNDS 4 selectable sounds - YVhistle Blow- I 
Lend Crossing Bell, Chugging It "Clickety-Clack" 

2 5-6V Supplied with all components inc speaker, 16 
29mm COB PCB. switches It 2 s "AK battery holders 
SG/ LI M 

• ii 

Introducing The DTR100 
Bringing The Marketing Advantages of 

R.F Communications to Your Products! 

Actual St7e 

The Data Transceiver for World Markets! 
DTI, FCC and IETS Approvals, 433-434, 458, 464-465 & 472MHz. 
Built In Loop Antenna > 600m; External Antenna > 5Km Range. 

Ideal for EPOS, Telemetry, BMS 8, Data Links 
For Sales, Technical Support or Design Integration 

Radio - Tech Limited, Overbridge House, Weald Hall Lane, 

• Thornwood Common, Epping, Essex CM16 6NB. England. 

Tel: +44 (0) 1992 57 6107 Fax +44 (0) 1992 56 1994 

The Official Distributor & System Integrator for Multitone Telemetry Products 

 Of 
•   
New Free 1997 Catalogue! 

Fourth ks•rnanonal Earoon 

Radio - Tech Limited 

Helping Mankind With AtfOrlEible Wire Frac 

Radio Data Co m munktations Solutions( 

htlp ItwwW radio-lech co uk 

Tel • 44 101 Ian 576107 /4-4nes) Fs. • 44 101 1.2 WS. 
4111111ch  04•Mikaa• house Whoa, P4si Lam inarnaosa Ea0.0 

EPOS 

Telemetry 

Security 

Metering 

Spread 

Spectrum 

Frequency 

Agile 

Modems 

Antenna 

Dev. Tools 

EMC 

To Request a Copy of the Fourth Edition Radio 
- Tech Catalogue Contact our Central Office: 

Overbridge House, Weald Hall Lane 

Thornwood Common, Epping, Essex CM16 6NB 

Central Office +44 (0) 1992 57 6107 (4-lines) 

Fax +44 (0) 1992 56 1994 

Technical Support + 44 (0) 1992 57 6114 

E- Mail radtec.de mon.co.uk 
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Constructional Project   

IC DIGITAL/ 
ANALOGUE 
matomEr 
HARBANSE DEOGAN 

OPERATION By taking your P/C, you can have 
the best of both worlds - 
and Analogue. Reads fro m 
100 r p. m. up to 9900 r.p. m. 

TACHOMETERS are used in a wide 
variety of fields, e.g. they are found 
in automobiles to indicate engine 

speed, in meteorology to measure wind 
speed from an anemometer, to measure the 
rotational speeds of lathes and drills, etc. 
A tachometer will also be used where it is 
necessary to know if a motor is operating 
in its specified range or at peak efficiency. 
Most tachometers are either digital or 

analogue, each with its advantages and dis-
advantages. The digital ones clearly indi-
cate a steady r.p.m., but are not good for 
indicating trends or where the rotation rate 
is not steady. 
On the other hand, analogue types are 

excellent for displaying trends but the ac-
curacy of the reading is limited by how 
accurately you can read the meter scale. 
Typically the meter movements used in 
automobiles and motorcycles are heavily 
damped to give a slow response time, be-
cause there is a lot of vibration in these 
environments and a sensitive, light, highly 
responsive meter movement would be con-
stantly deflected by the mechanical vibra-
tions giving rise to unsteady readings as the 
needle judders around the actual reading. 

DIGILOGUE 
the design resented here combines 

both digital and analogue displays in a 
compact, simple design based around 
a single  chip  microcontroller,  the 
PIC16C54XT. The digital display is a 
two-digit seven-segment type which will 
display the r.p.m. as multiples of 100 up to 
9900 r.p.m. 
The analogue display consists of two 

10-segment bargraph arrays with only 16 
elements used. The length of the bar dis-
play indicates the r.p.m. The resolution of 
the bargraph corresponds to 500 r.p.m. per 
I.e.d. 

The benefit of using a bargraph to 
emulate a meter movement is that it does 
not suffer interference from vibrations and 
thus need not be damped. The bargraph 
can indicate changing r.p.m. with less 
hesitation than a conventional meter. At 
the same time the digital display will 
accurately show steady or slowly changing 
readings. 

A petrol engine works by compressing a 
fuel/air mixture and igniting it at the right 
moment to provide power which is trans-
ferred to the rotating crankshaft and onto 
the road wheels via the transmission sys-
tem. The ignition pulses are produced by a 
step-up coil which will elevate the 12V it 
receives to around 15000V necessary to 
produce a spark in the cylinder. 
The timing of the spark is controlled by 

the distributor and contact breaker — see 
Fig 1. In modern cars the contact breaker 
is replaced by a transistorised switch but 
the basic principle remains the same. The 
tachometer measures the frequency of the 
pulses supplied by the contact breaker 
(which is directly linked to the rotating 
crankshaft of the engine). 

IGNITION 
SWITCH 

mr. 
12V BATTERY  CAPACiTOR  PRIMARY 

Min 

VEHICLE 
'CHASSIS' 
EARTH 

CONTACT 
BREAKER 

HT LEAD 

,ECON 

IGNITION 
COIL 

DISTRIBUTOR 

Fig. 1. Conventional set-up for a 4-cylinder vehicle ignition system. 

The purpose of this design was to 
extract the maximum functionality from a 
minimum component count. This was 
made possible by the use of a small single 
chip micro which incorporates on board 
program memory (ROM), data memory 
(RAM) and good input/output capability. 
The use of a microcontroller to make 

a tachometer may be likened by some to 
"using a sledge hammer to break open a 
nut", but this design will demonstrate how 
the microcontroller gives the circuit maker 
a great deal of flexibility in the design — 
which could not be realised using TTL or 
CMOS logic devices. 

Thus, the tachometer is essentially a 
frequency counter with the measurement 
being expressed as r.p.m. (revolutions per 
minute) instead of Hz (cycles per second). 
There are basically two ways of measuring 
frequency: 
• Count the number of pulses arriving 
over a fixed period of time (the gate 
period). 

• Measuring the time elapsed between 
successive pulses — pulse period — 
and then calculating the frequency 
(f=1/0. 

The former method is used here as the 
actual measurement uses less processing 
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PORT B 

DO 7 

PORT A 

ON 

DO 

OFF 

ON 

DI 

OFF 

ON 

02 

OFF 

ON 

03 

OFF 

READ COUNTER DIGIT 0  DIGIT 1  DIGIT 2  DIGIT 3 

0 0 0 = 

Fig. 2. Multiplex timing sequence. 

time. The PIC microcontroller has a built-
in 8-bit counter which can be clocked 
directly by an external signal completely 
independent of what the microcontroller is 
doing. 
When the pre-set gate period has ex-

pired the accumulated pulse count in the 
counter is read, stored and the counter 
reset ready for the next cycle. The stored 
values are converted into a form suitable 
for display (as digital and analogue) and 
the displays are updated. 

DRIVING DISPLAY 
The input/output (i/o) capability is not 

sufficient to drive all the 1.e.d.s at the same 
time — this would require a total of 32 
output lines! For this reason the displays 
are multiplexed as four groups of eight 
I.e.d.s. 
A multiplexed system takes advantage 

of the property of persistence of vision; 
if you take a light source and rapidly 
turn it on and off very quickly (>25 
times a second) the eye will perceive it as 
being constantly on. The same property is 
utilised when displaying a TV picture, 
watching a film in a cinema and in a.c. 
mains operated lighting. In reality the out-
put from all these sources is changing 
several times a second (25 to 100 in fact 
for these examples) but the eye cannot 
respond quickly enough to register the 
flicker that is there. 

The dual 7-segment digital 
display and the two 10-segment led. 

arrays mounted on the printed circuit board. 

As already described, the display of 
the tachometer consists of four groups 
(or digits) of eight 1.e.d.s. Each digit has 
power applied for 25 per cent of the time. 
By rapidly cycling through the digits the 
eye is fooled into thinking that all the 
digits are on simultaneously — see Fig 2. 
The use of a microcontroller makes the 

task of multiplexing feasible. Furthermore, 
it allows one to arbitrarily choose the bit 
patterns allocated to each digit so that, 
any combination of 1.e.d.s can be lit and 
also the I.e.d.s can be arbitrarily wired up 
(in the easiest or tidiest route) and the 
necessary corrections for the wiring made 
in software — this is something else that 
would not be possible if TTL or CMOS 
logic i.c.s were used. 

PROGRA M 
The program handles all the timing, 

counting and display functions. The gate 
period is set to 300ms for a 4-cylinder 
4-stroke petrol engine. The number of 
pulses from the ignition coil in that time is 
equal to the r.p.m./100 so no conversion is 
needed. 
For different engines simply change the 

loop counter to alter the gate period but 
ensure that the number of pulses counted is 
always equal to the actual r.p.m./100. No 
other adjustment is needed. 
During  the  gate  period  the 

microcontroller will drive the multiplexed 

displays. Each display is switched on for 
around 5ms and a complete cycle takes 
20ms. Therefore, the gate period can only 
be set to a multiple of 20ms. 
At the end of each gate period the dis-

plays are all turned off and the new pulse 
count read in from the counter and stored, 
a value for the bargraph is calculated ready 
for display, at the same time the counter is 
reset. All this is done very quickly and 
does not significantly affect the duty cycle 
of the displays. 
The display multiplexing routine works 

as follows. Each digit has its own bit pat-
tern specific to the way it is wired up to 
the microcontroller and whether it is a 

COMPONENTS 
Resistors 
R1  1M 
R2  10012 
R3 to 
R10  22012 (8 off) 
R11 to 
R14  lk (4 off) 

All 0-25W 5% carbon film 

Capacitors 
Ci. C2  22p disc ceramic (2 off) 
03  100t radial elect. 16V 
C4  100n polyester 
C5  100p polystyrene (see text) 

Semiconductors 
Dl, D2  1N4002 1A 100V rect. 

diode (2 off) 

See 

TALK 
Page 

TR1 to 
TR4  BC108 npn silicon transistor 

(4 off) 
101  PIC16C54XT microcontroller 

(pre-programmed — 
1C2  see text) 

LP2950 5V low-power 
voltage regulator 

X1/X2  dual 0.56in. 7-segment I.e.d 
display, common cathode 

X3. X4  10-segment led. array 
(2 off) 

X5  4MHz crystal 

Miscellaneous 
Printed circuit board aVailable from 
EPE PCB Service. code 127: plastic 
ABS case, size 111mm x 57mm x 
22mm: 18-pin d.i.l. socket: small piece 
of red filter for led. displays; auto-type 
connecting wire; solder pins: solder etc. 

Approx Cost 
Guidance Only  £35 
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7-segment display or a bargraph array. 
The 8-bit port B is used to drive the seg-
ments while the 4-bit port A is used to 
control the digit drivers (buffered through 
the transistors). 
Initially, all the segment drivers are off, 

the bit pattern for the first digit is output 
to port B and then the first digit driver is 
switched on. This lights up the first display. 
After 5ms the digit driver is turned off, 

the bit pattern for the second digit is output 
to port B and then the second digit driver 
is switched on. This procedure is repeated 
for both digits and both bargraphs, at any 
given instant only one of them is lit but to 
the eye it appears as if they are all on — 
thanks to persistence of vision. 

CIRCUIT 
DESCRIPTION 
The  full  circuit  diagram  for  the 

Digital/Analogue Tachometer is shown in 
Fig. 3. The power supply regulator (IC2) 
circuit is also included. 
The microcontroller, ICI, which forms 

the heart of the Tachometer is Arizona 
Microchip's  PIC16C54XT.  an  I8-pin 
device. It has 12 input/output (i/o) pins 
(made up of a 4-bit port and an 8-bit port) 
with high current capability (about 20mA), 
0.5K of program memory, 32 bytes of data 
memory, an  8-bit counter, an 8-bit 
prescaler and a watchdog timer. It is more 
or less a stand-alone device requiring a 
minimal support circuitry. 

A 4MHz crystal X5 is used to drive the 
clock and since this determines the ac-
curacy and stability of all the timing func-
tions it is this factor that determines how 
accurate the Tachometer will be. By know-
ing the clock frequency beforehand, the 
program can be written in such a way that 
the Tacho does not need to be calibrated 
before use. 
The 8-bit port (pins 6 to 13) is used to 

drive the segment I.e.d.s of each digit di-
rectly through current limiting resistors R3 
to RIO, but the digit drivers are buffered 
by transistors TR I to TR4 because the to-
tal current drawn, when all eight I.e.d.s are 
on, will exceed the current capability of a 
single pin. 

PULSE COUNTING 
The pulse counting and display driv-

ing functions are all handled by the PIC 
(ICI). The input circuit is designed to give 
good sensitivity while providing adequate 
protection against overloading and reverse 
voltages. 
The input port for the 8-bit counter 

(pin 3) has a high impedance so that it will 
not significantly load the signal source. A 
high value series resistor (RI) limits the 
current that can flow into the pin. A diode 
(D1) is used to shunt away high voltage 
positive going spikes to the supply line and 
the microcontroller has a built in clamp-
ing diode to safely dissipate any negative 
going spikes. Since the supply has a very 

low impedance it will absorb these signals 
without unduly affecting circuit operation. 
This microcontroller input has a Schmitt 

trigger to help with noise immunity, 
however, capacitor C5 has been introduced 
to help in suppressing any high frequency 
"ringing" produced when the vehicle 
contact breaker points (or switch) open. 
The precise value of C5 is not important 
and the optimum value may vary from 
vehicle to vehicle. It should be large 
enough to absorb any unwanted signals but 
small enough to allow the ignition pulses 
through. 
It may be necessary to experiment to 

find the most suitable value for any par-
ticular case. From the circuit it is clear 
that the capacitor is functioning as a low-
pass filter in conjunction with the input 
resistor RI. If the resistor value is changed 
then it may be necessary to change the 
capacitor value too. 

The bargraph (X3 and X4) consists of 
two cascaded 10 I.e.d. arrays and of these 
only 16 I.e.d.s are actually used. The 16 
I.e.d.s light up in sequence as the r.p.m. 
increases, the size of the "bar" being 
proportional to the r.p.m.. 

The I.e.d. arrays can be replaced with 
individual I.e.d.s so that as the r.p.m. 
approaches a dangerously high level the 
colour of the bargraph changes. A suitable 
choice would be green for OK, orange or 
yellow when approaching a dangerous 
level and red for danger level. 

'Cl 
PIN 

Fig. 3. Complete circuit diagram of 
the P/C Digital/Analogue 
Tachometer. 
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PO WER SUPPLY 
REGULATION 
The LP2950, IC2, is a low power 

voltage regulator that can handle input 
voltages of up to 30V. A reverse protec-
tion polarity diode D2 is provided to 
protect against wrong connections and 
reverse voltage transients. 
Although specified as operating at 12V 

a car's electrical system often sees very 
large variations in the supply voltage even 
if very briefly. When a car is being started 
the voltage available can fall to as low as 
6V as the starter motor turns over. Once 
started the alternator is the main source 
of electric current and the available volt-
age will typically be about I4V. Switching 
off the ignition produces "field transient 
decays" which can cause the voltage to 
"shoot up" to — 100V for a 100p,s or so. 
This should give you an idea of how 

hostile the cars electrical system can be 
and how an unprotected voltage regulator 
could be easily destroyed. 

CONSTRUCTION 
With the small number of components 

used, the Digital/Analogue Tachometer 
can be built quite easily on a small 
single-sided printed circuit board (p.c.b.). 
The topside component layout and full size 
copper foil master pattern are shown in 
Fig. 4. This board is available from the 
EPE PCB Service, code 127. 
The microcontroller should be mounted 

in a socket since it is a static-sensitive part. 
The displays are also semiconductor 

devices  and  therefore  susceptible  to 
electrostatic and heat damage; however, 
they are generally quite robust and will 
survive soldering as long as the technique 
used is good. Besides, using i.c. sockets 
for the displays will give these parts a very 
high profile on the board. 
The segment driver resistors have been 

chosen with standard power I.e.d.s in 
mind. If you plan to use low power types 
then the value of these resistors should be 
increased accordingly. Note that you can-
not mix standard and low power I.e.d.s in 
this circuit since they will be sharing the 
same segment driver resistors. For a bright 
display it is recommended that you use 
high efficiency I.e.d.s (sometimes referred 
to as "super red"). 
The bargraph is made up of two x 10 

I.e.d. arrays in order to make installation 
easier and because they usually cost less 
than buying discrete I.e.d.s. The spacing 
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Fig. 4. Printed circuit board component layout and full size copper foil master for 
the P/C Digital/Analogue Tachometer. 

between the anode (a) and cathode (k) pins 
gave sufficient space for routing tracks on 
the p.c.b. 
Before you start construction make sure 

that all the surfaces to be soldered are 
clean and free of any grease, that includes 
the component wires as well as the board. 
Begin the assembly with the three wire 
links first and then install the resistors and 
the diode followed by the capacitors. 
Next come the transistors and voltage 

regulator IC2, ensure that they do not 
protrude too high off the board so that they 
will fit in the chosen box. The i.c. socket 
can be fitted next followed by the dual 
7-segment display and I.e.d. arrays. 

SOFTWARE 
Before the PICI6C54XT microcontroller 

can be asked to "perform" its duties, it 
needs to be programmed. A software 3.5in 
disk containing the source-code and a 
Hex file for the PIC Digital/Analogue 
Tachometer is available from the Editorial 
Office for the sum of £2.50 UK, £3.10 
overseas surface mail or £4•10 airmail. This 
is to cover admin costs and postage, the 
disk is free. It can also be down-loaded 
free on the Internet from our FTP site: 
ftp://ftp.epernag.wimborne. co.uk. 
A pre-programmed PIC I 6C54XT chip, 

(set up for a 4-stroke, 4-cylinder engine 
— see later) ready to plug straight in, is 
obtainable from Magenta Electronics. See 
Shoptalk page for details. A detailed des-
cription and listing is beyond the scope 
and space for this article. 
The listing supplied on the EPE disk is 

for a PIC I6C54XT. The configuration code 
will need to be set by you as it is not em-
bedded in the source file. Set the configura-
tion for XT, protection ON, watchdog ON. 
Another PIC microcontroller besides the 

I6C54XT can be used as long as it will 
work with a 4MHz crystal. The source file 
will require some minor modifications to 
be made. The listing shows the changes 
needed to program a I6C84XT (this 
device uses EEPROM and so can be 
reprogrammed over and over again). 
Do not use parts with the suffix RC as 

these are designed to be used with a resis-
tor and capacitor in place of the crystal as 
a clock source and the clock frequency 
then generated is not stable or predictable 
necessitating the need for checking the 
calibration of the Tachometer frequently. 
Having programmed or obtained a ready 

"blown" microcontroller, double-check 
the board over once again before installing 
the PIC and applying power to the circuit. 
The walls of the specified plastic case 

taper inwards so the width of the case 
starts at approx. 53mm and then reduces 

904 Everyday Practical Electronics, December 1996 



gradually. Ideally, the p.c.b. should be 
52.7mm wide to fit snugly inside this case, 
so it isn't absolutely necessary to use the 
mounting holes if you don't want to — but 
it is recommended, otherwise the p.c.b. 
may work loose in time. 
NOTE: There can be some variation in the 
manufacturing process, and if the p.c.b. is 
too wide for the case try inserting it at a 
slight angle and then using the mounting 
holes to hold it in place. 
The infra-red I.e.d. filter sheet can be 

glued to the outside of the case (glossy 
side down) in order to cover the cutouts 
for the bargraphs neatly and the whole 
project smartened up with some white 
graphics transfer text. 

TESTING 
Commence testing by apply about I 2V to 
the p.c.b., the exact value is not important 
and a battery or unregulated supply will do 
as a temporary power source. The digital 
display should light and display 0 with the 
leading zero blanked, the bargraph should 
not be lit. 
Now touch the input with your finger 

to feed a "50Hz mains hum" signal to 
the Tachometer. The display should now 
change to "15" and three I.e.d.s of the 
bargraph should light up. The 15 repre-
sents I500r.p.m. 
On a 4-stroke, 4-cylinder petrol engine 

(as found in most cars) the ignition coil 
will produce a frequency of 50Hz when 
the engine is turning at 1500 r.p.m.. If the 
engine you wish to fit the Tachometer to 
happens to have a different number of 
cylinders then you will need to change a 
number in the program to change the gate 
time. See Table I for details. 
To thoroughly test the circuit board get 

hold of a Signal Generator, which can 
output between 10Hz and 350Hz. Connect 
it to the Tachometer input and slowly 
sweep up the frequency range at the same 
time checking the displays. The bargraph 
should increase in length steadily and the 
digital display should count up steadily. 
As the display steps past "99" it should 

change to show "--" which is an over-
range indication and the bargraph should 
remain fully lit. 

INSTALLATION 
Having verified that the unit is working 

properly it is time to install it in the car. 
Locate the ignition coil and identify the 

wires coming from it. The large thick wire 
at the very top of the coil is the HT lead 
which goes to the distributor and on to the 
spark plugs. Either side of this are two 
thinner wires, one of which goes to the 
+ I2V supply and the other to the contact 
breaker, it is this side (which may also be 
labelled CB-) from which the tachometer 
signal is picked up. 
To make the connection from the 

Tachometer to the CB- side of the coil use 

Table 1: Constants for Gate Periods 

HEX DEC period/ms Applications 

30 48 150 4 pulses/revolution, e.g. 8 cylinder 4 stroke engines 

40 64 200 3 pulses/revolution, e.g. 6 cylinder 4 stroke engines 

60 96 300 2 pulses/revolution, e.g. 4 cylinder 4 stroke engines engines 

CO 192 600 1 pulse/revolution e.g. single cylinder two stroke engines 

a "lucar" spade connector (tap splice) or a 
"snap-lock" type which will let you tap 
into the wire without cutting it. Once the 
Tachometer pickup has been connected, 
carefully route it back to the passenger 
compartment in such a way that it does not 
come close to any leads that will carry 
high voltages or heavy currents or 
anything hot such as the engine. 
The power supply for the Tachometer 

will have to be taken from a suitable point 
in the wiring harness. It is not possible 
to give specific details for this as the 
wiring varies so much from manufacturer to 
manufacturer. As a general guide find a 
point where + 12V is present only when the 
ignition is on, thereby ensuring that when 
the engine is off so is the tachometer. 
Ensure that there is a fuse between 

the 12V battery and the Digital/Analogue 
Tacho, if there is any doubt fit an in-line 
fuse. The OV line (or chassis) can be 
connected to any good "ground" point 
on a negative earth system. 

CASE DETAILS 
It you choose the spec:Wed case then 

refer to Fig. 5 for the position and sizes of 
the cutouts. There are three apertures to be 
made: for the dual 7-segment display, the 
bargraphs and the entry/exit point for the 
wires. 

APPLICATIONS 
As it stands, the PIC Digital/Analogue 

Tachometer displays zero r.p.m. when 

there is no input, and none of the bargraph 
I.e.d.s light up. When the input reaches 
500r.p.m. the first I.e.d. will light. 
Some people may prefer to have an 

1.e.d. lit even when the r.p.m. is zero, and 
another I.e.d. lighting when 500r.p.m. is 
reached. To do this simply connect a low 
value resistor (about 200 to 500ohms) be-
tween the + 5V supply and the anode (a) 
of the I.e.d. in the bargraph preceding the 
one which lights up at 500r.p.m. 
The envisaged application for the Tacho 

is as a rev-counter for petrol engined cars. 
With a little imagination its uses can be 
extended. For example, it could be used 
on motorcycles or boats as a rev-counter 
and diesel engines can be accommodated 
by placing a suitable sensor in front of 
the Tacho, such as one that can detect the 
vibrations from the fuel injectors. Interfac-
ing the Tachometer to a Hall-effect sensor 
will permit its use with anemometers that 
rotate a magnet. 
A non-contact Tachometer can be con-

structed by using a phototranistor at the 
input to pickup a beam of reflected light 
from a rotating shaft with a dab of white 
paint or a small piece of reflective tape 
paced on the shaft. The light source will 
need to be modulated and a high-pass filter 
incorporated into the receiver to provide 
rejection of ambient light. This form of 
tachometer can be used in the workshop 
to measure the rotational speeds of drills, 
lathes, motors, etc. without having to con-
nect it directly to the machinery. 
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Fig. 5. Case dimensions and drilling details. 
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New Technology 
Update 
IT is claimed that surface mount technol-
ogy (s.m.t.) is now firmly established, and 

t at most new electronic products which are 
launched onto the market these days use it. 
Currently it is estimated that over 80 per 
cent of boards manufactured use the tech-
nology, showing the extent of its use. 
Surface mount technology has caught on 

very quickly. It was only six or seven 
years ago that many areas of the elec-
tronics industry thought of s.m.t. as a 
specialist technique. Now this could not be 
further from the truth. 
The reasons for this rapid growth are 

two-fold. First of all, many products could 
simply not be made without its use. 
Modern laptop and palmtop computers 
would be much larger than those widely 
available on the market today. 
Mobile phone technology has also 

forced the market along this road. It is 
only necessary to think back a few years to 
the phones which were available then. 
Today's phones can slip into a top pocket, 
and they are less than a quarter the size of 
their predecessors. 
But size is not the only factor which 

has lead to the success of s.m.t.. Vir-
tually all of today's larger electronic con-
sumer goods like televisions, videos and 
hi-fl units use it. The reason for this is 
not primarily size, but the reduction in 
manufacturing costs which s.m.t. brings. 
The technology was designed to meet ever 
increasing levels of factory automation. 
The old leaded components were dif-

ficult to mount onto boards, and automatic 
board loading machines were constantly 
stopping, or placing components badly. 
Coupled to this, many components had to 
have their leads "preformed" so that they 
would fit through the holes in the boards. 
This was an additional process which in-
creased manufacturing costs. 
Eventually, someone asked why com-

ponents needed leads in the first place and 
as a result surface mount technology was 
born. When components were connected 
to tags and pillars in the days of valves, 
components needed leads. However, with 
the advent of the printed circuit board it is 
possible to lay a component directly onto 
a board and solder it down as shown in 
Fig. I. Not only does this reduce the cost 
of the component, but it saves space and 
reduces equipment production costs. 

Components 
All commonly used types of com-

ponents are now available in surface 
mount packages. Also, many less com-
mon components like crystals, and even 
inductors and coils are available as well. 
In fact, some new integrated circuits are 

not being manufactured in the traditional 

It is not just their size that has enabled "surface mount" 
components to grab up to 80 per cent of the p.c.b. 
manufacturing market - reports Ian Poole. 

through hole mounting packages. The 
reason for this is that there is not sufficient 
volume to warrant marketing them in these 
packages. 
The first components to be made 

widely  available  were  resistors  and 
capacitors. These come as small blocks or 
chips. They come  in a vatiety of 
sizes and  1206 packages (measuring 
3.2mm x 1.6mm) were the first. These 
have now been superseded by 0805 
(measuring 2.0mm x 1.25mm) and now 
0603 (1.6mm x 0-8mm) are being used in 
many new designs. 
For the future even smaller packages will 

be used. The next in line is the 0402 
(1.0mm x 0.5mm). Although resistors are 
available in this package now, and some 
Japanese companies are using them, it is not 
envisaged that they will be greatly used in 
Europe until the turn of the century. 

Capacitors 
Capacitors are also following similar 

size reductions. The highest usage is in the 
0805 package, but many people are turning 
to the 0603 size. 
The problem with using ever smaller 

capacitors is that it becomes increasingly 
difficult to fit the required value of 
capacitance into these minute packages. 
Working voltages or capacitance values 
which are available in these smaller 
packages  are often  less  than  those 
available in the larger sizes. 
To help overcome these problems much 

work is being put into developing new 
manufacturing techniques to allow larger 
capacitance values. New dielectrics are 
also being developed. The standard COG 
and X7R dielectrics are available, but 
others, including Z5V, are being used. 
Often the problem with the dielectric 

which has to be used for higher voltages 
and capacitance values is that they are not 
particularly stable, and this makes them 
unsuitable for any applications which are 
capacitance sensitive. For applications like 
tuning and for filters it may be necessary 
to adopt a larger package size and use a 
better dielectric. 

ME TALISATION AT  TYPICAL CHIP COMPONENT 
EITHER END OF  (RESISTOR. CAPACITOR. CHOKE ETC I 
COMPONENT 

Fig. 1. An s.m.t. component soldered 
to a board. 

One of the advantages of using the 
smaller packages can be an increase in 
reliability. 
Unlike leaded components where there 

is a large degree of flexibility in the leads, 
this is not so with surface mount boards. 
This means that flexing of the board can 
cause problems. Although this does not 
normally occur when the board is mounted 
in a piece of equipment, the temperature 
changes during processes like soldering 
can bring about movement and set up 
stresses which can lead to cracking and 
failure of the component. 
Capacitors are the most prone to this, 

although it is much improved when 
smaller packages are used. Larger sized 
components  experience  much  greater 
degrees of bending as a result of the 
geometry,  and  fail  more  frequently. 
Although this may appear to be a major 
problem,  only  a small  fraction  of 
components fail in this way and most 
manufacturers have the situation under 
control. 

Higher Values 
Electrolytic capacitors are widely used 

where values in excess of a microfarad 
(1)1F) or so are needed. Sometimes, 
where space is at a premium, tantalum 
capacitors are employed. 
However, electrolytic capacitors can-

not undergo the soldering processes 
which are required for surface mount 
technology. If they are to be used, 
they have to be added on afterwards, 
usually by hand, and this is most con-
veniently achieved if they are leaded 
devices. 
Tantalum capacitors are the other 

alternative, and vast quantities of them 
are used. Their drawbacks are cost and 
availability. Even the leaded tantalum 
devices are significantly more expensive 
thin their electrolytic counterparts. In a 
very competitive market, where equip-
ment manufacturers are looking to reduce 
costs wherever possible, this means that 
other alternatives  are  always  being 
investigated. 
One of the methods of overcoming 

this is to use a high value ceramic 
capacitor. Nowadays, a number of com-
ponent manufacturers are offering these 
high value ceramic capacitors as replace-
ments for tantalum. 
Sometimes they are looked upon with 

some scepticism, but results seem to 
indicate they are possibly more reliable 
than their tantalum equivalents. The other 
advantage is that the cost differential 
between the two is decreasing and soon 
the high value ceramic capacitors may be 
cheaper than tantalum. 
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Is your PCB design package not 
quite as "professional" as you 
thought? Substantial trade•in 
discounts still available. 
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INTER 
Robert Penfold 

CODED SERIAL INTERFACING 

ONE OR TWO readers have sug-
gested that the various serial en-

coder and decoder chips that are now 
available might offer a simple means 
of connecting a computer to a robot, 
"buggy", or other remote controlled 
device. 
Parallel interfacing is far from ideal for 

this type of thing for two reasons. One 
reason is simply that a multi-way con-
necting cable is needed, and this tends to 
be rather cumbersome, particularly when 
controlling something that is mobile or 
even semi-mobile. 
The other is that parallel interfacing 

tends to give a rather limited operat-
ing range. Connecting cables more 
than about two metres long can be 
troublesome, with data being corrupted 
due to signals being coupled from one 
data line to the next. 

Code Cracking 
Serial interfacing is usually the more 

practical approach, as it generally re-
quires just two or three connecting wires. 
Even with high baud rates it is possible 
to use cables many metres long. Serial 
interfacing using UARTs, such as the in-
dustry standard 6402, has been covered 
in previous Interface articles. 
These offer a reasonably simple but 

effective solution to serial interfacing, 
but they are sometimes less than ideal. 
UARTs are relatively expensive, and 
their 40-pin d.i.l. encapsulations can be 
difficult to accommodate if the available 
space is strictly limited. 
Although serial encoder and decoder 

chips, such as the popular HT12 series, 
may seem to offer a cheaper and smaller 
alternative, things are not quite so rosy 
on closer examination. These chips are 
primarily intended for use in remote con-
trol systems. In particular, they are in-
tended for use in things like car security 
systems that are switched on and off via 
a u.h.f. radio link. 
The problem in using a radio link in 

this application is that there is only one 
channel available. Therefore, the system 
has to include a method of encoding and 
decoding that prevents each transmitter 
operating every receiver in the vicinity 
This is done by sending and decoding 

a binary code, which in the case of the 
HT12 series is 12 bits long, giving 1024 
possible code numbers. The decoder only 
responds to the signal from the transmit-
ter if it contains the correct 12 bit code. 

Pinouts 
Pinout details for the three devices in 

the HT12 series are shown in Fig. 1. The 
only encoder chip is the HT12E. The 
12-bit binary code is set up on address 
inputs AO to All, and it is transmitted in 
serial form on the output terminal (pin 
17) for as long as the transmit enable 
input (pin 14) is held low. 
The HT12F is the simpler of the two 

decoder chips. The 12-bit binary code 
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Al 
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44 
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A6 

47 
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Fig. 
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03 
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1. Pinout details for the HT12 senes of serial chips. 

is set up on its address inputs, and 
provided this code matches the one from 
the transmitter, its VT (valid transmis-
sion) output at pin 17 goes high. 
Unfortunately, there is no easy way of 

sending 12 bits of data via these two 
chips. It would be possible to cycle 
through all the possible 12-bit addresses 
until the VT output went high. The 
binary code on the inputs of the receiver 
would then match that at the transmit-
ter. However, with some 1024 possible 
codes, this would be a rather slow and 
impractical way of handling things. 
The alternative decoder chip is the 

HT12D, and this is more useful in a 
computer interfacing application. This is 
used in much the same way as the 
HT12F, but it treats the received 12-bit 
codes rather differently. 
Only the eight least significant address 

inputs are checked against the received 
binary codes. If these match the code in a 
received signal, the four most significant 
bits in the received number are treated as 
data, and placed on the four data outputs 
(DO to D3). Address inputs A8 to All on 
the HT12E encoder chip then effectively 
become four data inputs. 

Exchanging Nibbles 
A combination of the HT12E and 

the HT12D therefore provides a simple 
means of exchanging binary data, but 
only in the form of 4-bit nibbles rather 
than 8-bit bytes. The circuit diagram for a 
basic serial link based on these two chips 
is shown in Fig.2. 
Both the HT12E and the HT12D have 

built-in clock oscillators that require only 
one discrete component. This is a resistor 
that sets the clock frequency. Note that 
the transmitter operates at a much lower 
clock frequency than the receiver, and 
that RI is correctly shown as having a 
much higher value than R2. The actual 
clock frequencies are about 3kHz for Id1 
and 150kHz for IC2. 
I do not have any information about 

the internal workings of either chip, but 
the method of encoding and decod-
ing seems to be fairly sophisticated 
because the system works reliably with-
out any accurate matching of the two 
clock frequencies. 
In Fig. 2 the transmitter and receiver 

are shown working from the same five 
volt supply, with three wires connect-
ing the transmitter and receiver circuits. 
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Fig. 2 Circuit diagram for a basic 4-bit link. 
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Of course, the system will work equally 
well if the two circuits are powered from 
separate supplies, and a pair of connect-
ing wires are used. 
Remember that this is a serial system, 

and that there will be a delay of a few 
milliseconds between fresh data being 
placed on the inputs, and the outputs 
responding to the changes. The current 
consumption of the circuit is very low, 
and is typically about 400 microamps 
each for the transmitter and receiver. 

Exchanging Bytes 
It is actually quite simple to use the 

HT12 chips to transfer full 8-bit bytes of 
data, and it is basically just a matter of 
using an extra HT12D at the receiver. 
One chip handles the most significant 
nibble, and the other deals with the least 
significant nibble. The circuit for an 8-bit 
serial system is shown in Fig. 3. 

Output D5 is used to control one of the 
address inputs (A7) of ICI. This enables 
data to be directed to one or other of the 
decoder chips in the receiver circuit. 
Setting D5 low results in data being 

sent to IC2 (the least significant nibble), 
and setting it high results in data being 
sent to IC3 (the most significant nibble). 
There is no need to add data latches 
at the outputs of IC2 and IC3, because 
the HT12D has built-in data latching. 
Once the outputs are set at a certain 
binary pattern, they retain that pattern 
until fresh data is received. 
Sending a byte of data is rather con-

voluted, but it should not be too difficult 
to work out a routine that produces the 
desired effect. This is the basic sequence 
of events: 

1. Start with D5 low and N high (send a 
value of 16 to the interface). 

4. Bitwise AND the 8-bit value with 240 
to remove the least significant nibble. 
Divide this value by 16, add 48 to it (to 
set D5 high and keep I34 high), and 
write the value to the output port. 

5. Pulse N low to send the data to IC3 
and latch it, while keeping D5 set high. 
For example, suppose that the value to 
be written to IC3 is 11. The value 
already written to the port is 59 
(II +48=59). Writing a value of 43 
(59 — 16= 43) sets N low and sends 
the data, and a value of 59 sets N high 
again so that transmission ceases and 
the data is latched into IC3. 

Remember that a serial interface is 
rather slow by normal computer stan-
dards. A very brief pulse to I34 might not 
give reliable results, and it is advisable to 
use a delay loop to extend this pulse to at 
least a few milliseconds. 
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For this system to work properly, it is 
necessary to utilize a couple of addi-
tional outputs from the computer to con-
trol the flow of data. This should not be a 
problem in practice, since the system still 
only requires six outputs to transfer eight 
bits of data. Data output 134 is used to 
control the "transmit enable" input (pin 
14) of Id, and it is briefly pulsed low in 
order to produce a burst of transmission 
on the serial output. 

Fig. 3. Circuit diagram for the 8-bit serial link 

2. Bitwise AND the number to be trans-
mitted with a value of 15 to remove 
the most significant nibble. 

3. Write this value to DO to D3, and then 
pulse N low. For example, if a value 
of 5 is to be sent, first 5 would be writ-
ten to the interface. This results in the 
data being sent to IC2. Then a value of 
21 would be written to the output port, 
which sets 134 high, halts transmission, 
and latches the data into IC2. 

In theory it is possible to use the out-
put port to control more address inputs 
of ICI so that further HT12Ds can be 
added to the receiver circuit. Each ad-
ditional address line should enable an 
extra pair of HT12Ds to be used. I have 
not actually tried this, and the software 
side of things would become even more 
convoluted, but it should be possible to 
obtain 24 outputs from an 8-bit output 
port. 

IT'S A DOWN TO EARTH ISSUE NEXT MONTH! 
EVERYDAY 

PRACTICAL 

ELECTRONICS 

Signed   

Name and Address   
(BLOCK CAPITALS PLEASE) 

NEWSAGENTS ORDER FORM 

Please reserve deliver a copy of Everyday 
Practical Electronics for me each month    Post Code   

Everyday Practical Electronics is published on the first Friday of each month and distributed S.O.R. by Seymour 

Make sure of your copy of EPE each month - cut out or photostat this form, fill it in and hand it to your newsagent. 

Everyday Practical Electronis, December 1996 909 



BUILD YOUR 
OWN 
PROJECTS 
Alan Winstanley Part 2 

IN THIS series of articles which will be presented over the next few months, we shall be describing modern 
methods for constructing your electronic projects. 

This second part offers some initial tips for begin-
ners and discusses assembly techniques. including 
soldering. 

Future  parts  will  look  at  case  and  enclosure 
preparation, workshop tips and tricks — in fact, everything 
you need to know to get satisfying results when building 
your latest EPE project! 

Alan is, of course, Surgeon-in-Chief at Circuit Surgery, 
and enjoys all aspects of electronics. 

LAST MONTH. Build Your Own Projects 
introduced some of the basic hand 
tools and test equipment which are 

used when constructing electronic circuits. 
Not all of the items discussed are essential 
though there are some which you will find 
indispensable. 
Gradually, as you gain more experience 

and your interest develops, you might wish 
to invest in more refined or better quality 
tools and equipment, as well as purchasing 
the occasional luxury item which will help 
simplify construction, maybe saving you 
some elbow grease or helping you to im-
prove the finished quality of your work. 
We now look at the task of circuit board 

assembly, and most importantly, the art of 
soldering electronic components. To start 
with, let's consider some of the various 
techniques for assembling electronic cir-
cuits, whether during prototyping or with a 
final, permanent construction in mind. 

PROTOTYPING 
METHODS 
First, solderless breadboards are ex-

tremely useful for plugging simple circuits 
together quite quickly: they're the simplest 
form of "test-bed" and can be instantly 
modified as necessary. 
Breadboards consist of rows of spring 

contacts, into which component leads 
are carefully pushed. The contacts form 
wipers which generally make an effective 
electrical connection with the components, 
and insulated wires are used to intercon-
nect rows and terminals as necessary. 
They are ideal for younger students too, 

since no soldering is necessary, and they 
can be used for starting the development 
of simple transistor and integrated circuit 
(i.c.) projects successfully. Products such 
as the EuroBreadBoard are always handy 
for quick experiments with a handful of 
components. 
However, prolonged use of the contacts 

by repeatedly inserting leads can weaken 
their ability to make proper connections. In 
such cases it can be extremely frustrating 
to find out why a breadboarded circuit fails 
to operate correctly — is the circuit concept 
genuinely faulty, are the components in the 

right holes, or are the contact connections 
simply not satisfactory? 
After finalising most circuit design 

aspects, a more permanent form of 
prototype can be considered. Matrix board 
(called perfboard in the USA) is simply a 
plain perforated Paxolin board, with holes 
drilled in a regular 01 inch matrix. 
Components are fed in from the top, and 
their wires soldered into a "rat's nest" 
underneath. It's crude and messy, but 
effective  for quick  experiments  and 
projects. 
Stripboard is useful for producing 

a more  permanent circuit  assembly. 
Veroboard is the brand name of probably 
the best known form of British-made 
stripboard, but there are some imported 
products which do the same job. 
Stripboard (also known as proto-board 

in the USA) consists of a synthetic resin 

Solderless breadboards 
offer a convenient means 
of quickly testing a simple circuit. 

bonded paper (s.r.b.p.) board drilled in a 
regular grid, and with copper strips run-
ning underneath in one direction. Com-
ponents are inserted from the top of the 
board with their leads and the copper strips 
on the underside, and soldered into posi-
tion. (An example of its use is shown in 
this month's Van-Colour Christmas Tree 
Lights project — Ed.) 
By linking strips with solid wires, or 

cutting ("breaking") strips with a simple 
cutting tool to prevent short circuits, it's 
possible to fabricate complete circuits 
quite quickly and conveniently. The usual 
matrix of holes is 01 inch pitch, so 
ordinary dual-in-line (d.i.I.) integrated cir-
cuits will fit straight in without problems, 
as will most smaller discrete parts, includ-
ing resistors, capacitors, transistors, etc. 
Stripboard is ideal for more modest 

projects and for development work, be-
cause it's easy to add extra components 
when required, hooking them into the main 
circuit using jumper wires as necessary. 
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Professional 
designers may 
use wire wrapping 
techniques during 
circuit development. 

Its main limitations are that it is easy to 
make mistakes: components can be sol-
dered to the incorrect locations, adjacent 
strips can be accidentally shorted by 
excessive solder joints, and breaks in the 
strips can be imperfect or omitted al-
together. Hence, troubleshooting a mal-
functioning board can take ages while you 
double-check each and every joint, link 
and break! 
By its very nature, ordinary stripboard 

is not a strong product, the perforations 
making a very good job of weakening the 
strength of the panel — thus it cannot sup-
port heavy or large components. 
There are many variants of the "stan-

dard" stripboard, usually intended for use 
when digital integrated circuits are being 
interconnected during prototype develop-
ment. Study a major professional sup-
plier's catalogue and be prepared to be 
amaied at the variety! 

WIRE WRAPPING 
For very complex projects involving 

many digital integrated circuits, the use of 
stripboard and soldering the numerous link 
wires would be too unwieldy, time-con-
suming and inconvenient, and so before 
committing to a hard wired circuit, it's 
common to develop circuits using a system 
known as wire wrapping. 
A high quality perforated board is used 

to carry the components, but devices are 
mounted via special sockets and terminals 

which have very long pins on the under-
side. A special wiring tool is used to twirl 
or wrap the stripped end of a connecting 
wire tightly around the pin to make a con-
nection, then the other end is wrapped on 
its corresponding terminal on the circuit 
board. 
The underside of the board soon 

resembles  a plateful  of psychedelic 
spaghetti, but it's a very quick and simple 
way of making multitudes of connections. 
The joints are also reliable and there is 
generally no need to solder them. You 
have to be at least 100 per cent alert, 
though, to ensure that you are connecting 
the right pins! 
Wire wrapping will be familiar to 

University students, technicians and en-
gineers but is less relevant in hobby 
circles. 
You might also see prototyping pens or 

similar, which work in a slightly different 
way: an insulated length of wire is dis-
pensed by the pen, being wrapped under 
tension around the pins, but then the wire 
has to be soldered in order to melt through 
the thin layer of insulation and form a 
joint. 

The choice of iron and its tip 
depend on the principal use 
to which the iron is put - 
there are many miniature 
irons to choose from. 

THE P.C.B. 
The form of interwiring which you 

will see used almost universally, is 
the printed circuit board (PC board or 
p.c.b.). These are usually made of glass-
reinforced plastic (g.r.p.), and thus are 
immensely strong (unless weakened by 
many holes drilled in line, consider them 
unbreakable). 
Normally, single-sided boards are used 

for project work, although more complex 
double-sided boards are occasionally seen. 
A single-sided board has a copper foil 
pattern on the underside only, with com-
ponents placed on the upper side of the 
board, and this is fine for the majority of 
circuits. 
A double-sided board will have cop-

per track patterns on both sides of the 
board, and occasionally may be through-
connected (plated-through-hole — p.t.h.) to 
the foil on the opposite side. This is neces-
sary for more complex circuits or where a 
space-saving design is necessary, but it's 
fiddly, though not impossible, to produce 
this accurately at home. 
In industry, p.c.b.s having several layers 

of tracks sandwiched together are now 
common. The are generally referred to as 
multi-layer boards and require the use 
of extremely sophisticated manufacturing 
techniques. Resist the challenge of trying 
to make them yourself! 
Techniques for fabricating one's own 

(single-sided) printed circuit boards will be 
outlined next month. 

SOLDERING IRONS 
Before delving any further into con-

structional techniques, the first and most 
important  aspect  of assembling  any 
electronic project is that of soldering. It 
takes some practice to make the perfect 
joint, but. like riding a bicycle, once 
learned is never forgotten! 
The idea is simply to join parts together 

to form an electrical and mechanically-
sound connection, using a molten mixture 
of lead and tin (solder). A large range of 
soldering irons is available — which type is 
suitable for you depends on your applica-
tion, your budget and how serious your 
interest in electronics is. 
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For those with a serious interest in electronics a temperature controlled soldering 
station should be part of the workbench equipment. 

Electronics catalogues often include a 
selection of well-known brands of solder-
ing iron. Excellent British-made ones in-
clude the universally popular Antex and 
Litesold makes. Other popular brands in-
clude those made by Adcola, Weller and 
Ungar. 
A very basic mains electric soldering 

iron can cost from under £5, but expect a 
reasonable model to be approximately 
£10-£12 — though it's possible to spend 
into three figures on a soldering iron 
station if you're really serious! Check 
catalogues for some typical types. 
Certain factors you need to bear in mind 

include: 
Voltage: Most irons run from the mains 

at 220V to 240V. However, low voltage 
types (e.g. 12V or 24V) generally form 
part of a soldering station and are designed 
to be used with a special controller made 
by the same manufacturer. 
Wattage: Typically, irons may have a 

power rating of between I5W to 25W or 
so, which is fine for most work. A higher 
wattage does not (usually) mean that the 
iron runs hotter — it simply means that 
there is more power in reserve for coping 
with larger joints. 
This also depends partly on the design 

of the bit (the tip of the iron). Consider a 
higher wattage iron simply as being more 
unstoppable when it comes to heavier-duty 
work. 
Temperature Control: The simplest 

and cheapest types of iron don't have any 
form of temperature control. Simply plug 
them in and switch them on! Thermal 
regulation is designed in (by physics not 
electronics!): they may be described as 
thermally balanced so that they have some 
degree of temperature matching, but their 
output will otherwise not be controlled. 
Unregulated irons form an ideal general 

purpose iron for most users, and they 
generally cope well with printed circuit 
board soldering and general interwiring. 
Most of these miniature types of iron will 
be of little use when attempting to solder 
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large joints (e.g. very large terminals or 
very thick wires) because the component 
being soldered will sink heat away from 
the tip of the iron, cooling it down too 
much. (This is where a higher wattage 
comes in useful.) 
A proper temperature-controlled iron will 

be quite a lot more expensive — retailing at, 
say, £40 or more — and will have some form 
of built-in thermostatic control, to ensure 
that the bit's temperature is maintained at a 
fixed level (within limits). 
This is desirable, especially during more 

frequent use, since it helps to ensure that 
the temperature does not overshoot in be-
tween times, and also guarantees that the 
output will be relatively stable. Some irons 
have a bimetallic strip thermostat built into 
the handle which gives an audible click 
in use; other types use all-electronic con-
trollers, and some may be adjustable using 
a screwdriver. 
Yet more expensive still, soldering sta-

tions cost from £70 upwards (the iron may 

Tapered 

needle 

8 

Chisel 

be sold separately, so you can pick the 
type you prefer), and consist of a complete 
bench-top control unit into which a special 
low-voltage soldering iron is plugged. 
(A temperature-controlling soldering 

station will be presented as a construc-
tional project in the future. Ed.) 
Some versions might have a built-in 

digital temperature readout, and will have 
a control knob to enable you to vary the 
setting. The temperature could be boosted 
for soldering larger joints, for example, or 
for using higher melting-point solders (e.g. 
silver solder). 
These irons are designed for the most 

discerning users, or for continuous produc-
tion line/professional use. The best stations 
have irons which are well balanced, with 
comfort-grip handles which remain cool 
all day. A thermocouple will be built 
into the tip or shaft, which monitors 
temperature. 
Anti-static protection: If you're inter-

ested in soldering a lot of static-sensitive 
parts (e.g. CMOS chips or MOSFET tran-
sistors), more advanced and expensive sol-
dering iron stations use static-dissipative 
materials in their construction to ensure 
that static does not build up on the iron 
itself. You may see these listed as ESD 
safe (electrostatic discharge proof). 
The cheapest irons won't necessarily be 

ESD-safe but never-the-less will still prob-
ably perform perfectly well in most hobby 
or educational applications, if you take the 
usual anti-static precautions when hand-
ling the components. The tip would need 
to be well earthed in these circumstances. 
Bits: It is useful to have a small selec-

tion of manufacturer's bits available with 
different diameters or shapes, which can 
be changed depending on the type of work 
in hand. You'll probably find that you be-
come accustomed to, and work best with, a 
particular shape of tip. Often, tips are iron-
coated to preserve their life. 
Spare parts: It is nice to know that 

spare parts may be available, so if the 
element blows, you don't need to replace 
the entire iron. This is especially so with 
expensive irons. Also make sure that the 
bits can be readily changed - some which 
push into, rather than onto, the iron's shaft 
can become well-crudded and nigh-impos-
sible to extract. Check through some of the 

Broad chisel  Conventional 

There are many variants on the shape and size of soldering iron bits available. 
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larger mail-order catalogues to ascertain 
the types of iron and associated spares 
available. 
You will occasionally see gas-powered 

soldering irons which use butane rather 
than the mains to operate. They have a 
catalytic element which, once warmed up, 
continues to glow hot when gas passes 
over it. Service engineeis use them for 
working on repairs where there may be no 
power available, or where a joint is tricky 
to reach with a normal iron, so they are 
really for occasional on-the-spot use for 
quick repairs, rather than for mainstream 
construction or assembly work. 
A solder gun is a pistol-shaped iron, 

typically running at 100W or more, and 
is completely unsuitable for soldering 
modern electronic components. In fact, it's 
hard to think of where you can actually 
use them: they're certainly too hot, heavy 
and unwieldy for micro-electronics use. 
Plumbing, maybe..! 
Soldering irons are best used along with 

a heat-resistant bench-type holder, so that 
the hot iron can be safely parked in be-
tween use. Soldering stations already have 
this feature, otherwise a separate soldering 
iron stand is essential, preferably one with 
a holder for tip-cleaning sponges. 
Now let's look at how to use soldering 

irons properly, and how to put things right 
when a joint goes wrong. 

HO W TO SOLDER 
Turning to the actual techniques of sol-

dering, firstly it's best to secure the work 
somehow so that it doesn't move during 
soldering and affect your accuracy. 
In the case of a printed circuit board, 

various holding frames are fairly popular 
especially with densely populated boards: 
the idea is to insert all the parts on one 
side, hold them in place with a special 
foam pad to prevent them falling out, turn 
the board over and then snip off the wires 
with cutters before making the joints. 
The frame saves an awful lot of turn-

ing the board over and over, especially 

Solder 

Soldering iron 

Insufficient 
Satisfactory 

solder 
Too much 
solder 

Component leads 

Copper pad 

PCB 

DIY joint 

The key to reliable electronics assembly and subsequent operation is good soldering. 

with large boards. Other parts could be 
held firmly in a modeller's small vice, for 
example. 
Joints may need to possess some 

degree of mechanical strength in some 
cases, especially with wires soldered to, 
say, potentiometer or switch tags, and 
this means that the wire should be looped 
through the tag and secured before solder 
is applied. The down side is that it is 
more difficult to desolder the joint (see 
later) and remove the wire afterwards, if 
required. 
Otherwise, in the case of an ordinary 

circuit board, component wires are bent to 
fit through the board, inserted flush against 
the board's surface, splayed outwards a 
little so that the part grips the board, and 
then soldered. 
It's generally better to snip the surplus 

wire leads off first, to make the joint more 

For serious electronics work, a p.c.b. assembly frame is of enormous help. but 
make sure you get a good one. This one is from Map/in and costs about £80. 

accessible and avoid applying a mechani-
cal shock to the p.c.b. joint. However, in 
the case of semiconductors, I often tend to 
leave the snipping until after the joint has 
been made, since the excess wire will help 
to sink away some of the heat from the 
semiconductor junction. 
(Purists may argue that soldering 

should always be done after trimming to 
length since this ensures that the trimmed 
end of the lead is protected by solder and 
cannot corrode over time. Ed.) 
Integrated circuits can either be soldered 

directly into place, if you are confident 
enough in your soldering ability (and that 
the device will never need replacing!), or 
better, use a dual-in-line socket to prevent 
heat damage. The chip can then be 
swapped out if needed. 
Parts which become hot in operation 

(e.g. some resistors), should be raised 
above the board slightly to allow air to 
circulate. Some components, especially 
large electrolytic capacitors, may require a 
mounting clip to be screwed down to the 
board first, otherwise the part may even-
tually break off due to vibration. 
The perfectly soldered joint will be nice 

and shiny looking, and will prove reliable 
in service. I would say that cleanliness, 
temperature, time and adequate solder 
coverage are the four key factors affecting 
the quality of the joint. A little effort spent 
now in soldering the perfect joint may save 
you — or somebody else — a considerable 
amount of time in troubleshooting a defec-
tive joint in the future. The basic principles 
are as follows. 

CLEAN 
Firstly, and without exception, all parts 

— including the iron tip itself — must 
be clean and free from contamination. 
Solder just will not take to dirty parts! 
Old components or copper board can be 
notoriously difficult to solder, because of 
the layer of oxidation which builds up on 
the surface. This repels the molten solder, 
as will soon be evident, because the solder 
will bead into globules, going everywhere 
except where you need it. Dirt is the 
enemy of a good quality soldered joint! 
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Table 1. 

How to make the perfect 
solder joint 

• All parts must be clean and free 
from dirt and grease 

• Secure the work firmly 

• Clean the bit of the soldering iron 
on a damp sponge 

• "Tin" the iron tip with a small 
amount of solder 

• Heat ALL parts of the joint with 
the iron 

• Only apply sufficient solder to 
form an adequate joint 

• Return iron to stand 

• It only takes two to three seconds 
to solder the average p.c.b. joint 

• Do not move parts until solder 
cools 

Problems 

• Solder won't "take" — grease or 
dirt present — desolder and clean 
up. Or material is unsuitable for 
soldering with lead/tin solder 

• Joint is crystalline — has been 
moved before cooling, or joint 
was not heated adequately 

• Solder joint forms "spike" — has 
been overheated, burning away 
flux. 

Hence, it is an absolute necessity to 
ensure that parts are free from grease, 
oxidation and other contamination. In the 
case of old resistors or capacitors, for 
example, where the leads have started to 
oxidize, use a small hand-held file, or 
perhaps scrape a knife blade, or rub a fine 
emery cloth over them, to reveal fresh 
metal underneath. 
Stripboard  and  copper  (untinned) 

printed circuit board will generally oxidize 
after a few months, especially if it has 
been fingerprinted. Copper strips can be 
cleaned using an abrasive rubber block, 
like an aggressive eraser, to reveal fresh 
shiny copper underneath. Only under 
extreme circumstances are tinned p.c.b.s 
likely to need cleaning in this fashion. 
Also available is a fibre-glass filament 

brush, which is used in propelling-pencil 
fashion to remove any surface contamina-
tion. These tend to produce tiny particles 
which are highly irritating to skin, so avoid 
accidental contact with any debris. Af-
terwards, a wipe with a rag soaked in 
cleaning solvent will remove most grease 
marks and fingerprints. After preparing the 
surfaces, avoid touching them if at all 
possible. 
Another unwanted side effect of having 

dirty surfaces is the tendency to want to 
apply more heat in an attempt to force 
the solder to take. This will often do 
more harm than good since it may not be 
possible to burn off some contaminants, 
and the component may be overheated. In 
the case of semiconductors, temperature is 
quite critical and they may be harmed by 
applying excessive heat, although most 
modern components are more tolerant of 
this than used to be the case. 
Before using the iron to make a joint, it 

should be wiped first on a damp sponge to 
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remove any contaminants, tinned by ap-
plying a few millimetres of solder, and 
then perhaps wiped again on the sponge to 
remove excess solder and flux. This pre-
pares it for use; you should always do it 
immediately with a new bit, anyway. 
As a hot tip (well, I had to!). I some-

times re-apply a small amount of solder 
again, mainly to improve the thermal con-
tact between the iron and the joint so that 
the solder will flow more quickly and 
easily. 
It's sometimes better to tin larger parts 

as well before making the joint itself, but it 
isn't generally necessary with p.c.b. work. 
(All EPE printed circuit boards are pre-
tinned to preserve their quality and to help 
with soldering.) 
A worthwhile product is Weller's Tip 

Tinner & Cleaner, a small five-gram tinlet 
of paste onto which you dab a hot iron — 
the product cleans and tins the iron ready 
for use. 
The next step to successful soldering is 

to ensure that the temperature of all the 
parts is raised to roughly the same level 
before applying solder. 
Imagine, for instance, trying to solder a 

resistor into place on a printed circuit 
board: it's essential to heat both the met-
allic p.c.b. track and the resistor at the 
same time before applying solder, so that 
the solder will flow much more readily 
over the joint. Heating one part but not the 
other is far less likely to produce a satis-
factory joint, so strive to ensure that the 
iron is in contact with all the components 
first, before touching the solder to it. 

NO W IS THE TIME 
Finally, the joint should be heated with 

the bit for just the right amount of time 
— during which a short length of solder 
is applied to the joint. Solder contains 
a flux which helps the molten solder to 
flow more easily over the joint. Too much 
solder is an unnecessary waste and may 
cause short circuits with adjacent joints. 
Too little and it may not support the 

component properly, or may not fully 
form a working joint. The heating period 
depends on the temperature of your iron 
and size of the joint — and larger parts need 
more heat than smaller ones — but some 
parts (semiconductor diodes, transistors 
and i.c.$), are sensitive to heat and should 
not be heated for more than a few seconds. 

Solder sucker 

With practice, it will actually take one 
to three seconds at most to solder a com-
ponent to a printed circuit board, depend-
ing on the size of joint. 
Novices sometimes buy a small clip-

on heat-shunt, which resembles a pair of 
aluminium tweezers. In the case of, say, a 
transistor, the shunt is attached to one of 
the leads near to the transistor's body. 
Any excess heat then diverts into the heat 
shunt instead of into the transistor junc-
tion, thereby saving the device from over-
heating. Beginners find them reassuring 
until they've gained more experience. 
Finally, more serious enthusiasts and 

technicians, etc. may consider a bench-top 
fume extractor which draws excess solder 
fumes through a carbon filter, keeping 
the work area clear of smoke and fumes. 
They work very well but are relatively 
expensive. 
The steps for making the perfect solder 

joint are shown in Table I, along with a 
basic troubleshooting guide. There is no 
substitute for practice, though! 
A soldered joint which is improperly 

made will be electrically noisy, unreliable 
and is likely to get worse in time. It may 
even not have made any electrical connec-
tion at all, or could work initially and then 
cause the equipment to fail at a later date! 
It can be hard to judge the quality 

of a solder joint purely by appearances, 
because you cannot say how the joint 
actually formed on the inside, but, by 
following the guidelines, there is no reason 
why you should not obtain perfect results. 
A joint which is poorly formed is often 

called a dry joint. Usually it results from 
dirt or grease preventing the solder from 
melting onto the parts properly, and is of-
ten noticeable because of the tendency of 
the solder not to spread but to form beads 
or globules instead, perhaps partially. 
Alternatively, if it seems to take an inor-

dinately long time for the solder to spread, 
this is another sign of possible dirt and that 
the joint may potentially be a dry one. 

DESOLDERING 
There will undoubtedly come a time 

when you need to remove the solder from 
a joint: possibly to replace a faulty 
component or fix a dry joint. The usual 
way is to use a desoldering pump (or 
sucker) which works like a small spring-
loaded bicycle pump, only in reverse! 

Soldering iron 

Copper pad 

PCB 

A solder sucker is an ideal tool to use when soldered joints need to be removed. 
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A typical solder pump; the nozzle is seen at the right and the release button is just 
below the thumb. 

(More demanding users might need a 
pump which is ESD safe.) 
A spring-loaded plunger is released at 

the push of a button and the molten solder 
is then sucked up into the pump. It may 
take one or two attempts to clean up a joint 
this way, but a small desoldering pump is 
an invaluable tool, especially for p.c.b. or 
stripboard work. 

In many cases, a desoldering braid can 
be used instead of a desoldering pump. 

Sometimes, it pays to actually add more 
solder and then desolder the whole lot with 
a pump, if the solder is particularly 
awkward to remove. Care is needed, 
though, to ensure that the boards and 
parts are not damaged by excessive heat; 
the pumps themselves have a P.T.F.E. 
nozzle which is heat proof. However, with 
constant use the nozzles can be be-
come distorted, preventing adequate suc-
tion from taking place. 
An excellent alternative to a pump is 

to use desoldering braid, including the 
famous Soder-Wick which is packaged in 
small dispenser reels. This product is a 
specially treated fine copper braid which 
is applied to the molten joint, and the 
solder will be drawn up with surpris-
ing effectiveness. I recommend buying a 
small reel, especially for difficult joints 
which would take several attempts with a 
pump. 
Be aware, though, that incautious use of 

the braid, by applying too much pressure 
to it, or roughly drawing it across the joint, 
can damage and even break delicate p.c.b. 
irack 

Finally in this part of Build Your Own 
Projects, to complete the picture, you'll 
probably wish to consider a small selection 
of consumables, or what engineers call 
service aids. Looking on my bench, I've 
managed happily with a freezer aerosol 
(expensive, short-lived but handy for emer-
gencies, especially when a desoldering 
pump is used), a compressed gas aerosol 
(e.g. Air Duster, which also has a short life 
but is useful to have), and an aerosol switch 
cleaner (e.g. Servisol or ElectroLube). 
Super glue and epoxy adhesives are 

handy for both repairs and constructional 
work. A tin of non-flammable electrical 
cleaning solvent is useful for cleaning up 
boards etc., and catalogues include a range 
of other electro-chemical products, so you 
can increase the range as the occasion 
demands. 

NEXT M ONTH 
In the next part, we check out ways of 

making your own printed circuit boards, 
and then start to investigate the preparation 
of cases and other bench procedures, ready 
for the completed board to be installed. 

Table 2. 

All about solder 

• Normal electronics solder is 
60%140% tin-lead mixture 

• It contains cores of flux to help it 
to flow when molten 

• Melting point is typically 188 C 

• Tip temperatures needed are 
roughly 330 to 350C 

• The larger the standard width 
guage, the thinner the solder 

S. W.G. 
13 
14 
16 
18 
20 
22 
24 
26 

Diameter (mm) 
2.34 
2.03 
1.63 
1.22 
0.91 
0.71 
0.56 
0.46 

• 20-22 s.w.g is fine for most p.c.b. 
work. 18 s.w.g. for larger joints 

RING BINDERS FOR EPE 
This ring binder uses a special system to allow the issues to be 
easily removed and reinserted without any damage. A nylon 
strip slips over each issue and this passes over the four rings in 
the binder, thus holding the magazine in place. 
The binders are finished in hard wearing royal blue p.v.c. 

with the magazine logo in gold on the spine. They will keep 
your issues neat and tidy but allow you to remove them for use 
easily. 
The price is £5.95 plus £3.50 post and packing. If you order 

more than one binder add £1 postage for each binder after the 
initial £.50 postage charge, (for overseas readers the postage 
is £6.00 each to everywhere except Australia and Papua New 
Guinea which costs £10.50 each). 
Send your payment in Vs sterling cheque or PO (Overseas 

readers send £ sterling bank draft, or cheque drawn on a UK 
bank or pay by credit card), to Everyday Practical Electronics, 
Allen House, East Borough, Wimborne, Dorset BH21 1PF. Tel: 
01202 881749. Fax: 01202 841692 (We cannot reply to queries 
or confirm orders by Fax due to the cost). 
We also accept credit card payments. Mastercard or Visa 

(minimum credit card order £5). Send your card number and 
card expiry date plus cardholders address (if different to the 
delivery address). 
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Constructional Project 

STEREO 
CASSETTE 
RECORDER 
ROBERT PENFOLD 
Build your own cassette 
recorder' around a "surplus" 
deck and this high quality circuit. 
One for the experimenter. 

IN THE last 20 years or so, there seems to have been few (if any) published 
designs for tape recorders. Some 20 to 

30 years ago several tape recorder designs 
were published, and they were quite 
popular. 
One probable reason for the demise of 

home constructed recorders is that new 
cassette deck mechanisms have been vir-
tually unobtainable for many years. The 
few that have been available were in-
variably high quality and very expensive 
types. Together with the falling cost of 
ready-made cassette recorders, this has 
made do-it-yourself units a less attractive 
proposition than was once the case. 

ABSORBING PROJECT 
On the other hand, a cassette recorder is 

still a very absorbing project to tackle, and 
interest in this type of project would seem 
to be far from dead. This Stereo Cassette 

Recorder project was produced in response 
to a steady flow of readers' letters request-
ing a project of this type. 
Although  new  cassette  deck 

mechanisms are currently unobtainable, 
there seems to be an almost constant flow 
of decks onto the surplus market. Many of 
these cost just a few pounds each, 
complete with heads and motor. I have 
also removed a perfectly good deck from a 
"dumped" cassette/radio that had come to 
a premature end due to an electronic fault 
that would have been too expensive to 
have repaired. 
It is standard advice to obtain any 

awkward parts before buying the rest of 
the components for a project. In this case it 
is clearly essential to obtain a suitable 
cassette mechanism before proceeding to 
buy the other parts. 
Having obtained a cassette mechanism, 

you need to carefully assess its potential 

Completed Record Erase (top) and PlaybackPSU boards. 

before proceeding further. A deck removed 
from a piece of defunct equipment should 
be complete with heads, motor, etc., and 
should be suitable for a do-it-yourself cas-
sette recorder, provided it is working and in 
reasonably good condition. 
Surplus cassette mechanisms seem to 

vary enormously, but in order to realisti-
cally use one of these units as the basis 
of a "do-it-yourself' cassette deck it is 
necessary to have one that is largely com-
plete. In other words, choose a deck that is 
complete with a motor, record/playback 
and erase heads, plus all the mechanical 
parts. 
A deck that has a mono record/playback 

head can be used for stereo operation if 
the head is replaced with a stereo type. 
Provided it has the standard mounting ar-
rangement, replacing the head is not dif-
ficult, but it is likely to be much more 
expensive than obtaining a deck that is 
ready fitted with a stereo record/playback 
head. The erase head is the same for mono 
and stereo recorders, incidentally. 

PLAY ONLY 
Bear in mind that there are two types of 

cassette mechanism. The simpler type nor-
mally has five rather than the full set of 
six buttons or levers, and they are only 
intended for playing tapes, not recording 
them. 
Some of these play-only units have the 

full complement of six levers or buttons, 
but one of them is either non-function-
ing, or simply duplicates the action of 
the "play" button. The "record-protect" 
mechanism at the rear of the unit will be 
missing. The erase head will also be miss-
ing, or a dummy type to act as a tape guide 
will be fitted. 
It is probably not worthwhile trying 

to upgrade a play-only unit for operation 
in a recorder. A mechanism of this type 
can be used as the basis of a cassette 
player though, and should provide excel-
lent results. 
This cassette recorder project is based 

on two printed circuit boards, one of which 
carries the power supply and playback 
amplifier circuits. Only this board is 
needed if you intend to build just a cassette 
player. 
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RECORD/PLAYBACK 
If you intend to build a unit capable of 

recording and playing back tapes, it is 
essential to have at least one set of switch 
contacts that are activated only when the 
mechanism is set to the "record" mode. 
The number of contacts fitted seems 
to vary substantially from one deck to 
another. There will usually be one or two 
sets of contacts that close whenever the 
mechanism is activated. 
When using a battery powered unit 

these can be used to automatically switch 
on the motor and electronics when the 
deck is used. For a mains powered unit 
they are not too important. The motor and 
(possibly) the electronics are left running 
continuously so that the deck can provide 
an "instant" start-up. 
There may be several contacts that are 

controlled by the "record" lever, and 
these can then provide the record/playback 
switching. This is unlikely though, and 
usually just a single set of normally open 
contacts are provided. These are used 
to control the record/playback switching 
either via electronic switching, or a relay. 
This tape recorder circuit is intended for 

control via a relay if the deck lacks suffi-
cient contacts for direct control. If the 
mechanism lacks a set of contacts that are 
only operated by the "record" lever, it can 
only be used in a recorder if you can find a 
means of adding a microswitch to control 
the record/playback switching. Provided 
the deck mechanism is otherwise com-
plete, this should not be too difficult. 

TURN OF SPEED 
It seems to be the norm for the motors 

used in cassette mechanisms to have built 
in speed regulation circuits. In some cases 
the speed is preset at the correct figure, 

and you simply have to connect a suitable 
supply with the correct polarity. A sub-
stantial percentage of cassette deck motors 
seem to have two large supply tags, plus 
two smaller tags. The latter seem to be 
for use with an external speed control, and 
a 4k7f/ (4-7 kilohms) preset (wired as a 
variable resistor) connected between them 
usually gives the desired effect. 
With some motors the speed control 

is optional, and the motor defaults to a 
suitable speed if the preset potentiometer 
is omitted. With motors of this type it 
is probably best just to leave these tags 
unconnected. 
With other motors it is essential to add 

the speed control, since without it the 
motor runs much too fast. In fact it will 
probably run at something approaching 
twice the required speed. 
The best way to set the correct speed is 

to record a test tone at about I kHz using 
any cassette recorder that is in good 
working order. Play the tape back on the 
do-it-yourself recorder, and compare the 
reproduced tone with that from the original 
signal source. Then simply adjust the 
speed control so that the played-back tone 
is the same as the original tone. 

UNKNO WN 
GUANTITY 
This article is primarily concerned with 

the electronics for a cassette recorder, and 
details of the mechanical side of construc-
tion are not provided. It would be impracti-
cal to do so, since the cassette mechanism is 
something of an unknown quantity. These 
units vary considerably in size and shape, 
and in most cases it will be necessary to use 
a certain amount of ingenuity in order to get 
the mechanism securely mounted in a case 
and working well. 

However, it is worth making one or two 
general points about the mechanical side 
of construction. The cassette mechanism is 
unlikely to hold the cassettes in place 
properly, except in the case of some 
up-market front loading types. You will 
normally have to provide side pieces to 
prevent the cassette from skewing round 
slightly when the tape heads are engaged. 
Also, a sprung cover over the cassette 

compartment is needed. This keeps out 
dust when the unit is not in use, and holds 
the cassette down on the mechanism when 
it is. 
On ready-made recorders the side 

cheeks and lid are usually in one assembly. 
The cassette is inserted into the lid 
assembly and closing the lid then takes the 
cassette down into position. Life will be a 
lot easier if the cassette holder is included 
with the cassette mechanism, but it usually 
seems to be absent. Unless the cassette is 
held firmly in position during use it is 
likely that a lot of mangled tapes will be 
produced! 

TAKE NOTE 
One final, but important, point is that 

this project is not intended for beginners, 
unless carefully supervised. The circuits 
have been kept reasonably straightforward, 
but this is still a fairly complex piece of 
electronics having a mains power supply. 
It is possible to get usable results without 

the aid of any test equipment, but in order 
to obtain optimum results it is necessary to 
have access to some audio test gear. Ideally, 
an audio sinewave generator and an oscillo-
scope should be available, together with a 
knowledge of how to use them. 
The circuits provided here are all tried 

and tested, but this project is primarily 
aimed at those who like to experiment. 

Four "surplus" nearly new cassette 
mechanisms (two are only suitable 
for playback use). 
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SYSTEM OPERATION 
The block diagram shown in Fig. I 

helps to explain the way in which the 
Stereo Cassette Recorder functions. In or-
der to keep the record/playback switching 
as simple as possible, separate recording 
and playback amplifiers are used. 
When used in the "play" mode, the unit 

is very simple since most of the stages are 
switched off, or provide no useful function. 
The only stage that it is absolutely essential 
to switched off is the "erase oscillator", 
which, of course, would otherwise erase the 
tape being played! 

The second function of this oscillator is 
to provide a high frequency bias signal to 
the record/playback head when recording. 
This is necessary to counteract the inherent 
non-linearity of a magnetic recording sys-
tem. The exact frequency of the erase/bias 
signal is not that important, and most 
tape heads will work satisfactorily with a 
frequency of around 50kHz to 100kHz. 
Quite a high signal level is needed in 

order to drive the erase head properly. 
Typically some 10V to 12V r.m.s. is 
needed at a current of about 4OrnA to 
50mA. The basic erase oscillator is a 

problem it is necessary to use a constant 
current drive circuit. 
The most simple way of achieving the 

desired result is to feed each channel of the 
tape head via a high value resistor. Provided 
the value of the resistor is many times 
higher than the high frequency impedance 
of the tape head, the current flow will be 
largely governed by the series resistors. 
The high value of the resistors swamps the 
variations in the tape head's impedance. 
The erase/bias oscillator also feeds each 

channel of the record/playback head via 
a high value resistor. The resistors form 
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Fig. 1. Stereo Cassette Recorder block diagram. 
oscillator is common to both channels. 

During "playback" mode, the only 
stages which are used are the play-
back preamplifier and equalisation circuits. 
These are duplicated in the two stereo 
channels, as are most other stages. 
The output level from a tape head is 

quite low, and  is typically a little 
under one millivolt peak-to-peak. The 
preamplifier provides a voltage gain of just 
over 20, and the equalisation provides 
further voltage gain. This stage also 
provides a large amount of treble cut, 
which counteracts the treble boost (pre-
emphasis) used during the recording 
process. 
The treble boost and cut gives a flat 

overall frequency response, and the treble 
cut used during playback gives a useful 
reduction in the background "hiss". 
Additionally, the equalisation has to 

compensate for the frequency response of 
the tape head. This gives an output that 
rises at 6dB per octave. In other words, a 
doubling of the signal frequency gives a 
doubling of the output level. The output 
level from the playback circuit is typically 
a little over one volt r.m.s., which should 
be sufficient to drive any normal hi-fl 
amplifier. 

ERASE OSCILLATOR 
Two identical signal chains are used in 

the two stereo channels of the recording 
circuit, but the erase oscillator circuitry is 
common to both channels. The erase oscil-
lator serves two functions, and obviously 
one of these is to drive the erase head. 
The erase head is positioned ahead of 
the record/playback head, to ensure that 
recordings are always made onto blank 
tape, even when a tape is being reused. 

Only the left channel is shown, the right channel is identical. The erase 

simple Wien sinewave type which cannot 
provide a high enough drive voltage or 
current. It therefore drives the erase head 
via a simple complementary class-B output 
stage and a step-up transformer. This 
enables the erase head to be driven with a 
good quality sinewave signal at anything 
from about 25V to 40V peak-to-peak. 
A simple two input mixer is at the heart 

of each recording amplifier. One input of 
the mixer is designed for use with a high 
level signal source such as an f.m. tuner. 
The other input is fed from a microphone 
via a high gain microphone preamplifier. 
There are separate gain controls for the 
line and microphone signals. 
Many cassette recorder circuits have the 

line input provided via the microphone in-
put and an attenuator. This is a simple 
method, but the noise of the microphone 
preamplifier gives a significantly reduced 
signal-to-noise ratio when using the line 
input. 
The method used here gives much better 

results, because the microphone gain con-
trols can be fully backed-off when the line 
input is in use. This totally eliminates the 
noise from the microphone preamplifier. 
Another advantage of this system is that it 
enables the microphone and line signals to 
be mixed at the desired levels. 
The output from each mixer is fed to a 

low gain amplifier, and these amplifiers 
provide the pre-emphasis. They also drive 
the record/playback head. 
There is a slight problem in driving the 

tape head in that it provides a highly induc-
tive load. This means that a given drive 
voltage will provide a much higher cur-
rent flow at a low frequency than at a 
high frequency. In order to overcome this 

simple passive mixers which combines the 
audio and high frequency bias signals. 
Manual rather than automatic recording 

level control is used, because the manual 
type is simpler and generally gives much 
better results when recording music. The 
recording level meters are of the peak 
reading variety, and the two stereo chan-
nels are identical. 
The output from the pre-emphasis 

amplifier is fed to a half-wave active 
rectifier. This feeds into a smoothing 
circuit which provides the standard attack 
and decay times of 2.5ms and one second 
respectively. 
This relatively fast attack and slow 

decay enables the circuit to respond 
properly to brief but strong signals which 
can be missed by average reading meters. 
The meter movement is driven via a buffer 
amplifier which ensures that the long 
decay time of the smoothing circuit is not 
shortened by loading effects. 

PLAYBACK 
A MPLIFIER 
The circuit diagram for the Playback 

Amplifier appears in Fig. 2. The two stereo 
channels are identical, so we will only 
consider the left hand channel here. 
Switch SI provides the record/playback 

switching. This can either be switch con-
tacts on the cassette mechanism, or relay 
contacts. Using a relay to provide this 
switching is considered in detail later. 
ICI is a very low noise, almost distor-

tion free, operational amplifier (op.amp) 
which is specifically designed for use in 
low-noise audio preamplifiers. It is used 
here as a straightforward non-inverting 
mode amplifier having an input impedance 

918 
Everyday Practical Electronics, December 1996 



of about 5kfl (five kilohms) or so and an 
open loop voltage gain of about 22 times. 
The output of ICI is direct coupled to 

the input of IC2, which is another very low 
noise, low distortion, op.amp. This circuit 
is also used in the non-inverting mode. 
Resistors R6 and R7 set the voltage 

gain at about 1000 times, but this is sig-
nificantly reduced at all but the lowest 
frequencies by the inclusion of equalisa-
tion components capacitor C6 and resistor 
R9. These reduce the voltage gain to about 
30 times at high frequencies. 
In theory, the equalisation must provide 

a 6dB per octave roll-off across the whole 
audio spectrum to compensate for the 6dB 
per octave rise in output level from the 
tape head. Further treble cut is needed in 
order to counteract the pre-emphasis used 
during the recording process. 
Things are very different in practice 

due to the inefficiency of the tape head at 
higher frequencies. In fact the output 
from a typical tape head starts to fall 
away at middle audio frequencies. Conse-
quently, the equalisation must only be 
maintained over the lower and middle 
audio range. 
There is no standard replay characteris-

tic, since the required frequency response 
for the playback amplifier has to take into 
account the frequency response of the tape 
head used, and the desired bandwidth of 
the system. Good results should be ob-
tained with the specified values for C6 and. 
R9, but it will probably be possible to 
obtain a flatter response by "tweaking" 
these values slightly. 
With a high quality tape head, it should 

be possible to obtain something approach-
ing the full 20kHz audio bandwidth. It is 
not a good idea to try to force the full 
20kHz bandwidth from a tape head of 
lesser quality. This may actually be pos-
sible, but only at the expense of a poor 
signal-to-noise ratio. 
In order to keep the circuit relatively 

simple and straightforward, the unit does 
not incorporate any form of noise reduc-
tion circuitry. Due to the increased quality 
provided by modern tape heads, tapes, and 
electronics, this is a less serious omission 
than it would have been a few years ago. 
Even without resorting to noise reduction 
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Fig. 2. Circuit diagram for the Playback Amplifier of the Stereo Cassette Recorder. 

it is possible to obtain a signal-to-noise 
ratio of about 60dB to 70dB, which is ade-
quate for most purposes. 
Switch S2 should be closed when 

playing Dolby-B encoded tapes. This in-
creases the high frequency roll-off slightly, 
which avoids the excessive treble which 
will otherwise be obtained. 
If the ultimate in performance is not re-

quired, an NE5534A op.amp can be used 
for ICI (and IC3), and a bifet device such 
as an LF351N or TL071CP can be used 
for IC2 (and IC4). This provides a useful 
reduction in cost with only a marginally 
higher noise level. 
Using inexpensive devices such as the 

p.A74 IC, LF351N, etc. for ICI (and 
IC3) is not to be recommended. Devices 
such as these will provide a significantly 
higher noise level than the TI E2027CP or 
NE5534AN. 

ERASE OSCILLATOR 
The circuit diagram for the Erase/Bias 

Oscillator appears in Fig. 3. IC5 is used 
in a conventional Wien oscillator circuit. 

The operating frequency is governed by 
the values of capacitors CI7 and C18, 
and resistors R21 and R23. The specified 
values give an output frequency of around 
70kHz to 80kHz. 
Preset VR1 is adjusted to provide an 

output signal of the required amplitude, 
with diodes DI and D2 providing a certain 
amount of gain stabilisation. Transistors 
TR1 and TR2 form the complementary 
class-B output stage. 
In order to obtain a high enough drive 

voltage for the erase head, a step-up trans-
former (T1) must be used. Resistor R25 
limits the drive current to TI. which other-
wise tends to produce a slightly excessive 
output level. 
Capacitor C20 brings the tape head and 

secondary of T1 to resonance at the 
appropriate frequency, and this greatly 
improves the quality of the sinewave 
output signal. It might be necessary to alter 
the value of C20 to optimise results 
with some erase heads, but a value of 
lOnF (nanofarads) gave good results with 
several different erase heads. 
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Fig. 3. Circuit diagram for the Erase Bias Oscillator stage. This circuit serves both channels. 
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Fig. 4. Left-hand channel circuit diagram for the Record Amplifier. The right channel is identical. 

The only exceptions were a couple of 
old heads from mono cassette decks. These 
seem to have a higher impedance than 
modern erase heads. Apart from tuning 
problems, they also seem to require a 
higher drive voltage than this circuit can 
provide. If the cassette mechanism is fitted 
with a head of this type it is probably 
better to replace the erase head with a 
modem type rather than try to modify the 
driver circuit to suit the old head. 
Capacitor C21, resistor R26 and either 

preset VR2 or VR3 couple the bias signal to 
the left hand section of the record/playback 
head. Capacitor C22, resistor R27, together 
with presets VR4 and VR5, provide the 
same function in the right hand channel. 
The point of using two preset resistors 

plus selection switch S3 is that it enables 
two bias levels to be used, so that the deck 
can be used with two different types of 
tape. These will usually be normal ferric 
tapes and chromium dioxide tapes. The 
latter require a higher bias level. Although 
the bias signal is fed to the tape head via 
fairly high resistances, the bias level is 
quite high. In fact the bias level is about 
ten times higher than the audio signal. 

RECORD A MPLIFIER 
Refer to Fig. 4 for the Record Amplifier 

circuit diagram. Again the two channels 
are identical, and only the left hand chan-
nel will be described. 106 is a low noise 
and low distortion op.amp which is used as 
the basis of the microphone preamplifier. It 
is used in a simple inverting mode cir-
cuit. The circuit is designed for use with 
a /ow impedance microphone, such as a 
dynamic or electret type which does not 
have a built-in step-up transformer. 
Like a tape head, the output level from a 

microphone is likely to be less than one 
millivolt peak-to-peak. Op.amp 106 must 
therefore provide a substantial amount of 
voltage amplification. Resistor R28 and 
R31 set the input impedance of the circuit 
at 680 ohms, and the closed loop voltage 
gain at a little under 600 times. 
The mixer stage has IC7 in a con-

ventional summing mode circuit. Poten-
tiometers VR6 and VR7 are respectively 
the microphone and line level controls. 
IC7 boosts the microphone signal by a 
factor of just under five times. There is a 
voltage gain of a little over two times from 
the line input to the output of IC7. 
Less than one volt peak-to-peak is 

920 

needed at the line input in order to fully 
drive the unit. Capacitor C30 provides a 
small amount of high frequency roll-off 
which helps to avoid problems with any 
high frequency input signals reacting with 
the bias signal to produce heterodyne tones. 
The output of IC7 is direct coupled to 

the input of the pre-emphasis amplifier. 
This is based on IC8, which is used in 
the non-inverting mode. Its basic volt-
age gain is set at about six times by 
resistors R37 and R38, but resistor R39 
and capacitor C33 produce a substantial 
amount of boost at high audio frequencies. 
In fact it provides almost 20dB of boost at 

the highest audio frequencies. Capacitor 
C32 and resistor R39 tame the response of 
the amplifier at frequencies above the up-
per limit of the audio range. 
Capacitor C34 couples the output of IC8 

to the tape head via series resistor R40. 
As explained previously, this resistor is 
needed in order to provide a constant cur-
rent drive to the tape head. 
This resistor obviously introduces large 

losses, but the tape head needs a typical 
drive current of only about 40 microamps or 
so. Even with the losses through R40, less 
than 2V r.m.s. at the output of IC8 is suffi-
cient to drive the tape head properly. 
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Fig. 5. Recording Level left channel circuit diagram. Right channel is repeated. 
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Fig. 6. Circuit diagram for the twin regulated power supply. 
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LEVEL M ETERS 
The circuit diagram for the recording 

level meters is shown in Fig. 5. Once again 
the two stereo channels are identical, and 
only the left hand channel will be described. 
Preset VR 10 is a variable input at-

tenuator that enables the sensitivity of the 
circuit to be set at a suitable level. The 
output from VR1O is coupled to a conven-
tional half-wave active rectifier based on 
ICI2a. The LM358N used for IC12 per-
mits operation from a single 12V supply, 
but this circuit will not work properly 
with most other dual op.amps (LMI458C. 
LF353N, etc.). 
Capacitor C49 is the smoothing com-

ponent. Resistors R56 and R57 respec-
tively set the attack and decay times 
at approximately the required figures of 
2.5ms and one second. IC12b acts as a 
buffer stage between the smoothing circuit 
and the meter circuit. 
The meter circuit should have a full 

scale sensitivity of about 2.5V. If the 
meter used has a full scale sensitivity of 
other than 250µA it will be necessary to 
alter the value of resistor R58 to suit. 

PO WER SUPPLY 
The circuit diagram for a mains power 

supply unit for the electronics and motor 
is provided in Fig. 6. It is not essen-
tial to have largely separate supplies for 
the motor and the electronics, but this 
method virtually guarantees that there are 
no problems with electrical noise from the 
motor finding its way into the audio signal 
paths. 
Mains transformer T2 has twin secon-

dary windings which drive two identical 
regulated supplies; one for the electronics 
and one for the cassette deck's motor. 
Full-wave bridge rectification is used, 

with smoothing provided by C55 and C58. 
Electronic smoothing and regulation is 
provided by two 12 volt monolithic volt-
age regulators (IC14 and IC15). The 
foldback current limiting of the regulators 
provides protection against short circuits 
on the outputs, and further protection is 
provided by fuses FS1 and FS2. 
The maximum output current from each 

supply is about 250mA or so. The current 
consumption of the electronics is no more 
than about 100mA, but if a relay is used to 
provide the record/playback switching, this 
can virtually double. 
The current consumption of a 12V cas-

sette deck motor is usually about 100mA 
in normal use. Some motors might re-
quire a somewhat higher current though, 
particularly those that have solenoids for 
automatic loading and ejecting of tapes, or 
other up-market features. 
If the cassette mechanism has a 6V 

motor, it is probably best to power the 
main supply from a I 2V 500mA mains 
transformer (or a component having two 
6V 5(0mA secondaries wired in series), 
and to omit all the components for the 
motor's supply circuit. The motor would 
then have to be powered from an entirely 
separate 6V supply. 
Alternatively. IC14 can be replaced with 

a 7808 regulator, which will provide an 
output of 8V to the motor. This is some-
what higher than the rated voltage of the 
motor, but the built-in speed regulators of 
6V decks seem well able to cope with 

COMPONENTS 
Resistors 
R1, R10 
R2, All, R22, R26, R27. R32, R38, R45, 
R51, R54, R58, R59, R63 
R3, R12 
R4, R13 
R5, R14 
R6, R15 
R7, R16, R28, R41 
R8, R9, R17, R18, R33, R46 
R19, R20 
R21, R23 
R24 
R25 
R29, R30, R34, R35, R42, R43, R47, R48 
R31, R44 
R36, R37, R49, R50 
R39, R52. R56, R61 
R40, R53 
R55, R57, R60, R62 
All 0-25W 5% carbon film, or better 

Potentiometers 
VR1. VR10. VR11 
VR2 to VR5 
VR6 to VR9 

Capacitors 
Cl. 03. CS. C10, C16. C23. 035 
Ca 09, C26, 038. C49. C53 
C4. 011, 015. 029, 041 
C5, C12, 025. 037 
06. C13 
07. 014. 024. 036 
017. 018 
019 
020. 033, 045 
021. 022 
027. 031, C39. 043 
028. 040 
030. 042 
032. 044 
034. 046 
047. 051 
048. 052 
050, 054, 056, 057. 059, 060 
055. 058 

Semiconductors 
Dl. D2 
D3 to 06 
D7 to D14 
Id. 103. 106. 109 
102, 104 
105, 107, 108, 1010. 1011 
1012.1013 
1014. 015 
TR1 
TR2 

2k2 (2 off) 

10k (13 off) 
12k (2 off) 
4k7 (2 off) 
220t1 (2 off) 
680k (2 off) 
6800 (4 off) 
22k (6 off) 
2k7 (2 off) 
3k3 (2 off) 
56k 
2211 
39k (8 off) 
390k (2 off) 
47k (4 off) 
47011 (4 off) 
27k (2 off) 
220k (4 off) 

See 

TALK 
Page 

100k min. preset. horiz. (3 off) 
47k min. preset. horiz. (4 off) 
10k rotary carbon log. (4 off) 

1001i radial elect., 16V (7 off) . 
47 radial elect.. 50V (6 off) 
47p. radial elect., 25V (5 off) 
22[1 radial elect., 25V (4 off) 
4n7 polyester (2 off) 
10p_ radial elect., 25V (4 off) 
680p polystyrene (2 off) 
220n polyester 
10n polyester (3 off) 
220p polystyrene (2 off) 
22 radial elect., 50V (4 off) 
radial elect., 50V (2 off) 

150p polystyrene (2 off) 
100p polystyrene (2 off) 
470n polyester (2 off) 
330n polyester (2 off) 
100n polyester (2 off) 
100n ceramic (6 off) 
1000p. radial elect.. 25V (2 off) 

0A91 germanium signal diode (2 off) 
1N4148 silicon signal diode (4 off) 
1N4002 100V 1A rectifier diode (8 off) 
TLE2027CP low noise op.amp (4 off) 
NE5534AN low noise op.amp (2 off) 
TL071CP bifet op.amp (5 off) 
LM358N dual op.amp (2 off) 
1.1.A7812 12V 1A positive regulator (2 off) 
BC549 npn transistor 
BC559 pnp transistor 

Miscellaneous 
FS1, FS2  20mm 500mA quickblow fuse (2 off) 
FS3  20mm 500mA anti-surge fuse 
Ti  record head transformer (see text and below) 
T2  mains transformer, twin 12V 500mA secondaries 
MEI, ME2  Twin 250µA VU meter (see text) 
Si  d.p.d.t. min. toggle switch (see text) 
S2  d.p.s.t. min. toggle switch 
S3  d.p.d.t. min. toggle switch 
S4  d.p.s.t. rotary mains switch 
Ski, SK2  twin phono socket (2 off — see text) 
SK3, SK4  3.5mm jack sockets (2 off — see text) 
Printed circuit boards, available from the EPE PCB Service, codes 128 (Playback/PSU), 
129 (Record); cassette mechanism with heads (see text); knob (5 off); case (see text); 
20mm fuse-clip, p.c.b. mounting (2 off); 20mm fuseholder, panel mounting; 8-pin d.i.l. 
socket (13 off); multi-strand connecting wire; screened lead; mains lead and plug; solder, 
etc. 
Materials for transformer Ti: LA4345 pot core assembly, bobbin, fixing clips (2 off), 24 
s.w.g. enamelled copper wire. 
Note that the record/playback switching will probably require an additional 1N4148 

diode, plus a 12V relay having a coil resistance of at least 185 ohms and with a minimum 
of three changeover contacts (see text). 

Approx Cost 
Guidance Only £68 excl. cassette 

unit and case 
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the extra voltage. There should be no 
problems with excessive current consump-
tion, since 6V decks seem to consume only 
about 100mA to 200mA. 

RECORD/PLAY 
S WITCHING 
In the likel) event that the cassette 

mechanism cannot provide sufficient con-
tacts for the record/playback switching, a 
single set of normally open contacts on the 
deck are used to provide this switching via 
a relay. The relay coil is connected 
between the OV and main I 2V supply via 
the microswitch, and the relay will there-
fore be activated when the deck is set to 
the "record" mode (Fig. 7). A 1N4148 
diode connected across the relay coil 
suppresses the high reverse voltage gener-
ated when the relay is switched off. 
The relay must provide a minimum of 

three changeover contacts. RLA1 to RLA3 
respectively replace switches Sic, S 1 a, 
and Sib. The relay coil should have a 
voltage rating of 12V and a resistance of 

r44148 
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AND 
S3b 
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Fig. 7 Using a relay to provide the 
record/playback switching. 

about 185 ohms or more. However, I 2V 
relays having three or four sets of change-
over contacts are relatively rare these days, 
but suitable "Continental" style relays can 
still be obtained new, and are frequently 
available on the surplus market. 

Alternatively, two relays having coil 
resistances of about 300 ohms or more and 
two sets of changeover contacts will 
provide four sets of changeover contacts. 
The two relay coils should be wired in 
parallel. Two 6V relays having coil resis-
tances of about 80 ohms or more and their 
coils wired in series represent another way 
of providing sufficient contacts. Unless a 
suitable relay can be found on the surplus 
market, the twin relay approach might 
actually be cheaper. 

The record/replay switching shown in 
Fig. 7 represents a minimalist approach to 
the problem. In practice it might be better 
to include additional switching, such as 
removing power to the record circuits 
except when recording. This eliminates 
the possibility of breakthrough  from 
the recording circuits to the playback 
amplifier. 
A slight problem with this extra switch-

ing is that it makes it necessary to record 
onto a tape in order to set the recording 
level controls. A bypass switch would 
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Fig. 8. Playback/Power Supply printed circuit board component layout and full size copper foil master. 
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enable the recording level to be set prior to 
actually recording anything. Also, many 
cassette mechanisms have a "pause" 
button. Selecting "play/record" and then 
"pause" enables the recording level to be 
set. The "pause" button is then pressed 
again in order to start recording. 

CASE SELECTION 
As already pointed out, the mechanical 

side of construction must be varied to suit 
the particular cassette mechanism used. 
The case must be quite large in order to 
accommodate all the components, with a 
minimum width of about 300 millimetres 
being required. 
As the unit is mains powered the case 

should be of all-metal construction and be 
"earthed" to the mains Earth lead. The 
lid of the case must be a screw fit-
ting type, and not a clip-on type which 
would permit easy access to the dan-
gerous mains wiring. 

Most modem relays have no provision 
for chassis mounting, which makes it poten-
tially difficult to mount the record/playback 
relay. It should possible to reliably mount a 
cased relay on the base panel of the case 
using a high quality adhesive, such as an 
epoxy type or a "Superglue". 

PLAYBACK BOARD 
The component layout and actual size 

foil track pattern for the Playback and 
Power Supplies board (p.c.b.) are shown in 
Fig. 8. This board is available from the 
EPE PCB Service, code 128. 
None of the integrated circuits used in 

this project are static-sensitive, but it is 
still advisable to fit all the d.i.l. (dual-
in-line) types in holders. Fit single-sided 
terminal pins at the points where the con-
nections to the controls, sockets, etc. will 
eventually be made. 
IC14 and IC15 are mounted on the 

board vertically. IC15 should be fitted with 

Capacitors C6 and CI3 must be printed 
circuit mounting types having 0.3 inch 
(7.5mm) lead spacing if they are to fit 
easily onto the board. Capacitors C56, 
C57, C59 and C6() must be disc ceramic 
types, or some other form of miniature 
ceramic capacitor. The electrolytics must 
all be reasonably small radial (vertical 
mounting) types if they are to fit neatly 
into place. 

WIRING 
The  wiring  associated  with  the 

playback and power supply board is 
shown in Fig. 9, which should be used in 
conjunction with Fig. 8. A solder tag 
fitted  on  one  of transformer T2's 
mounting bolts provides a reliable means 
of connecting the mains Earth lead to the 
case. It is advisable to take a lead from 
this solder tag to the chassis of the 
cassette mechanism, to make absolutely 
certain that it is reliably earthed. 

SKI a SKI b 
ILEFT OUTPUT I I RIGHT OUTPUT I 

A  R F 

a 
S2 

I DOLBY B 

Fig. 9. Wiring details for the playback/power supply off-board components 
identical points on the p.c.b. in Fig. 8. 

It should be possible to customise a 
ready-made case to suit practically any 
cassette mechanism, but it is probably best 
to settle for a relatively simple case. It will 
almost certainly be necessary to undertake 
a fair amount of cutting and filing in order 
to fit the cassette mechanism into the case. 
This is likely to be easier with a simple 
aluminium case than a fancy aluminium 
and steel type. 
Timber end pieces (cheeks), etc. can be 

used to give a more hi-fl style appearance 
if desired. Ideally the case would be cus-
tom made to fit everything, but this is only 
a practical proposition for those who pos-
sess the requisite skills and have access to 
suitable tools. 
It is normal for a cassette mechanism to 

be mounted in the case via some form of 
flexible mounting to prevent the mechanism 
from spreading noisy vibrations through the 
case. For a home-constructed recorder it 
should be possible to improvise a suitable 
mounting based on some rubber grommets 
and washers. Without some form of vibra-
tion absorbing mounting there will almost 
certainly be a high level of mechanical 
noise from the unit. 

CASE LAYOUT 
The general layout of the unit is not too 

critical in most respects, but it is advisable 
to keep transformer T2 and the mains 
wiring as far away as possible from the 
tape heads and the input wiring to the 
recording and playback amplifiers. 

N 23" MAINS 

Leads designated with letters A 

a small heatsink if the current consumption 
of the electronics and relay is more than 
about 150mA. It is unlikely that IC14 
will require a heatsink unless it is an 
8V regulator used to power a 6V motor. 
It would then be best to play safe and 
fit it with a small heatsink. For either 
regulator any small bolt-on heatsink for 
T0220 devices should be more than ade-
quate. In fact, a small "U" shaped piece 
of 18 s.w.g. aluminium should suffice. 
Fuses FS I and FS2 are normal 20mm 

"quick-blow" types, mounted on the 
board via a pair of fuse-clips. Be careful 
to fit capacitors C55, C58, and the 
eight rectifier diodes (D7 to D14) with 
the correct polarity. Errors here could 
result in costly damage. and could be 
dangerous. 

to K join up with 

Socket SKI is shown as a twin phono 
socket in Fig. 10, but it can be a 5-way 
DIN type, or any audio connector that fits 
in well with your audio gear. As the out-
put signal is at a fairly high level and a 
low impedance it is not essential to use 
screened leads to make the connections to 
this socket. 
The wiring to switch S2 does not have 

to be screened, but this wiring must be 
reasonably short. The gain of the play-
back amplifier is very high at low fre-
quencies, making it susceptible to stray 
pick up of mains "hum". It is there-
fore essential that all the input wiring is 
properly screened, including the wiring 
from the record/playback switch to the 
tape head. 

;digits 

Layout of components on the completed Playback Amplifier and 
board. Only this p.c.b. is needed for the Playback only version. 

Power Supply 
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RECORD/ERASE 
BOARD 
The component  layout and  actual 

size foil track master for the record 
amplifier/erase oscillator board appears in 
Fig. 10. This board is available from the 
EPE PCB Service, code 129. 
Construction of this board follows along 

much the same lines as construction of the 
playback board. However, there are a few 
additional points to note. 
The seven preset potentiometers must be 

miniature horizontal mounting types (open 
or closed construction) if they are to fit 
onto the board properly. Do not overlook 
the three short link-wires. 
Diodes DI and D2 are germanium and 

are more vulnerable to heat damage than 
silicon types such as the 1N4148; extra 
care needs to be taken when soldering 
them into place. It should not be necessary 
to use a heatshunt, but do not apply the bit 
to each soldered joint for any longer than 
is really necessary. 

OSCILLATOR COIL 
Suitable transformers and coils for use 

in tape erase oscillators do not seem to be 
available any more. Transformer TI must 
therefore be home constructed, and it is 
based on an LA4345 ferrite pot core 
assembly. In addition to the two-section 
pot core, a bobbin and two fixing clips 
are required. Some 24s.w.g. (0.056mm 
diameter) enamelled copper wire is also 
needed. 
There is a pair of printed circuit mount-

ing pins at each end of the bobbin. One 
pair is used for the primary winding, and 
the other for the secondary. The bobbin is 
symmetrical, and the phasing of the wind-
ings is unimportant. Therefore, it does not 
matter which pair is used for the primary 
and which is used for the secondary, or 
which pin in each pair is used for the start 
of the winding. The only important point is 
that each winding must start and finish at 
the same pair of pins. 
Starting with the primary, use the blade 

of a penknife or a small file to remove a 
small amount of insulation from one end 
of the wire. Then "tin" the bare end of 
the wire with solder, and do the same to 
the top of each pin on the bobbin. Solder 
the end of the wire to the top of one pin, 
and then wind 10 turns of wire neatly and 
tightly around the bobbin using a single 
layer of closely spaced turns. 
To complete the primary winding, cut 

the wire to length, remove a small amount 
of insulation from the end of the wire, 
"tin" it with solder, and then solder it to 
the top of the second pin on the primary 
side of the bobbin. Use a small blob of 
paint on the bobbin, near the appropriate 
pair of pins, to indicate which two pins 
connect to the primary winding. 
The secondary winding is produced in a 

similar fashion, but it has 55 turns of wire. 
This must be wound in several layers, but 
it is not essential to make a particularly 
neat job of this. On the other hand, if the 
winding is too rough it is likely that it will 
be too large, making it impossible to fit the 
bobbin into the pot core. 
Once the bobbin is installed inside the 

two halves of the pot core, use the two 
metal clips to clamp the two sections of 
the core together. The pot cores are made 
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Fig. 11. Off-board wiring details for the Record/Erase components. Leads 
designated with letters A to T join up with identical points on the p.c.b. in Fig. 10. 

from a brittle ferrite material, so treat them 
with due care. Dropping them or even 
squeezing them too hard when fitting the 
clips can result in serious damage to the 
cores. 
The completed transformer is mounted 

on the board and then soldered in place, 
making quite sure that it is fitted on the 
board the right way round. 

WIRING 
Wiring associated with the Playback and 

Erase Oscillator board is shown in Fig. 11. 
A twin phono socket is used at the line 
inputs, but again, this can be replaced with 
a DIN type or any audio socket that fits 
in well with your audio equipment. The 
wiring to socket SK2, switch S3, and the 
four potentiometers does not have to be 
screened provided it is all kept reasonably 
short. 
On the prototype, ordinary rotary poten-

tiometers are used for the recording level 
controls. Many constructors will probably 
prefer to use slider types, which make it 
easier to adjust the left and right hand 
channels in unison. Do not overlook the 
possibility of using dual concentric rotary 
potentiometers, which also make it easy to 
adjust the two stereo channels in unison, 
and do not have any awkward mounting 
requirements. 
Sockets SK3 and SK4 are 3.5mm jack 

types, which match the plugs fitted to most 
low impedance dynamic microphones. The 
higher quality dynamic microphones and 
electret types are often fitted with stan-
dard (0-25inch) jack plugs. Obviously SK3 
and SK4 should be changed to standard 
jack sockets where appropriate. Screened 
leads must be used to connect them to the 
printed circuit board. 
The VU meters can be standard 60mm 

by 40mm types, but these are relatively 
expensive. Panel meters of this type 
have the required full scale sensitivity of 
250µA, but seem to have a built-in series 
resistor. This requires resistors R58 and 
R63 to be reduced to from !Oka to 3k3fi. 
The relatively inexpensive Maplin "Dual 
VU Meter" is used on the prototype, and 
this has been found to give good results 
despite its low cost. The finished Record/Erase p.c.b. 
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Fig. 10. Record/Erase printed circuit board component layout and full size copper foil master. 
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The replay head is on the right. The mounting screw on the left provides the 
azimuth adjustment. 

AZIMUTH 
ADJUSTMENT 
It is advisable to initially check the 

unit in the playback mode using a test 
recording of some music made using 
another recorder, and not using your 
favourite pre-recorded cassette. Then, if 
the record/playback switching is not work-
ing properly, you will not accidentally 
erase anything important! 
The unit should provide a strong output 

signal of reasonable quality if the play-
back mode is working properly. However, 
the signal may be lacking in treble due to 
an error in the azimuth adjustment of the 
record/playback head. 
For the head to scan the tape tracks 

properly it is essential for it to be at the 
correct height. If it is slightly too high or 
too low, part of each track will be missed, 
and a lack of treble response will result. 
Tape heads are normally mounted by 

two screws, and the azimuth setting is 
normally controlled by the left-hand screw 
when looking onto the rear of the head. To 

set the azimuth correctly, play a pre-re-
corded tape through the unit, and then set 
the azimuth adjustment screw for maxi-
mum treble response. 

OUTPUT LEVEL 
In order to get good results when 

recording it is necessary to set a suitable 
output level from the erase oscillator, and 
then set appropriate bias levels. If an 
oscilloscope is available, use it to monitor 
the signal across capacitor C20. With 
preset VR1 set close to maximum resis-
tance (set well in a counter-clockwise 
direction) a strong sinewave signal at a 
little over 40V peak-to-peak should be 
produced. 
By advancing VR1 in a clockwise direc-

tion it should be possible to reduce the 
amplitude of the output signal, and the 
quality of the waveform should also im-
prove. Good results should be obtained 
with the signal level at around 30V to 35V 
peak-to-peak. 
Finding a suitable setting for VR I be-

comes a matter of trial and error if access 

Completed Record/Erase board together with "stereo" VU meter. 

to an oscilloscope is not possible. Setting 
VR I well in a clockwise direction gives an 
improved waveshape, but if it is adjusted 
too far the oscillations will not be strong 
enough, or may even cease altogether. It 
is a matter of finding the most clockwise 
setting that gives an adequate degree of 
erasure. 

BIAS LEVEL 
With the bias level presets adjusted to a 

roughly central setting, the recording sec-
tion of the circuit should work quite well. 
Finding the optimum settings without the 
aid of any test equipment is just a matter of 
making some test recordings at various 
bias levels, and using subjective assess-
ment to determine the bias level that gives 
the best overall frequency response. 
If suitable test gear is available, make 

some frequency response tests at a record-
ing level of about — 20dB to determine the 
bias settings that give the flattest overall 
frequency responses. The easiest way to 
do this is to record a square wave signal 
at a frequency of around 50Hz to 100Hz. 
The best bias settings are the ones which 
give a squarewave output signal that is free 
from any major overshoot, or other serious 
irregularities. 
Of course, the high frequency limit of 

the system will produce some rounding 
of the waveform, and the low frequency 
limitations will produce the usual sloping 
horizontals on the waveform. Chromium 
dioxide tapes need a higher bias level (the 
presets set further in a counter-clockwise 
direction) than normal ferric types. 
Using an excessive recording level 

produces very  soft clipping on the 
played-back signal. Consequently, there is 
no rigidly defined maximum recording 
level. Even if some audio test gear is 
available, it is probably best to use 
subjective assessment and some test 
recordings to determine the best settings 
for the recording meter sensitivity controls 
(VRIO and VR II). The sensitivity should 
be set quite high If low distortion is 
deemed to be of paramount importance. 
Set the sensitivity lower (set VR 10 and 
VR I 1 further in a clockwise direction) if a 
better signal-to-noise ratio but higher 
maximum distortion are preferred. 

RESULTS 
The results obtained from these circuits 

depend to a significant extent on the 
particular cassette mechanism and heads 
used. The quality of the tapes used is 
also a significant factor. Some cassette 
mechanisms give much lower "wow and 
flutter" levels than others, and some tape 
heads seem to give more treble and less 
noise than others. 
The prototype equipment has been tried 

with half a dozen cassette mechanisms 
(two of which are playback-only), and 
all gave respectable results. Using good 
quality tape and heads plus one of the 
better cassette mechanisms it is possible to 
obtain some quite impressive results, even 
though the unit lacks any form of noise 
reduction circuitry. A signal-to-noise ratio 
of over 60dB can be achieved. 
However, be prepared to spend some 

time experimenting with different bias 
levels, etc. Some "tweaking" of the 
playback equalisation values might also be 
worthwhile for perfectionists. 
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Projects and Series 
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or part of a Teach-In series fast? EPE ON FAX is 
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ment numbers and the number of pages of each article, 
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A WORLD FIRST 
THEREMIN MIDI/CV INTERFACE 
During his incredible life the visionary Leon Theremin said that it would 
one day be possible to play any musical instrument via the Theremin. 
which he first demonstrated in 1920. Sadly Leon Theremin died just a 
couple of years before his prophecy was fulfilled in the MC Via Theremin 
MIDI CV Interface. 
The MCVla is a pitch amplitude to MIDI and CV interface. There are 128 

user patches which can be loaded from the front panel. footswitch or 
remotely via the MIDI program change message: each patch contains 
detailed setup parameters including octave range, pitch bend range. 
amplitude sensitivity, velocity sensitivity, volume sensitivity, tone offset, 
program change and more! 

Some of the main features are: 
Interface directly with any Theremin 
• 128 user programmable patches 
s Real-time pitch readout 
• Eight octaves of pitch tracking through 14-bits of pitch bend data 
▪ Control over octave range down to one semitone allowing glissando playing 
I Auto octave switching with control over octave of sequences with a There = 
s Built in MIDI merge facility to alto N control of sequences with a Theremin 
• External footswitch connection fcr Hold mode 
▪ CV voltage range and scaling software adjustable 
s Two 1V octave voltage outputs with Gate and Trigger 5 15V and 
switch definable 

EARTH RESISTIVITY METER 
Resistivity surveying is a method of 
detecting subterranean features and 
has been an investigative 
technique of archaeologists for 
many years. Archaeological 
features can often be 
detected when buried about 
one metre under the present 
ground levet Natural features 
such as gravel or peat beds buried 
under silt can be detected at much 
greater depths. The same survey 
will detect both natural and 
archaeological features. 
In general, the former tend to 
have ill defined "soft- edges 
whilst the latter consist of 
geometric "man made" shapes. 
i.e. it "looks like" the outline of a 
building, it probably is! 
This article describes the principles of resistivity surveying and goes on to 

present lull constructional details ol an Earth Resistivity Meter. 

MAINS-FAILURE WARNING 
This device will be of interest to anyone wishing to guard against mains 
appliances being switched off acciientally. Fridges and freezers are obvious 
targets but some readers will wish to protect such items as aquarium and 
reptile heaters, greenhouse equipment and emergency water pumps. It may 
also have applications with medical and scientific apparatus. 
If the unit being monitored is disconnected from the mains, either by being 
switched off, or because of a blown fuse. tripped RCD or simply mains failure. 
then an alarm will sound ether next to the appliance or remotely as required. 
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Mains Appliance Ti mer - 

Tins design makes use of a low-cost digital 
II kitchen timer to control mains appliances. 
No modification is needed to the timer, the 
only requirement being that it must beep both 
when the start button is pressed, and when 
the period has expired. 
The circuit diagram for the Mains Ap-

pliance Timer shown in Fig. I detects the 
supply current flowing through the timer, 
and drives an external relay circuit which 
operates mains loads for a period set by the 
kitchen timer. 
A low-voltage supply is formed by transis-

tors TR I and TR2, being a ring-of-two con-
stant current source adapted to provide about 
1.5V at TR I emitter (e). This powers the 
timer. The supply for the complete circuit is 

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 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 BH21 1PF. 
They could earn you some real cash 1 

mains derived via transformer TI and regu-
lated down to I2V by IC4. 
At power on. capacitor C3 provides a posi-

tive pulse which sets IC3a (pin 8), one half of 
a dual D-type flip-flop. Output QA (pin 13) 
goes high which resets IC3b so that QB (pin I) 
is low. Transistors TR4 and TR5 are off and 
so the relay RLA does not operate. However. 
transistor TR3 is driven on which illuminates 
the green I.e.d. DI to indicate reset. 
The digital timer can now be set to the 

desired duration. Then switch S I is pressed, 
which resets IC3a, QA goes low which 
enables IC3b. 
On pressing the timer's "Start" button, 

the increase in its supply current caused by 
the beep rises from a few microamps to 

5mA or more. The voltage across resistor R5 
rises and comparator ICI, whose threshold is 
set by resistors R4 and R6, will output a brief' 
positive pulse. 
This is cleaned up by the monostable 

formed from IC2a and IC2b, and clocks 
IC3b. Output QB (pin I ) now goes high and 
powers the relay via the Darlington transistor 
pair. Red I.e.d. D2 illuminates to indicatc 
timing is in progress. 
At the end of the period, the first beep 

clocks IC3b again. Output QB (pin 2) goes 
high to clock IC3a (pin II); QA goes high 
and resets IC3b so that the relay switches out. 

B. J. Taylor, 
Rickmansworth, 

Herts. 
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Fig. 1. Circuit diagram of the Mains Appliance Timer 

Everyday Practical Electronics, December 1996 



Christmas Lights Dimmer and Life Extender 
1 SOLUTION to the perennial problem of 

11111extending the life of Christmas Lights is 
shown in Fig. 2. It is based on a standard 
diac/triac dimmer configuration which has 
been optimised for this application. Cheap 
dimmers omit R3. R4 and C2 which is why 
they have the irritating habit of not turning 
on until the control is half-way up, and then 
coming on comparatively brightly. 
The values of resistors RI and R5 were 

found empirically, and also determined the 
value I eventually selected for control poten-
tiomer VR I. Resistor R2 is however optional 
and was only included to help discharge the 
capacitors quickly. 

All capacitors are 250V a.c. X2 rated (this 
is very important), all resistors are 500V 
working voltage, and the triac CSR I was 
chosen for its low holding current so that 
it would function with small loads. Note 

that VR I is fitted with a double-pole mains 
switch for complete isolation. 
Even  with  only  one  20-lamp  string 

plugged in (22 watts) control is very smooth 
with barely any trace of hysteresis. It can be 
built safely on a piece of matrix board, wired 
point-to-point, provided it is mounted in a 
completely insulated plastic case and that no 
external components (i.e. SI and VR I ) are 
metal. (Do not build this circuit if you do not 
understand the safety requirements — Ed.) 

B. J. Taylor, 
Rickmansworth, hens. 

240V A C 
LIVEo cerSla  0 

LAMP LOAD 
(TREE LIGHTS) 

51771  C77 
APPROX 

(2A CURRENT 3 
RATING) 

Ct  i SIR I C20644 

MT2 

22n 
250V 
AC  I  M17 

NEUT0FIAl o 

RI 
475 

DI 
DIAC 
ST2 

R2 
2547 

R3 
3911 

C2 

250V T 
AC, 

144 
15k 

R5 
360k 

C3 
)00n 
250V 
AC 

ALL RESISTORS 500V WORKING 

Fig 2. Circuit diagra m of the Christmas Lights Dim mer and Life Extender 

S H OP T A L K 
with David Barrington 

Van-Colour Christmas Tree Lights 
Most of the components, or substitutes, 

needed to put together the  Van-Colour 
Christmas Tree Lights should be readily 
available items from our advertisers. The 
tri-colour I.e.d.s. should be the "high bright-
ness" type. 
The I.e.d.s used in the model came from 

Maplin, code CJ53H. As the red sections 
have a lower turn-on voltage than the green, 
it is essential to drive all the red section from 
one output and green from the other. Do 
NOTattempt to try "mixed" operation. 
A mains transformer with twin secondary 

windings rated at 9V 333mA each, and wired 
in parallel, was used in the prototype. This 
effectively gives the required "single" wind-
ing of 9V 666mA as specified. The trans-
former was also purchased from the above 
company, code DH24B. 
For reasons of personal safety this project 

must be housed in a metal box, with a screw 
fitting lid and be soundly "earthed" to the 
mains Earth lead 

PIC Digital/Analogue Tachometer 
Apart,  of  course,  from  a  ready-

programmed  PIC  16C54XT  chip,  most 
components  called-up  for  the  P/C 
Digital/Analogue  Tachometer  should  be 
carried  by  most  of  our  component 
advertisers.  The  4MHz  crystal  certainly 
seems to be widely available. 
The small ABS plastic case used in the 

model was obtained from Maplin (code 
KC:93B), it was chosen for its small size and 
because the p.c.b. will fit snugly inside. They 
also list a suitable dual-digit 7-segment led. 
display, code BY68Y. This display must be 
the common cathode type. 
The 10-segment bargraph display should 

not be a problem and is widely listed for 
about £2.50, in red or green. 
Special arrangements have been made 

with  Magenta  Electronics  ( Tel:  01283 
565435) to supply a ready-programmed PIC 
16C54XT (or 16Cf34XT) microcontroller for 

the sum of £15 all inclusive. (Overseas 
readers should add £2 to their order). 
All orders should be sent to: Magenta 
Electronics, 135 Hunter Street, Burton-on-
Trent, Staffs DE14 2ST. 
The software source code is obtainable on 

a 3.5in disk from the Editorial Offices for the 
sum of £2.50 (Overseas: £-10 surface; £4.10 
airmail, see page 891. Alternatively, Internet 
users can down-load it free from our ftp site: 
ftp://ftp.epemag.wimborne.co.uk 
The printed circuit board is obtainable 

from the EPE PCB Service, code 127 (see 
page 945). 

Stereo Cassette Recorders 
Before  tackling  the  Stereo  Cassette 

Recorder, it should be noted that although 
the circuits provided have been tried and 
fully tested they are primarily aimed at the 
experienced constructor who likes to experi-
ment. It is not a project for beginners. 
For superior performance it is best to 

stick with the TL2027CP precision op.amp 
where specified. If local sourcing proves a 
problem, it is currently listed by Maplin, 
code CP86T. Using inexpensive devices, 
such as the 741C, LF351N etc. is not to be 
recommended. 
You could find the erase oscillator fer-

rite LA4345 pot core and assembly a little 
troublesome to find locally. You could try 
Maplin, Cirkit, or Electrovalue who carry a 
good range of ferrite products. 
The choice of tape mechanism is left 

to individual requirements; just Playback 
or full Record/Playback operation. How-
ever, Display Electronics (excellent results 
reports the designer) and Bull Electrical 
(Lntried)  have stocks of cassette tape 
mechanisms. For replacement heads you 
could try contacting Hart Electronics (Tel: 
01691 652894). 
The two printed circuit boards are avail-

able from the EPE PCB Service, codes 128 
(Playback/PSU) and 129 (Rec/Erase) see 
page 945. 

EPE Elysian There min 
Some of the components needed to put 

together the EPE Elysian Theremin could be 
described as being special items. Most of 
these are the "hardware" requirements. 
As far as the "active" components go, 

items such as the diodes and i.c.s. should 
be stocked by most of our component ad-
vertisers. The switched jack sockets, SCJ-
0639, are special commercial types used in 
sound studios and can be purchased from 
the author, Jake Rotham, who specialises in 
audio work. The nearest we have come to 
these are the Maplin "PCB sockets", w,th 
switched contacts. 
The designer, Jake Rothman, has put 

together a range of kit options, incILd-
ing hardware, so that readers can select 
their own requirements. For further informa-
tion write to him at: 93 St. Johns Road, 
Frome, Somerset, BAll 2BE. Also see his 
advertisement. 
Some  readers  have experienced dif-

ficulties in obtaining the specified Schotky 
diode, we understand from the designer that 
BAT42 and BAT85 types will work equally as 
well in this circuit. 
The EPE Elysian Theremin double-sided, 

plated-through-hole, printed circuit board is 
available from the EPE PCB Service, code 
121 (see page 945). 

TAKE NOTE 
10 MHz Function Generator (Aug '96) 
Pages 760/61, Fig. 4 and Fig. 5. It has 

been pointed out that there is an error on 
the main p.c.b. (code 118). IC2 pin 1 has 
been incorrectly connected to pin 7 and 
capacitor C20, which will cause the circuit 
to malfunction. 
There is a choice of three simple correc-

tive actions: 
1. Insert IC2 with pin 1 bent out so that it 
does not enter the i.c. socket. 
2. Cut off pin 1 from IC2 or remove the pin 
from its socket. 
3. Cut the track between IC2 pin 1 and pin 7, 
and a!so cut the track between pin 1 and 
C20. Then solder a wire between C20 and 
IC2 pin 7. 
The p.c.b. available from the EPE PCB 

Service has now been corrected. 
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by Barry Fox 
Hot Reception 
London radio listeners were up in arms 

when the Radio Authority shut down LBC, 
and gave the licence to a rival company. 
Market research had shown that even 
after a year of the new station, most 
Londoner's were still calling it LBC. 
Now, after a lot of corporate wheeling 

and dealing, which I do not pretend to 
understand, the new station has gone 
back to using the LBC name and put-
ting on similar programmes. The dif-
ference is that LBC used to broadcast 
the same programmes on its f.m. fre-
quency (97.3MHz) and its a.m. frequency 
(1152kHz). Now the station is split, with 
news on 97.3 f.m. and LBC chat and 
phone-ins on 1152 a.m. 
Listeners continually complain about 

poor reception, especially in the South 
London area. The signal from Saffron 
Green, on the Al north of London is 
swamped by the Romanian station C/uj 
which bounces off the upper atmosphere 
to cause serious interference. 
This is not surprising. the Romanian 

transmitter is rated at 950 kilowatts, com-
pared to LBC's London transmitter which 
is rated at 23.5 kilowatts. There are also 
several other British ILR (independent 
local radio) stations on 1152kHz, for 
instance at Norwich and Birmingham and 
a Spanish station Larida running at 10 
kilowatts. None of them have a hope 
against the monster C/uj. 
Recently a listener phoned to say he 

was getting 1152 a.m. loud and clear from 
Bognor on the South Coast. Nonsense we 
said, it must a freak "sky wave" reflection. 
No, he insisted, it was routine, which sug-
gests that the signal is coming by "ground 
wave". 
I checked it out, by driving up and down 

the A259 road in the area of Bognor. The 
caller was right. 1152 came in clear as 
a bell throughout the day, and was even 
there some of the time after dark. 
Some listeners have reported clear 

reception on French roads down from 
Calais. Someone else was getting the 
station in Paris. 

Black Art 
I asked  NTL,  who  provide  LBC's 

transmitters, what was going on. But 
NTL's spokesman seemed completely 
uninterested. "It's not that unusual", he 
said. "I am not an expert so I don't know 
why. Try the Radio Authority". 
I tried the Radio Authority (RA) and im-

mediately got the kind of interest I had 
expected from NTL. "I'd have said it was 
nonsense too", admitted an RA engineer, 
"but MF reception is a black art which no-
one fully understands". 
The RA had two theories why listeners 

along the South Coast of England, and 
even over to France, could be hearing a 

London station which is hard to receive in 
South London. 
In city areas there are a lot of steel 

buildings, and structures such as railway 
lines and gasometers which "steal" the 
signal by earthing it. In country areas there 
is far less steel, so radio aerials have a 
better chance. Likewise, of course, radio 
waves have a clear passage over the 
English Channel. 
Ground conductivity also plays a part. 

The amount of moisture in the soil, and the 
ferrous content can affect propagation of 
the signal over the ground. Where there is 
a boundary between areas of high and low 
conductivity there may be less attenuation, 
so an apparent rise in gain. The moisture 
content depends on the height of the 
water table, which varies with rainfall. 
The stronger the ground wave signal 

which is coming direct from the transmitter, 
the better it can withstand a reflective sky 
wave coming in from a distant station. 
As one RA engineer explained, "I am 

a Celtic football fan, and when I lived in 
Hampshire I used to regularly listen to their 
matches by ground wave from Scotland 
on a Saturday afternoon. But at around 5 
o'clock the sky wave interference started 
coming in, so I never heard the results". 
I am still astonished by the lack of inter-

est shown by NTL in a phenomenon which 
leaves people getting better reception from 
NTL's London transmitters in France than 
South London. 

Weather Watch 
What to buy the man or woman who has 

everything? How about a digital clock that 
doesn't need re-setting twice a year to cope 
with summertime? 
Oregon Scientific (despite the name. a 

Far Eastern company) makes most of the 
travel clocks and electronic organisers that 
you see in mail order catalogues and chain 
stores. The RM- 112 is a radio clock that 
automatically resets for summertime. 
Long wave transmitters at Rugby in the 

UK. and Frankfurt for Continental Europe, 
continually transmit a very precise time sig-
nal. Radio receiver clocks use these signals 
for split second accuracy. 
Hobbyists make these clocks from kits. 

Ready-made units have been expensive. 
However, Oregon has driven the price 
down to around £20. 
Oregon's weather clocks also make cute 

gifts.  They  incorporate  an  electronic 
barometer,  thermometer  and  humidity 
sensor, and integrate all these readings to 
predict weather trends. Prices range from 
about £40 to £100 depending on the 
number of I.c.d. display features. One unit 
bleeps to warn of a storm. 
They all work well but Oregon has missed 

a trick, by not providing a simple explana-
tion of barometric pressure, and how it can 

Last Chance Replicas 
In the fifties there were two big names 

in American hi-fi. McIntosh and Marantz. 
Both made high quality valve amplifiers. 
Marantz is now owned by Philips and 
Product Manager Ken lshiwata has gone 
back to basics. He has launched ac-
curate replicas of the three most famous 
valve products made by Marantz. the 
Model 7, 8 and 9 pre- and power 
amplifiers first produced between 1959 
and 1961. 
Marantz went back to the original 

design drawings used in the USA and 
contacted the original component sup-
pliers. Around 80 per cent could still 
supply. 
The main difficulty was sourcing the 

valves. These come from the Golden 
Dragon Company in China, and all have 
to be checked on arrival: 90 per cent are 
sent back as below standard. 
The  new amplifiers cost  between 

£3,000 and £4.500. Marantz already has 
several  thousand  firm  orders  from 
Japan, Taiwan and Korea. Because the 
original  factory  in the  US  is no 
longer  available,  the  company  has 
subcontracted manufacture to Vax in 
Florida. 
"This is the last chance to build a 

genuine replica of an original valve 
amplifier", says Ken Ishiwata. "In ten 
years time it will be too late to get 
anything like the original components" 

be used to predict changes in weather. We 
British are obsessive about weather, it's the 
national topic of conversation. But few 
people will actually know what a barometer 
measures, and why it is significant. 
A barometer measures the pressure of 

the atmosphere, which extends around five 
miles above our heads. It's this pressure 
that lets you drink, by sucking through a 
straw. The weight of the air pushes the 
liquid up the straw. 
The pressure changes as the atmosphere 

circulates over Continents. At the same 
time the amount of water in the atmosphere 
varies, changing with temperature but not 
in a linear fashion. This gives the relative 
humidity. Put them all together, compare 
the current readings with hourly readings 
over the last twenty four hours, and you get 
a fix on whether the weather is likely to 
change, and which way. 
Barometers used to be made from a glass 

tube containing mercury, which rises or 
falls in a vacuum depending on the pres-
sure. You have to tap the barometer tube, to 
stop the mercury sticking to the sides. 
People with barometers tend to become 

obsessive tappers. Hence the old Swiss 
proverb. Tapping the barometer won't 
change the weather. 

932 
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Available in South Africa from JANCA Enterprises, PO Box 32131, 9317 Fichardtpark at R299,00 

VARIABLE VOLTAGE 
TRANSFORMERS 

INPUT 220V/240V AC 50/93 OUTPUT OV-250V 
Price  P&P 

PANEL MOUNTING 
5KVA 25 amp max 

1KVA 5 amp max 

SHROUDED 
0 5KVA 2-5 amp max 

1KVA 5 amp rear 

2KVA 10 amp max 

3KVA 15 amp max 

C33.0d  £8.00 
(i45 83 inc VAT) 

£45.25  £7.00 
(C61 39 inc VAT) 

£34.03  £6.00 
(E47 00 Inc VAT) 

£46.25  87.00 
(E62.57 Inc VAT) 

C65 03  £8.50 
(E86 36 Inc VAT) 

£86 93 
(C111 63 inc VAT) 

5KVA 25 amp max  £150.00  r i• Carnage & VAT) 
1011 VA 45 amp max  £300.0)  Carnage & VAT) 
6KVA 3 PHASE Star  £205.00  • Carnage & VAT) 
Buy drool from the Importers Kenest pnces in the country 

COMPREHENSIVE RANGE OF 
TRANSFORMERS-LT-ISOLATION & AUTO 

1105240V Auto transfer either cased war AmenCan so:LN and 
mans lead or cpen Cane type Avertable or immediate delivery. 

WIDE RANGE OF XENON FLASHTUBES 
Write Phone your enquirres 

41140 wall £14.00icallers only. 
2f120 watt £9.00 (callers only, 
12in 8 watt C4.80 • 75p p&p 
gin 6 watt C3.96 • 50p p&p 
6m 4 watt f3.96. 50p p&p 

230V AC BALLAST KIT 
For either Eon. gin or 12o tubes 11.05 El 401: 4 

(E8 75 xx VAT) 
The above Ti.bes are 35004000 asyst (350-400m) deal tor 
Celectrig warty makings eltects lightrg & Chernoal an:lakes 
Other Wavelexyths ot UV TUBE asarrable Or Gernicrial 1 Photo 
Sensrtwe applicatons Please telepkone your encuines   

400 WATT BLACK LIGHT 
BLUE UV LAMP 

GES Mercury Vapour lamp suit aoie for 
use with a 400W P F BaLast 
Only £38.00 f 4 00 p&p  (Er.9 35 oc VAT)   

12V D.C. BILGE PUMPS 
500 GPH 1511 head 3 amp £19.98 

....) 1750 GPH 1511 road 9 amp CM.55 
prOS'  Also now availabe 
- -  24VDC 1750 C PH 1511 head 5 amp t35.55 

All designed to co used submeepd. 
PRICES INCLUDE P&P & VAT   

-  t SUPER HY-LIGHT STROBE KIT 
Designed for Disco, Theatrical use etc. 

Approx 16 roues Ackustabre speed E50.00 • C3 00 p&p 
([62 28 inS VAT) 

Case and reflector £24.00 i, C2 00 p&p  (C31 73 leo VAT) 
SAE for further details including Hy•Ligst and 
Industrial Strobe Kits 

ULTRA VIOLET BLA 2K LIGHT BLUE 
FLUORESCENT TUBES 

645 in: VAT) 
)00 58 in: VAT) 
(E6 52 ar. VAT) 
(E5 24 cc VAT) 
(C5 24 op VAT) 

Open 
Monday Friday 

5 KVA ISOLATION TRANSFORMER 
As New Ex Equipment. fully shrouded LiO Ii • 
Suppression  Ultra Isolator Transformer  a. 
terminal covers and knock-out cable two, 
Primary  120V240V  Secondary  120V 2400 
50/60Hz 0 005pF Capacitance Size. 1, 37cm  W 
19cm  H 16cm Weig.ht 42 kilos Price £120 
VAT Er warehouse Carriage on request 

24V DC SIEMENS CONTACTOR 
Type 3D-18022-0B 2 x NO and 2 x NC 230V AC 10A 
Contacts Screw or Do Rail forng Size H 120  W 45 
D 75mm Brand New Price £7.63 inc.] P&P and VAT 

240V AC WESTOOL SOLENIODS 
112 Mod 1 Rat 1 Max Wok o 'ron Base rnouni3O 
1/2 in stroke 51los pull approx 116 Mod 1 Rat 11.1:• 
stroke 1 in Base mounting iron stroke I Sibs  . 
approx SERIES 400 Mod 1 Rat 2 Max stroke 
'cm. Front mounting "on stroke 15Ibs pull approx 
Price inc) p&p & VAT 175 £5.88, TT6 £8.81. 
SERIES 400 t7.64. 

AXIAL COOLING FAN 
230V AC 120mrn square x 38rnrn 3 blade 10 watl 
Low Noise fan Price £7.29 in:I P&P and VAT 
Other voltages and saes available from stock 
Please telephone your enCloires 

INSTRUMENT CASE 
Brand new Manufactured by Imhof 1 31  H 18 x 
19cm Deep Removable front and rear panel lor easy 
assembly of your components Grey textured finish 
complete voth case feet Price £16.45 net P&P and 
VAT 2 off £28.20 inclusrve 

SE WING MACHINE MOTOR 
Brand new 220V240V AC/DC SEW TRIC 2 lead 
Brush Motor Size L 100mm r H 70mm  W 55mm 
Spirit* U, cm cka x 1 in long Price £14.10 VIC p&p & 
VAT 

GEARED MOTORS 
71 RPM 201t> inch torque reversable 115V AC in 
put including capacitor and transformer for 240V AC 
operation Price inc VAT and p8p £27.73. 

SOLID STATE EHT UNIT 
Input 230V240V AC. Output approx 1 5KV 
Producing 1 Omm spark  Built-in 10 sec 
timer Easily modified tor 20 sec. 30 SC 10 
continuous  Designed for boiler ignition. 
Dozens of uses in the •eld of physics and 
electronics, e g supplying neon or argon 
tubes etc  Price less case £.50  £2 40 
p&p (C12 81 inc VAT) NMS 

EPROM ERASURE KIT 
Bund your own EPROM ERASURE for a fraction of 
the price of a made up unr: Kit of pans less case 
includes 12in 8 watt 2537 Angst Tube Ballast unit 
pair of thorn leads neon indicator on/oft switch 
safety rnicroswitch and omen, it £15.00 • £2 00 p&p 

(EIS 98 inc VAT 

WASHING MACHINE WATER PUMP 
Brand new 240V AC Ian ccoled Can be used for a 
variety of purposes Inlet  . outlet lin die Price 
includes p&p & VAT £11.20 each or 2 for £20.50 
lus,e 

SERVICE T 
57 BRIDGMAN ROAD. CHI 
TEL 0181-995 1560 

ACCOUNT CUSTOME 

RADING CO 
SWICK, LONDON W4 5BB 

FAX: 0181-995 0549  Ample 
FIS MIN ORDER £10  Parking Spa 

VISA 

Jake Rothman 
I , 93 St Johns Road, Frome, 

Longwave Audio  Somerset BA11 2BE. 
Tel. 01373 451 818. 

Supplier of Theremins and unusual audio/music items. 

EPE & MIDI Interface Theremin Parts:- 

Complete Theremin  L645.00* 

Fully built and tested circuit board 
with front panel  £210.00' 

l'( B  £22.00 

Front panel  E 12.00 

Theremin Box with all fixings  £300.00* 

(assembled and ready for PCB 
and front panel) 

NIk I Theremin Box 

(unfinished & not assembled)  £25.00' 

Loudspeaker  £4.00 
, 

Coils - I 00p., 330µ. I mH  !cri 

-Frimmer caps  -"lP 
Pots  75 P 

Knobs  35n r 
Mic stand attachment  £6.99' 

Power supplies I5V  £15.00* 

I land-Forged aerial plus mount assy f35.00* 

Theremin Manual  £5.00 

"FlIEREMIN data pack  £19.99* 

MIDI MCV la complete  £599.99* 

MCV I a PCBs  £40.00* 

MCV la Chip set WI ..U9)  £70.00 

A-563H-121DSI)  £2.10 

MCV la Chasis & Fixing kit (H W1) £45.00 

I 2V AC power supply for MCVla f15.00. 
MIDI MCV I a Manual  £5.00 

Mk 1 Theremin PCBs. ideal for 

experimenters  £5.99 

Original Modem Electronics Manual 

article copy  £1.99 

Perspex control panel for Mkt 
and Mk2  £7.99 

I 8V AC power supply  £5.00* 

Aerial assy.  £15 00 

Some assembled and tested hoards available:• 
EPE Pocket Theremin PCB  L-45.00 

MkI Modem Electronics Manual 
Theremin PCB  £85.00 

Mkt! Theremin PCB  f 130.00* 

Pocket "rubber duck !' aerial  £2.18) 

Audio Parts:- all less than a third 

of distributor prices! 

Many unobtainable parts - 

here are a few exa mples. 

Capacitors 

1004F 20V hermetic metal case 

tantalum  85p 

100.F 50V SIC tantalum bead  25p 

22nF 63V I% Philips polystyrene  25p 

4n7 160V I% Philips polystyrene  Illp 

220n 400V metal-cased polycarbonate 

ATMC  75p 

Mil-spec pots, why use short-life 

sprayed carbon track pots? 

4k7 cermet anti-log ideal mic.amp. 

gain control  £1.20 

10k in Allen Bradley El series, 

1 million cycles life  £1.50 

25k in Bourns 81 series  £1.20 

Alps motorised stereo poi. 50k LOG  £5.00 
100k Balance control Zero centre-loss £2.00 

Calrostat sub min RV6 conductive 

plastic 50k LIN  £1.50 

Elma 01 Gold plated 6-way stereo 

selector switches  £5.00 

RA53 Theremistor for ultra low 

distortion AF oscillators  £3.00 

Lots of unusual analogue parts at low cost available. 
Please ask tor specific lists:- tantalum caps, film caps, silver mica. 
pots, carbon composition resistors, germanium transistors, 

audio semiconductors, valves or switches. 
Please allow up to 28 days for delivery. No VAT. P + P £2.50 on items 
marked' all other items free. Make cheques payable to J M Rothman, 

PCB Designer 
For Windows 3.1, '95 or NT 

VISA 

Amex Access/Delta/'Visa 

a, Fie Loh' Bosd  Text  r-i•ap Window Help 
▪  Al e11 61 9]  lE r r 11/  

orn VII 

Looking for the price? 

It'S just £49.00 all inclusive 

...no VAT...no postage... 

...no additional charges for 
overseas orders. 

Dealers and distributors wanted. 

CHO 

Niche Software (UK 

Internet 
Visit our WWW site at www.niche.co.uk for more information 
and a working demo. The demo is also available via anonymous FTP 
from ftp.demon.co.uk in the dir /pub/ibmpc/win3/apps/pcbdemo/ as 
pcbdemo.zip. Internet e-mail pcbOniche.dernon.co.uk. 

Runs on any PC running Windows 3 1 Windows 95 or 

Windows NT with a minimum 2MB RAM 
Will work with any Windows supported printer and mom)°, 

ojik393,2111filli-ihli-

Chl 

400 

• 

AIM E  IIII   
./ Produce Single or Double sided PCBs. 
v Print out to any Windows supported printer. 
./ Toolbar for rapid access to commonly 
used components. 
Helpful prompts on screen as you work. 
v Pad, track & IC sizes fully customisable. 
v No charges for technical support. 
V Snap-to grid sizes 0.1", 0.05 0.025" 
and unrestricted. 
SMT pads and other pad shapes. 
V Prints at the resolution of your printer, much 
hi her than the screen shot shown here. 

o Y 0 300 
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Construcknal Project 

EPE ELYSIAN 
THEREMIN 
WITH MIDI BOX 
JAKE ROTHMAN 
A full specification professional-
grade instru ment for the 
serious m usic maker 

AlittlE1- "potted history — of the There-
min from the early valve designs to 
the development of our dual, solid-

state, version was introduced last month. 
We conclude this month by undertaking the 
construction and final "tuning-in". 

CIRCUIT BOARD 
DESIGN 
The circuit layout of Theremins is espe-

cially critical; after all, a circuit that can 
detect the capacitance of a hand a couple 

of feet away is not going to be happy with 
wires flapping about inside the case and 
Paxolin stripboard! 
The design of the p.c.b. (printed circuit 

board) for this circuit was beyond the 
realms of the author's manual tape-up 
methods and this task was taken up by 
Adam Fullerton at Rosedene Audio with his 
skilled use of his CAD system. The topside 
component overlay, is shown in Fig. 14. 
This board is available from the EPE PCB 
Service, code 121. 

In keeping with modem high frequency 
practice, large area ground (OV) and power 
rail (+V) planes are used to maximise 
screening to avoid spurious r.f. emissions 
and pickup. Plated-through-holes (p.t.h.) are 
used to avoid links and enable small pad 
sizes to be used for compactness, while 
retaining strength to allow the reliable use 
of board mounting potentiometers, switches 
and sockets. 

AERIALS 
It is essential that the aerial track lengths 

to the oscillators are as short as possible to 
maximise the sensitivity. The ground. plane 
was also removed around the oscillator area 
for the same reason. It is also essential 
to minimise interaction between the two 
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Fig. 14. Printed circuit board component layout. This is a double-sided p.t.h. board. 
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"aerials" by keeping their entry points on 
the board as far apart as possible. 
The way round all these conflicting re-

quirements was to put the two aerial cir-
cuits at opposite ends of the board with 
the low frequency and d.c. circuitry in be-
tween. To stop r.f. bleeding into the audio, 
this section was placed right down at the 
front of the board to keep it away from the 
oscillators. 

COILS 
The Pitch oscillator coils are as far apart 

as practical and at right angles to each 
other to minimise coupling to put the lock 
frequency as low down as possible. The 
Volume oscillator coils, however, are on 
the same axis to give a degree of coupl-
ing. This ensures the oscillators lock at a 
reasonably high frequency to prevent the 
volume pulsing, which would occur at very 
low frequencies. 
In common with good analogue design 

practice, no signals are routed through the 
front panel rotary pots. only d.c. control 
voltages. This means that the pots. can 
be positioned for maximum ergonomic ad-
vantage and long tracks used to connect 
them to their relevant circuit points if neces-
sary. Using d.c. control also enables all the 
pots. to be the same value and linear, since 
it is simpler to implement any required law 
correction in the d.c. domain. 
The p.c.b. is fed with a regulated d.c. 

power supply since any a.c., even the 
ripple on a basic smoothed d.c. supply, 
will cause modulation hum of the pitch. 
Another reason for leaving the regulator off 
the board was that its heat exacerbated 
problems with thermal drift. 

CONSTRUCTION 
Normal construction methods apply here, 

that is insert the components in height or-
der. This means starting with the resistors. It 
is a good idea to solder the most common 
values in first (in this case, 14 1k0 resis-
tors) then move on to the next, since this 

One of the trimmer capacitors soldered directly on the underside of the p.c.b. 

minimises any errors in placing the more 
unusual values in place. 
The main points to watch are: first, it is 

much harder to remove components sol-
dered in plated-through-holes, so watch out 
for those darned five-band resistors. A very 
common mistake with these resistors is to 
confuse brown and orange colour bands 
under tungsten or fluorescent light, halogen 
or daylight has much better colour render-
ing properties. 
Second, I.e.d.s are about the only com-

mon components that can still be damaged 
by heat from soldering. Watch out for the 
diode pairs, some are pointing in opposite 
directions on the board, although the silk 
screened component identification should 
avoid any confusion here. 
Note, all the transistors are BC182Ls 

which have the collector pin in the middle. 
BC182s without the L suffix will have to be 
bent round at a funny angle and their use is 
likely to cause errors. 
It is sensible to put the i.c.s in sockets 

although a degree of heatsinking for the 
output chip can be obtained by soldering it 
directly onto the p.c.b. An unusual point 
to note is that the trimmer capacitors are 
mounted on the underside of the board since 
it looks better to have the adjustment holes 
in the bottom of the case rather than the top 
(see photograph). 
There is one wire link, designated VL1, 

on the board carrying the power to the 
On/Off switch S 1 b. It is best to use a 
125mm length of solid-core 1/0-6 red equip-
ment wire. It can also be seen how to install 
the link from the photo below. 

COMPONENTS 
Standard wet aluminium electrolytics can 

be used throughout since they are all fully 
polarised. The only exception is C6 which 
should be tantalum or other dry type since it 
is only intermittently polarised. 
All the non-polarised capacitors are 

ceramic for their low inductance which 
makes them effective at bypassing r.f. The 
only exceptions are C31, C32 and C34 
which are polyester and are used for timing 
of the volume control voltage, where the 
soakage effect of ceramics cause strange 
"handing-on" effects. 
The p.c.b. is designed to accommodate 

both 01 inch and 0-2 inch non-polarised 
capacitors by the use of dual mounting 
holes. Take care that when using 2-5mm 
types that they are not inadvertently inserted 
into the two holes which are joined to-
gether. Since inductors come in all sorts of 
sizes, both axial and radial inductors can be 
used in the coil positions. 
A "blue" I.e.d. is specified for DI since 

it is in keeping with the mysterious nature 
of the Theremin. A normal I.e.d. can be 
substituted if resistor R10 is altered to 220 

The completed double-sided. plated-through-hole. circuit board attached to the front panel. Note the power link wire from the 
push-switch to the board power pad VL1. 
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ohms or so to keep the bias voltage the 
same. 
Schottky diodes are used for all the 

detector stages since their low forward 
voltage drop and soft turn-on characteristic 
give maximum output and lowest distortion. 
Any general purpose Schottky signal type 
can be used, with the BAT25 being the 
cheapest. Germanium types could be used 
but they tend to be less consistent. 
Printed circuit board mounting rotary 

pots. should be used and the Alpha type are 
the most cost-effective and do not suffer 
from tag crimp failure like the more 
common Otneg variety. 
The jack sockets are a special commer-

cial type which have a proven contact 
reliability record in studio jack fields and 
can be supplied by the author (see Shop 
Talk). 

CASE 
It is essential that the case be made 

of some non-conducting material such as 
wood or plastic. The uses of a metal case 
would greatly impair the sensitivity of the 

A piece of stripboard glued to one end 
of the case forms the Volume Plate. 

instrument. If a metal front panel is used it 
must be "Earthed", better still use a plastic 
one. 
If an earth is needed this can be con-

nected to the spare earth pad on capacitor 
C28 if a 2.5mm component is installed. A 
piece of 22s.w.g. tinned copper wire can 
be used and looped around the bush of the 
Volume control VR2 to form a contact with 
the metal front panel. 
The standard sort of case used in the 

model is shown in the photographs. The 
dimensions are shown in Fig.I5. A Volume 
plate can be produced by using a piece of 
stripboard (38mm x I 15mm). 

INTERNAL WIRING 
All external connections to the board 

are made through p.c.b.-mounting connec-
tors (TBs) for ease of installation. It goes 
without saying that all wire runs must be 

TAKE NOTE 
Resistor R42 on circuit 
diagram should be 22k. 
Resistors R25 and R47 
(Components List) 
should be 330k. 
VCT1, VCT2 5 to 55p 
trimmer capacitors and 
missing from Comp. List. 
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Fig. 15. Dimensions and details for the Theremin case. 

kept short and glued down along the box 
corners to avoid shifts in output due to 
movement. 

SPEAKER 
Since the output of ICI is only a couple 

of watts into 8 ohms there is no point in 
using a high power hi-fl drive unit. In fact, 
such units are very insensitive and will not 
be loud enough. 
A 2W paper-cone unit of over 3.5 inch 

diameter will work fine, low-colouration 
plastic-cone speakers do not sound as rich 
as a distorting flimsy paper cone. This is 
a situation applicable to electric guitar 
amplifiers as well. 
It was found that 8 ohm speakers give 

best results since the chip gets too hot with 
4 ohm and the power output is halved 
with 15 ohm. To get a louder sound it is 
worthwhile experimenting with porting the 
box. 

AERIALS 
To minimise interaction, the aerials 

operate in different planes. The Volume 

Plate is sensitive to vertical motion while 
the Pitch Aerial is sensitive to horizontal. 
In fact, if the hand is moved up and down 

near the pitch aerial no change in pitch 
occurs. It is a common mistake for people 
new to the Theremin to move their hand 
vertically and wonder why nothing is hap-
pening. How the hands are normally placed 
while playing the Theremin is shown in last 
month's article. 
The aerial mounting methods are also 

shown. Note that the wrought iron aerial 
gives better range than the "Do-It-All" 
aluminium tube. 

ALIGNMENT 
AND TESTING 
Do not expect the Thermin to work first 

time since there are so many variables and 
some tests and trimming are always re-
quired first. 
As usual, the very first tests are the d.c. 

conditions, power rail, half-rail bias and 
output amplifier quiescent voltage. The 
next step is to verify the power amplifier is 
working by touching the input pin 6 of 

Underside of Theremin 
showing speaker grille. 

The speaker is mounted on a piece of 
board and inserted through the front 
panel aperture. 
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ICI with a screwdriver and listening for 
hum. 
It is essential the aerials be connected for 

testing or the oscillators will be too far apart 
in frequency, since the circuit takes into ac-
count the aerial capacitance. 
The basic method of trimming Theremin 

circuits is to put the trim control in the 
middle of its rotational range and tweak 
the trimmer capacitor for the zero beat 
point. An insulated trimmer tool, such as 
the popular yellow Spectrol model, has to 
be used here. Using a screwdriver will 
cause a large frequency shift. 

OSCILLATION 
The most common cause of non-

functioning Theremins is the oscillators 
being insufficiently close in frequency to 
produce  an  audible  tone,  making  a 
frequency too high to be heard. In this 
situation an oscilloscope is essential to 
verify that the oscillators are working (note 
the probe must be set to X 10 to isolate the 
lead capacitance). 
To find out which way the oscillators 

must be pushed in frequency. it is pos-
sible to use the trimmer capacitors VCT I 
or vcr2 as a guide. If a faint high 
whistle is detectable (vanes fully enmeshed) 
more capacitance is needed on the fixed 
oscillator. 
If this is not the case, it will be neces-

sary to apply padder capacitors in turn to 
each oscillator. It is not effective holding 
the capacitors by hand or piers, it is essen-
tial to apply them by insulated means. The 
author has a collection of small two per 
cent ceramic plate capacitors from 4.7pF 
to 47pF glued into old Biro tubes for this 
purpose. If extra padder capacitors are 
needed they are fitted in positions C68 
and C3. 
It is sensible to get the Pitch oscillators 

(Fig. 10, last month) set up first before 
worrying about the volume side. While 
doing this the Theremin can be listened to 
by monitoring the continuous pitch output. 
Headphones can be used if desired. 

VOLUME PLATE 
Once the pitch side is working, attention 

can be focused on the Volume Plate. This 
is adjusted like the Pitch aerial in that the 
trim control is placed in the middle, and 
the trimmer capacitor is tuned to the zero 
beat point. It's a good idea to check the 
square wave at the collector of TR4 at this 
point. 
The preset VR4 is used to trim out any 

variations in the turning-on point of the 
3080 (IC2). To set it up, turn VR4 fully 
anti-clockwise and put the volume control 
VR3 at minimum. 
While placing a hand near the Volume 

Plate, ensure the Orange I.e.d. D10 is on. 
There will be a point where the volume 
will just begin to come on as preset VR4 is 
turned clockwise. This sets the minimum 
volume for the Theremin and minimises 
any dead-band on the volume control. 

CIRCUIT TWEAKS 
Theremin circuits are generally very in-

teractive and sensitive to component values 
and this circuit is no exception. Some much 
more complex designs can avoid this by 
buffering between every stage, but this will 
double the component count. 
However, interactive circuits can be 
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extensively "tweaked" (if time is available) 
to give synergistic effects that can make 
them very cost effective. 

FREQUENCY 
RESPONSE 
The audio frequency response of the 

Theremin  rolls-off  at  approximately 
6dB/oct from about 100Hz. This is to 
compensate for the small loudspeaker used 
in the box, the increased sensitivity of the 
ear at mid-range frequencies and as a 
consequence of the r.f. filtering. 
It is possible to engineer a flatter response 

by lacing a top-boost filter network consist-
ing of a 15nF capacitor and a 13k resis-
tor, in series, placed in parallel with resistor 
R41. Note that R41 must be increased to 
39k to compensate for the network if fitted. 
The Theremin MIDI unit (starting Jan'97 

issue) works better with a flat frequency 
response, this can be done by adding a 
network consisting of a 6n8 capacitor and a 
3k3 resistor in parallel with the lower arm 
feedback resistor (R54) of the op.amp IC3. 

AERIAL RANGE 
possible to extend the range of 

the aerials by inserting loading coils in 
series. Around 4.3mH seems to give op-
timum improvement of the pitch range. Un-
fortunately, such coils need to be of very 
low self-capacitance and standard types do 
not work. 
Wave-wound multi-sectioned types simi-

lar to the radio frequency chokes (r.f.c.$) 
used by radio constructors, which were 
available in the past, work. It may be 
possible to try old Repanco CH2 5mH 
types. if they can still be found. Old 
long-wave radio ferrite rod aerial coils may 
also work. 

TEMPERATURE 
COMPENSATION 
The circuit as it stands is sensitive to 

temperature variations and needs to be 
left on for some time to warm up and 
achieve stability. Obvious considerations 
have been taken into account such as keep-
ing the oscillators away from components 
emitting heat. Also, the capacitors used in 
the oscillators have been specified to have 
a negative temperature coefficient to partly 

cancel the positive temperature coefficient 
of the coils. 
However, there are thermal drifts due to 

the board material, resistors and the internal 
capacitances of the transistors themselves. 
By using special r.f. transistors, where the 
capacitances are predictable and specified, 
in place of the ubiquitous BC182s, stability 
could be improved. It is possible to obtain 
ceramic plate capacitors with quite high 
negative temperature coefficients of 750 
ppm (denoted by a purple band across the 
top on the Philips types) and these could be 
used to provide compensation. 

CRYSTAL CONTROL 
By replacing the fixed oscillators with 

crystal controlled types, stability could be 
greatly enhanced at increased cost. How-
ever, there is the problem of obtaining pure 
sine waves using crystals, most crystal os-
cillators produce squarewaves. 

DIGITAL THEREMINS 
Some attempts have been made to apply 

digital techniques to the Theremin. One 
idea of the author's is to run the basic 
Theremin circuit at a much higher fre-
quency then divide it down digitally to get a 
greater range. 
Microprocessor control could also be 

used to provide feedback control to enforce 
stability in all situations. The question is, 
once one is far removed from the two r.f. 
sinewave oscillators beating together, is it a 
Theremin anymore? 

SOUND CHANGES 
Since volume and pitch are voltage 

controlled it is a simple matter to add 
Tremolo and Vibrato if required by driv-
ing the "varicap diodes" with low fre-
quency oscillators (I.f.o.$). Reverb greatly 
improves the sound, and the old Springline 
Units work very well in this application, 
since high bandwidth and good transient 
capability are not required. Extra harmonics 
can be added by diode clipper fuzz boxes 
and the like followed by a parametric 
equaliser. 
Of course, to get the widest range of 

sounds the Theremin signals have to be 
converted to MIDI/CV so that any syn-
thesizer can be driven. This can be ac-
complished by using Adam Fullerton's 
MIDI/CV Box starting next month. 
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VIDEOS ON 
ELECTRONICS  

A range of videos designed to provide instruction 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 par-
ticularly useful in schools, colleges, training departments 
and electronics clubs as well as to general hobbyists and 
those following distance learning courses etc. 

BASICS 
VT201 to VT206 is a basic electronics 
course and is designed to be used as a 
complete series, if required. 

VT201 54 minutes. Part One; D.C. Circuits. This 
video is an absolute must for the beginner. 
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 com-
mon circuits.  Order Code VT202 
VT203 57 minutes. Part Three; Semiconductors. 
Gives you an exciting look into the world 
of semiconductors. With basic semiconduc-
tor theory. Plus 15 different semiconductor 
devices explained.  Order Code VT203 

VT204 56 minutes. Part Four; Power Supplies. 
Guides you step-by-step through different sec-
tions of a power supply.  Order Code VT204 
vr2o5 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 
V1206 54 minutes. Part Six; Oscillators. Oscil-
lators are found in both linear and digital cir-
cuits. Gives a good basic background in oscil-
lator circuits  Order Code VT206 

C34.95 
Order 8 or more get one extra FREE 
Order 16 get two extra FREE 

inc. VAT & postage 

1,1 

each 

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

Order Code VT102 
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 
This series is designed 
good grounding in digital 
technology. 

VT301 54 minutes. Digital One; Gates begins 
with the basics as you learn about seven 
of the most common gates which are used 
in almost every digital circuit, plus Binary 
notation.  Order Code VT301 
VT302 55 minutes. Digital Two; Flip Flops will 
further enhance your knowledge of digi-
tal  basics. You  will  learn  about  Octal 
and Hexadecimal notation groups, flip-flops, 
counters, etc.  Order Code VT302 
Vf303 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 com-
municate with the real world. You will learn 
about digital-to-analogue and analogue-to-digi-
tal 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 V305 
VT306 56 minutes. Digital Six; The CPU gives 
you a thorough understanding in the basics of 
the central processing unit and the input/output 
circuits used to make the system work. 

Order Code VT306 

of six videos. 
to provide a 
and computer 

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). 
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, 33 Gravel Hill, Merley, 
Wimborne, Dorset BH21 1RW (Mail Order Only) 

Direct Book Service is a division of Wimborne Publishing Ltd., 
Tel: 01202 881749, Fax: 01202 841692 

E-mail: editorial(/ epemag.wimborne.co.uk 

RADIO 
Vf401 61 minutes. AM. Radio Theory. The most 
complete video ever produced on a.m. radio. 
Begins with the basics of a.m, transmission and 
proceeds to the five major stages of a.m. recep-
tion. Learn how the signal is detected, converted 
and reproduced. Also covers the Motorola C-
QUAM a.m. stereo system. Order Code VT401 
VT402 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 

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

MISCELLANEOUS 
vr5o1 58 minutes. Fire Optics. From the fun-
damentals of fibre optic technology through 
cable manufacture to connectors. transmitters 
and receivers.  Order Code V1501 
VT502 57 minutes. Laser Teduvology A basic in-
troduction covering some of the common uses of 
laser devices, plus the operation of the Ruby 
Rod laser, HeNe laser. CO2 gas laser and semi-
conductor 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 instruction etc., and a very full 
commentary to get the pobits across. The 
tapes are imported by us and originate 
from VCR Educational Products Co, an 
American supplier. (All videos are to the 
UK PAL standard on VHS tapes) 
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Regular Clinic 

CIRCUIT 
SURGERY 
ALAN WINSTANLEY 

Our monthly "Surgeon" helps out with a boat owner's electrical woes. 

Berserk Bargraph 
Following on from last month with another 
troubleshooting story. I'm grateful to Mr. 
Eric Forrester of Hemlington, Cleveland 
who dropped a line as follows. 
Your Circuit Surgery September 1996 

issue shows a Car/Boat Battery Monitor 
but this had me perplexed owing to your 
Dial Light arrangement. I constructed the 
circuit on stripboard but it is not dimming 
the 1.e.d.s, and also the bargraph reads 
values different from those you indicate in 
your circuit diagram! 
This chip is new to me and I'd 

appreciate some help — enclosed is my 
Veroboard  layout  diagram  which  I 
designed, could you take a look? I can't 
quite figure out the calculations for the 
potential dividers. either. 
No problem! After a few minutes of 

peeking through my magnifying glass. I 
spotted the cause of the I.e.d. problem, 
which I attributed to incorrectly identify-
ing the pins of the LM3914 i.e. — Fig. 1 
shows how to identify the pins of this dual 
in line chip. Notice that either a dimple or 

Fig. 1. An 18-pin d.i.l. integrated circuit 
package pin line-up. 

a notch will identify one end of the device, 
and also the positive and negative supply 
pins 2 and 3 are (unfortunately) adjacent to 
each other; errors wiring them reversed to 
the supply will spell death to the chip! 
You are not alone, Mr. Forrester, be-

cause the pin numbering sequence of a 
dual-in-line chip does often confuse new-
comers. The other point in this respect 
concerns the circuit diagram shown on 
P.682 of the September issue. We always 
show the pin numbers on the outside of the 
i.e. symbol, and anything denoted within 
the rectangle represents the pin function, 
not number. 
The Dial Light function worked well on 

test: the idea is that each resistor R5-R14 

is connected to one of the I.e.d.s. in the 
display, and all the resistors are commoned 
to OV via the switch. High value resis-
tors are used and I tried 10k to 33k with 
success. They enable a small current to 
flow through each I.e.d. to OV, so that each 
I.e.d. glows dimly. When its corresponding 
LM3914 output goes low, this permits a 
much greater current to flow through the 

I.e.d. which glows more brightly than the 
others. The effect is to create a "backlit" 
I.e.d. scale. 
If you use high efficiency I.e.d.s., these 

require only a few milliamps to operate, 
and they offer a proportionately greater 
light output compared with vanilla-flavour 
devices. To enable the LM3914 to be 
cascaded to make larger displays, the 
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Fig 2. Simplified block diagram for the LM3914 linear le.d. driver. 
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internal circuitry of the chip causes at least 
100µA to flow through the I.e.d. connected 
to pin 1. So even if that I.e.d. should 
logically be switched off, this extra sink 
current may be adequate to cause DIO to 
glow faintly (assuming you use the I.e.d. at 
all in this design). The remedy is to shunt 
it with a parallel 10k resistor if this is a 
problem. Trying the circuit for myself with 
high efficiency I.e.d.s (before the Dial 
Light idea came about), I did indeed see 
DIO glowing continually because of the 
special circuitry at pin I. A rummage 
through the Data Book revealed why! 

Calculated Guess 
Turning to the calculations behind the 

circuit, firstly I made use of the chip's ad-
justable reference voltage which is avail-
able at pin 7. Fig. 2 shows a simplified 
block diagram of the LM3914. It features a 
chain of resistors, each tapped and con-
nected to a comparator, one per I.e.d. One 

end of the chain is labelled RNIGH  (pin 6), 
the other RLow (pin 4). The voltage ap-
plied across the resistor chain determines 
how sensitive the LM3914 will be to input 
voltages: apply 10V across the ends, for 
example, and each I.e.d. will represent 1 V. 
The internal reference voltage is preset 

at 1.25V, meaning that each I.e.d. repre-
sents I 25mV. I wanted a full-scale deflec-
tion of 15V in 1-5V steps, so I increased 
the reference voltage with the resistors R3 
and R4. (Note that the current drawn out 
of pin 7 also sets the I.e.d. brightness. 
Since 1-25V exists between pins 7 and 8, 
the I.e.d. current is actually ten times more 
than this, i.e. 10mA. I always tend to set 
R3 at 1-2k.) In fact when designing the 
circuit, I worked backwards from the input 
requirements, and set the reference voltage 
to suit, as follows. 
If VIN = 15V, therefore Vs1G = 4-7V 

roughly at pin 5. This means that the i.c. 
input signal sees about one third of the 

actual battery voltage measured, due to the 
potential divider action of RI and R2. The 
i.c. reference is calculated by:- 

VREF = 1.25(1 +i±) 
R3 

so the reference voltage applied across the 
resistor cascade was also set for 4-7V 
using the values of R3 and R4 shown. 
You'll see how this 4-7V reference volt-
age at pin 7 is connected to RHIGH  at 
pin 6, whilst Rww is grounded. Hence, 
each I.e.d. represents approximately 0-5V 
change in the input signal at pin 5, which 
scales up to approximately 1-5V battery 
voltage change. Ten light-emitting diodes 
therefore appear to read the battery voltage, 
up to 15V. Incidentally the input circuitry of 
the LM3914 is fully protected up to 35V in 
any case: but by scaling the bargraph with 
the reference voltage (and input dividers), 
you can obtain more suitable displays. 
I hope this helps. 

Ohm Sweet Ohm 
Max Fidling 
What a Pantomime 
Many a time, the village Reverend has 

called upon me to cobble together various 
bits of paraphernalia which form part of 
his Church Bells mobile discotheque, and 
gradually he'd weaned my highly-honed 
skills onto the annual Christmas Pantomime 
held each December in the village hall. 
I obviously had my idiot light switched 

on when the job was given out, but it's 
worth it for the home-baked mince pies 
and sherry which are dished out freely by 
the Reverend's wife afterwards. So any-
way, this year's blockbuster was to be 
Dick Whittington and his Cat and yours 
truly was at the controls once again, 
readers! 
Because  church  funds  had  been 

stretched farther than the bell ropes can 
dangle, the Reverend often looked upon 
me to improvise and many a time I've 
pressed some surplus bits of equipment 
from the shack into service for the benefit 
of the Reverend s fund-raising events. 

Heavenly Light 
A couple of years previously, I'd 

managed to construct a very small lighting 
desk for the Rev, which consisted of a 
plywood box into which I had installed a 
handful of dimmer switches to control the 
lighting (six 500W floodlights), and this 
gadget was proudly displayed by the 
Reverend at each subsequent event. 
It looked very purposeful, with six 

round-pin Bakelite sockets labelled 1, 2, 3, 
7, 8, 9 (I'd lost the stickers saying 4, 5 or 
6) where the lights were connected, and a 
neon pilot lamp glowing when the circuit 
was live. The Reverend also used it when 
the Church Bells disco performed live in 
concert. 
There was however a snag. I hadn't ac-

tually bargained on being the lighting di-
rector for the Christmas play, but as usual, 
helped by the Boss, I'd been landed with 
the job! 

However, all I had to do was switch 
the lights on and off when cued by 
the Reverend, ready for them to change 
scenes, and so for a week or two I ambled 
over to the odd rehearsal armed with a 
flask of tea and the latest copy of EPE to 
read in between times, whilst the various 
celebrities from the village played their 
parts with gusto, directed by the Reverend 
as always. 
The fateful week finally arrived, the 

amateur cast having got to grips with 
their lines and yours truly mastering all 
six floodlights, and having perfected my 
timing to the nearest few minutes, give or 
take a bit. 

A Timely Manna 
I was determined not to get caught out 

as I had been in previous years, though, 
because experience had taught me to pre-
pare for long spells of boredom in the 
chilly village hall in between switching the 
lights, and so I'd brought a Thermos of 
tea, and cheeky bikkies, and by way of a 
treat I'd also brought my cat, Piddles, 
along with me, who could be relied upon 
to liven up proceedings. 
The evening's events progressed with 

the audience assembling amidst a great 
clamour of clattering chairs, coughing, 
shuffling and excited chattering. Even-
tually, with everybody settled, the Rev. 
signalled for me to turn up the stage lights, 
at which point he switched off the front-of-
house lights one by one. I rotated the small 
dimmer switches and the tiny stage il-
luminated on cue, and the life history of 
Dick Whittington started to unfold. 
After fifteen minutes or so it was time 

for a cuppa, I reckoned, so the trusty 
Thermos was unstoppered and a plastic 
beakerful of the cheering brew quaffed. 
This was to be the pattern of events for the 
next hour and a half as I twiddled the 
dimmers whenever the Reverend signalled, 
and rustled my packet of biscuits in be-
tween times, too. Piddles looked up every 
now and then, quite uninterested in the 
proceedings. 

After a few more chaotic scene changes 
backstage, I'd decided to unroll the copy 
of EPE I'd stuffed into my coat pocket, 
and it was time for some serious reading, 
biscuit-munching and tea drinking, I told 
the cat. 

Without Catcalls 
The good old lighting desk worked 

great, and everything was going to plan 
with the audience enjoying the story of 
Dick Whittington and his Cat. This was 
until Piddles decided to stir from his 
slumbers and start fidgeting, a sure sign 
that he's hungry! Hurriedly. I proffered the 
moggie a bikky as a bribe to stop him from 
wailing, which is normally the next tactic 
in his scheme when demanding his grub! 
What a time to become hungry! 
I could hardly gag the poor puss (sorely 

tempted though I was), but then, the Rev. 
signalled for the lights to be dimmed once 
more! At this point, Piddles nudged the 
Thermos flask which nearly tipped over 
onto the lighting desk. I rescued the vacuum 
flask just in time as Piddles then wandered 
out from behind the scenes, on stage! 
I tried to grab him by reaching out from 

the wings, but missed! It was too late, 
Piddles was a superstar! Quite what the cast 
thought of the unscheduled entrance of this 
feline understudy I'm not sure — but the 
audience thought it was hilarious! And I 
didn't even get my sherry and mince pie. 
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ELECTRONICS 
PRINCIPLES 3.0 

For Windows 3.1, '95 or NT. 
If you are looking for a means of improving 
your knowledge of electronics then this is the 
software for you. 
Electronics Principles 3.0 now contains an extended range 
of fully interactive analogue and digital electronics topics, 
including the GCSE Electronics software in one package. 

• The software is completely self-contained, explanatory text 
and calculations are laid out in additional Windows, 
enabling you to see the effect of changing component values, 
one-at-a-time within the formulae. Graphics, text and 
calculations can be 'pasted', in colour into text documents for 
a hard copy reference.   
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• Analogue topics, range from simple dc current flow 
through a conductor to complex number ac arithmetic, 
including bi-polar, FET transistors and Op-Amps. Digital 
investigation, from simple logic gates to binary arithmetic 
and number conversion using counters and shift registers. 

Teaching Electronics & Mathematics? Our 
software is currently used in hundreds of UK and overseas 
schools & colleges to support GCSE, A level, BTEC, City & 
Guilds. Degree level  foundation courses and a range of 
NVQ's and  GNVQ's where students are required to have 
an understanding of electronics & mathematics principles. 

'Copy to Clipboard' feature enables preparation of lecture 
overheads in colour, modify or expand the text to produce your 
own handouts or study notes. 

V  50V 
*F1*  100R 
▪  500.61 
▪  100 0 
1-* 50Hz 
XL  157R1 
XC  31RO2 
IR  500e4 
IL  318.3.A 
IC  1.571A 
I - 1.6496A 
Phase •  se.45or 
7" - 37210S 

Complete package still only £49.95 
Also available as DOS version 2.1 

ELECTRONICS TOOLBOX 3.0 
A Windows version of the popular Toolbox Software. 
Presents commonly used electronics formulae and routines 
in a way that makes calculations easy, thus encouraging 
experimentation in circuit design. Just select the topic, 'pop' 

in your values and find the result. Only £19.95. 

MATHEMATICS PRINCIPLES 3.0 
An easy to use Windows package including GCSE course 
syllabus, enabling you to study or revise in what we believe is 
an interesting and enjoyable way. There are nearly two 
hundred mathematics  topics with interactive, full colour 
graphics, enabling a "learning through doing" approach to 
encourage experimentation. 

• Mathematics topics, range from Number and Number 
Conversion, Using Numbers and Co-ordinates, Working with 
Fractions, Lines, Angles and Scaling, Shapes, Area and 
Volume, Circles, Area and Angles, Laws, Rules and Algebra, 
Powers, Indices, Linear Equations, Slope, Graphs and 
Trigonometry, Statistics, Vectors, Curves and Matrices. 

As used in many schools throughout the UK. Only £49.95. 

EPT Educational Software, Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ. Tel/Fax: 01376 514008. 
E-Mail Address, Salesideptsoft.demon.co.uk  Web pages http://www.octacon.co.uk/ext/ept/software.htm 

For software only add £2 per order for UK post and packing. Make cheques payable to EPT Educational Software. 
Switch, Visa and Mastercard orders accepted - please give card number and expiry date. 

OVERSEAS ORDERS: Add £2.50 postage for countries in the EEC. Outside EEC add £3.50 for airmail postage. 
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PRACTICAL ELECTRONIC FILTERS 
Owen Bishop 
This book deals with the subject in a non-mathematical 
way ft 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 con-
structor's 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  £4.95 

ELECTRONIC ALARM CIRCUITS MANUAL 
R. M. Marston 
One hundred and forty useful alarm circuits, of a variety 
of types, are shown in this volume. The operating prin-
ciple of each one is explained in concise but comprehen-
sive terms, and brief construction notes are given where 
necessary. 
Aimed at the practical design engineer, technician and 

experimenter, as well as the electronics student and 
amateur. 
124 pages  • rder code NE1 1  £13.95 

DIGITAL GATES AND FLIP-FLOPS 
Ian R. Sinclair 
This book, intended for enthusiasts, students and tech-
nicians, 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 elec-

tronics is assumed, and the more theoretical topics are 
explained from the beginning, as also are many work-
ing practices. The book concludes with an explanation of 
microprocessor techniques as applied to digital logic. 
200 pages  Order code PC106  £8.95 

Coco, 
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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  £1.95 

BOOK 2 50 more I f' ti circuits 
50 pages  Order code BP87  £1.95 

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 ap-
plicable, advice on how to alter the circuit parameters is 
given. 
The circuits covered in this book are mainly concerned 

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 controlled 
amplifiers and filters; triggers and voltage comparators; 
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  £4.95 

HOW TO USE OP.AMPS 
E. A. Parr 
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  Order code BP88  £2.95 

BOOK SERVIC 
F 
 4 

The books listed have been selected by Everyday Practical 
Electronics editorial staff as being of special interest to 
everyone involved in electronics and computing. They are 
supplied by mail order to your door. Full ordering details are 

given on the last book page. 
FOR ANOTHER SELECTION OF BOOKS SEE NEXT 

MONTH'S ISSUE. 
Note our UK postage costs just £1.50 no matter how 

many books you order! 

A BEGINNERS 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, flipflops, dividers, and decoder cir-
cuits. Some practical circuits are used to illustrate the use 
of TTL devices in the "real world" 
142 pages £4.95 Order code BP332 

BOOK 2 
The circuits covered are mainly concerned with signal 

generation, power supplies, and digital electronics. 
192 pages  • rder code :P322  £4.95 

A BEGINNER'S GUIDE TO MODERN ELECTRONIC 
COMPONENTS 
R. A. Penfold 
The purpose of this book is to provide practical informa-
tion to help the reader sort out the bewildering array of 
components currently on offer. An advanced 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 com-
ponents 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 B 285  £3.95 

ELECTRONICS-BUILD AND LEARN 
R. A. Penfold 
The first chapter gives full constructional details of a cir-
cuit demonstrator unit that is used in subsequent chap-
ters to introduce common electronic components - resis-
tors, capacitors, transformers, diodes, transistors, thyris-
tors, lets and op.amps. Later chapters go on to describe 
how these components are built up into useful circuits, 
oscillators, multivibrators, bistables and logic circuits. 
At every stage in the book there are practical tests and 

experiments that you tan carry out on the demonstrator 
unit to investigate the points described and to help you 
understand the principles involved. You will soon be able 
to go on to more complex circuits and tackle fault finding 
logically in other circuits you build. 
120 pages  Order code PC103  £6.95 

ELECTRONIC MODULES AND SYSTEMS FOR 
BEGINNERS 
Owen Bishop 
This book describes over 60 modular electronic circuits, 
how they work, how to build them, and how to use them. 
The modules may be wired together to make hundreds 
of different electronic systems, both analogue and digi-
tal. To show the reader how to begin building systems 
from modules, a selection of over 25 electronic systems 
are described in detail, covering such widely differing ap-
plications as timing, home security, measurement, audio 
(including a simple radio receiver), games and remote 
control. 
200 pages  • rder code BP266  £3.95 

Compundne 
WINDOWS 95 EXPLAINED 
P R. M. Oliver and N. Kantaris 
If you would like to get up and running, as soon as pos-
sible, with the new Windows 95 operating system, then 
this is the book for you. 
The book was written with the non-expert, busy person 

in mind. It explains the hardware that you need in order to 
run Windows 95 successfully, and how to install and op-
timize your system's resources. It presents an overview of 
the Windows 95 environment. 
Later chapters cover how to work with programs, 

folders and documents; how to control Windows 95 and 
use the many accessories that come with it; how to use 
DOS programs and, if necessary, DOS commands and 
how to communicate with the rest of the electronic world. 
170 pages  Order code BP400  £5.95 

INTERFACING PCs AND COMPATIBLES 
R. A. Penfold 
Once you know how. PC interfacing is less involved than 
interfacing many eight-bit machines, which have tended 
to use some unusual interfacing methods. 
This book gives you: A detailed description of the lines 

present on the PC expansion bus. A detailed discussion of 
the physical characteristics of PC expansion cards. The 
I/O map and details of the areas where your add-on can 
be fitted. A discussion of address decoding techniques. 
Practical address decoder circuits. Simple TTL 8-bit input 
and output ports. Details of using the 8255 parallel inter-
face adaptor. Digital to analogue converter circuits. In fact 
everything you need to know in order to produce success-
ful PC add-ons. 
80 pages  Le =132.0 0 

SERVICING PERSONAL 
COMPUTERS - 3rd EDI-
TION 
Mike Tooley BA 
The  revised  and  en-
larged  third  edition 
contains a new chapter 
on  servicing  68000 
based microcomputers. 
It has  been  updated 
throughout and includes 
many new photos and 
diagrams.  It  is  es-
sential  for  anyone 
concerned  with  the 
maintenance  of  per-
sonal computer equip-
ment  or  peripherals, 
whether  professional 
service technician, sty 
dent or enthusiast. 
240 pages £25 

SERVICI N 
ERSON 

rder code  15 

EASY PC INTERFACING 
R. A. Penfold 
Although the internal expansion slots of a PC provide full 
access to the computer's buses, and are suitable for user 
add-ons, making your own expansion cards requires a fair 
amount of expertise and equipment. The built-in ports 
provide what is often a much easier and hassle-free way 
of interfacing your own circuits to a PC. In particlar, a PC 
printer port plus a small amount of external hardware 
provides a surprisingly versatile input/output port. The PC 
"games" port is less useful for general interfacing pur-
poses, but it can be useful in some applications. 
This book provides a number of useful PC add-on 

circuits including the following: Digital input output ports; 
Analogue to digital converter; Digital-to-Analogue Con-
verter; Voltage and current measurement circuits; Resis-
tance meter; Capacitance meter; Temperature measure-
ment interface; Biofeedback monitor; Constant voltage 
model train controller; Pulsed model train controllers; 
Position sensor (optical, Halt effect, etc.); Stepper motor 
interface; Relay and LED drivers; Triac mains switching 
interface. 
179 pages  Order code BP385  £4.95 

HOW TO EXPAND. MODERNISE AND REPAIR PCs 
AND COMPATIBLES (Revised Edition) 
R. A. Pent old 
Not only are PC and compatible computers very ex-
pandable, but before long most users actually wish to 
take advantage of that expandability and start upgrad-
ing their PC system. Some aspects of PC upgrading 
can be a bit confusing, but this book provides advice 
and guidance on the popular forms of internal PC ex-
pansion, and should help to make things reasonably 
straightforward and painless. Little knowledge of com-
puting is assumed. The only assumption is that you can 
operate a standard PC of some kind (PC, PC XT, PC AT, 
or an 80386 based PC). 
The subjects covered include: PC overview; Memory 

upgrades; Adding a hard disk drive; Adding a floppy 
disk drive; Display adaptors and monitors; Fitting 
a maths co-processor; Keyboards; Ports; Mice and 
digitisers; Maintenance (including preventative main-
tenance) and Repairs, and the increasingly popular 
subject old.i.y. PCs 
156 pages  •rder code  271  £5.95 

THE PRE-BASIC BOOK 
F A Wilson, C.G.I.A., C.ENG., F.I.E.E., F.I.E.R.E., 
F.B.I.M. 
Another book on BASIC but with a difference. This one 
does not skip through the whole of the subject and 
thereby leave many would-be programmers floundering 
but instead concentrates on introducing the technique 
by looking in depth at the most frequently used and 
more easily understood computer instructions. For all 
new and potential micro users 
192 pages  Order code B 146  £2.95 
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TRANSISTOR DATA TABLES 
Hans-Gunther Steidle 
The tables in this book contain information about the 

package shape, pin connections and basic electrical data 
for each of the many thousands of transistors listed. The 
data includes maximum reverse voltage, forward current 
and power dissipation, current gain and forward transad-
mittance and resistance, cut-off frequency and details of 
applications. 
A book of this size is of necessity restricted in its scope, 

and the individual transistor types cannot therefore be des-
cribed in the sort of detail that maybe found in some larger 
and considerably more expensive data books. However, the 
list of manufacturers' addresses will make it easier for the 
prospective user to obtain further information, if necessary. 
Lists over 8,000 different transistors, including f e.t.s. 

200 pages  Order code BP401  £5.95 

ELECTRONIC TEST EQUIPMENT HANDBOOK 
Steve Money 
The principles of operation of the various types of test 
instrument are explained in simple terms with a minimum 
of mathematical analysis. The book covers analogue and 
digital meters, bridges, oscilloscopes, signal generators, 
counters, timers and frequency measurement. The practi-
cal uses of the instruments are also examined. 
Everything from Oscillators, through R, C S L measure-

ments (and much morel to Waveform Generators and test-
ing Zeners. 
206 pages  o rder code • 109  £8 95 

GETTING THE MOST FROM YOUR MULTIMETER 
R. A. Penfold 
This book is primarily aimed at beginners and those of 
limited experience of electronics. Chapter 1 covers the 
basics of analogue and digital multimeters. discussing the 
relative merits and the limitations of the two types. In 
Chapter 2 various methods of component checking are 
described, including tests for transistors, thyristors, resis-
tors, capacitors and diodes. Circuit testing is covered in 
Chapter 3, with subjects such as voltage, current and 
continuity checks being discussed. 
In the main little or no previous knowledge or experience 

is assumed. Using these simple component and circuit 
testing techniques the reader should be able to confidently 
tackle servicing of most electronic projects. 
96 pages  Order code BP239  £2.95 

MORE ADVANCED USES 
OF THE MULTIMETER 
R. A. Penfold 
This  book  is primarily 
intended as a follow-up to 
BP239, (see below), and 
should also be of value to 
anyone who already under-
stands  the  basics  of 
voltage testing and simple 
component  testing.  By 
using the techniques des-
cribed in Chapter 1 you 
can test and analyse the 
performance of a range of 
components with just a 
multimeter  (plus a very 
few  inexpensive  com-
ponents in some cases) 
Some useful quick check 
methods are also covered. 
While a multimeter is supremely versatile, it does have 

its limitations. The simple add-ons described in Chapter 2 
extended the capabilities of a multimeter to make it even 
more useful. 
84 pages  Order code BP265  £2.95 

NEWNES ELECTRONICS TOOLKIT 
Geoff Phillips 
The author has used his 30 years exper ence in industry 
to draw together the basic information that is constantly 
demanded. Facts, formulae, data and charts are presented 
to help the engineer when designing, developing, evaluat-
ing, fault finding and repairing electronic circuits. The result 
is this handy workmate volume: a memory aid, tutor and 
reference source which is recommended to all electronics 
engineers, students and technicians. 
Have you ever wished for a concise and comprehen-

sive guide to electronics concepts and rules of thumb? 
Have you ever been unable to source a component, or 
choose between two alternatives for a particular applica-
tion? How much time do you spend searching for basic 
facts or manufacturer's specifications? This book is the 
answer, it covers resistors, capacitors, inductors, semicon-
ductors, logic circuits, EMC, audio, electronics and music, 
telephones, electronics in lighting, thermal considerations, 
connections, reference data. 
158 pages  Order code NE20  £12.95 

INTERNATIONAL TRANSISTOR EQUIVALENTS 
GUIDE 
A. Michaels 
Helps the reader to find possible substitutes for a popular 
selection of European. American and Japanese transistors. 
Also shows material type, polarity, manufacturer and use. 
320 pages  Order code BP85  £3.95 

A REFERENCE GUIDE TO PRACTICAL 
ELECTRONICS TERMS 
F. A. Wilson C.G.I.A., C.Eng., F.I.E.E., F.I. Mgt. 
Electronic devices surround us on all sides and their numbers 
are increasing without mercy. Ours is the problem therefore 
in keeping up with this relentless expansion. Unfortunately 
we cannot know it all and most of us do not wish to afford the 
cost of large reference books which explain many concepts 
in fair detail. Here is an answer, an inexpensive reference 
guide which explains briefly (but we hope. well) many of the 
underlying electronics features of practical devices, most of 
which, to a certain extent, control our lives 
This book is in effect more than just a dictionary of 

practical electronics terms, it goes a stage further in also 
getting down to fundamentals. Accordingly the number of 

terms may be limited but the explanations of the many 
which are included are designed to leave the reader more 
competent and satisfied - and this is without the use of 
complicated mathematics. 
For those who also wish to get right down to the root of 

the matter, there is a second volume entitled A Reference 
Guide to Basic Electronics Terms (BP286), each of the 
books referring to its companion as necessary. 
A reference guide for practically everybody concerned 

with electronics. 
432 pages  • rder code BP287  E5.95 

BASIC ELECTRONICS TERMS 
472 pages rder code P286 £5 95 

PRACTICAL ELECTRONICS CALCULATIONS AND 
FORMULAE 
F A. Wilson, C.G.I.A., C.Eng., F.I.E.E., F.I.E.R.E., F.B.I.M. 
Bridges the gap between complicated technical theory, and 
"cut-and-tried" methods which may bring success in design 
but leave the experimenter unfulfilled. A strong practical bias 
- tedious and higher mathematics have been avoided where 
possible and many tables have been included 
The book is divided into six basic sections: Units and 

Constants, Direct-Current Circuits, Passive Components, 
Alternating-Current Circuits.  Networks and Theorems, 
Measurements. 
256 pages  rarrrifTnri:1;*1 

PRACTICAL ELECTRONIC FAULT FINDING AND 
TROUBLESHOOTING 
Robin Pain 
Simple circuit examples are used to illustrate principles and 
concepts fundamental to the process of fault finding. This 
is not a book of theory. It is a book of practical tips, hints, 
and rules of thumb, all of which will equip the reader to 
tackle any job. You may be an engineer or technician in 
search of information and guidance, a college student, a 
hobbyist building a project from a magazine, or simply a 
keen self-taught amateur who is interested in electronic 
fault finding but finds books on the subject too mathemati-
cal or specialized. But you have one thing lacking, no fault 
finding strategy 
The book covers. Basics - Voltage, current and resis-

tance; Capacitance, inductance and impedance; Diodes 
and transistors; Op-amps and negative feedback; Fault 
finding - Analogue fault finding. Digital fault finding; 
Memory; Binary and hexadecimal; Addressing; Discrete 
logic; Microprocessor action; I/O control; CRT control; 

£3.95 

NE W 

Dynamic RAM; Fault finding digital systems; Dual trace 
oscilloscope; IC replacement. 
274 loges  Order code NE22  £18.99 

AN INTRODUCTION TO LIGHT IN ELECTRONICS 
F A. Wilson 
This book is not for the expert but neither is it for the 

completely uninitiated. It is assumed the reader has some 
basic knowledge of electronics. After dealing with subjects 
like Fundamamentals, Waves and Particles and The Nature 
of Light such things as Emitters, Detectors and Displays are 
discussed. Chaoter 7 details four different types of Lasers 
before concluding with a chapter on Fibre Optics. 
61 pages  Order code BP359  £4.95 

PRACTICAL ELECTRONIC DESIGN DATA 
Owen Bishop 
This book is a comprehensive ready-reference manual for 
electronics enthusiasts of all levels, be they hobbyists, 
students or professionals. A helpful major section covers 
the main kinds of component, including surface-mounted 
devices. For each sort, it lists the most useful and readily 
available types, complete with details of their electronic 
characteristics, pin-outs and other essential information. 
Basic electronic units are defined, backed up by a com-

pendium of the most often required formulae, fully ex-
plained. There are five more extensive sections devoted 
to circuit design, covering analogue. digital, radio, display, 
and power supply circuits. Over 150 practical circuit dia-
grams cover a oroad range of functions. 
328 pages  Temporarily out of print 

UNDERSTANDING DIGITAL TECHNOLOGY 
F A. Wilson C G.I.A., C.Eng., F.I.E.E., El. Mgt. 
This book examines what digital technology has to offer 
and then considers its arithmetic and how it can be ar-
ranged for making decisions in so many processes. It then 
looks at the part digital has to play in the ever expanding 
Information Technology, especially in modern transmission 
systems and television. It avoids getting deeply involved in 
mathematics. 
Various chapters cover: Digital Arithmetic. Electronic 

Logic, Conversions between Analogue and D gital Struc• 
lures, Transmission Systems. Several Appendices explain 
some of the concepts more fully and a glossary of terms is 
included. Altogether a useful foray into the oigital world 
both for newcomers and also for those who need some 
revision or updating 
183 pages  •r er code B 376  £4.95 

ro Banilllang 
ELECTRONIC PROJECTS FOR EXPERIMENTERS 
R. A. Penfold 
Many electronic hobbyists who have been pursuing their 
hobby for a number of years seem to suffer from the 
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 applications, but they are all worth a try for 
their interest value alone. 
The subjects covered include:- Magnetic field detector, 

Basic Hall effect compass, Hall effect audio isolator, Voice 
scramblerdescrambler, Bat detector, Bat style echo loca-
tion, Noise cancelling, LED stroboscope, Infrared "torch", 
Electronic breeze detector, Class D power amplifier, Strain 
gauge amplifier, Super hearing aid 
738 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 enthusiast 
it is probably their novelty value that makes them worthy of 
exploration. Fibre-optic cables provide an innovative inter-
esting alternative to electric cables. but in most cases they 
also represent a practical approach to the problem. This 
book provides a number of tried and tested circuits for 
projects that utilize fibre-optic cables. 
The projects include:. Simple audio links, FM. audio link. 

PW.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, R.PM. meter. 
All the components used in these designs are readily 

available, none of them require the constructor to take out 
a second mortgage. 
132 pages  Order code BP374  £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 practi-
cal side of this fascinating hobby, including: 
Component identification, and buying the right parts; 

resistor colour codes, capacitor value markings, etc; advice 
on buying the right tools for the lob; soldering; making 
easy work of the hard wiring; construction methods, in-
cluding 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 

45 SIMPLE ELECTRONIC TERMINAL BLOCK 
PROJECTS 
R. Bebbington 
Contains 45 easy-to-build electronic projects that can be 
constructed, by an absolute beginner, on terminal blocks 
using only a screwdriver and other simple hand tools. No 
soldering is needed. 
Most of the projects can be simply screwed together, 

by following the layout diagrams, in a matter of minutes 
and readily unscrewed if desired to make new circuits. 
A theoretical circuit diagram is also included with each 
project to help broaden the constructor's knowledge. 
The projects included in this book cover a wide range 

of interests under the chapter headings: Connections and 

Components, Sound and Music. Entertainment, Security 
Devices, Communication, Test and Measuring 
163 pages  Order code BP378  £4.95 

HOW TO DESIGN AND MAKE YOUR OWN PC.B.S 
R. A. Penfold 
Deals with the simple methods of copying printed circuit 
board designs from magazines and books and covers all 
aspects of s,mple p.c.b  construction including photo-
gra,fic methods and designing your own p.c.b.s. 
80 pages  Order code BP121  £2.50 

DIRECT BOOK 
SERVICE 

ORDERING DETAILS 
Please state the title and order code clearly, 
print your name and address and acd the re-
quired postage to the total order. 
Our postage price is the same no matter 

how many books you order, just edd £1.50 
to your total order for postage and packing 
(overseas readers add £3 for countr es in the 
EEC, or add £6 for all countries outside the 
EEC, surface mail postage) and seid a PO, 
cheque, international money order E sterling 
only) made payable to Direct Book Service or 
credit card details (including card expiry date), 
Vsa or Mastercard - minimum credit card 
order is £5 - quoting your name and address, 
e order code and quantities required to 

DIRECT BOOK SERVICE, 33 GRAVEL HILL, 
MERLEY, WIMBORNE, DORSET BH21 1RW 
(mail order only). 
Although books are normally sent within 

seven days of receipt of your order, please 
allow a maximum of 28 days for delivery. 
CverseaE readers allow extra time for surface 
mail post. 
Please check price and availability (see 

latest issue of Everyday Practical Electronics) 
before ordering from old lists. 
For a further selection of books see next 

month's issue. 
DIRECT BOOK SERVICE IS A DIVISION 
OF WIMBORNE PUBLISHING LTD, 

Tel 01202 881749  Fax 01202 841692 
E-mail: editorial@epemag.wimberne.co.uk 

Everyday Practical Electronics, December 1996 941 



SURVEILLANCE 
PROFESSIONAL QUALITY KITS 

No. I for Kits 
Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 
years and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, 
circuit diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all 
transmitters are tuneable and can be received on an ordinary VHF FM radio. 

Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations! 
UTX Ultra-miniature Room Transmitter  UTLX Ultra-miniature Telephone Transmitter 
Smallest room transmitter kit in the world! Incredible 10mm x 20mm including mic.  Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
3V-12V operation 500m range   £16.45  Connects to line (anywhere) and switches on and off with phone use. 
MIX Micro-miniature Room Transmitter  All conversation transmitted. Powered from line. 500m range   £15.95 
Best-selling micro-miniature Room Transmitter. Just 17mm x 17mm including rm.  TLX 700 Micro-miniature Telephone Transmitter 
3V-12V operation. 1000m range   £13.45  Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble 
SIX High-performance Room Transmitter  than UTLX. Connects to line (anywhere) and switches on and ofi with phone use. 
High performance transmitter with a buttered output stage for greater stability and  All conversations transmitted. Powered from line. 1000m range   £13.45 
range Measures 22mm x 22m, including mic. 6V-12V operation. 1500m range. £15.45  STLX High-performance Telephone Transmitter 
VT500 High-power Room Transmitter  High performance transmitter with buffered output stage providing excellent stability 
Powerful 250mW output providing excellent range and performance.  and performance. Connects to line (anywhere) and switches on and off with phone 
Size 20mm x 40mm. 9V-12V operation. 3000m range   £16.45  use. All conversations transmitted. Powered from line. 

Size 22mm x 22mm. 1500m range   £16.45 VXT Voice-Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity  TKX900 Signalling/Tracking Transmitter 
and delay with LED indicator. Size 20mm x 67mm 9V operation. 1000m range. £19.45  Transmits a continuous stream of audio pulses with variable tone and rate. Ideal for 
HVX400 Mains Powered Room Transmitter  signalling or tracking purposes. High power output giving range up to 3000m. 

Size 25mm x 63mm 9V operation   £22.95 Connects directly to 240V AC. supply for long-term monitoring. 
Size 30mm x 35mm. 500m range   £19.45  CD400 Pocket Bug Detector/Locator 
SCRX Subcarrier Scrambled Room Transmitter  LED and piezo bleeper pulse slowly. rate of pulse and pitch of tone increase as you 
Scrambled output from this transmitter cannot be monitored without the SCDM decoder approach signal. Gain control allows pinpointing of source. 

. connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range   £22.95  Size 45mm x 54mm 9V operation   £30.95 

SCLX Subcarrier Telephone Transmitter 
Connects to telephone line anywhere. requires no batteries. Output scrambled so 
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range   £23.95 

SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70mm. 9V-12V operation   £22.95 

ATR2 Micro-Size Telephone Recording Interface 
Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
Powered from line   £13.45 

*** Specials *** 
DLTX/DLRX Radio Control Switch 
Remote control anything around your home or garden, outside lights, 
alarms, paging system etc. System consists of a small VHF transmitter with 
digital encoder and receiver unit with decoder and relay output, momentary 
or alternate, 8-way d.i.l. switches on both boards set your own unique 
security code. TX size 45mm x 45mm. RX size 35mmx 90mm. Both 9V 
operation. Range up to 200m. 
Complete System (2 kits)   £50.95 
Individual Transmitter DLTX  £9.95 
Individual Receiver DLRX   £37.95 
MRX-1 Hi•Fi Micro Broadcaster 
Not technically a surveillance device but a great idea! Connects to the 
headphone output of your Hi-Fi. tape or CD and transmits Hi-Fi quality to a 
nearby radio. Listen to your farvourite music anywhere around the house. 
garden, in the bath or in the garage and you don't have to put up with the 
DJ's choice and boring waffle. 
Size 27mm x 60mm. 9V operation. 250m range  £20.95 

CD600 Professional Bug Detector/Locator 
Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers. cellular. taxis etc, Size 70mm x 100mm. 9V operation   £50.95 

OTX180 Crystal Controlled Room Transmitter 
Narrow band FM transmitter for the ultimate in privacy. Operates on 180MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catalogue). 
Size 20mm x 67mm. 9V operation. 1000m range   £40.95 

OLX180 Crystal Controlled Telephone Transmitter 
As per OTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. 9V operation. 1000m range   £40.95 

OSX180 Line Powered Crystal Controlled Phone Transmitter 
As per QLX180 but draws power requirements from line. No batteries required  
Size 32mm x 37mm Range 500m   £35.95 

ORX 180 Crystal Controlled FM Receiver 
For monitoring any of the Q. range transmitters. High sensitivity unit. All RF section 
supplied as pre-built and aligned module ready to connect on board so no difficulty 
setting up, Output to headphones. 60mm x 75mm. 9V operation   . £60.95 

A build•up service is available on all our kits if required. 
UK customers please send cheques. POs or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send Sterling Bank Draft and add £5.00 
per order for shipment. Credit card orders welcomed on 01827 714476 

OUR LATEST CATALOGUE CONTAINING MANY MORE 
NEW SURVEILLANCE KITS NOW AVAILABLE. SEND TWO 
FIRST CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 

SUMA 
DESIGNS 

DEPT. EE 

THE W ORKSHOPS, 95 MAIN ROAD, 
BAXTERLEY, NEAR ATHERSTONE, 

W ARWICKSHIRE CV9 2LE 
VISITORS STRICTLY BY APPOINTMENT ONLY 

Tel/Fax: 
01827 714476 
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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 drilled 
and roller tinned. All prices include VAT and postage and packing. Add £1 per 
board for airmail outside of Europe Remittances should be sent to The PCB Serv-
ice, Everyday Practical Electronics, Allen House, East Borough, Wimborne, 
Dorset BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot 
reply to orders or queries by Fax); E-mail: editorial@epemag.wimbome.co.uk 
Cheques should be crossed and made payable to Everyday Practical Electronics 
(Payment in sterling only). 
NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for 
delivery - overseas readers allow extra if ordered by surface mail. 
Back numbers or photostats of articles are available if required - see the 
Back Issues page for details. 
Please check price and availability in the latest issue. 
Boards can only be supplied on a payment with order basis. 

PROJECT TITLE Order Code Cost 

Multi-Project PCB  APR'95 932 £3.00 
Light-Activated Switch 
Switch On/Off Timer 
Continuity Tester 
Auto Battery Charger 934 £5.36 
National Lottery Predictor 935 £5.34 
R.F. Signal Generator - R.F./Mod.  MAY'95 936 £6.48 

Coil & Power Supp y (pair) 937a/b £6.10 
MIDI Pedal 938 £7.78 
Club Vote Totaliser 939 £6.05 
PIC-DATS Development System 
(double-sided p.t.h.) 940 £9.90 
EPE HIFI Valve Amplifier -  JUNE'95 
Phase splitter 941 £6.71 
PIC-DATS 4 -channel Light Chaser 942 £7.90 

HV Capacitor Reformer  JULY'95 943 £5.60 
Ramp Generator 
Logic Board (double-sided p.t.h.) & Analogue 
board (pair) 944.'5 £32.00 

Automatic Curtain Winder 946 £6.75 
Windicator 947 £4.10 

Microcontrolled 3-Digit Timer  AUG'95 933 £6.61 
IR Remote Control - Transmitter 948 £5.76 

- Receiver 949 £6.14 
Personal Practice Amplifier 950 £6.09 

Low-Range Ohmmeter Adaptor  SEPT'95 926 £5.55 
Simple Theremin 952 £6.68 
Vandata 
Boot Control Unit 953 £10.52 
Display Unit 954 £6.61 

Sound Switch  OCT95 915 £6.55 
Multiple Project PCB 932 £3.00 
Audio Sinewave Generator 
Treble Booster 
Infra-Red Controller/Alarm (2 boards required) 

Capacitor Check 955 £5.76 
Ginormous VU Meter 956 £9.31 
Multiple Project PCB  NOV'95 932 £3.00 
Video Enhancer - Current Tracer - 
Distortion Effects Unit 
Digital Delay Line 958 £8.04 
50Hz Field Meter 959 £8.32 
Temperature Warning Alarm i Teach-In '96) 960 £6.15 

Stereo "Cordless" Headphones  DEC'95 
Transmiter 961 £8.04 
Receiver 962 £7.66 
EPE Met Office - Sensor Rainfall/Vane 963/965 £11.33 
Spiral transparency free with above p.c.b. 
Light-Operated Switch 966 £6.37 
Modular Alarm System (Teach-In '96) 967a/b £7.12 
Audio Meter arm Amplifier 968 £5.99 

EPE Met Office -  JAN'96 
Computer Interface (double-sided) 964 £7.69 

Audio Signal Generator 969 £6.58 
Mains Signalling Unit. Transmitter and Receiver 970/971 (pr) £9.09 
Automatic Camera Panning (Teach-In '96) 972 £6.63 
Printer Sharer 973 £9.93 
Analogue Frequency Meter  FEB'96 957 £6.70 
Van-Speed Dice (Teach-In '96) 974 £5.69 
Mains Signalling Unit - 2 
12V Capacitive PSU 975 £6.07 

PIC-Electric Meter - Sensor/PSU- Control 'Display 977/978 (pr) £9.90 
Multi-Purpose Mini Amplifier 976 £6.12 
PIC-Electric - Sensor/PSU - Control/ splay 977/978 (pr) £9.90 
High Current Stabilised Power Supply 979 £6.62 
Mind Machine Mk III - Sound and Lights 980 £7.39 
Infra-Zapper Transmitter/Receiver (Teach-In '96) 981/982 (pr) £8.01 

Mind Machine Mk III - Programmer  APRIL'96 983 £7.36 
Bat Band Converter/B.F.O. 984a/b £5.80 
Hearing Tester 985 £6.87 
Event Counter (Teach-In '96) 986 £8.39 

PROJECT TITLE Order Code Cost 

B.F.O. and Bat Band Converter  MAY'96 984a/b 
988 
989 
992 
993 

£5.80 
£6.76 
£6.70 
£6.74 
£9.44 

Versatile PIR Detector Alarm 
Mind machine Mk III - Tape Controller 
Midi Analyser 
Countdown Timer (Teach-In '96) 

Sarah's Light  JUNE'96 996 
997 (pr) 
998 
999 

£7. 17 
£10.72 
£6.60 
£7.02 

Home Telephone Link 
PulStar 
VU Display and Alarm 

Ultra-Fast Frequency Generator  JULY'96 
and Counter - Oscillator/L.C.D. Driver 994/995 (pr) £12.72 
Timed NiCad Charger 100 £6.99 
Single-Station Radio 4 Tuner 101 £7.02 
Twin-Beam Infra-Red Alarm - 
Transmitter/Receiver 102/103 (pr) £10.50 
Games Compendium 104 £6.09 

Mono "Cordless" Headphones  AUG'96 
990/991 (pr) £10.16 - Transmiter/Receiver 

Component Analyser (double sided p.1 h.) 105 £12.18 
Garden Mole-Ester 106 £6.07 
Mobile Miser 107 £6.36 
Bike Speedo 108 £6.61 
PIC-Tock Pendulum Clock  SEPT'96 109 £6.31 
Power Check 110 £6.42 
Analogue Delay/Flanger 111 £7.95 
Draught Detector 112 £6.22 
Simple Exposure Time- 113 £6.33 
Video Fade-to-White  OCT96 114 £6.98 
Direct Conversion 80m Receiver 116 £7.52 
Vehicle Alert 117 £6.55 
10MHz Function Gene-at or 
- Main Board 118 £7.33 
- PSU 119 £5.39 
Tuneable Scratch Filter  NOV'96 115 £7.83 
Central Heating Controller 120 £7.85 
D.C. to D.C. Converters 
- Negative Supply Generator 122 £5.96 
- Step-Down Regulator 123 £6.01 
- Step-Up Regulator 124 £6.12 
EPE Elysian Theremin  DEC'96 

121 £22.00 (double-sided p.t.h.) 
PIC Digital/Analogue Tachometer 127 £7 23 
Stereo Cassette Recorder 
Playback/PSU 128 £7 94 
Record/Erase 129 £9 04 

EPE SOFTWARE 
Software programs for the following EPE projects (P1C-microcontrol(ed 
except for Met Office and Central Heating Controller) are available 
altogether on a single 3-5 inch PC-compatible disk, or as needed, via 
our Internet site: Met Office (Dec '95) - GWBasic: Simple PIC16C84 
Programmer (Feb '96); PIC-Electric Meter (Feb '96): PulStar (June 
'96): Games Compendium (July '96): PIC-Tock Pendulum Clock (Sept 
'96): PIC Disassembler (unpublished): Central Heating Controller (Nov 
'96) - 8051 machine code: PIC Digital/Analogue Tachometer (Dec '96). 
The disk (order as "PIC-Disk") is available from the EPE PCB Service 
at £2.50 (UK) to cover our admin costs (the software itself is free). 
Overseas £3.10 surface mail. £4.10 airmail. 
Alternatively, the software files can be downloaded free from our 
Internet FTP site: ftp://ftp.epemag.wimborne.co.uk 

1 

I Order Code  Project  Quantity  Price 

Name   

I Address   

EPE PRINTED CIRCUIT 
BOARD SERVICE 

I I enclose payment of £  (cheque/PO in £ sterling only) to I 
I  I 
I W M  I  Everyday MasterCard  1 Practical Electronics 
I  I 
I  Access (MasterCard) or Visa No.  I 

Minimum order for credit cards £5 I   I 
I  I 
I   I 
I  I 
I Signature  Card Exp. Date   I 
I  I 
.  Please supply name and address of cardholder if different from the address shown  • 
EIM Mb 1=1 .1=1 IMO 1=1 IMli 1•1•1 OM i , ii ii  1=1 ••• =IN 1111•1 =• OM 11••1 II=   a 
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Effiimmics 
Everyday Practical Electronics reaches nearly 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 eleven 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, Holland Wood House, Church Lane, Great Holland, 
Essex C013 OJS. Phone/Fax (01255) 850596. 

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 38 volts d c. at 6 amps continous. 10 amps 
peak fully variable from 1 to 38 volts Twin 
Voltage and 
Current meters 
for easy read- ttlyiy: 
out. 240 volt a c 

Fully smoothed. size 14 

L 7 6 I V VAT 
carriage £I3 

x 11 x  inches 

RADIO COMPONENT SPECIALISTS 

z 337 WHITEHORSE ROAD, CROYDON 
SURREY, CRO2HS. Tel 0181-684 1665 

Lots of transformers Augh volt reps valves. speakers on stock. 
Phone or send your wants bet for quote 

Veronica 88-108MHz FM 
TRANSMITTERS 

Stable low power. 1W. 5W -Transmitter and Stereo 
Coder Kits all with excellent technical specifications. 
Contact us for a free brochure including prices and 

more detailed information 
18 Victoria St.. Oueensbury, BRADFORD, BD131AR A ka , 

Tel 01274 816200 Email veronica., legend.co.uk   

BTEC ELECTRONICS 
TECHNICIAN TRAINING 
GNVO ADVANCED ENGINEERING 
(ELECTRONIC) - PART-TIME 

HND ELECTRONICS - FULL-TIME 
BEng FOUNDATION - FULL-TIME 

Next course commences 
Monday 6th January 1997 

FULL PROSPECTUS FRGk 

LONDON ELECTRONICS COLLEGE 
(Dept EPE) 20 PENY WERN ROAD 
EARLS COURT, LONDON SW5 9SU 

TEL: 0171-373 8721 

Miscellaneous 
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. 
G.C.S.E. ELECTRONICS KITS, at pocket 
money prices. S.A.E. for FREE catalogue. 
SIR-KIT Electronics, 70 Oxford Road, Clacton, 
C015 3TE. 
VALVE  ENTHUSIASTS:  Capacitors and 
other parts in stock. For free advice/lists please 
ring, Geoff Davies (Radio), Tel: 01788 574774. 
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, 36 Woodcot Avenue, 
Belfast, BT5 5.1A or phone 01232 473533 
(7 days). 
PCB  SCHEMATIC  AND  ARTWORK 
LAYOUT, customised product design, surface-
mount component sourcing and much more. 
Contact ULTRA-TECH, Tel/Fax: 0181 472 
8213, Mobile: 0850 973555. 
WANTED, AY-3-8910, three channel plus two 
ports. soundchip. Ring Andy 0181 9483540. 
PCBs. Low Cost prototypes from sketches. Also 
surface mount. SAE to: Williams, 29 Albert 
Road, Mexborough, S. Yorks S64 9BZ. 
FREE TO ANYONE. Make money from your 
PC - trial version. Automatic 5-figure income 
from your PC. Free to anyone who sends me 
a blank formatted 3.5in. disk and two stamped 
addressed envelopes. C. Miller, 113 St. Johns 
Grove, Preston Road, Hull HU9 5SP. 
HUNDREDS  OF  UNUSUAL  ITEMS 
CHEAP! Send £1 coin for interesting samples 
and list. Grimsby Electronics, Lambert Road, 
Grimsby. 

PE MINISONIC MK2 SYNTHESISER, all 
modules/keyboard fully built wired. Requires 
further testing. Data sheets available. Electronics 
Magazines (PE, ET, HE) - Between 1974-
1986, (87 Mags total). Offers. Telephone 01935 
26524. 
TEST EQUIPMENT FOR SALE. Nicolet 
2090-3 digital 'scope £490. H.P. Colorpro 
digital plotter, £130. Fluke 8810A 5-1/2 digit 
bench DVM file, plus more. Repair and 
calibration service available for Nicolet 'scopes 
and spectrum analysers. EPROM programming 
service. Telephone Paul Duxbury at C.E.S. on 
(01926) 407814. 
STEPPER MOTORS ideal for experimenta-
tion, 15° steps, equipment pulls so no data. 5 for 
£9.50 post paid. Jason Haine, The Old Vicarage, 
Carrington. Manchester M31 4AG. 
PIC I6C84 BLANK CHIPS (4MHz), £5.00 
each. add £1.50 p&p. S.A.E. for list of 
related components. Send cheque or P.O. 
to Engineering Services. 20 Orchard Halls 
Crescent, Wingfield, Rotherham S61 4AR 

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. J. F. Davies, 70 Ash Road, 
Cuddington, North wich, 
Cheshire C W8 2PB. 

Space donated by Everyday Practical Electronics 

SAVE OVER £5 - SUBSCRIBE NOW! 
EVERYDAY 

PRACTICAL 

ELECTR ONICS 
S UBS CRIPTI O N O R DER FOR M 

Annual subscription rates 

(1997): U K £24.00. 

Overseas £30.00 standard air service, 

£47.50 express air mail. 

To: 
Everyday Practical Electronics, 
Allen House, East Borough, 

Wi m borne, 
Dorset BH21 1PF 

Tel: 01202 881749 
Fax: 01202 841692 

E-mail: editorialo epemag.wimborne.co.uk 

41,41‘ VISA 

Na me   

Address   

I enclose payment of £   

(cheque/PO in E sterling only, payable to Everyday Practical Electronics). 
Alternatively send Mastercard or Visa number and card expiry date. 

Signature   

Please supply name and address of cardholder if different from the subscription address 
shown above. Subscriptions can only start with the next available issue. For back numbers 
see the Back Issues page. 

I M12/96  
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TRAIN TODAY FOR A BETTER FUTURE 
Now you can gel the skills and qualifications you need for 
career success with an ICS Home Study Course  Learn in 
the comfort of your own horse at the pace and times that 
suit you ICS is the workf s largest. most experienced horse 
study school  Over the past 100 years CS have helped 
nearly 10 million people to improve the r lob prospects 
Find out how we can he  YOU  Post or phone today for 
FREE INFORMATION on the course of your choice 

1 
1 

Electrical Contracting 
Electrical Engineering 
C & G Basic Electronics 
C & G Basic Mechanics 
TV. Video 8. Hi Fl Servicing 
Refrigeration 8. Air Conditioning 
PC Repair 
Electronic Engineering 

Call 0141 306 1195 
Please send me my Free Information on your Electronics Courses 

Mr/lArsMs/Miss 
'BLOC& CAPITALS PLEASF Date of Birth  r 

I Address 

Postcode 

Occupation 
I   
n al International Correspondence Schools, Dept. ZEEEAL. FREEPOST 882. 8 Elliot Place 
Clydeway Centre Glasgow. G3 8BR Tel 0141 306 1195 I9am 7pmi or Tel Fax Ireland 01 285 2533 

Furthe• offers whet, may be of Interest may be sent to you ty ICS or other carefully selected companies 
PP MP MN In El MI 

Tel No 

VISA , 
-Ny !PA' 

Cooke International 
SUPPLIER OF QUALITY USED TEST INSTRU MENTS  

ANALYSERS, BRIDGES, CALIBRATORS, VOLTMETERS, GENERATORS. 
OSCILLOSCOPES, POWER METERS, ETC. ALWAYS AVAILABLE 

ORIGINAL SERVICE MANUALS FOR SALE 
COPY SERVICE ALSO AVAILABLE 

EXPORT. TRADE AND U.K. ENQUIRIES WELCOME 
SEND FOR LISTS OF EQUIPMENT & MANUALS 
ALL PRICES EXCLUDE VAT AND CARRIAGE 

DISCOUNT FOR BULK ORDERS  SHIPPING ARRANGED 

OPEN MONDAY TO FRIDAY 9AM-5PM 

Unit Four, Fordingbridge Site, Main Road. Barnham, Bognor Regis, 
West Sussex, P022 OEB. U.K. 

Tel ( + 44) 01243 545111/2  Fax ( + 44) 01243 542457 

EQUIPMENT & ACCESSORIES PURCHASED 

SERVICE MANUALS 
& Technical Books 

Available for most equipment, an) make, age or 'Dodd. 
Technical Book and Manual Compilations now on CD-ROM 

Return the coupon for your FREE catalogue 
 >.0 

4tit MAURITRON TECHNICAL SERVICE (EPE) c so 
8 Cherry Tree Road, Chinnor, Oxon, OX9 4QY. 
Tel:- 01844-351694. Fax:- 01844 352554. 

Please forward your latest catalogue for which I enclose 2 x I st Class Stamps 

or £4.11 for the complete Service Manuals Index on PC Disc plus catalogue 

NA ME   

ADDRESS   

 POSTCODE  
Phoitsetm rh,.t..nipon if Loodtmett4 ,Lish  on Ilk ItiL, 

N. R. BARD WELL LTD (EPE) 
'N4148  El 00 
I N4Pot  £1.00 

50  Rectifier Diodes 1N4007  £1 00 
10 WO4 Bridge Rectifiers  E 1 .00 
5  NE555 Timer IC s  £1.00 
50  Asstd Zener Diodes  £1.00 
20  BC182L Transistors  £1.00 
30  BC212L Transistors   C1.00 
30  BC213L Transistors .   £1.00 
30  BC214C Transistors   E1 00 
30  BC237 Transistors  f 1 00 
20  BC327 Transistors  El 00 
30  BC328 Transistors  El 00 
20  BC337 Transistors  Cl 00 
30  BC478 Transistors  El 00 
30  BC546 Transistors  ,E 1 00 
30  BC547 Transistors   £1.00 
30  BC548 Transistors   £1.00 
30  BC549 Transistors   £1.00 
25  BC557 Transistors  f 1.00 
30  BC558 Transistors  .£ 100 
30  BC559 Transistors,  f 1 .00 
25  BC640 Transistors  El 00 
30  MPSA42 Transistors  El 00 
30  MPSA92 Transistors  El 00 
20  2N3904 Transistors  f 1 00 
5  78L 12 12V 100mA Pos Regulators El 0(1 
10  79M08 8V 500mA Neg Regulators. fi 00 

25  5mmredleds    El 00 
25  3mm redleds  ,,,,  El 00 
25 AssId high brightness I e.d s..   Et  
50 Axial leds (Diode package) ,  1 0-
12  Asstd 7-segment displays  ------------ft 
2  ORP12 light dependant resistors  ft II 
30  Asstd IF transformers   
48  Asstd coil formers   
50  Asstd RF chokes (inductors)   £ or 
30  Asstd connectors edge.d.i I., sol etc £ 11  1'' 10' 
30  Asstd d  sockets up to 40-pin.  ' 
200 Asstd disc ceramic capacitors 
80  Asstd capacitors InF to 1µF   ':1 
80  Asstd electrolytic capacitors  E CI 
10  4P3W MBB min rotary switches  £11 

pa   
CI 

20  Min. SPCO slide switches   
20  1"  reed switches   
200 4N mini axial capacitors   
24  24-pin d  I wire wwrr  ap c slits   
1  12V motorised volume control 50k ff£ E£11.1 11  (00°S):.: 
50  Grommets 6-3mm id. 9-5mm ad  T1 0-
100 ctf .W 5% resistors any one 

value, E24. range 1R to 10M  0 45 

Prices include VAT postage £1.25. 30p stamp for L sts 

288 Abbeydale Road, Sheffield S71FL 

Phone (0114) 2552886 Fax (0114) 2500689 

rn TECHNICAL INFORMATION SERVICES 
76 Church St, Larkhall, Lanarks, ML9 1HE 
Tel: 01698 883334/884585  Fax: 01698 884825 

PHONE NOW FOR YOUR FREE QUOTE 

We have the World's Largest Collection of 

SERVICE M ANUALS 
Why not join Europe's fastest growing 

"Information Library Service" 
Buy ANY Service Manual for £10.00 and return any 

manual no longer needed for a £5.00 credit 
CALL WRITE NOW FOR FURTHER DETAILS 

Initial joining fee of £70 : Thereafter £20 Yearly 
Join Now: Get your first Manual FREE! 

3Ib mixed component pack  £4.95 
Jumbo component pack  £10 
250 off mixed capacitors  £4.95 
250 off i.c. sockets   
1000 off mixed ceramic caps  £7.50 
20 off mixed crystals/filters  £4.95 
25 off mixed relays  £3.59 
100 off phono plugs  £2.95 
10 off mixed displays  £3.75* 
50 off dil. switches  £3.75* 
30 off mixed heatsinks  £3.75* 
30 off mixed switches  £3.75* 
Brand new 360k 51/4" floppy drive...£4.50 
51/4" to 31/2  floppy drive 
converter leads  £.50" 
1.2MB 51/4 " floppy drive  £10 
200MB 31/2 " E.S.D.I. hard drive  £28 
12V d.c. 200 r.p.m. geared motor 
 £1.50 each, 10 for £12 

220V 1500 r.p.m. geared motor 
 £6 each, 10 for £50 

7V-12V d.c. motor, 4/6000 r.p.m. 
700mA-1450mA £4 each, 10 for £30 
12V d.c. motor, 13,000 r.p.m. 
180mA  £1 each, 10 for C8 

6V d.c. motor, 1,200 r.p.m. 600mA 
 £1 each, 10 for £8 

9V d.c. motor, 13.000 r.p.m. 460mA 
 £1 each, 10 for £8 
10.5V d.c. motor, 9,000 r.p.m., 
220mA  £1 each, 10 for £8 
S.M. P.S.U., mains input, + 5.2V 6A. 
+ 24V 0.5A, + 24V 5.5A outputs 
 £6 each 

QUANTITY DISCOUNTS AVAILABLE 
PLEASE RING. 

We also buy all forms of electronic 
components. p.s.u's, disk drives etc 

Lists to below address. 

ALL PRICES INCLUDE VA T. 
PLEASE ADD £2 00 p&p EXCEPT 
ITEMS MARKED * WHICH ARE 5012 
SAE FOR BULK BUYING LIST 
PAYMENT MTH ORDER TO: 

Dept EE, COMPELEC, 
14 Constable Road, 
St. Ives, Huntingdon, 
Cambs PE17 6E0 

Tel/Fax: 01480 300819 

T HE C R 
S UPPLY C O 

RESISTORS 
. Watt Mixed metal/carbon film resistors 
5% E12 senes 10 ohms to 1 Megohm  2p 
v. Watt Carbon film resistors 5% E24 series 
1 ohm to 10 Megohm   .1p 
100 off per value - 85p even hundreds 
per value totalling 1000  £7.50 
v. Watt Metal film resistors 5% E12 senes 
10 ohm to 1 Meg -1 1/2p; 1% E24 senes  2p 
vi Watt Mixed metal/carbon film resistors 
5% E24 senes 1 ohm to 10 Megohm, 
1 Watt Mixed metal/carbon film 5% 
El2 senes 4R7 to 10 Megohms  59 
NEW Resistor development kits.  Watt C/Film 
5r78 different values from 1 ohm to 10 Meg-
ohm, comes in storage drawer with printed 
colour code on outside, ideal for laboratories. 
education service depts . repairers and 
hobbyists. etc  £6.95 

CAPACITORS 
Radial Aluminium Electrolytic' (m(dllolts). 
1 63. 2 2 63. 4.7/100. 10/25, 10/63 - 6p; 
100 16. 100 25 - Sp; 100/63 - 13p. 22/16, 
22 25. 22 50. 33/16, 47/16. 47/35. 47/50 - 7p: 
220 16 - 9p, 220/25. 220/50 - 11p; 470 16. 
470-25 - 13p: 1000/25 - 23p; 2200/25 - 42p: 
4700.25 - 74p. 
Miniature Polyester, 250V working vertical 
mounting (mid). .01..015..022..047..068 - 
Sp. 0 1 - 6p. 0 12, 0.15, 0.22 - 7p: 0,47 - flp; 
0 68 - 10p. 1.0 - 139. 
Mylar (polyester) 100V worldng 612 settee 
vertical mounting (pi). 1000 to 8200 - 4p: 
0 Otto 0 068 - 5p. 01 -6p: 0.12.01 5.0.22 - 
7p. 0 47 50V - 9p 
Submin Ceramic Plate, 100V working E12 
series vertical mountings (pg. 2% 1.8 to 47 - 
4p, 2% 56 to 330 - 5p. ID% 390p-4700p - 6p. 
Polystyrene, 63V working E12 series, long 
axial wires (pI). tO to 820 - 5p: 1000 to 10.000 
6p. 12.000 - 8p 

Subminiature, Tantalum Bead electrolytics 
(mIds ,Volts). 0.1, 0 22. 0.47, 1 0. 2.2, 3 3 
@35V. 4.7 16. 10/6. 6.8/35 - 13p: 4.7,25. 
68 16, 10116 - 15p, 15/16. 22/6. 33/10 - 21p; 
10.25 - 22p; 10/35. 22/16 - 28p: 47/10 - 29p: 
47116 - 65p; 47/20 - 72p; 47/35 - 76p: 1003 - 
78p; 100/6, 220/6 - 81p. 

TRANSISTORS 

BC107/8/9 - 18p: BC547'8/9 - 7p: BC557/8/9 -13p; BC182. 182L. BC183, 183L. BC184. 184L. 

BC212. 212L - 109. BC327, 337. 337L - 8p: 
BC727, 737 - 12p: B0135/6/7/8/9 - 27p: 
BCY70 - 28p: BFY50/51/52 - 34: BFX88 - 
38p. 2N3055 - 55p; TIP31, 32 - 40p; TIP41. 42 
409. BU208A - t1.50; BF195, 197 - 14 

20mm fuses 
100mA to 5A ()blow - 8p. A surge - 14p. 
Holders chassis mounting - Bp 

WE HOLD PACKS OF COMPONENTS 
FOR THIS MONTH'S EPE PROJECTS 

- RING FOR PRICES 
CMOS 

4001B - 23p: 4011B - 25p. 401713 - 45p 
4069UB unbuffered - 25p 

MOLDERS 
8-pin - 9p, 14-. 16-. 18-pin - 15p. 24-pin - 19p 
28-pin - 22p. 40-pin - 31p. 

VOLTAGE REGULATORS 
lA  ve or - ide 5V. 8V, 12V. 15V. 18V & 24V - 
61p. 100mA - ve 5V, 8V. 12V. 15V - 36p. 

010043 IPIV/sim ”) 
75150mA 144148 -  8C01A 1f44006 - 5p. 
400 3A 1N5404 - 14p: 115/50mA 0A91 - 18p 
1004 A 1144002 - 4p; 10001A1N4007 - 5p; 
60/1.5A SIMI - 7p: 100/1A bridge - 28p: 400 
I N4004 - 4p: 12501A BY 127 - 14p:  /15Orritk 
0A47 gold bonded - 24p 
Zener dbdes 824 series 3V3 to 33V 400mW - 5p 
1 watt -139  LED's 

3mm. and 5mm Red. Green. Yellow - 14p, Gr0r-
mots to suit 3rnm - 2p, 5mm - 3p: 5mm Tncola. 
8 Bicolour - 22p. Red flashav L.E.D.'s require 
9V-12V sup * only. 5rnm - Thp 

ILIGTERIES 
AA/11P7 NrCad rechargeable cells - C1.78 each 
With PCB mounting pins 600mAH, E228p. AAI-1P7 
zinc carbon battenes in packs 014 - f1.10 per cn - 
Watch batteries, dam x thickness in mm 7 9x3 
11.60.11 6x4.2. 11 6 x 5 4 - 5.5p each 
Battery snaps for PP3 - 8p. for PP9 - 169 

ELECTRIC MOTORS 
1.5V to 3V with bracket. 18x25mm shah dam 2m-
- £1,249; high torque 30.23min - £1.45p: 3V to 
6V. 25x21mm diem r1.20. 

MISCELLANEOUS 
Mains indicator neons with 220k resistor   149 
High speed PCB drill bits 0.8. 1.0. 12. 1.5, 2 0mm 
- 47p, 12V mini drill, 3 jaw chuck - £14.75 

to  awkward Jobs. cast-iron base  £4.50 
6 ball pints and 2 croc dips 

Glees reed switches with single-pole make 
contacts - 11p. Magnets - The 
0.1" Stripboard 2'  r 9 rows 25 hoies - 26p. 
3'. x 2' 24 rows 37 holes 80p 
Jack plugs 2 5 8 3 5m - 16p; Sockets Panel MI5 
2.5  35rn - Ilp. 

Es 2.5 8 3.5mm. dynamic  29p nra ystal - £1.60   
klulti-cored solder, 22SWG  11p- yard, 
18SWG - 21p/yard 
Air Purifier and Ioniser complete with mains adap-
tor and car lead made by Smiths Industnes. £12.50 
21-pin Scan to 21-pin Scan lead, 1 2m all ens 
connected - C3.95p. PCB Scan sockets - 939 
Satellite cable 75 ohm semi air spaced 6.5mr. 
OD black or white - 36pyard 
741 Op Amp - 24p: 555 Timer - 25p: 555L 
Power - 30p. 556 Dual Timer • 40p. 5561. Lcw 
Power - 7  358 Dual S. Am. 

SAE Ion lists P&P El 00 No VAT 

44 Chapelfield Way, Rotherharn, 
South Yorkshire S61 2TL. 
Tel Fax: 0114 2468049 
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SURFING THE INTERNET 

NET WORK 
ALAN WINSTANLEY 

THOUSANDS of users from forty countries visit our World 
Wide Site every week at http://www.epemag.wimborne. 

co.uk. Whether you live in Taiwan or Trinidad and Tobago, 
welcome to EPE! 
Our Web site is continuing to expand, with Back Issue in-

formation and ordering details going on-line in the near fu-
ture (hopefully by the time you read this). Please do drop in 
from time to time to see what's new. Subscription details, and 
the on-line version of Net Work, are there as always, and we 
welcome your suggestions and comments. 
New on our FTP site (ftp://ftp.epemag.wimborne.co.uk) are 

the files for the Central Heating Controller project (Nov. 
'96 issue), to be found in the pub/Heating sub-directory. 
This month's PIC Digital/Analogue Tachometer can be found at 
pub/PICS/Rev.Counter. I've uploaded the source code file 
for the National Lottery Predictor (April '95) project to 
the pub/PICS/Lottery.Predictor sub-directory. Thanks to its 
author Julyan !lett for sharing the file with us. There is also a 
new, smaller nicad2.zip file in pub/docs/ which discusses 
Ni-Cad cell terminal voltages. 

Get the most from your post 
I'm acutely aware that many waders reside in countries where 

full-scale Internet access is still some way off. Indeed, as my 
postbag proves, a substantial number of our "wired" readership 
barely have access to E-mail, let alone other services such as 
World Wide Web and FTP. 
File Transfer Protocol (FTP) was fully described in Net Work 

October '96 issue, as a means of transferring or downloading 
interesting computer files from a "remote" machine onto your 
own "local" computer. To do this, it's best to use an FTP 
program on your own computer which will give you full control 
over the transfer process. 
You can use ordinary E-mail to help handle your FTP require-

ments, though. It's not reliable with very large files (say, over a 
few hundred kilobytes) but it saves you having to go on-line, 
connect to the remote FTP site and fetch the files for your-
self. Instead, you send a brief, simple E-mail message to an 
FTPmailer computer. The FTPmailer will then go away, find the 
file, and very generously send it to you as an E-mail! 
A typical E-mail request contains a small script of the Unix 

commands needed to instruct the FTPmailer where to go, and 
what to do when it gets there. For instance, on our FTP server 
there's a text file called epe_info.txt which is stored in the 
pub/docs/ directory. Here's an example of file retrieval using 
such an FTPmailer: 
First choose which FTPmailer you're going to use: you'll 

find it faster and more reliable to use one in or near to your 
country, which avoids loading other FTPmailers dotted around 
the planet. In the UK, the address is ftpmail@doc.ic.ac.uk so 
an E-mail is sent there, with no subject or signature, as follows 
(my notes in brackets): 

open ftp.epemag.wimborne.co.uk (find our FTP site) 
cd pub/docs (Change Directory to pub/docs) 
get epe_info.txt (fetch the file and mail it to me) 
quit 

The above simple E-mail message is sent to the FTPmailer at 
the Dept. of Computing, Imperial College, London. It sends an 
acknowledgement response soon afterwards, as follows: 

ftpmail has received the following job from you: 

reply-to alan@epemag.demon.co.uk 
open ftp.epemag.wimborne.co.uk anonymous alan@epemag 
.demon.co.uk 

cd pub/docs 
get epe_info.txt 

Itpmail has queued your job as: 183875366.75 
1 our priority is 1(0 = highest, 9 = lowest) 
Requests to sunsite.doc.ic.ac.uk will be done before other 
jobs. 

There are 130 jobs ahead of this one in the queue. 
4 ftpmail handlers available. 

To remove send a message to ftpmail@sunsite.doc.ic.ac.uk 
containing just: delete 183875366.75 

Note that I can cancel the request by mailing the ID number 
shown, and also see how it picked up the "anonymous" FTP 
password automatically. Otherwise, the file will arrive by E-mail, 
though you must allow anything from under an hour to a day or 
more. 
There may well be size restrictions involved with some 

FTPmailers, so don't waste your time trying to get the latest 
huge version of Netscape mailed to you! The main point is that 
obviously you need to know the exact address of the file you're 
interested in. 
Also, play safe and include the command binary if you are 

fetching ZIP files, graphics, programs or similar. 
Here's a list of some of the other FTPmailers: 

ft pinail@ftp.uni-stuttgarlde (Germany) 
ft pinail@doc.ic.ac.uk (United Kingdom) 
hitftp@vm.gmd.de (Germany) 
ftpmail@ftp.sunet.se (Sweden) 
ftpmail@sunsite.unc.edu (USA) 
ftpmail@ftp.uu.net (USA) 

I have to say that FTP by E-mail doesn't always seem to 
work, which might be due to the workload placed on servers at 
peak times. Hopefully this will still help add a new dimension to 
your vanilla E-mail connection though. Practise on our FTP site! 

Links 
Jump to the Net Work page on our WWW site for these 

electronics-related links which are there, ready-made for you: 
another for CE-engineers, the EMC and Safety FAQ is 
at http://world.std.com/-techbook/compliance_faq.html. En-
thusiast Gareth Downes-Powell asks me to point you all at his 
new WWW project which he hopes will become a full 
resource for PIC I6C84 users. It looks excellent, and it's on 
http://dspace.dial.pipex.com/town/parade/nx22. 
Calling Amiga users! The Amiga Software Archive is a full 

mirror of all available Amiga software (it says here) held 
on the Imperial College Sun Site at http://src.doc.ic.ac.uk/ 
aminet/info/www/home-src.doc.html. 
Interested in Mind Entrainment (as used in the series of EPE 

Mind Machine projects)? Try http://www.mind-gear.com 
for the low-down on "mental fitness technology". Cheers 
to Dave Preston for: http://www.triton.cc.il.us/elecmisc.html 
which points to several Electronics WWW Pages and FAQs. 
Also, http://www.cera2.com/srcnet.htm is an Electronics 
Search FAQ — Finding Electronic Design Information on the 
Internet. 
Also, http://ftp.unina.it/pub/electronics/REPAIIR/index. html 

is the European mirror for the Sci.Electronics.Repair FAQ where 
there are absolutely masses of worthwhile resources on the subject 
of repairing appliances and gear. Thanks to Massimo Gais in 
Naples for this. If you have any sites you'd like to share with your 
fellow readers, please let me know by E-mail. See you soon for 
more Net Work. 
My E-mail address is alan@epemag.demon.co.uk 
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ANALOGUE/DIGITAL TACHOMETER, PIC 
ANALOGUE FREQUENCY METER by Andy Flind 
ANALYSER, COMPONENTS 
ANALYSER, MIDI 
AUDIO SIGNAL. GENERATOR by Andy Flind 
AUTOMATIC CAMERA PANNING SYSTEM (Teach-In '96) 
by Max Horsey 

502 
534 
366 
444 
778 
194 
670 
901 
152 

590, 764 
342 
56 

LIGHT, SARAH'S 
LIGHTS, VARI-COLOUR CHRISTMAS TREE 

MAINS SIGNALLING UNIT by Andy Flind 
MET OFFICE, EPE - 2 
METER, ANALOGUE FREQUENCY 
METER, PIC-ELECTRIC 
MIDI ANALYSER by Julyan Ilett and Brett Gossage 
MIND MACHINE Mk III by Andy Flind 
MOBILE MISER by Terry de Vaux-Balbirnie 
MODEL RADIO SERVO ALIGNMENT, PULSTAR 
MOLE-ESTER, GARDEN 
MONO "CORDLESS" HEADPHONES by Robert Penfold 

46  MULTI-PURPOSE MINI AMPLIFIER by Robert Penfold 

BAT-BAND CONVERTER by Bill Mooney  262, 396 
BIKE-SPEEDO (Teach-In '96) by Max Horsey 

CAMERA PANNING SYSTEM, AUTOMATIC (Teach-In '96) 
CASSETTE RECORDER, STEREO 
CENTRAL HEATING CONTROLLER by Richard Stone 
CHECK, POWER 
CHRISTMAS TREE LIGHTS, VARI-COLOUR 
CLOCK, PIC-TOCK PENDULUM 
COMPONENTS ANALYSER by Jeremy Francis Siddons 
CONTROLLER, CENTRAL HEATING 
CONVERTER, BAT-BAND 
CONVERTERS, D.C.-TO-D.C. 
COUNTDOWN TIMER (Teach-In '96) by Max Horsey 
COUNTER, EVENT (Teach-In '96) 
COUNTER, ULTRA-FAST FREQUENCY GENERATOR AND, 

422 
892 

26,111 
68 
152 

122,232 
342 

182,274,360 
636 
456 
606 
612 
194 

Ni-CAD CHARGERS, ADVANCED  502 
628  NIGHTLIGHT, SARAH'S  422 

46 
916 
831 
718 
892 
697 

590, 764 
831 

262, 396 
820 

378, 646 
288 

434, 561 

D.C.-TO-D.C. CONVERTERS by Robert Penfold  820 
DELAY AND FLANGER, ANALOGUE  670 
DETECTOR, DRAUGHT  706 
DICE, VARI-SPEED DICE (Teach-In '96)  136 
DIRECT CONVERSION TOPBAND AND 80m RECEIVER 
by Adrian Knott G6KSN  789 

DOLBY PRO-LOGIC DECODER  Banded with April '96 
DRAUGHT DETECTOR by Terry de Vaux-Balbirnie  706 

EPE ELYSIAN THEREMIN by Jake Rothman 
EPE MET OFFICE - 2 by John Becker 
EVENT COUNTER (Teach-In '96) by Max Horsey 
EXPOSURE TIMER, SIMPLE 

FADE-TO-WHITE, VIDEO 
FILTER, TUNEABLE SCRATCH 
FLANGER, ANALOGUE DELAY AND 
FREQUENCY GENERATOR AND COUNTER, ULTRA-FAST 
FREQUENCY METER, ANALOGUE 
FUNCTION GENERATOR, 10MHz 

GAMES COMPENDIUM by John C. Barker 
GARDEN MOLE-ESTER by Terry de Vaux-Balbirnie 
GENERATOR, 10MHz FUNCTION 
GENERATOR AND COUNTER, ULTRA-FAST FREQUENCY 

HEADPHONES, MONO "CORDLESS" 
HEARING TESTER by John Becker 
HIGH CURRENT STABILISED PSU by Steve Knight 
HOME TELEPHONE LINK by Michael McLoughlin 

844, 934 
68 
288 

684, 764 

PENDULUM CLOCK, PIC-TOCK 
PIC DIGITAL/ANALOGUE TACHOMETER by Harbanse Deogan 
PIC-ELECTRIC METER by John Becker 
PIC GAME COMPENDIUM 
PIC-TOCK PENDULUM CLOCK by John Becker 
PIC16C84 PROGRAMMER, SIMPLE 
PIR DETECTOR ALARM, VERSATILE 
POWER CHECK by Terry de Vaux-Balbirnie 
PRINTER SHARER by Paul Stenning 
PSU, HIGH CURRENT STABILISED 
PULSTAR • MODEL RADIO SERVO ALIGNMENT by Phil Green 

RADIO 4 TUNER, SINGLE STATION 
RECEIVER, DIRECT CONVERSION TOPBAND AND 80m 

SARAH'S LIGHT (Child's nightlight) by Steve Aze 
SCRATCH FILTER, TUNEABLE 
SIGNAL GENERATOR, AUDIO 
SIGNALLING UNIT, MAINS 
SIMPLE EXPOSURE TIMER by Andy Flind 
SIMPLE PIC16C84 PROGRAMMER by Derren Crome 
SINGLE-STATION RADIO 4 TUNER by John Linsley Hood 
STEREO CASSETTE RECORDER by Robert Penfold 

TACHOMETER, PIC DIGITAUANALOGUE 
TAPE CONTROLLER, MIND MACHINE MkIll 
TELEPHONE LINK, HOME 
TESTER, HEARING 

748  THEREMIN, EPE ELYSIAN 
862  TIMER, COUNTDOWN (Teach-In '96) 
670  TIMER, SIMPLE EXPOSURE 

434, 561  TUNEABLE SCRATCH FILTER by Robert Penfold 
152  TUNER, SINGLE STATION RADIO 4 

757, 931  TWIN-BEAM INFRA-RED ALARM (Teach-In '96) by Max Horsey 

544 
606 

757, 931 
434, 561 

697 
901 

122,232 
544 
697 
102 
366 
718 

14,305 
220 
456 

520 
789 

422 
862 
56 

26, 111 
684, 764 

102 
520 
916 

901 
360 
468 
310 

844, 934 
378, 646 
684, 764 

862 
520 
534 

ULTRA-FAST FREQUENCY GENERATOR AND COUNTER 
by John Becker  434, 561 

VARI-COLOUR CHRISTMAS TREE LIGHTS by Robert Penfold 
VARI-SPEED DICE (Teach-In '96) by Max Horsey 

612  VEHICLE ALERT by Terry de Vaux-Balbirnie 
310  VERSATILE PIR DETECTOR ALARM by Andy Rind 
220  VIDEO FADE-TO-WHITE by Robert Penfold 
468  VU DISPLAY AND ALARM (Teach-In '96) by Max Horsey 

INFRA-ZAPPER (Teach-In '96) by Max Horsey  210 

892 
136 
778 
366 
748 
444 

10MHz FUNCTION GENERATOR by Andy Flind  757, 931 
80m RECEIVER  789 

REGULAR FEATURES 
AMATEUR RADIO by Tony Smith G4FAI 

84, 164, 244, 324, 404, 484, 572 

EDITORIAL  13, 101, 181, 261, 341, 421, 501, 589, 669, 747, 819, 891 

FOX REPORT by Barry Fox 
60, 108, 191, 280, 358, 442, 559, 598, 696, 786, 826, 932 

INNOVATIONS - NEWS 
24, 118, 192, 272, 352, 431, 509, 596, 676, 766, 829, 897 

NET WORK - THE INTERNET PAGE surfed by Alan Winstanley 
652, 732, 804, 876, 948 

NEW TECHNOLOGY UPDATE by Ian Poole 
23, 120, 198, 271, 351, 428, 558, 594, 688, 754, 842, 906 

OHM SWEET OHM by Max Fidling 
55, 133, 199, 306, 395, 454, 532, 604, 715, 802, 874, 940 

SHOPTALK with David Barrington 
20, 121, 216, 305, 371, 454, 513, 646, 683, 764, 860, 931 
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GENERAL FEATURES 
CHROMO-FLORISTICS by Zola McMalcolm 
DECIBELS AND THE dBm SCALE by Andy Hind 
ELECTRONICS PRINCIPLES 3.0 REVIEW by Alan Winstanley 
EUROPEAN CONSUMER ELECTRONICS SHOW REPORT 
by Barry Fox 

INTERNET, THE 
INTRODUCTION TO SATELLITE TELEVISION by Mike Rutherford 
MAKING YOUR OWN P.C.B.s by Andy Hind 
MATH PLUS REVIEW by John Becker 
MAX038 WAVEFORM GENERATOR REVIEW by Andy Hind 
MINISCOPE REVIEW by Robert Penfold 
MORE SCOPE FOR GOOD MEASUREMENTS 
(OSCILLOSCOPES) by Roy Bebbington  462, 

OSCILLOSCOPES, MORE SCOPE FOR GOOD MEASUREMENTS 
462, 514 

114 
305, 230 

121, 646, 802 
764 
646 

316 
54 
644 

32 
550 
770 

P.C.B.s, MAKING YOUR OWN 
PAL TRAINER REVIEW by Chris Roberts 
PLEASE TAKE NOTE 
Component Analyser 
Countdown Timer (May '96) 

BUILD YOUR OWN PROJECTS by Alan Winstanley 
1 - Guide Lines; Essential Tools and Equipment 
2 - Constructional Techniques and Soldering 

CIRCUIT SURGERY by Alan Winstanley 
144, 267, 476, 542, 626, 681, 784, 873, 939 

A Challenge  874 
Alkaline Cell Tabbing  683 
Art of Electronics book review  543 
Auto Battery Back-Up  146 
Auto Battery Charger  543 
Back in Time  627 
Berserk Bargraph  939 
BNC - Meaning What?  268 
Class Act  477 
Cycle L.E.D. Flashers  145 
Different Strokes  476 
Etchant Disposal  268 
Flashing L.E.D.s  268, 784, 873 
Hole Storage Noise  874 
Internet Round-Up  146 
Ni-Cads - Yet More!  145, 681 
PIC Files now Webbed  784 
Pointing at PICs  626 
Random Digital Pulses  144 
Relay Contact Suppression  477 
Retriggerable Timers  784 
Safely Handling Lead-Acid Batteries  681 
Shining Example  784 
Sites for Sore Eyes!  268 
Soft Starter  626 
Stripboard Current  543 
Take your PIC  542 
The Great Ni-Cad Debate Continues  682 
Time to Take Charge  626 
UK Sources FAQ  146, 268 
Voltage Monitor Problems  873 
Wheatstone Bridge  267 
Wheatstone's Origins  477 
555 Astables  267, 476 
DOWN TO EARTH by George Hylton 
Cascading operational amplifiers 

INGENUITY UNLIMITED hosted by Alan Winstanley 
36, 201, 389, 556, 642, 710, 801, 840,930 

Apology  557 
Attack/Decay Ramp Generator 
Basic Mains Supply Monitor 
Chart Recorder Input Attenuator 
Christmas Lights Dimmer and Life Extender 
Computer Control of Digital Radios 
"Custom Ferrari" 
D.C. Lamp Dimmer 
Dog Yap Inhibitor 
Drink Aid for the Blind 
Fuse Protection of Speakers 
Grand Prix Starting Lights 
Heads or Tails Indicator 
High Gain Transistor Amplifier 
High Voltage Regulator 

Digital Delay Line (Nov '95) 
Mini Roulette (I.U.) (Aug '96) 
Printer Sharer 
Simple Exposure Timer 
Sound Switch (Oct '95) 
10MHz Function Generator 

REVIEW, ELECTRONICS PRINCIPLES 3.0 
114  REVIEW, MATH PLUS 
62  REVIEW, MAX038 WAVEFORM GENERATOR 
692  REVIEW, MINISCOPE 
460  REVIEW, PAL TRAINER 

SATELLITE TELEVISION, INTRODUCTION TO 
514  SHOW REPORT, EUROPEAN CONSUMER ELECTRONICS 

SPIES, LIES AND ELECTRONICS by Barry Fox 

THAT'S A BARGAIN! by Mike Brown 
THE INTERNET by Alan Winstanley 

VALVES TODAY by Ian Poole 

WAVEFORM GENERATOR REVIEW, MAX038 

SPECIAL SERIES 
852,910 

822 
910 

724 
724 

710 
711 
801 
931 
557 
712 
389 
36 
801 
38 
643 
802 
201 
36 

121 
802 
305 
764 
121 
931 

644 
62 
692 
460 
230 

770 
32 
601 

618 
550 

296, 354 

692 

Incandescent Lamp Flasher  557 
Infra-Red Headphone Link  389 
Intruder Deluder  711 
L.E.D. Quick Test  841 
LM317 Voltage Regulator  36 
Mains Appliance Timer  930 
Mini Roulette  643, 802 
Model Fire Engine  725 
Model Railway Level Crossing Lights  841 
Mosquito Emulator  38 
Mosquito Repeller  556 
Ni-Cad Discharger  556 
Programmable Sequence Driver  37 
Programmable Timer/Sequencer  390 
Property Alarm  201 
PWM Model Train Controller  642 
Rain Sensor  201 
Remote Handset Tester  390 
Simple Amplifier  556 
Switchable Sub-Woofer  38 
Using LM317 with High Voltages  36 
8-bit Binary-to-Decimal Converter  840 
555 Astable Frequency Meter  712 

INTERFACE (PC Computer Techniques) by Robert Penfold 
76, 140, 218, 304, 386, 440, 525, 634, 690, 768, 856, 908 

Auto-Ranging Resistance Meter Interface  856 
Capacitance Meter Interface  768 
Coded Serial Interfacing  908 
Dual Supply Generation for RS232C Drivers  525 
Handshaking UARTs and PCs  525 
Parallel Interfacing via a 6504 UART  440 
PC-Controlling Model Railway Signals  140 
PCs and Model Railway Layout Control  76 
RS232C Serial Port and UART Interface  304 
Serial Interfacing with the 6402 UART  386 
Transistor Tester Interface  690 
Using an RS232C Break-Out Box  634 
16-Station Quiz-Master  218 

TEACH-IN '96 - A Guide to Modular Circuit Design 
by Max Horsey  40, 128, 204, 282, 374, 450, 528, 620 
3 - Latches, Motor Speed and Direction Control  40 
4 - Astables, Decade Counter/Chaser, L.E.D. Series Resistance  128 
5 - I.R. Receiver, Encoder/Decoder, Bistables, 

Pulsed Darlington Outputs  204 
6 - Switch Debouncer, Monostables, Binary/BCD Counter, 

L.C.D. Decoder/Driver and Displays  282 
7 - Clock Pulse Generators, Counters, 7-Segment 

Decoder/Drivers and Displays  374 
8 - Signal Mixing, Position-to-Voltage Sensing and VU Displays 450 
9 - Pulse Generators, Missing Pulse Detectors, Relays and 

Reed Switches  528 
10 - Proximity Sensing and Tachometers  620 

TECHNIQUES - ACTUALLY DOING IT by Robert Penfold 
52, 149, 716 

Beginners' Guide to Choosing and Building Projects  716 
Obtaining Components; Semiconductor Numbering; 
Transistor Pinouts; Logical Type Numbers and Reliability  149 

Problems with Soldered Joints  52 

SPECIAL OFFERS AND SERVICES 
ADVERTISERS INDEX 

88, 168, 248, 328, 408, 488, 576, 656, 736, 808, 880, 952 

BACK ISSUES 66, 142, 209, 294, 391, 449, 548, 640, 722, 776, 858, 928 

CATALOGUE (Greenweld Winter Supplement)  between 208, 209 

DIRECT BOOK SERVICE 
79, 159, 239, 319, 399, 479, 567, 647, 727, 798, 870, 942 

ELECTRONICS VIDEOS 
65, 134, 228, 309, 372, 478, 570, 610, 709, 796, 868, 938 

FAX ON DEMAND  392, 475, 549, 641, 723, 777, 859,929 

FREE COVER-MOUNTED BOOKLET - 
DOLBY PRO-LOGIC DECODER  banded with APR '96 

FREE COVER MOUNTED BOOKLET - 
UNDERSTANDING ACTIVE COMPONENTS  banded with OCT'96 

FREE COVER MOUNTED STEREO HEADPHONES 
(UK issues only)  banded with MAR '96 

PRINTED CIRCUIT BOARD SERVICE 
82, 162, 243, 322, 402, 482, 571, 650, 730, 803, 875, 945 
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DC TO DC CONVERTERS 
DRM58 input 10-40vdc output 5v 8A £15 

DRM128 input 17-40vdc output 12v 8A £50 

DRM158 input 20-40sxlc output 15v 8A £50 

DRM248 input 29-40vdc output 24v 8A £40 

DRS123 input 17-40vdc output 12v 3A £20 

DRS153 input 20-4 Wdc output 15v 3A £20 

DRS243 input 29-40vdc output 24v 3A £15 

SOLID STATE RELAYS 
CMP-DC-200P 3-32vdc operation, 0-200vdc 1A £2 50 
SMT20000/3 3-24vdc operation. 28-280vac 3A £4.50 
SMT20000M 3-24vdc operation, 28-280vac 4A £5 CO 

ZRA6025F 28-280vd/ac operation. 28-280vac 25A £7 CO 

200 WATT INVERTERS Nicely cased units 12v input 240v 
output 150watt continuous. 200 max £49 ref LOT62 

6.01AW HELIUM NEON LASERS New units. £65 ref L0133 
COINSLOT TOKENS You may have a use for these?mixed bag 
of 100 tokens E10 ref LOT20 

PORTABLE X RAY MACHINE PLANS Easy to construct 
plans on a simple and cheap way to build a home X-ray machine' 
Effective device, X-ray sealed assemblies can be used for 
expenmental purposes Not a toy or for minors' £6/set Ref F/XP1 

TELEKINETIC ENHANCER PLANS Mystify and amaze your 
fnends by creating motion with no known apparent means or cause 
Uses no electncal or mechanical connections no speaal gimmicks 
yelp rcdu cesp ositve moton a nd effect E xcellent for saence p roi eds. 
magic shows, party demonstrations or serious research 8 
development of this strange and amazing phychic p r enomenon 
E4/sel Ref F/TKE1 

ELECTRONIC HYPNOSIS PLANS IL DATA Thisdata snows 
several ways to put subjects under your control Included is a full 
volume reference test and several construction plans that when 
assembled can produce highly effective stimuli This matenal must 
be used cautiously It is for use as entertainment at parties etc only. 
by those expenenced in its use E15/set Ref F/EH2 

GRAVITY GENERATOR PLANS This unique plan 
demonstrates a simple electncal phenomena that produces an anti-
gravity effect You can actually build a small mock spaceship out of 
simple matenals and without any visible means- cause 11 to levitate 
E10/set Ref F/GFtAl 

WORLDS SMALLEST TESLA COIL/LIGHTENING 
DISPLAY GLOBE PLANS Produces up to 750.000 volts of 
discharge, experiment with extraordinary HV effects 'Plasma in a 
jar, St Elmo's ire, Corona. excellent science project or conversation 
piece E5/set Ref FA3TCII1.G5 

COPPER VAPOUR LASER PLANS Produces 10Ornw of 
visible green light High coherency and spectral qLality similar to 
Argon laser but easier and less costly to build yet far more efficient 
Thsparlculardesgnwas developed at theAtornc EnergyCommision 
of NEGEV in Israel E10/set Ref F /CVL 1 

VOICE SCRAMBLER PLANS Mmature solid state system 
turns speech sound into indecipherable noise that cannot be 
understood without a second matching urvt Use or telephone to 
prevent third party listening and bugging Efaset Rel F/VS9 

PULSED TV JOKER PLANS Little hand held device utilises 
pulse techniques that will completely disrupt TV picture and soundl 
works on FM too' DISCRETION ADVISED E8/set Ref F/TJ5 

BODYHEAT TELESCOPE PLANS Highly directional long 
range device uses recent technology to detect the presence of living 
bodies warm and hot spas heat leaks etc Intended for secunty. law 
enforcement, research and development, etc Excellent security 
device or very interesting science protect E8/set Ref F/BHT 1 

BURNING, CUTTING CO2 LASER PLANS Protects an 
invisible beam of heat capable of bu"ning and melting matenals over 

a considerable distance This laser is one of the most effiaent 
converting 10% np ut power into useful output Not only is ths device 
a workhorse in welding cuttng and heat processing materials but it 
is aiso a likely candidate as an effectve directed energy beam 
weapon against missiles, aircraft, ground-to-ground. etc Particle 
beams may very well utilize a laser or (hs type to blast a channel in 
the atmosphere for a high energy stream of net trons or other 
partdes The device is easily applicable to burning and etching 

wood cutting plastics textiles etc E12/set Rel F/LC7 

MYSTERY ANTI GRAVITY DEVICE PLANS Uses simple 
concept Objects float in air and mode to the touch Defies gravity, 
amazing gift, conversation piece, magic trick or spe w.° proect. E6/ 
set Ref F/ANT 1K 

ULTRASONIC BLASTER PLANS Laboratory source cationic 
shock waves Blow holes in metal. produce 'cold slam, atomize 
liquifies Many cleaning uses for PC boards jewllery. coins, small 

parts etc E6/set Ref FIULB1 

ULTRAHIGHGAM AMP/STETHOSCOPICM IKE/SOUND 
AND VIBRATION DETECTOR PLANS Uttrasensitve device 
enables one to hear a whole new world of sounds Listen through 
wets. windows, floors etc Many applicators shown, from law 
enforcement, nature listening, medical heartbeat to mechanical 
devices £6/set Ref F/HGA7 

ANTI DOG FORCE FIELD PLANS Highly effective circuit 
produces tune vanable pulses of actoustical energy that dogs 
cannot tolerate E6/set Ref F/DOG2 

LASER BOUNCE LISTENER SYSTEM PLANS Allows you 
to hear sounds from a premises without gaining access E12/set Ref 

F/LLIST 1 

LASER LIGHT SHOW PLANS Do d yourself pians show three 
methods £6 Ref F/LLS1 

PHALOR BLAST WAVE PISTOL SERIES PLANS 
Handheld, has large transducer and battery capacity with extemal 

controls £6/set Ref F/PSP4 

INFINITY TRANSMITTER PLANS Telephone line grabber/ 
roan monitor The uromate in home/office secunty and safety, simple 
to user Call your home or office phone. push a secret tone on your 
telephone to access either A) On premises sound and voices or B) 
Existing conversation with break-in capability for emergency 
messages £7 Ref F/TELEGRAB 

BUG DETECTOR PLANS istnai someone gen ng the goods on 
you Easy to construct device locates any hidden source of radio 
energyl Sniffs out and finds bugs and other sources of bothersome 

WOLVERHAMPTON BRANCH 
NOW OPEN AT WORCESTER ST 
WIIAMPTON TEL 01902 22039 

intakinince Detects low. high and UHF frequencies E5/set Ref F/ 
801. 

ELECTROMAGNETIC GUN PLANS Projects a metal °bled a 
considerable iislance requires adult supervision £5 ref F/E111L2. 

ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE 
TOUCH OF YOUR NANDI £5/set Rei F/EMA1 
PARABOLIC DISH MICROPHONE PLANS Listen to distant 
sounds and voic es. open windows, sound sources in 'hard to gel' or 
hostile premises Uses satellite technology to gather distant sounds 
and focus than to our ultra senstve electronics Plans also show an 
optional wireless link system E8/set ref F/PM5 

2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND 
NIGH DC VOLTAGE, SOLID STATE TESLA COIL AND 
VARIABLE 100,000 VDC OUTPUT GENERATOR PLANS 
Operates On 51-12vdc. many possible experiments El° Ref F/HVAI7/ 
TCL4. 

INFINITY TRANSMITTERS The ultimate bug*Ats to any 
phone or line undetectable, listen to the conversations in the room 
from anywhere in the world' 24 hours a day 7 days a week' just call 
the nurnber and press a button on the mini controller (supplied) and 

you can hear everything, Monitor conversations for as long as you 
choose £249 each, complete with leads and mini controller, Ref 
1.019 Undetectable with normal RF detectors, fitted in seconds, no 
battenes required, lasts forever, 

SWITCHED MODE P51.1S 244 watt,  32A. .12 6A. -5 0 2A. - 
12 0 2A There is also an optional 3 3,425A rail available. 120/240v U 
P Cased. 175x9Ck145rnm IEC inlet %stable for PC use (6 d/drIve 
connectors 1 rruboard) £l0 ref PSU1 
VIDEO PROCESSOR UNITTIVIN 10AH BATTS/12V 0A 
TX Not too sure what the functon of these units is but they certainly 
m*e good stnppersl Measures 390X320X120mm. on the front are 
controls for scan speed scan delay scan mode. loads of connections 
on the rear Inside 2 x 6v 10AH sealed lead acid batts, pcb's and a 8A? 
12v torradial transformer (mains in) Condition not known. may have 
one or two broken knobs due to poor storage £17 50 ref VP2 

RETRON NIGHT SIGHT Re cognition of a standing man at 300m 
In 1M moonlight, nemiatically sealed, runs on 2 AA banenes. 80/mm 

F1.Stains, 20mw infrared laser included £325 ref RET RON 
MMII FM TRANSMITTER KIT Very high gain p ream p. supplied 
complete with PET electret microphone Designed to cover 88-108 
Mhz but easily changed to cover 63-130Mhz Works with a common 
9v (PP3) battery 02W RF £7 Ref 1001 

3-30V POWER SUPPLY KIT Venable, stabilized power supply 
blab use Short circuit protected. suitable for profesional or amateur 
use 24v 3A transfomier is needed to complete the kit £l4 Ref 1007 

1 WATT FM TRANSMITTER KIT Supplied with piezo electric 
mic 8-304dc At 25-304 you will get nearly 2 watts' £l2 ref 1009 

FIN/AM SCANNER KIT' Well not quite you have to turn the knob 
your self but you will hear things on this radio that you would not hear 
on an ordinary radio (even TV) Covers 50-160mhz on both AM and 
FM Bull in 5 watt ampliter, inc speaker El5 ref 1013 

3 CHANNEL SOUND TO LIGHT KIT Wireless system mains 
operated, separate sensitivity actuarnent for each channel. 1.200 w 
power handling, microphone included £14 Ref 1014 

4 WATT FM TRANSMITTER KIT Small but powerful FM 
transmitter, 3 RF stages microphone and audio preamp included 
£20 Ref 1028 

STROBE LIGHT KIT Actustable from 1-60 hi (a lot faster than 
conventional strobes) Mains operated £16 Ref 1037 

COMBINATION LOCK KIT 9 key. programmable, complete with 
keypad, will switch 2A mains 9v dc operation £10 ref 1114 

PHONE BUG DETECTOR KIT This device will warn you if 
somebody is eavesdropping on your line £6 ref 1130 

ROBOT VOICE KIT Interesting circuit that distorts your voice 
adjustable, answer the p hone w ith a different voice( 12v dc E9 ref 1131 

TELEPHONE BUG KR Small bug powered by the 'phone line, 
starts tran smitting as soon as the phone is picked upl £8 Ref 1135 

3 CHANNEL LIGHT CHASER KIT 800 watts per channel. 
speed and direction controlssupplied with 12 LEDS (you can Mtnacs 
instead to make WI mains, not supplied) 912vdc £17 ref 1026 

12V FLOURE3CENT LAMP DRIVER KIT Light up 4 foOttubes 
from your car battery' 9v 2a transformer also required £8 ref 1069 

voxswrrca KIT Sound activated sw itch ideal br making bugging 
tape recorders etc adjustable sensitivity £8 ref 1073 

Check out our 

WEB SITE 
Mtp3//wwi.v.pErvIllon.00.uk/bullislootrloal 

PREAMP MIXER KIT 3 input mono mixer sep bass and treble 
controls plus individual level controls. 18vdt. input sens 100mA E 1 5 
ref 1052 
*RO M Cr OUR PRODUCTS MAY RE UNLICERSABLE UV THE UK 

BULL ELECTRICAL 
250 PORTLAND ROAD, UOVE„ SUSSEX. 
13N3 5QT. (ESTABLISHED 50 YEARS). 

MAIL ORDER TERMS: CASH, PO OR CHEQUE 
WITH ORDER PLUS £3 P&P PLUS VAT. 

PLEASE ALLOW 7-10 1)AYS FOR DLLIVIRYPIIONE ORDI-AS 

WELCOME (ACCESS NISA.. SWTICKAMERICAN EXPRESS 

TEL: 01273 203500 
FAX 01273 323077 

E-mail bull@pavilion.co.uk 

SOUND EFFECTSGENERATOR K IT PK:duces sounds ranging 
from hire chips to sirens Complete with speaker. add sound effects 
to your projects for just £9 ref 1045 

16 WATT FM TRANSMITTER (BUILT) 4 stage high power. 
preamp required 12-18vdc. can use ground plane, yap or open 
dipole £69 ref 1021. 

HUMIDITY METER KIT Builds into a precision LCD humidity 
meter 9 lc design, pc!), lad display and all components included £29 

PC TIMER KR Four channel output controlled by your PC, will 
switch high current mains with relays (supplied) Software supplied 
so you can program the channeAs to do what you want whenever you 
want Minimum system conageration is 286. VGA. 4 1,64Cik. senal 
port hard dnve with min 1COk free £24 99 

FM CORDLESS M ICROPHON E This unitisan FM broadcasbng 
staton in minature. 3 transistor transmitter with electret condenser 
micvfefainp design result in m axm um sensitivity and b road freque ncy 
response 90-105mhz. 50- 150011z. 500 foot range in open country, 
PP3 battery required £15 00 ref 15P42A 

MAGNETIC MARBLES They have been around for a number of 
years D0 011 give 'Ise to cunosity and amazement A pack of 12 isjusl 
£3 99 ref Gl/R20 

NICKEL PLATING KIT Proffesonal electroplating kit that will 
transform rusting parts into showpieces in 3 hours] Will plate onto 
steel, iron, bronze, gu nmetal, copper, welded.silver sot de red or brazed 
(ants KA ndudes enough to plate 1.000 sq inches You will also need 

a 12v supply. a container and 2 12v light bulbs £39 99 ref NIK39 

Minaturs adjustable timers, 4 pole 0/0 output 3A 240v, 
HY1230S, 12vDC adjustable from 0-30 secs  £4 99 

HY1260M, 12vDC adjustable from 0-60 mins  £4 99 

HY2405S, 240v adjustable from 0-5 secs  £4 99 

HY24060m, 240v adjustable from 0-60 mins  £6 99 

BUGGING TAPE RECORDER Small voice activated recorder. 
uses micro ca ssette complete mai headphones £28 99 ref MAR29P 1 

POWER SUPPLY fully cased with mains and cdp leads 17v DC 
90CrnA output Bargain pnce £5 99 ref MAG6P9 

9v DC POWER SUPPLY Standard plug in twe 150ma 9v DC with 
lead and DC power plug pnce for two is £2 99 ref AUG3P4 

COMPOSITE VIDEO KIT. Converts composite video into sepa-
rate H sync, V sync, and video 12v DC £8 00 REF: MAGIIP2_ 

FUTURE PC POWER SUPPLIES These are 295x 135x6Omm 
4 dnve connectors 1 mother board connector 150watt 12v fan iec 
inlet and on/off switch £12 Ref EF6 

VENUS FLYTRAP KIT Grow your own carnivorous plantwith this 
simple lot £3 ref EF34 

6-X1 r AMORPHOUS SOLAR PANEL 12v 155x310mrr 
130mA Bergen pnce just £5 99 ea REF MAG6P12 

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4 99 
ref MAG5P13 ideal for expenmentersi 30m for £12 99 ref MAG13P 

ROCK LIGHTS Unusual things these two pieces of rock that glow 
when rubbed together' Derived to cause ranlE3 a pair Ref EF29 

3* by 1' AMORPHOUS SOLAR PANELS 14 5v. 700mA 10 
watts, aluminium frame, screw terminals E44 95 ref MAG45 

ELECTRONIC ACCUPUNCTURE KIT Buldsintoan electronic 
version instead ol needles' good to expenment with £7 ref 7P30 

SHOCKING COIL KIT Build this little battery operated device into 
all sorts of things also gets worms out of the ground' £7 ref 7P36 

FLYING PARROTS Easily assan bled kit that builds a parrot that 
actually flaps its wings and thesi 50 m range £6 ref EF2 

HIGH POWER CATAPULTS Hinged arm brace for stability 
tempered steel yoke super strength latex power bands Departure 
speed of ammunition is in excess of 200 mil es per hour Range of over 

200 melt ed £7 99 ref R/9 

BALLON MANUFACTURING KIT Biffish made, small blob 
blows into a large, longlast ng balloon. hours of fun, E3 99 ref GI/E99R 

9-0-9V 4A TRANSFORMERS. chassis mount £7 ref LOT 19A 
2.6 KILOWATT INVERTERS, Packed with batteries etc 
but at they weigh about 100kg CALLERS ON LYI £120. 
MEGA LED DISPLAYS Build your set I a dock or something vial 
these mega 7 seg displays 55mm high. 38rnm wide Son a pcbfcr just 
£4 99 ref L0116 or a bumper pack of 50 displays for lust £29 ref 
LOT 17 

CLEARANCE SECTION, MINIMU M ORDER 

£15, NO TECHNICAL DETAILS AVAILABLE, 

NO RETURNS, TRADE WELCOME. 
2000 RESISTORS ON A REEL (SAME VALUE) 99P REF BAR113 
AT LEAST 200 CAPACRORS (SAME VALUE 99P REF BAR342 
INFRA RED REMOTE CONTROLS JUST 99P REF BAR333 
CIRCUIT BREAKERS, OUR CHOICE TOCLEAR 99P REF BAR335 
MICROWAVE CONTROL PANELS TO CLEAR E2 REF BAR 329 
2 TUBES OF CHIPS(2 TYPES OUR CHOICE) 90P REF BAR305 
LOTTERY PREDICTOR MACHINE!! JUST £1.50 REF BAR313 
HELLA UROVER ELECTRIC H/LAMP LEVELLERE2 REF BAR311 
SINCLAIR C5 1r TYRES TO CLEAR AT JUST 75P REF BAR3111 
LARGE MAINS MOTORS (NEW) TO CLEAR AT 75P REF BAR310 
MODEMS ETC FOR STRIPPING £2.50 EACH REF BAR324 
110V LARGE MOTORS (NEVI) TO CLEAR AT 50P REF BAR332 
MODULATOR UNITS UNKNOWN SPEC JUST 50P REF BAR323 
0%4000 CANES COSOLES JUST £4 REF BAR320 
SMART CASED MEMORY STORAGE DEVICE, LOADS OF BR'S 
INSIDE, PCB, MOTOR, CASE ETC BUMPER PACK OF 5 
COMPLETE UNITS TO CLEAR AT E2.50(FOR 5) REF BAR 330. 
2 CORE MAINS CABLE 2/11LENGTHS PACK OF 4 Et REF BAR337 
PC USER/BASIC MANUALS, LOADS OF INFO. El REF BAR304 
PCB STRIPPERS TO CLEAR AT 2 FOR 99P REF BAR341 
3 M SCORE NA M CABLE AND 13A PLUG. SOP REF BAR325  

WE BUY SURPLUS STOCK 

FOR CASH 
BUYERS DIRECT LINE 0802 660377 

FREE CATALOGUE 
100 PAGE C ATALOGUE NOW 
AVAILABLE. 45P STAMPS. 
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OMNI ELECTRONICS 
174 Dalkeith Road, Edinburgh EH16 5DX * 0131 667 2611 

The supplier to use if you're looking for:-
* A WIDE RANGE OF 
COMPONENTS AIMED  . . 

AT THE 
HOBBYIST  

t ; * COMPETITIVE  
VAT INCLUSIVE  ' 
PRICES *  

r, \ . * MAIL ORDER - generally by 
RETURN OF POST *  v11=-teft 

Tr*. i 
-  * FRIENDLY SERVICE * citt;i: 4 

,% , 
1995/6 CATALOGUE NOW IN STOCK! 
COST: £2.00. Includes vouchers to offset 

against future purchases. 

OPEN: Monday-Thursday 9.15 - 6.00. 
Friday 9.15-5.00  VISA 

A L  Saturday 9.30-5.00 

Millions of quality components 
at lowest ever prices! 

Plus anything from bankruptcy - theft recovery 
- frustrated orders - over production etc. 

NO VAT to add on. 
Send 45p stamped self addressed label or 

envelope for clearance lists. 
Brian J Reed 

6 Oueensmead Avenue, East Ewell 
Epsom, Surrey KT17 3ECA 

Tel: 0181-393 9055  Mail 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 
thousand of an item is available. (Payment is returned if sold out. I do 
not deal in credit notes). This will sometimes entail a delay of up to 
eight weeks - but the prices will be worth the wait! 

I IIGH QUALITY 1.0W COST 

C.C.T.V. CAMERA 
VERY LO W LIGHT LEVEL. 

AUTO ELECTRONIC SHUTTER. 
COMPOSITE VIDEO OUT VIA 

IINC PLUG. 
SMALL DISCRETE SIZE. 

CAN BE USED WITH PC DIGITISER. 

This super quality CCD camera 
can be connected into your exist-
ing TV or video using the AV 
channel and can be used for 
discrete surveillance or observing 
your property externally using a suitable weatherproof housing. Can 
accommodate lighting levels ranging from daylight to street lighting using 
its built in electronic shutter. Excellent when using with an infra red source. 
Built in wide angle fixed focus lens the camera has a resolution of 380 TVL. 
Can be housed inside an empty floodlight case. (extra). 

Special offer price of only: £79.95 Plus VAT (P&P £3.50) 
For full range of ('('TV products send SAE to: 

Direct CCTV ltd.. Dept. l'E27., Direct House, Florence Street, 
Middlesbrough TS2 !DR. 

NEW IAINI CAMERA and SPECIAL OFFERS 
NEW - Hint Waterproof TV Camera, 4.. 4 .1 'IT 
requires 105, to 16V at 1201714 with composite odeo 
output (to bed 'Moe Video or a TV with a SCART plug) 
ft has a hop resolution ol 450 TV roes vertical and 380 
TV lines horizontal. electronic auto ins for nearly dark 
II LUX) to brpht sunlight operabon and a whole lens 
writhe 92 degree held ol view. C focuses down to a lea 
car Ito lifted with a 3-wire lead (120 st god and vale° 
out) £93 57 nOAT = E109.118 or 10. £59,32 + VAT 
= £10495. 

High quality Slopping Motor Kb (al Warding Hopping 
motors) Comstep odepender4 ccintrol of two a mass 
motors by PC lea the Parallel Pod) with aye malOrt and 
solar/are  45 £87.00; Bull £99.00 

Power Osliefac.: 4A WI £36.06. OA M. M OO. 
Stopper he 4 (manual control) edibles 200 step Slapping 

Hand Held Transistor Analyser. Niels you which lead is 
he base. the collector and earner and 04 a NPN or 
PNP or bully. £33.45 Spare 6V battery £1.20 

LEDs 3mm ar to  Red or Green 70 each. Yea,* 1 1p each 
Cable 'Iles ip each. £5.95 per 1000. £4930 per 10.000 

RECHARGEABLE BATTERIES 
AA (HP7( 500mAll  £0.99 
AA 700mAH  £1.75 
C 2AH toth solder tags  £3 60 
D OW rot!, solder lags  DI 95 
1r2AA with soldeso rmAns  El 55 
AAA (HP1611  El ,75 
AA 50OrnAH wri scale. lags  £1.55 
C (HP11) 1.2AH  £220 
0 (HP2) 1-2Afi  £2 60 
PP3 8151 1 1 OmAH  £4.95 
Sub C mei solder tags  £.50 
13 M *eh tags (Mhos CTV)  £1.95 
Semirigid Charger, charges 4 AA cods in 5 hours or 4 Cs 
or Ds n 12 to 14 hours. pbs 1 .PP3 ii 2. 3 or 4 cells may 
be charged at a erne)  £5.95 

High Power Chimer, as alone Pit charges the Cs and Ds n 
5 hours AAs. Cs and Ds must be charged in twos or 
lows  £10.95 

Nickel Metal Hyrkyrie AA cals. mai) :An.- t, we no me mo, ft 

£3.75 
SPECIAL OFFERS - 

PLEASE CHECK FOR AVAILABILITY 
Sea ol 4, 42n'ura 16mrn NrCad battenes171mm.16rtun 
do mei red and black leads. 4851  £5.95 

Five bulled cal, 60 280mAH beaky oath wires 
(VarlaSa 25001(1  £2.45 

Shaded-pole motor, 2400 a c 5mm a 20mrn shaft. 
80mm . 6Ornm a 55nwn. 8.dt/ding the shalt,  . £4.95 

115V se. 500 80. motor, 4mm . Ylmrn shaft 5Cern the 
60mm long body (excluding the shaft) ft has a replaceable 
thermal hate and bristles  E4.94each. £3.125 100 t 

7. inent, common anode le d cksplay. 12mm  45p 
LJA.U7K, TO3 case. Variable regulaior £1.95, 100  £1.44 
GaAs F.E.T. low leakage current 08873 

£12.95 each £9.95 10., 07.85 100 • 
135250 pchannel 110SFET  459 
8C559 transistor_  £305 per 103 
BC5475 trans r  20 tor 01.00 
74LSO5 Her inverter..  .  t10.00 per 100 
Used 8748 lAcr000nholler.  £.50 
SL952 UHF Limiing amplest.. L C 16 surtace mouniing 
package with data eheel.....  . T1.95 

DC-DC Conowetie. Reliability model V1295. 12V in. 50 
200mA out 3000 nput-to-oulpta = Won with data 

.......01116 sect, or pack of 10 £39.50 

How Counter used 7 digit 2400 a c 50Hz  £1.45 
OWERTY keyboard. 58 key good quality 
syntches new  £6.00 

Alrpas A82903-C large stepping motor 14V 75 slep 
27 ohm. 68rnm dia body 6 3mm shall  T8.95 oi [200 
for a box 0130 

P01Yester Capacitors. boa 4913. 22 5rnm lead pear 
OtruF 250V d c 18p each. 1 4p 100 + 9p 1000 • 
1 uF 250V d c 20p each 15p 100  10p 1000 + 

1 tiF 500 Paola, electrolybc and leads 159 each 7-5p 
1000 • 

0-22uF 250V polyester anal leads, 15p each. 100+ 7-5p r 
Polyprcitylane I ILF 4000 a c (Wria MKPIO) 27 5mm ot 
32mm a29 ma 17mm case. 75p each.60p100 , 

Phligis 123 senes wad aluminum and leads 
33µF 10V ard21µF40V4Opeacli,25p100. 

108 semis. bng 

Multitayer AVE ceramc we ars. el 5rtm pith. I 0011 
ICOaF. 150pF. 220pF.10.000pF (10n) 10p each. 
5p100., 3.5p 1000 

50599 compression trrnmsr capacitor...  60 P 
400F 3700 a c motor start capacitor Ictsatodrol type 
conlanng no p c.b st  .  E895 PE49.50Ior 10 

Sold carton resistors very low inductance deal ha rt 
mats. 27 ohm 2W. 68 olm 2W 25p each. 
15p each I00 • 

We nave a range o1025W. 05W. 1W arid 2W solkl carbon 
resistors - Pa m send SAE 'orb! 

PC. 400W PSU (Intel part 201035-Wit reth stardwd 
moherbowd and frve dek drive connectors. tan ard mains 
input/output conneclors on back and welch an Me side 
(too for lower case) cams 212mm x 149rr5na I49mm 
excluding meth. £26.00 each. £13800 Sr 6 

1,12180 Digital Mullimeler 17 ranges. 1000V d c 
7500 az. 21Aegohni 200m6 transistor Ole 90 and I'5V 
battery test  .  (9.95 

AND 27256-3 EPROMs £2.00 each. T125 100 
DIP when 3PCO 12 per (ERG SDC 3 023) 
60p each. 40p 100 . 

Disk Drive Bons bra 5-25 dolt dm* wrOr rcore to, a cow, 
supply, hohtprey plastic 67mrn a 268mm a 247n,' £7 95 
Te9.50 tor 10 

Hentisid Ultrasonic 146110111 Control_  L 
CV2488 Gas Retry 30mm a Itheet dia. with 3-eve w-
on alio oak as a neon Istit  20p , 
°frt.:1pr 100 

Verbatim MO M %error tope mrmsdrey wed on mc 
mode m IMO printing paws et0 looks ',Manor-mat 
cassette with a ON Olt out Cl Iii lop 

£425 each E3.75 100 
90 11 

HV3-2405-E5 50-240 50mA Regulator  I8V 2640 a c 
,npui 8 pin DX package .  £3.49 each. 100 • £2.25 

L11555 timer Lc., 16p. Spin DIL socket, 60 

AA products ackerftsed are new and unused 
unless otherwise stated 

Wine range ot cmOS TT) 74HC74F t near Transo m los 
•ecrld.,,e0  velarlIce, inri, 

JPG ELECTRONICS 
276-278 Chatsworth Road 
Chesterfield S40 2BH 

Access Visa Orders: 
Tel: (01246) 211202 Fax: (01246)550959 

Callers welcome 9 30am to 5 30pm 
Monday to Saturday 
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PO WER A MPLIFIER M ODULES-TURNTABLES-DI M MERS-
LOUDSPEAKERS-l9 INCH STEREO RACK A MPLIFIERS 

• PRICES INCLUDE V.A.T. • PRO MPT DELIVERIES • FRIENO..Y 
SERVICE • LARGE (A4I S.A.E., SOp STA MPED FOR CATALOGUE*  

OMP MOS-FET POWER AMPLIFIERS 
HIGH POWER, TWO CHANNEL 19 INCH RACK 

THOUSANDS PURCHASED 
BY PROFESSIONAL USERS 

THE RENO WNED MXF SERIES OF PO WER AMPLIFIERS 
FOUR MODELS:- MXF200 (100W  100W) MXF400 (200W  200W) 

MXF600 (300W  300W) MXF900 (450W  450W) 
ALL PO WER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 

FEATURES: *Independent power supplies woth Iwo toroidal transformers • Twin  E 0 Vu meters * 
Level controls • Illuminated on/cof1 switch * XLR connectors • Standard 775nW inputs • Open and short circuit 
proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low 
distortion • Aluminium cases • MXF600 & MXF900 fan cooled with DC loudspeaker and thermal protection. 

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS En. 
SIZES  M•F200 W19 .H3' • (2U).D11 

MXF400 W1 9 xH5'. (31.1).012 
MXF600 W1 9 .H5'. (3U).131 3' 
MXF900 W19 .H5'. (3U).131 4'. 

PRICES:- M XF200 £1 75.00  M X F400 £233.85 

M XF600 £329.00  M XF900 £449.1 5 

SPECIALIST CARRIER DEL £12 50 EACH 

• • 

Advanced 3-Way Stereo Active Cross-Over. housed in a 19- x 10 case Each channel has three level controls 
bass. mid 8 lop The removable front fascia allows access to the programmable DI- switches to adjust the 
cross-over frequency Bass-Mid 250/5001800Hz. Mid-Top 1 8/3/5KHz. all at 24013 per octave Bass invert switches 
on each bass channel Nominal 775mV input/output Fully compatible with OMP rack amplifier and modules 

Price £117.44  £5.00 P&P 

STEREO DISCO MIXER with 1 a 7 band 
L0 R graphic equalisers with bar graph 
LED Vu meters  MANY OUTSTANDING 
FEATURES:. including Echo with •epeat 
speed  control,  DJ  Mic  with talk-over 
switch. 6 Channels with individual faders 
plus cross fade, Cue Headphone Monitor. 8 
Sound Effects. Useful combination of the 
following inputs, 3 turntables (wag). 3 
moos, 5 Lone for CD, Tape, Video etc. 

Price £144.99  £5.00 P&P 

•1:1.3 * ECHO & SOUND EFFECTS* 

SIZE 

• •T=T•110 

482 • 240 • 120 m m 

Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter voduces an improved 
transient response with a lower distortion level than ordinary dynamic tweeters As a c-ossover is not required 
these units can be added to existing speaker systems ol up to 100 watts (more if two are put in series FREE 
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 

•  . . TYPE 'A' (KSN1036A) 3 round with protective wire mesh. Ideal for )1. ,i: bookshelf and mediJm sized Hi-Fi apeakers. Price £4.90  50p P&P. 
'.---' TYPE 'B' (KSN1005A) 3',  super horn for general purpose speakers. 

TYPE e  disco and P.A. systems etc Price £5.99  50p P&P. 

TYPE 'C' (KSN1016A) 2 x5 wide dispersion horn for quality Hi•Fi sys-

tems and quality discos etc Price £6.99  50p P&P. 

TYPE 'D' (KSH1025A) 2 x6  wide dispersion horn. Upper frequency 

response retained extending down to mid-range (2KHz) Suitable for high 

quality Hi-Fi systems and quality discos. Price £9.99  50p P&P. 

TYPE 'E' (KSN1038A)3't horn tweeter with attractive silver finish trim. 

Suitable for HI-Fl monitor systems etc Price £5.99  50p P&P. 

LEVEL CONTROL Combines, on a recessed mourtinq plate. level control 

and cabinet input lack socket. 85x85mm Price £4.10  50p P&P. 

Tye 

TYPE C  TYPE I 

•1:',1:1:1•1:5J4C:01Y1:11,',1;111IJI 111:1•1.1.11115-.-
These modules now enpoy a worldwide reputation for quality reliability and performance al a realistic price Four 
models are available to suit the needs Of the professional and hobby market in Industry Leisure Instrumental and Hi Ff 
etc When comparing prices NOTE that all models include toroidal power supply integral heat sink glass fibre P C B and 
drive rirt ,,its to power a compahble Vu rreter All models are open and short ctrcuit proof 

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 

O MP. MF  100  Mos-Fet Output  power  110 watts 

R. M.S into 4 oh ms. frequency response 1Hz - 100KHz 

-3dB.  Da mping  Factor  300.  Slew  Rate  45V(uS. 

T.H.D. typical 0.002 °0. Input Sensitivity 500 mV. S.N.R. 

-110dB. Size 300 x 123 x 60 m m. 

PRICE £40.85  £3.50 P&P 

•  • 

A new range of quality loudspeakers designed to take advantage of the latest 
speaker technology and enclosure designs Bo:h models utilize studio quality 
12 cast aluminium loudspeakers with factory fined grilles wide dispersion 
constant directivity horns extruded aluminium corner protection and steel 
ball corners, complimented with heavy duty black covering The enclosures 
are tilted as standard with top hats tor optional loudspeaker stands 

PO WER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz • 20K Hz 

ibl FC 12-100 WATTS (100dB) PRICE £159.00 PER PAIR 
ibl FC 1 2-200 WATTS (100dB) PRICE £175.00 PER PAIR 

SPECIALIST CARRIER DEL £12 50 PER PAIR 

OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery £6.00 per pair 

SUPPLIED READY BUILT AND TESTED. 

O MP/ MF 200 Mos-Fet Output power  200 watts 

R. M.S. into 4 oh ms, frequency response 1Hz - 100KHz 

-3dB.  Da mping  Factor  300.  Slew  Rate  50V/uS 

T.H.D. typical 0.001 °0. Input Sensitivity 500 mV. S.N.R 

-110 dB. Size 300 x 155 x 100 m m. 

PRICE £64.35  £4.00 P&P 

O MP/ MF 300  Mos-Fet Output power 300 watts 

R. M.S. into 4 oh ms, frequency response 1Hz - 100KHz 

-3dB.  Da mping  Factor  300.  Slew  Rate  60V/uS. 

• T.H.D. typical 0.001 °0. Input Sensitivity 500 mV. S.N.R. 

-110 dB. Size 330 x 175 x 100 m m. 

PRICE £81.75  £5.00 P&P 

O MP/ MF 450 Mos-Fet Output power .450 watts 

R. M.S. into 4 oh ms, frequency response 1Hz - 100KHz 

-3dB.  Da mping  Factor  300.  Slew  Rate  75V/uS, 

T.H.D. typical 0.001 °0. Input Sensitnrity 500 mV. S.N.R. 

-110 dB. Fan Cooled. D.C. Loudspeaker Protection. 2 

Second Anti-Thu mp Delay. Size 385 x 210 x 105 m m. 

PRICE C132.85  C5.00 P&P 

O MP, MF 1000 Mos-Fet Output power 1000 watts 

R. M.S. into 2 oh ms. 725 watts R. M.S. into 4 oh ms. 

frequency response 1Hz - 100KHz -3dB. Da mping 

Factor  300.  Slew  Rate  75V/uS.  T.H.D.  typical 

0.002 °,0. Input Sensitivity 500mV. S.N.R. -110 dB. Fan 

Cooled.  D.C.  Loudspeaker  Protection.  2 Second 

Anti-Thu mp Delay. Size 422 x 300 x 125 m m 

PRICE C259.00 • C12.00 PAP 

NOTE. MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 50OrnV, BAND WIDTH 100KHz 
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775m0, BAND WIDTH 5011Hz ORDER STANDARD OR PEC. 

LARGE  SELECTI ON  OF  SPECIALIST  LOU DSPEAKERS 

AVAILABLE, INCLU DING CABINET FITTIN GS, SPEAKER 

GRILLES,  CROSS-OVERS  AN D  HIGH  PO WER,  HIGH 

FREQUENCY BULLETS AN D HORNS, LARGE (A4) S.A.E. 

(60p STA MPED) FOR CO MPLETE LIST. 

McKenzie and Fane Loudspeakers are also available. 

F4-171-17-4-2517ATITITT-4-1141ffilliTT4011411  

ALL EMINENCE UNITS 8 OHMS IMPEDANCE 
8 100 WATT H.M.S. ME8-100 GEN. PURPOSE. LEAD GUITAR. EXCELLENT MID. DISCO 
RES FREO 72Hz. FREO. RESP TO 4KHz. SENS 97dB  PRICE £32.71  £2.00 P&P 
10 100 WATT H.M.S. ME10-100 GUITAR. VOCAL. KEYBOARD. DISCO. EXCELLENT MID 
RES FREO 71Hz FREO RESP TO 7KHz, SENS97dB.  PRICE £33.74  £2.50 P&P 

10 200 WATT R.M.S. ME1 0-200 GUITAR. KEYB'D. DISCO. VOCAL. EXCELLENT HIGH POWER MID 
RES FRED 65Hz, FREO. RESP 103.5KHz. SENS 99dB  PRICE £43.47  £2.50 P&P 
12 100 WATT R.M.S. ME12-100LE GEN PURPOSE. LEAD GUITAR. DISCO. STAGE MONITOR 
RES .FREO 49Hz. FREO RESP TO 6KHz. SENS 100dB.  PRICE £35.64  £3.50 PIP 
12  100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE. P A.. VOCAL  STAGE 
MONITOR RES FREO 42Hz FREO. RESP TO 10KHz, SENS 98dB  PRICE £36.67  £3.50 P&P 
12 200 WATT H.M.S. ME1 2-200 GEN PURPOSE. GUITAR. DISCO. VOCAL. EXCELLENT MID 
RES FREO 58Hz. FRED RESP TO 6KHz, SENS 98dB  PRICE £46.71  £3.50 P&P 
12 300 WATT R.M.S ME12-300GP HIGH POWER BASS. LEAD GUITAR KEYBOARD. DISCO ETC 
RES FRED. 47Hz FREO RESP TO 5KHz, SENS 103dB.  PRICE £70.19  £3.50 PIP 
15 200 WATT R.M.S. ME15-200 GEN PURPOSE BASS. INCLUDING BASS GUITAR 
RES FREO. 46Hz. FREO. RESP TO 5KHz. SENS 99dB.  PRICE £50.72  £4.00 P&P 

15 300 WATT R.M.S. ME15-300 HIGH POWER BASS. INCLUDING BASS GUITAR 
RES. FREO 39Hz. FRED. RESP TO 3KHz. SENS 103dB.  PRICE £73.34  £4.00 PM P 

RBENDERS:- HI-Fl, STUDIO, IN-CAR, ET • 
ALL EARBENDER UNITS 8 OHMS 1E wept EBB 500 EB10-50 which are dual impedance lapped . 4 I a oimit 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 
8 50watt EBB-50 DUAL IMPEDENCE. TAPPED 4/8 OHM BASS, HI-Fl. IN•CAR 
RES. FREO 40Hz. FREC). RESP TO 7KHz SENS 97dB  PRICE £8.90  £2.00 P&P 
10 SO WATT EB10-50 DUAL IMPEDENCE. TAPPED 4/8 OHM BASS. HI-Ft, IN•CAR 
RES FREO 40Hz. FRED RESP TO 5KHz, SENS 99dB.  PRICE £13.6 5  £2.50 P&P 
10 100 WATT EB10-100 BASS. HI-Fl. STUDIO. 
RES. FREO 35Hz. FREO RESP TO 3KHz. SENS 96dB  PRICE £30.39  £3.50 P&P 
12 100 WATT EB1 2-100 BASS. STUDIO. HI-Fl. EXCELLENT DISCO 
RES. FREO 26Hz. FREO RESP TO 3 KHz. SENS 93dB.  PRICE £42.12  £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 
5'. 60 WATT EB5-60TC (TWIN CONE) HI-Fl. MULTI-ARRAY DISCO ETC 

RES FRED. 63Hz FRED RESP TO 20KHz. SENS 92d13  PRICE £9.99  £1.50 P&P 
6'v 60 WATT EBB-60TC (TWIN CONE) HI-Fl. MULTI-ARRAY DISCO ETC 
RES. FREO 38Hz. FRED RESP TO 20KHz. SENS 94dB.  PRICE £10.99  1.50 PIP 
8 150 WATT EBB-60TC (TWIN CONE) HI-Fl. MILTI-ARRAY DISCO ETC 
RES. FREO 40Hz. FREC). RESP. TO 18KHz. SENS 89dB  PRICE £12.99  £1.50 P&P 
10 60 WATT E1310-60TC (TWIN CONE) HI-Fl. MULTI ARRAY DISCO ETC 
RES FREQ. 35Hz, FREO. RESP. TO 12KHz. SENS 98dB  PRICE £16.49  £2.00 PIP 

•  • • 

PRICES: 150 W £49.99  250 W £99.99 
400 W £109.95 P&P £2.00 EACH 

THREE SUPERB HIGH PO WER 
CAR STEREO BOOSTER AMPLIFIERS 
150 WATTS ITS  75) Stereo  150W 
Bridged Mono 
250 WATTS (125  125) Stereo 250W 
Bridged Mono 
400 WATTS (200  • 200) Stereo 400W 
Bridged Mono 
ALL PO WERS INTO 4 OHMS 
Features: 
• Stereo bridgable mono • Choice of 
high 8 low level inputs • L 5 R level 
controls • Remote an-oH • Speaker 8 
thermal orOtection 

iTTT7-17F-1-4-17•11-17-fiVt 
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 

COMPLETE WITH CIRCUIT AND INSTRUCTIONS 

3W  TRANSMITTER 80-I08MHz  OAR/CAP  CONTROLLED  PROFESSIONAL 
PERFORMANCE RANGE UP TO 3 MILES SIZE 38 123rnin SUPPLY 120 : 0 SAMP 

PRICE C14.85  II.00 PAP 

FM MICRO TRANSMITTER 100-108MHz VARICAP TUNED COMPLETE WITH 
VERY SENS FET ANC RANGE 100.300m SIZE 56 46rnrn SUPPLY 9V BATTERY 

PRICE C8.80  M OO P&P PHOTOT 3W PM TRANSWITTIN 

B.K. ELECTRO NICS 
POSTAL CHARGES PER ORDER £1.00 MINI MU M  OFFICIAL 
ORDERS FROM SCHOOLS, COLLEGES, GOVT BODIES, PLC. ETC. 
PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND 

ACCESS ACCEPTED BY POST, PHONE OR FAX, 
VISA 

U NI T S I & 5 C O M E T W A Y, S O U T H E N D- O N- S E A, 
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