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

RADIATION DETECTOR SYSTEM Designed to be wall 
mounted and connected into a PC idealforremotemondonng whole 
building coverage etc Complete with detector cable and software 
£19 95 ref BAR75 

WIRELESS VIDEO BUG KR Transmits video and audio 
signals from a mi nature CCTV camera (included) to any standard 
television, All the components including a PP3 battery will fit into a 
cigarette packet with the lens requinng a hole about 3mm diameter 
Supplied with telescopic aenal but a piece of wire about 4 long will 
On give a range of up to 100 metres A single PP3 will probably give 

less than I hours use £99 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 1 v p-p (75 ohm) Works directly into a scant or 
video input on a N or video IR sensitive £79 95 ref EF 137 

IR LAMP KIT Suitable twine above camera enables the camera 
to be used in total darkness' £5 99 ref EF 138 

REMOTE CONTROLTAN DATA TD1400 MODEM/ 
VIEWDATA Complete system oompnsing 1200/75 modern auto 
dialler infra red remote keyboard (could be adapted for PC us e) 
psu UHF and ROB output phone lead RS232 output composite 

output Absolute bargain for pads alonellE9 95 ref BAR33 

9 WATT CHIEFTAN TANK LASERS 
Doublebeam units designed tollt in thegun 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 E50 0007 us/ £349 
Each unit has two gallium Arsenide injection lasers 1 x 9 watt Ix 

3watt 900nrn wavelength 28vdc 600hz pulsefrequency The units 
also contain an electronic receiver to detect reflected signals from 

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

TWOWAY MIRROR KIT I nd udes special adhesive film to make 
two way mirrons) up to 60x20' (glass not included) includes NI 
instructions £12 ref TW1 

NE W HIGH PO WER RF TRANS MITTERS 

AMPLIFIERSAssembled PCB transmitters 4 types available 
12 6vdc 90 watt I 5-30mhz 75 ohm in/out FM/AM £75 ref RF1 

12 6vdc 40 watt 50-200mhz 50 ohm in/out FM/AM £65 ref RF 2 
28vdc 125 watt 1 5-30mhz 75 ohm in/out FM/AM £85 ref RF3 
28vdc 100 watt 50-200mhz 50 ohm in/out FM/AM £75 ref RF4 
A heat sink will be required, nng for pnce and availability 

If you intend using these as audio transmitters you will need a also 
need a prearnp Complex module available at £40 ref RF5 
COMPUTERIWORKSHOP/HI-FI RCB UNITS Complete 
protection from faulty equipment for everybody' !Nine unit fits in 
standard IEC lead (extends it by 750mm) fitted in less than 10 
seconds resetrtest button 10A rabng £9 each Ref MM5 

RADIO CONTROLLED CARS FROM £6 

EACH!!!! All returns from famous manufacturer. 

3  types  available,  single  channel 

(left,right.forwardstackwards)£6 ref LOT1 Two 

channel with more features £12 ref LOT2 Two 

channel proportional (plug in crystals etc) £35 ref 

LOT3 

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

WANT TO MAKE SOME MONEY? STUCK FOR AN 
IDEA? We have collated 140 business manuals that give you 
information on setting up different businesses you peruse these at 
your leisure using the text editor on your PC Also included is the 
certificate enabling you to reproduce(and sell)the manuals as much 
as you like' £l4 ref EP74 

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

COIN OPERATED TIMER Kr Complete with comslot 

mechanism adjustable time delay. relay output put a comslot on 
anything you like, TV .5 videos fndges dnnks cupboards. HIFI 
takes 50p's and E 1 coins DC operated pnce justE7 99 ref BAR27 

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

AA NICAD PACK Pack of 4 tagged AA nicads £2 99 ref BAR34 
PLASMA SCREENS 2224310mm, no data hence £4.99 ref 
BAFt67 

NIGHTSIGHTS Model TZS4 with infra red illuminator views up to 
75 metresm full darkness in infrared mode 150m range. 45mm lens 
13 deg angle of view focussing range 1 5rti to infinity 2 AA battenes 
required 950g weight £199 ref BAR61 1 years warranty 

LIQUID CRYSTAL DISPLAYS Bargain prieos. 
16 character 2 line, 99x24mm £2 99 ref SM1623A 
20 character 2 line, 83x19mm £3 99 ref SM2020A 
16 character 4 line. 62x25mm £5 99 ref SMC1640A 
TAL-1 110MM NEWTONIAN REFLECTORTELESCOPE 
Russian Superb astronomicarscope. everything you needier' some 
senous star gazingl up to 169x magnification Send or fax for further 
details £249 ref TAL-1 

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

GOT AN EXPENSIVE ANYTHING? You need one ol our cased 
vibration alarms. keyswitCn Operated tally cased just 10 fit it to 
anything from videos to caravans, provides a years protection from 1 

WOLVERHAMPTON BRANCH 
NOW OPEN AT WORCESTER ST 

W'HAMPTON TEL 01902 22039 

PP3 battery, UK made SALE PRICE £4.99 REF SA33 

DAMAGED ANSWER PHONES These are probably beyond 
repar so just £4 99 each BT response 200 machines REF SA30 

COMPUTER DISC CLEAROUT We are leflwith a lot of software 
packs that need cleanng so we are selling at disc value only, 50 discs 
for £4 thats just 8p eachu(our choice of discs) £4 ref E P66 
IBM P32 MODEL 160Z CASE AND POWER SUPPLY 
Complete with fan etc and 200 watt power supply £9.95 ref E P67 

DELL PC POWER SUPPLIES 145 watt 4-5 -5.-02.-12 
150x150x85rnm complete with switch flyleads and IEC socket 
SALE PRICE £9.99 ref EP55 

1.44 DISC DRIVES Standard PC 3 5' dnves but returns so they 
will need attention SALE PRICE £4.99 ref E P68 

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

PP3 NICADS Unused but some storage marks £4 99 ref EP52 
DELL PC POWER SUPPLIES (Customer returns) Standard PC 
psu's completewith fly leads case and fan .12v -12v -0.5v.-5v SALE 
PRICEE1.99 EACH worth MG( the bits alone, ref DL 1 TRADE PACK 
OF 20 £29.95 Ref DL2 

GAS HOBS AND 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 

RED EYE SECURITY PROTECTOR 1 000 watt outdoor PIR 
switch SALE PRICE £6.99 ref EP57 

ENERGY BANK KIT 100 6'x6' 6v 100mA panels 100 diodes 
connection details etc £69 95 ref EF 112 

PASTEL ACCOUNTS SOFTWARE, does everything for all 
sizesof businesses indudeswordprocessor reportwnter windowing 
nehvorkable up to 10 stations multiple cash books etc 200 page 
comprehensrvemanual 90 daysf reetechnical support (0345-326009 
try before you buy,) Current retail priceisE129, SALE PRICE £9 95 
ref SA12 SAVE E120111 

COMPLETE PC 200 WATT UPS SYSTEM Top of the range 
UPS system providing protection for your computer system and 
valuable software against mains power fluctuations and cuts New 
and boxed. UK made Provides up to 5 mins running time in the event 
of complete power falure to allow you to run your system down 

correctly LAST FEW TO CLEAR AT £49 SAVE £30 ref LOT61 

BIG BROTHER PSU Cased PSU 6v 2Aoutput 2m o/p lead 15m 
input lead, UK made 220v SALE PRICE £4.99 REF EP7 

Check out our 

WEB SITE 
http://www.pavilion.co.uk 'bull-electrical 

RACA L MODEM BONANZA! 1Ra cal MPS 1223 1200/75 m odem 
telephone lead mains lead manual and  comms software the 
cheapest way onto the net, all this for just £13 ref DEC13 

4.6 mw LASER POINTER. BRAND NE W MODEL NOW IN 

STOCK!, supplied in fully built form (looks like a nice 
pen) co mplete with handy pocket clip (which also acts 

as the on/off sw(tch.) About 60 metres range( Runs on 

2 AAA batteries. Produces thin red bea m ideal for 

levels, gun sights, experi ments etc. just E39.96  ref 

DEC49 TRADE PRICE £28 MIN 10 PIECES 

BULL TENS UNIT Fully built and tested TENS (Transcutaneous 
Electncal Nerve Stimulation) unit complete with electrodes and full 

instructions TENS is used for the relief of pain etc in up to 70% of 

sufferers Drug free pain relief safe and easy to use can be used in 
conjunction with analgesics etc £49 Ref TEN/1 

RUSSIAN MONOCULARS Amazing 20 times magnification. 
coated lenses carrying case and shoulder strap £29 95 REF BAR73 

PC PAL VGA TO TV CONVERTER Converts a colour TV into 
a basic VGAscreen Completewithbuittinpsu lead and 5/ware Ideal 
for laptops or a cheap upgrade Supplied  in kit form for home 
assembly SALE PRICE £25 REF SA34 

EMERGENCY LIGHTING UNIT Complete unit with 2 double 
bulb floodlights, 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 12v 15AH atE 18 ref LOT8 and 6v 10AH 
(suitable for emergency lights above) at just £6 ref LOT 7 

ELECTRIC CAR WINDOW DE-ICERS Complete with cable 
plug etc SALE PRICE JUST £A.99 REF SA28 

AUTO SUNC HARGER 155x300mm solar panel with diode and 3 
metre lead fitted with a cigar plug 12v 2watt £9.99 REF SA25 
ECLATRON FLASH TUBE As used in police car flashing lights 
etc full spec supplied 60-100 flashes a min £6.99 REF SA 15B 

•SOME OF OUR PRODUCTS MAY BE UTILICENSABLE IN THE IlK 

BULL ELECTRICAL 
250 PORTLAND ROAD, HOVE, SUSSEX. 

13N3 5QT. (ESTABLISHED 50 YEARS). 

MAIL ORDER TER MS: CASH, PO OR CHEQUE 

WITH ORDER PLUS £3 P&P PLUS VAT. 
PLEASE ALLOW 7-10 DAYS FOR DELI VERYPHONE ORDERS 

WELCOME fACCESS.VISA, swrrcii, AMERICAN EXPRFStil 
TEL: 01273 203500 
FAX 01273 323077 

E-mail bulYiepavilion.co.uk 

24v AC 96WATT Cased power supply New £9 99 REF SA40 
MICRODRIVE STRIPPERS Small cased tape dnves ideal for 
stnpping. lots of useful goodies including a smart case and lots of 
components SALE PRICE JUST £4.99 FOR FIVE REF SA26 

SOLAR POWER LABSPECIAL You get TVV06'x6' 6v 130mA 
solar cells 4 LED's wire buzzer switch plus 1 relay or motor Superb 
value kit SALE PRICE JUST £4.99 REF SA27 

RGB/CGA/EGA M1 COLOUR MONITORS 12' in gooq 
condition Back anodised metal case SALE PRICE £49 REF SA1613 

PLUG IN ACORN PSU 19v AC 14w £2 99 REF MAG3P10 
13.8V 1.9A PSU cased with leads Just £9 99 REF MAG10P3 
UNIVERSAL SPEED CONTROLLER KIT 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 £l7 00 REF: MAG17 

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

VIEWDATA SYSTEMS made by Phillips complete with internal 
1200/75 modem keyboard psu etc ROB and composite outputs 
menu dnven. automaner etc SALE PRICE £12.99 REF SA18 
AIR RIFLES .22As used by the Chinese atmyfor training puposes 
so there is a lot about, £39 95 Ref E F78 500 pellets £4 50 ref E F80 

PLUG IN POWER SUPPLY SALE FROM £1.60 Plugs in to 
13A socket with output lead three types avalable 9vdc 150mAE1 50 
ref SA19 9vdc 200mA £2 00 ref SA20 6 5vdc 500mA £2 ref SA21 

VIDEO SENDER UNrT. Transmits both audio and video signals 
from either a video camera. video recorder TV or Comp uter etc to a ny 

standard TV set in a 100' range, (tune TVto a spare channel) 12v DC 
op Pnce isE15 REF: MAG15 12v psu isE5 extra REF: MAG5P2 

'MINATU RE RADIO TRANSCEIVERSA pair of walkie talkies 
witha range up ki 2 km in open country Unitsmeasure 22x52x 155mm 
inciuding cases and earp'ces 2xPP3 reg d £30 00pr REF: MAG30 
•FM TRANSMITTER KIT housed in a standard working 13A 
adapter' , the bug runs directly off the mains so lasts forever' why pay 
E700? or pnce is £15 REF EF62 (kit) Transmits to any FM radio 

'FM BUG BUILT AN D TESTED supenor desIgn to krt Supplied 
to detective agencies 9v battery rep d £14 REF MAG14 

TALKING COINBOX STRIPPER COMPLETE WITH 
COINSLOTMECHAN ISMS on vally made to retail atE79 each 

these units are designed to convert an ordinary phone into a 
payphone The units have the locksmissing and sometmes broken 

hinges However they can be adapted for theironginal useor used for 
something else " SALE PRICE JUST £2.50 REF SA23 

GAT AIR PISTOL PACK Complete with pistol. darts and pellets 
£l2 95 Ref EF82B extra pellets (500) £4 50 ref EF80 

6"X12" AMORPHOUS SOLAR PANEL 12r 155x310mm 
130mA SALE PRICE (4.99 REF SA24 

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4 99 
ref MAG5P13 ideal for expenmentersi 30 m for E12 99 ref MAG I3P1 

MIXED GOODIES BOX OF 

MIXED COMPONENTS  WEIGHING 2 KILOS 

YOURS FOR JUST £6.99 

4X28 TELESCOPIC SIGHTS Suitable for all air nfles ground 
lenses good light gathenng properties El9 95 ref R/7 
RATTLE BACKS Interesting things these small piece of solid 
perspex like matenal that it you try to spin it on the desk it only spins 
oneway intact it you spin it the 'wrong' way it stops of its own accord 
and go's back the other way, Et 99 ref GI/J01 

GYROSCOPES Rememberthese'weilwehavefoundac ompany 
that still manufactures these popular scientific toys perfect gift or for 
educational use etc £6 ref EP70 

HYPOTHERMIA SPACE BLANKET 215x 150cm aluminised 
foil blanket reflects more than 90% of body heat Also suitable for the 
construction of two way mi dorsi £3 99 each ref 0/L041 

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

RECHARGE ORDINARY BATTERIES UP TO 10 TIAES! 
With the Battery Wizard' Uses the latest pulse wave charge system 
to charge all popular brands of ordinary battenes AAA AA C D four 
at atimeiLed systemshowsw hen battenesarecharged automatically 
rejects unsuitable cells complete with mans adaptor BS approved 
Pnce 15E21 95 ref EP31 

TALKING WATCH Yes it actually tells you the time at the press of 
a button Also featuresa -voice alarm that wakes you up and tails you 
what the time is, Lithium cell included £7 99 ref EP26 

PHOTOGRAPHIC RADAR TRAPS CAN COST YOU 
YOUR LICENCE! The new multiband 2000 radar detector can 
prevent even themost responsible of dnversfromlosing therlicence, 
Acbustable audible alarm with 8 flashing leds gives instant warning of 
radar zones Detects X K. and Ka bands 3 mile range 'over the hill' 
'around bends' and 'reartrap facilites micro sizejust4 25'n2 5'x 75' 
Can pay for itself in just one day, £79 95 ref EP3 
SANYO NICAD PACKS 120mmx14mm 48v 270 maH suitable 
for corcless phones etc Pack of 2 just £5 ref EP78 

3" 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 pnce 
iS just E299 (full money back guarantee) full details in catalogue Ref 
95/300 

WE BUY SURPLUS STOCK 

FOR CASH 
RIVERS DIRECT LINE 0860 .125,692   

F  ECATA LOC 
100 PAGE C ATALOGUE NO W 

AVAILABLE, 50P STA MP O R F REE 

O N REQ UEST WITH O RDER. 
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Surplus always 
wanted for cash! 

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

LOW COST PC's - 

SPECIAL BUY 
A T 286 

40Mb HD + 3Mb Ram 
UMITED 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 SW 1.2 Mb floppy disk 
drive A integral 40Mb hard disk drive to the front Real time clock 
wah 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 NI Y £129. 00 (E) 
Optional Fitted extras: VGA graphics card 
1 4Mb 3W floppy disk drive (instead ol 1 2 Mb) 
NE2000 Ethernet (thick, thin or twisted) network card 

£29.00 
£19.95 
£39.00 

LOW COST 486DX-33 SYSTEM 
Limited quantity of this 2nd user. supurb small size desktop unit 
Fully featured with standard simm connectors 30 & 72 pin Supplied 
with keyboard. 4 Mb of RAM. SVGA monitor output. 2561, cache and 
integral 120 Mb IDE drive with single 1 44 Mb 3 5' floppy disk drive 
Fully tested and guaranteed  Only 
Many other options avaiable - call for details.  £399.00 (F , 

FLOPPY DISK DRIVES 31/2"- 8" 
" or 31/2 " from only £18.95! 

Massive purchases of standard 5'4' and 314' 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 (if 3W supported on your PC) 
311' Panasonic JU363/4 720K or equivalent RFE  £24.95(B) 
314" Mitsubishi MF355C-L 1 4 Meg Laptops only  £25.95(B) 
315- Mitsubishi MF355C-D 1 4 Meg Non laptop  £18.95(B) 
514' Teac FD-55GFA 1 2 Meg (for ism pc's) RFE  £18.95(B) 
53/4 " Teac FD-55F-03-U 7201(40/80 (for BBC's etc) RFE  £22.95(B) 
51/4 - BRAND NEW Mitsubishi MF501B 360K  £22.95(B) 
Table lop case with integral PSU for HH 5%* Flo w or HD £29.95(B) 
8" Shugart 800/801 8' SS refurbished 8 tested  £195.00(E) 
8" Shugad 810 8' SS HH Brand New  E195.00(E) 
8" Shugart 851 8' double stcled refurbished 8. tested  £250.00(E) 
Mitsubishi M2894-63 8' double sided NEW  £275.00(E) 
Mitsubishi M21:196-63-02U 8- DS slynkne NEW  £285.00(E) 
Dual 8" cased drives with integral power supply 2 Mb  6499.00)6) 

HARD DISK DRIVES 
End of line purchase scoop! Brand new NEC 02246 8' 85 Mbyte 
drive with industry standard SMD Interface Ultra hi speed data 
transfer and access times. replaces Fujitsu equivalent model 
Complete with lull manual  Only £299.00 or 2 for £525.00 (E) 

3̀/,' FUJI FK•309-26 20mb MFM 1/F RFE  £59.95(C) 
3W CONNER CP3024 20 mb IDE I/F (or equiv )RFE  £59.95(C) 
3W CONNER CP3044 40mb IDE I/F (or egunr.)RFE  669.00(C) 
3W RODIME R030575 45mb SCSI I/F (Mac 6 Acorn)  699.00(C) 
314" WESTERN DIGITAL 850mb IDE I/F Brand New  £185.00(C) 
514' MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE  £49.95(C) 
51i• SEAGATE ST-238R 30 mb ALL I/F Refurb  269.95(C) 
5W CDC 94205-51 40mb NH MFM I/F RFE tested  £69.95(C) 
8'  FUJITSU M2322K 160Mb SMD I/F RFE tested  6195.00(E) 
Hard disc controllers for MFM . IDE. SCSI, ALL 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 unrt, con-
taining all electronics ready to plug into a host of video monitors 
made by makers such as MICROVITEC, ATARI, SANYO, SONY, 
COMMODORE, PHIUPS, TATUNG, AMSTRAD etc The composite 
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 01 8 fully tuneable 'off air' UHF colour television 
channels TELEBOX MB covers virtually all television frequencies 
VHF and UHF including the HYPERBAND as used by most cable 
TV operators. A composite video output is located on the rear panel 
tor dried connection to most makes of m onitor or desktop computer 
video systems For complete compatibility - even for monitors with 
out sound  an integral 4 watt audio amplifier and low level Hi Fr 
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 Multiband VHF/UHF/Cable/Hyperband tuner £69.95 
For overseas PAL versions state 5 5 or 6 mHz sound specification 
'For cable / hyperband reception Telebox MB should be connected 
to a cable type service Shipping code on all Teleboxe's is (B) 

DC POWER SUPPLIES 
Virtually every ty pe of po wer 
su p ply yo u ca n Im a gine. O ver 

10, 000 P o wer S u p plies Ex Stock 
C all for info / list. 

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

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

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

Ar' w At this price - Don't miss it!! 
Mitsubishi FA3415ETKL 14 SVCLA Mutlisync colour monitor with line 

. 028 dot pitch kite and resolution of 1024 x 768 A 
variety al mots allows connezeon loaned of compel-
ers ratiudng IBM PC's it CGA EGA. VGA & SVGA 
modes. BBC, COMMOOORE (nducing Amiga 1203), 
ARCHSIEDES and APPLE. Many leatures Etched 
tacepttle. text swichng and LOW RADIATION MPR 
specification Fully guaranteed, supplied in EXCEL 

LENT little used condi =  Order as 
Tit & Swivel Base £4.75  Only £119 IF) MITE-SVGA 
VGA cable for IBM PC Inckided 
External cables for other types of computers CALL 

5000 Monitors from stock !!! 

HERCULES, EGA, CGA, VGA, SVGA - 6 to 26" 

+ Many special ite ms - CALL with your needs! 

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

Good SH condition - front £299 - CALL for Into 

PHILIPS HC535 (same style as CM8833) attractively styled 14" 
colour m onitor with {m a AGB and standard composite 15.625 
Khz video Inputs via SCART socket and separate phono lacks 
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 CalTIOfall H O quality with many features such as 
front concealed flap controls. VCR correction button etc Good 
used condition - fully tested guaranteed 
Dimensions. W14' x  x 15 W D  Only £95 (E)  

PHILIPS HCS31 Ultra compact T colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket. Ideal 
for all monitoring / security applications High quality, ex-equipment 
fully tested & guaranteed (possible minor screen bums) In attrac-
tive square black plastic case measuring W10' x H10' a 13 W D 
240 V AC mains powered  Only £79.00 io) 
KME 10" I5M10009 high deflation colour m onitors with 0.28' dot 
pitch  Superb clarity and modern styling 
Operates from any 15.625 khz sync AGB video •  • 
source. with AGO analog and composite sync 
such as Atari, Commodore Amiga, Acorn 
Archimedes & BBC. Measures only 13 W a 12' x 

11' Good used condition  Only E125 (E) 

20" 22" and 26" AV SPECIALS 
Superbly made UK manufacture. Pe all solid state colour monitors. 
complete with composite video 8 optional sound input Attractive 
teak style case, Perfect for Schools, Shops, Disco, Clubs. etc in 
EXCELLENT little used condition with full 90 day guarantee 

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

SPECIAL INTEREST ITEMS 
MITS.  FA3445ETKL 14' Industrial spec SVGA monitors  £245 
2kW to 403 kW - 400 Hz 3 phase power sources- ex sex*  EPOA 
Broadcast Electronics Inc FX30 FM exciter 80-108 MHz 
Stanelco STA15 15kW RF Induction heater system  EPOA 
IBM 8230 Type 1, Token ring base unit driver  6950 
IBM 53E5501 Token Ring ICS 20 port lobe modules  6750 
IBM MAU Token ring distribution panel 8228-23-5050N  £95 
AIM 501 Low distortion Oscillator 9Irtz to 330Khz. IEEE  £550 
Trend DSA 274 Data Analyser with G703(2M) 64 Jo  EPOA 
HP APOLLO RX700 system units  £950 
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts  £1800 
HP6264 Rack mount variable 0-20V 0 20A metered PSU  £675 
HP54121A DC to 22 GHz lour channel test set  EPOA 
HP7580A Al 8 pen HPGL high speed drum plotter  £1850 
Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500 
EG-NG Brookdeal 95035C Precision lock in amp 
OTC Ltd 1550 SM StabtlIsed IA laser calibration source  £2250 
Ling Dynamics 2kW programmable vibration test system  EPOA 
Computer 16mm CCTV auto iris lenses 'C' mount - NE W  £125 
Keithley 590 CV capacitor / voltage analyser  EPOA 
Racal ICR40 dual 40 channel voice recorder system  £3750 
Roken 80.250 240v single phase flow solder machine  £1200 
ICI R5030UV34 CSeanlone ultrasonic cleaning system  EPOA 
Mann Tally MT645 High speed line printer  £2200 
INTEL 5BC 486/1335E Multibus 486 system 8Mb Ram  £1200 
Zeta 3220-05 A04 pen HPGL last drum plotters  £1150 
Nikon HFX-11 (Ephiphot) exposure control unit  £1450 
Motorola VME Bus Boards 8 Components List SAE / CALL EPOA 
Trio 0-18 vdc linear. metered 30 amp bench PSU. New  £550 
Fuiitsu M3041R 600 LPM band printer  £1950 
Fujitsu M3041D 600 LPM printer with network interlace  £250 
Perkin Elmer 2998 Infrared spectrophotometer  £P0A 
VG Electronics 1035 TELETEXT Decoding Margin Meter  63750 
Andrews LARGE 3 1 m Satellite Dish .. mount (For Voyager') £950 
Thurlby LA 160B logic analyser  £375 
Sekonic SD 150H 18 channel digital Hybrid chart recorder  £1995 
Densei MUD 0185AH I KVa UPS system with balls NE W  2575 
System Video 1152 PAL waveform monitor  £485 
Test Lab - 2 me square quielised acoustic test cabinets  6300 
Kenwood 9601 PAL Vectorscope - NEW  £650 

Please call for further details on the above ite ms 

ISurplus always   
wanted for cash! 

19" RACK CABINETS 
Superb quality 6 foot 40U 

Virtually New, Ultra Smart 
Less than Half Price! 

Top quality 19' rack cabinets made In UK by 
Optima Enclosures Ltd  Units feature 
designer, smoked acrylic lockable front door 
full height lockable half louvered back door 
and louvered removable side panels Fully 
adiustable 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 theretore 
require only two side panels to stand singly or in multiple bays 
Overall dimensions are 77 W H u 32 W D 22' W Order as: 
OPT Rack 1 Complete with removable side panels  6335.00 (G) 

OPT Rack 2 Rack. Less side panels  2225.00 (0) 

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 „..c.•2'. 
five secure 5 lever barrel locks. The front door 
is constructed of double walled steel with a 
'designer style' smoked acrylic front panel to 
enable status indicators to be seen through the 
panel, yet 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 tor standard 
'cage nuts' A mains distribution panel internal-
ly mounted to the bottom rear, provides 8 x IEC 3 
pin Euro sockets and 1 x 13 amp 3 pin switched 
utility socket. Overall ventilation is provided by 
bully louvered back door and double skinned top seclion ' 
with top and side louvres The top panel may be removed for Ittlrng 
of integral bans to the sub plate etc Other features include fitted 
castors and floor levelers, prepunched utility panel at lower rear lo• 
cable / connector access etc. Supplied an excellent, slightly used 
condition with keys Colour Royal blue. External dimensions 
mm=1625H x 6350 x 603 W. ( 64" H x 25" D x 2314" 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 - 
AficroTOUCh - but sold at a price below cost If System consists of 
a flat translucent glass laminated panel measuring 29 5 a 23 5 cm 
connected to an electronic controller PCB The controller produces 
a standard serial RS232 or TTL output which continuously gives 
simple serial data containing positional X 8 Y co-ordinates as to 
where a finger is touching the panel - as the finger moves, the data 
instantly changes The X & V informatton 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-
nection to a PC for a myriad of applications including control pan-
els. pointing devices, POE systems, controllers for the disabled or 
computer un-trained etc etc Imagine using your finger with 
'Windows', instead of a mouse ti (a driver is indeed available I) The 
appli cations for this amazing product are only limited by your 
Imagination!! Complete system including Controller. Power Supply 
and Data suppled at an incredible price of only 
FuN MICRO TOUCH softwere support pack  £145.00 (B) 
and manuals tor IBM compatible PC's £29. 95 RFE - Teeted 

LOW COST RAM & CPU'S 
INTEL 'ABOVE' Memory Expansion Board  Full length PC-XT 
and PC-AT compatible card with 2 Mbytes ot memory on board 
Card is fully selectable for Expanded or Extended (286 processor 
and above) memory Full data and driver disks supplied RFE 
Fully tested and guaranteed Windows compatible  E59 .95(A i) 
Half length 8 bit memory upgrade cards for PC AT XT expands 
memory eother 256k or 512k on 64k steps May also be used to fill 
in RAM above 640k DOS lima Complete with data 
Order as: XT RAM uG. 256k. £34.95 or 512k £39.95 (A 1 ) 

SIMM SPECIALS  
1 MB x 9 SIMM 9 chip 120ns  Only  £19.50 IAt) 
1 MB x 9 5IMM 3 chip 80 ns £23.50  or 70ns  £24.95 (AI) 
1 MB x 9 SIMM 9 chip 80 ns £22.50  or 7Ons  £24.00 (Al) 
4 MB 70 ns 72 per SIMM -with parity-  Only £95.00 Al 
8MB 70 ns 72 pcSIMM nopanly  £159.00 Al)  
INTEL 486-DX33 CPU £55.00 INTEL 486-DX66 CPU £69.00 Air 

FANS & BLOWERS 
EPSON D0412 40x40x20 mm 12v DC 
PAPST TYPE 612 60060x25 mm 12v DC 
MITSUBISHI MMF-D6D12DL 60x60a25 mm 12v DC 
MITSUBISHI MMF-08Cl2DM BOx80x25 mm 12v DC 
MITSUBISHI MMF-09B12DH 92a92x25 mm 12v DC 
PANCAKE 12-3.5 92a92a18 mm 12v DC 
EX-EOUIP AC fans. ALL TESTED 120 a 120 x 38 mm specify 110 
or 240v 66.95. 80a 80  38 mm  specify 110 or 240v 25.95 
IMHOF 026 1900 rack ma 3U x 19' Blower 110/240v NE W 279.95 
cihrpping on all fans (A) Blowers lti , 50.000 Fans Ex Stock CALL 

27.95 10 1 265 
£8.95 101E75 
24.95 10/242 
£5.25 10 / E49 
£5.95 10 / 253 
£7.95 10 / 269 

Issue 13 of Display 7s[e c now available - send large SSE - PACKED with bargains! 
ALL 1:1' ENQUIRIES  a • • • • • • 

• • • • 

• • • 

• • • • • • • 

•  •  • 
•  •  • 

•  • 
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ESTABLISHED 
25 YEARS 

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

Dept PE. 32 Biggin Way 

Upper Norwood 

LONDON SE19 3XF 

ILONDON SHOP Open Mon - Sat 9:00 - 5:30 
215 Whitehorse Lane 
South Norwood 
On GSA Bus Rout• 
Fl Thornton /loath & 

Solhural Park SR Rad Stanons 

0RE>DISTELO The Original 
E On line Database 

Info on 20,000.. stock items' 
RETURNING SOON! 

0181 679 4414 
FAX 0181 679 1927 

Al does for LK Maniand UK customers add 17 5% VAT lo TOTAL order amount Minanum order 210 Bona Fcle accourt orders accepted from Government. Schools 
Unsersies and Local Autnonses  mrwnurn acodure order 250 Cheques war £103 are sutied to 10 worting days clearance Carnage charges (A C300. (At (=64 00 
(B-4:5 50. (C)=E8 50, (D).£12.00. (E).£15 00. (F)=E18 03, )G KALL Mriwactxox 6 days to shciprig taster CALL Scotland sun:hems CALL Al goods sucpfed to our 
Standard Caldrons of Sale and unless dated guaranteed to 93 days Al guarantees at a return to base basis Al rights reserved to 01 tge prces / speofcatcns wthout prior 
noire Orders subied to sex* Dscounis for volume Top CASH pnoas pad to surplus goods Al trademarks etc acknoertedged ©Display Etorrmcs 1996 E & OF 015 
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LIES & ELECTRONICS 
Ever wonder if you are being bugged? Tired of 
business rivals pre-empting your deals? Take a look 
at the world of high tech surveillance with Barry Fox 
next month. 

MOLE-ESTER 
On your bike Mr Mole! An easy to build project for / 

2 ,  those with lumps in their lawn. The Mole-Ester is a 
humane, "green" and totally safe way of purging 

your garden of malingering moles. A period of use should banish your grief-stricken guests 
and you can get on with gardening without a constant reminder of their unwelcome visits. 

COMPONENT ANALYSER 
Although unusual this project will be useful for everyone who is interested in constructing 
and repairing electronic devices. To put it simply, the Component Analyser will provide 
information on any bipolar 
transistor. diode or le.d. In 
addition to this it is capable of 
producing test tones for loud - 
speakers and also able to check 
for simple open or short circuits - 
fuses, for example. can be verified. 
The most surprising ability of 

this project. is the fact that it will 
automatically identify all the leads 
of a transistor without you having 
to know which pins are which first. 
For example. you can connect a 
transistor to the Analyser any way 
round, the unit will tell you which 
lead is which, the transistor type 
(npn pnp) and verify that the 
transistor is operational. It is also 
simple to build and inexpensive. 

BIKE SPEEDO 
How fast can you get to the bar? Find out with our Bar graph Bicycle Speedometer. 
It uses a simple to attach inductive coil (no hammers or Rawlplugs needed to fix it) and a 

20-Le.d. display. Its the final project for our current Teach-In '96 series - so on yer bike, 
don't miss it! 

EVERYDAY 

PRACTICAL 

ELECTRONICS 
AUGUST ISSUE ON SALE FRIDAY, JULY 5 
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QUICKROUTE 
SYSTE MS 

3 Good Reasons.. 

R Ouickroute 3.5 -{CAOR35‘DES SOH] 
File  Edit  View  loots  Qptions  Library  aymbol  Help 

q2) ) I El 4-

I T. • ID 
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40 

VCC 

1 
"..a very capable package which will be 
of interest to many 
electronic designers, 
especially because of 
its low price" 
CADCAM March96 
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Saved a 22.2K schematic file 

of all the products 
included here, this is 
my personal favourite... 
Really, that's about all I 
have to say about 
Quickroute - it certainly 
gets my vote!" 
Computer Shopper 
Nov95 

..to choose Quickroute 3.5 Designer 
(apart from the price £1491 

1 Schematic Capture 
Creating schematics is easy in Quickroute 3.5 Designer for Windows. 
Simply select the symbols you require from the libraries and connect 

the pins using nets. Junctions are automatically placed for you, and 
correct connections are indicated visually to ensure accurate 
schematics. Once you are finished just click on the schematic 
capture button to turn your schematic into a PCB rats-nest. 

2 Assisted PCB Routing NEW 

Quickroute 3.5 Designer is capable of manual PCB routing or assisted 
routing using Quickroute's built in RouteASSIST technology. To use this 
simply click on a start and finish node, and RouteASSIST 'does the rest. 
Alternatively, you can route manually with rats automatically 
removed using the 'rat-check' feature. 

3 Design Checks 
Quickroute 3.5 Designer also includes both design rule checking 
(DRC) and a simply connectivity check. The connectivity check 
compares your PCB with the original schematic and gives a pass/fail 
if there are any differences. 

Quickroute 3.5 Designer costs just £149.00. Post & packing is £5 (UK), 

£8 (Europe) and £12 (Worldwide). *V.A.T must be added to the total 
price. Quickroute 3.5 is also available in two more powerful versions: 
PRO (£249) and PRO+ (£399). Contact Quickroute Systems Ltd for full 
details and a brochure or visit our WWW site and download a free 
demo. 

Tel/Fax 0161 449 7101  jr z VISA 

WNW: www.quickroute.co.uk EMail: info @quicksys.ciemon.co.uk 

Quickroute Systems Ltd., 14 Ley Lane, Marple Bridge, Stockport, SK6 5DD, U.K. 

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

f:149* 



BTEC 
Certificated 

N A T I O N A L 
C O L L E G E  0 F 
TE C H N O L O G Y 

TUTOR 
Supported 

DISTANCE LEARNING COURSES 
The National College of Technology offer a range of 
packaged learning short courses for study at home or in 
an industrial training environment which carry modular 
BTEC awards leading to a higher BTEC certificate. Study 
can commence at any time and at any level enabling you 
to create a study routine to fit around existing commit-
ments. Courses on offer include: 

Analogue Electronics 
Digital Electronics 

Fibre/Optoelectronics 
Mechanics & Mechanisms 

Programmable Logic Controllers 
Electronic Testing & Fault Diagnosis 

Tutor support and BTEC certification are available as 
options with no travelling or college attendance re-
quired. These very popular courses which are ideal for 
vocational training contain workbooks, audio cassette 
lecturettes, PCB's, instruments, tools, components and 
leads as necessary to support the theoretical and practi-
cal training. Whether you are a newcomer to electronics 
or have some experience and simply need an update or 
certification, there is probably a distance learning course 
ready for you. Write or telephone for details to: 

National College of Technology 
NCT Ltd., PO Box 11 
Wendover, Bucks 
Tel: (01296) 624270 

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

The supplier to use if you're looking for:— 
* A WIDE RANGE OF  
COMPONENTS AIMED P 

AT THE 
0-.̀i'l•  - HOBBYIST 

* COMPETITIVE  
-\ VAT INCLUSIVE 

PRICES * 1.9) 4‘t71:7"-F  

\ * MAIL ORDER - generally by 
RETURN OF POST * 

-Al * FRIENDLY SERVICE * 

1995/6 CATALOGUE NOW IN STOCK! 
COST: £2.00. Includes vouchers to offset 

against future purchases. 

OPEN: Monday-Thursday 9.15 - 6.00. 
Friday 115-5.00  VISA 
Saturday 9.30-5.00 

SUMMER 16 
M UM I 

NEW IN TINS ISSUE: 
INTERNAL CD WRITER 

AMATEUR RADIO 
EQUIPMENT 

COMPUTER BOORS AND 
ACCESSORIES 

and much mom— 

.  , 

The new Summer '96 edition has 280 
pages packed with over 4000 products. 

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

WIN, . £250 Voucher to spend on any Cirkit product 
of your choice in our easy to enter competition. 

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

New Multimedia CD ROM Titles. 

New Radio Amateur Equipment. 

£25 wo,-ch discount vouchers. 

+ 30p p&p 

280 Pages, 25 Sections and Over 4000 Products from 
some of the Worlds Finest Manufactures. 

Available at WH Smith, John Menzies and most large 
newsagents, from 25th April, or directly from Cirkit. 

Get your copy today! 

CIPark Lane • Broxbourne • Hertfordshire • EN10 7NO  Telephone: 01992 448899 • Fax: 01992 471314 

Access 

VISA 

Cirkit Distribution Ltd 
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Vilia llimmi l rART AUDIO KITS - YOUR VALUE FOR 
MONEY ROUTE TO ULTIMATE HI-Fl 

HART KITS give you the opportunity to build the 
very best engineered hifi equipment there is. 
designed by the leaders in their field, using the best 
components that are available. 
Every HART KIT is not lust a new equipment ac-
quisition but a valuable investment in knowledge. 
giving you guided hands-on experience of modern 
electronic techniques. 
In short HART is your 'friend in the trade' giving 
you, as a knowledgeable constructor, access to 
better equipment at lower prices than the man in 
the street. 
You can buy the reprints and construction manual 
for any kit to see how easy it is to build your own 
equipment the HART way. The FULL cost can be 
credited against your subsequent kit purchase. 
Our list will give you full details of all our Audio Kits, 
components and special offers 

INTRODUCING 

The Hart -Cluara 
Single-Ended Class "A" Headphone Amplifier 

Most modern high fidelity amplifiers either do not 
have a headphone output facility, or this may not be 
up to the highest standard. 
The new Hart "Chiara" has been introduced as an 
add-on unit to remedy this situation, and will provide 
two ultra high quality headphone outlets. This is the 
first unit in our 2000 Range of modules to be intro-
duced through the year. Housed in the neat, black 
finished, Hart Minibox it features the wide frequency 
response, low-distortion and 'musicality- that one 
associates with designs from the renowned John 
Linsley Hood, 
Both outputs will drive any standard high quality 
headphones with an impedance greater than 30 
ohms and the unit is ideal for use with the Senn-
heiser range. A signal link-through makes it easy to 
incorporate into your system and two extra outputs, 
one at output level and one adjusted by the Volume 
control are available on the back panel. The high 
level output also makes a very useful long-line 
driver where remote mounted power amplifiers are 
used. Power requirements are very simple and can 
be provided by either of our new "Andante" power 
supplies. Use the K3565 to drive the "Chiara" on its 
own. K3550 if driving other modules as well. 
Volume and Balance controls are provided and as 
befits ally unit with serious aspirations to quality 
these are the ultra high quality Alps "Blue Velvet" 
components. 
Very easily built, even by beginners, since all 
components fit directly on the single printed circuit 
board and there is no conventional wiring what-
soever. The kit has very detailed instructions, and 
even comes with a roll of Hart audiograde silver 
solder. It can also be supplied factory assembled 
and tested. 
Selling for less than the total cost of all the com 
ponents. if they were bought separately, this unit 
represents incredible value for money and makes 
an attractive and harmonious addition to any hifi 
system. 
K2100 The total cost of a complete set of all com-
ponents to build this unit is £126.37. Our special 
discount price for all parts bought together as a kit 
is   
£109.50 
K2100SA Series Audiophile, with extra selected 
components  £112.46 

HART TC1D Triple Purpose TEST CASSETTE 
Now available again and even better than before! 
Our famous triple purpose test cassette will help 
you set up your recorder for peak performance after 
fitting a new record/play head. This quality preci-
sion Test Cassette is digitally mastered in real time 
to give you an accurate standard to set the head 
azimuth. Dolby/VU level and tape speed. all easily 
done without test equipment. 
TC1D Triple Purpose Test Cassette  £9.99 

NEW BOOK 
O le  lecironies 

And now, hot of f the press, yet another classic 
from the pen of John Linsley Hood. Following 
the ongoing enormous success of his "Art of 
Linear Electronics" the latest offering is the 
all-new edition of "Audio Electronics", now entirely 
re-written by the master himself. 
Underlying audio techniques and equipment is a 
world of electronics that determines the quality of 
sound. For anyone involved in designing, adapt-
ing or using digital or analogue audio equipment 
understanding electronics leads to far greater 
control over the reproduced sound. 
The subjects covered include tape recording. 
tuners, power output stages, digital audio. test 
instruments and loudspeaker crossover systems. 
John's lifetime of experience and personal innova-
tion in this field allow him to apply his gift of being 
so familiar with his subject that he can write 
clearly about it and make it both interesting and 
comprehensible to the reader. 
Containing 240 pages and over 250 line illustra-
tions this new book represents great value for 
money at only £18.99 plus £2.50 postage. Send 
or telephone for your personal copy now. 

ALPS --glue Velvet” 
Precision Audio Controls 

To fulfil the need for ultra high quality controls we 
import a special range of precision audio pots in 
values to cover most quality amplifier applications. 
All in 2-gang stereo format, with 20mm long 6mm 
diam steel shafts, except for the 50K Log which 
is 25mm x 6mm. Overall size of the manual pot 
is 27W x 24H x 27Deep. motorised versions are 
72-4mm Deep from the mounting face. Mounting 
bush for both types is 8mm diameter. 
Now you can throw out those noisy ill-matched 
carbon pots and replace with the real hi-fi com 
ponents only used selectively in the very top flight 
of World class amplifiers. The improvement in track 
accuracy and matching really is incredible giving 
better tonal balance between channels and rock 
solid image stability, 
The motorised versions use a 5V DC motor 
coupled to the normal control shaft with a friction 
clutch so that the control can be operated manually 
or electrically. The idea of having electrically 
operated pots may seem odd. archaic even, but it is 
in fact the only way that remote control can be 
applied to any serious Hi-Fi system without loss of 
quality. The values chosen are the most suitable 
available for a low loss passive volume and balance 
control system allowing armchair control of these 
two functions. 
Our prices represent such super value for pots of 
this quality due to large purchases for our own kits. 
MANUAL POTENTIOMETERS 
2-Gang 100K Lin  £15.67 
2-Gang 10K. 50K or 100K Log.  £16.40 
2-Gang 10K Special Balance, zero crosstalk and 
zero centre loss  £17.48 
MOTORISED POTENTIOMETERS 
2-Gang 20K Log Volume Control  £26.20 
2-Gang 10K RD Special Balance, zero crosstalk 
and less than 10% loss in centre position  £26.98 

REEL TO REEL HEADS 
999R 2,4 R,P 100mH  £16.84 
We have a few erase heads to suit which 
can only be supplied when 2 Ft'P heads are 
purchased  £36.80 

TAPE RECORDER CARE PRODUCTS 
DEMI Mains Powered Tape Head 
Demagentizer, prevents noise on playback 
due to residual head magentisation  £4.08 
DEM115 Electronic. Cassette Type, 
demagnetizer  £8.61 

Send or phone for your copy of our FREE List of these and many other Kits 8, Components Enquiries from Overseas 
:-.iomers are equally welcome but PLEASE send 2 IRCs if you want a list sent surface post, or 5 for Airmail. 

Ordering is easy Just write or telephone your requirements to sample the friendly and efficient HART 101  
service Payment by cheque, cash or credit card A telephoned order with your credit card number will 
get your order on its way to you THAT DAY 
Please add part cost of carriage and insurance as follows -INLAND Orders up to E20 - £.50, 
Orders over E20 - £3.50. Express Courier. next working day E10. 
OVERSEAS - Please see the ordering information with our lists. 

QUALITY 
AUDIO KITS 

24 hr. SALES LINE 

(01691) 652894 

LINSLEY HOOD SHUNT FEEDBACK RIAA 
MOVING COIL 8 MOVING MAGNET 

PICKUP PREAMPLIFIERS 

The HART K1450 Magnetic pickup preamplifier kit 
features a totally discrete component implementa-
tion with a specially designed low input impedance 
front end and the superior sound of the Shunt 
Feedback circuitry. High quality components fitting 
to an advanced double-sided printed circuit board 
make this a product at the leading edge of technol-
ogy that you will be proud to own. Nevertheless 
with our step by step instructions it is very easy and 
satisfying to assemble, The higher current con-
sumption of this unit means that it is best powered 
by our new Andante Audio Power Supply, itself an 
advanced piece of technology in a matching case. 
This supplies the superbly smoothed and stabilised 
supply lines needed by any sensitive preamplifer 
and features a fully potted Hi-grade toroidal trans-
former along with a special limited shift earth sys-
tem for hum free operation. The K1450 is suitable 
for all moving coil and moving magent transducers 
this unit is especially recommended for, and will 
extract the very best from the modern generation of 
low output high quality moving coil transducers, 
K1450 Kit, complete with all parts ready to 
assemble inside the fully finished 228mm x 134mm 
x 63mm case. Kit includes full, easy to follow. 
assembly instructions as well as the Hart Guide to 
PCB Construction, we even throw in enough Hart 
Audiograde Silver Solder to construct your kit! 
 £11.58 
K1450SA Series Audiophile version with selected 
components    £133.94 

HIGH QUALITY REPLACEMENT 
CASSETTE HEADS 

Do your tapes lack treble'? A worn head could be 
the problem. For top performance cassette recorder 
heads should be replaced every 1.500 hours. Fit-
ting one of our high quality replacement heads 
could restore performance to better than new! Stan-
dard inductances and mountings make fitting easy 
on nearly all machines (Sony are special dimen-
sions, we do not stock) and our TC1 Test Cassette 
helps you set the azimuth spot on. As we are the 
actual importers you get prime parts at lower prices, 
compare our prices with other suppliers and see! All 
our heads are suitable for use with any Dolby 
system and are normally available ex-stock. We 
also stock a wide range of special heads for home 
construction and industrial users 
HC80 NEW RANGE High Beta Permalloy Stereo 
head Modern space saver design for easy fitting 
and lower cost. Suitable for chrome, metal and fer-
ric tapes. truly a universal replacement head for 
everything from hi-fi decks to car players and at an 
incredible price tool   £11.70 
HRP373 Downstream monitor combi head  £62.59 
H0551A 4-Track RIP   
H0551S Sony Mount 4-Tr. RIP   
HOR560 Rotary Base 12.5mm R/P/E   
HOR570 Rotary Base 15mm R/P/E   
HOR580 Rotary Base 12.5mm R/P   

HART Cteusuat CD's  
Top quality. Full Digital (DDD). over 100 titles from 
only £1.99! Ring or send for your list! 

TECHNICAL BOOKSHELF 
We stock a good range of books of interest to the 
electronics and audio enthusiast, including many 
reprinted classics from the valve era Some were in 
last months advertisement, but see our list for the 
full range 
New this month is the GEC Valve designs book at 
£8.95, and the VTL Book a modern look at valve 
designs. £17.95. 

ALL PRICES 
INCLUDE 
UK/EC VAT 

£8.75 
£14.90 
£21.90 
£22.59 
£14.29 

sew 
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M ORE A MAZING SURPLUS 
BARGAINS FRO M 

1111 =1111 
GREEN WELD 

ELECTRONIC 
COMPONENTS 

27D Park Road 
Southampton S015 3UQ 

Tel 01 703 236363 
Fax 01 703 236307 

EMail 100014,1463 Internet http //wwvv 
herald co uk/chents/G/Greenweld html 

Our 200 page 1996 Catalogue is 
£2.00, but will be sent free with 

any order. 

First time of advertising for all 
these products - order soon 
before stocks are sold! 

One off and pack prices in bold 
include VAT. qty prices don't Number 
n brackets after order code is approx 
qty avoidable P&P £300 per order 
Pay  by cheque.  PO.  Cash.  Book 
:okens. Visa. Access or Switch We 

are open for callers from 8-530 Mon-
Sat 

D(4168 (30) Tadean high energy 68V lithium 
battery  housed  in  a Wee  plastic  case 
58x39x20)nm with a Lelcro pad o, the base 
Connexen by means of twisted tea ter mnated sr 

SIL plug £4.00 

D(6890  (60)  A  qty  of  VGA  boards. 
Unfortunately  they ve had the edge co-rector 
removed so are being sokl fa the component 
value rely  Lots of useful surface mount stuff 
including memory There are four different rapes all 
in srnalksh quantees As they come £2 each. 

A couple of PCB stand-offs 

EX6884 (33) 7mm Op both sides 100/E2.00 
EX6885 (34) 7rnm but chi, on one side ally 
100/E1.50 

EX4167 (7(X)) Gender changer ExcePent price on 
this low profile fernale-lernale gold plated 25 way 
deace list around E4 Our Price £1.50; 106. 
0 75 

A couple of DRAM modules. 

4 1 11 1 1 11111 1 11 1 k 

DC4171 (40) 3) an 256k S1MM 3 chip device 
x M5 14256A-1 and a M5IC256 £2.00 
DC4172 (70) 30 pn 256k SlMM 9 chip device 
MM2801JOS-08 £2.00 

EX4170 (3:01 16.+2 ex equp LCD module with 
0 1" pin connector Sze 84x44 (display 61x16) Lot 
£30+ Our Price E4.00; 1(30. 200 

DC4169 (150) in hoe push to make switch will 
18m screened lead  High quaky brass twang 
0.00; 10(3+ 120 

r 

EX6889 (40) Air purif)er and icincer for n car use 
12V 18W caws area of 150 xi ft Pined with Cal 
power plug Double sided adveave pad included 
£4.00 

ALTAI 

4r.P. 

X.3888 (250) In-ear Mow stereo earphones for 
use with warmers etc  32R  FR  12-24CCOHO 
1 1m lead £1.00 

EX6887 (6(30) Vero Easnwe  Great prototypng 
board apinally selling at £15 Mother good idea 
that den t really take off Last few hundred of these 
(we orignaIN had about 20CCO) at gust £2.50 

0(6763 (280) Enhancement cellular arena Housed 
in black plastic with two suckers to attach to 
window with 1 7m lead terminated as INC plug 
£3.00; 100. 1 75 

Firipa41101001111240  
EX3938 (50) 3 2rnm female blade connectors 
Strip of 100 £2. 00 

D(3942 (100) Switched mans inlet as used in 
portable radios etc 2/E1.00 
DC3944 (50) IOC 60 way skt £1.00 
0(6806 (5C0) Klippon 10 way 45  PCB mag 
(5arn pitch) terryknal block rated 150V 10A Great 
Price • 3/E1.00; 1CO. 0 18 

,  ILlf;i1111811.1608  

1003904 (180) iris long lead 37D plug one end 
36 way centrorvcs plug the other £3 

EX9107  (108) A most excellent Panasonic 15 -

monitor  chassis  (no  case  supplied)  model 
H1562 INA  This has a 15- 110- P31  short 
peragance green non glare tube and TR input 
The scant:wog frequency is 15 751Utz. and the 
bandwidth Ls 25MHz Resolution at centre is typically 
1320 lines The power supply is switch mode and 
will take inputs horn 90-264V ac Supped wth 
orcut diagram and data sheet £30.00 

Graphics Tablet 

EX9102 (21) Hata G/ONE 12,12- input system 
hereared  hom  working  miao w  they  are 
complete but without accessories inputs on rear 
fa pen/cursor and nterface (both on 8 pn 
skts) £20.00 

DC9106  (16) 6M PS2 computer Although the 
cases are a bit scruffy scene physically damaged. 
the contents look OK 286 rnotherboad with 640k 
base memory 90N ShAPSU.  1 44141. 35- disk 
ckne end 30Mb had disk £2000 

DC9100 (48) External mans powered 5 25 - disk 
drive  IBM  model  4869  Cream  case 
406x225x63ran Although the disk drne Ls a bit old 
hat. it s an attractrve case and useful SMPSU 
£5.00 
DC9101 (60) As above but disk dam missing 
£4.00 

EX9105 (35) For use with X9106 computers 
these are 16M model 5154 EGA  14- colour 
monitors  not new but in good workng order 
identical to those offered as July 1994 still at the 
same price! £50. 00 

A Parcel of Tandon Peripherals 

411115110 

D(6896  ‘20)  Notebook  fax/data  96co baud 
modem model 8009 Complete with handbooks 
lead and 7 a 35 - disks £15 

" itt4  
Some microprocessor modules: 
EX6900  (221  Model  TH2021  286/16  CFU 
module £8 
0(6901 (12) Model TH2036 386SLC/50 CPU 
module £15 
0(6902 (11) Model TH2013 3860X/33 32 be 
CPU module £15 
0(8903 (21) M odel TH2027 386SX/25 CPU 
module£15 

EX6894 (141) Mono graphic adapta MGC5143 
offers two graphics pages. each 720,348 Half 
length card. with handbook £5 

0(6905 (38) Laptop numeric keypad TM4CO3 17 
keys £5 

EX6906 (50) Adaptor  2 x 36 way centronics 
plugs to 1 skt £3 

Loads more bargains in our monthly hsts 
only  evadable  to  Subscribers  - Become 
ontoday, 
For rust C12 a year, you'll receive a new 
-nailing every month full of our latest surplus 
bargains • reply paid envelopes • Free to 
enter C25 prize draw every month - 5% 
discount on most items (new and surplus) • 
lower postage rates! Can you afford not to 
subscribe? 

Another collection of valves All are boxed, 
but a few are not new 

Valve Type Qty Price 

12BA,, 1 £3.00 
150 "IA2 1 £4.00 
3646 1 £5.50 

5654 2 £3.00 
5670 3 £5.50 
5673 1 £5 50 

5763 3 £7.50 
5R4GYA 8 £5.00 

5R4GY13 1 £5 00 

5U4GB 3 £7.00 

5Z4 2 f4.00 
6136 2 £2 00 
6146 2 £7.00 
6146A 2 £750 
61468 n £8.00 
6201 14 £5 50 

6AB7 3 £300 

6AK6 7 £2.00 

6A15/CV4C07 11 £2 00 
6656 2 £2.00 

613F5 4 £700 
68H6 16 £300 

6826 8 £200 

6DC6 5 £4 00 

6028 4 £3 00 

6D05 2 £9.00 
6E48 17 £6 00 
6.17 3 £3.00 

6L6GA 4 £6 00 

6L6GC 17 £6.00 
6507 8 £4 50 
6SL7GT 3 £5 00 
6U8A 7 £3 00 

6V6 4 £4.00 

6V6GT/A 8 £4 00 

6V6GT/G 5 £6 00 
6X50T 4 £2.00 

7543 2 £8.00 

8562 5 £5.00 

A2293 6 £5.00 
CV1832/0A2 3 £4 00 

CV4014/M8083 20 £3.00 
DY5 1 2 £2 00 

E I82CC 1 £8.00 

E8OCC 2 £20.00 
Ea2t. 4 £35.00 

E88CC I £6 00 

EAA9 1 5 £3 00 

EB9 1 2 £1 50 

EBC90 2 (1.60 

ECC902S 1 £20.00 
ECC81 11 £3.00 
ECC82 35 £3 00 
ECC83 25 £3.00 
ECCI35 22 £3.00 

ECO38 12 £4.00 
ECC91 II £2. 00 

ECF82 8 £2.00 
ECH81 6 £3.00 

ECL80 4 £1.50 
ECL86 4 £3 00 
EF 183 9 £1 50 

EF 184 27 £1.50 
EF37A 1  I £3 00 

EF804 1 £12.00 

EF8045 I £35. 00 
EF806 1 £8 00 
EF8C6S 1 £8.00 

EF84 2 f 3. 00 

EF85 6 El 50 
EF88 20 £4 50 
EF91/CV138 14 f 1 50 
EF93/613A6 21 £1.50 
EL4401 1 £5.00 
EL509 3 £5.00 
EL M 10 £6.00 

ELI34 1 £4 00 

EL90 3 £2.00 

EL95 24 £2.00 
M8223 1 £4 00 
062 1 £2.00 

PCF2C0 2 £2.00 
PCF201 5 £2 00 

RCF80 4 El 50 

PCF802 3 f 1 50 
PO-1200 3 £2. 00 

PCL82 1 £2 00 

PCL82ST 3 £2 00 

PCL84 3 f 1 50 

PCL85 1 £4 00 

PCL86 ' £2 00 

PE06-40N 33 £4. 00 

P1504 4 f 3 00 

FL509 4 £5 00 

PL83 3 El. 50 

P184 1 El 50 
PY81 2 £1.50 

PY83 1 £1.50 

PY88 3 £1.50 

0605/40 1 £30.00 
00E03/12/6360 2 £12.00 

00E-C6/40 1 £30.00 

00V06-40 3 £24. 00 

OW6/20 3 £20.03 

U184 1 £2.00 
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£-1 BARGAIN PACKS 
- List 3 

1,000 items appear in our Bargain Packs 
List - request one when you next order. 
One item only per pack unless otherwise 
stated. 

SOLAR CELL, will give 100mA of free electricity. Order Ret 
631 
PLASTIC FAN BLADES, 3" diameter, push on spindle, pack 
ot two. Order Ret 638 
PC GAMES in cases for remaking pack of six. Order Ret 
645 
PIEZO NOISE MAKERS, standard size, pack of two, Order 
Ref 647 
DITTO but mini. only 23mm across pack of two. Order Ref 
648 
COVERS, suit Pezo sounders. etc. need 22mm hole pack of 
six Order Ref 651 
10A MICROSWITCHES with screw terminals mains voltage. 
pack of two Order Ref 662 
PCB MOUNTED RELAY, 5 6V coil. two changeover 5A con-
tacts Order Ref 665 
CONTROLLED 4-ROCKER SWITCH, three switches cannot 
be on unless the first master is on. suit 3kW blow healer. etc 
Order Ref 666. 
0/33iiF 1000V CAPS, ideal to put in series with 115V 2-4W 
motors, pack of four. Order Ref: 672. 
COPPER CLAD PANEL, size 12"x 9" approximately, make 
your own PCB or its strong enough to act as a chassis. Order 
Ref 683 
100M COIL OF CONNECTING WIRE, Order Ref 685 
12V MOTOR, extra efficient. will work with solar cells. Order 
Ret 687 
SUB MIN PUSH SWITCHES, pack of two. Order Ref 688 
CERAMIC BEADS, ideal insulation where heat or flame. pack 
ol 100. Order Ref 690 
6 LENGTHS OF'  DIAMETER PAX TUBING, make useful 
test prods, etc pack of three. Order Rel. 691. 
PCB PANEL, part of micro TV has EHT generator circuit. 
Order Ref 692 
1920 VINTAGE RESISTORS, you've probably never seen 
any quite like these pack of two. Order Ref . 695 
440V AZ. CAP, 4u F. aluminium cased. Order Ref: 702. 
POWER SUPPLY UNIT, output 9V 100mA D.C. Order Ref - 
733 
FOLD-OVER TYPE TELESCOPIC AERIAL, Order Ref' 747 
AM/FM TUNING CAPACITOR, air spaced with ' spindle. 
Order Ref 743 
MULTI-VOLTAGE TRANSFORMER, gives by 9V. 8V. 7V. 
V or IV. Order Ref 744 

D.P. D.T. ROCKER SWITCHES far motor reversing, etc. 
pack of two Order Ref 745 
BLACK NOISE TRANSPARENT SPEAKER MESH 12" x 9'. 
pack of four. Order Ref 746 
LIGHTEST TOUCH CHANGEOVER MICROSWITCHES, 
mains voltage, pack of two. Order Ref 748 
PAIR PORCELAIN INSULATORS, pack ot tour suitable 
cabin aerials. etc. Order Ref 749 
CASED PSU, A C output. 15V 150mA and 9.8V 60mA. 
Order Ref 751 
3-CHANGEOVER CONTACT RELAY with coil, suitable for 
12V A C or 6V DC Order Ref 753 
LEVER-OPERATED  MICROSWITCHES,  ex-equipment, 
batch tested, any faulty would be replaced, pack of ten. Order 
Ret' 755 
PROJECT  BOX,  size  approximately  100mm  75mm 
- 24mm. its lid is a metal heatsink. Order Ref 759 
EX-BT INSTRUMENT in plastic case with carrying handle, 
has many useful parts. Order Ref 760 
PICK-UP ARM with diamond stylus. new and unused Order 
Ref 764 
RUBBER FEET, fii comers of square chassis. pack of 20, 
Order Ret 769 
24V BAKELITE ENCASED A.C. OR D.C. BUZZER, Order 
Ref 774 
COMPONENT MOUNTING TAG STRIP, 14 tags each side. 
Order Ret 779 
7 MEG POTS each fitted double pole switch, pack of two. 
Order Ref: 780. 
THERMOSTAT for a refrigerator. Order Ref 783. 
C/O MICROSWITCHES operated by a wire control to spindle 
torj h. kaci k of PAN EL,  ot,  a .  grs 2 g Ret 17a86 

s to take ' push-on 
connectors. Order Ref . 792 
REEDSWITCH, Ilat instead ot round so many more can be 
slacked in a small area. Order Ret 796 
VERY THIN DRILLS (0.3mm) pack of 12, Order Ref 797 
ROCKER SWITCHES, spring loaded with changeover 10A 
230V contacts, pack of two. Order Ref 800 
MAINS CIRCUIT BREAKER, 7A, pushbutton operated. Order 
Ref 802 
IN-LINE SWITCH intended for electric blanket to give variable 
heat but obviously has other uses. Order Ref. 805 
PLUG FOR CAR LIGHTER SOCKETS, each having internal 
fuse pack ol two. Order Ref. 809 
MAINS TRANSFORMER 12V.OV-12V. 6W. Order Ref. 811 
10M OF MAINS VOLTAGE FLEX with screen and outer PVC 
insulation. Order Ret 815 

COMPUTER GRADE CAPACITOR, 10.000iiF 15v. Order 
Ref 816 
13A ADAPTOR to lake three plugs. fused. Order Ref. 819 
13A ADAPTORS to each take 2 plugs pack of two. Order 
Ref 820 
MAINS ISOLATION TRANSFORMER 10W. Order Ret 821 
0.01p F 250V MAINS WORKING SUPPRESSOR, pack of 
five. Order Ref 836 
RING MAIN JUNCTION BOXES. 13A 230V. pack of three. 
Order Ref 801 
FLUSH PLATE LIGHT SWITCHES, 5A white, pack of two. 
Order Ref 805 
OCTAL VALVE BASES, Paxolin. pack of lour. Order Ref' 12. 
GERMANIUM TRANSISTORS, 0C45 etc  pack of 50 
assorted Order Ref 15 
LIGHT SENSITIVE TRANSISTORS, ref OCP70, pack of 
Iwo. Order Ref 14 
LOUDSPEAKER CROSSOVER, for tweeter, mid-range and 
woofer. Order Ref 23 
KEY SWITCH, panel mounting with key. Order Ref 31 

YOU SAVE £40 

THE JAP MADE 12V 15AH SEALED LEAD ACID 
BATTERY from regular suppliers costs £50, you 
can have one from us for only £10 including VAT if 
you collect or £12.50 if we have to send. Being 
sealed it can be used in any position and is 
maintenance free. All in tip top condition and fully 
guaranteed. Order Ref: 12.5P2. Or if you want a 
smaller one we have 12V 23AH. regular price 
yours for only ES, Order Ref: 5P258. 
METAL CASES. Made from sheet aluminium with a 
protective grey matt coating. These are supplied as a 
flat pack and make up into a very useful box with a 
bright aluminium front making it easy to mount controls. 
Complete with screws and 4 rubber feet. 
Order Ref: 2P412 is 80mm x 46mm x 65mm. price £2 

-r Ref: 2.5P17 is 110mm x 50mm x 80mm. price 
Oearcdhe 

£2.50 each. 
Order Ref: 3.5P10 is 140mm x 56mm x 110mm. price 
£3.50 each 
Order Ref: 4.5P7 is 180mm x 56mm x 130mm, price 
£4.50 each 
DOORPHONE CAMERA. Makers reference P405A, listed 
at the trade price of £60. We have only a limited stock of 
these. price £30, Order Ref: 30P12. 
HEAVY DUTY PAXOLIN PANELS, Size 7' x" x 8.' 
thick, ideal for making an instrument case or lust a 
chassis. 2 for £1, Order Ref: D105. 
INSULATION TESTER WITH MULTIMETER. Internally 
generates voltages which enables you to read insulation 
directly in megohms The multimeter has four ranges: 
ACDC volts. 3 ranges milliamps. 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 
FIGURE-8 FLEX. Figure-8 flat white pvc lead, flexible with 
-4 sq mm cores Ideal for speaker extensions and bell 
circuits Also adequately insulated for mains lighting. 
50m coil. £2. Order Fief' 2P345 12m coil. £1. Order Ref: 
1014, 
FRIEDLAND UNDERDOME BELL. Their ref: 792. a loud 
ringer but very neat. 3' diameter. complete with wall fixing 
screws. O. Order Ref: 5P232. 
HIGH CURRENT A.C. MAINS RELAY. This has a 230V 
coil and changeover switch rated at 15A with PCB mount-
ing with clear plastic cover. £1, Order Ref: 965. 
YOU CAN STAND ON IT! Made to house GPO telephone 
equipment, this box is extremely tough and would be ideal 
for keeping your small tools in. Internal size approx. 101/2" 
x 4'2" x 6" high. Complete with carrying strap. price £2. 
Order Ref: 2P283B 
ULTRASONIC TRANSDUCERS. Two metal cased units. 
one transmits, one receives. Built to operate around 
40kHz. Pnce £1.50 the pair Order Ref - 1 5P 4, 

BIG BUYER 
Please note if you older 10 of an item you may 
deduct 10%. If you order 25. then deduct 25% but 
add VAT. If you need 100 or more, you can usually 
deduct 40% but please ring to confirm. 

MAINS 230V FAN. Best make -PAPST". 4'2" square. 
metal blades. £8. Order Ref 8P8, 
12V 10A SWITCH MODE POWER SUPPLY. For only 
£9.50 and a little bit of work because you have to convert 
our 135W PSU. Modifications are relatively simple - we 
supply instructions. Simply order PSU Ref: 9.5P2 and 
request modification details, price still £9.50. 
VERY POWERFUL MAINS MOTOR. With extra long 
12'2") shafts extending out each side. Makes it ideal for a 
reversing arrangement for, as you know. shaded-pole 
motors are not reversible. £3. Order Ref: 3P157. 
45A DOUBLE-POLE MAINS SWITCH. Mounted on a 6" x 
31/2" aluminium plate. beautifully finished in gold. with pilot 
light. Top quality, made by MEM. £2. Order Ref: 2P316. 
LAMP DIMMER. Suitable for up to 250W. on standard 
plate so fits directly in place of existing switch Coloured 
red. blue, yellow or green but will take emulsion paint. £2 
each. Order Ref: 2P380 
PHILIPS 9" HIGH RESOLUTION MONITOR. Black and 
white in metal frame for easy mounting Brand new, still in 
maker's packing, offered at less than price of tube alone, 
only £5. Order Ref: 15P1, 
12V/24V DC SOLENOID. The construction of this is such 
that it will push or pull. With 24V this is terrifically powerful 
but is still quite good at 12V. fl. Order Ref: 877. 
DON'T STAND OUT IN THE COLD. Our 12m telephone 
extension lead has a flat BT socket one end and flat BT 
plug other end. £2. Order Ref' 2P338 
20 W 5" 4 OHM SPEAKER, £3, Order Ref: 3P145. 
Matching 4 ohm 20W tweeter £1.50. Order Ref: 1.5P9. 

£3 BARGAIN PACKS 
MAINS SUPPRESSORIFILTEFI, 25A. Order Ref- 3P13 
SIGNAL BOX, 3 pilot lamps in white metal case Order Ref 
3P16 
120W CHOKE, Ott tube. Order Ref 3P17 
KEYBOARD intended for OPD computer. Order Ref 3P27 
SOLAR CELL, 750mA. Order Ref' 3P42. 
PROJECT BOX with lid 165mm x 119mm x 75mm, Order Ref: 
3P49 
INSTRUMENT TYPE MAINS INPUT SOCKET with built-in filter. 
Order Ref 3P50 
6-CORE 5A FLEX. 2- 0' :er Ref 3P54 
20V 3A MAINS TRANSFORMER, Order Ref: 3P59. 
20V 4A MAINS TRANSFORMER, Order Ref: 3P106. 
36V 1A MAINS TRANSFORMER, Order Ref: 3P14. 
40V 2A MAINS TRANSFORMER, Order Ref. 3P107. 
20V-0V-20V 40VA MAINS TRANSFORMER, Order Ref. 3P205 
' :RPM 2W MOTOR, Order Ref - 3P64 
METAL PROJECT BOX, size 8' x  x 4". made for GPO. 
Order Ret 3P74 
THIN CONNECTING WIRE, 2-cores twisted together, full length 
500m. Order Ref 3P78 
12V IA PSU, filtered and regulated on PCB with relays and 
Pero sounder Order Ret 3P80 
HORN SPEAKER, 8 Ohm size 4'  Order Ref 3P82 
20A TIME SWITCH, ex elecIncify board. Order Ref 3P84. 
ABS PROJECT BOX. 145mm x 95mm x 58mm, Order Ret 
3P85 
HEAT AND LIGHT LAMP BC 250W, Order Ref 3P86. 
16-IN-ONE TOOL KIT, Order Ref. 3P100 
RAINBOW PIANO with tune chart. Order Ref 3P101. 
BT INSULATION TESTER, faulty but should be repairable Sup-
plied with circuit diagram. Order Ret 3P103 
MODERN TELEPHONE HANDSET without dial. cream Order 
Ref 3P104 
3-CORE 20A FLEX, 10m, Order Rel. 3P109. 
2-CORE 20A FLEX, 15m. Order Rel . 3P110 
OUARTZ CLOCK MOVEMENT with hours, minutes and seconds 
hands and mount,ng bracket. Order Ref 3P111 
20W LOUDSPEAKER, 5 4 Ohm by Goodmans. Order Ref 
3P145 
CUPBOARD DOOR ALARM. Order Ref 3P155 
WATER LEVEL ALARM, fully adjustable. Order Ref 3P156. 
HEAVY DUTY MAINS MOTOR with 2'2- spindle each side, 
Order Ref 3P157 
RESETTABLE 6-DIGIT 12V COUNTER, Order Ref 3P158 
OV-10V PANEL METER. Order Ref 3P159 
6FT MINERAL FILLED METAL CLAD 1,000W ELEMENT, 
Order Ret 3P161 
TIME AND SET SWITCH for mains al 30A. Order Ref 3P164 
25A 3-CORE FLEX, 10m, Order Ref 3P166 
AMSTRAD 8" 15W WOOFER, Order Ret 3P167. 
12V BRUSHLESS FAN mounted in frame with its own drive 
circuit Order Ref 3P168 
SOLENOID AIR VALVE 110V Order Ref 3P178. 
TRANSFORMER AND RECTIFIER lor 12V charger. Order Ref: 
3P180 
WALL MOUNTING MAINS THERMOSTAT, Order Ret 3P182. 
5'. 8 OHM SPEAKER IN WOODEN CABINET, Order Ref 
3P183 
MULTICORE VIDEO LEAD with end plugs. Order Ref . 3P187 
D.C. PANEL METER, OV to 20V. Order Ref' 3P188 
12,,F 660V A.C. CAPACITOR. Order Ref 3P203 
14p F 400V At. CAPACITOR. Order Ref. 3P199 
1511 F 440V AZ. CAPACITOR. Order Ref 3P190 
20 J 440V At. CAPACITOR Order Ref 3P191 
250F 370V A.C. CAPACITOR, Order Ref. 3P192 
500,,F 350V ELECTROLYTIC CAPACITOR. Order Ref 3P204 
MINI STEPPER MOTOR, 1.5 degree steps. Order Ref 3P193, 
MAINS OPERATED WATER VALVE, suit high or low pressure. 
0:21e Pe' 3P192 
AMSTRAD AMPLIFIER, ref no not known, is stereo and has 10 
ED  '•cr- oanel Order Ref 3P195 
HALOGEN LAMP 12V 20W, Order Ref. 3P200 

edi BARGAIN PACKS 
MOTORISTS LEAD LAMP. hand grip plastic body. glass lamp 
cover and heavy duty wire shield with hanging bracket Order 
Rub 4P31 
120W TRANSFORMER 40V at 3A Output . Order Ref • 4P15 
100W TRANSFORMER, main winding 28V at 3'2A. secondary 
winding 20V-0V-20V at 1A. Order Ref 4P24 
7.5V-0V-7.5V 6A MAINS TRANSFORMERS, upright mounting 
with fixing feet. Order Ref 4P98. 
PANEL METER 0-1000%. 100mm  100mm, complete with 
glass front but less scale. Order Ref 4P32 
DITTO but 100-0 100 A, Order Ref. 4P32A 
80W TRANSFORMER 20V-0V-20V with one winding tape at 
18V. Order Ref 4P36 
AMSTRAD 8" 15W SPEAKER with matching tweeter. 8 Ohm. 
Order Ref. 4P57 
FAN 12V or lower tor reduced speed. made by Jap Nipon, body 
size 93mm x 93mm. Order Ref 4P65 
STRIPPER BOARD with lots of IC's, all plug-in, ex-Sentinal 
phone control unit Order Ref 4P67 
AM/FM RADIO, nicely cased with clip for attaching to cycle. 
Order Ret 4P72 
VENNER TIME SWITCH, 24hr day length controller, ex-
electricity board. Order Ref 4P74 
EMI 2-SPEED MOTOR 100 r p.m and 500 r p.m . reversible. 
Order Ref 4P80 
LARGE PANEL METER, scaled 20-0-40A but needs a shunt 
Order Ref 4P91 
2-PART METAL CASE, ideal car battery charger. etc. Order 
Ref 4P89 
JAPANESE PRECISION MADE MOTOR, reversible. 150Orpm. 
Order Ref 4P94 

Prices include VAT and carriage cost if order over £25 
otherwise add £3 Send cash, uncrossed postal orders. 

cheque or quote credit card number 

J & N FACTORS 
Pilgrim Works (Dept. E.E.) 
Stairbridge Lane, Bolney, 
Sussex RH17 5PA 

Telephone: 01444 881965 
(Also fax but phone first) 
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SURVEILLANCE 
PROFESSIONAL QUALITY KITS 

No. I for I(its  
Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 
years and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions. 
circuit diagrams. assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all 
transmitters are tuneable and can be received on an ordinary VHF FM radio. 

Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations! 
UTX Ultra-miniature Room Transmitter  UTLX Ultra-miniature Telephone Transmitter 
Smallest room transmitter kit in the world! Incredible 10mm x 20mm including mic  Smallest telephone transmitter kit available. Incredible size of 10mm x 
3V-12V operation 500m range     £16.45  Connects to line (anywhere) and switches on and of 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 on with phone use. 
All 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. All conversations transmitted. Powered from line 
Size 22mm x 22mm. 1500m range   £16.45 

TKX900 Signalling/Tracking Transrr'Iter  
Transmits a continuous stream of audio pulse, with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. 
Size 25mm a 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 a 100mm. 9V operation   £50.95 

QTX180 Crystal Controlled Room Transmitter 
Narrow band FM transmitter for the ultimate in privacy Operates on 180MHz and 
requires the use of a scanner receiver or our 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   £t0.95 

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 

ORX 180 Crystal Controlled FM Receiver 
For monitoring any of IN e range transmitters. High sensitivity unit. All RF section 
supplied as pre-built any aligned module ready b connect on board so no difficulty 
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 buttered 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 a 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 
ren))),es SCr1f,1 )'c.)9nected to receiver. Size 32mm x 37mm 1000m range   £23.95 

SCDM Subcarrier Decoder Unit for SCRX 
C,onnects to receiver earphone socket and provides decoded audio output to 
headphones Size 32mm x 70mm. 9V-12V operation   £22.95 
ATR2 Micro-Size Telephone Recording Interface 
Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
Powered from line  £13.45 

*** Specials *** 
DLTX/DLRX Radio Control Switch 
Remote control anything around your home or garden. outside lights. 
alarms, paging system etc. System consists of a small VHF transmitter with 
digital encoder and receiver unit with decoder and relay output. momentary 
or alternate. 8-way d.i.l. switches on both boards set your own unique 
security code. TX size 45mm x 45mm. R X 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-Fi Micro Broadcaster 
Not technically a surveillance device but a great idea! Connects to the 
headphone output of your Hi-Fl, 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 

RSEAS SEND TWO IRCS FIRST CLA 

DEPT. EE 
THE W ORKSHOPS, 95 MAIN ROAD, 

BAXTERLEY, NEAR ATHERSTONE, 
W ARWICKSHIRE CV9 2LE 

VISITORS STRICTLY BY APPOINTMENT ONLY 

ezr 
Tel/Fax: 

01827 714476 

Everyday Practical Electronics. July 1996 497 



EL E C T R O NI C S LT D 

135 Hunter Street  "  All Prices 
Burton-on-Trent  •  include V.A.T. 
Staffs. DE14 2ST  %ISA  El m Add £3.00 per 
Tel 01283 565435 Fax 546932  EE169  order p Etp 

MAIL ORDER ONLY • CALLERS BY APPOINTMENT   

r ---- P—E —MI -- R-0 —C 0—N —T R-0 EL ER1 
I  PI. TREASURE HUNTER! 
I The latest MAGENTA DESIGN - highly ' 
I stable & sensitive - with \IC control I 
I of all timing functions and advanced I 
I pulse separation techniques  I 
I • New circuit design 1994  I 
I • High stability  I 
I drift cancelling  I 
I • Easy to build  I 
I & use  I 
I • No ground  I 
I effect, works  I 
1 in seawater  I 

I  • Detects gold,  I 
I  silver, ferrous & I 
I  416) non-ferrous  I 
I  metals  I 
1 • Efficient quartz controlled  1 
1 microcontroller pulse generation. I 

I • Full kit with headphones & all  I 
hardware 

I  I KIT 847  £63.95 L-  -  -  -  -  -  -  -  -  -  M E  ! MI  .1 
DIGITAL LCD THERMOSTAT 
A versatile thermostat using a thermistor probe 
and having an I.c.d. display. MIN/MAX memories, 
- 10 to 110 degrees celsius, or can be set to 
read in Fahrenheit. Individually 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-held case. MOSFET output drives a 
special sealed transducer with intense pulses via 
a special tuned transformer. Sweeping frequency 
output is designed to give maximum output with-
out any special setting up 

KIT 842 £22.56 
DIGITAL CAPACITANCE 
METER 
A really professional looking project. Kit is sup-
plied with a punched and printed front panel, 
case, PC b. and all components. Quartz con. 
trolled accuracy of 1%. Large clear 5 digit display 
and high speed operation. Ideal for beginners - 
as the u.F, hF 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 
ACOUSTIC PROBE 
A very popular project which picks up vibrations 
by means of a contact probe and passes them on 
to a pair of headphones or an amplifier. Sounds 
from engines, watches, and speech travelling 
through walls can be amplified and heard clearly. 
Useful for mechanics, instrument engineers, and 
nosey parkers , 

KIT 740  £19.98 

WINDICATOR 
A novel wind speed indicator with LED read-out. 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 

1 

1000V & 500V INSULATION 
TESTER 

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

KIT 848  £32.95 KIT 444  £22.37 

rSPACEWRITER 
An innovative and exciting 
project. Wave the wand through 
the air and your message appears. 
Programmable to hold any message 

• up to 16 digits long. Comes pre-loaded 
with "MERRY XMAS". Kit includes 
PCB, all components 6 tube + 
instructions for message loading. 

KIT 849  £16.99 _ 
12V EPROM ERASER 
A safe low cost eraser for up to 4 EPROMS at a time 
in less than 20 minutes. Operates from a 12V supply 
(400mA). Used extensively for mobile work - 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 
MOSFET 25V 2.5A 
POWER SUPPLY 
High performance design has made this one of 
our classic kits. Two panel meters indicate volts 
and Amps. Variable from 0-25 Volts and current 
limit control from 0-2.5A. Rugged power MOS-
FET output stage. Toroidal mains transformer. 

KIT 769  £56.82 

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. 

MOSFET MkIIVARIABLE BENCH 
POWER SUPPLY 0-25V 2.5A. 
Based on our MkI 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 

1 tl! 
W T 
E R 
R A 

PEsT  . 
SCARER 

• UP TO 4 METRES 
RANGE 

• LOW CURRENT DRAIN 

KIT 812  £14 81 
D OLBY P R O-L O GI C DE 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. Exactly as 
described in this booklet. 

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

DIGITAL COMBINATION LOCK 
Digital lock with 12 key keypad. Entering a four 
digit code operates a 250V 16A relay. A special 
anti-tamper circuit permits the relay board to be 
mounted remotely. Ideal car immobiliser, operates 
from 12V. Drilled case, brushed aluminium keypad. 

KIT 840  £19.86 
E.E. TREASURE HUNTER 
PI. METAL DETECTOR 
MKI 
Magenta's highly 
developed Et 
acclai med design. 
Quartz crystal 
controlled circuit 
MOSFET coil drive. 
D.C. coupled 

amplification. 
Full kit includes 

PCB, handle, 
case Et 
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 

DUMMY suRstou_ftFJ 
PR O • LO GI C 

'DOLBY and the double D symbolare trademarks. 

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 - f4.77 

Stepping Motors 

MD38...Mini 48 step...£8.65 
MD35...Std 48 step...£12.98 
MD200...200 step...£16.80 
MD24...Large 200 step...£22.95 
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PIC DEVELOPMENT 
Et TRAINING SYSTEM 

YOUR KEY 
TO ANOTHER 
NEW AGE OF 
ELECTRONICS 
PICs are being used 
more and more because 
they allow complicated jobs 
to be done with a single chip. 
All the work is done by programming. 
One PIC replaces a board full of ICs. 
Saving time, space, power, and MONEY. 

HOW DO I START WITH PICs? 
STEP 1 - Buy the PIC-DATS 

Development Et Training System 
STEP 2 - Follow May Er June '95 EPE 

Series - showing how to program 
for practical applications 

STEP 3 - Start writing and testing 
your own programs 

SIMPLE PIC16C84 
PROGRAMMER  4 711 
Based on the design in February '96 EPE.  1 
Magenta have made a proper PCB for this  • 
circuit and a full kit of parts. 
The PCB eliminates the risk of layout errors. 
Additional contact points are provided to allow 
connection to RA and unused RB pins when 
testing programs. 
Kit includes 1 - PIC16C84 chip, lead, connector 
and all software. 

Programmer Kit - with software disk, lead, 
connector and PIC16C84 chip, including PCB. 

Kit 857  £12.99 

Power Supply Unit 12V-14V  £3.99 

Extra PIC16C84 Chips  £7.36 

KIT HIGHLIGHT 
We have noticed a number of customers buying the PIC 16C84 
Programmer and Kit 855. This is an ideal combination. Kit 855 
allows Mains Power to be controlled safely using a PIC16C84. 
Experiment with chaser patterns and dimming using phase control. 
Special kit with all components and blank PIC16C84 and reprints. 
Kit 855/16C84  £39.95 

X WITH OPERATING 
PROGRAMMING, AND 
CODE ASSEMBLER 
PROGRAMS 

p  c  PDIICSP1L6004 

DRIVER 
VAT USES PIC16C84 to 

drive a 2 LINE x 16 
LCD Display. 

INCLUDING 

+ f300 p&p 

RUNS WITH ANY PC 
POWER SUPPLY 
(12V at 200mA) 

£8.99 
wi PC LEADS 

9-WAY £6.00 
25-WAY £7.00 

PIC PROJECT - LIGHT CONTROLLER 
DEVELOPMENT SYSTEM (NO SOFT WARE) 
A real-world application for a PIC microchip. This project can be 
made to do just what you chose by writing your own software. It 
can be programmed to work as a 4-Channel Light Chaser or a 
simple controller for domestic lighting. Zero volt crossing signal is 
provided and there is a 4x3 matrix keypad. (Less case) 

Kit 855  £35.95 

Another NEW PIC project from 
Magenta. Supplied with PCB, 
industry standard 2 line x 16 
character display, PIC16C84, 
components, and software to 
include in your own programs. 
Full display data and program 
service code is upplied. Ideal 
development base for meters, 
terminals, calculators, 
counters, timers etc. Just 
waiting for your application. 

KIT Ref. 860  £17.99 

68000 DEVELOPMENT AND 
TRAINING SYSTEM 

Never before at this price! Our own 68000 
board kit. Used all over the world in 
schools and universities. Double Eurocard 
PCB with RAM, ROM, and I/O. Full featured 
MONITOR and LINE BY LINE ASSEMBLER 
ON BOARD. Just needs power, and a serial 
link to your PC. Supplied with full data and 
applications course. Use to 
learn, or as a sta• J-alone 
computer board. 

£55.00! 
Kit Ref 601 

BAT 
DETECTOR 
An excellent circuit which 
reduces ultrasound frequencieS-
between 20 and 100 kHz to the normal 
(human) audible range. Operating rather 
like a radio receiver the circuit allows the 
listener to tune-in to the ultrasonic 
frequencies of interest. Listening to Bats 
is fascinating, and it is possible to 
identify various different types using this 
project. Other uses have been found in 
inoustry for vibration monitoring etc. 

KIT 814  £21.44 

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 

Tel: 01283 565435  Fax: 01283 546932 All prices include VAT Add £3.00 p&p. 
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741-IC Series 4000 Series 

4000 
4001 
4002 
4006 
4007 
40044 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
4018 
4019 
4020 
4021 

I() 
4031 
4033 
4034 
4035 
4040 
4041 
4042 
4043 
4044 
4046 
4047 
4048 
4049 
40in 

.6 

4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
111 76 

-010 
4511 
4512 
4514 
4515 
4516 
4518 
4520 
4521 
4526 
4527 
45214 
4529 
4532 
4534 
4536 
45314 
4541 
4543 
4555 
4556 
4560 
4566 
4572 
45%4 
4585 
4724 
40106 
40109 
40163 
40174 
40175 
40193 

£0.17 
£.18 
£0.17 
£0.40 
£0.18 
£0.23 
£0.19 
£0.23 
£0.20 
£0.16 
£0.19 
£0.30 
£.24 
£0.30 
£0.31 
£0.27 
£0.48 
10.31 
£0.31 
£0.32 
£0.16 
£0.32 
£0.15 
£0.78 
£0.26 
£0.34 
£.40 
£0.17 
£0.70 
£0.56 
£1.24 
£0.31 
£0.3% 
£0.31 
£0.22 
£0.28 
£0.35 
£0.52 
£.48 
£0.28 
£0.22 
£0.26 
£0.43 
£.32 
£0.40 
£0.56 
£0.34 
£0.414 
£0.29 
£0.22 
£2.20 
£0.16 
£0.20 
£0.26 
£0.22 
£0.17 
£0.17 
£0.17 
£0.30 
£0.28 
£0.20 
£0.23 
£0.21 
£0.2% 
£.26 
£0.55 
£0.22 
£0.31 
£0.56 
£1.20 
£0.48 
£0.38 
£0.314 
£0.40 
£1.40 
£0.36 
£0.38 
£.32 
£0.77 
£0.99 
£0.44 
£0.44 
£0.43 
£0.62 
£0.40 
£0.40 
£0.40 
£.44 
£.32 
£2.48 
£1.00 
£0.37 
£0.33 
£0.49 
£0.32 
£0.40 
£1.18 
£1.96 
£0.25 
£0.24 
£0.47 
£0.70 
£.37 
£0.58 
£0.46 
£0.46 
£0.36 
£0.60 

7411C00 
7411CO2 
7411CO3 
74HCO4 
7411C08 
74HC I 0 
7411C11 
74I1C14 
7411C20 
74HC27 
7411C30 
74HC32 
7411C42 
74HC73 
7411C74 
74I1C75 
7411C76 
74HC85 
7411C86 
7411C107 
74HC123 
74HCI25 
74HCI26 
74HCI32 
74HC133 
7411C I 3K 
74HCI39 
7411C151 
74HC I 53 
7411C154 
7411C157 
74HC1514 
7411CI60 
74HCI61 
74HC162 
7411C163 
74HC164 
74HC165 
74HCI73 
74HC 174 
74HCI75 
74HCI92 
74HC195 
74HC240 
74HC24 I 
74HC243 
74HC244 
74HC245 
74HC251 
74HC253 
74HC257 
7411C259 
74HC273 
7411C299 
74HC356 
7411C365 
7411C367 
7411C368 
74HC373 
74HC374 
74HC390 
74HC393 
74HC423 
74HC553 
74HC563 
74HC564 
74HC573 
74HC574 
74HC640 
74HC688 

L0.20 
£.21 
£0.21 
£0.18 
£0.21 
£0.16 
£0.20 
£0.22 
£.214 
£0.16 
£.22 
£0.21 
£0.25 
£0.40 
£0.23 
£0.40 
£0.20 
£0.24 
£.22 
£.40 
£0.33 
£0.24 
£0.46 
£0.37 
£0.29 
£0.25 
£0.31 
£0.33 
£0.27 
£.85 
£0.40 
£0.25 
£0.64 
£0.28 
£0.45 
£0.27 
£0.35 
£0.35 
£0.38 
£0.27 
£.27 
£0.45 
£0.32 
£0.37 
£.37 
£.48 
£.42 
£0.46 
£.25 
£.25 
£0.25 
£0.57 
£0.35 
£0.64 
£0.45 
£0.34 
£0.25 
£0.25 
£0.35 
£0.40 
£0.52 
£.38 
£.37 
£0.42 
£0.48 
£0.48 
£0.43 
£.45 
£0.73 
£0.64 

74HC4002 £.16 
74HC4017 £.64 
74HC4020 £0.36 
74HC4040 £0.45 
74HC4049 £.25 
74HC4050 £.25 
74HC4060 £0.44 
74HC4075 £.27 
74HC4078 £0.32 
74HC45 1 I £0.64 
74I1C4514 £0.84 
74HC4538 £0.41 
74HC4543 £0.90 
74LS Series 
741500 
741501 
741502 
741503 
741504 
741505 
741507 
74LSOK 
741509 
741510 
741311 
741512 
741513 
741514 
741515 
741520 
74LS2 I 
74LS22 
741526 
741527 
741530 
74LS32 
74LS37 
741538 
741540 

£0.20 
£0.14 
£0.29 
£0.29 
£0.21 
£0.14 
£0.32 
£0.23 
£0.14 
£0.14 
£0.17 
£0.14 
£0.29 
£0.21 
£0.14 
£0.16 
£0.14 
£0.14 
£0.14 
£0.14 
£0.20 
£0.21 
£0.14 
£0.19 
£.14 

74LS42 
741547 
741551 
741573 
741574 
741575 
741576 
741583 
741SK5 
74LSK6 
741590 
74LS92 
74LS93 
7415107 
7415109 
74LS I 12 
7415113 
7415114 
7415122 
7415123 
7413125 
7413126 
7415132 
741S 133 
741S 136 
74LS1.38 
7415139 
74LS145 
7415147 
7415148 
7415151 
7415153 
74LSI54 
7415155 
74LS156 
7415157 
74151514 
7413160 
7413161 
7415162 
74LS163 
7415164 
74LS165 
7415170 
7413173 
7415174 
7415175 
7415190 
7415191 
7415192 
741S 193 
7415195 
7415196 
7415197 
74LS22I 
7415240 
74LS241 
7415242 
7415243 
74LS244 
7413245 
7415247 
7415251 
7415257 
7415258 
7415266 
7415273 
7413279 
7415365 
7415367 
74153614 
7415373 
7415374 
7415375 
74LS377 
7415378 
7415390 
74LS393 
7415395 
74LS399 
7415670 
Linear ICs 
AD524AD £23.04 
AD5481N  £1.62 
AD590.1H  £3.40 
AD592AN £4.52 
AD595AQ £14.64 
AD620AN £9.88 
AD6251N  £16.20 
AD633.1N  £.25 
AD64NIN  £2.57 
AD652AQ £14.138 
AD65411,4 £7.25 
AD69/4AP  £23.214 
AD707.1N  £2.36 
AD70111N  £.69 
AD7 I IJN  £1.51 
AD712JN  £2.38 
AD736161  £8.75 
AD795.IN  £5.94 
A D797AN £li.69 
AD% I IN  £6.73 
AD812AN £6.32 
AD813AN £8.81 
ADNI7AN £.85 
AD%20AN £3.24 
ADX22AN £5.20 
A D1426AN £5.33 
ADX29.1N  £6.4 I 
ADN30AN  £6.14 

£0.25 
£0.72 
£0.24 
£0.40 
£.62 
£0.30 
£0.25 
£0.31 
£0.35 
£0.20 
£0.414 
£0.35 
£0.42 
£.23 
£0.21 
£0.24 
£0.21 
£.21 
£0.31 
£.31 
£0.27 
£0.25 
£.21 
£0.36 
£0.23 
£.40 
£0.25 
£0.56 
£1.26 
£0.64 
£0.25 
£0.25 
£.70 
£0.25 
£0.36 
£0.22 
£0.21 
£0.48 
£0.32 
£0.44 
10.32 
£0.24 
£0.4% 
£0.30 
£0.24 
£0.24 
£0.24 
£.60 
£0.24 
£0.60 
£0.24 
£0.24 
£.24 
£0.24 
£.40 
£0.32 
£0.32 
£0.32 
£0.30 
£0.32 
£0.60 
£0.32 
£0.24 
£.24 
£0.24 
10.14 
£0.32 
£0.25 
10.21 
£0.21 
£0.21 
£0.33 
£0.34 
£0.34 
£.32 
£0.62 
£0.25 
£.24 
£0.26 
£0.62 
£0.69 

AD/447.1N  £6.50 
AD9696KN  £7.73 
A DEL2020AN £5.06 
A DM222AH  £3.55 
A DM232AAN £.55 
ADM4K5.1N  £2.97 
ADM690AN  £5.13 
ADM69I AN  £6.48 
ADM695AN  £.48 
ADM699AN  £3.58 
AMPO4FP  £10.94 
BU FO4GP  £.56 
CA74 ICE  £0.26 
CA747CE  £0.39 
CA3046  £0.37 
CA3059  £1.16 
CA30140E  £.73 
CA3130E  £0.98 
CA3140E  £0.51 
CA3 I /ME  CI.22 
CA3240E  £1.12 
DG2 I ICJ  £1.55 
DG212C.1  £1.55 
DG411111  £3.11 
INi412D.1  £4.19 
11.2020CN  £4.99 
EL2030CN  £5.67 
1CL7106  £2.80 
ICL761 I DCPA £1.06 
IC17621  £1.70 
ICLN038  £5.25 
ICM7555  £0.36 
ICM7556  £.9% 
L165V  £2.63 
1.272M  £1.89 
L297  £6.37 
L298  £6.99 
LF147N  £0.46 
LF35IN  £0.43 
LF353N  £0.42 
1E356  £0.84 
LM30IA  £0.25 
LM308N  £0.58 
1M31 1 N-14  £0.32 
1M318  £0.9% 
L W! 9N-14  £0.96 
1M324  £0.30 
LM3.35Z  £1.52 
LM339N  £0.24 
LM341461  £0.31 
LM35FIN  £0.27 
LM377  £2.57 
LM380N- I 4  £1.12 
LM3N1 N  £2.64 
LM 386  £0.79 
LM392N  10.79 
1M3935  £0.21 
1M7091  £0.79 
LM733  £1.04 
LM7414CN-8  £0.37 
LM579CP  £.38 
1M1458  £0.37 
LMIK141  £3.92 
LM2917NK  £3.10 
LM3900N  £0.72 
LM3909N  £1.76 
LM3911  £2.56 
LM3914  £2.30 
LM3915  £2.70 
1M13600  £1.66 
LMC660CN  £2.16 
LMC6032IN  £1.55 
LMC60421N  £1.82 
LP3 I IN  £0.74 
LP324N  £0.67 
LP339N  £0.73 
MAX202CPE £2.97 
MAX2ONCNG £.99 
MAX220CPE £5.06 
MAX222CPE £5.06 
MAX232CPE £2.16 
MAX238CNG £6.814 
MAX242CPE £.51 
MAX631ACP £4.99 
MAX635ACP £4.99 
MC148%  £.39 
MC14K9  £.39 
MC3302  £0.56 
MC3140P  E I .60 
MC4558P  £0.36 
MVSOODP  £2.63 
MV601DP  £2.97 
NE531  £1.47 
NE555N  £0.25 
NE556N  £0.36 
NE565  £1.84 
NE566N  £0.90 
NE567N  £0.39 
NE571 N  12.47 
NE592  £0.62 
NE5532N  £0.80 
NE55.34N  £0.64 
OPO7CN  £1.42 
OP27CN  £2.90 
OP77GP  £2.36 
OP9OGP  £3.11 
OP97FP  £2.43 
OP I 13GP  £.44 
OP I 76GP  £2.09 
OP177GP  £1.89 
OP I N3GP  £3.44 
OP200GP  £.60 
OP213FP  £5.20 
OP275GP  £2.57 
OP2X2GP  £2.27 
OP2143GP  £5.20 
OP290CP  £5 .40 
OP295GP  14.73 
OP297GP  15.74 
OP400GP  £11.81 
OP467GP  £13.74 
OP495GP  £.69 
PMI012GP  £5.20 
RC4I 36  £1.00 
SAAI027  £4.46 
SG3524N  £4.08 
SG3543  £6.88 
S1486  £4.12 
51490  £.04 
SSM2017P  £.38 
SSM2I3 I P  £4.19 
SSM2I4 IP  £4.21 
SSM2 I 42P  £.40 
SSM2 I 43P  £.78 
TBA120S  £0.90 

TBANO0  £0.70 
TBAK 1 OS  £0.64 
TBAK2OM  1039 
TDAI024  £1.49 
TDA I I 70S  £2.48 
TDA2002  £1 .134 
TDA2004  £3.11 
TDA2030  £1.18 
TDA2050V  £.3.9K 
TEAS! 15  £3.11 
TL06 I CP  £0.35 
TL062CP  £0.60 
TL064CN  £0.72 
TL071CP  £0.48 
TL072CP  £0.50 
TL074CN  £0.50 
MON 1  £0.33 
TL0142CP  £0.54 
TLON4CN  £0.50 
TL494CN  £1.49 
TL7705ACP  £1.62 
TLC271  £0.54 
TLC272  10.88 
TMPO I FP  £5.60 
ULN2003  £0.52 
ULN2004A  £0.48 
ULN2608  £1.20 
ULN2K03  £0.90 
ZN409CE  £1.89 
ZN4 I 4Z  £1.16 
ZN4 I6E  £1.99 
1641034E  £.11 
EPRO M's 
2716  £4.61 
2732  £4.144 
2764-25  £4.20 
27C64-25  £3.44 
27C010  £5.74 
2712K-20  14.08 
27C128-20  14.014 
27256-20  £4.85 
27C256-20  £.68 
27C5 12  £3.42 
RA M 
4164-15  £1.78 
6116-10  £1.53 
6264-10  £3.16 
41256-10  12.80 
62256-10  £5.35 
511000-8  £8.54 
514256-8  £.88 
AID Converters 
Data Acquisition 
AD420AN  £25.314 
AD557.1N  £4.75 
AD574AJN  £18.48 
AD7671N  £20104 
AD775.1N  IWO( 
AD7226KN £25.69 
AD75281N  £8.63 
AD7545AKN £14.04 
AD75/41.1N  £25.80 
Aa7N28KN £20.33 
AD7/145.1N  £14.04 
ICL7109CPL £7.75 
TLC549IP  £.51 
ZN425E  £5.94 
ZN426E  £3.13 
ZN427E  £8.78 
ZN428E  £5.94 
ZN439E%  £7.13 
ZN448E  £7.02 
Voltage 
Regulators 
7805  £0.44 
7808  £0.50 
7812  £0.38 
7815  £0.38 
7905  £0.40 
7912  £0.38 
7915  £.38 
7924  £0.38 
78105  £0.26 
781014  £.23 
78112  £0.23 
78115  £0.24 
713124  £0.39 
79105  £0.28 
79LOK  £0.28 
79112  £.23 
79115  £0.28 
79124  £0.30 
ADM666AN  £3.44 
L200CV  £1.24 
1296  £14.13 
1.387A  £3.24 
LM2940CT  £2.30 
LM3 I 7T  £0.58 
LM323K  £2.84 
LN43341  £1.35 
LM33%1C  £5.52 
1M723  £0.29 
LP2950Cl  £2.97 
REFO1CP  £3.44 
RE FORT  £4.66 
REF! 2Z  £1.28 
REF195GP  £4.72 
REF25Z 
REF5OZ  £1.22 
11431CP  £0.45 
ZN423  £1.55 
ZN45/413  £I.N9 
Diodes 
N9 14 
N9 16 
N4001 
N4002 
N4003 
N4004 
N4005 
N4006 
N4007 
N4 148 
N4I49 
N5400 
N5401 
N5402 
N5404 
N5406 
N5407 
N5408 
156157 
BA 15% 
BA159 
BY 126 

£0 

£0 
£0. 
£.0 
£ 07 
£0.07 
£0.08 
£0.08 
£0.05 
£0.06 
£.09 
£0.09 
£0.10 
£0.11 
£.12 
£0.14 
£0.15 
£0.10 
£0.10 
£0.10 
£0.13 

BY127  10.1% 
BY133  £0.10 
0A47  £0.28 
0A90  £0.07 
0A91  £0.10 
0A200  £0.56 
0A202  £0.29 
Zeners 2.7 to 33V 
400mW  CO M 
I.3W  £.14 
Bridge Recliners 
W005 1.5A 50V £0.19 
WO2 I .5A 200V £0.20 
WO4 I .5A 400V £0.22 
W06 I,5A 600V £0.22 
W(04 I.5A NOOV £0.27 
W010 I.5A !kV £0.24 
BR32 3A 200V £0.36 
BR34 3A 400V £0.40 
BR36 3A 600V £0.33 
BR62 6A 200V 10.70 
BR6% 6A NOOV £0.59 
1004 10A 400V £1.39 
2502 25A 200V £1.68 
2506 25A 600V £1.75 
Thyristors 
P0102AA  £0.30 
TIC10613  £0.36 
TIC I 1 6D  £0.66 
TIC I 26D  £0.77 
Trines 
Z0105DA  £0.42 
TIC206D  £0.65 
TIC226D  £0.73 
BTAON-60013 £0.99 
TIC23611  £0.96 
Mac, Si. Switch 
DB3. 32V  £0.20 
13R Y39  £1.30 
Transistors 
2N1613  £.31 

£0.26 
2N1893  £0.29 
2N22113A  £0.2% 
2N22 I 9A  £0.25 
2N2222A  £.18 
2N2646  £1.12 
2N2904A  £0.25 
2N2905A  £0.25 
2N2907  £0.20 
2N2907A  £.20 
2N2926  WA 6 
253053  £0.27 
253054  £0.85 
253055  £0.58 
2N3439  £.62 
2N3440  £0.50 
2N3702  £.09 
2N3703  £0.10 
2N3704  £0.10 
2N3705  £.10 
2N3706  £.10 
2N3771  £1.44 
2N3772  £1.51 
2N3773  £1.70 
2N3819  £0.33 
2N3820  £.66 
2N3904  £0.10 
2N3905  £0.10 
2N3906  £0.10 
254036  £0.34 
2N5245  £0.80 
2N5296  £0.57 
2N5321  £.57 
2N5322  £0.57 
2N5401  £0.11 
2N5551  £0.11 
2N6107  £0.60 
2196491  11.58 
2SB548  £0.30 
25D1730  £1.44 
AC I 26  £0.44 
ACI27  £0.50 
AC 1214  £0.40 

AC1N7 
AC 88 
ACY 17 
A0149 
AD161 
AD162 

13C10713 
13C108 
BC IONA 
BO W 
BC109 
13C 109C 
BC I 14 
Bel 15 
BC116 
BCII8 
BC132 
BC I 34 
BC 135 
BC 440 
13(141 
BC142 
BC I43 
BC 49 
BCI54 
13C157 
BO 59 
BC 60 
BC I 70 
BC I 70B 
BC171 
BC171B 
BC 1 72 
BC 17213 
13C177 
BC I714 
BC179 
13C179A 
BC182 
BC I 82A 
BCI82B 
13C 1%21 
BC I N2LB 
BC183 
BC11431 
BC1143LB 
BC1144 
BC1841 
BC 86 
BC204C 
BC206B 
EIC207B 
BC208 
BC209A 
BC2I2 
BC2121 
BC212LB 
13011 
BC2 1 3B 
BC'213111 
BC214 
BC2141 
13C225 
BC237B 
BC231413 
BC238C 
LIC239C 
13C250A 
BC251 
13C252 
BC26 1 B 
BC262B 
13C267B 
BC307 
13C308 
BC319C 
BC327 
11C327- lb 
13C328 
BC328-16 
BC337 
BC337-25 
BC338 

01.4/4 
£0.4% 
£.K4 
£1.67 
£0.92 
£0.92 
£0.16 
£. I 7 
£0.14 
£0.14 
£0.16 
£0.17 
£0.19 
10.41 
10.41 
£0.41 
£.41 
£0.36 
10.36 
£.36 
£.25 
£0.27 
£0.31 
£0.34 
£0.21 
£.36 
£.12 
£0.17 
£0.28 
£0.16 
£0.16 
£.11 
£.16 
£0.13 
£0.13 
£0.18 
£0.18 
£0.18 
£0.17 
£0.11 
£0.11 
£0.12 
Law 
10.08 
£0.08 
£0.08 
£0.0% 
€0.08 
£0.08 
£0.33 
£0.72 
£0.72 
£.74 
£0.72 
£0.72 
1.0.0/4 
£0 OK 
£0.014 
£0.08 
£0.08 
£.08 
£0.08 
£0.08 
£0.15 
£0.09 
£0.09 
£0.09 
£0.10 
£0.15 
£0.13 
£0.13 
£0.30 
£0.24 
£0.30 
£0.10 
£0.10 
£0.13 
£0.10 
£0.10 
£0.10 
£.10 
£0.10 
£0.12 
£.10 

11( 33N-25 
13C341113 
BC357 
13C393 
13C414C 
BC441 
BC46 I 
13C463 
BC478 
114479 
IK.490 
BC516 
BC517 
BC527 
13C528 
BC 537 
BC546B 
BC546C' 
BC547B 
BC547C 
BC548C 
BC549C 
BC550C 
BC556A 
BC557I3 
BC557C 
BC55NC 
BC559C 
BC560A 
BC560B 
BC637 
13C6314 
BC639 
BC640 
BCY70 
BCY71 
BCY72 
BD124P 
130135 
BD136 
B0137 
130138 
80139 
1401 40 
BDI50C 
140165 
BDI66 
140487 
BD201 
130202 
BD203 
B13204 
BD222 
80225 
B13232 
BD237 
140238 
BD240C 
44024311 
B13244A 
B13244C 
BD245C 
440246 
B13246C 
1402143 
13D2144 
140400 
BD44 1 
140442 
110534 
80535 
130536 
BD5N1 
80597 
BD646 
140648 
BD650 
140707 
BD708 
B13807 
BDX32 
BDX33C 
BDX34C 
BDX53C 

10.10 
£0.14 
£0.25 
£0.73 
£0.13 
£0.40 
0.40 
£0.29 
032 
£032 
£0.24 
10.22 
£0.20 
£0.20 
£0.20 
£0.20 
£0.08 
10.014 
£0.09 
£.09 
£0.014 
£0.10 
£0.10 
£0.08 
10.0% 
£0.08 
£0.08 
£0.08 
£.09 
£0.09 
£0.21 
£0.21 
£0.21 
£0.21 
£0.22 
£0.20 
£0.20 
£6.$16 
£0.21 
£0.21 
£0.23 
£0.22 
£0.26 
£0.25 
£0.82 
£0.42 
£0.35 
£.39 
£.40 
£0.40 
£0.40 
£0.40 
£0.5% 
£0.42 
£0.50 
£0.32 
£.32 
0.37 
£0.50 
£0.53 
£0.53 
£1.18 
£1.18 
£1.18 
£0.61 
£0.61 
£0.79 
£0.41 
£.37 
£0.47 
£0.50 
£3.65 
£0.62 
£0.92 
£0.52 
£0.52 
£0.53 
£0.42 
£1.04 
£0.80 
£1.714 
£0.49 
£0.50 
£.47 

BDX54C 
131,180 
BF 1142 
BF 185 
BFI94 
BF19413 
BE195 
BF244 
13E244B 
BF244C 
BF257 
BF259 
BF337 
BF355 
ElF423 
BF45 I 
BF459 
BF469 
BFX29 
IO W 
BFXN5 
BEY50 
BFY51 
101'52 
BS107 
BSI70 
BS W66 
BU126 
BU205 
BU2ONA 
BU 326A 
1311500 
BU 508A 
BU501413 
BU 526 
1144406 
BUT! 1 A 
BUTI I AF 
DUX/14 
IRF540 
IRF740 
MJ2501 
M.13001 
M111015 
Mil 1016 
MJ E340 
MJE350 
MPSA05 
MPSA06 
MPSA13 
MPSA42 
MRF475 
T1P29C 
TIP30C 
TIP3 IC 
TIP32C 
TIP33C 
TIP4IA 
T1P42C 
T1P47 
T1P48 
TIP50 
TIP 121 
TIP 122 
TIP 125 
TIP 127 
TIP 432 
TIP 437 
T1P142 
TIP 147 
TIP2955 
TIP3055 
VS IOKM 
ZTX300 
ZTX500 

£0.50 
10.31 
10.31 
(0 <,1 
(1 
t. 

1.1 

ill 

£0,40 
£0.3/4 
£0.13 
£0.19 
10 31 
10 16 

10,3 , 
£0.30 
£0.25 
£0.214 
£0.21 
£0.23 
£1.35 
£1.32 
£1.41 
£1.24 
£1.40 
£1.54 
£1.42 
£1.44 
£1.74 
£1.06 
£1.30 
£1.30 
£.714 
£1.60 
£1.%0 
£1.60 
1.80 
£2.11 
£2.56 
£0.40 
£0.48 
£0.14 
£0.12 
£0.12 
£0.17 
17.28 
£0.31 
£0.31 
£0.41 
£0.41 
£0.72 
10.414 
£0.52 
£.48 
£0.62 
£.53 
£0.48 
£0.4% 
£0.46 
£0.40 
£0.46 
£0.56 
£1.08 
£1.12 
£0.97 
£0.63 
£0.48 
£0.16 
£0.16 

1,10 ;Sleirt 

to y .„.000 
vt‘•- use tst0,. v V ole 

EleetrolvtIc Radial Capacitors 
pi'  IA  25s  63% 
0.47 
1.0  ---  £.05 
2.2  ---  £0.05 
4.7  --  £0.06 
10  £.05  10.05  £0.06 
22  £0.05  £0.05  £0.09 
47  £0.06  £0.06  £0.11 
100  £.06  £.09 £0.11 
220  £0.09  £0.12  £.31 
470  £0.15  £0.19  £0.40 
1000  £.22  £0.33  --
2200  10.37  £0.57  --
4700  ---  £1.11  ---

£0.07 
£0.06 
£.06 
10.08 
£0.0% 

1.0  --  £ 11 
2.2  £0.10 
4.7 
10 
22  ---  £0.12  £0.13 
47  10.10 COI 1 10.16 
100  £0.10 £0.14  £0.21 
220  £0.13 £.18  £0.42 
470  £0.21 £0.24  £0.69 
1000  £0.33 £0.40  11.08 
2200  £0.52 £0.64  ---
4700 

Electro Wic  Capacitors% m  i  is 

10.15 
£0.10 
£0.10 
£0.10 
£0.12 
£0.17 
£0.20 

Resistors 
'4W Carbon Film 5% E12 Series 10-10M  £0.02 Each. £0.60 per 100 
VAV Carbon Film 5% E12 Series 111-10M  £0.02 Each. 10.95 per 100 
V.W Metal Film I% E24 Series 1011-1M  £0.04 Each. £ 1 72 per 100 
Enclosed Presets. Hort / Vert. 10a1 - IMO 0.15W CO. I 5 Each 
Skeleton Presets Hon / Veil. 10111 - I MO 0.IW  £0.11 Each 
POTS V." Shall 25mm Dia 47a1 - 2M2 Lin or Log £0.42 Each 
DIL Sockets 
X Pin  10.07 
20 Pin  24 PM  £0, I 9  2,, I',••  '11 "  40 Pin 

per Ile .1 

welt 

Please State 
Voiot(a) Required 

14 Pin  10.11  16 Pin  (0 I 18 Pin £0.15 
£0.25 

New 1996 PCB 
Production Catalogue 

A Fully illustrated catalogue covering everthing you 
require to Prototype & Design circuits and Manufac-
ture Printed Circuit Boards. From simple Stripboard 
or Breadboard Development to Artwork Design, PCB 
Materials, Chemicals. F ui nuent and Tools. 

\limy Ne W Products and all at I,01% 

.... with any order over £7.50 when requested. 
(Please quote Order Code 000-120 to recieye a copy) 

of .... send a S.A.E (A4 & stamps to the value of 47p) 
ORDERING INFORMATION - All Prices Exclude Vat (171/2%), Add £1.25 carnage & Vat to all orders. Send Payment with Order. PO Cheques 
payable to ESR Electronic Components. Credit Card Orders Accepted. NO Credit Card Surcharges. Trade discount for Schools & Colleges.   
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THE CHANGE IN COMMUNICATIONS 
For the last ten years we have published the regular Amateur Radio page by Tony Smith 

G4FAI; if you read it this month you will find Tony signing off. There is always consider-
able pressure on our page space and it is with some regret that we have asked Tony to 
move aside for our new Net Work page on the Internet and all that stuff. 
Amateur Radio is as valid a hobby as it has ever been, even though most practitioners 
now use ready made equipment rather than the d.i.y. designs that dominated twenty years 
ago. The hobby has many facets and a large proportion of users also employ computers as 
an integral pan of their radio operation. However, as the Internet continues to develop we 
find our readers more interested in this digital form of electronic communication. 
You could say that our regular communications page is simply changing from radio to a 
digital network system. We won't just show you pictures of what you can see on screen but 
we will be telling you about all the interesting sites you can visit, about who is new on The 
Net and where you can find information, answers and ideas that will help with your hobby. 
training or employment in electronics. 
Communication via computer and phone line has rapidly expanded around the World and 
it is estimated that over 35 million people are now connected - they are all out there 
waiting to interact with you. As an example of just how useful this communications media 
can be we recently found two suppliers of an "unobtainable" i.c. within a few hours of 
putting out a request on The Net - one an American company who made a direct response 
and one a UK company whose name was provided by another Net user. In previous 
circumstances of this type we have spent much time, energy and money phoning and 
faxing manufacturers and distributors around the World, more often than not with negative 
results. This time one E-mail request, at the cost of a one minute local phone call, brought 

almost instant results. 

ASSURANCE 
Over the months 1 have continued to assure readers who want nothing to do with 
computers that EPE will cater for their needs and I now reiterate that assurance - only 
about three regular pages of the magazine are dedicated to computers. However, they are 
becoming incredibly useful in electronics, particularly when programming PIC projects, 
for use as virtual test instruments and as circuit design tools, etc., as well as for com-
munication. We, therefore, anticipate that the majority of readers will eventually employ 
this tool as part of their hobby. 

SUBSCRIPTIONS 
Annual subscriptions for delivery direct 
to any address in the UK: £24. Over-
seas: £30 (£47.50 airmail). Cheques or 
bank drafts (in f sterling only) pay-
able to Everyday Practical Electronics 
and sent to EPE Subscriptions Dept., 
Allen House, East Borough, Wimborne, 

Dorset BH21 1PF. Tel: 01202 881749. 
Subscriptions start with the next avail-
able issue. We accept Access (Master-
Card) or Visa. (For past issues see the 
Back Issues page). 

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

Payment in f sterling only please. 
Visa  and  Access  (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 

ADVANCED 
Mad 
fr7HARGERS 
ANDY FL/ND 
Keep your 1\11Cad rechargeables 
perfor ming at their peak with one of 
these lo w-cost "po wer brokers." 
- You won't be overcharged! 
Can be tailored to charge AA, 
C or 0-size cells. 

CIIARGERS for rechargeable NiCad 
batteries  are  fairly  common 
nowadays.  Various  types  are 

available which accept a variety of cell 
sizes and capacities, and some are quite 
sophisticated. The problem is that some 
are not, especially at the cheaper end of 
the market. 
Readers may wonder exactly what cur-

rent is being pushed into their expensive 
cells, especially when they start to become 
warm! Another difficulty occurs when the 
user forgets to remove the cells on com-
pletion of charging, so that they carry on 
receiving current long after the full charge 
has been achieved. 
Two circuits are presented here. The first 

will provide a precise charging current that 
can be tailored to suit the cells to be 
charged, whilst the second has an additional 
feature for reducing the charge rate after a 
suitable period to keep the cells fresh and 
ready for use without damaging them. 
This circuit was originally developed for 

charging the eight-cell pack in the recent 
Mind Machine (March to May '96) project, 
but the design is very flexible and can be 
adapted to suit a wide variety of other 
charging applications, as will be explained. 
It may even be built to deliver the 400mA 
required hv industrial "D" sim cells. 

CONSTANT CURRENT 
l'he first version develops a current 

which remains constant, regardless of load, 
so long as sufficient supply voltage is 
available. The circuit diagram for the 
Constant Current version appears in Fig. I. 
A tapped transformer T1 with two rec-

tifier diodes DI and D2 and capacitor Cl 
provides the primary d.c. supply from the 
230V a.c. mains. The power MOSFET 
device TR3 is initially biased into con-
duction by a positive gate voltage from 
resistor R3. 

Current flowing through the load (the 
NiCads being charged) also flows through 
the current sensing resistor R4, developing 
a voltage across it in the process. When 
this reaches about 0-5V transistor TR2 
begins to conduct, reducing the gate (g) 
voltage of TR3. The circuit therefore stabi-
lises at the load current that gives 0.5V 
across R4, so the charging current is con-
trolled by selecting the value of this. 
Zener diode D4 prevents excessive gate 

voltage from being applied to the power 
MOSFET TR3, which might happen if the 
circuit were to be powered without the 
load connected. Diode D6 compensates for 
the base-emitter voltage drop of transistor 
TR1 so that the voltage across R4 is dupli-
cated across resistor RI, controlling the 
current flow through I.e.d. D3. 

The apparent brightness of I.e.d. D3 
therefore depends on the charging current, 
so any problems with connection to the 
cells on charge will be immediately ap-
parent to the user. Diode D5 prevents any 
"back-feeding" of current from the bat-
teries should there be a failure of the mains 
supply whilst they are still connected. 

ON THE BOARD 
The Constant Current circuit could be 

constructed on the main Timed Charger 
p.c.b., with a link to bypass the timer 
section. Alternatively, it can be assembled 
quickly and cheaply on a piece of Olin. 
matrix stripboard to the layout shown in 
Fig. 2, which also shows the underside of 
the board with track breaks and soldered 
connections. 
For charging AA cells, the component 

values shown are correct and the small 
home-made heatsink, bent from a piece of 
aluminium sheet, will be sufficient. A 
mains transformer with a 15V-0V-15V 
secondary winding will supply adequate 
voltage for eight cells, and a 100mA type 
will suffice for the 60mA or so of output 
needed. If four or less cells are to be 
charged, a 9V-0V-9V mains transformer 
can be used instead. 

LIVE 

NEUTRAL 

FSI 
60001A 

230V A!. 
MAINS 

EARTH 0 

TI 
15V-0V-15V 
100mA  15  

DI 
1N4003 
a mk 

02 
TN4003 
a o r 

03  ' 
2mE 
RE ! 

TR1 
13C184L 

C -1  RI 
10006  270i, 

R3 
I0c) 

1N4003 
05 

TR3 
iRF630 

R4 
01E2 

'OUTPUT ] 

Fig. 1. Circuit diagram for the Constant Current NiCad Charger (values shown are 
for up to eight AA cells). 
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HIGH POWER 
To use the unit for higher currents, some 

component values will need alteration and 
a larger heatsink may also be necessary. 
The most common types of NiCad are 
"AA", "C" and "D" size cells. 
Usually. AA types require about 50mA 

to 60mA charging current, though varia-
tions with higher capacities and charging 
currents are starting to appear. C-size cells 
usually need around 200mA. Most D-cells 
also require 200mA for charging, as they 
are actually C-size units in larger cases. 
However, there is an industrial type D-

cell with a 4-amp/hour capacity that uses a 
400mA charging current. These are easily 
distinguishable by price and weight, apart 
from the markings on their cases. 
The mains transformer can be selected 

simply for an adequate secondary current 
rating. A larger value of capacitor Cl may 
be needed to keep supply ripple to an ac-
ceptable level. Whilst the 10001..F shown 
is fine for 60mA, a 220011F component 
should be used for 200mA and a 4700p.F 
for 400mA, all of which will keep ripple to 
less than one volt peak-to-peak. 
The current setting resistor R4 should be 

chosen using the formula R = 0.5//. where 
/ is the required charging current in am-
peres. A 2.2 ohm resistor will deliver 
about 230mA and a 1.2 ohm one about 
400mA, although with a 400mA output the 
heat dissipation in this resistor will be 
about 0-2W so it might be appropriate to 
use two 2.2 ohm resistors in parallel to 
spread the dissipation. 

HEATSINK 
The heatsink for the power MOSFET 

TR3 also requires consideration. It can 
handle several anips of current, but will 

COMPONENTS 

Resistors 
R1  27011 
R2  4k7 
R3  100k 
R4*  8112 
All 0.6W 1% metal film 

Capacitors 
Cl'  1000t radial elect. 35V 

Semiconductors 
D1, D2, 
D5, D6 

CONSTANT CURRENT 
NiCad CHARGER 

See 

Cc 
TALK 
Page 

1N4003 lA 200V rec. 
diode (4 off) 

D3  2mA red I.e.& 
04  12V 400mW Zener diode 
TR1, TR2 BC184L npn silicon 

transistor (2 off) 
TR3  IRF630 n-channel power 

MOSFET 

Miscellaneous 
Ti'  Miniature 100mA mains 

transformer, with 
15V-0V-15V secondary 

FS1  500mA 20mm fuse, with 
panel mounting holder 

Stripboard, 0.1in. matrix, size 15 
strips x 22 holes; piece of aluminium for 
heatsink — see text; led. clips; battery 
clips; connecting wire; solder etc. 
'Alter for different output currents — see text. 

Approx Cost 
Guidance Only £8 

LIVE 

NEUTRAL 

EARTH 

FS1 

230V A G 
MAINS 

Fig. 2. Component layout. 
interwiring details and 
underside view showing 
breaks required in the copper 
tracks of the stripboard 
version of the Constant 
Current Charger. 

FLAT 
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0 • • 0  •  • •  • 

EATS1NK 

0 

O 

•  •  0  • • 
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1  3  5  1, 
2  4  6  8  10  12  14  6  18  20  22 

p. 

dissipate a wattage equal to the voltage 
across it multiplied by the output current. 
This voltage is calculated as the primary 
supply less the voltage lost elsewhere. 
Diodes D5 and D6 drop about I.2V be-

tween them, whilst another 0-5V is lost 
across resistor R4. The voltage across the 
batteries varies, but is roughly 1.2V per 
cell, assuming they are all healthy. 
With a I5V supply, loaded so that it is 

actually closer to I5V than the "peak" 
value of just over 20V, and a pack of eight 
cells all at correct voltage, the drop across 
TR3 is only 3-7V which at 60mA repre-
sents 220mW. With a pack of four cells 
the dissipation will be half a watt, so if 
this is the number that will normally be 
charged it may be worth using a 9V or 
I 2V transformer. 
Four D-cells, on the other hand, with a 

charging current of 400mA and a I5V 
transformer, will cause a dissipation of 
around three and a half watts by TR3, 

requiring a fairly large heatsink and free 
air circulation. However, the option of 
selecting components in this way makes it 
possible to construct an ideal charger for 
almost any NiCad battery. 

CONSTRUCTION 
Construction of the Constant Current 

Charger to the layout of Fig. 2 should be 
straightforward, though the usual checks 
for solder bridges and particles of cop-
per strip remaining around the edges of 
"breaks", so easy to miss on stripboard, 
should be made. Start with the four wire 
links followed by the smaller components 
working up to the electrolytic capacitor. 
except the transistors which should be in-
serted last. Check for correct polarities 
before soldering in diodes, transistors and 
the electrolytic capacitor. 
The interwiring between the various off-

board components and the circuit board 
are also shown in Fig. 2. 

Constant Current Charger built on stripboard. 
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Fig. 3. Full circuit diagram for the Timed NiCad Charger. 

TIMED NiCad CHARGER 

AUTO-CHARGE 
With a simple extension of the Constant Current circuit it is 

possible to make a charger that automatically reduces the charging 
current after about 14 hours, ensuring that the cells are fully 
charged but avoiding overcharging when the user forgets to dis-
connect them. 
The circuit diagram for the Timed Charger version is shown in 

Fig. 3. As before, the primary supply is provided by the 230V 
mains through transformer T1, diodes DI and D2 and reservoir 
capacitor C2. A supply for the timing circuit is provided through 
diode D3, with resistor RI and Zener diode D4 to keep it to a safe 
voltage for the CMOS devices used. 
These CMOS devices, ICI and IC2, use so little current that the 

timer will keep going for up to thirty seconds if the mains fails, 
preventing the charge period from being restarted by every minor 
glitch in the supply. ICI is a 4060B I4-stage divider with built in 
oscillator. Pressing switch SI sets all its outputs low, so diode D5 
is reverse-biased and the oscillator operates. 
With the component values shown it runs at about 0-17Hz, so 

the last output of the divider, pin 3, goes high after about 
14 hours. This applies forward bias to D5, which stops the 
oscillator. 
The first timer of the 7556 dual CMOS timer IC2 is connected 

to operate as an oscillator with a frequency of about 0.5Hz with a 
duty cycle of about one to five. Pin 4 is an "active low" reset for 
this timer, so whilst the input to this, from ICI, is low its output is 
also low. 

COMPONENTS 
TIMED NiCad CHARGER 

Resistors 
Al  1k5 
R2. R8  100k (2off) 
R3  10M 
R4, R5  1M5 (2 off) 
R6  560k 
All 0.6W 1% metal film 

R7 
R9' 
R10 
All 

2M2 
8122 
4k7 
270!! 

Capacitors 
Cl 05  100n resin-dipped ceramic (2 off) 
C2'  1000k radial elect. 35V 
C3  4701i radial elect. 35V 
C4  100p. radial elect. 25V 
C6. C7  1 p.. polyester layer (2 off) 

Semiconductors 
Dl. D2. D3. 
D8. D9 
D4 
D5. D6 
D7 
D10 
TR1 TR2 
TR3 
'Cl 
102 

See 
o 

TALK 
Page 

1N4003 lA 200V rec. diode (5 off) 
8V2 400mW Zener diode 
1N4148 signal diode (2 off) 
12V 400mW Zener diode 
2mA red led. 
BC184L npn silicon transistor (2 off) 
IRF630 n-channel power MOSFET 
4060B 14-stage divider, with internal oscillator 
ICM7556 dual CMOS timer 

Miscellaneous 
T1*  miniature 100mA mains transformer, with 

15V-0V-15V secondary 
Si  pushbutton switch, press-to-make, release-to-break 
FS1  500mA 20mm fuse, with panel-mounting holder 
Printed circuit board available from the EPE PCB Service, 

code 100; 14-pin d.i.l. socket; 16-pin d.i.l. socket; Led. mount-
ing clips; piece of aluminium for heatsink, size approx. 25mm x 
63mm — see text; battery clips (PP3) and holder (optional); 
case, size and type to choice; connecting wire; solder etc. 

'Alter for different output currents — see text 

Approx Cost 
Guidance Only £15 excluding 

case 
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The second timer is used as an inverter 
to convert this to a high output which, via 
resistor R8, activates the output constant 
current generator. When ICI times out, the 
oscillator in IC2 starts running, and the 
current generator is then pulsed for about 
400ms every two seconds. 
NiCads have quite a high self-discharge 

rate of about 10 per cent capacity per 
week. If left on this charger they will be 
kept fully topped up ready for use without 
overcharging, and by flashing in time with 
the current pulses the I.e.d. D10 will let the 
user know that the main charge period is 
complete. The output stage is identical to 
the simple non-timed circuit, save that the 
MOSFET bias is taken from the timer 
instead of the main positive supply. 

CONSTRUCTION 
To simplify construction, the Timed 

NiCad Charger version is built on a printed 
circuit board (p.c.b.). This board also takes 
the mains transformer and the component 
layout. Full size copper foil master details 
are given in Fig. 4. This board is available 
from the EPE PCB Service, code 100. 
Construction on the p.c.b. is straightfor-

ward, though a few notes on construction 
and testing should help. 

Miniature 100mA and 250mA mains 
transformers can be bolted directly to the 
board. A solder tag should be placed under 
one of the mounting screws and used as 
the "Earth" connection, this will effec-
tively earth both the transformer met-
alwork and the circuit's negative (OV) 

supply rail. If a larger transformer is used 
it may have to he mounted elsewhere, in 
which case separate earthing arrangements 
will be needed. 
All the passive components should be 

fitted first. The electrolytics C2. C3 and C4 
are placed horizontally, so a drop of glue 

Fig. 4. Printed circuit board component layout, full 
size copper foil master and wiring details for the 
Timed NiCad Charger. 
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should be used to keep them secured to the 
p.c.b. D.I.L. sockets should be used to take 
ICI and IC2, at this stage these and the 
three transistors should not be fitted. 
Next, the p.c.b. should be powered up. 

A bench power supply can be used if 
available, it always feels safer when first 
powering a circuit if it can be done using a 
current-limited source. 
There will be a surge of current as the 

electrolytics charge, following which the 
supply current, if this is being measured, 
will settle to about 8mA. This assumes that 
the main supply is around 20V, cor-
responding to the peak value from an 
unloaded 15V transformer. The 8-2V sup-
ply from Zener diode D4 should be 
checked. 

BEND THROUGH PC B 
AND SOLDER TO SECURE 

BEND OVER TOP 
OF HEATSINK AND 
ARALDITE IF 
NECESSARY 

Fig. 5. Method of securing the loose 
end" of the small heatsink to the p.c.b. 

HEATSINK 
Following this, the three transistors 

should be fitted, together with the heatsink 
for TR3. For the basic AA-cell charger this 
can be a 25mm X 63mm (1 in. x 2.5in.) 
piece of aluminium. A drop of heatsink 
compound under the tab of TR3 will aid 
heat transfer, and the end of the heatsink 
opposite the transistor can be supported 
with a piece of stiff wire soldered to the 
track provided and bent over the top. 
Fig. 5 shows how this is done. If there is 
any problem with rattles, a blob of 
Araldite will cure it. 
The tab of TR3 is internally connected 

to its drain (d), so the heatsink should NOT 
come into contact with any other parts of 
the circuit. Of course, for higher current 
outputs, it may be necessary to mount TR3 
elsewhere with a larger heatsink. 

FUNCTION TESTS 
The I.e.d. DIO should be connected, 

and two 330ohm resistors connected in 
parallel across the output to simulate the 
"load resistance" at normal charging 
current. A piece of very thin wire should 
be pushed into IC2 socket connections 9 
and 14, to apply the 8-2V supply to the 
gate of TR3. 
Power should be applied whilst monitor-

ing the voltage across the "load", with 
luck the I.e.d. should light and the voltage 
should be about 10y, corresponding to a 
current of 55mA to 60mA. The load resis-
tors may warm a little during this test. This 
completes checking of the output stage, al-
though the load resistors and I.e.d. should 
be left in place for the next part. 

Switch the supply off. Remove the wire 
link from IC2 socket and place it across 
the connections for pins 3 and 16 of ICI's 
socket. This will apply a high signal to pin 
4 of IC2, which can now be inserted in its 
socket. If the circuit is powered again, the 
I.e.d. should flash briefly at two-second in-
tervals, showing that this part of the circuit 
is operating. 
Arrangements should now be made for 

briefly shorting the "start" switch SI con-
nections. and ICI should also be fitted into 
its socket. On power-up the output state 
may be either continuous or pulsing, but 
shorting SI 's connections should cause the 
I.e.d. to become continuously illuminated. 
If the "Test Point (TP)", from pin 7 of 

ICI, is monitored, it should go low when 
switch SI is shorted and high about fifty 
seconds after the short is removed. This 
will confirm that the oscillator is operat-
ing at about the right frequency. It is also 

possible to monitor pins 9 or 10 of ICI 
which should change state about every 3-5 
seconds. 

BOXING UP 
I his completes construction and testing 

and the unit can be fitted into any suitable 
case. External connections to the board are 
all as shown in Fig. 4. Connection to the 
battery can be made in any way the user 
chooses, though a PP3-type connector on a 
short lead is a good option as many bat-
tery-holders are fitted with connectors for 
these. 
The p.c.b. can be used for the simple. 

non-timed, Constant Current version if re-
quired, all that is needed is to link the top 
of resistor R8 to the 8-2V supply, a good 
point for this being the point for pin 14 of 
IC2's socket. It would then be possible to 
upgrade the unit for timed operation at a 
later date. 

MACED *CAD 
W aGER 

• 

Completed Timed NiCad Charger and Constant Current version. 
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Is your PCB design package not 
quite as "professional" as you 
thought? Substantial trade-in 
discoun  till available. 

Boar I Capture  Boar I Claker 
Schematic Capture Design Tool 

• Direct netlist I n-c to BoardMaker2 
• Forward annoWion with part va ues 
• Full uncoiredc facility (50 operations) 
• Single-sheet, mAti-paged anc hierarchical designs 
• Smooth scrollirg 
• Intelligent wires (automatic junctions) 
• Dynamic conrectivity informa-.ion 
• Automatic on- ine annotation 
• Integrated on4-e-fly library editor 
• Context sensiive editing 
• Extensive component-based Power control 
• Back annotatipn from BoardMaker2 
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BoariMakerl  Err!ry level 

• DC3 and schematic. drafting 
• Easy and intuitive tc use 
• Surface mount and metric support 
• 90, 45 and curved tack corners 
• Ground olane fill 
• Copper nighlight and clearance check nc 

BoardMaker2 - Ac'vanced level 

• All the 'eatures o BoardMaket1  r395  
• Full net'ist suppor- BoatCapture. 
OrCad, Schema. Tango, CadStar 

• Ful Design Rule Glecking 
botn mechanical and e'ectrica 

• Top down modificat on from the schematic 
• Component renumbar with back annotation 
• Report generator- Database ASCII, BOM 
• Tferma power plane support with full DRC 

Griciless re-entrant autorouter 

• Simultaneous muti-iayer routing 
• SMD and analogue suppert 
• Full interrupt. resine, pan 
and zoom while -o.iting 

Output drivers - included as stardard 
• ID' nters - 9 & 24 din Dot matrix, 
I-FLaserjet and PcstScript 

• Penplotters - HP, Graphtec & Houston 
• Ptiotoplotters - NI Gerber 3X00 and 4X00 
• Excellcn NC Dril and 4nnotated 

II drawings (BM2) 

£95 

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.deron.00.uk 

£200 

tsien 



LEARN ALL ABOUT ELECTRONICS 
The essential 
reference work 

ORDER NOW 
and get a 

FREE SUPPLEMENT 
plus our 

\ 30 DAY MONEY BACK 
GUARANTEE   

The revised edition of The Modern Electronics 
Base Manual contains practical, easy-to-follow 
information on the following subjects: 

BASIC PRINCIPLES: Symbols. components and their 
characteristics, active and passive component circuits, power 
supplies, acoustics and electroacoustics. the workshop, 
principles of metrology. measuring instruments. digital 
electronics. analogue electronics, physics for electronics. 

CIRCUITS TO BUILD: From basic principles to circuit-building, 
The Modern Electronics Manual and its Supplements describe 
how tc assemble radios, loudspeakers. amplifiers, car projects, 
computer interfaces, measuring instruments, workshop 
equipment. security systems. etc. 

(fivarati tcr 
e Our 30 day money hack guarantee gis es you complete peace  e 
e of mind. If you are not entirely happy with the Nlanual. for  e 

whatever reason, simply return it to us in good condition within  ei 
ee 30 days and we will make a full refund of your payment - no 

e • e sm•III print and no questions asked. 
(Overseas buyers do have to pay the postage charge) 

!PLEASE 1r II enclose payment of £45.45. I shall also receive the appropriate supplements 
• several times a year. These are billed separately and can be discontinued at any 

• time. Should I decide not to keep the Manual I will return it to you within 30 

I days for a full refund. 

• Easy-to-use format 

• Clear and simple layout 

• Comprehensive subject range 

• Regular Supplements 

• Sturdy ring-binder 

• Projects to build 

• Components checklists 

• Extensive data tables 

• Detailed supply information 

• Ready-to-transfer PCBs 

• Detailed assembly instructions 

• Professionally written 

ESSENTIAL DATA: Extensive tables on diodes, transistors. 
thyristors and triacs. digital and linear i.c.s microprocessors. 
The Manual also has an extensive Glossary, and covers 
Safety, Specialist Vocabulary with Abbreviations and 
Suppliers. The most comprehensive reference work ever 
produced at a price you can afford. the revised edition of 
THE MODERN ELECTRONICS MANUAL provides you with 
all the essential information you need. 

OVER 1,000 A4 loose leaf pages in a sturdy ring binder all for 
just £39.95 plus £5.50 post and packing. Regular Supplements 
continuously extend the Manual with new material. each 
Supplement contains approximately 160 pages of information. 
These are sent about five times a year and cost £23.50 plus 
£2.50 p&p. You can of course return any Supplement (within 10 
days) or cancel the Supplements at any time. 

Wimborne Publishing Ltd., Dept. Y7 
Allen House. East Borough, 
Wimborne, 
Dorset BH21 1PF 
Tel: 01202 881749 Fax: 01202 841692 

send me THE M ODERN ELECTRONICS MANUAL 

plus a FREE SUPPLEMENT. 

FULL NAME   
(PLEASE rim II 

I ADDRESS   

 POSTCODE   

•  SIGNATURE   

• Card No.  Card Ex. Date   

O I enclose cheque/PO payable to Wimborne Publishing Ltd. 

O Please charge my Visa/Mastercard/Access 

ORDER FORM 
Simply complete and return the order form with 

your payment to the follo wing address: 

Wimborne Publishing Ltd, Dept. Y7 
Allen House, East Borough, Wimborne, 

Dorset BH21 1PF 

OVERSEAS ORDERS: NI overseas orders must be 
prepaid and are supplied under a money-back guarantee of satis-
faction. If you are not entirely happy with the Manual return it 

within a month for a refund of the purchase price (you do have to 
pay the overseas postage). SEND £39.95 PLUS THE POSTAGE 
SHO WN BELO W: 

BRE, SCOTTISH HIGHLANDS and UK ISLANDS  £11 

EUROPE (E.E.C. Countries)  AIR MAIL ONLY £20 

EUROPE (non EEC.)  SURFACE MAIL £20,  Alf? MAIL £26 

U.S A & CANADA  SURFACE MAIL £25,  Alf? MAlL £32 

FAR EAST & AUSTRALIA  SURFACE MAIL £31,  AIR MAIL £33 

REST OF WORLD  SURFACE MAIL £25,  AIR MAIL £44 
Note surface mail can take over 10 weeks to some parts of the 
world. Each manual weighs about 4kg including the free supplement 
when packed. 

All payments must be made in L's Sterling payable to Vlirnbome 
Publishing Ltd. We accept Mastercard (Access) and Visa credit cards. 
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Innovations A roundup of the latest Everyday 
News from the world of 

electronics 

TALKING TO YOUR COMPUTER 
TalkMic lets your PC take dictation even in the noisy 

madding crowd - by Hazel Cavendish 

Vom.: recognition technology which 
enables people to talk to their 

computers has been an exciting idea for 
a long time, but one that has not quite 
gelled for universal use, up till now. 
Although there are a number of speech 
recognition programs available, they 
have either needed to be confined to 
markets where the vocabulary in use 
was fairly small, or have required 
extensive technical training for users. 
Most have run into snags, resulting in 
consumer disappointment. 
Now a two-year collaboration be-

tween Responsive Systems, a London 
based company specialising in develop-
ing and marketing voice recognition 
systems, and Snap Labs, who are acous-
tics interface specialists, has resulted in a 
microphone breakthrough which has 
given the technology a new impetus. 
They have introduced TalkMic, the 

first microphone to be specifically 
designed for voice recognition, and 
which works with an adaptation of the 
Kurzweil-Voice 2.0 system. The latter is 
the product of an American company 
which has made much of the running in 
the development of voice recognition. 

GAINED IN TRANSLATION 
he  stem required modification to 

suit the UK business world and the 
American software has been rewritten 
by Responsive Systems, using language 
which is familiar to the British user. The 
firm received several hundred trade en-
quiries the day after the recent product 
launch and several thousand since then. 
Responsive Systems originally set in 

motion a research programme to in-
vestigate omnidirectional, unidirectional 
and pressure gradient microphones. Ex-
periments showed that even high quality 
unidirectionals could only be used in 
relatively quiet conditions. Conventional 
microphones often suffered from poor 
design and poor noise rejection. 
The team recognised that the varying 

levels of background noise had proved 
to be a limiting factor for the wide 
acceptance of other voice response 
systems. In many office environments 
colleagues'  conversations,  telephone 
calls and general background noise 
ended up as words on screen. There was 
also a clear distinction between the 
acceptability of a microphone headset 
having an airline pilot image, and that 
associated with a hobbyist image. 

NEW HEADSET SOLVES IT 
Finall „i small  pressure-gradient 

electret microphone was developed on 
an entirely  new  headset  from  a 
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company  with  over  20 years of 
experience in designing subminiature 
electret models. The TS024 microphone 
design was developed using an acoustic 
manikin, whose shape was generated 
from an average of 2,000 people to 
create a unique headset style, since 
pressure-gradient microphones must be 
used close to the lips in a relatively 
stable position. 
The resulting TalkMic is similar to 

those used by sports commentators, 
pilots and the military, and is very 
responsive to sounds close to it, but 
virtually ignores those more distant — 
even if they are considerably louder. Its 
ability to separate the user's voice from 
environmental noises makes it the best 
option for communication clarity in any 
environment, whether typical office or 
busy production line. 
In tests, recognition successes of 98 

per cent were achieved regularly in a 
typical office, and with an experienced 
user 100 per cent recognition was 
achieved over several hundred words. 
Moreover, TalkMic is robust, has low 
sensitivity to user movement, accurately 
represents the voice over a wide fre-
quency range, and offers a hands-free 
operati(m of keyboard or switchboard. 

PHENOMENAL PHONEMES 
The Kurzweil Voice system has a 

vocabulary of 200,000 words, and uses 
sophisticated language modelling tech-
niques to recognise spoken words from 
their context in a sentence. It can take 
dictation at up to 60 words a minute, 
quickly adapting to a user's accent and 
pronunciation. It works with Windows 
3.1 and Windows 95, plus a soundcard, 
usually Soundblaster. The software algo-
rithm analyses the speech pattern and 

splits it into individual sound patterns — 
phonemes. 
"As a result of that analysis, you 

should have a list of phonemes which 
represent the word you have just 
spoken," says Robin Cameron, Respon-
sive Systems' Product Development 
Manager. "That list is then passed to a 
look-up table of all the words which 
could match the sound. If the computer 
thinks it has got the word you have just 
spoken, it will put it on the screen, and 
supplies other words in a list called the 
Take List, just in case there is a 
mispronunciation and you need to make 
a correction. The machine soon learns 
to 'hear' the idiosyncrasies of the way 
you speak, and also has some idea of the 
whole word model. 
"When it hears the word 'IT' the 

machine is not thinking of 'I' and 'T' 
but of the way you say the word — 
although it has a pretty good idea of 
what the word should sound like. When 
you start speaking into the mic you 
don't need to use a clipped voice, as 
some other systems require. 
We have aimed at the user speak-

ing naturally, by ensuring that the mic 
has a very broad frequency range, and 
that there is absolute consistency in 
its manufacturing standards. The system 
also tries to do a little bit of conjectural 
checking, so that when you say 'Ready 
to go' it knows which version of 'to' to 
put in — not  or 'two' hut 'to'. 

DOCUMENT CREATION 
'It is only with the ad cut 01 tast 

computers with a lot of memory that 
this sort of technology has become 
really viable. The beauty of this system 
is that it works quickly and is very 
accurate. It replaces a typist for a lot of 
people. It also has command sets with 
it, and it knows the difference between 
a command and a word that you are 
trying to put in your text. 
If you want to delete four words, you 

simply say 'Delete four' and that com-
mand would generate key strokes to 
delete those words. It is possible to edit 
the text, colour it and format it. You 
can't call this a dictation machine; it is 
really a document creation technology." 
"After a very brief initial training, 

which can be added to an application 
like Word 95, you can pick it up and 
get going very quickly. Because it is 
speaker-independent it very soon adapts 
to your voice." 
Enquiries should be made to Respon-

sive Systems Ltd., 34A Glazebury Road, 
London W14 9AS. Tel: 0171 602 4107. 
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Yeda Glory for EPE 
Contributor 
You've  all  been  following 
the Teach-In '96 series and 
its associated constructional 
projects haven't you? And you 
will have noticed that as well 
as Max Horsey being credited 
as the author, other names 
have been credited for the 
printed circuit board designs. 
Max Horsey is the Head of 
Electronics at Radley College 
near Abingdon in Oxfordshire; 
the p.c.b. designers are his 
pupils. 
Well, we are delighted to 

announce that two of Max's 
students, Christopher Caulkin, 
aged 15, and James Ander-
son, aged 14, have won prizes 
in the 1996 Young Electronic 
Designer Awards (YEDA). 
Chris Caulkin has actually 

won two levels of recogni-
tion: The Texas Instruments' 
Prize for The Most Commer-
cially  Viable  Project,  and 
he came first in the Inter-
mediate Category for 15-17 
year olds. The design which 
attained  him both honours 
was a Microcontroller-based 

Where it's at 
July 14, Sunday. The 

16th  Sussex  Amateur 
Radio and Computer Fair 
at Brighton Racecourse, 
from 10 a.m. to 4 p.m., 
only  £1.50.  Free  car 
parking and a picnic area. 
This rally is one of the 
largest in the South of 
England with well over 
100 Trade stands and a 
Dedicated Room for Bring 
and Buy, with over 40 feet 
of  display  area,  plus 
refreshments and bars at 
reasonable  prices.  Tel: 
01273 501100. 
Aug. 11, Sunday. The 

39th Derby Mobile Rally 
takes place at Littleover 
Community School, Pas-
tures  Hill,  Littleover, 
Derby, opening 9.30a.m. 
The School is located off 
the A5250 (Burton Road) 
south  of  Derby,  one 
mile south of Littleover 
and  the  A5111  Derby 
Ring Road. There is a 
large  flea  market,  a 
wide  range  of  radio 
and  computer  traders, 
plus  a monster  radio 
and  computer  "junk" 
sale. Refreshments avail-
able. Tel: Martin Sharlow, 
01332 556875. 

Sunbathing Warning Device. 
The TI Award is worth £2500 
and is shared by the College 
and Christopher. The YEDA 
Trophy and £750 was the First 
Prize  in the  Intermediate 
Category. Chris designed the 
p.c.b. for the Event Counter in 
our April 1996 issue. 
James Anderson came third 

in the Junior Category with his 
Finder Unit to Aid the Blind, 
winning £150. 
All finalists also received 

a Texas Instruments' T180 
Graphics Calculator, a YEDA 
sweatshirt and a certificate. 
The winners in the three age 
categories also received an 
Echo  Pager from  Mercury 
MiniCall. 
We  send  our  warmest 

congratulations to Chris and 
James.  Well  done!  Con-
gratulations, too, to Max who 
is obviously  teaching  his 
students  well  and  with 
enthusiasm. 
Still thinking of Awards, 

something of a coincidence 
has happened and which is of 
immediate relevance! Back in 
1987, a certain Jeremy Sid-
dons became a prize winner in 
the Young Engineer for Britain 
Competition with his Digital 
Transistor Analyser. In our 
next issue, August '96, we are 
publishing his updated version 
of that design,  the  Com-
ponent Analyser. This design 
analyses and provides infor-
mation about bipolar transis-
tors, diodes and I.e.d.s. In 
addition, it also produces test 
tones for speakers and can 
check circuit continuity. 
The YEDA scheme is open 

to students between the ages 
of 12 to 25 in secondary 
schools, colleges and univer-
sities. For more information, 
contact The YEDA Trust, 24 
London Road, Horsham, West 
Sussex, RH12 1AY. 

Christopher Caulkin, YEDA prize 
winner and EPE contributor, with 
his award winning design. 

CORDLESS 
OFFICES 

Under the new telecommunica-
tions regulations which recently 
came into effect, companies 
can now make use of cordless 
telephone technology in offices 
and business premises. This 
ability will give more flexible 
communications and remove 
the need for expensive cabling. 
It means  that staff can 

carry their telephone exten-
sions  throughout their own 
business premises and make 
and receive calls by radio and 
without cables. 
The Cordless Telephony Ap-

paratus Exemption Regulations 
allow companies who provide 
their own  systems to use 
European harmonised Digital 
Enhanced Cordless Telecom-
munications (DECT) equipment 
without a Wireless Telegraphy 
Act 1949 license. They also 
consolidate previous cordless 
telephony regulations. 
The  DTI  (Department  of 

Trade and Industry) say that for 
more information you should 
ring 0171 211 0211. 

EPE PIC PROGRAMMER 
Lots ot ou v. ill be iincrestcd to know that some new tiles have been 
added to the software disk available for the Simple PIC16C84 Pro-
grammer that was published in our Feb. '96 issue. The files allow 
readers to disassemble a hex dump of the object code (OBJ) created by 
Darren Crome's original software. 
This disassembling software has been kindly made available to us 

by  Nigel  Goodwin. Those of you  on  the  Internet  might 
also be interested in making yourselves known to Nigel at 
<nigelg@lpilsley.demon.co.uk>. He seems to be very well-acquainted 
with microcontroller programming. 
The cost of the new software disk is a nominal £2.50 (UK cost), just 

to cover our admin costs (the software itself is free). For convenience, all 
the previous PICI6C84 Programmer tiles are on the disk. So too is the 
PIC-Electric Meter (Feb. '96) software, plus that for PulStar (June '96) 
and the Games Compendium in this July issue. 
Not only that, we've now added in the EPE Met Office (Dec. '95) 

software as well. What a bumper bundle for just £2.50. For overseas 
readers the cost is £3.10 surface mail, £4.10 airmail. There are no 
refunds for sending your original PIC disk back - as if you'd try it ! 

Hot 
Digity! 
Digital and analogue chips 

don't normally like the heat 
and can suffer worse than ex-
haustion if subjected to it. So, if 
you think your chips might 
be in danger of over-frying, 
how about keeping a watchdog 
eye on them using the new 
MicroCelsi temperature record-
ing labels from Spirig? 
The labels are designed to sit 

piggy-back on i.c. packages 
and  act  as watchdogs for 
hours, days, weeks or even 
months and reliably record the 
maximum temperature levels 
reached in that period at that 
spot. Such a technique can 
obviously be of great benefit 
for chips in enclosed cases. 
In such  situations, opening 
the case to take conventional 
measurements can cause dras-
tic temperature changes which 
make  readings  meaningless. 
With MicroCelsi labels in use, 
however, observations can be 
taken at any time without 
affecting the label display. 
Ask your local components 

stockist  for  more  informa-
tion about Spirig's MicroCelsi 
labels. 

Hotter Still! 
Power from the sun will be 

brought to more people around 
the world through the first 
photovoltaic (PV) test centre 
in  the  UK,  which  was 
opened  recently  by  Junior 
Energy Minister Richard Page. 
Photovoltaic  materials  are 
usually solid-state semiconduc-
tors which generate electric 
current when exposed to light. 
Supported by the DTI, the 

centre at Eversley, Hampshire, 
is being  developed  by  IT 
Power, one of the world's 
leading renewable energy con-
sultants. Staff from developing 
countries will be trained at the 
centre in the effective use of PV 
equipment, particularly where 
they are bringing electricity to 
remote communities for the 
first time. It will also test and 
certify PV panels. 
"Photovoltaics  has  the 

potential  to  provide  a 
sustainable and pollution-free 
energy source for meeting our 
future energy needs", com-
mented Richard Page. "For 
example, the project at the 
University  of  Northumbria 
shows that office buildings in 
the future could generate about 
one-third of their energy from 
PV. Thousands of solar devices 
are  used  in  this  country, 
powering  navigation  lights, 
traffic counters and weather 
stations", he added. 
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Electronics Workbench 
Version 4 is a fully integrated 
schematic capture, simulator 
and graphical wavefirm 
generator. It is simple to 
mix analog and digital parts 
in any combination. 

Design and Verify 
Circuits... Fast! 
Electronics Workbench's 
simple, direct interface 
helps you build circuits 
in a fraction of the time. 
Try 'what if' scenarios and 
fine tune your designs 
painlessly. 

MIXED-MODE SIMULATION. 
THE POWER OF VERSION 4. 

Analog, Digital & 
Mixed Circuits 

ill 
:3 

Electronics 
orkbench 

The electroliii. lab  caviller 

More Power 
Simulate bigger and more 
complex circuits. Faster. 
On average, Electronics 
Workbench Version 4 is 
more than 5 times faster 
than Version 3. 

More Parts 
Multiple pans bins 
contain over twice the 
components of 
Version 3. 

More Models 
Over 350 real world analog 
and digital models are 
included free with 
Electronics Workbench. 
And, if you need more, an 
additional 2,000 models 
are available. 

Incredibly Powerful. Incredibly Affordable. 
If you need mixed-mode power at a price you 
can afford, take a look at this simulator and 
graphical waveform generator that mixes analog 
and digital with ease. 

01, 
86 11•11111111  • 
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True mixed-mode simulation: Simultaneous AM transmission, 
digitimtion and pulse-code modulation of a signal. 

With over 20,000 users world-wide, Electronics 
Workbench has already been tried, tested and accepted 
as an invaluable tool to design and verify analog and 
digital circuits. With Version 4 true mixed-mode 
simulation is now a reality with incredible simplicity. 

Electronics WorkbenchTM 
The electronics lab in a computerTM 

Order Now! Just £199* 

4440)1203-233-216 
pjRobinson Marshall (Europe) Plc 

Nadella Building, Progress Close, 
Leofric Business Park, 
Coventry, Warwickshire CV3 2TF 
Fax: 44 (0)1203 233-210 
E-mail: rme@cityscape.co.uk 
Shipping charges UK £5.99. All prices are plus VAT. 
All trade marks are the property of their respective owners. 
Electronics Workbench is a trademark of Interactive Image 
Technologies Ltd., Toronto, Canada. 
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RADIO DATA MODULES 
SYSTEMS & ACCESSORIES 
UK, E.E.C. Scandinavia, Eastern Europe, North & South America, 
Middle East, South Africa, New Zealand, Far East or Australia. 
Wherever you are, we have a module on the right frequency for you ! 

New !: TXR-XXX-DTR100 • Efficient 5V operation • 
•  • 400 to 500 MHz Versions 

• Range up to 5K m • 
_ 

• Co mpact Size ideal for Hand Helds • rh os 

...  ' UK, North A merican, Australian • 

..  • MPT, I-ETS & FCC Approval • 

I : MI • - IN  • Up or 64 selectable channels • 

Only 55 x 23  15mm  •  1+ £179.95, 10+ Price Only £149.95 • x   

Special Starter kit: 2 x TXR-XXX--DTR100 + 
User Minual + UK P&P Now Onl £299.95 
New 3V, 20,000bps Transmitters to Simplify Interfacing 

• Same cdp Power but twice as fast as the - A version, up to 20,000 bps • 
• Drives directly from PIC port, reducing component count & size • 

...'.. -,.. ; •iir:. 

TXM-418-F Transmitter  SILITIX-418-F Receiver 

' Choice of UK Approved MPT1340 on 418MHz or Export on 433.92MHz • 

* Special Starter Kit: TXM-F + SILRX-F + User 
Manuals + (UK) P&P + VAT Only £29.95 * 

South African Modules & Security Products on 403MHz ..' 

• 1m W ERP In to SO Ohms, PA's Available I • 
• Evaluation Kits and 100uA RX Decoder Available • 

• TXM-403's £12.75, SILRX-403-A £22.50 RXM-403-A £29.05 • 

• PEN-403.A £28.00, 1CH-403-A £29.95, 1CH-403-LP £32.50 •  1 CH-403.LP 

Sta rter Kit TX M -A • SILRX-A • R X M -A • 1CH-403 • 1CH-403-LP • • Relay nip 
PEN 403 

PEN-.403.A • EVAL KIT • 2 it Antenna • Data Sheets, Only £149.95. 

VHF Modules & Systems for the UK, Australia and Beyond! 

UK, 173MHz to MPT1344 & MPT1328 Licence Exe mpt • 

Tele metry Syste ms: Digital, 12-bit Analogue & Pulse•  • 
Miniature Low Cost 1 & 10 m W Trans mitters & Receivers•  • 

Exclusive173.500MHz Modules and Tele metry for Australia•  ' 

Meter reading modules and trans mitters to MPT1601 • 

• Custom Design Service Available " 
fICH-Dgaal FIX 

- 40,000bps Modem Transceivers + RS232 Interface 
Exclusive: The world leading BIM high speed transceiver is 

now available with a RS232 interface and integral 2-wire 

RS232 controller board. The BIM-RS232 auto matically takes 

care of tasks such as flow control permetting the construction 

of a si mple but reliable radio mode ms capable of operation 

over ranges of up to 200M. EMC approvals of finished prod-

ucts are si mplified by the totally screened RF design and ESD 

protected RS232 port. Ideal for PC-PC networks and EPOS 

applications. Available on 418MHz and 433.92MHz. Prices 1.• 

£79.95 each. Combined 2M Interface & Power Cable £6.95 each. 
BIM-XXX-R5232 

• New High Power 433.92MHz Transmitter 
• Offering > 10mW o/p into 50 Ohms • 
• Operates with Extisbng Receivers • 
• 6-9V Operation. Range up to 1Km •  1  I I ' 
• Intended for Export Markets ' 
" Prices 1+£16.50, 100+ £8.25 •  TXM-433.l'IP 

Data Module Prices, Inclusive of UK Postage I 
Trans mitters (1 • Price)  Antennas (1. price)  Receivers PI+ Price) 

TXM-418-A 0 25m W  £12 50 

TXM-433-A 0 25m W  £12 75 

TXM-418-F 0 25m W  E.12 75 

TXM-433-F 0 25m W  £12.75 

TXM-403-A 0 25m W  £1275   

elical-173MHz  E 4 90 

1114  Wave 418MHz  £4 90 

pole 418MHz  . £23 50 

VHF Wilip Antenna  £35 00 

HF End Fed Dipole £35 00 

SILRX-418-A..£22 50 

RXM-418-A... £29 05 

SILRX-433-A £23 95 

SILRX-403-A  £23 95 

FtXM-403-A  £29 05 . 

TXM-173-4689 1m W  .122 50 

TXM-173-4689 10m W £24 50 

TXM-184-4689 10m W £29 95 

I 

aft wiry caws, 
" C". 

SILRX-418-F.  95 

.123  SILRX-433-F E23 95 

RXM-173-60 £31 62 

RXM-184-60.  62 

Prices unless otherwise stated ex-  wale.. 

dude VAT Carriage free on all non- 

account mainland UK orders 

Insurance available at addibonal cost .F ''''. um 

.£31 

I  Credit Card PayMentS Wel 
come 2/4 day delivery by 

DHL Service Available A 

E  rat  pnces in Pounds Sterling 

Corporate Web Site http://www.radio-tech.co.uk 

Radio - Tech Limited, Overbridge House, Weald Hall Lane 

Thornwood Common, Epping, Essex CM16 6NB. 
Sales +44 (0) 181 368 8277 Fax +44 (0) 181 361 3434 

International +44 (0) 1992 57 6107 Fax +44 (0) 1992 56 1994 

Electronics 
SECURITY 
ULTRASONIC MOVE MENT DETECTOR 

Mal controlled oscillator 
detector ctrcu'ts & edge 
mounted transducers on 
one PCB lust 75x4Ornrn 
Detection range 4 7m Adjustable 
sensitevity LED indicator Outputs to drove ex-
tern. relaircircuits 9V DC operation 3009 KT 
fl4 95 

MINI CCTV CAMERA 

Latest high quality IR 
sensitive  monochrome 
camera module for Video 
Intercom CCTV SO N O 

lame etc  Simply plug 
into scan or video Si. 
On-board IR LED's Less 
than half the sae of a 
operate packet, 

ASSEMBLED UNIT 
30A 7- AS E89 95 

FEATURES 
'Compact & light camera 
PCB module 54W.38L 
x3OrivnH 33 grams 
'Lae power comae. . 
120 DC 150m4 
'Low looNrequarement 
o Ilus (lit LED ml 
'Mph quake. hoe 
resolution CCIR image 
512.562page 
'Video output 1Vp-p 7511 
'Lens 3 &rm. Fl 8 
'Feld of new 7411x 55Y 
'Maintenance free 
• Rue in electronically 
controlled/silo-re 

•Interiesynchoneetion 

/, • M CIP1• ••1  b. 

THE EXPERTS IN RARE 
UNUSUAL INFORMATION! 
Full details of all  -FACTOR Pt gIlL ATIONS can be 
found'', COUI catalogue NB Monomer order charge for 

reports and plans is (5 00 PLUS normal P&P 
SUPER-EAR LISTENING DEVICE Complete 
plans  to  build  your  own  parabolic  dish 
mrcrophone Listen to distant voices and sounds 
through open wrndows and even walls, Made 
from readily available pans 9002 E3.50 
TELEPHONE BUG PLANS Build you own 
micro-beetle telephone bug  Suitable for any 
phone Transmits over 250 metres  more with 
good receiver Made front easy to obtain cheap 
components 9006 (3.00 

LOCKS - How they work end how to pick 
them. This fact filled report will teach you mote 
about locks and the art of lock picking than many 
books we have seen at 4 times the price Packed 
with information and illustrations R008 E3.50 
RADIO & 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 & the authorities. DISCRETION IREQUIRED 9017(3.50 
INFINITY TRANS MITTER PLANS Complete 
plans for building the famous Infinity Transmitter 
Once installed on the target phone, device acts I•like a room bug Just call the target phone & 
activate the unit to hear all room sounds Great for 
h ome/office security , R019 f3 50 

THE  ETHER  BOX  CALL  INTERCEPTOR 
PLANS Grabs telephone calls out of thin air , No 
need to wire in a phone bug Simply place this 
device  near  the  phone  lines  to  hear  the 
Conversations tak ing place, 9025 f3.00 

GENERAL KITS 
3 DIGIT LED COUNTER 2 board basic event Icounter Main board has 3 digit counter circui t 2nd 
board has Count & Reset switches & debounce 
circuit Cascaded with other boards to provide more 
digits Box & battery holder provided 9V banery 
78x50x25mrn 3001.KT (14.95 

IOP-A MP FUNCTION GENERATOR Clued Op-Arno connected as oscillator & wave shapers to 
generate audio range wave forms Oscillator gener-
ates Square Wave from 6Hf to 6KH: Other amps 
produce Triangle & pseudo Sine outputs Solder Ipad Outputs 9V powered 47x40x22mm 3023-KT 
5495 

LOGIC PROBE Original. modern design tests both 
CMOS & TTL circuits as well as detecting fast 
pulses Gives visual & audio indication of logic 
siates found Powered from C.f .11 under test Its 
operation's fully explained 3024. KT f7.96 

ROULETTE  LED  A great  introduction  to 
gambling  err electronics, Watch the 'ball spin 
round the roulette wheel. slow down & drop into 
slot Uses 10 LED's CMOS decade counter g, 
Op-Amp to teach Voltage Controlled Oscillator 
(VCO) principles 9V powered Educational & funff 
3006• KT era95 
PELTIER JUNCTION HEAT PU MP Soil or freeze 
WS W/ instanttyl Use for regulated cooling of tem-
perature sensitive components and much more 
3066.KT f21.95 

9V XENON TUBE FLASHER 1 his powerful high 
voltage xenon flasher runs off a simple 9V battery A 
transformer is used to step up the 90 supply voltage 
to the high voltage required to flash the 25mm long 
tube Flash rate adjustable between 025 to 2 second 
intervals. 3022-KT fir 95 

LM3B.3 AMPUFIER MODULE Proven popular 
building block for use in any audio project where 
general amplification required Power output de-
Pendent on supply voltage & load resistance Typr-
cal ratings Over 10W for 16V supply & 2W speaker. 
1W for 9V supply 8,8W speaker 3017. KT C9.96 

CO MBINATION LOCK Versatile electronic lock 
comprising main circuit & separate 9 key touch-pad 
tor remote opening of lock  120VAC, 10A relay 
supplied 9 12V 3029. KT (9.95 

LIGHT ALAR M Protect your valuables with this 
practical clever little circuit Alarm sounds if even 
the smallest amount of light falls on the circuit Place 
in cash box etc 3008-Kr E4.95 

THE SCREAMER! Painful alarm siren gives out a 
flt•SSIV• 11 0db of ear piercing noise Box suppled 
has two 35mm  pup° elements already built into 
their own resonant cavity PCB fits inside box to give 
a neat, compact unit Use as pan of an alarm circuit 
or lust for the fun of off, 6.9V operation 3015 KT 
f9.96 

SURVEILLANCE 
High  performance  surveillance  kits  Room 
transmitters  supplied  with  sorro ws electret 
microphones  &  battery  holders/clops  All 
transmitters can be received on an ordinary VHF 
FM radio 

MTX - Miniature 
3V Transmitter 
Easy to build & guaranteed to 
transmit 500 metres (over 1000m possible with 
higher voltage & better aerial) 3 9V operation 
Only 45,118min 3007-KT f4.96 

MRTX - Miniature 9V Room Trensmitter 
0111 best selling 'bug Super sensitive. high power 

  • 1000m range (Up to 2 miles with 18V supply & 
better onion 9V operation 45x19mm 3018 KT 
f6.96 

HPTX - High Power Room Transmitter 
High performance 2 stage transmitter gives greater 

stability & high quality reception 
1000m range with 9V battery 

6 12V operation On,' off 
switch Sire 70x15mrn 

3032 KT C6.95 

VTX Voice Activated Trensmitter 
Powerful 2 stage voice activated transmot. Only 
operates when sounds are detected 1krn range 
Low standby current  conserves banery power 
Adjustable sensitivity  & turn-off delay  Only 
63x38mm 3028 KT f8.96 

TRI - Telephone Recording Interface 
Connect between phone line & cassette recorder 
Automatic-ally switches on tape when phone is 
used Records all conversations Powered from line 
48x32rnm 3033.KT (6.50 

TRVS - Taper order Vox Switch 
Very sensitive. now  ...tivated switch • automati-
cally turns on c•- Je recorder when sounds are 
detected Adjustable sensitiviN & turn oH delay 
115x19rnm Inc mic 3013 KT 17 50 

MTTX • Miniature Telephone Transmitter 
Attaches anywhere to phone line Transmits only 

when phone is used. Uses phone 
line as aerial & power source 

500m range 45x15rnm 
3016. KT f5.50 

Two Station Intercom/Hard Wired Bug 
Each unit has its own speaker. microphone & 
amplifier (LM386) Turn into a hard wired bug by 
using 4 stand ribbon cable supplied to send sower 
from the receiving unit to the remote 'bug unri. W. 
3021. A7 C U % 

Telephone Amplif lee Kit 
Pick-up coil & Sensitive amphbra let port freer con-
versations without even holding the phone! Can be 
used for surveillance purposes 3W0-5-KT f8.96 

  A-A 

LED SEQUENCE/RANDOM FLASHER 5 ultra broght 
red LED s flash in sequence or random Ideal for model 
reolwess On off switch  COB PCB 15x8mrn (some 
provided) 3V powered 3003.KT f3.96 

LED DICE The classic electronic project that never loses 
rtspopulanty Combines a great game with an easy Intro-
ductron to electronics & simple circuit analyse 7 LEDs 
simulate a real doe face The dca rolls slows down. Mops 
on a number at random Uses a 555 timer & counter IC 
Box included 9V operator, 3003 KT flE86 

STAIR WAY TO HEAVEN GA ME The gams al PUN 
tests your hand no co-ordination if you pees the switch 
each time the green pact of the he polar LED lights you 
climb higher up the starrway but mt. & you start agent 
Introduces you to several basic electr onic orCuas Box 
provided 9V operation 78x50x19mm Rolfe Hams NOT 
included, 3005 KT (9.95 

DC MOTOR SPEED CONTROLLER  Control the 
speed of any common DC motor rated up to 1000 (5A) 
Operates on 5.15V Uses NE556 IC to po le-wrath 
modulate a TIP122 high currenc switching power sense 
tor In the way torque of the motor s not lowered BOX 
mounted 3067. KT fl9 95 

SWITCHING PO WER SUPPLY Replace expensive 9V 
betimes with cost efficient 1 5V cells IC baud circuit 
acts as a step up switching power supply Seldetable 15 
or 3V DC inputs Geo. a Med output of 9V e 18n1A 
forn a 1 5V AA cell Solder pads for input/output 1 
cell & 2 cell AS holders & jumper swoches supplied 
40e15x12rnm 3035-KT (4.96 

SINGLE CHIP AM RADIO Complete mini seed AM 
radio on a PCB Tuned Redo Frequency front-end 
AM Radio IC & 2 stages of aucho amplificatron All 
components supplred inc pre•vound coil & speaker 
32x102rnrn 3063 KT E9 96 

TRAIN SOUNDS 4 selectable Sounds Whistle 
Blowing Level Crossing Bell Chugging & 

'Clockety Clack  25 6V Supplied 
with all components inc speaker, 
16 x 29rnm COB PCB, switches & 

2 x 'AA battery holders SG1 (4.116 

I plus AUDIO • EDUCATIONAL • LASER • SECURITY • TEST GEAR • BOOKS IL more 

Our high quality project kits are supplied with all components, fibre glass PCB's & comprehensive instruc-
tions M E CATALOGUE wrth order or send 2 x 1 st Class stamps (refundable) for details of over 100 

kits & publKations Mail order only Please ADD £2.00 P. & P. (Europe £3, Rest of V'flad £5) & make Icheques/Pas payable to QueS1111 Electronics. Goods normally despatch within 5 %offing days Please 
allow 28 days for delivery Pnces include VAT at 1 7 5% For safety send caSh by recorded delivery 

Quasar Electronics Unit 14 Sunnningdale BISHOP'S STORTFORD Harts C M23 2PA 

E- mail: 101364.3610  compuserve.com 
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SH OP -11frf TA LK 
with David Barrington 

Advanced NiCad Chargers 
The trchannel MOSFET type IRF630 

called for in both the Constant Current 
Charger and the Timed NiCad Charger 
should be available from most of our 
component advertisers. But if any readers 
experience difficulty with this device it can 
be purchased from Maplin, code UR44X. 
Starting with the Timed version first. A 

suitable miniature 100mA mains trans-
former should be readily available, and one 
with wire-ended leads is preferred here as 
the connecting pin spacing on a direct 
mounting p.c.b. type becomes critical. 
If a higher rated or larger mains trans-

former is used in this project it is most 
likely that it will need to be mounted off-
board, in which case separate "earthing" 
arrangements will be needed. This can be a 
simple link lead from the p.c.b. to one of 
the transformer mounting lugs, which also 
anchors the mains input Earth lead. 
If possible, the pushbutton switch should 

be the "shallow" bodied type so that it 
does not short on any of the circuit board 
components. When ordering the BC184L 
transistors (for both versions) be sure to 
quote the suffix L as other versions of the 
device have different pinouts. 
All components needed to build the Con-

stant Current Charger are standard "off-
the-shelf" items and should not cause any 
sourcing problems. 

Single-Station Radio 4 Tuner 
The two 4.7mH inductor coils required 

in the Single-Station Radio 4 Tuner are 
manufactured by Toko of Japan. These 
were obtained from Cirkit (Tel: 01992 

448899), their UK distributor, and came 
from the 1ORB range, code 34-47202. They 
also supplied the 5pF to 60pF foil trimmer 
capacitors, although suitable types should 
be generally available. 
It is important, in this case, to note that 

the transistors TR2 and TR3 MUST be 
BC184 types without prefix L as, once 
again, the pinout arrangements differ. Also, 
note that the pins for the 2N3819 trchannel 
f.e.t. are not arranged in a triangular 
formation but are in-line. This means you 
will have to carefully bend the centre gate 
(g) pin out to its copper pad on the p.c.b. 
The mains transformer is a 3VA type, 

with a 20V-0V-20V secondary, and was 
chosen to sit directly on the p.c.b. The one 
used in the model is an RS type and was 
purchased through Electromail (Tel: 01536 
204555), code 207-857. 
Choice of case is left to the constructor, 

the one used in the prototype is a Vero 
75-2861D box. 

Twin-Beam Infra-Red Alarm 
For the Transmitter and Receiver models 

that make up the Twin-Beam Infra-Red 
Alarm, this month's Teach-In project, a 
TIL38 high power IR emitting diode and 
TIL100 photodiode were selected. If pos-
sible these should be purchased as a pair, 
the ones used in the prototypes came from 
Maplin and are listed as direct equivalents, 
codes YH7OM (TIL38) and YH71N (TIL100). 
The UM3750 encoder/decoder and the 

special infra-red preamplifier TBA2800 also 
came from  the same stockist.  These 
are coded UK77J (UM3750) and JU36P 
(TBA2800). 

Ga mes Compendiu m 
With the choice of a pre-programmed 

PIC or a source code disk, no component 
sourcing problems should be encountered 
by constructors of the Games Compea-
dium project. 
A ready-programmed PIC16C84 is ob-

tainable from the designer, John C. Barker, 
for the sum of £12 plus £1 for post and 
packing. Overseas readers should add £2 
to their order. He is also willing to program 
any 16C84 chip sent to him for the fee of 
£3.50 plus £1 OP (£2 overseas). 
All orders should be sent to: Mr John Z 

Barker, 19 Mallard Way, Morley, LS27 8EY, 
Make cheques payable to: John C. Barker 
For those who wish to program thetr 

own chips, the source code is available on 
3.5in. disk from the Editorial office for the 
sum of £2.50 (Overseas - surface £3-10; 
airmail £4.10). 
This file must be compiled to an object 

code file (.OBJ), which then needs to be 
downloaded into the chip using a suitable 
programmer, such as the Simple PIC16C84 
Programmer in EPE Feb. '96 issue. (Now 
Sold Out! see page 548). 

Frequency Generator and Counter 
All the "special" components for the 

Ultra-Fast  Frequency  Generator/Counter 
were covered in last month's Shoptalk. 
A minor problem has arisen regarding 

the specified case. It is no longer stocked 
by the original source and, todate, one 
with identical measurements has not been 
forthcoming. However, provided the height 
of 100mm or greater is adhered to, at-
most any plastic case (with a metal frort 
panel) can be used. You could, if you wish 
to "lash-out" about £25 to £30, go for a 
slightly larger (RS 221-027) version. 

All the r :.b.s for this month's projects 
are availat e from the EPE PCB Service, 
page 571. 

yr, • — 4.rvamar 
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400 10 --

• 8x 10 cm Display 
Internal Graticule 

1 OMHz 
S er ViSC O p e 

MODEL 3310 
• 5mV/div Sensitivity 

• DC-10MHz (-3dB) 
Bandwidth 

• 100mS/div to 100nS/div 
Time Base 

• X-Y Operation 

• AUTO/NORM 
Trigger Selection 

on CRT with 

JUST 

£199/- +VAT 

• 

X1/X10 SWITCHED PROBES - FREE 

• 

• JUST 

£2601- +VAT 
• 5mV/div to 20V/div Sensitivity 
on Both Channels 

• DC-25MHz (-3dB) Bandwidth 
• Algebraic Addition and Subtract 
• lOnS/div to 0.2S/div Time Base 

1 • X-Y Operation 
• 8 x 10 cm Display on CRT with 
Internal Graticule 

25MHz Dual Trace 
Oscilloscope 
MODEL 
3305 

I 

Elf 

* 
--

0-r 
- 

t*.bi 

CFIAECtl INSTRUMENTS LIM 
UNIT Al FARADAY ROAD, NEWBURY, RG 142AD 

ITED TEL: (01635) 550789 FAX (016351 49305 
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Special Series 

MORE SCOPE /  
FOR GOOD 
MEASUREMENTS 
ROY BEBBINGTON Part 2 
You can really see what is happening 
inside electronic circuits if you kno w 
ho w to look properly. 

IN THE  previous article last month, the basic design functions, controls 
and measuring facilities of a typical 

analogue oscilloscope were discussed. 
However, there is nothing like hands-on 
experience to bring home to scope users 
the practical implications of such adverse 
effects as loading, mismatch and phase 
shifts, which can falsify measurements or 
lead to inaccuracies. 
Here in this concluding article a look is 

taken at a few practical experiments that 
will help you to avoid some of the com-
mon pitfalls. Finally, we shall examine the 
basic principles of storage scopes. 

INPUT COUPLING 
It you are interested in viewing an alter-

nating current (a.c.) signal that is superim-
posed on a direct current (d.c.) level you 
will probably want to use the AC Input 
Coupling mode, especially if the d.c. level 
is high compared with that of the a.c. sig-
nal. Switching to AC Coupling connects a 
capacitor in series with the input signal, 
which blocks the direct current, but passes 
the alternating current. The effect of the 
DC-O-AC switch is shown in Fig. I I. 
The central horizontal graticule line can 

be used as the zero volts reference if 
desired by selecting the 0-Coupling posi-
tion. This switch position disconnects any 
input signal and connects the Y amplifier 
input to ground. The resulting horizontal 
line can then be shifted by the Y POS 
control as necessary to represent the zero 
reference. 
In the DC position, the superimposed 

a.c. signal is offset towards the top of the 
screen, demonstrated by a 3V battery con-
nected in series with a small a.c. signal. If 
the battery is reversed, then the offset will 
be towards the lower half of the screen. 
Switching to the AC Coupling blocks 

the d.c. level and the a.c. signal can be 
centralised with the Y POS control around 
the zero reference line. 

3V I 

A C SIGNAL OFFSET POSITIVELY BY 3V 

N 

 ./ N..   
AMP DISCONNECTED AND SC TO ZERO 
DC 0 AC 

SIGNAL GENERATOR 

DC BLOCKED AND A C SIGNAL CAN BE SET TO ZERO 

0  

0 0 0 0  0 A r\ 

0 

OSCILLOSCOPE 

Fig. 11. Effect of input coupling an a.c. signal superimposed on a d.c. voltage. 

SIGNAL GENERATOR 
Fig. 12. Loading effect of a 
high-ohmic circuit. 

IV DIV 
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LOADING EFFECTS 
As previously stated, measurement inac-

curacies occur if the measuring source im-
pedance is high compared with the input 
impedance of the scope. The same is true, 
of course, with respect to measurements 
made in high impedance circuits with the 
humble voltmeter. A circuit is "loaded" 
by a measuring device of comparable im-
pedance, as we shall see. 
The 5V d.c. power supply source in Fig. 

12 is varied by VR I, a 10 kilohm (10k) 
potentiometer. If the scope input is taken 
from the low-ohmic (LO) output. the wiper 
of the potentiometer. the screen deflection 
is five divisions. However, the high-ohmic 
(HI) output via the one megohm (1 M) 
source resistor gives a half voltage read-
ing (2.5 divisions) because the source im-
pedance is effectively the same as the 
scope input impedance (usually I M). The 
voltage at the scope input is calculated as: 

V = (Rin x Vs) / (R, + Rin) 

where: 

Rin = scope input impedance 
V, = source voltage 
= source impedance 

The moral is to keep the source im-
pedance small. Moreover, use ,coaxial 
cable rather than plastic-covered cable to 
avoid hum. In high-ohmic situations, a 
10:1 passive probe would give an input 
impedance of 10 meg. (10M). This probe 
would also give improved results in a.c. 
measurements where stray capacitances 
produce heavy loading effects; coaxial 
cables account for about 100pF/metre. 
Pulse waveforms contain high harmonics 

and the coaxial cable must be capable of 
transporting these harmonics without loss 
from the pulse generator to the scope input. 
Most pulse generators have an internal 
impedance of 50 ohms, which matches 
the characteristic impedance of the cable. 
Likewise, to avoid mismatch errors, the 
oscilloscope side of the cable should be 
similarly terminated in 50 ohms, not merely 
by its 1M input impedance. 

PHASE 
MEASURE MENTS 
The early method of measuring the 

phase relationship between two waveforms 
was by applying one signal to the Y input 
and the other to the X input (X DEFL 
connector with timebase turned off). 
Depending on the phase angle between the 
two signals, this method produces the 
traces displayed in Fig. 13. referred to as 
"Lissajous Figures". Note that the X and 
Y signals have, or are arranged to have, the 
same amplitude on the screen to obtain a 
true circle when 90° out of phase. 
The manner by which Lissajous signals 

can be created using two signal generators 
is shown in Fig. 14. 
With dual-trace oscilloscopes, phase 

differences in sinusoidal waveforms can 
easily be observed by applying one 
waveform to the YA input and the other to 
the YB input. By means of the shift 
controls (Y POS) these should be aligned 
along a common X-axis. A simple set-up 
is given in Fig. 15 for demonstrating this 
effect between two sinewaves created from 
a single source, but with one phase-shifted 
in relation to the other. 

Fig. 13. Idealised screen graphs of "Lissajous Figures" showing 
phase relationships of two signals. 

Fig. 14. Using two signal generators to create Lissajous Figures. 
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Fig. 15. Phase measurements for resistive, capacitive and inductive circuits. 
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500 . 500 TURNS ON 
FERRITE ROD OR ON 
FERROXCUBE CORE 

Input YA measures the total voltage 
across the two components of the chosen 
circuit combination, while YB measures 
the voltage across the lower (1k) resistor. 
which is in phase with the current through 
the combination. With the resistive circuit 
(R), the voltage waveform at the YA input 
is in phase with the current waveform at 
the YB input; i.e. there is no phase shift in 
a purely resistive circuit. 
In the capacitive circuit (C) it can be 

seen that the current waveform leads the 
voltage waveform and, conversely, in the 
inductive circuit (L) the voltage leads the 
current waveform. The value of the phase 
angle can easily be calculated from its 
tangent: 

X, / R 

where X, = reactance 
and R = resistance 

In the capacitive circuit, if the frequency 
is KHz and the capacitor value is 0.110 
(100nF), then its reactance ( I/2trfC) will 
be 160011 ( Ik611). With the series resistor 
of Ika this gives a tangent of 1.6, which 
corresponds to a phase angle of about 54°. 

PRACTICAL PROOF 
ou can easily prove most of these 

experiments with signal sources readily 
available, such as batteries for d.c. checks, 
the built-in calibrator for square wave 
checks, and mains hum, ever present when 
you put your finger on the open-circuit Y 
input socket of a scope. However, you 
may not have an audio sinewave generator 
handy for phase measurements, so here is 
a useful oscillator circuit that can be used 
as a sinewave source, as well as providing 
other interesting display features to ob-
serve on your scope. 

Ve 0  

A' • 

'MP 

TRIG 

SAMPLES 

F7-1 
AMP 

X ADDRESSES 

Fig. 17 Simplified schematic block diagram for a two-input Digital Storage 
Oscilloscope. 

without a change of frequency, when the 
pushbutton is released. The sinewave col-
lapses slowly because, when the supply 
voltage is removed, the energy stored in 
the electrolytic capacitor C2 continues to 
supply the collector voltage for a second or 
two, resulting in the chime sound. 
With the coil LI made using about 

1000 turns of fine enamelled copper wire, 
wound in the same direction on a fer-
rox-cube core or piece of ferrite rod and 
centre-tapped, a parallel capacitor, Cl, of 
100nF will tune the frequency to about 
!kHz. 
At a TIME/D1V setting of 0.1ms/div a 

complete sinewave period of 360° should 

PUSHBUTTON FOR 
CHIME EFFECT 

PT 

C3 
100,-

ON/OFF 

TR1 
BC109 

Ov 

Fig. 16. Practical circuit diagram for a Hartley oscillator for a sinewave signal. 

The Hartley oscillator circuit shown in 
Fig. 16 has been widely used in the past as 
an electronic organ generator, especially in 
percussion circuits because of its good 
stability. Note that the on/off switch is 
paralleled with a pushbutton switch. 
If you leave the on/off switch open and 

press the pushbutton momentarily, the note 
will sound and then decay with a bell-like 
tone as the supply voltage is removed. 
Connect the scope input leads across the 

coil LI and you will observe a sinewave, 
which collapses slowly to a straight line 
without any horizontal movement i.e. 

occupy 10 divisions horizontally. Change 
the value of the tuning capacitor CI if you 
want !kHz precisely, or some other fre-
quency (increase Cl to increase frequency, 
and vice versa). 
Out of interest, if you remove the input 

probe from the top end of the coil and 
transfer it to the collector of the transistor 
you will see that the waveform displayed 
is no longer a sinewave, but contains a 
number of harmonics. 
For those interested in music generators, 

this circuit offers a number of possibilities. 
The sinewave across the coil gives a good 

flute sound via a resistor. For string, brass 
and woodwind sounds try feeding out from 
the transistor's collector, or the emitter. 
Plenty of scope for experiment! 

WHAT'S IN STORE? 
So far, the discussion has related 

generally to the use of analogue oscillo-
scopes. Time now to take a look at the 
merits of storage scopes. 
A simple repetitive signal can be easily 

viewed on the conventional analogue 
scope so why do we need storage scopes, 
and why digital storage? 
People in general, and service person-

nel in particular, have a dislike of being 
reduced to soulless numbers. Why, then, 
should anyone want to convert curvaceous 
analogue traces on a scope to cold, cal-
culating digits? 
Remember, though, that the persistence 

of the phosphor in a normal oscilloscope is 
less than a millisecond. As mentioned 
previously, analogue storage scopes are 
available that give a longer degree of 
persistence, but the special tubes are expen-
sive. For really long-duration signals, and 
those that occur only once, single-shot 
signals, or infrequent signals, some per-
manent method of capturing and retaining is 
necessary. 
Digital Storage Oscilloscopes (DSOs) 

enable each spot on the picture trace to be 
defined as a particular value (like painting 
by numbers!) and stored for all time in a 
memory. Digital can be forever, and there 
are other advantages: 

• Unlimited storage of waveforms on 
disk, plotter, printer or computer for 
further analysis 

• Pre-trigger information can be easily 
displayed/stored 

• Fully  automatic  measurements  are 
possible 

• New waveforms can be compared with 
stored reference waveforms 

• Peak detection circuits enable glitches 
(fast transients) to be captured 

• Mathematical processing of waveform 
information is possible 

• Excellent picture quality with low-cost 
c.r.t. 
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DSO BLOCK 
DIAGRA M 
the simplified block diagram of Fig. 17 

shows the main functional circuits of a 
digital storage scope. The analogue input 
signals applied to the A and B Channel 
amplifiers are converted to digital form 
in an analogue-to-digital converter (ADC) 
and held in an acquisition memory. a digi-
tal shift register for transfer to storage and 
display memories (RAMs). 
A digital timebase (TB) generator con-

trols the sampling rate. The Y samples and 
X addresses are routed to Y and X digi-
tal-to-analogue converters (DAC) respec-
tively, to reconstitute the display on the 
cathode ray tube. 

DIGITAL STORAGE 
PRINCIPLES 
The  simplest  way  to capture  an 

analogue signal and change it to digital 
form is to use an ADC. But, this is less 
simple when the analogue signal is 
oscillating at a high rate. 
As shown in Fig. IS. the signal has to be 

sampled at regular intervals to determine 
its instantaneous value. Unfortunately, the 
values that fall in between these samples 
are not recorded and slight deviations in 
detail may be missed at very high speeds. 
Obviously, as indicated, the more samples 
taken, the better the picture. 
In the storage section, represented in 

Fig. 17. the ADC consists of an array of 
comparators which respond to these in-
stantaneous samples and generate binary 
words to represent each voltage. These are 
passed to a digital shift register by the 
acquisition control logic. The sampling 
rate is determined by the sample clock. 
usually ranging from 20 to 200 mega-
samples per second. 
Typically. the shift register will have a 

capacity to store word samples (i.e. con-
verted analogue values) which represent a 
complete screen of 10 vertical standard 
graticule divisions. Quite likely this may 
be 256 samples. When the shift register 
is full, the control logic stops generat-
ing clock pulses and the contents can be 
copied into the digital memory (RAM — 
Random Access Memory). 

SA MPLING 
TECHNIQUES 
For capturing high-speed waveforms, a 

technique known as repetitive sequential 
sampling is used, as portrayed in Fig. 19. 
In this technique, one sample is taken 
per horizontal trace, the time interval 
between triggering and sampling being 
slightly increased so that a waveform is 
reconstructed sequentially over a number 
of signal passes. 
Random sampling is used when it is 

necessary to sample only the areas of 
interest. This enables fast waveforms, 
such as rise-times for example. to be 
thoroughly sampled and other inputs ig-
nored. The sampling frequency is fixed, 
but as the circuit waits for new trigger 
events the trace is built up from clusters of 
samples randomly positioned, which can 
give greater detail. 
Lower frequency signals can be cap-

tured and stored in memory using the 
Roll mode. In this mode, the waveform 

rolls slowly from left to right across the 
screen, acting like a line recorder. Time-
base speeds of up to one hour per division 
can be used to capture slow events. This 
mode can provide —baby-sitting" facilities 
for very long periods, especially if the 
DSO is interfaced to provide a computer or 
hard copy output. 

C.R.T. DISPLAYS 
The digital  inlonnaiiun for the Y 

parameters (vertical/amplitude data) and 
stored in RAM, has to he converted back 
to an analogue voltage for outputting to the 
c.r.t. This is done by a digital-to-analogue 
converter. 

The memory addresses for the  Y 
parameters each correspond to a specific 
point  along  the  X-axis,  i.e.  the 
horizontal/time  displacement  factors. 
These addresses are fed to the X-DAC to 
provide the X-axis control voltage for the 
display. 
Some DSOs may feature four memories, 

each capable of storing one or two input 
signals. This enables up to eight traces 
to be displayed simultaneously for com-
parison - one trace per vertical division. 
In a four-memory scope, each memory 
normally contains data for two vertical 
divisions. In such a scope, the display 
area consisting of two vertical and ten 
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Fig. 18. A faster sampling speed results in a better display. 

Fig. 19. "Repetitive Sequential Sampling" is used for high-speed capture. 
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DO'S AND DON'TS   
To round off this article with a bit of good advice, when using 

an oscilloscope always remember the following points: 

DO ensure that the vertical gain and variable time/cm controls are placed 
in the calibrate (CAL) positions before making measurements based on the 
attenuator/timebase settings and graticule. 

DO ensure that you have the correct trigger source selected for the type of 
waveform under investigation. 

DO remember to align the trace with the horizontal axis of the graticule with the 
input selector set to GND before making measurements of d.c. levels. 

DO make use of the built-in calibrator facility, if available. 

DO use a properly compensated oscilloscope probe. 

DON'T leave the intensity control set at a high level for any great length of time. 

DON'T leave a bright spot on the display for even the shortest time (this may 
very quickly burn the screen's phosphor coating). 

place of the conventional cathode ray 
tubes. These displays use far less power 
and, as opposed to generating light, the 
I.c.d. simply controls it. 
An I.c.d. consists of a liquid crys-

tal compound sandwiched between a 
transparent  array  pattern  formed  by 
numerous metal electrodes. When an a.c. 
voltage is applied, and in suitable lighting 
conditions, these patterns (a dot-matrix for 

Fluke  105 Series  ScopeMeter 
combined DSO and multimeter (from 
£879). 

horizontal divisions might be made up of 
256 x 256 dots: i.e. a dot density of 3276 
(65536 / 20) samples per square division, 
as shown in Fig. 20. 
In the Y x 5 mode, the display area is 

expanded to occupy the whole screen, 10 
x 10 divisions for the 256 x 256 dots. 
The Y sample information is passed to the 
Y DAC to provide the Y analogue deflec-
tion signal for display on the c.r.t. 

LIQUID CRYSTAL 
DISPLAYS 
Recently, DSOs have been produced 

using liquid crystal displays (I.c.d.$) in 

scopes, segments for alpha-numeric dis-
plays) appear as a dark area against a 
silver background. 
Together with large-scale integration 

techniques, I.c.d.s offer an ideal solu-
tion for portable instruments. The Fluke 
ScopeMeter is a good example, combining 
a 2-channel 50MHz DSO and digital 
multimeter in a battery-powered, handheld 
unit with provision for a printer output. 

Fig. 20. Four-trace display showing the dot density. 

NEXT MONTH * IEEE a3ER° ® * j[J D ETEI1 IJ* 
* GO  OKEGN1 

Special Feature - lE L    LLICT D@GTIM 
DON'T MISS OUT - ORDER YOUR COPY NOW! 

EVERYDAY 

PRACTICAL 

ELECTRONICS 
NEWSAGENTS ORDER FORM 
Please reserve deliver a copy of Everyday 
Practical Electronics for me each month 

Signed   

Name and Address   
(BLOCK CAPITALS PLEASE) 

  Post Code   

Everyday Practical Electronics 's published on the fist Friday of each month and distributed S 0 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. 

Evervday Practical Electronics, July 1996 



Transform your 
PC into an 
Oscilloscope. 
Never before has it been so easy to 
capture information about a signal. The 
ADC 200 simply plugs into the parallel 
port of your portable or desktop PC, no 
complicated setting up - just run the 
software and start measuring. With the 
advanced PicoScope Software, your 
computer can be used as a high speed - 
50 MSPS Dual channel Digital Storage 
Oscilloscope (DSO), 25MHz Spectrum 
Analyser, Frequency Meter or Voltmeter. 

The ADC 200 breaks the price/ 
performance barrier for DSO 
products, for less than half the 
price of the cheapest benchtop 
instruments you get a fully 
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spectrum analysis and unlimited 
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Constructional Project 

Single-Station 
RA010-4 
TUNER 
JOHN LINSLEY HOOD 
Be prepared when they switch 
your favourite event over to 
the a. m. long wave band. 

THE BBC has operated a transmit-
ter on the "long wave" (150kHz-
285kHz) part of the radio spectrum 

for very many years. Until recently this 
used a frequency of 200kHz, but a few 
years ago, as a result of pressure from 
the European Broadcasting Union, it was 
nudged down to 198kHz. This is effec-
tively the same thing, but not nearly as 
convenient for use as an "off-air" fre-
quency standard. 
The use of this LW frequency to 

duplicate the programmes broadcast on the 
numerous Radio 4 FM transmitters would 
be a matter only of academic interest to 
most UK radio listeners were it not that 
the BBC programme controllers take ad-
vantage of the availability of this spare 
"long wave" transmitter to broadcast a 
few popular programmes, such as the 
cricket "Test Match" commentaries, and 
the weather forecasts for shipping, ex-
clusively on the I98kHz frequency. 

It is, for this reason, a matter for regret 
that most HiFi tuner units, even those 
which include an AM (amplitude mod-
ulated) section, do not make any provision 
for LW reception. The unit described here 
was built, for the use of a cricket en-
thusiast friend, to remedy this deficiency. 

BASIC DESIGN 
It was felt that. for the purpose in mind, 

a single station tuner was all that was 
needed, since the number of occasions 
when a user might want to listen to other 
LW radio broadcasts would be very few, 
while the simplification which single fre-
quency operation offered was consider-
able, and would help keep the construction 
cost down. It would also allow the unit to 
be built as a "knob-free" box, with just an 
aerial input at one end, and a high quality 
audio output at the other. 
By far the most popular radio system is 

the superhei. in which the incoming signal 
is "heterodyned" 
with  a tunable 

Fig. 1. Circuit diagram for a basic cascode r.f. stage. 

frequency  "local 
oscillator" to gen-
erate a so-called 
"intermediate fre-
quency  (i.f.)"  — 
usually 455kHz — 
at  which  all 
the subsequent r.f. 
amplification  is 
done.  A  sel-
dom used alterna-
tive  arrangement 
is  the  TRF 
(tuned radio fre-
quency) system, in 
which every stage 
of r.f. amplifica-
tion  has  its 
own, individually-
tuned,  r.f.  tuned 
circuit. 
If only  fixed 

frequency operation 
is required.  the 

complexities of the "superhet" system are 
unnecessary, and, since a layout with only 
two r.f. (radio frequency) stages was 
envisaged, a simple TRF layout would be 
quite adequate. In order to provide the 
required r.f. amplification, the two high gain 
r.f. stages — both tuned to I98kHz — are 
followed by a diode/op.amp demodulator 
stage. This is a layout which offers both low 
audio distortion and a high sensitivity 
The type of gain stage used in this cir-

cuit is the f.e.t./bipolar "cascode" layout 
shown in Fig. I. There is a small advantage. 
in terms of cost, in using this arrangement 
over one using a dual-gate MOSFET and it 
is also easier to achieve both r.f. stability 
and high stage gain with the cascode layout. 
A type 2N38I9 f.e.t. and a BC] 84 tran-

sistor combination is used, and the p.c.b. 
layout shown is designed for the 2N38I9 
pin layout. Using different devices is not 
likely to make a lot of difference to the 
circuit performance at this frequency, and 
if the p.c.b. pin layout is amended, there is 
no reason why a different type of small 
signal f.e.t. would not work just as well. 
For stability in the operation of any high 

gain r.f. stage, it is essential that feed-
back, through "stray capacitances" from 
the output to the input, is kept to a very 
low level. In the dual-gate MOSFET, this 
is done by using the second gate of the 
device to screen the output from the input. 
In the cascode layout shown in Fig. I 

the screening between output and input is 
provided by transistor TR2, whose base 
region, which extends across the whole of 
the internal junction area, and which is 
connected to a fixed reference voltage, 
isolates the input (on TR2 emitter) from 
the output (on TR2 collector). 
An additional advantage of the circuit in 

Fig. I is that the drain (d) of the junc-
tion f.e.t. (TR I ) is effectively clamped at a 
fixed potential, some 0-6V less than that 
on TR2 base (b), which prevents any in-
ternal (Miller-type) c.f. feedback in TR I, 
and also isolates the f.e.t. (which may have 
a fairly low drain-gate breakdown voltage) 
from the positive voltage supply rail. 

CHOICE OF AERIAL 
The main decision which has to he made 

in respect of the circuit design is the type 
of aerial to be used. The choice is, in 
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practice, between a ferrite rod, as used in 
the average portable transistor radio, and a 
simple aerial wire. 
Advantages of the ferrite rod aerial are 

that it is compact. and avoids the need for 
external wiring. Its snags are that it is 
sensitive to its angular position and that it 
would prevent the whole unit from being 
enclosed, if needed, in a metal box - 
which would screen the aerial as well as 
the other circuitry. On balance it was felt 
that a simple wire aerial would be easiest 
to use. 

SELECTIVITY 
One of the problems in any AM radio 

receiver is in preventing breakthrough 
from radio transmissions on adjacent fre-
quencies. The ability of a tuned circuit to 
select one particular frequency is deter-
mined by what is known as its Q (which 
stands for "quality factor"). The higher 
the Q. the more sharply tuned the circuit 
will be, and the better the rejection of 
adjacent channel signals. 
Unfortunately, all radio broadcasts carry 

the modulation - the programme material 
- on a spread of adjacent signal fre-
quencies, known as "sidebands". In the 
case of an AM (amplitude modulated) 
signal a broadcast audio bandwidth of up 
to, say. 5kHz (which is all that European 
AM stations are now permitted to trans-
mit) would require a receiver bandwidth of 
-±5kHz on either side of the tuned 
frequency. The formula: Bandwidth = flQ 
defines the audio bandwidth between the 
- 6dB points on the selectivity curve on 
either side of the transmitter frequency. 
For a tuned frequency of I98kHz this 

would imply a desired circuit Q value of a 
bit less than 20. Since the Q of the 
specified Toko 4.7 milliHenry inductors, 
when tuned with a parallel capacitance of 
about I35pF, is around 50, some addi-
tional damping resistance is needed to 
reduce the sharpness of the tuning, and 
prevent too much loss of the higher 
modulation frequencies. In practice. a 220 
kilohm resistor in parallel with the tuned 
circuit gave about the correct bandwidth 
on the prototype receiver. 

RECEIVER CIRCUIT 
The final circuit diagram for the Single-

Station Radio 4 Tuner is shown in Fig. 2, 
apart from the nominal 22V power supply, 
which is shown in Fig. 3. The aerial wire 
is directly connected, via SKI, to the input 
tuned circuit (coil LI and capacitors VCI 
and C3) via a small value capacitor Cl. 
The second tuned circuit (12, VC2 and 
C8) is similarly connected to the output 
from transistor TR2. 
The output from transistor TR3 - about 

50,(XX) times bigger than the aerial in-
put signal - is taken to the op.amp 
demodulator ICIa and also, via capacitor 
C9, to the "diode-pump" circuit DI/D2. 
The "pump" is used to generate a small 
negative a.g.c. (automatic gain control) 
voltage. This will help to minimise the 
effects of fading, and reduce the influence 
of the length and position of the aerial 
wire. 
For any AM signal to be audible, the 

modulation must be separated from the 
"carrier". This is done, most easily, by 
simply rectifying the incoming signal, but. 
if a small-signal silicon diode is used as 

flu 
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Fig. 2. Full circuit diagram. except power supply. for the Radio 4 Tuner. 
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The completed Radio 4 Tuner prototype. 
The panel fuseholder is not shown on this model. 

the rectifier, it will not work very well on 
input voltages less than some 0.5V peak. 
However, if a pair of diodes are hooked 
round an op.amp, ICIa, as shown in Fig. 
2, the rectification threshold is reduced 
to a few millivolts, which increases the 
demodulator sensitivity by a few hundred 
times. 
The other half of the dual op.amp, ICI b, 

is a straight a.f. amplifying stage, whose 
gain is adjustable by the potentiometer 
VR I. Resistor RI3 and capacitor CIO, on 
its non-inverting input (pin 5), act as a 
simple r.f. filter to remove any residual 
I98kHz signal voltage from the audio out-
put. 
Resistor RI6 serves to prevent the non-

inverting (pin 5) input of IC1b from wan-
dering about, in the absence of a signal, 
between the limits set by diodes D3 and 
D4. The circuit will still work without it. 
but it was felt to be more elegant to in-
clude a tie-down resistor here. The inclu-
sion of capacitor C16 acts as an r.f. bypass 
component. 
Although the unit is intended for use as 

an input signal source for a normal HiFi 
set-up, with its a.f. outputs taken from a 
pair of parallel-connected phono sockets, 
it is quite capable of driving a pair of 
high impedance headphones without fur-
ther amplification. 

PO WER SUPPLY 
For simplicity and cheapness to operate, 

a mains derived single supply voltage rail 
was chosen and used in the prototype, see 
Fig. 3. However, the supply voltage is not 
particularly critical, and the circuit will 
work quite well from any supply line from 
+9V up to + 24V. Since the Tuner only 

consumes about 10mA it would be quite 
feasible to run it from a 9V layer cell dry 
battery, provided that one didn't want too 
big a signal voltage output. 
An i.c. voltage regulator, IC2, is used 

to smooth the d.c. supply line and to keep 
the background "hum" level low. The 
author used a "7815" device, because 
these are easy to come by, and several 
were to hand. 
However, if available, a 7824 regulator 

i.c. could be used as a direct replacement 
for IC2. In this case resistor RI7, in Fig. 3, 
should be omitted and R18 replaced by a 
shorting link. 
The mains transformer T1 is a 3VA 

type, with a 20V-0V-20V secondary, and 
is mounted directly on the p.c.b. 

CONSTRUCTION 
Although a metal housing would give a 

more up-market appearance, these tend to 
be rather expensive so a plastic Verobox 
was chosen for this unit, see photograph. 
Some screening is necessary, however, and 
this was provided by cutting a piece of 
stiff cardboard to fit the base of the box, 
and then sticking a layer of aluminium 
cooking foil to its underside. 
The p.c.b. is then mounted above this on 

4mm spacers, and the foil is earthed by 
way of a solder tag trapped between the 
foil and the box. 
The printed circuit board topside com-

ponent layout and full size underside 
copper foil master pattern for the Single-
Station Radio 4 Tuner (LW AM) is shown 
in Fig. 4. It also includes details of wiring 
to the off-board components. This board is 
available from the EPE PCB Service. 
code 101. 
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Commence construction by first install-
ing an 8-pin i.c. socket on the p.c.b. and 
then inserting the horizontal link wire, just 
below the i.c. holder, and the "ground-
ing" link wire from the cathode (k) of D2. 
see Fig. 4. The solder pins can also be 
inserted at this stage. 

COMPONENTS 
Resistors 
Al. R9  220k (2 off) 
R2. R10  1k5 (2 off) 
R3 4k7  
R4. R5,   
R15  10k (3 off) 
R6. R7, 
R8. R16 100k (4 off) 
R11. R12 3k3 (2 off) 
R13  5k6 
R14  2k2 
R17  3k3 0.5W 
R18  82012 
All 0.25W 5% carbon film, except R17 

Potentiometer 
VR1  100k min. rotary carbon, 

lin 

Capacitors 
C 1 
C2, C4, C7, 
C15, C16 
C3 
CS 
C6 
C8 
C9 
C10 
C11 
C12 
C13, C14 

C17 
C18 
VC1, VC2 

TALK 
Page 

15p polystyrene 

100n polyester (5 off) 
100p polystyrene 
18p polystyrene 
100n disc ceramic 
68p polystyrene 
22n ceramic bead 
4n7 polyester 
33n disc ceramic 
polyester 

42 radial elect. 63V 
(2 off) 
10011 radial elect. 35V 
220jx radial elect. 35V 
5p to 60p foil dielectric 
trimmer (2 off) 

Semiconductors 
D1 to D4  1N4148 signal diode 

(4 off) 
05, D6  1N4002 lA 100V rec. 

diode 
TR1, TR4 2N3819 n-channel f.e.t. 

(2 off) 
TR2, TR3 BC184 npn transistor (2 off) 
IC1  TL072CN dual low-noise 

op.amp 
IC2  ikA7815 + 15V 1A voltage 

regulator (or 7824 24V 
1A reg. — see text) 

Miscellaneous 
L1, L2  4.7mH inductor, 

Toko lORB (2 off) 
Ti  Mains transformer, 3VA 

p.c.b. mounting type with 
20V-0V-20V secondary 

SKI  4mm socket, red 
SK2. SK3 phono socket (2 off) 
FS1  300mA fuse, with panel 

mounting fuseholder 
Si  s.p.s.t. 230V a.c. 1A toggle 

switch 
Printed circuit board available from 
EPE PCB Service, code 101; plastic 
case, size 180mm x 110mm x 49mm 
approx; 8-pin d.i.l. socket; single-ended 
solder pins; multistrand connecting wire; 
3-core mains cable; strip of cardboard 
and aluminium foil for screening; stand-
off insulators and fixing nuts and bolts, 
solder etc. 

Approx Cost 
Guidance Only £24 

Fig. 3. Circuit diagram for the Tuner mains power supply. excluding case 

522  Everyday Practical Electronics, July 1996 



This should be followed by the resis-
tors and capacitors, in size order — starting 
with the smallest component. When insert-
ing the electrolytic capacitors, check their 
polarities first before soldering in position. 
Next, the diodes, transistors and volt-

age regulator IC2 should be inserted on 
the board. Once again, double-check their 
polarities before committing them to the 
solder treatment. When installing the volt-
age regulator, its pinout leads must be very 
carefully bent over so that the body of the 
device lays flat just above the surface of 
the p.c.b. 
The small, circular shaped, trimmer 

capacitors and inductor coils can now be 
installed on the board. Be extra careful 
when soldering the inductors in position as 
they do not like too much heat. The hot 
soldering iron bit should be applied to their 
connecting tags for as little time as 
possible to perform a neat soldered joint. 

Layout of components on the prototype printed circuit board. 

Fig. 4. Component layout, interwiring and full size foil master for the Single-Station Radio 4 Tuner. 

Everyday Practical Electronics. July 1996 
523 



Finally, the mains transformer can take 
its place on one end of the board and 
lengths of lead-off wires attached to the 
solder pins, leave enough "slack" so that 
the board can be removed, with the lid, 
from the case. Do not attach the mains 
cable at this stage. 

FINAL ASSEMBLY 
The next operation is to install the 

p.c.b., together with the cardboard and foil 
"screening card", on the lid of the case as 
described earlier. Do not forget to mount 
the screening solder tag under one of the 
mounting bolts so that it contacts the foil 
to form the required "earthing" screen 
connection. 
Once the p.c.b. has been safely bolted 

onto the lid, all that remains is to locate 
the sockets, potentiometer, on/off switch 
and fuseholder on one side of the case and 
complete the interwiring as shown in Fig. 
4. Leave space for drilling the entrance 
hole for the mains input cable. 
When the multistrand connecting wires 

from the board have been soldered to their 
off-board components, the mains input hole 
can be fitted with a rubber grommet and the 
3-core mains lead fed through and soldered 
in position as indicated in Fig. 4. It is good 
practice to fit a cable strain relief clamp to 
the cable, inside the case, or to use a clip 
type clamping grommet. 
It is most important that the Live (L) 

and Neutral (N) pins on the p.c.b. be 
covered with insulating skeving once the 
mains lead has been soldered to them. 
On completion of the wiring up, the 

op.amp ICI can be plugged into its socket 
ready for the setting up procedure. 

The circuit board mounted on the case lid above the "screening card". 

SETTING UP 
To set up the Tuner, initially, first check 

that there is the right voltage on the posi-
tive supply line. Then set the Gain control 
VR1 to maximum value, and take a fairly 
long length Of aerial wire — say three or 
four metres or so — and connect it to the 
top of coil L2. (The nearest point on the 
p.c.b. would be at the junction of R9/C8). 
Adjust trimmer VC2 until Radio 4 is 

audible, and as loud as possible. Then do 
the same with the aerial connected to tran-
sistor TR2's collector. 
Repeat the exercise, to tune coil LI, 

but this time with a somewhat shorter 
wire connected to the normal aerial input 
socket SKI, and with VR I reduced to a 
lower level, as needed. The two trimmer 
capacitors (VC1 and VC2) will probably 

be somewhere near their half-way position 
when correctly tuned. 
A word of warning is needed, however, 

in respect of noise interference. In this age 
of FM receivers, a lot of domestic noise 
sources can be ignored. This isn't the case 
with AM, especially on the LW band, 
where quite a lot of gadgets cause noise 
— particularly fluorescent light systems, 
and especially the little "high-efficiency" 
lamp bulb replacements. 
So, if you have a high man-made noise 

level, (one which disappears when the 
aerial is unplugged) this could be due to 
such a noise source, even in a room on the 
other side of a partition wall. In this case 
the only answer is to try a different site for 
the aerial — perhaps, as in car radios, at the 
end of a screened lead. 

PCB Designer 
For Windows 3.1, '95 or NT 

VISA 

Amex/Access/Delta/Visa 

Eie Lest aoaid :text  nrio? V./Mow aeir, 
.1•1 = 

+5 

sMIN. UN 

1 
43 

Looking for the price? 

jUSt £49.00 all inclusive. 
...no VAT...no postage... 
...no additional charges for 
overseas orders. 

Dealers and distributors wanted. 

-\ CH 

At  I! isI1 le NS 
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. 

Runs on any PC running Windows 3 1, Windows 95 or 
Windows NT with a minimum 2MB RAM 
Win work with any Windows supported printer and monitor 

'Cr 

CM 

CP 

CIP 
ITO 

Produce Single or Double sided PCBs. 
/Print out to any Windows supported printer. 
Toolbar for rapid access to commonly 
used components. 
Helpful prompts on screen as you work. 
Pad, track & IC sizes fully customisable. 
No charges for technical support. 
./Snap-to grid sizes 0.1", 0.05" 0.025" 
and unrestricted. 
vSMT pads and other pad shapes. 
Prints at the resolution of your printer, much 
hi her than the screen shot shown here. 

Niche Software (UK) 
22 Tavistock Drive Belmont. Hereford. HR2 7XN. Phone (01432) 355 414 

10 Y 0 300  "11 

Available in South Africa from JANCA Enterprises, PO Box 32131, 9317 Fichardtpark at R299,00 
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••• • •• I.   

INTER 
Robert Penfold 
I \  AST month's Interface it was men-

boned that it is possible to obtain 
RS232C driver chips that only need a 
single 5V supply. On-chip switch mode 
power supply circuits generate the sup-
ply potentials of plus and minus 10V or 
12V that are needed to provide proper 
RS232C drive voltages. 
This method is clearly the most con-

venient way of handling things, but it 
can also be much more expensive. Some 
of the driver chips which have built-in 
power supply circuits cost around ten 
pounds each. 

MAXimum Economy 
The MAX232CPE is one of the cheaper 

types, and at a cost of about three 
pounds or so it represents an economic 
solution to the dual supply problem. It 
provides two RS232C drivers and two 
receivers. It can therefore be used to 
provide the transmission and reception 
lines, plus one handshake input and one 
handshake output. 
If no handshaking  is used, the 

MAX232CPE can be used to provide data 
inputs and outputs for two UARTs. A 
+10V supply output is available, and 
this can be used to hold any unused 
handshake inputs in the high (active) 
state. 
The integral switch mode power sup-

ply requires no expensive inductors. In 
fact the only discrete components re-
quired are five capacitors. 
A circuit diagram for a line driver 

and receiver based on the MAX232C is 
shown in Fig. L It provides dual 10V 
supplies using a simple switching sys-
tem that is similar to that used on 
the ICL7660 negative supply generator, 

which will probably be familiar to many 
readers. 
This system is based on electronic 

changeover switches and capacitors. In 
this case it is not just a negative supply 
that is required, but voltage doubled 
positive and negative supplies. 

Double Action 
How a voltage doubling action can be 

provided is shown in Fig. 2. Si is the 
electronic switch, and it is alternated be-
tween its two positions at a rate which is 
normally a few tens of kilohertz. A fairly 
high switching frequency is preferable as 
it enables relatively low value capacitors 
to be used. 
With Si in the position shown in Fig. 2, 

capacitor Cl is charged across the in-
put supply. It is then discharged into 
capacitor C2 when Si is switched to the 
opposite position. 
Therefore, the basic action of the cir-

cuit is to transfer power from the in-
put supply to C2 via Cl. This generates 
a positive voltage across C2, and the 
voltage here is equal to the potential of 
the input supply. However, the potential 
across C2 is in series with the input 
supply, and is added to it to give a 
voltage doubled output. 
A little rearrangement of the circuit is 

all that is needed in order to generate 
a negative output potential equal to the 
positive supply voltage. It is just a matter 
of reversing the polarity of the input sup-
ply and the two capacitors. 
Generating a negative supply that 

is double the positive input voltage 
is a little more difficult, as there is 
no negative supply to which the new 
supply voltage can be added. How-

_ 

ever, it is possible to generate two 
negative supplies which are then added 
together to give a voltage doubled 
supply. 
Although in theory it is quite simple to 

generate voltage doubled supplies using 
this switching method, in practice it is 
quite difficult. The electronic switches 
must operate at potentials well outside 
the limits of the input voltage, and they 
must have low "on" resistances or the 
output voltage will "sag" significantly 
under loading. 
These problems seem to have been 

solved  in the  MAX232CPE,  which 
provides loaded supply potentials of 
about plus and minus 9V. 

Golden Handshake 
Returning to the circuit of Fig.1, 

capacitor Cl provides supply decou-
piing, while C4 and C5 act as the 
reservoir capacitors on the positive 
and  negative  supplies  respectively. 
Capacitors C2 and C3 provide the 
transfers from the input rails to the 
output supplies. 
The — WV supply is available at pin 6, 

but external access to this supply is not 
normally needed. The +10V supply can 
be accessed at pin 2, and this supply can 
be useful as a tie point for unused hand-
shake inputs on the computer's serial 
port. 
On the face of it, the handshake lines 

can be ignored unless you are ac-
tually utilizing hardware handshaking. 
In reality, many computers will refuse to 
output any data unless the relevant 
handshake input is taken high. Some 
computers generate a time-out error 
message when used to receive data from 

=, Cl 
47u 

C2 
22u 7 

C3 
22u 

6402 pin 20 

6402 pin 25 

16 

'Cl 

MAX232CPE 

12 

11 

+5V 

C4 
F' 22u  RI 

2  2k2 
CTS 

41o,  R2 
2k2 

DSR 

13 

1 4 

1 5 

— 1  C5 
22u 

TX 

RX 

Fig. 1. Circuit diagram for a RS232C driverreceiver 
based on the MAX232CPE. 

Input 

Supply 

- 0 

S 1 a 

Slb 

C2 

2V+ Out 

Fig. 2. Electronic switching representation for 
producing a voltage doubling. 
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the serial port unless the appropriate 
handshake input is taken high. 
Exactly which handshake lines have to 

be taken high depends on the computer 
in use, and it is often necessary to in-
dulge in a little trial and error in or-
der to get everything running correctly. 
In fact serial interfaces are notoriously 
unpredictable, and it is quite normal if 
a certain amount of experimentation is 
needed before everything works as ex-
pected. 
When interfacing a UART to a PC it 

seems to be the CTS and DSR handshake 
lines that must be activated before the 
serial port will transmit or accept data. 
These lines are driven from the +10 volt 
supply via current limiting resistors 111 
and R2. 
The serial output signal from the 6402 

UART is fed to pin 11 of 10, and the 
inverted output signal at RS232C levels 
is produced at pin 14. The dual 10V 
supplies are slightly low for an RS232C 
driver, but the loaded output voltages 
are still more than adequate for reliable 
results. A second driver is available, and 
its input and output are at pin 10 and pin 
7 respectively. 
The RS232C input signal is fed to pin 

13 of IC1, where one of the line receivers 
inverts the incoming signal and con-
verts it to 5V TTL/CMOS levels. The 
processed output at pin 25 is fully 
compatible with the serial input of the 
6402 UART (which is a CMOS device 
incidentally). The second line receiver 
has its input and output at pin 8 and pin 
9 respectively. 

Right Connection 
Connection details for the 25-pin and 

9-pin versions of the PC serial port are 
shown in Fig. 3. With either type of 
port it is a female "Cr-type connector 
that is required. The connectors are 
shown viewed from the rear (i.e. as 
viewed when you make the connections 
to them). 
In order to keep the radiation of radio 

frequency interference (r.f.i.) to a mini-
mum, the connecting cable should be a 
good quality screened type. The ground 
(GND) interconnections are carried by 
the outer braiding of the cable, and the 
other connections are carried by the 
inner conductors. 
The cable must obviously be at least a 

four-way type, plus the screen. Cables 
designed specifically for RS232C inter-
connections are readily available, and it 
is the "two pair" variety that is needed 
in this case. 

Making Contact 
From the software point of view, using 

a serial interface tends to be rather more 
awkward than using the parallel variety. 

RXD 

TXD 

(a) 

:::)00000000000c? 
000000000006) 

CIS 

DSR 

GPO 

(b) 

DSR -  - 

1XD 

GPO 

Fig. 3. Connection details for (a) 25-pin and (b) 9-pin PC serial ports. 

The first step is to make sure that the 
computer is using the same baud rate 
and word format as your serial interface. 
With PCs the serial port can be set up 

from MS/DOS using the MODE com-
mand. The baud rate and word format 
must be the same for both transmission 
and reception. The MODE command 
takes five parameters which select the 
serial port, set the baud rate, the type of 
parity (if any), the number of data bits, 
and the number of stop bits. 
There is also a "printer" option which 

results in the port trying to send data 
continuously if a time-out occurs. This 
option is of po use in the current con-
text, where no form of handshaking is 
implemented. 
The  word  format  of  the  serial 

encoder/decoder is no parity, eight data 
bits, and one stop bit. When using the 
crystal controlled baud rate generator 
with a baud rate of 9600, the MODE 
command for serial port 2 (COM2) is: 

MODE COM2:96,N,8,1 

If the simple 1200 baud C-R baud rate 
generator is used,  the appropriate 
MODE command for serial port 1 
(COM1) is: 

MODE COM1:12,N,8,1 

For software running under WIN-
DOWS the "PORTS" icon in the "CON-
TROL PANEL" is double-clicked, and 
then the required communications port is 
selected. You then select the required 
baud rate and word format in standard 
WINDOWS fashion. 
The "Flow Control" options enables 

the required type of handshaking to 
be selected, which will normally be 
"None" for your serial port add-ons. 
Under WINDOWS 95 the route to the 
right menu is "My Computer", "Control 
Panel", "System', "Device Manager", 
and "PORTS"! 
Virtually any programming language 

should provide support for the serial 
ports, and it may be possible to set the 

baud rate, etc. using the facilities of the 
programming language. For example, in 
GW BASIC the OPEN command enables 
a channel to be opened to the required 
serial port, and the baud rate, etc. to be 
set. For example, this command would 
set communications to serial port two via 
channel #2, with a baud rate of 9600, and 
the appropriate word format for the 
serial encoder/decoder: 

OPEN "COM2:9600,N,8,1" AS #2 

There is often a problem in using the 
serial port support in that it seems to be 
mainly geared towards the transfer of 
files, rather than single bytes of data. A 
byte of data to the port is likely to be sent 
together with control codes, and these 
codes may also be expected by the pro-
gram when the port is read. 
In some cases it may be easier if the 

serial port is controlled directly, rather 
than via the routines provided by the 
programming language. This certainly 
seems to be the case as far as write 
operations are concerned. 
The serial port data latches are at 

addresses &H3F8 (port 1) and &H2F8 
(port 2). Data written to one of these 
addresses will be transmitted from the 
appropriate serial port. 
Thus, using GWBASIC it is possible to 

write bytes of data to the serial ports 
using the OUT instruction. This example 
writes a value of 85 to serial port 2: 

OUT &H2F8,85 

No So Fast 
The only point to bear in mind when 

using this method is that data must not 
be written to the port at a higher rate 
than it can be transmitted. The easiest 
way of doing this is, where necessary, to 
use a simple timing loop to provide a 
delay so that the flow of data is restricted 
to a rate that the port can readily handle. 
This will probably require a little trial 
and error, and it is just a matter of using 
the shortest delay that gives reliable 
results with no "lost" bytes. 

out 

NEXT M ONTH 
Start of an exciting 

new regular feature. 

Link-up with 
N ET W ORK and find 

"what's hot "  on the Internet 

PLACE AN ORDER WITH YOUR NEWSAGENT NOW! 
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SEETRAX CAE RANGER PCB DESIGN 
WITH COOPER & CHYAN AUTOROUTER 

RANGER2 + SPECCTRA £400.00 

RANGER & SPECCTRA AUTOROUTER 
Together giving the most cost effective 

PCB design system on the market TODAY! 
SEETRAX'S ease of use combined with 
COOPER & CHYAN'S renowned grid less 
autorouter, at an outstanding price. 

R2 Outputs: 8/9 & 24 pin printers, HP 
Desk & Laser Jet, Cannon Bubble Jet, 

I-IP-GL, Gerber, 
NC Drill, AutoCAD DXF 

Demo Disk available at £5.00 +VAT 

RANGER2 £150 

Upto 8 pages of schematic linked to artwork 
Gate & pin swapping - automatic back annotation 
Copper flood fill, Power planes, Track necking, 

Curved tracks, Clearance checking, 
Simultaneous multi-layer auto-router 

RANGER2 UTILITIES £250 

COOPER &CHYAri 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 

PIC EEZE 
This is the easiest way to start using PIC microcontrollers. PIC EEZE is a 
powerful and versatile development system that allows a cheap entry level 
into the world of PIC programming. Can be upgraded whenever you're 
ready. Upgrading is easy (plug in). 

PICEEZEA  Built and tested £44.95 
supports: 16C61/62/63/64/65/71/73/74/84/620/621/622/Serial EEPROMs. 

plc EEZE-2 Built and tested £52.95 
supports: as PIC EEZE- I plus I6C54/55/56/57/58. 

plc EEZE-3 Built and tested £72.95 
supports: as PIC EEZE-2 plus In Circuit Emulation (even A to Don 71) 
All systems have high quality PCB with a quality universal ZIF socket (so 
you don't have to spend any more money to get an easy to use system), on 
board regulation, expansion port and when new PIC versions are released the 
system can be software upgraded. All software is FREE so you won't have 
to keep spending to keep up. Microchip's Assembler and simulator along 
with our own programming software and PIC examples are supplied on disk. 
New Windows integrated development environment. Connects to PC via 
parallel port. A serial version will be available soon (Please ring or write as it 
may already be available). A suitable PSU and Lead are required, which we 
can supply if needed.  Interface Lead £4.00.  PSU £4.95. 

LEAK  £28.00 
An introduction to PIC programming. The board plugs into any PIC 
EEZE system expansion port and has on board 7-segment displays, LEDs 
button and switches which can be controlled via software to show simple 
PIC programming for beginners. 

IRAK  £28.00 
Demonstration boards (2) for 18/28 pin PICs. The first board is a stand 
alone PCB c/w ready-made oscillator, regulation, etc. and it can be used 
with breadboards, i.c. sockets, etc, or it can be used with the second board 
which is a version of LPAK. 

Compiler to create your own BASIC PICs — ring for availability. 
SUPPORT  

We will give continuing support to users of our systems with their PIC 
projects/problems. Further expansion of the system is planned which 
includes — a I 7CXX Adapter, Smart Card Reader and FREE software to 
allow the system to be used for data logging and PC I/O port control. 

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

29 Lavender Gardens, Jesmond, Newcastle upon Tyne, NE2 3DD. 
Telephone (0191) 281 8050.   

•MEMORY •  ARE YOU ON 

z /411 yeti nee? !cop, you', 
m  FOR QUALITY COMPONENTS AND 
7.1 

THE NET YET?  • MODEMS • 
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Pc/  
PERHIPHALS 

(t) LISTED BELOW ARE A SMALL SAMPLE OF QUALITY COMPONENTS AND PERHIPHALS 
PLEASE SEND A LARGE S.A.E FOR A FREE PRICE LIST AND PRODUCT INFORMATION 

• MOTHERBOARDS: PENTIUM 75MHz-200MHz SOCKET 7, 256K PIPLINED CACHE.  u) 
r) EDO DRAM, 4 PCI + 4 ISA SLOTS, TRITON CHIPSET, AMI PLUG + PLAY WIN BIOS  _ 
0 E-IDE, UART, £103. 486 MOTHERBOARDS: 486SX/DX/DX2/DX4, 3 PCI + a ISA SLOTS. - 
z AWARD BIOS, E-IDE 16550 UART, 256K CACHE, 33MHz-120MHz, £68.  K 
,Cf—) MEMORY (SIMMS) 30-pin + 72-pin: 

1MB £27, 4MB £75 (30-pin) 7Ons 
72-pin NON PARITY 7Ons: 

CO  4MB £49, 8MB £95, 16MB £199 
i— 
m 72-pin PARITY 70ns: 
(J)  2MB f39, 4MB E62, 8MB £99, 16MB £299 
_ 72-pin EDO RAM: 4MB EDO £62., 
"  8MB EDO £114, 16MB EDO £255 

IDE HARD DRIVES: 850MB £139,  0 
1.2Gb £163, 1.7Gb £184  —I 

SCSI HARD DRIVES:  I M 
1.0Gb £198, 2.0Gb £385  37 

SCSI CONTROLLER CARDS:  CD 
WESTERN DIGITAL SCS12 PC1 £87  0 
ADAPTEC SCS12 CONTROLLER PC1 1179 1) 
ADAPTEC SCS12 CONTROLLER ISA £139 0 

_("_) PENTIUM PROCESSORS !INTEL) 75MHz-166MHz  0  
,'  P75 £1)4, P100 £152, P120 £191. P133 £246, P150 £331, P166f474.  • 
M 486 BASED PROCESSORS: 486DX2/66 £25, 486DX4/100 £42,486DX4/120 £59 
En PENT111 OVERDRIVES - UNLEASH YOU PCs POTENTIAL!  '0 
2,--,  PENTIUM 63 FOR 48625 £117, PENTIUM 83 FOR 48633 £143  37 
CA  PENTIUM 133 FOR PENTIUM 60/66 £255. PENTIUM 125 FOR PENTIUM 75 £251  0 £1 

•C MONITORS:- 14" .28 SUGA (1024 x 7681) 
- COLOUR £161, Ni £166 

.28 SVGA MULTISCAN (1024 x 768Ni) 
•  COLOUR £241 
17' -28 SVGA MULTISCAN (1280x1024Ni) 

m  COLOUR £429 
r- MANUFACTURED BY ACER 
0  (i- wrEPLEASED; Ni = NON-INTERLEASED! 
-0 

VIDEO CARDS: DIAMOND STEATH,  rc1,3 
64 2MB DRAM PCI £105  CA 

64 VIDEO 2MB VRAM PCI £197 0 
CIRRUS LOGIC 1MB PCI £41  3/ 
ACERGRAPH CIRRUS LOGIC, 1MB +  u) 
E-IDE + 165501/0 £49 

STEATH 64 2MB URAM UESA £149  • 

MODEMS' US ROBOTICS 28.8 (BAUD)  M 
INTERNAL £171, EXTERNAL VI £180  0 
US ROBOTICS 14.4 INT £119, EXTVI £99 Z 

--71 

"CI CD ROM DRIVES: 
"s MITSLMI E-IDE QUAD SPEED £47 
0 ACER E-IDE SIX-SPEED £65 SOUND CARDS + SPEAKERS: 
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TEACH-IN '96 

Max Horsey Part 9 

4,7 

I  I 

1  Iv 

D(iRING this series of articles, a range of circuit 
modules is examined, divided into Input, Proces-
sor and Output sections. Where possible a choice 

of module is offered within each section. 
Each of the ten Parts of the Series is accompanied by 

a constructional article explaining how a complete 
project may be devised by employing the modules 
described, together with a p.c.b. design. Each project 
will be one of many possible ideas that could be 

implemented and it is hoped that readers will design for 
themselves a variety of circuits by combining modules 
provided in the whole series. 
The proposed range of modules covered by the 

Series is detailed in Part 1, Table 1.1. Each module is 
chosen to link easily with adjacent modules in the same 
Part, but modules may also be linked with modules in 
other Parts of the Series. 
Max Horsey is Head of Electronics at Radley College. 

THIS part is concerned with looking at 
circuits which generate short bursts 

of data. Such techniques can be very 
cost effective in terms of power con-
sumption and the amount of data which 
can be transferred. Computer networks 
and digital mobile phones, for example. 
make use of this idea. 
The following modules are discussed 

in this part: 

INPUT MODULES: Astables with un-
equal mark/space ratios 

PROCESSOR MODULES: Missing pulse 
detectors 

OUTPUT MODULES: Relays and reed 
switches 

MARK THAT SPACE 
When designing a circuit which gener-

ates short bursts of data, it is necessary to 
start with a pulse waveform which has a 
very short "mark" or "on" time compared 
with a longer "space- or "or time. The 
data transferred can be a single on/off 
pulse, or it can be a stream of coded pulses 
whose length and spacing varies according 
to the code transmitted. 

a) 

It is also possible to design circuits 
which can be used as "missing pulse 
detectors-. These circuits can be used to 
monitor a wide variety of signal sources, 
such as heart beat detectors, for example. 
If the time between two consecutive heart 
beats is longer than permitted by the 
circuit, an alarm sounds. 
As shown in the accompanying project, 

a missing pulse detector can also be 
used to monitor two coded infra-red (IR) 
beams. If both beams are broken at the 
same time an alarm sounds. 

PULSE GENERATORS 
Some designs may require a short 

burst of power, followed by a long pause. 
For example, an infra-red beam system 
is much more power efficient if the 
beam is emitted in very short bursts. 
This prolongs battery life and enables 
the use of a much more powerful IR 
beam without causing damage to the 
transmitter. 
A simple series capacitor will convert a 

series of square waves into a series of 
pulses having uneven mark-space ratios. 
i.e. the pulse is "on" for a shorter period 

+VE 

OV 

MARK SPACE 

Fig. 9. I. Unequal mark/space ratio 
pulses. 

than it is "off". The principle was des-
cribed in Part 2. under "AC. Coupling-. 
However, some of the astable modules 

described in Part 4 can also be readily 
adapted to produce unequal mark/space 
ratios, as illustrated in Fig. 9.1 
A further three choices of astable 

which generate unequal mark/space ratio 
pulses are described below: 

555 ASTABLE 
A type 555 timer  i.c.  (integrated 

circuit) when configured in astable mode 
is particularly good at generating pulses 
having an unequal mark/space ratio. 

VE 
+VE 

OUTPUT A 

OV 

+VE 

OUTPUT B 

Fig. 9.2(a). A BS timer i.c. configured 
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or unequal mark/space ratio output pulses, with inversion by TRI. The waveforms are shown. in (b). 
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Referring to Fig. 9.2(a), if the output of 
ICI is taken directly from pin 3 the 
"mark- (high) will be longer than the 
"space" (low). If this is the opposite of 
what is required. it may be inverted by 
means of a NOT gate (inverter), or a 
transistor (TR1) as shown. 
As discussed more fully in Part 4 (Fig. 

4.11), the "mark" (T1) time at the 555's 
output pin 3 is calculated as: 

T1 = 0.7 (RI + R2) x C 

The "space" (T2) is calculated as: 

T2 = 0.7 x R2 x C 

The inverted output at the collector of 
TR1 is more suitable for driving circuits 
where short bursts of power are required 
(within the current restrictions imposed 
by the value of resistor R2). 
Although the 555 is often ideal for this 

type of application, the warning previously 
mentioned in Part 4 still applies, namely 
the difficulty sometimes experienced when 
mixing the standard 555 with CMOS logic 
i.c.s in the same circuit. 
Beware, too, that the standard 555 

consumes more power than its CMOS 
counterpart. 

Fig. 9.3. Circuit diagram for a NOR gate astable. 

NOR GATE ASTABLE 
Independent control of the "mark- and 

"space" may be achieved by means of the 
NOR gate astable circuit shown in Fig. 
9.3. This is a development of the mod-
ules discussed in Part 4, and includes 
the "kick-start" components, resistor RI 
and capacitor Cl. These ensure that the 
astable starts oscillating at power up. 
The "mark" time is set by capacitor C2 

and resistor R2, and the "space- time by 
C3 and R3. 
The output from IC I b is high (positive) 

for a time given by: 

T1 = 0.7 x R2 x C2 

As usual, it is more convenient to 
measure the resistance in megohms (M 1) 
and the capacitance in microfarads (µF). 
The time, TI, will then be in seconds. 
The output from IC I a will be high for a 

time given by: 

T2 = 0.7 x R3 x C3 

Remember that when the output from 
IC la is high, the output from IC lb will be 
OV (low) and vice versa. The signal may be 
taken from the output of either gate. 
The design is more flexible than with 

the 555 device since the "mark" and 
"space" are under independent control. 
However, the frequency of the circuit is 
more prone to drifting due to temperature 
and supply voltage fluctuations. 

NAND GATE ASTABLE 
An astable can be made with NAND 

gates just as easily as with NOR gates, as 
shown in Fig. 9.4. Note, however, that 
the output states are the reverse of those 
for the NOR gate in Fig. 9.3. 
The other main difference to the NOR 

gate circuit is the automatic kick-start 
arrangement. The components RI and 
CI are the opposite way round, so that 
the upper input (as seen in Fig. 9.4) to 
ICla is held high due to the effect of RI. 
At the moment of switch on, this 

input will start at OV, but as capacitor 
CI charges, the input will become suffi-
ciently positive for the gate to "kick-start" 
the circuit into action. 

CONTROLLING 
A MODULE 
The purpose of the astables discussed 

so far is to provide an unequal mark/space 
ratio to control the action of another cir-
cuit. For example, the Infra-Red Transmitter 
featured in Part 5, and used again in the 
project associated with this Part 9, forms 
part of an alarm circuit and must therefore 
be kept running continuously. 

(positive) the output will copy the data 
input status. So, if the input is a coded 
stream of data as in the infra-red sys-
tem), the stream will only appear at the 
output of the AND gate when the astable 
output is high. 
In some non-critical situations, a diode 

AND gate could be used instead of the 
logic gate in Fig. 9.5a. The concept of 
diode gates was introduced in Part 7 and 
a variation of this idea is used in Fig. 
9.5b. Whenever the astable output is 
high, no current flows through the diode, 
and so the output at the junction of 
resistor R 1 and diode DI is an exact copy 
of the input. 
When the output of the astable goes 

low, however, current from the output 
side of RI can flow through DI, with the 
astable output acting as a sink and so, in 
effect, the data output is disabled. The 
system is not perfect, though, since the 
diode is not a perfect conductor, and the 
resistor restricts the flow of current from 
input to output. 
The resistor is necessary, of course, in 

order to prevent a short circuit when the 
astable output goes low. A value of 10kil 
is a good starting point for the resistor 

RI 
100k 

1Cla 
4011 

R2 

C3 

R3 

IC1b 
4011 

+vE 

OUTPUT LOW FOR 
0.7 x C2 It R2 

OUTPUT HIGH FOR 
0.7 x C3 x R3 

OV 

Fig. 9.4. Circuit diagram for a NAND gate astable. 

However, it is much more power-
efficient to transmit short bursts of coded 
infra-red, rather than one continuous 
stream. The modules shown in Fig. 9.5 
allow such a circuit to be controlled. 
In Fig. 9.5a, the stream of data is 

fed to one input of the AND gate ICI. 
The output of the astable is fed to the 
other input. The AND gate only allows the 
data pulses to pass through to the out-
put when the astable pulse is high. Nor-
mally, the astable "mark" period would be 
set shorter than the "space" period. Ob-
viously, though, the "mark" period must 
be correctly chosen to allow the required 
number of data pulses to pass through the 
gate. 
When the output from the astable in 

Fig. 9.5a is low (i.e. about OV), the out-
put from the AND gate will also be low. 
When the astable output switches high 

Fig. 9..5. Two methods for pulsing data. 

and the diode may be any small signal 
type, such as a 1N4148. 
Providing the resistor allows enough 

current for the next stage of the design, 
then this simple method works very well. 

MISSING PULSE 
MODULES 
A classic use of the missing pulse 

detector is in a heart-beat monitor. If 
the time between two consecutive heart 
beats is longer than permitted by the 
circuit, an alarm sounds. There are many 
other applications, and such a module is 
particularly helpful in monitoring all sorts 
of functions but, in order to save power, 
to only send an "all OK" message at 
intervals. 
For example, you may wish to send 

a (legally approved) radio signal from 
your greenhouse to your home to ensure 
that the correct temperature is main-
tained. For a battery powered transmitter, 
it would be expensive to leave it running 
continuously. 
However, if the system is designed to 

transmit only when the temperature is 
wrong, there is no easy way of en-
suring that the transmitter has not 
developed a fault when no signal is 
being received. But if the transmitter is 
designed to transmit a short pulse every 
10 seconds, for example, when the 
temperature is correct, very little power 
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Fig. 9.6. Circuit diagram for a 555-based pulse monitor. 

will be consumed, and the system will 
be fail-safe. The receiving circuit will 
monitor the pulses, and sound the alarm 
if they stop. 
Three missing pulse processing mod-

ules are featured here. The first (Fig. 9.6) 
is based on the type 555 timer i.c., the 
second is based on CMOS NOR gates 
(Fig. 9.7) and the third on CMOS NAND 
gates (Fig. 9.8). 

555-BASED 
PULSE MONITOR 
In Fig. 9.6 is shown the circuit dia-

gram for a missing pulse detector based 
around a 555 timer, ICI. It is basically a 
monostable as shown in Teach-In Part 
2 (Fig. 2.10). However, the addition of 
the pnp transistor TR1 allows incoming 
pulses to continually discharge the timing 
capacitor Cl before it can charge up suf-
ficiently to complete its timing cycle. 
Note that resistor RI holds ICI pin 2 

and the base (b) of the transistor high. 
Since the transistor is a pnp type (such 
as BC214L or similar), it will normally be 
switched off. If the input is made low, 
ICI will be triggered, its output switching 
high. 
If no  more  negative  pulses  are 

received, the output will revert low after a 
period given by the formula: 

T = 1.1x Rx C 

Fig. 9.7. Circuit for a NOR-gate pulse monitor. 
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Remember that R must be in Ohms, 
and C in Farads for the time T to be in 
seconds. A useful short-cut is to measure 
the resistance in Mit (megohms) and the 
capacitance in RF (microfarads). Mathe-
matically, the mega (M) will cancel with 
the micro (R) and so the answer will still 
be in seconds. 
For example, if the combined resis-

tance of the variable resistor VRI and the 
fixed resistor R3 is IMS1 then the period 
(in seconds) will be roughly equal to the 
value of the capacitor in RE 
Returning to the circuit, if further 

negative pulses are received before the 
time T has elapsed, then transistor TR I 
will switch on, causing capacitor Cl to 
discharge and preventing the monostable 
from completing its normal period. 
To sum up the missing Pulse Detector 

circuit in Fig. 9.6: 

If Input is high then Output is low 
If Input is made low then Output 
switches high 

If Input is continually switched high/ 
low then Output remains high 

If Input remains high then Output 
switches low 

In other words, a continuous stream of 
incoming pulses will keep the timer's out-
put positive. If the pulses cease, the out-
put will switch back to OV. 

A preset potentiometer would normally 
be used for the variable resistor VR I , 
unless frequent changes of value are 
envisaged. Having established how many 
pulses per second are to be monitored, 
the timing period set should be longer 
than the interval between pulses. In many 
applications, the actual period will not be 
critical and VR I can be omitted, in which 
case resistor R3 should be increased to 
the value required and connected directly 
to the junction of TRI and Cl. 

NOR-GATE 
PULSE MONITOR 
The missing pulse detector in Fig. 9.7 

is based on NOR gates. The pin num-
bers shown relate to the CMOS 4001B 
quad NOR gate i.c. The individual gates 
may be used in any order and alterna-
tive NOR gates may be used, such as 
the 74HCO2, though be aware that a dif-
ferent pin out arrangement applies (see 
Part I. Fig. 1.14 for pin details). 
Three NOR gates are required for this 

circuit. Note that two of the gates are just 
used as NOT gates (inverters), their in-
puts being joined. In a practical circuit, it 
may be more convenient to use single 
NOT gates, or even NAND gates con-
verted to NOTs by joining their inputs. 
The choice depends upon the other re-
quirements of the circuit and the spare 
gates which may be available; expediency 
often dictates what form a circuit and its 
components choice may take. 
The module is based on the CMOS 

monostable described in Part 2 (Fig. 
2.8). When the circuit is in its standby 
state, its input will be low and so the 
output will also be low. When the input is 
made high the output will switch high 
and remain so for a period according to 
the formula: 

T = 0.7 x Rx C 

where 

T = timing period, 
R = total resistance of R2 plus VR I 
C = value of CI. 

As before, a convenient shortcut is to 
assume a value of 1W/ for R, in which 
case the timing period in seconds will 
be about two-thirds of the value of C if 
measured in RE 
Assuming that the input is allowed to 

return low, the extra gate IC I c will have 

Fig. 9.8. Circuit for a NAND gate pulse monitor. 
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no effect since diode DI will prevent 
current flowing from ICIc pin 10 towards 
capacitor Cl. But if another positive 
pulse is received at the input, then IC I c 
pin 10 will switch low and cause the 
slowly rising voltage at IC lb pins 5 and 6 
to collapse. The output from IC lb pin 4 
will therefore stay high. 
To sum up the missing pulse detector 

circuit in Fig. 9.7: 

If Input is low then Output is low 
If Input is switched high then Output 
switches high 

If Input continually switches low/high 
then Output remains high 

If Input remains low then Output 
switches low after timing period 

In other words, a continuous set of 
pulses at the input will cause the output 
to remain positive, but if the pulse stream 
stops, the output will switch to OV. 
Diode D2 is provided to ensure that 

the voltage at IC1b pins 5 and 6 is never 
allowed to go negative. This could hap-
pen if pins 5 and 6 are held at OV by IC I c 
pin 10, and then IC I a pin 3 switches 
to OV. With diode D2 fitted, the volt-
age cannot fall below OV (ignoring the 
usual forward voltage drop across it). 
Internal diodes in the gate should prevent 
damage, but D2 is a useful safety addi-
tion. Both DI and D2 can be any type of 
silicon diode, such as type I N4148. 
A preset potentiometer would normally 

be used for VR I unless frequent changes 
of value are envisaged, in which case 
a panel mounted potentiometer would 
be used. Having established how many 
pulses per second are monitored, the 
timing period should be set for longer 
than the interval between pulses. 
The actual period will rarely be critical 

and VR I can be omitted in many applica-
tions, in which case resistor R2 should be 
increased to the value required and con-
nected directly to positive rail. 

NAND-GATE 
PULSE MONITOR 
A monostable can be made by means 

of NAND gates as shown in Fig. 9.8. 
Note that only one NAND gate is really 
required (IC I a) since two of the gates 
(1C1b and IC 1 c) are wired as NOT gates 
by joining their inputs together. Single 
NOT gates may be used, or NOR gates 
wired as NOTs. As before, it depends 
upon other requirements of the circuit. 
Like the 555 module in Fig. 9.6, the 

circuit requires negative-going (OV in this 
case) pulses at its input. Each OV pulse 
causes IC la output pin 3 to switch high. 
IC1b pins 5 and 6 also switch to high, 
making IC lb pin 4 switch low. The posi-
tive voltage at IC1b pins 5 and 6 will fall 
as current flows through the resistor R2 
and preset VR1 to the OV rail. After the 
timing period has elapsed, the output at 
IC1b pin 4 will switch back to positive. 
The timing period is calculated in the 
same way as for the circuit in Fig. 9.7: 

T = 0.7 x Rx C 

The additional gate, IC I c, ensures that 
if further OV pulses are received before 
the end of the timing period, IC1b pins 5 
and 6 will be held positive via diode DI, 
keeping the output (1C1b pin 4) at OV. 
Only if the negative-going pulses at the 
input cease for longer than the timing 
period will the output return to positive. 
Diode D2 ensures that IC 1 b pins 5 and 

6 are never at a higher voltage than the 

supply rail. This could otherwise occur 
in a similar (but opposite) way to that 
prevented by diode D2 in Fig. 9.7. Both 
D1 and D2 can be any silicon diode type, 
such as 1N4148. 
The points made in the NOR gate ver-

sion of Fig. 9.7 about preset VR I and the 
choice of gates apply equally here. For 
example, the i.c. suggested for ICI is the 
CMOS NAND gate 4011B, but a 74HCOO 
i.c. may be substituted, noting that the 
pin numbers are different (Part I, Fig. 
1.14 for the pinout details). 
To sum up the missing pulse detector 

circuit in Fig. 9.8: 

If Input is high then Output is high 
If Input is switched low then Output 
switches low 

If Input continually switches high/low 
then Output remains low 

If Input remains high then Output 
switches high after timing period 

In other words, a continuous set of 
pulses at the input will cause the output 
to remain low, but if the pulse stream 
stops, the output will switch to positive. 

RI  TR) 
INPUT  4k7 

+VE 

OV 

Fig. 9.9. Transistor controlled relay. 

RELAYS REVISITED 
A circuit which used a relay as the 

output device was first shown in Part I 
of the series and is shown again in Fig. 
9.9. It is repeated here since there are a 
few additional points worth making about 
relays. 
It is common to drive the relay coil 

from the collector of the transistor TR1. 
Whenever the voltage at the input in Fig. 
9.9 moves above about 0.7V. the tran-
sistor turns on and energises the relay 
coil. This creates a magnetic field inside 
the coil, which in turn causes the move-
ment of an armature. The armature in 
turn causes a switch to operate. 
The actual working of a relay is 

not important as far as its applica-
tion is concerned, but the description 
above indicates that, unlike the majority 
of electronic components, the relay is 
electromechanical. It therefore wears out 
after a certain number (admittedly very 
large) of operations and cannot switch on 
and off very quickly. 
It would be unwise, for example. to 

flash a set of disco lights by means of a 
relay. The repeated switching and arcing 
across the relay contacts would shorten 
the relay life dramatically. 
Relays  are,  however,  very  useful 

devices.  Provided that  repeated  fast 
switching is not required. they offer a 
very useful  method  of control  and 
isolation, particularly when the voltage 
being controlled is different from that 
used by the rest of the circuit. 

Fig. 9.10. Directly powered relay. 

The circuit in Fig. 9.9 shows a transis-
tor and relay employed as a single mod-
ule. A relay can of course be used as 
a module without other components, as 
shown in Fig. 9.10, simply turning the 
coil voltage on and off, by a switch, for 
example. Notice that the input circuit in 
Fig. 9.10 is concerned entirely with the 
relay coil, and the output circuit involves 
only the switch contacts. 
Modern relays can be very small, and 

very reliable. The range available has 
never been greater and care must be 
taken to select the best relay for the job. 
When selecting a relay, data for the coil 
and data for the contacts are entirely 
separate considerations. 

COIL DATA 
1. Voltage: 
The coil voltage must correspond with 

the voltage available from the driving 
circuit. Typical coil voltages are 3V. SV, 
6V, 12V, 24V. Relay coils are generally 
designed for d.c.  supplies,  although 
230V/250V a.c. mains coils are also 
available. Most relays will operate over a 
range of voltages across their coils. For 
example. a 6V relay may also operate on 
5V. A good catalogue will always provide 
exact information. 

2. Resistance: 
The resistance of the relay coil deter-

mines how much current it will use. In 
general, the higher the resistance the 
better. However, low voltage coils need to 
have a fairly low resistance in order to 
provide enough force to operate the con-
tacts. Relays with several sets of con-
tacts will be fitted with a lower resistance 
coil than their equivalents having fewer 
contacts. 

CONTACTS 
I. Type of contacts: 
The simplest contacts behave as a 

single-pole single-throw (s.p.s.t.) switch. 
When the relay coil is energised, the 
contacts close (switch on). Many relays 
have change-over contacts (single-pole 
double-throw - s.p.d.t.) which behave as 
a two-way switch. Most relays are offered 
with multiple sets of contacts as an alter-
native. They are a little more expensive, 
and their coils generally require a bit 
more current. 

2. Contact voltage: 
The voltage rating of the contacts 

is the maximum voltage which can be 
switched. Many relay contacts are rated 
at 120V a.c. - designed principally for the 
USA and other countries with similar 
mains voltages. Be warned that these 
120V a.c. relays must not be operated 
from the 230V/250V C1K mains supply. 
If you wish to switch d.c. supplies, 

note that the maximum d.c. voltage al-
lowable is often much less than the 
equivalent a.c. voltage. This is partly 
because d.c. causes much more arcing 
as the contacts separate. and partly be-
cause the peak a.c. voltage is greater 
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than the r.m.s. value. A good catalogue 
will clearly state the maximum ac. and 
d.c. voltages permitted. 

3. Contact current: 
The maximum current which can be 

switched via the contacts of most com-
mon-place relays may be as little as un-
der IA or over 10A. Always be generous 
and obtain a relay with a greater current 
switching capacity than required. 

OTHER FACTORS 
The physical size and shape of a relay 

may be important in some applications. 
Some relays are designed for direct 
mounting on a printed circuit board. 
Others are designed for special sockets 
which must be purchased separately. 
Many have a set of solder tags. 

Most relays are housed in a plas-
tic case, and some are fully sealed to 
prevent contamination of the contacts. 

REED RELAYS 
The reed switch relay is a type of relay 

in which the armature and contacts are 
replaced by a reed switch which sits in-
side the relay coil. Reed relays are of-
ten smaller than other types, and their 
coils generally have a higher resistance 
resulting in lower current consumption. 
They are often designed for direct p.c.b. 
mounting. 
The reed contacts generally have 

a lower voltage and  current rating 
compared with standard types of relay, so 
limiting their usefulness. However, they 
are often used in alarm systems. For 
example,  virtually  all  PIR  (passive 

infra-red) detectors contain a reed relay 
which links the PIR unit with the main 
alarm panel. 

EXAMPLE PROJECT 
The Twin-Beam Infra-red Alarm is the 

example project (elsewhere in these 
pages) which shows how the modules of 
Teach-1n Part 9 can be combined in a 
practical application. 

PART TEN 
This Teach-In series is concluded in 

Part 10. The subjects examined arc 
magnetic pick-up sensors, frequency 
to-voltage conversion and a linear VU 
display. The example project illustrate 
how a motor/shaft speed display can 
be constructed - ideal for cyclists! 

Ohm Sweet Ohm 
Max Fidling 

War Paint 
Springtime, and a quick tour under 

duress around a DIY superstore: nothing 
strikes terror into my heart more than the 
sight of the Boss holding one of those 
emulsion paint colour charts, because I 
know what's coming next ..."The latest 
season's colours ... time for a spring-
clean ... let's start next weekend!" she 
chides. Trouble lurked. 
I left the Boss pondering the wonders 

of wall paint while I ambled casually 
over to the Hand Tools section, a glitter-
ing treasure trove of technical-looking 
twiddly bits with which I could impress 
my friends! Spying some likely plunder 
dangling from a hook. I sneaked a set of 
multi-gauge wire-cutters (with coloured 
cushion-grip handles to match the other 
bits 'n' bobs in my toolkit) into the 
wobbly-wheeled shopping trolley while 
the Boss still pondered the latest colour 
scheme. 
Back at the ranch, I'd left the Boss 

pondering her tastes in paint, as she 
sloshed the first in a series of those little 
tester pots in a conspicuous area near the 
kitchen sink. Sensing trouble, I mooched 
over to the shack carrying my latest 
booty, to see how the wire strippers 
would look in their new home, followed 
by the cat, who looked distinctly hungry. 
I tipped some salmon and rabbit grub into 
Piddles' bowl and he started to munch 
with gusto. clattering his howl as usual. 

Colour Scheme 
My mind started to wander as I 

contemplated gloomily a weekend of 
decorating. One problem I have is with 
the silly names the paint companies give 
all these colours. I have a theory that they 
employ someone specially to dream up 
these non-descript titles, which bear no 
relation to what the stuff actually looks 
like! 
It's all designed to confuse, I explained 

to the cat. If I had my way. I rambled, I'd 
re-christen the lot at a stroke, probably 

saving Britain's paint industry a fortune 
to boot! Forsythia would become Multi-
meter Yellow! Buckingham could be-
come Earth Terminal Green! Paxolin 
Brown ... Burnt Out Black! Solder 
Grey! Now that's much better! 
A sequence of names breezed across 

my brain while I tested the new wire 
cutters on some stout old offcuts of solid 
core wire. Bits of wire and insulation 
pinged off and ricocheted around the 
shack before rattling back to earth, 
burying themselves amongst the various 
piles of washing machine spares and 
other prized belongings. Piddles still 
scoffed on, regardless. 
My fears materialised when it was 

announced finally that the kitchen was 
going to be painted Terracotta. By now 
the kitchen bore the hallmarks (or is it 
wallmarks?) of experimentation  with 
several  little tester pots.  It looked 
positively awful! However, having just 
polished off my current electronic project 
in the shack, it was back to the superstore 
to purchase bulk supplies of the said 
Terracotta. (Brown, to me.) 
Later that day, work duly began as I 

prised open a plastic paint container and 
peered miserably into the pot. It occurred 
to me that the paint could do with a jolly 
good stir before sloshing it around the 
kitchen, but my custom-made paint stir-
rer (an old screwdriver) was nowhere to 
be found. Not wishing to make work for 
myself, a plot hatched ... 

Wolf Man 
"This'll perk it up a bit. I reckoned, as I 

grabbed my trusty old "Wolf" electric 
drill. In a flash I had my drill stand bolted 
to the bench using two large G-clamps, 
which I screwed up tightly in a twirl. 
Eager to press on, the power drill slotted 
into place neatly on the stand, and bingo! 
Well, nearly — what to do for the "busi-
ness end?" Perched on the shelf was my 
set of hexagonal Allen keys ... 
A 6mm Allen key was fitted tightly 

into the chuck, so that the short right-
angle bit would act like a stirrer at the 

end of the key's shaft. The paint pot was 
positioned under the drill, which by now 
looked like a weapon of torture, and 
I lowered the contraption confidently 
into the paint and switched on. Slowly 
the drill gathered speed as a satis-
fying whirlpool of Terracotta formed. 
The "Wolf" whisked the paint up into 
a Cappuccino-like frenzy for another 
minute or so, still neatly contained in the 
pot. 

Terror-catta 
As it accelerated still further, with a 

sudden "gloop" the emulsion gushed out 
of the tin in a muddy-looking fountain of 
paint which showered all over the bench! 
The drill, relieved of its load, cranked 
up into a crescendo of a scream as I 
struggled to turn the gizmo off! 
Large globules of paint were flung off 

as I peppered myself and the moggie with 
tastefully arranged blobs of Terracotta! I 
wonder if Magnolia would do instead, 
I pondered, switching off the banshee 
electric drill and wiping my spectacles. 
I've lots of that. (Though I called it 
cream.) 
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Teach-In  - Constructional Project  N 

TWIN-SEAM 
INFRA BRED 
ALARM 
MAX HORSEY PCB DESIGN BY TOM STEELE 

Twin-bea m coverage of any 
opening improves security and 
offers fe wer false alar ms. 

Tills article is based on the informa-
tion provided in Teach-In Part 9, 
and shows how modules may be 

selected and combined to produce a work-
ing project. 
The Twin-Beam Infra-Red Alarm sys-

tem is intended to connect to an alarm 
panel, such as a commercially produced 
house alarm system, or the alarm system 
featured in Teach-In Part 2. It can, though. 
be used on its own without modification. 
The system has been designed to protect 

against entry through a window or door, 
without having to close either of them 
(what a boon for hot days and nights!). 
It is also especially useful for detecting 
movement through a passage. 
Both the Transmitter and Receiver units 

have built in voltage regulators, and can 
operate on a supply of 9V to IW d.c. 
Many commercial alarm panels include a 
13.8V output suitable for powering this 
design. The Receiver features a reed relay 
output which is normally closed, and is 
compatible with virtually all commercial 
alarm systems. 

WHY TWO BEA MS? 
Ls *. a m in beam s) stem allows the 

design to be more specific in its operation 
than a standard passive infra-red (PIR) 
unit. Here two beams have to be broken 
at the same time for the circuit to be 
triggered. Furthermore, the beams can be 
positioned so that animals can move un-
derneath without triggering the alarm. 
A single beam system is susceptible to 

being triggered by flying insects, such as 
moths. By having two beams several cen-
timetres apart. though, both of which must 
be broken to trigger the alarm, the system 
is almost immune to false alarms of this 
nature. It would be very unlucky if two 
moths happened to cross the beams at the 
same moment! (But remember Murphy's 
Law! Ed.) 
However, the design may also be built 

as a single beam system if preferred. and 
still using the same printed circuit board. 
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THE PRINCIPLE 
Block diagrams for the Transmitter and 

Receiver units are shown in Fig. I. The 
two beams and their associated circuits 
are labelled A and B. and the timing of 
their relative waveforms is also shown 
graphically in Fig. I. 

Although  the  beam  transmission 
periods are shown as single pulses, each 
pulse actually represents a short burst of 
encoded data. By keeping the bursts 
short, the power consumed is kept to a 
minimum. 
In each transmission cycle, the encoded 

data for Beam A is transmitted first. Beam 
B is transmitted immediately after Beam A 
has finished but has a different code to it. 
Note that Beam B cannot be transmitted at 
the same time as Beam A. since the two 
beams would interfere with each other, and 
the coded information would be lost. 

RECEIVER 

INFRA RED 
RECEIVER 
AND 
IFIER 

INFRA NED 
RECEIVER 
AND 

AMPLIFIER 

DECODER 

TRANSMITTER 

- 

TRANSISTOF 
AND 

REED SWITCH 
OUTPUT 

Fig. 1. Block diagrams and waveforms for the Twin-Beam Infra-Red Alarm. 
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Fig 2. Circuit diagram for the Dual-Transmitter unit. 

The timing control for the Transmitter is 
formed from an astable which has a 1:10 
mark/space ratio. The square wave output 
from the astable is encoded before being 
amplified and delivered to a high power 
infra-red I.e.d. 
An inverted signal from the astable is 

used to trigger a monostable. The monos-
table is set to produce a positive output of 
about the same duration as the "mark" 
signal from the astable. The positive out-
put from the monostable is encoded and 
amplified in the same way as the astable 
output. 
At the Receiver, both beams are 

received and processed separately. The 
incoming infra-red data is first amplified 
and decoded. The output signals from both 
decoders are then ORed and fed into a 
missing pulse detector circuit. 
The missing pulse detector is pro-

grammed to expect a pulse from one or 
other of the decoders at regular intervals. 
If the pulses cease, then both beams must 
have been broken, and the reed switch 
output is triggered. This action can be used 
to activate an audible warning — a bell or a 
siren, for example. Alternatively, it may be 
connected to an existing alarm system in a 
similar way to any of its other sensors. 

TRANSMITTER 
CIRCUIT 
The circuit diagram of the complete 

Dual-Transmitter is detailed in Fig. 2. 
NOR gates ICI a and ICI b form the 
astable, which is a copy of the module 
discussed in Teach-In Part 9. The resis-
tance values of 1001:12 for R2 and 1 M,12 
for R3 provide the 1:10 ratio output. 
Generation of the two encoded signals is 

performed by the circuits around the data 
encoder/decoders IC2 and IC3. These parts 
of the transmitter circuit are based on the 
module described in Part 5. Apart from the 
code which they transmit, their operations 
are identical. The circuit around IC2 is the 
one we shall discuss in detail. 
Data code selection pins I to 12 of 1C2 

allow a 12-bit digital code to be set up by 
connecting a selected combination of them 
to the ground (OV) line. The p.c.b. allows 
any combination of pins from 1 to 9 to be 
connected to OV. Unrequired pins should 
be left open-circuit (unconnected) — they 
are internally biassed and the chip regards 
them as being high (logic I ). 
The coded signal is delivered via resis-

tor R5 and diode D2 to the Darlington 
transistor pair within TR I . This high gain, 
high power device turns on both the nor-
mal I.e.d. D3, and the IR transmitter I.e.d.. 
D4, subject to control by the astable. 
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When the output from the astable, IC lb 
pin II. is high no current flows through 
diode DI, and so the coded output signal 
from pin 17 of IC2 is allowed to flow into 
the base (b) of TR I via R5 and D2. When 
the output from the astable switches low, 
the coded signal is drained via DI into 
the astable output. R5 limiting the current 
drawn from IC2 pin 17. Diode D2 com-
pensates for the voltage drop across DI. 
to ensure that the Darlington pair is fully 
switched off when it should be. 

M ONOSTABLE 
Whenever the astable output (1C1b pin 

1 I) goes low, its inverted output (pin 10) 
switches high. This output is connected to 
ICIc pin 1 and controls the triggering of 
the monostable, which is comprised of 
Inc and ICId. The monostable's timing 
period is set for about the same time as the 
"mark" period of the astable. 
The output from the monostable (IC Id 

pin 4) is used to control the second en-
coder, formed around IC3. This encoder 
should be set to have a different code to 
1C2 by connecting to OV a different com-
bination of pins I to 12. 

POWER SUPPLY 
The external power supply is input via 

socket SKI and fuse FS!. It is then regu-
lated down to 5V by IC4. Although the 
UM3750 devices (IC2 and 1C3) can handle 
a supply voltage up to a maximum of I IV. 
in order to ensure a stable power line, it 
was felt preferable to power the circuit 
from a regulated 5V supply. 
The power supply input voltage range in 

this circuit is from about 8V to 15V d.c., 
making the unit ideally suited to house 
alarm systems. Diode D9 ensures that the 
voltage on the output side of the regulator 
can never be much greater than the voltage 
at the input. This could happen due to 
charges on the capacitors if the alarm 

Housing of the IR 
Transmitter. 

system were to be switched off. Diode 
DIO prevents damage to the circuit if the 
supply is accidentally reversed; in this 
event, fuse FS I will blow. 
Capacitors CS and C8 to CI I perform 

general power line &coupling. 

RECEIVER CIRCUIT 
Details of the complete Dual-Receiver 

circuit are shown in Fig. 3. The infra-red 
receiver/amplifier stages used for both in-
coming signals are identical (ICI and 1C4) 
and are formed around the module des-
cribed in Part 5. as was the module for the 
two decoder stages (IC2 and 105). 
Remember that the code set for IC2 of 

the Receiver by means of wire links must 
be the same as the code set for IC2 on the 
Transmitter. Likewise, the code set for 105 
of the Receiver must agree with that set for 
1C3 on the Transmitter. 

MISSING PULSE 
DETECTION 
Output pin 17 on each decoder (IC2 and 

IC5) is normally high (logic 1). Taking 
IC2 as an example. the positive logic level 
from pin 17 is fed via current limiting 
resistor R8 into transistor TR2. so turning 
it on. In this condition. TR2's collector (c) 
voltage will be near zero, thus I.e.d. D6 
will be on and the logic level into the NOR 
gate IC6a will be low. 
When the correct code is received by 

IC2. pin 17 switches low. TR2 therefore 
switches off and the voltage on its col-
lector rises to equal the supply voltage. 
Resistor RIO ensures that this voltage can 
rise sufficiently, irrespective of the voltage 
drop across the I.e.d.. to ensure that NOR 
gate 1C6a regards the voltage as logic I. 
The same sequence of events applies to 

TR1 and its associated components. Note 
that I.e.d.s D5 and D6 will be lit when the 
code is nor received. 

• 

Provided that pulses are being received 
by either or both sections of the circuit, the 
collector of TR I and/or TR2 will keep 
switching between logic 1 and logic 0. 
Whenever either input of the NOR gate 
IC6a goes high. its output from pin 11 
goes low, so discharging capacitor CIS via 
diode D7. 
With IC6c pins 5 and 6 low, the output 

from its pin 4 will be high. Transistor TR3 
will therefore switch on, causing reed relay 
RLA I to also turn on. This represents the 
"normally closed" non-alarm condition. 
If no pulses are received by either part 

of the circuit, the output from IC6a will go 
high. triggering the monostable comprised 
of IC6b and 1C6c. After an interval deter-
mined by the values of resistors R II and 
capacitor C15. the output from the monos-
table at IC6c pin 4 will go low, turning 
off TR3 and causing the relay contacts to 
open. 
. Transistor TR3 is shown as an npn tran-
sistor. However, it is possible to use a pnp 
transistor instead so that the relay contacts 
are open when the code is being received. 
and closed when the beams are broken. 
This change is described later. 

TRANSMITTER 
Resistors  See 
R1. R2, 
R8  100k (3 off) 
R3  1M 
R4. R5, 
R9. R10 10k (4 off) 
R6. R11  3305.1(2 off) 
R7. R12  1000 (2 off) 
All 0.25W 5% carbon film or better. 

Capacitors 
Cl, C5, 
C8, 010 100n ceramic disc (4 off) 
C2, 03, 
C6  220n ceramic disc (3 off) 
C4, C7  180p ceramic disc (2 off) 
09  10011 elect. radial, 16V 
C11  100011 elect. radial, 25V 
Voltages are minimum working values 

Semiconductors 
Dl. D2, 
D5, D6 1N4148 signal diode (4 off) 
D3  led., yellow 
D7  led., green 
D4. D8  infra-red led., high power 

(2 off) 
D9, D10 1N4001 rectifier diode (2 off) 
TR1, TR2 T1P122 or TIP121 npn 

Darlington transistor (2 off) 
IC1  4001B quad NOR gate 
102.103 UM3750 encoder/decoder 

(2 off) 
IC4  78L05 regulator, 5V 100mA 

Miscellaneous 
FS1  Fuse, 500mA 20mm, and 

chassis-mounting 
fuseholder 

SK1  Power supply socket 
Printed circuit board, available from 
the EPE PCB Service, code 102; plas-
tic case, 150mm x 80mm x 50mm 
deep; 1mm terminal pins; clips for 
I.e.d.s (4 off); 14-pin d.j.!. socket; 18-pin 
d.i.l. socket (2 off); self-adhesive cable 
ties; self-adhesive p.c.b. clip; connecting 
wire; solder etc. 

Approx Cost 
Guidance Only  E23 
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PO WER SUPPLY 
Since the IR receiver/amplifier devices 

ICI and IC4 must not be operated on a 
supply of more than 5.5V, a regulated 
supply is essential. Power for the circuit 
can be taken from the household alarm 
system's power supply. It is then regu-
lated down to 5V by IC3. The other com-
ponents associated with the power supply 
work in a similar way to those for the 
Transmitter. 

CONSTRUCTION 
Since the construction of the Transmit-

ter and Receiver are similar, both p.c.b.s 
will be discussed in this section. Their 
details are shown in Fig. 4 and Fig. 5, 
respectively. They are available, as a pair, 
from the EPE PCB Service, code 102/3. 
Begin by checking that the p.c.b.s will 

fit into the required case. It is much easier 
to trim the hoards at this stage. than later. 
Next insert the d.i.l. (dual-in-line) i.e. 

sockets and the small wire link on the 
Receiver board (but not the wires linking 
the p.c.b.s with I.e.d.s etc.). The wire links 
to set the codes are discussed later. 
Fit the smallest components first, such 

as resistors, then diodes — the correct way 
round, followed by capacitors, ensuring 
that the larger electrolytic types are also 
inserted the correct way round. Check 
that transistors are fitted correctly with 
the flat sides as shown and be careful 
not to mix up the transistors and 5V 
regulator i.c.s. since they are of a similar 
appearance. 
The reed relay may be fitted either way 

round. Fit terminal pins for all the external 
connections. 
Note that IR I.e.d.s sometimes have a 

longer cathode (k) lead, the opposite to 
that shown in Fig. 4 and Fig. 5. If in doubt, 
ask your supplier. 

SETTING THE CODES 
Use single wire links (for now) to set 

the codes on the Transmitter and Receiver. 
The layout diagrams show example posi-
tions for the links. Note that the codes 
set on IC2 and IC3 of the Transmitter 
must be different from each other, but that 
the same codes must be copied on the 
Receiver. i.e. Transmitter code IC2 = 
Receiver code IC2: Transmitter code IC3 
= Receiver code ICS. 
When the system is working, extra links 

can be added to set a unique code. 

THE CASES 
It may be best at this stage to tit the 

circuits into their respective cases, since 
testing is very difficult if the infra-red 
transmitting and receiving transducers are 
not secured. In fact, the system is unlikely 
to work until these devices are correctly 
positioned in situ. 
Cases measuring 150mm x 80mm x 

50mm deep were used for both the 
Transmitter and Receiver. It is vital that 
the transmitting IR 1.e.d.s match those of 
the receiver regarding position and height 
etc. Since the Receiver is more difficult 
to arrange than the Transmitter, it is best 
to deal with the Receiver first. The 
transmitting 1.e.d.s can then be placed 
in suitable matching positions on the 
Transmitter. 
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Fig 4. Transmitter piinted circuit board component layout and full-size underside 
copper foil master track pattern. 

RECEIVER CASE 
When arranging the Receiver in its case, 

remember that the infra-red beams must 
pass through the inside of the case from 
each hole to the receiving diodes. This 
arrangement makes the system more direc-
tional. Red lenses were tried in the 
prototype, but plain holes were found to 
work better! Ensure that there are no 
obstructions, such as the tops of capacitors 
etc.. which might interrupt the beam. 
The p.c.b. is mounted at the bottom of 

the case as shown in the photograph, al-
lowing the IR beams to pass unimpeded 
from holes to sensors. Drill a hole for the 
power supply socket and a hole for the 
external alarm wires to link with the p.c.b. 
Three holes are required in the front for 

the 1.e.d.s. Do not drill any of these holes 
directly in line with the IR beams. Two 
terminal pins are needed for the relay 

switch contacts. The external alarm system 
may be joined directly to these pins, or 
joined via terminal blocks if preferred. 
Drill holes at the side, near the top of 

the case, about one centimetre in diameter 
for the IR beams to penetrate. Red lenses 
may be stuck over the holes but, as stated 
earlier, performance is likely to be better 
without. 
The chassis-mounting fuseholder in the 

prototype was stuck to the side of the case 
using self-adhesive pads. Note that a panel 
mounting fuseholder may project too far 
inside the case and interrupt the beam. 
The infra-red sensors may be mounted 

by pushing their wires through self-ad-
hesive cable-tie supports. Check that the 
sensor wires cannot become short-cir-
cuited. The self-adhesive supports can then 
be stuck opposite the holes so that the flat 
side of each sensor faces into the case. 
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Fig. 5. Receiver printed circuit board component layout and full-size underside 
copper foil master track pattern. 

COMPONENTS 
RECEIVER 

Resistors 
Rt. R3  10011 (2 off) 
R2, R4. 
R5. R8 10k (4 off) 
R6, R9, 
R12  68012 (3 off) 
R7, R10 100k (2 off) 
R11  1M 
R13  4k7 
All 0.25W 5% carbon film or better 

See 

TALK 
Page 

Capacitors 
Cl. C10  22ti elect. radial, 16V 

(2 off) 
C2, C11  2p2 elect. radial, 16V 

(2 off) 
C3, C4, 
C12, C13 10n ceramic disc (4 off) 
C5. C14  180p ceramic disc (2 off) 
C6  100µ elect. radial, 16V 
C7, C8  100n ceramic disc (2 off) 
C9  1000i elect. radial, 25V 
C15  11.1. elect. radial, 16V 
Voltages are minimum working values. 

Semiconductors 
Dl. D4  TIL100 infra-red sensor, or 

similar (2 off) 
1N4001 rectifier diode (2 off) D2. D3 

D5, D6, 
D9  I.e.d. (3 off), one of each 

colour 
D7, D8, 
D10  1N4148 signal diode (3 off) 
TR1 to 
TR3  BC184L npn transistor 

(3 off) 
IC1, IC4 TBA2800 infra-red amplifier 

(2 off) 
IC2, IC5 UM3750 encoder/decoder 

(2 off) 
IC3  78L05 regulator, 5V 100mA 
IC6  4001B quad NOR gate 

Miscellaneous 
FS1  Fuse. 500mA 20mm, and 

chassis-mounting 
fuseholder 

RLA  Reed relay. 12V 
Printed circuit board, available from 
the EPE PCB Service, code 103; plastic 
case. 150mm x 80mm x 50mm deep. 
1mm terminal pins; clips for I.e.d.s (5 
off); 14-pin di!. socket (3 off); 18-pin 
di!. socket (2 off): self-adhesive cable 
ties; self-adhesive p.c.b. clip; connecting 
wire; solder etc. 

Approx Cost 
Guidance Only  t e 32 
Take great care with all the wires. since 

they could obstruct the infra-red beams. 
Either keep the wires very short, or 
make them long enough to route carefully 
around inside the case, using self-adhesive 
pads to stick them in position. Finally. 
plug in the i.c.s. ensuring that they are 
fitted the correct way round. 

TRANS MITTER CASE 
The Transmitter p.c.h. is designed to fit 

at the base of the case as can he seen in 
the photograph. Drill holes in the sides 
for the infra-red I.e.d.s, taking special 
care to line them up with the sensor holes 
in the Receiver. Drill holes in the front 
for the ordinary I.e.d.s. The IR I.e.d.s are 
5mm round, and these and the ordinary 
I.e.d.s will tit neatly into I.e.d, clips if 
desired. 
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Drill holes suitable for a power supply 
socket and panel fuseholder if required. 
Use colour coded wires to link all the 

I.e.d.s to their respective terminal pins and 
fasten the p.c.b. with self-adhesive sup-
ports. Finally, plug in the i.c.s ensuring 
they are fitted the correct way round. 

TESTING 
I ,ting  infra-red  systems  can  be 

frustrating since it is hard to establish 
which unit is at fault — unless with extreme 
good fortune the system works correctly 
the first time! 
Connect a power supply to the Trans-

mitter and check that the ordinary I.e.d.s 
blink. If all is well so far, connect the 
Receiver to a power supply. Its I.e.d.s D5 
and D6 should light up. This shows that 
the code is not being received. Place the 
Receiver a metre or so away from the 
Transmitter and in line with it. 
The Receiver I.e.d.s D5 and D6 should 

blink off repeatedly if the code is being 
received. Some adjustment of the rela-
tive positions of the two units may be 
necessary, and try to avoid allowing the 
IR beam to reflect off nearby surfaces. 
Moving the Transmitter and Receiver fur-
ther apart may be helpful, but alignment 
may then be more difficult. 
When either or both I.e.d.s D5 and D6 

are blinking off, I.e.d. D9 should turn on, 
showing that the relay has been activated. 
Its contacts will now be closed, i.e. in its 
non-alarm condition. 
Breaking one or other infra-red beam 

will cause D5 or D6 to stop blinking off, 
but D9 should remain lit. However, break-
ing both beams should cause D9 to switch 
off. There will be a short delay before this 
happens. This delay may be reduced by 
decreasing the value of resistor R11 if 
necessary 

FAULT FINDING 
If you find difficulties getting the unit to 

work, read the general fault finding guide in 
Teach-In Part I. If the Infra-Zap project 

Housing of the IA Receiver. 

from Part 5 has been constructed, its 
Transmitter may be used if the code 
selected is the same as one or other codes 
on the Receiver for this alarm. This 
will establish whether the Transmitter or 
Receiver is at fault. 
If the Infra-Zap is not available, then a 

TV or video recorder remote control trans-
mitter could be used to establish whether 
the amplifier section of the Receiver is 
working. An oscilloscope is necessary for 
this, and a small signal should be present 
at input pin 14 of both ICI and IC4. A 
larger signal should be present on pins 8 of 
ICI and IC4 if the two amplifiers are 
working. The code will not be recognised 
by IC2 and IC5, of course. 
An  oscilloscope  will  also display 

whether a coded signal exists in the 
Transmitter at pins 17 of IC2 and IC3. The 
same signal should exist at the point where 
diodes DI and D2 join (and D5 and D6) 
but the signal will be in short bursts, as 
pins 11 and 4 of ICI switch between 
positive and OV. In the absence of an 
oscilloscope, a voltmeter should just 
register the pulses at these pins. 
The logic section of the Receiver is 

easier to test with just a voltmeter. Recep-
tion of the correct code by the Receiver 
should cause pins 17 of IC2 and IC5 to 
switch to about OV. 
It may be easier to test the logic sec-

tion of the Receiver if IC2 and IC5 are 

removed from their sockets. Pin 17 on the 
sockets can now be made positive or OV 
as required. For example, if pin 17 of the 
socket for IC5 is temporarily connected to 
OV, the collector of TR1 should switch to 
positive and I.e.d. D5 should switch off. 
This should cause pin 12 of IC6a to be-
come positive, and pin 11 to switch to OV. 
IC6c pins 5 and 6 should also register OV 
and this will cause pin 4 to be positive. A 
similar sequence of events should occur by 
taking pin 17 of the socket for IC2 to OV. 
Follow the circuit diagram through, check-
ing that the results are as expected. 
Repeat the tests above, but now make 

socket pin 17 positive. The appropriate 
I.e.d. should light, and after a short pause, 
pin 4 of IC6 should switch from positive 
to OV. 

INTERFACING 
It the beam break system is used with a 

house alarm panel, then the alarm panel 
should have an auxiliary power supply of 
about I2V (or often I3.8V) available for 
both units. Having connected the power 
supply, connect the relay contacts to a 
spare normally-closed input on the alarm 
panel. 

OUTPUT INVERSION 
As described, the relay contacts are 

closed when the beams are received. Some 
applications may require the opposite. For 
example, if you want a beeper to sound 
whenever the beams are broken, or if you 
wish to interface the circuit with a counter 
(such as the types described in Part 6), 
then it is easier if the relay contacts are 
open when the beams are received, but 
close when the beams are broken. 
There is more than one way to achieve 

this, but the simplest — even though it is 
a slight fudge — is to replace TR3 in 
the Receiver with a pnp type, such as 
BC214L. The leads of a BC214L are in the 
same order as the BCI84L, but the emitter 
and collector must be swapped on the 
board, since the collector must now be 
connected to OV. 
Looking at the transistor as it is shown 

on the board, i.e. with the flat side on the 
right and the leads pointing down, the 
bottom two leads must be swapped round 
before inserting it into the p.c.b. Be careful 
that the leads do not short together. 
With the output inverted so that the 

relay contacts are normally open, you can 
if you wish, use the system on its own, 
having a bell or alarm sounder wired to the 
relay. Power can be supplied by a I2V 
battery — a car battery, for example. 

Close-up detail of the Receiver's sensors and le.d.s and their mounting 

Everyday Practical Electronics, July 1996 540 



ELECTRONICS 
PRINCIPLES 3.0 

For Windows 3.1, '95 or NT. 
If you are looking for a means of improving 
your knowledge of electronics then this is the 
software for you. 
Electronics Principles 3.0 now contains an extended range 
of fully interactive analogue and digital electronics topics. 
including the GCSE Electronics software in one package.   

Input 
impedance'Zin' 

1" V 

151k 
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Formulae. 

Zin=  150 • 1)  Re 

RScurce 
10k 

12V 

Ernes Folowei Butte  Load 

Catmint gain = 150 

Emile, Resist°, - 1k 
Input Impedance = 151k 

• The software is completely self-contained, explanatory text 
and calculations are laid out in additional Windows. 
enabling you to see the effect of changing component values. 
one-at-a-time within the formulae. Graphics, text and 
calculations can be 'pasted'. in colour into text documents for 
a  hard copy reference.   

30V 
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• Analogue topics. range from simple dc current flow 
through a conductor to complex number ac arithmetic. 
including hi-polar. FET transistors and Op-Amps. Digital 
investigation, from simple logic gates to binary arithmetic 
and number conversion using counters and shift registers. 

• Two additional EPE publications are recommended to 
accompany the software, on which the GCSE topics are 
based. Thereby providing the most effective method of study. 
practical investigation, supported by additional reading. 

Teach-In No. 6, 'Design your own circuits.' by  Mike 
Toole  y £3.45 and Teach-In No. 7, 'A complete electronics 
course.' by Alan Winstanley and Keith Dye. £3.95. + £1.50 
each book for UK postage. 
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Teaching Electronics? Our electronics and mathematics 
software is currently used in hundreds of UK and overseas 
schools & colleges to support GCSE. A level. BTEC. City & 
Guilds. Degree level foundation courses and a range of NVQ's 
and GNVQ's where students are required to have an 
understanding of electronics theory. 'Copy to Clipboard' 
feature enables preparation of lecture overheads in colour. 
modify. or expand the text to produce your own handouts or 
study notes.   
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means don't case. 

means high impedance state. 

.90  
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Complete package still only £49.95 

ELECTRONICS TOOLBOX 3.0 
A Windows version of the popular Toolbox Software. 
Presents over a hundred commonly used formulae in a way 
that  makes  calculations  easier.  thus  encouraging 
experimentation in circuit design. Just select the formula. 

'pop' in your values and find the result. Only £.19.95. 

MATHEMATICS PRINCIPLES 3.0 
An easy to use Windows package including GCSE topics. 
enabling you to study or revise in what we believe is an 
interesting and enjoyable way. There are over one hundred 
and fifty mathematics  topics with interactive, full colour 
graphics, enabling a "learning through doing" approach to 
encourage experimentation. As used in many schools 

throughout the UK. Only £49.95. 

EPT Educational Software. Pump House, Lockram Lane. Witham, Essex. UK. CM8 2BJ. Tel/Fax: 01376 514008. 
E-Mail Address. SalesIdeptsoft.demon.co.uk  Web pages lutp://www.octacon.co.uk/ext/ept/software.lum 

For software only add £2 per order for UK post and packing. Make cheques payable to EPT Educational Software. 
Switch, Visa and Mastercard orders accepted - please give card number and expiry date. 

OVERSEAS ORDERS: Add £2.50 postage for countries in the EEC. Outside EEC add £3.50 for airmail postage. 
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Regular Clinic 

CIRCUIT 
SURGERY 
ALAN WINSTANLEY 

Back to its monthly pole position, the Surgery deals with the highly topical 
subject of PIC-based constructional projects, more on the Auto Battery 
Charger project and a quick look at stripboard ratings. 

Double Whammy! 
T'S GREAT to be back in my regular 
monthly slot and, as an added bonus, 

you'll see that our popular Ingenuity 
Unlimited column featuring readers' own 
circuit ideas, will now generally appear 
monthly, as well. We feel sure you'll 
welcome the extra "Surgery", plus the 
added opportunity to express your in-
genuity too! Circuit Surgery is our two-
way column to help with electronics 
problems whenever we can, as well as 
passing on useful circuits, views, hints and 
tips, plus follow-ups related to our con-
structional projects. 
The old-favourite Ingenuity Unlimited 

or the "IU" column as we call it, allows 
readers to share their circuit suggestions 
with the rest of the readership. IU is a 
surprisingly difficult column to compile 
(read the "Take Note" panel of IU this 
month, for one reason why) and, space 
being limited, it's a tough decision having 
to select the successful entrants. I hope 
that Ingenuity Unlimited feature will enter-
tain and encourage you, just as it did 
myself as a schoolboy, over 20 years ago. 

Take Your PIC 
A brief note from a reader set me think-

ing. Firstly, my thanks to Mr. I. Scott-
Young of Bulwell, Notts. who asks:-
Dear Circuit Surgery. Can you supply 

P/C op-codes? Also, there must be many 
readers like myself who have no access to 
IBM PCs. so can you use the Internet? 
Thanks! 

try to answer that shortly, and thanks 
also to reader Martin Gulbrandsen, in 
Norway, who sent in an E-mail: 
Hi Alan. I've a question about the 

"PIC-DAIS" constructional project in 
the May and June 1995 issues: I want to 
build a slightly modified (read: expanded) 
version of the project. but the article hid 
all the programming secrets into a ready-
programmed chip. Could you please help 
me with the programming procedure? I 
desperately need the exact specifications: 
PICs are programmed with 771-levels 
together with a I2V to I4V programming 
voltage, but that's all I know. 
The easy question (I think) first. Try the 

excellent Simple PICI6C84 Programmer 

featured in February I996's issue, Martin. 
It's a perfect starting point for PIC-
unaware people! We also ran an in-
troductory feature "Understanding PIC 
Microcontrollers" in March 1995's issue. 
You need a PC, some modest software, 
and a little extra hardware connected to the 
parallel port. Magenta Electronics now 
have an improved version of the pro-
grammer with p.c.b. as a complete kit, see 
their ad. for details. Unfortunately, you do 
need a PC! 
I'm devoting a lot of written space this 

month to the burning issue of the suitability 
of PICs in constructional projects. There's 
no doubt that the advent of the Arizona 
Microchip "PIC" microcontroller (to name 
but one brand) is beginning to have a very 
significant effect on our hobby. 
At a stroke, a custom programmed 

microcontroller (I.LC) sweeps away armfuls 
of logic chips and circuitry, and can be 
applied to a humungous array of applica-
tions, from random number generation 
to electricity meters to metal detectors! 
Arizona also produce an excellent range of 
supportive material leaving little excuse 
for not using them. 
Firstly, the PIC DATS (PIC Develop-

ment & Training System) code isn't 
openly available. Magenta Electronics 
retails a complete kit including the 
ready-programmed chip (see their advert) 
but for that project, we're unable to 
distribute the codes because they're not 
ours to give away! The same is true about 
the codes for our MIDI Analyser project 
(May 1996) for instance, which is a 
genuinely marketable product. 
Put plainly, a few desirable projects like 

the MIDI Analyser would never see light 
of day if the designers were expected to 
allow free access to the complex codes as 
well. (Purely as an observation, the same 
used to be said about complex p.c.b. foils, 
which is another sign of how the hobby 
is progressing: since copper track patterns 
have for many years been published in full 
as a matter of course.) 

Your choice 
Feedback which I've gleaned from the 

more advanced American experience of 
PICs in hobby electronics, would suggest 

that readers contemplating PIC projects 
fall into one of several brackets: 

• Advanced readers who are familiar with 
the PIC instruction set and are equipped 
to program PICs for themselves. 

• Intermediate-level  constructors  who 
don't yet have the resources to program 
the PIC, but would like to understand 
how they work anyway, and build the 
project too. 
• Readers who have no particular interest 
in the circuitry or the chip, they simply 
want to assemble the project and use 
it. Projects including our National Lot-
tery Predictor (Feb. 95) or this month's 
Games Compendium project might ap-
peal to such readers. 

We try to ensure we meet the needs of 
all our readership, and microcontroller ap-
plications in our project pages are some-
thing we consider carefully, especially as 
they do not hold universal appeal — yet. 
I had an extremely interesting and lively 

debate in an Internet newsgroup about a 
year ago, concerning the use of µCs at the 
heart of constructional projects. It would be 
true to say that those enthusiasts who can 
already use the PIC instruction set and 
"blow" chips for themselves, aren't inter-
ested in a published PIC project unless all 
the project's supporting source code etc. is 
available, because they might wish to alter 
the functionality of the circuit or "tweak" it 
for themselves, as Martin's message proves. 
It was revealed that without access to the 

essential codes, these readers have far less 
interest, if any at all, in building a particular 
PIC-based project. So everyone misses out. 
However, our policy is that we will pur-

chase the codes as part of the article from 
the designer and then freely offer them to 
any reader who asks. We think we're the 
first magazine in this market to do this, and 
it's a move which some American readers 
in particular have warmly welcomed. 
There is certainly no question of relent-

lessly pursuing a policy of using exclusive 
black-box chips which can only be pur-
chased from an individual source. If we 
did, there would be little point in print-
ing a circuit diagram: just buy in the PIC 
and follow the inter-wiring diagram, it's 
all you need! There will occasionally be 
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exceptions to this rule though, PIC-DATS 
and the MIDI Analyser being two of them. 
When codes are indeed available, this 

currently involves mailing you a floppy disk 
for a small charge to cover admin cost. Our 
P/C Electric Meter (February and March 
1996) by our own Technical Editor John 
Becker is an excellent example. 
We are also in the process of building 

up our World Wide Web and FTP sites, so 
anyone with Internet access will be able 
to download any of our available codes 
as binary files instantly — even yourself in 
Norway, Martin! 
Readers who don't wish to become 

embroiled in the flow diagrams, instruction 
listings etc. and who just want to build the 
project, are equally well catered for since 
they can again buy the chip direct. So now 
we hope everyone's happy. 
Incidentally, Martin then mailed us 

some time later: 
The Simple PIC 16C84 Programmer 

project (February 96), was exactly how a 
microcontroller project should be — really 
good stuff' 
Your opinions are welcomed. Please let 

us know how you feel. 

Auto Battery Charger 
Thank you to Mr. Alec Spencer of 

Stockport, Cheshire who wrote: 
Following up on your February column 

about this project (see April /995 EPE), 
I'd like to suggest that a changeover 
switch could be used to select the charge 
current, connected across R6 (Low Cur-
rent) and either a low value resistor or no 
resistor at all for a higher current. 
This would enable either low or larger 
capacity lead acid batteries to be charged, 
or alternatively, caravan batteries could 
be recharged quickly, or perhaps trickle 
charged in the winter. 
A neat idea. This project used an op-amp 

as a Schmitt trigger to monitor the terminal 
voltage of a lead acid battery and when it 
dropped below a certain level, it turned on a 
mains charger until the voltage had risen 
again. The optional series resistor R6 (ap-
prox. 1 ohm, 3 watt) limited the charge cur-
rent to a nominal I A, since the project was 
designed for use with smaller lead acid bat-
teries only. About 2V appears across the 
resistor with up to IA flowing through it. 
If you wanted to handle larger capacity 

batteries (e.g. car types) then a higher 

charge current may be desirable. The only 
way you can do this is to uprate all the 
main P.S.U. components in the charger. 
Remember that in a full wave bridge-
rectified circuit, the true r.m.s. current seen 
by the transformer secondary is higher that 
the final d.c. load current. 
Consequently the transformer will need 

a higher rating — for every IA d.c. output, 
the transformer must deliver I .66A r.m.s. 
So a 3A d.c. output would need a 5A r.m.s. 
(60VA) winding. The bridge rectifier DI-4 
will need to be a higher current type too. 
Switching the value of R6 will limit the 

maximum current used to charge the lead 
acid battery. The precise resistor values 
should be chosen from trial and error using 
the battery in question. Try a 3-3 ohm 2W 
resistor for a 500mA peak. A simple net-
work giving three charge currents is shown 
in Fig. 1. 
Also, it's worth pointing out that there 

may be a limit to the current which the 
p.c.b. can safely carry. The unit was 
designed for one amp, and this leads me 
onto the next reader's question. 

Stripboard current 
Mr K.H. Rutter of Cardigan asks: 
Dear Alan. can you tell me what is the 

maximum voltage and current rating for 
0.1 inch stripboard? Why isn't stripboard 
plated or tinned as printed circuit boards 
are? 
Stripboard (or "perfboard") is no 

longer the off-the-shelf standard product it 
once was. There was a time when the 
proprietary "Veroboard" product had no 
peers. It came in a range of standard sizes 
(and pitches: 0.1 inch, 0.15 inch and 0.2 
inch at one time, if I recall correctly) 
which I could virtually recite off by heart, 
(10 strips x 24 holes, etc.) but like most 
things, there are now cheaper imported 
alternatives as well as o.c.b.s. Why, I once 
received white stripboard which was 
apparently made in the Far East. Is nothing 
sacred? 
Many years ago there was one alterna-

tive system called "Blob Boards" which 
were pretty gruesome things to solder al-
though they were roller tinned. I guess that 
tinning stripboard would just have made 
it too expensive for a cheap and cheerful 
prototyping product. That's also why old 
stripboard is hard to solder (tarnishing) un-
like a tinned p.c.b. 

Fig. 1. A simple network for providing three battery charging current ranges. 
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Standard 0.1 inch stripboard is tine for 
250V operation but personally I would 
tend not to use it to carry more than maybe 
an amp or two at mains voltage: theoreti-
cally the copper strip is rated for 5A 
depending on other factors (permissible 
temperature rise for one). 
A sensible precaution is to make not 

one but two adjacent breaks in the strip 
when needed, just to be sure of completely 
isolating any mains-voltage tracks. Solder-
ing on a length of tinned copper wire is 
a "dirty" way of boosting the current 
carrying capacity, as well as weakening 
the adhesive ... 
I'm always keen to ensure that all mains 

wires, terminals etc. are secured with tie 
wraps or hot melt glue, to avoid stress-
ing the connections. There's no doubt, a 
printed circuit board is far superior in such 
projects, and I often place the entire mains 
side (mains inlet, fuse, transformer) on the 
board as well. A good example is my 
simple Multi Purpose Thermostat project 
featured in EPE, March 1995, with my 
usual style of hand-made board! 

Art of Electronics 
The Art of Electronics is the one 

"classic" book on electronics I heartily 
recommend to anyone having anything 
other than a casual interest in modern solid 
state electronics. The "An" by Horowitz 
and Hill is possibly one of the world's 
best general electronics textbooks. 
The present (2nd) edition has, in my 

opinion, just the right balance between 
theory and hands-on experience and 
teaches electronics as a mixture of 
understanding, rules of thumb, erudite 
knowledge, hunches and gut feelings. It 
isn't a dry work on semiconductor physics 
and it always has a consistently practical 
angle. 
Electronics fans everywhere have asked 

whether a "3rd Edition" is looming. In 
late February '96 a message appeared from 
a Charles Coldwell in the USA who 
posted this into the Internet newsgroup 
sci.electronics.basics in reply to this very 
question: "Paul Horowitz is my thesis 
advisor. He and Winfield Hill are working 
on the Third Edition but I don't think it 
will be out for at least another year now." 
So now we know. 
In the meantime, the Art of Electronics 

(2nd Edition) is still available by mail 
order from the larger electronics dis-
tributors, or bookshops. It contains 1,125 
pages,  RRP  £35.00.  Published  by 
Cambridge  University  Press,  ISBN 
0-521-37095-7. An accompanying Stu-
dent's Handbook (ISBN 0-521-37709-9 
£16.95) is a useful adjunct. Both texts 
are listed by Farnell (Tel: 0113 263 
6311), order code 171-986 and 17 I -987 
respectively. 

Next month: those 555 circuit hints I 
promised, plus a look at constant current 
sources. 
If you have any questions or any 

comments to make, please write to Alan 
Winstanley, Circuit Surgery, Everyday 
Practical  Electronics,  Allen  House, 
East  Borough.  Wimbome,  Dorset, 
BH2 I  1PF.  United  Kingdom. 
E-mail:  alan@epemag.demon.co.uk. 
Http://ourworld.compuserve.com/home 
-pages/alan_winstanley. 
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Constructional Project 

GAMES 
COMPENDIUM 
JOHN C, BARKER 
Eyes dovvn and RIC a nu mber - 
everyone could be a winner/ 

Tills project is meant just for fun, 
not for serious gamblers! It may be 
used at home or even for fund rais-

ing for your favourite club or charity. It 
consists of four electronic games, Bingo, 
Dual-Dice, Roulette and Lottery. any one 
of which can he selected on power up. 
All the games are displayed on a dual 
seven-segment light emitting diode (I.e.d.) 
display. 
If Bingo is selected, the display initially 

shows "Hl-I" (for Housey-Housey — as it 
used to be called). On each press of the 
Play button, the display shows a random 
number between one and 90. Each number 
is displayed only once. If the last number 
is reached, it is displayed until the game is 
turned off. 
For Dual-Dice, the display initially 

shows "dd". Then on each press of the 
Play button, two random numbers between 
one and six are shown. The game con-
tinues indefinitely until the power is turned 
off by its switch. 

SI 
IN IC2 

78L05 

OUT 

cHnic,r1 

When playing Roulette, "r" is displayed 
on power up. On each press of the Play 
button a random number between 0 and 36 
is displayed, if that number is a red number 
the decimal point is also lit. The play con-
tinues indefinitely until powered off. 
If Lottery is selected. "L" is displayed. 

Now on each press of the Play button a 
random number between one and 49 is 
displayed. Six unique numbers are then 
selected by pushing the Play button, after 
which the display again shows "L" and 
another six selections can be made, ad 
infininan. 

HO W IT WORKS 
As can be seen from the circuit diagram 

in Fig. I, the Games Compendium design 
is very simple and consists of a pro-
grammed PIC I 6C84 microcontroller chip. 
ICI, and a dual common-cathode seven-
segment display, XI. 
The microcontroller's internal oscillator 

is configured for RC mode and the clock 

frequency is set by resistor R7 and 
capacitor CI. The clock pulses generated 
by the oscillator in this mode are less 
stable in their frequency than would be 
case if the oscillator were crystal con-
trolled, but in this application, this is 
unimportant. 
Port B of ICI controls the seven seg-

ments and decimal point of each digit in 
the multiplexed dual I.e.d. display. Port A 
lines RAO and RAI perform the multi-
plexed switching between the two display 
digits. 
Usually, current limiting resistors would 

be connected between each line of Port B 
(RHO to RB7) and each individual I.e.d. 
anode. To keep this circuit simple, though, 
just two current limiting resistors (R3 and 
R4) are used, one for each display digit, 
placing it in the cathode path controlled by 
Port A. 
This technique has the benefit of 

simplicity, but it does mean that there 
could be a slight difference in brightness 
between various display readouts, depend-
ing on the number of segments lit. In 
practice, though, the author did not find 
the difference significant, although the 
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Fig. 1. Complete circuit diagram for the Games Compendium system. 
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display was not bright enough to play the 
games in direct sunlight. 
Lines RA2 and RA3 of Port A are used 

for detecting the status of the Play and 
Choice switches. S2 and S3. respectively. 
These lines are normally held high via 
resistors RI and R2. but go low when 
the relevant switch is pressed. Software 
then determines what action should be 
taken. Line RA4 is not used and is simply 
grounded via resistor R6. 
The MCLR line is held high for normal 

microcontroller "run-mode" via resistor 
R5. 
Power is derived from a 9V battery. B1, 

for which a type PP3 may be used. This 
9V supply is then regulated down to 5V by 
IC2. Note that the 9V supply MUST NOT 
be connected directly to ICI, which has an 
absolute maximum supply voltage limit of 
7V. Capacitors C2 and C3 provide power 
line decoupling. 

SOFTWARE 
Because the PIC I 6C84 microcontroller 

has only 36 general purpose registers. 
some of which are used for processing, the 
numbers chosen for all games (except 
Dual-Dice) are held in a form of software 
look-up table, as shown in Fig. 2. 

TABLE ASSIGNMENT 
MSB  ISB A 

7 6 5 4 3 2 1 0 1E 

15 14 13 12 11 10 9 8 IF 

23 22 21 20 19 18 17 16 20 

31 30 29 28 27 26 25 24 21 

39 38 37 36 35 34 33 32 22 

47 46 45 44 43 42 41 40 23 

55 54 53 52 51 50 49 48 24 

63 62 61 60 59 58 57 56 25 

71 70 69 68 67 66 65 64 26 

79 78 77 76 75 74 73 72 27 

87 86 85 84 83 82 81 80 28 

— — — — — — 99 88 29 

Fig. 2. The software look-up table. 

The table consists of the 12 registers 
$1E to $29, each of which has eight bits. 
making 96 bits available. Taking the bits 
in ascending order, each one can be 
regarded as representing one of 96 num-
bers. Thus, for example, register $1E bit 0 
can represent zero, $1E bit 7 can be 

numeral seven, $1F bit I numeral eight. 
and so on. 
At the start of any game, all these bits 

are set to zero. Then, in a game situation. 
the bits associated with the various num-
bers involved can be set high (logic I) as 
appropriate to the game. 
For Bingo and Lottery, when a number 

is chosen, the appropriate register bit is set 
high to indicate that the number should not 
be selected again during that game. For 
Roulette, register bits are automatically set 
for selected numbers to indicate that they 
are "red", as on a roulette wheel. 
In all the games, a random number is 

first derived from the PIC's RTCC reg-
ister. which is a free-running incrementing 
register whose count value when sampled 
from software could be any between 0 and 
255. The number is then processed to 
bring it into the required range (Bingo I to 
90. Lottery 1 to 49, Roulette 0 to 36, 
Dual-Dice 1 to 6). 
For Bingo and Lottery. a check is made 

to see if the number has already been 
selected, testing the appropriate register bit 
to see if it has previously been set. If the 
number has already been used another one 
is selected. The chosen number is dis-
played on the I.e.d. readout. 

[ START 

SET UP REGISTERS 

DEFINE FLAGS 

SET UP PORTS 

PLAY LOTTERY  PLAY DUAL DICE PLAY ROL II UTE PLAY BINGO 

Fig. 3. Games selection flow chart. 
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The  completed 
Games Compendium As 

seen in this photograph, the on-off 
switch is top right. the Choice switch is 
top left, and the Play switch alongside 
the I.e d. display. 

For Bingo, this process is continued 
until all 90 numbers have been selected, 
whereupon the game stops. For Lottery, 
six numbers are selected and displayed. 
after which "L" is displayed indicating 
the start of another six selections. 
With Roulette, the random number does 

not have to be unique, but whether it is 
"red" or "black" must be known. This 
information is stored in the register table 
when the game starts, high bits are "red", 
low bits are "black". During the game. 
a number between 0 and 36 is chosen 
and displayed. with the decimal point also 
turned on if the appropriate register bit 
indicates that the number is "red". 
Dual-Dice just gets a random number, 

splits it into a high and low nibble (4 bits), 
which are then limited to the required 
range (0 to 6) and displayed. The registei 
table is not used in this game. 
The software flow-charts in Fig. 3 to 

Fig. 8 give an insight into the way that the 
PIC has been programmed to perform the 
four games. 

GET A RANDOM NUMBER 10 TO MAXIMUM I 

INCREASE DIVISION 
RATIO OF PRESCALER 

d3CDCNVT) RESET PRESCALER 
DIVISION RATIO 

INCREASE NUMBER II TO MAXNUM1 

CHANGE NUMBER TO BCD FORMAT 

DISPLAY LAST NUMBER FOREVER 

86 

Fig. 4. Flow chart for the GETNUM 
routine. 
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WAIT WHILE SWITCH RLSD 

PRIME DISPLAY WITH HH 

SET LAST ROW TO 29h 

SET MAXIMUM TO 90d 

CLEAR TABLE 

DELAY 

10PUNITSI OP UNITS 

DELAY 

IOPTENS) 0,P TENS 

DELAY 

WAIT WHILE SWITCH ALSO 

!GE TNUMI GET UNIQUE NUMBER 

Fig. 5. Flow chart for the Bingo game. 

CLEAR RE OAK 

WAIT WHILE PLAY 

SWITCH RLSD 

DELAY 

PRIME DISPLAY WITH r 

SET MAXNUM TO 37c/ 

SET ALL RED NUMBERS 

IN TABLE TO I 

DELAY 

0 P UNITS 

DELAY 

OP TENS 

DELAY 

WAIT WHILE SWITCH ALSO 

1ANYNUM) GET ANYNUM 10 36) 

IA OR Bi LOOKUP TABLE TO SEE IF 
NUMBER IS RED OR BLACK 

ICNVTBCDI CONVERT NUMBER 
TO BCD FORMAT 

Fig. 6. Flow chart for the Roulette 
game. 

CONSTRUCTION 
Details ol the printed circuit board 

(p.c.b.) for the Games Compendium are 
shown in Fig. 9. This board is available 
from the EPE PCB Service, code 104. 
Dual-in-line (d.i.1.) sockets should be 

used for ICI and the display XI. The 

LOAD COUNT WITH NUMBER OF SELECTIONS (61 

WAIT WHILE SWITCH ALSO 

PRIME DISPLAY WITH L 

SET LAST FOW TO 245 

SET MAXNUM TO 494 

CLEAR TABLE 

DELAY 

10PUNITS) 0 P UNITS 

DELAY 

1OPTENSI 0 P TEN', 

DELAY 

BLANK DISPLA' 

WAIT WHILE SWITCH RLSD 

GE TNLIMI GET UNIQUE NUM,, i 

DELAY 

0 P UNITS 

DELAY 

0 P UNITS 

BLANK DISPLA, 

DELAY 

Fig. 7. Flow chart for the Lottery game. 

components are best inserted and soldered 
in order of size, starting with the wire 
links, four of which go below the socket 
for the display. Ensure the correct orienta-
tion of IC2 and the electrolytic capacitors 
C2 and C3.  Do not insert ICI or the 
display yet. 
Next make the connections to all the 

off-board components. Note that switches 
S2 and S3 should be good quality click-
action types. to avoid complications with 
excessive contact bounce. 
Once the board and wiring are complete, 

check all soldering for dry joints and/or 
short circuits. Then insert ICI (pre-pro-
grammed — see below) and the display. 
To check the operation of the unit, 

power it up and it should show "HH". for 
the Bingo game. If this is not shown, 
immediately switch off the power and 
check everything again. 

WAIT WHILE PLAY SWITCH ALSO 

DELAY 

PRIME DISPLAY WITH dd 

CLEAR NUM' B NU MB 

SET MAXNUM 106 

DELAY 

OP UNITS 

DELAY 

0,1. TENS 

DELAY 

BLANK DISPLAv 

WAIT WHILE PLAY SWITCH RLSD 

GET A DOUBLE DIGIT 

Fig. 8. Flow chart for the Dual-Dice 
game. 

COMPONENTS 
Resistors 
RI. R2  100k (2 off) 
R3. R4  15011 (2 off) 
R5. R6  10k (2 off) 
R7  4k7 
All 0.25W 5% carbon film. 

See 

TALK 
Page 

Capacitors 
ci  100p polystyrene 
C2. C3  10p. elect. radial 16V (2 off) 

Semiconductor 
lc 1  PIC16C84 microcontroller. 

pre-programmed (see text) 
IC2  78L05 5V 100mA voltage 

regulator 

Miscellaneous 
Si  on/off rocker or toggle 

switch 
S2. S3  s.p. push-to-make switch 

(good quality — see text) 
(2 off) 

X1  7-segment display. 
dual-digit. multiplexed. 
common cathode 

Printed circuit board, available from 
the EPE PCB Service. code 104: plastic 
case. 114mm x 76mm x 38mm: 18-pin 
d.i.l. socket (2 off): PP3 battery and clip: 
connecting wire: solder, etc. 

Approx Cost 
Guidance Only 1 9 
If the unit boots up satisfactorily, the 

Play button (S2) should be pressed 90 
times, and each time a unique number 
should be displayed, after which the dis-
play should freeze. If it is not possible 
to display 90 numbers before the display 
freezes, it is almost certainly a problem 
with the Play switch which is generating 
too much contact bounce, in which case a 
better quality component should be used. 
Only limited provision has been made for 



Fig. 9. Printed circuit board component 
layout and full-size underside copper 
foil master track pattern. 

the software to detect and avoid contact 
bounce. 
On power-up, the game selected depends 

on which switches are pressed: 

None pressed = Bingo 
Play pressed = Dual-Dice 
Choice pressed = Lottery 
Play and Choice pressed = Roulette 

When playing any of the games, the 
Play button should be kept pressed for one 
or two seconds to randomise the number. 
The prototype was fitted in a plastic box 

measuring 114mm x 76mm x 38mm. 
The position of the components can be 
seen in the photographs. The board is 
secured on angled p.c.b. runners, which 
are fixed 12mm down from the lip of the 
box. When the lid is fitted, the p.c.b. is 
held in place as soon as the display is 
pushed securely into its square cut-out. 

PIC RESOURCES 
Before the PIC16C84 will do anything, 

of course, it needs to be programmed. 
There are three ways of doing this: 
A pre-programmed PIC I 6C84 is avail-

able from the author. He will also be 

pleased to program your own PIC16C84 
chip if you send it to him. The rrice 
of both these offers is detailed in 
ShopTalk. 
For constructors who wish to program 

their own chips, the source code (disk file: 
84comp.mag) is available on 3.5in. disk 
from the Editorial office. This file must be 
compiled to an object code file (C131), 
which then needs to be downloaded into 
the chip using a suitable programmer, such 
as the Simple PICI6C84 Programmer in 
EPE Feb. '96 issue. See ShopTalk for 
these details as well. 
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RING BINDERS FOR EPE 
This ring binder uses a special system to allow the issues to be 
easily removed and reinserted without any damage. A nylon strip 
slips over each issue and this passes over the four rings in the 
binder, thus holding the magazine in place. 
The binders are finished in hard wearing royal blue p.v.c. with 

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

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

readers send £ sterling bank draft, or cheque drawn on a UK bank 
or pay by credit card), to Everyday Practical Electronics, Allen 
House, East Borough, Wimborne, Dorset BH21 1PF. Tel: 01202 
881749. Fax: 01202 841692 (We cannot reply to queries or con-
firm 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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EVERYDAY 

PRACTICAL  

ELECTRONICS ON FAX 
New user friendly 

system at lower cost 

WHY WAIT? 

We Give You The Fax! 

Projects and Series 
From the Past Year's 
Issues of EPE 

AVAILABLE INSTANTLY! 
24 HOURS A DAY! 

WHAT IS EVERYDAY PRACTICAL 
ELECTRONICS ON FAX? 

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 covering the latest 
EPE articles. 

Call the EPE ON FAX system from the handset 
of your Fax machine or from a tone telephone. 
The handset must be switched to "tone". 

Following voice prompts, select either an index 
of articles, or a specific article by known article 
number (if you have previously received the in-

dex), from the keypad on your phone or Fax handset. 
Then enter the phone number of the Fax machine you 
want the article sent to, using the handset or phone 
keypad. 

EPE ON FAX delivers your choice of article to 
the Fax machine, complete with cover sheet, 
while you wait. We pay for sending the Fax, you 

are only charged for the initial call at £1.50 per 
minute. 

TEACH-lre96  
I. Wog II %O W! 
Llt:1111 StIn 

MIND 
MACHINE 
Mk III 

DIGITAL 

DELAY 
LINE 

511:11-6EG8tmill 
Pp00 GRA: 

At 

BAr BANC  . 
I CONVERTED 

• 4-

904, 

444-70 STEREO 
CORDLESS" 
HEADPHONES 

A-4.94;4‘000 

"14. 0 

- 

HOW TO USE EPE ON FAX 
• IFIIni 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 cent to the given number. 

HOW MUCH WILL IT COST? 
EPE ON I AX service k a higher rate premium line phone 
service. Calls cost £1.50 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 further information about how this 
project was put together, ring Starcomm Limited on 

(0113) 294 0600. 

TRY IT NOW! CALL 0897 124 125 
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Special Feature 

THE 
INTERNET 
WHAT'S IN IT FOR YOU? 

ALAN WINSTANLEY 

A fascinating history of the development of the world's ntost powerful 
communications system, and present day techniques and systems. 

TRACING the history of the development of the Internet, from a 
network of four American computers, right up to today's 

estimated 35 million, brings forth some interesting facts. 

Surfing Safari 
Take a close look at a few recent television advertisements: for 

example, those promoting Vauxhall Cars, or alternatively a 
favourite tipple, Guinness. In tiny letters, a solitary string of 
characters flashes on-screen briefly: http:11www.vauxhall.co.uk 
and http:Ilwww.guinness.co.uk. Or how about Pirelli Tyres: 
hitp:11www.pirelli.com. Even H.M. Government joins in with 
hup:11www.open.gor.uklinrevlirleafhtin which was spotted in a 
newspaper advert concerning the gripping world of Inland 
Revenue self assessment of tax. Talking of gripping, try a TV 
advert for Polycell wallpaper paste, no less, followed by one for 
IBM Computers: they're all at it! 
Even a humble television programme such as BBC Points of 

View mentions that it has an "E-mail address" of pov.@bbc.co.uk 
placed at the disposal of its band of techie viewers. Meanwhile, 
people ask, "Do you surf the net" followed by "What's your 
URL?" Yes, the Internet is here, accompanied by a techno-speak 
language all of its own and supported by a cast of millions. Thirty 
five million, or so, in fact. 
Nowadays it's fashionable to talk about the "Information Su-

perhighway", "E-mail addresses" and "web sites". Indeed, it's 
positively trendy to have an E-mail address, just as it was to have 
a fax number ten or twelve years ago. So let's set the record 
straight in this no-hype. fanatic-free guide as to what the fuss is 
really all about. 

Growth of the Internet 
First of all, unlike a telephone system 

for instance, nobody's really in charge of 
the Internet as a whole. It's just there. 
The Internet exists as a world-wide col-
lection of computer networks, all hooked 
together via global communication links, 
fibre optics and good old copper wire, 
with the odd satellite orbiting inbetween. 
Many of these computers access the In-
ternet just for the few minutes of the day 
that they are "on line". Some other parts 
of the networks are connected to the In-
ternet permanently. 
It's estimated that there are well over 

35 million Internet users world-wide, 
with 100 million or more projected by 
the end of this century. In the United 
Kingdom. it's hard to say precisely how 
many users there are; to offer some idea, 

Demon Internet Services of London claim to be the United 
Kingdom's largest "Internet service provider" having some 
60,000 customers, whilst the American company CompuServe 
Information Systems, with four million customers world-wide. 
reckoned rather optimistically they would achieve half-a-million 
customers in the UK by the end of 1996. Excluding individual 
users in academic and industrial/ commercial networks. I guess 
there are probably well under half a million UK users or so. but 
rising — fast. 
So how did this thing called the "Internet" come about? One 

theory points to the launch of Russia's Sputnik I satellite in Oc-
tober, 1957 as the turning point, an event which in its time must 
undoubtedly have unnerved America's military planners. In the 
1960s with the advent of the space race, the US Air Force sur-
mised that their land-based communications systems could be 
crippled easily in times of war, and therefore they funded some 
research into developing a safe and secure network which, if 
damaged during nuclear warfare, could still guarantee that data 
and information would find its way through by one means or 
another — even if part of the network had been destroyed. 
They reasoned that by ensuring that their communications sys-

tems were dispersed and never reliant upon one single central 
site, their network was rendered inherently much less susceptible 
to attack. In the late 1960s. the US Department of Defence di-
rected its Advanced Research Project Agency (ARPA) to analyse 
and resolve the problem of making military communications in-
vulnerable to military attack and consequently in Summer 1968, 
the ARPANET — the ARPA Network — was created. This con-
sisted of exactly four US academic and research computer sites 
linked together by telephone lines, see Fig. I. 
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Menlo Pk CA 
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Los Angeles 

ARPANET 
Advanced Research Projects Agency Network 

Fig. 1. ARPANET, the orignal packet switching network. 
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These particular sites had been chosen 
because they were computer research 
centres already known to ARPA whom, 
it was hoped, possessed the resources to 
solve some very thorny problems which 
undoubtedly would lay ahead. In order to 
meet the demands for a secure com-
munications system, what would be 
required was a completely different way 
of thinking and a new means of operat-
ing if the concept of a computer network. 
connecting several different sites over 
telephone lines, was to prove a viable 
system of communicating data. Little did 
they envisage the colossal impact which 
their early trials would have on the 
world's population. some 25 years later. 

Packets of Mail 
The four sites were all interconnected 

by a packet switching system. Whilst 
some experiments in computer-based 
communications had already taken place. 
the ARPANET differed from earlier 
experiments in that it used packet switch-
ing on a large scale for the first time. 
The concept of packet switching is 
said to have been shaped at the Na-
tional Physical Laboratory (NPL) in 
the United Kingdom starting in 1968. 
with ARPANET introducing its own 
implementation about a year later. 
"Packets" are small chunks of the 

whole message which are transmitted 
over a communications link and re-
assembled upon reception, see Fig. 2. Put 
simply, each packet has the "address" of 
the intended destination so they never go 
astray, and error-checking systems mean 
that packets can be re-sent over the 
network if a discrepancy arises in their 
contents during transmission: the mes-
sage is guaranteed ultimately to arrive 
intact. If part of the network is down for 
any reason (such as war damage or 
hardware failure) then packets can be re-routed through other 
operational parts of the network. 
A "self-healing", secure communications network was thus 

proposed: but imagine. ARPA's ideas were completely different 
from anything else happening at the time, and they started out 
with nothing except a completely blank sheet of paper. 
Packet switching would turn out to be the key to disaster-

proof transmissions. ARPANET used specially-built "Interface 
Message Processor" (IMP) machines based on Honeywell 516s, 
IMP's were conceived as custom-built peripherals which were to 
be spliced into their parent mainframe computer, being designed 
purely for the purpose of communicating on a network. They had 
some I 2K of memory, which was handsome at the time! (Recall 
that spacecraft Apollo II landed on the moon in 1969 guided 
by computers which were far less capable than today's average 
desktop PC.) A computer language called "Unix" was also intro-
duced by Bell Laboratories which was to become the de rigeur 
language for most computer communication networks, right up to 
the present day. 
The very first IMP machine was delivered by sub-contractors 

BB&N on 30 August 1969. to University of California, Los An-
geles (UCLA). The second was delivered to Stanford Research 
Institute (SRI) that October. The two computers formed the first 
true packet switching network, from which the Internet would 
eventually evolve — firstly with a cautious, toe-first dip in the 
waters and eventually a springboard dive headlong into global 
connectivity. The two remaining University sites were installed 
soon afterwards. 
At the same time, much effort had gone into the actual 

computer command structures or "protocols" which were needed 
to make the computer systems communicate with each other. It is 
said that the communication interfaces developed on an IMP at 
UCLA worked first time when the system was powered up, 
which must have been a very encouraging sign for the 
developers. ARPANET allowed users at one site to "log in" 
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to a remotely-located computer, and it 
allowed data files to be transferred 
between two sites, as well as sending 
messages or "electronic mail" (E-mail) 
from one user to another. These func-
tions (e.g. Telnet and File Transfer 
Protocol — FTP) are still used today very 
much as a matter of routine. 
The early ARPANET worked on a 

simple "user/server" model, whereby 
one computer site (the user or "client") 
would log onto and interrogate another 
computer site (the server or "host"). This 
basis was to prove unsatisfactory and a 
new technique quickly evolved instead 
("host-to-host" protocol) whereby the 
computer systems communicated more 
on equal terms. This newer method was 
incorporated into the first real network-
ing command structure called Network 
Control Program. or NCP. 

Open for Business 
By 1970, ARPANET was on-stream 

and in 1972 made its first public appear-
ance in the USA. The network had by 
now reached out to some 40 research 
sites in the USA, with each site sharing 
information and data files and also start-
ing to send E-mail messages between 
individuals at the supercomputer sites. 
Thereafter, sites added to the system so 
that by the mid 1970s there were over 
one hundred host sites, all using a variety 
of commercial computer systems. 
In 1973. according to Vint Cerf, 

then an Assistant Professor in Computer 
Science at SRI, ARPA proposed the idea 
of internetting — "between nets." inter-
linking not just individual computers, but 
entire networks. This saw the evolution 
of the Internet proper, with the objective 
of transmitting packets between com-
puter networks of any flavour. It is true 
to say that this would be the vanguard of 

the present-day Internet — a network of computer network systems 
communicating through "backbones" — major electronic carriers 
of electronic data. 
It was increasingly apparent that the NCP protocol would not be 

able to cope with a projected increase in the number of host sites. In 
anticipation of an upsurge in the number of host systems requiring a 
connection to the network, in the mid 1970s a new communications 
structure called TCP/IP (Transmission Control Protocol/ Internet 
Protocol) was developed and adopted by ARPANET in 1983 as the 
standard protocol, and is still with us today. 

A Packet Switching Network 
transmits messages as small 
packets, each with the 'address' 
of the recipient, then re-assembles 

them after transmission 

Fig. 2. How the packet switch operates. 
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Thus ARPANET continued to grow, adding 60 or so new hosts 
by 1977, and gaining its first international links in 1973 to Europe. 
Other computer networks sprang up in the USA, too. One sys-
tem called the Unix User Network or "Usenet" was established 
at the end of the 1970s and was an open system whereby users 
could broadcast or exchange views electronically amongst other 
users subscribing to the same "newsgroup". Usenet — often called 
"news," though not a reference to news bulletins or current events 
in the conventional sense — is alive and kicking today. 

"Anything and everything is available on The Net" 

In the early 1980s, the National Science Foundation's CSNET 
became operational — the Computer Science Network mail service 
conceived for research groups at industrial and academic sites not 
connected to ARPANET. Even at that time, it had become clear 
that access via ARPANET was advantageous — unfairly so, if you 
couldn't access it — and demands for alternative networks were 
rising. CSNET was designed to be operated via modems (modul-
ator-demodulators) enabling communications via ordinary tele-
phone lines on demand. 
Some twenty countries were connected in CSNET's heyday. 

However, connectivity and compatibility of CSNET with 
ARPANET was pencilled into the plan right from the start, as 
demonstrated in 1983 when the two networks started exchanging 
E-mail. 

Now is the Time 
IBM's BITNET (the "Because It's Time Network"), which 

served educational users, sprang up too, in 1981. BITNET was a 
"Store-and-Forward" system operated for the benefit of those 
populating the higher echelons of education. Users of BITNET 
could send E-mail and also subscribe to a computerised "mailing 
list" relevant to their particular interests which enabled a broad-
casting of information amongst whole groups of specific users. 
This was the electronic equivalent of somebody doing a mail-

shot to interested parties, receiving subsequent feedback, and 
other users then broadcasting their response, all by E-mail. 
However, unlike ARPANET, users of BITNET did not have a 
direct connection to others but had to send messages via expen-
sive leased lines for storage on a central server. These were then 
forwarded to the intended recipients or mailing-list subscribers. 
Both CSNET and BITNET combined to form CREN (the Corp-
oration for Research and Educational Networking) in 1987 and 
CSNET was officially made redundant by CREN in 1991. 
By the mid 1980s these American networking systems were 

starting to groan under the strain and the US National Science 
Foundation (NSF) decided to turn up the heat again using the 
latest technology, together with some heavyweight investment, to 
create a more effective network in the form of NSFNET. One 
source suggests that few of the costly NSFNET supercomputer 
centres were very efficient in practice. 
The mushrooming volumes of computer "traffic" finally spelt 

the end of ARPANET itself in 1989/1990, having now outlived 
its usefulness and being engulfed by NSFNET. So, the world's 
first computer network which had laid the foundation stones for 
today's internetting system. dissolved without trace. The world 
didn't notice the disappearance of ARPANET, however, since the 
inherent self-healing nature of the network meant that packet 
traffic was simply routed by other means. NSFNET was, however, 
to become a critical backbone of electronic traffic in the USA, 
having had a major upgrade completed in 1992. 

European Growth 
Not wanting to be left behind, things had been happening in 

Europe, too: for instance in the United Kingdom. 1980 had seen 
the commencement of JANET: the Joint Academic Network 
which interconnected roughly 50 major UK academic sites. 
JANET tapped into NSFNET in 1987 via a transatlantic link. 
EUnet was established in 1982 centred in the Netherlands and 

was the first European provider of services for commercial, rather 
than academic, users. It now covers the whole of Europe together 
with Central and Eastern European countries. Other European net-
works followed, including Ebone, established in 1991 and connect-
ing 27 European countries, and having several links with the US. 
The genesis of European networks becomes breathtaking and 

overwhelming, in a journey littered with acronyms. EARN started 
life as the European Academic and Research Network having 
some 40 member countries, to serve non-commercial interests 
only, including the European Space Agency and other high-level 

sites. According to their brochure, EARN became the first general 
purpose computer network dedicated to universities and research 
centres throughout Europe, the Middle East and Africa. EARN 
linked into EUnet, JANET in the United Kingdom and several 
other systems. 
More acronyms: TERENA — the Trans-European Research and 

Education Networking Association — formed in October 1994 as 
an amalgam of EARN and RARE (Meaux Associes pour la 
Recherche Europeenne) the latter having been funded partly by 
the European Union with a view to influencing and co-ordinating 
the efforts of European networking in the research sectors. 
NORDUnet was founded in the early 1980s to serve educa-

tional and research sites only, within the Nordic countries of 
Denmark, Finland, Iceland, Norway and Sweden. It is very 
much alive and kicking today with connections to US and 
other European backbones, and, since many of its member 
shareholders' countries border on Russia, NORDUnet is said to be 
building a direct access through St. Petersburg to Russian net-
works, using satellite links. Neighbouring Scandinavian countries 
using the NORDUnet network seem pretty keen to establish 
further links on a scientific/academic basis with their opposite 
numbers in the former Soviet Union. 

Writer's Bloc 
Yes, even Russia and the former Soviet bloc countries are keen 

to become connected and they have their own series of computer 
communications networks. BALTNET covers the Baltic states. 
Also, Moscow has its own backbone connection and several net-
works are open, including MSUNET and SovAM. And, naturally, 
Australia and those "down under" are connected too. 
Meantime, DANTE — short for the Delivery of Advanced Net-

work Technology to Europe — was created as a non-profit-making 
firm in July 1993 to link together European national research and 
University networks via its EuropaNET backbone. It also helps 
out certain lower-capacity European networks by providing their 
US links. DANTE was recently strengthened, thanks to the in-
volvement of British Telecom which now provides the Western 
European backbone for the DANTE R&D network. 
So to return to the opening paragraph, yes, everybody is at it. 

Virtually every country in the world has its own computer 
communications network system, and all of these systems are 
networked together to form the Internet. The Internet is still an 
incredibly fluid medium, demand-driven, ownerless and self-
regulating. Often it doesn't cope too well with the spiralling 
demands placed on it by users, and it is constantly being 
re-inforced, re-built and re-routed. 

"There's a jawdropping upside to having on-line access ..." 

The world has shrunk immeasurably within the last twenty-five 
years. With the advent of the next development — the "World 
Wide Web" — now anybody, anywhere in the world can exchange 
information complete with graphics, sound, moving pictures, and 
3-dimensional graphics, in a completely revolutionary way. We'll 
look at the World Wide Web (WWW) shortly, but let's now catch 
our breath and take a look at the present state of the art in the 
United Kingdom 

Dial I for Internet 
Most Internet users like myself have a "dial in" connection to 

the service network. Internet Service Providers (ISPs) — Demon 
Internet Services in London claim to be the largest — provide local 
"Points of Presence" through which access may be gained to the 
Internet. The key. critical word is "local". All that is required is a 
suitable computer. preferably an IBM-compatible PC or Apple 
Macintosh, but Amigas and Acorns may also be used, a domestic 
phone line, a modem, and some Internet access software. (Even 
Windows 3.1 "Terminal" will get you off the ground, but it's far 
from ideal.) 
The fact that local access is now generally available (but not 

universally so) means that the cost of telephone calls need no 
longer be prohibitively expensive. You only pay when you are 
connected to the Internet. You can exchange dozens of E-mail 
messages in a matter of minutes! 
Looking at VAT-inclusive costs of a local phone call, British 

Telecom charge about one penny per minute using the telephone 
at off-peak times during the weekend, and 1.645 pence per minute 
during evenings and nighttime in the week. Peak time, daytime 
costs are 3.9 pence per minute, or nearly 10 pence a minute if you 
have to dial nationally (over 35 miles) during the working 
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day. Also recall that BT was the 
world's first national telephone com-
pany to charge actual time used per 
second. The minimum cost of any 
call, though, is about five pence. 
A whole hour of "surfing the 

Internet" may be had for as little as 
60 pence plus a modest monthly 
subscription. Discount packages are 
also available which reduce the cost 
by a further 20 per cent. A par-
ticularly ironic fact is that normal 
"off peak" times (after 6 p.m.) on 
the telephone network actually result 
in very many more users coming 
on-line to benefit from the off-peak 
prices. There's therefore a bit of a 
rush during the evenings when "off 
peak" prices produce peak levels of 
demand! It can therefore take several attempts to gain access, and 
connections can sometimes be slow due to the heavy traffic — 
especially if transatlantic links are involved. However, the 
situation has improved immeasurably over the past year as more 
Internet Service Providers have opened for trade, and more Points 
of Presence, and more lines, have gradually been added. 
How a dial-in access works, using my own North Lincolnshire 

home as an example, is illustrated in Fig. 4. Choosing an ISP is 
rather like buying a mobile phone. Vodafone, Cellnet or Orange? 
And what is the reception like in your locality? Whilst Demon, 
Pipex and many other UK communications companies (over 130 
ISPs at the moment) provide dial-in connections as well as 
managing permanent ones for large accounts, one or two others 
are more correctly called On-Line Service Providers (OSPs). 

At Your Service 
The two best known OSPs, and intense rivals, are America's 

CompuServe Information Systems (CIS) and America On-Line 
(AOL), both very active in the UK. These provide a breathtaking 
array of informative on-line services such as news, weather, share 
prices, and special topical "help" areas. 
OSPs work in rather a different way. Both CIS and AOL are 

closed networks offering many "internal" services to subscribers, 
together with a gateway to the outside world and the Internet. 
They are rather more "squeeky-clean", priding themselves on 
being good "Internet citizens". The rest of the Internet world is a 
bit more rough-and-tumble, at times. OSPs are ideal for family 
use, but they are arguably not the most powerful, cheapest or 
versatile way of accessing the Internet. Demonstration packs and 
free-access samplers are the best way to find out. 
Additionally, service providers charge 

a modest subscription fee. Demon cur-
rently charge £11.75 per month which is 
a flat rate fee giving you unlimited access 
to the Internet. Certain systems, such as 
CompuServe, charge a further hourly fee 
after a basic month's allowance has been 
used. The minimum you will pay is 
about £6.65 per month. 
So what's available on the Internet? 

There's a staggering array of things to 
see and places to visit. Like browsing 
through a library, not everything is of a 
high quality, some of it is a waste of 
time, not all of it will be to everyone's 
tastes, and some of it is not at all suitable 
for younger people. Remember, anything 
goes in "cyberspace—, it's uncensored 
(but parental control software is avail-
able), and it's only a local call away. 
Not only can you send electronic 

mail at a fraction of the cost of 
ordinary "snail mail" (letter post), 
but a bottomless mine of information 
is suddenly at your fingertips. Any-
thing and everything is available on 
the Internet. In particular, the World 
Wide Web coupled with "search en-
gines" — methods of searching the 
globe's Internet sites for a particular 
topic — offer the potential to unearth 
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Fig. 4. Block schematic diagram showing how the "dial-in" access works. 

unparalleled quantities of data from 
around the planet, right onto your desktop computer. 
However, it's worth asking yourself, what are you going to do 

with all this information? Can you live without it? After all, you 
probably have so far! You can quickly find yourself completely 
overwhelmed with facts, figures, mail, data, graphics and bits of 
software. .. in fact, an absolute tidal wave of on-line information, 
which I guarantee can far outstrip anyone's capacity to either 
absorb it or stay abreast of it. 
There's a jawdropping upside to having on-line access. Usenet, 

for example, is a way of openly discussing thorny questions with 
like-minded people who may reside anywhere on the planet (as-
suming you get an answer). If you are struggling with Windows 
'95 — or you need the latest video drivers for your monitor, say — 
then the Internet offers tantalising access to the information and 
the files you need, delivered via the Usenet, or World Wide Web 
or FTP sites. 
Software bug need fixing? There may be a solution — or at least 

a reason — available from the American manufacturer's Internet 
site. Want to see the latest pictures from the Hubble telescope? 
They're available by intemet, directly from NASA. Interested in a 
particular new product — like a car tyre or wallpaper paste? Or 
self-assessment of income tax? Browse a brochure, on-line ... the 
list is endless. 
You might alternatively simply use Internet access for specific 

research purposes or for handling E-mail, as well as for a little 
general interest or "net surfing". In short, the Internet is as big as 
you want it to be — and the cost need not be very high at all, 
if used sensibly and with discipline (an enormous amount, at 
times!). One thing is for certain, the Internet is here to stay and 
there's no ignoring it. 
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Now the downside: Internet access can occasionally be mad-
deningly frustrating to work with. Peak-time usage around the 
globe can sometimes slow the so-called "superhighway" to 
something seemingly no faster than a cart-track! Successfully-
made connections to other sites can slow down to a grind: 
sometimes you can download 90 per cent of the desirable data in 
no time at all (well, in a minute or two), and then you're left 
kicking your heels waiting for the final 10 per cent. Eventually 
you abandon that site and go look elsewhere. Don't expect a 100 
per cent reliable service 100 per cent of the time. 
Some of the material available online is of low quality any-

way, which ultimately wastes your time and money. Expect to 
pay a small overhead for poor connections or wasted time — a 
lot more, if you don't have that all-critical local-rate access. 
Peoples' expectations of the Internet seem to mirror those of the 
telephone service — these days, rarely do you get a bad phone 
line or a break in service. Considering the technology behind it, 
sometimes a morse-key seems a mighty improvement over a 
humble dial-in Internet access account! The situation is improv-
ing all the time, but this is unfortunately partly compensated by 
a proportional increase in traffic. Now let's look at what "being 
wired" really means in practice. What do you get for your 
money? 

E-mail 
Electronic mail (E-mail) is used by virtually everybody with 

Internet access, for sending messages to other users. The main 
point of note is that delivery isn't instantaneous, and sometimes 
(rarely) mail may get lost. E-mail may only be "delivered" when 
the recipient dials-in to the Internet from their end, and collects it. 
It may also take a short time to be transmitted by the packet 
switching networks, to the ISP at the other end. This can be 
minutes or hours, or even longer. 
Millions of these messages flow around the world every day. 

But even if the recipient is in Australia (which some of my 
readers indeed are), it can still only be a local phone call away. I 
receive E-mail from readers in many countries. It isn't generally 
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necessary to write a polished letter, since it's accepted that timely 
communications are more important than producing a beautifully 
penned message. 
Sending an E-mail is rather like sending an open postcard. A 

message may pass through several systems in transit. In theory, 
confidentiality is not guaranteed. E-mail is not recommended for 
sending confidential information such as a credit card number, 
though I have yet to hear of anyone suffering as a result of doing so. 
You don't need to be Shakespeare to pen an E-mail message 

but you are judged by exactly what you write. The recipient 
cannot hear the tone of your voice or see the twinkle of your eyes. 
It is embarrassingly easy to write something which is mis-inter-
preted by the reader, especially if you have a dry, warped sense of 
humour like mine! (Such as the time that I joked on Usenet that 
you can receive satellite TV by gluing a steel coat hanger on top 
of the TV: an Internet user from Singapore wondered what on 
earth I was talking about! No sense of humour, some people.) 
You'll often see strange punctuation used in E-mail messages 

(and Usenet, see later) to accentuate your feelings. The most com-
mon are shown in Fig. 5, along with some common abbreviations. 
They're called emoticons or smileys. No matter how bizarre or silly 
you think they are, smileys are a critical part of Internet com-
munications, though I wouldn't use them in formal messages (to my 
publisher, say). To read, just turn the page through 90 degrees! 

File Transfer Protocol 
File Transfer Protocol (FTP) is a simple means of transferring 

files between two computers, in either direction. It is very com-
mon indeed to FTP files from another machine and download it 
over an Internet link, onto your own machine. Files could include 
software upgrades or fixes, information files, text files, graphics, 
or even software applications themselves. 
It is possible, for example, to download by FTP a demonstra-

tion version of Turnpike, the Internet access software which I 
reviewed in Innovations (News pages), EPE April 1996. Every 
month, I FTP my material, text, graphics and all, down to the 
typesetting bureau at EPE. Floppy disks never change hands. 

Telnet 
Telnet is used as a way of logging in to a remote computer, 

always assuming you have been granted the right "permissions." 
You could be sat at your PC in Peterborough, and Telnet over (at 
a local phone call rate) to a machine in Pittsburgh, USA. For all it 
knows, the American computer thinks you're somebody using 
that computer system whilst sat in the computer room next door. 
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Telnet is used for interrogating machines, and for moving tiles 
around on that machine. A brief knowledge of the Unix language 
is often required. 

Usenet Newsgroups 
Now things start to get more interesting. Usenet is essentially a 

collection of global topical conference rooms. (Be aware, that 
the term "Conference" is used in a slightly different context 
by CompuServe.) Each conference room is actually called a 
"newsgroup". 
Folks who are interested in a particular topic, "subscribe" to 

that newsgroup — or rather, they let their software do the hard 
work. There are now some 15,000 newsgroups, some of them in 
foreign languages but mostly English (American)-speaking. There 
are some United Kingdom groups, including: uk.adverts.computer 
and  uk.d-i-y.  or how  about  uk.education.misc?  Or  try 
recfood.cooking? It's all there, covering recreation, leisure, 
science, computing, and more. 
Usenet subscribers may post new "threads" to the newsgroup, 

which are read and "followed up" by any number of subscribers 
anywhere in the world. Like E-mail, you will only receive fol-
low-ups and threads when you dial-in to the Internet. The reading 
and composing is performed off-line, to save the phone bill. 
It is also possible to follow-up by sending an E-mail to those 

who have posted into the newsgroup. An excellent example was 
a recent request of mine in sci.electronics.components to track 
down a particular i.c. on behalf of a reader. Within eight hours, 
I had several replies from the USA followed by an E-mailed 
response from National Semiconductor themselves. The reader 
probably never appreciated the global effort which we undertook 
to find the chip. 
The newsgroups I tend to handle are the sci.electronics.* which 

are broadly American, but where I'm a regular contributor. Indeed, 
I have made many —on-line" friends through Usenet, some of 
whom E-mail me, others I have since met in the flesh. There is 
a whole protocol of manners and procedures called "netiquelle" 
which, if followed by subscribers, will result in many happy hours 
burning the midnight oil. Some regulars can get upset if the wrong 
type of "off-topic" question is posted into a newsgroup, and steps 
are taken to ensure that everyone keeps in line. 
By the way, concerned parents may need to be aware that 

there are some notorious "adult" newsgroups too, with names to 
match, which are used for posting pictures as encoded binary 
data: they would still have to be decoded after receipt, and would 
need special software to view, so there is certainly no danger of 
inappropriate pictures popping up on screen. 
A small number of newsgroups are in fact "moderated" so that 

all posts are filtered by an appointed moderator. Posts which are 
deemed inappropriate for the "charter" of that group, are simply 
"killed" by the moderator. 
Sadly, errant newcomers or "newbies" may sometimes be 

treated with little mercy by the regulars. The only sure way to 
avoid "flames" (abusive messages with varying levels of "tem-
perature") is to read the newsgroup for several weeks to see what 
gives. You can expect to see swearing, at times. It is vital that you 
realise that everyone has exactly the same rights as everyone else. 
on Usenet. 
One of the prime methods of stopping newbies from clogging 

the system with irritating questions is the requirement for them to 
read the FAQ ("Frequently Asked Questions") pertaining to that 
newsgroup or topic. This is often available from somewhere by 
FTP, and people are generally happy to say where it's available 
from. Some groups post a FAQ automatically every week. 
I would say that the UK newsgroups (e.g. the Demon 

newsgroups) can be pretty rough at times. Internet is still 
relatively young in the UK and some posters do seem to treat it as 
a new toy: each newsgroup has its own level. Usenet is an 
amazing example of a self-regulating and anarchic world in 
action. I will be covering it extensively in future issues. I 
guarantee, it will only be a short time before you dip into the 
newsgroups, follow up to a posting, and then start a thread all of 
your own. Hermit-dom (and possible divorce) awaits you! 

World Wide Web 
Most of you have heard about it, many of you have seen it — 

even if only on TV. The World Wide Web (WWW) is a method 
of displaying information in a graphically-presented and appeal-
ing way. World Wide Web pages are, in essence, personal 
"brochures" or fact files deposited on a "web server— computer, 

Next Steps - Getting Wired 
If you're now keen to get "wired", firstly ensure you have a compute' 

equipped with a suitable 14.4K or better still. a 28.8K modem (a fax-modem 
with fax software, lets you send a fax directly from your word processor, as a 
bonus). Then contact a suitable Internet Service Provider to open a "dial-up 
Internet access account". Here are just a few: 
BT Internet, Tel. OM) MX) 150 (Residential) or 0800 800 152 (Business) 
Windows software. with Mac to follow. 
CompuServe Information Systems, Tel 0800 289378. Offers Windows. Mac. 
OS/2 or DOS software. Free 1Mb Web space. 
Demon Internet Services, Tel. 0131 371 1234. Offers KA9Q for DOS or 
"Turnpike" Windows (with Netscape Navigator 1.22) at a concessionar 
price. Free WWW space promised by August. 
There are many more such providers and a glance through a specialkt 

Internet magazine will give you many more contacts. Sometimes, sample 
access software is available to give you a free trial. Happy surfing! 

and permanently connected to the Internet for anyone to look at. 
It's estimated there are 22 million web pages with 11 million 
words. Hence the WWW is enormously popular, and will undoub-
tedly form the key to global information exchange in future years. 
Originally created in 1989 by the European Particle Physics 

Laboratory (CERN) in Switzerland. the use of Hyper Text Mark-
Up Language (HTML) for creating web pages was very rapidly 
adopted world-wide as a way of creating information sites, and 
for distributing work on the Internet. It's an excellent medium for 
donating information to the planet's Internet population. 
Web pages use a combination of text with "tags", very similar 

to the way the Locoscript language used by old Amstrad PCWs 
used to work. Using HTML, plain (ASCII) text is tagged to give it 
attributes — bold, heading, italics, bullets, and so on. Graphi-
cal images (.gif or .jpg files) are referenced with tags too, and 
downloaded separately. Forms can be included too, which the 
viewer fills in when on-line. (That's how I got a wall poster from 
DANTE EuropaNET. yesterday. It arrived this morning!) 
The tags and text are downloaded onto your computer, using 

"browser" software. The Netscape and Mosaic browsers are the 
best known, and the latest version of Windows 95 include a 
browser (Microsoft Internet Explorer) too. The browser's job in 
life is to unscramble the text, tags and graphics and display the 
final results on your computer. It's usual for web page space to be 
rented on a server computer somewhere. Indeed, major ISPs now 
give their Internet customers some free web space to play with, as 
part of the service. 
All major international corporations have their own web sites, 

and researchers such as myself are able to "search on the web" 
looking for data and information stashed away on web servers 
anywhere in the world. The most stunning part of it is that one 
web page may often refer you to another web page belonging to 
someone else. One mouse click and you're on your way to that 
site. In this way. you travel from one WWW page to another — but 
these sites could be absolutely anywhere in the world, and it is 
possible to circle the planet, in terms of actual mileage traversed, 
very many times per hour! 
WWW pages start with a "Home Page" having a complex-

looking "address" or URL (Uniform or Universal Resource 
Locator) which needs to be typed into the browser software when 
on-line. The software will then seek out this address, download 
the information and unwrap it before your very eyes. You could 
see the latest satellite pictures from NASA or read the Tap Dance 
Home Page! Everything imaginable is there. 
There are now separate magazines available describing "what's 

hot" together with "what's cool". Surfing the net and check-
ing out web sites are now hobbies in themselves. E-mail, FTP, 
and now the World Wide Web: that information superhighway 
has developed into "cyberspace", an intangible and inexhaustible 
electronic world of information viewed on your computer, and 
only a phone call away. 
My new Internet column starts next month. Net Work is spe-

cially written for electronics enthusiasts and will help to pass 
on hints and tips for budding "intemauts" everywhere. Every-
day Practical Electronics, in association with the Department of 
Electronic Engineering. University of Hull, England will be open-
ing its own World Wide Web page, and FTP site, in the near 
future. From here, you will be able to talk to us, download files 
associated with our projects, text files, Back Issue details, Sub-
scription information and more! See you in cyberspace — soon. 
• Alan Win.stanley's WWW Home Page is: 

http:Ilounvorld.compuserve.comlhomepageslalan_winstanley 
E-mail: alan(it: epemag.denton.co.uk 
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Mosquito Repeller - 

Our regular round-up of readers own circuits. We pay between £10 and £50 
for all material published, depending on length and technical merit. Were 
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! 

si in tune foi suiiiiiicr liolida)s. this simple battery-operated 
Mosquito Repeller circuit will hopefully guarantee fewer 

mosquitoes in your house, and will run for one month non-stop on 
an ordinary PP3 battery. 
The circuit shown in Fig. 1 produces approximately a 22kHz 

sound which repels female mosquitoes (the one which bites!). It 
uses a standard unijunction transistor relaxation oscillator based 
around TR I. coupled directly to a small amplifier TR2. 
The circuit drives an audio output transformer TI with a small 

8 ohm loudspeaker as its load. When testing, substitute capacitor Cl 
for a 22nF type to enable an audible tone to be heard. 

Andrew Duncan, 
Rabat, Malta. 

Fig. 1. Circuit diagram for a Mosquito Repeller 

Ni-Cad Discharger 

TIill experimental circuit ol lig. 2 will discharge a single PP3-size 
Ni-Cad battery to the safe recommended minimum of 7V - i.e. 

one volt per cell. 
The circuit uses a low power op.amp ICI as a comparator whose 

threshold level is set by VRI (7V for PP3 types). The output from pin 
6 illuminates DI to indicate that discharging is in progress and will 
extinguish when the discharge is complete. 
Resistor R3 is a "load resistor" whose value was chosen so that the 

discharge current is twice the nominal charge current of the Ni-Cad - 
22mA for a PP3. The components could be altered to accommodate 
the discharge of battery packs in the range of 6V-I8V. 

S.M. Spencer, 
Sleaford, Lincs. 

Fig 2. NiCad Battery Discharger circuit. 

Simple Amplifier - 
A  Power Amplifier capable of driving -a loudspeaker directly. 

shown in Fig. 3. It is a "sliding bias- emitter follower. 
having unity voltage gain and a high input impedance. To reduce 
power wastage and so increase efficiency, the transistor bias is 
proportional to the in-
put signal amplitude. 
The bias is generated 
by DI which clamps 
positive peaks to the 
positive supply rail. 
Diode  DI  is a 

germanium type and 
the  circuit  bias  is 
adjusted by VRI to 
minimise signal distor-
tion whilst not dissipat-
ing excessive power. 
TR I should  be  a 
imp Darlington transis-
tor te.g. TIP127) or 
separate devices may 
be used. 
The load may be a 

loudspeaker or a lamp 
and is simply wired in  +o  
series with the power 
supply as shown. 

W. Gray, 
Farnborough, Hants. 

Fig. 3. Circuit diagram for the Simple 
Amplifier 
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Computer Control of 
Digital Radios 

Ti  L.ircuit sho wn in Fig. 4 illustrates m y 

solution to using a co mputer to control a 

digital radio receiver. 

A  si mple m ethod of interfacing the two 

w ould be to use so me for m of switch with an 

isolated control  line. In m y circuit, twelve 

switches can be opened or closed, using four 

T TL signals. O nly one switch can be closed 

at any one ti me, this is equivalent to a single 

key press on the radio keypad. 

Using a 4-line to 16-line decoder i.c. type 

74154. ICI outputs are inverted by IC2 and 

1C3 (7404 Hex inverters) so that one output 

is high and the other 15 are lo w at any one 

ti me. 106 are 4066 quad analogue switches 

w hose inputs are pulled  up by twelve 4.7 

kiloh m resistors, as sho wn in Fig. 4. 

This offers twelve control switch functions 

w hich  requires. naturally. splicing into the 

radio set to access the keypad control lines. 

The benefit is that auto mated sequences can 

be used at preset intervals, or frequencies can 

be switched in accordance with a progra m me. 

The actual connections to the inputs A -D 

are left to the reader. 1 used a second-hand 

H F radio and tested the circuit successfully 

on  the  parallel  port  of an  old  64 K  C PC 

machine. 

D. Jackson, 
Ha wick. 

Roxburghshire. 

Apology - Yll@MON UnPaa Moth 
Much to our dismay, a small minority offend the spirit of this column by submitting material which is not 

their own creation, or they make multiple entries to every magazine in the hope that it will be published se.• 
times over. Copyright infringement is now a serious matter which can result in legal action. We do our best 
research and ensure that all circuits are genuine, and contributors are required to sign a legal release form 
concerning freedom from copyright restrictions. If you see any submissions which clearly aren't original, pleaw 
contact us immediately. We will stop the payment, embarrass the miscreants to boot, and hold them legall', 
responsible. 
We apologise to Mr. Alan Williamson - the real designer of the Remote Handset Tester featured in the r1kv 

1996 issue of Ingenuity Unlimited. This circuit was originally published in Electronics - The Map/in Magazinl, 
June 1991. The Infra Red Headphone Transmitter Receiver (also May 19961 was again a copied circuit and we 
apologise to Elektor, the copyright owners. Our thanks to the several loyal readers who contacted us with this 
information. Please play fair and help to keep this grand old column alive. Without everybody's co-operation 
there will sadly be one less opportunity to express your ingenuity. 

Incandescent Lamp Flasher 
I N RESPONSE to  a  challenge  to  flash  a 

lo w-voltage bulb using only one transistor. 

I designed  the  si mple  Incandescent  La mp 

Flasher circuit of Fig. 5. 

Feedback is produced by placing a light-

dependent  resistor (I.d.r.)  resistors  RI  ad-

jacent to the la mp LPI. With values of resis-

tors R2 and R3 as sho wn, the flash rate in 

practice was approxi mately 0.3Hz with a m-

bient  indoor lighting,  though  these  values 

may he experi mented with. 

Resistor R3 was chosen so that the la mp 

dra ws approxi mately 60 per cent of its rated 

current  (i.e.  a di m  glo w),  with  the  I.d.r. 

covered  or  unhooked.  The  transistor  is  a 

co m mon 2N3055 which could be replaced 

with a po wer Darlington device, for exa mple. 

to enable high po wer la mps (e.g. car head -

la mp bulbs) to be driven.  Walter Gray, 
Farnborough, Hants. 
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New Technology 
Update 
iNSULATED gate bipolar transistors or i.g.b.t.s are replacing bipolar transistors 
in an increasing number of applications. 
They use less silicon for the same rating 
and require much lower drive powers. 
As such, they are ideal devices to use in 

a number of power applications includ-
ing motor controllers, lighting and even 
welders. In addition to this, they are used 
in a host of other fields closer to the more 
usual electronics applications. 
Power MOSFETs can also used in this 

type of application, but one of their 
major problems is their comparatively high 
"on" resistance. However. i.g.b.t.s offer 
a solution to this problem, giving im-
proved conduction characteristics, whilst 
still retaining many of the appealing 
features of the MOSFET. 
They are easy to drive as they are volt-

age driven devices whilst they have a high 
peak current capability, and a general rug-
gedness. Unfortunately, one problem with 
i.g.b.t.s is that their switching speed is 
inferior to that of a power f.e.t.. making 
them less attractive in some applications. 
Typically, an i.g.b.t. may have a fall 

time of around 20Ons whereas a power 
MOSFET may be only 4Ons. An equiv-
alent bipolar transistor will possess a 
switching time very similar to the i.g.b.t. 
Where the i.g.b.t. wins hands down over 

both bipolar transistors and power MOS-
FETs is in the current density for a given 
voltage drop. Power MOSFETs come in 
second, with bipolars a poor third. 

Equivalent Circuit 
An i.g.h.t. has a relatively complicated 

structure, and this is reflected in its equiv-
alent circuit, which is shown in Fig. I. 
Here an n-channel MOSFET drives an 
npn transistor and a junction f.e.t. This 

COLLECTOR (c) 

EMITTER el 

CIRCUIT SYMIVX 

Fig. 1. Equivalent circuit and circuit 
symbol for an I.G.B.T 

Ian Poole reports that new insulated gate bipolar 
transistors promise higher voltage and current ratings, 
and better production yields. 

configuration gives a high level of gain, 
being in the form of a pseudo Darlington. 
This gives sufficient drive for the high 
power output transistor. 
A further advantage of this configura-

tion is that the j.f.e.t. is made to take most 
of the voltage drop, allowing the MOS-
FET to be a low voltage type having a 
low RDs(ON) . In turn these drive the output 
transistor. 
Whilst the two bipolar transistors in the 

structure actually form a CSR (controlled 
silicon rectifier) and there is a possibility 
of latch-up, the resistor in the base of the 
drive transistor serves to eliminate this 
possibility. 
The device has three terminals, a gate 

(g). collector (c) and emitter (e). The out-
put terminals are something of a mis-
nomer. The collector is connected to the 
emitter of the internal output transistor and 
the emitter to the collector as shown in 
the equivalent circuit. However, the exter-
nal connections tend to represent those if 
another type of device was used. 

EPITAXIALLY 
GROWN LAYER 

DRIFT 
REGION 

GATE 

P. 

N. BUFFER LAYER 

P. SUBSTRATE 

COLLEC1OR 

Fig. 2. I.G.B.T. structure. 

Structure 
The structure of the device shown in 

Fig. 2 very closely resembles that of a 
power MOSFET. Both devices possess 
a similar gate structure. p wells and 
source contacts. In both devices the n-type 
material under the p wells are sized to 
enable the device to accommodate the full 
voltage swing. 
Despite the similarities of the two 

devices the operation of an i.g.b.t. is 
much closer to that of an ordinary bipolar 
transistor. This results from the p+ 
substrate which introduces minority car-
riers into the n-region and resulting 
in carrier modulation and a low level 
of losses. By comparison, in a power 
MOSFET over 50 per cent of the losses 
occur in the n-region. 

Developments 
Most t.g.b.i.s arc manufactured using 

standard bipolar techniques. This makes 
them more expensive, and does not enable 
their full potential to be realised. To 
overcome this problem much development 
work has been undertaken by Motorola to 
produce a more competitive device. 
The conventional method for manufac-

turing i.g.b.t.s requires the growth of an 
epitaxial n-type layer or drift region about 
100 microns thick onto the wafer, which 
is generally a 15mil. thick p-type semi-
conductor. In view of the thickness of the 
epitaxial layer it takes a long time to grow, 
making this type of epi-i.g.b.t. expensive. 
This thickness is vital to the operation of 
the device and is required to enable it to 
handle high voltages. 
Another disadvantage of the process is 

that thickness of the layer increases the 
carrier lifetime and this reduces the speed 
of the device. Generally this is overcome 
by the diffusion of a heavy metal like gold 
into the device, although even with this 
process they cannot compete fully with 
power MOSFETs. 
To reduce costs of i.g.b.t.s Motorola has 

introduced a new style of device. Called a 
"non-punchthrough" device it has a num-
ber of crucial changes. The first is that 
the drift region is made from the complete 
thickness of the wafer. 
The second change has been imple-

mented in the manufacturing process. 
Previous varieties of non-punchthrough 
device have been made before. However. 
the large wafers proved to be very brittle 
in the manufacturing process. and this 
resulted in very low yields. The process 
engineers have improved the process to 
eliminate manual handling, and generally 
simplify the manufacturing process. As a 
result defects have been reduced to accept-
able levels. 

EMITTER 

DRIFT 
REGION 

GATE 

N FLOAT ZONE WAFER 

P TYPE DOPANT 

Fig 3. Modified I.G.B.T. structure. 
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Results 
Devices with impressive specifications 

have been manufactured using the new 
process. Ratings of up to 1200V and cur-
rents of up to 75A have been achieved. 
It is found that the new devices have 
lower energy losses than their epi-i.g.b.t. 
relation. A further advantage of the new 
devices is their temperature coefficient. 
This allows them to be run in parallel and 

self-share the load without the need for 
complicated circuitry. 
Whilst a number of the new devices are 

available, development is still progress-
ing. New devices with higher voltages are 
planned. It is expected that before too long 
devices with voltage ratings of 1700V will 
be available. 
One further advantage of the higher 

voltage devices is that they require 
larger drift regions to withstand the 

increased voltages. In turn this leads to 
thicker wafers which are more resilient. 
which in turn will reduce the amount of 
wafer breakage and increase the overall 
yield. 
Work is also being undertaken to 

improve the switching times. This is 
greatly governed by the doping level 
close to the collector. However, it is a 
trade off against other characteristics. 

by Barry Fox 
Encarta - HOW ultimate? 
Microsoft  sold  over  100.000 

copies of Encarta 96 over the 
Christmas period in the UK alone. 
Billed as the Ultimate Voyage of 
Discovery, its the latest version of 
the  multimedia  CD-ROM  en-
cyclopaedia that Microsoft has been 
putting out every year for the last 
three years. 
Encarta (cost £50 or less depend-

ing on special offer deals) has now 
been tailored for the UK market. 
It contains more entries with a lo-
cal flavour, and less material that 
will appeal to the North American 
market. 
Key in "Thatcher" and up comes 

a written biography of Margaret 
Hilda Thatcher, born Roberts. with a 
colour mug shot. The sound of 
her Falkland Islands crisis speech 
comes through the speakers. Some 
words in the text are highlighted in 
red. Use the mouse cursor to click 
on one of them, John Major, and 
up comes a similar biography with 
colour picture and a recording of the 
PM's speech on peace in Ireland. 
Type in "Beatles" and up comes a 

biography of the pop group with a 
pointer to the word -Beatlemania". 
Click on it and a window in the 
screen displays a short sequence of 
movie footage complete with sound. 
showing the group arriving at an 
airport and being mobbed by the 
crowd. 

Frankly no Saint 
Browsing can be addictive, but 

never a complete source of infor-
mation. Key in "Bruno" and you 
get Saint Bruno an 11th Century 
German monk, and Bruno Walter, 
the German-born conductor. But no 
Frank. 

editing and printout in a different 
context. 

Encarta is part of Microsoft's 
"Home" series and as such it 
is more likely to work smoothly 
than most Windows CD-ROMs. As 
Microsoft's head man, Bill Gates. 
said recently at a seminar when 
asked about the near monopoly his 
company has won by selling PC 
operating systems and programs to 
go with them. "I guess our stuff 
does work better with our stuff-. 
ROMs like Encarta are aimed at 

the education market.  They en-
courage children to use the content 
for school essays. Whereas kids 
previously had to search through 
paper books and then write down 
their own words. ROMs usually allow 
downloading of the raw text, for 

ROM, trick and - no 'Arry! 
Because Encarta is more likeiy to 

run smothly than a lot of other non-
Microsoft ROMs. it is a safe bet that 
when a teacher now asks the class to 
write an essay on the Falklancs or 
the Beatles. a lot of the work that 
comes in will look remarkably similar. 
Smart  teachers  will  now  start 

checking Encarta before setting an 
essay. They could kick off by asking 
the ciass to examine the roll of Frank 
Bruno as a behaviour model for 
young black kids. That would quickly 
sort the genuine students from the 
short cut text downloaders. 

The Blumlein Scandal 
I appreciate the letters and calls I get 

from readers about the ongoing scan-
dal of the Blumlein archives. 
I can report that Alan Blumlein's 

son, Simon. is as anxious as we all are 
to ensure that the mass of original 
papers collected over decades by Fran-
cis Paul Thomson find a safe archive. 
Although Mr Thomson is still active 

in writing curiously worded letters, and 
threatening legal actions, there is clearly 
no hope of his ever finishing the biog-
raphy he has for so long now been 
promising to write. 
One reader has passed on a copy of 

a letter from the Royal Society which 
is very useful in confirming what the 
IEE, the Institution of Electrical En-
gineers of which Mr Thomson is a 
member, has so far fudged. 
"Mr Thomson agreed in 1992 to 

give us the Blumlein papers in his 
possession, but has not yet done so" 

writes Mary Nixon, Head of Fellow-
ship and Information Services at the 
Royal Society. 
This offer to the RS followed an offi-

cial complaint that I lodged with the 
IEE, asking the Institution to investigate 
Mr Thomson's use of IEE membership 
to corral biographical material. My in-
formation is that the IEE has now re-
opened this investigation, in the light of 
the Royal Society's failure to received 
the promised material. 

Jackdaw of Reams? 
The wider moral of this unsavoury 

story is that under current laws if 
someone wants to bury the reputation of 
a dead genius, they can do so by 
jackdawing all available material and 
continuing to promise a biography until 
they themselves die. This, of course. 
raises the all-important question. What 
happens to that material when the 
jackdaw dies? 
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London NW2 3ET. Tel: 0181-450 0995 Fax: 0181-208 1441 

JCG kLECTRONIC PROJECTS 
PO BOX HP79 WOODHOUSE STREET HEADINGLEY LEEDS LS6 3XN 

KITS 
RADIO KITS/TRANSMITTERS 

REMOTE CONTROL 
MICRO FM (a).  range transmitter. 80-100MHz 
preset Flecened on any FM Radio 2 x 3cm  £6.95 
MICRO FM (1) Varrable mc sensitivity Tuneable 
80-110MHz lkm range. 2 a Han  £T.95 
ULTRA 11011 FM. 20Orntrs range 80-100MHz. runs c" 
watch battery (inc. Only 1 x 2cm  £8.95 
FM TRAMS. Transmrts a constant tone for directic-
firding lacking etc 80•110MHz  £8.95 
FM RiCEIVER (4). Small high quality FM receiver 
Covers standard FM broadcast bands Will Cove 

headatEIV(not inc.)  £10.90 
ER (b). FM  As (a) but with 3 watt audio power  

amplifier and tuning LED  £13.50 
CRYSTAL RADIO. Great introducton to raPP etrca, 
Ircicles tuner, fernte aerial and earphone  £8.50 
AM RADIO. Single chop radio for use with headphones 
i not inc I or an external amplifier  £9.90 
IR. REMOTE CONTROL Single channel or lip% 
garage doors etc  Transmitter - £6.95 

Receiver ninth mains relay) - £12.20 
27Mliz RADIO CONTROL 

Single channel XTAL controlled Transmrtter - £1.50 
Receiver (win mains relay) - C15.45 

PREAMPS/AUDIO 
AU10 GENERAL PURPOSE PREAMP for audio 
appbcations where low noise isn t a priority - guitar amps 
etc 9V 150 vanable gain and nqh output  £4.20 
AU11 LOW NOISE PREAMP to, mere cntical input stages 
Ideal tor mixers etc 9V• 15V vanable gm)  £4.50 
AU12 ULTRA LOW NOISE PREAMP. Protesscral 
standard Uses an NE5534 c 90 150. van e gar £5.99 
AU14 SMALL SIG • EC. Preamp veth a smbie three band 
passive BO circuit Designed Icr pezo pus  £6.90 
AU15 SINGLE TRANSISTOR. Low noise prearnp or 
pectrc guitars etc Preset gain BC184L  £3.90 
AUI6 ACTIVE TONE CONTROL 12dB cut and boos: 
bass and treble with preamp Includes pots £9.95 
AU17 7-BAND Ea board or graphclone control 
applications Pots included  £14.95 
AU19 ANALOGUE DELAY. "Bucket brigade delay line 
Variable clock frequency tor producing double ',id, arid 
echo effects etc Delay times from 2.5 to 51-  £18.50 
AU21/22 DIGITAL DELAYS. 20Orn.s and ff  'a' 
delay lines with 10-bit AD DA  , • •• 
25 • 5OkHz I Variable delay  (20.40. 

£24.95 

SEND STAMP 
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CATALOGUE 

* SURVEILLANCE 
* KITS 
* SECURITY 
* AUDIO 
* RADIO 

MICRO 
TRANSMITTERS 
GUIDE 

U.H.F. 
TX/RX 

D 1,1 approved key 
fob transmitter and 
receiver kit. 200mts 
range Ideal for alarms 
remote control pagers 
etc Exceptional value 
Transmitter £1 3.95 
Receiver £2 5.50 • 

* Only £3.95 
* Easy to 
follow 
guide to 
building 
short 
range 
F.M. 
transmitters 
and surveillance 
devices. Packed with useful 
information and circuits. 
Some or the circuits included cannot be 
used legally in the UK) 

ALL KITS COME COMPLETE WITH PRE-DRILLED PC.B. '5, HIGH SPEC 
COMPONENTS AND FULL INSTRUCTIONS - MAIL ORDER ONLY - MAKE 

CHEQUES PO'S PAYABLE TO J.C.G. PLEASE ADD 50p POSTAGE AND PACKING. 

C0 01,FI LJFI NI 
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A  I N N G 

C E N T R E 
I. WHITEHILL, DALKE1TH 

MIDLOTHIAN EH2 2 2QB 

TELEPHONE 0131-663 6951 

MISCELLANEOUS 
5 x Modular Oscilloscope Probe Kits £5.00 each 
5 x Altai Logic Probes  £2.50 each 
5 x Oscilloscope Probe Accessory Kits 

£2.50 each 
1 x Radio Shack Template 
(Electronic and Logic Symbols)  £0.50 each 

5 x Tool Kits  £40.00 each 
1 x Transformer (PCB Drill)  £20.00 
3 x Weller Soldering Stations  £15.00 each 
1 x Weller Soldering Iron  £5.00 
Small amount of printed circuit board  £5.00 
Large amount assorted components 
mostly labelled  £50.00 

1 x 18" GL90 Bench Guillotine  £100.00 

EQUIPMENT 
5 x lsotech Model ISR 420, 20MHz Dual Trace 
Oscilloscopes  £200.00 each 

5 x Thurlby PL Series PL310, 30V-1A Power Supplies 
£75.00 each 

5 x Thandar TG102, 2MHz Function Generators  £60.00 each 
3 x Isotech DM93 Handheld Digital Multimeters  £35.00 each 
3 x ACT1 Analog Circuit Trainers  £25.00 each 
1 x Mega Electronics LV202E UV Exposure Unit  £40.00 

TRAINING MANUALS AND VIDEOS 
1 x 3 Volumes Data Library (RS Components)  £5.00 set 
2 x 2 Volumes The Action Series plus Instructor's Guides: 
Today's Electronics - J. G. Sloop 
Linear Electronics - F C. Getz  £5.00 set 

1 x Video Workshop Manual in Basic Practical Electronics 
Trackdown Technology Training Ltd  £5.00 

5 x Video Workshop (RS Components) Video Library videos 
£20.00 each 

Titles: 
i. Electrical Fundementals; Oscilloscopes; Meters; 
Soldering; Resistors 

ii. Resistors cont.; Transformers; Capacitors; RC Circuits; 
Waveforms 

iii. Diodes and Rectifiers; Rectification; Zener Diodes 
iv. Transistors; Styles; Testing; Mounting; Transistor Circuits 
v. Power and Phase Control; Thyristors; Triacs; Triggering 
Circuits 

This equipment listed above is offered for sale. Most of the items were bought in 1992/1993 for a 
training facility and have been stored unused since purchase. The equipment is therefore in excellent 

condition and is complete (where supplied) with original manuals. 

If telephoning please ask for F E. Mackie on 0131-663-6951. 

Postage: For orders up to £25.00 - £3.00; £50.00 - £5.00; £100.00 plus - £10.00. 
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Constructional Project 

arRANFAsr cisce„,a 
FREQUENCY ck', 
GENERATOR  • 
AND COUNTER 
JOHN BECKER 
Improve your workshop facilities 
with this high-speed, m ulti-
frequency ite m of test gear. 

LASI month we dissected all the 
individual circuits that go to make 
up  the  Ultra-Fast  Frequency 

Generator/Counter and examined their 
various operating functions. We conclude 
this month with circuit board construction, 
final assembly and testing. 

CONSTRUCTION 
Two printed circuit boards (p.c.b.$) are 

used in this design. Their topside com-
ponent layout details, together with full 
size underside copper foil masters, are 
shown in Fig. 9 and Fig. 10. These boards 
are available as a pair from the EPE PCB 
Service, codes 994 (OSC.) and 995 (LCD 
Drivers). 

Specification . . . 

Display:  8-digit liquid crystal display (I.c.d.) 

Oscillator- I :  Square wave output; 9 switched ranges; 
variable from 0.05Hz to over 40MHz 

Oscillator-2: 

Oscillator-3: 

Oscillator-4: 

Input I: 

Input 2: 

Counter Reference 
Timing Options: 

Power Supply: 

Square wave output; S switched ranges; variable from 
0.01Hz to 1-6MHz. 
Switched f/50 or f/I00 square wave output. 
Switched f/50 or f/100 sinewave output. 
Sinewave amplitude variable from OV to 2.5V peak max. 

I OMHz fixed rate; crystal controlled square wave output 

32768Hz fixed rate; crystal controlled square wave output 

Digital input; OV to 5V logic; range to over 40MHz 

Analogue input 2.5V peak-to-peak; range to over 400kHz; 
variable trigger level 

I Hz; 0.1Hz; external timer input logic 1, pulse length 
referenced to 10MHz; event counting 

7V to 12V d.c. from external source; 5V d.c. output 

Part Two 

0 
G • 

Compact layout of components on the 
rear of the front panel. The oscillator 
board is held in position by the poten-
tiometer mounting collars and nuts. 

Start off construction by inserting all the 
on-board link wires, some of which end up 
underneath i.c.s. Next. insert all the i.c. 
sockets. 
The socket for the I.c.d. consists of two 

34-pin s.i.l. (single-in-line) sockets sol-
dered into the p.c.b. In order to raise the 
display XI above the level of IC7 and IC8 
which it spans. another pair of 34-pin s.1.1. 
sockets is pushed into the first. 
It is unlikely that 34-pin sockets can 

be obtained, Sc) cut 40-pin lengths down 
to size, carefully, to avoid breaking off 
the 34th pins. Dual-in-line (d.i.I.) sockets 
could be cut to size instead of s.i.l.s, if 
preferred. 
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Other components can now be inserted 
and soldered in order of size. Insert ter-
minal pins for all off-board connecting 
wires. 
Five of the rotary potentiometers are 

mounted directly on their p.c.b. Either use 
p.c.b. mounting types, or solder normal 
panel mounting types to terminal pins on 
the board. 
When board assembly is complete, and 

before wiring up the boards to the front 
panel, thoroughly check both boards for 
soldering perfection. Pay particular atten-
tion to the possibility of solder shorts be-
tween i.c. pins and the tracks that pass by 
in close proximity. 

FRONT PANEL 
The suggested plastic case has an 

aluminium sloping front panel to which 
both  p.c.b.s,  plus  the  sockets  and 
remaining controls are mounted. Drilling 
details for the socket section of the panel 
are shown in Fig. 11. You can, if you 
wish, have an enlargement photocopy 
made of this drawing to life size (130%) 
and use it as a drilling template. It is a rear 
view of the panel, so secure it accordingly. 

Early prototype showing component layout on the oscillator p.c.b. and the 10MHz  The I.c.d. viewing cut-out is made using 
reference crystal and one of the supply decoupling capacitors (C26) soldered to  the time-honoured technique of drilling 
the track-side of the display board.  small holes within its perimeter, chiselling 
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Fig. 9. Component layout and full size copper foil track master pattern for the main oscillator printed circuit board. 
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05 

13 18  14 19 17 32 S3  33  St, 
PIN 6 

+5V OUT 
SK )4 

OV OUT 
SK13 P°VsVKE4 IN  SKI 

0  

UNUSED 

08  SOCKETS SPACED AT 0.5 

1 3  POTS SPACED AT I 0 

AC IN  SINE 
SKI()  SK9 

OSCILLATOR 2 

F2i 
SKS 

F2  OSC-1  10MHz 
SK2  5K6  SK5 

S3 
PIN 4 PIN 1 

MEASUREMENTS IN INCHES 

PCB LEVEL  
321(Hz  1Hz  EXT TIMER  INPUT 
51(4  SK3  S  SKI 

SI 22  Si  S3 
PIN 3  PIN I 

Fig. 11. Front panel drilling and socket wiring details. The potentiometer fixing hole centres are one-inch (25.4 mm) above the 
centre line for the sockets and spaced as indicated. 

through the holes and then smoothing off 
with a file. The precise dimensions will 
depend on the exact I.c.d. used (although 
pinouts will be the same, slight overall size 
differences may exist). 
Deburr all holes when panel drilling is 

complete. 
With the prototype, a computer-gener-

ated printout of the control and socket 

legends was stuck down on the front of the 
panel — see photographs. A ball-point pen 
was used to punch through the paper at 
each hole position. 
The line of sockets should now be 

inserted and their nuts tightened down 
(carefully, so as not to tear the legend 
paper). 
The I.c.d. board is mounted on the panel 

using twelve nuts and four bolts. Three 
nuts are used with each bolt, one to fix the 
bolt to the panel, one to set the spacing, 
the third to secure the board against the 
spacer nut. 
The Oscillator board is secured to the 

panel via the bushes of the five pots 
mounted on it, after which the remaining 
panel components can be mounted. 
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Fig. 10. Component layout and full size copper foil track master pattern for the I.c.d. driver printed circuit board. 
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Layout of components on the prototype Display board. The 8-digit Lc.d. module is 
mounted on a double-bank of 34-pin single-in-line sockets (piggy-back fashion) to 

raise it above the driver i.c.s. 

Wire up the boards to the sockets as 
indicated in Fig. II. Each numbered line 
in the drawing is connected to the same 
numbered terminal pin on one of the 
boards. Socket SKI 1 is a spare which may 
be used for any purpose that comes to 
mind. Note that the view in this drawing is 
from the rear of the panel. 
Details of the wiring from the other 

components back to the boards are shown 
in Fig. 12, which also shows a rear view of 
the panel. Note that many capacitors are 
mounted directly onto the switch tags. 
Keep all wiring as short as possible, 

using  cable  ties  where  appropriate. 
Preferably use colour-coded stranded wire. 
Double-check your wiring for accuracy. 

PO WER UP 
Although circuit board checking has 

already been done visually, carry out a 
short-circuit test before inserting the d.i.l. 
i.c.s. Connect a multimeter set to a low 
ohms range between OV and the output of 
regulator ICI I. Only a high impedance 
reading should result. 
Plug the chosen power source into 

socket SK12. This may be any d.c. supply 
between 7V and I2V, preferably well-
smoothed, though it does not need to be 
too well regulated. Switch on, and with the 
multimeter on a d.c. voltage range, con-
firm that the voltage on the output of ICI 1 
is at 5V. 
With power off again, insert the d.i.l. 

i.c.s, taking the usual anti-static precau-
tions for all of them (briefly earthing your-
self to a grounded item of equipment). 

Table. 1: Socket Summary 

Ski 
SK2 
SK3 
SK4 
SK5 
SK6 
SK7 
SK8 
SK9 
SK10 
SK11 
SK12 
SK13 
SK14 
Except for SK9, all frequency outputs are square waves, 
OV to 5V pk-pk 

Logic Input — OV to 5V logic signals only 
External Timer Input — OV to 5V logic signals only 
1Hz Output 
32768Hz (32KHz) Output 
10MHz Output 
Oscillator-1 Output (F1) 
Oscillator-2 Output (F2) 
Oscillator-2 Divided by 50 or 100 output (F2/) 
Oscillator-2 Sinewave Output, OV to 2-5V pk-pk max. 
Analogue Input, + /— 5V pk-pk maximum 
Spare 
Power Input, OV and + 7V to + 12V d.c. 
OV output/common connection 
+ 5V output 

(AUTO RESET I 

SWITCH WIRING VIEWED FROM REAR 

Fig. 12. Switch wiring details. The numbered leads go to indentical points on the 
p.c.b.s. 

When powered up, again check the 
voltage output from IC II. Once satisfied, 
check every possible permutation of 
switched functions, input and output 
sources, observing the display where 
appropriate. 

451 
ARAPPT. 

r 

Mounting the oscillator capacitors di-
rectly on the rotary switches saves 
space. but does require careful solder-
ing and some patience! 
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Table. 2: Switching Summary 

Switch Si — Timer Source Select: 
1. 1Hz sampling rate (normal frequency count setting) 
2. 0.1Hz sampling rate 
3. External timer source via SK2 
4. Pulse measurement via Ski (S3 to position 3) 

Switch S2 — Reset Mode: 
1. Automatic resetting On 
2. Automatic resetting Off 

(Manual mode — Event Counting) 

Switch S3 — Count Source Select: 
1. Logic input (OV to + 5V) 
2. Analogue (ac.) input 
3. Pulse length measurement (Si to position 4) 
4. Oscillator-1 (F1) 
5. Oscillator-2 direct (F2) 
6. Oscillator-2 divided by 50 or 100 as set by S6 (F2) 

Switch S4 — Manual Reset: 
1. Push to reset when S2 is set to Auto Off 

Switch S5 — Oscillator-1 Range: 
Nine positions — calibrate on test 

Switch S6 — Filter Range Divider: 
1. Oscillator-2 rate divided by 100 
2. Oscillator-2 rate divided by 50 

Switch S7 — Oscillator-2 Range: 
Five positions — calibrate on test 

IS M 

4 

• • • • • • • • • 0 0  0 • 

Front panel layout of sockets, switches variable controls and 
display cutout on the completed Generator/Counter. 

A good collection of very flexible wires 
with suitable plugs on their ends is useful 
here. These may be used to couple between 
the unit's input and output sockets. 
If a precision reference source is avail-

able, variable capacitor Cl can be ad-
justed until the output at socket SK3 is 
precisely I Hz. Alternatively, assuming that 
the 10MHz source is exact, this could be 
used as the reference, plugging SK5 into 
SKI and adjusting Cl until the display 
reading is exactly 10MHz. However, even 
though the 10MHz crystal is likely to be 
more accurate than the 32768Hz crystal, it 
too may not be absolutely perfect. 

IN USE 
If the Frequency Gen./Counter unit and 

the circuits it is being used to check or 

control are run . from the same power 
source, an inherent ground (0V) connec-
tion between them will already exist. In 
this case, an additional common connec-
tion via socket SKI3 will not normally be 
needed. It will be needed, though, if a 
common ground connection does not exist. 
So far, the need to use screened inter-

connections between the unit and other 
circuits has no: been found necessary, 
although it is acknowledged that some 
sensitive circuits might require screened 
coupling. 
Note that the inputs via sockets SKI and 

SK2 are unprotected. This means that if 
you are careless, damaging signal levels 
could erroneously reach i.c.s that are 
powered at 5V. If you feel prone to this 
error, insert a one kilohm ( 1 k) resistor 

between SKI and switch S3 pin I, and 
between SK2 and SI pin 3. 
For  reasons  unknown,  when  first 

switched on, it takes several seconds for 
the I.c.d. to display all eight digits, during 
which time some may appear blank. A 
summary of the  socket and  switch 
functions is given in Table 1 and Table 2. 
This Ultra-Fast Frequency Generator/ 

Counter has been in use for nearly two 
years and has proved to be of great benefit. 
Occasionally it is regretted that a "tri-
angle" wave facility was not included in 
the unit. 
This would have complicated the design 

considerably, requiring far more use of 
analogue circuits. As it is, all frequencies 
are digitally generated and analogue cir-
cuitry is kept to a simple minimum. 
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THE ELECTRONICS SERVICE MANUAL 
ESM IS ABOUT ELECTRONICS AND 
ELECTRONIC EQUIPMENT, EXPLAINING: 
• What it is • How it works • How to test it • How to take it apart 
• How to find faults • How to fix it 

OFFERING: 
• Down to earth advice • Vital data • Facts to feast on 
• Knowledge at your finger-tips 

TOPICS COVERED: 
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WHO ITS FOR: 
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T BOOK SERVICE 
INTRODUCING MICROPROCESSORS 
Mike Tooley B.A. (published by Everyday Practical 
Electronics) 
A complete course that can lead successful readers to 
the award of a City and Guilds Certificate in Introductory 
Microprocessors (726/303). The book contains everything 
you need to know including full details on registering for 
assessment, etc. 
Sections cover Microcomputer Systems, Microproces-

sors, Memories, Input!Output, Interfacing and Program-
ming. There are various practical assignments and eight 
Data Pages covering popular microprocessors. 
And excellent introduction to the subject even for those 

who do not wish to take the City and Guilds assessment. 
80 pages  • rder code TI-88 89  £2.45 

ELECTRONICS TEACH-IN No.6 
DESIGN YOUR OWN CIRCUITS 
(published by Everyday Practical Electronics) 
Mike Tooley B.A. 
This book is designed for the beginner and 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 think-
ing behind design, assembly, construction, testing and 
evaluation, together with suggested "mods" to meet 
individual needs. 
The subjects covered in each chapter of the book are: 

Introduction and Power Supplies; Small Signal Amplifiers; 
Power Amplifiers; Oscillators; Logic Circuits; Timers; 
Radio; Power Control; Optoelectronics. 
The nine complete constructional projects are: Ver-

satile 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  tI1Tl l RF IE.1  £3.45 

The books listed have been selected by Everyday Practical 
Electronics editorial staff as being of special interest to 
everyone involved in electronics and computing. They are 
supplied by mail order to your door. Full ordering details are 

given on the last book page. 
FOR ANOTHER SELECTION OF BOOKS SEE NEXT 

MONTH'S ISSUE. 
Note our UK postage costs just £1.50 no matter how 

many books you order! 

TEACH-IN No 7. plus FREE SOFTWARE 
ANALOGUE AND DIGITAL ELECTRONICS COURSE 
(published by Everyday Practical Electronics) 
Alan Winstanley and Keith Dye B.Eng(Tech)AMIEE 
This highly acclaimed EPE 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 com-
pliment the course and a FREE DISKC covering the first 
two parts of the course is included with the book. 
An interesting and thorough tutorial series aimed speci-

fically at the novice or complete beginner in electronics. 
The series is designed to support those undertaking either 
GCSE Electronics or GCE Advanced Levels, and starts 
with fundamental principles. 
If you are taking electronics or technology at school 

or college, this book is for you. If you just want to 
learn the basics of electronics or technology you must 
make sure you see it. Teach-In No. 7 will be invaluable 
if you are considering a career in electronics or even 
if you are already training in one. The Mini Lab and 
software enable the construction and testing of both 
demonstration and development circuits. These learn-
ing aids bring electronics to life in an enjoyable and 

RADIO / TV I 'V D O 
ELECTRONIC PROJECTS FOR VIDEO 
ENTHUSIASTS 
R. A. Penfold 
This book provides a number of practical designs for 
video accessories that will help you get the best results 
from your camcorder and VCR. All the projects use 
inexpensive components that are readily available, and 
they are easy to construct. Full construction details are 
provided, including stripboard layouts and wiring dia-
grams. Where appropriate, simple setting up procedures 
are described in detail; no test equipment is needed. 
The projects covered in this book include: Four channel 

audio mixer, Four channel stereo mixer, Dynamic noise 
limiter IDNL), Automatic audio fader, Video faders, Video 
wipers, Video cnspener, Mains power supply unit. 
109 pages  irder code BP356  £4.95 

SETTING UP AN AMATEUR RADIO STATION 
I. D. Poole 
The aim of this book is to give guidance on the decisions 
which have to be made when setting up any amateur 
radio or short wave listening station. Often the ex-
perience which is needed is learned by one's mistakes, 
however, this can be expensive. To help overcome this, 
guidance is given on many aspects of setting up and 
running an efficient station. It then proceeds to the 
steps that need to be taken in gaining a full transmitting 
licence. 
Topics covered include:  The equipment that is 

needed; Setting up the shack; Which aerials to use; 
Methods of construction; Preparing for the licence. 
An essential addition to the library of all those taking 

their first steps in amateur radio. 
86 pages  Order code BP300  £.95 

EXPERIMENTAL ANTENNA TOPICS 
H. C. Wright 
Although nearly a century has passed since Marconi's first 
demonstration or radio communication, there is still re-
search and experiment to be carried out in the field of 
antenna design and behaviour. 
The aim of the experimenter will be to make a 

measurement or confirm a principle, and this can be done 
with relatively fragile, short-life apparatus. Because of this, 
devices described in this book make liberal use of 
cardboard, cooking foil, plastic bottles, cat food tins, etc. 
These materials are, in general, cheap to obtain and easily 
worked with simple tools. encouraging the trial-and-error 
philosophy which leads to innovation and discovery. 
Although primarily a practical book with text closely 

supported by diagrams, some formulae which can be 
used by straightforward substitution and some simple 
graphs have also been included. 
72 pages  irdercodeBP218  £3.50 

25 SIMPLE INDOOR AND WINDOW AERIALS 
E. M. Noll 
Many people live in flats and apartments or other types of 
accommodation where outdoor aerials are prohibited, or 
a lack of garden space etc prevents aerials from being 
erected. This does not mean you have to forgo shortwave 
listening, for even a 20-foot length of wire stretched out 
along the skirting board of a room can produce accept-
able results. However, with some additional effort and ex-
perimentation one may well be able to improve perfor-
mance further. 
This concise book tells the story, and shows the reader 

how to construct and use 25 indoor and window aerials that 
the author has proven to be sure performers. 
Much information is also given on shortwave bands, aerial 

directivity, time zones, dimensions etc 
.50 pages  I der code P136  £1.75 

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 develop-
ing microprocessor projects. 
160 pages  EZ E IDEffal  £3.95 

ELECTRONIC PROJECTS BOOK 1 
(published  by  Everyday  Practical  Electronics  in 
association with Magenta Electronics) 
Contains twenty projects from previous issues of EE 
each backed with a kit of components. The projects 
are: Seashell Sea Synthesizer, EE Treasure Hunter, 
Mini Strobe. Digital Capacitance Meter, Three-Channel 
Sound to Light, BBC 16K sideways RAM. Simple Short 
Wave Radio. Insulation Tester, Stepper Motor Interface, 
Eprom Eraser, 200MHz Digital Frequency Meter, Infra 
Red Alarm, EE Equaliser, Ioniser, Bat Detector, Acoustic 
Probe, Mainstester and Fuse Finder, Light Rider - ;Lapel 
Badge, Disco Lights, Chaser Light), Musical Doorbell, 
Function Generator, Tilt Alarm, 10W Audio Amplif er, EE 
Buccaneer Induction Balance Metal Detector, BBC Midi 
Interface. Variable Bench Power Supply, Pet Sca!er, 
Audio Signal Generator 
128 pages  Order code EP1  £2.45 

PROJECT 
COSTRUCT1ON 

TEST EQUIPMENT CONSTRUCTION 
R. A. Penfold 
This book describes in detail how to construc• some 
simple and inexpensive but extremely useful, pieces of 
test equipment. Stripboard layouts are proviced for 
all designs, together with wiring diagrams where ap-
propriate, plus notes on construction and use 
The following designs are included:-

AF Generator, Capacitance Meter, Test Bench Amplifier, 
AF Frequency Meter, Audio Mullivoltmeter, Analogue 
Probe, High Resistance Voltmeter, CMOS Probe, Transis-
tor Tester, TTL Probe. 
The designs are suitable for both newcomers ard more 

experienced hobbyists 
104 pages  I rder code BP248  £2.95 

A BEGINNER'S GUIDE TO MODERN ELECTRONIC 
COMPONENTS 
R. A. Penfold 
The purpose of this book is to provide practical informa-
tion to help the reader sort out the bewildering array of 
components currently on offer. An advanced knowledge 
of the theory of electronics is not needed, and this bcok is 
not intended to be a course in electronic theory. The main 
aim is to explain the differences between compcnents 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 slected. A wide range of com-
ponents are included, with the emphasis firmly on those 
components that are used a great deal in projects for the 
home constructor. 
166 pages  12 =1 11 Z21  £3.95 

HOW TO DESIGN AND MAKE YOUR OWN PC B s 
R A Penfold 
Deals with the simple methods of copying printed circuit 
board designs from magazines and books, and covers 
all aspects of simple p c b construction including photo-
graphic methods and ii-signing your own p c.b.s 
80 pages  girder code BP121  £2.50 

AUDIO AMPLIFIER CONSTRUCTION 
R. A. Penfold 
The purpose of this book is to provide the reader with a 
wide range of preamplifier and power amplifie- designs 
that will, it is hoped, cover most normal requirements. 
The preamplifier circuits include low noise microphone 

and RIAA types, a tape head preamplifier, a guitar 
preamplifier and various tone controls. The power 
amplifier designs range from low power battery operation 
to 100W MOSFET types and also include a 12 volt bridge 
amplifier capable of giving up to 18W output. 
All the circuits are relatively easy to construct using the 

p.c.b. or stripboard designs given. Where necessary any 
setting-up procedures are described, but in most cases no 
setting-uo or test gear is required in order to successfully 
complete the proiect. 
100 pages  girder code BP122  £2.95 

DESIGN YOUR OWN CIRCUITS 
See ELECTRONICS TEACH IN No 6 above left 

Everyday Practical Electronics, July 1996 567 



TESTIN G, THEORY, DATA AND REFEREN CE 
TRANSISTOR DATA TABLES 
Hans-Gunther Steidle 
The continually growing number and variety of semicon-
ductor components mean ever greater problems for the 
user. It is difficult to gain an overall picture of the types 
which may be suitable for a particular application, from 
those currently available. However, as a starting point, the 
electrical parameters of a device are usually sufficient. 
The tables in this book contain information about the 

package shape, pin connections and basic electrical data for 
each of the many thousands of transistors listed. The data 
includes maximum reverse voltage, forward current and 
power dissipation, current gain and forward transadmittance 
and resistance, cut-off frequency and details of applications. 
A hook of this size is of necessity restricted in its scope, 

and the individual transistor types cannot therefore be 
described in the sort of detail that maybe found in some 
larger and considerably more expensive data books. How-
ever, the list of manufacturers' addresses will make it 
easier for the prospective user to obtain further informa-
tion, if necessary. 
Lists over 8,000 different transistors, including f.e.t.s. 

200 pages  Order code BP401  £5.95 

ELECTRONIC 
TEST EQUIPMENT 

SW. lionn 

111 

2 0(1 , 1,/!,/ , 

ELECTRONIC TEST EQUIP-
MENT HANDBOOK 
Steve Money 
The principles of operation 
of the various types of 
test  instrument  are  ex-
plained in simple terms 
with a minimum of mathe-
matical analysis The book 
covers analogue and digi-
tal meters, bridges, oscillo-
scopes, signal generators, 
counters, timers and fre-
quency measurement. The 
practical uses of the instru-
ments are also examined. 
Everything from Oscilla-

tors, through R, C & L 
measurements and much 
morel to Waveform Gener-
ators and testing Zeners. 

£B.95 rder code PC109 

A REFERENCE GUIDE TO BASIC ELECTRONICS TERMS 
F A. Wilson, C G.I.A.. C.Eng., F.I.E.E.. EI.E.R.E., 
F.B.I.M. 
The wonders of electronics multiply unceasingly and 
electronic devices are creeping relentlessly into all walks 
of modern life. As with most professions, ours too has a 
language of its own, ever expanding and now encompass-
ing several thousands of terms. This book picks out and 
explains some of the more important fundamental terms 
(over 7001, making the explanations as easy to understand 
as can be expected of a complicated subject and avoiding 
high-level mathematics. 
Through its system of references, each term is backed up 

by a list of other relevant or more fundamental terms so that 
a chosen subject can he sti idled to any depth required. 
472 pages  order code BP286  £5.95 

GETTING THE MOST FROM YOUR MULTIMETER 
R. A. Penfold 
This book is primarily aimed at beginners arid those of 
limited experience of electronics. Chapter 1 covers the 
basics of analogue and digital multimeters, discussing the 
relative merits and the limitations of the two types. In 
Chapter 2 various methods of component checking are 
described, including tests for transistors, thyristors, resis-
tors, capacitors and diodes. Circuit testing is covered in 
Chapter 3, with subjects such as voltage, current and con-
tinuity checks being discussed. 
In the main little or no previous knowledge or experience 

is assumed. Using these simple component and circuit 
testing techniques the reader should he able to confidently 
tackle servicing of most electronic proiects. 
% pages  Order code BP239  £2.95 

ELECTRONICS-BUILD AND LEARN 
R. A. Penfold 
The first chapter gives full constructional details of a cir-
cuit demonstrator unit that is used in subsequent chapters 
to introduce common electronic components - resistors, 
capacitors, transformers, diodes, transistors, thynstors, fets 
and op amps. Later chapters go on to describe how these 
components are built up into useful circuits, oscillators, 
multivibrators, bistables and logic circuits. 
At every stage in the book there are practical tests and 

experiments that you can carry out on the demonstrator unit 
to investigate the points described and to help you under-
stand the principles involved. You will soon be able to go on 
to more complex circuits and tackle fault finding logically in 
other circuit you build 
120 pages  •rder code  103  £6.95 

NEWNES ELECTRONICS TOOLKIT 
Geoff Phillips 
The author has used Ins 30 years experience in industry 
to draw together the basic information that is constantly 
demanded. Facts, formulae, data and charts are presented 
to help the engineer when designing, developing, evaluat-
ing, fault finding and repairing electronic circuits. The result 
is this handy workmate volume, a memory aid, tutor and 
reference source which is recommended to all electronics 
engineers, students and technicians. 
Have you ever wished for a concise and comprehen-

sive guide to electronics concepts and rules of thumb? 
Have you ever been unable to source a component, or 
choose between two alternatives for a particular applica-
tion? How much time do you spend searching for basic 
facts or manufacturer's specifications? This book is the 
answer, it covers resistors. capacitors, inductors, semicon-
doctors, logic circuits, EMC, audio, electronics and music, 
telephones, electronics in lighting, thermal considerations, 
connections, reference data 
158 pages  •rder code N 20  £12.95 

MORE ADVANCED USES 
OF THE MULTIMETER 
R. A. Penfold 
This book is primarily in-
tended as a follow-up to 
BP239, (see below), and 
should also be of value to 
anyone who already under-
stands the basics of voltage 
testing and simple com-
ponent testing. By using 
the techniques described in 
Chapter 1 you can test 
and  analyse the  perfor-
mance of a range of com-
ponents with just a multi. 
meter (plus a very few 
inexpensive components in 
some cases). Some useful 
quick check methods are 
also covered. 
While a multimeter is supremely versatile, it does have its 

limitations. The simple add-ons described in Chapter 2 ex-
tended the capabilities of a multimeter to make it even more 
useful. 
84 pages  order code BP265  £2.95 

PRACTICAL ELECTRONICS CALCULATIONS 
AND FORMULAE 
A Wilson, C.G.I.A., C.Eng., Ft E.E., F.I.E.R.E., 

EB.I.M. 
Bridges the gap between complicated technical theory, and 
"cut-and-tried" methods which may bring success in design 
but leave the experimenter unfulfilled. A strong practical 
bias - tedious and higher mathematics have been avoided 
where possible and many tables have been included. 
The book is divided into six basic sections, Units and 

Constants, Direct-Current Circuits, Passive Components, 
Alternating-Current Circuits, Networks and Theorems. 
Measurements. 
256 pages  ETZI M MELI al  £3.95 

AN INTRODUCTION TO LIGHT IN ELECTRONICS 
F A. Wilson 
Marconi first bridged the Atlantic with radio waves, then 
of a mere 200 kilohertz. Since then for communication we 
have moved up the frequency scale through megahertz 

and microwaves and are now probing light waves. Ac-
cordingly no self-respecting electronics engineer can af-
ford not to be conversant with light and its uses in elec-
tronics since development of opto-electronic devices and 
communication systems is proceeding at a truly explosive 
rate. 
This book is not for the expert but neither is it for the 

completely uninitiated. It is assumed the reader has some 
basic knowledge of electronics. After dealing with sub-
jects like Fundamamentals, Waves and Particles and The 
Nature of Light such things as Emitters, Detectors and 
Displays are discussed. Chapter 7 details four different 
types of Lasers before concluding with a chapter on Fibre 
Optics. 
161 pages  Order code BP359  £4.95 

PRACTICAL ELECTRONIC DESIGN DATA 
Owen Bishop 
This book is a comprehensive ready-reference manual for 
electronics enthusiasts of all levels, be they hobbyists, 
students or professionals. A helpful major section covers 
the main kinds of component, including surface-mounted 
devices. For each sort, it lists the most useful and readily 
available types, complete with details of their electronic 
characteristics, pin-outs and other essential information. 
Basic electronic units are defined. backed up by a 

compendium of the most often required formulae, fully 
explained. There are five more extensive sections devoted 
to circuit design, covering analogue, digital, radio, display, 
and power supply circuits. Over 150 practical circuit 
diagrams cover a broad range of functions. The reader is 
shown how to adapt these basic designs to a variety of 
applications  Many of the circuit descriptions include 
step-by-step instructions for using most of the standard 
types of integrated circuit such as operational amplifiers, 
comparators, filters, voltage converters and switched-
mode power supply devices, as well as the principal logic 
circuits. 
328 pages  Temporarily out of print 

INTERNATIONAL TRANSISTOR EQUIVALENTS 
GUIDE 
A. Michaels 
Helps the reader to find possible substitutes for a popular 
selection of European. American arid Japanese transistors. 
Also shows material type, polarity, manufacturer and rise. 
320 pages  'rder code BP85  £3.95 

COM PUT1N 
WINDOWS 95 EXPLAINED 
P R. M. Oliver and N. Kantaris 
If you would like to get up and running, as soon as pos-
sible, with the new Windows 95 operating system, then 
this is the book for you. 
The book was written with the non-expert, busy person 

in mind. It explains the hardware that you need in order to 
run Windows 95 successfully, and how to install and op-
timize your system's resources. It presents an overview of 
the Windows 95 environment. 
Later chapters cover how to work with programs, 

folders and documents; how to control Windows 95 and 
use the many accessories that come with it; how to use 
DOS programs and, if necessary, DOS commands and 
how to communicate with the rest of the electronic world. 
170 pdges  Irder code BP400  £5.95 

INTERFACING PCs AND COMPATIBLES 
R. A. Penfold 
Once you know how. PC interfacing is less involved than 
interfacing many eight-bit machines, which have tended 
to use some unusual interfacing methods. 
This book gives you: A detailed description of the lines 

present on the PC expansion bus. A detailed discussion of 
the physical characteristics of PC expansion cards. The 
I/O map and details of the areas where your add-on can 
be fitted. A discussion of address decoding techniques. 
Practical address decoder circuits. Simple TTL 8-bit input 
and output ports. Details of using the 8255 parallel inter-
face adaptor Digital to analogue converter circuits. In fact 
everything you need to know in order to produce success-
ful PC add-ons 
80 pages  rarli M MIZ O  £3.95 

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, applica-
tion and systems programs, and how to actually make 
your choice as well as sections on the law, ergonomics 
and a glossary of common terms. The text contains many 
useful tips and some warnings (which could save much 
effort and expense). After having read this book you 
should have a better idea of what is suitable for your 
needs, how to obtain it arid how to ensure that the system 
is operated with the minimum of difficulty. 
144 pages  Order code BP323  £4.95 

HOW TO EXPAND, MODERNISE AND REPAIR PCs 
AND COMPATIBLES (Revised Edition) 
R. A. Penfold 
Not only are PC and compatible computers very expan-
dable, but before long most users actually wish to take 
advantage of that expandability and start upgrading their 
PC system. Some aspects of PC upgrading can be a bit 
confusing, but this book provides advice and guidance on 
the popular forms of internal PC expansion, and should 
help to make things reasonably straightforward and pain-
less. Little knowledge of computing is assumed. The only 
assumption is that you can operate a standard PC of some 
kind (PC, PC XT, PC AT, or an 80386 based PC). 
The subjects covered include. PC overview; Memory 

upgrades; Adding a hard disk drive; Adding a floppy disk 
drive; Display adaptors and monitors; Fitting a maths 

co-processor; Keyboards; Ports: Mice and digitisers; 
Maintenance (including preventative maintenance) and 
Repairs, and the increasingly popular subject of d.i.y. PCs. 
156 pages  Order code BP271  £5.95 

THE PRE-BASIC BOOK 
F. A. Wilson, C.G.I.A., C.ENG., F.I.E.E., F.I.E.R.E., 
F.B.I.M. 
Another book on BASIC but with a difference. This one 
does not skip through the whole of the subject and 
thereby leave many would-be programmers floundering 
but instead concentrates on introducing the technique by 
looking in depth at the most frequently used and more 
easily understood computer instructions. For all new and 
potential micro users 
192 pages  Order code BP146  £2.95 

SERVICING. 
- PERSON 
)VIP 

SERVICING  PERSONAL 
COMPUTERS - 
3rd EDITION 
Mike Tooley BA 
The revised and enlarged 
third edition contains a 
new chapter on servicing 
68000 based  microcom-
puters.  It  has  been 
updated throughout and 
includes many new photos 
and  diagrams.  It  is 
essential  for  anyone 
concerned  with  the 
maintenance  of  per-
sonal  computer  equip-
ment  or  peripherals, 
whether professional serv-
ice technician, student or 
enthusiast. 

240 pages  unnennimea  £25 

EASY PC INTERFACING 
R. A. Penfold 
PCs and compatibles are the "standard" choice for 
anyone who is interested in practically any aspect of 
computing, including those who like to experiment with 
do-it-yourself hardware addons. Although the internal 
expansion slots provide full access to the computer's 
buses, and are suitable for user add-ons, making your 
own expansion cards requires a fair amount of expertise 
and equipment. The built-in ports provide what is often a 
much easier and hassle-free way of interfacing your own 
circuits to a PC. In particlar, a PC printer port plus a small 
amount of external hardware provides a surprisingly 
versatile inputfoutput port. The PC "games" port is less 
useful for general interfacing purposes, but it can be 
useful in some applications. 
This book provides a number of useful PC add-on 

circuits including the following: Digital input/output ports; 
Analogue to digital converter; Digital-to-Analogue Con-
verter; Voltage and current measurement circuits; Resis-
tance meter; Capacitance meter; Temperature measure-
ment interface; Biofeedback monitor; Constant voltage 
model train controller; Pulsed model train controllers: 
Position sensor (optical, Hall effect, etc.); Stepper motor 
interlace; Relay and LED drivers; Triac mains switching 
interface. 
179 pages  Order code BP385  £4.95 
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CIRCUITS AND DESIGN 
REMOTE CONTROL HANDBOOK (Revised Edition) 
Owen Bishop 
Remote control systems lend themselves to a modular 
approach. This makes it possible for a wide range of 
systems, from the simplest to the most complex, to be 
built up from a number of relatively simple modules. The 
author has tried to ensure that, as far as possible, the 
circuit modules in this book are compatible with one 
another. They can be linked together in many different 
configurations to produce remote control systems tailored 
to switch a table lamp on and off, or to operate an 
industrial robot, this book should provide the circuit you 
require. 
240 pages  Order code BP240  £3.95 

COIL DESIGN AND CONSTRUCTIONAL MANUAL 
B. B. Babani 
A complete book for the home constructor on "how to 
make" RF, IF, audio and power coils, chokes and trans-
formers. Practically every possible type is discussed and 
calculations necessary are given and explained in detail. 
Although this book is now twenty years old. with the 
exception of toroids and pulse transformers little has 
changed in coil design since it was written. 
96 pages  Order code 160  £2.50 

PRACTICAL ELECTRONICS HANDBOOK - 
Fourth Edition. Ian Sinclair 
Contains all of the everyday information that anyone 
working in electronics will need. 
It provides a practical and comprehensive collection 

of circuits, rules of thumb and design data for profes-
sional engineers, students and enthusaists, and there-
fore enough background to allow the understanding and 
development of a range of basic circuits. 
Contents: Passive components, Active discrete com-

ponents, Discrete component circuits, Sensing com-
ponents, Linear I.C.s, Digital I.C.s, Microprocessors and 
microprocessor systems, Transferring digital data, Digital' 
analogue conversions, Computer aids in electronics, 
Hardware components and practical work, Standard 
metric wire table, Bibliography, The HEX scale, Index. 
440 pages  order code NE21  £12.99 

AUDIO IC CIRCUITS MANUAL 
R. M. Marston 
A vast range of audio and audio-associated i.c.s are 
readily available for use by amateur and professional 
design engineers and technicians. This manual is a 
guide to the most popular and useful of these devices, 
with over 240 diagrams. It deals with i.c.s such as low 
frequency linear amplifiers, dual pre-amplifiers, audio 
power amplifiers, charge coupled device delay lines, 
bar-graph display drivers, and power supply regulators, 
and shows how to use these devices in circuits ranging 
from simple signal conditioners and filters to com-
plex graphic equalizers, stereo amplifier systems, and 
echo reverb delay lines etc. 
168 pages  Temporarily out of print 

50  CIRCUITS  USING  GERMANIUM,  SILICON  AND 
ZENER DIODES 
R. N. Soar 
Contains 50 interesting and useful circuits and applications, 
covering many different branches of electronics, using one 
of the most simple and inexpensive of components - the 
diode. Includes the use of germanium and silicon signal 
diodes, silicon rectifier iliiiiles and Zeiler diodes, etc. 
64 pages  order code BP36  £1.95 

A BEGINNERS GUIDE TO CMOS DIGITAL ICs 
R. A. Penfold 
Getting started with logic circuits can be difficult, since 
many of the fundamental concepts of digital design tend 
to seem rather abstract, and remote from obviously useful 
applications. This book covers the basic theory of digital 
electronics and the use of CMOS integrated circuits, but 
does not lose sight of the fact that digital electronics has 
numerous "real world" applications. 
The topics covered in this book include: the basic con-

cepts of logic circuits; the functions of gates, inverters and 

other logic "building blocks", CMOS logic i.c characteris-
tics, and their advantages in practical circuit design; oscil-
lators and monostables (timers); flip!flops, binary dividers 
and binary counters; decade counters and display drivers. 
The emphasis is on a practical treatment of the subject, 

and all the circuits are based on "real" CMOS devices. A 
number of the circuits demonstrate the use of CMOS logic 
i.c.s in practical applications. 
119 pages  • rder code BP333  £4.95 

TIMER GENERATOR 
CIRCUITS MANUAL 

TIMER/GENERATOR 
CIRCUITS MANUAL 
R. M. Marston 
This  manual  is 
concerned  mainly 
with waveform gener-
ator techniques and 
circuits.  Waveform 
generators are used 
somewhere or other 
in  most  types  of 
electronic equipment, 
and thus form one of 
the most widely used 
classes  of  circuit. 
They  may  be 
designed to produce 
outputs  with  sine, 
square,  triangle, 
ramp, pulse, staircase, 
or a variety of other 
forms. The generators 
may  produce  mod-
ulated  or  unmodu-
lated outputs, and the 

outputs may be of single or multiple form. 
Waveform generator circuits may be built using tran-

sistors, op amps, standard digital i.c.s, or dedicated 
waveform or "function" generator i.c.s. 
The manual is divided into eleven chapters, and 

presents over 300 practical circuits, diagrams and tables. 
The subjects covered include: Basic principles; Sire 
wave generators; Square wave generators; Pulse gener-
ator circuits; "Timer i.c." generator circuits; Triangle 
and sawtoot'i generators; Multi-waveform generatioi; 
Waveform synthesizer i.c.s; Special waveform generators; 
Phaselocked loop circuits; Miscellaneous "555" circuits. 
267 pages  Order code NE18  £13.95 

OPTOELECTRONICS CIRCUITS MANUAL 
R. M. Marston 
A useful single-volume guide to the optoelectronics 
device user, specifically aimed at the practical design 
engineer, technician, and the experimenter, as well as the 
electronics student and amateur. It deals with the subject 
in an easy-to-read, down-to-earth, and non-mathematical 
yet comprehensive manner, explaining the basic prin-
ciples and characteristics of the best known devices, and 
presenting the reader with many practical applications 
and over 200 circuits. Most of the i.cs and other devices 
used are inexpensive and readily available types, with 
universally recognised type numbers. 
182 pages  Order code NE14  £13.95 

OPERATIONAL AMPLIFIER USER'S HANDBOOK 
R. A. Penfold 
The first part of this book covers standard operational 
amplifer based "building blocks" (integrator, precision 
rectifier, function generator, amplifiers, etc), and con-
siders the ways in which modern devices can be used 
to give superior performance in each one. The second 
part describes a number of practical circuits that exploit 
modern operational amplifiers, such as high slew-rate, 
ultra low noise, and low input offset devices. The projects 
include: Low noise tape preamplifier, low noise RIAA 
preamplifier, audio power amplifiers, d.c. power con-
trollers, opto-isolator audio link, audio millivolt meter, 
temperature monitor, low distortion audio signal gener-
ator, simple video fader, and many more. 
120 pages  Order code BP335  £4.95 

AUDIO AND MUSIC 
INTRODUCTION TO DIGITAL AUDIO 
(Second Edition) 
Ian Sinclair 
Digital recording methods have existed for many years 
and have become familiar to the professional recording 
engineer, but the compact disc (CD) was the first device to 
bring audio methods into the home. The next step is the 
appearance of digital audio tape (DAT) equipment. 
All this development has involved methods and circuits 

that are totally alien to the technician or keen amateur 
who has previously worked with audio circuits. The prin-
ciples and practices of digital audio owe little or nothing 
to the traditional linear circuits of the past, and are much 
more comprehensible to today's computer engineer than 
the older generation of audio engineers. 
This book is intended to bridge the gap of understand-

ing for the technician and enthusiast The principles and 
methods are exp)ained, but the mathematical background 
and theory is avoided, other than to state the end product. 
128 pages  Order code PC102  £7.95 

PROJECTS FOR THE ELECTRIC GUITAR 
J. Chatwin 
This book is for anyone interested in the electric guitar. It 
explains how the electronic functions of the instrument 
work together, and includes information on the various 
pickups and transducers that can be fitted. There are com-
plete circuit diagrams for the major types of instrument, 
as well as a selection of wiring modifications and pickup 
switching circuits. These can be used to help you create 
your own custom wiring. 

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. 
Our postage price is the same no matter how many books you order, just add 

£1.50 to your total order for postage and packing (overseas readers add £3 for 
countries in the EEC, or add £6 for all countries outside the EEC, surface mail 
postage) and send a PO, cheque, international money order (£ sterling only) 
made payable to Direct Book Service or credit card details (including card expiry 
date), Visa or Mastercard - 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 1RW (mail order only). 
Although books are normally sent within seven days of receipt of your order, 

please allow a maximum of 28 days for delivery. 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. 
Tel 01202 881749  Fax 01202 814692 

Along with the electric guitar, sections are also in-
cluded relating to acoustic instruments. The function of 
specialised piezoelectric pickups is explained and there 
are detailed instructions on how to make your own 
contact and bridge transducers. The projects range from 
simple preamps and tone boosters, to complete active 
controls and equaliser units. 
92 pages  Order code BP358  £4.95 

AUDIO 
F. A. Wilson, C.G.I.A., C.Eng., F.I.E.E., F.I.E.R.E., 
F.B.I.M. 
Analysis of the sound wave and an explanation of acousti-
cal quantities prepare the way. These are followed by a 
study of the mechanism of hearing and examination of 
the various sounds we hear. A look at room acoustics with 
a subsequent chapter on microphones and loudspeakers 
then sets the scene for the main chapter on audio systems 
- amplifiers, oscillators, disc and magnetic recording and 
electronic music. 
320 pages  Order code BP111  £3.96 

MIDI SURVIVAL GUIDE 
Vic Lennard 
Whether you're a beginner or a seasoned pro, the MIDI 
Survival Guide shows you the way. No maths, no MIDI 
theory, just practical advice on starting up, setting up 
and ending up with a working MIDI system 
Over 40 cabling diagrams. Connect synths, sound 

modules, sequencers, drum machines and mulutracks. 
How to budget and buy secondhand. Using switch, 
thru  and  merger  boxes.  Transfer  songs  between 
different sequencers. Get the best out of General MIDI, 
Understand  MIDI  implementation  charts.  No  MICI 
theory. 
104 pages  Order code PC111  £6.95 

PRACTICAL ELECTRONIC MUSICAL 
EFFECTS UNITS 
R. A. Penfold 
This book provides practical circuits for a nu nber of 
electronic musical effects units. All can be built at rela-
tively low cost, and use standard, readily available com• 
ponents. The projects covered include: Waa-Waa Units; 
Distortion  Units;  Phaser;  Guitar Envelope Shaper; 
Compressor; Tremolo Unit; Metal Effects Unit; Bass 
and Treble Boosters; Graphic Equaliser; Parametric 
Equaliser. The projects cover a range of complexities, 
but most are well within the capabilities of the average 
electronics hobbyist. None of them require the use of 
test equipment arid several are suitable for near 
beginners. 
102 pages  Order code BP368  £4.95 

LOUDSPEAKERS FOR MUSICIANS 
Vixen Cape! 
This book contains all that a working musician needs to 
know about loudspeakers; the different types, how they 
work, the most suitable for different instruments, nor 
cabaret work, and for vocals. It gives tips on construct-
ing cabinets, wiring up, when and where to use wad-
ding, and when not to, what fittings are available, finish-
ing, how to ensure they travel well, how to connect 
multi-speaker arrays and much more. 
Ten practical enclosure designs with plans and ccm-

ments are given in the last chapter, but by the time 
you've read that far you should be able to design your 
own! 
164 pages  ardor code BP297  £3.95 
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VIDEOS ON 
ELECTRONICS  

A range of videos designed to provide instruction on 
electronics theorm 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 V201 
VT202 62 minutes. Part Two; A.C. Circuits. This 
is your next step in understanding the basics of 
electronics. You will learn about how coils, 
transformers, capacitors. etc are used in com-
mon circuits.  Order Code VT202 
VT203 57 minutes. Part Three: Semiconductors. 
Gives you an exciting look into the world 
of semiconductors. With basic semiconduc-
tor theory. Plus 15 different semiconductor 
devices explained.  Order Code VT203 

VT204 56 minutes. Part Four; Power Supplies. 
Guides you step-by-step through different sec-
tions of a power supply.  Order Code VT204 
VT205 57 minutes. Part Five; Amplifiers. Shows 
you how amplifiers work as you have never 
seen them before. Class A, class B. class C, 
op.amps. etc.  Order Code VT205 
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 

(ilt  3 4 . 5 
each 

inc. VAT & postage 
Order 8 or more get one extra FREE 
Order 16 get two extra FREE 

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

Order Code VT102 
VT103 35 minutes: A step-by-step easy to 
follow procedure for professionally clean-
ing the tape path and replacing many of 
the belts in most VHS VCR's. The viewer 
will also become familiar with the various 
parts found in the tape path. 

Order Code VT103 

DIGITAL 
Now for the digital series of six videos. 
This series is designed to provide a 
good 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 
/T302 55 minutes. Digital Two; Flip Flops will 
further enhance your knowledge of digi-
tal  basics.  You  will  learn  about  Octal 
and Hexadecimal notation groups, flip-flops, 
counters. etc.  Order Code VT302 
V303 54 minutes. Digital Three; Registers and 
Displays is your next step in obtaining a solid 
understanding of the basic circuits found in 
today's digital designs. Gets into multiplexers. 
registers, display devices, etc. 

Order Code VT303 
VT304 59 minutes. Digital Four; DAC and ADC 
shows you how the computer is able to com-
municate with the real world. You will learn 
about digital-to-analogue and analogue-to-digi-
tal converter circuits.  Order Code VT304 
VT305 56 minutes. Digital Five; Memory Devices 
introduces you to the technology used in many 
of today's memory devices. You will learn all 
about ROM devices and then proceed into 
PROM, EPROM, EEPROM, SRAM, DRAM. and 
MBM devices.  Order Code VT305 
VT306 56 minutes. Digital Six; 'The CPU gives 
you a thorough understanding in the basics of 
the central processing unit and the input/output 
circuits used to make the system work. 

Order Code VT306 

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

money order drawn on a UK bank). 
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 

RADIO 
VT401 61 minutes. A.M. Radio Theory. The most 
complete video ever produced on a.m. radio. 
Begins with the basics of a.m, 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 V1401 
VT402 58 minutes. F.M. Radio Part 1. F.M. basics 
including the functional blocks of a receiver. 
Plus r.f. amplifier, mixer oscillator, i.f, amplifier, 
limiter and f.m. decoder stages of a typical f.m. 
receiver.  Order Code VT402 

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

MISCELLANEOUS 
VT501 58 minutes. Fire Optics. From the fun-
damentals of fibre optic technology through 
cable manufacture to connectors, transmitters 
and receivers.  Order Code VT501 
V502 57 minutes. Laser Tedurology A basic in-
troduction covering some of the common uses of 
laser devices, plus the operation of the Ruby 
Rod laser, HeNe laser. CO2 gas laser and semi-
conductor laser devices. Also covers the basics 
of CD and bar code scanning. 

Order Code VT502 

Each video uses a mixture of animated 
current flow in circuits plus text, plus 
cartoon instruction etc., and a very full 
commentary to get the 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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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 Service, 
Everyday Practical Electronics, Allen House, East Borough, Wimborne, Dorset 
BH21 1PF. Tel: 01202 881749. Cheques should be crossed and made payable to 
Everyday Practical Electronics (Payment in £ sterling only). 
NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for 
delivery - overseas readers allow extra if ordered by surface mail. 
Back numbers or photostats of articles are available if required - see the 
Back Issues page for details. 
Please check price and availability in the latest issue. 
Boards can only be supplied on a payment with order basis. 

PROJECT TITLE Order Code Cost 

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 

Spacewnter Wand 921 £4.00 
Universal Digital Code Lock 922 £6.25 

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  MAR'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-DATS Development System 
(double-sided p.t.h.) 940 £9.90 

EPE HiFi Valve Amplifier -  JUNE'95 
Phase splitter 941 £6.71 
PIC-DAIS 4 -channel Light Chaser 942 £7.90 

HV Capacitor Reformer  JULY 95 943 £5.60 
Ramp Generator 
Logic Board (double-sided p.t.h.) & Analogue 
board (pair) 944 5 £32.00 

Automatic Curtain Winder 946 £6.75 
Windicator 947 £4.10 

Microcontrolled 3-Digit Timer  AUG'95 933 £6.61 
IR Remote Control - Transmitter 948 £5.76 

- Receiver 949 £6.14 
Personal Practice Amplifier 950 £6.09 

Low-Range Ohmmeter Adaptor  SEPI95 926 £5.55 
Simple Theremin 952 £6.68 
Vandata 
Boot Control Unit 953 £10.52 
Display Unit 954 £6.61 

Sound Switch  OCT'95 915 £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 

PROJECT TITLE Order Code Cost 

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 '961 960 £6.15 

Stereo -Cordless " Headphones  E adt a 
Transmiter 961 £8.04 
Receiver 962 £7.66 
EPE Met Office - Sensor/Rainfall Vane 963:965 £11.33 
Spiral transparency free with above p.c.b 
Light-Operated Switch 966 £6.37 
Modular Alarm System (Teach-In '96) 967aib £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 970971 (pr) £9.09 
Automatic Camera Panning (Teach-In '96) 972 £6.63 
Printer Sharer 973 £9.93 

957 £6.70 Analogue Frequency Meter  FEB'96 
Van-Speed Dice (Teach-In '96) 974 £5.69 
Mains Signalling Unit - 2 
12V Capacitive PSU 975 £6.07 

PIC-Electric Meter - SensorPSU- Control, Display 977/978 (pr) £9.90 

976 £6. 12 Multi-Purpose Mini Amplifier  MAR 96 
PIC-Electric - SensoriPSU - Control/Display 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 ipr) £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 961 986 £8 39 

B.F.O. and Bat Band Converter  MAY 96 984a/to £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 

996 £7.17 Sarah's Light  JUNE'96 
Home Telephone Link 997 (pr) £10.72 

PulStar 998 £6.60 
VU Display and Alarm 999  

994 995 (pr) £12.72 
Ultra-Fast Frequency Generator  JULY•96 
and Counter - Oscillatorl.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 

EPE PRINTED CIRCUIT 
BOARD SERVICE 

I Order Code  Project 

I Name   

I Address   

Quantity  Price 

I I enclose payment of E tchequePO  sterling only) in 

Everyday 
Practical Electronics 

Access (MasterCard) or Visa No. 
Minimum order for credit cards £5 

I Signature  Card Exp. Date   

Please supply name and address of cardholder if thfferent from the address show, 
M D  M I  IM• AI M  • Ml  M O  I MP  ! MI  W m 
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REPORTING 
n   C 

Tony Smith G4FAI  
US HAM ON MIR 
There was considerable disappoint-

ment when the space shuttle Atlantis 
(STS-76) was unable to include its 
planned SAREX (Space Shuttle Amateur 
Radio Experiment) contacts with a num-
ber of school groups during its mission in 
March. This was due to the unexpected 
curtailment of the flight by one day. It is 
hoped to reschedule the contacts to a 
future flight. 
SAREX is a secondary payload on 

many  shuttle  missions.  It provides 
schools and amateur radio operators 
with an opportunity to talk to astronauts 
when they are in orbit, and many of the 
astronauts hold amateur radio licences 
for this purpose. 
There will be further opportunities 

for amateur contacts with the shuttles 
during more SAREX flights planned for 
the rest of 1996. These are: 
Columbia/STS-78/LMS,  June  27, 

duration 16 days, with five amateur radio 
licensees among the crew; Atlantis 
STS-79/MIR Docking Flt-4, August 1, 
duration 9 days, with two amateur 
licensees aboard; Columbia/STS-80, 7th 
November, 16 days, with two licensees; 
and Atlantis STS-81/MIR Docking Flt-5, 
December 5, duration 9 days, crew to be 
announced. 
Astronaut Shannon Lucid was trans-

ferred from Atlantis to MIR during the 
STS-76 mission and will be on the 
Russian craft until August. During her 
stay she will be using MIR's radio from 
time to time to operate on 145.55MHz 
simplex in the amateur 2-metre band, 
using the callsign ROMIR. 

OPERATING MANUAL 
The Radio Society of Great Britain 

has recently published the fourth edition 
of its Amateur Radio Operating Manual. 
The last edition was published some ten 
years ago but amateur radio has ad-
vanced quite considerably since then. 
The new edition reflects these advances 
and includes coverage for the first time 
of microwave DXing, moonbounce, 2-
metres foxhunting, digital communica-
tions and fast-scan TV. 
The chapter headings give some 

idea of the coverage: The Amateur 
Service; Setting up a station; Operating 
practices and procedures; DX; Con-
tests;  Mobile  and  portable  opera-
tion;  Amateur  satellite  and  space 
communications; Data communications; 
Image techniques; and Special event 
stations. 
Add to that twelve appendices which 

include maps, international callsigns, the 
DXCC countries list, amateur frequency 
allocations,  band  plans,  beacons, 
repeaters, packet mailboxes and nodes, 
etc, and the result is a book that should 
be in the shack of anyone interested in 
amateur radio. 

If you want to know how to keep up 
with the news of DX activity; the agreed 
procedures for moonbounce operating; 
the best way to run a contest sta-
tion; information on operating maritime 
mobile; how to say "I will send you my 
OSL card via the bureau" in French, 
German, Italian or Spanish; the answers 
are all here. 
My own well-thumbed copy of the pre-

vious edition has been in constant use 
over the last ten years, and I have found it 
invaluable. I have no doubt this new ex-
panded edition will serve me equally well. 
The price for members is £9.90 

(non-members £11.65) plus postage 
£1.00, and the book is available from the 
Radio Society of Great Britain (Ref. 
EPE), Lambda House, Cranbome Road, 
Potters Bar, Herts EN6 3JE. 

NOVICE EXAM HANDBOOK 
A new book by Ian Poole, G3YWX, 

well-known to readers of EPE, is The 
Novice Radio Amateurs Examination 
Handbook. Despite its title, however, this 
is not intended for "stand-alone" home 
study leading to the Novice licence 
examination. The exam can only be 
taken after attending a short practical 
course (about 30 hours over 12 weeks) 
arranged by the RSGB. 
While this book covers the basic prin-

ciples needed for the exam, its purpose 
is principally to complement the course, 
"acting as a reinforcement and back-
ground to what will be learnt." 
As usual, Ian covers a lot of ground 

in a small book. The thirteen chapters 
are headed: What is Amateur Radio?; 
Basic Concepts; Measurements; Radio 
Waves; Aerials; Radio Transmissions; 
Receivers; Transmitters; Interference; 
Operating; Station Organisation; Sol-
dering; and Safety. There is also a 
Novice Course Work Check Sheet, 
which records progress on the course, 
and a short list of useful books for 
further reading. 
The book doesn't go too deeply into 

any given subject, but that is intentional. 
What it does do is summarise many 
aspects of the Novice course to help 
provide a general understanding which 
in turn will help a student understand 
more detailed aspects when faced with 
them. 
The book could also serve as a 

first introduction to amateur radio for 
someone completely new to the subject. 
It is published by Bernard Babani (pub-
lishing) Ltd, at £4.95. A natural follow-on 
to this would be Ian's earlier book An 
Introduction to Amateur Radio, from the 
same publisher. Both books are avail-
able from the EPE Direct Book Service. 

YOUNG AMATEUR OF THE YEAR 
Details of the Young Amateur of the 

Year Award 1996 have been announced 

by the Radiocommunications Agency. 
The award is open to anyone under 18 
who has an interest in radio. 
Applicants need not be licensed 

amateurs but the following areas of 
activity will be taken into account when 
assessing their applications. DIY radio 
construction; operation of radio; com-
munity service (assisting the disabled, 
emergency communications, etc); en-
couraging others  (eg,  through  the 
Novice licence scheme); and school 
projects. 
The first prize will be £300 cash and 

the runner-up will receive £50. There 
will be additional prizes for both win-
ners from the radiocommunications in-
dustry, plus an invitation to visit the RA's 
Radio Monitoring Station at Baldock in 
Hertfordshire. 
Further details can be obtained from 

the Radio Society of Great Britain, ad-
dress as above, to whom nominations 
should be sent to arrive not later than 31 
July 1996. 

IT'S GOODBYE FROM ME 
This is my last Reporting Amateur 

Radio column. I have been writing it for 
over ten years, and have enjoyed the 
opportunity to tell EPE readers about the 
wide range of activities open to radio 
amateurs, and how they too can join in 
this fascinating hobby. 
My first column was in February 1986, 

when I reported that amateurs had been 
allocated a new frequency band at 
50MHz. I have continued to report 
developments since then, culminating in 
the recent news that all of the in-
ternational regulations covering amateur 
radio, including the controversial Morse 
test, are to be reviewed at the ITU's 
World Radio Conference in 1999. The 
outcome of this review could well result 
in a completely new image for the hobby 
in the 21st century. 
It has been a pleasure working with 

Mike Kenward and his team over this 
period. They produce the best magazine 
in its field. Long may it continue! 

Thanks — Ed. 

STILL WRITING 
I shall continue writing in Morsum 

Magnificat, the Morse Magazine, which I 
helped launch in the UK in 1986. If any of 
you are interested in Morse telegraphy, 
past, present and future, and would like 
to continue to read my scribblings, you 
can get more details from: G.C. Arnold 
Partners (Dept EPE), 9 Wetherby Close, 
Broadstone, Dorset BH18 8JB. Published 
bimonthly, a sample copy costs £2.20. 
Amateurs using Morse end the last 

contact of a session on the air with the 
following signals. What better way is there 
to end this column?: "73 VA CL" (Best 
wishes, end of work, I am now closing 
down.) 
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200 WATT INVERTERS Nicely cased units 12v input 240v 
output 150viall continuous 200 max £49 ref LOT62 

6 .8IAW HELIUM NEON LASERS New units £65 ref LOT 33 
COINSLOT TOKENSYou may have a use tor thes & mixed bag 

of 100 tokens E10 ref LOT20 

PORTABLE X RAY MACHINE PLANS Easy to construct 
plans on a simple and cheap way to build a home X-ray machine! 
Effective device X- ray sealed assemblies can be used for 
expenmental purposes Not a toy or for minors, E6/set Ref FTXP1 

TELEKINETIC ENHANCER PLANS Mystify and amaze your 
mends by creating motion with no known apparent means or cause 
Uses no electncal or mechanical connections no speoal gimmicks 
yetp rcd ucesp °stye motion a nd effed E xcellent for science p roteds 
magic shows party demonstrations or serious research & 
development of this strange and amazing phychic phenomenon 

E4/set Ref F/TKE 1 

ELECTRONIC HYPNOSIS PLANS& DATAThisoata snows 
several ways to put subjects under your control included is a full 
volume reference text and several construction plans that when 
assembled can produce highly effective stimuli This matenal must 
be used cautiously 11 is for use as entertainment at parties etc only 
by those expenenced in its use E15/set Ref F/EH2 

GRAVITY GENERATOR PLANS This unique plan 
demonstrates a simple electncal phenomena that produces an anti-
gravity effect You can actually build a small mock spaceship out of 
simple matenals and without any visible means- cause it to levitate 
El 0/set Ref F/GRA1 

WORLDS SMALLEST TESLA COIULIGHTENING 
DISPLAY GLOBE PLANS Produces up to 750 000 volts of 
discharge expenment with extraordinary NV effects 'Plasma in a 
jai' St Elmo's fire Corona excellent science project or conversation 
piece E5/set Ref F/BTCl/LG5 

COPPER VAPOUR LASER PLANS Produces 100mw of 
visible green light High coherency and spectral quality similar to 

Argon laser but easier and less costly to build yet far more effiaent 
Thisparlculardesign was developed atthe Atomic EnegyCommision 
of NEGEV in Israel E10/set Ref F/CVL 1 

VOICE SCRAMBLER PLANS %nature 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 ENS9 

PULSED TV JOKER PLANS Little hand held device utilises 
pulse techniques that will completely disrupt TV picture and sound' 
works on FM tool DISCRETION ADVISED E8/set Ref F(TJ5 

BODYHEAT TELESCOPE PLANS Highly directional long 
range device uses recent technology to detect the presence of living 
bodies warm and hot spots heat leaks etc Intended for secunty law 
enforcement research and development, etc Excellent secunty 
device of very interesting science project E8/set Ref F/BHT1 

BURNING, CUTTING CO2 LASER PLANS Projects an 
invisible beam of heat capable of burning and melting matenals over 
a considerable distance This laser is one of the most effioent 
converting 10% input power into useful output Not onlyis this device 

a workhorse in welding cutting and heat processing matenals but it 
is also a likely candidate as an effective directed energy bean, 
weapon against missiles aircraft ground-to-ground etc Particle 
beams may very well utilize a laser of this type to blast a channel ir 
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 E I 2/set Ref F/LC7 

MYSTERY ANTI GRAVITY DEVICE PLANS Uses simple 
concept Obiects float in air and move to the touch Defies gravity 
amazing gift conversation piece magic tnck or science project £6/ 
set Ref F/ANT 1K 

ULTRASONIC BLASTER PLANS Laboratory source of sonic 
shock waves Blow holes in metal produce 'cold' steam atomize 
liquides Many cleaning uses for PC boards jewIlery cans small 

parts etc C6/set Ref FAJLB1 
ULTRA H IG H GAIN PJAP/STET HOSCOP IC M IK E/SOUND 
AND VIBRATION DETECTOR PLANS Ultrasensitive device 
enables one to hear a whole new world of sounds Listen through 
walls windows floors etc Many applications shown from law 
enforcement nature listening medical heartbeat to mechanical 
devices E6/set Ref F/HGA7 

ANTI DOG FORCE FIELD PLANS Highly effective circuit 
produces time vanable pulses of accoustical energy that dogs 
cannot tolerate E6/set Ref F/DOG2 

LASER BOUNCE LISTENER SYSTEM PLANS Allows you 
to hear sounds from a premises without gaining access El 2/set Ref 

FILLIST 1 

LASER LIGHT SHOW PLANS Do it yourself plans show three 
methods £6 Ref F/LLS I 

PHASOR BLAST WAVE PISTOL SERIES PLANS 
Handheld has large transducer and battery capacity with external 

controls £6/set Ref F/PSP4 

INFINITY TRANSMITTER PLANS Telephone line grabber/ 
room monitor The ultimate in home/office security and safety, simple 

to user Call your home or office phone push a secret tone on your 
telephone to access either A) On premises sound and voices or B) 
Existing conversation with break-in capability for emergency 
messages £7 Ref F/TELEGRAB 

BUG DETECTOR PLANS Isthat someone gelling 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 
interference Detects low. high and UHF frequencies E5/set Ref F/ 

BD1 
ELECTROMAGNETIC GUN PLANS Projects a metal object 
a considerable distance-requires adult supervision £5 ref F/EM L2 

ELECTRIC MAN PLANS, SHOCK PEOPLE WITH THE 
TOUCH OF YOUR NANDI E5/set Ref F/EMA1 
PARABOLIC DISH MICROPHONE PLANS Listen to distant 
sounds and vaces 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 E8/set 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 E 1 0 Ref F/HVM7/ 

WOLVERITANIPTON BRANCH 
QW OPEN AT WORCESTER ST 
WIlAMPION TEL 01902 22039 
INFINITY TRANSMITTERS The ultimate 'bug' fits to any 
phone or line undetectable listen to the conversations in the room 
fran anywhere in the world , 24 hours a day 7 days a week' just call 
the nunber 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 normal RF detectors fitted in seconds no 
battenes required lasts forever, 

SWITCHED MODE PSU'S 244 watt r-5 32A, .12 6A. -50 2A, - 
120 2A There is also an optional 3 3v 25A rail available 120/240s I/ 
P Cased, 175x90x 145mm IEC inlet Suitable for PC use (6 d/drive 
connectors 1 mtoard) EIO ref PSU1 

VIDEO PROCESSOR UNITS?/6v 10AH BATTS/12V OA 
TX Not too sure what the function of these units is but they cenainly 
make good stnppersi Measures 390X320X12Ornm. on the front are 
controls for scan speed. scan delay scan mode. loads of connect ons 
on the rear Inside 2 x 6v 10AH sealed lead acid butts pcb's and a 810 
12v torroithal transformer (mains in) Condition not known, may have 
one or two broken knobs due to poor storage £l7 50 ref VP2 

RETRON NIGHT SIGHT Recognition of a standing man at 300m 
in 1/4 moonlight. hermetically sealed runs on 2 AA batteries 80mm 

F 1 5 lens 20mw infrared laser included £325 ref RET RON 

MINI FM TRANSMITTER KIT Very high gain prearnp supplied 
complete with FET electret microphone Designed to cover 88-108 
Mhz but easily changed to cover 63-130Mhz Works with a common 
9v (PP3) battery 02W RE £7 Ref 1001 

3-30V POWER SUPPLY KIT Venable stabilized power supply 
for lab use Short circuit protected suitable for profemonal or amateur 

use 24v 3A transformer is needed to complete the krt £14 Ref 1007 

1 WATT FM TRANSMITTER KIT Sy:plied with piezo electnc 
mic 8-30vdc At 25-30v you will get nearly 2 watts, £12 ref 1009 

FM/AM SCAN N ER 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 £l5 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 E 14 Ref 1014 

4 WATT FM TRANSMITTER KIT Small but powerful FM 
transmitter 3 RE stages microphone and audio preamp included 

£20 Ref 1028 

STROBE LIGHT KIT Adjustable from 1-60 hz (a lot faster than 
conventional strobes) Mains operated £l6 Ref 1037 

LIQUID LEVEL DETECTOR KIT Use ul fortanks. ponds baths. 
rain alarm leak detector etc Will switch 2A mains £5 Ref 1081 

COMBINATION LOCK KIT 9 key programmable complete with 
Keypad will switch 2A mains 9s Oc operation £10 ref 1114 

PHONE BUG DETECTOR KIT This device will warn you if 
somebody is eavesdropping on your line £6 ref 1130 

ROBOT VOICE KIT Interesting circuit that distorts your voice' 
adjustable ansvierthe phone with a differentvoicel 12vdcE9 ref 1131 

TELEPHONE BUG KIT Smell bug powered by the phone line 
starts transmitting as soon as the phone is picked 4 1E8 Ref 1135 

3 CHANNEL LIGHT CHASER KIT aoo watts per channel 
speed and direction controlssupplied with 12 LEDS (you can Attnacs 
instead to make kit mains not supplied) 9-12vdc £17 ref 1026 

12V FLOURESC ENT LAMP DRIVER KITLight up 4 foottubes 
Iran your car bettenil 9v 2a transformer also required £8 ref 1069 

VOXS WITCH KIT Sound activated sivechidealbr making bugging 

tape recorders etc adjustable sensitivity £8 ref 1073 

Check out our 

WEB SITE 
http: www.pavIllon.co.uk bull-electrical 

PREAMP MIXER KIT 3 input mono mixer sep bass and treble 
controls plus individual level contras 18vdc. input sens 100mA £15 
ref 1052 

METAL DETECTOR KIT Range 15-20cm complete with case 
9vcic £8 ref 1022 

SOUND EFFECTS GENERATOR KIT Produces sounds ranging 
from bird chips to sirens Complete with speaker add sound effects 
to your protects for just £9 ref 1045 

16 WATT FM TRANSMITTER (BUILT) 4 stage high power 
preamp required 12- 18vdc can use ground plane yagi or open 
dipole £69 ref 1021 

HUMIDITY METER KIT Builds into a precision LCD humidity 
meter 9 lc design pcb lcd display and all components included £29 

PC TRIER KIT Four channel output controlled 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 sena! 

•SOME OF OUR PRODUCTS MAY BE UNLICENSABLE DI THE UK 

BULL ELECTRICAL 
250 PORTLAND ROAD, HOVE, SUSSEX. 
BN3 SQT. (ESTABLISHED SO YEARS). 

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

PLEASE ALLOW 7-10 DAYS FOR DELI VERYPHONE ()RISERS 

WELCOME (A‘XESS.VISA. %vac-a AMERICAN EX.PRESS) 

TEL: 01273 203590 
FAX 01273 323977 

E-mail bull@pavilion.co.uk 

port hard dnve with min 100k free £24 99 

DIVINING RODS Expensive technology cannot challenge thelool 
proolartofwater divining passeddown f rom generation togeneraton 
Seeing is believing Use in the home garden countryside or desert 
its divinely simple, £4 99 a pair ref E/3 

HUGE BUBBLE MAKING KIT Youll be amazed at the the size 
of the bubbles you can acheive with firs bubble making kit Once you 
have got the knack itis posmble to make bubbles of up to 40 feet long 
£11 99 ref E/9 

FMCORDLESSMICROPHONE Thisunnis an FM broadcasting 
station in minature 3 transistor transmitter with Mectret condenser 
miorfelarnp design resultinmaximumSensityrtyandbroadfrequency 
response 90-105mhz. 50- 1500hz 500 foot range in open count nil 
PP3 battery required £l5 00 ref 15P42A 

MAGNETIC MARBLES They have been around for a number of 
years but still givense tocunosity and amazement A pack of 12 isjust 
£3 99 ref GI/R20 

STETHOSCOPES A fully functioning stethoscope for all those 
intncate projects Enables you to listen to motors pipes heartbeats 
walls insects etc £6 ref MAR6P6 

NICKEL PLATING KIT Proffesional electroplating kit that will 
transform rusting parts into showpieces in 3 hours, Will plate onto 
steel iron bronze gunmetal copper. welded silverscidered or brazed 
jrants Kit includes enough to plate 1 000 sq inches You will alsoneed 

a 12v supply a container and 2 12v light bulbs £39 99 ref NIK39 

lAinature adjustable timers, 4 pole c/o output 3A 240v, 
HY1230S, 12vDC adjustable from 0-30 secs  £4 99 

HY1260M, 12vDC adjustable from 0-60 mitts  £4 99 

HY2405S. 240v adjustable from 0-5 secs  £4 99 

HY24060m, 240v adjustable from 0-60 mins £6 99 
BUGGING TAPE RECORDER Small voice activated recorder 
uses micro ca ssette complete with headphones £28 99 ref MAR29P1 

POWER SUPPLY filly cased with mains and alp leads 17v DC 
900mA output Bargain pnce £5 99 ref MAG6P9 

9v DC POWER SUPPLYStandard plug in type 150ma 9v DCwith 
lead and DC power plug pnce for two is £2 99 ref AUG3P4 

COMPOSITE VIDEO KIT. Converts composite video into sepa 
rate H sync V sync and video 12v DC £8 00 REF: MAGOP2. 

FUTURE PC POWER SUPPLIES These are 295x 135x6Omm 
4 dnve connectors I mother board connector 150watt 12v fan lec 
inlet and on/off switch £l2 Ref EF6 

VENUS FLYTRAP KIT Grow your own carnivorous plantwith this 
simple kit E 3 ref EF34 

rX12" AMORPHOUS SOLAR PANEL 12v 155x310mm 
130mA Bargain pnce just E5 99 ea REF MAG6P12 

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4 99 
ref MAG5P13 ideal for expenmentersi 30 m for £ 1 2 99 ref MAG'3P I 

ROCK LIGHTS Unusual things these two pieces of rock that glow 
when rubbed togethen belived to cause rain,E3 a pair Ref EF 29 

3' by 1 AMORPHOUS SOLAR PANELS 14 5v. 700mA 10 
watts aluminium frame screw terminals £44 95 ref MAG45 

ELECTRONICACCUPUNCTURE KITBialdsintoanel ectrornc 
version instead of need es, good to experiment with £7 ref 7P 30 

SHOCKING COIL KITBuildtrnsiititebattery 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 miles per hour' Range of over 

200 metres1E7 99 ref R/9 

BALLON MANUFACTURING KIT Bnlish made smaN blob 
blows into a large longlasting balloon hours of funlE3 99 relGI/E99R 

9-0-9V 4A TRANSFORMERS chassis mount £7 ref LOT 19A 
2.6 KILOWATT INVERTERS, Packed with batteries etc 
but as they weigh about 100kg CALLERS ONLY? £120. 
PA EGA LED DISPLAYS Build your seta clock or something with 
these mega 7 seg displays 55mm high 38mm wide 5 on a pcb for just 
£4 99 ref LOT 16 or a bumper pack of 50 displays for just £29 ref 
LOT17 

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 
CIRCUIT BREAKERS. OUR CHOICE TOCLEAR 99P REF BAR33! 
MICROWAVE CONTROL PANELS TO CLEAR E2 REF BAR 329 
2 TUBES OF CHIPS(2 TYPES OUR CHOICE) 90P REF BAR305 
LOTTERY PREDICTOR MACHINE!! JUST 61.50 REF BAR313 
HELLAUROVER ELECTRIC H/LAMP LEVELLERE2 REF BAR31 
SINCLAIR C5 1r TYRES TO CLEAR AT JUST 75P REF BAR31 I 
LARGE MAINS MOTORS (NEW)TO CLEAR AT 75P REF 3AR31) 

MODEMS ETC FOR STRIPPING 62.50 EACH REF BAR224 
110V LARGE MOTORS (NEW) TO CLEAR AT 50P REF 3AR3 V 
MODULATOR UNITS UNKNOWN SPEC JUST 50P REF BAR3 M 
GX4000 GAMES COSOL ES JUST £4 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 E1 REF BAR3:7 
PC USER/BASIC MANUALS. LOADS OF INFO Et REF BARU,* 
PCB STRIPPERS TO CLEAR AT 2 FOR 99P REF BAR341 
3 M 3CORE MAINS CABLE AND 13A PLUG 60P REF BAR3:-.5 

WE BUY SURPLUS STOCK 

FOR CASH 
BI VERS DIRECT LINE 0860 425692  

FREE CATALOG! E 
100 PAGE CATALOGUE NOW 

AVAILABLE, 45P STAMP OR FREE 
ON REQUEST WITH ORDER. 
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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 eleven years. 

If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display 
pages offer the best value. The prepaid rate for semi-display space is £8 ( VAT) per single column centimetre (minimum 2.5cm). 
The prepaid rate for classified adverts is 30p ( • VAT) per word (minimum 12 words). 

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together 
with remittance, should be sent to Everyday Practical Electronics Advertisements, Holland Wood House, Church Lane, Great Holland, 
Essex C013 OJS. Phone/Fax (01255) 850596. 

For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above. 

RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY 
Up to 38 vats d c at 6 amps contmous. 10 amps 
peak, fully variable from 1 to 38 volts. Twin 
Voltage and 

Current meters  £96 iVnAcT. 
for easy read-
out. 240 volt a.c.  carriage £6 

input Fully smoothed. size 14'2 X 11 X 4' inches 

RADIO COMPONENT SPECIAUSTS 
337 WHITEHORSE ROAD, CROYDON 

VISA  SURREY, CRO 2HS Tel 0181-684 1665 
Lots of transtormers high volt caps valves speakers .n stock 

Phone or send your wants hst for quote 

1171 

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 

This 3cm space in 
Everyday Practical 

Electronics 
will ONLY cost you 

£24 ±  VAT 

FIRST ON THE WEB 
No, °vet 300 kds  vs II DI E ststr, ,, 

See ou, web page at 

http://wwu.hk.super.net/ —diykil 
Current specials 5mW He-Ne (red) laser tube 8 12V inverter kit 

5mW 660nM laser diode kit with case £21. Used an cooled 
Argon on laser head only .£150. Automatic 3 motor Laser Light 
Show £35 Dual istereo) 20k motor driven potentiometer' £7, 8 
'Flannel IR remote control kit Rs - To have logic outputs £18 
IR remote control extender kit £9. Breath analyser kit £15, 
Movement triggered (RIR) record stop control kit or domestic 

s via a learning IR remote control (included) £33. 42 LED 
, (1 (iuminator kit for CCD cameras (see in the dark). £20. Passive 
night viewer tube (USSR) 8 EHT supply kit £40 Masthead 

amplifier kit based on MAR 6 f 2GHz) IC £9 
We acc• I Mastercard Visa Arne, 

OATLEY ELECTRONICS 
PO Box 89, OATLEY, NSW. 2223, AUSTRALIA 

Fax. 61-2-5707910 

BTEC ELECTRONICS 
TECHNICIAN 

FULL-TIME TRAINING 
THOSE ELIGIBLE CAN APPLY FOR E I 6HANT SUPPORT 

AN EQUAL OPPORTUNITIES PROGRAMME 

0.N.C.. O.N.D. and H.N.C. 

Next course commences 
Monday 16th September 1996 

FULL PROSPECTUS FROM 

LONDON ELECTRONICS COLLEGE 
(Dept EPE) 20 PENY WERN ROAD 
EARLS COURT, LONDON SW5 9SU 

TEL: 0171-373 8721 

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 

SAVE OVER £5 - SUBSCRIBE NOW! 
r  EVERYDAY 

PRACTICAL  

ELECTRONICS 
SUBSCRIPTION ORDER FORM 

Annual subscription rates 

(1996): 

UK £24.00. 

Overseas £30.00 surface mail, 

£47.50 airmail. 

To: 
Everyday Practical Electronics, 
Allen House, East Borough, 

Wimborne, 
Dorset BH21 1PF 

Tel: 01202 881749 
Fax: 01202 841692 

VISA 

Name   

Address   

I enclose payment of £   

(cheque/PO in f sterling only, payable to 
Everyday Practical Electronics). Alternatively send 

Access or Visa number and card expiry date. 

Signature   

Please supply name and address of cardholder if 
different from the subscription address shown above. 
Subscriptions can only start with the next available 
issue. For back numbers see the 
Back Issues page.  I  M7 96 

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. PCB's also designed from 
schematics. Production assembly also under-
taken. For details send to P. Agar, 36 Woodcot 
Avenue, Belfast. BT5 5JA or phone 01232 
473533 (7 days). 

LEMON POWERED DIGITAL CLOCK 
KIT. All parts supplied (Except Lemon!), 
Large Display, High Educational Value, Great 
Fun. Only £16.95 each (Plus £1.50 P&P). 
Also PLASMA LAMP KITS, Still avail-
able £24.95 (Plus £1.50 P&P). P.P.S., 33B 
Rowlands Road. Worthing, W. Sussex, BN II 

l'CB  SCHEMATIC  AND  ARTWORK 
LAYOUT, customised product design, sur-
face-mount component sourcing and much 
more. Contact ULTRA-TECH, Tel/Fax: 0181 
472 8213, Mobile: 0850 973555. 

PCBs FROM PHOTOCOPIES, printouts, 
sketches. Low cost. One offs. SAE to: Wil-
liams, 29 Albert Rd., Mexborough, S. Yorks., 
S64 9BZ. 

CIRCUIT  AND  ARTWORK  DESIGN 
SERVICE. Printed Circuit Board manufac-
ture, one offs and quantities. Production 
assembly and repair service also undertaken. 
Please contact Darren Smith, S.B. Electronics. 
24 Broxton Ave., Orrell, Wigan, Lancs. WN5 
SNP or Tel/Fax (01942) 221025. 

FOR SALE, Practical Electronics No.I to 
Dec. '94. excellent condition. 01444 416603 
(Sussex). 

TREASURE  TROVE  COMPONENT 
PACKS, to build five interesting electronic 
gadgets, £5. H. McQuillan (Electronics), 25 
Langton Drive, Grimsby, N.E. Lancs.. DN33 
I HD. 

ARIZONA MICROCHIP PICSTART 16BI 
Microcontroller Development Evaluation Sys-
tem. brand new, cost £120 plus VAT, accept 
£90. Phone Chris 01707 335408. 
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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 worlds largest, most experienced home 
study school. Over the past 100 years ICS have helped 
nearly 10 million people to improve their lob prospects 
Find out how we can help YOU Post or phone today for 
FREE INFORMATION on the course of your choice 

Electncal Contracting 
Electrical Engineering 
C & G Basic Electronics 
C & G Basic Mechanics 
TV, Video & Hi-Fi Servicing 
Refrigeration 8 Air Conditioning 
PC Repair 
Electronic Engineering 

Call 0141 306 1195 
Please send me my Free Information on your Electronics Courses. 

MotarsiAls Miss 
(BLOCK CAPITALS PLEASE; Date of Birth 

Address 

Postcode 

Occupation Tel. J̀o. 

IICS International Correspondence Schools, Dept ZEEEAG, FREEPOST 882. 8 Elliot Place. I 

‘114 1iyicleway Centre. Glasgow. 03 8BR Tel 0141 306 1195 19am-7pm) or Tel/Fax Ireland 01 285 253.3i  
carom which -as no DI:Mere,' -has tah seht th  ICS cc crier carefully selectee corfinarxes 

INFOTECH & STREE 
76 Church St, Larkhall, Lanarks, ML9 1HE 
Phone (01698) 883334 888343 or Fax (01698) 884825 

Remember Not only do we have every sheet ever produced. but we also have 

The World's Largest Collection of 
SERVICE MANUALS & CIRCUITS 

We are now successfully running a Library Service which allows you to borrow any 
manual you want for as long as you want, and when you need another manual, just 
return the one you have, plus a £4.95 exchange fee and tell us what you want next 

Borrow any Service Manual for £4.95 
regardless of its size or normal cost 
The cost of this service is a yearly subscription fee of only £59.95. 

Join now & get a free Data Ref Guide'. 

SERVICE MANUALS 
& Technical Book 
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   

Et1 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 Stamps. 

or £4.11 for the complete Service Manuals Index on PC Disc plus catalogue. 

NAME   
ADDRESS   

 POSTCODE   
Menne) this coupon if you do nth wish to cur the magazine 

II IGH QUAL M 1.014 COST 

C.C.T.V. CAMERA 
VERY LOW LIGHT LEVEL. 

0 TO ELECTRONIC SHUTTER. 
0%IPOSITE VIDEO OUT VIA 

BNC PLUG. 
SMALL DISCRETE SIZE. 

( AN BE USED WITH PC DIGITISER. 

This super quality CCD camera 
can be connected into your exist-
ing TV or video using the AV 
channel and can be used for 
discrete surveillance or observing 
your property externally using a suitable weatherproof housing. Can 
accommodate lighting levels ranging from daylight to street lighting using 
its built in electronic shutter. Excellent when using with an infra red source 
Built in wide angle fixed focus lens the camera has a resolution of 380 TVI. 
Can be housed inside an empty floodlight case, (extra). 

Special offer price of only: £79.95 Plus VAT (P&P £3.50) 
For full range of CCTV products send SAE to: 

Direct CCTV Ltd., Dept. PE27., Unit 6. Carrick Court, Forest Grove 
Business Park, Middlesbrough, TS2 1QE. 

NSA At\ 
Cooke International 
SUPPLIER OF QUALITY 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 USTS OF EQUIPMENT & MANUALS 
ALL PRICES EXCLUDE VAT AND CARRIAGE 

DISCOUNT FOR BULK ORDERS  SHIPPING ARRANGED 

OPEN MONDAY TO FRIDAY 9AM-5PM 

I nit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis. 
West Sussex, P022 OEB 

Tel ( + 44) 01243 545111/2 Fax ( + 44) 01243 542457 
EQUIPMENT & ACCESSORIES PURCHASED 

N. R. BARD WELL LTD (EPE) 
200 Signal diodes 1N4148 
75  Rectifier Diodes 1N4001 
50  Rectifier Diodes 1N4007 
10  WO2 Bndge Rectifiers  
5  NE555 Timer I C s   
50  Asstd Zener Diodes   
30  BC212L Transistors  
30  BC213L Transistors 
30  BC214C Transistors 
30  BC237 Transistors 
20  BC327 Transistors 
30  BC328 Transistors 
30  BC337 Transistors 
30  BC478 Transistors 
30  BC546 Transistors 
30  BC547 Transistors 
30  BC548 Transistors 
30  BC549 Transistors 
25  BC557 Transistors 
30  BC558 Transistors 
30  BC559 Transistors 
25  BC640 Transistors 
30  MPSA42 Transistors 
30  MPSA92 Transistors 
20  2N3702 Transistors 
20  2N3904 Transistora   
5  78L12 12V 100mA Pox Regulators £1.00 
10  7%408 8V 500mA Reg Regulators. .f 1.00 

1.00  25  5mm red led s  £1.00£  
1.00  25  3mm red I.e.d.s  £1.00 
£1.00  25  Assad hgh brightriess I.e.d.s  £1.00 
£1.00  50  Axial I.e.d.s (Diode package)  £1.00 
£1.00  12  Asstd. 7-segment displays  11.00 
£1.00  2  ORPI2 light dependant resistors  £1.00 
£1.00  30  Assad IF transformers   ,,,,,, £1.00 
£1.00  48  Asstd coil formers   £1.00 
Et.00  50  Assad. RF chokes (inductors/  £1.00 
£1.00  30  AssId connectors edged., 1.. sil 410 11.00 
£1.00  30  Asstd di.l sockets up to 40-pin  £1.00 
.£1 .00  200 Asstd, disc ceramic capacitors  £1.00 
Et.00  80  Assld capacitors 1 nF to 10F  £1.00 
.00  80  Assid electrolytic capacitors  £1.00£  
1.00  10  4P3W MBB min rotary switches  £1. 00£  
1 .00  20  Min. SP/CO slide swaches   E1.00 
E 1 00  20  1 glass reed switches  £1.00£  
1.00  200 4N7 mini axial capacitors  £1.00 
£1 00  24  24-pm d.i.1 wire wrap i C slitS  .£1.00 
£1.00  1  12V motonsed volume control 50k  E1.00£  
1 .00  50  Grommets 6.3mm id. 9-5mm od  £1. 00 

£1.00  100 ccfl 'kW 5% resistors any one 
£1.00  value. E24 range IR to 10M  £0 45 
£1,00 
£1.00 Prices include VAT postage 0 25 Stamp for Lists 

288 Abbeydale Road Sheffield S7 1FL 
Phone (0114) 2552886 Fax (0114) 2500689 

NEW MINI CAMERA and SPECIAL OFFERS 
NEW - Mini Waterproof TV Camera, 40 a 40 r 1 5rnm 
requires 10V to 16V at 120mA with composite rodeo 
eiMutito teed into a video or a TV int a SCART plug) 
It has a high resolution of 450 TV lines vertical and 380 
TV Ones horizontal, electronic auto Ins for nearly dark 
I Lid) to bright sunlight operabon arid a pinhole lens 
yeth a 92 degree field of new. excuses down Bates 
n a Reed with a 3-wee lead 112V M. god and wdeo 
cut) £93.57 • VAT w £109.95 or 10 • £89.32 • VAT 
= E104.115. 

Harrno.ipe:11/0.08rp:Ing). o. Motor Klb (al inducting stapotrg 
control of two stepping 

me:Apr.0y PC (via thr= tPort) ar two motors and 
sOfteare.  1011:97.00 Burr) £99.00 

Soltware support mid edgiest inputs  ..  £27.00 
POVIN blifinell: 4A lot COLN, SA kiL £AIS.00. 
Steppe! kit 4 (manual control) includes 200 MP stenPN 
nolor and control circuit.  f23.00 

Hand NW Transistor Analyse/. MOM you which lead is 
the base. Ore collector and raw and C Ce NPNor 
PNP or faulty. £33.45 Spare 6V battery £1.20. 

LEDs 3mrn et 5nmr Red or Gwen 7p each. Y e 11p each. 
Cable Ties 1p each. £5.95 per 1000 £49.50 per 10.000 

RECHARGEABLE BATTERIES 
AA ,HP7) 500mAH  £S99 
AA 700inAll  £1.75 
C 2AH with solder tags  £3.60 
D 4AH weth solder tags  £4.95 
IIAA wrIt, solder dos  £1.55 
AAA IHPI6i IBOrriAH  £1.75 
AA 500mAH wen solder tags  £1,55 
C 01PM 12AH 
tilP2i 2AH  £220 £2.60 
PPS 8-4V 1 1 OrnAll £4.95  
S ubC with solder legs £ C2-50 
1 AA wit tags (Reps CTV) 
90 .6010  dmeges 4 AA cells n 5 hours or 4 Cs 
m0'611120 14 hoof, Out 1043 CY 2. 3 or 4 cads may 
be chwg•241 lane).  £5.95 

Nigh Pa m Me w, r *rebut charges Ore Cs and Ds in 
5 nous; IAA CI and Ds mutate charged n twos or 
tors.  £1095 

Melee litett HydryttsiiCaleijill'aipecity- sat na merroy 11 
ter * at 10 W, and dechaigall el 250mA less 1 10Orrriwi 
capacity , beer weary Be ligh dwlirge NY)  £3.75 

SPEaAL OFFERS - 
PLEASE CHECK FOR AVAILAINUTY 

Stick of 4, 42rnm I 6nyn NiCad baaeres,171min  Eirnm, 
da. with red and black leads 4-80  £5.95 

Rye educe, 0•11, 60 280mAil bandy Wel ewes 
Vane 5,250001  £2.45 

Steclidscila motor, 240V a c 5mme2Onun shah 
8Ornin .60rtirn a 55mm. excludng the shalt  £4.59 

115V at eov d.c mold, anni 2Irnm shaft. 50nim da 
60nwn trig body leaciuding the shaft) Chas a .3Pa:saw 
triennia lutri and brushes  ca.mearn. £3.95 100 • 

7L Z7l r, '03  Varablecoenr'crraeode eredgulator y£1 5P 1.95, 100 • £14.44 
GaAs  low leakage current S8873 

f12.95each.£9.95 10•.E7.95 100. 
135250 pohannal MOSFET  45p 
BC559 transistor £3.65 
BC547A transistor 
74L505 He. inverter Used 0749 Microcontroller  C11° Prep er r 0°,°3  £1: 00 

£3.50 
SL952 UHF Limiting amplifier. LC 16 sunace mounting 
v adu rmyer:Igiata sheet  £1.95 

c . Reliability model V12P5, 12V m. 5V  
200m4 out 300V input-to-output isolation. with data 

£4.115 ea& or pack ol 10 £39.50 

Hour Counter used 7 digit 240V a c 50Hz  £1.45 
OWERTY reyooard 58• key good malty 
switches new  £6.00 

impala 062903-C large stepping motor 14y • c siec 
27 Ch. 68mm tha body. 6 3mins shaft  t8 95  0200 
fora box or 30 

P0N811514  Wickes. Om tyPe. 22 5mrn mac 
09i_F 250V d c  eam. tap 100 • . gp t 000 
1 uF 250Vdc 20p each, 159 100..10p 1000. 

I uF 50V bipolar eiedrolytc aoal leads.15p each. 75p 
1000. 

9220 250V polyester axial wads. 15p each. 100 • 7.5p each 
Pelywepylene 1).F 4009 c (Wima MKP10, 27 5mrn pect-
32nvn 29mm a 17mm case. 75p each. 60p 100 • 

Pti rF123 ewes add alunwian and leads. 
ard 2)2uF 40V Mb each lap 100 • 

Mips 106 senes. long Me. 
v 2.0: 46,3V aod 

AVE warm wedelns am Seen pech. 100V 
30p each. 15p 1000 • 

100pF, 150pF, 220pF. 10,00Ctf (10n) 10p each. 
VICO...3 41000. 

5000 corm...soon Meier cspador  60p 
40).F 3709 az maw Owl capsular leadeced type 
coranng no p.c sl  ISA5 xi £40.50 tor in 

Sold erten isalslam 9ery low nducance. deal tart 
ones, 27 den 219 613 den 2W 25p each. 
15p each 100 • 

We hide a rano ce 0-25W, 05W, 1W and 2W solid carton 
resistors -*me semi SAE for let 

P.C. 400W MU (kW pad 201035-001) rati stardard 
motherboard end Bee Mt tree conceders fan and mans 
mutioulpsul comedors on back and swelch On the We 
(lop forted caSeldrns. 212MM ,149thrn 149men 
eaduding  £36.00 eadi £138.00 for 6 

111311110 01611M1 Mullen/ler 17 ranges 1000V d c 
750V a.c 2Megolvn 200mA sanest, lee 9V and I 511 
Wary lest  £995 

ARID 2n56.3 EPRC4As £2-00 each. £125 100 • 
DW mach 3PCO 12-on (ERG SOC-3-0231 

eady 40p 100 • 
Die Ortie Boxes lore 5-25 deli dove, wit mom br a power 
supply. eght-grey *SSC 67mrn c 268nyn ,2471r101 £7.95 iv 
£49.50 kir 10 

Hendlield Ultrasonic Remote Cones'  £.95 
C92486 Glee Riley 3dom 10mrn dui err 3-one Simonds. 
ed alSO work as anion ligIS  20p eac • 
C7.50 per 100 

terbium MOWN Streamer tar commonly used on nc 
machontre and P.Ong PUNK it hOoks like a norma, 
cassette reth a slot cut out delete, 

C4.95 each £3.75 100 • 
Heatsink Compound Tube  95p 
HV3-2405-E5 5V-24V 50mA Requiem,' ..c 18V-264V a c 
inpul 8 pin DI, pedrage.  1£3.411each. 100 • £225 

LYS% timer Lc-, mp.11-pin OIL 1101314 Op 
Al products advertised are new and unused 

unless °terrine melee 
wide range of CMOS TTI 74HC74F urea,. Transistors kit 
rechargeable balleres capacitors. isAnets. *rays in dont 
Fiera  £1305 lowirds P&P VAT rcluded in al peas 

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 



Mixed metal carbon film resistors 'eV/ E 1 2 series 10 ohms to 1 Megohm  2p 
Carbon Film resistors ' .W 5% E24 series 0.51 R to 10M0   1p 
100 off per value - 75p even hundreds per value totalling 1000  £6.00p 
Metal Film resistors '..1/V 1OR to 1 MO 5% E 1 2 series - 1Y2p. 1% E24 senes  2P 
Mixed metal carbon film resistors ' zIAI E24 series IRO to 10M0   1'2p 
1 watt mixed metalCarbon Film 5% El2 series 4R7 to 10 Megohms  5p 
Linear Carbon pre-sets 100mW and ' xV1/ 10OR to 2M2 E6 series    7p 
Miniature polyster capacitors 250V working for vertical mounting 
015. 022. 033. 047. 068 - 4p 01 - 5p 0 12. CI 15. 0.22 - 6p 0 47 - 8p 0 68 - 8p 1 0 - 12p 
Mylar (polyester) capacitors 100V working E12 series vertical mounting 
1000p to 8200p - 3p 01 to 068 - 4p 0 1 - 5p 0 12, 0 15. 0 22 - 6p 0 47 50V - 8p 
Submin ceramic plate capacitors 100V wkg vertical mountings. E12 series 
2% 1 8pf to 47p1- 3p 2% 56pf to 330pf - 4p. 10% 390p-4700p  4p 
Disc plate ceramics SOV E12 series 1P0 to 1000P. E6 Series 1500P to 47000P .  2p 
Polystyrene capacitors 63V working E12 series long axial wires 
lOpf to 820p1- Sp 1000pf to 10.000pf - 6p 12.000pf  7p 
741 Op Amp - 20p 555 Timer - 20p. LM3900   80p 
CMOS 4001 - 20p 4011 - 22p 4017 - 40p 4069UB unbuffered .  . 20p 
DIL holders. 8-pin 9p, 14-. 16-. 18-pin 12p: 24-pin 18p. 28-pin 20p. 40-pin 25p 
ALUMINIUM ELECTROLYTICS (MtdsNolts) 
1 50 2 2 50. 4 7 50. 10 25. 10,50  5p 
22 16. 22 25. 22 50 33 16. 47 16. 47 25. 47 50  6p 
100 16 100 25 7p 100 50  12p 
220 16 8p. 220 25. 220 50 10p. 470 16 470.25    llp 
1000,25 25p. 1000 35. 2200 25 35p. 4700.25 .    70p 
Subminiature, tantalum bead etectrolytics (MtdsNotts) 
0.1. 022. 0.47, 1.0, 2.2. 3.3 @35V - 4.7216, 6.8/10, 10/6, 10p. 6.8/35, 12p. 
4.7/25. 6.8/16. 10/6. 11p: 15/16, 22/6, 33/10. 15p: 10/25. 16p: 10/35, 22/16. 20p. 
47.10, 20p: 47/16. 25p: 47/20. 30p: 47/35, 32p: 100/3, 18p: 100/6. 220/6, 20p. 
VOLTAGE REGULATORS 
1A + or - 5V. 8V. 12V. 15V. 18V & 24V - 55p 100mA. 58. 12. 15, V +  30p 
DIODES (piviamps) 
75 25mA 1N4148 2p 800/1A I N4006 4'vp 400 3A 1N5404 14p. 115/15mA 0A91  8p 
100 1A 1N4002 3' xp 1000/1A 1N4007 5p 601 5A S1M1 5p. 100/1A bridge  25p 
400.1A 1N4004 4p. 1250r1A BY 127 10p 30 150mA 0A47 gold bonded   18p 
Zener diodes E24 series 3V3 to 33V 400mW - 6p. 1 watt   10p 
Battery snaps for PP3 - 7p for PP9   12p 
L E D 's 3mm & 5mm Red. Green. Yellow - 10p. Grommets 3mm - 2p. 5mm  2p 
Red flashing LE Ds require 9-12V supply only, 5mm  50p 
Mains indicator neons with 220k resistor   10p 
20mm fuses 100mA to 5A 0 blow 6p A/surge 10p. Holders, chassis. mounting  6P 
High speed pc drill 08. 1 0. 1.3. 1 5. 2.0mm - 40p. Machines 12V dc   £15.00 
HELPING HANDS 6 ball joints and 2 croc clips to hold awkward jobs   £4.50 
AA HP7 Nicad rechargeable cells 90p each Universal charger unit   £6 50 
AA HP7 zinc carbon batteries in packs of 4 .   £1.10 per pack 
Glass reed switches with single pole make contacts - 8p. Magnets  20p 
01 Stnpboard 2' ," x 1" 9 rows 25 holes - 25p. 3,. x 21/2 24 rows 37 holes  70p 
Jack plugs 25 & 3 5m - 14p: Sockets Panel Mtg. 25 & 3.5m  10p 
Ear pieces 25 & 3.5mm. dynamic - 20p. 3 5mm crystal  Et 50 
Multi cored solder, 22G - 8p yard. 18G - 14p yard, 
TRANSISTORS 
BC107 8 9 - 12p BC547B/9 - Bp BC557.8,9 - 8p. BC182. 182L. BC183. 1831_,  BC184. 
184L, BC212. 212L - 10p. 
BC327. 337. 337L - 12p BC727. 737 - 12p BD135,6,743,9 - 25p BCY70 - 18p. 
BFY50 5152 - 20p, 
BFX88 - 15p. 2N3055 - 55p. TIP31, 32 - 30p, TIP41. 42 - 40p BU208A - CI 50 8E195 197 - 12p 
Ionisers with seven year guarantee. 240V AC. list price Ere "ist-tr more   f 12 50 

Do ,,,' add VAT Postage 30p (free or. - • '  • . • , • (r list. 

THE CR SUPPLY CO 
127 Chesterfield Rd.. Sheffield S8 ORN Tel 0114 2557771 Return posting 

Millions of quality co mponents 
at lo west ever prices! 

Plus Tools. Watches, Fancy Goods, Toys. 
Mail order UK only. 

All inclusive prices - 
NO VAT to add on. 

Send 43p stamped self addressed label or 
envelope for catalogue/clearance list. 

At least 2,100 offers to amaze you. 

Brian J Reed 
6 Queensmead Avenue, East Ewell 

Epsom, Surrey KT17 3EQ 
Tel: 0181-393 9055 

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..f7.50 
20 off mixed crystals/filters   £4.95 
25 off mixed relays   £3.59 
100 off phono plugs  £2.95 
10 off mixed displays  f3.75* 
50 off d.1.1. switches  £.75* 
30 off mixed heatsinks  £3.75* 
30 off mixed switches  £3.75 
Brand new 360k 51/4 " floppy 
drive  £4.50 

5'.'4" to 31/2 " floppy drive 
converter leads  £1.50* 

50f 2 BNC to BNC lead  £1.75 
2 phono plug to 2 phono plug 
lead  £1.50* 

21 Pin SCART plug to SCART plug 
lead (all connected)  £3.50* 

As above but plug to socket  £3.50* 
SCART plug to 4 phone plug 
lead   

10 off crocodile clip leads.  £3.50 

Universal Test Lead Kit.  t3 75' 

VALVES 
00V0310. £10*. 00V0320A £10 . 
00V0640A. f20*: ECC8. £3 * 
ECH81, £2*. PCL805. £3 : 
ORP 11. £: ORP 40. £3: CV 4004 
4005. 4006, 4 00 7. 4014. 4020. 
4024, 4043. 4055. 4064. 5042 
5080. ALL £5 each ... 

QUANTITY DISCOUNTS AVAILABLE 
PLEASE RING. 

We also buy all forms of electronic 
components. p.s.u's. disk drives etc 

Lists to below address 

ALL PRICES INCLUDE VA T. 
PLEASE ADD £2.00 O p EXCEPT 
ITEMS MARKED* WHICH ARE SOP 
SAE FOR BULK BUYING LIST 
PAYMENT WITH ORDER TO 

Dept EE, COMPELEC, 
14 Constable Road, 
St. Ives, Huntingdon, 
Ca mbs PE17 6EC) 

Tel/Fax: 01480 300819 

SHERWOOD ELECTRONICS 
FREE COMPONENTS 

Buy 10 x £1 Special Packs and choose another one FREE 
SP I 
SP2 
SP3 
SP6 
SP7 
SP8 
SPIO 
SPI 1 
SP12 
SP13 
SP18 
SP19 
SP20 
SP21 
SP22 
SP23 
SP24 
SP25 
SP26 
SP28 
SP29 
SP33 
SP36 
SP37 
SP39 

15 x 5mm Red Leds 
12 x 5mm Green Leds 
12 x 5mm Yellow Leds 
15 x 3mm Red Leds 
12 x 3mm Green Leds 
10 x 3mm Yellow Leds 
100 x 1N4148 diodes 
30 x 1N4001 diodes 
30 x 1N4002 diodes 
20 x Assorted radial elect. caps. 
20 x BC182 transistors 
20 x BC183 transistors 
20 x BC184 transistors 
20 a 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 4011 
4 x Cmos 4013 
4 x Cmos 4081 
25 x 10,25V radial elect caps 
15 x 100'35V radial elect caps 
10 x 470 16V radial elect caps 

SP41  20 x Mixed transistors 
SP42  200 x Mixed 0.25W C.F resistors 
SP47  5 x Mmn. pushbutton switches 
SP48  12 x Assorted axial elect caps 
SP102  20 x 8-pin DIL sockets 
SP103  15 x 14-pin OIL sockets 
SP104  15 x 16-pin OIL sockets 
SP105  5 x 74LSOO 
SP106  5 x 74LSO2 
SP112  4 x Cmos 4093 
SP115  3 x 10mm Red Leds 
SP116  3 x 10mm Green Leds 
SP117  15 a BC556 transistors 

RESISTOR PACKS - C.Film 
RP3  5 each value - total 365 0.25W  £2.40 
RP7  10 each value - total 730 0.25W £3.75 
RP10 1000 popular values 0.25W  £6.00 
RP4  105 each value-total 365 0.5W  £.40 
RP8  10 each value-total 730 0.5W  £6.00 

SP118  2 x Cmos 4047 
SP119  4 x Cmos 4072 
SP124  20 x Assorted ceramic disc 

caps. 
SP125  10 x 1000 16V radial elect 

caps. 
SP130  100 x Mixed 0.5W C.F. resistors 
SP131  2 x TL071 Op amps 
SP135  6 x Min. slide switches 
SP137  4 a W005 1.5A rectifiers 
SP138  20 x 2.2/50V rad. elect. caps 
SP142  2 x Cmos 4017 
SP144  3 x TIP31A transistors 
SP145  6 x ZTX300 transistors 
SP147  5 x Stnpboard 9 st, 

25 holes 
SP151  4 a 8mm Red Lads 
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 
SP162  10 x 100K hor. trimpots 
SP165  2 x LF351 Op.amps 
SP167  6 x BC107 transistors 
SP168  6 x BC108 transistors 
SP173  10 x 220.'25V rad. elect. caps 
SP175  20 x 1/63V radial elect caps 
SP182  20 x 4.7,50V radial elect caps 
SP183  20 x BC547 transistors 
SP187  15 x BC239 transistors 
SP192  3 x Cmos 4066 
SP193  20 x BC213 transistors 
SP194  10 x 0A90 diodes 
SP195  3 x 10mm Yellow Leds 

Catalogue £1 inc. P&P or FREE 
with first order. 

P&P £.25 per order. NO VAT. 
Orders to. 

Sher wood Electronics, 
7 Willia mson St., Mansfield, 

Notts. NG19 6TD. 
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS 

OMP MOS-FET POWER AMPLIFIERS 
HIGH POWER, TWO CHANNEL 19 INCH RACK 

THOUSANDS PURCHASED 
BY PROFESSIONAL USERS 

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 (100W  100W) MXF400 (200W  200W) 

M X F600 (300W • 300W) M X F900 (450W  450W. 
ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 

FEATURES: *Independent power supplies with two toroidal transtormers 0 Twin L E Cl 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 8 MXF900 fan cooled with DC loudspeaker and thermal protection. 

USE:1 Pd WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 

SIZES:- MXF200 W19”3113',2" (2U)sD1 1" 
MXF400 W19"0415',..- (3U)s01 2" 
MXF600 W19"x1115',." (3U)401 3" 
MXF900 W19"•1115'," (3U)s131 43." 

PRICES:- MXF200 £175.00  MXF400 £233.85 
MXF600 £329.00  MXF900 £449.1 5 
SPECIALIST CARRIER DEL E12.50 EACH 

• 

Advanced 3-Way Stereo Active Cross-Over, housed in a 19- x 1U case Each channel has three level controls 
Cass mid 8, top The removable front fascia allows access to the programmable OIL switches to adiust the 
cross-over frequency Bass-Mid 250/500E800Hz Mid-Top 1.13i3i5KHz. 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 £117.44 • £5.00 P&P 

•17 7 1-1 117[11171..1718 FrriTi 

STEREO DISCO MIXER with 2 7 band 
L& R graphic equalisers with bar graph 
.10 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 (ntag). 3 
mics, 5 Line for CD, Tape, Video etc. 

Price £144.99 • £5.00 P&P 

ECHO 

SIZE: 482 

& SOUND 

240 

EFFECTS* 

120m* 

 d,ruilijj14..",[imm*, SUPPLIED READY BUILT AND TESTED. 
These modules now enioy a world-wide reputation for quality reliability and performance at a realistic price Four 
models are available to suit the needs of the professional and hobby market in Industry. Leisure. Instrumental and K.F1 
etc. When comparing prices. NOTE that all models include toroidal power supply integral heat sink glass fibre P C B and 
drive circuits to power a compatible Vu meter. All modals ars open and short circuit prowl 

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 - 100K Hz 

-3dB. Damping Factor  300, Slew Rate 50V/uS. 
T.H.D. typical 0.001 %. Input Sensitivity 500mV. SA.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 60ViuS, 
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. 

-116 dB. Fan Cooled. D.C. Loudspeaker Protection. 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mn. 
PRICE £132.85  £5.00 P&P 

OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms. 725 watts R.M.S. into 4 onms. 

frequency response 1Hz - 100KHz -3dB, Damping 
Factor  - 300.  Slew  Rate  75ViuS,  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: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD INPUT SENS 500mV, BAND WIDTH 1001(Hs. 
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 501(142. ORDER STANDARD OR PEC. 

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. 

• 

UTTTarilfT4TIT4-"T-4- 1-4-TIN7-411•17-411n 
Join the Phut, 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 (K5N1036A) 3 round with protective wire mesh. Ideal for 

4„„: bookshelf and medium sized Hi-Fi apeakers. Price £4.90 • 50p P&P. 
TYPE 'B' (KSN1005A) 3'  super horn for general purpose speakers. 

TYPE A  TYPE B  disco and P.A. systems etc. Price £5.99 • 50p P&P. 
TYPE  (KSN1016A) 2 :5 wide dispersion horn for quality Hi-Fi sys-

TYPE C  TYPE E 

tems and quality discos etc. Price £6.99 • 50p P&P. 
TYPE '0' (KSN1025A) 2 x6  wide dispersion horn Upper frequency 
response retained extending down to mid-range (2KHz). Suitable for high 

quality Hi-Fi systems and quality discos Price £9.99  50p P&P. 
TYPE 'E' (KSN1038A)3', horn tweeter with attractive silver finish trim. 

Suitable for Hi-Fi monitor systems elc. 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. 

rffli IN; Bef.1-14.1‘01II.1-11/.1:441:1 
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 titled grilles wide dispersion 
constant directivity horns extruded aluminium corner protection and steel 
ball corners complimented with heavy duty black covering The enclosures 
are titled as standard with top hats for optional loudspeaker stands 

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz - 20K He 

ibl FC 1 2-1 00WATTS (100dB) PRICE £159.00 PER PAIR 
ibl FC 1 2-200WATTS (100dB) PRICE £1 75.00 PER PAIR 

SPECIALIST CARRIER DEL [12 50 PER PAIR 

OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery E6.00 per pair 

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 4KMz. SENS 97dEl.  PRICE £32.71 - £2.30 P&P 
10" 100 WATT R.M.S. ME10-100 GUITAR. VOCAL, KEYBOARD. DISCO. EXCELLENT MID. 
RES. FREO. 71H3 FREO. RESP. TO 7KHz. SENS97dB  PRICE £33.74  £2.50 P&P 
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 99d13  PRICE £43.47  £2.50 P&P 
12 - 100 WATT R.M.S. ME12-100LE GEN. PURPOSE. LEAD GUITAR. DISCO. STAGE MONITOR 
RES.FREO. 49Hz, FREO. RESP. TO 6KHz. SENS 100dB.  PRICE £35.64  £3.50 P&P 
12 - 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE. P.A.. VOCAL. STAGE 
MONITOR. RES. FREO 42Hz, FREQ. RESP TO 10KHz. SENS 98dB.  PRICE £36.67 • £3 50 P&P 
12 - 200 WATT R.M.S. ME12-200 GEN. PURPOSE. GUITAR. DISCO. VOCAL. EXCELLENT MID. 
RES. FREQ. 58Hz, FREO. RESP. TO 6KHz. SENS 98dB  PRICE £46.71 • £3.50 P&P 
12 - 300 WATT R.M.S ME12-3000P HIGH POWER BASS. LEAD GUITAR. KEYBOARD. DISCO ETC. 
RES. FREO. 47Hz. FREO. RESP. TO 5KHz. SENS 103dB.  PRICE £70.19 • £3.50 P&P 
15 - 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS. INCLUDING BASS GUITAR 
RES. FREO. 46Hz, FREO. RESP. TO 5KHz. SENS 99dB.  PRICE £50.72  £4.00 PA3 
15 - 300 WATT R.M.S. ME15-300 HIGH POWER BASS. INCLUDING BASS GUITAR 
RES. FREO. 39Hz. FREO. RESP TO 3KHz, SENS 103dB  PRICE £73.34  £4.00 P&P 

ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual ,mpedance tapped • 408 ohm) 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 
8- 50watt E138-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-Fl, IN-CAR 
RES. FREO. 40Hz. FREQ. RESP. TO 7K Hz SENS 97dB  PRICE £8.90  £2.00 P&P 
10" 50WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-Fl. IN-CAR 
RES. FREO. 40Hz, FREO, RESP TO 5KHz, SENS. 99dB.  PRICE £13.65  £2.50 P&P 
10" 100WATT EB10-100 BASS. HI-Fl. STUDIO 
RES. FREQ. 35Hz, FREO. RESP. TO 3K Hz. SENS 96dB.  PRICE £30.39  £:-.50 P&P 

12" 100WATT EB12-100 BASS. STUDIO, HI-Fl. EXCELLENT DISCO 
RES. FREQ. 26Hz. FREO. RESP. TO 3 KHz. SENS 93dB.  PRICE C42.12  C3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 
5' . 60WATT EB5-60TC (TWIN CONE) HI-Fl, MULTI-ARRAY DISCO ETC 
RES. FREQ. 63Hz. FREO. RESP. TO 20KHz. SENS 92dB.  PRICE £9.99 • £1.50 P&F 
6'2 60WATT EB6-60TC (TWIN CONE) HI-Fl. MULTI-ARRAY DISCO ETC. 
RES FREQ. 38Hz. FREO 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. FREQ. 40Hz, FREQ. RESP. TO I8KHz. SENS 89dB  PRICE £12.99 • £1.50 P&P 
10 60WATT EB10.60TC (TWIN CONE) HI-Fl. MULTI ARRAY DISCO ETC. 
RES. FREO. 35Hz. FREO, RESP. TO 12KHz. SENS 98dB.  PRICE £16.49 • £2.00 P&P 

riE W TIVAT TI-Ti TrallTAT T TI   

PRICES: 150W C49.99  250W C99.99 
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: 
* Stereo. bridgable mono * Choice of 
high 8 low level inputs * L & R level 
controls * Remote on-off * Speaker 8 
thermal orotection. 

rUTITT71-7-4ArreTT-Yrffi-', 
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 

COMPLETE WITH CIRCUIT AND INSTRUCTIONS 

3W TRANSMITTER 80.108MHz  VARICAP CONTROLLED PROFESSIONAL 
PERFORMANCE RANGE UP TO 3 MILES SIZE 38 x 123mm SUPPLY 12V  0 EAMP 

PRICE £14.85  £1.00 P&P 
FM MICRO TRANSMITTER 100-108MHz VARICAP TUNED COMPLETE WITH 
VERY SENS FET MIC RANGE 100-300m SIZE 56 r 46mm SUPPLY 9V BATTERY 

PRICE tfl.80  [1.0014P PHOTO: 3W FM TRANSMITTER 

B.K. ELECTRO NICS 
C I  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. 

•Pk,i, • 

VAA 

UNITS 116 5 COMET WAY, SOUTHENO-ON-SEA, 
E S S E X. S S 2 6 T R. 

Tel.: 0 7 0 2 - 5 2 7 5 7 2  Fax.: 0 7 0 2 - 4 2 0 2 4 3 
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The Flasher 
Two LEDs (light-emitting 
diodes) flash on and off 
alternately, under the control 
of an astable circuit. Ideal for 
warning lights on a model 
level crossing, etc. 
Order code 51280, £3.99 

Electronic Siren 
An adjustable oscillator circuit 
that is ideal for model cars, 
etc., as it produces a controllable 
range of siren sounds. 
Order code 51281, £4.99 

Light/Dark 
Indicator 
A circuit that can detect the 
light level in a room and switch 
on an LD indicator accordingly. 
Ideal as a photographic 
darkroom indicator. 
Order code 51279, £4.99 

Water Indicator 
This circuit can detect the 
amount of water, for example 
in a plant-pot, and light an LED 
to show when the soil is dry 

and the plant -qh. 
needs watering. 
Order code 51278, 
£3.99 

Bulb and Fuse 
Tester 
A simple, yet useful circuit, 
which tests fuses, switches, 
bulbs, etc. If the device under 
test is good, the LED will light. 
Order code 51276, £3.99 

Decision Maker 
A 'heads-or-tails' circuit that 
lights one of either of two LEDs 
at 'random' for easy solutions 
to those "shall I?, shan't I?" 
decisions. 
Order code 51283, £3.99 

Morse Code 
Communicator 
A circuit that produces an 
audio tone like that associated 
with Morse Code, allowing you 
to produce audible messages 
and learn this famous code. 
Order code 51284, £5.99 

Pet 
Communicator 
At low light levels the audio 
frequency output of this circuit 
is very low, but in daylight the 
frequency is very high and can 
probably only be heard by your 
cat or dog. 
Order code 51282, £5.99 

Transistor Teste 
This useful circuit teaches 
you how transistors work and 
allows you to test diodes and 
transistors for use in your 
other projects. 
Order code 51277, £3.99 

Mo soldering is required 
and only a small screwdriver, 

pliers and wire cutters are normally 
needed. The components and connecting 
wire are held in place by self-tapping screws 

which fit into holes in the plastic 
'peg-board' supplied. The kits include 

all the parts needed except 
battery and tools. 

A range of 10 
educational 
projects, ideal 
for the beginner 
to electronics. 

Music 
Maker 
An electronic organ 
with 10 notes, which 
are sufficient to play a 
range of simple tunes. 
The kit introduces the 
concept of an astable 
multivibrator oscillating 
at different speeds to 
produce notes of 
differing frequencies. 

0 ! ,,,... 
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Watch as you build... 
AM RADIO Kit 
A simple AM radio receiver kit 
which includes a step-by-step 
construction guide on a VI-15 
video tape. 
Order code 51286, £19.99 

ORDER NOW ON 
0800 136156 

n  !Tr 

or phone 01702 552911 for 
details of your local Maplin or 
Mond° store 

L = L1111 . 


