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MOONSHINE BIBLE 270 pane book cnverina the nroduceon of 

alchohol from potatoes, now, grains etc Drawings of simple home 
made stills right through to commercial systems. £12 ref MS3 

NEW HIGH PO WER MINI BUG With a range of aoo metres or 
more and up to 100 hours use from a PP3 this will be popular! Bug 
measures less than 1 square! £28 Ref LOT102. 

SINCLAIR C6 MOTORS We have a new ones available without 

gearboxes at £50 ref LOT25 

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

you self sufficient in electnatyl £l2 ref LOT81 

PC KEYBOARDS PS2 connector, top quality suitable for all 286/ 

386/486 etc E10 ref PCKB 10 for E65 

TRACKING TRANSPI //TER range 1 5-5 miles, 5,000 hours on 
AA battenes, also transmits into on car direction and molionlWorks 

with any FM radio 1 5' square. £65 ref LOT101 

ELECTRIC DOOR LOCKS Complete lock with both Yale lock 
and 12v operated deadlock (keys included) £10 ref LOTS9 

GALLIUM ARSEN IDE F ISHEY E PHOTO DIODES Complete 
with suggested circuits for long range communicabons \switching 

£12 complete. 

SURVEILLANCE TELESCOPE Superb Russian zoom 
telescope adjustable from 15x to 60xl complete with metal Mood 
(imposible to use without this on the higher settings) 66rnm lense, 
leather carrying case £149 ref BAR69 

WIRELESS VIDEO BUG KIT Transmits video and audio 
signals from a minature CCTV camera (included) to any standard 
television! Al the components including a PP3 battery will fit into a 
cigarette packet with the lens requiring a hole about 3rnm diameter. 
Supplied with telescopic aenal but a piece of wire about 4' long wit 
still give a range of up to 100 metres. A single PP3 will probably give 

less than 1 hours use. EN REF EP79. (probably not licensable!) 

CCTV CAMERA MODULES 46X70X29mm, 30 grams. 12v 
100mA auto electronic shutter, 3 6mm F2 lens, CCIR. 512x492 
pixels, video output is lv p-p (75 ohm). Works directly into a scan or 
video input on a tv or video IR sensitive. £79.95 ref EF137 

IR LAMP KIT Sutabie for the above camera, enables the camera 
to be used in total darknessi £5 99 ref EF138 

INFRA RED POWERBEAM Handheld battery powered lamp, 4 
inch reflector. krypton bulb. gives out powerful infrared lig MI 4 D cells 
required £39 ref PB1 

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 designedloillin the gun barrel of a tank. each unit 
has two semi conductor lasers and motor dnve units for alignement 
7 mile range, full circuit diagrams, new pnce £50.000? us? £349 
Each unit has two gallium Arsenide injection lasers. 1 x 9 watt. 1 x 
3watt, 900nm wavelength. 28vdc. 600hz p ulse frequency The units 
also contain an electronic receiver to detect reflected signals from 

• 

TWO WAY MIRROR KIT I nd udes speci al adhesive film to make 
two way mirror(s) up to 60x20' (glass not included) includes full 

Instructions £12 ref TW1. 

NEW LOW PRICED ODMPUTER/VVORKSHOP/H I-FlRCB 

UNITS Complete protection from faulty equipment for everybody! 
Inlineunitiltsin standard IEC lead (extends itby 750mm), lined in less 
than 10 seconds, reset/test button. 10A rat ng. £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 £250! 

RADIO CONTROLLED CARS FROM £6 EACH!!!! Al 

returns from farnous manufacturer. 3 types avalaNe. single channel 
(leftright,fonvards,backwards) £6 ref LOT1 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 cardsi they have 3 wires 
corning out of the head so they may wnte as well? complete with 
control actronics PCB just £9 95 ref BAR 31 

WANT TO MAKE SOME MONEY? STUCK FOR AN 

IDEA? We have collated 140 business manuals that give you 
information on setbng 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 m anuals as m uch 

as you like! £14 ref EP74 

PANORAMIC CAMERA OFFER Takes double width 
photographs using standard 35mm film. Use in honzcotal or vertical 
mode. Complete with strap £7 99 ref BAR1 

COIN OPERATED T ER KIT Complete with coinslot 
mechanism, adjustable Ome delay, relay output, put a coinaot on 
anything you like TV,s, videos, fridges. dnnks cupboards. HIFI. 
lakes 50p's and Et coins DC operated, once just E7.99 ref BAR27. 

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

AA PI ICAD PACK Pack cif 4 tagged AA nicer:6E2.99 ref BAR34 

PLASMA SCREENS 222x310mm, no data hence £4.99 ref 
BAR67 

NIGHTSIGHTS Model TZS4 with infra red illuminator, views up to 
75 metresin full darkness in inf rarer/ mode. 15Orn range, 45mm lens, 
13 deg angle of view, focussing range 1 5m to infinity 2 AA batteries 
recpared. 950g weight £199 ref BAR61 1 years warranty 

LIQUID CRYSTAL DISPLAYS Bargain prices, 

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 SMO1640A 

TAL-1 110MM NEWTONIAN REFLECTORTELESCOPE 
Russian Superb astronomical 'scope, everything you need for some 
serious star gazingi up to 169x magnification Send or fax for further 
information ref TAL-1, £249 

SOLAR ENERGY/GENERATOR PLANS For your home, 
loads of info on designing systems etc £7 ref PV1 

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 
W HAMPTON TEL 01902 22039 

CENTRAL POINT PC TOOLS Award winning software, 1,300 
virus checker, memory optmiser. disc optimiser, file compression, 
low level formatting. backup scheduler, disk defragmenter, undeiete, 
4 calculators, Obese, disc editor, over40 viewers, remote computing, 
password protection, encrypbon, comprehensive manual supplied 
etc E8 ref lot 97 3.5' 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 keyto 
activate a motion sensor alarm built inside Fits all standard bole 
carriers, supplied with two keys SALE PRICE £7.99 REF SA32. 

C O 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 grabber cards etc 
Pal, 1v P-P, oomposite, 76oh m, 1/3" CCD, 4mm F2.6, 

600x682, 12vdo, mounting bracket, auto shutter, 

100x 60x180 mm, 3 months warranty, 10 or more E99 ea. 

Check out our 

WEB SITE 

IittpC/ w wvv.pavIllon.00.uk/bull-electrloal 

GOTAN EXPENSIVEANYTHING7You need one of ourcased 
vibration alarms, keyswitch operated, fully cased just ft it to 
anything from videos to caravans, provides a years protection from 1 
PP3 battery, UK made SALE PRICE £4.99 REF SA33, 

DAMAGED ANSWER PHONES These are probably beyond 
repair so just £4 99 each BT 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 PO WER SUPPLIES 145 watt. 45,-5,y12,-12, 
15Crx150x85mm complete with switch, flyieads and IEC sccicet. 
SALE PRICE £9.99 ref EP55 

1.44 DISC DRIVES Standard PC 3.5' drives but returns so they 
will need attention SALE PRICE £4.99 ref EP68 

1.2 DISC DRIVES Standard 525' drives but retums so they will 
need attention SALE PRICE NOW ONLY £3.50 ref EKG 

PP3 NICADS Unused but some storage marks £4.99 ref EP52 

DELL PC POWERSUPPLIES (Customer retums)Standard PC 
psu's completewith fly leads, case and fan *12v,-12v,+5v,-5v SALE 
PRICE E 1.99 EACH worth itfor the bits aionei ref DL 1. TRADE PACK 
OF 20 £29.95 Ref DL2. 

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 6N6' 6v 100mA panels, 100 diodes, 
connection details etc. £6995 ref EF 112 

PASTEL ACCOUNTS SOFTWARE, does everything for all 
stz es of businesses.i ndudeswordprocessor, report witterwindowing, 
networkable up to 10 stabons, multiple cash books etc 200 page 
comprehensive manual. 90 days free technical support (01342. 

SOME Or OUR PRODUCTS MAY 116 UNLICIDDIABLE DI THE OK 

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

MAIL ORDER TERMS: CASH, PO OR CHEQUE 
WITII ORDER PLUS £3 P&P PLUS VAT. 

PLEASE ALLOW 7-10 DAYS FOR DELIVERYPHONE ORDERS 
WELCOME (A(CESS,VISA, SWTFC11, AMERICAN EXPRE M1 

TEL: 01273 203500 
FAX 01273 323077 

E-mail bulliajpavilionxo.uk 

326009 try before you buy!) Current retail price is £120, SALE 

PRICE E9 95 ref SA12 SAVE E120111 

RACAL MOD BA so NAPIZA11 Racal MPS1223 120(Y75modan, 
telephone lead, mains lead. manual and  comms software, the 
cheapest way onto the neti all this for just £l3 ref DEC13. 

BULL TENS UNIT Fully built and tested TENS (Transcutaneous 
Electrical Nerve Stimulatico) 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 
col unction with analgesics etc £A9 Ref TEN/1 

PC PAL VGA TO TV CONVERTER Converts a colour TV into 
a basicVGAscreen Completewith builtin psu. leadand sAvare.. Ideal 
for laptops or a cheap upgrade Suppli ed in kit form for home 
assembly. SALE PRICE £25 REF SA34 

EMERGENCY LIGHTING UNIT Complete unit with 2 double 
bulb floodlights, built in charger and auto switch. Fully cased 6v 8AH 
lead acid req'd. (secondhand) £4 ref MAG4P11. 
YUASHA SEALED LEAD ACID BATTERIES Two sizes 
currently available this month. 12v15AHatE18 ref LOT8 and 6v 10AH 
(sutable for emergency lights above) at just £6 ref LOT7. 

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

AUTO SUNCHARGER 155x30Ornm solarpanei with diodeand 3 
metre lead fitted with a cigar plug 12v 2watt £9.99 REF SA25. 

MICRODRIVE STRPPERS Small cased tape drives 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 PO WER LAB SPECIA L You get TWO6'x6' 6v 130mA 
solar cells, 4 LED's, wire, buzzer, switch plus 1 relay or motorSuperb 
value lat SALE PRICE JUST £4.99 REF 5/127 

RGB/CGAJEGA/TTL COLOUR MONITORS 12' in good 
condition Back anodised metal case SALE PRICE E49 REF SA16B 

PLUG IN ACORN P3U 19v AC 14w E2.99 REF MAG3P10 

13.8V 1.9A PS U cased with leads Just E9 99 REF MAG10P3 

UN IVERSAL SPEED CONTROLLER KrT Designed by us for 
the C5 motor but ok for any 12v 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 PC's over a long distance utilizi ng 
the serial ports Complete kit £8.99 Ref comp 1. 

VIE WDATA SYSTEMS made by Phillips, complete with intemal 
1200/75 modern, keyboard, psu etc RGB and composite outputs, 
menu dnven, autodialler etc SALE PRICE £12.99 REF SA18 

AIR RIFLES .22As usecl bythe Chinese army tortraming puposes. 
so there is a lot aboutIE39.95 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 Comp uter etc to any 
standard TV set in a 100' range! (tune TV to a spare channel) 12v DC 
op. Price is £25 REF: MAG15 12v psu is £5 extra REF: MAG5P2 

•MINATU RE RADIO TRANSCE NERS A pair of walkie talkies 
witha range up lo 2 kmin open country. Unitsmeetsure22(52x155mm. 
Including cases and earp'ces. 2xPP3 req'd.E30.03 pr.REF: MAG30 

'FM TRANSMITTER KIT housed In a standard wonting 13A 
adapter!! the bug runs directly offthe mains so lasts forever! why pay 
E700? or price is £15 REF: EF62 (kit) Transmits to any FM radio. 

•F/A BUG BUILT AN D TESTEDsuperloroesign to kit Supplied 
to detective agencies 9v battery req'd £14 REF: MAG14 

GAT AIR PISTOL PACK Complete with pistol, darts and pellets 
£12.95 Ref EF82B extra pellets (500) £4 50 ref EFS°. 

6"X12" AMORPHOUS SOLAR PANEL 12v 155x31Ornm 
130mA. SALE PRICE £4.99 REF SA24. 

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99 
ref MAG6P13 ideal for experimenters! 30 m for E12 99 ref MAG13P1 

MIXED GOODIES BOX OF 

MIXED COMPONENTS  WEIGHING 2 KILOS 

YOURS FOR JUST £6.99 

4X28 TELESCOPIC SIGHTS Suitable for all air rifles, g ound 
lenses, good light gathering properties £19 95 ref Ft/7. 

GYROSCOPES Rememberthese/ well we havefound acompany 
that still manufactures these popular saentific toys, perfect gift or for 
educational use etc. £6 ref EP70 

HYPOTHERMIA SPACE B LANK ET 215x150cm aluminised 
foil blanket, reflects more than 90% of body heat. Also suitable for the 
construction of two way mirrors! £3.99 each ref 0/1_041 

LENSTATIC RANGER COMPASS Oil filled capsule, strong 
metal case, large luminous points. Sight line with magnifyng viewer 
50mm dia. 86gm. £10.99 ref 0/K604. 

RECHARGE ORDINARY BA TTERIES UP TO 10 T PA ES! 
With the Battery Wizard! Uses the latest pulse wave charge system 
to charge all popular brands of ordinary battenes AAA, AA, C. D, four 
atatimel Led system showswhen batteries arecharged, autxnatically 
rejects unsuitable cells, complete with mans adaptor BS approved 
Price is E21.95 ref EP31. 

TALKING WATCH Yes, it actually tells you the bme at the press of 
a button Also features a voice alarm that wakes you up and tells you 
what the time isi lithium cell induded. £7 99 ref EP26 

PHOTOGRAPHIC RADAR TRAPS CAN COST YOU 

YOUR LICENCE! The new multiband 2000 radar detector can 
prevent even the most responsible of driversfrom losing theirlicence! 
Adjustable audible alarm with 8 flashing lads gives instant warning of 
radar zones. Detects X, K, and Ka bands, 3 mile range. 'over the hill' 
'around bends' and 'mar trap facilites micro sizejust 4. 25'x2.5'x.75. 
Can pay for Itself in just one day! £79.95 ref EP3 

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

STEREO MICROSOPES BACK IN STOCK Russian. 200x 
complete with lenses, lights, filters etc etc very comprehensive 
microscope that would normally be around the £700 mark, our price 
is lust £299 (full money beck guarantee) full details in catalogue.. 

WE BUY SURPLUS STOCK 

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

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

Surplus always 
wanted for cash! 

LOW COST PC's - 

SPECIAL BUY 
'AT 286' 

40Mb HD + 3Mb Ram teleissemmitiat  1 1 

LIMITED QUANTITY only of these 12Mhz HI GRADE 286 systems 
Made in the USA to an industrial specification, the system was 
designed for total reliability The compact case houses the mother-
board, PSU and EGA video card with single 5%" 1.2 Mb floppy disk 
dove & Integral 40Mb hard disk drive to the front Real time clock 
with battery backup is provided as standard Supplied in good used 
condition complete with enhanced keyboard, 640k + 2Mb RAM, 
DOS 4.01 and 90 DAY Full Guarantee. Ready to Run 

Order as HIGRADE 286 O NLY  129. 00 (El 
Optional Fitted extras: VGA graphics card 
1 4Mb 3,4" floppy disk drive (instead of 1 2 Mb) 
Wordperfect 6.0 for Dos - when 3,6' FDD option ordered 
NE2000 Ethernet (thick, tInn or twisted) network card 

£29.00 
£19.95 
£22.50 
£29.00 

LOW COST 486DX-33 SYSTEM 
Limited quantity of this 2nd user. supurb small size desktop unit 
Fully featured with standard simm connectors 30 & 72 pro Supplied 
with keyboard. 4 Mb of RAM. SVGA monitor output.•256k cache and 
integral 120 Mb IDE dove wIth single 1 44 Mb 35' floppy disk drive 
Fully tested and guaranteed Fully expandable  Only 
Many other options ayalable - call for details.  £399.00 (E) 

FLOPPY DISK DRIVES 31/2 " - 8" 
51/2" or 31/2 " from only £8.95 ! 

Massive purchases of standard 51/4' and 3V, 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 (a 3Y2' supported on your PC) 
V:" Panasonic JU363/4 720K or equivalent RFE  (24.95)8)  used condition - fully tested - guaranteed  Only £95 (,) 
31/2 " Mitsubishi MF355CL 1 4 Meg Laptops only  (25.95(13)  Dimensions W14' x I-412 W x 15W' D 
31/2 " Mitsubishi MF355C-D. 1 4 Meg. Non laptop  £189518) 
51/4 " Teac FD-55GFR 1 2 Meg (for IBM pc's) RFE  (18.95(13)  PHIUPS HCS31 Ultra compact 9" Colour video monitor with Stan-
554" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE  £29.95(B)  dard composite 15.625 Khz video input via SCART socket Ideal 
5%" BRAND NEW Mitsubishi MF501B 360K  £22.95(B)  for all monitoring / security applications High quality, ex-equipment 
Table top case with integral PSU for HH 5,,,i' Flopp or HD E29.95(B)  fully tested & guaranteed (possible minor screen burns) In attrac-
8" Shugart 800/801 8' SS refurbished & tested  (195.00(E)  bye square black plastic case measuring W10' x H10' x 13W' D. 
8" Shugart 810 8' SS HH Brand New  (195.00(E)  240 V AC mains powered  Only £79.00 (D) 
8" Shugart 851 8' double sided refurbished & tested  (250.00(E) 
Mitsubishi M2894-63 8" double sided NEW  E275.00(E)  KME 10" 15M 10009 high definition C 0101.1f monitors with 0.28" dot 
Mitsubishi M2896-63-02U 8" DS slimlIne NEW  Lus o:(E)  pitch  Superb clarity and modern styling  .. 
Dual 8" cased drives with inte ral power suppl 2 Mb  (499.00(E)  Operates from any 15.625 khz sync ROB 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 condition  Only £125 (E) 

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 A monitors you will ever see - 
At this price - Don't miss it!! 

Mitsubishi FA3415ETKL 14" SVGA Muttisyric colour monitor wrth fine 
028 dot pitch tube and resolution of 1024 x 768 A 
variety of routs allows connection to a host of comput-
ers ncludng IBM PCs ri CGA EGA VGA & SVGA 
modes, BBC, COMMODORE (Including Amrga 1200), 
ARCHPAEDES and APPLE. Many features Etched 
tacepLate. text switching and LOW RADIATION MPR 
specification Fully guaranteed, supplied in EXCEL-

LENT She used concliton Order as 
Tilt  Swivel Base £4.75  Only £119 ,E, MRS-SVGA 
VGA cable for IBM PC included. 
External cables for other types of computers 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 x 600 res.) colour monitors. 
Good SH condition - from £299 - CALL for Info 

PHILIPS HCS35 (same style as CM8833) attractively styled 14" 
colour monitor with both RGB and standard composite 15.625 
Khz video Inputs via SCART socket and separate phono jacks 
Integral audio power amp and speaker for all audio visual uses 
Will connect direct to Amiga and Atari BBC computers Ideal for all 
video monitoring / security applications with direct connection 
to most colour cameras High quality with many features such as 
front concealed flap controls, VCR correction button etc Good 

HARD DISK DRIVES 
End of line purchase scoop! Brand new NEC 02246 8" 85 Mbyte 
drive with industry standard SMD interface, replaces Fujitsu 
equivalent model Full manual Only £299.00 or 2 for £525.00 (E) 

3W' FUJI FK-309-26 20mb MFM I/F RFE  £59.95(C) 
3t,"v CONNER CP3024 20 mb IDE I/F (Or equiv )RFE  (59.95(C) 
3W' CONNER CP3044 40mb IDE I/F (or eguiv )RFE  £69.00(C) 
3%* RODIME R03057S 45mb SCSI I/F (Mac & Acorn)  (69.00(C) 
314 WESTERN DIGITAL 850mb IDE I/F Brand New  (185.00(C) 
5t." MINISCRIBE 3425 20mb MFM I/F (or equiv ) RFE  (49.95(C) 
5%' SEAGATE ST-238R 30 mb RLL I/F Refurb  (69.95(C) 
51/4 ' CDC 94205-51 40mb HH MFM I/F RFE tested  £69.95(C) 
5S4' HP 9754B 850 Mb SCSI RFE tested  (89.00(C) 

HP C3010 2 Gbyte SCSI differential RFE tested  £195.00(C) 
8'  FUJITSU M2322K 160Mb SMD I/F RFE tested  £195.00(E) 
Hard disc controllers for MFM , IDE, SCSI. RLL etc. from £16.95 

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

TV SOUND & 
VIDEO TUNER 
CABLE COMPATIBLE' 

The TELEBOX is an attractive fully cased mains powered unit, con-
taining all electronics ready to plug into a host of video monitors 
made by makers such as MICROVREC, ATARI, SANYO, SONY, 
COMMODORE, PHILIPS, 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 television frequencies 
VHF and UHF including the HVPERBAND 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 fitted with integral speaker  (39.50 
TELEBOX MB Mulliband VHF/LIHF/Cable/Hyperband tuner £69.95 
For overseas PAL versions state 5.5 or 6 mHz sound specitrcatron 
'For cable / hyperband reception Telebox MB should be connected 
In a cable type service. Shipping code on all Teleboxe's is (13) 

DC POWER SUPPLIES 
Virtually every type of p o wer 
sup ply you can Ima gine. O ver 

10, 000 Po wer Su p plies Ex Stock 
Call for info / list. 

20" 22" and 26" AV SPECIALS 

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 leature 
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 multtple bays 
Overall dimensions are: 77 W H a 32W' OD 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 

32U - High Quality - All steel RakCab 
Made by Eurocraft Enclosures Ltd to the highest possible spec, 
rack features all steel construction with removable 
side, front and back doors Front and back doors are 
hinged for easy access and all are lockable with 
five secure 5 lever barrel locks The front door ;  •••: 20. 
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 I. 
pin Euro sockets and 1 x 13 amp 3 pin switched 
utility socket. Overall ventilation Is provIded by 
fully louvered back door and double skinned top section 
with top and side louvres. The top panel may be removed for fitting 
of integral fans to the sub plate etc Other features include fitted 
castors and floor levelers, prepunched utility panel at lower rear for 
cable / connector access etc  Supplied in excellent, slightly used 
condition with keys Colour Royal blue External dimensions 
mm=1625H x 6350 x 603 W ( 64" H x 25" D x 23 % W ) 
Sold at LESS than a third of makers price!! 

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-

Superbly made UK manufacture PIL all solid state colour monitors,  MiCroTouch - but sold at a price below cost !! System consists of 
complete with composite video & optional sound Input Attractive a flat translucent glass laminated panel measuring 29.5 x 23.5 cm 
teak style case Perfect for Schools. Shops, Disco. Clubs, etc In connected to an electronic controller PCB The controller produces 
EXCELLENT little used condition with full 90 day guarantee  a standard serial RS232 or TTL output which continuously grves 

simple serial data containing positional X & Y co-ordinates as to 
where a finger is touching the panel - as the finger moves, the data 
instantly changes The X 8,  information is given at an incredible 
matrix resolution of 1024 x 1024 positions over the entire screen 
size !! A host of available translation software enables direct con-

MITS.  FA3445ETKL 14" Industrial spec SVGA monitors  £245  nection to a PC for a myriad of applications including: control pan-
2kW to 400 kW - 400Hz 3 phase power sources - ex stock  £P0A  els. pointing devices, POS systems, controllers for the disabled or 
IBM 8230 Type 1, Token ring base unit driver  £950  computer un-trained etc etc Imagine using your finger with 
IBM 53F5501 Token Ring ICS 20 port lobe modules  £750  'Windows', instead of a mouse  (a driver is indeed available  The 
IBM MAU Token ring distribution panel 8228-23-5050N  £95  applications for this amazing product are only limited by your 
AIM 501 Low distortion Oscillator 9Hz to 330Khz. IEEE  £550  Imagination!! Complete system including Controller. Power Supply 
Trend DSA 274 Data Analyser with 0703(2M) 64 Jo  EPOA  and Data supplied at an incredible price of only 
Marconi 6310 Programmable 2 to 22 GHz sweep generator (6500  Full MICROTOUCH software support ewe  £145.00 (n) 
HP1650B Logic Analyser  (3750  and menus). for IBM compatible PC's C29.95 RFE • Tested 
HP3781A Pattern enerator & HP3782A Error Detector  £P0A£  

950 
(1800 
(175 
(675 
EPOA 
E1850 
£650 
4,1,00AA 

20"....£135  22"....£155 26"....£185(F) 

SPECIAL INTEREST ITEMS 

HP APOLLO RX7 0 system units 
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts 
HP3081A Industrila workstation c\w Barcode swipe reader 
HP6264 Rack mount variable 0-20V  20A metered PSU 
HP54121A DC to 22 GHz four channel test set 
HP7580A Al 8 pen HPGL high speed drum plotter 
EG.G Brookdeal 95035C Precision lock in amp 
View Eng. Mod 1200 computerised inspection system 
Ling Dynamics 2kW programmable vibration test system 
Computer controlled 1056 x 560 mm X Y table & controller (1425 
Keithley 590 CV capacitor/voltage analyser  EPOA 
Racal ICR40 dual 40 channel voice recorder system  £3750 
Fiskers 45KVA 3 ph On Line UPS - New butts Dec 1995  (9500 
ICI R5030UV34 Cleanline ultrasonic cleaning system  EPOA 
Mann Tally MT645 High speed line printer  (2200 
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram  £1200 
Zeta 3220-05 AO 4 pen HPGL fast drum plotters  E1150 
Nikon HFX-11 (Ephiphot) exposure control unit  (1450 
Motorola VME Bus Boards & Components List. SAE / CALL EPOA 
Trio 0-18 vdc linear. metered 30 amp bench PSU. New  (550 
Fujitsu M3041R 600 LPM band printer  £1950 
Fujitsu M30410 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  mount (For Voyager') (950 
Sekonic SD 150H 18 channel digital Hybrid chart recorder  (1995 
TAYLOR HOBSON Tallysurt amplrfier / recorder  £750 
System Video 1152 PAL waveform monitor  (485 
Test Lab - 2 mtr square quielised acoustic test cabinets  £300 
Kenwood 9601 PAL Vectorscope • NEW  (650 
Please call for further details on the above items 

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  £59.95(A1) 
Half length 8 bit memory upgrade cards for PC AT XT expands 
memory either 256k or 5126 in 64k steps May also be used to fill 
in RAM above 640k DOS limit Complete with data 
Order as: XT RAM UG. 256k. £ 4.95 or 512k £39.95 (A1) 

SIMM SPECIALS  
1 MB x 9 SIMM 9 chip 12Ons  Only  £16.50 (Al) 
1 MB x 9 SIMM 3 chip 80 ns £19.50  or 7Ons  £22.95 (Al) 
1 MB x 9 SIMM 9 chip 80 ns £21.50  or 70ns  £23.75 (Al) 
4 MB 70 ns 72 pin SIMM with parity-  Only £95.00 (All 
INTEL 486-DX33 CPU £55.00 INTEL 486-DX66 CPU £69.00 (All 
FULL RANGE OF CO-PROCESSORS EX STOCK - CALL FOR Ca 

FANS & BLOWERS 
EPSON D0412 40x40x20 mm 12v DC  £7.95 10 / C65 
PAPST TYPE 612 60x60x25 mm 12v DC  E8.95 10 / E75 
MITSUBISHI MMF-D6D12DL 60x60x25 mm 12v DC (4.95 10 / (42 
MITSUBISHI MMF-08C12DM 80x80x25 mm 12v DC £5.25 10 / (49 
MITSUBISHI MMF-09B12DH 92x92x25 mm 12v DC £5.95 10 ) (53 
PANCAKE 12-3.5 92x92x18 mm 12v DC  (7.95 10 / £69 
EX-EQUIP AC fans. ALL TESTED 120 x 120 x 38 mrn specify 110 
or 240 v (6.95. 80 x 80 a 38 mm  specrty 110 or 240 v (5.95 
IMHOF B26 1900 rack mnt 3U x 19' Blower 110/240v NEW (79.95 
or og on all fans (A) Blowers (B) 50.000 Fans Ex Stock CALL 

Issue 13 of 'Display Ne71 1 now  available  - send large SAE - PACKED  with bargains! 
ALL Tr ENQUIRIES • • • 

• • • • 

• • • 
•  • 

• • • • . 
•  • 

• • • 

• • • • 

• • • 

•  • 
• • • • 

•  • 

-ELECTRONICS-
= zt 

EST 

25 
YE SAS 

ALL MAIL & OFFICES 
Open Mon-Fri 9.00-5:30 

Dept PE. 32 Biggin Way 

Upper Norwood 

LONDON SE19 3XF 

ILONDON SHOP Open Mon-Sal 9:00 - 5:30 
215 Whitehorse Lane 
South Norwood 
On 6SA Bus Route 
Nr.Thornton Heath It 

Salhorst Park SR Rail Stations 

DISTELC) 
The Original 

REE On line Database 
Into on 20,000 . stock items! 
RETURNING SOON! 

0181 679 4414 
FAX 0181 679 1927 

Al prices for UK Maniarki. UK cust omer, add 17.5% VAT to TOTAL order amount. Minrnurn order £10. Bona Fide account orders accepted from Government ScIPOls. 
Unrversites and Local Authcntes - mnimum account Order Eso. Cheques over £103 are subtract to 10 wading days clearance. Carriage charges (A K3.00. Ok1 K400, 
(8)-(5.50. (C)=.£8 50, (D).£12 00, (E)=f15 00, (F)=f18 00, (G) ALL Now approx 6 days for shooing - faster CALL Scotland surcharge CALL Al goods suppled to Our 
Standard Conditcns of Sale and uniess stated guaranteed for 90 days Al guarantees on a retum to base bass Ad rights reserved to change prices / speckcations without prcx 
r . Older, sutra to stock. ascounts for volume Top CASH prices pad for surplus goods Al tradernarks etc acknowledged. 0 Display Electroncs 1996. E & OE 066 
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Transform your PC 
into a digital oscilloscope, spectrum 
analyser, frequency meter, voltmeter, 
data logger • for as little as £49.00 
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. 

Pico Technology specialises only in the development of PC based data 
acquisition instrumentation. We have the product range and experience 
to help solve your test and measurement problem. 

Call for your guide on 'Virtual Instrumentation'. 
We are here to help you. 

Data Logging 

The ADC-10 supplied with 
PicoScope gives your computer 
a single channel of analog input. 

rive-to £49 
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. 

T C-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. 

yilr e- I CO 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. 

,IDe-too £199  tilDe-100 with PicoLog £219 

fiz re-200 Digital Storage Oscilloscope 

•  50 MSPS Dual Channel Digital Storage Scope 

•  25 MHz Spectrum Analyser 

•  Windows or 
DOS environment 

•  ±50mV to ±20V  Cc 

•  Multimeter 

•  20 MSPS also available 

rine 200-20 £359.00  :1. 
five 200-50 £499.00 
Both units are supplied with cables, 
power supply and manuals. 

eAc° 

p 

Tc-08 

• • % 

NE W 
ADC-200 

,sorrc̀ -̀ 

ffr 

Call for free demo disk and 
product range catalogue 

Post & Packing UK £3.50, Export customers 
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/ 

releasing PC 
potential 

Phone or FAX for sales, ordering information, data sheets, technical support. All prices exclusive of VAT 
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Schematic capture, Autorouting 8( Design Checking for just £149* 

‘<(,Ak Ae l gill 011 1 

r:d? 3.6 Designer  149* 

Take a look at Quickroute 3.6 Designer and you might be surprised! For just 

£149' you get easy to use schematic design (automatic junction 
placement, parts-bin, etc), "one click" schematic capture, autorouting on 
1 or 2 layers, design rule & connectivity checking and a starter pack of 
over 260 symbols. 

AkAkasmigra- Jams*. 
4<-.1 3.6 PRO+  £399* 
For those needing more power & more features there is Quickroute 3.6 
PRO+. For just £399 you get multi-sheet schematic capture, 1 to 8 layer 
autorouting, net-list import/export, links to simulators, CAD/CAM file export, 

Gerber import/viewing, DXF WMF & SPICE file export, copper fill, advanced 
connectivity checking with automatic updating of a PCB from a schematic, 
the basic set of over 260 symbols and library pack 1 which includes a 

further 184 symbols. More symbols are available in additional library packs 
available separately 

NEW PLUG IN AUTOROUTER 

16••••  MIC71=1ECILtICIO  •-•-• 

WOW' •••••••• 1=B 

Fla _I ROUTE 

SMARTRoute is a new 32-bit autorouter from Quickroute 
Systems rated in' category A' by Electronics World (Nov 
96) SMARTRoute plugs straight into Quickroute 3.6, 
automatically updating Quickroute' s menus with new 
features and tools 

SMARTRoute 1 0 uses an iterative goal seeking algorithm 
which works hard to find the best route even on single 
sided PCB' s. SMARTRoute allows you to assign different 
algorithms, design rules, track & via sizes, layers used, etc 
to groups of nets for total flexibility. SMARTRoute 1.0 costs 
just £149°. 

Prices are Quickroute 3.6 Designer £149, Quickroute 3.6 PRO+ £399, 

SMARTRoute 1.0 £149.00, Library Packs £39 each. 'Post & Packing per 

item is £6 (UK), £8 (Europe) and £12 (World). V.A.T must be added to the total. 

R 
QUICKROUTE 
SYSTE MS 

Prices and specifications subject to change without notice Ail trade marks are acknowledged & respected All products sold subject to our standard ter ms & conditions (available on reque 

ICADR 
RECOMMENDEr 

Tel 0161 476 0202 Fax 0161 476 0505 mom 

Quickroute Systems Ltd. Regent House Heaton Lane Stockport SK4 1BS U.K. 
WWVV: www.quickroute.co.uk EMail: info@quicksys.demon.co.uk 



SURVEIL L ANCE 
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. Increcitie size of 10mm x 20mm! 
3V-12V operation. 500m range  06.45  Connects to line (anywhere) and switches on and oft with phone use. 

All conversation transmitted. Powered from line. 500m range   £15.95 

TLX 700 Micro-miniature Telephone Transmitter 
Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble 
than UTLX. Connects to line (anywhere) and switches on and off with phone use 
At conversations transmitted. Powered from line. 1000m range   £13.45 

STLX High-performance Telephone Transmitter 
High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone 
use. At conversations transmitted. Powered from line. 
Size 22mm x 22mm. 1500m range   £16.45 

TKX900 Signalling/Tracking Transmitter 
Transmits a continuous stream of audio pulses with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. 
Size 25mm x 63mm. 9V operation   £22.95 

CD400 Pocket Bug Detector/Locator 
LED and piezo bleeper pulse slowly, rate of pulse and pitch of tone increase as you 
approach signal. Gain control allows pinpointing of source. 
Size 45mm x 54mm. 9V operation   £30.95 

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 ai 
requires the use of a scanner receiver or our ORX180 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 

QSX180 Line Powered Crystal Controlled Phone Transmitter 
As per OLX180 but draws power requirements from line. No batteries required 
Size 32mm x 37mm. Range 500m   £35.95 

QRX 180 Crystal Controlled FM Receiver 
For monitoring any of the ia range transmitters. High sensitivity unit. At RF sem?, 
supplied as pre-built and aligned module ready to connect on board so no difficuity 
setting up. Output to headphones. 60mm x 75mm. 9V operation   £60.95 

MTX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter. Just 17mm x 17mm including mic. 
3V-12V operation. 1000m range   £13.45 

STX High-performance Room Transmitter 
High performance transmitter with a buffered output stage for greater stability and 
range Measures 22mm x 22m. including mic. 6V-12V operation. 1500m range. £15.45 

VT500 High-power Room Transmitter 
Powerful 250mW output providing excellent range and performance. 
Size 20mm x 40mm. 9V-12V operation. 3000m range   £16.45 

VXT Voice-Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range. £19.45 

HVX400 Mains Powered Room Transmitter 
Connects directly to 240V A.C. supply for long-term monitoring. 
Size 30mm x 35mm. 500m range   £19.45 

SCRX Subcarrier Scrambled Room Transmitter 
Scrambled output from this transmitter cannot be monitored without the SCDM decoder 
connected to the receiver. Size 20mm x 67mm 9V operation. 1000m range   £22.95 

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 
,lects to receiver earphone socket and provides decoded audio output to 

neadphones. 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  £19.95 
Individual Receiver DLRX  £37.95 

MRX-1 Hi-Fl 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 

SUMA 
DESIGNS 

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. 

DEPT. EE 
THE W ORKSHOPS, 95 MAIN ROAD, 

BAXTERLEY, NEAR ATHERSTONE, 

W ARWICKSHIRE CV9 2LE 
VISITORS STRICTLY BY APPOINTMENT ONLY 

tEr 
Tel/Fax: 

01827 714476 
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ELECTRONICS 
PRINCIPLES 3.0 
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 G CSE Electronics soft ware in one package. 

Electronic-, Elements. 
Conduct°, and Insulator. 
Basic Electronics. 
Resistor Value Test. 
Simple DC Clcuits. 
Types of Switching. 
Variable Vokages. 
Ohms La,,. 
DC Voltages. 
DC Curent. 
Series,Paidlet Resistors. 
AC Measueements. 
AC Vokage and Current. 
AC Thews!. 
R,C and L Series Umtata. 
R,C and L Parallel Ciocuits 

& Capacitance. 
Inductors & inductance. 
Communication System. 
Coupling & 
Impedance. 
Signals. 
Tuned Ciocuits. 
DC Power. 
AC Power.  Combinational Logic. 
Power Supplies ogiOnterfacing. 
Voltage Regulators. 
P.N. Junction Diode.  nearly three hundred  Measuring V. I & R. 

Analogue Multi-meter. 
Diode Appficationl Analogue and Digital Topics.  Wheatstone Bridge. 

Tiansistor Theoiy. For Windows 3.1 & '95  Bipolw hansistor. 
Transistor Configurations. 
Active Transistor Umiak*. 
Field Effect Transition. 

Op-Amps. 
Basic Operational Amities 

Op-Amp Theory. 
Owitaip App.-mations. 
Sum and Dill Op-Amp 

Number. 
Simple Numbers. 

Number Conversion. 
Phase Angles. 

Converting Complex Awe:: 

Bininy Numbers. 
Binary Arithmetic. 

ES6ates. " Flops. 
Timer. 

Binary Counting. 
Coulters. 

Shift R 

£49.95 
+P&P 

• The software is completely self-containe d. ex plana tory  text  
and calculations are laid out in additional Windows.  
enabling you to see the effect of changing componen t va lues.  
one-at-a-time within the formulae. Graphics. text an d 
calculations can be 'pasted'. in colour into text documen ts for  
a printing. Software contains all the features  you  ex pect  from  
a Windows package. Cascading windows, runn ing  mu ltiple 
applications etc. Menu selection uses the familiar drop down 
approach. Switching, inputting values and changing log ic 
states can all be performed by pointing and clicking buttons.  

• The software is easy to use. Values for exam ple, are  input 
as you would write them, capacitors as µF. nF and pF. 
Frequency as Hz. kHz and MHz. Resistance as Ohms. 
kOhms and Mohms. 

• Wherever possible scientific notation is avoided to make 
numbers and calculations meaningful. Default component 
values provide a useful starting point. 
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47k 

2 

3 

LED1 

• t = 11 x VR1 x Cl 

RI 
tk  Ti  S2 

Reset 1 a ?  

R3 
47k 

Trigger 

Teaching Electronics? Our software is currently used in 

hundreds of U K and overseas schools & colleges to support 

G CSE,  A-Level.  B TEC,  City  &  Guilds.  Degree  level 

foundation courses and a range of  N VQ's  and  G N VQ's 

where students are required to have an understanding of 

electronics  principles.  'Copy  &  Paste'  feature  enables 

preparation of lecture overheads in colour, modify or expand 

the text to produce your own handouts or study notes. 

MATHEMATICS PRINCIPLES 3.0 
An easy to use Windows package including G CSE course 
syllabus, enabling you to study or revise in what we believe is 

an interesting and enjoyable way.  There are nearly two 

hundred mathe matics  topics with interactive, full colour 

graphics, enabling a "learning through doing" approach to 

encourage experi mentation. 

• M athe matics topics,  range fro m Nu mber and Nu mber 

Conversion. Using Nu mbers and Co-ordinates, W orking with 

Fractions. Lines,  Angles and Scaling,  Shapes.  Area and 

Volu me. Circles, Area and Angles, Laws. Rules and Algebra, 

Powers,  Indices.  Linear  Equations,  Slope.  Graphs  and 

Trigono metry, Statistics, Vectors. Curves and Matrices. 

As used in many schools throughout the U K. Only £49.95. 

EPT Educational Software. Pu mp House, Lockra m Lane. Witha m, Essex. U K. C M8 2BJ. Tel/Fax: 01376 514008. 

E-Mail Address. Sales'a eptsoft.de mon.co.uk  W eb pages http://w ww.octacon .co.uk/ext/ept/software.ht m 

Add £2 per order for U K post and packing. M ake cheques payable to EPT Educational Software. 

Switch. Visa and Mastercard orders accepted - please give card nu mber and expiry date. 

O VERSEAS O RDERS: Add £2.50 postage for countries in the EEC. Outside EEC add £3.50 for air mail postage. 
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Easy to Use Graphical Interface under 
both DOS and Windows. 
Netlist, Parts List & ERC reports. 
Hierarchical Design. 
Extensive component/model libraries. 
Advanced Property Management. 
Seamless integration with simulation and 
PCB design. 

Ouliookeficoxfp 
O Non-Linear & Linear Analogue Simulation. 
o Event driven Digital Simulation with 
modelling language. 
Partitioned simulation of large designs 
with multiple analogue & digital sections. 
Graphs displayed directly on the 
schematic. 

PCB  ki 
• 32 bit high resolution database. 
• Multi-Layer and SMT support. 
• Full DRC and Connectivity Checking. 
O 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. 

4,4931.5-

Fully interactive demo versions available for download from our WWW site.  EMAIL: info@labcenterco.uk 
Call for educational, multi-user and dealer pricing - new dealers always wanted. 
Prices exclude VAT and delivery. All manufacturer's trademarks acknowledged.  WWW: http://www.labcenterco.uk 



GENT 135 Hunter Street 
Burton-on-Trent 
Staffs. DE14 2ST  ..g.L.A  tmrron 

E L E C T R O N I C S  LT D  Tel 01283 565435 Fax5  
MAIL ORDER ONLY • CALLERS BY APPOINTMENT   

E175 ENET  

r ----------- 1  ERE MICROCONTROLLER 
RI. 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 &use 
• No ground 
I effect, works 

in seawater 

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

• Efficient quartz controlled 
microcontroller pulse generation. 

u• Full kit with headphones & all 
hardware 

KIT 847  £63.95 IM WM WM 'NM   J 
DIGITAL LCD THER MOSTAT 
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 settable 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- Wd 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 µF, 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 

WINDICATOR 
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 Er 500V INSULATION 
TESTER 

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

KIT 848  £32.95 

MOSFET Mk11 VARIABLE BENCH 
POWER SUPPLY 0-25V 2.5A. 
Based on our Mk1 design and 
preserving all the features, 
but  now  with  switching 
pre-regulator for much higher 
efficiency. Panel meters 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 Er CASE 

• EFFICIENT 100V 
TRANSDUCER OUTPUT 

• COMPLETELY INAUDIBLE 
TO HUMANS 

P U 
0 L 
W T 
E R 
R A 

IPEsT  N, 
SCARER a  

• UP TO 4 METRES 
RANGE 

• LOW CURRENT DRAIN 

KIT 812  £14 81 

D OLBY PR O-L O GI C D E C ODER 
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. 

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

r   
1 SPACE WRITER  
An innovative and exciting  (31,• 114.„ 

I project. Wave the w  and through  S,,.,,, 
I the air and your message appears.  el. 
▪ Programmable to hold any message  
I up to 16 digits long 1 Comes pre-loaded  b̀t ittb' all 

XMAS". Kit includes  1.0, 
B II components b tube plus 

1 instructions for message loading.  $ 

,IT K 849  £16.99i 
W M MN WM OM MM WM OM MM =MI MID WM OM ME WM ••I 
12V EPRO M ERASER 
A safe low cost eraser for up to 4 EPROMS at a time 
in less than 20 minutes. Operates from a 12V supply 
1400mAl. 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 

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 
RI. METAL DETECTOR 
MKI 
Magenta's highly 
developed Et 
acclaimed design. 
Quartz crystal 
controlled circuit 
MOSFET coil drive. 
D.C. coupled 
amplification. 
Full kit includes 
PCB, handle, 
case Er 
search coil. 

• KIT INC. 
HEADPHONES 

• EFFICIENT 
CMOS DESIGN 

• POWERFUL COIL 
DRIVE 

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

• 190mm SEARCH COIL 

• NO 'GROUND EFFECT' 

KIT 815  £45.95 

M I noun, suagotmol 
PII 0 • LO GI C 

Short Form KIT, Kit Ref: 858 £99.00 
*DOLBY and the double-D symbol are trademarks.  Kit with case and transformer, Kit Ref: 869 £124.99 

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  g 
MD35...Std 48 step...£12.98 4. 
MD200...200 step...£16.80 
MD24...Large 200 step...£22.95 
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UPER PIC PROGRAMMER SIMPLE PIC PROGRAMMER 
INCREDIBLE LOW 

PRICE! 
Kit 857 £12.99 

INCLUDES 1-PIC16C84 CHIP 
SOFTWARE DISK, LEAD 
CONNECTOR, PROFESSIONAL 
PC BOARD Er 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 * 

• 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 
FULL SOURCE CODE SUPPLIED. 
ALSO USE FOR DRIVING OTHER 
POWER DEVICES e.g. SOLENOIDS. 

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

PIC16C84 MAINS POWER 4-CHANNEL 
CONTROLLER Et LIGHT CHASER 

• WITH PROGRAMMED 16C84 AND DISK WITH 
SOURCE CODE IN MPASM 

• ZERO VOLT SWITCHING - 
10 CHASE PATTERNS 

• OPTO ISOLATED 
• 4 X 3 KEYPAD CONTROL 
• SPEED CONTROL POT. 
• HARD FIRED TRIACS 
• 4 CHANNELS @5 AMPS 

Kit 855 £39.95 LOTS OF OTHER APPLICATIONS 

Now features full 
4-channel chaser software 
on DISK and 
pre-programmed 
PIC16C84 chip. Easily 
re-programmed for your 
own applications. 
Software source code is 
fully 'commented' so that 
it can be followed easily. 

PIC16C5X 
IN CIRCUIT 
EMULATOR - WITH 
ON-LINE MONITOR. 
The easiest way to get 
started. Allows single 
stepping through programs - 
displaying the internal registers 
and driving the I/O pins. Software 
and hardware can be developed 
and tested together. Programs 
16C54, 5, 6, ft 7 chips. Full featured 
software runs under DOS at high speed. 

Kit 853 £99.00 Power 

X WITH OPERATING 
PROGRAMMING, AND 
CROSS ASSEMBLER 
SOFTVVARE. 

* Nor 

Supply £8.99 

RUNS WITH 
ANY PC 

1.0 

SERIAL 
PC LEADS 

9-WAY £6.00 
25-WAY £7.00 

68000 DEVELOPMENT AND 
TRAINING KIT 

• USED WORLDWIDE IN SCHOOLS 
COLLEGES Et UNIVERSITIES 

• DOUBLE EUROCARD, 2 SERIAL PORTS • 

• NOW WITH EXPANDED RAM Er ROM 
• FULL FEATURED MONITOR Et 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 

Everyday Practical Electronics. January 1997 
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Stamped Pin 
8 Pin DIL 0.3" 
14 Pin OIL 0.3" 
16 Pin OIL 0.3" 
18 Pin DIL 0.3" 
20 Pin OIL 0.3" 
24 Pin OIL 0.6" 
28 Pin OIL 0.6" 
40 Pin OIL 0.6" 
Turned Pin 
8 Pin OIL 0.3"  £0.11 
14 Pin OIL 0.3"  £0.27 
16 Pin OIL 0.3"  £0.31 
18 Pin OIL 0.3"  £0.35 
20 Pin OIL 0.3"  £0.39 
24 Pin OIL 0.6"  £0.46 
28 Pin OIL 0.6  £0.41 
40 Pin OIL 0.6" 
SIL Header Ship 
I x 36 Way Straight  £0.38 
2 x 36 Way Straight  £0.72 
1 x 36 Way 90°  £0.55 
2 x 36 Way 90°  £0.78 
20 Way Socket Strip  £0.54 
Transistor Sockets 
TO18-4 Base Socket  £0.24 
TO5 Base Socket  £0.24 
IDC Cable Sockets 

10 Way Socket 
14 Way Socket 
16 Way Socket 
20 Way Socket 
26 Way Socket 
14 Way Socket 
40 Way Socket 
50 Way Socket 
PCB Box Headers 

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

10 Way Straight 
16 Way Straight 
20 Way Straight 
26 Way Straight 
34 Way Straight 
40 Way Straight 
50 Way Straight 
10 Way 90° 
16 Way 90° 
20 Way 90° 
26 Way 90° 
44 Way 90° 
40 Way 90° 
ill Way 90° 
DIL Headers 

-446+ 

£0.06 
£0.11 
£0.11 
£0.12 
£0.12 
£0.13 
£0.13 
£0.19 

£0.23 
£0.34 
£0.31 
£0.26 
£0.30 
£0.42 
£0.66 
£0.75 

£0.27 
£0.36 
£0.36 
£0.41 
£0.49 
£0.52 
£0.63 
£0.96 
£0.36 
£0.47 
£0.53 
£0.58 
£0.72 
£0.83 
£0.99 

£0.50 
£0.70 
£0.78 
£1.00 
£0.86 
£1.56 
£1.29 
£0.58 
£0.78 
£0.82 
£1.06 
£1.14 
£1.64 
£1.74 

14 Way OIL  £0.54 
16 Way OIL  £0.59 
24 Way OIL  £0.90 
40 Way DIL  £1.02 

Translation Headers 
10 Way Transistion  £0.49 
14 Way Transistion  £0.47 
16 Way Transistion  £0.47 
20 Way Transistion  £0.54 
26 Way Transistion  £0.62 
34 Way Transistion  £0.67 
40 Way Transistion  £0.90 
511 Was Transistion  4: I .02 

D Type Connectors 

Solder Bucket 
9 Way Male Plug  £0.29 
9 Way Female Socket  £0.30 
15 Way Male Plug  £0.39 
15 Way Female Socket  £0.39 
15 Way HD. Plug  £0.49 
15 Way HD. Socket  £0.78 
23 Way Male Plug  £0.49 
23 Way Female Socket  £0.49 
25 Way Male Plug  £0.48 
25 Way Female Plug  £0.50 
IDC Ribbon Mounting 
9 Way Male Plug  £1.20 
9 Way Female Socket  £1.20 
25 Way Male Plug  £1.26 
25 Way Female Socket  £1.26 
Right Angled PCB 

9 Way Male Plug  £0.37 
9 _Way Female Socket  £0.35 
15 Way F1.D. Socket  £0.77 
25 Way Male Plug  £0.53 
25 Way Female Socket  £0.51 
Plastic D Covers 
9 Way Cover - Grey  £0.30 
9 Way Cover - Black  £0.30 
15 Way Cover - Grey  £0.33 
23 Way Cover - Grey  £0.36 
23 Way Cover - Black  £0.36 
25 Way Cover - Grey  £0.36 
25 Way D Cover - Black £0.36 
9 to 9 Cover / Case  £0.96 
25 to 25 Cover / Case  £0.86 
Audio Connectors 

2.5mm Jack Plug  £0.21 
2.5mm Line Socket  £0.I 6 
2.5mm Chassis Socket  £0.09 
3.5mm Mono Plug  £0.24 
3.5mm Mono Line Skt  £0.30 
3.5mm Mono Chassis Sk £0.14 
3.5mm Stereo Plug  £0.33 
3.5mm Stereo Line Skt  £0.37 
3.5mm Stereo Chassis Sk£0.34 
'A" Mono Plug  £0.30 
'A" Mono Line Socket  £0.35 
V.," Mono Chassis Socket £0.40 
11." Stereo Plug  £0.40 
V." Stereo Line Socket  £0.38 
V." Stereo Chassis Ski  £0.44 
DIN Series 
2 Pin Line Plug  £0.18 
2 Pin Chassis Socket  £0.15 
3 Pin Line Plug  £0.27 
3 Pin Chassis Socket  £0.28 
4 Pin Line Plug  £0.24 
4 Pin Chassis Socket  £0.26 
5 Pin Line Plug 180°  £0.26 
5 Pin Chassis Ski 180°  £0.32 
5 Pin Line Plug 240°  £0.24 
5 Pin Chassis Skt 240°  £0.32 
5 Pin LinePlug 360°  £0.24 
5 Pin Chassis Skt 360°  £0.32 
6 Pin Line Plug  £0.27 
6 Pin Chassis Socket  £0.32 
7 Pin Line Plug  £0.34 
7 Pin Chassis Socket  £0.34 
8 Pin Line Plug  £0.35 
8 Pin Chassis Socket  £0.36 
Phono Series 

Red Linc Plug  £0.20 
Black Line Plug  £0.20 
Yellow Line Pfug  £0.20 
White Line Plug  £0.20 
Red Line Socket  £0.20 
Black Line Socket  £0.20 
Yellow Line Socket  £0.20 
White Line Socket  £0.20 
Red Chassis Socket  £0.20 
Black Chassis Socket  £0.20 
Gold Plated Plug - Red £0.64 
Gold Plated Plug - Black £0.64 
XLR Series - metal 

3 Pin Line Plug 
3 Pin Line Socket 
3 Pin Chassis Plug 
3 Pin Chassis Soclet 

£1.50 
£1.64 
£.36 
t I 70 

RE Connectors 

BNC Plug 500 Solder 
BNC Plug 500 Crimp 
BNC Plug 750 Solder 
BNC Plug 750 Crimp 
BNC Chassis Socket 
F Plug - Twist 
F Plug-Crimp 
INC Plug Solder 
TNC Plug Crimp 
UHF Plug 5mm Cable 
UHF Plug I I mm Cable 
UHF Chassis Skt- Sqr 
UHF Chassis Skt Rod 

Terminals 

£0.93 
£0.56 
£0.96 
£0.70 
£0.80 
£0.27 
£0.30 
£1.20 
£0.78 
£0.72 
£.66 
£0.45 
£0.58 

All Available in - Red. Black. 
Green, Blue. White or Yellow 
2mm Solder Plugs  £0.18 
2mm Chassis Sockets  £0.20 
4mm Solder Plugs  £0.30 
4mm Stackable Plugs  £0.40 
4mm Chassis Sockets  £0.23 
4mm Binding, Posts  £0.54 
33mm Crocodile Clips  £0.13 
Power Connectors 
DC Low %'oltamoc 

DC Plug 0.710. 2.3500 £0.46 
DC Plug 1.31D, 3.400  £0.32 
DC Plug 1.710, 4.000  £0.46 
DC Plug 1.710, 4.7500 £0.46 
DC Plug 2.110. 5.00D  £0.24 
DC Plug 2.510. 5.000  £0.24 
DC Plug 3.110. 6.300  £0.46 
DC Line Socket 2.Imm £0.50 
DC Line Socket 2.5mm £0.50 
DC Chassis Skt 2.Imm £0.46 
DC Chassis Skt 2.5mm £0.46 
IEC Mains 6A 250Vac 

3 Pin IEC Line Socket 
3 Pin IEC Line Plug 
3 Pin Chassis Socket 
3 Pin Chassis Plug 
8 Way Bulgin 

£0.96 
£1.83 
£0.56 
£0.72 

8 Pin Line Plug  551 £3.93 
8 Pin Chassis Ski P552 £1.25 
Toggle Switches 

Sub-Miniature 
3A I25V IA 250V 
5mm 0 Mounting Hole 
SPST 5 x lOmm  £0.58 
SPDT 5 x lOmm  £0.60 
SPDT C/Off 5 x 10min £0.86 
DPDT 9.2 x lOmm  £0.66 
Miniature 
6A I25V 1A 250V 
6.2mm 0 Mounting Hole 
SPST Sn 13mm  £0.66 
SPDT 8 x 13mm  £0.613 
SPDT C/Off 8 x 13mm £0.64 
SPDT C/O Biased 2 way £1.04 
SPOT C/O Biased I way £1.04 
DPDT 12 x 13mm  £0.72 
DPDT C/Off 12 x 13mm £0.76 
DPDT C/0 Biased 2 way£1.28 
DPDT C/0 Biased 1 way£1.28 
Standard 
10A 250V Push on terminals 
Ilmm 0 Mounting Hole 
SPST 18 x 30mm  £1.14 
SPDT 18 x 30mm  £1.28 
SPDT C/Off 18 x 30mm £1.52 
DPDT 21 x 30min  £1.60 
DPDT C/Off 21 a 30mm E1.78 
Slide Switches 

Miniature 
300mA 125V 
7 15mm Mounting Hole 
DPDT 7 23mm  £0.15 
Standard 
IA I25V 
5.5 x 12mm Mounting Hole 
DPDT 12.5 x 35mm  £0.24 
DPDT C/0 12.5 x 35mm (0.27 

Rotary Switches 

150mA 250V 
Make before Break 22mm 0 
9.8mm 0 Mounting Hole 
1 Pole 12 Way  £0.84 
2 Pole 6 Way  £0.84 
3 Pole 4 Way  £0.84 
4 Pole 3 Way  0484 

Posh Sw itches 

04111-:  
Miniature Round 
250niA 125V 28 a lOnim 
7min  Motiming Hole 
Non Latching Push to Make 
Black VIM 
Red PTM 
Yellow rrni 
Omen PTM 
Blue PTM 

£0.25 
£0.25 
£0.25 
£0.25 

White rum  £0.25 
Non latching Push to Break 
Black PTII  £0.25 
Standard Square 

IA 250V 
39 a I3MM 
12min 0 Mounting Hole 
Non Latching Push to Make 
Black PTM  £0.60 
Red PTM  £0.60 
lilac PTM  £0.60 
White PTM  £0.60 
Latching 
Black  £0.63 
Red  £0.63 
Blue  £0.63 
White  £0.63 
Rocker Switches 
Miniature 
OA 250V Solder Tags 
SPST 21 a 14 x 16mm  £0.63 
DPDI 21 a 24 x 22inin £0.96 
Stu sada rd 
I5A 230V Push on Tags 
SI'S I 10 a 11 a 22mm  £0.50 
DPD I 30 • 25 a 22inni £1.12 
Illuminated 
15A 250V Push on Tags 
SPST 30xlimin Red  £0.84 
DPDT 30a25men Red  £1.40 
DPDT 30x25mm Amber £1.40 
DPDT 30x25min (in:en £1.40 
Relays 
PCB Mounting 
IA 24Vdc DPDT 5V 
IA 24Vdc DPDT 12V 
3A 110V SPDT 6V 
3A 1111V SPOT I2V 
5A 111W SPDT 6V 
5A 1111V SPDT I2V 
5A 110V DPDT 6V 
5A 110V DPDT I2V 
5A 240V DPDT 6V 
5A 240V DPDT I2V 
10A 2411V SPDT 6V 
10A 240V SPOT I2V 
10A 2411V SPDT 24V 
Computer Accessories 
Adaptors 

£1.44 
£1.44 
£0.58 
£0.58 
£0.72 
£0.72 
£0.93 
£0.93 
£1.76 
£1.76 
£1.25 
£1.44 
£1.44 

9M Gensler Changer  £2.33 
9F Gender Changer  £2.33 
25M ( iender Changer  £2.71 
25F Gender Changer  £2.80 
9 Male - 25 Female  £2.51 
9 Female - 25 Male  £2.67 
9M - I. Mini Din Male  E2.55 
9F - 6 Mini Din Female £2.55 
5M Din - 6F Mini Din  £3.02 
.5F Din - 6M Mini Din  £2.28 
Testers / Patch Boxes 
Mini Tester 7 LEDs  £6.68 
Check Tester 18 LEDs  £7.11 
Enhanced LEDSwitches £15.53 
_51) Juniper Box M-F  £2.90 
25D Patch Boa M-F  £7.32 
Anti-Static Wrist Strap  £5.30 
RS232 Surge Protector  £5.43 
Mains Surge Protector  £11.99 
Leads & Cables 

I.5m Printer lead  £3.40 
Sin Printer Ls-ad  £9.38 
10m Printer Lead  £12.38 
Serial Primer 25M-9F  £4.20 
Serial Printer 25M-25F  £4.45 
Null Slodem 9F-9F  £3.45 
Null Modem 25F-25F  £4.63 
Null Sholciii 9&25-9&25 £5.54 
Modem lead 25M-9F  £4.08 
Modem lead 25M-25F £4.75 
Intel-link 1 cad 25F-9F  £6.50 
Inierlink lead 25F-25F  £6.50 
[media lead 25M-25M £6.50 
Patch Lead 25M-25M  £4.66 
Patch lead 16M-36M  £5.90 
Floppy Drise Cable A/13 £4.50 
Hard Disk Cable NIDE £2.90 
Power Cable 3',2 a 3'A £1.88 
Pone, I ible 5'4-2 x 51/4 £2.24 
rowel I Ole 5'4-2 a 3V, £2.24 
Posss'r I Pile 5' i-3'/i.51/4 £2.24 
Networking 
IINC I  £2.40 
BNC 1 l'oxe FIT  £2.40 
BNC Coupler F  £1.02 
BNC Coupler M  £1.65 
BNC Ratchet Crimper  L I 7.44 
11.145 IIX Plug  £0.39 
Tha w' Cable per in  £0.41( 

Please Phone for 
items not Listed 

Breadboard 203 x 75  £6.58 
140 Pcs Jumpwire Kit  £3.36 
3511 Pea Jumpwire Kit  £6.48 
Drafting Materials 
A4 Plotter Film 10pcs  £1.54 
A4 Laser Film 10pCS  £2.96 
Dab Etch resist Pen  £2.21 
Fine Etch resist Pen  £0.80 
Scrub  ish ng Block  £1.89 
Large Range of PCB Transfers 
stocled. full details available. 
PCB Laminates 
Plain Copper Clad 
100 X 160mm n Single  £0.70 
100 x 220mm Single  £1.00 
233 x 160mm Single  £1.75 
100 x 160mm Double  £0.74 
100 x 220mni Double  £1.05 
233 x 160mm Double  £1.89 
Paper Comp. Photoresist 
4 x 6" Single Sided  £1.34 
6 x 12" Single Sided  £3.85 
9 a 12 Single Sided  £5.78 
4 x 6" Double Sided  £1.64 
6 x 12" Double Sided  £4.67 
9 12 Double Sided  £7.07 

Boxes & ('uses 
slam more  allahle 

General Purpose Plastic 
75 x 56 x 25mm  [0.88 
75 x 51 x 22mm 
III x 57 x 22mm 
79 x 61 x 40mm 
100 x 76 x 4Imm 
118 x 911 x 45mm 
150 x 100 a 60mm 
150 x 80 x 50mm  £2.36 
Diecast Aluminium 
50 x 50 x 3Imm  £2.24 
100 x 50 a 25mm  £2.98 
112 x 62 a 31mm  £3.55 
120 a 65 a 40mm  £4.02 
150 x 80 x 50mm  £5.36 
121 x 95 x 6Imm 
Two Piece Aluminium 
133 x 70 a 37mm  £2.08 
102 x 102 x 37mm 
102 x 70 x 37mm  £1.76 
133 x 102 x 37mm  £2.19 
102 x 63 x 50mm  £1.86 
76 x 51 x 25mm  £1.34 
152 x 102 x 50mm  £2.90 
178 x 127 x 63mm  £3.62 
203 x 152 x 76mm  £4.68 
102 x 102 x 63mm 
133 x 102 x 63mm  £2.57 
152 x 102 a 76mm  £3.23 
Steel/Aluminium 
Plastic coated steel top. 
Aluminium base 
152 x 114 a 44mm  £4.19 
203 x 127 x 5Imm  £4.68 
229  127 x 63mm  £5.62 
114 x 63 x 57mm  £.04 
Wire & Cable 
Ribbon Cable 
Price per 300mm 11111 
10 Way Grey Ribbon  £0.11 
16 Way Grey Ribbon  £0.17 
20 Way Grey Ribbon  £0.22 
26 Way Grey Ribbon  £0.28 
34 Way Grey Ribbon  £0.36 
40 Way Grey Ribbon  £0.48 
50 Way Grey Ribbon  £0.53 
60 Way Grey Ribbon  £0.64 
Enamelled Copper Wire 
Per 50g 12.3z1 Reel 
500g reels available 
14 SWG Enamelled  £0.68 
16 SWG Enamelled  £0.72 
18 SWG Enamelled  £0.78 
20 SWG Enamelled  £0.81 
22 SWG Enamelled  £0.83 
24 SWG Enamelled  £0.87 
26 SWG Enamelled  £0.97 
28 SWG Enamelled  £0.99 
30 SWG Enamelled  £1.02 
32 SWG Enamelled  £3 .05 
34 SWG Enamelled  £1.10 
36 SWG Enamelled  £1.14 
38 SWG Enamel led  £1.20 
40 SWG Enamelled  £1.52 
Tinned Copper Wire 
Per 50g (2oz) Reel 
500g reels available 
16 SWG Tinned  £0.72 
18 SWG Tinned  £0.78 
20 SWG Tinned  £0.81 
22 SWG Tinned  £0.83 
24 SWG Tinned  £0.87 
Equipment Wire 
Avaiable in Black. Brown. Red. 
Orange. Yellow. Green, Blue, 
Purple. Grey & White 
Per 100m Reel 
Solid l'0.6mm  £2.33 
Stranded 7,0.2mm  £2.14 

£0.88 
£0.99 
£1.47 
£1.58 
E I .83 

3mm IR Emitter 
5mm IR Emitter 
3mm Photo-Transistor 
5mm Photo-Transistor 
Photo Diode 
4N25 Opto-Coupler 
4N26 Opto-Coupler 
4N32 0 to-Coupler 
6NI35  plo-Coupler 
6N136 Opto-Coupler  (1.52 
6N137 Opto-Coupler  £1.27 
6N 138 Opto-Coupler  £1.52 
6N139 Opt-Coupler  £1.84 
CNY 17-I Opto4 ampler £0.50 
CN YI7-2 Opto-Coupler £0.64 
CNYI7-3 (hat, Coupler £0.50 
1S-74 Opto-Coupler  £0.50 
ISO-74 Opto-C'oupler  £1.08 

Opto-Cotbler  £1.84 
MOC3020 Opto-Triac  £0.80 
MOC3041 Opto-Triac  £1.10 
ORP12 LDR  £0.85 
Solar Cells 
0.45V Cells, Screw Terminals 
100mA 26 x 46mm 
200mA 35 x 56inm 
400mA 45 x 75mm 
800mA 66 x 95mm 
1000mA 76 x 95mm 

Opto Electronics 
LEDS 
3mm Red Led  (0.08 
3mm n Gwen Led  £0.12 
3mm Yelow Led  £0.13 
3mm n Orange Led  £.13 
5mm Red Led  £0.09 
5inm (ireen Led  £0.10 
5mm Yelow Led  £0.10 
5mm,, Orange Led  £0.10 
5mm Red Flashing  £0.44 
5mm Green Flashing  £0.54 
5mm Yellow Flashing  £0.54 
5mm,, Bi-Colour Led  £0.34 
5mm Tn-Colour Led  £0.48 
7 Segment Displays 
0.51" Red C.Cathode  £0.95 
0.51" Red C.Antale  £0.95 
0.3" Red C.Cathode  £1.14 
0.3" Red C.Anode  [1.14 
Infra Red / Misc Devices 

£0.36 
£0.25 
£0.36 
£0.45 
£0.72 
£0.38 
£0.48 
£0.48 
£1.52 

£0.8. 
LI M 
£1.70 
£2.96 
£3.52 

DM830 Digital 
Multimeter 
A 18 range LCD. 3V, Digit 
multimeter ideal for hobby or 
professional use. DC Volts. 
AC Volts, DC Current. Resis-
tance. Diode Test & Signal 
Injector  Output.  Supplied 
complete with battery. meal 
leads & operating instruction.. 
CE Apprmed. 

AC Volts 
0-200-750V 
DC Volts 
0-200mV-2-20-200-1000 
DC Current 
0-200µA-2-20-200mA-10 ' 
Resistance 
0-200C1-2-20-200kr1-2M1 2 
Dimensions 126 x 70 x 2, 
DM830 Digital 
Multimeter  £9.45 

PCB Materials & Equipment 
We Carry in stock the largest range of PCB Mate-
rials & Equipment required for small volume PCB 
Production. For a FREE fully Illustrated catalogue, 
covering everything from Development to Tools and 
Health & Safety, send an A4 SAE. (49p of Stamps) ort 
FREE with any order over £7.50 when requested. 
Development  Glass Fibre Photoresist 
Mania Board 95 x 127  £0.94 4 x 6- Single Sided 
Maths Board 100 x 160 £1.26 6 x 12" Single Sided  £5.14 
Stripboard 25 x 64  £0.27 9 x 12 Single Sided  £7.71 
Stripboani 64 x 95  £0.90 100 a 160mm,, Single  £2.16 
Siripboard 95 x 127  £1.50 203 x 114mm Single  £2.81 
Siripboard 100 x 100  £1.50 233 x 160mm Single  £4.44 
Striptxiard 100 x 160  LIAO 4 x 6" Double Sided  £1.99 
Breadboard 81 x 60  £3.28 6 x 12" Double Sided  £5.73 
Breadboard 175 x 67  £5.02 9 x 12 Double Sided  £8.64 

100 x 160mm n Double  £2.44 
203 x 114min Double  £3.09 
233 x 160mm Double  (4.90 
PCB Equipment 
PCB Processing Tray  t I 
UV Exposure units from£75.25 
Processing Tanks from £118.70 
PCB Chemicals 
Spray Photoresist 100m1 £4.42 
Developer 50g1110  £0.99 
Ferric C. 250g1500m0  £1.41 
Ferric C. 500g1110  £2.73 
Tinning Powder 90g1 110E11.03 
PCB Flux Spray 200m1 £3.56 
Lacquer Spray I 10m1  £3.12 
Tools 
Stripboard Track Cutter £2.08 
Fibre Glass PCIl  £3.37 
Plastic Tweezers  £0.55 
HSS Twist Drills 116 sizes) 
0.5 to 2.0, 0.Imm Steps 
0.5-0.7 HSS Bits  01.5N 

HSS Bits  £0.50 
1.0-2.0 HSS Bits  Ell 46 
Also available Reduced Shank 
IISS and Tungsten Carbide 

ORDERING INFORMATION - Carriage £1.25+Vat, Prices Exclude Vat ( I 71/2%), Add Carriage & Vat to all orders. Payment with Order. 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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FIRST FIRST 
it's not very often that we can claim a world first — sometimes we are not sure 

on this so we say nothing, but we have published a number of projects that we 
have not seen in other electronics magazines from around the world; it is, how-
ever, impossible to check every publication. What makes us so sure that the 
Theremin Midi/CV Interface is a world first is that this is a specialised area of 
music technology: all the Theremins available are well known, as are the various 
high technology music interfaces, etc. This is mainly because top level music 
making is a truly international business. 
This is not a project for the beginner and not a cheap one either, with the high 
cost of p.t.h. printed circuit boards and the special preprogrammed chip, but we 
are proud to be able to publish the design which would otherwise not have been 
available to the hobbyist. It is after all a world first! 

SECOND FIRST 
Of course, we like to be first if we can and this month I'm happy to report 
another first for EPE. The magazine is the first independent hobbyist magazine to 
be stocked in Maplin stores throughout the UK. See our innovations page for 
more details. Our thanks to Maplin and to our distributors Seymour for making 
this possible. 

THIRD FIRST 
We also believe we were the first UK electronics hobbyist magazine to have a 
Web page and to make much of our project software available free on the Internet 
(on this last point we believe we are the only magazine in the world presently 
doing this). Our Web site now carries a back number ordering page and plenty of 
regularly updated information about the magazine. I'm pleased to say that it is 
generating interest, orders and congratulatory comments from around the world. 
We are, of course, working on a number of new and exciting projects which 
may also represent firsts. So, stick with us, it should be another interesting year: 
which brings me to our regular thanks and Seasonal Greetings to all our readers 
we hope you have an enjoyable and peaceful 1997. 

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 E sterling only) payable to Every-
day Practical Electronics and sent to 
EPE Subscriptions Dept., Allen House, 

East Borough, Wimborne, Dorset BH21 
1PE 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 
oost 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 (01255) 850596 

Advertisement Copy Controller: 
DEREK NEW, Wimborne (01202) 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 en-
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 

EARTH 
RESISTIVITY 
METER 
ROBERT BECK   
Your assistance to the local 
Archeological Society could be 
invaluable with this si mple 
subterranean site detector at 
your co m mand. 

RI SISTIVITY surveying is a method of 
detecting subterranean features and 
has been an investigative tech-

nique of archaeologists for many years. 
Archaeological features can often be 
detected when buried about, one metre 
under the present ground level. 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; if it "looks like" 
the outline of a building, it probably is! 

HISTORICAL 
BACKGROUND 
The technique of resistivity surveying 

was first used by Civil Engineers for inves-
tigating the proposed sites of dams, etc. 
Archaeologists first realised its potential 
in 1946. These early instruments were 
powered by hand cranked a.c. generators 
and used a resistance bridge configuration 
to perform measurements, similar to the 
early "Megger" insulation test sets, al-
though the latter used d.c. 
The readings were taken by simul-

taneously winding the generator handle 
and reading a meter calibrated in Ohms. 
As a series of readings across a site was 
required, the procedure was slow and 
tedious. With the arrival of the transistor, 
resistivity sets designed specifically for 
archaeology gradually became quicker to 
operate. 
Early transistor sets progressed through 

an  a.c.  bridge  configuration,  which 
had to be balanced with a calibrated 
potentiometer for each reading, to the 
present commercial instruments which are 

designed to log the readings directly into a 
data logger, displaying results in the form 
of a map on a portable computer in the 
field. 
It is interesting to note in passing 

that resistivity measurements have recently 
been used for crack measurement in metals 
and also in medical applications. 

WHAT IS 
RESISTIVITY? 
Resistivity is defined as the resistance 

of a metre cube of material across op-
posite faces. It is therefore a standardised 
way of comparing resistances of various 
materials: 

p = RL/A 

Part 1   
Where: 

p = resistivity 
R = resistance of material along its 

length 
L = length 
A = area of cross section 

The principle upon which resistivity 
surveying works is as follows: 
The resistivities of stone, concrete and 

similar materials are relatively high, whilst 
the resistivities of nearly all soils are rela-
tively low. Often ditch and pit fillings, 
which can no longer be seen on the sur-
face, have an even lower resistivity than 
the surrounding soil. 
The combined resistivity of soil and any 

included material is termed the apparent 
resistivity. If we measure the resistivity 
across an area of ground that has a stone 
block buried somewhere in it, the apparent 
resistivity will increase at that particular 
point. Similarly, if we cross the site of a 
silted-up ditch, the reading will decrease, 
as illustrated in Fig. I. 
We therefore have a method of detect-

ing building foundations, walls, silted-up 
ditches and pits, etc. However, various 

Fig. 1. Current paths set up by probe arrays: (a) current flow between two probes: 
(b) Wenner (see "Probe Configurations") array with stone below it: (c) Wenner 
array with ditch below it. 
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One way of analysing the sample results is 
computer screen. 

factors complicate the issue: the resistivity 
of soil depends upon its actual composi-
tion, the moisture present and the amount 
of compaction. 
It therefore follows that taking just one 

or two readings over a site is meaning-
less and will convey no useful information 
to the operator. A series of readings must 
be methodically taken according to a pre-
arranged plan. 
The resistivity meter requires a system 

of probes pushed into the soil to a depth of 
about 250mm to make its measurements. 
Resistivity surveying can therefore be con-
sidered a non-destructive technique that 
will not harm an archaeological site - 
providing that you do not dig the site to 
check your results! 
It is stressed that digging at sites of 

potential archeological interest should only 
be carried out under the supervision of 
suitably qualified archeologists. Advice on 
the ethics of amateur resistivity surveying, 
and about joining Archeological Societies. 
is given in Part 2. next month. 

SOME PROBLEMS 
Why can we not make earth resistivity 

measurements using the Ohmmeter that we 
already possess in our toolbox? It might be 
thought that a simple multimeter switched 
to a suitable Ohms range would be the 
most cost effective solution to resistivity 
measurement. 
However, these meters use d.c. to 

perform resistance measurements. This 
presents some difficulties. The multimeter 
will respond to the following: 

I. 50Hz mains derived currents circulat-
ing in the ground 
2. "Battery effect", caused by chemical 

interaction between probes, and acids or 
alkalis naturally occurring in soils 

3. Electrolytic effect of the measuring 
current passing through the soil. 

The first two points are self explanatory 
but the third may need some clarification. 
The electrolytic effect will cause a 

gradual increase in the contact resistance 
between the probes and the soil, making 
the reading on the multimeter gradually 
rise. This increase in contact resistance is 
caused by a film of gas coating the 
probes, due to water in the soil breaking 
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to view them as a linear graph on a 

down into its constituent parts of oxygen 
and hydrogen under the influence of the 
measuring current. Try this experiment: 
Connect a multimeter, set to the 

Kilohms range, to two probes pushed into 
the ground about 200mm deep and 500mm 
apart. The probes can be pieces of welding 
rod, metal pipe, etc. Then switch the 
multimeter on and record the resistance 
readings against time. 
You can see in Table 1 that the read-

ings tend to increase with time and never 
quite settle down. This demonstrates the 
electrolytic effect of the measuring current. 

Table 1 

Time  Kilohms  Kilohms 
(leads reversed) 

0 sec.  6.36 
10 sec.  6.66 
20 sec.  6.76 
30 sec.  6.81 
40 sec.  6.87 
50 sec.  6.91 
1.0 min.  6.95 
1.5 min.  7.06 
2-0 min.  7.17 
2.5 min.  7.23 
3.0 min.  7-23 
3.5 min.  7.30 
4-0 min.  7.30 
4.5 min.  7-28 
5-0 min.  7-36 

9.66 
10.00 
10-15 
10-28 
10.34 
10.40 
10.44 
10.53 
10.57 
10-59 
10.63 
10.66 
10-69 
1070 
10.72 

It can be seen from the results columns 
that reversing the leads gives a totally 
different set of increasing readings. This is 
the result of the "battery effect" com-
bined with the electrolytic effect. 
Change the multimeter to the Millivolts 

D.C. setting and you will see a reading of, 
for example, 150mV, which demonstrates 
the "battery effect". Set the multimeter 
range to the Millivolts A.C. setting and a 
reading of, probably, 3mV to 4mV will 
be observed, thus indicating mains derived 
circulating currents. 
Having now noted these complications 

we can consider ways of overcoming them. 

SYSTEM 
REQUIREMENTS 
An a.c. square wave oscillator needs to 

be used for supplying current to the soil. 
The frequency must not be too low or the 
electrolytic effect will become noticeable. 
Equally, the frequency must not be too 
high or ground inductive effects will be-
come apparent. The frequency must not be 
a multiple of 50Hz otherwise we cannot 
use a synchronous rectifier at a later stage 
to remove unwanted 50Hz signals. The 
author's preference is to use 137Hz. 
The oscillator is used to feed a constant 

current generator which enables a fixed 
current to be delivered to the soil, thus 
avoiding at least one variable. This current 
is fed into the soil via a pair of probes, 
known as the C1 and C2 probes. 
The resultant voltage is picked out of 

the soil by a second pair of probes, known 
as the P1 and P2 probes and is a "floating" 
voltage in that neither probe is at the in-
strument's OV rail voltage. 
This necessitates the use of a differential 

amplifier because neither input terminal of 
the input amplifier can be connected to 
earth. The input impedance of the differen-
tial amplifier should be as high as practical 
so as to swamp any contact resistance 
associated with the P1 and P2 probes. 
The output of the amplifier then goes to 

a synchronous rectifier so that only those 
signals which are in phase with the oscil-
lator are rectified. The rectified signal can 
now be fed to a digital multimeter which 
makes a convenient readout device. The 
block diagram in Fig. 2 illustrates the 
principle. 
Any cube of soil that we wish to 

measure does not exist in isolation, it is 
part of the whole earth. Therefore the 
adjacent soil also helps to conduct the 
current. If a pair of probes is inserted into 
the soil, the current between them tends to 
fan out in all directions, gradually weaken-
ing as it spreads further from the centre 
line between the probes (see Fig. la). 
The effect is analogous to that which 

can be seen when iron filings are used to 
trace the lines of force of a bar magnet. In 
the case of the soil cube, the electrons, 
being similarly charged, repel each other, 
to cause the fanning out of the current. 
It is possible to connect an a.c. measur-

ing device directly across the probes which 
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CURRENT 
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DIFFERENTIAL  SYNCHRONOUS 
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ci  PI 

CURRENT 
PROBES 
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PROBES 

SYNC 

DIGITAL 
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1 -1 I-1 1-
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Fig. 2. Block diagram for a basic earth resistivity meter. 
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Fig. 3. Circuit diagram for the Current Generator. 

are injecting the a.c. into the soil. We 
would have enough data to calculate the 
resistance between the probes using Ohm's 
Law, i.e. R = V / I. 
This method does work but it has one 

major problem in that we are measur-
ing voltage at either end of a hemisphere 
of current. If we introduce two separate 
electrodes and use them only for "picking 
off" a voltage, we have an electrode sys-
tem that is more depth sensitive. 
The reason for this is that, in the case of 

two probes only, we are measuring the 
effect of the current mainly running along 
the surface of the soil. Whereas, in the 
case of two pairs of probes, we are not 
measuring the effect of the current that is 
off the probes' horizontal axis to such a 
great extent, thereby forcing the probe 
configuration to be more depth sensitive 
compared to surface sensitive. 
The potential difference being measured 

is on the flat surface of a hemisphere, not 
across the opposite faces of a cube. There-
fore it follows that we are not calculat-
ing actual resistivity, which depends on 
the particular probe configuration in use. 
However, there is no need to calculate true 
resistivity figures, because only relative 
readings are required. 

CIRCUIT 
DESCRIPTION 
Having looked at a bit of theory, let's get 

right down to earth and describe the circuit 
for a simple Earth Resistivity Meter. The 
circuit diagram for the first part of it, the 
Current Generator, is shown in Fig. 3. 
Op.amp ICI, together with its associated 

components, forms an oscillator giving a 
square wave output which is balanced 
about the OV line, and at a frequency of 

I 37Hz. The output appears at pin 6, with 
its amplitude being a little below the 
10.5V supply rails. 
The symmetry of the waveform is ac-

curately set by preset potentiometer VR1 
in conjunction with diodes DI and D2. 
The precise frequency is set by preset 
VR2. Capacitor Cl forms part of the time 
constant for the oscillator. 
A non-polarised polyester capacitor 

musi be used for Cl. It should not be an 
electrolytic capacitor as this would have a 
certain amount of leakage current, which 
may vary with temperature, and cause the 
oscillator to drift  from  the  desired 
frequency. 
The output at ICI pin 6 is passed to the 

switching circuit, formed around transis-
tors TR1 and TR2, which "enables" either 
the positive or negative half of the bipolar 
current generator, as appropriate. Positive 
constant current is generated by TR3 in 
conjunction with diodes D5 and D6, and 
selectable emitter load resistors R8 to RIO. 
Negative constant current is similarly gen-
erated by the circuit around TR4, D7, D8 
and switched resistors R11 to R13. 
Selection of the emitter loads is carried 

out by the dual 3-way switch S 1 a/b. 
The output current range is selectable at 
0-1mA, 1 mA or 10mA, in order of switch 
positions 1 to 3. 
The selected current is available directly 

as an output at the collectors. of TR3 and 
TR4, via socket SKI. The amount of cur-
rent being delivered is detected by the cir-
cuit around IC2, which is, in fact, actually 
a voltage level detector. The voltage level 
is, of course, relative to the current being 
drawn via SKI. 
Diode D9, resistor R14 and capacitor 

C2 form a rectifier and smoothing circuit. 
Op.amp IC2 is configured as a comparator, 

with preset VR3 providing the reference 
voltage. 
When the voltage across the current out-

put goes to too high a value, indicating that 
the current generator is feeding into too 
high a load, I.e.d. DIO will light. This 
indicates that an erroneous reading is occur-
ring, because there is insufficient voltage 
available to drive the demanded current. 
In this case, the Current switch, 

S 1 a/S lb, should be set to a lower value 
which  would  accept  a higher load 
resistance. 
The voltage drop in the soil caused by 

the current driven through it is detected 
by the P1 and P2 probes, which feed their 
signals to a Differential Input Amplifier 
comprising IC3a, IC3b, IC4a and IC4b, as 
seen in Fig. 4. 
Over-voltage protection for the dual 

amplifier IC3 is provided by Zener diodes 
D11 to DI4. Being 9-1V diodes, any 
voltage between the probe and earth that is 
above 9.1V will cause one of the diodes to 
conduct, thus protecting the amplifier. 
Amplifier gain is set by selecting one of 

three resistors, R23 to R25. by the Gain 
switch S2. The gain may be calculated 
from the following formula: 

Gain = + 1 (2R -  ---FEEDBACK/RSWITCH) 

thus: 

Gain = 1 + (2 X 10000 /RswITcH) 

The resistors chosen give switched gains 
of x 10, x 100 and X 1000. 
The amplified signal is passed to IC4b, 

which acts  as a Synchronous Rectifier. A 
reference signal is obtained from pin 6 of 
ICI (Fig. 3) and fed to diode DI5. When 
the cathode (k) of DI5 is positive, no volt-
age will be applied to the gate (g) of field 
effect transistor (f.e.t.) TR6. This will cause 
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Fig. 4. Circuit diagram for the Differential Input Amplifier, Synchronous Rectifier and D.C. Amplifier. 

the f.e.t. source-drain (s-d) path to conduct. 
thus grounding input pin 5 of IC4b. 
The circuit then acts as an inverting 

amplifier with a gain of — I. Its input pin 5 
is damped by resistor R29 which, because 
of its high resistance compared to the 
output impedance of the last stage, will 
cause no noticeable loading. 
When the cathode of D15 is negative, 

the gate voltage of TR6 will be about 
— 11V and the f.e.t. source-drain path will 
be high impedance, and so act as an open 
circuit. The circuit will then act as a non-
inverting amplifier with a gain of + I. 
Basically, the gain is determined by the 

relative values of resistors R28, R29 and 
R30. The inclusion of the f.e.t. IRS in 
the feedback path helps to stabilise any 
tendency towards gain-change caused by 
temperature drift. 
When  the  input  signal  to  the 

Synchronous  Rectifier  (via  D15)  is 
positive, the output will be the same 
amplitude as the input, but will be reversed 
in polarity. When the input signal is 
negative, the output signal will also be 
negative, but  still  having  the  same 
amplitude as the input. 
The rectified signal at IC4b pin 7 will 

always be negative, with any signals that 
are out of phase with the oscillator being 
superimposed as an a.c. waveform on the 
d.c. output signal. 
The output from IC4b pin 7 is passed 

through a low-pass filter consisting of 
resistors R31, R32, and capacitors C I 1 to 
C13. This will remove most of the un-
wanted a.c. signals that are present. C12 
and CI3 can be switched in or out of the 
circuit by S3, so allowing the filter 
response times and effectiveness to be 
changed. 
However, increasing the effectiveness of 

the filter by increasing the value of either 
of these capacitors will slow the response 
time of the circuit. The values chosen 

represent a suitable compromise for mini-
mising the interference found in most rural 
locations. 
The output from the D.C. Amplifier IC5 

is then fed via sockets SK5 and SK6 to a 
digital voltmeter (DVM). A toolbox type 
digital multimeter, set to a relevant voltage 
range, is suitable, with connecting leads of 
about 500mm in length. If desired, a digi-
tal panel meter may be incorporated in the 
case containing the resistivity meter. It did 
not seem to be a cost effective exercise to 
build a digital indicator for this circuit. 
Whatever type of indicator is used, it 

should have ranges from OV to 10V d.c., 
down to OV to 100mV f.s.d. (full scale 
deflection). 

PO WER SUPPLY 
As shown in Fig. 5, power is supplied 

by two batteries, BI and B2, which may be 
any type of battery that can supply 18V at 
only a few milliamps. Rechargeable NiCad 
cells stripped from old radio equipment 

have been found to be ideal! An alternative 
suggestion is two PP9 batteries in series 
for B1, and a similar arrangement for B2. 
The twin power supplies are regulated 

down to + 10.5V and — 10-5V by IC6 and 
IC7, in conjunction with Zener diodes D16 
and D17 

CONSTRUCTION 
These circuits are built on two printed 

circuit boards, whose details are shown in 
Fig. 6 and Fig. 7. The boards are avail-
able from the EPE PCB Service, code 131 
(Current Gen.), 132 (Amp/Rect.). 
It is recommended that d.i.l. (dual-in-

line) sockets should be used for all the 
integrated circuits (i.c.$). Mount the resis-
tors, diodes and capacitors first, followed 
by the transistors and i.c.s. Correctly 
observe the polarity of all but the resistors. 
Prepare a suitably sized diecast case by 

drilling holes for the sockets, p.c.b. fixing 
holes and switches. Mount these com-
ponents and instal the p.c.b.s using 6BA 

SEE TEX1J    
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Fig. 5. Power supply circuit diagram. 
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nuts and bolts, or sturdy p.c.b. mounting 
pillars. 
The prototype of this circuit was ac-

tually constructed on stripboards which 
were mounted in three small diecast cases, 
each measuring 60mm x 110mm x 
30mm, each one being bolted to the other 
with 6BA nuts and bolts. 
However, with the p.c.b. design shown, 

only one box needs to be used; a sug-
gested minimum size is about 140mm x 
70mm x 60mm. Double-check the size 
of your assembly before buying a case, 
since individual component sizes may vary 
depending on the source. You might con-
sider buying a diecast case with a rubber 
gasket round the lid to help minimise the 
risk of water ingress when out in the field! 

The author's prototype. 
built on stripboard and 

mounted in three combined 
boxes. 
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ADJUSTMENTS 
If you  have  an oscilloscope and 

frequency meter, proceed as follows: 

I. Switch on. Measure the positive sup-
ply line at C15 + V, and check that it is 
+10.5V. Measure the negative supply 
line at CI7 — V, and check that it is 
— 10.5V. 
2. Connect a frequency meter to ICI pin 

6 and set VR2 to give an output of I37Hz. 

If no frequency meter is available, use a 
medium impedance earpiece connected be-
tween ICI pin 6 and the OV line and 
estimate a suitable tone, i.e. a little above 
100Hz (rectified mains hum frequency). 
3. Connect an oscilloscope to ICI pin 6 

and set VR I so that both halves of the 
square wave are the same. Ascertain that 
the amplitude is about 11V, and that it is 
symmetrical about the OV line. If no oscil-
loscope is available, set VR I mid-way. 

4. Temporarily connect a test resistor 
across the C1 and C2 terminals. Select the 
test resistor value and current generator 
output according to Table 2. Connect the 

Table 2 

Current Setting 
0-1mA 
lmA 
10mA 

Test Resistor 
10ki2 
11<ii 
100!1 
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COMPONENTS 
Resistors 
Al, R3, R6, R7, R17 to R20, 
R31 
R2, R21, R22, R26 to R28, R30, 
R32 to R35 
R4, R5 
R8, R13 
R9, R12 
R10, All 
R14 
R15 
R16, R25 
R23 
R24 
R29 
All 0.6W 1% metal film 

Potentiometers 
VR1, VR3 
VR2, VR4 

Capacitors 
Cl 
C2 
C3, C4 
C5 to C6, C7, C9, 
C16, C18, C19 
C8, C10 
C11 
C12 
C13 
C14, C17 

10k (9 off) 

100k (11 off) 
15k (2 off) 
6812 (2 off) 
73012 (2 off) 
7k8 (2 off) 
470k 
47k 
2k2 (2 off) 
2012 
20012 
200k 

10k horiz. preset (2 off) 
100k horiz. preset (2 off) 

telOP 
TALK 
Page 

111 metallised polyester, 100V 
220n disc ceramic, 25V 
2211 axial elect. 63V (2 off) 

C15, 
100n disc ceramic (8 off) 
470n polyester (2 off) 
tantalum bead, 35V 

100j axial elect. 35V 
10t axial elect. 35V 
47i axial elect. 35V (2 off) 

Semiconductors 
D1 to D8, D15 
D9 
D10 
D11 to D14 
D16, D17 
TR1 
TR2 
TR3 
TR4 
TR5, TR6 
Cl 
C2 
C3 
C4 
C5 
C6 
C7 

Miscellaneous 
B1, B2 
Si to S3 
S4 
SK1 
SK2, SK6 
SK3 
SK4 
SK5 

1N4148 silicon signal diode (9 off) 
0A91 germanium signal diode 
red led. 
BZY88C9V1 9.1V 500mW Zener diode (4 off) 
BZY88C5V6 5.6V 500mW Zener diode (2 off) 
MPSA42 npn transistor 
ZTX550 pnp transistor 
TIP30A pnp high power transistor 
TIP29A npn high power transistor 
2N3819 n-channel t.e.t. (2 off) 
LM725 op.amp 
741 op.amp 
2072 dual op.amp 
2082 dual op.amp 
2081 op.amp 
7805 + 5V lA voltage regulator 
7905 - 5V lA voltage regulator 

18V battery - see text (2 off) 
4-pole 3-way rotary switch (3 off) 
d.p.d.t. toggle switch 
4mm socket, white 
4mm socket, black (2 off) 
4mm socket, yellow 
4mm socket, green 
4mm socket, red 

Printed circuit boards, available from the EPE PCB Service, codes 
131 (Current Gen.) and 132 (Amp/Rect.); 8-pin di!. socket (5 off): 
4mm plugs, qty to suit; knob (3 off); case (see text); probe materials 
(see text): nuts, bolts and washers; connecting wire, solder, etc. 

Approx Cost 
Guidance Only 

excl. case 
and probes  te48 

Table 3 

Gain Load  Output 

x 10 

x 10 

x 10 

x 100 

x 100 

x 100 

x 1000 

x 1000 

x 1000 

1012 

10012 

100012 

112 

100 

10012 

0 112 

112 

ion 

oscilloscope across the resistor (scope 
probe tip to C1). The oscilloscope should 
show a 137Hz trace at approximately 
± IV, symmetrical about the OV line, at 
all three settings of current selector switch 
SI. 
If any discrepancy is noted, the ap-

propriate resistor (R8 to RI3) on switch SI 
should be checked. These resistors may be 
made up with a series and/or parallel con-
nection of more than one resistor if a high 
degree of accuracy is desired. 

5. Set the test resistor to 1011. Set the 
amplifier gain switch (S2) to x 100. Ad-
just preset VR4 for a d.c. output of exactly 
1 V across SK5 and SKO. 

6. Connect Pi to CI, and 13, to C.,. 
Connect a resistance box or a series of 
fixed resistors between 131 and 132. Set the 
amplifier gain (S2) and the resistance box 
th the figures in Table 3 and check that the 
output is correct. 

7. Set the test resistor to 10k11 and 
switch SI for a current output of I mA. 
Adjust preset VR3 until the I.e.d. DIO just 
lights. 
This completes the tests and adjust-

ments. Let's now probe deeper: 

PLAN VIEW  • 

WENNER 

Cl  PI  P2  C2 
•  •  • 

Fig. 8. Probe configurations: (a) 
Wenner Probe; (b) Twin Probe; (c) 20 
x 20 metre square to show use of 
Twin Probe in the field. 
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14 7 14 7 14 7 14 7 14 7 14 7 la 7 14 7 14 7 14 7 

13 8 13 8 13 8 13 8 13 8 13 8 13 8 13 8 13 8 13 8 

12 9 12 9 12 9 12 9 12 9 12 9 12 9 12 9 12 9 12 9 

11 10 11 10 11 10 11 10 11 10 11 10 11 10 11 10 11 10 11 10 

10 11 10 11 10 11 10 11 10 11 10 11 10 11 10 11 10 11 10 11 

9 12 9 12 9 12 9 12 9 12 9 12 9 12 9 12 9 12 9 12 

8 13 8 13 8 13 8 13 8 13 8 13 8 13 8 13 8 13 8 13 

7 14 7 14 7 14 7 14 7 14 7 14 7 14 7 14 7 14 7 14 

6 15 6 IS 6 15 6 15 6 15 6 15 6 15 6 15 6 15 6 15 

5 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 
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3 18 3 18 3 18 3 18 3 18 3 18 3 18 3 18 3 18 3 18 
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RESISTIVITY 
METER  ...  

TRAILING CABLES 

FIXED 
PROBES 
CI PI 

18 Everyday Practical Electronics, January /997 



Hot News for those Interested in Circuit Board Design 

EDWINNC 

For many years top class industrial strength 
PCB design Software has been out of reach 
to you, due to high prices. Now for the first 
time, such software is available to you at an 

alibrdable price! 

Make no mistake, this is indeed the exact 
software that is sold into commercial 
organisations with the only proviso, that it is 
now offered explicitly for non-commercial use. 

EDWINNC is used extensively in academic 
institutions throughout the UK and France 
and is well supported by Multi-National 
Companies. 

This is no new release! Visionics have 
been supplying top grade software for over 
10 years. Now we offer it to you at immense 
savings i.e. EDWINNC De Luxe 3 costs 
£3,515.25 inc. VAT for commercial use. 

Non-commercial CD-ROM version from just £49 to £114.00  \ 

EDWINNC is a fully integrated Windows based package and contains many 
powerful features which make it the best value PCB Design Software there is! 

The Basic version (£49.00) has a 100 component database limitation, but 
includes Schematics, PCB Layout, 500 Device Library including schematic 
and layout, Basic Autorouter & Postprocessing. 

The De Luxe 1 (£79.00) version has the above, but also includes Professional 

Libraries and unlimited database components. 

De Luxe 2 (£79.00) is the same as the basic version, but with Professional 
Libraries and adds Mix-mode Simulation. 

De Luxe 3 (£114.00) all the above plus the Arizona Autorouter. 

YES! Please Rush Me My EDWINNC program. 

Swift Designs Ltd., Business & Technology Centre, Bessemer Drive, Stevenage, Herts. SG1 2DX. 

Priority order or more information by telephone: 01438 310133 fax: 01438 722751 or Email: designs* swiftdesigns.co.uk 

Name:   

Address: 

Tel.: (Day) 

I enclose £ 

Non-Techno Speak 
It does just about 
everything you could 
want it to do in PCB 
design! 

Techno Speak 
Advanced Features 
include: 
• Integrated Schematic/ 
PCB layout database 
• Full Pan/Zoom Redraw 
• Comprehensive 
start-up libraries 
• Easily produced 
customised libraries 
• On-line design rule 
checking 
• Board Designs: 
from 1 to 32 layers 
• Autorouting 
• Bill of materials 
• GERBER and NC 
drill outputs 
• Full printer/pen plotting 
• On-line Help 
and manuals 

Options (at extra cost): 
• Unlimited database 
(included in De luxe 1 & 3) 
• Professional libraries 
(included in De luxe 
programs) 
• EDSpice simulation 
• Mix-mode simulation 
(included in De luxe 2 & 3) 
• 'Arizona' Autorouter 
(included in De luxe 3) 
• Thermal analysis 

Other Option Prices 
on Request 

Computer Compatibility 
To run the program you 
will need: 

• Windows 3.x, Win95 

or Win NT, a min. 386 
processor and 8mb of 
RAM. CD-Rom Drive 

  Postcode:   

  (Evening:)  Version Required: Basic De Luxe 1 2 3 

.00 + p.p. £5 UK (p.p. £10.00 Outside UK) for the CD-Rom version. Ili 

Cheque/P.O./Credit Card. Visa/Access/Mastercard: 

No.: 

3l/2" Disk Version add extra £10.00. 

Expiry Date: Signature: 

11 

(please circle) 

Stocks are limited. Therefore do not delay in sending in your order. Please allow 10-15 days for delivery. 



Established 1990 

SECURITY 
ULTRASONIC MOVEMENT DETECTOR 

Xtal controlled oscillator, 
detector circuits Er edge 
mounted transducers on 
one PCB just 75x4Omm 
Detection range 4-7m Adjustable 
sensitivity LED indicator Outputs to drive ex 
' ternal relay'circuits 9V DC operation 3049-KT 
£14 95 

MINI CCTV CAMERA 

Lam m high quality IA 
sonitive monochrome 
camera  module  for 
Video Intercom CCTV 
Surveillance etc. Simply 
plug into scars or video. 
Six on-board IA LED's. 
Less than half the size 
of a cigarette packet , 

ASSEMBLED UNIT 
9347-AS 039.95 

FEATURES 

'Compact b light camera 
KB module 5481081 
.30mmll 33 grams 
...ow power consumption 
'2V DC, 15OrnA 
(Low light requirement 
D IL. (IR LED on) 
•High quaky, high 
resolution CC1R image 
512x562 pixels 
'Video output 1Vp-p/7511 
'Lens 3.6rirtn. F1.8 
*Feld of view 7414 a 569 
•Mentenance free 
•BUOI-In electronic " 
controlled auto-ins 
'Internal synchronisabon 

E R W L3k4 C T T I R I 
.1,419. I 

THE EXPERTS IN RARE 
UNUSUAL INFORMATION! 
Full details of ali VI- ACTOR Pt Ell ll'ATIONS can be 
found in our catalogue. Ng Minimum order charge 1 for reports and plans is 15.00 PLUS normal P&P SUPER-EAR LISTENING DEVICE Complete plans 
to build your own parabolic dish microphone. 
Listen to distant voices and sounds through 
open windows and even walls , Made from 
readily available parts RO W 1150 
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 con, 
ponents. R006 (2.50 

LOCKS - How they work and how to pick them. 
This fact filled 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. R0011 f3.50 

RADIO 6 TV JOKER PLANS We show you how 
to build three different circuits for disrupting TV 
picture and sound plus FM radio, May upset 
your neighbours Sr the authorities' , DISCRETION 
REQUIRED. 9017 E3.50 

INFINITY TRANSMITTER PLANS Complete plans Ifor building the famous Infinity Transmitter Once 
installed on the target phone, device acts like a 
room bug. Just call the target phone 6 activate 
the unit to hear all room sounds Great for 
home/office security, R019 F3.50 

THE ETHER BOX CALI. INTERCEPTOR PLANS 
Grabs telephone calls out of thin air , No need to 
wee-in a phone bug Simply place this device 
near the phone lines to hear the conversations 
taking place! 9025 £100 

GENERAL KITS 
OMIT LEO COURIER 2 board basic event 

counter. Mein board has 3 digit counter circuit. 2nd 
board has Count 6 Reset switches 6 debounce 
circun Cascaded with other boards to provide 
more digits. Box 6 battery holder provided. W 
battery 78x50x25rnrn. 300/47. (1495 

OP-AMP FUNCTION GENERATOR Quad Op-Amp 
connected as oscillator 6 wave shapers to gen-
erate audio range wave-forms Oscillator genet. 
stes Square Wave from 61-12 to 6KHz Other amps 
produce Triangle 6 pseudo Sine outputs. Solder 
pad outputs. W powered. 47440x22rnm. 3023-Kr 
£te6 

I
LOGIC PROSE Original, modern design tests both 
CMOS Pr TTL circuits as well as detecting fast 
pulses. Gives (rtsual 6 audio indication of logic 
states found Powered from mrcun under test. It's 
operation is fully explained. 3o24-Kr £.05 

IROULETTE LED A great introduction to gambling .. 
err electronics, Watch We 
'ball' spin round the roulette Iwheel, slow down 6 drop into 
slot Uses 10 LED's, CMOS 
decade counter Er Op-Amp to teach 
Voltage Controlled Oscillator D/C01 principles. 
Powered Educational 6 luni! 3006-Iff (1095 IPELTIER JUNCTION HEAT PUMP Boil or freeze 
water Instantly, Use for regulated cooling of tem-
perature sensitive components and much more. 
X66-KT. £145 

9V XENON TUBE FLASHER This powerful high 
• voltage xenon flasher runs off a simple 9V battery 
• A transformer is used to step up the 911 supply 
voltage to the high voltage required to flash the 
25mm long tube Flash rate adjustable between 
025 to 2 second intervals 3022-KT £11.95 

LA4383 AMPLIFIER MODULE Proven, popular build-
ing block tor use in any audio project (.,;(:peer wnneral 
amplification required Power output t on 

es supply voltage 6 load resistance Typical ratings. 
Over IOVV for 16V supply b 2W speaker, 1W for W 
Supply b EIW speaker. 3047-KT 19 %  

, plus AUDIO • EDUCATIONAL • LASER • SECURITY • TEST GEAR • BOOKS Si more 

Our high quality project kits are supplied with all components, fibre glass PCB's & comprehensive 
instructions FREE CATALOGUE with order or send 2 n 1st Oars stamps (refundable) for details of O W 

, 100 kits 8 publications Mail order only Please ADD 12.00 P & P (Europe £3, Rest of Word £5) & 

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 BISHOP'S STORTFORD Ha rts CM23 2PA 

il.._ , . 
• E- mail 101364.3510 co mpuserve corn 

Web site hop': ourworld.co mpuserve.comiho mepages/GuasarElectronics 

COMBINATION LOCK Versatile electronic lock 
comprising main circuit Et separate 9 key touch. 
pad for remote opening of lock. 120VAC/10A relay 
supplied. 9-12V. 3029-KT F9. 95 

LIGHT ALARM Protect your valuables with this 
practical, clever little circuit. Alarm sounds if 09011 
the smallest amount of light falls on the circuit. 
Place in cash box etc. 30 M-K1 F ad 
THE SCREAMER! Painful alarm siren gives out • 
massive 110db of ear piercing noise. Box sup-
plied has two 35mrn piezo elements already built 
into their own resonant cavity PCB fits inside box 
to give a neat, compact unit. Use as part of 
an alarm circuit or just for the fun of itl I 6-91/ 
operation. 3015-KT M I6 

V T V V V V V V V V  Ir V V If V   

SURVEILLANCE 
High performance surveillance kite  Room 
transmitters supplied with sensitive electret 
microphones  b battery  holders/clips.  All 
transmitters can be received on an ordinary 
VHF FM radio. 

MTX - Miniature 
IV Transmitter 
Easy to build b guaranteed to 
transmit 500 metres lover 1000m possible with 
higher voltage 6 better aerial) 3-9V operation. 
Only 45x 113rnm 3007-KT (4.05 

MRTX - Miniature IV Room Transmitter 
Our best selling 'bug'. Super sensitive, high power 
• 100Orn range (Up to 2 miles with 18V supply 8 
better aerialt). 9V operation. 45x19mm 3018-KT. 
e5.95 

FIPTX - High Power Room Transmitter 
High performance, 1 stage transmitter gives greater 

stability Er high quality reception. 
a l as k o100(kn range ...nth W battery.  

6-12V operation. On/ off 
switch Size 70415mm. 

3032-KT (595 

VTX - Voice Activated Transmitter 
Powerful  2 stage  voice  activated  transnmer 
Only operates when sounds are detected  lkm 
range. Low standby current - conserves banery 
power Achustable sensitivity 6 turn-off delay Only 
81438mm 30213-KT 120.95 

TNT - Telephone Recording Interface 
Connect between phone line 6 cassette recorder. 
Automatic-ally switches on tape when phone it 
used. Records all conversations Powered from line. 
48•32mm. 3033-KT £50 

TRVS - Tape Recorder Von Swhch , 

. I 

Very sensnive, voice activated switch - automati-
cally turns on cassette recorder when sounds are 
detected Adjustable sensnivrty Pr turn-off delay. 
115419mm roc mic 3013KT 6750 

MTTX - Miniature Telephone Transmitter 
Attaches anywhere to phone line. Transmits only 

when phone is used , Uses phone 
line as aerial 6 power source. 

500m range. 45x15mrn. 
3016-KT £5.50 

Two Station ntercom/Hard Wired Bug 
Each unit has its awn speaker, microphone Et 
& Midler ILM386i Turn into a hard wired bug by 
using 4 stand ribbon cable supplied to send power 
horn the recmving unit to the remote 'bug' unit W 
302TICT (12.95 

Telephone, Amplifier Kit 
Pick-up coil ft sensibve amplifier let you hear cod 
wosations without even holding the phone, Can be 
used for surveillance purposes 3055-Kr £195 

A A I I I A  
LED SEGUENCE/RANDOM RASHER 5 ultra bright 
red LED's flash in sequence or random deal for model 
railways. Onioff switch COB PCB 15x8mm Ispare 
provided). 311 powered 3052-KT F495 

LED DICE The classic electronic project Met never 
loses Ks popularity. Combines a great game with 
en easy introduction to electronics ft simple circuit 
analysts  7 LED's simulate a real dice face The dice 
rolls, slows down, stops on a number at random Uses 
a 555 timer 6 counter IC Box included 9V operation. 
3003-Kr OTOS 

STAIRWAY TO HEAVEN GAME This game of skill tests 
your hand-eye co-ordination. If you press the switch 
each time the green pail of the bi polar LED lights you 
climb higher up the stairway - but miss 6 you start 
again, Introduces you to several basic electronic m-
oults. Box provided 911 operation 78x50x19rnin ROM 
Herne NOT included, 3005457' M N 

DC MOTOR SPEED CONTROLLER 
Control the speed of any common 
DC motor rated up to 100V (5Al. 
Operates on 5-15V Uses NE556 
IC to pulse-width modulate a 
TIP122 high current. switching 

transistor In this way torque of Me 
riot lowered Box mounted .3067-KT (1916 

SWITCHING POWER SUPPLY Replace expensive 911 
batteries with cost-efficient 1 5V cells IC based circuit 
acla as a storm-up  switching power supply Selectable 
1 5 or 3V DC inputs &yes a fixed output of 9V W 18rnA 
from a I 5V -AA" cell Solder pads for input/output 1 
cell Pr 2 cell "AA' holders Er jumper switches supplied 
40x15x12mm Z535-KT 1495 
SINGLE CHIP AM RADIO Complete mini sued AM 
redo on a ACE Tuned Radio Frequency front-end. 
AM Radio IC Et 2 stages of audio amplification All 
components suppled inc prewound coil b speaker. 
32x102mm 3063-KT (9.95 

TRAIN SOUNDS 4 selectable sounds - Whistle Blow. 
in% Level Crossing Bell, Chugging 6 "Clickety-Clack" 
2.B6V Supplied with all components inc speaker. 16 x 
29.hm COB PCB, switches 6 2 x "AA" battery holders 
SGI. (495 

New Free 1997 Catalogue! 
fourth Inlarnabonai Ebb.. 

Radio - Tech Limited 

Helping Mankinl With •AffortIble Wire Free 

Radio Data Com muniaations Solutional 

nap /Aiwe'w radio-tech co uk 

Apnea/Wm  Irnpallon  En...roomer. 

ryi • tIAI (01 1992 575107 (4-anes) Fa. • 44 (0, 1902 seisel 

g ab  ouerhicso now. 070010 71•11 are Tnomwoo.:1 EaL4-42 

EPOS 

7f Telemetry 

Security 

Metering 

Spread 

Spectrum 

Frequency 

Agile 

Modems 

Antenna 

Dev. Tools 

EMC 

To Request a Copy of the Fourth Edition Radic, 
- 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 

OMNI ELECTRONICS 
174 Dalkeith Road, Edinburgh EH16 5DX *0131 667 2611 

The supplier to use if you're looking for:-
A A WIDE RANGE OF 
COMPONENTS AIMED # ' 

AT THE  7-
O. HOBBYIST ‘̀‘  ;1_-,--

4c, 
0  COMPETITIVE  

VAT INCLUSIVE 
titrtrul'''  PRICES  ,11) at77 ' , 

* MAIL ORDER - generally by  , 
RETURN OF POST  7rl'i 

, * FRIENDLY SERVICE   
1-1-7 

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 ....40111Millui  
Saturday 9.30-5.00 --------
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PROBE 
CONFIGURATIONS 
Now let's look at some probing factors 

before considering the probes themselves. 
There are several probe configurations 

that may be used, but the two that are now 
widely employed are the Wenner and the 
Twin Probe: 

Wenner configuration 

In the Wenner configuration, as il-
lustrated in Fig. 8a, all probes are equally 
spaced in a straight line. A spacing of 
about one metre being suitable for general 
use. The two outer probes being C1 and C2 
with the two inner probes being P1 and P2. 
The Wenner is suitable for linear 

traverses to check a site for anomalies 
(readings caused by buried features) before 
a more detailed survey is carried out. 
To convert instrument readings for this 

configuration to resistivity, use the follow-
ing formula: 

pA = IrrdV/1 

where: 

pA  = apparent resistivity 
d = probe spacing 
V = indicated voltage divided by the 

amplifier gain. 
I = current 

Twin Probe configuration 

In the Twin Probe configuration, as 
illustrated in Fig. 8b, probes Ci and P1 are 
inserted just off the area to be surveyed 
and are known as the fixed pair. Probes C2 
and P2 are moved across the area to be 
surveyed as a pair at the same distance 
apart. 
This moving pair is placed in the 

squares of a grid previously laid out with 
strings or measuring tapes, as represented 
in Fig. 8c. 

Two of the short probes alongside the author's prototype modeL 

The spacing of the C1 and P1 probes 
should equal that of the C2 and P, probes 
and be about 500mm. The spacing be-
tween the fixed pair and the moving pair 
can be anywhere between 15 metres and 
50 metres. 
Probes C2 and P2 may be fixed to a 

frame (as shown next month, for example), 
complete with the electronic unit to make a 
very easy to use setup. 
To convert instrument readings for this 

configuration to resistivity, and referring to 
Fig. 8b, use the following formula: 

pA = 
(2TrV / I) x (1 / ((2 / d1)— (2 /d3))) 

Construction of the probes themselves is 
very simple; none of the materials or their 

Fig. 9. Construction details of the probes: (a) long probe; (b) 
short probe; (c) simple probe; (d) detail of depth stop. 
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dimensions are critical and may be dic-
tated by what is to hand. 
In Fig. 9a is shown a substantial probe 

that is made out of stainless steel tubing 
with a brazed on T-handle and tip which 
assists in soil penetration. This probe is 
designed to be used with the operator in a 
standing position. 
A set of four probes made up as in Fig. 

9a make ideal Wenner probes because, as 
this configuration needs to be continually 
moved, tall probes avoid bending the back. 
A smaller version of Fig. 9a is shown 

in Fig. 9b; this has a 4mm screw ter-
minal added, an alternative method of wire 
connection. Probes may be constructed of 
materials other than stainless steel, which is 
expensive and a little difficult to procure. 
An extremely simple probe is shown in 

Fig. 9c and which may be constructed 
from 6mm diameter metal rod, i.e. brazing 
or uncoated welding rod, mild steel, silver 
steel, etc. A depth guide consisting of a 
band of paint or insulating tape is added 
and connections are made to the top of the 
rod with a crocodile clip. 
The depth stop illustrated in Fig. 9d is 

adjustable by means of an Allen key. The 
material need not be insulating, and could 
be of metal if desired. 

PART TWO 
In the concluding article next month, the 

techniques and ethics of earth resistivity 
surveying will be discussed. 

GBASIC PROGRA M 
A copy of the author's program — for 

displaying graphics of the earth resistivity 
results — written in QBasic (for a PC-
Compatible computer), 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 itself is free. You are 
welcome to copy this program and give 
it to your friends. See PCB Service for 
ordering details. 
The  program can also be down-

loaded  free  from  our  FTP  site: 
ftp://ftp.epemag.wimborne.co.uk, in the 
sub-directory: pub/PICS/Earth.Meter. 
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Innovations A roundup of the latest Everyday 
News from the world of 

electronics 

SWATCH, MERCEDES AND 
THE SMART CAR 

Has the pollution-free urban-mobility problem been cracked at last? 
- by Hazel Cavendish 

I'is hard to think of anything more  bene ficial 
to life in our polluted cities today than 
the development of a viable micro-car based 
on innovative electronics and having zero 
emissions. 
With an increasing number 

of major cities all over the 
world planning to ban con-
ventional petrol-engined cars 
from their centres, it has 
been obvious that a lucra-
tive opportunity existed for a 
manufacturer of a really small 
unit of transport for the city 
worker. 

SWATCHMOBILE 
The good news is that the 

innovative Swiss Swatch com-
pany has joined forces with 
Mercedes-Benz to build just 
such a car in France, using the 
genius of Swatch's Nicolas 
Hayek and the expertise of 
Mercedes-Benz in a combina-
tion of microelectronics and 
precision mechanics which of-
fer safety and high perfor-
mance in its urban mobility 
concept. Mercedes will en-
gineer the car and Swatch will 
sell it. 
The MK Micro Compact 

Car known as the SMART car 
(nicknamed the Swatchmobile 
by  the  Motor  trade)  is 
promised to the world in 18 
months in its initial petrol 
version, followed by a turbo-
diesel in 1999, and finally 
an all-electric zero-emissions 
model in the year 2000, with 
a project cost of DM 2 
billion. 
"Individual mobility" is the 

name of the game, the car 
being a two-seater, two feet 
shorter than a Mini, which 
will take two adults or one 
adult and two children and, 
although small outside, is 
remarkably spacious in its 
interior. 
"Our task  is to turn 

our vision of a systemati-
cally futuristic vehicle into a 
marketable product that will 
stand up to competition," 
says Hans Jurg Schar, Execu-
tive Vice-President of Sales. 

SINCLAIR 
APPROVAL 
Britain's micro-car guru, 

Sir Clive Sinclair, has always 
backed the electric car, saying 
that Britain is out-of-date in 
regarding it as a lethargic 
vehicle which is short of 
range. For some time he has 
been urging that we need to 
consider "second cars" for 
local use to combat urban 
pollution. 
"Keep the Volvo for longer 

trips, and rent it out for 
occasions, but use the electric 
_ town car for shopping and 
taking the children to school", 
he says, pointing out that the 
town car needs a range of only 
40 miles and a top speed of 
40mph, with the added ad-
vantage of good reliability and 
probably 100,000 miles before 
service is needed. 
The remarkable feature of 

the SMART project is its 
multi-national character. The 
head office of MC AG is at 
Swatch HQ in Biel, Swit-
zerland,  where  marketing, 
sales, finance and controll-

ing divisions are  located. 
Development of the car takes 
place in Renningen, Germany, 
but production is in the hands 
of MCC France at Hambach 
in Lorraine, chosen because it 
is sited logistically in central 
Europe and is served by a 
network of international traf-
fic connections. 
Here  a large-scale  in-

ternational industrial park, 
"Europole",  is currently 
under construction,  where 
planning  permission  was 
granted at very short notice — 
hardly surprising in view of 
the number of jobs the project 
is bringing to the area. 

VEIL OF SECRECY 
Unfortunately  for  jour-

nalists, a veil of secrecy is 
drawn over the details of 
the  electronics  used  in 
the  car.  Many  telephone 
calls  and  faxes  to both 
Swatch and Mercedes have 
produced polite evasions and 
a snowstorm of publicity 
material which reveals little 
technical data. With both 
America and Japan working 
feverishly towards the same 
goal, this is perhaps under-
standable. SMART is undoub-
tedly a hot number. 
We are  told  there  is 

an electronically controlled 

Demo model of the nippy Swatch-Merc SMART car — the 
production models will have doors! 

drive  power  management 
system, and an expendable 
"Mobibox" module which 
provides the vehicle with 
"communications infrastruc-
ture for enhanced mobility" 
and which is an important 
part of the safety system. 
The highlight of the design 

is said to be the automated 
manual six-speed transmission 
which saves fuel and makes 
driving particularly enjoyable. 
"Precise electronic control re-
places raw muscle power, so 
that a light tap on the gear-
shift suffices to change to the 
next gear", says the Company 
leaflet. An electronic immobi-
lizer is also included, as no 
doubt the SMART will be 
irresistible to car thieves in 
the city. 
In March 1998 the 900cc 

three-cylinder eco-turbo petrol 
machine with intercooler and 
dual ignition will be intro-
duced to the market. Four 
litres of petrol will take you 
100kms, while  the  Diesel 
model will only require three 
litres to cover that distance. 
Acceleration  is remarkably 
nippy, being 0 to 60kph in six 
to seven seconds with the top 
speed at a surprising 100kph. 

NiCad 
POWERED? 
What of the battery — the 

stumbling  block  with  all 
electric cars?.  Mum's the 
word, unfortunately, but per-
haps a hint that something 
entirely new may have been 
developed is given by the 
statistic that car batteries 
account for 500 jobs in the 
local industrial infrastructure, 
by far the highest number, 
apart from those connected 
with the production of tyres. 
Sir Clive Sinclair hazarded 

a guess that the car will 
probably develop the nickel-
cadmium battery as being the 
most suitable choice. 
A right-hand drive version 

of the car will be produced, 
though it may be five years 
before it is available in Britain. 
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EASY LOGGING MAPLIN STOCKS EPE 
THERE'S great news for Maplin customers and EPE readers! EPE, your 
favourite electronics magazine, is now on sale in all of Maplin's 35 stores 
nationwide. 
Moreover, we are the first independent electronics magazine to be-

come available from Maplin. And this is a coup for both Maplin and EPE! 
Just think, next time you nip into your local Maplin store for the odd 
resistor or hifi system, or browse through their new "ginormous" MPS 
catalogue, you can pick up EPE as well. So, on both counts, you're bound 
to get good reading. 
Both we and Maplin are delighted with this beneficial initiative. It will 

certainly help to expand the electronics market in which you, we and they 
have such an intense interest. 
Indeed, on a very serious level, the health of the hobbyist electronics 

market is actually under threat by the actions of some of the major 
retail newsagents. Some are hinting that they will only continue to stock 
specialist magazines if the publisher provides them with an "incentive". 
We place on record our strong objections to this marketing ploy. 
By such restrictive actions, specialist publications catering for a diverse 

range of activities, not just electronics, could be forced off the shelves of 
many newsagents. It is not in the public interest, your interest, or that of 
the publishers, or of the retailers who advertise in the associated publica-
tions, that this should happen. 
But the warning signs are there, and we must take appropriate action, 

adopting not just Plan B, but C to Z as well; so should other elec-
tronics retailers, adopting Maplin's enlightened outlook by stocking EPE, 
the independent Number One Magazine for Electronics Technology and 
Computer Projects. (We also applaud the foresight of Cirkit, Greenweld 
and Omni who already do so!) Other retailers, you are invited to ask us 
for details on how you too can sell EPE from your stores. 
Readers, what can you do? For a start, complain to the manager of 

any store which appears reluctant to stock EPE and other specialist 
magazines. Secondly, encourage your local electronics retailer to keep 
EPE on his counter. Thirdly, and to really safeguard your continued 
receipt of EPE, take out a yearly or two-yearly subscription! This will also 
save you money - obviously a good deal is on offer! See page 70 for 
details. 
A further plan which both we at EPE and Maplin are developing 

strongly is our presence on the Internet. We have a wealth of material 
available from our Web site at http://www.epemag.wimborne.co.uk, 
and there is free access to the software required for some of our 
constructional projects. 
Maplin, via their site, provide on-line data for many of the special chips 

and components they stock. On their site they also have, for example, 
the demo software for the PCS32 Digital Storage Oscilloscope Interface 
which Robert Penfold reviews so favourably in this issue. Have a good 
browse of Maplin's informative site, at http://www.maplin.co.uk. 
For more information about Maplin and their stores (they even have 

overseas branches), call them on 01702 554000. 

DATA logging is a subject referred to in this 
month's Earth Resistivity Meter article. That 
design uses the author's own logging software, 
but for many other situations you could well find 
that Lascar's new EasyLog EL-2 unit will provide 
suitable facilities. 
El.-2 is a hand-held multi-function module 

which, in conjunction with a suitable sensor, will 
measure, display, record and control temperature, 
voltage, current, humidity, pH, frequency and 
rate count. The module is configured using 
Windows-based control software, EL-WIN, and 
the stored data can 
be saved and graphi-
cally  presented or 
exported to popular 
spreadsheets. 
The in-built dis-

play consists of a 3 1/2 
digit I.c.d., and the 
non-volatile memory 
can record up to 
8000 readings. Power is supplied from a 3.6V 
long-life Lithium batter. 
For more information, contact Lascar Elec-

tronics Ltd., Module House, Whiteparish, Salis-
bury, Wilts, SP5 2S. Tel: 01794 884567. 

LOW COST 
IF YOU are in need of low cost electronics 
design software, why not consider the new ED-
Win NC package from Visionics? It is the non-
commercial licence version of their successful 
EDWin EDA software, and which is available 
at a fraction of the cost. It includes all the 
features of its bigger brother. 
Prices of EDWin NC start at just £49, includ-

ing VAT, for the basic version, which com-
prises schematics, p.c.b. layout, 500-device 
library, basic autorouter, full post processing 
facilities, although it has a limit of 100 com-
ponents per circuit. Several extended versions 
are available, at up to only £114. 
The system is delivered on CD-ROM (which, 

of course, many computers now have as stan-
dard) and includes comprehensive manuals. 
The software runs under Windows 3.1x, 95 or 
NT. 
For more information, contact Swift Designs 

Ltd., Business & Technology Centre, Bessemer 
Drive, Stevenage, Herts, SG1 2DX. Tel: 01438 
310133. 

PRESS-N-PEEL APPEAL 
OVER  the  years,  many 
innovative  printed  circuit 
board prototyping materials 
have  hit  the  headlines, 
though not all of them have 
withstood the test of user 
acceptance.  The  Press-N-
Peel (PNP) technique, how-
ever, seems as though it 
could  well  represent  a 
welcome breakthrough for 
the prototyping market. 
With PNP, no expensive 

materials oi equipment are 
necessary, not even an ultra-
violet exposure unit. All you 
need, basically, is access to 
a photocopier and a hot 
domestic  smoothing  iron. 
This product is so versatile 
that you can photocopy a 

p.c.b. layout from a magazine 
page and have a board ready 
for drilling in little more than 
the time it takes to etch it. If 
you use computerised p.c.b. 
drafting software, you can 
even output a print of your 
board direct onto PNP, via a 
suitable printer of course! 
Once the image has been 

printed onto PNP, you are 
ready to transfer the circuit 
to "raw" copper-clad p.c.b. 
material - no more resist 
coated copper, no more light 
source, just plain copper clad 
fibre-glass or equivalent. 
Using your household iron 

set to about I50°C (Hot), you 
simply lay the PNP image 
down onto the copper-clad 

board and smooth it down 
with the iron. You can tell by 
the darkness of the image 
when the transfer has stuck. 
When  the  board  has 

cooled, the film is peeled 
leaving the area of trackwork 
stuck to its surface. Etching 
is then done in the usual way, 
after which the PNP resist is 
wiped off using the PNP 
stripper solvent supplied. 
It all seems like child's 

play - so we've asked our 
Tech-Ed to try it on his next 
prototype! 
For further information, 

contact Press-N-Peel Etching 
Supplies Ltd, 18 Stapleton 
Road,  Peterborough  PE2 
6TD. Tel: 01733 233043. 
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New Technology 
Update 
q  REEN issues are playing an increasing 

role in today's technology. For ex-
amp e many cars are now being designed 
to be recyclable, as are many other 
products. In the realm of electronics, 
battery technology is one area where the 
subject has been covered in recent months 
in this column. 
However, this is not the only area where 

"conservation" is of great importance. 
The manufacture of integrated circuits 
(i.c.$) uses vast amounts of energy. There 
are also many dangerous substances which 
are used in the process, and a number of 
unfriendly by-products are produced. 

Vast Quantities 
The integrated circuit industry manufac-

tures a vast number of circuits each day. 
The average household is likely to buy at 
least two or three products each year 
which contain i.c.s. Multiply these figures 
by the numbers of households, and it is 
possible to see that even to supply a 
country like the UK, vast numbers of i.c.s 
are needed. 
These i.c.s only cover those required for 

domestic use. Commercial users .also con-
sume enormous quantities of chips as well. 
To be able to meet this demand, it is 

estimated that a typical i.c. manufacturing 
plant makes around two million i.c.s a 
month. There are many fabrication plants 
dotted around the world and the number 
is growing all the time as the recession 
recedes and demand rises. This increase is 
expected to last for some time, making the 
current problem of pollution from these 
plants worse than it is today. 
Typically, it takes about ten gallons of 

water to make each i.c.. This means that a 
plant manufacturing two million i.c.s a 
month will use 20 million gallons of water. 
This is in addition to the large amounts of 
heat required in processes such as diffu-
sion and epitaxy. Turning the raw silicon 
into complete i.c.s requires hundreds of 
steps to be completed. 
Additional problems are caused by the 

use and creation of toxic substances. Al-
though it is possible to dispose of certain 
amounts of toxic chemicals, the amounts 
now being produced are reaching levels 
where the increase cannot continue in-
definitely. This is particularly true for plants 
manufacturing gallium arsenide chips! 

Groundwork 
Until  recently  comparatively  small 

amounts of work had been undertaken to 
look into ways of creating more environ-
mentally friendly processes. Even now the 
work is in its early stages and will take 
many years to incorporate into the large 
number of plants around the world. 

Ian Poole highlights the battle against the ever increasing 
problems of environment pollution and waste facing 
today's i.c. manufacturers.. 

The first stages involved assessing the 
amount of water which was used. During 
the manufacture of an i.c. there are many 
different stages including etching, doping, 
epitaxial growth and the like. After many 
of these stages it is necessary to wash or 
rinse the chips with very pure water to 
remove the impurities from the surface. 
Computer simulations have now been 

devised to simulate some of the processes. 
In a typical rinse operation a cassette con-
taining about 50 wafers is lowered into a 
water container. This undergoes several 
cycles of rapid filling and draining after 
which the water is allowed to flow through 
the container to remove the last impurities. 
The computer simulations showed that 

slowing the rate at which the water is al-
lowed to flow removes the impurities more 
effectively. 

CAD Developments 
The key to all ol these improvements 

has been the development of programmes 
to enable these predictions to be made. 
Manufacturing i.c.s is a large but rela-
tively niche market and as such CAD 
software for some of the more specialist 
applications has to be specifically written 
if required. 
This is a costly business and un-

less companies and organisations see real 
benefits they are unlikely to undertake the 
work. Now that green issues are becoming 
more important, and the impact on the 
environment is more likely as a result of 
the vast numbers of chips being manufac-
tured the impetus is there to develop the 
required simulation tools. 
Before these first simulation tools were 

developed the extent of the savings were 
not obvious. Now that they can be shown, 
the tools are likely to be developed further 
and used much more extensively. Already, 
Hewlett Packard has implemented some 
changes as a result of them and they 
have confirmed that making the suggested 
process changes reduce cold water con-
sumption by up to 80 per cent and reduce 
the times in some areas by considerable 
amounts. 
The time reductions alone can repre-

sent an attractive proposition for manufac-
turers because they allow more efficient 
usage of the plant. This results in a larger 
throughput and greater return on invest-
ment. In view of the phenomenal costs of 
i.c. fabrication plants this is particularly 
important. 

Major Savings 
Having proved that there are major 

savings in terms of environmental pol-
lution, and greater financial gains for 

manufacturers, work is progressing to 
investigate other areas of the operation of 
i.c. manufacture. Much of the focus will be 
placed upon extending the capabilities of 
existing tools and developing new ones 
which will be able to model other areas of 
production. 
It is pointed out that in this way process 

changes can be simulated on computers 
relatively easily before large amounts of 
investment are placed into changing the 
existing plant, or overloaded production 
lines are stopped to update them. 
A number of other areas for research 

have also been outlined. The first is to 
further develop the ideas behind the rins-
ing and cleaning operations, to make them 
more efficient and save more water. 
One approach that will be used is to 

investigate methods of recycling more 
water. Another will involve looking at 
how to reduce the level of chemicals 
which need to be used, and washed from 
the wafers and from the system as a 
whole. 
Another area for concern is in the 

use of chemicals called perfluorocarbons. 
These currently replace chlorofluorocar-
bons which were previously used and are 
now known to damage the ozone layer. 
The chemicals used now are far less 

damaging to the ozone layer, but any 
reduction in the levels escaping into the 
atmosphere will help reduce the depletion 
of ozone. 
One of the other areas to come under 

investigation is the lapping or polishing 
process. This is used to bring the wafers to 
a very high degree of smoothness. With 
half micron semiconductor technology in 
use today, very high degrees of smooth-
ness are required, often to atomic levels. 
To achieve this different levels of 

lapping or polishing are used and then this 
is followed by chemical etching. This 
leaves residues which can contain chemi-
cals which are hazardous if not properly 
treated. To be able to reduce the environ-
mental effects new processes are being 
proposed which will convert the residue to 
a solid form which can be handled and 
disposed of safely. 

Future 
With the ever increasing number of in-

tegrated circuits being produced, and their 
increase in size and complexity, the en-
vironmental impact of this industry will 
grow if it continues unchecked. 
The improvements demonstrated so far 

show that reducing the environmental ef-
fects can progress hand in hand with im-
provements in efficiency. If this proves to 
be the case, then perhaps more industries 
may follow suit. 
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Is your PCB design package not 
quite as "professional" as you 
thought? Substantial tradeigi 
discounts still available1 

0' r. apture 
Schematic Capture Design Tool 

• Direct netlist link to BoardMaker2 
• Forward annotation with part values 
• Full undo/redo facility (50 operations) 
• . Single-sheet, multi-paged and hierarchical designs 
• Smooth scrolling 
• Intelligent wires (automatic junctions) 
• Dynamic connectivity information 
• Automatic on-line annotation 
• Integrated on-the-fly library editor 
• Context sensitive editing 
• Extensive component-based power control 
• Back annotation from BoardMaker2 

£395 

111111111111111111 1111111111111111111111111111111 

akin 
BoardMaker1 - Entry level 

• PCB and schematic drafting 
• Easy and intuitive to use 
• Surface mount and metric support 
• 90, 45 and curved track corners 
• Ground plane fill 
• Copper highlight and clearance checking 

BoardMaker2 - Advanced level 

• All the features of BoardMakerl 
• Full netlist support- BoardCapture, 
OrCad, Schema, Tango, CadStar 

• Full Design Rule Checking 
both mechanical and electrical 

• Top down modification from the schematic 
• Component renumber with back annotatio 
• Report generator- Database ASCII, BOM 
• Thermal power plane support with full DR 

£9 

Gridless re-entrant autorouter 

• Simultaneous multi-layer routing 
• SMD and analogue support 
• Full interrupt, resume, pan 
and zoom while routing 

Output drivers - Included as standard 
• Printers - 9 & 24 pin Dot matrix, 
HPLaserjet and PostScript 

• Penplotters - HP, Graphtec & Houston 
• Photoplotters - All Gerber 3X00 and 4X00 
• Excellon NC Drill and Annotated 
drill drawings (BM2) 

£395 

For futher information contact 
Tsien (UK) Limited 
Aylesby House 

Wenny Road, Chatteris 
Cambridge, PE16 6UT 
Tel 01354 695959 
Fax 01354 695957 

E-mail Sales@tsien.demon.co.uk 

£200 

tsien 



Constructional Project 

PSYCHO 
RAT 
NICK SHELDON 
Using the povver of logic, 
Psycho Rat de monstrates the 
psychology of "conditioning". 

THERE are many principles in psychol-
ogy which can be demonstrated with 
dedicated electronic hardware. One 

of these is a learning theory known as 
classical conditioning, and it is that which 
will be described in this article. To 
demonstrate this "conditioning", a practi-
cal model in the form of "Psycho Rat" 
has been produced. 
To a pure scientist, psychology can 

sometimes seem nebulous, lacking a 
real  core  of experimentally  proven, 
mathematically expressed theories. Some 
psychologists are proud of this state of 
affairs, describing their vague, quasi-
mystical ramblings as "idiographic." The 
opposite, scientific approach is termed 
"nomothetic." 

SCIENCE OF 
BEHAVIOUR 
Early psychology was defined as "the 

science of consciousness", and relied 
heavily on speculative introspection. As a 
reaction  against  this,  in  1913  J.B. 
Watson founded a movement known 
as behaviourism, which instead defined 
psychology as "the science of behaviour." 
The objective was to make psychology as 
rigorously scientific as other sciences, such 
as physics and chemistry. 
Watson popularised the work of the 

Russian physiologist I.P.Pavlov, who had 
researched the digestive process. In the 
course of Pavlov's experiments, it was 
noticed that the dogs, which formed the 
experimental subjects, sometimes salivated 
before food was given to them. 
Rather than dismissing this inconvenient 

finding, Pavlov researched it, and dis-
covered what came to be known as 
"classical conditioning". 
Two kinds of stimuli were defined by 

Pavlov: conditional and unconditional. An 
unconditional stimulus could be the sight 
of food, which the innate, automatic, un-
conditional response would be to salivate. 
If a bell was sounded when the food 

was produced, this bell became capable of 
producing the same response. In Pavlov's 
terms, the bell would be a conditional, 
learnt stimulus. Watson believed that all 
learning could be described in terms of 

the learnt associations between stimuli and 
responses. This became known as "S-R 
psychology". 

CLASSICAL LOGIC 
Perhaps surprisingly, classical con-

ditioning can be represented in terms of 
Boolean functions. There are two inputs: 
the unconditional (US) and conditional 
(CS) stimuli, and one output: the response 
(R). 
Before conditioning takes place, the 

situation can be described with the Truth 
Table shown in Fig. I. This shows that the 
response (R) simply equals the uncondi-
tional stimulus (US) input, the reason 
being that the (ultimateLy) conditional 
stimulus is neutral prior to conditioning. 
Consequently, this input has no effect at 
this stage, the output only being true if the 
unconditional input is true. 

US CS R 

0 0 0 

0 1 0 

1 0 1 

1 1 1 

R = US  R = US + CS 
Fe. 1. Initial Truth Table  Fig. 2. 'OR" Truth Table 

After conditioning, the Truth Table 
changes to that shown in Fig. 2., which 
indicates that the new function is the 
OR of the unconditional and conditional 
stimuli. This is because the output (R) is 
now required to be true if either the 
conditional stimulus input OR the uncon-
ditional stimulus input is true, or both are 
true (inclusive OR). 
The situation which changes the state of 

the system is the occurence of the uncon-
ditional stimulus at the same time as the 
conditional one, i.e. the AND of the two 
stimuli. Psychologists rather grandly call 
this a temporal contiguity. 
The basic circuit thus consists of five 

elements: I. the logic to provide the first 
truth table; 2. the logic to provide the 
second truth table; 3. a means to detect 

US CS R 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

the temporal contiguity; 4. a means to 
store the learnt state; 5. A data selector to 
choose between the outputs of 1 and 2. A 
block diagram is shown in Fig. 3. 

9 o 

DATA 
SELECT 

FLIP-FLOP 

Fig. 3. Data select block diagram. 

The more complex elements of the cir-
cuit, sections 4 and 5, can themselves be 
analysed with Truth Tables and constructed 
out of individual gates. The reason for this 
approach is three-fold: first, a typical hob-
byist's spares box is more likely to contain 
gates than complex logic i.c.s; second, it is 
very instructive to see how these more com-
plex functions are built up; and third, this 
approach does not increase the i.e. count. 
Taking the S-R (Set-Reset, not stimulus-

response!) of the flip-flop which forms part 
4 of the circuit, the gate level implementa-
tion is shown in Fig. 4. This can be 
analysed by considering it as having two 

Fig. 4. Gate level implementation. 
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truth tables - one for each state. The condi-
tion when S and R • are both high is un-
defined, and is shown in both truth tables 
as an "X". 
The first of the two Truth Tables in Fig. 

4 is for the flip-flop initially in the reset 
state. Consequently, the reset (R) input has 
no effect, change only taking place when 
the set input is true, changing the flip-flop 
to the Set state. 
The second Truth Table in Fig. 4 shows 

the situation when the flip-flop is set. Here, 
the set (S) input has no further effect, 
change only taking place when the Reset 
input is true. 
Part 5 of the circuit, the data selector, 

can be analysed as shown in Fig. 5. The 
resulting gate level implementation also 
being shown in the same figure. The data 
selector can be considered as having three 
inputs: the two data inputs and the select 
input. 

a.INO 
b.IN1 
C.SEL 

0.a.E•Ise 

Fig. 5. Data analysis. 

Taking the select input as selecting in-
put 1 when it is high (1), the Truth Table is 
determined as follows: when input 0 (a) 
and input I (b) are both false ( = 0), the 
output Q is false irrespective of what value 
c, the select input, takes. When input 0 is 
false but input I is true (= 1), the output 
Q is true only when the select input is 
high (selecting input I). When input 0 is 
true but input 1 is false, the reverse situa-
tion takes place, namely, the output Q is 
true only when the select input (c) is false 
(selecting data input 0). Finally, when both 
input 0 and input 1 are true, the output Q 
is high irrespective of the select input's 
status. 

KARNAUGH MAP 
This three  input  Boolean function 

can be represented with an 8-element 
Kamaugh map, also shown in Fig. 5. The 
map can be thought of as representing the 
surface of a toroid — a ring doughnut-like 
structure. 
Consequently, the edges of the map are 

really in contact with each other, top with 
bottom and left with right. This is impor-
tant, because the logical minimisation 
(simplification of gate implementation) 
which the Kamaugh map allows depends 
on groups of "ones" being spotted, and, 
as can be seen from Fig. 5, one of these 
two groups is at either edge of the map. 
The vertical block of ones in the third 

column of the Kamaugh map has two vari-
ables in common: B and C. this means that 
this portion of the map can be represented 
with the logical formula B AND C. Note 
that the variable A is not required. 

The second group also has two variables 
in common: A and NOT C. This means 
that this part of the map can be represented 
by the Boolean function A AND NOT C. 
These two functions are then combined by 
ORing them to produce the complete data 
selector logic. 

FINAL LOGIC 
The complete theoretical circuit of 

Fig. 6 can be constructed entirely out of 
NAND  gates  with  no  increase  in 
complexity. De Morgan's law states that A 
OR B = NOT (NOT A and NOT B), i.e. 
two inputs ORed together is the same as 
two inputs both inverted, ANDed and then 
inverted once more. This is shown stage 
by stage in the Truth Table Fig. 6. 
Consequently, the OR gate can be 

simulated with an AND gate having both 
inputs and the output inverted (see Fig. 7) 
— in other words, a NAND gate with both 

a b 5 5 5.5 a + b 5-5 
0 0 1 1 1 0 0 

0 1 1 0 0 1 1 

1 0 0 1 0 1 1 

1 1 0 0 0 1 1 

Fig. 6. Demonstration Truth Table. 

Fig. 7. Theoretical circuit using NAND 
gates. 

inputs inverted with other NANDS. The 
inverter in the data selector can be ob-
viated by utilising the inverted output of 
the S-R flip-flop, and replacing the AND 
gates of the data selector with NAND 
gates permits the OR function to be 
provided by another NAND gate, again 
courtesy of De Morgan. The final logic for 
our Psycho Rat using NAND gates is 
shown in Fig. 8. 

Completed 
Psycho Rat logic 
conditioning demonstrator. 
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Fig. 8. (above). Final logic 
circuit for the Psycho 

Rat using NAND gates. 
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Fig. 9. Complete circuit diagram for the Psycho Rat using three quad 2-input 
NAND gate i.c.s 

PSYCHO RAT 
The complete circuit diagram for the 

Psycho Rat is shown in Fig. 9. Two diodes 
D3, D4), in the positive supply line, drop 
the battery voltage to about 4.8V for the 
TTL circuitry. 
The "stimuli" for the Rat are provided 

by two switches, one for the Uncondi-
tional Stimulus (S1) and one for the Con-
ditional Stimulus (S2). Miniature s.p.d.t. 
slide switches were used, allowing the 
inputs to float high when operated (being 
standard 7400 TTL this is permissable). 
Response in the rat is shown by its eyes 

lighting up! This is achieved by using two 
3mm I.e.d.s (DI, D2) wired in parallel. 
Note that current limiting resistors are not 
needed. 
A third switch, S3, is provided to reset 

the flip-flop, which on switching on may 
be initially set, and a fourth switch (S4) 
controls the power supply. 

CONSTRUCTION 
The circuit was finally built on a P.C. 

Bimboard, having been transferred from 

a plug-in type Bimboard where it had 
been "prototyped". This can also be 
easily transferred to stripboard. The 
Bimboard component layout is shown in 
Fig 10. 
The completed board and associated 

components were cased in a white plastic 
box, with the top half of a clockwork 
plastic mouse fixed to its top. The wiring 
for the "eyes" (I.e.d.$) is taken through a 
hole in the box's lid and through the 
underside of the rat. 
Letraset rub-down transfers were used 

for labelling-up the switches. A small sec-
tion of the P.C. Bimboard was removed 
with a hacksaw so that the circuit would 
fit into the largest white plastic box avail-
able, white having been chosen for ease in 
labelling. 

IN ACTION 
"Psycho" is operated as follows. First, 

it is switched on, and the Reset switch S3 
momentarily operated, in case the flip-flop 
is set. The effect of the unconditional 
stimulus is then demonstrated — the US 

0 

Sr 

•  

S2 

RATS 
EYES 

A I 0 0 0 0 0 0 

Bc 

r_E 

COMPONENTS 
Semiconductors 
D1, D2  3mm light 

emitting diode. TALK  
red (2 off) 

D3, D4  1N4001 1A 50V Page 
rec. diode (2 off) 

IC1 to 
IC3  7400 quad 2-input NAND 

gate (3 off) 

Miscellaneous 
Si to 
S4  miniature s.p.d.t. slide 

switch (4 off) 
B1  AA size 1-5V battery (4 off), 

with holder 
Plastic ABS white case, size 143mm X 

58mm x 81mm; P.C. Bimboard; 14-pin 
d.i.l. socket (3 off); battery clip; 2-way 
terminal block; rubber feet (4 off); rub-
down lettering (Letraset); clear varnish 
to protect lettering; multistrand connect-
ing wire; self-tapping screws (12 off): 
solder etc. 

See 

Approx Cost 
Guidance Only £1 2 

excluding Rat, Batts and 
Letraset 

54 ON OFF 

0 0 0 0 0 0 0 0 0 
5 

7-7717 7 7 F-7 7  

0 0 0 0 C  0 0 0 0 0 0 0 0 

25 

C3 
Al m 

5 

L10 0 0 0 0 0 0 0 0 0 0 

M Iê 0 0 0 0 0 0 0 0 0 0 

Ni 0 0 0 0 ', 0 0 0 

5  20 
0 0 0 0 0 0 n 

IC2 

25 

o OOOo0O0po c 
30 35 

IC I 

* 

40  45 

0 

4 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 • 0 9 

o 6 

A 

a 

0  0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0j M 
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Fig. 10. Component layout for the P.C. Bimboard version of Psycho Rat. 
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switch S I is operated, and the rat's eyes 
light up. 
The (ultimately) conditional stimulus is 

initially neutral prior to conditioning, and 
can be demonstrated to have no effect at 

this stage. However, if the unconditional 
stimulus is presented at the same time 
as the conditional stimulus, thereafter the 
conditional stimulus will also light the rat's 
eyes - it has been conditioned. 

Psycho Rat has been successfully used 
with students on courses from GCSE to 
undergraduate level. It is a very simple 
system. The cross-impact of electronics 
and behaviourist psychology is known as 
"stenobehaviourism". 

Mains Failure Warning 
As we are dealing with mains supplies here, the first comment we 

must make regarding the Mains Failure Warning project is: exercise 
extreme care when building this unit and make sure the METAL case 
is safely "earthed". 
The effectiveness of the warning depends largely on the choice of 

buzzer and it should be a good quality type. It must be capable of 
producing a high sound output from a supply of only 7V and have a 
small current requirement of around 5mA to 10mA. 
The p.c.b. mounting buzzer used in the model came from Maplin 

(0 01702 554000), code KU56L, and is rated for 3V to 15V d.c. 
operation, with an internal drive circuit. A suitable remote mount-
ing sounder would be their "High Power", 3V to 24V version, code 
FK84F. 
The p.c.b. mounting mains transformer was purchased from 

Electromail (0 01536 204555), code 209-140. The 3V/11mAh p.c.b. 
mounting batteries are AS types and were also ordered through the 
same source, code 593-552. 
The printed circuit board is available from the EPE PCB Service, 

code 126. 

Theremin MIDI/CV Interface 
Like last month's EPE Theremin, some of the parts called-up for 

the Theremin MIDI/CV Interface are special items and will not be 
generally available. 
The author/designer, Adam Fullerton, is able to supply the 

pre-programmed PC87C51FB microcontroller for the sum of £45 
each, inclusive pf:tp. Orders should be sent to Adam at The Dene, 
Hindon, Salisbury, Wilts., SP3 6EE. Make cheques payable to Adam 
Fullerton. 
So that readers can select their own requirements, Jake Rothman 

(author of the EPE Theremin) has put together a range of kits for the 
MIDI/CV. He is also able to supply a ready-programmed micro for the 
same price. See his advertisement on page 51 for details. - Note the 
new address and phone number. 
The printed circuit board set is available from the EPE PCB 

Service, code 130. 

Earth Resistivity Meter 
Apart from the ingenuity of constructing the probes, the only 

items which may cause concern to constructors of the Earth 
Resistivity Meter are some of the specified semiconductor devices. 
The 2072/81/82 op.amps are Texas devices that do not appear to 

be stocked by any of our advertisers. However, they appear to be 
up-grade versions of the readily available TL072, TL081 and TL082 
series and these can be used in this circuit, in fact, almost any 
op.amp will probably work, and this will result in a significant saving. 
The TIP29A and TIP30A power transistors seem to be "old hat" now 

and not that easy to find, but the 5A 40W TIP31A and TIP32A versions 
can be substituted instead. 
A copy of the author's program written in QBasic (for PC-Com-

patible computers), 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 software itself is free. You are 
welcome to copy this program and give it to your friends. See PCB 
Service (page 67) for ordering details. 
The  program  can  also  be  downloaded  free from  our 

FTP site: ftp://ftp.epemag.wimborne.co.uk, in the sub-directory: 
pub/PICS/Earth.Meter. 

The printed circuit boards are available as a set from the EPE PCB 
Service, codes 131 (Current Gen.) and 132 (Amp/Rect.). 

Psycho Rat 
The only component problem likely to cause any local sourcing 

difficulties for the Psycho Rat is the PC. Bimboard. This is a "hard-
wiring" version of the component plug-in prototyping block and is 
currently listed by Maplin as a Plugblock PCB, code YR87U. You can, 
of course, transfer the layout to stripboard if you with. 
The choice of "rodent" is left to individual choice, but at this time 

of year most toy shops should be able to come up with a suitable 
subject. 

TAKE NOTE 
Central Heating Controller  November '96 
We have received an E-Mail communication from Mr. David Lil-

ley, who has successfully completed and installed the Central Heat-
ing Controller from our Nov '96 issue, highlighting a solution to a 
problem which other readers may encounter. He writes: 
The programmer worked fine during testing with no load con-

nected to the relay outputs. However, when installed, it ceased to 
function when one of the relays had operated - highlighted by a 
blank display. The only way to restore function was to remove and 
reconnect all power. 
My CH system makes use of motorised valves to control water 

flow and I guessed that these were creating mains interference when 
operating, which was being fed back to the controller housing by the 
relay connections, and corrupting the microcontroller memory. 
A 220nF X-Class capacitor connected across the pole of each 

relay and the mains Neutral connection solved the problem, and the 
programmer now functions flawlessly. 
Many thanks for an excellent and practical article. David Lilley. 

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 £3.50 postage charge, (for over-
seas readers the postage is £6.00 each to everywhere 
except Australia and Papua New Guinea which costs 
£10.50 each). 
Send your payment in E's sterling cheque or PO 

(Overseas readers send £ sterling bank draft, or cheque 
drawn on a UK bank or pay by credit card), to Every-
day 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 

(Access) 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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BUILD YOUR 
OWN 
PROJECTS 
Alan Winstanley Part 3 

IN THIS short series of articles, we are describing modern methods for constructing your electronic 
projects. This third part discusses the handling of 

stripboard and the process of fabricating your own 
single-sided printed circuit board. Its easier than you 
might think! 

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. 

IN Part Two of Build  Your Own Projects, various methods for construct-
ing electronic circuits were outlined, for 
building a quick prototype or assembling it 
in a more permanent form. The all-
important topic of soldering was des-
cribed, too. 
This month, we look in more detail at 

the methods of fabricating circuits and also 
means of producing printed circuit boards 
(p.c.b.$) at home or in the workshop. So 
let's get down to the "nitty gritty" of as-
sembling circuit boards! 
Some years ago, stripboard was the 

standard "bread-and-butter" medium with 
which most hobbyist circuits were as-
sembled, and it was unusual to see a 
printed circuit board on our projects pages. 
The reverse is now true, because afford-
able personal computer software packages 
(see our advertising pages) have made the 
design of p.c.b.s simpler than ever before. 
Never-the-less, stripboard does still have 

a role to play, but it tends to be used more 
during the prototyping stages or for building 
fairly small projects where the time and 
trouble of fabricating a p.c.b. couldn't really 
be justified. Stripboard is also useful for 
gaining general soldering practice, perhaps 
using surplus components. 

GET STRIPPING 
Stripboard can be snapped to shape by 

scoring it, holding it over a sharp edge and 
breaking it along a row of holes, then 
filing the edges till smooth; I prefer to use 
a junior hacksaw though, for more ac-
curate results. It's worth examining the cut 
edges closely to ensure that no copper 
swarf is present which may short adjacent 
strips together. Clean up any potential 
trouble spots using a fine file. 
If necessary, clean up the copper strips 

with an abrasive rubber block specially 
made for removing tarnish. If you are 
working from a published design, check 
with the component layout master to see 
whether any mounting holes are needed to 
carry the board. These will usually be M3 
(3mm) or so, diameter, but they should not 
be drilled too close to a corner or the board 
will probably break. 

Special "spot-
face cutter" being 
used on stripboard 
copper strips to break tracks. 
A sharp twist-drill will also do the trick. 

The mounting hardware may need to be 
insulated from the underside copper strips 
of the board, especially if steel nuts, bolts 
and spacers etc. are used. This is easily 
done using a special "spot face cutter" or 
even an ordinary handheld twist drill. 
Drill away the copper strip (there's no 

need to go through the entire board!) at the 
appropriate places, to ensure the mounting 
hardware isn't in contact with the rest 
of the circuit. Continue by making the 
remaining breaks, in the copper strips as 
required. perhaps as you go along. 

SOLDERING ON 
Now it's possible to progress by solder-

ing all the components into place on the 
surface-side (topside) of the stripboard, 
using the advice given in last month's 
article. It's best by far to start with the 
smallest, "fiddly" components while you 
still have an uncluttered board to work on, 
so start with link wires, then small resis-
tors and other discrete components. 
Link wires may be formed from tinned 

copper wire (e.g. approximately 20s.w.g.) 
which is bent to length using long-nose or 
round-nose pliers. If any link wires require 
insulating, this can easily be effected 

with p.v.c. sleev-
ing,  which  is 

slipped over the wire 
before soldering into 
place. Usually, though, 
plain uninsulated tinned 
copper wire is used and you 

simply need to ensure that it's pulled 
reasonably tight at one end with pliers 
before soldering, to produce a neat straight 
wire which doesn't touch anything nearby. 
Soldering continues by fitting in the 

remaining components, ensuring that all 
polarised parts (e.g. electrolytic capacitors 
and bridge rectifiers) are correctly orien-
tated. Delicate semiconductors should not 
be overheated or they risk being damaged 
— but in any event it should take only 
a couple of seconds to make the per-
fect joint, as described last month. Some 
parts (e.g. large axial-lead capacitors) may 
benefit from being secured with a dab of 
hot melt glue, to help protect them against 
vibration. 

BE ON GUARD 
Never  forget,  CMOS  devices  are 

sensitive to static discharge and special 
measures are needed to handle them. The 
idea is to prevent any lurking electrostatic 
voltages from "zapping" the CMOS part, 
by diverting the static to ground (electrical 
earth) instead. 
Preferably insert CMOS components 

into place last of all, after all other 
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soldering etc. has been completed. Also, 
ensure your soldering iron is well earthed 
so that no charge is carried over by the 
iron to the CMOS device. Before handling 
a CMOS component itself, discharge any 
static on your body by touching a well-
earthed part (e.g. a water pipe or an earth 
terminal). 
More ambitious users may want to wear 

an anti-static wrist strap which is plugged 
into an earthing point (e.g. a mains outlet 
Earth) via a special adaptor (which usually 
includes a one megohm (1M) resistor to 
ground). Anti-static bench mats are also 
available which prevent any static charge 
accumulating, since the mat is electrically 
earthed and partly conductive. 
Integrated circuits — whether CMOS or 

bipolar — are often best used in conjunction 
with d.i.l. (dual-in-line) sockets to prevent 
thermal damage arising, and to enable 
faulty i.c.s to be swapped out if necessary. 
Unless you are using a p.c.b. assembly 
frame, possibly hold the sockets flush 
against the board with a little insulating tape 
while you solder their pins underneath. 
Parts which may become warm (e.g. 

some higher-power resistors) should be 
"stood off' the board slightly, to allow air 
to circulate. Remember to finish with the 
largest parts last of all. 
Take care not to heat the copper 

strips excessively or the adhesive will be 
damaged and the copper will lift away. 
You should always check the board very 
closely for errors afterwards. 
Common  oversights  include  com-

ponents soldered into the wrong location, 
missing  wire  links  and  breaks,  or 
incomplete  breaks.  Soldering  defects 
include excess solder being applied (often 
with tiny "whiskers" of solder shorting 
adjacent strips), or the occasional "dry 
joint" (see last month). 

FLYING LEADS 
With the components now in place, the 

board will invariably require connection 
wires to be soldered to it. You can solder 
these "flying leads" directly to the board, 
or use a solder terminal-pin and solder the 
wire to that instead. 
Flying leads are always potential weak 

spots because vibration may cause the wire 
joint to "work harden" in due course and 

-Hot-melt - glue is useful for protecting 
larger parts from breaking loose due to 
vibration. 

Anti-static wrist-strap is preferable when handling CMOS devices. 

it will then fracture, even if you use multi-
stranded flexible connecting wire. 
Final options for the completed strip-

board include using a flux-remover to clean 
up the solder-side of the board, and then to 
spray on a coating of aerosol lacquer to help 
prevent the copper from oxidising. 

PRINTED CIRCUIT 
BOARD 
In pi etercnce to stripboard, the most 

popular form of 'construction now used at 
the centre of most of our projects is the 
printed circuit board. (Commonly referred 
to as the "p.c.b.") 
The constructor has two options: either 

purchase a ready-made p.c.b. from our PCB 
Service, or alternatively, fabricate the board 
from scratch. The first option is easy — see 
our p.c.b. listing elsewhere in this issue! 
Hopefully, though, you will wish to try 

to make your own boards, and we en-
courage everyone to "try their hand" if 
they can afford it. Do-it-yourself produc-
tion has the added benefit of allowing 
you to make modest batch runs of boards 
if needed, and you can also modify the 
design within reason and produce an up-
dated board at a later date. 
Printed circuit boards are usually made 

using glass reinforced fibre board which 
is immensely strong. It's fairly easy to 
produce boards to close tolerances but it 

does require the use of at least one noxious 
chemical (usually Ferric Chloride) which 
should be treated with respect. 
Also, the preferred way of fabricating 

boards requires some additional equip-
ment, in the form of an ultra-violet 
exposure unit, which may be priced 
beyond more modest budgets. A low-
voltage "mini drill", capable of accurately 
drilling holes of roughly 1mm diameter, is 
another essential requirement. (See the 
Expo Drills & Tools Catalogue which is 
free with this issue.) 
All the major catalogues have a section 

on "PCB Fabrication" or similar, and you 
should refer to these to obtain some idea of 
the product availability and their prices. 

GETTING STARTED 
How do you make printed circuit 

boards? Well, the normal method involves 
using a "blank" copper-clad board which 
is coated with an ultra-violet light-
sensitive chemical, often called "UV 
resist". You may purchase the boards 
ready-coated (something I normally do, 
mostly to save time) which you cut to size 
— an electric jigsaw is useful — or you can 
try to coat your own blank boards using an 
aerosol spray UV resist. 
This latter option requires practice and I 

don't always obtain consistent results: it's 
worth a try if you have some spare copper-

Materials required to create a p.c.b. artwork master. 
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Placing the artwork on a UV exposure unit. (Protect eyesight from UV.) 

clad board available which you would like 
to use with the ultra-violet process to be 
described next. 
One way or another, the p.c.b. master 

pattern has to be translated onto a stable 
clear film (normally a polyester sheet) as 
"positive" artwork. The black areas of the 
film represent the copper in the layout. 
Almost every EPE project using a p.c.b. 

includes a 1:1 copper track 'pattern from 
which a photographer can produce a 
photo-positive for you, or you can trace 
the design onto film for yourself, using 
special p.c.b. drafting symbols and tapes. 
(Photocopies of the artwork can also be 
iransparentised using special sprays avail-
able from office stationers. Ed.). 
With more complex boards, the tracing 

option is a lengthy job which takes some 
practice and dexterity, but which can be a 
satisfying and creative task. A range of p.c.b. 
drafting materials is available in a variety 
of shapes (round pads, dual-in-line pads, 
straight lines, curves, etc.) from the larger 
mail-order houses, and the constructor has to 
physically place self-adhesive die-cut sym-
bols, or rub transfers down onto the film, 
using the magazine artwork as a guide. 
Copper tracks are formed by physically 

cutting line transfers to suitable length 
using a scalpel, and then rubbing these 

Materials needed for developing and etching printed circuit boards: Ferric Chloride 
crystals. developer. photoresist. caustic soda, plastic tongs. plastic tray. disposable 
gloves and photoresist copper board. 

down to trace the routes of the tracks. 
Larger black areas can be outlined with 
transfer lines and the central areas filled in 
with matt black enamel paint, for example. 
It is important that the centres of 

component leadouts are accurately copied 
onto the artwork, especially those of d.i.l. 
integrated circuits and p.c.b. mounting 
capacitors etc., or the parts will mis-align 
and won't fit the board. Any mistakes in 
the artwork can be corrected by removing 
the the transfers with Sellotape or lifting 
off the die-cut materials with a scalpel. 
Eventually, the constructor will produce an 
accurate copy of the p.c.b. artwork onto 
film which can now be transferred onto the 
copper clad board. 
One tip: clearly label which side of the 

artwork is which, or you risk producing 
a mirror image of the board by acci-
dent! So label the appropriate side "This 
Side Copper Track View" or similar. The 
artwork can then be stored for repeated use 
or modification in the future: keep it away 
from any sources of heat because this may 
distort the film. 

LIGHT WORK 
The next stage of processing involves 

using the artwork as a "mask", by 
exposing a sensitised (UV resist-coated) 

copper clad board to ultra-violet light, with 
the artwork placed over the board. The UV 
light source MUST be shielded from vision 
when in use as it is potentially harmful to 
stare directly at the source. A UV light box 
is best for consistent results, though some 
constructors build their own versions using 
UV lamps. 
The artwork will prevent the UV light 

from passing through any black areas, but 
the clear regions of the artwork permit UV 
light to pass onto the resist-coating. It may 
take between 2 to 20 minutes for the resist 
to be fully exposed, depending on several 
factors, but do be prepared to experiment 
when you prepare boards this way for the 
first time. 
When exposure is complete (and note 

that it's not necessary to use a darkroom 
when processing UV board), the board is 
placed into a liquid developer. This will 
quickly remove all the UV-exposed areas of 
the resist, leaving you with a perfect copy of 
your artwork made in the resist layer of the 
board, with raw copper everywhere else. 

Exposed p.c.b. immersed in developer 
to remove unwanted resist. 

The board is then dipped into a suitable 
etching liquid, which is usually Ferric 
Chloride solution held in a photographer's 
developing tray. This will completely etch 
away all of the raw copper in a process 
which takes say 15 to 30 minutes or so, 
depending on the age of the etchant and its 
temperature (warming it before use is 
recommended. Ed.). 
After etching is complete and all the 

unwanted copper has been removed, the 
board is carefully washed down with water 
and the now-redundant UV etch-resist is 
then stripped away with a solvent or an 
abrasive block, to reveal the copper track 
pattern itself. Finally, the board is drilled 
to accept the components, after which the 
printed circuit board is ready for soldering. 
The UV method is extremely accurate. 

and it will reproduce every imperfection in 
the artwork. It's often a good idea to 
examine and "touch up" the etch resist 
pattern prior to dipping into the Ferric 
Chloride: small quantities of acetone (e.g. 
nail varnish remover) can be used on a 
cotton bud to remove any unwanted resist, 
and conversely, an etch-resist pen can be 
used to add small areas of resist by hand, if 
necessary. 

OTHER METHODS 
Readers may hear of other "unofficial" 

methods of p.c.b. processing, and these are 
worth experimenting with. In the simplest 
applications, it's possible to use the trans-
fers as etch-resist, by applying them 
directly onto plain copper board, which 
can then be etched straight away. 
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The so-called "toner transfer" system 
involves taking a good-quality photocopy 
of the (magazine) artwork onto clear 
acetate film, and then literally ironing this 
onto plain copper clad board! The gentle 
heat from the clothes iron will re-melt the 
toner which will now adhere to the copper, 
to form an etch resist. (See the news item 
about Press-N-Peel on our Innovations 
page. Ed.) 
Computer users sometimes experiment 

by outputting p.c.b. artwork from screen 
onto clear film using an inkjet printer, but 
results are not always consistent. The 
creation of the artwork is often the greatest 
hurdle, and it is definitely worth ex-
perimenting with other techniques of 
artwork "origination". The most ad-
vanced techniques use CAD packages 
which output computer files directly to 
computer-aided manufacturing systems, 
and will not be discussed here. 

RIGHT CHEMISTRY 
Most mail order sources will provide the 

chemicals required to process printed 
circuit boards. Ferric Chloride is usually 
shipped in granular form, to which water 
must  be  added  in accordance  with 
manufacturer's recommendations. 
The solution can be re-used many times, 

but must only be stored in plastic or glass 
containers. firmly sealed with the correct 
plastic cap (not metal). Being toxic and 
corrosive the fluid must be stored away 
from children or pets. 
You must not allow etchant to come into 

contact with metal fittings (e.g. kitchen 
taps) since the product will indelibly stain 
many materials. Great care must be 
taken to ensure that it is not splashed 
onto skin or in the eyes. Disposable 
gloves and splash-proof goggles are sen-
sible precautions when in use. 
These days, there is more emphasis 

on the "environmental friendliness" of 

Steno/GS "Etch in a bag" granules prior to adding water. 

Etching the p.c.b. in the "sealed" bag. 

chemical products, and the disposal of 
corrosive Ferric Chloride may understand-
ably prick the conscience of some readers. 
First, the etchant will not be accepted at 
domestic refuse sites in the UK, and it is 
irresponsible to pour it on soil. 
Since only very small quantities are in-

volved, however, opinions generally seem 
to favour fully diluting it down and then 
letting it run to waste by pouring it down an 
outside drain, accompanied by plenty of 
running water. I view this as currently the 
most realistic and safest method of disposal, 
though constructors in Holland and Ger-
many may have further restrictions due to 
their Special Chemical Waste regulations. 

IN THE BAG 
If disposal is indeed a problem then one 

excellent alternative which is worth con-
sidering seriously is the Seno/GS "Etch in 
a Bag" system. I strongly recommend it 
for home or hobby use, because the Ferric 
Chloride is always kept in a heavy gauge 
sealed polythene tube and, if used cor-
rectly, it's virtually impossible to come 
into contact with the harmful liquid itself. 
Special sliding seals are used to "sec-

tionalise" the poly tubing, releasing the 
etchant over the board in a closed environ-
ment. It will accommodate up to a stan-
dard "Eurocard" 160mm x 100mm, and 
etching can be accelerated by warming 
the poly bag with a hair drier. A special 
neutraliser powder is included which per-
mits safe disposal of exhausted etchant, 
with a completely clear conscience! 
This ingenious product is available from 

ESR Electronic Components (Tel. 0191 
251 4363 Fax 0191 252 2296) and 
ElectroValue Ltd. (Tel. 01784 442253, 
Fax 01784 460320). In my view, the 
Seno/GS is a must for the hobbyist 
working at home. 
Other chemicals which will be needed 

include the developer solution, and etch-

resist remover. For developer, I generally 
use Sodium Hydroxide solution which I 
make up as needed by adding about 10 
grammes of domestic Caustic Soda granules 
(available from chemists) to a litre of warm 
water, though this sometimes requires some 
trial and error. Common-sense precautions 
are necessary when handling caustic soda 
solution: avoid splashing the eyes or skin. 
You  can  also  buy  a ready-made 

developer solution which is more con-
venient and will give consistent results. 
Etch-resist removal is easily effected with 
acetone used on a cotton-bud or a swab; it's 
readily available as nail varnish remover 
from the same chemist, whom by now will 
be giving you funny looks! 

PERSEVERE WITH UV 
My advice is to persevere with the UV 

system because it does sometimes need 
practice before acceptable results are evi-
dent. Success depends on ensuring that the 
exposure time is just right. This depends on 
how thick and sensitive (or "fast") the 
resist itself is, how far away the UV source 
is, and the strength of the light. 
• Not enough UV (under exposure), and 
the etch-resist will not be exposed all the 
way through its depth: it will then be impos-
sible to develop the board fully. 
• Too much UV (over exposure) and the 
finest copper tracks may be undermined by 
the UV light, and they will disappear during 
developing. In precision layouts, this would 
obviously be unacceptable. However, it is 
usually not a bad idea to over-expose 
slightly since you would have to be quite 
unlucky to cause any damage this way. 
Under-exposure is a real nuisance which 

only becomes apparent during developing. 
It is virtually impossible to return the board 
to the UV source and expose the board for a 
further period, whilst trying to maintain the 
accuracy and alignment of the track pattern 
at the same time. 

Removing etch resist with acetone, after developing, 
to reveal copper track. 

From artwork master to board ready for drilling. 
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The only real answer to this may be 
to remove the resist, and to spray on an 
aerosol resist coating. and try again. Per-
sonally, I often experience very inconsistent 
results with spray-on resist, due to the varia-
tions in the thickness of the final coating, 
but it's still worth a try. 
Generally speaking though, using off-

the-shelf products and a ready-made UV 
exposure unit, there is no real reason 
why you can't obtain perfect results, and 
p.c.b. production is a technique which adds 
another dimension to the hobby. Using the 
materials shown in the photos, I processed 
the p.c.b. first time as shown, and the final 
results were very rewarding. 

FOLLO W THE DRILL 
Having removed the etch resist, the final 

phase of p.c.b. fabrication is to carry out the 
necessary drilling. It's at this point that you 
suddenly appreciate why there is a small 
hole in the middle of every solder pad on 
the artwork. 
The centre of the pad is etched away, 

leaving a tiny drilling centre which acts as a 
starting point for the whirring drill. With-
out it, the drill will "wander", with pos-
sible disastrous results, and it becomes very 
much harder to drill the hole precisely. 
There's no real substitute for buying a 

low-voltage d.c. drill with power supply. 
These are the best and most accurate way 
of drilling holes through the board, as or-
dinary electric drills really are too mas-
sive for this precise task. A drill may cost 
£15 to £30 or more and the power supply 
may double this cost. (Consider using your 
bench power supply if it is suitably rated.) 
Which type of drill to buy, depends on 

your budget and interest, but ideally select 
a reasonable d.c. drill fitted with proper 
bearings inside, to ensure smooth running. 
The cheapest drills are nothing more than 
simple d.c. motors fitted with a chuck, and 
they can be quite crude to use, but at least 
they will help you make a start. 
An extremely useful accessory for your 

p.c.b. drill is a vertical drill stand. This 
will be specially made to tit your machine 
and it allows you to set the height and 
cutting depth of the drill. They are worth 
investing in if you are at all serious and 
you need more precise control over your 
work; I managed for years without one. 
However, cheaper drill stands (say, £30 

or so) may not be as consistent or as easy 
to use as their more expensive counter-
parts which have twin pillars and are more 

Completed  p.c.b.  with  all  parts 
soldered into place. 

Low voltage drill in a stand, for more 
accurate control. 

accurate and smooth-operating. Check the 
supplier's catalogues carefully. 

BIT OF A TWIST 
Turning to the "business end" of the 

p.c.b. drill itself, you will need to buy a 
small selection of drills which are spe-
cially made for fine work. P.C.B. drill-
ing machines use miniature "collets" or 
chucks to accept them. 
Usually, most holes are drilled at 1.0mm 

diameter, though 0.8mm may be used for 
dual-in-line chips and other finer wires. 
For larger devices, such as the larger 
tags of p.c.b. mounting potentiometers, 
or transformers, relays, etc. 1.3/14mm 
diameter is the common choice. Handy 
sets of drills can be bought which offer a 
selection of common sizes: top these up 
with individual items when they wear out. 
Usually, drills (or more correctly, twist 

drills or drill bits) are made of high-speed 
steel ("HSS") which is adequate for p.c.b. 
work. However, it is a sad fact that glass-
fibre boards wear down their cutting edges 
very quickly, so treat HSS drills as consum-
able items and always keep some spares. 
Be wary of tungsten carbide drill bits, 

which are up to ten times more costly: al-
though they are much harder, they need to 
be run at high speeds and are extremely 
brittle. They will readily snap under hand 
pressure unless you use them in conjunc-
tion with a drill stand, but they do slice 
through glass-fibre with great ease. 
Don't forget that you can buy other 

accessories for your drill, including cut-
ters, grinding stones and polishing wheels, 
which you might find useful for model-
making or other hobbies. 
There's nothing more annoying than 

discovering an undrilled copper pad just as 
soldering commences, so check the board 
for omissions, and finish by drilling the 
larger diameter holes for the mounting 
hardware if used. Readers should be aware 
that the dust particles resulting from 
drilling glass-fibre boards can be intensely 
irritating to sensitive skins, so try to avoid 
skin contact and certainly do not inhale the 
product — also wear gloves if necessary. 

SOLDERING P.C.B.s 
The techniques for soldering a p.c.b. 

are very similar to those described ear-
lier for stripboard. Extra care is needed 

Drilling a p.c.b. by hand using a low 
voltage dn11. 

with finer tracks or smaller-diameter cop-
per pads, though, since these will lift off if 
heated excessively. (Super Glue could be 
used as a repair.) It will take longer to 
solder joints positioned in large copper 
areas, due to the heatsinking action of the 
copper: a higher-capacity iron is some-
times useful at these times.  • 
As before, start with the smallest parts 

first and finish with the bulkiest items. 
Large parts (e.g. transformers) must be 
completely flush against the board, other-
wise vibration or knocks in use may 
cause the components to loosen the un-
derside copper tracks and damage the 
copper foil permanently; hot melt glue 
will again act as a bonding agent to 
help protect flying leads and large parts 
(that don't become hot!) from vibration 
damage. An optional coat of spray-on 
lacquer will help protect the copper foil 
from corrosion and moisture. 
As with stripboard, flying leads can be 

soldered directly to the board or to solder-
in terminal pins. In the case of mains-volt-
age connections, by far the safest and most 
reliable method of connecting these to a 
p.c.b. is to use screw-terminal blocks sol-
dered to the board. Because the mains wire 
itself remains unsoldered, it will not be-
come brittle through flexing or vibration 
(or, more dangerously, break off from the 
board completely) and will remain reliable 
in service. More of this next month. 
All in all, with modern materials which 

are readily available today, there's no 
reason why you can't produce results 
which you can be really proud of. 

NEXT M ONTH 
In Part Four, next month, we examine 

workshop techniques related to plastic and 
metal enclosures used to house your 
project. We'll also check out basic metal-
working methods plus case preparation, 
along with other tricks and tips to help 
you enjoy assembling your electronic 
prototypes. 

• Internet users may like to know that a "Sol-
dering FAQ" (Frequently Asked Questions) is 
currently under construction, condensed from 
this series. It will offer an on-line resource to 
help beginners with the "Art of Soldering". 
Check our web site for the latest news. 
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THE Autorouter for  EASY-PC Pro' XM! 
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"The Best Autorouter that I have seen costing 
less than f-10,000!“  R.H. - (Willingham, UK) 

• Uses the latest 32 Bit, Shape 
Based, Multi-pass, Shove-aside 
and Rip-up and Re-try Technology 

• AutoRoute very large and complex 
boards 

• User Controllable, 
User Configurable 

• 100% Completion where other 
autorouters fail 

• 100% Autorouted 140 Components 
on a 210mm x 150mm board in less 
than 10 minutes! (75MHz Pentium) 

• Could Easily Pay For Itself On The 
First Project 

MultiRouter - only £295! 

Integrated Electronics CAD  Affordable Electronics CAD 

Schematic Capture 

MOM W M ine 111 ,111i 

Analogue 
& Digital 
Simulation 

Prices from UKE145 / US$275 

EASY-PC Professional: Schematic 
Capture and PCB CAD. Links directly to 
ANALYSER Ill, LAYAN and PULSAR. 

-MultiRouter: 32bit Multi-pass Autorouter 
for  EASY-PC Professional XM   

LAYAN: New Electro-Magnetic layout 
Simulator. Include board parasitics in 
your Analogue simulations. Links with 
and requires EASY-PC Professional XM 
and ANALYSER Ill Professional 

PULSAR: Digital Circuit Simulator   From $105 

ANALYSER III: Analogue Linear Circuit  From $195 
Simulator 

From $275 •I45 

$475 

$950 

FILTECH: Active and Passive Filter 
Design program 
STOCKIT: New comprehensive Stock 
control program for the small or medium 
sized business 

From $275 

£295 

£4951 

£98 

£98 

£145 1 

$275 £145 

EASY-PC: Award Winning PCB and 
Schematic CAD. 
4-MATCH : Award Winning Smith-Chart  From $275 
based program for RE Engineers. 

$145 £75 

1. 

£145 

We operate a no penalty upgrade policy. US$ prices include 
Post and Packing Sterling Prices exclude P&P and VAT.  

For Full Information and Demo • Disk, please write, phone, email or fax:-

Number One Systems 

• TECHNICAL SUPPORT FREE FOR LIFE 
• PROGRAMS NOT COPY PROTECTED. 
• SPECIAL PRICES FOR EDUCATION. 

UK EEC:  Ref: EVD. Harding Way, St.lves, Cambridgeshire, ENGLAND, PE17 4WR. 
Telephone UK: 01480 461778 (7 lines) Fax: 01480 494042 

USA:  Ref: EVD, 126 Smith Creek Drive, Los Gatos, CA 95030 
Telephone'Fax: (408) 395-0249 

Email: sales@numberone.com 
International +44 1480 461778 
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Our regular round-up of readers' own circuits. We pay between £10 and £50 
for all material published, depending on length and technical merit. We're 
looking for novel applications and circuit tips, not simply mechanical or 
electrical ideas. Ideas must be the reader's own work and not have been 
submitted for publication elsewhere. The circuits shown have NOT been 
proven by us. Ingenuity Unlimited is open to ALL abilities, but items for 
consideration in this column should preferably be typed or word-processed, 
with a brief circuit description 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! 

Bicycle Mileometer - I1ll PCMOT 

THE simple circuit design shown in Fig. 1 can be used along with a ready-made 1.c.d. counter module, to form a Bicycle 
Mileometer with an accuracy of approximately five per cent. 
A reed switch, SI, is affixed to one of the forks of the cycle and 

a magnet is fixed to the wheel rim. The magnet causes the reed to 
close with each revolution, and with a wheel size of between 24 
inches to 26 inches, a distance of 100th of a mile is travelled after 
eight revolutions of the wheel. 
The circuit counts the eight pulses and then advances an I.c.d. 

counter each time the cycle travels OBI miles. Resistor RI, R2 
and capacitor Cl debounce the pulse from switch S 1, and each 
pulse then clocks IC1, a 4017 decade counter. 
On the eighth pulse, pin 6 of ICI goes high which drives 

transistor TR1 and causes the opto-isolator to "clock" the counter 
— increasing the count by 1/100th of a mile. On the next count, pin 
9 goes high which resets the counter at pin 15, and the "count to 
eight" process re-starts. 
The counter is a small battery operated unit available from 

Maplin, Tandy, etc. I added a Letraset "decimal point" to the 
left of the two least-significant digits on the display to give a 
direct readout in miles, which is permanently displayed. The 
circuit itself can be driven by a 9V PP3 battery. (The ILD74 

Fig. 1. Circuit diagram for the Bicycle Mileometer 

opto-isolator is a dual type, available from Farnell (Tel. 0133 
263 6311) as Stock Code 325-909, but a single channel type e.g. 
TILI91 may be a suitable alternative. A.W.) 

Simple Stereo Amplifier - Untdeircaysir Sa m& 
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Fig 2. Circuit diagram for a Simple Stereo Amplifier 

Nick Dossis, 
Middlewich, 
Cheshire. 

IWAS once asked to build a Stereo W AS 

to permit a personal stereo to 
provide music in a trailer tent, and 
my simple solution is shown in circuit 
diagram Fig. 2. The circuit uses two 
TDA7052 bridge amplifiers, one per 
channel. 
A stereo dual-ganged potentiometer 

VR1 acts as a Volume control, whilst 
capacitors Cl and C2 decouple the signal 
input. Resistors RI and R2 are needed 
by some personal radios or stereos. 
Capacitors C3 and C4 decouple the 6V 
power supply. 
I used four D-cells to power the unit. 

The two loudspeakers must have a mini-
mum impedance of 8 ohms, as shown. 
(I selected two low cost Maplin 1.5W 
speakers). 

Alan Bradley, 
Belfast. 
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Animal Sound Generator - HEM@ Ulhintt Kap 

THIS novelty circuit utilises the Holtek 
HT82231 PCM speech synthesis chip 

(Maplin Order Code AEI 2N — A.R.W.) 
which is preprogrammed with eight animal 
sounds, the best six of which are used in 
this application. To add further to the 
novelty, the sounds are initiated using 
touch-sensitive  switching,  each  being 
based around a pair of NAND gates. 
In Fig. 3, IC7 is the sound generator 

i.c.; VR I and R9 control the internal os-

Fig. 4. Touch switch circuit. 

dilator speed whilst the output (pin 19) 
drives a single transistor buffer TR!. This 
in turn drives the loudspeaker LS I. and the 
I.e.d. DI provides a visible indication of 
operation. 

Touch Tones 
The animal tones are selected by 

grounding pins 7 to 15. By using two 
NAND gates as a pulse generator (see 
diagram of a single touch switch in Fig. 
4), it is possible to select any of the 
control pins via a transmission gate. 
When the touch pads are shorted by skin 
resistance, the resulting voltage on the 
gate input is inverted and then inverted 
back by the following NAND to drive a 
transmission gate. This causes the respec-
tive control pin of the sound chip to he 
grounded. 
The touch switch is latched on by resis-

tor R2 and the capacitor C3 charges in 
about 47ms, then discharges through RI 
in around 470ms, thus resetting the input 
at the first NAND gate and toggling the 
switch. 
Three 4011 chips (IC2, IC4, IC5) and 

two 4066 chips (IC3, IC6) provide the 
six touch switches in total. Note that 

47n 

one touch pad (TP7) is common to all 
switches, being at the positive rail. 
Power was derived from a 9V battery 

using a 5V regulator (ICI). In the final 
assembly the touch pads were made from 
six lOmm squares of I mm copper sheet 
with a 160mm long strip for TP7. Copper 
clad board could perhaps be used. 

D. Stringwell, 
Scunthorpe, North Lincolnshire. 

CASH-IN 
YOUR IDEA 

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. 
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! 
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Fig. 3. Main circuit diagram for the Animal Sound Generator Note that touch pad TP7 is common to all switches. 
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Special Review 

PC.532 STORAGE 
OSCILLOSCOP 
INTERFACE 
ROBERT PENFOLD 
A three-in-one m odule 
for your R C that really 
m easures-up to the 
"real" thihg! 
o 111 4(111LI. the idea of virtual instruments is not new, it is only 
recently that sophisticated systems have become available 

at a rdable prices. The basic idea of a virtual instrument is to 
utilize a computer plus suitable software and an interface of some 
kind to replace a complex piece of measuring equipment. 
The modern trend is to have on-screen "virtual" controls 

operated via the mouse, rather than having "real" controls on the 
Interface Unit. It is from this that the virtual instrument name is 
derived. 
Systems of this type are used for all sorts of weird and 

wonderful things, including electronic test equipment. The 
"virtual instrument" reviewed here is the Velleman PCS32 
Storage Oscilloscope for PCs. 

Scope For A PC 
Provided you already own a suitable PC, this unit offers a 

2-Channel Storage Scope having a 32MHz sampling rate and an 
8-bit vertical resolution for just £324-99. Furthermore, it can be 
switched to operate as a Spectrum Analyser or a transient re-
corder. (Better still, if you are a "dab hand" at soldering, you can 
select a Single Channel Kit for £173•39, add a Second Channel 
Kit for £66-29 and a Upgrade Software for £25-49. In addition, a 
Demo Disk is available for £3.05 — the Demo is also available 
free on the Internet). 
It does not require a particularly advanced PC. The minimum 

requirement is a 80386 processor, VGA display, mouse, and 
460k of free conventional memory. The spectrum analyser pro-
gram and the oscilloscope's r.m.s. readout additionally require a 
maths co-processor (which is built into 80486DX and Pentium 
microprocessors). 

What You Get 
The version ol the PC Scope supplied for review is ready-

made, and is supplied complete with a soft carrying case, manual, 
two probes with cables and plugs, parallel cable for connection to 
the computer, and a mains power supply adaptor. The accom-
panying A5 size manual has 98 pages, but includes instructions i 
four languages. It tells the experienced user everything he or 
she needs to know in order to get the system "up and running", 
but those who are new to oscilloscopes will need 
to obtain a book or two on the subject. 
The probes are standard oscilloscope type 

which connect to the BNC connectors on the front, 
panel of the interface. Both include an " x 10" 
facility which extends the system measuring range. 
The power supply unit is of the oversize mains plug variety, 

and the one supplied with the review system had a continental 

two-pin -plug. However, units sold in the UK will be supplied with 
proper three-pin supply units for direct connection to UK mains 
outlets. The Interface can be powered from rechargeable batteries 
(not supplied as standard) if portable operation is required. 
The Interface connects to printer port one (LFT1), and there is 

no option to use port two. As most PCs will probably have a 
printer already connected to port one, either a printer sharer will 
be needed, or the printer must be relegated to port two. 
Operating software is supplied on a 3.5 inch high density disk, 

and is easy to install. A set-up program copies everything onto the 
hard disk for you. The program runs under MS/DOS, and does not 
require Windows. It should run from within Windows if required, 
provided there is sufficient free memory available. The mouse 
driver must be loaded before running the program via the batch 
file copied to the hard disk. 

Facts and Figures 
A maximum sampling late of 32MHz is very respectable, but it 

does not mean that the unit has a bandwidth of 32MHz. As with 
any sampling system, the sampling rate must be at least two or 
three times higher than the maximum input frequency. The effec-
tive bandwidth is therefore about 10MHz or so. 
While this is rather less than that of most conventional oscillo-

scopes, it is still adequate for most purposes, including the display 
of PAL video signals. The two channels operate independently, 
and the maximum sampling rate therefore remains at 32MHz 
when both channels are used. 
Input impedance is the usual one megohm, and this is shunted 

by about 30p (picofarads) of capacitance. The maximum input 
voltage is 100 volts a.c./d.c. The timebase range is switchable 
from 100ms per division to 100ns, with the usual 1 — 2 — 5 — 10 
sequence. Triggering can be on the positive or nePative edge n( 

The complete PCS32 outfit, minus carrying case. 
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the waveform, and can be from channel one or channel two. There 
is no provision for external triggering. 
Input sensitivity is switchable from 10 millivolts to 5 volts per 

division, again with the usual 1 — 2 — 5 —10 sequence. The x 10 
setting on each probe provides additional ranges of 20V and 50V 
per division. It also boosts the input impedance to 10 megohms, 
and reduces the input capacitance. 

Software and Interface 
The software is really three different programs, one for each 

function the system provides, but on-screen switches enable you 
to move quickly and easily from one to another. The oscilloscope 
program provides an on-screen representation of an oscilloscope 
front panel and c.r.t., complete with controls that are operated via 
the mouse. 
For example, to operate one of the pushbutton switches you 

simply place the pointer over it and "click" on it with the mouse. 
With the rotary controls you simply "click" on the appropriate 
number around the on-screen control knob. The other two sections 
of the software operate in essentially the same fashion, but with 
suitably modified control layouts. 
Although most of the action takes place on the screen, there are 

actually a few controls on the interface itself. For each channel 
there is a "Y" position control, and a three-position miniature 
toggle switch which offers a.c. and d.c. coupling, or the option of 
"earthing" the input. The only other control on the interface is 
the on/off switch on the rear panel. 
I found little difficulty in adjusting to the use of a combination 

of virtual and actual controls. This is certainly made easier by the 
fairly convincing on-screen representation of a scope front panel 
together with the use of mouse control. 
The PC532 Interface is housed in a tough plastic case having 

silver anodised front and rear panels. It has standard BNC connec-
tors for the Y1 and Y2 inputs. It seems to be well made, and 
should stand up to many years of use. 

"I have no hesitation in recommending the system, 
and might even be tempted to buy one myself." 

Scope 
Probably the vast majority of users will buy this system 

primarily as an oscilloscope, and will regard the Transient Re-
corder and Spectrum Analyser as useful "extras." The eight-bit 
resolution of the oscilloscope gives a vertical resolution of 256 
pixels, which is high enough to show complex waveforms in a fair 
amount of detail. In this respect it seems to be a fair match for the 
modestly dimensioned c.r.t.s fitted to most conventional 'scopes. 
At very fast sweep speeds the horizontal resolution suffers due 

to the relatively small number of samples taken per sweep. This 
can give a rather ragged looking waveform using the normal 
(linear) interpolation, but there is the option of using "smoothed" 
interpolation to give a better looking waveform. This option only 
operates on the three highest sweep speeds. 
Triggering can be positive or negative, and there is the op-

tion of continuous triggering or single-shot operation. The trig-
ger level is set using two virtual pushbuttons, and an on-screen 
marker, left hand side of the display, shows the selected trigger 
level. Triggering can be switched off if a free-running timebase is 
required. 

On-Screen 
In addition to the Y position controls on the interface, there are 

on-screen X position controls. The system takes more samples 
than the screen can display at one time, and the X position con-
trols enables the "missing" right hand section of the waveform to 
be scrolled onto the screen. 
There is a "SAVE" control which writes the screen display to 

the hard disk in TIFF format. The file can then be loaded into a 
TIFF compatible program, which includes many illustration pro-
grams, word processors, and desktop publishing programs. I had 
no difficulty in loading saved files into programs such as Corel 
Draw! and Micrografx Designer. See Fig. 1. 
The top section of the "c.r.t." screen shows the selected input 

sensitivities and sweep rate. The bottom section shows the calcu-
lated r.m.s. voltage of the signal on channel one. There are also 
three other figures which operate in conjunction with two pairs 
of moveable on-screen markers. The basic idea is to move the 
markers so that they tightly enclose one complete cycle. The 
figures in the bottom part of the "c.r.t." area then show the period 
of one cycle, input frequency, and peak-to-peak input voltage. 
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Oscilloscope Specifications 

Minimum system requirements 
IBM compatible PC with 80386 processor and maths 
co-processor 

VGA display 
Free Printer port LPT1 
Mouse 
460Kb free conventional memory 

Technical Data 
Vertical Deflection 
Sensitivity:  10mV to 5V/Div 
Frequency Range:  D.C. to 16MHz 
Input Impedance:  1M12//30pF 
Input coupling:  D.C. — A.C. — Gnd 
Input voltage:  100V max (D.C. + peak A.C.) 

Horizontal Deflection 
Timebase  10Ons to 100ms/Div 

Triggering 
Trigger mode: 
Slope: 
Level: 
Trigger Channel: 

Digital Storage 
Resolution:  8-bit 
Sampling rate:  32MHz (max) 
Memory size:  4Kb/channel 
Interpolation:  linear or smoothed 

single. automatic or free running 
positive or negative 
adjustable in steps of 1,'2 division 
Channel 1 or Channel 2 

PC screen picture showing the "virtual" controls for the 
Storage Oscilloscope. The scope "screen" displays stored 
signals from a simple triangular/squarewave oscillator. 
Imperfections on both signals are clearly displayed. 

2V  21) 

8V=111.62V  rms=1.06V AT=0.053ms  1/AT. I., 17,1cHZ 

Fig. 1. Screen printout via Corel Draw. 
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PC SCOPE 
"C532 32MS., 

I,"  

Oft 

PCS32 PC Scope Interface front panel layout. 

The frequency display is useful, and saves wear on your pocket 
calculator. It would be better still if the program worked out the 
input frequency and peak-to-peak voltages for you. 

Spectrum Analyser 
The Spectrum Analyser function shows the frequency com-

ponents present in a signal, and their relative strengths. A repeti-
tive signal such as a squarewave or a triangular signal consists of 
a fundamental frequency plus various harmonics (multiples of the 
fundamental frequency). 
Using the Spectrum Analyser it is possible to determine which 

particular harmonics are present, and their strength relative to the 
fundamental signal. It will also show any signals at non-harmoni-
cally related frequencies caused by imperfections or noise on the 
signal. 
When switched to the Spectrum Analyser mode the screen dis-

play is similar to the one used for the Oscilloscope mode. How-
ever. only one channel or the other can be active at any one time. 

Spectrum analysis of a 1 kHz sinewave showing high fre-
quency noise. 

Recording a low frequency signal using the Transient 
Recorder. 

and the timebase operates in terms of the maximum display 
frequency. There are seven ranges from 800Hz to I6MHz. 

The X-axis represents frequency, and can have either 
logarithmic or linear scaling. The Y-axis represents 
amplitude, and the amplitude scaling is always logarith-
mic (10dB per division). The display can be switched 
to a conventional waveform display if required. 
A conventional spectrum analyser is based on a 

swept bandpass filter, but this is not the method 
used in this case. Instead, some advanced mathematics 
are used to analyse the digitised signal and calculate 
its frequency content. It is for this reason that this 
facility requires a PC which has a maths co-processor. 
Results from the Spectrum Analyser seem to be very 

plausible, giving suitable displays for a range of test 
waveforms. Even using a relatively slow PC (a 33MHz 

30386DX) it only took about two seconds for the signal to be 
analyzed and the results to be displayed. 

"The use of 'virtual' controls is not simply 
a gimmick, it really does help to make the 

systems quicker and easier to use." 

The display shows the amplitude difference between two vertical 
axis screen markers. More usefully, it also shows the frequency 
represented by a horizontal screen marker. To determine the fre-
quency of a peak in the display you simply move the marker over 
the peak, and read-off the frequency. 

Transient Recorder 
A somewhat different screen layout to the other two is shown by 

the Transient Recorder Program, but it still uses what is broadly the 
same method of control. The "c.r.t." area occupies the full width of 
the screen. 
A Transient Recorder is really just a form of low frequency 

oscilloscope. The one in this system operates with a timebase range 
of 50ms to 2000s per division. The required speed is selected via 
sixteen on-screen pushbutton controls. 
The storage scope function operates by first taking in a full set of 

readings, and then producing the display. The Transient Recorder 
operates in "real-time", with transients being displayed as they 
OCCUr. 

This is obviously a more specialised function than the standard 
storage scope function, but it does have its uses. For example, it can 
be useful when testing envelope shapers in electronic music equip-
ment, and it can also be used for such things as recording data from 
temperature sensors over a long period of time. In fact the type of 
thing where a conventional oscilloscope is mediocre or completely 
useless. 

Conclusion 
I did not have a chance to use the PCS32 system over a long 

period of time, but during a test period of two or three weeks it 
always functioned well. It did not work properly with a 75MHz 
Pentium PC, but this seemed to be due to a lack of free memory. 
A boot-up disk which omits any unnecessary drivers should cure 
problems of this type. 

The Transient Recorder used to monitor intermittent bursts 
of signal. 
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AVAILABLE OPTIONS 
Full PCS32 System  51950  £324-99 
Single Channel Kit  51268  £173-39 
Second Channel Kit  51270  £66-29 
Upgrade Software  51949  £25-49 
Demo Disk  51269  E3-05 (Inc. P&P) 
(The Demonstration software is also available free on the 
Internet - http://vAwa.maplin.co.ukivellemanNelleman.htm) 
These prices include VAT, - carriage is Free on orders over £30. 

Judging by this internal shot of the PC Scope Interface, 
the task ahead looks fairly daunting if you undertake the 
DIY approach - but the rewards will be most satisfying. 

Provided you are familiar with oscilloscopes, the system is 
very straightforward to use. In fact, it is so straightforward 
to use that the information on the back of the box tells you 
practically everything you need to know in order to use 
the equipment effectively. The use of virtual controls is 
not simply a gimmick, and it really does help to j _  
make the systems quicker and easier to use. 
Although PC prices are falling, the cost of a "ready-built" 

PCS32 system and a suitable PC is still considerable, and likely to 
total £1000 or more. At this sort of price the system still represents 
quite good value for money, but virtual instruments are most 
attractive to those who already own a suitable computer system. 
A Dual-Beam Storage Scope, Spectrum Analyser, and Transient 

Recorder, with the ability to print out results from any of them, are 
all here for just £324-99. This represents a remarkable bargain. I 
have no hesitation in recommending the system, and might even be 
tempted to buy one myself! 
For around the same price or less it is possible to obtain a few 

ready-made oscilloscopes, but they have relatively limited speci-
fications. For some types of servicing a conventional oscilloscope 
might still be a better option. If you just require a basic oscillo-
scope, a conventional instrument provides a simpler and less cum-
bersome alternative to this system. If you require anything more 

than basic scope functions and have a suitable PC, there seems to be 
no conventional instrument that offers a similar specification at a 
comparable price. 

Prices 
The system reviewed here is the complete and ready-built version 

of the PCS32. For those who have the necessary experience there 
is a single channel kit version which has only the storage scope 
software. A second channel upgrade kit is available, as is a software 
upgrade to provide the spectrum analyser and transient recorder 
functions. Finally a demonstration disk is available, and this should 
help to give prospective purchasers the "feel" of the system. All 
items are available from Maplin Electronics, PO Box 3, Rayleigh, 
Essex, SS6 2BR (Tel. 01702 554000). The order codes and prices 
are listed in the Options Panel. 
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autorouter (SP2) 
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Desk & Laser Jet, Cannon Bubble Jet, 

HP-GL, Gerber, 

NC Drill, AutoCAD DXF 

RANGER2  £150 
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Gate & pin swapping - automatic back annotation 
Copper flood fill, Power planes, -1Yack necking, 

Curved tracks, Clearance checking, 

Simultaneous multi-layer auto-router 

RANGER2 UTILITIES £250 

COOPER & CHYAN SPECCTRA auto-router (SPI) 
Gerber-in viewer, AutoCAD DXF in & out 

UPGRADE YOUR PCB PACKAGE 

TO RANGER2  £60 

TRADE IN YOUR EXISTING PACKAGE TODAY 
Seetrax CAE, Hinton Daubnay House, Broadway Lane, Lovedean, Hants, P08 OSG 

Call 01705 591037 or Fax 01705 599036  + VAT & PP All Trademarks Acknowledged 
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INTER 
Robert Penfold 

TWO or three recent Interface articles have been devoted to computerised 
test equipment of the measuring variety. 
Computers are also used to control sig-
nal generation, which is the subject of 
this month's article. 
There are two basic approaches to 

the problem, one of which is to use 
purely digital techniques to generate the 
basic signal, with linear circuits only 
being used if some waveform conversion 
is required (a squarewave being con-
verted to a sinewave for example). This 
method has the advantage of producing 
what are normally very accurate output 
frequencies, but practical circuits are 
usually quite complex. It is an interesting 
subject, and one that will be covered at a 
later date. 

Going Digalogue 
The  second  and  more  simple 

method uses a combination of digital 
and analogue techniques ("digalogue" 
circuitry?). The basic technique is to use a 
digital-to-analogue converter to generate 
the control voltage for a v.c.o. (voltage 
controlled oscillator). 
A high degree of linearity is available 

from modern digital-to-analogue con-
verters, but the linearity of v.c.o.s tends 
to be not so good. Also, v.c.o.s often have 
large offset voltages that can complicate 
matters. 
However, a simple setup of this type 

can provide reasonable accuracy. In fact, 
the accuracy should be at least as good 
as that obtained from a conventional sig-
nal generator having a calibrated control 
knob. 
One slight drawback of this method is 

that suitable frequency measuring equip-
ment is needed in order to get the 
finished unit working accurately. 

Stepping Up 
Of course, any form of digital control 

produces an output signal that is incre-
mented in steps, rather than having the 
fully variable output frequency of a 
conventional signal generator. Provided 
there are a sufficient number of steps this 
should not be of any practical sig-
nificance, and the resolution of the sys-
tem will be adequate for any normal 
testing. Eight-bit resolution gives 256 
output frequencies per range, which is 
adequate for all but the most critical of 
testing. 
The circuit diagram for a simple 

8-bit  Digital-to-Analogue  Converter, 
based on a ZN426E (IC1), is shown in Fig. 
1. Converters based on the ZN426E DAC 
have been covered in previous Interface, 
articles, and so we will not dwell on this 
part of the unit. Any 8-bit latching output 
port should drive the circuit properly, 
including a PC printer port. 
The maximum output voltage from 

ICI is 2.55V, but this is boosted to 
around 9V by the simple non-invert-
ing amplifier based on IC2. Note that 

the CA3140E used 
for IC2 is a type 
that can operate as 
a single supply d.c. 
amplifier. 
Most other opera-

tional  amplifiers 
(741C,  LF351N, 
TL071CP, etc.) will 
not  work  in 
this  circuit.  The 
CA3140E  has  a 
PMOS input stage, 
and  the standard 
anti-static handling 
precautions should 
therefore  be  ob-
served when deal-
ing  with  this 
component. 

Signal Processing 
Circuit details for the v.c.o. and signal 

processing stages appears in Fig. 2. IC3 
is a CMOS 4046BE "micropower" phase-
locked loop, but in this circuit only the 
v.c.o. section is utilized. 
No connections are made to the other 

sections of the device, apart from the 
input to the phase comparator (pin 3) 
which is connected to the OV rail. This is 
done simply to avoid spurious operation 
of the unused stages. 
The analogue-to-digital converter cir-

cuit (Fig. 1) provides the control voltage 
to pin 9 of IC3. C4 is the timing capacitor, 
and the timing resistance is provided by 
resistor R5 and preset VR2. The latter is 
adjusted so that an output frequency of 
255kHz is obtained with the output volt-
age from the converter at maximum. 
With perfect linearity and no offset 

voltage, this would give an output fre-
quency range of 0Hz to 255kHz with 
a resolution of lkHz. In practice the 
linearity of IC3 is far from perfect, and 
there is a small offset voltage. In other 
words, a small input voltage is needed 
before IC3 will start to oscillate. 

A resistance from pin 12 to "ground" 
(OV) can be used to trim out the offset 
and to some extent improve the circuit's 
linearity. This is the purpose of resistor 
R4 and preset VR1. 
Two basic approaches ace possible 

when adjusting preset VR1. You can 
either opt for a slightly restricted output 
frequency range but with very good 
linearity, or a wide frequency range with 
reduced frequency accuracy. 

Setting-Up 
In either case it is a matter of first set-

ting preset VR2 for the correct full scale 
output frequency. In other words, write a 
value of 255 to the converter (IC)) and 
then adjust VR2 for an output frequency 
of 255kHz. 
Next the converter's output is set at a 

low voltage, and VR2 is adjusted for the 
appropriate output frequency. For ex-
ample, a value of 25 could be written to 
the converter, and VR2 would then be set 
for an output frequency of 25kHz. This 
procedure is repeated a few times until 
good accuracy is obtained at both ends of 
the frequency range. 

Fig. 2. The v.c.o. (voltage controlled oscillator) and signal processing stages. 
IC6 provides a sinewave ouput signal. 
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Using calibration frequencies of 25kHz 
and 250kHz gives a useful 10:1 frequency 
span, and good accuracy from 25kHz to 
250kHz. Unfortunately, the accuracy on 
frequencies below 25kHz is not likely to 
be very good, especially at the lowest 
output frequencies. 
Better accuracy at low frequencies can 

be obtained by using a calibration fre-
quency of (say) 2kHz instead of 25kHz. 
The problem with doing this is that the 
mid-range accuracy is likely to suffer. 
Since relatively few frequencies are 

available below 25kHz, there is little to 
be gained in using these frequencies, 
but a lot to be lost in terms of over-
all frequency accuracy. Consequently, 
it is probably best to opt for an ac-
curate 10:1 frequency span having good 
accuracy, and leave frequencies below 
about 20kHz unused. 

Increased Range 
The output from pin 4 of IC3 is a 

reasonably good  squarewave signal 
having a peak-to-peak amplitude of 
about 12V. IC4 and IC5 act as divide-by-
ten circuits which provide two additional 
frequency ranges. 
Maximum output frequency from pin 

12 of IC4 is 25kHz, and the resolution is 
100Hz. A maximum output frequency of 
25kHz is available from pin 12 of IC5, 
and has a resolution of 10Hz. Both sig-
nals are 12V peak-to-peak squarewaves. 
The output from IC5 is processed by 

IC6 to produce a form of sinewave 
output. A repetitive signal such as a 
squarewave type consists of a fundamen-
tal frequency plus harmonics (multiples) 
of that frequency. By using heavy low-
pass filtering it is possible to attenuate 
the harmonics to an insignificant level, so 
that a reasonably pure sinewave is left. 
In this case the lowpass filtering is 
provided by IC6, which is a switched 
capacitor filter. 
A normal RIC lowpass filter consists of 

a resistor and a capacitor connected in 
the manner shown in Fig. 3a. Resistor Ra 
limits the rate at which capacitor Ca can 
charge and discharge. 
If the input frequency is low enough, 

this current limiting has no significant 
effect since only a very low current is 
needed in order to keep the charge on Ca 
equal to the input voltage. Above a cer-
tain frequency the limiting effect of R. 
becomes very significant, and causes in-
creasing losses through the circuit. 
In fact, it ultimately results in each 

doubling of the input frequency caus-
ing the loss through the circuit to 

be doubled. The cutoff frequency is 
governed by the values of Ra and Ca, and 
it is inversely proportional to their 
values. 

A Switch In Time 
A higher attenuation rate can be ob-

tained by using several filter stages in 
series. A variable cutoff frequency can be 
produced by using variable resistors or 
capacitors. However, a CIR filter having 
a large number of stages plus a vari-
able cutoff frequency is rather impracti-
cal, especially where electronic control of 
the cutoff frequency is required. 
A basic "switched" capacitor filter 

uses the arrangement shown in Fig. 3b. 
This is similar to the CIR lowpass filter, 
but the resistor has been replaced by a 
small capacitor (Ca) and an electronic 
switch. 
The latter is controlled by a clock os-

cillator, and continuously alternates be-
tween its two settings. Capacitor Cb is 
the filter capacitor, and is the equivalent 
of Ca in Fig. 3a. 

(b) 

Input 

(a) 

Electronic 
Switch 

T Co  Cb 

Inp„t 

F4 3. Basic R/C lowpass filter (a) 
and switched capacitor (b). 

Like Ra in the RIC filter, the switch 
and capacitor Ca provide a signal trans-
fer from the input to the output of the 
circuit. If the input voltage rises, Ca is 
repeatedly charged from the input signal 
and discharged into Cb. If the input volt-
age falls, Ca is repeatedly charged from 
CI, and discharged into the signal source. 

The main factors governing the cutoff 
frequency are the relative values of Ca 
and Cb, and the clock frequency. It is this 
second point that is of great practical 
importance, and in most practical circuits 
the cutoff frequency is one fiftieth or one 
hundredth of the clock frequency. The 
cutoff frequency can be varied by al-
tering the clock frequency, and there is 
no difficulty driving a multi-stage filter 
from a common clock signal. 

Sharp Filtering 
Filtering a squarewave signal to 

produce a passable sinewave requires 
some pretty sharp filtering. The MAX293 
used for IC6 is an 8th order elliptic filter 
which does the job very well. Its cutoff 
frequency is one hundredth of the clock 
frequency. 
The clock signal is taken direct from 

the v.c.o., and the signal input of IC6 
is driven with the divided-by-100 signal 
from IC5 via an attenuator. IC6 therefore 
allows the fundamental signal from IC5 
to pass unhindered, but the harmonics 
(which are at upwards of 200 times the 
clock frequency) are severely attenuated. 
The output level from IC6 is approxi-
mately 10V peak-to-peak. 
One drawback of this method of 

sinewave generation is that the output 
waveform is a stepped type, although the 
stepping can be removed using conven-
tional lowpass filtering. This method 
does not produce highly pure output 
waveforms anyway, and the distortion 
level is comparable to a simple Function 
Generator at about one per cent. 

Switched Range 
The simplest way of providing addi-

tional sinewave frequency ranges is to 
replace capacitor C4 with two or three 
switched capacitors. A value of lOnF will 
provide a maximum output frequency of 
255Hz with a resolution of 1Hz. 
Due to the self-capacitance of the 

4046BE, a value of 33pF rather than 
100pF provides a maximum output fre-
quency of 25.5kHz. The resolution is then 
100Hz. 
The 4046BE cannot be guaranteed to 

operate right up to the frequency of 
2.55MHz needed to produce a 25.5kHz 
sinewave, but the three devices tested all 
just about managed it. In order to obtain 
good accuracy on all three ranges R4, R5, 
VR1, and VR2 should be duplicated for 
each range, and selected via the range 
switch. 
Each range of the circuit can then be 

individually calibrated. 

IT'S A RELAXING TI ME NEXT M ONTH! 
PZI\UFT© wavE BO MBE 
Signed   

EVERYDAY 

PRACTICAL 

ELECTRONICS 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, Janauary /997 43 



ADAM FULLERTON 
Retro-fit your There min into a 
A4101 chain for 21st Century 
m usic control! 

SINCE the birth of the Theremin some 
78 years ago, there have been few 
variations on the basic theme, and 

the design philosophy on which they are 
based has remained relatively unchanged. 
As such, it is fair to say that the There-
min has for some years been thought of, 
if at all, as a product of a bygone era, 
a veritable dinosaur in the world of the 
silicon chip. 
However, things are changing. Since the 

advent of the microprocessor, technology 
has exploded at an exponential rate. Many 
old ideas and concepts have received the 
"retro-refit" treatment thereby_ bringing 
them into line with today's technology. It 
is an all-encompassing process from which 
nothing can escape indefinitely, not even 
Theremins. 
This project gives the Theremin its long 

awaited "refit". It is hoped that it may be 
a step towards attracting the new interest 
which will be necessary for the continued 
development of this unique musical instru-
ment into the 21st century. 

DESIGN OBJECTIVE 
The objective was to produce a generic 

MIDI/CV interface that could be used with 
any existing Theremin without the neces-
sity for modification or a special interface 
connector. It is an ideal complement to the 
EPE Elysian Theremin of Nov/Dec '96. 
(MIDI, by the way, stands for Musical In-
strument Digital Interface, and CV stands 
for Control Voltage.) 
It seemed like the best way to do this 

was to analyse the Theremin's audio sig-
nal. The resulting design is a combined 
hybrid of analogue and digital electronics. 
This MIDI/CV Interface is not only use-

ful for Theremins, but it can be used to 
interface any monophonic (one note at a 
time) musical instrument to MIDI. The 
human voice is no exception to this, so 
into the domain of pitch to MIDI! 

PROJECT OUTLINE 
It is stressed that this design is too 

complex to be tackled by newcomers to 
electronics. Although the project appears 
straightforward  to construct,  if any 
trouble-shooting does turn out to be 

required, beginners could find themselves 
in difficulties. 
The  Theremin  MIDI/CV  Interface 

(MCV for short) is a pitch/amplitude to 
MIDI and CV interface. There are 128 
user patches which can be loaded from the 
front panel, or 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! 
A Hold footswitch is available to allow 

a note to be held. Two Control Volt-
age outputs are provided for Pitch and 
Amplitude. The Gate and Trigger signals 
are amplitude threshold switched, with 
control of the switch threshold. The source 
signal of the CV interface may also be 
switched to incoming MIDI, to allow use 
as a standard MIDI to CV converter. 
The MCV is capable of simultaneous 

Theremin to MIDI and MIDI/CV conver-
sion. The Pitch Bend controller (1 to 48 
semitones definable) is used in conjunction 
with the RPN 54H (Registered Parameter 
Number 54 hex) Portamento control to 
follow the pitch of the Theremin. Pitch is 
resolved down to ± 2.5 cents over eight 
octaves, with 10 cents hysteresis (to reduce 
the amount of useless MIDI data trans-
mitted from "wobbly hand syndrome"). 
The Channel Volume message is used to 

control  the  amplitude,  and  can  be 
assigned to Channel Pressure (aftertouch), 

Constructional Project 

THEREMIN 
MIDI/CV INTERFAC 

Part I 11 
SPECIFICATIONS 

* Interfaces to any Theremin 

* Pitch and amplitude sensitivity 

* 128 user-programmable patches 

* Real-time pitch readout 

* 8-octave pitch tracking 

* ± 2.5 cents pitch resolution 

* 14-bit pitch bend data 

* Octave range control to 1 semitone 

* Glissando and Portamento options 

* Auto-octave switching 

* Velocity sensitivity 

* Volume sensitivity 

* Octave and tone transpose control 

* Tone offset 

* MIDI merge Theremin sequence 
control 

* 4-function footswitch control 

* CV voltage and scaling control 

* Two 1V/octave voltage outputs 

* Gate and Trigger 5V/15V and switch 
definable 

* Aftertouch and Poly-pressure 
assignment 

* Echo-back facility 

* 3-digit 7-segment led. display 

* 19-inch rack case, 1/2 width 1U 

poly-pressure and virtually any other MIDI 
controller.  An  Echo-back  facility  is 
provided since there is no MIDI THRU 
terminal. This merges the Theremin MIDI 
data with incoming MIDI data, allowing 
the user to control sequencers with a 
Theremin. 
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HO W IT WORKS 
The project is shown do ided down into its basic blocks in Fig.!, 

allowing each part to be discussed in bite sized chunks. 
Each of the blocks could be divided down further to provide a 

more complex and accurate block diagram, but given the simplicity 
of the circuit concept, the basic block diagram is sufficient to ex-
plain the operation. 
As indicated by this diagram, the CPU (Central Processing Unit) 

block is the core of the design; the analogue and digital hardware 
are carefully bound together by the software executed by the CPU. 
Pre-programmed CPUs (microcontrollers) are obtainable as 

detailed later. 
Throughout this article, reference is made to various software 

listings of the control codes used by the CPU. These are par-
tial extracts from the main software and may be of interest to 
programmers. 
Space prevents their inclusion here, but they are available on 

3.5inch. PC-compatible disk from the Editorial office (see the 
EPE PCB Service page — you get all sorts of other software on 
this disk as well!). The listings are also available FREE from 
our web site: ftp://ftp.epemag.wimborne.co.uk in sub-directory 
pub/PICS/MIDICV. 
For copyright reasons, the full software code listing for the MCV 

is not available for examination. 

THEREMIN INPUT 
The Theremin input block must extract 

the pitch and the amplitude of the incoming 
signal, and present it in a form that can be 
readily understood by the CPU. Pitch or fre-
quency may be equally represented by time 
since t = 1/f (t = time and f = frequency); 

H1,11 Rf r.41r, 
INPUT 

0_1 f OOTSWITCH INPUT 

CPU 

.MICRO 
CONTROLLERi 

Z\ 

USER 
INTERFACE 

 HINTERFACE 

* TERFACE   

Fig. 1. Block diagram for the Theremin MIDI/CV Interface. 

the conversion is simple, and time is easily 
measured by a CPU. 
If the Theremin produces a complex 

waveform, it may require heavy low-pass 
filtering or a DSP (Digital Signal Proces-
sor) running a Fast Fourier Transform 
(FFT) algorithm to extract the fundamental 
harmonic. However, the Theremin output 

is close to that of a sine wave so the 
fundamental harmonic is readily available. 
The Theremin signal is fed into two 

separate circuits, one to extract the 
amplitude of the signal, and one to extract 
the pitch. The changing amplitude of the 
Theremin signal is referred to as the 
envelope. 
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Fig. 2. Circuit diagram for the heart of Theremin MIDI/CV Interface, the microcontroller. Also seen are the ADC, and the led. 
bus drivers. 
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COMPONENTS 

<Bp, 
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 I 

000001  

Fig. 3. Circuit diagram for the Theremin input stage. 

Resistors 
R1, R2, R24 
R3, R9, R10, R14, R25, 
R35, R37, R38, R41, R44, 
R51, R52 
R4, R8, R12, R15, R32, 
R43, R45, R46, R53 
R5 
R6, R7, All, R48 
R13, R36, R39, R40 
R16, R26, R27, R47 
R17 to R20, R28, R29 
R22, R30, R31, R42, R49, 
R50 
R23 
R34 
R54 
RP1 
All resistors 0.25W 5% carbon film or better 

47k (3 off) 

4k7 (12 off) 

1k (9 off) 
470k 
22011 (4 off) 
10k (4 off) 
330 (4 off) 
470t1 (6 off) 

See 

TALK 
Page 

2k2 (5 off) 
22f2 
22k 
10M 
100f2 8-resistor module 

Potentiometer 
\JR 1  10k horizontal preset 

Capacitors 
Ci. C26 
C2, C6 to C8, 010 to C12, 
C15, C17 to C25, C28, 
C32, C33, 035, C36 
03, C4 
C5, C9, C27, C29, C38 
013, C37 
014, C30, 031 
C16 
C34 
039 

Semiconductors 
D1, D2, D14 to D16, 
D18 to 020 
D3 to 012, D17, D24, D25 
D21 to D23 
D26 

D27 

TR1, TR2, TR8 to TRIO 
TR3 to TR7 
'Cl 

102 

I03 to 105 
106 
107 
108 
109 

10p. tantalum, 6.3V (2 off) 

47n ceramic, 63V (21 off) 
33p ceramic, 63V (2 off) 
10µ radial elect. 16V (5 off) 
4117 radial elect. 16V (2 off) 
470p. radial elect. 35V (3 off) 
68p ceramic, 63V 
100p ceramic, 63V 
47µ radial elect. 16V 

red led. (8 off) 
1N4148 signal diode (13 off) 
1N4001 rectifier diode (3 off) 
BZX79C16 16V 500mW Zener 
diode 
BZX79C5V1 5V1 500mW 
Zener diode 
BC337 npn transistor (5 off) 
ZTX550 npn transistor (5 off) 
P87C51FB microcontroller, 
pre-programmed (see text) 
LM7805 5V 1A voltage 
regulator 
RC4558 dual op.amp (3 off) 
LM339 quad comparator 
6N138 opto-isolator 
24LC65 8K serial EEPROM 
TDA1543 dual serial ADC 

Miscellaneous 
E 1  EMI filter 
L1 to L6  ferrite beads, mini, general purpose r.f. (6 off) 
SKI  RCA power input socket, p.c.b. mounting 
SK2, SK4, 
SK9  1/4 in. stereo jack socket, p.c.b. mounting (3 off) 
SK3  multi-pole 1/4 in. jack socket, p.c.b. mounting 
SK5 to SK8 3.5mm stereo jack socket (4 off) 
Ski 0, SK11 5-way 180° DIN socket, p.c.b. mounting (2 off) 
Si, S2  s.p.d.t. latching pushswitch, p.c.b. mounting 

(2 off) 
S3 to S10  s.p. push-to-make switch, p.c.b. mounting, large 

button (8 off) 
X1  12MHz crystal 
X2  3-digit 7-segment led. display, p.c.b. mounting. 

common anode 
Printed circuit boards (3 off) available as a set from the EPE 
PCB Service, code 130; d.i.l. sockets (see text); 19-inch rack 
mounting case, 1/2 1U; 12V a.c. 500mA mains adaptor; red 
filter for display; switch caps for Si and S2 (2 off); nuts; bolts: 
washers; solder, etc. 

Approx Cost 
Guidance Only £135 

excl. case 
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MICROCONTROLLER 
One of the Intel MC S-51 single chip 

microcontroller family is used as the 
"brains" (CPU) of the circuit, designated 
as ICI in Fig. 2. Timing is set by the 
I2MHz crystal, XI; capacitors C3 and C4 
are the additional components required to 
complete the oscillator circuit. 
Between them, components C27 and R I 

provide a reset signal when power is ap-
plied. Everything else in the way of con-
trol is provided by the microcontroller, 
giving a "plug in and go" solution. 
Device  IC8  is a serial  electri-

cally erasable programmable read-only 
memory (EEPROM). This provides the 
microcontroller  with  a non-volatile 
memory facility, and having just a simple 
three-wire interface. 
The Microchip 24C65 EEPROM used 

as IC8 is an 8K byte device having a high 
endurance block of memory that may 
be written to and erased more than 
10,000,000 times. This makes it par-
ticularly suitable for this application. 
The software code for accessing the 

EEPROM is on the EPE disk as Listing I. 

INPUT CIRCUIT 
Referring to the circuit diagram in Fig. 3, 

socket SK3 is the Theremin input point. 
When a stereo jack plug is inserted here, the 
tip of the plug is connected to the input 
buffer circuitry (for amplitude extraction), 
and the collar is connected directly to the 
pitch extraction circuit, to allow a con-
tinuous pitch signal to be injected. 
Component  El  is a passive EMI 

(electromagnetic interference) filter that 
helps reduce any r.f. (radio frequency) 
entering the buffer circuit. Inductor L4, a 
ferrite bead, assists similarly.. 
Components C9 and R36 a.c. couple the 

input signal to 1C3b, which is wired as a 
voltage follower with a gain of 5.6, as set 
by R34 and R35. Capacitor C34 helps with 
high frequency stability. 
When a mono jack plug is inserted into 

socket SK4 and there is no plug in SK3, 
the pitch extraction circuit is fed directly 
from the output of the input buffer. The 
gain of the input buffer is quite high be-
cause of the simplicity of the pitch extrac-
tion circuit. Small amplitude signals are 
more difficult for it to deal with. 
Inductor L6, also a ferrite bead, assists 

with r.f. immunity at SK3. 

ENVELOPE 
EXTRACTION 
From the output of IC3b, capacitor C37 

a.c. couples the signal to the envelope ex-
tractor around IC6c, configured as a volt-
age comparator. Diode D12 prevents this 
signal from dropping below —0.6V while 
resistors R2 and R3 attenuate its positive 
aspect. 
Resistors R4 and R25, transistor TR1 

and capacitor C13 form the basis of a peak 
hold circuit. If the input voltage is greater 
than the voltage on C13, the open collec-
tor output of IC6c is in a high impedance 
state. Resistor R4 pulls the base of TR I 
high causing C13 to be charged. capturing 
the peak input voltage on this capacitor. 
When the voltage on C13 is a few 

microvolts greater than the input voltage, 
the open collector output of IC6c becomes 
low impedance, pulling the base voltage of 

TR I down to OV. This stops CI3's charge 
current and holds the peak voltage, leaving 
R25 to set a time constant over which 
CI 3's voltage will fall to OV. 
The voltage on CI3 is a crude half-wave 

rectified representation of the amplitude of 
the Theremin signal. The fact that it is 
crude does not really matter since the 
software can provide more complex digital 
filtering to smooth over the cracks. 
The next part of the circuit allows the 

microprocessor to convert the voltage on 
C13 into a number. Rather than use an 
analogue-to-digital converter (ADC) chip, 
a "home baked" circuit was used for com-
ponent cost reasons. 
Capacitor C16, transistor TR2 and diode 

DI I form an "edge-to-voltage converter" 
in conjunction with integrator capacitor 
C15. The microprocessor applies a pulse to 
C16 from pin 17, which causes DI 1 and 
TR2 to dump a small lump of charge 
onto C15. Each pulse applied to C16 by 
the microcontroller is counted until com-
parator IC6b reports (via its output pin 2) 
that the voltage on CI5 is greater than the 
voltage on C13. 

software implementation is preferred; this 
also allows easier printed circuit board 
(p.c.b.) routing, because it gives freedom 
of choice of the port pins used. 
The use of a digital filter to process the 

samples adds a good "feel" to the perfor-
mance of the circuit. The digital filter used 
was a simple implementation of an RIC 
low-pass filter written in C. The mathe-
matics boils down to a multiplication, an 
addition and a subtraction. The following 
C code illustrates the implementation of 
this filter. 

sampleo =(K * accumulator); 
accumulator = accumulator — sample() 
+ samplei; 

where: 

K = cutoff frequency to sample rate 
coefficient 

sample° = output sample 
samplei = input sample 
accumulator = analogy of a capacitor 

This shows how easy it is to implement 
a digital filter, simply two lines of C! 
However, the function shown in Listing 3 
on the disk is the final implementation. 

6. 
• ,..„ 

tit  e s • mi.,' 

e s e s 

The number of pulses applied represents 
the input voltage. Comparator IC6a is used 
to discharge capacitor C15 at the end of 
each conversion. 
If you place an oscilloscope probe on 

pin 1 of IC6 you will see many "ramp" 
waveforms, each ramp waveform repre-
sents an amplitude sample. If you look 
carefully, you will also see little bright 
spots on the ramp line. This is because 
an interrupt service routine (ISR) briefly 
stops the microcontroller from executing 
the amplitude extraction function. 
Since there is only a high impedance 

path to ground, the charge on CI5 remains 
for quite some time, so this small inter-
lude from the conversion function does not 
affect the result. 
This unusual "edge-to-voltage" circuit 

evolved to allow frequency independent 
operation, making it possible for ISRs to 
occur within the conversion function. 
The function that performs the analogue 

to digital conversion was written in as-
sembler for speed and is on the disk as 
Listing 2. Notice in the Listing how 
the bit-addressable architecture of the 
microcontroller makes it easy to code. 
It is also possible to implement this 

same "ADC" type circuit with a timer. 
Most microcontrollers have timer output 
pins that can generate clocks etc. Used in 
conjunction with the timer capture, the 
software overhead can be greatly reduced. 
Since in this application processing time 

is not an element of great concern, a 

LONG WAVE 
ff . 

- 

A type definition and structure evolved, 
and one low-pass filtering function. The C 
code has been taken from both the header 
and library files to illustrate this. 
The gate should open (play a note) at an 

input signal level of approximately 80mV. 
The signal will reach saturation at about 6V. 
This gives the amplitude extraction circuit a 
dynamic range of 37dB, since the MIDI 
Volume Controller contains only seven bits 
of data. This allows a maximum dynamic 
range of 48dB. Thus this type of circuit 
is a fairly good way to provide adequate 
dynamics with a low component cost. 

PITCH EXTRACTION 
Still referring to Fig. 3, the pitch ex-

traction circuit behaves as a zero cross-
ing detector, turning the input waveform 
into a square wave from which the period 
of the waveform can be accurately timed. 
Capacitor C29 and resistor R24 a.c. couple 
the signal. Then R22 and CI7 form a first 
order low-pass filter that feeds to the non-
inverting input of IC6d. 
Between them, R5 and R23 provide a 

small amount of hysteresis to give clean 
transitions to the signal edges. This square 
wave is connected to a timer capture input 
on the microcontroller (ICI pin 2). Each 
high to low transition on this pin causes a 
I 6-bit timer read, allowing the software to 
calculate the time of each cycle. 
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Calculating the MIDI note number and 
pitch bend values from the cycle time is 
the interesting bit. The algorithm in disk 
Listing 4 was the one ultimately used. The 
entire calculation is performed by a scaling 
function and a look-up table. This is often 
referred to as the "Blue Peter" approach 
to maths (and here is one I did earlier!). 
The software look-up table is in 2.5 cents 

(musical intervals of time), rather than fre-
quency as might have been expected. The 
scaling function manipulates the cycle time 
to fit the table, producing an "octave" 
offset value. A binary chop or successive 
approximation function then looks up the 
note number and cent offset. Job done! 
Rather than use a calculator to derive 

the table, the easy option of a Peri script 
was taken. If you are unfamiliar with Peri, 
disk Listing 4 may look a bit cryptic, but 
close examination should reveal how the 
table calculation is performed. The table 
generated by the Perl script is shown in 
disk Listing 5. 
The scaling function that fits the cycle 

time to the table was written in C and is 
detailed in disk Listing 6. 

MIDI INTERFACE 
Referring back to Fig. I. the MIDI 

Interface block provides the standard 
MIDI connections. The MIDI THRU 
facility was omitted, though, since a 
software implementation that could merge 
incoming MIDI data with data generated 
by the Theremin was preferred, leaving 
only MIDI IN and MIDI OUT terminals. 
The MIDI circuits as implemented in 

Fig. 4 are fairly standard. IC7 provides 
the MIDI IN optical isolation. Transistor 
TR3 is the MIDI OUT driver, rather than 
the more commonly used gate driver cir-
cuit. The footswitch part of the circuit is 
referred to shortly (User Interface). Since 
the microcontroller has a fully featured 
asynchronous serial port no other hardware 
is needed. 
The software MIDI handlers are fairly 

simple with only small buffers allocated to 
the THRU and OUT data, since the incom-
ing MIDI data is processed on "the fly". 
The MIDI IN translation function breaks 
down into a "jump into a jump table" 
function written in assembler for speed. 
The code in disk Listing 7 illustrates how 
the incoming MIDI data is translated. 
In Listing 7, the macro named %STATE 

is a routine that puts the address of the data 
processing function in the MIDI_H and 
MIDI_L registers, so that when the data is 
received the microcontroller can execute 
the required data processing function. 
Real-time MIDI messages have fur-

ther meaning which is translated in the 
same way. The assembler in disk Listing 
8 details further translation, in which 
MIDI_Idle is the address of a RETurn. 
Entering the address of MIDI_Idle into 
MIDI_H and MIDI_L will throw away any 
further incoming MIDI data bytes. 
Although little of the incoming MIDI 

data is received, functions for all of the 
messages itemised in a rather out-of-date 
copy of the MIDI specification were imple-
mented to allow the software to validate 
each MIDI message as it is received. This is 
because the software has a THRU emula-
tion mode and it is the easiest way of 
preventing corrupted or bad MIDI data from 
being re-transmitted. 

HOLD 
FOOT 
SWITCH 

MODE 
FOOT 
SWITCH 

DEC 
FOOT 
SWITCH 

FOOT 
SWITCH 

FOOT 
SWITCH 
INPUT 

FIG 2 
FS1 

FIG 2 
FS2 

Fig. 4. MIDI ports and footswitch interface circuits. IC7 is an opto-coupler. 

The MIDI transmit 
function  is  more 
simple  but  in-
terwoven  with 
the microcontroller's 
serial  interface 
hardware. The serial 
port  is  set  to 
interrupt  the  pro-
gram execution on 
both  transmission 
and  reception  of 
MIDI data. The code 
in  disk Listing  9 
shows the transmit 
data buffering and 
the interrupt vector 
MIDI processing. 

CV 
INTERFACE 
The  CV  Inter-

face block can be 
broken  down  into 
several smaller build-
ing blocks, as shown 
in Fig. 5. Most of the 
commercial MIDI to 
CV designs over the past few years have 
utilised circuits capable of producing 0-5 
volts from an 8-bit DAC (digital-to-
analogue converter). Since the range of the 
EPE Elysian Theremin is greater than five 
octaves, and many synthesizers accept 
voltage ranges greater than 0-5V, it seemed 

Fig. 5. CV Interface block diagram. 

necessary to design a CV interface with a 
little more "guts". 
For the CV output, a dual I6-bit DAC 

was chosen. Measurements made, though, 
would suggest that its performance in this 
application gives only 12 bits of resolution. 
This is still better than most. 
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Fig. 6. Circuit diagram for the CV Interface, comprising the ADC plus the Trigger and Gate pulse circuits. 

The DAC's circuit diagram is in Fig. 6. 
In it, the dual 16-bit DAC, IC9, is serially 
interfaced with the microcontroller by only 
three connections, from pins 1, 2 and 3. 
Currents output from IC9 pins 6 and 8 

are converted into voltages by op.amps 
IC5a and IC5b. Resistors R30 and R31 
control the gain of these converters, while 
C2I and C22 provide some low-pass 
filtering. 
Resistors R38 to R41 set the gain of the 

output buffers IC4a and IC4b, to give 
an output voltage range of by (ten oc-
taves at 1V/octave). IC3a is used in con-
junction with preset potentiometer VR I to 
provide offset adjustment, allowing the 
output voltages to be trimmed, to give 
maximum flexibility. Output current limit-
ing is provided by R28 and R29. 
The Gate output signal must be capable 

of generating both voltage and switch-type 
signals. This is done by a single transistor, 
TR8, and a pull-up resistor, R44. Transis-
tor TR8 is a robust BC337 type, and R47 
is a current limiting resistor to prevent ac-
cidental damage. 
Pull-up resistor R44 provides the volt-

age which is switched by S2 from either 
a +5V or a + 15V reference. A I 6V 
reference is provided via R46 and Zener 

diode D26. Then TRIO, R43 and C38 
form a capacitance multiplier to provide a 
smoothed + 15V reference. R48 is a cur-
rent limiting resistor to protect TRIO. 
Similarly to Gate output control, Trigger 

output control is provided by the circuit 
around TR9. 
The Gate and Trigger signals are 

provided by the microcontroller. Because 
the port pins of the microcontroller cannot 
source current (they only have weak 
pull-up resistors of about 40k), R49 and 
R50 provide the current to turn transistors 
TR9 and TRIO on/off as required. 
On testing the prototype, it was found 

that there was a minor problem inherent in 
the p.c.b. design layout. The offset adjust-
ment circuit caused small voltage varia-
tions from the + 5V rail to be added to the 
CV outputs. This was cured by adding 
components R53, C39 and Zener diode 
D27. as shown in Fig. 6. These com-
ponents do not have allocated positions on 
the p.c.b. and need to be added separately. 
How this is achieved is detailed when 
p.c.b. assembly is discussed (next month). 
The software that drives the CV interface 

was written to accept MIDI note numbers 
and pitch bend data to simplify the software 
development. Because the whole interface 

only requires connection to five port pins, 
the software implementation was easy. 
The most complex part was writing the 

port pin driver routines for the DAC. Be-
cause DAC conversion occurs frequently, 
it was necessary for the function to be as 
fast as possible. The assembler code used 
is given in disk Listing 10. 
As 16 bits are transmitted, the function 

is called twice, taking 120µs to send both 
bytes. It could have been made fractionally 
faster by making a trade with code space, 
but this often results in difficult to main-
tain "spaghetti" code. 

USER INTERFACE 
The User Interlace circuit diagram is 

shown in Fig. 7. It is designed around 
eight pushbutton switches (S3 to S10), a 
3-digit 7-segment I.e.d. display (X2) and 
eight individual I.e.d.s. (DI, D2, DI4 to 
D16 and DI8 to D20). 
Transistors TR4 to TR7 (see Fig. 2) drive 

the four column signals (SHO to SH3) of 
the matrix. Both the I.e.d.s and the switches 
share the same column driver signals but 
the rows (RLO to RL7) are different. 
The I.e.d. matrix is driven one column at 

a time by the microcontroller, with the cor-
responding I.e.d. data being placed on the 

Everyday Practical Electronics, January 1997 49 



FIG 2 
KOO/KDI 

FIG2 
RIO - RL 7 

SRI  1 

SH2  9 

SH3 8 

917 

<ALS  1 

X2 

U Dp 
411 4M =k  4, 41 MI 41 

1  RL4   

2  RL3   

3  812   

4  RLI   

5  PLO   

7  RL6   

02 

144  
SHARP 

F [Al 

DI 
4 a SHO 

' 
— 0 

411'  

H 

RD 

U15 
1 4 a  SHO 

S5 -7—  Srli 

DO 
IN4148 

59 _7_ 

148 

a 

016 
RI 4  k  a  SHO  

0   

D6 
IN4148 

<<D1 

J 010 
IN4148 

DIR 
0144 SHO 

g8 —T —  SH2 

SIO 

03 
IN4148 

\  KD I 

KDO 

S3 =7  

a 
D7 
1N4148 EMI 

STORE 

SH3 

MIDI 

D20 
1 4 a SUP 

Fig. 7. The User Interface circuit 
diagram. 

port pins connected to the resistor module 
RPI (in Fig. 2), which limits the maximum 
intensity of the I.e.d.s. 
When  a scan  line  is high,  the 

microcontroller can establish if a switch is 
pressed by examining its respective return 
line (KDO and KDi). Diodes D3 to DIO 
prevent reflections when more than one 
switch is pressed simultaneously, allowing 
"shift function" operations to be per-
fomied by the software. 
The footswitch (see Fig. 4) works in a 

similar multiplexed way, providing four 
switched modes (Hold, Mode, Decrement. 

I20 AC 
(SEE TEXT, 

SKI  (C)   

Si 

0  

POWER 

022 
IN400 

Increment) via only three wires, through 
jack socket SK9. Diodes D24 and D25 
are steering diodes that allow the Hold 
and Mode footswitches to be read by the 
microcontroller. 
The software maps the keys into two 

registers, one remembers the last reading 
of the keyboard, and the other holds the 
current reading. An Exclusive-OR of the 
two registers reveals the changes, while an 
AND with the last reading masks "key 
offs", providing a quick and easy way to 
identify "key on" events. 

PO WER SUPPLY 
Looking now at Fig. 8, the circuit dia-

gram for the power supply, a I 2V a.c. 
power source is fed in via socket SKI. 
Diodes D22 and D23 half-wave rectify the 
a.c. to provide +Ve and — Ve power 
supply rails of approximately ± 17V. 
Capacitors C14, C30 and C31 provide 

power line smoothing. IC2 regulates the 
+ 17V down to +5V. Diode D21 mini-
mises the risk of voltage drop on the + AV 
( + 17V) power rail when the digital part of 
the circuit consumes bursts of current on 
the +5V line. 
Physically. C7 is placed very close to 

SKI since this capacitor helps remove noise 
spikes that may prevent correct operation 
of the digital circuitry. Further decoupling 
capacitors are placed close to the power 
pins of the i.c.s to reduce power rail noise. 
The i.c.s that consume current in a noisy 

way have ferrite beads in series with their 
power pins, to help reduce the amount of 
high frequency noise (h.f.) on the power 
rails (LI/ICI, L2/IC7, L3/IC9). It has al-
ready been seen that such beads are used at 
SK3 (L6) and SK4 (L4), another is used at 
SK II (L5). 
Extensive use of ground planes on the 

p.c.b. further helps to reduce the trans-
mission of h.f. noise, particularly to the 
analogue circuitry. It also provides good 
earthing and helps remove "hum loops". 
It is intended that mains-derived I 2V 

a.c. power for the unit is supplied by a 
commercial a.c. power adaptor. It should 
have a rating of at least 500mA, and 
preferably higher if you want very brightly 
glowing I.e.d.s. 

RESOURCE 
Pre-programmed microcontrollers for 

this project are available, see Shoptalk. 

PART TWO 
It is recommended that you do not begin 

p.c.b. assembly until you have read the 
concluding part of this project next month. 

023 
11440O' 

a M " 

C14   
4701. Min 

G6 
47n 

021  ay 
1N4001 sm. 

IC2 
LM 7805 

(IOU 

(+17W 

(-17V1 

G8 
47n T 

5V 

Fig. 8. Power supply circuit diagram. 
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PIC EEZE 
l'IC EEZE-V2 

Program/read/verify I 6C54/55/56/57/58/61/62/620/621/ 
62263/64/71/73/74/84/Serial EEPROMs. Expansion port 

Built and Tested Only £52.95 
PLC 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  begiiinci. 
demonstration pack, PLC basic (Tel/write for details). 

TRICEQ4' 
PIC Real Time In-Circuit Emulation. 
• Emulation to 20MHz. 
• Step/Skip/Animate/Run etc. 

True PIC based  • Variable speed selection. 
• 8k x 16 Emulation RAM. 

Real THE  • Target Probes included. 
Time  WORLDS  • Supports most 18/28 pin PLC". 

FIRST 
In  Real Time PIC-ICE  Only £149.95 

that won't break 
Circuit  the bank!  Test your code in a 
Emulation  'TRICE' 

Lennaid Please add £2.00 E& l' mid 
make cheques payable to 
LENNARD RESEARCH 

29 I as ender ( ;:ll'(iellS. lesmon(l: Newcastle upon "1.:t ne. NE2 31)1). 
1 elephone (0191) 281 8050. 
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Longwave 

Jake Rothman 
121, Trowbridge Road. 

Audio  Bradford on Avon, Wilts., BA1511.:(). 
Tel. (01225) 86(792 

Supplier of Theremins and unusual audio/music items. 

EFT & 5111)1 Interface .fheremin l'arts:- ,Some as,embled and tested boards available:-
Complete Theremin  045.00* EPE Pocket Theremin PCB  £45.00 
Fully built and tested circuit board Mid Modem Electronics Manual 
with front panel  £210.00* Theremin PCB  £85.00 

PCB  £22.00 MkIlTheremin PCB  L130.00* 
Front panel  £12.00 Pocket "rubber duck" aerial  £2.00 
Theremin Box with all fixings  £300.00* 

Audio Parts:- all less than a third (assembled and ready for PCB 
and front panel) of distributor prices! 

Mk I Theremin Box Many unobtainable parts - 

(unfinished & not assembled)  £25.00* here are a few examples. 

Loudspeaker  £4.00 Alps motorised stereo pot. 50k LOG f5.00 
Coils - 100µ.. 330p.. I mil  5"oP 1110k Balance control Zero centre-loss £2.00 
Trimmer caps  ' ‘,P 
Pots ; ',  

2'-',1) 
Knobs  "P 

Elma 01 Gold plated b-way stereo 
selector switches  £5.00 

RA53 Theremistor for ultra low 
Mic stand attachment  £6.99* 
Power supplies I5V  £15.00* 

distortion AF oscillators  £3.00 

Hand-Forged aerial plus mount assy £35.00* 
Theremin Manual 

Full Elysian kit  £460 

THEREMIN data pack  £19. 4. Elysian PCB Assembly kit  £100 

MIDI MCV la complete  099.99* Midi Box Kit, including box 
MCVI a PCBs  £400). but excluding power supply £250 
MCVI a Chip set (UI..L19)  M AO Pre-programmed PC87C51FB 
A-563H-12(DS1)  £2.10 
MCVI a Chasis & Fixing kit (M!) £45.00 

for MIDI CV  £45 

I 2V AC power supply for MCVla £15.00, 
MIDI MCV I a Manual  £5.00 GET li01 R GOING SERVICE £35 

Mk I Theremin PCBs. ideal for Audio Music Design Consultancy 
experimenters  £5.99 a t allabk! 

Original Modem Electronics Manual E-mail: 
article copy  £1.99 jake@fuiserton.demon.co.uk 

Perspex control panel for Mkt Internet sites: 
and Mk2  £7.99 

I /IV AC power supply  £5.09* 101364.522@compuserve.com 

Aerial assy.  £15.1)0 http:riwww.fullerton.demon.uk 

Lots of unusual analogue parts at low cost available. 
Please ask for 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. 
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Computer Equipment Catalogue 

with the Winter 96/97 Cirkit Catalogue 

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. 

WIN, . a 28,800 Fax Modem in our easy to enter 
competition. 

111,- 100's of new products including: Books, Connectors, 
Entertainment, Test Equipment and Tools. 

New Speakers, Mixers and In-Car 
Amplifiers in the Entertainment 
section. £1.95 

+ 30p p&p 

£25 worth discount vouchers. 

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

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

Get your copy today! 
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Cirkit Distribution Ltd 
Park Lane • Broxbourne • Hertfordshire • EN10 7NO 

Tel: 01992 448899 • Fax: 01992 471314 
Email:mailorder@cirkit.co.uk 

Everyday Practical Electronics, January 1997 51 



by Barry Fox 
Out-of-line ISDN 
Early modems ran at 300 bits per 

second and cost £200. The first 2400 bps 
designs cost nearly £1000.. Now 28-8 
kilobits per second is the de facto stan-
dard, with fax capability thrown in, for 
around £100. The latest work at 33-6 
kbps, which is near the theoretical limit for 
an analogue speech line. 
Now we are seeing ISDN modems, 

which are not really modems at all. They 
act as an interface between digital equip-
ment (e.g. a PC) and a digital phone line 
that carries data at 64 kbps, and higher 
multiples. The interface responds to the 
same Hayes "AT" commands as an 
analogue modem, so most users think of 
an ISDN interface as a modem. An ISDN 
terminal adaptor works like a modem in 
reverse. It converts digital line pulses into 
analogue signals, so that an ordinary 
phone, fax or modem can work with an 
ISDN line. 
First interfaces and adaptors cost 

around £1000. The price is now down to 
around £400. It will drop like a stone as 
soon as the price of using an ISDN line 
falls and more people can afford the 
connection. But high hopes of a price cut 
were recently dashed. 

Imaginative Marketing 
Until recently the cheapest way to sign 

up for ISDN was to pay BT £400 (plus 
VAT) for an ISDN-2 connection and then 
pay £336 a year for line rental. In June, 
Oftel, the telecommunications watchdog, 
told BT to be more "imaginative" in its 
marketing. BT responded with what it 
quaintly called a "flexible approach". The 
rental on existing lines went up by £16 a 
year and new users faced a bewildering 
range of options, which bundle a "free" 
call allowance with rental and installation 
costs. 
June  Campbell,  BT's  Marketing 

Manager of ISDN services, said it was 
"good news for small businesses". Jo 
Baxter, BT's Pricing Manager, told me 
that the new tarriffs made ISDN "more 
affordable". 
Oftel disagreed and gave BT "a few 

days" in which to come up with a better 
deal. Director General Don Cruickshank 
threatened legal action if BT did not 
comply. 

Fielding Objections 
BT claimed that it costs over £1000 to 

install a line. It is hard to see how this can 
be because the connection is made using 
existing copper pair wires and a new con-
nector box. Perhaps BT is trading the low 
cost of most intallations against bizarre 
exceptions. Recently BT tried to back out 
of an installation which cost £25,000 be-
cause it involved digging a trench to bury 
a new cable for four miles, crossing three 

roads and a river, and then completing 
the last 200 metres of the run with an 
overhead cable wrapped in a steel coat-
ing to protect it from shot gun pellets on a 
farmer's land. 
BT has now juggled its "flexible" 

figures and Don Cruickshank is happy. 
He says that BT's revised tariffs include 
"worthwhile price cuts". The Telecom-
munications Users Association is not 
happy. In fact it is "very disappointed" at 
Oftel's capitulation. As an ISDN user, so 
am I. 
"All BT has done is move the figures 

around and introduce complex tariffs" 
says TUA Chairman Bill Mieran. "ISDN is 
still too expensive. We thought Oftel 
wanted to do something about it, but it 
hasn't". 
Out of three new options, the cheapest 

connection charge is £199 (plus VAT), 
with free calls worth £105 a year, but 
users must pay £535 a year rental for a 
minimum of two years. If people do not 
use all their free calls they get no refund. 
Another option leaves connection at £400 
and increases the rental to £352. 

Home Office Barrier 
Pharmaceuticals giant Zeneca typifies 

the way both small and large businesses 
could benefit from ISDN, if only prices 
were lower. Zeneca has divisions scat-
tered around the country and linked by an 
office network. The company encourages 
some researchers to spend one or two 
days a week working from home and 
using a laptop PC and phone line. They 
get more work done because they are 
undisturbed. Using an ISDN line, instead 
of an analogue line and fast modem, 
doubles the speed at which a researcher 
can download a large reference file. 
"ISDN removes the barrier between 

home and office working" says Phil 
Barton,  Zeneca's Telecoms  Strategy 
Manager. "But at BT's rates the typical 
cost to Zeneca is £1000 a year. So some 
staff have to use analogue lines." 

Germany Calling 
BT will not say how many people are 

connected to its ISDN-2 service, but 
Racal-Datacom, which makes ISDN 

connection equipment, estimates 0.2 
million by the end of the year. In 
Germany, Deutsche Telekom has con-
nected nearly 2 million people. It is not 
hard to see why. 
Deutsche Telekom will switch on a 

new subscriber for 200DM (around 
£85), with the cost halved if the 
subscriber fits the wires to the con-
nection box instead of calling out 
an engineer. Line rental is then 138 
DM (£60) a quarter. Special offers 
bundle over a hundred pounds' worth of 
free calls with the purchase of ISDN 
hardware. 
Phil Barton warns that it is unfair, 

and counter-productive, to use the 
giveaway prices in France and Ger-
many as a stick with which to beat BT. 
"Those countries still have monopoly 

providers which can afford to sub-
sidise ISDN and charge ridiculously low 
prices. It is fairer to look at prices in 
Scandinavia and North America, where 
there has been de-regulation. We ex-
pect to pay a reasonable premium, say 
twice the business rental rate for an 
analogue line, because of the higher 
cost of the network technology. But BT 
already charges four times the rate and 
is now raising the hurdle to around six 
times." 

Cable Improves the Rate 
The latest news is that cable TV 

companies are offering subscribers the 
chance to use a cable modem. This 
uses a spare analogue TV channel for 
digital data. Nynex has just signed a 
deal with Motorola to supply equipment 
for a trial in Manchester. The data rate 
is 10 megabits per second downstream 
into the home or office, with a 768 
kbps return path back to the cable 
head end. The return path can be used 
to send compressed video of telecon-
ference quality, while the downstream 
data pipe can carry VHS quality video 
or hifi stereo at faster than real time for 
local storage and replay. If the cable 
service starts to offer a high speed 
interconnect for business users, you 
can be sure that BT will suddenly find a 
way to cut ISDN pricing. 

BT SHOUTS BACK 
BT and VIAG Intercom have launched 

legal proceedings in Germany to prevent the 
telecoms company Global One from trading 
in breach of European competition rules. 
Global One is a joint venture between 

Deutsche Telekom (DT), France Telecom 
(FT) and Sprint Corporation. DT is the 
monopoly operator in Germany and the 
largest telecoms company in Europe; FT is 
the monopoly operator in France and the 
second largest operator in Europe. 

A BT spokesperson said, "As a result of 
being owned by two monopolists, Global 
One has an unfair advantage in comparison 
with its competitors". 
The creation of Global One was cleared 

by the European Commission subject to 
the company's competitors being able to 
obtain supplies from two operators in ad-
dition to DT and FT. This was intended to 
create a level playing field for third-part 
operators. 
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DC TO DC CONVERTERS 
DRM58 input 10-40vdc output 5, 8A £15 
DRM128 input 17-40 c output 12v 8A £50 
DRM158 input 20-40vdc output 15v 8A £50 
DRM248 input 29-40vdc output 24v 8A £40 
DRS123 input 17-40vdc output 12v 3A £20 
DRS153 input 20-40vdc output 15v 3A £20 
DRS243 input 29-40vdc output 24v 3A £15 
SOLID STATE RELAYS 
CMP-DC-200P 3-32vdc operat on. 0-200vdc 1A £2 50 
SMT200C0/3 3-24vdc operation. 28-280vac 3A £4 50 
SMT20000/4 3-24vdc operation. 28-280vac 4A £5.00 

ZFtA6025F 28-280vd/ac operaton. 28- 280vac 25A £7 CO 

200 WATT INVERTERS Nicely cased units 12v input 240v 
output 150watt continuous. 200 max £49 ref LOT62 

6.11MW HELIUM NEON LASERS New units, £65 ref LOT33 
COINSLOT TOKENS You may have a use for these? mixed bag 
of 100 tokens £10 ref LOT20 

PORTABLE X RAY MACHINE PLANS Easy to construct 
plans on a sample and cheap way to build a home X-ray machine! 
Effective device. X-ray sealed assemblies can be used for 
experimental purposes Not a toy or for minors' E6/set Ref F/XP1. 

TELEKIN ETIC ENHANCER PLANS Mystify and amaze your 
friends by creating motion with no known apparent means or cause 
Uses no electncal or mechanical connections, no special gimmicks 
yetproducespostve molon and effect Excellent br science p rojects. 
magic shows, party demonstrations or serious research & 
development 0( this strange and amazing phychic phenomenon 
£4/set Ref F/TKE1 

ELECTRONIC HYPNOSISPLANS & DATA This data snows 
several ways to put subjects under your connol Included is a full 
volume reference text and several construction plans that whet, 

assembled can produce highly effectve sbmuli This matenal must 
be used cautously It is for use as entertainment at parties etc only. 
by those expenenced in Is 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 it to levitate. 

£10/set Ref F/GRA1 

WORLDS SMALLEST TESLA COIULIGHTENING 
DISPLAY GLOBE PLANS Produces up to 750,000 volts of 
discharge, expenment with extraordinary HV effects, 'Plasma in a 
Jar, St Elmo's fire, Corona. excellent science project or conversation 
piece £5/set Ref F/BTC1/LG5 

COPPER VAPOUR LASER PLANS Produces 10Ornw of 
visible green light High coherency and spectral quality similar to 
Argon laser but easier and less costly to build yet far more efficient 
Ths pa rl culard es gn was dev eloped at the Atomic Ene rgy Commi son 
of NEGEV in Israel E10/set Ref F/CVL 1 

VOICE SCRAMBLER PLANS Minature solid state system 
turns speech sound into indecipherable noise that cannot be 
understood without a second matching unit Use on telephone to 
prevent third party listening and bugging E6/set Ref FNS9 

PULSED TV JOKER PLANS Lithe hand held device utilises 
pulse techniques that will completely disrupt TV picture and soundi 
works on FM Mei DISCRETION ADVISED E8/set Ref F/TJ5 

BODYHEAT TELESCOPE PLANS Highly directional long 
range device uses recent technology to detect the presence °thong 
bodies, warm and hot spots. heatleaks etc Intended fa secunty, law 
enforcement research and development. etc Excellent secunty 
device or very interesting science project £8/set Ref F/BHT1 

BURNING, CUTTING CO2 LASER PLANS Protects an 
invisible beam of heat capable of burning and melting matenals over 
a considerable distance This laser is one of the most efficient, 
converting 10% input power into usef ul output Not only is ths device 
a workhorse in welding cutting and heat processing matenals but it 
is also a likely candidate as an effective directed energy beam 
weapon against missiles, aircraft, ground-to-ground. etc Particle 
beams may very well utlize a laser of this type to blast a channel in 
the atmosphere for a high energy stream of neutrons or other 
particles The device is easily applicable to burning and etching 
wood, cutting, plastics textiles etc £12/set Ref F/LC7 

MYSTERY ANTI GRAVITY DEVICE PLANS Uses simple 
concept Objects float in air and move to the touch Defies gravity. 
amazing gift, conversation piece magic tnck or science proiect £6/ 
set Ref F/ANT 1K 

ULTRASONIC BLASTER PLANS Laboratory source of sonic 
shock waves Blow holes in metal produce 'cold stearn. atomize 
liquides Many cleaning uses for PC boards. lechery, coins. small 
parts etc E6/set Ref F:UL B1 

ULTRA H H GA IN PJAP/STETHOSCOPICM IKE/SOUND 
AND VIBRAT/ON DETECTOR PLANS Unrasensithe device 
enables one to hear a whole new world of sounds Listen through 
walls, windows floors etc Many applicatons 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 time vanable pulses of accoustical energy that dogs 
cannot tolerate £6/set Ref F/Dric  

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 it yourself plans show three 
methods £6 Ref F/LLS1 

PHASOR BLAST WAVE PISTOL SERIES PLANS 
Handheld, has large transducer and battery capaaty with external 

controls EEJset Ref F/PSP4 

INFINITY TRANSMITTER PLANS Telephone line grabber/ 
roan monitor The ultimate in home/office secunty and safety' simple 
to use, Call your home or office phone, push a secret tone on your 
telephone to access either A) On premises sound and voices or B) 
Existng conversahon with break-in capability for emergency 
messages £7 Ref F/TELEGRAB 

BUG DETECTOR PLANS istnal sceteone getbng the goods on 
you? Easy to construct device locates any hidden source of radio 
energy' Sniffs out and finds bugs and other sources of bothersome 

WOLVERHAMPTON BRANCH 
NOW OPEN AT WORCESTER ST 
WHAMPTON TEL 01902 22039 

'--- interference Detects low, high and UHF frequencies £5/set Ref F/ 
BD1 

ELECTROMAGNETIC GUN PLANS Projects a metal object a 
considerable distance-requires adult supervision £5 ref F/EML2 

ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE 
TOUCH OF YOUR HANOI £5/set Ref F/EMA1 
PARABOLIC DISH MICROPHONE PLANS Listen to distant 
sounds and voices, open windows, sound sources in 'hard to get- or 
hostile premises uses satellite technology to gather distant sounds 
and focus them to our ultra sensitive electronics Plans also show an 
optional wireless link system Efitset ref F/PM5 

2 FOR 1 MULTIFUNCTIONAL HIGH FREQUENCY AND 
HIGH DC VOLTAGE, SOLID STATE TESLA COIL AND 
VARIABLE 100,000 VDC OUTPUT GENERATOR PLANS 
Operates on 9- 12vdc. many possible expenments EIO Ref F/HVM7/ 

TCL4 

INFINITY TRANSMITTERS The ultimate 'bug' fits to any 
phone or line, undetectable, listen to the conversations in the room 
from anywhere in the worldl 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 
LOT9 Undetectable with norm al RF detectors, fitted in seconds. no 
battenes required, lasts forever' 

SWTTCH ED MODE PSU'S 244 watt. .5 32A. .12 6A. -50 2A, - 
12 0 2A There is also an optional 33v 25A rail available 120/240v I/ 
P Cased, 175x90x145rnm IEC inlet Suitable for PC use (6 d/dnve 
connectors 1 rmboard) £10 ref PSU1 

VIDEO PROCESSOR UNITS?/6v 10AH BATTS/12V BA 
TX Not too sure what the function of these units is but they certainly 
make good strippers' Measures 390X320X120mm, on the front are 
controls f or scan speed. scan delay, scan mode. loads of connect ons 
on the rear Inside 2 x 6v 10AH sealed lead aad batts.pcb's and a 8A? 
12. torradial transformer (mains in) Condition not known, may have 
one or two broken knobs due to poor storage £l7 50 ref VP? 

RETFtON NIGHT SIGHT Recognition of a standing man at 300m 
in 1/4 moonlight. hermetically sealed, r'ins on 2 AA batteries. 80/mm 

F 1 5 lens. 2Crnw infrared laser ind uded £325 ref RET RON 

MINI FM T RANSMITTER KR Very high gain prearnp. supplied 
complete with FET Nectret microphone Designed to cover 88-108 
Mhz but easily changed to cover 63-130 Mhz Works with a common 
9v (PP3) battery. 02W RF. £7 Ref 1001 

3-30V POWER SUPPLY KIT Variable, stabilized power supply 
for lab use Short circuit protected, suitable for profesional or amateur 
use 24v 3A transformer is needed to complete the kit £l4 Ref 1007 

1 WATT FM T RANSMITTER KR Supplied with piezo electric 
rho. 8-30rdc At 25-30v you will get nearly 2 watts! £12 ref 1009 

FM/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 Built in 5 watt amplifier. Inc speaker £15 ref 1013 

3 CHANNEL SOUND TO LIGHT KIT Wireless system. mains 
operated, separate sensitivity adjustment for each channel. 1.200 w 
power handling, microphone included £l4 Ref 1014 

4 WATT FM T RANSMITTER KIT Small but powerful FM 
transmitter. 3 RF stages. microphone and audio preamp included 
£20 Ref 1028 

STROBE LIGHT KIT Ackustable from 1-60 ha (a lot faster than 
conventional strobes) Mains operated £16 Ref 1037 

COMBINATION LOCK KR 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 KR Interesting circuit that distorts your voice! 
adjustable. answer the p hone with a different voice! 12vdcE9 ref 1131 

TELEPHONE BUG KIT Small bug powered by the 'phone line. 
starts transmitting as soon as the phone is picked upl £8 Ref 1135 

3 CHANNEL LIGHT CHASER KIT SOO watts per channel. 
speed and direction controlssup pi ied with 12 LEDS (you can fit tnacs 
instead to make lot mains, not supplied) 9-12vdc El7 ref 1026 

12V FLOU RESC ENT LAMP DRIVER KfT Light up 4 toot tubes 
from your car battery' 9v 2a transformer also required £8 ref 1069 

VOXSV4 RCM KR Sound activated sw itch ideal br making bugging 
tape recorders etc, adjustable sensitwity £8 ref 1073 

Check out our 

WEB SITE 
http://www.pavIllon.00.uk/bull-eleotrloal 

PREAMP MIXER KIT 3 input mono mixer. sep bass and treble 
controls plus individual level controls, 18vdc. input sens 100mA £15 
ref 1052 
*SOME OF OUR PRODUCTS MAY BE UNLICERSABLE lii IITE UK 

BULL ELECTRICAL 
25) PORTLAND ROAD, HOVE., SUSSEX. 

/3N3 SQT. (ESTABLISHED SO YEARS). 

MAIL ORDER TER MS,: CASH, PO OR CHEQUE 

WITH ORDER PLUS 13 P&P PLUS VAT. 
PLEASE ALLOW 7-10 DAYS FUlt DELI VEkYPIIONE ORDERS 

WELO WE SACCESS.VISA. SWITCH, AMERICAN EXPRESS') 
TEL 01273 203500' 
FAX 01273 323077 

E-mail bull@pavilion.co.uk 

SOUND EFFECTSGENERATORKITPoducessourvisranging 
from bird chips to sirens Complete with speaker. add sound effects 
to your projects for just £9 ref 1045 

16 WATT FM TRANSMITTER (BUILT) 4 stage h.gh power. 
preamp required 12-18vdc, can use ground plane yea or open 
dipole £69 ref 1021. 

HUMIDITY METER KR Builds into a precision LCD humidity 
meter. 9 ic design. pcb.1c4 display and all components included £29 

PC TIMER KIT Four channel output controiled by your PC. will 
switch high current mains with relays (supplied) Software supplied 
so you can program the channels to do what you want whenever you 
want Minimum system configeration is 286. VGA. 4 1.640k. senal 
port, hard cInve with min 100k free £24 99 

FMCORDLESSMICROPHONE This unttisan FM broadcasting 
station in minature. 3 transistor transmitter with electra condenser 
mic.fetarnp deagn resUtin maximum se mi] vity a nd broad freque ncy 
response 90-105mhz. 50-1500hz. 500 foot range in open country' 
PP3 battery required £15 00 ref 15P42A 

MAGNETIC MARBLES They have been around for a number of 
yea rs but sfill give rise to cunosity and amazement A pack of 12is just 
£3 99 ref GI/R20 

NICKEL PLATING KIT Proffesonal electroplating kit that will 
transform rusting parts into showpieces in 3 hours' Will plate onto 
steel, iron, bronze. gunmetal,copper, welded.silver solderer:tor brazed 
pints Kit ncludes enough to plate 1.000 sq inches You will also need 

a 12. supply, a container and 2 12v light bulbs £39 99 ref NIK39 

Minaturs adjustable timers, 4 pole do 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 mitts £6 99 
BUGGING TAPE RECORDER Small voice actvated recorder. 
uses micro ca ssette complete with headphones. £28 99 ref MAR29P 1 

POWER SUPPLY fully cased with mains and op leads 17v DC 
900mA output Bargain price £5 99 ref MAG6P9 

By DC POWERSUPPLYstandardpluginlype 150ma 9v DC with 
lead and DC power plug pnce for two is E2.99 ref AUG3P4 
COMPOSITE VIDEO KR. Converts composite video into sepa-
rate H sync. V sync, and video 12. DC £8 00 REF: MAGIBP2. 

FUTURE PC POWER SUPPLIES These are 295x 135x6Omm. 
4 dnve connectors 1 mother board connector 150watt. 12s fan. iec 
inlet and on/off switch £l2 Ref EF6 

VENUS FLYTRAP KM Grow your own carnivorous plantwith this 
simple lot £3 ref EF34 

6"X12" AMORPHOUS SOLAR PANEL 12. 155x3lOrnm 
130mA Bargan once just E5 99 ea REF MAG6P12 

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4 99 
ref MAG5P13 ideal for expenmenters, 30 m for El 2 99 ref MAG13P1 

ROCK LIGHTS Unusual thingsthese, hvo pieces of rock that glow 
when rubbed together' belived to cause rainlE3 a pair Ref EF29 

3' by 1' AMORPHOUS SOLAR PANELS 14 5v. 700mA 10 
watts. aluminium frame, screw terminals. £44 95 ref MAG45 

ELECTRONICACCUPUNCTURE KR Buildsintoan electronic 
version instead of needles' good to expenment with £7 ref 7P30 

SHOCKING COIL KIT Build this litliebatteiy operated device into 
all sorts of things. also gets worms out of the ground, £7 ref 7P36 

FLYING PARROTS Easily assembled kit that builds a parrot that 
actually flaps its wings and flies' 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 milesper hour' Range °foyer 

200 metres' £7 99 ref R./9 

BALLON MANUFACTURING KM Bnfish made, small blob 
blowsinto a large. longlasting balloon. hours of funIE3 99 refGVE99R 

9-0-9V 4A TRANSFORMERS chassis mount £7 ref LOT I9A 
2.6 KILOWATT INVERTERS, Packed with batteries etc 
but as they weigh about 100kg CALLERS ONLY! £120. 
MEGA LED DISPLAYS Build your self a clock or something with 
these mega 7 seg displays 55mm high, 38mm wide 5 on a pcb forjust 
£4 99 ref LOT 16 or a bumper pack of 50 displays for just £29 ref 
LOT 17 

CLEARANCE SECTION, MINIMUM ORDER 

£15, NO TECHNICAL DETAILS AVAILABLE, 

NO RETURNS, TRADE WELCOME. 
2000 RESISTORS ON A REEL (SAME VALUE) 99P REF BAR340 
AT LEAST 200 CAPACITORS (SAME VALUE 99P REF BAR342 
INFRA RED REMOTE CONTROLS JUST 99P REF BAR333 
CIRCUrf BREAKERS, OUR CHOICE TOCLEAR 119P REF BAR335 
MICROWAVE CONTROL PANELS TO CLEAR £2 REF BAR 329 
2 TUBES OF CHIPS(2 TYPES OUR CHOICE) 90P REF BAR305 
LOTTERY PREDICTOR MACHINE!! JUST £1.50 REF BAR313 
HELLA L/ROVER ELECTRIC H/LAMP LEVELLERE2 REF BAR31I 
SINCLAIR C5 19- TYRES TO CLEAR AT JUST 75P REF BAR319 
LARGE MAINS MOTORS (NEW)TO CLEAR AT 75P REF BAR310 
MODEMS ETC FOR STRIPPING £2.50 EACH REF BAR324 
110V LARGE MOTORS (NEW) TO CLEAR AT 50P REF BAR332 
MODULATOR UNITS UNKNOWN SPEC JUST 50P REF BAR323 
054000 GAMES COSOLES JUST EA REF BAR320 
SMART CASED MEMORY STORAGE DEVICE, LOADS OF BITS 
INSIDE, PCB, MOTOR, CASE ETC. BUMPER PACK OF 5 
COMPLETE UNITS TO CLEAR AT E250(FOR 5) REF BAR 330. 
2 CORE MAINS CABLE 2M LENGTHS PACK OF 4 El REF BAR337 
PC USER/BASIC MANUALS, LOADS OF INFO. £1 REF BAR304 
PCB STRIPPERS TO CLEAR AT 2 FOR 99P REF BAR341 
3 al 3C0FtE MAINS CABLE AND 13A PLUG. SOP REF BAR325 

WE BUY SURPLUS STOCK 

FOR CASH 
BUYERS DIRECT LINE 0802 660377 

FREE CATALOGUE 
100 PAGE CATALOGUE NOW 
AVAILABLE, 45P STAMPS. 
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ELECTRONICS BACK ISSUES PRACTICAL  

We can supply back issues of EPE by post, many issues from the past five years are available. An index for each year is 
also available - see order form. Alternatively, indexes are published in the December issue for that year. Where we are 
unable to provide a back issue a photostat of any one article (or one part of a series) can be purchased for the same price. 

DID YOU MISS THESE? 
PROJECTS • Windicator • Curtain Winder • 
Ramp Generator - 1 • High Voltage Capacitor 
Reformer • EPE HiFi Valve Amplifier - 2 
FEATURES • Bridge Rectification Enhanced • 
Ingenuity Unlimited. 

PROJECTS • Solar Seeker • Personal Practice 
Amplifier • Infra-Red Remote Control Unit • 
Versatile Microcontrolled 3-Digit Timer • Ramp 
Generator - 2. 
FEATURES • Static • Circuit Surgery. 

PROJECTS • Simple Theremin • Low Range 
Ohmmeter Adaptor • Comprehensive Security 
System  • Vandata  • Hum-Free  Battery 
Eliminator. 
FEATURES  •  Cave  Radio  •  Ingenuity 
Unlimited. 

PROJECTS  • Ginormous  VU  Meter  • 
Sound Switch • Audio Sinewave Generator 
• Treble Booster • Infra-Red Controller/Alarm 
• Capacitor Check • Experimenter's Bargraph 
Test Board. 
FEATURES • Circuit Surgery • Security 
Tagging • Using Bargraph Displays. 
FREE • Multi-Project PCB with this issue. 

PROJECTS • Digital Delay Line • Video En-
hancer • 50Hz Field Meter • Temperature 
Warning Alarm • Current Tracer • Distortion 
Effects Unit. 
FEATURES • Teach-In '96 Part 1 5 Develop-
ments in Radio Broadcasting Technology • 
Turnpike for Windows Review • Ingenuity 
Unlimited. 

PROJECTS • Light Operated Switch • Stereo 
"Cordless" Headphones • EPE Met Office - 1 
• Modular Alarm System • Audio Meter and 
Amplifier. 
FEATURES • Teach-In '96 Part 2 • Circuit Sur-
gery • Index for Volume 24. 

PROJECTS • Printer Sharer • Mains Signall-
ing Unit • Automatic Camera Panning System • 
Audio Signal Generator • EPE Met Office - 2. 
FEATURES • Teach-In '96 Part 3 • Ingenuity 
Unlimited • European Consumer Electronics 
Show • Techniques - Actually Doing It • 
Maths Plus Review • Decibels and dBm Scale. 

PROJECTS • Simple P(C16C84 Programmer • 
Mains Signalling Unit - 2 • PIC Electric Meter - 1 
• Van-Speed Dice • Analogue Frequency Meter. 
FEATURES • Teach-In '96 Part 4 • Circuit Sur-
gery • Making Your Own P.C.B.s • Techniques 
- Actually Doing It. 

PrirefRONICS 

twatar 
PROJECTS • Mind Machine Mk III Part 1 • 
High Current Stabilized Power Supply • Multi-
Purpose Mini Amplifier • Infra-Zapper • PIC-
Electric Meter - 2. 
FEATURES • Teach-In '96 Part 5 • Ingenuity 
Unlimited • Flight PAL Trainer Review. 
FREE • Headphones (UK copies only). 

PROJECTS • Dolby Pro-Logic Decoder (Free 
Booklet)  • Bat-Band  Converter  • Event 
Counter • Mind Machine Mk III Part 2 - 
Programmer • Hearing Tester. 
FEATURES • Teach-In '96 Part 6 • Circuit 
Surgery • Thermionic Valves Part 1. 

PROJECTS • Midi Analyser • Mind Machine 
Mk III Part 3 - Tape Controller • Versatile PIR 
Detector Alarm • Countdown Timer • Bat 
Band Converter B.F.O. 
FEATURES • Teach-In '96 Part 7 • Ingenuity 
Unlimited • Thermionic Valves Part 2 - The 
C.R.T. 

F.1! 
PROJECTS • Sarah's Light • Ultra-Fast 
Frequency Generator and Counter Part 1 • VU 
Display  and  Alarm  • Pulstar • Home 
Telephone Link. 
FEATURES • Teach-In '96 Part 8 • More 
Scope for Good Measurements Part 1 • Circuit 
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FAX ON DEMAND 
EVERYDAY 
PRACTICAL 
ELECTRONICS 

ON FAX 
WHY WAIT? 

We Give You The Fax! 
Projects and Series 

From Past Issues of EPE 

AVAILABLE INSTANTLY! 
24 HOURS A DAY! 

HAvE you ever wanted to get hold of a past project 
or part of a Teach-In series fast? EPE ON FAX is 

a service aimed at providing you with the article you 
need, on-demand, seven days a week, 365 days a year, 
24 hours a day. 
All the projects and major series from the the April 

'95 issue onwards have been stored on computer and 
linked to a sophisticated selection system that uses 
the latest voice and Fax technology. You can select the 
article you require from a menu and have it down-
loaded to any UK Fax machine on demand. 
The service will be constantly updated with new 

material as each issue is published, thus providing a 
live, instantly available, resource. 

HOW TO USE EPE ON FAX 
• I- rom your tone telephone or Fax machine call 0897 124 
125, making sure that your handset is switched to "tone". 
You will then hear a series of messages, which will help to 
guide you through the system. 

• For one of the available indexes, which contain the docu-
ment numbers and the number of pages of each article, 
press "1" when prompted. 

• To obtain a particular document, press "2" when 
prompted and, when requested, enter the document 
number you want from the keypad on your phone or Fax 
machine. The system will then confirm your selection. 

• When you have selected the document that you require, 
you will then be prompted to enter the phone number of 
the Fax machine you want the article sent to, including the 
dialing code, finishing with the # key; the system will then 
confirm the phone number. Ring off when prompted and 
the Fax will automatically be sent to the given number. 

HOW MUCH WILL IT COST? 
EPE ON FAX service is a higher rate premium line phone 
service. Calls cost £.50 a minute. First time use should cost 
no more than £3 per index or article. Subsequent use should 
only be £1.50 per article. 
NOTE. Articles over six pages long are split in two, requir-
ing two calls. 

FURTHER INFORMATION 
If you would like turther information about how this projek t 
was put together, ring Starcomm Limited on (0113) 294 0600. 

TRY IT NOW! 
CALL 0897 124 125 
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PACIFIC WAVES 
In these days of high stress, why not relax to the 
soothing sounds of the 
-high seas" in the  _,1 

' r 2=&- comfort of your own  c  at  - 
home!  ,s 
There can be 

little doubt 
that one of the 
most relaxing 
sounds of nature 
is that of ocean waves breaking along a wide shore. 
It calms the soul, and in these stress-filled times a 
stroll along such a beach isn't simply a pleasure. 
its a therapy. 
The -Pacific Waves" project described next 

month is designed to create surf sounds as 
realistically as possible for playing through any 
ordinary domestic stereo system. 

HOW TO USE 
INTELLIGENT L.C.D.s 
The ability of intelligent liquid crystal display modules to 

show not just numbers. but also letters. words and all manner 
of symbols. makes them a good deal more versatile than the 
familiar 7-segment light emitting diode displays. 
However, getting them to work properly can often pose 

problems for those who are unfamiliar with the techniques 
required. Once you do know how they should be 
programmed, though. they are remarkably simple to use and 
can enhance the capabilities of all manner of constructional 
designs. 
In this two-part series of articles, we present an utterly 

practical guide to interfacing and programming the 
character-based Lc.d. modules which use the Hitachi 
H044 780 (or compatible) controller chip, as do most modules 
which are available to the hobbyist. 

Ps/Corn EXPERIMENTAL 
CONTROLLER 
This project should allow owners of the Psion Series 3a 

"palmtop .' computer to use it for controlling external 
equipment with simple software programs, either by 
switching. or with an analogue control voltage. 
The technique employed might also be usable with other 

devices employing an Lc.d. screen. It requires no electrical 
connection to the controlling equipment. 

P.  V 

EVERYDAY 

PRACTICAL 

ELECTRONICS 
DON'T MISS THIS ISSUE 

FEBRUARY '97 ISSUE ON SALE 
FRIDAY, JANUARY 3 
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Constructional Project 

MAINS-FAILURE 
WARNING 
TERRY de VALIXBALBIRNIE 
,4 n audible alar m for fridges 
and freezer's. 

THIS simple Mains-Failure Warning 
project will be of interest to anyone 
wishing to guard against mains 

appliances being switched off accidentally. 
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. 

ENJOY YOUR TRIP 
Common causes of mains failure are 

blown fuses, tripped RCD units, children 
playing with switches and people pulling 
on wires. However, it often happens that 
an appliance is accidentally switched off 
when it is plugged into one of a row of 
sockets and the wrong one is disconnected. 
Another frequent cause is when the ap-

pliance is unplugged to allow the socket to 
be used for some other purpose — such 
as for the vacuum cleaner — and it is not 
plugged back in afterwards. 
The Mains-Failure Warning provides an 

alarm by sounding a pulsing tone if the 
supply is disconnected for any reason. In 
the prototype, the sounder was mounted on 
the circuit board inside the case. However, 
it would be possible to connect it remotely 
so that, for example, a signal could be 
provided in the house if the supply in the 
garage failed. 

CONNECT 
AND FORGET 
the unit is built in a small aluminium 

case with a neon indicator mounted on the 
side which confirms that the supply is con-
nected. An on-off switch is provided on 
the circuit board inside the box and is only 
accessible when the lid is removed. 
This prevents inadvertent operation 

which would prevent the circuit from 
working and defeat its purpose. It will 
probably be used only when the device is 
removed from service for some reason 
(since otherwise it would sound con-
tinuously because the supply would be 
disconnected). 
In use, the appliance to be protected is 

connected to the mains through the Mains 
Failure Warning unit. While a supply ex-
ists, a set of small nickel-cadmium cells is 
maintained in a charged state. 
When the supply fails, the circuit ob-

tains power from these cells which then 
operate the audible warning device. Using 
a rechargeable supply in this way has the 
advantage of there being no conventional 

Important Warning: Constructing this 
project requires mains connections to be 
made. Any reader who is uncertain of 
being able to make a safe job must seek 
the help of a competent electrician. 

TO APPLIANCF 
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batteries to check and replace — the unit 
can be connected up and forgotten. 
There is a switch (also accessible by 

removing the case lid) which provides 
"boost" charging if the alarm has been 
required to sound over a long period and 
this allows the batteries to be re-charged 
in a short time. In the prototype, the 
specified buzzer operated for 12 hours 
approximately on a full charge although 
the sound becomes weaker towards 
the end. 

CIRCUIT 
DESCRIPTION 
The complete circuit diagram for the 

Mains Failure Warning project is shown 
in Fig. I. A sub-miniature mains trans-
former, T1, provides a nominal I2V d.c. 
output using the conventional arrangement 
of bridge rectifier Dl-D4 and smoothing 
capacitor Cl. 
While the mains supply is on, transistor 

TR I receives base (b) current via resistor 
RI and will be turned on. Thus, the collec-
tor goes low so keeping the reset input, pin 
4, of timer ICI low also. This disables the 
i.c. which has no further effect. 
Assume that On-Off switch S2 is on. 

The 7-2V nickel-cadmium battery pack 
(consisting of two separate 3-6V units, BI 
and B2, connected in series) is charged by 
current entering via diode D5 and resistor 
R5 alone or R6 connected in parallel with 
R5 when the Boost switch SI is on. 
Connecting the resistors in parallel in 

this way will lower the effective value and 

TR1 
I X300 

I =1 
4p7 11E111 DI 

f [SET  TRIG 

'Cl 
ICM7555 
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06 
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3V TO 24V 

C3   1°  5mA 

7 r  

56 

Fig. 1. Complete circuit diagram for the Mains-Failure Warning. S1 and S2 are d.i.l. switches mounted on the circuit board. 
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increase the current. Diode D6 is reverse-
biased with respect to current entering the 
battery and so has no effect. 
Resistor R5 limits the current to 100µA 

approximately which is low enough to 
prevent overcharging when current flows 
continuously. With SI set to Boost, the 
charging current rises to about 1mA. 

MAINS FAILURE 
When the mains supply tails, transistor 

TR1 no longer receives base current so it 
switches off. Its collector (c) therefore goes 
high and with it, ICI Reset pin 4. 
Diode D5 prevents base current enter-

ing TR1 from the battery pack. However. 
ICI does receive a supply from this with 
current flowing through diode D6 which 
is now forward biased as far as current 
flowing out of the batteries is concerned. 

SOUND ADVICE 
With ICI pin 4 high, the timer is enabled. 

Since it is configured as an astable its out-
put, pin 3, will constantly switch on and off 
at a rate dependent on the values of resistors 
R3, R4 and capacitor C3. 
With the values specified this will be 

about once per second and, because it is 
not thought to be particularly critical, no 
adjustment is provided. If a faster rate is 
preferred, resistor R4 may be reduced in 
value and vice-versa. The output of ICI 

230V A C 
MAINS IN 

operates the audible-warning device (solid 
state buzzer) WD1 direct. 
The  effectiveness  of the  warning 

depends largely on the choice of sounder 
and how it is situated. It must be as loud as 
possible combined with a small current 
requirement (5mA to 10mA). Moreover, it 
must be capable of producing a high sound 
output using a supply of only 7V. 
Readers are warned against using small 

cheap devices which may not be loud 
enough to attract attention. Good coverage 
is obtained by mounting the sounder flat 
on the printed circuit panel as shown in the 
photograph. For louder results, it could be 
mounted on short stalks so that its top lies 
level with the surface of the box. 
It is also possible to use a buzzer at-

tached to the box externally. This should 
be of the panel-mounting type and chosen 
to have a sound output at least equal to that 
specified in the parts list. The same type of 
audible warning device could be used if it 
is to be situated remotely and more will be 
said about this later. 

CONSTRUCTION 
The Mains-Failure Warning is built on a 

small, single-sided, printed circuit board 
(p.c.b.) and the component layout, inter-
wiring and underside copper foil master 
pattern are shown in Fig. 2. This board is 
available from the EPE PCB Service, code 

126. All components except terminal block 
TB I and neon indicator LPI are mounted 
on-board which makes construction par-
ticularly straightforward. 
Prepare the p.c.b. by drilling the four 

holes to mount it in the case later. Add the 
soldered components in the following or-
der. First, transformer TI, fuseholder FS I, 
the i.c. socket (but do not insert the i.c. 
itself yet), di!. switches SI and S2 (both 
set to off) and all resistors and capacitors. 
Note that resistors R3 and R4 are 

mounted vertically against the board. Take 
care over the polarity of electrolytic 
capacitors Cl and C2. 
Follow with the bridge rectifier, diodes, 

transistor, nickel-cadmium batteries and 
audible warning device taking care over 
the orientation of all these components. 
Attach the plastic cover to the fuseholder. 
Complete construction of the circuit 

board by soldering 10cm pieces of mains-
type wire of 3A rating minimum direct to 
the lower transformer primary winding tag 
and the adjacent fuseholder tag (see Fig. 2) 
on the copper track side of the board. For 
safety reasons, make certain that these 
wires are secure and cannot dislodge in 
service. 
Finally, solder a piece of stranded wire 

5cm long to the "earth point (E)", about 
half-way along one side of the p.c.b. in 
line with the warning buzzer. This lead 

45V 

TR 

PRIMARY 
230V  Ti 

L 

ov • 

45V  • 

PSI 

-•4111•-

'Cl 

•  B 

S 0 

•  B2  • 

00 3 

SOLDER TAG 

• 

III 

TO APPLIANCE. 

Fig. 2. Mains-Failure Warning printed circuit board component layout. interwiring and full size copper foil master. Note that the 
leads from TB1 to the transformer primary and the fuse FS1 should be rated at 3A and be soldered directly to the underside 
copper pads as indicated 
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Layout of components inside the 
metal case. Make sure the p.c.b. is mounted 

on nylon spacers and secured with nylon screws and nuts. You must use strain 
relief grommets for the mains leads, protective sleeving over the neon leads at 
TB1 and cover the top of TB1 with some insulating tape. 

COMPONENTS 
Resistors 
Al 1M 
R2, R3  100k (2 off)  9LI  

R4  10M 

See 

TALK 
R5  56k  Page 
R6  5k6 
All resistors 0.25W 5% carbon film 

Capacitors 
C1, C2  4117 p.c.b. mounting radial 

elect. 16V (2 off) 
C3  100n sub-min. metallised 

polyester 

Semiconductors 
D1 to 04 W005 50V 1-5A bridge 

rectifier 
05, D6  1N4001 50V 1A rect. diode 

(2 off) 
TR1  ZTX300 npn silicon transistor 
Cl  ICM7555 CMOS timer 

Miscellaneous 
B I  3.6V 11mAh 

nickel-cadmium, p.c.b. 
mounting, batteries (2 off) 

Ti  sub-miniature p.c.b. mains 
transformer. 230V a.c. 
primary and 4-5V-0V-4-5V 
secondary rated at 1-2VA 
(100mA) 

LP1  mains neon indicator 
WD1  piezo buzzer, p.c.b. 

mounting, 10mA 3V to 24V 
d.c. operation, 90dB 
output minimum - see text 

S1/S2  dual s.p.s.t. d.i.l. switch 
FS1  lA 20mm ceramic mains-

type fuse. with 20mm 
p.c.b. fuseholder and 
plastic cover 

Printed circuit board available from 
EPE PCB Service, code 126; aluminium 
box, size 125mm x 85mm x 60mm 
approx.; 8-pin d.i.l. socket; strain relief 
grommet (2 off); screw terminal block - 
3 sections required; stand-off insulators 
(4 off); mains wire and plug for input 
lead; 3-5mm mono jack plug and socket 
or other small connector for remote 
sounder if required. 

Approx Cost 
Guidance Only  C30 

will eventually go to the terminal block at 
point TB1/3. 

SOUNDER 
As mentioned previously, the audible 

warning device will normally be mounted 
on-board. However, if it is to be situated 
remotely, solder 8cm pieces of light-
duty stranded connecting wire direct to 
the solder pads marked "WD +": and 
"WD- ", via the topside of the board. 
The external connections can then be 

made through a small plug and socket - 
for example, a 3.5mm mono jack-type 
socket mounted on the side of the box. If 
the sounder itself is to be mounted on the 
side of the box, the flying leads already 
attached to it may need to be extended, a 
hole drilled and a rubber grommet used to 
prevent the sharp edges cutting the wires. 

CASE PREPERATION 
Prepare the aluminium case to receive 

the p.c.b. by drilling four holes in the base 
to correspond with those already made in 
the board. Drill a large hole in the case 
lid for the sound to pass through - this 
must be carefully measured so that it lies 
directly above sounder WD1 when the 
circuit board is in position. 
Drill holes in the end panels for the 

strain-relief bushes to be used on the input 
and output mains wires. These are an 
essential safety requirement since they 
prevent the wires possibly pulling free in 
service which could be very dangerous. 
Choose a three-section piece of screw 

terminal block appropriate to the load (for 
example, 3A for up to 720W rating on 
240V) and drill the holes to secure this. 
Drill holes for the neon indicator LPI and 
solder tag. Note that the solder tag is used 
to Earth the case and, for safety reasons, it 
is essential to include it. Secure all these 
components. 

ASSE MBLY 
Mount the p.c.b. on the base of the box 

using 10mm long plastic stand-off in-
sulators on the bolt shanks. It is essential for 
the soldered connections to be maintained 
at least 5min clear of the metalwork. 

This is particularly important for the 
mains connections at TI primary. If neces-
sary, place a piece of plastic between these 
and the base of the box as an additional 
precaution. 
Refer to Fig. 2 and connect the three 

wires leading from the board to terminals 
TB1/1, TB1/2 and TB 1/3 on the screw ter-
minal block as shown. If the buzzer is to 
be situated remotely, drill a small hole in 
the side of the box and mount the socket. 
If one terminal of the socket makes 

electrical contact with the metalwork (the 
usual arrangement with some jack sockets) 
it is essential for this to be made the 
negative one. That is, the one connected to 
the copper pad marked WD - on the p.c.b. 
Attach self-adhesive plastic feet to the 
base of the box. 
Insert ICI into its socket observing 

the orientation. As a precaution, observe 
simple anti-static measures before hand-
ling it. The simplest method is to touch 
something which is earthed, such as a 
water tap, before touching the pins. 

REDUCING 
THE STRAIN 
Make up the mains input wire using a 

suitable length of 3-core wire (even if the 
appliance itself needs no earfh connec-
tion) and of a rating appropriate to the 
load being used. Cut off the end 5cm 
and remove the piece of earth wire 
(yellow/green) - discard the other two. 
Secure one end of the mains input wire 

through the strain relief grommet, trim the 
three wires to size and, referring to Fig. 2, 
connect them up to the terminal block TB1 
along with the existing ones leaving a little 
slack. Use the short piece of the earth wire 
removed previously to connect the mains 
Earth at the terminal block to the solder tag. 
Fit the other end of the mains lead with 

a plug. If this is of the standard UK type, 
choose the correct value of fuse for the 
appliance being used. 
Connect the neon indicator LPI to the 

mains Live and Neutral on the output side 
of the terminal block as shown. Use heat-
shrinkable sleeving at LPI tags to provide 
insulation and make them impossible to 
touch. 
If the buzzer is to be situated remotely, 

connect it temporarily to a short piece of 
twin wire with the appropriate plug on 
the other end. Take care to observe the 
polarity or it will not work. Switch S2 on. 
If there is any charge in the cells, the 
buzzer should start bleeping. 
Before proceeding, check that all mains 

connections,  including  those  at the 
fuseholder and neon indicator, are shielded 
so that it is impossible for the fingers to 
touch them whilst the lid of the case is 
removed. The unit may now be tested 
since it does not need an appliance 
connected for it to work. 

TESTING 
Plug the unit in to the mains - the neon 

indicator should light and if the buzzer has 
been sounding it should now stop. If the 
buzzer did not sound before due to the 
batteries being discharged, set d.i.l. switch 
SI to boost and leave the circuit on for 
about 30 minutes. This will allow suffi-
cient charge to accumulate for testing to 
take place. 
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Now switch off the mains supply. 
The buzzer should start bleeping after a 
delay of about 20 seconds (that is, when 
capacitor Cl has discharged sufficiently to 
fail to maintain TR1 in the on state). When 
the supply is re-connected, the warning 
should stop immediately. 
Unplug from the mains and switch S2 

off to silence the sounder. If SI was set to 
boost, switch it back to the normal charge 
rate. 
Connect the appliance cable via the 

unused strain relief grommet to the ter-
minal block TB1 along with the LP1 neon 
indicator connections and circuit board 
Earth wire, see Fig. 2. Switch S2 on, 
replace the lid and re-test. If all is well, the 
unit may be put into permanent service. 

If the buzzer is to be connected remotely 
(such as from a garage or greenhouse), due 
to one lead being connected to the mains 
Earth, a double-insulated cable must be 
used for this purpose as, under excep-
tional fault circumstances, it could be-
come "live" up to 230V a.c. Ordinary 
2-cored mains cable is suitable (each 
core separately insulated with both jointly 
wrapped by an external insulating sheath). 
The buzzer should also be housed in a 
small plastic box with a hole drilled in the 
front for the sound to pass through. 

ALAR M CHECK 
It would be a good idea to check the 

alarm by switching off the mains supply 
every few weeks. If the buzzer has ever 

sounded for a long period so that the bat-
teries are flat, the Boost switch S I may be 
used to restore them as quickly as possible. 
This takes 14 hours and the switch should 
NOT be left in the on position any longer. 
With the Boost switch off, complete 

charging will take about six days although 
a useful amount of charge is accumulated 
in a few hours. It is suggested that SI 
switch is not used unless the batteries are 
totally discharged due to the possibility of 
overcharging and consequent damage to 
them. 
Remember that NiCad cells do not 

last indefinitely. Check each year for 
any sign of deterioration. Replacement 
may be necessary after about 5 years of 
service. 

Ohm Sweet Ohm 
Max Fidling 

Barking Mad 
Rooting around in the shack the other 

day, near my pile of old washing machine 
motors and rusty biscuit tins containing 
various assorted electronic goodies, I came 
across the defunct remnants of an earlier 
project, when yours truly had declared war 
against some light-fingered members of 
the criminal fraternity! 
I had decided that it was time to fit a 

burglar alarm to Chez Fidling, not that I've 
anything worth pinching, but not being one 
to spend money if I can "do it myself", 
I'd spent quite some time rummaging 
through various magazines in search of 
suitable circuits. As usual, I hoped to 
cobble something together on the cheap! 
However, I didn't relish the prospect of 
drilling holes through every wall in sight, 
feeding miles of wires everywhere and 
putting contact switches on just about 
everything including the toilet seat, so 
I'd decided on a more cunning plan 
instead... 
One thing had caught my eye as I 

flicked through an advertiser's "surplus" 
pages in my favourite magazine, while 
munching my breakfast one morning. It 
appeared to be a small box containing the 
electronic circuitry to imitate the growl of 
a dog. 
It was battery operated and when trig-

gered was supposed to give the impres-
sion that your home was populated by a 
pack of fierce hounds, guaranteed to strike 
terror into the heart of any cotton-pick-
ing opportunists! Quite how it worked I 
wasn't sure, but guessing that it contained 
a sample chip which would be fun to play 
with, I duly wrote out an order and cycled 
off to the post box. 

Padded Cell 
Several days later, a padded bag arrived 

and I ambled over to the shack bearing my 
latest loot. It was rather a chilly morning 
and Piddles the cat was tucking into his 
grub in the shack, next to the old electric 
fan heater whose whirr punctuated the air 

and made the floorboards rattle like the 
inside of a throbbing Douglas Dakota. 
The cat munched on blithely as I started 

to tinker on the bench with the "Phan-
tom Dog Woofer (batteries not included)". 
Ripping open the electronic canine's car-
ton, the plastic plunder tumbled out onto 
the bench. It was quite an impressive box 
which had a grille on the front panel, pre-
sumably for the speaker or the horn. 
Not being one to bother with batteries, I 

hooked up the bench power supply, which 
has been set to the usual 9V (give or take a 
few), and waited excitedly to see what 
would happen. Nothing! A quick wiggle 
of the wiring, a twiddle of the bench 
power supply — still nothing! Not a growl, 
not even a snivelling wet-nosed whimper! 
Hmmm 
If in doubt, always read the instruc-

tions, I guess, so I peered at the accom-
panying tiny bit of paper headed "In-
struction Manual" for inspiration. Barely 
decipherable in a smudgy black ink, the 
voluminous Instruction Bit of Paper bore a 
mystical message: 
"Placing Phantom Dog Woofer on door 

lever and battery switch red color is on for 
working properly", it said in a strange 
Taiwanese tongue, cross-referring to a 
thumbnail sketch, but I got the gist. 
"Leave room immediately for Phantom 
Dog Woofer now protecting door handle if 
touched thereafter!" it burbled. Aha! The 
plot "thinned". 

Evil Eye 
The cunning canine gizmo sat defiantly 

on the bench; I half expected a tail to pop 
out and start wagging, but instead the 
black box remained there, waiting to be 
taken the electronic equivalent of walkies. 
Examining the plastic moulding revealed 
that on the underside of the plastic hook, 
which I guessed hung onto a door knob, 
there was a large shiny metal contact, 
probably part of some kind of antenna 
which would trigger the circuit. 
Anyway, I poked it with a screw-

driver blade to see what would , 
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happen.  Bark!  Bark!  WOOOF!! 
WOOOF!! The box unleashed a chorus 
reminiscent of the Last Hound of the 
Baskervilles! At this point, a petrified 
Piddles, in mid-munch, sat bolt upright 
and then with a squeal hurtled off towards 
the door! 
WOOOF!! WOOOF!! The Taiwanese 

Terrier continued its "rappaw" with an 
absent Piddles. A small. screwdriver slot 
was found on the casing which invited 
a twiddle with the screwdriver, and the 
canine clamour resolved itself more to a 
Chihuahuan "Yap!" as the meter on the 
bench power supply pulsed in sympathy. 
By this time the cat had wised up to the 

fact that he'd been "had", and duly 
relieved (in more ways than one) he 
ambled back to his grub and started 
clattering the bowl noisily next to the fan 
heater, giving me an evil stare as usual. 
Meantime, having got the hang of the 
Phantom Dog Woofer. the next thing was 
to try it on the toilet door handle and see if 
I could catch the Boss at the operative 
moment! What a bargain! 
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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; AC. 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 I-our; Power Supplies. 
Guides you step-by-step through different sec-
tions of a power supply.  Order Code VT204 
VT205 57 minutes. Part Five; Amplifiers. Shows 
you how amplifiers work as you have never 
seen them before. Class A. class B, class C, 
op.amps. etc.  Order Code Vf205 
VT206 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 
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 
vrioa 35 minutes: A step-by-step easy to 
follow procedure for professionally clean-
ing the tape path and replacing many of 
the belts in most VHS VCR's. The viewer 
will also become familiar with the various 
parts found in the tape path. 

Order Code VT103 

DIGITAL 
Now for the digital series of six videos. 
This series is designed to provide a 
good grounding in digital and computer 
technology. 

VT301 54 minutes. Digital One; Gates begins 
with the basics as you learn about seven 
of the most common gates which are used 
in almost every digital circuit, plus Binary 
notation.  Order Code VT301 
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 V1302 
VT303 54 minutes. Digital Three; Registers and 
Displays is your next step in obtaining a solid 
understanding of the basic circuits found in 
today's digital designs. Gets into multiplexers, 
registers, display devices, etc. 

Order Code VT303 
V304 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 
V1305 56 minutes. Digital Five; Memory Devices 
introduces you to the technology used in many 
of today's memory devices. You will learn all 
about ROM devices and then proceed into 
PROM, EPROM, EEPROM, SRAM, DRAM. and 
MBM devices.  Order Code VT305 
Vr306 56 minutes. Digital Six; The CPU gives 
you a thorough understanding in the basics of 
the central processing unit and the input/output 
circuits used to make the system work. 

Order Code VT306 

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

order drawn on a UK bank). 
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 
VT401 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. If. amplifier. 
limiter and f.m. decoder stages of a typical f.m. 
receiver.  Order Code VT402 

VT403 58 minutes. F.M. 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 V403 

MISCELLANEOUS 
VT501 58 minutes. Fibre Optics. From the fun-
damentals of fibre optic technology through 
cable manufacture to connectors, transmitters 
and receivers.  Order Code V1501 
V1502 57 minutes. Laser Technology 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 V502 

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 points 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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El BARGAIN PACKS 
1,000 items appear in our Bargain Packs 
List - request one of these when you next 
order. 

12V STEPPER MOTOR. 7.5 degree, pack of 1. 
Order Ref: 910. 
SCREWDRIVERS. Pack of 10. Order Ref: 909. 
REELS INSULATION TAPE. Pack of 5. Order Ref: 
911. 
10A 40V BRIDGE RECTIFIER. Pack of 1. Order 
Ref: 889. 
LIGHTWEIGHT STEREO HEADPHONES. Moving 
coil so superior sound. Order Ref: 896. 
25W CROSSOVERS. For 4ohm loudspeakers, pack 
of 2. Order Ref: 22. 
REED RELAY KITS. You get 8 reed switches and 2 
coil sets. Pack of 2. Order Ref: 148. 
12V-0V-12V 6VA MAINS TRANSFORMER. P.C.B. 
mounting. Order Ref: 938. 
MINI MONO AMP. 3W into 4 ohm speaker or 1W 
into 8 ohm. Order Ref: 495. 
MINI STEREO 1W AMP. Pack of 1. Order Ref: 870. 
0-1mA PANEL METER. Full vision face 70mm 
square. Scaled 0-100, pack of 1. Order Ref: 756. 
12V SOLENOID. Has good 1/2 " pull or could push if 
modified. Order Ref: 232. 
6V 1A MAINS TRANSFORMERS. Upright mounting 
with fixing clamps, pack of 2. Order Ref: 9. 
VERY FINE DRILLS. For PCB boards etc. Normal 
cost about 80p each, pack of 12. Order Ref: 128. 
MOTORS FOR MODEL AEROPLANES. Spin to 
start so needs no switch, pack of 5. Order Ref: 134. 
MICROPHONE INSERTS. Magnetic 400 ohm, also 
act as speakers, pack of 6. Order Ref: 139. 
NEON INDICATORS. In panel mounting holders 
with lens, pack of 6. Order Ref: 180. 
12V ALARMS. Makes a noise about as loud as a 
car horn. All brand new, pack of 4. Order Ref: 221. 
OBLONG PUSH SWITCHES. For bell or chimes, 
these can switch mains up to 5A so could be 
footswitch if fitted in pattress, pack of 2. Order Ref: 
263. 
MIXED SILICON DIODES. Pack of 50. Order Ref: 
293. 
SHADED POLE MAINS MOTOR. 3 4" stack, so quite 
powerful, pack of 1. Order Ref: 85. 
5" ALUMINIUM BLADES. Could be fitted to the 
above motor, pack of 2. Order Ref: 86. 
LUMINOUS ROCKER SWITCHES. 10A mains, pack 
of 4. Order Ref: 793. 
BATTERY MODEL MOTORS. Tiny, medium and 
large, pack of 3. Order Ref: 35. 
TEST PRODS FOR MULTIMETERS with 4mm sock-
ets. Good length. very flexible lead. Order Ref: D66. 
PAXOLIN PANELS, size 6" x 6", approximately ' 6" 
thick, pack of 2. Order Ref: D103. 
PIEZO BUZZER with electronic sounder circuit, 3V 
to 9V DC operated. Order Ref: 076. 
ROTARY SWITCH. 6 pole 6 way, small size and ' 4" 
spindle, pack of 2. Order Ref: D54. 
FERRITE RODS. 7" with coils for long and medium 
waves, pack of 2. Order Ref: D52. 
DITTO but without the coils, pack of 3. Order Ref: 
D52. 
SLIDE SWITCHES. SPDT, pack of 20. Order Ref: 
D50. 
TELESCOPIC AERIAL. Chrome plated, extendable 
and folds over for improved FM reception. Order Ref: 
1051. 
MES LAMP HOLDERS. Slide on to ' 4" tag, pack of 
10. Order Ref: 1054. 
PAXOLIN TUBING. ' 4" internal diameter. Pack of 2. 
12" lengths. Order Ref: 1056. 
HALL EFFECT DEVICES. Mounted on small heat' 
sink, pack of 2. Order Ref: 1022. 
PAXOLIN PANEL. 12" x 12". Order Ref: 1033. 
WHITE PROJECT BOX with rocker switch in top 
left-handed side, size 78mm x 115mm x 35mm, un-
printed. Order Ref: 1006. 
NEON PILOT LIGHTS. Oblong for front panel 
mounting, with internal resistor for normal mains 
operation, pack of 4. Order Ref: 970. 
WANDER PLUGS. Pack of 10. Order Ref: 986. 
ANOTHER PSU. Mains operated. output 15V AC at 
320mA. Order Ref: 989. 
230V ROD ELEMENTS. 750W terminal-ended, 10" 
long, pack of 2. Order Ref: 943. 
LOUDSPEAKER. 4" circular, 6ohm 3W, pack of 2. 
Order Ref: 951. 
VERO OFF-CUTS. Approximately 30 square inches 
of useful sizes. Order Ref: 927. 
PROJECT CASE.  95mm x 66mm x 23mm with 
removable lid, held by 4 screws, pack of 2. Order 
Ref: 876. 
SOLENOIDS. 12V to 24V. will push or pull. pack of 
2. Order Ref: 877. 
CROCODILE CLIPS. Superior quality, flex can be 
attached without soldering. 5 each red and black. 
Order Ref: 886. 
12V-0V-12V 10W MAINS TRANSFORMER. Order 
Ref: 811. 
18V-0V-18V 10W MAINS TRANSFORMER. Order 
Ref: 813. 

CAMCHARGER 
CAMCORDER BATTERY QUICK CHARGER 

Brand new and boxed, would make a wonderful 
present. Normal price £35, yours for £15, Order 
Ref: 15P73. 

BUMP 'N GO SPACESHIP KIT 
A wonderful present for a budding young 
electrician. It responds to claps and shouts and 
should it strike an object, it will set off in another 
direction. Kit contains all the parts and a 
youngster should be able to assemble but you 
might have to help with the soldering of the 
components on to the PCB. The assembly 
instructions are very detailed and explicit and 
providing he follows the step by step illustrations 
then a successful spaceship will result. Price £9. 
Order Ref: 9P9. 

INSULATION TESTER WITH MULTIMETER. 
Internally generates voltages which enables you 
to read insulation directly in Megohms. The multi-
meter has four ranges: AC/DC volts; 3 ranges 
resistance and 5 amp range. Ex-British telecom. 
tested and guaranteed OK, yours for only £7.50 
with leads, carrying case £2 extra, Order Ref: 
7.5P4. 
We have some of the above testers not working 
on all ranges, should be repairable, we supply 
diagram, £3, Order Ref: 3P176. 

MULTITESTER PT160 
Superior pocket size multi-
tester. 2000 ohm per volt 
and  mirrored  scale.  14 
ranges. AC and DC volts up 
to  500,  current  up  to 
250mA, 2 ohm ranges and 
2 very useful battery test 
positions.  Complete  with 
prods and booklet. price 
£6.95, Order Ref: 7P23. 

BIKE RADIO 
In fact, its more than a radio, its an alarm and a 
spotlight. Only one band but this is the FM band 
so will receive Radio 1 and 2. Comes complete 
with handlebar fixing clips. Price £4, Order Ref: 
4P72. 

A 16-IN-1 TOOL SET 
Ideal gift for the handyman. 6 different sizes 
of sockets, 2 normal screwdrivers, 2 Philips 
screwdrivers, one socket adaptor, one starter 
drill, one awl, one hammer and one power nail 
driver. All neatly packaged in a box, ready for this 
stocking. Price £3, Order Ref: 3P100B. 

SMART HIGH QUALITY ELECTRONIC KITS 
All kits are complete with PCB and other components in a blister 
pack. Smart catalogue, this gives full details and circuit diagrams of 
kits listed below and dozens of others, price is £1, deductable if you 
order kits to the value of £20. 
CAT. 
No. 
1002 
1003 
1004 
1005 
1008 
1010 

DESCRIPTION 

VU Meter, with I.e.d. display 
5W Electronic Siren 
Light Switch 
Touch Switch 
SF Function Generator 
5-input Stereo Mixer, with monitor 
output 

1011  Motorbike Alarm 
1016  Loudspeaker Protection Unit 
1023  Dynamic head preamp 
1024  Microphone preamp 
1025  7W HiFi Power Amplifier 
1026  Running Lights 
1027  NiCad Battery Charger 
1029  4 sound electronic siren 
1030  Light Dimmer 
1032  Stereo Tone Control 
1035  Space Sound Effects 
1038  AM/FM Aerial Amplifier 
1039  Stereo VU Meter 
1040  10W HiFi Power Amplifier 
1041  25W HiFi Power Amplifier 
1042  AF Generator, 250Hz-16kHz 
1043  Loudness Stereo Unit 
1047  Sound Switch 
1048  Electronic Thermostat 
1050  3-input HiFi Stereo Pre-amplifier 
1051  Touch Dimmer, with memory 
1052  3-input Mono Mixer 
1053  Electronic Metronome 
1054  4-input Instrument Mixer 
1056  8V-20V 8A Stabilized Power Supply 
1057  Cassette Head Pre-amplifier 
1058  Electronic Car Ignition 
1059  Telephone Amplifier 
1060  + 40V 8A Power Supply 
1062  5V 0.5A Stabilized Supply for TTL 

PRICE  CAT.  DESCRIPTION 
£  No. 
4.60  1063  12V 2A Power Supply 
2.53  1064  + 12V 0-5A Stabilized Supply 
3.22  1067  Stereo VU Meter, with I.e.d.s 
2.87  1068  18V 0-5A Stabilized Power Supply 
6.90  1069  Fluorescent Tube Unit from 12V d.c. 

1070  HiFi Pre-amplifier 
19.31  1071  4-input Selector 
3.20  1074  Drill Speed Controller 
3.22  1080  Liquid Level Sensor - Rain Alarm 
2.50  1082  Car Voltmeter, with I.e.d.s 
2.20  1083  Video Signal Amplifier 
2.53  1084  TV Line Amplifier 
4.60  1085  DC Converter, 12V to 6V or 7-5V or 9V 
3.91  1086  Music to light for your car 
3.00  1088  Kitt Scanner 
2.53  1089  LED Flasher/555 Tester 
4.14  1090  Stress Meter 
2.30  1093  Windscreen Wiper Controller 
1.61  1094  Home Alarm System 
4.60  1098  Digital Thermometer, with I.c.d. display 
2.76  1100  2 x 18W Integrated Amplifier 
4.60  1103  LED Power Meter 
1.70  1106  Thermometer with I.e.d.s 
3.22  1107  Electronics to help win the pools 
5.29  1109  40W HiFi Amplifier 
3.68  1112  Loudspeaker protection, with delay 
12.42  1113  2 x 18W Power Amplifier 
4.60  1115  Courtesy Light Delay 
6.21  1118  Time Switch with triac 0-10mins 
3.22  1123  Morse Code Generator 
2.76  1124  Electronic Bell 
12.42  1125  Telephone Lock 
3.22  1126  Microphone Pre-amplifier 
7.82  1127  Microphone Tone Control 
4.60  1128a Power Flasher 12V d.c. 
8.28  1130  Telephone Bug Detector 
2.30  1133  Stereo Sound-to-Light 

PRICE 

2.30 
3.22 
9.20 
2.53 
2.99 
7.47 
6.90 
2.76 
2.30 
7.36 
2.76 
1.84 
2.53 
4.60 
10.12 
1.61 
3.22 
3.68 
12.42 
11.50 
18.39 
1.84 
6.90 
3.68 
7.36 
4.60 
5.98 
2.07 
4.14 
1.84 
2.76 
3.68 
4.60 
4.60 
2.53 
3.20 
5.26 

FOR YOU  
A FREE GIFT 

An intricate little circuit unit with 
LCD and an opportunity to earn 
yourself pocket money, providing 
you  are  a customer  during 
December. 

TERMS 
Send cash, PO. cheque or quote credit card 
number - orders under £25 add £3 service charge. 

J & N FACTORS 
Pilgrim Works (Dept. E.E.). 
Stairbridge Lane, Bolney, 
Sussex RH17 5PA 

Telephone: 01444 881965 
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Regular Clinic    

CIRCUIT 
SURGERY 44' 
ALAN WINSTANLEY 

cZSZA 

Our monthly column for readers' queries and tips looks at a novel but 
effective reverse-voltage protection circuit, also "Zapping" of Nickel-
Cadmium cells, linking Le.d.s together, and how to Monitor a PSU output. 

Simple Protection 

HI RV S a further selection of readers' 
comments and queries, starting with 

a tollow-up from September's column. 
Geoff Kermode of Whitley Bay, Tyne & 
Wear, shares these simple tips with us. 
Geoff writes: 
Your reverse polarity protection system 

in September's Circuit Surgery reminds me 
of a simple GCSE CDT circuit I developed 
some time ago. This was a lighting system 
for a model railway using four 12V 20W 
dichroic bulbs. 
I used a 13.8V CB power supply 

which had 4mm terminals (binding posts). 
There was the possibility of reversing the 
polarity, which would have damaged the 
lighting system. 
As in many battery applications, it's 

necessary to minimise the voltage drop 
through the system to ensure maxi-
mum brightness at full power. Rectifiers 
couldn't be used because of this, so I 
designed the simple circuit of Fig. I. The 
voltage drop arises through relay contact 
resistance. Thick-gauge wires, and plenty 
of solder minimises losses too. 
At these high currents even the resis-

tance of a fuse can be significant. An led. 
or buzzer can be added as shown in Fig. 2 
to warn of incorrect polarity. 
Thank you very much for two excellent 

columns! 
Thanks for writing, and for the tips. 

With apologies to those who are less inter-
ested in batteries, but it's an immensely 
popular subject. Here are some tips from 
regular reader David Dewey of Bovingdon, 
Hens, who comments: 
I use a NiCad Charger and some 

tricks of mine may interest your readers. 
Most gadgets need two or more cells in 
series and often one discharges before the 
remainder. 
In order to prevent "memory build-up" 

I discharge the others individually through 
a diode in series with a resistor (about 22 
ohms for AA batteries). Thus, they are all 
fully discharged without dropping below 
about 0-6V. 
Sometimes, in general use, one cell falls 

to OV and stays that way, even after trying 
to recharge it. This hints at an internal 
short. It is worth trying to "zap" the cell 

with a heavy current (many amps) for a 
second or two. 
I use two or three charged cells in 

series, hooked in parallel to the "dud" 
cell with thick wire. A voltmeter across 
the dud NiCad will hopefully jump from OV 
after a few seconds, to about 1.2V. Then 
disconnect immediately! 
Finally, 1 mark NiCads of the same batch 

when purchased, and use cells from the 
same batch wherever possible to make a 
stack. This ensures good rotation of cells. 
"Zapping" of cells is sometimes prac-

tised prior to reading the Last Rites to a 
NiCad, it's a bit unofficial and you really 
must only "nuke" it for one to two seconds. 
The dendrites in the cell may form whiskers 
which can be fused away but it's a sure sign 
that the cell's on its way out! 
Also, younger readers should know that 

a cell is one individual 1.2V NiCad, these 
may be joined together in series to form a 
battery but they should not ordinarily be 

Fig 1. Using a relay to minimise volt-
age drop losses while offering reverse 
voltage protection. 

+/- TO RELAY 
CIRCUIT 

D3 
L E.D 

INPUT  8,  
I 2V D C  330 n 

D4 
1N4001 

Fig. 2. Adding a buzzer to warn of 
reverse battery polarity 

connected in parallel, because their volt-
ages will not be equal and one cell is likely 
to shunt the others. 

Keeping Tabs on.Batteries 
In last September's column I com-

mented on methods of soldering wires or 
tabs to batteries. From Mr Ken Maynard, 
by E-mail: 
With reference to soldering batteries, 

(Hot Batteries — September issue)! only do 
this if they have tags already fitted. Solder-
ing to any type of battery requires that the 
terminal top be cleaned with a file to 
remove the plating, then it's possible to 
solder the battery without overheating it. 
Also Ben Musson comments by E-mail: 

Many times I've soldered lengths of cable 
onto NiCads without any problem, using 
standard tin/lead solder. As long as the 
terminal surface is sufficiently roughened 
using sandpaper, the solder takes well and 
the cell does not get too warm. 
And from Christer Renberg of S-461 67 

Trollhattan, Sweden, comes further advice 
if you're having a ticklish time soldering 
those stubborn substances. 
My suggestion is to use a solder called 

"KR-19" that wets on stainless steel and 
other difficult materials. It's made by Almit 
of Japan with a very effective fluxing agent 
that wets on almost any metal without the 
need for excessive heat. 
I learned this trick when I was involved 

in trying to grade and recycle surplus 
electronic equipment. I set my tempera-
ture-controlled iron to 370°C and wet both 
surfaces together with KR-I9 super-solder. 
Good luck with your soldering! 
Solder KR-19 isn't a product I've come 

across. Does anyone have any alterna-
tives or further information? I'm also very 
pleased to see that p.c.b. holders are at 
last becoming available for coin cells, e.g. 
Maplin Order Code GUO0A et al, or Far-
nell Stock Code 676-482. Maplin also 
stock a further range of snap-in battery 
clips for p.c.b. use. 
(Open  the  new  Maplin  "MPS" 

catalogue and you could be forgiven for 
thinking  you've  picked  up  an  RS 
Components  catalogue  by  mistake: 
however, the MPS catalogue is, in my 
opinion, now easily the best one available 
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in this market and I strongly recommend 
that you buy a copy.) Incidentally, coin 
cell dimensions are a topic I'm hoping to 
tackle in a future column. 
General soldering tips were offered in the 

series Build Your Own Projects (Dec '96) 
which continues in this issue. I have, in-
cidentally, been absolutely astonished by 
the interest shown in this series, and I thank 
everyone who's kindly contacted us to say 
how much they've enjoyed reading it. 
We're hoping to put an "on-line" guide 

to soldering with extra photos onto the 
Internet at our World Wide Web site 
(http://www.epemag.wimborne.co.uk), 
following several requests from Internet 
users everywhere. If you have any queries 
or comments arising from the Build Your 
Own Projects series, why not share them 
and drop Circuit Surgeryaline? 

Parallel Bars 
Mr. Soar of Doncaster raised a query 

concerning the use of light-emitting diodes 
(1.e.d.$) in parallel. He writes: 
I recently saw a suggested circuit show-

ing two I.e.d.s. being driven in parallel 
with each other, should they not be con-
nected in series to prevent a "current 
hogging" effect? 
Preferably, yes. Otherwise the one with 

the lowest forward voltage will "shunt" 
the others, and it will draw an unfair share 
of the available current. 
The "hog" will often be the brightest 

1.e.d. whilst the others may not be as bright 
as they could be. The remedy is to en-
sure that each has its own series dropper 
resistor, or you could place the devices in 
series instead. 

Interestingly, some super-large seven-
segment displays (say 70 to 100mm high) 
use an internal combination of parallel and 
series I.e.d.s: e.g. Maplin's 100mm display 
(Order Code JX86T) uses no less than 
eight 1.e.d. chips per segment: two 1.e.d.s 
in parallel, then each parallel pair in series 
four times; if you see what I mean. 

Bench Metering 
Constructing a Bench Power Supply? Mr 

Alan McCusker is! A small problem with 
monitoring the output voltage and current is 
easily solved. Mr McCusker writes: 
I enclose a circuit diagram of a 723-

based power supply I'm making, to which I 
would like to add two meters (analogue. 
moving iron) to monitor the voltage and 
current. I would appreciate any help or 
advice to enable me to connect them. 
No problem, ammeters are placed in 

series with the current being measured, 
whilst a voltmeter measures the poten-
tial difference between two points. Fig. 3 
shows how. Also a double-pole single-
throw switch is useful for isolating the 
power from the load instantly. 
Usually, switching off the mains supply 

does not instantaneously power-down the 
load, because a voltage remains across the 
p.s.u.'s smoothing capacitors for a short 
period. Hence the d.p.s.t. switch following 
the p.s.u. 
A cute trick is to add a "constant 

current" I.e.d. directly across the supply 
rails; this needs no resistor and will light 
whenever the d.c. supply is switched on, 
provided it exceeds a few volts. If the I.e.d. 
extinguishes, then you may have a direct 
short across your power supply. The trouble 

Fig. 3. Metering a power supply. 

is, these 1.e.d.s. suddenly seem incredibly 
hard to obtain. Can anyone help? 
One quite important point though, con-

cerns your choice of meter. Usually, 
moving coil types are used, or if you can 
afford it, a digital voltmeter instead. Not 
many constructors may be aware that if 
you bolt a moving iron meter to a steel 
panel, you may seriously affect the ac-
curacy of the meter readings. Aluminium 
panels seem OK though. 

At your service 
Circuit Surgery is your page. If you 
have  any  questions  to ask  or 
comments to make, please write to 
Alan Winstanley, Circuit Surgery, 
Wimbome Publishing Ltd., Allen 
House, East Borough, Wimbome, 
Dorset  BH21  I PF.  E-mail 
alan@epemag. demon.co.uk 

M E M  Greenweld has been established 
GREEN WELD for 23 years specialising in buying 

surplus job lots of Electronic 
Components and Finished Goods 

We also keep a wide range of new stock regular lines. Why 
not request our 1997 Catalogue and latest Supplement 
- both absolutely FREE! 

BECOME A BARGAIN UST SUBSCRIBER TO SEE WHAT'S 

ON OFFER BEFORE IT'S ADVERTISED GENERALLY 

Standard Bargain List Subscription 
For lust £6 X a year UK/BFPO (£10.00 overseas), well send you The 
Greenweld Guardian every month With this newsletter comes our 
latest Bargain List giving details of new surplus products available and 
details of new lines being stocked Each issue is supplied with a 
personalised Order Form and details of exclusive offers available to 
Subscribers only 

Gold Bargain List Subscription 
For just £1200 a year (£20(X overseas) the GOLD Subscriber category 
offers the following advantages 
o The  Greenweld Guardian and latest Bargain  List every 

month, together with any brochures or fliers from our suppliers 
O A REDUCED POSTAGE RATE of£1 50 (normally £3 00) for all 

orders (UK only) and a reply paid envelope 
O 5% DISCOUNT on all regular Catalogue and Bargain List items 

So Don't Miss Out - Subscribe Today! 

19.97 CATALOGUE OUT NOW! 
Greenweld • 27D Park Road 
Southampton • S015 3UQ 
TELEPHONE: 01703 236363 

FAX: 01703 236307 
INTERNET: http://www.herald.co.uk/clients/G/ 

Greenweld/greenweld.html 

Our stores (over 10,000 sq Li) have 
enormous stocks. We are open 8.00 
am - 5.30 pm Monday to Saturday 
Come and see us! S WITCH 
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LEveryday Practical Electronics Books 
pROJ 

ELECTRONIC PROJECTS - BOOK 1 
Published  by  Everyday  Practical  Electronics  in 
association with Magenta Electronics. 
Contains twenty of the best projects from previous 
issues of EE each backed with a kit of components. 
The projects are:  Seashell Sea Synthesiser,  EE 
Treasure Hunter, Mini Strobe, Digital Capacitance 
Meter, Three Channel Sound to Light, BBC 16K 
Sideways Ram, Simple Short Wave Radio, Insula-
tion Tester, Stepper Motor Interface, Eprom Eraser, 
200MHz Digital Frequency Meter, Infra Red Alarm, EE 
Equaliser Ioniser, Bat Detector, Acoustic Probe, Mains 
Tester and Fuse Finder, Light Rider - (Lapel Badge, 
Disco Lights, Chaser Light), Musical Doorbell, Function 
Generator, Tilt Alarm,  10W Audio Amplifier, EE 
Buccaneer Induction Balance Metal Detector, BBC Midi 
Interface, Variable Bench Power Supply, Pet Scarer, 
Audio Signal Generati, 
128 pages (44 size)  ['1  Ti  £2.45 

ELECTRONICS TEACH-IN 8689 - 
INTRODUCING MICROPROCESSORS 
Mike Tooley BA (published by Everyday Practical 
Electronics) 
A complete course that can lead successful readers to 
the award of a City and Guilds Certificate in Introduc-
tory Microprocessors (726)303). The book contains 
everything you need to know including full details on 
registering for assessment, etc. Starting with basic 
terminology, integrated circuits, logic families and 
numbering systems the text builds . in stages, with 
revision and assessments built in, up to programming, 
languages, flow charts, etc. The course is ideal for the 
newcomer to the subject. 
80 pages (44 size) Order code TI-88/89 £2.45 

ELECTRONICS TEACH-IN No. 6 
DESIGN YOUR OWN CIRCUITS 
(Published by Everyday Practical Electronics) 
Mike Tooley BA 
This  book  is designed  for  the  beginner  and 

XI V 

experienced reader alike, and aims to dispel some of 
the mystique associated with the design of electronic 
circuits. It shows how even the relative newcomer to 
electronics can, with the right approach, design and 
realise quite complex circuits. 
Fourteen individual p.c.b. modules are described 

which, with various detailed modifications, should 
allow anyone to design and construct a very wide 
range of different projects. Nine "hands-on" complete 
DIY projects have also been included so readers can 
follow the thinking behind design, assembly, con-
struction, testing and evaluation, together with sug-
gested "mods" to meet individual needs. The practical 
projects have each been designed to stand on their 
own as complete items of equipment. P.C.B.s for all 
the modules and projects are available by mail order. 
The subjects covered in each chapter of the book 

are: Introduction and Power Supplies: Small Signal 
Amplifiers: Power Amplifiers: Oscillators: Logic Cir-
cuits; Timers; Radio; Power Control; Optoelectronics. 
The nine complete constructional projects are: 

Versatile Bench Power Supply; Simple Intercom; 
Bench Amplifier/Signal Tracer; Waveform Generator; 
Electronic Die; Pulse Generator; Radio Receiver; Disco 
Lights Controller; Optical Communications Link. 
136 pages (A4 size)  Order code 116  £3.45 

TEACH-IN No. 7 plus FREE Software 
ANALOGUE AND DIGITAL 
ELECTRONIC COURSE 
(Published by Everyday Practical Electronics) 
Alan Winstanley and Keith Dye 
B.Eng(Tech)AMIEE 
The highly acclaimed Teach-In series, which included 
the construction and use of the Mini Lab and Micro 
Lab test and development units, has been put together 
in book form. Additionally EPT Educational Software 
have developed a GCSE Electronics software program 
to compliment the course and a FREE DISC covering 
the first two parts of the course is included with the 
book. 

DIRECT 
BOOK 
SERVICE 
The books listed have been 
selected by El eryday Praciica/ 
Eke/ranks editorial staff as 
being of special interest to 
everyone involved in elec-
tronics and computing. They 
are supplied by mail order 
direct to your door. Full 
ordering details are given on 
the last book page. For another 
selection of books see next 
month's issue. 

An interesting and thorough tutorial series aimed 
specifically at the novice or complete beginner in elec-
tronics. The series is designed to support those un-
dertaking either GCSE Electronics or GCE Advanced 
Levels, and starts with fundamental principles. 
If you are taking electronics or technology at school 

or college, this book is for you. If you just want to 
learn the basics of electronics then this is for you. 
If you are teaching electronics or technology you 
must make sure you see it. Teach-In No. 7 will be 
invaluable if you are considering a career in elec-
tronics or even if you are already training in one. The 
Mini Lab and software enable the construction and 
testing of both demonstration and development cir-
cuits. These learning aids bring electronics to life 
in an enjoyable and interesting way: you will both 
see and hear the electron in action! The Micro Lab 
microprocessor add-on system will appeal to higher 
level students and those developing microprocessor 
projects. 
152 pages (A4 size)  £3.95 

Computers and Computing 
HOW TO CHOOSE A SMALL BUSINESS 
COMPUTER SYSTEM 
D. Weale 
This book is for anyone intending to buy an IBM com-
patible computer system, whether it is their first system 
or a replacement. There are sections on hardware, ap-
plication and systems programs and how to actually 
make your choice as well as sections on the law, er-
gonomics and a glossary of common terms. 
The text contains many useful tips and some warn-

ings (which could save much effort and expense). 
114 pages  Order code BP323  £4.95 

MAKING MS-DOS WORK 
FOR YOU (covers version 6.2) 
N. Kantanis ft P R. M. Oliver 
This book was written with the busy person in mind 
and, as such, it has an underlying structure based on 
"what you need to know first, appears first". Nonethe-
less, the book has also been designed to be circular, 
which means that you don't have to start at the begin-
ning and go to the end. 
The book explains: How to write customised batch 

files which allow you to display what you want on 
your screen, and in the form and order you want it, 
instead of being forced to use the DOS prompt on a 
blank screen. How to design and set up a fast 
interactive and professional looking menu system, so 
that you or anyone else can run utility applications 
or commercial software packages easily. How the 
ANSI.SYS display and keyboard commands can be 
used to position the cursor on any part of the screen, 
change the intensity of the displayed characters or 
change their colour. How the Edit screen editor or the 
Edlin line editor can be used to enter ESCape 
(ANSI.SYS) commands into simple ASCII files to allow 
control of both your screen display and your printer. 
How to control the operation of the two main types of 
printers in use today, Epson compatible dot matrix 
and HP compatible laser printers. How to use several 
routines, such as moving and finding files, protecting 

files from accidental erasure, a simplified backup 
process, a screen saver, and a disc cataloguing 
system. 
The Debug program and how it can be used to 

create, see and change the contents of any file, includ-
ing those of programs written in assembler code. This 
includes how to find your way around the names and 
tasks of the CPU registers and the meeting of some 
simple assembler mnemonics. 
182 pages  Order code 9P319  £4.95 

MULTIMEDIA ON THE PC 
Ian R. Sinclair 
In this book, you'll find out what a CD ROM is, how it 
works, and why it is such a perfect add-on for a PC, 
allowing you to buy programmes, text, graphics and 
sound on a CD. It also describes the installation of a 
CD ROM drive and a sound card, pointing out the 
common problems that arise, and then shows how to 
use them to create a complete multimedia presenta-
tion that contains text, photos, a soundtrack with your 
own voice recorded as a commentary, even animation 
and edited video footage. 
184 pages  Order code P 112  £11.95 

A CONCISE INTRODUCTION TO MS-DOS 
N. Kantaris 
(Revised Edition Covers Version 6.2) 
This guide is written with the non-expert, busy person 
in mind and, as such, it has an underlying structure 
based on "what you need to know first, appears first". 
Nevertheless, the guide is also designed to be circular, 
which means that you don't have to start at the begin-
ning and go to the end. The more experienced user 
can start from any section. 
176 pages  Order code BP232  £3.95 

UNDERSTANDING PC SPECIFICATIONS 
R. A. Penfold (Revised Edition) 
If you require a microcomputer for business applica-
tions, or a high quality home computer, an IBM PC or 
compatible is often the obvious choice. They are com-
petitively priced, and are backed up by an enormous 
range of applications programs, hardware add-ons, 
etc. The main difficulty for the uninitiated is deciding 
on the specification that will best suit his or her needs. 
PCs range from simple systems of limited capabilities 
up to complex systems that can happily run applica-
tions that would have been considered beyond the 
abilities of a microcomputer not so long ago. It would 
be very easy to choose a PC system that is inadequate 
to run your applications efficiently, or one which goes 
beyond your needs and consequently represents poor 
value for money. 
This book explains PC specifications in detail, and 

the subjects covered include the following: Dif-
ferences between types of PC (XT, AT, 80386, etc); 
Maths co-processors; Input devices (keyboards, mice, 
and digitisers); Memory, including both expanded 
(EMS) and extended RAM; RAM disks and disk 
caches; Floppy disk drive formats and compatibility; 
Hard disk drives (including interleave factors and 
access times); Display adaptors, including all standard 
PC types (CGA, Hercules, Super VGA, etc); Contains 
everything you need to know if you can't tell your 
EMS from your EGA! 
128 pages  Order code BP282  £4.95 

AN INTRODUCTION TO 6800 ASSEMBLY 
LANGUAGE 
R. A. b J. W. Penfold 
Obtain a vast increase in running speed by writing pro-
grams for 6800 based micros such as the Commodore, 
Amiga, Atari ST range or Apple Macintosh range etc., in 
assembly language. It is not as difficult as one might think 
and this book covers the fundamentals. 
112 pages  Order code BP184  £2.95 
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Circuits and Design 
PRACTICAL ELECTRONIC FILTERS 
Owen Bishop 
This book deals with the subject in a non-mathematical 
way. It reviews the main types of filter, explaining in 
simple terms how each type works and how it is used. 
The book also presents a dozen filter-based projects 

with applications in and around the home or in the 
constructor'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 
principle of each one is explained in concise but com-
prehensive 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 1 11  £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  106  £8.95 

ELECTRONIC CIRCUITS FOR THE COMPUTER 
CONTROL OF ROBOTS 
Robert Penfold 
Robots and robotics offer one of the most interesting 
areas for the electronics hobbyist to experiment in. Today 
the mechanical side of robots is not too difficult, as there 
are robotics kit and a wide range of mechanical com-
ponents available. The microcontroller is not too much of 
a problem either, since the software need not be terribly 
complex and many inexpensive home computers are well 
suited to the task. 
The main stumbling block for most would-be robot 

builders is the electronics to interface the computer to the 
motors, and the sensors which provide feedback from the 
robot to the computer. The purpose of this book is to 
explain and provide some relatively simple electronic 
circuits which bridge this gap. 
92 pages  Temporarily out of print 

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 includes 
circuits for the 707 common anode display. 
64 pages  • rder code BP42  £1.95 

BOOK 2 50 more Le d ,r, 
50 pages  • rder code BP87  £1.95 

CIRCUIT SOURCE BOOK 1 
A. Penf old 
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 con-

cerned with analogue signal processing and include: 
Audio amplifiers (op.amp and bipolar transistors); audio 
power amplifiers; d.c. amplifiers; highpass, lowpass, 
bandpass and notch filters; tone controls; voltage con-
trolled amplifiers and filters; triggers and voltage com-
parators; gates and electronic switching; bargraphs; 
mixers; phase shifters, current mirrors, hold circuits, etc. 
Over 150 circuits are provided, which it is hoped will be 

useful to all those involved in circuit design and applica-
tion, be they professionals, students or hobbyists. 
182 pages  Irder code BP321  £4.95 

A BEGINNER'S GUIDE TO TTL DIGITAL ICs 
R. A. Penfold 
This book first covers the basics of simple logic circuits 

in general, and then progresses to specific TTL logic 
integrated circuits. The devices covered include gates, 
oscillators, timers, flip/flops, dividers, and decoder circuits. 
Some practical circuits are used to illustrate the use of TTL 
devices in the "real world" 
142 pages  re177.17-1̂r7:1121‘71  

CIRCUIT SOURCE BOOK 2 
R. A. Penfold 
This book will help you to create and experiment with 
your own electronic designs by combining and using 
the various standard "building blocks" circuits provided. 
Where applicable, advice on how to alter the circuit 
parameters is provided. 
The circuits covered are mainly concerned with signal 

generation, power supplies, and digital electronics. 
The topics covered in this book include: 555 oscil-

lators; sinewave oscillators; function generators; CMOS 
oscillators; voltage controlled oscillators; radio frequency 

oscillators; 555 monostables; CMOS monostables; TTL 
monostables; precision long timers; power supply and 
regulator circuits; negative supply generators and voltage 
boosters; digital dividers; decoders, etc; counters and 
display drivers; D/A and A/D converters; opto-isolators, 
flip/flops, noise generators, tone decoders, etc. 
Over 170 circuits are provided, which it is hoped will be 

useful to all those involved in circuit design and applica-
tion, be they professionals, students or hobbyists. 
192 pages  Order code BP322  £4.95 

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  £2.95 

Project Building 
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 applica-
tions, but they are all worth a try for their interest 
value alone. 
The subjects covered include:- Magnetic field detec-

tor, Basic Hall effect compass, Hall effect audio isolator, 
Voice scrambler/descrambler, Bat detector, Bat style 
echo location, Noise cancelling, LED stroboscope, Infra-
red "torch", Electronic breeze detector, Class D power 
amplifier, Strain gauge amplifier, Super hearing aid. 
138 pages  Order code BP371  £4.95 

PRACTICAL FIBRE-OPTIC PROJECTS 
R. A. Penfold 
While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics en-
thusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide 
an innovative interesting alternative to electric cables, 
but in most cases they also represent a practical ap. 
proach to the problem. This book provides a number of 
tried and tested circuits for projects that utilize fibre-
optic cables. 
The projects include:- Simple audio links, F.M. audio 

link, P.W.M. audio links, Simple d.c. links, P.W.M. d.c. 
link, P.W.M. motor speed control, RS232C data links, 
MIDI link, Loop alarms, RPM. meter. 
All the components used in these designs are readily 

available, none of them require the constructor to take 
out a second mortgage. 
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 prac-
tical side of this fascinating hobby, including the follow-
ing topics: 
Component identification, and buying the right parts; 

resistor colour codes, capacitor value markings, etc; 
advice on buying the right tools for the job; soldering; 
making easy work of the hard wiring; construction 
methods, including stripboard, custom printed circuit 
boards, plain matrix boards, surface mount boards and 
wire-wrapping; finishing off, and adding panel labels; 
getting "problem" projects to work, including simple 
methods of fault-finding. 
In fact everything you need to know in order to get 

started in this absorbing and creative hobby. 
135 pages  Order code BP392  £4.95 

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 experience and 
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  • rder 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 cir-
cuit board designs from magazines and books and 
covers all aspects of simple p.c.b. construction includ-
ing photographic methods and designing your own 
p.c.b.s. 
80 pages  £2.50 

A BEGINNER'S GUIDE TO MODERN ELECTRONIC 
COMPONENTS 
R. A. Penf old 
The purpose of this book is to provide practical in-
formation to help the reader sort out the bewilder-
ing array of components currently on offer. An ad-
vanced knowledge of the theory of electronics is not 
needed, and this book is not intended to be a course 
in electronic theory. The main aim is to explain the 
differences between components of the same basic 
type (e.g. carbon, carbon film, metal film, and wire. 
wound resistors) so that the right component for a 
given application can be selected. A wide range of 
components are included, with the emphasis firmly 
on those components that are used a great deal in 
projects for the home constructor. 
166 pages  Order code BP285  £3.95 

ELECTRONICS SIMPLIFIED - CRYSTAL SET 
CONSTRUCTION 
F. A. Wilson, C.G.I.A., C.Eng., FLEE., ELE.R.E., 
F.B.I.M. 
Especially written for those who wish to participate in 
the intricacies of electronics more through practical 
construction than by theoretical study. It is designed 
for all ages upwards from the day one can read intel-
ligently and handle simple tools. 
80 pages  Order code BP92  £1.75 

DIRECT BOOK SERVICE 
ORDERING DETAILS 

Please state the title and order code clearly, print your name and address and add 
the required postage to the total order. 
Add £1.50 to your total order for postage and packing (overseas readers add £3 

for countries in the EEC, or add £6 for all countries outside the EEC, surface mail 
postage) and send a PO, cheque, international money order (£ sterling only) made 
payable to Direct Book Service or credit card details (including card expiry date), 
Visa or Mastercard (Access) — minimum credit card order is £5 — quoting your name 
and address, the order code and quantities required to DIRECT BOOK SERVICE, 
33 GRAVEL HILL, MERLEY, WIMBORNE, DORSET BH21 1 RW (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. Overseas 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. 
Allen House, East Borough, Wimborne, Dorset BH21 1PF. Tel 01202 881749 Fax 01202 841692 
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PCB Designer VISA 

Amex/Access/Delta/Visa 

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 monitor 

For Windows 3.1, '95 or NT 

al Fie Edilt 

+5 

aoard 
/ex t ar,ay Window tielP 

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. 

et-i 1 A o•'‘ 

.1eletpi ft 
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 pcb@niche.demon.co.uk. 

ft 
c)L "LI 

CH 0 
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Niche Software (UK) 

Ch1 

• • 

II 

IR 

v Produce Single or Double sided PCBs. 
v Print out to any Windows supported printer. 
Toolbar for rapid access to commonly 
used components. 
v Helpful prompts on screen as you work. 
v Pad, track & IC sizes fully customisable. 
v No charges for technical support. 
si Snap-to grid sizes 0.1", 0.05" 0.025" 
and unrestricted. 
siSMT pads and other pad shapes. 
Prints at the resolution of your printer, much 
his her than the screen shot shown here. 

12 Short Hedges Close, Northleach, Cheltenham, GL54 3PD Phone (01432) 355 414 

Available in South Africa from JANCA Enterprises, PO Box 32131, 9317 Fichardtpark at R299,00 
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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, Wimbome, 
Dorset BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot 
reply to orders or queries by Fax); E-mail: editorial@epemag.wimborne.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. 

Special KNOCK DOWN SALE of PCBs. 
We have a few p.c.b.s left from past projects 
these are being offered at the knock down 
price of £2.00 each - no matter what size 
they are (some of these boards are worth 
over £15.00 each) while stocks last. This 
price includes VAT and UK post - overseas 
orders please add 50p postage (or £1 per 
board for airmail postage). 
Audio Lead Tester 641; Hand Tally, main board 

699 and display board 700; Modular Disco Liohts - Masterlink 752 - 
Dimmer Interlace 765; Knockerbox 775; Car Electric Window Enhancer, 821: 
Electronic Fire, 820; Electronic Snooker Scoreboard, 832; Bike Odometer 
(pair of boards), 836/7; Amstrad PCW A to D Converter (double-sided), 838: 
Kettle Alert, 843; Linear Power Supply (double-sided), 844; RIAA Pre-Amp 
module, 847; 1W Stereo Amplifier, 851; Auto Alarm, 854; Visual Doorbell. 
863; CCD TV Camera - Control Board, 865; Telephone Ring Detector, 864: 
CCD TV Camera - Combined Video, Test & Ext Plug Boards, 866a/e - Frame 
Grab Control, 867; EPE SounDAC PC Sound Board, 868; Stereo Noise Gate 
873; Capacitance/Inductance Meter 876; Digital Water Meter - Scaler, 878 - 
Counter/Display, 879; Microprocessor Smanswitch, 881; Microcontroller P.I. 
Treasure Hunter 882. 

Any of the above for just £2 each inc. VAT and p&p. 

Back numbers or photostats of articles are available see the 
Back Issues page for details. 

£2.00 
EACH 
inc. VAT 
and p&p 

PROJECT TITLE Order Code Cost 

Experimental Electronic Pipe Descaler AUG'93 839 £5.50 

Simple TENS Unit  MAY'94 875 £5.84 
L.E.D. Matrix Message Display Unit (Special Offer Price) 
Boards 870, 871, 872 and 880 870/1/2/80 £18.00 

877 £6.56 Advanced TENS Unit  JUN'94 

874 £5.82 Print Timer  JULY 94 
Watering Wizard 883 £6.60 

Simple NiCad Charger 884 £4.98 
Stereo HiFi Controller - 1 Power Supply 886 £5.66 

Stereo HiFi Controller - 2  AUG'94 
Main Board 887 £7.39 

Expansion/Display Boards (pair) 888 £9.80 

Dancing Fountains - 1 Pre.amp 889 £5.28 
Pump Controller 890 £5.41 
Filter 891 £5.23 

6802 Microprocessor Development Board 894 £9.15 

Dancing Fountains - 2  SEPT'94 
892 £10.90 PC-Compatible Interface (double-sided) 

Seismograph - 1 Sensor/Filter 896 £6.23 

Clock/Mixer 897 £5.87 

3-Channel Lamp Controller 899 £8.17 

Seismograph - 2  OCT'94 
898 £10.72 PC-Compatible Interface (double-sided) 

Visual/Audio Guitar Tuner 900 £7.55 

Hobby Power Supply 902 £5.00 

Audio Auxiplexer - Control Board 903 £7.72 

Receiver 904 £6.24 

Power Controller  NOV 94 905 £4.99 

1000V/500V Insulation Tester 906 £5.78 

Active Guitar Tone Control 907 £4.50 

TV Off -er  (pair) 908/909 £7.25 

Video Modules - 1 Simple Fader 910 £5.12 
Improved Fader 911 £6.37 
Video Enhancer 912 £5.15 

Rodent Repeller  DEC 94 913 £6.26 

EPE Fruit Machine 914 £8.14 
Video Modules -2 Horizontal Wiper 916 £6.23 

Vertical Wiper 917 £6.35 
4-Channel Audio Mixer 918 £6.20 

Spacewriter Wand 921 £4.00 

Universal Digital Code Lock 922 £6.25 
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PROJECT TITLE Order Code Cost 

Video Modules - 3  JAN'95 
Dynamic Noise Limiter 919 £5.92 
System Mains Power Supply 920 £4.98 

Magnetic Field Detector 923 £5.77 
Model Railway Track Cleaner 924 £5.11 
Moving Display Metronome 925 £6.24 

The Ultimate Screen Saver  FEB'95 927 £5.66 
Foot-Operated Drill Controller 928 £5.73 
Model Railway Signals 929 £5.96 
12V 35W PA Amplifier 930 £12.25 

Multi-Purpose Thermostat  MA'95 931 £6.30 
Multi-Project PCB 932 £3.00 
Sound-Activated Switch 
Audio Amplifier 
Light Beam Communicator (2 boards required) 
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 Supply (pair) 937a/b £6.10 

MIDI Pedal 938 £7.78 
Club Vote Totaliser 939 £6.05 
PIC-DAIS 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 
IA 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 (Teach-In '96) 960 £6.15 
Stereo "Cordless " Headphones  DEC 95 
Transmitter 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 and 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  MAR'96 976 £6.12 
*PIC-Electric - Sensor/PSU - Control I !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 
B.F.O. and Bat Band Converter  MAY'96 984a/b £5.80 
Versatile PIR Detector Alarm 988 £6.76 
Mind machine Mk III - Tape Controller 989 £6.70 
Midi Analyser 992 £6.74 
Countdown Timer (Teach-In '96) 993 £9.44 

PROJECT TITLE Order Code Cost 

Sarah's Light  JUNE'96 996 £7.17 
Home Telephone Link 997 (pr) £10.72 
*PulStar 998 £6.60 
VU Display and Alarm 999 £7.02 

Ultra-Fast Frequency Generator  JULY'96 
994/995 (pr) £12.72 and Counter - Oscillator/L.C.D. Driver 

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 - Transmitter/Receiver 

Component Analyser (double sided p.t.h.) 105 £12.18 
Garden Mole-Ester 106 £6.07 
Mobile Miser 107 £6.36 
Bike Speedo 108 £6.61 

• PIC-lock 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 Timer 113 £6.63 

Video Fade-to-White  OCT 96 114 £6.98 
Direct Conversion 80m Receiver 116 £7.52 
Vehicle Alert 117 £6.55 
10MHz Function Generator 
- 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  D  '96 
(double-sided p.t.h.) 121 £22.00 
* PIC Digital/Analogue Tachometer 127 £7.23 
Stereo Cassette Recorder 
Playback/PSU 128 £7.94 
Record/Erase 129 £9.04 

Earth Resistivity Meter  JAN'97 
Current Gen. - Amp/Rect. 131/132 (pr) £12.70 
Theremin MIDI/CV Interface (Double sided p.t.h.) 130 (set) £40.00 
Mains Failure Warning 126 £6.77 

EPE SOFTWARE 
Software programs for the EPE projects marked above with an asterisk 
(*) are available altogether on a single 3.5 inch PC-compatible disk, or 
as needed via our Internet site. The same disk also contains the 
following additional software: Simple PIC16C84 Programmer (Feb '96). 
PIC Disassembler (unpublished). 
The disk (order as "PIC-disk") is available from the EPE PCB 
Service at £2.50 (UK) to cover our admin costs (the software it-
self is free). Overseas £3.10 surface mail, £4.10 airmail. Alterna-
tively, the files can be downloaded free from our Internet FTP site: 
ftp://ftp.epemag.wimborne.co.uk. 

T  EPE PRINTED CIRCUIT  1 1  1 
I  BOARD SERVICE  1 I i 
PriceI Order Code Project Quantity I  
I  I 
I   I 
I Name   I 
I  I 
I Address   I 
I  I 
I   I 
I  I 
I   I 
I I enclose payment of £  (cheque/PO in £ sterling only) to I 
I 
I v i  i  Everyday  I 
I  Practical Electronics  C D 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 

Please supply name and address of cardholder of dufferent from the address shown  • 
••• M I M O  O M  N M  IMO  M I  M I  M I  M I  1 Mi  . . . . . 
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SURFING THE INTERNET 

NET WORK 
ALAN WINSTANLEY 

WELCOME to our page for Internet users! First, an update of 
developments on our web site: the URL as always is 

htp://www.epemag.wimborne.co.uk  Now there is a Back 
Issues Order Form which enables you to place orders by E-mail, on 
line. This method is currently "insecure" until the Secure Server is 
running, but it provides a convenient and reasonably safe way of 
purchasing by credit card. You can browse the form to find out 
which back issues are available. Also, all you need to know about 
our Fax on Demand service (UK only), is now on /epeonfax.htm. 
Files for the Earth Resistivity Meter and Theremin MIDIICV 
Interface are on our FTP site in the sub directory PICS. 

Here is the News 
Internet users often hear about "news", but in our context, 

"news" has nothing to do with reporting current affairs at all! More 
correctly called Usenet (Unix User Network), this system allows 
like-minded users to circulate topical comments, questions, and 
a whole lot more, to anyone "subscribing" to their particular 
"newsgroup". 
There are some 20,000 different newsgroups now available 

covering virtually every topic imaginable.  Newgroups do 
business under such prosaic names as sci.electronics.basic or 
comp.infosystems.www.authoring, rec.antiques.radio + phono, 
rec.autos.makers.vw.aircooled, and a whole lot more besides! 
Usenet consists of global E-mail messages circulating around the 

planet, which will be delivered to the computers of everyone sub-
scribing to those particular newsgroups, whenever they dial up to 
access the Internet. An individual newsgroup relates to one par-
ticular area of interest. 
If you're into alt.music.makers.theremin, for example, you can 

raise a question ("start a new thread") and "post" it to that 
newsgroup. Your question will then be read by every other Usenet 
reader who subscribes to that same newsgroup. It's a bit like 
sending an E-mail to every other member of the same club. 
Others may respond by posting a "follow up" to your query. 

You will be able to read this on your own screen when you 
download the latest news via your Service Provider. Other users 
too will join in by adding further follow-ups themselves. Thus, 
the thread develops and branches out, and it's not uncommon 
for a simple query to explode into a thread containing several 
hundred follow-ups, all of which you may choose to read on 
your own screen. 

A Soft Line 
Software makes life easy. It's very desirable to use an "off-

line newsreader" (examples include Turnpike and Forte Free 
Agent) which will enable you to quickly dial up the Internet, 
send and receive news messages, and then hang-up. The act 
of physically browsing the news on-screen, can be performed 
while you are disconnected, in order to save the phone bill. You 
can compose your own follow-ups, off-line, too. 
Most groups are unmoderated, so things are a bit of a free for 

all. Groups have a "charter" which is a mutually-agreed and 
formal policy of what may and may not be posted there — the 
idea being to discourage users from clogging up a newsgroup 
with unwanted or "off-topic" traffic. Very occasionally, things 
may become unpleasant when tempers fray. 

Netiquette 
Many newsgroups are discussion groups in which participants 

have a healthy respect for other readers of the group. The 
principles of so-called "netiquette" apply, which embrace the 
generally common-sense rules of courtesy and consideration. 
Failure to observe such netiquette may attract "flames" — 
hostile messages from disgruntled Usenet users, both publicly 
(in the newsgroup) and by personal E-mail! Thus, the system 
polices itself. 
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After a complete re-organisation, 
includes the following "top levels": 
comp  Anything to do with computer software or hardware e.g. 

comp.lang.c + + 
news  Usenet administration matters, e.g. news.ad m in.m isc 
rec  Recreation, past-times, e.g. rec.aquaria.marine.misc 
sci  Science-related areas. e.g. sci.agriculture.beekeeping 
alt  "Alternative" newsgroups, e.g. alt.alien.visitors or 

alt.animals.horses.icelandic! 
There are many more groups which were created outside of 

the formal Usenet structure but which circulate in much the 
same way. For example, demon.service is a place where cus-
tomers of  London-based Demon Internet Services Ltd. can 
voice their complaints. Demon.local is the equivalent of chat-
ting at a bar somewhere in England, and so on. Thus, Usenet 
offers a fountain of worthwhile information which can help 
solve many thorny problems. 
Usenet has another side which I will briefly mention, if only 

so that you can steer clear of it if you wish. Given that any-
thing goes on Usenet, "each to their own" is definitely the 
golden rule. To be honest, whether some people approve of 
some newsgroups or not, is irrelevant as far as Usenet is con-
cerned — don't subscribe to them if you don't like them. 
Some notorious groups include the alt.binary and allsex 

ones. The "binary" tells you that material including very large 
binary or executable files (e.g. *.zip or *.exe files) may be 
posted there, and a number of groups exist for posting material 
in the form of graphical images (.gif or .jpg pictures) and 
movies, complete with soundtrack. You have been warned! 
Usenet can be highly addictive, and before you know it, you 

are itching to log on again to see if anyone has followed up your 
own articles. Or you see an article with which you disagree 
strongly, so you spend an hour composing a reply. Usenet can 
steal your time and is best used with a strong sense of discipline, 
or it will take over your life! I strongly recommend "taking" a 
newsgroup for about two weeks to see what the general level is 
like, before you dip in with your own articles or follow-ups. 
It takes all sorts on Usenet, and you will meet many of them! 

Both Netscape Navigator and MS Internet Explorer include a 
newsreader, and you could dabble by configuring either of them 
to read news. Have a great time. 

Links 
Here are this month's selection of links, which are ready-

made for you on my Net Work page on our web site: EPE 
Elysian Theremin builders should visit Rosedene Audio's site at 
http://www.fullerton.demon.co.uk. Into the MAX038 function 
generator chip? Try Maxim's site http://www.maxim-ic.com/ 
for Maxim application notes (in Adobe Acrobat format). A new 
and very promising technical data base of more than 70,000 
component references complete with data sheets is at web site 
http://www.tds-net.com. 
Valve (vacuum tube) fans should drop in on Tube Dude's 

Webpage of Vacuum Tube Lore on http://www.cdc.net/-gesic. 
Manufacturers 4 Q D are heavily into battery motor controllers, 
electric vehicles etc. and offer a handy resource of circuits and 
FAQs at http://www.argonet.co.uk/users/4qd. 
A site of interest for the electronic engineer is to be found 

at http://www.worldaccess.nl/--bema. And finally, readers, a 
"welcome aboard" to our friends at Maplin, and we wish them 
well with their new web site on http://www.maplin.co.uk. See 
you soon for more Net Work! 
My E-mail address is alan@epemag.demon.co.uk 
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BTEC approved 
TUTOR supported 

• • 
TI O N A 
LIEGE  OF 
CHNOLOGY 

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

Courses to suit beginners 

and those wishing to update 

their knowledge and practical skills 

Courses are delivered to the student 

as self-contained kits 

No travelling or college attendance 

is required 

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 

WILLIAM 
STUART 
SYSTEMS Ltd 
Hunscote House 
Wellesbourne 
Warks  CV35 9FX 

Call 01 789 840228 
or 01 769 573788 

Visa/Access 

•  I  TV VCR  CAMERA 

BRIGHT CONTRAST COLOUR  Video *WWI Va ." 

VIDEO IMAGE PR OCESS OR  m u m puma m om uo 

Do you have a large collection of ne ptives, kept just in case you 

want some reprints?  Handyprint  saves EEEs by using your 

Camcorder to display the negatives as instant positive prints on TV 
Complete with chroma-corrected light box. 35mm film guides and all 

the electronics to transform your negatives into full colour positives 

Make a Videotape album, with sound, for postenty' 
Everything you need to make great video prints for only £99.95 ! 

BATTERIES ARE US! 
PROBLEMS SOLVED! 
PACKS BUILT TO YOUR 

SPECIFICATION. 
All types provided, NiCad. Metal Hydride. 
Lead Acid, Lithium, for all types of uses. 

Video's. Computers. Golf Trollies. 

YOU NAME IT! WE WILL SEND IT! 

Ring 01255 427755 or 
Fax 01255 429040 

SHERWOOD ELECTRONICS 
4 11111 1 11 E =1117 1111 4. 1 111111 W 

Buy 10 x £1 Special Packs and choose another one FREE 
SP1 
SP2 
SP3 
SP4 
SP6 
SP7 
SPIO 
SPI 1 
SP12 
SP13 
SP18 
SP19 
SP20 
SP2I 
SP22 
SP23 
SP24 
SP25 
SP26 
SP27 
SP28 
SP29 
SP30 
SP32 
SP33 
SP36 
SP37 

SP41 
SP42 
SP47 
SP102 
SP103 
SP104 
SP105 
SP106 
SP112 
SP115 

15 x 5mm Red Leds 
12 x 5mm Green Leds 
12 x 5mm Yellow Leds 
10 x 5mm Amber Leds 
15 x 3mm Red Leds 
12 x 3mm Green Leds 
100 x 1N4I48 diodes 
30 x 1N4001 diodes 
30 x 1N4002 diodes 
20 x Assorted radial elect. caps. 
20 x BC182 transistors 
20 x BC183 transistors 
20 x BC184 transistors 
20 x BC212 transistors 
20 x BC214 transistors 
20 x BC549 transistors 
4 x Cmos 4001 
4 x 555 timers 
4 x 741 Op.amps 
4 x Cmos 4002 
4 x Cmos 4011 
4 x Cmos 4013 
4 x Cmos 4025 
4 x Cmos 4077 
4 x Cmos 4081 
25 x 1025V radial elect. caps. 
15 x 100 35V radial elect. 

caps. 
20 x Mixed transistors 
200 x Mixed 0.25W C.F. resistors 
5 x Min pushbutton switches 
20 x 8-pin DIL sockets 
15 x 14-pin OIL sockets 
15 x 16-pin OIL sockets 
5 x 74LSOO 
5 x 74LSO2 
4 x Cmos 4093 
3 x 10mm Red Leds 

RESISTOR PACKS - C.Film 
RP3  5 each value - total 365 0.25W  £2.75 
RP7  10 each value - total 730 0.25W £3.95 
RPIO 1000 popular values 0.25W  £5.75 
RP4  5 each value-total 365 0.5W  £3.70 
RP8  10 each value-total 730 0.5W  £6.30 

SP116  3 x 10mm Green Leds 
SP117  15 x BC556 transistors 
SP118  2 x Cmos 4047 
SP125  10 x 1000 16V radial elect. 

caps. 
SP128 100 x Cable ties (small) 
SP130 100 x Mixed 0.5W C.F. resistors 
SP131  2 x TL071 Op.amps 
SP132  2 x TL082 Op.amps 
SP133  20 x 1N4004 diodes 
SP134  15 x 1N4007 diodes 
SP135  6 x Min slide switches 
SP137  4 x W005 1.5A rectifiers 
SP138  20 x 2.2 50V radial elect. caps. 
SP142  2 x Cmos 4017 
SP144  3 x TIP31A transistors 
SP145  6 x ZTX300 transistors 
SP146  10 x 2N3704 transistors 
SP147  5 x Stripboard 9 strips; 

25 holes 
SP148  6 x 2mm lighthouse Leds-Red 
SPI51  4 x 8mm Red Leds 
SP152  4 x 8mm Green Leds 
SP153  4 x 8mm Yellow Leds 
SP156  3 x Stripboard. 14 strips/ 

27 holes 
SP160  10 x 2N3904 transistors 
SP161  10 x 2N3906 transistors 
SP164  2 x C106D thyristors 
SP165  2 x LF351 Op.amps 
SP167  6 x BC107 transistors 
SP168  6 x BC108 transistors 
SP175  20 x 1/63V radial elect. caps 
SP192  3 x Cmos 4066 
SP194  10 x 0A90 diodes 
SP195  3 x 10mm Yellow Leds 

1997 Catalogue £1 inc. P&P or 
FREE with first order. 

P&P £1.25 per order. NO VAT. 

Orders to: 
Sherwood Electronics, 

7 Willia mson St., Mansfield, 
Notts. NG19 6TD. 

TRANSMITTERS 
Fully comprehensive 

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

Manual includes: 
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. 
I, TRACKING AND SIGNALLING. How to build 
micro circuits for finding animals, cars etc. 
IP. CRYSTAL CONTROLLED TRANSMITTERS. 
High stability circuits. 
O. RADIO PAGER AND RADIO CONTROL. How to 
build coded radio keys, multi-channel remote controls, 
radio alarms etc. 
10. 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 UK). 

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. 
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EVERYDAY 

PRACTICAL 

ELECTRONICS 

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 twelve 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 £76 1VAT for easy read-
out. 240 volt a.c.  carriage £6 
input. Fully smoothed. size 14': x 11 x  inches. 

RADIO COMPONENT SPECIAUSTS 
337 WHITEHORSE ROAD, CROYDON 

VIS4 SURREY, CRO 2HS. Tel 0181-684 1665 
lots ol transformers. high volt caps valves speakers in stock 

Phone or send your wants list or quote 

Veronica  88-108MHz FM 
KITS  TRANSMITTERS 

Professional PLL transmitter, Stereo Coder, 
and Compressor/Limiter kits licensable in 
the UK. Also very stable VFO transmitter 
kits. Prices from under £10 and a 'Ready 
Built' service is available.Contact us for a 
free brochure including prices and more 

detailed information. 
18 Victoria SL, Oueensbury, BRADFORD, BD131AR 
Tel 01274 816200 Email veronica(alegend.co.uk  f.4.4 

VISA 

LOW COST PCB's 
At last an affordable PCB service for 
Hobbyists: Artwork Generation, 1 offs & 
Past Magazine PCB's. For full details of 

our Hobbyist Services write to: 

ETCH-TECH BOARDS, PO BOX 1566, 
SALISBURY, WILTSHIRE, SP1 3XX 

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, 
Northwich, Cheshire CW8 2PB. 

Space donated by Everyday Practical Electronics 

LIGHT ENGINEERING 
SERVICES (PRECISION) 

Machining, sheet metalwork, instrument/toolmaking 
etc - most engineering processes in most materials. 
One offs. parts, prototypes, panels. mods. jigs, 
repairs, anything - no job too small - trade or private. 

For quick friendly service contact: 
Richard - Tel/ Fax 01954 260804 

FIRST ON THE WEB 
with over 120 kits. Many links to other electronics 

web sites. 
http://www.hk.super.neV-dlykit 

KIT N. PC Data AciauisMon Unit Use the parallel port ol your PC to monitor 
control e.ternal events 8 Oevoes. The word alus dancing & signal signals With 
the nght sensor Me PC can moneor such vanabtes as temperature. Ight. pies 
ovine. smith state movement. process the informaton 8 then use the result to 
control physical devices such as motors sirens. other relays servo 8 stepper 
motors. Sixteen tageal & eleven analog inputs: 8 dgtal 8 1 analog outputs. 
Suppled vath plastic bon 8 Irontback panels. Software uftlees Put explarebon. 
tile. 
ET 81. Introduceon to PIC uC. 18C134 Programmer. AP components inc. 16C84. 
robust programmer tut evplanation.f24.50. 
KIT 815. Assented RF transtilner r case receive, board plus decode IC £8. 

AU prices inc. airmail postage. 

DIY ELECTRONICS 
PO BOX 88458, SHAM SHUI PO, HONG KONG 

BTEC ELECTRONICS 
TECHNICIAN TRAINING 
GNVO ADVANCED ENGINEERING 
(ELECTRONIC) - PART-TIME 

HND ELECTRONICS - FULL-TIME 

B.Eng FOUNDATION - FULL-TIME 

Next course commences 
Monday 6th January 1997 
FULL PROSPECTUS FROM 

LONDON ELECTRONICS COLLEGE 
(Dept EPE) 20 PENY WERN ROAD 
EARLS COURT, LONDON SW5 9SU 

TEL: 0171-373 8721 

SAVE OVER £5 - SUBSCRIBE NOW! 
EVERYDAY 

PRACTICAL 
Name   

Address 

ELECTRONICS 
SUBSCRIPTION ORDER FORM 

Annual subscription rates 

(1997): UK £24.00. 

Overseas £30.00 

standard air service, 

£47.50 express airmail. 

To: 
Everyday Practical Electronics, 
Allen House, East Borough, 

Wimborne, 
Dorset BH21 1PF 

/11 4111 Tel: 01202 881749 
VISItti  Fax: 01202 841692 

VISA 

enclose payment of £   

(cheque/PO in 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.  Ml 97 

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 5JA 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. 
100 WATT AMPLIFIER MODULES, £8.50. 
50 volt, TO3 - output, ex-equipment! K.I.A. 1 
Regent Road, Ilkley, LS29 9EA. *Audio parcel. 
5 modules, £15.00. catalogue S.A.E. 
PCBs. LOW COST PROTOTYPES from 
sketches. SAE to Mr. Williams, 29 Albert Rd., 
Mexborough, S. Yorks. S64 9BZ. 
INDUSTRIAL ELECTRONICS ENGINEER 
OFFERS: Automated test equipment program-
ming service. Also Microcontroller program-
ming and coding service. Contact Leptonica 
01582 414310. 
ALL ABOUR NiCads, Whimsical Bookette 
explaining everything you always wanted to 
know! - £5.00. Free PSU Box, Mains Lead 
with Moulded Plug and Output Lead/Connector 
with every book ordered. Send cheque/P.O. 
for £5.00 plus £2.50 p&p payable to Cory 
Power Products, 40 Balmoral Road, Flixton, 
Manchester, M41 6HQ. 
CASSETTE DECK MECHANISMS. High 
quality, 3 head stereo, solenoid controlled, 
vertical front loading, damped eject, brand new 
with data, limited quantity, £30.00 each includ-
ing postage. Richard Cox, Unit W21, Lenton 
Business Centre, Lenton Boulevard, Nottingham 
NG7 2BY. 
D2MAC CONVERSIONS for Philips and 
Ferguson BSB receivers, DIY Kits PIC chips, 
PCB's, dishes, LNB's etc. Compac Electronics, 
01708 764994 Essex. 

YOUR BOOK IN PRINT 
At the Typesetting Bureau (Typesetters 
for EPE) we are experienced in type-
setting and production of all kinds of 
books and magazines. If you want your 

book in print we can help. 
Send for our information sheet now! 

The Typesetting Bureau 
Allen House, East Borough 
Wimborne, Dorest BH21 1PF 

Tel: 01202 882299 
Fax: 01202 841692 
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TRAIN TODAY FOR A BETTER FUTURE 
Now you can get the skills and qualifications you need for 
career success with an ICS Home Study Course. Learn in 
the comfort of your own home at the pace and times that 
suit you. ICS is the world's largest. most experienced home 
study school. Over the past 100 years ICS have helped 
nearly 10 million people to improve their rob prospects. 
Find out how we can help YOU. Post or phone today for 
FREE INFORMATION on the course of your choice. 

Electrical Contracting 
Electrical Engineering 
C & G Basic Electronics 
C & G Basic Mechanics 
TV, Video & Hi-Fl Servicing 
Refrigeration & Air Conditioning 
PC Repair 
Electronic Engineering 

Call 0141 306 1195 
Please Send me my Free Information on your Electronics Courses 

Mr MrsMsMiss 
Dale of Birth 

Address 

Postcode 

Occupation Tel No 
I   
Rai International Correspondence Schools. Dept. ZEEEBL, FREEPOST 882. 8 Elliot Place. 
Clydeway Centre Giasgow G3 8BR Tel 0141 306 1195 i9a,6-7pmi or Tel Fax Ireland 01 285 2533. 

Further otiers vin,oh may be ot interest may be sent to you by ICS or other careful), selected companies 
im m m m  m m m miim 

VISA Zit 
Cooke International 
st PPLIER OF Qt %LI IN USED TEST INSTRUMENTS  

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 ARRANGE I I 

OPEN MONDAY TO FRIDAY 9AM-5PM 

Unit Four, Fordingbridge Site, Main Road. Barnham, Bognor Regis, 
West Sussex, P022 01.:B. U.K. 

Tel ( + 44) 01243 545111/2 Fax ( + 44) 01243 542457 
EQUIPMENT & ACCESSORIES PURCHASED 

SERVICE MANUALS 
& Technical Books 
Available for most equipment, any make, age or model. 

Technical Book and Manual Compilations now on CD-ROM 
Return the coupon for your FREE catalogue   

›-
MAURITRON TECHNICAL SERVICE (EPE) =  
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 1st Class Stamp, 
or £4.I I for the complete Service Manuals Index on PC Disc plus catalogue 

NAME   

ADDRESS   

 POSTCODE   
Pholocop)ihr oup.r.i II you 6. itoi  lo  01 

THE ELECTR ONI CS B OOK A ND 
C O MP ONENT LISTING 

,,nd electronic books and magazines from 
1990 s tor toe nobbyrst striderfl arid engineer. Includes numerous electronic 

reference books and surplus electronic components and hardware at bargain prices. 
Send six first class stamps for listing. 

NEW BOOKS 
SECRET WARFARE. THE BATTLE OF CODES AND CIPHERS. A detailed work with the 
emphasis on the development of intelligence and the use of codes and ciphers. Throws light on 
lop secret strategies of code breaking from WW2 and modern spy secrets of the Russians. 
Includes a history of codes. Extensive use of diagrams. One of the few books on cryptogrtaphy. 
£.95, mci post. 
JANE'S MILITARY COMMUNICATIONS 12TH ED MON, 1991-92. JUST ARRIVED. A vast 
volume of 814 pages. Large lormat. wraps. Contains descriptions, photographs and basic details 
of the worlds military communications equipment. Brand new. Published at £100. Special price 
£35. postage £5.50. Overseas postage extra. 
RADAR. P. S. Hall. An abosrbing and informative study by authors from The Royal Military 
College of Science. Covers the origin, development and operation of military radar from Chain 
Home to Patriot. etc. Numerous photos and illustrations of equipment and its principles of 
operation. 170 pages. Published by Brasseys Weapon Technology, WRAPS. £8.50 P&P £2. 
EARLY WIRELESS. A. Constable. This excellent book retraces the paths of history which 
culminated in the wireless set. Many early sets are illustrated. Much information is provided for the 
vintage wireless collector. 160 pageS. Laminated boards. £8.50 P&P £2.50. 

CHEVET SUPPLIES LTD., 
Dept E, 157 Dickson Road. Blackpool Y1 2EU. 

Tel: 01253 751858  Fax: 01253 302979. Telephone orders accepted.  3111: 
.  F   

Ell 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!   

N. R. BARD WELL LTD (EPE) 
200 Signal diodes 1N4148  £1 00  25  5mm red I.e.ds  El .00 
75  Rectifier Diodes 1N4001   £1.00  25  3mm red I.e.d.s  £1.00 
50 Rectifier Diodes 1N4007   .£ 1.00  25  Asstd high brightness I.e.d.s  £1.00 
10 WO4 Bridge Rectifiers  f 1.00  50  Axial led s (Diode package)  £1.00 
5  NE555 Timer IC s  El .00  12  Asstd. 7-segment displays  £1.00 
50  Asstd Zener Diodes  Cl 00  30  Asstd. IF transformers  £1.00 
20  BC182L Transistors  El 00  48  Asstd coil formers  £1.00 
30  BC212L Transistors  Et .00  50  Asstd. RF chokes (inductors)  £1.00 
30  BC213L Transistors  £1.00  30  Asstd connectors edged.i.1., 
30  BC214C Transistors  £1.00  sir etc  £1.00 
30  BC237 Transistors  £1.00  30  Asstd di.l. sockets up to 40-pin  £1.00 
20  BC327 Transistors  £100  200 Asstd. disc ceramic capacitors  £1.00 
30  BC328 Transistors  £1.00  80  Asstd capacitors inF to 1uF  £1.00 
20  BC337 Transistors  £1.00  80  Asstd electrolytic capacitors  £1.00 
30  BC478 Transistors  £1.00  10  4P3W MBB min rotary switches  £1.00 
30  EIC545 Transistors  £1.00  20  Min. SP/CO slide switches  £1.00 
30  BC547 Transistors  £1.00  20  1' glass reed switches  £1.00 
30  BC548 Transistors  £1.00  200 4N7 mini axial capacitors  £1.00 
30  BC549 Transistors  £1.00  24  24.pin di!. wire wrap i.c skts   
25 13C557 Transistors  £1.00  1  12V motorised volume control 50k...E1.00 
30  BC558 Transistors  £1.00  50  Grommets 6.3mm rd. 9.5mm od  C1.00 
30  BC559 Transistors  £1.00  100 c I ' ON 5,-, resistors any one 
25  BC640 Transistors  £1.00  valor F 24 range IR to tOM  St 45 
30  MPSA42 Transistors  £1.00 
30  MPSA92 Transistors  £1.00 
20  2N3904 Transistors   E 1.00 
5  78L12 12V 100mA Pos Regulators E1.00 
10  79M08 8V 500mA Neg Regulators E1.00 

Prices include VAT postage £1 25 31p stamp for Lists 

288 Abbeydale Road, Sheffield S7 1FL 

Phone (0114) 2552886 Fax (0114) 2500689 

T HE C R 
S UPPLY C O 

RESISTORS 
. Watt Mixeo • •  • resistors 
5% El2 sene., ' •  • • '.1egolim  2P 
Watt Carbon ion, res,stors 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 series 
10 ohm to 1 Meg - 11/2p; 1% E24 series  2p 
Watt Mixed metal/carbon film resistors 
5% E24 series 1 ohm to 10 Meritohm  21/tp 
1 Watt Mixed metal/carbon film 5% 
E12 senes 4R7 to 10 Megohms  5P 
NEW Resistor development kits, tir Watt C/Film 
508 different values from 1 ohm to 10 Meg 
011w. 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 Electrolytics (inkl/Vofts). 
1163. 2.2/63, 4 7 100. 1025. 10/63 - 6p; 
100/16, 100/25 - 8p; 100/63 - 139: 22/16, 
22/25. 22/50, 33/16. 47/16. 47/35, 47/50 - 7p; 
220/16 - 912: 220/25. 220/50 - lip: 470/16. 
470 25 - 13p. 100025 - 23p. 2200.25 - 42p; 
4700 25 - 74p 
Miniature Polyester, 250V working vertical 
mounting (mid). 01, .015. D22..047..068 - 
5p. 01 - 6p; 0.12. 0.15. 0.22 - 7p; 0.47 - 9p: 
0 68 - 10p. 1.0 - 13p. 
Mylar (polyester) 100V working E12 sense 
vertical mounting (pa 1000 to 8200 - 4p; 
0 0110 0.068 - Sp. 01 - 6p: 0 12. 0.15, 0.22 - 
7p: 0 47/50V - 9p. 
Submin Ceramic Plate, 100V working E12 
series vertical mountings (pa 2% 1.8 to 47 - 
4p. 2° 56 to 330 - 5p. 10%390p-4700p - 6p. 
Polystyrene, 63V working E12 series, long 
axial wires (pc. 10 to 820 - 5p. 1000 to 10,000 
6p 12.000 - 8p. 

Subminiature, Tantalum Bead electrolytic. 
(adds/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. 
6.8,16. 10/16 - 15p: 15/16, 22/6, 33/10 - 21p: 
10/25 - 22p; 10/35. 22/16 - 26p; 47/0 - 29p. 
47/16 - 65p; 47/20 - 72p: 47/35 - 713p. 100/3 -78p; 100/6. 220/6 - 81p. 

TRANSISTORS 
BC107/8/9 - 18p; BC547/8/9 - 7p; 13C557/8/9 - 
Bp; BC182, 182L, BC183, 183L, BC184, 184L, 
BC212, 212L - 10p; BC327, 337. 3371 - 8p; 
BC727, 737 - 12p; BD135/6/7/11/9 - 27p: 
BCY70 - 26p; BFY50/51/52 - 32p: BFX88 - 
359; 2N3055 - 55p: TI P31. 32 - 40p; TIP41. 42 
-  BU208A - E1.50: BF195, 197 - 12p. 

20mm fuses 
100mA to 5A 0 blow  8p. A surge - 14p. 
Holders chassis. mounting - 8p. 

WE HOLD PACKS OF COMPONENTS 
FOR THIS MONTH'S EPE PROJECTS 

- RING FOR PRICES 

CMOS 
4001B - 23p. 4011E3  25p r .6 45p 
4069UB unbuffereo  25p 

0.I.L. HOLDERS 
8-pin - 9p: 14-. 16.. 18.pin - 15p. 24-pin - 19p 
28-pin - 22p; 40-pin - 31p 

VOLTAGE REGULATORS 
IA tee or - ve 5V. 8V, 12V, 15V. 18V 8 24V - 
61p: 100mA -r ve 5V, 8V, 12V. 15V - 36p. 

DIOCES (PwArn w 
75/1sornA 1N4148 - 2p: 8C0/1A 11,44006 - 5p: 
400/3A 1N5404 - 14p; 115/50mA 0A91 - 18p: 
100/1A 944002 -4p: 1030/1A 1N4007 - 5p: 
601.5A SIMI - 7p: 100/1A brdge - 28p: 400 '1A 
1N4004 - 4p; 1250/1A BY 127 - 14p: 30.'150mA 
01147 gold bonded - 24p. 
Zener d es E24 series 3V3 to 33V 40OrnW - 6p 
1 watt - 139.  LL 

3mm. and 5mm Red. Green. Yellow - 14p: Grom. 
mats to sun 3mm - 2p. 5mm - 3p. 5mm Tricolour 
8 Bicolour - 22p. Red flashing L E Ds require 
9V-12V supply only. 5mm - 70p 

BATTERIES 
AA/MP7 NiCad rechargeable cells - E1.78 each 
With PCB mounting pins 600mAH. £228p. AAtiP7 
zinc/carbon batteries in packs of 4 - E1.10 per pack 
Watch batteries, dam x thickness in mm 
11 6s3. 11.6x4 2, 1 6 x 5.4 - 55p each 
Battery snaps for PP3 - 8p: for PP9 - 169. 

ELECTRIC MOTORS 
1.5V to 3V with bracket. 18x25mm shaft dam 2mm 
- £1.24p. high torque 30x23mm - £1 459. 3V to 
6V. 25x21mm dram - £1.20. 

MISCELLANEOUS 
Mains indicator mons with 2206 resistor  14p 
High speed PCB drill bits 0 8. O. 1.3. 1.5. 2.0mm 
- 47p. 12V mini drill. 3 law chuck - £14.75 
Helping-hands 6 ball pints and 2 crOCCIMS 
to hold awkward tobs cast-iron base  £4.50 
Glass reed switches with single-pole make 
contacts - 11p; Magnets - np 
0.1- Shipboard 21/2' x l' 9 rows 25 holes - 26p. 
3f  2'4" 24 rows 37 holes - 80p 
Jack plugs 25 & 3.5m - 16p; Sockets Panel Mtg. 
25 8 3.5m - 11p. 
Earpieces 2.58 3.5mm, dynamic 29p 
3 5rnm crystal - £1.60 
Multi-cored solder, 22SWG - lip yard. 
i8SWG - 21pryard 
Air Punfier and Ioniser complete with mains adap 
tor and car lead made by Smiths Industries £12.50 
21-pin Scart to 21-pin Scarf lead, 1 2rn all pins 
connected - C3.95p. PCB Scan sockets - 92p 
Satellite cable 75 ohm semi air spaced 6 5rnm. 
OD black or white - 36p yard 
741 Op Amp - 24p. 555 Timer - 25p. 555L Low 
Power - 30p. 556 Dual Timer 40p 556L Low 
Power - 7 • 358 Dual  . Am.  22. 

A for lists. P&P Ct.00 No VAT. 
44 Chapelfield Way, Rotherha m, 

South Yorkshire S61 2TL. 
Tel/Fax: 01 14 2468049 
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HIGH QUALITY LOW COST 

C.C.T.V. CAMERA 
LO W LIGHT LEVEL. 

AUTO ELECTRONIC SHUTTER. 
CO MPOSITE VIDEO OUT VIA 

B M PI.UG. 
SMALL DISCRETE SIZE. 

CAN BE USED 51rrn PC DIGITISER. 

This super quality CCD PCB 
camera can be connected into 
your existing TV or video using 
the AV channel and can be 
used for discrete surveillance or 
observing your property externally using a suitable weatherprooi 
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. (Sharp CCD and IC's). 

Special offer price of only: £9.95 Plus VAT (P&P £3.50) (Total £73.941 
For full range of CCTV products send SAE to: 
Direct CCTV Ltd., Direct House, Florence Street, 

Middlesbrough 'rs2 ii)R.   

.Www/i944̀.. r7 g r*-77:(vp5valwTek 

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  0.75* 
50 off d.i.l. switches  £3.75: 
30 off mixed heatsinks   
30 oft mixed switches  £3.75* 
Brand new 360k 5W floppy drive...£4.50 
5V to 31/2" floppy drive 
converter leads  £1.50* 
1.2M13 5W 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 £8 

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 Efi 
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 55A 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 V.A T 
PLEASE ADD £2.00 p&p EXCEPT 

ITEMS MARKED * WHICH ARE 50P 
SAE FOR BULK BUYING LIST 
PAYMENT WITH ORDER TO 

Dept EE, COMPELEC, 
14 Constable Road, 
St. Ives, Huntingdon, 
Cambs PE17 6E0 

Tel/Fax: 01480 300819 

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 Queensmead Avenue, East Ewell 
Epsom, Surrey KT17 3EQ 

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! 

Printed Circuits in Minutes 
Direct from laserPrint! 
8 1/2" x 11" 
*Or Photocopy 
**Use standard 
household iron 

1. LaserPrint* 
2. Press On** 
3. Peel Off 
4. Etch 

Vtwmik-qe.e,\ 
Use Standard Copper Clad Board 

PRESS-N-PEEL, 10 sheets £25 
ETCHING SUPPLIES LTD  25 sheets £50 

18 STAPLETON ROAD • PETERBOROUGH PE2 6TD 
TEL: 01733 233043  FAX: 01733 231096 

NEW MINI CAMERA and SPECIAL OFFERS 
NEW - Wataprool TY Canters,  40  15M-F 
reo,es 10‘/ to 1651 at 120mA wall comoove v deo 
c)Tout to teed tnI0 a Video or a TV we) a SCART plug, 
It nas a ngn resoluTon 01450 TV Tres verlIcal and 380 
,es hor,20ntal eleolrun:c auto Is to:  newly dark 

.I Lox - to ongrn sunlignt ode,ahon ad a ownoie 
a 92 degree fed of sew .t focuses down to a few 

um It filled wlh a 3 ore lead ,12V  god and video 
Gull £93 57 • VAT  £109.95 or 10 • 889 32 • VAT 
, £1134.95. 

High quality Stepping Motor Kits all including stepperg 
motors) Comstep independent control of two stepping 
motors by PC Iva the Parallel Pont svith two motors and 
software  Nit £67.00 Eu41E99.00 

Software support and 4.dgital inputs kit  £27.00 
Power Interlace, 48 kit £36.00. 8A kit. £46.00. 
Stepper ko 4 lrnar,uai control) includes 200 step stepping 
motor and control prowl  . . £23.00 

Hand Held Transistor Anahrser. It tells you which lead * 
the base. the collector and emitter and if it s NPNor 
PNP or faulty £33.45 Spare 68 battery £1.20 

LEDs 3mmt or 5rnm Red Ot Green 7peach Yellow 11p each 
Cable Ties 1 p each £5.95 Per 1000 £49.50 per 10 000 

RECHARGEABLE BATTERIES 
AA HP  7 500mAH  £0.99 
AA 70OrnAH  £1.75 
C 2AH we soder :dos  £3.60 
D 4AH with nude' lags  £4.95 
1 2AA wah se,aer tags  £1.55 
AAA 'HP16. 180,411  £1.75 
AA 500mAH mth sorter lags  £1.55 
CMPliti.2AH  £2.20 
D 41P2i 1.2AH  £2.60 
PP3 8.4V 110(nAH  £4.95 
Sub C vet node r lags  £2.50 
1 3 AA with tags (Philips CTv,  £1.95 
Standard Changer, charges 4 AA cells in 5 hours or 4 Cs 
or Ds in 1210 14 hours. Mus 1 aPP311. 2.3 or 4 cells may 
be derged at a time) .  .  £5.95 

High Power Charger, as above boot charges tie Cs and Ds in 
5 hours Ms Cs and Ds must be charged in Soso, 
lours  . .  £10.95  

Nickel oral Hydride AA Cell Ngh caLacITI min no rne,noN 
Merged al 10OrnA and dechargstal 250mA or less 11001nAH 
r_apaoly lower capacay tor !ugh Oscharge rates1  £3.75 

SPECIAL OFFERS - 
PLEASE CHECK FOR AVAILABILITY 

Slob of 4, 42rnm 16nyn N,Cad batteres 171nnrrr 16rnm 
Oa voth red and black leads. 4.88  £5.95 

Free button cell, 68 290m041 battery iwth wires 
Vala 5 250DK)  £2.45 

Shaded-pole motor, 240V a c 5mm x 20nim shaft. 
80mm 59mm x 05rnm excluding the shah.  £4.95 

115V a c 80V d c motor, olnirn 22mm shaft. 5Ornm dia 
. . ..do g the shattot has a replaceable 

-en  £4.94each. £3,95 100 
A d esplay. 12rnm  45p 

• • .(-)g olator £1.95, 100 • £1.44 
58873 

012 95 . ̂ £99510 • C7.95100. 

tpLerir 
GaAs F  

05250 .-
00559 
BC5474 
741505 
Used 8748 
SL952 

03.95 per 100 
20 tor £1.00 

£10.00 per 100 
C3.50 

• x. , . • c surtace mounUng 
£1.95 

De-DC Converter  • .loiltty model V12P5. 120 in, 5V 
. Laa to output isolation. *nth data 

£4.95 each or pack 0110 £39.50 

Hour Counter used 7 dgit 240V a c 50Hz  . £1.45 
OWERTY keyboard. 58-key. good guakty 
switches. new  £6.00 

Anima 682903.0 large stepping motor 14V 7.5 step. 
27 ohm. 68mm dia. body. 6 3mm shaft. . £8.95 or £200 
for a Cox 0130 

Polyester capacitors, box type. 22.5mm lead pitch 
098F 250V d.c. 18p each 14p 100..9p 1000 
18F 250V cl C. 20p each. 15p 100  10p 1000 • 

18F 50V bipc4ar electrolytO Wel leads. 15p each 7 Sp 
1000 

0 220F 250V polyester axial leads. 15984cl, 100 . T 5P 
Polypropylene 1AF 4000 do Marna MKP10127 5, • ' 
32mm x 29rnrn a 17mm case. 75p each. 60p 100 - 

Philips 123 senes solkl aluminium axial leads. 
338F 10V and 2.2uF 40V 40p each. 25p 100 • 

Miilips 106 serieS. long Me. 
22 F 63V axel  30p each. 159 109 

klultirayer AVX ceransc capaators. all 5rnm pitch. 100V 
100pF. t 50pF. 220pF. 10.000pF 11001) 10p each. 
51) 100.. 3.5p 1000 - 

500pF compression Ammer capaotor  . .  60p 
400F 370V a.c motor awn capacttor idiaredror type 
containing no p.c.b.st  E5.95 or E49.50 kt, ' 

SolM carbon resistors, very low inductance, deal for r t 
orcurts. 27 ohrn 2W. 68 ohan 2W 259 each. 
159 each 100+ 

We have a range ol 0.25W. 0.5W. 1W and 2W solid carbo. 
resstors - please send SAE for list 

P.C. 400W MU (Intel part 201035-001) with standard 
motherboard and hoe disk drive connectors. fan and rna 
input output connectors on back and switch on Ile side 
lop for tower case) dens 212rnm a 149mm a 149m' 
exckodog switch £26.00 each. £136.00 or 6 

MX160 Digital Rothmeier 17 ranges 1000040 
-500 a c 2Megonm 200mA transslor life 9V and 1.551 
Valley !est  89.95 

MAD 27256-3 EPROMs 12.00 each. £125 100 - 
DIP switch 3PCO 12-pin (ERG SDC-3-0231 
60p each. 40p 100. 

Disk Drive Boras for a 5.25 Ask Onve with room 10,3;,....• 
supply lop-grey plastic 67mm a 268mm x 247m10 £7.95 
£49.5010, 10 

Handheld Ultrasonic Remote Control  ..  £.95 
CV2486 Gas Relay 3091m tOrnm do enth 3-wire terminals. 
war also work 35 a neon 14g51  209 each 
t7.50 per 100 

Verbatim R300.411 Streamer tape commonly used on nc 
machines and printing presses etc It loOks Ike a nonna 
cassette Oh a slot cut Out of the top 

£4.95 each £3.75 100 
959 

HV3-240EAC T5OrnA Regulator c 180.2649 a c 
inPut 8-po OIL packaoe.  each 100 • £225 

1.11555 timer i.c.. 18p. 8•pin N. socket. 6p 

AL products advertised are new and unused 
unieSS othermse staled 

Wide range col CMOS TTL 74HC74F Lmea• 
rechargeable basenes. capaotors. tools 8' 
Please acid £1.95 Woods POP VAT o: 

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-19 INCH STEREO RACK A MPLIFIERS 

• PRICES INCLUDE V.A.T. • PRO MPT DELIVERIES • FZIIENOLY 
SERVICE • LARGE (4.4) S.A.E., 60p STA MPED FOP CATALOGUE 

OMP MOS-FET POWER AMPLIFIERS 
HIGH POWER. TWO CHANNEL19INCH RACK 

THOUSANDS PURCHASED 
BY PROFESSIONAL USERS 

THE RENO WNED M XF SERIES OF PO WER A MPLIFIERS 
FOUR MODELS:- MXF200 (100W • 100W) MXF400 (200W • 200W) 

MXF600 (300W • 300W) MXF900 (450W • 450W) 
ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 

FEATURES: *Independent power supplies with two toroidal transformers * Twin L E D Vu meters * 
Level controls * Illuminated on/off switch * XLR connectors * Standard 775mV 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 tan cooled with D.C. loudspeaker and thermal protection. 

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 

SIZES:- MXF200 W19 4H3'  (2U)x1211" 
MXF400 W19 x145'  (3U)x1312" 
MXF600 W19 M S.,'" (3U) 4/13" 
MXF900 W19 M S'," (3U) A1144." 

PRICES:- MXF200 £175.00 M XF400 £233.85 
MXF600 £329.00 M XF900 £449.15 
SPECIALIST CARRIER DEL £12 50 EACH 

.07 J-CiFT-IfTTT.IFIS"TVATT•1117T-q T - •  

Advanced 3-Way Stereo Active Cross-Over, housed in a 19- x 1U case Each channel has three level controls: 
bass. mid 8 top. The removable front fascia allows access to the programmable DIL switches to adjust the 
cross-over frequency: Bass-Mid 250/500/800Hz. Mid-Top 1.8/3/5KHz. all at 24dB per octave. Bass invert switches 
on each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack amplifier and modules. 

Price C117.44  C5.00 P&P 

1:1 41i  a.U11:4 4; izi  kEteldzi 

STEREO DISCO MIXER with 2 x 7 band 
R graphic equalisers with bar graph 

LED Vu meters  MANY OUTSTANDING 
FEATURES:- including Echo with repeat & 
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 
mice, 5 Line for CD, Tape, Video etc. 

Price £144.99 - £5.00 P&P 

* ECHO & SOUND EFFECTS* 

SIZE: 482 x 240 x 120mm 

:11 1,44141116)4;1141i.l44i1;1-15:19101;I•1 1,1  
Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved 
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required 
these units can be added to existing speaker systems of 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 
bookshelf and medium sized Hi-Fi apeakers. Price £4.90  50p P&P. 
TYPE 'B' (KSN1005A) 3%" super horn for general purpose speakers, 
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' (KSN1025A) 2":6'. 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) 35, horn tweeter with attractive silver finish trim 
Suitable for Hi-F: monitor systems etc. Price £5.99  50p P&P. 

LEVEL CONTROL Combines, on a recessed mounting plate. level control 
and cabinet input jack socket. 85x85mm. Price £4.10  50p P&P. 

TYPE*TYPES 

TYPE 

TYPE 

TYPE E 

A new range of quality loudspeakers designed to take advantage of the latest 
speaker technology and enclosure designs Both 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 fitted as standard with top hats for optional loudspeaker stands 

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz 

ibl FC 1 2-100WATTS (100dB) PRICE £1 59.00 PER PAIR 
ibl PC 1 2-200WATTS (100dB) PRICE El 7 5.00 PER PAIR 

SPECIALIST CARRIER DEL 012 50 PER PAIR 

OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery £6.00 per pair 

PRICES: 150W £49.99  250W £99.99 
400W £109.95 P&P £2.00 EACH 

THREE SUPERB HIGH POWER 
CAR STEREO BOOSTER AMPLIFIERS 
150 WATTS (75  - 75) Stereo. 150W 
Bridged Mono 
250 WATTS (125  • 125) Stereo, 250W 
Bridged Mono 
400 WATTS (200 • 200) Stereo, 400W 
Bridged Mono 
ALL POWERS INTO 4 OHMS 
Features: 

bridgable mono * Choice of 
high & low level Inputs * L & R level 
controls * Remote on-off * Speaker & 
thermal orotection. 

411;1417i ;t1,1;/11(j11;1:J.I.11115...- SUPPLIED READY BUILT AND TESTED. 

These modules now enjoy a world-wide reputation for quality. reliability and performance al a realistic price Four 
models are available to suit the needs ol the professional and hobby market i.e industry. Leisure. Instrumental and Hi-F 
*lc. When comparing prices. NOTE that all models include toroidal power supply, integral heal sink, glass fibre P GB and 
drive circuits to power a compatible Vu meter All models are open and short circuit proof. 

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 

OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor  - 300, Slew Rate 45V/uS 
T.H.D. typical 0.002 %, Input Sensitivity 500mV, S.N.R. 

-110 dB. Size 300 x 123 x 60mm. 
PRICE £40.85 - £3.50 P&P 

OMP/MF 200 Mos-Fet Output power 200 watts 

R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor  - 300, Slew Rate 50V/uS. 

T.H.D. typical 0.001 %, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 155 x 100mm. 
PRICE £64.35 - £4.00 P&P 

OMP/MF 300 Mos-Fet Output power 300 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 

• -3dB, Damping Factor  300. Slew Rate 60V/uS. 
T.H.D. typical 0.001 %, Input Sensitivity 500mV. S.N.R. 
-110 dB. Size 330 x 175 x 100mm. 

PRICE £81.75 - £5.00 P&P 

OMP/MF 450 Mos-Fet Output power .450 watts 

R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor  300, Slew Rate 75V/uS, 
T.H.D. typical 0.001 %, Input Sensitivity 500mV, S.N.R. 
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 

PRICE C132.85 - C5.00 P&P 

OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 

Factor  300,  Slew  Rate  75V/uS,  T.H.D.  typical 

0.002 %, Input Sensitivity 500mV, S.N.R. -110 dB, Fan 
Cooled,  D.C.  Loudspeaker  Protection, 2 Second 
Anti-Thump Delay. Size 422 x 300 x 125mm. 

PRICE £259.00 - £12.00 P&P 

NOTE( 1405-PET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STAND•RD - INPUT SENS 500mV, BAND WIDTH 100AHx. 
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 5010Ix. ORDER STANDARD OR PEC. 

LOUDSPEAKER 

(a) 
LARGE  SELECTION  OF SPECIALIST  LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 

GRILLES,  CROSS-OVERS  AND  HIGH  PO WER,  HIGH 
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E. 
(60p STAMPED) FOR COMPLETE LIST. 

McKenzie and Fane Loudspeakers are also available. 

1qT1r1-47-4415 MATTITTUF gerlEil •Tele 41[4. 

ALL EMINENCE UNITS 8 OHMS IMPEDANCE 
8" 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID. DISCO. 
RES. FREO. 72Hz, FREO. RESP. TO OKHz, SENS 97dB.  PRICE £32.71  £2.00 PIP 
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO. EXCELLENT MID. 
RES. FRED. 71Hz, FRED. RESP. TO 7KHz. SENS97dB.  PRICE £33.74 • £2.50 PIP 
10" 200 WATT R.M.S. ME10-200 GUITAR. KEYB'D. DISCO. VOCAL. EXCELLENT HIGH POWER MID. 
RES. FREQ. 65Hz. FREO. RESP. TO 3.5KHz, SENS 99dB.  PRICE £43.47 - £2.50 P&P 
12" 100 WATT R.M.S. ME1 2-100LE GEN. PURPOSE. LEAD GUITAR, DISCO, STAGE MONITOR. 
RES.FREO. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB.  PRICE £35.64 • £3.50 P&P 
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 R.M.S. ME1 2-200 GEN. PURPOSE. GUITAR. DISCO. VOCAL. EXCELLENT MID. 
RES. FREQ. 58Hz, FRED. RESP. TO 6KHz, SENS 98dB.  PRICE £46.71  £3.50 P&P 
12" 300 WATT R.M.S ME1 2-3000P HIGH POWER BASS, LEAD GUITAR, KEYBOARD. DISCO ETC. 
RES. FREO. 47Hz. FREQ. RESP. TO 5KHz, SENS 103dB.  PRICE C70.19  C3.50 P&P 
15" 200 WATT R.M.S. ME1 5-200 GEN. PURPOSE BASS. INCLUDING BASS GUITAR. 
RES. FREO. 46Hz. FRED. RESP. TO 5KHz. SENS 99d13.  PRICE £50.72 • £4.00 P&P 
15" 300 WATT R.M.S. ME1 5-300 HIGH POWER BASS, INCLUDING BASS GUITAR. 
RES. FRED. 39Hz, FREO. RESP. TO 3KHz, SENS 1034:181.  PRICE £73.34  £4.00 P&P 

F4T:111-471i1-4-TII ERRI LIPT USIETIEWI TATe: 
ALL EARBENDER UNITS 8 OHMS (Except EBB-50 & EBIOSO which are dual impedance tapped u 416 ohm) 
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. FREO. RESP. TO 7KHz SENS 97dB.  PRICE C8.90 • C2.00 P&P 
10" 50WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-Fl. IN-CAR. 
RES. FREQ. 40Hz. FREO. RESP. TO 5KHz, SENS. 99dB.  PRICE £13.65  £2.50 P&P 
10" 100WATT EDI 0-100 BASS, HI-FI, STUDIO. 
RES. FRED. 35Hz, FRED. RESP. TO 3KHz, SENS 96dB.  PRICE £30.39  £3.50 P&P 
12" 100WATT E812-100 BASS, STUDIO, HI-Fl, EXCELLENT DISCO. 
RES. FREO. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB.  PRICE £42.12  £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 

60WATT EB5-60TC (TWIN CONE) HI-Fl. MULTI-ARRAY DISCO ETC. 
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz. SENS 92dB.  PRICE £9.99  £1.50 P&P 
6' a" 60WATT EB6-60TC (TWIN CONE) HI-Fl. MULTI-ARRAY DISCO ETC. 
RES. FRED. 38Hz, FREQ. RESP. TO 20KHz. SENS 94dB.  PRICE £10.99  1.50 P&P 
8" 60WATT EB8-60TC (TWIN CONE) HI-Fl. MILTI-ARRAY DISCO ETC. 
RES. FRED. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB.  PRICE £12.99  £1.50141, 
10" 60WATT EB10-60TC (TWIN CONE) HI-Fl. MULTI ARRAY DISCO ETC. 
RES. FREO. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB.  PRICE £16.49 • £2.00 PIP 

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH DUALITY COMPONENTS 

COMPLETE WITH CIRCUIT AND INSTRUCTIONS 

381 TRANSMITTER 80-10851Hx. VARICAP CONTROLLED PROFESSIONAL 
PERFORMANCE. RANGE UP TO 3 MILES, SIZE 38 x 123rnm. SUPPLY 12V a 0.5AMP. 

PRICE £14.85 - £1.00PIP 
FM MICRO TRANSMITTER 100•108Mliz, VARICAP TUNED. COMPLETE WITH 
VERY SENS FET MIC RANGE 100•300m, SIZE 56 x 46mm. SUPPLY 9V BATTERY. 

PRICE £8.80  £1.00 PAP PHOTO, 3W FM TRANSMITTER 

B. K. ELECTR O NICS 
POSTAL CHARGES PER ORDER £1.00 MINIMUM. 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. 
PHA 

U NITS I& 5 CO MET W AY, SOUTHEND-ON-SEA, 
ESSEX. S52 STR. 

Tel.: 0702 - 527572 Fax.: 0702 - 420243 



Increase the 'scope of your PC! 
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Digital Storage PC 
Oscillosope 
Harness the processing and storage 
power of your existing PC (286 or better) 
to give you a high performance storage 
'scope for a fraction of the price of a 
comparable piece of equipment. 
If you've already got a PC, with MS-
Windows for accessing the assembly 
instructions, dont waste money buying 
a storage scope when you can build 
yourself this superb PC Storage 
Oscilloscope add-on unit. 
Features include 8-bit vertical 
resolution, 4K-byte/channel memory 
TIFF (Tagged Image File) format, and 
linear or rounded interpolation. 

"This represents a remarkable bargain I have no 
hesitation in recommending the system..." 

"...there seems to be no conventional instrument that 

offers a similar specification at a comparable price." 

Robert Penfold - Everyday Practical Electronics 
January 1997 

* Accurate Oscilloscope Operation 
* Comprehensive Software 
* Expandable to 2-Channel 
* Waveform Storage, Printer Output 
* Timebase 100ns to 100ms/div 
* Input Sensitivity 10mV to 5V/div 
* Ideal for Hobbyists, Engineers, 
Laboratories, Schools and Colleges 

PC Storage Scope Kit: 
Order Code 51268. £173.39 

Second Channel Kit 
Equips the PC Storage Scope with a 
second channel allowing side-by-side 
comparison of two signals. 
Order Code 51270, £66.29 

Software Upgrade 
Adds Fast Fourier Transform (FFT) 
Spectrum Analyser and Transient 
Recorder capability (requires co-
processor). Order Code 51949, £25.49 

Fully Built Version 
Ready to use and fully calibrated dual 
channel version with all software options 
as standard. Also includes probes, PSU, 
interface cable and carry case. 
Order Code 51950, £324.99 

INTERESTED? 
See the full-colour display, with sample 

waveforms and operational controls on 
your own PC! 
Download the demonstration software 

from our VVWVV Site: 

http://www. ma pl in.co. uk/vellemanNelle 
man.htm or order a demonstration disk: 

Order Code 51269, £3.05 

ORDER NOW on 0800 136156 
Priority Reference Code MA002 
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or phone 01702 554002 for details of 
your nearest Maplin or Mondo store. 
For orders over £30.00 inc VAT goods are dispatched 
free of handling charges. Small order charge of £2.95 
inc VAT for orders less than £30.00 inc VAT. All items 
subject to availability All prices are inclusive of VAT @ 
1 7.5°, and are subject to charge. E&OE. 


