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HYDROPONICS DO YOU GROW YOU R OWN? 
We have a full colour hydroponics catalogue available containing 

nutrients, pumps, frffings. enviromental control, light 611Ings. 
WINDOWS 95 CD As suppled with Heveet Packard PC stnese 
CD s nave all the window files on tnem and were intended to be used to 
iestore windows on a PC after a crash etc £15 REF SX06 

SATELLITE MODULATOR MODULES pricestrom 
just Sp Surface mount modulators full of components Fitted with an F 
type connector and a uhf type connector Pack of 100 £9 95 ref SS20 

PROJECT BOXES 
Another parga in for you are these smart ABS Profect boxes smart two 
piece screw together case measuring approx 6-x5"x2" complete with 
panel mounted LED Inside you mil find loads of free bits tape heads 
motors chips resistors transistors etc Pack of 20 £19 95 ref M02 

REMOTE HEATING CONTROLLERS win-130A 
MAINS RELAY from just 99p These unds were desgned to be 
plugged into a telephone socket You then called the phone and some 
how it turned the heating on Each box contains lots of bits including a 
mains 30A relay pack of 20 £20 ref SS34 

.TALKING COIN BOXES Prices from lust 95p These units 
were made to convert standard telephones into pay phones complete 
with conslot assemblies and switches etc OFFERED TO YOU AT A 
BARGAIN PRICE BECAUSE WE NEED THE SPACE Pack of 10 E19 

ref SS29 

AC MOTOR BONANZA! prices from just 59p,..a;n we 
have oiles and cries ut tnese brand new mixed motors venial we need 
to clear in bulk at ridiculous prices, Pack of 50 for £30 ref 5513 

PIR CAMEFtAsue in CCTV camera (composite output) IR 

strobe light PIR detector and battery backup Designed to 'squirt 
pictures down the 'phone line but works well as a standalone unit 
Bargain price £49 95 ref SSS 1 3 or more £44 95 ref 5560 These units 
are brand new modules designed to take pictures of intruders and then 
transmit the pictures down the telephone line The PIR detects the 
intruder fires the strobe light this ensures a perfect picture even in total 
darkness The picture is stored in rnemory inside the module and then 
sent by modem (not include]) down the telephone line The units also 
have a nicact battery pack included presumably to maintain operation in 
the event of mains power failure Output from the camera is standard 
b/w composite 320x240 pinels with a 90x65 degree field of view the 
picture quality is excellent Eacn PIR also contains a video capture and 
compression unit The infra red strobe has a range of 15m The or has 
a range of 12m Power requirements are 12v dc 400mA Power supplies 
available at £5 ref SS80The units are supplied with connection details 
etc but we do not have any information on using the compression and 
capture unit or interfacing to modems etc The units do have operatic:me 
PIP s strobes and camera s (camera is 12vdc and gives out standard 
compositely p-p video) how you adapt these to work together is entirely 
up to youiRetall poco for the units was in excess of £200 each sale 

price £39 95ref SS8IJPower supplies £5 ref SS80 

TELEPHONES Just in this week is a huge delver" of telephones 
all brand new and boxed Two piece construction with the following 
features- Illuminated keypad tone or pulse (switchabe) reacall rediai 
and pause high/low and off ringer switch and quality construction 
finished in a smart off white colour and is supplied with a standard 
international lead (same as US or modems) if you wish to have a BT 
read supplied to convert the phones these are also available at f 1 55 
each ref BTLX Phones £4.99 each ref 1.142 10 off £30 ref $52 

3HP MAINS MOTORS Single phase 240v brand new 2 
pole 340x180mm 2850 rpm Dwain automatice reset overload pro-
tector. keyed shaft (40x16mm)Made by Leeson £99 each ref LEE1 

BUILD YOU OWN VVINDFARM FROM SCRAP 
Ne« publication goes step by step guide to budding wind generators and 
propellors Armed with this publication and a good local scrap yard 
could make you self sufficient in e,ectncity, £12 ref LOT81 

CHIEFTAN TANK DOUBLE LASERS 9 WATT+3 
WATT+LASER OPTICS coukibeadapted for laser listener 
long range communications etc Double beam units designed foie in the 
gun barrel of a tank each und has two semi conductor lasers and motor 
drive units for alignement 7 mile range no circuit diagrams due to 
MOD new price £50 0009 us? £99 Each un/ has two gallium 
Arsenide injection lasers 1 x 9 watt 1 x 3 watt 900nm wavelength 
r•vdc 600hz pulse frequency The units also contain an electronic 

:ever to detect reflected signals from targets £199 Ref LOT4 

MAGNETIC CREDIT CARD READERS AND 
ENCODING MANUAL £9.95 Cased with flyleads designed to 
read standard credit curds' complete with control elctronics PCB and 
manual covering everything you could want to know about whats hidden 
in that magnetic stnp on your card, just £9 95 ref BAR31 

HI POWER ZENON VARIABLE STROBES Useful 
12v PCB fitted with hi power strobe tube and control electronics and 
speed control potentiometer Perfect for interesting projects etc 
70x55mm 12vdc operation £6 ea ref FLS1 pack of 10 £49 ref FLS2 

CENTRAL POINT PC TOOLS Award wining software 
1 300 virus checker memory optimiser disc optimiser file compression 
row level formatting backup scheduler disk defragmenter undelete 4 
calculators D base disc editor over 40 viewers remote computing 
password protection encryption comprehensive manual supplied etc 

£8 ref lot 97 3 5' disks £10 ref L0197 

VIDEO PROCESSOR UNITSW6v 10AH BArrsi 
24V 8A TX Not too sure what the function of these units is but they 
certainly make good strrppersi Measures 39,0X320X120mm on the 
front are controls for scan speed scan delay scan mode loads of 
connections on the rear inside 2 u 6v 10AV-I sealed lead acid bans 
ocoS and a 8./IV> 24v torroichal transformer (mains in) sold as seen may 
nave one or two broken knobs etc due to poor-storage £15 99 ref VP2 

DIFFERENTIAL THERMOSTAT KIT Perfect for 

heatrecovery solar systems boiler efficiency etc Two sensors will 
operate a relay when a temp difference ',adjustable) is detected At, 
components and pcb £29 re' I. OT93 
SOLAR WATER HEATING PLANS £6 REF SOLP 

PC POWER SUPPLIES PACK OF 8 £9.95 
Thats right 8 power supplies for £9 95' These are all fan 

cooled (usually 12v) our choice of specs etc and are sold 

as seen But worth it for the fans alone' ref XX17 

COLOUR CCTV VIDEO 
CAMERAS From £99 

Works wtth most modem video's, TV s. Composite monitors, 
video grabber cards. Pal. 1v P-P, composite. 75ohm, 1/3" 

CCD, 4mm F2.8, 500x582. 12vdc, mounting bracket, auto 
shutter. 100x50x180mm, 3 months warranty,1 off price 

£119 ref XEF150, 10 or more £99 ea 100+ £89 

We get over 5,000 
hits a day 
check us out! 

http://www.bullnet.co.uk 

SMOKE ALARMS Mains powered made by the famous 
Gent company easy fit next toight fittings power Point Pack of 5f 15 

ref SS23 pack of 12 £24 ref SS24 

4AH D SIZE NICADS pack of «10 ref 4AHPK 
ELECTRIC FENCE KIT Everything you need to build a 
12vdc e ' *er ce complete with 200m of fence yore £49 ref AR) 

SENDER KIT Containsalicomponents to buïdaANtransmider 
base £35 ref VSXX2 

33 KILO LIFT MAGNETNeodynum 32rnm £15 ref MAG33 
10 WATT SOLAR PANEL Amorphous sillcon panel fitted 
n a anodized aluminium frame Panel measures 3' by 1' with screw 
terminals for easy connection 35 1' solar panel £55 ref MAG45 

Unframed 4 pack (Tx1') £58.99 ref SOLX 

12V SOLAR POWERED WATER PUMP Perfect 
for many 12v DC uses ranging from solar fountains to hydroponics' 
Smal, and compact yet powerfut works direct from our 10 watt solar 
panel in bright sun Max hit 17 ft Max flow = 8 Lpm I 5A Ref AC8 

Ere 99 

SOLAR ENERGY BANK KIT 50x 6"x12"6v solar 
panels(amorphous)+50 diodes £99 ref EF112 

PINHOLE CAMERA MODULE WITH AUDIO! 
Superb board camera with on board sourd' extra small Just 28min 
square (including microphone) ideal for covert surveillance Can be 
hidden inside anything even a matchbox, Complete with 15 metre 
cable psu and tvNcr connnectors £49 95 ref CC6J 

SOLAR MOTORS Tiny motors which run quite happily on 
voltages from3-12vdc Works on our 6v amorphous 6" panels and 
you can run them from the sun, 32mm dia 20mm thick Et 50 each 

WALKIE TALKIES I NILE RANGE £377PAIR REF MA030 

LIQUID CRYSTAL DISPLAYS Bargain prices, 
20 character 2 line, 83x19mm £3 99 ref SMC2024A 

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

40 character 1 line 154x16mm £6 00 ref SMC4011A 

LM255X HITACHI LAPTOP SCREENS 240x100mm. 

640x200 dots New with data £15 ref LM2 

SEALED LEAD ACID BATTERIES 
12V 7AH, S/HAND 

PACK OF 4 £10 REF XX1 
YOUR HOME COULD BE SELF SUFFICENT 
IN ELECTRICITY Comprehensive brans vet, roads of info 

- . systems panels control electronics etc £7 ref PV1 

REGISTER FOR OUR 
ELECTRONIC NEWSLETTERS 

BULL-ELECTRICAL.COM 

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

MAIL ORDER TERMS: CASH, PO OR CHEQUE 
WITH ORDER PLUS £4.00 P&P PLUS VAT. 

24 HOUR SERVICE £6.50 PLUS VAT. 
OVERSMS ORDERS Al CORI PLUS £3.50 

(ACCESS,VISA, SWITCH, AMERICAN EXPRESS) 

'phone orders : 01273 203500 
FAX 01273 323077 

Sa les@bull-electrical.com 

200 WATT INVERTERS plugs straight into sour car 
eter socket and is fitted vAth a 13A socket so you can run 

. • • •• operated devices from your car battery £49 95 ref SS66 

THE TRUTH MACHINE Tells if someone is ying by micro 
- • - battery operated works in general conversation 

. • as well £42 49 ref TD3 

INFRA RED FILMS" square piece of flexible infra red film that 
willonly allow IR light through Perfect for converting ordinary torches 
lights headligntsetc to infra red output only using standard light bulbs 

Easily cut to shape 6" Square £15 ref IRF2 

HYDROGEN FUEL CELL PLANS Loads ofinfofrnatIon 
on hydrogenstcva;• ..rTon Practical planstobuikla Hydrogen 
fuel cell (good we" - 'aci litres required) £8 set ref FCPI 

STIRLING ENGINE PLANS :nterestng information pack 
cover. - r-: •• •-r, • - pictures of home made 
eriohy - • .• • - • • .- a candle' E12 ref SNR2 

ENERGY SAVER PLUGS •.•es up to 15% electncrty 
when usec • to 'culbs soldering irons etc 

£9 ea ref (. £69 ref LOT 

12V OPERATED SMOKE BOMBS Type 3 is a 12v 
trigger and 3 smote cannisters each cannister will fill a room in a very 
short space of time, £14 99 ref SE13 Type 2 is 20 smaller cannisters 
(suitable for simulated equipment fires etc) and 1 trigger module for 
£29 ref SB2 Type 1 is a 12v trigger and 20 large cannisters £49 ref 
SB I 

HI POWER ZENON VARIABLE STROBESUselul 
12v PCB fitted with hi power strobe tube and control electronics and 
speed control potentiometer Perfect for interesting projects etc 
'Tx55mm 12vdc oceraton £6 ea Tif FLSI pack of 10 £49 ref FLS2 

NEW LASER POINTERS 4 5mw 75 metre range hand 
• nrs nr hen Afi bet, • ed) 670nm £29 ref DEC49,I 

HOW TO PRODUCE 35 BOTTLES OF WHISKY 
FROM A SACK OF POTATOES Comprehensrve 270 

. s covers . xspects of s( ' (•iod.iction from everyday 
iixter ici• • ncludes ,,onstructron deta• - • iiimple stills £12 ref MS3 

NEW HIGH POWER MINI BUG With a range of up to 
800 metres and a 3 days use from a this is our top selling bug, 
less than square and a 10m voice pickup range £28 Ref LOT 102 

IR LAMP KIT Suitable ro , -Jinetas enables the camera 

to be • i darkness; J • 

INFRA RED POWERBEAM • • aridheid battery powered 

'am( • • • • • • • • . .,e infrared hone perfect for 
CCTx cx,f- •- - • .,1 

SUPER WIDEBAND RADAR DETECTORDetects 
both radar ahu Abe, speed cameras and all known 
speed detection systems 360 degree coverage front& • 
e=h,asequides I 1"x2 7'.4 6" fits on osor or dash £149 

LOPTX Made by Su - - •-io for colour TV £3 each ref SS52 
LAPTOP LCD SC REENS2aod 75mm E12 ref SS51 
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 tee edlor on your PC Also included is 
the certificate enabling you to reproduce (and sell1 the manuals as 

much as you like £14 ref Ep7.: 

HIGH ,POWER DC MOTORS, PERMANENT 
MAGNET 12 . 24v operation probably about 1/4 horse power 

body measures 100m x 75mm with a 6Ornm e 5mm output shaft wen a 
machined flat on it Fixing is simple using the two threaded baits pro-

true.ing from the front £22 ref MOT4 

INFRA RED REMOTE CONTROLS made for Pis 
k of 100 £39 ref IREM 

Online 

web catalogue 
bull-electricalcom 

ELECTRONIC SPEED CONTROLLER KIT For 
the above motor is £19 ref MAG17 Save £5 if you buy them both 
together 1 motor plus speed controller rrp Is £41 offer price £36 ref 

MOT5A 

SONY STEREO rl CHASSIS assemblies comprising 
complete TV PCB excluding tube and scan coils Nicam stereo mains 
input Appear to be unused but sold as seen Would probably be good 
for spares or as a ',cam stereo TV sound recever and amplifier 
For KV29F 1U and KV25F1U(BE3D) PCB nos 1.659-827-12 
1-659-826-14 1-711-800-11 £20 ret STV1 

RCB UNITS ',dine IEC lead with fitted RC 
breaker. Installed in seconds. 
Pack of 3 £9.98 ref LOT5A 
RADIO CONTROLLED CARS etc A emotes but 
good strippers for servo's motors and receivers Suct as is no returns 

mixed types f 3 each ref RCC2 

VOICE CHANGERS Hold one of these units over your 
phone mouth piece an you can adiust your voice using the controls on 

tie:a tegl9E6gageMIC 5013 range 90 105mhz 
115g 193 a 26 x 39mm 9v PP3 battery required £17 ref MAG15P1 

AUTO SUNCHARGER I55x3ŒlnvnsoIarpanewdh diOde 

and 3 metre lead fitted with a cigar plug 12v 2watt £12.99 REF 

AUG I0P3 

SOLAR POWER LAB SPECIAL 6v 130mA 
cells 4 LED's wee buzzer switch n 1 relay or motor £7.99 REF SA27 

SOLAR NICAD CHARGERS 4 e AA see £9 99 ref 
6P476 2 x C sue £9 99 ref 6P477 

5.25" FLOPPY DISKS oack of 500 disks £25 ref FDI 

tt 
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I Surplus always 
wanted for cash!  

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

Surplus always 
wanted for cash! 

THE AMAZING TELEBOX 
Converts your colour monitor Into a QUALITY COLOUR Wit 

TV SOUND 
VIDEO TUNER 

A rie: 

The TELEBOX is an attractive fully cased mains powered unit, con-
taining all electronics ready to plug into a host of video monitors 
made by makers such as MICROMEC, 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 of 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 
for direct connection to most makes of monitor or desktop computer 
video systems. For complete compatibility - even for monitors with-
out sound - an integral 4 watt audio amplifier and low level Hi Fi 
audio output are provided as standard. 
TELEBOX ST for composite video input type monitors £36.95 
TELEBOX STL as ST but fined with integral speaker £39.50 
TELEBOX MB Muttiband VHF/UHF/Cableillyperband tuner £69.95 
For overseas PAL versions state 5.5 or 6 mHz sound specification. 
'For cable / hyperband signal reception Telebox MB should be con-
nected t2 a cable type service. Shipping on all Teleboxe's, code (B) 

State of the art PAL (UK spec) UHF TV tuner module 
with composite 1V pp video 8 RICAN hi fi stereo sound 

outputs. Micro electronics all on one small PCB only 73 x 
160 x 52 mm enable full software control via a simple 2 wire link 

to any IBM type computer. Supplied complete with simple working 
program and documentation. Requires +12V & + 5V DC to operate. 
BRAND NEW - Order as MY00. Only £49.95 code (B) 

FLOPPY DISK DRIVES 212" - 14" 
Massive purchases of standard 544' and 31/2 ' 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 full 90 
day guarantee. Call for over 2000 unlisted drives for spares or repair. 

31/2 " Panasonic JU363/4 720K or equivalent RFE £24. i 
314' Mitsubishi MF355C-L. 1.4 Meg. Laptops only £25. 
314' Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18. 
514• Tom FD-55GFR 1.2 Meg (for IBM pc's) RFE £18. 
514' Talc FD-55F-03-U 720K 40/80 (for BBC's etc) RFE £29. 
514' BRAND NEW Mitsubishi MF50113 360K £22.95 
Table top case with integral PSU for HH 514' Flopp or HD £29. 
8" Shugart 800/801 8' SS refurbished & tested £210. 
8" Shugart 810 8' SS HH Brand New £195.00( 
8" Shugart 851 8' double sided refurbished & tested £260.00( 
8' Mitsubishi M2894-63 double sided NEW £295.00( 
8' Mitsubishi M2896-63-02U DS slimline NEW £295.00( 
Dual 8' cased drives with integral power supply 2 Mb £499.00( 

HARD DISK DRIVES 
2W' TOSHIBA.(19 mm H ) SAK2101MAN 2.16 Gb. New £199.00 
244' TOSH.(12.5 mm H) MK1002MAV 1.1 Gb laptop. New f115.00 
214' to 31/2' conversion kit for Pc's, complete with connectors £12.95 
31/2 ' FUJI FK-309-26 20mb MFM VF RFE £59.95 
31/2 ' CONNER CP3024 20 mb IDE 1/F (or equiv ) FIFE £59.95 
3Vs' CONNER CP3044 4Ornb IDE VF or equiv.) RFE 
31/2 RODIME R03057S 45mb SCSI I (Mac 8 Acorn) £69.00 
344' QUANTUM 405 Prodrive 42mb SCSI I/F, New RFE £49.00 
315" WESTERN DIGITAL 850mb IDE I/F New £185.00 
5)4' MINISCRIBE 3425 20mb MFM VF (or equiv.) RFE £49.95 
514' SEAGATE ST-238R 30 mb RLL UF Refurb £69.95 
5)4' CDC 94205-51 40mb HH MFM IfF FIFE tested £69.95 
5)4' HP 97548 850 Mb SCSI RFE tested £99.00 
514" HP C3010 2 Gbyte SCSI differential RFE tested £195.00 
8' NEC 02246 85 Mb SMD interlace. New £199.00 
8' FUJITSU M2322K 160Mb SMO VF RFE tested £195.00 
8' FUJITSU M2392K 2 Gb SMD IfF RFE tested £345.00 
Many other drives in stock - Shlippirig on all drives Is coda (D) 

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

6,000,000 items EX STOCK 
For MAJOR SAMOS CAU. OR SEE OUR WEBSITE 

VIDE. MONITOR SPECIALS 
One of the highest specification 
é monitors you will ever see - 
/en At this price - Don't miss it!! Ara 
MItsubishi FA341SETTCL le SVGA MultIsync colour MCflOr with fie 

0.28 dot Stre and resolution of 1024 x 788. A 
sskyalbsu..iedl.a hoe d 
ens Includrig IBM PC's h CGA, EGA, VGA ;:j= 
modes. BBC, C0111,1000RE Croduckn Arne 1203), 
ARCHIMEDES and APPLE. Me features Etched 
taceplale, tee switchifg and WW RADIATiON IAPR 
spec:teeter) Fully guaranteed, supplied ri EXCEL-

LENT RIM used cadkri. 
Tlit Swtvei Bane £4.75 Only £119 (E, 
VGA cable for IBM PC induced. 
External cubism for other types of cortexhors CALL 

Order as 
MITS-SVGA 

As New - Ex Demo 
17' 0.28 SVGA Mitsubishi Diamond Pro monitors 

Full muitisync etc. Full 90 day guarantee. £325.00 (E) 

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

PHIUPS HCS35 (same style as CM8833) attractively styled 14" 
colour monitor with Dam RGB and standard composite 15.625 
Khz video inputs via SCART socket and separate phono jacks. 
Integral audio power amp and speaker for all audio visual uses. 
Will connect direct to Amiga and Atari BBC computers. Ideal for all 
video monitoring / security applications with direct connection 
to most colour cameras. High quality with many features such as 
front concealed flap controls, VCR correction button etc. Good 
used condition - fully tested - guaranteed Only £99 
Dimensions: W14' x H1214' x 1544' D. 

PHILIPS HCS31 UNra compact 9" colour video monitor with stan-
dard composite 15.625 Khz video input via SCART socket. Ideal 
for all monitoring / security applications. High quality, ex-equipment 
fully tested & guaranteed (possible minor screen burns). In attrac-
tive square black plastic case measuring WItY s 1-110' x 131/2 ' D. 
240 V AC mains powered. Only £79.00 (D) 
MAE 10" 15M10009 high definition colour monitors with 0.28' dot 
pitch. Superb clarity and modern styling., 
Operates from any 15.825 khz sync AGO video 
source. with ROB analog and composite sync 
such as Atari, Commodore Amiga, Acorn 
Archimedes & BBC. Measures only 131/2 " x 12• x 
11' Good used condition. Only £125 (E) 

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

DC POWER SUPPLIES 
Virtually .vary typ• of power 
supply you can Imagine.Over 

10,000 Power Supplies Ex Stock 
Call or a•• our web alto. 

LOW COST PC's 
Always over 1000 PC's from stock. 
1000's of spares and accmorles. 
Call or see our web sits for Info. 

TEST EQUIPMENT & SPECIAL INTEREST ITEMS 

19" RACK CABINETS 
Superb quality 6 foot 40U 

Virtually New, Ultra Smart 
Less than Half Price! 

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

have ever sold. Racks may be stacked side by side and therefore 
require only two side panels to stand singly or in multiple bays. 
Overall dimensions are. 771/2 ' Ha 321/2 ' 00 x 22' W. Order as: 
OPT Rack 1 Complete with removable side panels. £345.00 (G) 
OPT Rack 2 Rack, Less side panels  £245.00 (G)  

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

Available from stock !!. 

32U - High Quality - All steel RakCab 
Made by Eurocraft Enclosures Ltd to the highest possible spec, 
rack features all steel construction with removable 
side, front and back doors. Front and back doors are 
hinged for easy access and all are lockable with 
five secure 5 lever barrel locks. The front door 
is constructed of double walled steel with a 
'designer style' smoked acrylic front panel to 
enable status indicators to be seen through the 
panel, yet remain unobtrusive. Internally the rack 
features fully slotted reinforced vertical fixing 
members to take the heaviest of 19" rack 
equipment. The two movable vertical fixing struts 
(extras available) are pre punched for standard 
'cage nuts'. A mains distribution panel internal-
ly mounted to the bottom rear, provides 8 x IEC 3 
pin Euro sockets and 1 x 13 amp 3 pin switched 
utIllty socket. Overall ventilation is provided by 
fully louvered beck door and double skinned top section 
with tog and side louvres. The top panel may be removed for fitting 
of Integral fans to the sub plate etc. Other features include: fitted 
castors and floor levelers, prepunched utility panel at lower rear for 
cable / connector access etc. Supplied in excellent, slightly used 
condition with keys. Colour Royal blue. External dimensions 
mm-1625H x 635D x 603 W. ( 64" H x 25" D x 2314" W ) 

Sold at LESS Man a third of makers price II 

A superb buy at only £245.00 (G) 
42U version of the above only £345 - CALI. 

BATTERY SCOOP - 50% off!! 
A special bulk purchase from a cancelled export order brings you 
the most amazing savings on these ultra high spec 12v DC 14 Ah 
rechargeable batteries. Made by Hawker Energy Ltd, type SBS15 
featuring pure lead plates which offer a far superior shelf & guaran-
teed 15 year service life. Fully BT & BS6290 approved. Supplied 
BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77 deep. 
M6 bolt terminals. Fully guaranteed. Current makers price OM £70 

each Our Price £35 each (C) or 4 for £99 (D) 

RELAYS - 200.000 FROM STOCK 
Save Uff's by choosing your next relay from our Massive 
stocks covering types such as - Military, Octal, Cradle, 
Hermetically Sealed, Contactors, Time Delay, Reed, Mercury 
Wetted, Solid State, Printed Circuit Mounting, CALL US 
YOUR NEEDS. Many obsolete types from stock Save LE La 

LOW COST RAM & CPU'S 

MRS. FA3445E71CL 14' Industrial spec SVGA monitors £248 
1kW to 400 kW - 400 Hz 3 phase power eourcee - « Mock £P0A 
IBM 8230 Type 1, Token ring base unit driver 
Wayne Kerr RA200 Audio frequency response analyser £2500 
IBM 53F5501 Token Ring ICS 20 port lobe modules £750 
IBM MAU Token ring distribution panel 8228-23-5050N £95 
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550 
ALLGON 8360.11805-1880 MHz hybrid power combiners £250 
Trend OSA 274 Data Ana ser with G703(2M) 64 i/o £P0A 
Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500 
Marconi 2022C 10KHz-IGHz RF signal generator £1550 
Marconi 2030 opt 03 10KHz-1.3 GHz signal generator,New £5150 
HP1650B Logic Analyser £3750 
HP3781A Pattern ganerator & HP3782A Error Detector EPOA 
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts £1800 
HP6264 Rack mount variable 0-20V 0 20A metered PSU £675 
HP54121A DC to 22 GHz four channel test set £P0A 
HP8130A opt 020 300 MHz pulse generator. GPIB etc £8500 
HP At, AO 8 pen HPGL high speed drum plotters - from £950 
EG+G Brookdeal 95035C Precision lock in amp £650 
View Eng. Mod 1200 computerised inspection system £P0A 
Sony DXC-3000A High quality CCD colour TV camera £1100 
Kelthley 590 CV capacitor / voltage analyser £P0A 
Racal CR40 dual 40 channel voice recorder system £3750 
Flskers 45KVA 3 ph On Line UPS - New batteries £9500 
ICI R5030UV34 Cleanline ultrasonic cleaning system £P0A 
Mann Telly MT645 High speed line printer £2200 
Intel SBC 486/1335E Mullibus 486 system. 8Mb Ram £945 
Sternums K4400 64Kb to 140Mb demux analyser £2950 

Intel SBC 486/125C01 Enhanced Multibus (MSA) NEW £1450 
Zeta 3220-05 AO 4 pen HPGL last drum plotters £1150 
Nikon HFX-11 (Ephiphot) exposure control una £1450 
Motorola VME Bus Boards 8 Components List. SAE / CALL £P0A 
Teo 0-18 vdc linear, metered 30 amp bench PSU. New £550 
Fujitsu M3041R 800 LI31.1 band pnnter £1950 
Fujitsu M3041D 800 LPM printer with network interlace £1250 
Perkin Elmer 2998 Infrared spectrophotometer A £500 
Perkin Elmer 597 Infrared spectrophotometer £3500 
VG Electronics 1035 TELETEXT Decoding Margin Meter £3750 
LightBand 60 output high spec 2u rack mount Video VDA's £495 
Sekonlc SD 150H 18 channel digital Hybrid chart recorder £1995 
Taylor Hobson Tallysurf amplifier / recorder £750 
ADC SB200 Carbon dioxide gas detector / monitor £1450 
System Video 1152 PAL waveform monitor £485 
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5,650 
ANRITSU MS900181 0.6-1.7 uM optical spectrum analyser EPOA 
ANRITSU ML93A optical power meter £990 
ANRITSU Fibre optic chracateristic test sel £P0A 
VISION ENGINEERING TS3 Dynascopic microscope £1850 
RAS FTDZ Dual sound unit £650 
R8S SBUF-El Vision modulator £775 
WILTRON 6630B 12.4 / 20GHz RF sweep generator £5750 
TEK 2445 150 MHz 4 trace oscilloscope £1250 
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955 
TEK 1502 Portable TDR (time domain reflectometer) £600 
PHIUPS PW1730110 XRAY generator with accessories £P0A 
CLAUDE LYONS 12A 240V single phase auto volt regs £325 
CLAUDE LYONS 100A 240/415V 3 phase auto, vott. regs £2900 

INTEL 'ABOVE' Memory Expansion Board. Full length PC-XT 
and PC-AT compatible card with 2 Mbytes of memory on board. 
Card is fully selectable for Expanded or Extended (286 processor 
and above) memory. Full data and driver disks supplied. RFE. 
Fully tested and guaranteed. Windows compatible. £59.95 
Half length 8 bit memory upgrade cards for PC AT XT expands 
memory either 256k or 512k in 64k steps. May also be used to fill 
in RAM above 640k DOS limit. Complete with data. 
Order as: XT RAM MG. 256k. £34.95 or 512k £39.95 

1 MB x 9 SIMM 9 chipenli2ons SPECIALS Only £8.50 
1 MB x 9 SIMM 3 chip 80 ns £10.50 or 7Ons £11.95 
1 MB x 9 SIMM 9 chip 80 ns £10.50 or 7Ons £11.75 
4 MB 70 ns 72 pin SIMM -with parity- Only £35.00 
NIEL 486-DX33 CPU £19.95 arrEL486-0X66 CPU £59.00 
RJU- RANGE OF CO-PROCESSOR'S EX STOCK - CALI. FOR £££ 

MOTOROLA 25 Mhz 68040 (XC6804ORC25M) CPU'S £9.00 
shipping charges for RAM / CPU upgrades is code B 

SOFTWARE SPECIALS 
NT4 WorkStation, complete with service pack 3 
and licence - OEM packaged. 

Special Price ONLY £99.00 
Microsoft - Windows for Workgroupa a 11 ,8 DOS 5.22. S 
on 31/2 ' disks with licence 8. concise documentation. 
DOS 5.0 on 31/2 ' disks with concise books chir OBasic £14.96 
Wordperfect 6 for DOS supplied on 314' disks with manual £24.98 

shipping charges for software is code B 

DISTEL on the web II - Over 16,000,000 Items from stock - www.dIstelco.uk 
• • • 

• • • • 

• • • 

• • • • 

• • • • • 

• • • 

• • • • 

• • • • • 
• • • • 
• • • • 
  • • • 
• • • 
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Al prices b UK Makiend UK cues:mere add 17.5% VAT to TOTAL order arnoLnt. Mrenurri ceder £10. Bona Fide account orders accepted from Government Schools, 
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NEXT MONTH 
MUSICAL SUNDIAL 
TRAVESTY - that's the word, it's an absolute and utter travesty - this Sundial 
thingy, it's a gross and total misuse of sophisticated electronics. Well, think about 
it - In the Beginning was the Big Shout that echoed throughout the Multiverse: 
"Let there be Light", and so it was, and so came about shadow where light could 
not reach. And man saw the shadow and how it moved when the light moved, and 
thus he saw the motion of time and that it can be measured in its motion beneath 
the plants and trees around him, and thus the sundial was there for his 
enlightenment from the beginning. 
And what happens? Aeons later along comes a bright spark who says to 

himself "Electronics can tell the time from the motion of sunlight", and set about 
to prove it. But why he should bother was never questioned - and it should have 
been; the sundial already IS and needs no improvement, and it certainly doesn't 
need to be made with technology. 

Nonetheless, it's been done and we feel you should know about it, perhaps 
even build it and marvel at how petty we humans can be at trying to replicate 
what nature has already achieved without even thinking about it. 
So what does this Musical Sundial contraption actually do? It monitors the motion of the sun of course - a pointer casts a shadow 

which rotates with the sun. Sensors in an arc detect the position of the shadow and when a sensor is completely covered by the 
shadow, electronically generated musical chimes and pips mark the hour of the event, one pip for each hour past. Then . . . and 
then, you get a tune played! And what tune might it be - what else but something that might perhaps remind you of the old classic 
"You are my Sunshine" (although a real musician wouldn't think so)! 

But that's not all - on any day when the weather's changeable. with the sun coming and going, appropriate phrases of the "tune" 
mark the disappearance or re-appearance of the sun. 
So that's what you do next month, build our Sundial (never mind what the neighbours might say about your sanity!). We provide 

the info, where you find the sun is up to you! 

STARTER 
PROJECT 

Next month we commence publishing a series 
of "Starter Projects" designed with the novice 
in mind. They are all easy to build and 
inexpensive, the first one is a 

CLIPPING VIDEO 
FADER. 

Many camcorders include a video fader facility, but this is often in the 
form of a pushbutton control with a fixed rate of fade. A fader of this type is 
certainly usable, but offers no creative control to the user. This extremely 
simple video fader project has a conventional control knob that offers 
precise control over the fade characteristic. It provides what is virtually a 
conventional fade to black action, but the fading is provided by asymmetric 
clipping of the picture modulation rather than by attenuating it. 

This method of fading operates in a different manner to a conventional 
fader, and it produces a different effect on-screen when the picture is 
faded. With the clipping method the brightest parts of the picture are faded 
first, then the mid-tones, and finally the darker areas. The picture collapses 
rather than fades from the screen. This project offers an interesting 
alternative to a conventional video fade effect, and it costs very little to 
build. 

ALAN DOWER 
BLUMLEIN - 
A TOUCH OF MAGIC 
Many readers will have never heard of Alan Dower 
Blumlein. we hope we can put that right next month. 
He either originated or made profound contributions 
to Telephony, Monaural and Stereo Recording, 
.Television. Radar, Amplifier Technology, and Signal 
Processing circuits. 
Few will ever match A. D. Blumlein in his insight, 

breadth of knowledge or ability to solve problems in 
electronics and electrical engineering. If one defines 
genius as "original thought" then Blumlein had 
genius in abundance. In a life that was cut short ' 
during the second world war, he created more in a 
career lasting only 17 years than the vast majority 
do collectively in a lifetime. In all, Blumlein held 128 
patents - on average one for every six weeks of his 
working life. 
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•  Technology Education Ins ex VISA , 
Telephone for our catalogue or 

\ visit our web site for further details 

VARIABLE VOLTAGE 
TRANSFORMERS 

INPUT 220V 240V AC 50 60 OUTPUT 0V-260V 
ence P&P 

PANEL MOUNTING 
5KVA 25 amp mat 

IKVA 5 amp ma. 

SHROUDED 
5KVA 25 amp mat, 

• <VA 5 amp rn. 

£33.00 

£45.25 

£6.00 
f45 83 inc VAT, 

£7.00 
,£61 39 iric VAT, 

f 34 00 £6.00 
t (47 00 tnc VAT, 

f 46 25 £7.00 
( 62 57 Inc VAT) 

'<VA 10 amp ma, £65.00 £8.50 
1[86 36 'oc VAL 

'tt VA 15 arnp rna. £86.50 £8.50 
(111 63 inc. VAT) 

5KVA 25 amp max £150.00 • Carriage B VAT 
Buy deed fit:free Importers Keenest [noes n the country 

5028A ISOLATION TRANSFORMER 
'rout ead 240V AC Output vla 3 pin I3A socket 200V 
AC contnuously rated Mounted in fibre glass case vnth 
-andle Internally fused 
pipe £35.00 carnage page • VAT (41 131 

TOROIDAL L.T. TRANSFORMER 
Prmlary 0.240V AC Secondary 0.30V -• 0.30V 500VA 
hng boll supplied 

P'ce £30.00 can age pad • VAT (35 25 

COMPREHENSIVE RANGE OF TRANSFORMERS-LT-
ISOLATION 6 AUTO 
" 240V At;to "rester e ,asec A-ret,a- sz.ket aro 
ans lead or Open tranetyCe Available tor mmelltatedeirvey 

ULTRA VIOLET BLACK LIGHT BLUE 
FLUORESCENT TUBES 

45 00 watt £14.00 ca ers on , 
2f1 20 watt £9.00 ,callers ont, 
12'r• 8 wad £4.80 - 75p p&p 
9,, 6 watt t3.96 500 P&P 
6,5 wan [3.96 • 50P P&P 

230V AC BALLAST KIT 
or ether Bin 91n or 12m tubes £605 • 0 40 p&p 

t(8 75 inc VAT) 
'5e oboe TtteS are 35ooeoo0555 .350000un Prea tor 
Jeleen Manly markKgs elleces écleg a Cheneal app.:M.5 
Deer Wavetenrs 01 UV TUBE avaiabie lo, Genneelat & Photo 
Srealtve acc'eatons Pease Ieepnye your enzymes 

1(16 45 ire VAT, 
ICIO 58 inc VAT 
1(6 52 «lc VAL 
1f5 24 mc VAT, 
1(5 24 tnc VAT, 

400 WATT BLACK LIGHT 
BLUE UV LAMP 

ES Mercy, Vance 'amo NAabe toi 

5 KVA ISOLATION TRANSFORMER 
As New Es-Equtpment fully shrouded L. ne Noise 
Suppression Ultra Isolation Transformer with 
terminal covers and knock-out cable entries 
Primary 120V 240V Secondary 120V 200V 
50 60Hz 0005pF Capacitance Size. L 37cm s W 
19crn x H I 6cm Weight 42 kilos Price [120 • 
VAT Ea-warehouse Carriage on request 

24V DC SIEMENS CONTACTOR 
Type 3TH8022 OB 2 ti NO and 2 sNC 230V AC 10A 
Contacts Screw or Om Rail Iningt Size H 120 e W 45 
D 75mm Brand New Poi> £7.63 ',lc! P&P and VAT 

240V AC WESTOOL SOLENIODS 
TT2 Mod 1 Rat 1 Ma. stroke` in Base mounting 
Kn stroke 51155 pUll aPProx TT6 Mod 1 Rat 1 Max 

stroke 1 in Base mounfing ',in stroke 151bs pull 
appro. SERIES 100 Mod 1 Rat 2 Mae stroke 

'on Front mounfing ' rin stroke 15Ibs pull appro. 
Price Act p&p & VAT 115 tsar', tra teal, 
SERIES 400 £7.64. 

AXIAL COOLING FAN 
230V AC 120mrn square x 38mm 3 blade 10 watt 
Low Noise fan Price £7.29 ICI P&P and VAT 
Orner voltages and sizes available troer stook 
Please telephone your enquires 

INSTRUMENT CASE 
Brand new Manufactured by Imhof L 31 e H 18 x 
19,-) Deep Removable front and rear panel for easy 
assembly of your components Grey textured finish 
complete with case leer Price £16.45 tncl P&P and 
VAT 2 off £38.20 inclusne 

DIE CAST ALUMINIUM BOX 
tooth internai PCB guides Internal size 265 165 
5Ornm deep Pnce f9 93 ,nct to&p & VAT 2 off f 17 80 
ecl 

230V AC SYNCHRONOUS GEARED MOTORS 
Brand new Ovoid Gearto. Crouzet type motors H 
65mm . W 55m e D 35mm 4rnm dia shaft. 1001m long 
6 RPM ant cw £9 99 Inc' p&p & VAT 
20 RPM anti cw Depth 40rnm (11 16 Ind p&p & VAT  

SOLID STATE EHT UNIT 
Input 230V 240V AC Output aPPrOx 15KV 
Producing 1 Ornm spark Budt-tn 10 sec 
tener Easily modtfted for 20 sec. 30 sec 
to continuous Designed for bolter IgnItIon 
Dozens of uses in the held of physics and 
electronIcs cg supplyng neon or argon 
tubes etc Pece less case £8.50 • f 2 40 p&p 
(( 12 81 Inc VAT) NMS  

EPROM ERASURE KIT 
Budd your ovm EPROM ERASURE for a tractor of 
the pnce at a wade • up unit Krt of parts less case 
includes 120 8 watt 2537 Angst Tube Ballast une pair 
of bi-pen leads neon Indicator on oft swftch safety 
microsvotch and circuit £15.00 - £2 00 p&p 

tf 19 98 inc VAT, 

WASHING MACHINE WATER PUMP 
Brand new 240V AC tan Cooled Can be used for a 
..anety or DorOOSeS Intel 1' An outlet tin dia Price 
nckdes VAT £11.20 each Or 2 or £20.50 
nclusrve 

Au> SERVICE TRADING CO VISA 
MAIO 57 BRIDGMAN ROAD, CHI 

TEL: 0181-995 1560 
ACCOUNT CUSTOMS 

SWICK, LONDON W4 5BB 
FAX: 0181-995 0549 4mple 

RS MIN ORDER LO Parh,ng Space 

BARGAIN 
- 32 PAGES FILIL 
QUALITY SURPLUS 

STOCK AND ALCAT 
THE LOWEST PRICES! 

GREEN WELD 
EI_ECTRCIKIIC CCIMP'01\IENFTS. 

27D Park Road • Southampton • S015 3UQ 
TELEPHONE: 01703 236363 FAX: 01703 236307 
E-Mail: greenweld aol.com YOUR FREE COPY, INTERNET: http://www.greenweld.co.uk 

PHONE, FAX OR 
WRITE TODAY FOR 
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"F E L N E T 

t""s\ 8 CAVANS WAY, 
BINLEY INDUSTRIAL ESTATE, 
COVENTRY CV3 2SF 
Tel: 01203 650702 
Fax: 01203 650773 

MIMI Mobile: 0860 400683 

T 
(Premises situated close to Eastern-by-pass in Coventry with easy access 

to Ml, M6, M40, M42, M45 and M69) 

OSCILLOSCOPES 

Beckman 9020 - 20MHz - Dual Channel  
Cossor 3102 - 60MHz Dual Channel  
Gould OS 245A/250/255/300/3000/3351/4000  
Hewlett Packard 180A/180C/181A/182C  
Hewlett Packard 1740A, 1741A, 1744A, 100MHz dual ch  
Hewlett Packard 541000 - 1GHz Digitizing  
Hewlett Packard 54200A - 50MHz Digitizing  
Hewlett Packard 54201A - 300MHz [lionizing  
Hitachi V152FN302BN302FN353FN550BNIS5OF  
Hitachi V650F - 60MHz Dual Channel  
Hitachi V1100A - 100MHz 4 Channel   
Intron 2020 - 20MHz Digital Storage (NEW)  
lwateu SS 5710/SS 5702 - 20MHz  
Meguro - MS0 1270A - 20MHz Digital Storage (NEW)  
Nicolet 310 - L F OS O. with twin Disc Drive  
Nicole, 3091 - LE D.S.0   £750 
Lecroy 9450A - 300MHz/400 Mais D.S.O. 2 ch  £2250 
Panosonlc VP5741A - 100MHz - Dual Channel D.S.O.   

££1475500 Philips PM 3055 - 50 MHz DUAL Trrnebase  
Philips PM 3211/PM 3212/PIA 3214/PM 3217/PM 3234/P10 3240/PIA 3243/PM 3244/PM 3261/ 
PM 3262/PM 3283/PM 3540 from £125 
Philips PM 3295A - 400MHz Dual Channel  £1750 
Philips PM 3335 - 50 MHz/20Ms/s D.S.O. 2 ch  £1500 
Tektronix 434 - 25MHz - 2 Channel Analogue Storage  £250 
Tektronix 454 - 150MHz - 2 Channel  £400 
Tektronix 455 - 50MHz Dual Channel   
Tektronix 464/466 - 100MHz An storage  
Tektronix 465/465B - 100MHz dual ch   
Tektronix 468 - 100MHz D.S.O. 
Tektronix TAS 475 - 100 MHz - 4 Channel   
Tektronix 475/475A - 200MHz/250MHz Dual Channel 
Tektronix 48$ - 350MHz - 2 channel  
Tektronix 2213 - 60MHz Dual Channel  
Tektronix 2215 - 60MHz Dual trace  
Tektronix 2220 - 60MHz Dual Channel D.S.0   
Tektronix 2221 - 60MHz Digital Storage 2 Channel  £1250 
Tektronix 222$ - 5014Hz dual ch  £395 
Tektronix 2235 - 100MHz Dual trace  £600 
Tektronix 2335 - Dual trace 100MHz (portable)  £600 
Tektronix 2440 - 300 MHz/500 Mes D.S.O. 2 Ch  £2950 
Tektronix 2445 - 150 MHz - 4 Channel • OMM  £1200 
Tektronix 2445A - 100 MHz - 4 Channel  £900 
Tektronix 2445A - 150 MHz - 4 Channel  £1250 
Tektronix 5403 - 60MHz - 2 or 4 Channel  from £200 
Tektronix 7313, 7803, 7813, 7623, 7633. 100MHz 4 ch  from £225 
Tektronix 7704 - 250MHz 4 ch.   from £450 
Tektronix 7904 - 500MHz from £600 
Trio CS-1022 - 20MHz - Dual Channel  £125 

Other scopes available too 

£150 
£250 

from £125 
from £200 
from £350 
. £1500 
 £500 

£1250 
from £125 
 £295 
 £950 
 £450 
from £125 

£450 
£400 

£0000 
from £0000 
from £0000 

£650 
£995 

from £0000 
£750 
£375 
£400 

£1250 

SPECIAL OFFER 
HITACHI V212 - 20MHZ DUAL TRACE £160 
HITACHI V222 - 20 MHZ DUAL TRACE • ALTERNATE MAGNIFY £180 

SPECTRUM ANALYSERS 

Ando AC8211 - Spectrum Analyser 1 7GHz 
Anritsu MS828 - 10KHz - 1700MHz   

£2250 
£2250 

Anritsu MS341A • 8153401B - (10Hz - 30MHz) £3995 • £4500 
Anritsu MS6108 - 10KHz - 2GHz - (Mint)   £4750 
Anritsu MS710F - 100KHz - 23GHz Spectrum Analyser  £5950 
Avcom PSA65 S - 1000MHz - portable   £850 
Hameg 8028/8038 - Spectrum Analyser/Tracking Gen +100MHz Dedlloscope  £1250 
Hewlett Packard 1821 with 8559A (10MHz - 21GHz)  £3750 
Hewlett Packard 182T • 855418 - 0.1 to 1500MHz  £1750 
Hewlett Packard 853A r 85588 - DI to 150061Hz  £2500 
Hewlett Packard 859IA - 9KHz - 1.8GHz with Option 10 Tracking Generator  £6500 
Hewlett Packard 8594E - 9KHz - 2.9GHz  £7000 
Hewlett Packard 35601A - Spectrum Analyser Interface  £1000 
Hewlett Packard 3561A - Dynamic Signal Analyser  £4750 
Hewlett Packard 3562A Dual Channel Dynamic Sig. Analyser  £6500 
Hewlett Packard 3580A - 5Hz-50KHz  £995 
Hewlett Packard 3582A - 0.02Hz - 25.6KHz (dual ch.)  £2000 
Hewlett Packard 3585A - 20Hz - 40MHz  £4500 
Hewlett Packard 8753A - Network Analyser  £4995 
Hewlett Packard 87538 - Network Analyser  £6500 
IFR 7750 10KHz - 1GHz  £2500 
Marconi 2370 - 110MHz  £500 
Marconi 2371 - 30KHz - 2000MHz  £750 
Meguro MSA 4901 - 1-300GHz (AS NEW) £850 
Meguro MSA 4912 - 1-1GHz (AS NEW) £1250 
Rohde 8 Schwarz - SWOB 5 Polyskop 0.1 - 1300MHz £1500 
Takeda Riken 4132 - 1.0GHz Spectrum Analyser £2500 
Tektronix 7L18 with mainframe (1.5-60GHz with external mixers) £2000 
Tektronix 495P - 100Hz - 1.8GHz programmable £4950 
Tektronix 496P - 1KHz - 1.8GHz Spectrum Analyser £4500 

MISCELLANEOUS 

Adret 740A - 100KHz - 1120MHz Synthesrsed Signal Generator  
Anritsu MG 360A Signal Generator 0 I-1040MHz  
Anritsu ME 4828 OF/3 Transmission Analyser  
Anritsu MG 6456 Signal Generator 0 05-1040MHz  
Boonton 92C RF Millivoltmeter  
Boonton 93A True RMS Voltmeter  
Dranetz 628 - AC/DC - Muditunclion Analyser  
EIP 331 - Frequency counter 18GHz   
EIP 545 - Frequency counter 18Gliz  
EIP 575 - Frequency counter 18GHz  
Eitek SMPS - Power Supply 60v-30v  
ENI 550L - Power Amplifier 45-pirOOMHz) SOW  
Farnell TSV-70 MKII Power (70V - SA or 35V - 10A)  
Famed DSG-1 Synthesised Signa Generator  
Farnell ESG-1000 Synthesised Signal Generator 1GHz (as new)  
Famed AP 30250A Power Supply 3v - 250A  
Feedback PFG 605 Power Function Generator. 
Fluke 5100A - Calibrator  
GN ELMI EPR31 PCM Signalling Recorder  
Guildline 9152 - T12 Battery Standard Cell  
Hewlett Packard 16300 - Logic Analyser (43 Channels)  
Hewlett Packard 16500A - Fitted with 16510A/16515A/16530A/18531A - Logic Analyser  
Hewlett Packard 331A - Distortion Analyser  
Hewlett Packard 3336 - Distortion Analyser  
Hewlett Packard 334A - Drstorbon Analyser  
Hewlett Packard 3325A - 21MHz Synthesiaer/Funclion Gen  
Hewlett Packard 3336C - Synthesised Signal Generator (10Hz-21MHz) 
Hewlett Packard 3437A System voltmeter  
Hewlett Packard 3438A Digital multimeter  
Hewlett Packard 3455A 6•-) Digt MIAeter (Autocal)  
Hewlett Packard 3456A Digital voltmeter   
Hewlett Packard 3488A - HP - 10 Switch control unit (various Plug-ins available)  

£800 
£1500 
£2500 
£850 
£250 
£250 
£600 
£600 

£1250 
£1450 
£400 

£1500 
£250 
£125 
£995 
£1750 
£200 

£2500 
£3000 
£550 
£650 
£4000 
£300 
£300 
£300 
£1500 
£1000 
£250 
£200 
£600 
£600 
£550 

Hewlett Packard 3478A - Mulemeter (6, Digit). HP - 18 
Hewlett Packard 35600A Dual Ch Dynamic Signal Analyser 
Hewlett Packard 3586A - Selective Level Meter   
Hewlett Packard 3711A/3712A/37918/37938 Microwave Link Analyser 
Hewlett Packard 3746A - Selective Measuring Set 
Hewlett Packard 3776A - PCM Terminal Test Set  
Hewlett Packard 3779A/3779C - Pnmary Mus Analyser 
Hewlett Packard 37846 - Mortal Transmission Analyser 
Hewlett Packard 37856 - Ater Generator • Receiver 
Hewlett Packard 379000 - Signalling Test Set (No 7 and ISDN. 
Hewlett Packard P382A Variable Attenuator 
Hewlett Packard 4192A - LF Impedance Analyser 
Hewlett Packard 4262A - Deal LCR Meter 
Hewlett Packard 4279A - 1MHz C-V Meter 
Hewlett Packard 43426 Q Meter  
Hewlett Packard 4356 or B Power Meter (with 64816 8484A) 
Hewlett Packard 4948A - TIMS) Transmission impairment M Set 
Hewlett Packard 49726 - Lan Protocol Analyser 
Hewlett Packard 5183 - Waveform Recorder 
Hewlett Packard 5238A Frequency Counter 100MHz 
Hewlett Packard 5314A - (NEW) 100MHz Universal Counter 
Hewlett Packard 5316A - Universal Counter (IEEE) 
Hewlett Packard 53356 - 200MHz High Performance Systems Counter 
Hewlett Packard 53708 - Universal Timer/Counter. 
Hewlett Packard 5384A - 225 MHz Frequency Counter 
Hewlett Packard 53856 Frequency Counter - 1GHz - (HP1B) with OPTS 001 003 004 005 
Hewlett Packard 54206 Digital Signal Analyser 
Hewlett Packard 6033A Power Supply Autorangmg (20V - 308) 
Hewlett Packard 62536 Power Supply 20V - 3A Twin 
Hewlett Packard 62556 Power supply 40V - 1 SA Twin 

£550 
£3750 
£1000 
£2250 
£750 

£1500 
from £600 

£5000 
£1250 
£4250 
£250 

£7000 
£1250 
£4500 
£800 

from £750 
£1500 
£1750 
£1750 
£250 
£250 
£500 
£600 

£2000 
£650 
£995 
£350 
£750 
£200 
£200 

HEWLETT PACKARD 62818 
Power Supply 20V-50A £450 Discount for Quantities 

Hewlett Packard 626413 - Power Supply O - 20V 0 - 25A 
Hewlett Packard 62668 Power Supply 40V - 5A 
Hewlett Packard 627113 Power supply 60V - 3A 
Hewlett Packard 6632A - Power Supply 120V - 5A 
Hewlett Packard 7475A - 6 Pen Plotter 
Hewlett Packard 7550A - 8 Pen Plotter AlA4. 
Hewlett Packard 8015A - 50MHz Pulse Generator   
Hewlett Packard 8152A - Optical Average Power Meter 
Hewlett Packard 8158B - Optical Adenuator (OPTS 002-011i 
Hewlett Packard 8165A - 50MHz Programmable Signal Source 
Hewlett Packard 8180A - Data Generator 
Hewlett Packard 8182A - Data Analyser 
Hewlett Packard 835013 - Sweep Oscillator Mainframe (various plug-in options available) 
Hewlett Packard 83554A Wave Source Module 26 5 to 40GHz  
Hewlett Packard 83555A - Millimeter - Wave source Module 33-50GHz 
Hewlett Packard 8405A - Vector Voltmeter 
Hewlett Packard 8620C Sweep oscillator mainframe 
Hewlett Packard 8640E1 - Signal Generator (512MHz 1024MHz)  
Hewlett Packard 8656A - Synthesised Signal Generator (990MHz)   
Hewlett Packard 8656B - Synthesised Signal Generator 
Hewlett Packard 8657A - Signal Generator (100KHz-1040MHz)   
Hewlett Packard 86600 - Synthesised Signal Generator 110KHz-2600MHz) 
Hewlett Packard 8750A Storage normairser --
Hewlett Packard 8756A - Scalar Network Analyser 
Hewlett Packard 8757A - Scalar Network Analyser 
Hewlett Packard 8901A - Modulation Analyser 
Hewlett Packard 890113 - Modulation Analyser 
Hewlett Packard 8903A - Audio Analyser (20Hz - 100KHz, 
Hewlett Packard 8903E1 Distortion Analyser . 
Hewlett Packard 8903E - Distortion Analyser (mini) 
Hewlett Packard 8920A - RT Comms Test Set ... . . 
Hewlett Packard 8922b - GSM Radio Comms Test Set 
Hewlett Hew Packard 89586 - Cellular Radio Interface 
Keytek MI-15/EC Mlnlzap 15Kv Hand Held ESD Simulator 
Krohn-Hite 2200 Lin/Log Sweep Generator 
Krohn-Hite 4024A Oscillator 
Krohn-Hite 5200 Sweep, Function Generator   
Krohn-Hite 6500 Phase Meter 
Leader LDM-170 - Distortion Meter 
Leader 3216 - Signal Generator I 100KHz - 140Kft 2) AM/FMJCW with built-in FM stereo 
modulator (mint)  
Marconi 2019 - 80KHz - 1040MHz Synthesised Sig. Gen.. 
Marconi 2019A - 80KHz - 1040MHz - Synthesised Signal Generator 
Marconi 2305 - Modulation Meter 
Marconi 2337A - Automatic Distortion Meter 
Marconi 2610 - True RMS Voltmeter 
Marconi 2871 Data Comms Analyser 
Marconi 2955 - Radio Comms Test Set 
Marconi 6960 - Power Meter 8 Sensor 
Philips PM 5167MHz function gen 
Philips 5190 L F Synthesiser (G PI BI 
Philips 5193 Synthesised Function Generator 
Philips 5518 Synthesised Function Generator 
Philips PM5519 - TV Pattem Generator 
Philips PM5716 - 50MHz Pulse Generator 
Prima 4000 - 6 -•._11ligrt Multimeter 'NEW) 
Ouartzlock 2A - Off Air Frequency Standard 
Racal 1992 - 1 3GHz Frequency Counter . 
Racal 6111/8151 - GSM Radio Comms Test Set 
Racal Dana 9081/9082 Synth sg gen 520MHz 
Racal Dana 9084 Synth. sig._gen 104MHz . 
Racal 9301A - True RMS FI/F Multivoltmeter 
Racal Dana 9302A R/F multivoltmeter (new vereonl 
Racal Dana 9303 R/F Level Meter 8. Head.... 
Racal Dana 9917 UHF frequency meter 561/MHz 
Rohde 8 Schwarz LFM2 - 60MHz Group Delay Sweep Gen 
Rohde & Schwarz Scud Radio Code Test Set 
Rohde & Schwarz CIATA 94 GSM Radio Comms Analyser 
Schaffner NSG 203A Line Voltage Variation Simulator 
Schaffner NSG 222A Interference Simulate 
Schaffner NSG 223 Interference Generator 
Schlumberger 2720 125061Hz Frequency Counter 
Schlumberger 4031 - 1GHz Radio Cornms Test Set 
Schlumberger Stabilock 4040 Radio Comms Test Set 
Schlumberger 7060/7085/7075 Multimeters . 
Solartron 1250 - Free', Response Analyser . . . 
Stanford Research DS 340 - 15MHz Synthesised Function (NEW) and arbitrar, 
Ksyelorm gererator   
Systron Donner 6030 - Microwave Frequency Counter (26 5GHz) 
Telequipment C171 Curve Tracer   
Tektronix AM503 • TMS01 • P6302 - Current Probe Amplifier 
Tektronix PG506 • TG501 • SG503 • TM503 - Oscilloscope Calibrator 
Tektronix 577 - Curve Tracer 
Tektronix 1240 Logic Anayser 
Tektronix 141A PAI Test Signal Generator 
Tektronix AA5001 11A50Œ M/F - Programmable Distortion Analyser 
Tektronix T815003 • AFG 5101 Arbitrary Function Gen 
Tektronix DAS9100 - Series Logic Analyser 
Tektronix - Plug-ins - many available such as scso4 SW503. SG502 
FG508 FG504 TG503. TG501. TR503 • many more 
Time 9811 Programmable Resistance  
Time 9814 Voltage Calibrator  • 
Valhalla Scientific - 2724 Programmable Resistance Standarc.t 
Wandel & Goltermann PFJ-8 - Error/Jitter Test Sat 
Wendel & Goltermann PCM4 (. options)  
Wendel & Goltermann 1AU30 Test Point Scanner 
Wayne Kerr 4225 LCR Bridge  
Wavetek 171 - Synthetised Function Generator 
Wavetek 1728 Programmable Sig Source (0 0001Hz - 13MHz, 
Wavetek 184 - Sweep Generator - 5MHz 
Wavetek 3010 - 1-1GHz Signal Generator. 
Wiltron 6409 - RF Analysers IIMHz - 2GHzi 
Wiltron 6620S - Programmable Sweep Generator 3 6 - 6 5GMz, 
Wiltron 6747-20 - Swept Frequency Synthesiser ,10MH 1-2000 z 
Yokogowa 3655 - Analysing Recorder 

£400 
£220 
£225 
£600 

  £250 
£450 
£750 

£1250 
£1100 
£1650 
£1500 

  £1500 
£2500 
£3500 
£4250 
£350 

from £250 
from £850 

£1250 
£1750 
£2500 
£3250 
£375 

£1500 
£2250 
£2750 
£3750 
£1600 
£2500 
£2000 
£4995 
£8500 
£2000 
£1750 
£995 
£250 
£350 
£250 
£350 

£995 
£950 

£1250 
£1995 
£150 
£850 

£1000 
£2250 

from £950 
£400 
£800 

£1500 
£1500 
£350 
£525 
£450 
£200 
£800 

. £P0A 
from £500 

£450 
£300 
£375 
£650 

. £175 
£1600 
£300 

£7500 
. f950 
. £850 

£850 
£500 

£4995 
£2995 

from £350 
£2500 

£1200 
£2500 
£250 
£995 

£1995 
£1150 
£500 
£250 

£1995 
£1500 
£500 

£P0A 
£400 
£550 

£P.O.A. 
£12500 
£9950 
£2000 
£600 
£250 

£P.O.A. 
£250 

£1250 
£P0A 
£650 

£4950 
£P0A 

MANY MORE ITEMS AVAILABLE - 
SEND LARGE S.A.E. FOR LIST OF EQUIPMENT 

ALL EQUIPMENT IS USED - 
WITH 30 DAYS GUARANTEE. 

PLEASE CHECK FOR AVAILABILITY BEFORE 
ORDERING — CARRIAGE & VAT TO BE ADDED 

TO ALL GOODS 
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£1.50 BARGAIN PACKS 

NICAD BATTERY 3-6V p.c.b. mounting prongs. Order 
Ref: 1.5P2. 
6 DIGIT COUNTER 12V Order Ref: 1.5P3. 
PAIR OF ULTRASOSNIC MODULES, one sender, one 
receiver. Order Ref: 1.5P4. 
100 CORE CABLE, any length. Order Ref: 1 5P6 per 
metre 
KEY SWITCH, 2 position, complete with 2 Yale type 
keys. Order Ref. 1.5P12. 
CASSETTE MOTOR, 9V brushless. Order Ref: 1.5P14. 
80 OMM COAX TV CABLE, extra thin. 10m. Order Ref: 
1.5P17. 
WATERPROOF SPEAKER, 31/2 in. round. 8 ohm 11W. 
Order Ref: 1.5P27. 
6V IA ENCASED POWER SUPPLY with leads. Order 
Ref: 1.5P22. 
FLUORESCENT CHOKE for 60 or 80W tube. Order Ref: 
1.5P23. 
31n. TWEETER 15W 8 ohms. Order Ref: 1.5P28. 
RELAY, flash proof. 12V coil. SPCO. Order Ref:1 .5P31. 
ENCASED PSU, twin outputs. 15V 850mA and 9V 
550mA, both AC. Order Ref. 1.5P32. 
12V MOTOR, mini but quite powerful. 32mm diameter, 
25mm long Order Ref 1.5P33. 
3V PRECISION CASSETTE MOTOR. Order Ref: 
1 5P34. 
12V 11/2 A TRANSFORMER, frame mounted. Order Ref: 
1.5P41. 
I2V 800mA DC PSU. Order Ref: 1.5P44. 
BT PLUG WITH SOCKET for 2 flat plug phones. Order 
Ref. 1.5P56. 
TWIN 13A MAINS SOCKET, white for flush mounting. 
Order Ref. 1.5P61. 

£2 BARGAIN PACKS 

20W TWEETER, 4m. n isin 8 ohm by Goodmans Order 
Fief: 2P403 
BATTERY CHARGER METER 0-3A. Order Ref: 2P366. 
W-SHAPED 30W FLUORESCENT. Philips, ideal name 
plate illuminator. Order Ref . 2P372. 
DIMMER SWITCH, standard size flush plate, state colour 
- red, yellow, green or blue. Order Ref: 2P380. 
TELEPHONE EXTENSION LEAD, 12m with plug end, 
socket ends Order Ref 2P338. 
FIGURE 8 FLEX, mains voltage, 50m. Order Ref: 2P345. 
INFRA-RED RECEIVER, as fitted TV receiver. Order 
Ref: 2P304. 
L.C.D. CLOCK MODULE with details of other uses. 
Order Ref: 2P307. 
AMFM RADIO RECEIVER with speaker but not cased. 
Order Ref: 2P308. 
12V 200mA PSU on 13A base. Order Ref • 2P313 
2A MAINS FILTER AND PEAK SUPPRESSOR. Order 
Ref: 2P315. 
45A DP 250V SWITCH on 6in x 3m, gold plate. Order 
Ref: 2P316. 
SOLAR CELL 3V. 200mA. 5 of these in series would 
make you a 12V battery charger. £2 each. Order Ref: 
2P374, 
PERMANENT MAGNET SOLENOID, opposite action, 
core is released when voltage is applied. Order Ref: 
2P327. 
HEATAER PAD, not waterpr000f. Order Ref: 2P329. 
15V 320mA AC POWER SUPPLY, in case with 13A 
base, ideal for bell or chime controller. Order Ref: 2P281. 
POWERFUL MAINS MOTOR with 4in. spindle. Order 
Ref: 2P262 
20M 80 OHM TV COAX. Order Ref: 2P215. 
6 DIGIT COUNTER, mains operated. Order Ref: 2P235. 
13A ADAPTORS, take 2 13A plugs, pack of 5 - £2. 
Order Ref: 2P187. 
3-CORE 5A PVC FLEX, 15m. Order Ref: 2P189. 
MAINS TRANSFORMER, 15V 1A. Order Ref: 2P198. 
7-SEGMENT NEON DISPLAYS, pack of 8. Order Ref: 
2P126. 
MODERN TELEPHONE HANDSET, ideal office exten-
sion. Order Ref: 2P94. 
500 STAPLES, hardened pin. suit burglar alarm or tele-
phone wire. 2P99. 
PAD SWITCH for under carpets. Order Ref: 2P119. 
24V STEREO POWER SUPPLY, Mullard. Order Ref: 
2P80. 
UP TO 90 MIN 25A SWITCH, clockwork. Order Ref: 
2P90. 
POWER SUPPLY FOR MODELS, 6-12V variable and 
reversible. Order Ref. 2P3. 
MAINS TIME AND SET SWITCH 25A. up to 9 hours 
delay. Order Ref: 2P9. 
MOTORISED 6 MICRO SWITCHES but motor 50V AC. 
Order Ref: 2P19. 
TWIN EXTENSION LEAD, ideal lead lamp. Black 8. 
Decker tools. etc., 20m. Order Ref: 2P20. 
MAINS COUNTER, resettable, 3 digit. Order Ref: 2P26. 
20M 30 GAUGE COPPER WIRE, silver plated and PTFE 
insulated. Order Ref: 2P415 
WIDE AIR SPACED 2 GANG TUNING CAP for transmit-
ter, etc Order Ref . 2P425. 
6 RPH MAINS DRIVEN 2W MOTOR. 2P430 
6-HOUR CLOCKWORK TIMESWITCH with scale. Order 
Ref: 2P432 
GALVANISED BOX, 6in. x 6m, x 1 in. deep. Order Ref: 
2P433. 
FLUORESCENT CHOKE for 5h. tube. Order Ref: 2P440. 
BALANCE KIT for chemical experiments, with weights. 
Order Ref: 2P444. 
9V 1A PSU, encased, plugs into 13A socket. Order Ref: 
2P450. 
END OF TRAVEL MICROSWITCH. Order Ref: 2P455. 

LIGHT ALARM. A circuit for this appears in the 
February issue. However, we have a rather less 
complicated model already made up and in a nice 
case price only £3. Order Ref: 3P155. 
TWIN 13A SWITCHED SOCKET. Standard in all 
respects and complete with fixing screws. White, 
standard size and suitable for flush mounting or in a 
surface box. Price £1.50 Order Ref: 1.5P61. 

re II 

• 
au • 

 • 

VERY POWERFUL BATTERY MOTORS. Were 
intended to operate portable screwdrivers. Approxi-
mately 21/2 in. long, 11/2 M . diameter, with a good length 
of spindle. Will operate with considerable power off 
any voltage between 6 and 12 D.C. Price £2. Order 
Ref: 2P456. Quantity discount 25% for 100. 
RECHARGEABLE BATTERIES. AAA size, pack of 
4. £2.50. Order Ref: 2.5P32 
BIG 12V TRANSFORMER, Over 4A normal work-
ing. Beautifully made and well insulated, terminals 
are in a plastic frame so can't be accidentally 
touched. Price £3.50. Order Ref. 3.5P20. 
SPECIAL YUASA BATTERY OFFER. You can have 
5 x 12V Yuasa batteries, the one we normally sell for 
£3.50, for £15. These batteries have a capacity of 
2-3AH. This may be a bit low for some jobs. but 
remember you can join them in parallel to give you a 
higher amperage. Order Ref: 15P77. 

  BUY ONE GET ONE FREE  

CASED POWER SUPPLIES which, with a few small 
extra components and a bit of modifying, would give 
12V at 10A. Originally £9.50 each. now 2 for £9.50 
Order Ref: 9.5P4. 
3 OCTAVE KEYBOARD with piano size keys, brand 
new, previous price £9.50, now 2 for the price of one. 
Use the same Order Ref. 9 5P5. 

SOUND SWITCH. Can be operated by clapping 
hands, shouting or almost any other noise. Domes 
complete with instructions. assembled and ready to 
work but needs casing. Price only £3. Order Ref: 
3P246. 
1MA PANEL METER. Approximately 80mm x 55mm, 
front engraved 0-100. Price £1.50 each. Order Ref: 
1,16R2. 
VERY THIN DRILLS. 12 assorted sizes vary betwen 
0.6mm and 1-6mm. Price £1. Order Ref: 128. 
EVEN THINNER DRILLS. 12 that vary betwen 
0.1mm and 0.5mm. Price £1. Order Ref: 129. 
BT PLUG WITH TWIN SOCKET. Enables you to 
plug 2 telephones into the one socket for all normal 
BT plugs. Price £1.50. Order Ref 1.5P50. 
D.C. MOTOR WITH GEARBOX. Size 60mm long, 
30mm diameter. Very powerful, operates off any 
voltage bhveen 6 and 24 D.C. Speed at 6V is 200 
rpm, speed controller available. Special price £3 
each. Order Ref: 3P108. 
FLASHING BEACON. Ideal for putting on a' van, a 
tractor or any vehicle that should always be seen. 
Uses an Xenon tube and has an amber coloured 
dome. Separate fixing base is included so unit can be 
put away if desirable. Price £5. Order Ref: 5P267. 
MOST USEFUL POWER SUPPLY. Rated at 9V 1A, 
this plugs into a 13A socket. Is really nicely boxed. 
£2. Order Ref: 2P733 
MOTOR SPEED CONTROLLER. These are suitable 
for D.C. motors for voltage up to 12 and any power 
up to 1/6 h.p. They reduce the speed by intermittent 
full voltage pulses so there should be no loss of 
power. In kit form these are £12. Order Ref: 12P34. 
Or made up and tested. £20. Order Ref: 20P39. 
VARTA BATTERIES. A big purchase enables us to 
offer you 8 Varta AA batteries for only £1. These are 
really good batteries, give you long life. Order Ref: 
D511. 
BT TELEPHONE EXTENSION WIRE. This is proper 
heavy duty cable for running around the skirting 
board when you want to make a permanent exten-
sion. 4 cores properly colour coded, 25m length. Only 
£1. Order Flet: 1067. 
A MUCH LARGER PROJECT BOX. Size 216mm x 
130mm x 85mm with lid and 4 screws. This is an 
ABS box with normally retails at around £6. All brand 
new, price £2.50. Order Ref: 2.5P28. 
LARGE TYPE MICROSWITCH with 2m, lever, 
changeover contacts rated at 15A at 250V, 2 for £1. 
Order Ref: 1/21R7. 
BALANCE ASSEMBLY KITS. Japanese made, 
when assembled ideal for chemical experiments, 
complete with tweezers and 6 weights 0-5 to 5 
grams. Price £2. Order Ref: 2P444. 
CYCLE LAMP BARGAIN. You can have 100 6V 
0-5A MES bulbs for just £2.50 or 1,000 for £20. They 
aare beautifully made, slightly larger than the stan-
dard 6.3V pilot bulb so they would be ideal for making 
displays for night lights and similar applications. 
DOORBELL PSU. This has AC voltage output so is 
ideal for operating most doorbells. The unit is totally 
enclosed so perfectly safe and it plugs into a 13A 
socket. Price only £1. Order Ref: 1/30R1. 

£3 BARGAIN PACKS 

MAINS SUPPRESSOR 'FILTER, 15a Order Ref 
3P13 
MAINS TRANSFORMER, 36V 3A. Order Ref: 3PI4. 
SIGNAL BOX, 3 pilot lamps in white metal case. 
Order Ref: 3P16 
120W CHOKE, 8ft. tube. Order Ref: 3P17. 
0-5A PANEL METER, ex-W.D. equipment. Order 
Ref : 3P20. 
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 3A FLEX, 15m. Order Ref: 3P54. 
20V 3A MAINS TRANSFORMER. Order Ref: 3P59. 
Y2 RPM 2W MOTOR. Order Ref: 3P64. 
METAL PROJECT BOX, size 8m x x 4in., 
made for GPO Order Ref: 3P74. 
THIN CONNECTING WIRE, 2 cores twisted together, 
full length 500m. Order Ref: 3P78. 
12V IA PSU, filtered and regulated on p.c.b with 
relays and Piezo sounder. Order Ref: 3P80. 
HORN SPEAKER, 8 ohm, size Order Ref: 
3P82. 
20A TIME SWITCH, ex-electricity board. Order Ref: 
3P84. 
ABS PROJECT BOX, 145mmx95mmx58mm. Order 
Ref . 3P85 
HEAT AND LIGHT LAMP IBC 250W. Order Ref: 
3P86. 
BT INSULATION TESTER, faulty but should be 
repairable. Supplied with circuit diagram. Order Ref: 
3P 103. 
MODERN TELEPHONE HANDSET without dial, 
cream. Order Ref: 3P104. 
20V 3A MAINS TRANSFORMER. Order Ref: 3P106. 
40V 2A MAINS TRANSFORMER. Order Ref: 3P107. 
3-CORE 20A FLEX, 10w Order Ref: 3P109. 
CUPBOARD DOOR ALARM. Order Ref: 3P155. 
WATER LEVEL ALARM, fully adjustable. Order Ref: 
3P156 
HEAVY DUTY MAINS MOTOR with 2-sin. spindle 
each side. Order Ref: 3P157. 
RESETTABLE 6-DIGIT 12V COUNTER. Order Ref: 
3P158. 
6FT MINERAL FILLED METAL CLAD 1000W ELE-
MENT. Order Ref' 3P161. 
TIME AND SET SWITCH for mains aat 30A. Order 
Ref: 3P164. 
AMSTRAD 131n. 15W WOOFER. Order Ref: 3P167. 
12V BRUSHLESS FAN mounted in frame with its 
own drive circuit Order Ref: 3P168. 
SOLENOID AIR VALVE, 110V. Order Ref: 3P178. 
TRANSFORMER AND RECTIFIER for 12V charger. 
Order Rel: 3P188. 
12-0-12V 25VA MAINS TRANSFORMER. Order Ref: 
3P181A. 
5In. 8 OHM SPEAKER IN WOODEN CABINET. 
Order Ref: 3P183. 
15UF 440V AC CAPACITOR. Order Ref: 3P190. 
25UF 370V AC CAPACITOR. Order Ref: 3P202. 
MAINS OPERATED WATER VALVE, suit high or 
low pressure. Order Ref: 3P192. Order Ref: 3P194.. 
AMSTRAD AMPLIFIER, ref no not known, is stereo 
and has 10 LEDs on front panel. Order Fief: 3P195. 
HALOGEN LAMP, 12V 20W. Order Ref: 3P200. 
18in. ROD THERMOSTAT, calibrated for water tem-
perature. Order Ref: 3P211. 
120W FLUORESCENT CHOKE, badly stored so 
cases need repainting, pack of 2. Order Ref: 3P213. 
MICROPHONE, hand held, dynamic. 500 ohm. Order 
Ref: 3P220. 
HEAVY DUTY SOLDERING IRON, mains 40W. 
Order Ref: 3P221. 
12V BATTERY MOTOR WITH GEARBOX. Order 
Ref: 3P108. 
TWIN 13A SOCKET, panel sockets are switched. 
Order Ref: 3P241. 
SOUND OPERATED SWITCH, made up but not 
boxed Order Ref: 3P346. 
5In. UV BLACK LIGHT TUBE. Order Ref: 3P247. 
FM FRONT END. Order Ref: 3P248. 

TERMS 
Send cash. PO, cheque or quote credit card number 
- orders under £25 add £3.50 service charge. 

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

Sussex RH17 5PA 

Telephone: 01444 881965 
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#1 For BroadcastMg Kits Since 1980 VERONICA 
88•108 MHz  Min mAp 
F M Radio Transmitter ' its 
• FM transmitter Kits From just £13.95. 
• Professionally built FM transmitters from only £19.95. 
• Powerful kits: up to 35-Watts power! 
S Professional systems up to 220-Watt power! 
• Range of Aenais and Accessories available 
• Professional Link system: available. 
special offer!! nGoevtlifrCoritif:erlie 

information 
1 -Watt PLL Pro 1: and claim your 
88-108MHz FM FREE 

Radio Transmitter I Brochure 

Now even betteËrerformancel 
PRICE FREEZE! g7 oR 
STILL ONLY vi 1Js) 

I dr/ilk 24 hour 
phone/fax 

01274 8162001 
grà Or contact coproltsatcà us 

18 Victoria Street, 

Queensbury, 
Bradford, 

W YORKS. 

BD13 1AR. 
319 



EE201 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST 
Tel 01283 565435 Fax 546932 
http://www.magenta2000.co.uk 
E-mail: sales@magenta2000.co.uk 

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

VISA 

MAIL ORDER ONLY • CALLERS BY APPOINTMENT 

r ------ - - - - - - — EPE MICROCONTROLLER1 
Pl. TREASURE HUNTER; 

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

I • 
I • 

I • 

• 

I • 

I • 

KIT 847  

New circuit design 1994 

High stability 
drift cancelling 
Easy to build 
b use 
No ground 
effect, works 
in seawater 

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

Efficient quartz controlled 
microcontroller pulse generation. 
Full kit with headphones Er all 
hardware 

— — — — — — — — 

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

KIT 842 £22.56 

SUPER ACOUSTIC PROBE 
Our very popular project - with probe 
components and diecast box. Picks up 
vibrations amplifies, and drives headphones. 
Sounds from engines, watches, and speech 
through walls can be heard clearly. Useful for 
mechanics, instrument engineers and nosey 
parker& A very useful piece of kit  

KIT 865 £29.95 

DC Motor/Gearboxes 
Our Popular and Versatile DC 
motor Gearbox sets. 
Ideal for Models, Robots, 
Buggies etc. 1.5 to 4-5V 
Multi ratio gearbox 
gives wide range of speeds. 

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

Stepping Motors 

MD38...Mini 48 step...£8.65 
MD35...Std 48 step...£9.99 
MD200...200 step...£12.99 
MD24...Large 200 step...£22.95 

4"‘:. I 
• e 

.."1` 

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

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

pie wear» 
CILSCALIIR 

KIT 868 £22.95 POWER UNIT £3.99 

MICRO PEsT 
SCARER 
Our latest design - The ultimate 
scarer for the garden Uses 
special microchip to give random 
delay and pulse time Easy to 
build reliable circuit Keeps pets 
pests away from newly sown areas. 
play areas. etc Uses power source 
from 9 to 24 volts 

• RANDOM PULSES 
• HIGH POWER 
• DUAL OPTION Plug-in power supply £4.99 

KIT 867 £19.99 
KIT+ SLAVE UNIT £32.50 

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

KIT 856 £28.00 

* TENS UNIT * 
DUAL OUTPUT TENS UNIT 
As featured in March '97 issue. 
Magenta have prepared a FULL KIT for this 
excellent new project. All components, PCB, 
hardware and electrodes are included. 
Designed for simple assembly and testing and 
providing high level dual output drive. 

KIT 866.... Full kit including four electrodes £32.90 

1000V Et 500V INSULATION 
TESTER 

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

KIT 848 £32.95 

MOSFET Mk11 VARIABLE BENCH 
POWER SUPPLY 0-25V 2.5A. 
Based on our Mk1 design 
and preserving all the 
features, but now with 
switching pre-regulator for 
much higher efficiency. Panel 
meters indicate Volts and 
Amps. Fully variable down to 
zero. Toroidal mains trans-
former. Kit includes punched 
and printed case and all 
parts. As featured in April 
1994 EPE. An essential piece 
of equipment. Kit No. 845 £64.95 

EPE 
PROJECT 

PICs 
NOW £5.90 

Programmed PICs for 
all* EPE Projects 
Now one price 
£5.90 each 

('some projects are 
copyright) 

SPACEWRITER , 
An innovative and exciting 
project. Wave the wand through 
the air and your message appears. al. 
Programmable to hold any message 
up to 16 digits long. Comes pre-loaded eq, 
with "MERRY XMAS". Kit includes 
PCB, all components Et tube plus 1,24, 
instructions for message loading. e 

KIT 849 £16.991 • — — — — — — — — — — 

- 

12V EPROM ERASER 
A safe low cost eraser for up to 4 EPROmS at a time 
in less than 29 minutes. Operates from a 12V supply 
1400mA). Used extensively for mobile work - up-
dating equipment in the field etc Also in educa-
tional situations where mains supplies are not al-
lowed. Safety interlock prevents contact with UV 

KIT 790 £28.51 

SUPER BAT 
DETECTOR 

1 WATT 0/P, BUILT IN 

SPEAKER, COMPACT CASE 

20kHz-140kHz 

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

KIT 861 £24.99 
ALSO AVAILABLE Built Er Tested ....£39.99 

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

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 • 

KIT 812  

o PU o 
W T 
ER 
R A 

••,. S 

PEsT N 
SCARER é 

UP TO 4 METRES 
RANGE 
LOW CURRENT DRAIN 

£14.81 
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SIMPLE PIC PROGRAMMER 
INCREDIBLE LOW Kit 

PRICE! 
857 £12.99 

Power Supply £3.99 INCLUDES 1-PIC16F84 CHIP 
SOFTWARE DISK, LEAD 
CONNECTOR, PROFESSIONAL 
PC BOARD fr INSTRUCTIONS 

C: EXTRA HIPS 

PIC 16F84 £4.84 

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

PIC16C84 LCD DISPLAY DRIVER 
INCLUDES 1-PIC16F84 
WITH DEMO PROGRAM 
SOFTWARE DISK, PCB, 
INSTRUCTIONS AND 
24-CHARACTER 2-LINE 
LCD DISPLAY 

Kit 860 £19.99 
Power Supply £3.99 

FULL PROGRAM SOURCE 
CODE SUPPLIED - DEVELOP 
YOUR OWN APPLICATION! 

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

* Chip is pre-programmed with demo display * 

PIC16C84 MAINS POWER 4-CHANNEL 
CONTROLLER Et LIGHT CHASER 

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

• ZERO VOLT SWITCHING - 
10 CHASE PATTERNS 

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

Kit 855 £39.95 

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

LOTS OF OTHER APPLICATIONS 

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

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

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

EPE PIC Tutorial  
At Last! A Real, Practical, Hands-On Series 
3-Part Series - Starting March '98 

• Learn Programming from scratch 

• Uses Re-Programmable PIC16F84 Chip 

• Start by lighting an led. and work up through 
over 30 tutorials to Sound Generation, Data 
Display, and a Security System 

• PIC TUTOR Board has Input Switches, Output 
I.e.d.s, and on board programmer 

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

KIT 870   £27.95, Built Et Tested   £42.95 
Optional: Power Supply - £3.99, ZIF Socket - £9.99 

LCD Display - With Software and Connection details  £7.99 

LED Display - Including Software £6.99 

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

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

SUPER PIC PROGRAMMER 
• READS, PROGRAMS, AND VERIFIES 
• WINDOWS - SOFTWARE 
• PIC16C6X, 7X, AND 8X 
• USES ANY PC PARALLEL PORT 

• USES STANDARD MICROCHIP • HEX FILES 

• OPTIONAL DISASSEMBLER SOFTWARE (EXTRA) 

• PCB, LEAD, ALL COMPONENTS, TURNED PIN 
SOCKETS FOR 18, 28, AND 40 PIN ICs. 

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

Kit 862 £29.99 
Power Supply £3.99 

DISASSEMBLER 
SOFTWARE £11.75 

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

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

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

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

Tel: 01283 565435 Fax: 01283 546932 E-mail: sales@magenta2000.co.uk 
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N1C COMPONENTS 

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

&am 
All Motor Credit cords Acct. V" , =Ea SOtO 

Prices Exclude Vat 0171i96. Add £1 25 carriage 
8 Vat to all orders. Cheques / Postal orders 
payable to ESR Electronic Components. 
DIL Sockets ype Connecters 

6 Pin OIL 0.3 
8 Pin DIL 0.3" 
14 Pin DIL 0.3' 
16 Pin DIL 
18 Pin DIL 0.3' 
20 Pin DIL 0.3" 
24 Pin OIL 0.6" 
28 Pin DIL 0.6' 
40 Pin DIL 0.6' 
Timed PM 
8 Pin DIL 0.3" £0.11 
14 Pin DIL 0.3' £0.20 
16 Pin DIL 0.3' £0.23 
18 Pin DIL 0.3' £0.25 
20 Pin DIL 0.3' £0.28 
24 Pin DIL 0.6' £0.35 
28 Pin DIL 0.6' £0.41 
40 Pin DIL 06' £0.64 
SR Pie Reeder $titt 
I x 36 Way Straight £13-.38 
2 x 36 Way Straight £0.56 
1 x 36 Way 90- £0.54 
2 x 36 Way 90° £0.80 
Available in 2,3 4,5 8. 10 
way. Also female PCB 
sockets 8. ¡umper links. 
20 Way Socket Strip£0.48 
Tresesister Sockets 
1018-4 Base Socket £0.24 
105 Base Socket £0.24 
ISC Cable SesIceM 

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

10 Way Straight 
14 Way Straight 
16 Way Straight 
20 Way Straight 
26 Way Straight 
34 Way Straight 
40 Way Straight 
53 Way Straight 
10 Way 90' 
16 Way 90' 
20 Woy 90° 
26 Way 90" 
34 Way 90° 
40 Way 90" 
50 Way 90° 

riezie se 

10 Way Straight 
16 Way Straight 
20 Way Straight 
26 Way Straight 
34 Way Straight 
40 Way Straight 
50 Way Straight 
10 Way 90' 
16 Way 90' 
20 Way 90° 
26 Way 90° 
34 Way 90° 
40 Way 9e 
50 Way 90° 

DIL Seeders 

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

£0.23 
£0.34 
£0.28 
£0.26 
£0.35 
£0.52 
£0.66 
£0 75 

£0.22 
£0.36 
£0.36 
£0.32 
£0.57 
£0.57 
£0.63 
£0.96 
£0.33 
£0.42 
£0.53 
£0.70 
£0.81 
£0.83 
£0.9 

£0.50 
£0.70 
£0.78 
£0.81 
£0.86 
£1.56 
£1.29 
£0.58 
£0.78 
£0.82 
£1.06 
£1.14 
£1.26 
£1.74 

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

Translation Seeders 
10 Way Transistion £0.49 
14 Way Transistion £0.47 
16 Way Transistion £0.47 
20 Way Transistion £0.54 
26 Way Transistion £0.62 
34 Way Transistion £0.67 
40 Way Tronsistion £0.90 
50 Way Transistion £1.02 

Colours Red, Black, Green, 
Solder Bucket Blue, White or Yellow 
9 Way Male Plug £0.29 2mm Solder Plugs £0.18 
9 Way Female Socket £0.28 2rnm Chas sis Sockets £0.26 
15 Way Male Plug £0.36 4mm Solder Plugs £0.30 
15 Way Female Socket£0.39 4mm Stackable Plugs £0.40 
15 Way H.D. Plug £0.47 4mm Chassis Sockets £0.23 
15 Way N.D. Socket £0.78 4mm Binding Posts £0.54 
23 Way Mole Plug £0.49 33mm Crocodile Clips £0.13 
23 Way Female Socket£0.49 
25 Way Mole Plug £0.36 Pew« 
25 Way Female Plug £0.39 DC liamCe arees 
UDC Ribbea Mectutting 
9 Way Male Plug, £1.08 
9 Way Female Socket £1.08 
25 Way Male Plu £1 .18 DC Plug 0.71 2.3500 £0.47 
25_ Way Femal Sbcket£1.13 RIO* PCS DC Plug 1.31D 3.400 £0.32 DC Plug 1.7ID 4.00D £0.47 

DC Plug 1.710 4.750D £0.46 
DC Plug 2.1ID 5.000 £0.25 
DC Plug 2.510 5.00D £0.24 
DC Plug 3.110 6.300 £0.46 
DC Line Socket 2.Imm £0.57 

9 Way Mole Pl ug. 00.37 DC Line Socket 2.5mm £0.56 
9 Way Female Socket £0.35 DC Chassis Skt 2.1mm £0.40 
15 Way N.D. Socket £0.77 DC Chassis Skt 2.5mm £0.41 
25 Way Male Plug £033 SUC MUS.. 66 2SOVec 
M a So Wqy Female socket 00.51 - idk 6 CM«. ..--. 1e*¡,--.1 
9 Way Cover - Grey £0.30 

15 Way Cover-Grey £0.33  
-.I 9 Way Cover - Black £0.30 4...„1.1.  _... 

£1.08 Grey 23 Way Cover - £0 36 3 Pin IEC me Socket 
23 Way Cover - Black £0.36 3 Pin IEC Line Plu £1.83 
25 Way Cover - Grey £0.36 3 Pin Chassis Socket £0.55 
25 Way Cover - Black £0.36 3 Pm Chassis Plug £0.72 
9 to 9 Cover / Case £0.96 SWay •mShl 
25 to 25 Cover / Case £0.84 
9 to 25 Cover / Case £0.96 
Aedie Ceiseeders 

2.5mm Jack Plug £0.21 
2.5mm Line Socket £0.16 
2.5mm Chassis Socket £0.09 
3.5mm Mono Plug £0.24 
3.5mm Mono Line Skt £0.30 
3.5mm Mono Chassis £0.14 
3.5mm Stereo Plug £0.33 
3.5mm Stereo Line Skt £0.37 
3.5mm Stereo Chassis £0.34 
'A" Mono Plug £0.34 
'A" Mono Line Socket £0.35 
Mono Chassis Sk £0.35 

A'' Stereo Plug £0.40 
e Stereo Line Socket £0.38 
e Stereo Chassis Skt £0.40 
owereerkon Plug £2.65 
DIN 
2 Pin Line Plug £0.19 
2 Pin Chassis Socket £0.15 
3 Pin Line Plug £0.27 
3 Pin Chassis Socket £0.28 
4 Pin Line Plug £0.24 
4 Pin Chassis Socket £0.26 
5 Pin Line Plug 180' £0.30 
5 Pin Chassis Skt 180° £0.33 
5 Pin Line Plug 240 £0.24 
5 Pin Chassis Skt 240' £0.32 
5 Pin Line Plug 360° £0.24 
5 Pin Chassis Skt 360' £0.32 
6 Pin Line Plug £0.27 
6 Pin Chassis Socket £0.35 
7 Pin Line Plug £0.35 
7 Pin Chassis Socket £0.37 
8 Pin Line Plug £0.44 
8 Pin Cha_ssis S:cket £0.36 
Phone forte 

Red Line Plug £0.20 
Block Line Plug £0.20 Mhsielere 
Yellow Line Plug £0.20 300mA 125V 
White Line Plug £0.20 7 x 15mm Mounting Hole 
Red Line Socket £0.20 ()PDT 7 x 23mm £0.20 
Black Line Socket £0.20 isuaderd 
Yellow Line Socket £0.20 lA 125V 
White Line Socket £0.20 5.5 x 12mm Motinting Hole 
Red Chassis Socket £0.20 DPDT 12 x 35mm £0.25 
Block Chassis Socket £0.20 DPDT c/o 12 x 35mm £0.27 
Gold Plated Plug Red £0.66 
Gold Plated Plug Bla k£0.66 IIMMTY SWiedee. 
XLI Series - 

..."-•-• - -110 

8 Pin Line Plug P551 £4.08 
8 Pin Chassis Skt P552 £1.39 

Sult-Mlislelerre 
3A 125V lA 250V 
5mm 0 Mounting Hole 
SPST 5 x lOmm £0.58 
SPDT 5 x lOmm £0.60 
SPDT C/Off 5 x lOmm £0.81 
DPDT 9.2 x lOmm £0.66 
Miesieheerse 
6A 125V 3A 250V 
6.2mm 0 Mounting Hole 
SPST 8 x 13mm £0.65 
SPDT 8 x 13mm £0.60 
SPOT c/off 8 x 13mm £0.60 
SPOT c/o Biased 2 way£1.10 
SPDT do Biased 1 way£1.04 
DPDT 12 x 13mm £0.72 
DPDT c/off 12 x 13mm £0.80 
DPDT c/o Biased 2 way£1.28 
d( elieUredriased 1 way£1 28 

10A 250V Push on terminals 
12mm 0 Mounting Hole 
SPST 18 x 30mm £1.28 
SPOT 18 x 30mm £1.31 
SPDT c/off 18 x 30mm £1.43 
DPDT 21 x 30mm £1.65 
DPDT c/off 21 x 30mm £1.68 
Mk SWIMS« 

3 Pin Line Plug £1.46 . 
3 Pin Line Socket £1,71 150mA 250V 
3 Pin Chassis Plug £1.50 Make before Break 22mm 0 
3 Pin Chassis Socket £1.41 9.8mm 0 Mounting Hole 
Neutrik Line Plug £1.68 1 Pale 12 Way £0.84 
Neutrik Line Socket £1.99 2 Pole 6 Way 
Neutrik Chassis Plug £2 13 3 Pole 4, £0 

Way £0.84 .84 
Neutrik Chassis Socket£2 32 4 role J Way £0.84  

RF Connectors Push Switch. 

zu-,) 

BNC Plug 500 Solder £0.99 Miesierhore Reeed 
BNC Plug 50c1 Crimp £0.62 250mA 125V 28 x lOmm ‘,.. 
BNC Plug 750 Solder £0.95 7mm 0 Mounting Hole ---_ 
BNC Plug 750 Crimp £0.70 Non Latching Push to Make 
BNC Chassis Socket £0.83 Black PTM £0.24 lieteerel Pvepes• Pines 
F Plug - Twist £0.24 Red PTM £0.24 75 x 56 x 25mm £0.93 
F Plug - Crimp £0.26 Yellow PTM £0.24 75 x 51 x 22mm £0.93 
INC Plug son Solder £1.24 Green PTM £0.24 II 1 x 57 x 22mm £1.05 
INC Plug 50(3 Crimp £0.85 Blue PTM £0.24 79 x 61 x 40mm £1.58 
INC Plug 75R Solder £1.40 White PTM £0.24 100 ri 76 z 41mm £1.69 
INC Plug 75n Crimp £1.16 Non Latching Push to Break 118 x 98 x 45mm £1.95 
UHF Plug 5mm Cable £0.63 gi9a pro £0.24 150 x 100 x 60mm £2.65 
UHF Plug Ilmm Cable £0.75 »earlerti Square , 150 x 80 x_50mm £2.47 
UHF Chassis Skt- Sgr £0.50 

(-.. 

UHF Chassis Skt- Rod £0.73 
Extensive range of RF con- IA 250V nectars in stock inc.FME 39 x 15MM ....I. T Dies Abowilsiew 

••-' 50 x 50 x 31mm 
100 x 50 x 25mm £2.98 
112 x 62 x 31mm £3.55 

£2.24 

SMA, Mini UHF'S. N Type. 12mm 0 Moe Hole 120 x 65 x 40mm £4.19 
Non Latching Push to Make 150 x 80 x 50mm £5.36 

Termini& Black PTM £0.60 121 x 95 x 61mm £5.99 
Red PTM £0.60 Twe PM» Alimalutiwe 
Blue PTM £0.60 133 x 70 x 37mm £2.08 
White PTM £0.60 102 x 102 x 37mrn £1.94 
Latching 'push On push Off 102 x 70 x 37mm £1.81 
Block £0.65 133 x 102 x 37mm £2.19 5,.,,m IR Emitter. 
Red £0.65 102 0 63 x 50mm £1.86 £0:39 ,, 3mm Photo-Transistor £0.26 Blue White £0.65 76 x 51 x 25mm £,' " ' 5mm Photo-Transistor £0.64 

£0.65 152 x 102 x 50mm £2.99 Rh, ,. . D,£0.75 
Recker Switches 178 x 127 x 63mm £3.62 4N25 Opto-Coupler £0.38 

203 x 152 x 76mm £4.84 Mtnietere 4N26 Opto-Coupler £0.36 102 102 x x 63mm £2.15 6A 250V Solder Tags 4N32 Opta-Coupler £0.45 
SPST 21 x 14 x 16mm £0.69 133 x 102 x 63mm £2.57 6N135 Opto-Coupler £1.30 
DPDT 21 x 24 x 22mm £0.96 152 x 10.% x 76mm £3.23 6N136 Opto-Coupler £0.85 
SPST • Red Neon £1.02 esalulese:idm ma .„...11. .__ 6N137 Opto-Coupler £13.90 
SPST - Green Neon £1.02 '11"e" ...., 6N138 Opto-Coupler £1.30 
SPST - Am er Neon £1.02 "Mom a« 6N139 Opto-Coupler £0.90 

152 x 114 x 44mm £4.19 CNY17-1 0-Coupler £0.47 
15A 250V Push on Tags 203 x 127 x 51mm £4.99 CNY17-2 0-Coupler £0.38 

3 7 12 x 6mm £5.62 SPST 30 x 11 x 22mm £0.58 229 x CNY17-3 0-Coupler £0.47 
DPDT 30 x 25 x 22mm £1.12 114 x 63 x 57mm £3.04 15.74 Opto-Cou ple £0.45 
Illessieseted Wire & Coble 1SD-74 Opta-Coupler £0.99 
15A 250V Push on Tags Rabbets CON* 150-74 Opto-Cou_pler £1.52 
SPST 30x14mm Red £0.84 Price per 300mm (lft) MOC3020 Opto-Triac£0.68 
DPST 30x25mm Red £1.40 10 Way Grey Ribbon £0.11 MOC3041 Opto-Triac£0.96 
DPST 30x25mm Amber£1.40 16 Way Grey Ribbon £0.17 ORP12 LDR £0.89 
DPST 30x25mm Green£1.40 20 Way Grey Ribbon £0.22 War Cans 

26 Way Grey Ribbon £0.28 0.45V Screw Terminals 
I 7 i PICIcJ it. g 34 Way Grey Ribbon £0 38 100mA 26 x 46mm 
lA 24VducnJIUT 5V £1.44 
lA 24Vdc DPDT 12V £1.60 
3A 110V SPDT 6V £0.58 
3A 110V SPOT 12V £13.58 
5A 110V SPDT 6V £0.72 
5A 110V SPOT 12V £0.72 
5A 110V DPDT 6V £0.93 
5A 110V DPDT 12V £0.93 
5A 240V DPDT 6V £1.76 
5A 240V DPDT 12V £1.76 
10A 240V SPDT 6V £1.25 
10A 240V SPOT 12V £1.44 
10A 240V SPOT 24V £1.44 

Rexes & Cases 
Many mor‘sizes available 

o .--

Zwelpeterat Wire 
Colours Black, Brown, Red, 
Orange, Yellow, Green 
Blue, Purple, Grey 8 WAite 
Per 100m Reel 
Solid 1/0.6mm £2.72 
Stranded 7/0.2mm £2.53 

Mt; 
3mm Red Led £0.08 
3mm Green Led £0.09 
3mm Yelow Led £0.10 
3mm Orange Led £0.10 
5mm Red Led £0.08 
5mm Green Led 
5mm Yelow Led £0.10 
Smm Oran_ge Led £0.10 
5mm Red Flashing £0.44 
5mm Green Flashing £0.50 
5mm Yellow Flashing £0.54 
5mm Bi-Colour Led £0.33 
5mm Tri-Colouraeyp.28 
7 Seaward Di 
0.56'Red C.Cathode £0.78 
0.51' Red C.Anode £13.78 
0.3' Red C.Cathode £0.78 
0.3" Red C Anod £0.78 
bike Reid 
3mm IR (' 

Weaned« 

40 Way Grey Ribbon £0.48 200mA 35 x 56mm 

658 Way G rreey RRiibbbboorin vnee££0016543 8100000W mmn.AAA646256xxx979555mmrnmm Me ei te 
Per 50g (2oz)CReerer  Ile 
500g reels available W:11118 Swell Cu. 
14 SWG Enamelled £0.95 32 768KHz 
16 SWG Enamelled £0.95 11649/11 Case 
18 SWG Enamelled £0.95 18432MHZ 
2202 sSwWGG EEmnneameellieedd . M 

£099 2..4576MHz 
24 SWG Enamelled £1.10 3.2768MHz 
26 SWG Enamelled £1.12 3.579545MHz 
28 SWG Enamelled £1.18 3.6864MHz 

Ceespeter Accessories 30 SWG Enamelled £1.20 .; 

-- r.r: 3 4.433619MHz 
32 SWG Enamelled £1.22 4 4SWG Enamelled £1.24 .194304MHz 

t 1 t. . ._.'ep 36 SWG Enamelled £1.25 4.9152MHz 
38 SWG Enamelled £1.50 6.0mH; 
40 SWG Enamelled £1.81 

9M Gender Changer £2.18 Per 50g (2oz) Reel Timm« TAMP« Wire 7.3728MHz 
6.144MHz 

9F Gender Changer £2.29 500g reels available 
25M Gender Changer £2.60 16 SWG Tinned 
25F Gender Changer £2.80 18 SWG Tinned 
9 Male - 25 Female £1.90 20 SWG Tinned 
9 Female - 25 Male £1.90 22 SWG Tinned 
9M - 6 Mini Din Male £2.40 24 SWG Tinned 
9F - 6 Mini Din Femalè £2.40 
5M Din - 6F Mini Din £2.08 
5F Din - 6M Mini Din £2 08 
Testers / Pete Ilexes 
Mini Tester 7 LEDs £6.68 
Check Tester 18 LEDs £6.32 
Enhanced + Switches £15.25 
250 Jumper Box M-F £2.90 
250 Patch Box M-F £7.32 
Anti-Static Wrist Strap £4.76 
RS232 Surge Protector £5.43 
Mains Surge Protector£11.99 
4 Gong Surge Block £15.50 
Leeds & Cables 

1.5m Printer Lea £3.40 
5m Printer Lead £9.38 
10m Printer Lead £8.75 
Serial Printer 25M-9F £4.50 
Seriglirerienererie_M-25F £4.45 
Nun lands 
9 Female - 9 Female £3.45 
25 Female- 25 Female £4.63 
9 Female - 25 Female £2.90 
98.25F to 9825f £5.54 
Modest Leeds 
25Male to 9Female £4.08 
25M_gle_ tojeregna le £4.75 
PC LAsk 
Interlink 25M to 25M £4.38 
Pete Lead 
25Male to 25Male £4.50 
3168= 816:11e £4.30 
a 
Floppy Coble A/B £2.99 
Hard Disk 2xIDE £1.65 
Power 3A'-2 x 3i'r £1.88 
Power 5K-2 x 5Y. £1.50 
Power 5A-2 x 3.5 £2.24 
Power 5Y.- 'A,5Y. £2.24 
Rehr 
BNC T Piece MF £1.71 
BNC T Piece FFF £2.40 
BNC Coupler F £0.95 
BNC Coupler M £1.65 
BNC Ratchet Crimper£17.44 
50S-à BNC Terminator £1 24 
Thinnet Coble per FT' £0 3° 

£0.95 
£0.95 
£0.99 
£0.99 
£1.01 

8.0MHz 
8.867238MHz 
10.0MHz 
11.0MHz 
11.0592MHz 
12.0MHz 
14.7456MHz 
16.0MHz 
20.0MHz 

£1.19 
£1.70 
£2.96 
£3.52 

£0.42 

£1.49 
£1.49 
£1.24 
£0.96 
£0.81 
£0.81 
£0.81 
£0.81 
£0.81 
£0.81 
£0.81 
£0.81 
£0.81 
£0.81 
£0.81 
£0.81 
£0.81 
£0.81 
£0.83 
£0.83 
£0.83 
£0.90 

EVERDAY PRACTICAL ELECTRONICS PROJECTS 
Discounted Ceeweeeet Kits New Avisliable 

Full details on our Web site. 
Itillps//www.ese.se.uk 

Pulsed Pe» Sounder 
High output peizo sounder with flying leads, built in 
driver 8. pulsed circuit. 
3-20Vdc, 18mA, 
85dB (Min 9Vdc), 42mm0 

£0.15 ea. ...---.... 
£0.79 (25+) 
Normal Price £1.60 

DIA9300A Digital MuMiuseter 
A sturdy well designed 3IA Digit LCD multimeter ideal for 
hobby or professional use. Covering_six functions with 19 
ranges including 10Adc Current - DC Volts, AC Volts, DC 
Current, Resistance, Diode Test and transistor HFE test. 
Supplied complete with battery, test leads, operating in-
structions and carrying case. CE Approved 

4 °r e  

Jr 4  

AC Volts 
0-200-750V 
DC Volts 
0-200mV-2-20-200-1000V 
DC Current 
0•200;JA.2-20-200mA-10A 
Resistance 
0-2000-2-20-200kR-2MR 
Diode 8. Transistor Hic Test 
Dimensions 190 x 90 x 35mm 

PCB liteteriel & Squipeceet end Sekiletimi 
FRIES Fully illustrated cotologue, send A4 SAE ,-, 

Tel: 0191 2514363 Fax: 0191 2522296 Mesa& axiss0esr.co.uk hap //www.esr.co.uk 
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COVER CHANGES 
Whilst we have had a number of important changes to our front cover over the last 23 years 

(from Everyday Electronics to Everyday Electronics and Computer Projects to Everyday Elec-
tronics and Electronics Monthly back to Everyday Electronics, then to Everyday Practical 
ElectronicsIETI)our back cover has only carried one name — Maplin (they first took the EE back 
cover in the Jan 1976 issue). So another era comes to a close, as you will notice, this month. 
A number of readers have speculated over the last year or so that Maplin are moving away 

from the hobby market and, with the cancellation of their regular advertising after so many years 
on our back cover, we wondered if there was in fact something behind this speculation. With this 
in mind we wrote to David O'Reilly, Marketing Manager at Maplin Electronics, to ask if Maplin 
had decided to reduce its support to the hobbyist in the UK. David's reply is reassuring, the 
relevant part of his letter reads: 
"Maplin Electronics is categorically supporting the electronics hobbyist in the UK. We are 

doing this in a number of ways, most importantly we are developing our e-commerce site to 
assist retail consumers. 
"Both myself and Maplin totally understand the benefits of your magazine, and your com-

pany, like ours, is one of the few organisations to continue to support this very important 
market. 
"As with all things, budgets and time constraints mean that all communications to customers 

have to be constantly reviewed. We have to find the most cost effective method to provide our 
customers with information on special offers. Sometimes it is more appropriate to invest the time 
and money in providing good products at good prices, than provide promotional material 
specifically relating to a catalogue launch. 
"I hope you find the points that I have raised in this letter cover your concerns. I cannot stress 

how important the hobbyist market is to Maplin, it is our heritage, our customer and it is what 
pays our wages." 

HARD TIME 
Maplin Electronics have not had an easy time over the last couple of years, the Saltire 

company of which they are part lost £5.34 million (pre-tax loss) in 1997 and the interim report 
for the half-year to July '98 shows a further pre-tax loss of £2•01 million. Their shares were 
trading at just 4p each at the time of writing, up from a low of 3.5p. 
Maplin now have a new MD and hopefully their fortunes will soon change. They are by far the 

largest supplier of electronic components to hobbyists, but in recent years have been stepping 
up their services to industry in competition to the likes of FameII (the largest distributor of 
electronic components) and RS. It is, however, clear from David's letter that the hobbyist still 
"pays our wages". 
We expect that Maplin will continue to advertise in our pages from time to time, but their 

regular back page advert has come to an end. 

AVAILABILITY 
Copies of EPEETI are available on subscription any-
where in the world (see right), from all UK new-
sagents (distributed by Seymour) and from the follow-
ing UK electronic component retailers: Maplin - all 
stores throughout the UK (and in S. Africa); Green. 
weld Electronics; Omni Electronics. EPE can also be 
purchased from retail magazine outlets around the 
world. An on-line version can be purchased from 
vfflw.epemaq.com 
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SUBSCRIPTIONS 
Annual subscriptions for delivery direct to any ad-
dress in the UK: £26.50. Overseas: £2.50 standard 
air service, £50 express airmail. Cheques or bank 
drafts (in £ sterling only) payable to Everyday Preen'. 
cal Electronics and sent to EPE Subscriptions Dept., 
Alien House, East Borough, Wimborne, Dorset BH21 
1PF. Tel: 01202 881749. Fax: 01202 841692. E-mail: 
subs@epemag.wimborne.co.uk. Subscriptions start 
with the next available issue. We accept MasterCard 
or Visa. (For past issues see the Back Issues page.) 

BINDERS 
Binders to hold one volume (12 issues) are avail-
able 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 pack-
ing (for overseas readers the postage is £6.00 to 
everywhere except Australia and Papua New Guinea 
which cost f10.50). Normally sent within seven days 
but please allow 28 days for delivery - more for 
overseas orders. 
Payment in f sterling only please. Visa and Master-
Card accepted, minimum credit card order £5. Send, 
fax or phone your card number and card expiry date 
with your name, address etc. Or order on our secure 
server via our web site Overseas customers - your 
credit card will be charged by the card provider in 
your local currency at the existing exchange rate 
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PETER SHERIDAN, Wimborne (01202) 882299 

READERS' ENQUIRIES 
E-mail: techdept@epemag.wimborne.co.uk 
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 overseas 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 (see Shoptalk). 
We advise readers to check that all parts are 

still available before commencing any project 
in a back-dated issue. 

ADVERTISEMENTS 
E-mall: adverts@epemag.wimborne.co.uk • 
Although the proprietors and staff of 
EVERYDAY PRACTICAL ELECTRONICS/ETI 
take reasonable precautions to protect the 
interests 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 

MIDI 
HANDBELLS 
ROBERT PENFOLD 
Ring out thy be//s with merry tolling 
- p/us a Ml/JI P/C-up, of course! 

T
HIS project was primarily designed 
with children in mind, and was 
actually produced in response to a 

request from a reader who required the 
gadget for a group of handicapped chil-
dren. However, it is capable of providing 
hours of fun for "children" of all ages! It 
could be regarded as a modern equivalent 
to a set of handbells. 

It is really a form of MIDI interface, 
and is incapable of making any sound 
without the aid of a MIDI equipped syn-
thesiser, sound sampler, or other MIDI 
instrument. The output of the interface 
connects to the MIDI input of the instru-
ment, which is set to produce a bell 
sound or any other sound you like. Up to 
I 1 pushbutton switches can be connected 
to the inputs of the interface. 
The general idea is for each player to 

control one or two pushbutton switches. 
By operating the switches in the correct 
sequence and with the correct timing the 
desired tune can be produced. In other 
words, the melody is played in much the 
same way that it would be produced by 
traditional handbell players. 

This simple MIDI method has the 
advantage of not restricting the players to 
a single instrument sound, but it also has 
the drawback of not permitting any con-
trol over the dynamics of the instrument. 
Most MIDI instruments are capable of 
responding to velocity information, but it 
is not possible to derive this information 
from a simple on/off pushbutton switch. 
All notes, therefore, have the same mid-
range velocity value of 64. 
A unit of this type is potentially very 

complex, but the use of a PIC processor 
in this design minimises the amount of 
hardware required. In fact, only a hand-
ful of components plus the pushbutton 
switches are required. The circuit is 
powered from a 4.5V battery which has 
an extremely long operating life due to 
the low current consumption of the 
interface. 
The unit should be usable with, any 

MIDI equipped musical instrument, and 
it connects to the instrument via a stan-
dard MIDI cable. Any modern MIDI 
equipped instrument should be poly-
phonic, and so is this interface. It should 
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Fig. 1. Example waveforms for a "note-on - message. 
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therefore be possible to play several 
notes at once if desired. 

MIDI BASIC 
MIDI is a form of serial interface 

which operates in conjunction with a 
standard set of message codes that con-
trol the actions of the slave devices. The 
basic action of this interface is to moni-
tor the 11 pushbutton switches, and to 
generate the appropriate pulse train each 
time a switch is pressed or released. 

In this case only two types of MIDI 
message are involved, and these are the 
note-on and note-off varieties. These 
both involve the transmission of three 
bytes of data, and both types of message 
follow the same general format. 
The first byte is the status byte, and 

this breaks down into two four-bit nib-
bles. The four most significant bits indi-
cate the type of message involved, and in 
this case binary values of 1000 (note-off) 
or 1001 (note-on) are used. Where appro-
priate, the four least significant bits carry 
the MIDI channel number. In this case 
both types of message are of the channel 
variety, and must include a channel 
number. 

It will not normally matter which 
channel is used, and the slave device 
could actually be set to Omni mode, so 



that it responds to messages on any chan-
nel. The convention is for devices to 
default to channel one, which actually 
requires a binary value of 0000 in the sta-
tus byte. This anomaly is due to the fact 
that MIDI channels are, as one would 
expect, in the range one to 16, whereas 
the values used in the status bytes are 
from 0 to 15. 

NOTE VALUE 
The status byte is followed by the note 

value, and like all MIDI data values this 
is in the range 0 to 127. Middle C is at a 
value of 60, and the system has a resolu-
tion of one semitone. The third byte car-
ries the velocity value, which in a note-
on message is a measure of how hard the 
key of a keyboard instrument has been 
played, how hard a drum pad has been 
struck, or whatever. In the current con-
text there is no way of detecting how 
hard the pushbutton switch has been 
operated, and the convention is for a 
dummy value of 64 to be used in these 
circumstances. 

Note-off messages also have a third 
byte containing velocity information, but 
this feature is not implemented in many 
MIDI devices. The third byte must 
always be included though, and the con-
vention is to use a dummy value of zero 
where this feature is not implemented. 

NOTE-ON 
The illustration in Fig.1 shows the out-

put waveforms needed to produce each 
byte in a message that will switch on 
middle C. MIDI is actually a current loop 
system that operates by switching a 5mA 
current on and off. This current is used to 
control the I.e.d. in an opto-isolator at the 
input of the receiving device. The opto-
isolation helps to avoid problems with 
"hum" loops, and with digital noise leak-
ing into the audio circuits. 

Logic 0 and 1 are respectively repre-
sented by the current being switched on 
and off, which respectively require the 
output of the PIC processor to go high 
and low. For this reason the waveforms 
of Fig.1 do not have the expected 
polarity, and logic 1 is represented by a 
low voltage. 
Under standby conditions the output 

current is switched off, and the output of 
the PIC processor is low. At the beginning 
of a new byte of data the current is 
switched on for one bit in duration, and 

Circuit alteration 
for including a 
jack socket to 
separate the 
handbell switches 
from the main 
circuit 
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Fig.2. Complete circuit diagram for the Midi Handbells. 
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Front panel showing the output 5-pin DIN socket for the MIDI lead. 

with the baud rate of 32150 used for 
MIDI this works out at 32ps. This bit is 
the start bit, and it indicates to the receiv-
ing device that it must test the state of the 
input line 48ps after the beginning of the 
start bit, and at 32ps intervals thereafter 
until the full byte of data has been read in. 
The least significant data bit is sent 

first, working in sequence through to the 
most significant bit. Then the output cur-
rent is switched off for 3211s, and this is 
the stop bit. This really just places a 
small gap between one byte and the next 
so that the receiving device has time to 
digest one byte before another one 
commences. 
The status byte in Fig.! has 1001 as 

the most significant nibble, and 0000 as 
the least significant nibble. It is therefore 
the status byte in a note-on message on 
channel one. The note value byte has a 
value of 00111100 in binary, which is 
equivalent to 60 in decimal, and the mes-
sage therefore switches on middle C. The 
velocity byte has a binary value of 
01000000, which is 64 in decimal terms, 
and this is the usual half maximum 
velocity dummy value. 

CIRCUIT OPERATION 
Refer to Fig.2 for the full circuit dia-

gram of the MIDI Handbells project. The 
circuit is based on a PIC16F84 (or 
PIC16C84) microcontroller which has a 
4-bit port and an 8-bit port. These are 
Port A and Port B respectively. 

Bit 0 of Port A (pin 17) is set as an out-
put and used to control the output current 
via common emitter switching transistor 
TR1. Resistors R24 and R25 limit the 
output current to the required figure of 
5mA. The other eleven lines of the ports 
are used as inputs, with each one moni-
toring a pushbutton switch (Si to S11). 

Inexpensive pushbutton switches do 
not provide "clean" switching, and are 
often prone to severe contact bounce. 
Unless debouncing is provided it is like-
ly that the switch will be misread, caus-
ing the wrong type of message to be sent. 
This could leave notes switched on. 

Both hardware and software debounc-
ing are used in this unit, and the hard-
ware variety is provided by a simple C-R 
network. Operating a switch pulls its 
input high, and the charge on the 
debouncing capacitor prevents any rapid 
return to the low state. 

In the software there is a brief delay 
between a change in one of the switches 
being detected and the switch actually 
being read. This gives the input signal 
time to stabilise at the correct level 
before the input is read. 

CLOCKING ON 
Although MIDI operates at what might 

seem to be an unusual baud rate, it is one 
that can be generated accurately from 
clock oscillators that use inexpensive 
crystals operating at 1MHz, or multiples 
of 1MHz. In this circuit the PIC micro-
controller's clock oscillator is used in the 
XT (crystal oscillator) mode at an oper-
ating frequency of 4MHz. 

Each bit must have a duration of 128 
clock cycles, but it has to be borne in 
mind that the internal operation of the 
processor is on a 4-clock pulse cycle. 
The system clock therefore operates at 
one quarter of the external clock fre-
quency, and each bit must therefore last 
32 system clock cycles. 
The circuit requires a supply potential 

of about 4-5V to 5V. and this can be pro-
vided by three I -5V cells wired in series. 

COMPONENTS 
Resistors 

See R1 to R11 100S2 (11 off)  

R12 to R22 4k7 (11 off) 
R23 3k9 
R24. R25 220D (2 off) TALK 

All 0.25W 5° carbon film. page 

Capacitors 
Cl 
C2 to C12 

C13. C14 

10µ radial elect. 25V 
lu radial elect., 63V 

(11 off) 
22p ceramic plate (2 off) 

Semiconductors 
TR1 BC549 npn transistor 
IC1 PIC16F84 or PIC16C84 

microcontroller. 
preprogrammed 
(see text) 

Miscellaneous 
S1 to Sil Push-to-make switch 

(11 off) 
S12 s.p.s.t. min. toggle switch 
SK1 5-way (180 degree) DIN 

socket, chassis 
mounting 

B1 AA size 1.5V cell (3 off), 
plus holder 

X1 4MHz wire-ended crystal 
Plastic case. medium size (see text): 

plastic case, small (see text) (11 off); 
Olin matrix stripboard, size 40 holes x 27 
strips: battery connector. PP3 type; 
screened connecting cables: connector 
block or 3.5mm jack plugs and sockets 
(see text); 18-pin d.i.l. socket: connecting 
wire: solder pins; solder. etc. 

Approx. Cost 
Guidance Only £24 

The current consumption is only two or 
three milliamps under standby condi-
tions, but it increases slightly when the 
unit is active. Each set of AA size cells 
should provide several hundred hours of 

Interior layout of components and the "handbell" jack sockets mounted on the 
metal rear panel of the case. 
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use, and "bog-standard" batteries are 
perfectly adequate. 

CONSTRUCTION 
The circuit is assembled on a strip-

board panel that measures 40 holes by 27 
strips. The component layout, inter-

wiring and details of breaks required in 
the underside copper strips are provided 
in Fig.3. Construction of the board fol-
lows along the normal lines, with the 
board being trimmed to size, the two 
mounting holes being drilled, and the 
breaks being made in the copper strips. 

Next the components are added, start-
ing with the small components and link-
wires, working through to the larger 
components such as crystal XI and the 
PIC processor (IC1). There are only a 
few link-wires, but some of them are 
quite long and it might be worthwhile 
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Fig.3. Stripboard component layout, wiring and details of breaks required in the 
underside copper strips. 
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TO BATTERY B1 

- + 

t 

SK 

ON-OFF 

OUTPUT 

insulating these with pieces of PVC 
sleeving. Do not overlook the short link 
just above C5 and C6. 

The crystal must be a miniature wire-
ended type having 5mm (0.2 inch) lead 
spacing if it is to fit into this layout prop-
erly. This case style is often referred to as 
the HC-49/U type in component cata-
logues. Crystals are slightly less tolerant 
of heat than most other components, and 
the two soldered joints must therefore be 
completed reasonably swiftly. 
The PIC processor is a CMOS device, 

and it is therefore vulnerable to damage 
from static charges. The usual anti-static 
handling precautions should therefore be 
observed, the most important of which is 
to fit the device in a holder. Do not plug 
it into the holder until the circuit board 
and all the wiring have been completed. 
Any medium size instrument case or 

one of the larger plastic boxes will 
accommodate this project. On/off switch 
Si and output socket SKI are mounted 
on the front panel. SK 1 must be a 5-way 
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(180 degree) DIN socket connected in 
the manner shown in wiring diagram 
Fig.3. The unit can then be connected to 
the MIDI input socket of the synthesiser 
via a standard MIDI lead. 

SWITCHES 
The main problem with a project of 

this type is getting the pushbutton 
switches connected to the circuit board. 
One solution is to drill eleven small holes 
in the rear panel for the leads to the 
switches, and to then connect the leads 
direct to the circuit board. 

This is not a good way of handling 
things, since anyone tripping over the 
leads is likely to damage both the inter-
face and themselves. There could also be 
major problems with the leads getting 
tangled. 

It is much better to connect each 
switch to the main unit by way of a 
3-5mm jack plug at the end of its lead, 
and matching socket on the rear panel. 
The only problem with this approach is 
that the cost of eleven 3-5mm jack plugs 
and sockets will significantly boost the 
cost of the system. 

However, it is likely to be money well 
spent as it makes it must easier to sort out 
tangled leads, and to store the equipment 
neatly. Also, if anyone should trip over 
one of the leads the plug will simply pull 
free from its socket and no harm should 
be done. 

INTERWIRING 
The interwiring shown in Fig.3 

assumes that the connections to the push-
button switches are via 3-5mm open style 
jack sockets. These have a built-in switch 
that connects to a third tag, but this extra 
tag is left unused in this application. The 
lead connecting all the earth tags (which 
connect to the positive supply rail in this 
case) is not needed if the switches are 
mounted on a metal panel. This connec-
tion will then be provided via the panel. 

JACK PLUG 

1 
( rig 

CORE SCREENED LEAD 

friald7110 

Fig.4. Connecting a screened lead to a 
3-5mm jack plug. 

If you require a cheap alternative to 
jack sockets, make the connections to the 
leads by way of a 22-way connector 
block. It is definitely not advisable to 
connect the leads direct to the stripboard. 

For the system to be usable, the leads 
will need to be at least two metres long, 
and something closer to three metres is 
better. Around 30 metres of cable will 
therefore be required. Any thin twin 
cable should be suitable, but an inexpen-
sive audio screened lead is probably the 
best choice. The screen cohnects to the 
positive supply rail, and the inner con-
ductors connect to the inputs of the cir-
cuit board (see Fig.4). 

In order to make things neater and 
easier to use, the pushbutton switches 

should be mounted in small plastic 
boxes. The cheapest of plastic boxes are 
adequate, and "potting" boxes (which 
only have five sides) are a good choice. A 
type measuring about 48mm x 48mm 
X 29mm is about right. 

TESTING 
Output socket SKI connects to the 

MIDI IN socket of the instrument using a 
standard MIDI lead. At least one lead of 
this type is normally supplied with a 
MIDI equipped instrument, and ready-
made MIDI leads are readily available. 
The interface transmits on MIDI 

channel one, and the instrument must 
therefore be set to receive on this chan-
nel, or set to Omni mode so that it 
responds to messages on all MIDI 
channels. 

With everything connected up and 
switched on, pressing any of the push-
buttons should result in the appropriate 
notes being played on the instrument. If 
there are any signs of a problem, switch 
off at once and recheck the circuit board 
and all the wiring, etc. 
As pointed out previously, the inter-

face is polyphonic, and the maximum 
number of notes that can be played 
simultaneously is eleven, or the number 
supported by the instrument if this is less 
than eleven. There should be no problem 
in playing an accompaniment on the key-
board while the instrument is being 
played via the MIDI interface, provided 
the instrument can handle all the notes. 

SOFTWARE 
For details on obtaining the software 

and pre-programmed PICs, see Shop Talk 
page. 
The PIC's program requires the fuses 

to be set for crystal clock (XT) operation 
with the watchdog timer switched off 
and the power-up timer switched on. The 
initial part of the program sets RAO as an 
output and leaves the other lines of both 
ports as inputs. Next, the values used in 
the transmitted bytes of data are stored in 
file registers. At this stage the file regis-
ter used to store the note values is left 
empty, because this cannot be filled until 
a switch has been operated and the cor-
rect note value can be determined. 
The program then goes into a loop that 

checks Port B and then Port A to see if a 
switch has been operated or released. 
The same method is used for both ports, 
which is to compare the previous value 
read from the port with the new value. 
This is done by exclusive ORing 

(X0Ring) the two values, which will 
return a value of zero and set the zero 
flag if there has been no change. The 
returned value will be other than zero if a 
switch has been operated or released. Of 
equal importance, the bit of the returned 
value that is set to one indicates which 
switch has produced the change. 
Once a change in the switch settings 

has been detected a short debouncing 
delay is provided by an "empty" loop. 
Then the program branches to a routine 
that checks each bit of the returned value, 

one by one, until it finds the bit that has 
been set to logic I. The program then 
branches to the appropriate subprogram 
where the correct note value is written to 
file register TRDATA2, which is the one 
used to store note values. 
The relevant bit of the appropriate port 

is then checked to determine whether it is 
low or high and, depending on the result, 
the program branches to a subroutine that 
produces either a note-on message or a 
note-off message. 

ROUTINE CALL 
The two subroutines operate in the 

same basic manner, so we will only con-
sider the note-on routine (NTON) here. 

First RAO is set high and a timing loop 
plus an NOP operation are used to keep 
it in that state for 32µs. This produces the 
start bit. The program then moves into a 
loop where it is looped eight times, as 
controlled by the value placed in variable 
CNTR2. 
On each loop one of the data bits is 

generated. First the value for the status 
byte is complemented (inverted) and 
loaded into the W register. Remember 
that the serial data bits use high/on to 
represent logic 0. and low/off to repre-
sent logic 1, making this inversion of the 
data necessary. The value in the W regis-
ter is written to Port A, but as only RAO 
is set to the output mode, it is only bit 0 
that has any affect. 

After a simple delaying routine, the 
data byte is rotated one place to the right, 
making what was previously bit one the 
least significant bit. The program then 
loops back to the beginning of the rou-
tine, with the data being complemented 
and then written to Port A again. This 
process continues until all eight bits have 
been output on RAO for 32µs, and all the 
data bits have been transmitted. Next 
RAO is set low, and a delay of 321.ts is 
provided. This generates the stop bit. 

Basically. the same 8-loop routine is 
then performed again, but this time the 
note value in TRDATA2 is output on 
RAO in serial form. Another loop rou-
tine then transmits the velocity data byte 
stored in TRDATA3. Finally, any stored 
values that have been altered are 
restored to their normal values, and the 
program returns to the main loop where 
it resumes checking for a change in the 
switch data. 
The note values in the KEY subpro-

grams can be altered to provide any 
desired notes. The sample values give a 
C major scale from middle C to the F an 
octave and a bit higher. A full set of 
semitones would be a useful alternative. 
The PIC I 6x84 has EEPROM program 

memory that is easily reprogrammed. 
making it easy to alter the note data if 
you have access to a suitable program-
mer system. 

Bear in mind that although MIDI can 
handle note vales from 0 to 127, most 
instruments have a more restricted com-
pass. The MIDI implementation chart 
supplied with MIDI instruments should 
give details of the note range covered. D 
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131111:111EIJ 
including NEW SIMULATOR 

p.SPICE 3F5 

"the 
BEST all-round 

PROGRAM" 
EVVW CAD Review Round Up September 1998 

Simulation 

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

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

Lia constant 
high level 

of capability throughout" 
EVVW CAD Review Round Up September 1998 

Schematic Capture 

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

PCB Design 

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

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

obcenL,en 
Electronics 

Write, phone or fax for your free domo disk, or ask about our lull evaluation kit 

Tel: 01756 753440. Fax: 01756 752857. EMAIL: inkelabcentercauk 
53-55 Main St, Grassington. 8023 5AA. WWW: blip: wvrvelabcenterco.uk 

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



Electronics, Electrical 84( 
Mathematics Principles Vo 

If you are looking for an easy and enjoyable way of studying or improving 
your knowledge of electronics and maths then this is t • Ri ar or you. 
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"Electronics Principles is a well thought out and comprehensive 
program that is also easy to install and stable in operation. It can 
be wholeheartedly recommended." 
Robert Penfold. Everyday Practical Electronics magazine. October 1998. 

And now upgraded to V6 a 32-bit package for 
Windows '95, '98 & NT. It's bigger, faster and better. 

Additions include:- Circuit theorems, Norton, Thevenin's & 
Superposition... Magnetism & Electromagnetism... Motors, Generators 
& Transformers. .Three phase systems.... More on complex 
numbers A beginners introduction to PIC's  Statistics... 
PLUS: all the Electronics Toolbox routines, along with an Illustrated 
Components, Tools & Equipment Dictionary. A total of over 900 main 
menu selections. 

By Clive W. Humphris. 

Currently used in hundreds of UK and 
overseas schools and colleges to 
support GCSE, A Level, City and Guilds, 
BTEC, GNVQ's and University courses. 

A COMPLETE PC BASED ELECTRONICS 
AND MATHEMATICS COURSE, where 
the colourful interactive graphics 
make it ideally suited for both 
personal study and a more 
enjoyable way of revising. 

Windows 3.1, 3.11 users please enquire. 

Complete Package still only £99.95* 

Multi-user site licence 
additional £500* 

EPT Educational Software. Pump House, Lockram Lane, Witham, Essex. UK. CM8 2BJ. 
Tel/Fax: 01376 514008. sales@eptsoft.demon.co.uk http://www.eptsoft.demon.co.uk 

*UK and EC countries add £2 per order for post & packing. VAT should be added to the total. 
Outside Europe £3.50 for air mail postage by return. 

Switch, Delta, Visa and Mastercard orders accepted - please give card number and expiry date. 
Cheques & Postal Orders should be made payable to EPT Educational software. 



News... 
A roundup of the latest Everyday 

News from the world of 
electronics 

YOUR NUMBER'S UP - YET AGAIN! 
Equal misery is the policy adopted for the forthcoming new 

telephone number system. Barry Fox reports. 

As a result of piecemeal planning, 
Londoners must change their tele-

phone numbers and stationery for the 
third time in ten years. Other areas 
will suffer too. A cross-party Trade 
and Industry Select Committee of MPs 
blames the UK's telecoms watchdog, 
Oftel, for the inconvenience and cost to 
users. Oftel admits it "did not do a 
cost/benefit analysis". 

Oftel has adopted the principle of 
equal misery. Dial codes will be radically 
changed in cities as they run out of 
numbers, with capacity for new sub-
scribers created by forcing existing 
subscribers to use completely different 
4-digit prefixes. 

The proliferation of direct-dial exten-
sions, mobiles, faxes and modems has 
created a world shortage of numbers, 
especially in the UK where codes are 
tied to geographical location and rural 
areas have spare capacity. 

In May 1990 BT, which was then still 
in charge of numbering, split London's 
01 code into 071 for the centre and 
081 the outer zone. In April 1994 Of-
tel took over and increased the number 
pool tenfold by adding an extra digit to 
every number in the country. So London 
changed to 0171 and 0181. 
On 22 April 2000, Oftel creates a 

completely new 02 range. This re-unites 
London as 020, with 0207 for the inner 
city and 0208 for outer zones. Cardiff 
gets 029, Southampton and Portsmouth 
share 023, Coventry becomes 024 and 
Northern Ireland changes to 028. 

Oftel decided against the US sys-
tem of giving new subscribers new 
range numbers and leaving existing 
subscribers alone, because some local 
calls would then need full code dialling. 

Says David Rogerson, Principal Con-
sultant at Ovum, the telecoms analyst 
which in 1989 advised Oftel to introduce 
10-digit numbers, "Oftel said that people 
did not like number changes, or dialling 
extra digits for local calls. This seemed 
a perverse conclusion because there are 
now to be widespread changes with more 
to come. People don't mind dialling a 
few extra digits as long as the call costs 
the same and the digits are familiar". 
To smooth the change, the networks 

will start accepting new 02 numbers as 
well as old Ois, from 1 June 1999. But 
the National Code and Number Change 
steering group warns that this will create 
problems if payphones, call loggers and 
routers throughout the UK are not 
modified before June so that they recog-
nise both old and new codes. So far only 
one in ten firms has taken any action. 

Ofters Director General David Ed-
munds argues "There has been full 
consultation with consumers, business 
users and telecom companies. If the 
code changes do not take place Lon-
don will run out of capacity by 
summer 2000. Customers need more 
information." 

Oftel is leaving this job to the tele-
coms operators and their Big Num-
ber campaign. A spokeswoman for Big 
Number admits that there has been no 
publicity for the June change since last 
October but the campaign will "soon" 
run reminder adverts. 

Other countries have adopted dif-
ferent approaches. As cities in the US, 
like New York and Los Angeles, run out 
of numbers, new subscribers get num-
bers with whatever new 3-digit prefix 
is spare. But existing subscribers keep 
their old numbers. 
When French cities started to run 

out, France Telecom split the country 
into four zones and added an extra 2, 3, 
4 or 5 to the numbers in those zones. It 
was all done at one fell swoop at 2300 
hours on 18 October 1996. Calls dialled 
to the old numbers simply failed to get 
through. 

BRUSH-UP YOUR TESTING! 

NOW here's a seemingly innovative idea - a p.c.b. test tool that uses a brush-
technique to trace connections. 

Circuit Trace are the manufacturers, who tell us that they are a start-up 
company that intends to sell direct via the Web. Their new CT100 is a small 
handheld connectivity tester that enables users to accurately locate all intercon-
nected points on a p.c.b. within seconds, simply by wiping a conductive brush 
over the surface of the board and listening for an audible tone. 

It seems obvious that this extremely simple approach can be used to sig-
nificantly reduce fault finding time on any type of p.c.b., regardless of com-
ponent technology or board complexity. The CT100 has a maximum output of 
150m V, making it suitable for testing p.c.b.s containing all types of components, 
including CMOS devices. A sliding collet enables the stiffness of the conductive 
brush to be adjusted to suit the type of board being tested. It can also be set to 
a very loose condition that is ideal for sweeping edge connectors. 
The tool is supplied complete with test probes, circuit marker, carrying case 

and comprehensive user manual. It costs £93.50, including P&P, anywhere in 
the world. It is available via http://www.toneohm.com, or contact Circuit Trace, 
Dept EPE, PO Box 70, Retford DN22 OSY. Tel/fax: 01777 248993. E-mail: 
mrbass@globalnet.co.uk. 
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DIGITAL RADIO TUNER 

ARCAM. the renowned British manufacturer of audio equipment, has an-
nounced the introduction of the world's first digital radio hi-fi tuner — the Alpha 
10 DRT. It went on sale throughout the UK on 15 March. 

Over 60 per cent of the UK is covered by BBC Digital Radio broadcasting 
and rapid expansion of the network is planned, with Commercial Radio going 
live in October '99. Digital Radio will eventually replace all current analogue 
broadcasting. 

The Alpha 10 DRT is. say Arcam, the first home DRT to be developed and 
the first to go on retail sale. It is a standalone unit incorporating radical new 
technology, and is easily added to any hi-fi system, much as one would add a 
new CD player. It matches other units in Arcam's range. 

The price is around £800 (but the music is free, say Arcam!), and the tuner is 
on sale nationally through around 100 Arcam hi-fi dealers within range of a BBC 
Digital transmitter. 

For more information, contact your local Arcam dealer, or A&R Cambridge 
Ltd., Dept EPE, Pembroke Avenue. Denny Industrial Centre. Waterbeach. 
Cambs CB5 9PB. Tel: 01223 203200. Fax: 01223 863384. E-mail: 
custserv@arcam.co.uk. Web: www.arcam.co.uk. (For more info on Digital 
Radio, go to www.arcam.co.ukinews/digiguid.html.) 

MARS EXPRESS 
MATRA Marconi Space has been 
recommended as the Prime Contractor 
for the Mars Express spacecraft. 
Its development should now proceed 
swiftly to meet the deadline of an 
exceptionally favourable launch win-
dow in early June 2003, going into 
Mars orbit by Christmas of the same 
year. 

Mars Express is the first flexible mis-
sion of the revised ESA long-term scien-
tific programme, Horizons 2000. It is 
designed to be a pivotal element of 
an international multi-mission for the 
exploration of Mars. Seven scientific 
instruments on board will perform a 
variety of tasks, one of which is to 
search for sub-surface water. The craft 
will also provide relay communication 
services between Earth and the landers 
and rovers to be deployed on Mars 
between 2003 and 2007. 
On board Mars Express will be the 

Beagle 2 lander, a project led by the 
UK's Open University and the Univer-
sity of Leicester, which will perform 
exobiology and geochemism research 
on the planet's surface, looking for 
evidence of life. 

More information is on web site 
http://www.matra-marconi-space.com. 

Another press release informs us 
that Emkay's microphone technology 
will be uséd to detect sound on 
Mars. Emkay's electret EK-3132 Mars 
Microphone is onboard NASA's Mars 
Surveyor mission, launched on 3 Jan 
'99, with its Mars Polar Lander reach-
ing the Martian surface at the end of 
this year. 

Any sounds which are captured will 
be sent back to Earth and made 
freely available on web site 
http://sprg.ssl.berkeley.edu/marsmic. 
Mark Johnson, Emkay's sales and 
marketing manager, explains: "Our 
microphone will pick up not only 
sounds from the Lander itself, e.g. 
motors, robotic arm and other 
mechanical parts, but also sand blown 
against the Lander and the surrounding 
terrain, other wind sounds, and 
possible sounds from electrical 
discharges in the dust clouds. We may 
even pick up some unexpected sounds 
as well!" 

Emkay's web site is at 
http://www.emkayproducts.com. 

A Really 
Smart Card! 

By Barry Fox 
TRAVELLERS can now carry a PC 
database in an electronic credit card. 
Rex Pro is a PCMCIA memory card that 
slots into a laptop, or connects to a 
desktop PC through a docking station. 
The card sucks address lists, diary 
entries and to-do notes direct from the 
PC and stores them in 512K of on-
board RAM. 

Readout is by a built-in I.c.d., with 
six buttons to control scrolling and 
searching. Two button-cells run it for 
six months; if one cell at a time is 
changed no data is lost. Size is reduced 
by forming the chips on the I.c.d. glass. 
Rex Pro was developed by Franklin 
Electronic Publishers, Starfish Software 
and Citizen Watch, made in China and 
costs £140. 

Antex solders us 
on web! 

WE take it as a compliment that Antex 
have included the EPE Basic Soldering 
Guide as an active hyperlink within 
their own Web site. Alan Winstanley's 
authoring of this guide is increasingly 
becoming a "standard source" on the 
subject, referred to and accessed by 
many in industry and education. 

Antex' new web site has much to 
offer in its own right as well and really 
should be browsed by anyone who is 
involved in soldering (and hands up 
any of you who are not — just as we 
thought, nil!). 

As a leading producer of solder-
ing equipment and accessories for 
schools and colleges, hobby electronics 
and product servicing worldwide, they 
have justifiably included on their site 
many subjects other than catalogues of 
equipment. 

In addition to our link, the site 
includes features on a wide range 
of soldering topics, from selecting 
products and accessories to techniques, 
problem solving and safety. There is 
also a comprehensive list, with Internet 
links, to the network of distributors 
worldwide handling Antex products. 

The site has been designed for use 
by visitors of all ages and soldering 
experience. Enticingly, Antex is offer-
ing all visitors the chance to win 
free, top of the range soldering 
products. Visit the site! It's at 
http://www.antex.co.uk. 

Once in, the route to the EPE Sol-
dering Guide is via Technical — Papers 
— Introduction to Soldering, at the 
end of which is the hyperlink to us. 
(You can, of course, also access our 
Guide through the normal EPE site 
http://www.epemag.wimborne.co.uk.) 
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The Encyclopaedia 
of Electronic Circuits 

hether you are an Amateur or an Engineer, this encyclopaedia is an incredible mine of information 

and will help you to save hundreds of hours of search. 

The 10 CD-ROM set contains complete datasheets on over 180.000 circuits from 61 manufacturers 
which represents more than 300.000 pages of technical information in PDF format. 

The search engine helps you to find the datasheet of a specific circuit in seconds, compare several 

circuits at the same time and print or export the data. 
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£39 (inc. VAT and UK Postage) please send your order to : 

Dannell Electronics Ltd 
Unit 15, Enterprise Court 

Lakes Road • Braintree • Essex CM7 3QS 
Phone : 01376 550262 • Fax : 01376 550019 

email : datanet@dannell.co.uk 

Data-Net runs with Windows® 3.1/95/NT3.51 and NT 4.0 

10 CDs, 180.000 circuits, 300.000 pages of info. 

for £39 only (inc. VAT and UK postage) 

Cheques & Postal Orders should be made payable to Dannell 

Electronics Ltd. Visa, Master/Eurocard orders are accepted. Please 

give card number and expiry date. For orders from within EU, please 

add £5.50 for airmail postage. For foreign orders, we use the VAT 
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ow Tech 
Update 
I NSULATED Gate Bipolar Transistors 
(1GBTs) are widely used for switching 

applications in many areas of the elec-
tronics industry. One of the main areas 
where development is focussed for these 
devices is on improving their speed. 

In the past few years a number of 
improvements have been made in their 
performance using a variety of new 
techniques. Now manufacturers are 
looking to address new market areas 
where these devices may be used. 

In particular, they anticipate that they 
will achieve large degrees of acceptance 
in a broad range of power supply appli-
cations including uninterruptable power 
supplies where power MOSFETs and 
bipolar devices are chiefly used today. 

What Are IMO 
The structure of an IGBT is shown in 

Fig. 1 . It can be viewed as an SCR (sili-
con controlled rectifier) with a MOS-
FET connecting the cathode to the base 
region. For traditional IGBTs there are 
two main styles of structure, one vertical 
and one lateral. In the lateral structure, 
the anode is situated at the surface, and 
the p-type material in between achieves 
isolation from the substrate. 
The electrodes for these devices are 

often given different names. Cathode, 
anode and gate are used by some manu-
facturers because of the similarity to an 

Fig. 1. Structure for an Insulated Gate 
Bipolar Transistor (IGBT). 
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ohm 
A new bonding technique promises to break the 
barriers that have held up the progress of IGETs 
reports Ian Poole 

SCR, whilst emitter, collector and base 
are used by others because of the simi-
larities with bipolar transistors. Even the 
terms drain, source and gate are some-
times seen. 

Fig.2. Equivalent circuit of an IGBT. 

The operation of the IGBT is fairly 
complicated, although much of its oper-
ation can be understood from a view of 
its equivalent circuit shown in Fig.2. 
Here it can be. seen to be a pnp bipolar 
transistor driven by a MOSFET, in a 
Darlington type configuration. In this 
way it is able to switch large voltages 
and currents by the action of a small 
input signal. 
In operation excess holes are injected 

from the anode, they are not totally 
absorbed by the middle p-type region 
and they contribute to a pnp bipolar tran-
sistor current. In this way the MOSFET 
current becomes the base current for the 
bipolar transistor. 
The devices are made from silicon 

because of the high breakdown voltage 
and good thermal conductivity of the 
material. Both of these attributes are 
required in view of the high current and 
high voltage applications for which 
these devices are used. 
IGBTs have advantages over both 

bipolar transistors 
and power 
MOSFETs. The 
IGBT has a much 
better current 
density • for a 
given voltage 
drop. Power 
MOSFETs come 
in second, and 
bipolar transistors 
are a poor third. 
The device also 
has a very high 
input impedance 
and low input 

capacitance as might be expected from 
the fact that it has an insulated gate 
input. 
However, the main disadvantage of the 

existing types of IGBT is that they have 
a relatively low switching speed. To 
illustrate this, they may typically have a 
fall time of around 200ns whereas a 
power MOSFET may' be only 5Ons. 

Recent Improvements 
In recent years, a number of improve-

ments have been made to these devices. 
In one case a company is developing a 
device that can switch voltages at rates 
of 50kHz, but the maximum voltage is 
limited to 600V. The company hopes 
that their technology will be able to 
achieve switching rates of at least 
100kHz with some further development. 
Another company has released devices 

where it has been possible to achieve 
speeds of 150kHz, with currents 
between 5A and 50A. but again the volt-
age is limited to a maximum of 600V. 

Direct Bending 
To break the barriers that have been hit 

by other manufacturers, researchers at 
Samsung have used a new process called 
silicdn direct bonding (SDB). The 
process starts with p- and n- wafers. The 
p wafer is implanted with p ions to cre-
ate a p+ wafer, and the n wafer is 
implanted with n ions to create an n+ 
layer in the wafer, see Fig.3. 
Implantation at this stage is very pre-

cise, and this is one of the keys to the 
success of this method of fabrication. 
Next, the two wafers are bonded to form 
a single wafer and an n buffer layer is 
optimised for minority carrier injection 
into the IGBT's drift region. 
This factor means that the switching 

speed is greatly improved and switching 

P TYPE 
WAFER 

N- TYPE 
WAFER 

P IONS 

111 
P 

WAFER 

N IONS 

111 
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N-
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N-
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N+ 
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Fig.3. Block diagram of the silicon direct bonding process. 
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losses are reduced. In addition to this the 
wafer has a very low defect rate and a 
very uniform doping level, making it 
ideal for these devices. 
Apart from improving the switching 

characteristics of the device, the short 
circuit capability has been improved. 
This has been achieved by including an 
emitter ballast resistor in the device. 
Although these devices cannot with-

stand indefinite short circuits, their 
resilience to transient overloads of this 
nature has been greatly improved. 

Performance 
Samsung is offering five devices in the 

family with current ratings from 5A to 
25A in steps of 5A. The devices are fast, 
offering switching speeds up to 150kHz. 
all with a saturation voltage of only 

2-4V. The reduction in forward voltage 
drop has resulted in a number of advan-
tages. First, the efficiency of the device 
is high. and this will enable the systems 
using these devices to improve their 
levels of efficiency as well. 
A second advantage is that the heat 

generated in the device is reduced as a 
result not only of the lower forward 
voltage drop. but also the increase in 
switching speed. This has meant that 
heat-sinking requirements are much less. 

In fact, the 1200V 10A version is 
mounted in a TO3P package and 
requires no special heat sinking. This 
fact alone will enable the cost of any 
units using these devices to be reduced 
as a result of the simpler, and less costly 
mounting arrangements. 
The switching speed has shown a 

significant improvement over previous 
devices. For the 10A version the typical 
turn on and turn off times for a resistive 
load are 15ns and SOns. and even with an 
inductive load the turn off time is only 
100ns. 

Long Term 
Plans for the future include a wider 

variety of devices using the new SDB 
process. These will include some to 
operate at lower voltages, although it is 
hoped to introduce some devices that are 
able to operate with even higher volt-
ages of 1500V and more. 
Other plans include offering the 

devices in high current modules config-
ured as half and full bridge modules 
for motor drives and other power 
applications. 

MIDI Handbells 
Thanks to the use of a microcontroller chip, the component count 

for the MIDI Handbells project is fairly small, when you take away 
the pushswitches and jack sockets/plugs, so we do not expect any 
real "clangers" when shopping for components. Made up MIDI leads 
are sold by many of our advertisers. 
As usual you will. of course, have to purchase a larger piece of 

stripboard than you really need and cut it down to size. Also, the 
open style, chassis mounting, 3.5mm switched jack socket is now 
regarded as a "commonplace'. component and most of our compo-
nent advertisers, such as ESR. Greenweld. Sherwood and many 
others should carry stocks or be able to offer an alternative. With 
eleven required, try for a discount, especially if you include the 
miniature pushswitches in your order. 
The 4MHz clock crystal for this project should be a miniature wire-

ended metal can type having 5mm lead spacing. The package style 
of this crystal is usually referred to as having an HC-49U can case 
in catalogues and should be widely available. 
The choice and size of metal-fronted case is left to the construc-

tors personal preference, but make sure there is plenty of room for 
the circuit board and battery holder within it. The small resin potting 
boxes for the "handbells" are listed in numerous advertisers' cata-
logues and should be available from local sources. 

This just leaves us with the PIC chip. For those unable to program 
their own PIC16F84, a ready-programmed PIC microcontroller is 
available from Magenta Electronics (sr 01283 565435 or 
http://magenta2000.co.uk) for the all inclusive price of £5.90 (over-
seas readers add £1 for postage) - a strong case here for building 
the PIC Toolkit Mk2! 

For those who are able to "blow" their own PICs, the software is 
obtainable from the Editorial Offices on a 3.5in. PC-compatible disk, 
see EPE PCB Service page 389. There is a nominal admin charge 
of £2.75 each (UK), the actual software is Free. For overseas read-
ers the charge is £3.35 surface mail and £4.35 airmail. If you are an 
Internet user, it can be downloaded Free from our FTP site: 
ftp://ftp.epemag.wimborne.co.uk/pub/PICS/handbells. 

PIC Toolkit Mk2 
The only component listed in the PIC Toolkit Mk2 project that is 

most likely to cause sourcing problems is the regulated +12V 
charge-pump d.c. to d.c. converter i.c. Currently, the only listing we 
have found for the Maxim MAX662A is from Electromail (sr 01536 
204555), code 299-575. It is the CPA (MAX662CPA) version and to 
obtain a data sheet at the same time also quote code 14-802. 

All good PIC micro suppliers should be stocking up on the 
PIC16F87x devices, including Farnell. RS (Electromail) and 
Magenta. so supplies should be plentiful. Web users may be inter-
ested in checking out Microchip's site for further data (including 
world-wide agents) on: http//www.microchip.com. 
The Toolkit Mk2 software is available from the Editorial Offices on a 

3.5in. PC-compatible disk, see EPE PCB Service page 389. There is a 
small admin charge of £2.75 (overseas readers £3.35 surface mail and 
£4.35 airmail). Internet users can download it Free from our FTP site: 
ftp://ftp.epemag.wimborne.co.uk/pub/PICS/PICtoolkit2. 
The printed circuit board is available from the EPE PCB Service. 

code 227 (see page 389). 

A.M./F.M. Radio Remote Control 
A number of parts for the A.M.,F.M. Radio Remote Control project 

may pose the question "where do I find that?" This applies particu-
larly to the radio modules, the 12-bit HT6014 encoder and HT6034 
decoder i.c.s. 

Well, starting with the radio modules, we understand that Maplin 
(VY47B-pair) are presently out of stock of the "low cost" pair and 
cannot give a delivery date for new supplies. Also, we have been 
informed that the HHR1-418 a.m. receiver module is now 
discontinued and unobtainable. 
The good news is that RF Solutions are able to supply readers 

with the HRR3 replacement a.m. receiver module. They will also 
supply all the modules, including the 1.m. versions. outlined in the 
article. They can be contacted on a 01273 488880 or web site: 
www.rfsolution.co.uk (there is a handling charge). 
The only listing for the HT6014 encoder (JA35Q) and HT6034 

decoder (JA37S) is Maplin. They also supplied the transmitter case, 
with pushbuttons (CW26D). 

If you elect to use relay outputs, the ones in the model are 12V 
10A s.p.c.o. types stocked by Electromail ea 01536 204555), code 
350-529. The two printed circuit boards are obtainable from the EPE 
PCB Service. codes 228 (Trans) and 229 (Rec). 

PLEASE TAKE NOTE 
PC Capacitance Meter . (Oct '98) 
Page 756. Robert Penfold, the designer. has pointed out that 
there seem to be slight differences to the Listing program pub-
lished and one on his current machine. The correct version is as 
follows: 
10 REM capacitance meter program 
20 PORT1=8.1-1278 
30 PORT2.&H279 
40 PORT3=&H27A 
50 CLS 
60 LOCATE 7.30 
70 PRINT "RANGE 3" 
80 B$= "n" 
90 R.1 
100 OUT PORT3.35 
110 OUT PORT3.33 
120 OUT PORT3.35 
130 OUT PORT3.34 
140 OUT PORT3.35 
150 AS=INKEY$ 
160 IF A$= "1" THEN GOSUB 390 
170 IF AS "2" THEN GOSUB 440 
180 IF AS. "3" THEN GOSUB 490 
190 IF A$= '4" THEN GOSUB 540 
200 IF A$= "s" THEN END 
210 FOR D.1 TO 4000 
220 OVER=INP(PORT2) AND 128 
230 IF OVER=128 THEN GOSUB 360 
240 NEXT D 
250 X.INP(PORT1) 
260 Y=INP(PORT2) AND 16 
270 IF Y=16 THEN X=X+256 
280 Z=INP(PORT2) AND 32 
290 IF Z=32 THEN X=X+512 

300 X=X' R 
310 LOCATE 5.30 
320 PRINT 
330 LOCATE 10,30 
340 PRINT X B$" 
350 GOTO 100 
360 LOCATE 5.30 
370 PRINT 'OVERLOAD' 
380 RETURN 
390 R=10 
400 B$= "P" 
410 LOCATE 7.30 
420 PRINT RANGE 1" 
430 RETURN 
440 R. 1 
450 B$. "n" 
460 LOCATE 7.30 
470 PRINT 'RANGE 2" 
480 RETURN 
490 R=1 
500 B$. "n" 
510 LOCATE 7.30 
520 PRINT 'RANGE 3" 
530 RETURN 
540 R=.01 
550 BS= "u" 
560 LOCATE 7.30 
570 PRINT 'RANGE 4" 
580 RETURN 
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Regular Clinic 

CIRCUIT 
SURGERY„ 
ALAN WINSTANLEY   
and IAN BELL 

More readers' queries receive attention in our monthly round-up of 
solutions offered by our team of surgeons. 

REGULAR readers of Circuit Surgery 
will remember previous contributions 

to this column (e.g. the thorny subject of 
detecting the number of bats entering a 
roost!) written by Ian Bell of the School of 
Engineering at the University of Hull. Ian 
was one of the co-authors of our tutorial 
series Teach-In '98 — An Introduction to 
Digital Electronics. 
From this month. Ian joins me as 

co-writer of Circuit Surgery. We believe 
that our individual knowledge and ex-
perience of electronics complement one 
another well and this will allow us to 
provide a good coverage of topics in this 
extremely popular column. 

Current Sources 
Let's dip into the mailbag. From Harsh 

Mehta in India comes this query by E-
mail: "What are current sources and why 
are they useful in circuits?" 

Current sources are very important in 
electronic circuit design. Hobbyists prob-
ably do not meet them very often, but 
they are to be found lurking inside almost 
every analogue i.e.. such as operational 
amplifiers or other linear circuits. 

In order to understand the basic concept 
of a current source, it will help if we first 
describe voltage sources, so we can see 

DC VOLTAGE AC VOLTAGE CURRENT 
SOURCE SOURCE SOURCE 

Fig. 1. Voltage and current source sym-
bols. 

OHMS LAW 
V.IxR 

Fig.2. Ohms Law applied to a fixed 
resistor R. 

some fundamentals in a more familiar con-
text. Fig.I shows the symbols for voltage 
and current sources. Most people are fam-
iliar with voltage sources (batteries, bench 
power supplies and the mains are good ex-
amples). but unfortunately there is no simi-
lar everyday current source. 
A voltage source produces a constant 

voltage at its output irrespective of the 
current you draw from it. Well that's not 
quite true in practice of course — a bat-
tery's voltage will drop if you connect a 
heavy load (low resistance), a bench power 
supply may cut out or limit the current, 
and a mains supply should blow a fuse 
before too much damage is done. 
An ideal voltage source can output any 

current without the voltage changing or 
cutting out. Such things do not exist in the 
real world; however, they can be useful in 
simplified calculations and simulations. In 
fact when analysing circuits we often as-
sume that the power supply is an "ideal" 
voltage source for simplicity. 

Ohms Law 
To pursue this further we need to use 

Ohms Law — the basic relationship be-
tween current, voltage and resistance. This 
is V=IxR. 
To find the voltage (V in Volts) across a 

resistor, multiply the current through it (/ 
in Amps) by the resistance (R in Ohms). If 
we connect a voltage source across a resis-
tor, as shown in Fig. 2. it must produce a 
current given by / = VIR. If we connect a 
very low value resistor across the voltage 
source, then it must produce a very high 
current in order to satisfy Ohms Law. 

For example. a 9V battery with a 0-5 
ohm resistor across it (do NOT attempt this 
in practice) would ideally produce I 8A 
but a small' battery such as a 9V PP3 type 
is just not up to the task! So what happens 
if the voltage source is not capable of 
producing the required current? Is Ohms 
Law broken? 
The answer, of course, is no: what hap-

pens is that the voltage source pushes out 
as much current as it can and its out-
put voltage reduces to the point given by 
Ohms Law for the resistance and current 
involved. The PP3 battery is no longer a 
9V voltage source with a 0-5 ohm load. 

Resistance to Change 
We can understand what is going on by 

using the concept of internal resistance. 
Real voltage sources can be thought of 
comprising an ideal voltage source (with 
voltage Vs) and a resistor (Rim), as shown 
in Fig.3a. 

So when we connect a resistor to 
a voltage source the current (/) flows 
through both resistors with a voltage 
dropped across each one. The voltage at 
the terminals of the real source (VouT) 
therefore becomes smaller when R is 
reduced and so a greater proportion of Vs 
is dropped across RINI-. Note that the 
internal resistance limits the maximum 
available output current to Vs/RINT, at 
which point VouT is zero. In practice we 
cannot physically separate the voltage 
source and internal resistance. 
A battery's internal resistance is notice-

able as a drop in its voltage when we 
decrease load resistance, and because its 
internal resistance increases when it be-
comes exhausted, this becomes worse 
with older batteries. The effective internal 
resistance of bench power supplies (and 
regulator chips) can be made 'very small 
using control circuits. These monitor VouT 
and effectively change Vs so that VouT 
remains constant, compensating for the 
drop across RINT. 

a) 

b) 

Fig.3a. Internal resistance RiNT of a 
real voltage source and (b) a real cur-
rent source. 
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This cannot go on forever of course. 
since at some point we reach the max-
imum current or voltage rating of one 
or more of the power supply's internal 
components. So bench power supplies can 
sometimes deliver the same voltage (with 
little "drooping") up to a maximum cur-
rent at which point they cut out. Due 
to the active control circuitry, the maxi-
mum output current may be much less 
than that implied by the internal resistance 

(Vs/Rirrr). 
By now you may have guessed that an 

ideal current source outputs a particular 
current irrespective of the voltage, and that 
real current sources are limited in some 
way. Real current sources also have in-
ternal resistance (see Fig.3b), but it ap-
pears in parallel with the source and is 
usually large, unlike voltage sources which 
have the (usually small) internal resistance 
in series. 
The internal resistance of a current 

source limits its output voltage to /sRetr, 
at which point /OUT is zero. Real cur-
rent sources may also have a limited 
range of voltages over which they can 
operate (sometimes called compliance). 
determined by factors other than the 
internal resistance (like the current range 
of a bench power supply). 

Fig.4. Current sources and current 
sinks. 

If we short-circuit a current source then. 
unlike a voltage source, it has no problem 
— its output current simply flows through 
the wire. If we connect a large resistance 
across a current source, then by Ohms Law 
it must develop a large voltage across the 
resistor. For example, if we connect a I M 
(megohm) resistor across a 1 mA current 

source it would have to produce 1000V 
across the resistor to maintain the required 
current. If a current source is open cir-
cuit then it cannot operate (unless it can 
produce arcing!). Note the opposites here: 
voltage sources have an easy life with 
open circuits and a hard time with short 
circuits, but for current sources it is the 
other way round. 

Current sources connected to ground 
(0V), through which current flows to 
ground, are sometimes called current 
sinks (see Fig.4). However, the term 
current source is used in both cases. 

On Stream 
Water is sometimes used as an analogy 

for electricity, and can help us see the 
difference between a voltage source and a 
current source. In the water analogy a 
voltage source is a large tank of water 
suspended above the ground. in which 
the water is kept at a constant level by 
some means. The higher the tank then the 
greater the voltage. 
A pipe at the hase of the tank allows 

water (current) to flow — any level of cur-
rent can flow, depending on the diameter 
of the pipe. A short circuit would be like 
the bottom falling off the tank causing a 
massive flow! 
A current source is like a pump 

producing the same rate of flow (current), 
irrespective of its height above ground 
(voltage). If we block the pump's output 
then we get the equivalent of a current 
source with an electrical open circuit: the 
pressure builds until something gives up. 
The concepts of voltage and current 

sources are very important in electronics. 
All real sources of   
power or signals 
can be thought of 
as either voltage 
sources or current 
sources with an 
internal resistance. 
We can use this 

idea further to 
understand the re-
quirements for cir-
cuit designs. For 
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example. if we have u sensor producing an 
output voltage, but with a large internal 
resistance, we will need a very high input 
impedance amplifier to process these 
signals. to prevent all the source voltage 
from being dropped across the internal 
resistance. This can be achieved using a 
unity gain buffer amplifier or a more 
sophisticated instrumentation amplifier 
circuit. 

Current sources are important in biasing 
and obtaining high gains in the analogue 
circuits used on integrated circuits. They 
provide very high impedances, which are 
useful for developing large voltage gains. 
However, they still allow relatively large 
bias currents to flow without incurring a 
large voltage drop. 

Next month Ian continues his inves-
tigation into current sources with some 
practical suggestions. 
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Special Feature 

PC ENGINES 
FROM 4004 TO PENTIUM Ill 
ERNEST FLINT 
Tracking the Intel microprocessor to its /air! 
I'll see your Pll and 

raise you two 

Celerons! 

I
N THE not-so-distant past, very few 
people had the faintest clue as to 
which type of microprocessor was 

ensconced in their personal computer 
(PC). Instead, in the early days. con-
sumers purchased computers by type. 
such as an IBM PC-AT or PC-XT. Even 
for those who did know, the playing field 
was fairly easy to understand as things 
tended to progress in a fairly leisurely 
and obvious manner. Each new genera-
tion was faster and better than the one 
before and, more importantly, each new 
generation quickly replaced the previous 
one "on the store shelves". 
By comparison, it's now hard to turn 

on the television without being accosted 
with yet another "Intel Inside" advert. In 
fact, those little rapscallions at Intel are 
rolling out new types of microprocessors 
so fast it makes one's head spin. Even 
worse, there are now multiple concurrent 
architectures targeted at different 
markets. 

It was bad enough when all we had to 
contend with was the choice between a 
Pentium and a Pentium with MMX. 
Suddenly, as if from nowhere, we were 
being barraged with the additional 
options of Celerons, Pentium IIs, and 
Pentium II Xeons. And now we are star-
ing Pentium Ills and Pentium Ill Xeons 
in the face, desperately trying not to be 
the first to blink. 

In fact there are now so many flavors 
of microprocessor on the loose (each of 
which is available in a range of clock 
frequencies), that even those of us who 
are "in the trade" are beginning to lose 
whatever tenuous grip we once had on 
reality. So in this article we will rend the 
veils asunder and expose the horrors 
within. 

THE EARLY 
DAYS 
Before we plunge 

too deep into the 
quagmire of 
today's micro- 

processor product offerings, it is 
advantageous to consider the path by 
which we arrived at where we are 
(Fig. I ). 
The world's first microprocessor — 

the 4004 — was presented to the mar-
ket by Intel in 1971 (in fact the 4004 
was originally called a microcomput-
er, and the term microprocessor was 
not coined until sometime later). The 
4004 contained only 2,300 transistors 
and performed 60,000 operations per 
second. 
The "4"s in the 4004's name were 

intended to reflect the fact that it had a 
4-bit data bus. The 4004 was followed 
in 1972 by the 8008, which was pretty 
much the same sort of thing, but with 
an 8-bit data bus (and 3,300 transis-
tors). The 4004 was also enhanced to 
form the 4040. which contained addi-
tional logical and compare instructions 
and a small internal stack. 
The 4004. 4040. and 8008 were all 

interesting, but they were also all 
designed with specific applications in 
mind, and it wasn't until 1974 that the 
4040 and 8008 evolved into the 8080, 
which contained 4,500 transistors and 
could perform 200,000 operations per 
second. The 8080 was the first truly gen-
eral-purpose microprocessor. and was 
destined to become the central processor 
of many early home computers. 
By 1978, the 8080 had evolved into 

the more sophisticated 8-bit 8088 and the 
16-bit 8086. The 8088 was to become 
pivotal in the history of microprocessors 
as we know it, because IBM decided to 
use this as the CPU in what is now 
considered to be the first true 
PC, which was presented 
to the market in 1981. 
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Fig.2. The Pentium processor in a Socket 7 
configuration (Photo courtesy of Intel Corp.) 

THE MIDDLE 
KINGDOM 

In 1982. Intel released the 16-bit 286 
microprocessor (also known as the 
80286). With 134.000 transistors, the 286 
sported approximately three times the per-
formance of other I6-bit processors of the 
time. Amongst other things. the 286 pro-
vided "backwards compatibility", which 
meant it could run programs that had been 
written for its predecessors. This was 
considered to be a pretty revolutionary 
concept at the time. 

Pent Pro 

Pentium il Xeon  

Pentium II j 

. _ 
Celeron  

Pentium w MMX  

y Pentium III Xeon 

Fig. 1. The evolution of Intel processors. 

,Pentium It  

338 Everyday Practical ElectronicsIET1. May 1999 



The I6-bit 286 was followed by the 32-
bit 386 in 1985. This device, which con-
tained 275,000 transistors, was designed 
to support "multitasking" (running multi-
ple programs at the same time). In turn, 
the 386 was followed in 1989 by the 486. 
which contained an amazing (for the time) 
1.2 million transistors. 

In the early days. complex math func-
tions (multiplication and division) were 
performed as a series of simple steps. such 
as "shift-and-add" algorithms. Later 
schemes employed external math 
coprocessor devices, which were special 
units dedicated to performing complex 
math functions as quickly as possible. The 
486's 1.2 million transistors allowed it to 
include an on-chip math coprocessor as 
part of the main CPU (this was considered 
to be mega-cool by those of us who cared). 
The first 486s had system clocks (see 

sidebar) running at 25MHz. These were 
soon followed by 33MHz and 66MHz 
versions (and various "clock doublers" 
appeared later in the market). 

THE GOLDEN AGE 
The start of the current golden age of 

microprocessors (insofar as this article 
is concerned) occurred in 1993, when 
Intel first introduced the Pentium 
process& (Fig.2). With 3.1 million 
transistors, the Pentium was approxi-
mately five times faster than its 486 
ancestor. The Pentium sported a 16 
kilobyte LI cache (see sidebar) and up 
to 512KB L2 cache (this L2 cache was 
mounted on the main motherboard). 
The first Pentiums started with clock 

speeds of 75MHz, and over time addi-
tional options were added to 233MHz 
(note that the host bus speed remained 
at 66MHz — see sidebar). Also, the 
Pentium was presented in a pin grid 
array (PGA) package. which plugged 
into an Intel-defined pinout format 
called "Socket 7." 
The next major development occurred 

in 1995 with the Pentium Pro, which 
sported a number of innovations and 
improvements (and a whopping 5.5 
million transistors). 

Quite apart from anything else. the 
Pentium Pro was presented as a multichip 

L2 jCache 
CPU 

L2 Cache bus 
(1/2 system cloo, 

Host/processor bus 

)66 MHz) 

Fig.3. The Pentium Pro architecture 
(two chips in a multichip module). 

module package containing two silicon 
chips: the Pentium Pro processor itself 
(with a 16-kilobyte on-chip L 1 cache) and 
an L2 cache chip. The original Pentium 
Pros came equipped with 256KB L2 
caches, and 512KB versions became 
available later. One really cunning innova-
tion associated with the Pentium Pro was 
that it had two busses (an external proces-
sor-to-main-memory (host) bus and an 
internal processor-to-L2-cache bus) and 
the processor could access both busses 
simultaneously (Fig.3). 
The original Pentium Pros supported a 

150MHz system clock, and this was 
quickly followed by 2(X)MHz versions. 
The multichip module of the Pentium 
Pro allowed the processor core and the 
L2 cache to be located very close to each 
other, which in turn facilitated the cache 
bus running at half the main system 
clock frequency. (This was much faster 
than the Pentium's L2 cache, which was 
located on the motherboard, and which 
was therefore obliged to run at the 
66MHz host bus frequency.) 
The end result of this dual-bus archi-

tecture (plus other cunning stuff that's 
too complex to go into here) made the 
Pentium Pro go "like a bat out of hell." 
The Pentium Pro module plugged into an 
Intel-defined pinout format called 
"Socket 8". 
The pace really started to pick up in 

1997. when Intel introduced two new 
developments. The first was the concept 
of MMX instructions (see sidebar). 
which first appeared in the "Pentium 
with MMX.- The second was the 
Pentium II processor (with a mind-bog-
gling 7.5 million transistors), which also 
included MMX instructions (Fig 4). 

At a first glance. the Pentium II appeared 

Fig.4. The Pentium II shown in slot 1 configuration (Photo courtesy of Intel 
Corp.). 

TECHNICAL TERMS 
— A BRIEF OVERVIEW 
During the course of this article, 

one or two terms are mentioned such 
as "cache", "host bus," MMX, and so 
forth. For those amongst us who 
aren't too familiar with these (and 
certain other) terms, a brief overview 
is presented here. 

SRAM vs DRAM 
Semiconductor memory comes in a 

variety of flavors. The two main cate-
gories are read-only memory (ROM) 
and random-access memory (RAM). 
(The purists amongst us would prefer 
to replace the term RAM with read-
write memory (RWM), but realistically 
this is never going to happen). 
ROM devices contain instructions 

and/or data that is "hard-wired" into 
them during their construction. By 
comparison, RAM devices only con-
tain whatever data and instructions the 
computer last wrote into them (and 
they "forget" their contents when 
power is removed from the system). 

Furthermore, RAM is itself split into 
two core technologies, which are 
known as Static RAM (SRAM) and 
Dynamic RAM (DRAM). Each memory 
cell in an SRAM device requires 
between four and six transistors, while 
each cell in a DRAM device requires 
only one transistor (so you can get 
more memory in a DRAM device) 

SRAMs are faster than DRAMS, but 
they use more power, run a lot hotter, 
and are much more expensive. Thus, 
the bulk of a computer's main memory 
is formed from DRAM devices, and 
SRAMs are only used where extreme 
speed is required. 

SIMMs vs DIMMS 
Multiple memory devices are typi-

cally mounted on small p.c.b.s (known 
affectionately as "sticks" of memory). 
These are referred to as SIMMs (single 
inline memory modules) if they only 
have chips on one side, or DIMMS 
(dual inline memory modules) if they 
have chips on both sides. 

FDO vs EDO vs SDRAM 
VS . . . 
As was previously noted, the bulk of 

a computer's RAM is composed of 
DRAM devices, but these can be pre-
sented in different ways. When you 
purchased a computer in the not-so-
distant past, it came with FDO (fast 
data out) memory. This was subse-
quently replaced in later systems by 
EDO (extended data out) memory, 
which was in turn superceded by 
SDRAM (synchronous DRAM) 
memory. 

This is a bit confusing at first, but 
underneath it's really quite simple. 
These memory schemes are all basi-
cally formed around a core of standard 
DRAM chips, but each uses a different 
way of controlling and accessing the 
devices to squeeze more "throughput" 
out of them. 

Also, note that the term ECC (error 
correcting and control) memory used 
in higher-end machines refers to the 
fact that these memory devices con-
tain additional bits that can. be used to 
detect (and correct) errors in the data. 

continued... 
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Fig.5. The Pentium ll architecture. 

to be radically different to the Pentium Pro, 
because it was presented in a relatively 
large package called a single-edge-connect 
(SEC) cartridge, which plugged into a new 
Intel-proprietary socket configuration 
called Slot 1 on the motherboard. 

Internally, the Pentium II is construct-
ed as a hybrid using a printed circuit 
board substrate. This circuit board con-
tains the processor chip, which is essen-
tially a Pentium Pro with a 32KB LI 
cache and MMX instruction support. 
This board also contains four industry-
standard burst-static cache RAM devices 
and a tag RAM chip, which together 
form the 512KB L2 cache (Fig.5). 

(Note that Fig.5 is only an illustration. 
In reality the processor core and two of 
the cache RAM devices are mounted on 
one side of the board, while the remain-
ing cache RAMs and the Tag RAM are 
mounted on the other side.) 
The first Pentium Ils supported clock 

1971 

1972 

frequencies of 233MHz and 
266MHz. These were quickly fol-
lowed by 3(K)MHz. 333MHz, and 
350MHz versions, which were in 
turn superceded hy 4(X)MHz and 
450MHz versions. This obviously 
has a huge impact on processor 
operations. and also cache-intensive 
operations (because the Pentium II 
cache is running at half of the main 

clock frequency). Furthermore, the first 
Pentium Ils supported a host/processor bus 
frequency of 66MHz, but this was boosted 
up to l(X)MHz in later versions. which dra-
matically improved access to the main 
memory. 

Last but not least. the Pentium II support-
ed Intel's AGP (advanced graphics port). 
Actually, to be more precise. it's the Pentium 
ll's supporting chipset that provides AGP 
capability. but supporting chipsets are part of 
a completely different discussion, so we'll 
ignore them in this article (l'or which you can 
be truly thankful). The AGP is also outside 
the scope of this discussion, except to say. 
that it is designed to streamline the transfer of 
data from the CPU to AGP-compatible 
graphics accelerator cards. 

AND THEN . . . 
For a long time things had appeared (at 

least on the surface) to he relatively well 
ordered. The 268 was followed by the 

Table 1: Intel microprocessor development 

4004 

8008 

2.300 transistors. 4-bit, 60.000 operations per second 

3,300 transistors, 8-bit 

1972 4040 4-bit (like a 4004 but with additional instructions) 

1974 8080 4,500 transistors. 8-bit. 200.000 operations per second 

1978 8088/8086 8-bit/16-bit (the 8088 was used in the first IBM PC) 

1982 286 134.000 transistors. 16-bit 

1985 386 275.000 transistors. 32-bit (multitasking) 

1989 486 
1.2 million transistors. 32-bit (first math coprocessor) 
25MHz system clock (-> to 66MHz over time) 

1993 Pentium 
3.1 million transistors, 32-bit. 16KB L1. 512KB L2 (external) 
75MHz system clock (-> 233MHz). 66MHz host bus, Socket 7 

1995 Pentium Pro 
5.5 million transistors. 32-bit. 16KB L1. 256KB L2 (internal) 
150MHz system clock (-> 200MHz). 66MHz host bus 
L2 Cache bus runs at 1/2 main system clock. Socket 8 

1997 Pentium II 
7.5 million transistors, 32-bit, 32KB L1. 512KB L2, MMX 
233MHz system clock (-> 500MHz), 66MHz host bus (-> 100MHz) 

1998 

1998 

1999 

1999 

Celeron 

Pentium II Xeon 

Pentium Ill 

Pentium Ill Xeon 

L2 Cache bus runs at 1/2 main system clock 

7.5 million transistors. 32-bit. 32KB L1, OKB L2 (later 128KB L2). MMX 
266MHz system clock (-> 400MHz), 66MHz host bus 
L2 Cache (when provided) bus runs at 1/2 main system clock 

7.5 million transistors, 32-bit, 32KB L1, 512KB /1MB / 2MB L2. MMX 
400MHz system clock (-> 500MHz), 100MHz host bus 
L2 Cache bus runs at FULL main system clock 

7.5 niillion transistors, 32-bit, 32KB L1. 512KB L2. MMX II 
500MHz system clock (-> 550MHz), 100MHz host bus 
L2 Cache bus runs at 1/2 main system clock 

7.5 million transistors, 32-bit, 32KB L1. 512KB /1MB / 2MB L2 MMX II 
500MHz system clock (-> 550MHz), 100MHz host bus 
L2 Cache bus runs at FULL main system clock 

386. which was in turn followed by the 
468. The 486 begot the Pentium. which 
led to the Pentium Pro, which in turn 
paved the way for the Pentium II. 
And then things began to get more 
complicated ... 

In 1998. Intel introduced the Celeron 
processor. which was based on the 
Pentium II. The first Celerons didn't 
have any L2 cache at all, which caused 
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the 4004 processor. 
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The Pentium die. 

The Pentium II die. 

(The photos above are courtesy of 
Intel Corporation). 
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some observers to refer to them as "brain 
dead Pentium Ils." Subsequent imple-
mentations had 128KB L2 caches, and 
versions with larger cache configura-
tions wouldn't be too surprising. 

Later on in 1998. just to make lit, 
interesting. Intel Introduced the Pentium 
II Xeon. This little rascal arrived in a yet 
bigger package, which plugged into 
new Intel-proprietary socket config-
uration called Slot 2 on the motherboard. 
The Pentium Il Xeon contains two 

devices: the main processor and a honk-
ing big new L2 cache device. One key 
point about the Xeon (apart from its high 
price) is that its L2 cache, which is avail-
able in 512KB, 1MB, and 2MB options, 
runs at the same frequency as the main 
processor clock. (Remember that the 
cache bus on the standard Pentium 11 
runs at half the main clock frequency.) 
This high-speed cache can have a signif-
icant effect for certain high-end applica-
tions such as database hosting and other 
server-bested applications. 
And last but not least (as we pen these 

words), Intel have just announced the 
Pentium III and the Pentium III Xeon 
processors. These are essentially the same 
as their Pentium II forebears, but with 
higher clock frequencies (commencing at 
500MHz and 550MHz as they launched), 
including a special CPU ID, and support-
ing MMX II instructions (see sidebar). 
Each Pentium III has a unique ID num-

ber hardwired into it. which is intended to 
allow querying software to positively 
identify the CPU (note that the CPU does 
not "broadcast" the ID, but instead pro-
grams have to actively read it). Intel's 
main (stated) goal was to provide 
increased security for electronic transac-
tions (E-commerce) over the Internet. 
There are a number of other possible uses 
for such an ID, ranging from identifying 
stolen processors. to locking (licencing) 
applications to a specific machine. 
An unexpected result (for Intel) is that a 

variety of civil liberties groups are cur-
rently "up in arms" campaigning about 
possible invasion of privacy issues. In 
response. Intel is providing a utility that 
will allow users to enable and disable the 
CPU ID at will, and the majority of 
machines will be shipped with the ID dis-
abled by default (which sort of makes you 
m.onder if it was worth it in the first place). 

WHICH SIZE FITS 
YOU? 
So which processor is right for you? 

This is a tricky one, because it can be 
difficult to separate the "hype" from the 
reality. Let's start with the Celeron. 
which is essentially a Pentium II with a 
smaller L2 cache (whatever you do. 
don't huy one of the earlier Celerons 
without any L2 cache at all). 

Intel's marketing position is that the 
Celeron is intended for hbme use (games, 
entertainment. simple word processor-
type applications) by the more cost-
conscious buyer. In reality. Intel would 
probably have preferred not to have 
introduced the Celeron at all — they main-

Li vs L2 CACHE 
Modern semiconductor memories 

are extremely fast, but computer pro-
grams typically perform a humongous 
amount of memory accesses (reads 
and writes), so anything that can be 
done to speed things up is generally 
considered to be very desirable. 

If we analyse programs, we tend to 
find that they are often composed of 
blocks of instructions, where each 
block may be performed multiple 
times before moving on to the next 
block. A key point is that these blocks 
of instructions tend to be relatively 
small compared to the size of the total 
program. 
Computer designers can take 

advantage of this knowledge by creat-
ing a special "chunk" of high-speed 
memory called the cache. When the 
CPU starts running a program and it 
reads an instruction (or data) for the 
first time, in addition to processing 
that instruction it also stores it in the 
cache. The next time the CPU attempts 
to read that instruction, it first checks 
to see if it's already in the cache - if so 
it can read it from the cache much 
faster than it could from the main 
memory. 
The cache is formed from the fastest 

SRAM devices available, so the 
designer (who would ideally prefer as 
large a cache as possible) has to keep 
it smaller than he or she would like to 
balance cost and performance. 

In fact computer designers use a 
hierarchy of memory. The Li ("Level 
1") cache is very small, but very, very 
fast, because it is constructed as an 
integral part of the CPU itself (on the 
same silicon chip). The L2 ("Level 2") 
cache is significantly bigger than the 
L1 cache, but it's father away from 
the CPU and thus not as fast. In fact 
some computers have Li, L2, and L3 
caches between the CPU and the 
main memory! 

SYSTEM CLOCK vs 
HOST BUS 
The main system clock is used to 

synchronize the internal actions of 
the CPU and also the rest of the sys-
tem. The CPU communicates with 
the rest of the system by means of 
the main system bus, which may 
also be referred to as the "host bus", 
the "processor bus", or the "front 
bus." 

Increasing the frequency of the sys-
tem clock increases the rate by which 
the CPU performs its internal actions. 
However, the frequency of the host 
bus is not directly related to the fre-
quency of the main system clock. 

OVERCLOCKING 
In order to understand the concept 

of overclocking, we first need to 
know that computer motherboards 
are designed to support a range of 
system clock frequencies. This 
allaws a Pentium II motherboard, for 
example, to support say 350MHz, 
400MHz, and 450MHz versions of the 
processor. Theoretically, this allows 
end-users to upgrade their main 
processor (although this rarely hap-
pens in practice). 

Most Intel processors are reason-
ably robust. One by-product of this is 
that it is possible to take a processor 
rated for one clock frequency, say 
350MHz, and "tweak the jumpers" or 
otherwise modify the motherboard to 

clock the processor at a higher 
frequency. 

There are a number of sites on the 
web with instructions on how to tweak 
different motherboards to overclock 
different processors. One downside of 
this is that the processor will run hotter 
than it's rated for (and than the com-
puter's cooling system is expecting), 
which may cause problems. Another 
thing to bear in mind is that if you do 
this you've just waved goodbye to any 
warranty that came with your system 
(assuming they find out what you did). 

MMX vs MMX II 
In 1997, Intel introduced the 

Pentium II and a new version of the 
Pentium, both of which boasted 
something called MMX. After wad-
ing through the "razzmatazz", we 
find that MMX Stands for 
"MultiMedia eXtensions", which are 
actually a group of 57 special SIMD 
(single instruction multiple data) 
instructions. 

To understand what this means, we 
first need to understand that many 
applications like to use data in small 
"chunks." For example, multimedia 
and image processing programs large-
ly view the world as a series of picture 
elements (pixels), where each pixel 
consists of red, green, blue, and alpha 
(transparency) values (abbreviated to 
RGBA). Furthermore, many applica-
tions use 8-bits to represent each of 
these values, which makes it easy to 
pack all four values into a single 32-bit 
word (the size currently used by the 
Pentium, Pentium Pro, Pentium II, and 
so forth). 

The interesting point is that these 
applications often want to perform 
operations on pairs of 32-bit RGBA val-
ues, such as adding two of them 
together. However, the application 
doesn't simply want to add these two 
values as 32-bit quantities. Instead, it 
wishes to add the two 8-bit R values 
together, and likewise for the two 8-bit 
G values (and the B values and the A 
values). 

The old way of doing this required 
multiple operations to separate out 
each of the 8-bit values, perform the 
requisite function, and then "munge" 
the results back together. Hence the 
introduction of MMX instructions, 
which direct the CPU to treat the data 
as four 8-bit chunks (but to still per-
form all four additions in a single clock 
beat!). 

Of course these instructions are 
only of value if you have applica-
tions that make use of them. But 
once they became available, appli-
cation developers began to take 
advantage of them, and MMX ver-
sions of certain programs do go sub-
stantially faster than their non-MMX 
counterparts. 

The original MMX instructions only 
worked on integer data representa-
tions. However, the new Pentium III 
and Pentium Ill Xeon processors have 
been enhanced to support MMX II. 
Also known as SSE (for "Streaming 
SIMD Extensions"), MMX II comprises 
around 70 additional instructions that 
allow operations to be performed on 
four floating point numbers simultane-
ously. Future applications that take 
advantage of these instructions (such 
as analytical programs, graphics appli-
cations, and 3D games) will see a 
major speed increase. 
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ly did so in response to other processors 
from manufacturers like AMD, which 
were starting to "eat Intel's lunch" at the 
home consumer end of the market. 

Pentium Ils (and now Pentium Ills) 
are primarily targeted towards the high-
end consumer and professional desktop 
(although television adverts often posi-
tion them for home entertainment 
machines also). By comparison. Pentium 
II Xeons (and now Pentium III Xeons) 
are typically presented as being the 
processors of choice for high-end techni-
cal and professional applications. 

In reality, Xeons typically only deliver 
approximately five percent performance 
boost for many applications at a very sig-
nificant cost premium over their non-
Xeon counterparts. Where the Xeons real-
ly score (especially with the larger cache 
versions) is in server-type applications. 

BOILING IT DOWN 
Thus. for the majority of home users, 

the choice really boils down to one 
between a Celeron, a Pentium II, and a 
Pentium III. Let's see if we can reduce 
this choice a little further. In reality, the 
vast majority of home users won't be 
able to spot any difference in perfor-
mance between a Celeron (with 128KB 
L2 cache) and a Pentium ll (with 512KB 
L2 cache) running at the same frequen-
cy. However, the Celeron will be several 
hundred pounds cheaper, and you can 
invest some of this money on additional 
RAM. which can provide a HUGE speed 
increase for memory-intensive applica-
tions. In fact some savvy users purchase 
a Celeron-based machine and then over-
clock it (see sidebar), which provides the 
increased performance associated with 
higher clock frequencies. 
Of course for those users who want 

(nay NEED) to live on the cutting edge 
of technology. only a Pentium III proces-
sor will suffice (and there aren't any 
Pentium Ill-based versions of the 
Celeron to play with). Sad to relate, 
however, the Pentium Ill won't actually 
perform any faster than a Pentium II run-
ning at the same clock frequency (at 
least not today). This is because the only 
real difference between the two proces-
sors (apart from the fact that the Pentium 
Ill has a CPU ID) is the presence of 
MMX Il streaming SIMD instructions in 
the Pentium Ill. 
The problem is that it will take time 

for mainstream applications to be 
upgraded to take advantage of these 
instructions (and then you'll have to pur-
chase these upgraded versions). Another 
consideration is that, in the same time-
frame, you'll be able to get even faster 
processors for less money (see the next 
section). But it was always thus, and at 
the end of the day it's a case of "you 
pays your money and you takes your 
choice" as the old saying goes. • 

AS FOR TOMORROW 
"And what about tomorrcm ' - you 

ask — "What new wonders are heading 
our way?" Well there are a whole host of 
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exciting developments racing towards us. 
First, processor clock frequencies are 

going to rise yet higher. Internet news-
groups are confidently predicting 
600MHz clocks by the end of 1999, 
700MHz clocks by mid-2000, and I GHz 
clocks soon thereafter. 

Next. Intel are working furiously on a 
64-bit processor (the current generation 
all work with 32-bit wide chunks of 
data), which should give another huge 
performance boost (when applications 
are rewritten and/or recompiled to take 
advantage of this feature). 

Also, new integrated circuit produc-
tion technologies are allowing increas-
ing numbers of transistors to be 
squeezed onto each chip. In the foresee-
able future it will be possible to cram 
100 million transistors onto a single 
device. What will all of these transistors 
be used for? Well in addition to making 
the processors more powerful, it will be 
possible to dramatically increase the 
sizes of the local memory caches and 
locate the caches on the core CPU 
device, which will significantly improve 
the processor's performance. 

Meanwhile, processors will be able to 
handle ever larger amounts of memory 
(which shall hopefully continue its trend to 
become even cheaper). Some high-end 
Intel-based professional workstations can 
already access 3GB of RAM or more 
(which makes the author's 64MB look pos-
itively measly by comparison). Also, Intel 
are working on bringing a next-generation 
memory system called Direct RAMBUS to 
the market, which will dramatically speed 
up processor-to-memory accesses. 

It's also worth noting that, despite the 
Intel-centric focus of this article. Intel 
aren't the only game in town. There are 
a number of other players developing 
processors that look set to give Intel a 
run for their money. 

Last but not least, there are a whole 
host of technologies that are outside the 
scope of this article, including optical 
fiber-based disk drives, and ..... but that 
would be telling, wouldn't it'? Suffice it 
to say that, for those of us who love com-
puters. the future promises nothing less 
than faster, better, and cheaper. and who 
amongst us can find fault with that? 

FURTHER READING 
The hybrid and in ultichip module 

packaging technologic. mentioned in 
this article are described in detail in an 

amazingly useful book called Bebop to 
the Boolean Boogie (An l .nconventional 
Guide to Electronics). For those who 
want to understand more about how 
microprocessors work, Bebop BYTES 
Back (An Unconventional Guide to 
Computers) is jolly good. By some 
strange quirk of fate, both of these tomes 
are available from the EPE Direct Book 
Service. 

For those who want the inside scoop 
on the latest breaking news in the 
processor wars, an excellent place to 
start is Tom Pabst's web site at 
www.tomshardware.com 

INTEL WHO? 
There are many fine microproces-

sors around, including those from 
Motorola (as found in Apple's 
Macintosh machines), AMD, Cirrus, 
and others. So why has this article 
concentrated on those from Intel (you 
may ask)? 

Strange to relate, Intel never really 
intended to manufacturer micro-
processors - their original goal was to 
supply the world with semiconductor 
memory devices. So it rather took 
them by surprise when one of their 
design teams created the world's first 
microprocessor - the 4004. In fact the 
fate of the 4004 was precarious at best, 
and one of the main reasons that per-
suaded Intel's management to invest 
in continued development was the 
argument that the availability of micro-
processors would help them to sell 
more memory devices. 

In the mid-1970s, Intel considered 
adding a keyboard and a monitor to a 
board containing their 8080 micro-
processor to sell it to the home user, but 
no one could think of a use for it (apart 
from something for housewives to keep 
recipes on) so they dropped the idea. 
Some time later IBM decided that 

there was a market for computers for 
the small business user, so they set 
about creating the world's first PC. At 
that time, the two main contenders to 
supply the CPU for this PC were Intel's 
8088 and Motorola's 6800. Had IBM 
opted for the Motorola device, we 
would all now doubtless have 
"Motorola Inside" logos tattooed on 
our foreheads. 
Why did IBM choose Intel over 

Motorola? Who knows? Who Cares? 
The decision was made, with the result 
that Intel Corporation are now 
arguably the best known manufacturer 
of microprpcessprs on the face of the 
planet. 

The Pentium Ill is home to 7.5 million transistors! (Courtesy Intel Corp.) 
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single chip AM radio IC b 2 stages of audio 
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water Use for regulated cooling of temperature 
sensitive components b nrodr more aremjnir re. 
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SUPER-EAR LISTENING DEVICE Complete 
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microphone. Listen to distant voices and 
sounds through open windows and even walls , 
Made from readily available parts. ROOT £3 50 

TELEPHONE BUG PLANS Build you OW11 Micro-
beetle telephone bug. Suitable for any phone, 
Transmits over 250 metres more with good 
receiver. Made from easy to obtain. cheap com. 

PPnents 9°°6 U." 
LOCKS - How they work end how to pick 
them. This fact filled report will teach you more 
about locks and the art of lock picking than 

thee OWII resonant cavity OS an Old., 
wren or just for fun. 69VDC 
3015-KT MI5 urf on down 
COMBINATION LOCK Versatile 
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Constructional Project 

11,114./FM, RADIO 
REMOTE CONTROL 
MAX HORSEY 
Coded radio remote control has 
become straightforward and 
requires no licence. 

RI.N101L control systems are 
increasingly popular, and the 
introduction of pre-tuned radio 

modules, and their steadily falling prices 
has made radio a viable alternative to 
infra-red control. The advantage of radio 
is the ability of the signal to pass through 
objects and walls. Its range is also 
impressive, 100 metres or more (in free 
space) being typical. 
No licence is required in the UK, 

providing the radio modules operate on 
the 418MHz waveband, and there are a 
number of conditions, one of which is 
that setting up and tuning is carried out 
by a DTI (Department of Trade and 
Industry) approved company. Hence if 
the module is purchased from such a 
company the home constructor can 
enjoy the benefits of radio remote 
control. 
The DTI regulations also include limi-

tations regarding the antenna (aerial) 
dimensions and mandatory labelling. 
This is to ensure 
that interfer-
ence is not 
caused 

to other radio users. The basic 
requirments under these regulations are 
given at the end of the article. Leaflets 
giving further information are available 
from the DTI. 

This article describes how to use the 
radio modules in a similar way to those 
in the Reliable Infra-red Remote Control 
system which was published in EPE 
Oct/Nov '98. We will examine both a.m. 
and f.m. (amplitude modulated and fre-
quency modulated) systems. and begin 
with a brief outline of the difference 
between these. 

A.M./F.M. PRINCIPLES 
In order to carry useful information. 

radio waves must be modulated, in other 
words the required signal must be super-
imposed on the radio wave (known as the 
carrier ware). 

With Amplitude Modulation transmis-
sions, it is the amplitude of the carrier wave 

that is made to change in accordance 
with the required signal. It is 

reasonably easy to gen-
erate, but can 

suffer from 
interfer-
ence. 
With 

Frequency 
Modulation 
transmis-
sions, it is the 

frequency of 
the carrier 
wave that is 
made to 
change in 
accordance 
with the re-

quired signal. 
The Cm. modules 
described here 
tend to be more 

expensive than the 
a.m. modules, but they are 
almost immune to interfer-
ence, can carry a higher data 
rate and have a longer range. 
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CIRCUIT 
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Fig. 1. AM-TX1-418 transmitter driven 
from (a) +ve supply and (b) —ve 
supply. 

Both types operate at 418MHz and 
have been tested for the purpose of this 
article, and the a.m. system proved very 
reliable with an impressive range. 
However, we will describe how to use 
both systems. 
A number of a.m. 418MHz modules 

are available, but we have chosen two 
transmitters and one receiver. The cost of 
these modules has fallen in recent 
months and a transmitter/receiver pair 
can be obtained for less than £8. 

TRANSMITTER 
AM-TX1-418 

Hie RI. Solutions a.m. transmitter 
module type AM-TX1-418 is a 2-pin 
device, and looks like a capacitor. It is 
very simple to use — the basic arrange-
ment is shown in Fig. 1 . 
There are two circuits shown: (a) 

allows the encoder signal (i.e. the mes-
sage being sent) to drive the positive side 
of the radio module: (b) allows the 
encoder signal to drive the negative side 
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Table 1 Resistor selection for 
AM-TX-418 module 

Supply voltage Resistor value 
12V 2k2 
9V 1k8 
6V 1k 
4.5V or 5V 4700 
3V 100Q 

Current consumption: 2.5mA (typical) 
CMOS/TTL compatible input 
Data throughput: 1200 baud 

of the radio module. The only additional 
components required are a capacitor and 
resistor. The value of the resistor (R) is 
chosen according to the supply voltage 
employed in the circuit (between 3V and 
12V), as shown in Table I. 

Fig.2. Two possible alternative antenna 
arrangements. 

The module requires an antenna which 
is a little more complicated to set up than 
the transmitter module described later. 
Two possible arrangements are shown in 
Fig.2. A variable capacitor having a 2pF 
to 5pF range is also required, and must 
be adjusted to provide the strongest sig-
nal. In practice. this is not easy to check. 
and the practical project described now 
employs a transmitter module which 
requires no such adjustment. 

AM-RT4-418 
TRANSMITTER 
An alternative 418MHz a.m. transmit-

ter module is the RF Solutions type AM-
RT4-418. It is a d.i.l. device and its 
mechanical dimensions and pin descrip-
tions are given in Fig.3. 

, 
5 08mm 

2 

AM-RT4-408 

TOP VIEW 4 10 16rnm 

3 

PIN NO FUNCTION 

1 Vcc 

2 ONO. 

3 DATA IN 

4 ANTENNA 

Fig.3. Pinouts of the d.i.l. version of the 
AM-RT4-418 transmitter. 

Note that an RF Solutions type AM-
RT5-418 is also available. The only dif-
ference is that it is supplied in a sil. (sin-
gle-in-line) package. i.e. its pins are 
arranged in a straight line. 

Apart from the fact that the RT4 oper-
ates at 418MHz. the other main opera-
tional factors are: 

Operating voltage: 2V to 14V 
Current consumption: 4mA 
Maximum data rate: 4kHz. 
The antenna used with this module 

could be a "whip" type or a helical coil. 
The latter consists of a coil made of 34 
turns of enamelled copper wire (diameter 
0.5mm). close wound on a 2.5mm diam-
eter former. The helical coil consumes 
much less space than a whip antenna, but 
its performance may be a little lower, and 
small adjustments may be needed to its 
length for best results. 
A whip is the simplest antenna for use 

with the RT4 transmitter. It can simply 
he a straight piece of rigid wire (or p.c.b. 

Fig.5. Insertion circuit of alternative 
AM-TX1-418. 

12V, and it does not produce a modulated 
output. In other words, the i.e. encodes the 
signal but modulation is performed inside 
the radio module. 
The circuit diagram for the encoded 

Radio Remote Control A.M. Transmitter 
module is shown in Fig.4. It uses the AM-
RT4-418 a.m. radio module (IC2) and the 
HT6014 encoder (ICI). The module can 
send up to four encoded signals. or 

S5 
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Fig .4. Circuit diagram for the encoded Radio Remote Control A.M. Transmitter 
module. 

track ) I 7cm long. It works very well in 
practice, though it should not be close to 
metal objects. The wire should be as 
straight as possible. 
The simplicity and reliability of this 

arrangement is the reason for the choice of 
this particular radio module in the con-
structional project about to be described. 

In tests, this transmitter was able to 
cover a range of 100m in open space. 
Note that unlike the previous radio mod-
ule (AM-TX I-418), the AM-RT4-418 is 
permanently connected to the power sup-
ply. but if no switch is pressed the current 
consumption is virtually zero. 

CODED TRANSMITTER 
All remote control systems are more 

reliable if a coded message is sent, and the 
use of an encoder integrated circuit (i.e.) is 
suggested, such as the Holtek HT6014. 
This is similar to the type HT I2B used in 
the Reliable Infra-red Remote Control 
system. except that it can operate at up to 

combinations of signals. Whenever one 
of the switches. SI to S4. is pressed the 
circuit becomes active. If no switch is 
pressed. the circuit virtually shuts down 
— hence saving battery power. 
The optional light emitting diode 

(I.e.d.) DI lights when any switch is 
pressed. The value of its ballast resistor 
(R2) depends on the power supply used, 
typical values being 680n for a 9V or 
I2V supply. 150S2 for 3V. If the led. is 
not required. R2 can be omitted. 
An AM-TX1-418 transmitter module 

can be substituted for the AM-RT4-418 
as shown in Fig.5. 

CODING SWITCH 
The transmitter is encoded by means 

of the multiple switch S5. which com-
prises eight independent on-off switches 
in a d.i.l. (dual-in-line) package. The pur-
pose is to allow any or all of IC2's pins 
labelled AO to A7 to be connected to OV. 
the pattern of connection setting the code 
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Fig.6. Transistor coupling a control 
input. 

to be transmitted. The transmitted signal 
will only be decoded by a receiver's 
decoder which has a similar combination 
of pins connected to OV. 

This technique is useful if you wish to 
control a door lock (for example) — it 
would be difficult for an intruder to 
match the particular combination you 
may have chosen. 
The d.i.l. switches allow you to 

change the combination whenever you 
wish. However, in practice you may 
never need to change the combination, 
and it is easier and cheaper to perma-
nently connect one or more of AO-A7 
pins to OV, using link wires. It is essen-
tial to have the same combination of 
pins connected to OV on both the 
transmitter and receiver. 

Capacitors Cl and C2 are included for 
decoupling purposes; CI removes any 
voltage spikes on the supply rails, and C2 
removes slower voltage fluctuations. 

If you wish to interface the circuit to 
an input module, Fig.6 shows how a tran-
sistor may be employed (no provision for 
this has been made on the p.c.b., howev-
er). When the control input is at about 
OV, the npn transistor is turned off and 
the effect is similar to the equivalent 
hardware switch in Fig.4 (SI in this case) 
not being pressed. 

2mrn 
38 1mm   

AM-HPRA-412 

111111 
1 237 10 15 

P.0 El HOLES ON 0 1 INCH PITCH 
41— 1 27rnm 

PIN NO FUNCTION 

1 RF Vcc 

2 RF GND 

3 ANTENNA 

7 RF GND 

10 AF Vcc 

11 AF GND 

12 AF Vcc . 

13 TEST POINT 

14 OUTPUT 

15 AF VCC 

' 7,1m 

Fig.7. Pinouts for the AM-HRR1-418 
receivers. 

When the control input is made posi-
tive (i.e. more than about 0.7V) the 
transistor turns on and data input D8 is 
connected to OV — like pressing Si in 
Fig.4. Each of the four data inputs may 
be treated in the same way if required. 

A.M. RECEIVER 
Only one type of receiver is described, 

although three versions are available. 
They have the same pin layouts and 

can be interchanged with each other in 
your circuit. The three versions are: 

• AM-HRR1-418: This is inexpensive 
(e.g. less than £3) and although super-
seded by the next type, it works very 
well. 
• AM-HRR3-418: As above, but laser 
trimmed for accuracy 
• AM-HRR5-418: As above, but very 
low current consumption (0.5mA) 

The receiver modules have the follow-
ing specifications: 

Supply voltage: 4-5V to 5.5V 
Supply current: 2.5mA (HRR5 version: 
0.8mA) 
Output is compatible with CMOS/TTL 
Maximum data rate: 2kHz. 

The pin layout is shown in Fig.7. Note 
the slightly odd numbering used, and the 
way in which the r.f. (radio frequency) 
ground is separate from the a.f. (audio 
frequency) ground. Although both 
grounds should be connected to OV in the 
circuit, it is best to use separate tracks on 
the p.c.b., with separate decoupling 
capacitors. A look at the receiver p.c.b. 
will illustrate this (Fig. 12 later). 

DECODING A.M. 
RECEIVER CIRCUIT 

Details of how the receiver module 
may be used with an HT6034 decoder to 
make up the A.M. Receiver circuit are 
shown in Fig.8. 

Signals detected by the receive! mod-
ule ICI are output to the decoding 
device, IC2. The signal is only decoded if 
the settings on the d.i.l. switch SI match 
those of the transmitter. 
When a correctly coded signal is 

received, the pin labelled VT on IC2 
switches to positive. The VT pin only 
remains positive for the duration of the 
decoded signal (i.e. for as long as the 
appropriate switch is pressed on the 
transmitter). 

During this period, the data outputs 
(D8 to D II) copy the logic level at the 
data inputs of the transmitter. They will 
normally be positive, but if (for example) 
the switch (Si) connected to data pin D8 
on the transmitter is pressed, this pin will 
be pulled to OV and will make data pin 
D8 on the receiver switch to OV. 
The same applies to the other data 

switches (S2 to S4) and associated pins 
(D9 to D I 1). Note that this is different to 
the encoder/decoder system used previ-
ously on the infra-red modules. 
The data outputs can be used to drive 

logic gate inputs (TI'L or CMOS), or can be 
connected to transistors as described later. 

As with the transmitter module, the 
purpose of the d.i.l. switch (S1) is to 
allow any or all of IC2's pins labelled AO 
to A7 to be connected to OV, allowing 
you to change the combination whenever 
you wish. As before, you may use link 
wires instead of a switch if you prefer. 
Again note that it is essential to have the 
same combination of pins connected to 
OV on both the transmitter and receiver. 

INTERFACE CIRCUIT 
Most of the rest of the circuit in Fig.8 

(to the right of the dotted line) shows 
how IC2's VT and data outputs can be 
interfaced in order to allow the module to 
control I.e.d.s, buzzers, relays, motors, 
solenoids etc. If all the output options are 
not required many components can be 
omitted. 
The VT pin is connected via resistor RIO 

to the base of TRI. This can be a TIP122 
(or TIP121) npn Darlington transistor, 
enabling higher-current devices (such as 
those above) to be controlled. A small-sig-
nal transistor (such as a BC184L) could be 
substituted for the TIPI 22 if only a small 
buzzer or I.e.d. is required. 
A relay coil (RLA I ) is shown as the 

driven load for TR 1 . A motor or solenoid 
could be connected here if preferred. 
Diode DI removes any back e.m.f. 
spikes produced by the relay/motor etc 
(which could damage the transistor). An 
I.e.d. D2 serves as an indicator whenever 
a signal is received. Any or all of these 
components may he omitted if not 
required. 

DATA OUTPUT 
INTERFACING 
The tact that each data output switches 

to OV when the appropriate transmitter 
button is pressed causes a slight compli-
cation át this stage. It is possible to 
switch on a pnp transistor with a OV sig-
nal, but if the transistor is also being used 
as an interface between two voltage lev-
els then this option is difficult. Hence 
additional transistors TR2 to TR5 are 
used to invert the logic level. 

For example, if data output pin Dll is 
positive (no signal received), TR2 will be 
switched on, and its collector will be at 
OV. This will switch off TR6. If output 
D11 switches to OV, then TR2 will be 
switched off, and its collector will 
be pulled to 5V via resistor R6. 
Consequently, Darlington transistor TR6 
will switch on, causing I.e.d. D4 to light. 
As with TRI, a relay (RLA2) is the 

driven load for TR6. Other higher current 
devices may be driven instead. Diode D3 
removes any back e.m.f. If only an I.e.d. 
or small buzzer is required, a low-power 
npn transistor such as a BC184L can be 
substituted for the TIP122. 
The other three data outputs are inter-

faced in the same way. 

POWER SUPPLY 
As shown in Fig.8, the power supply 

for the receiver is a 12V battery, since 
many applications will require the circuit 
to drive 12V relays/solenoids etc. 
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3 Any,, F.M. MODULES 
.4-

12 5mm 

PIN SPACING IS 2 54mm 

3 4 5 

20 32mm 

PIN NO FUNCTION 

RF GND 

2 RF OUT 

vcc 
OV 

3 

4 

DATA IN 

Fig.9. Pinouts for the FM-TX2-418 
transmitter. 

Fig. 10. Circuit connection for the FM-
TX2-418 transmitter. 

However, whereas the HT6034 
decoder chip IC2 will operate on a 
supply of 3V to 12V, the radio receiver 
module ICI must only be used on a 5V 
supply. Hence the inclusion of the 5V 
voltage regulator IC3. If the entire circuit 
is to be powered by a 4.5V battery, IC3 
may be omitted. 

Capacitor C 1 decouples the r.f. section 
of the radio module, while C2 and C3 
decouple the main part of the circuit. 
Note that on the printed circuit board the 
r.f. OV supply line is kept separate from 
the OV power supply to the rest of the 
circuit. The two are only connected to 
each other at the power supply input 
point. This helps reduce the chance of 
interference being induced into the sensi-
tive parts of the radio module. 

4- 48 Omm 

13 Orno, 

PIN SPACING IS 2 54,,,,1 

1 2 3 4 5 6 7 

30 48mm 

PIN NO FUNCTION 

1 ANTENNA 

2 RF GND 

3 CARRIER DETECT 

4 OV 

5 VCC • 

6 AF OUT 

7 DATA OUT 

Fig.11. Pinouts for the FM-RX2-418 
A5V/F5V receiver. 

For readers wishing to employ an f.m. 
transmitter/receiver combination (instead 
of an a.m. combination), the following 
will be helpful. 

F.M. TRANSMITTER 
The f.m. transmitter module suggested 

is type FM-TX2-418-3V, since it is able 
to operate on a 3V supply (as its refer-
ence code implies). This can be provided 
by two AAA cells, which fit neatly inside 
the recommended transmitter case. 
A 5V module is also available, code 

FM-TX2-418-5V. Note that the f.m. 
transmitter module is designed for a 
particular voltage, unlike the a.m. ver-
sion which can operate on a range of 
voltages. Apart from that, the module is 
similar to use, and its specification is as 
follows: 

Supply Voltage 

Supply Current 
Data Rate 
Range 

/. 1V to 4V 
(3V version) 
4V to 6V (5V version) 
6mA 
up to 40k bits/s 
300m in open ground 

Pinouts for the module are shown in 
Fig.9 and circuit connection details are 
shown in Fig.10. It is similar to the 4-pin 
a.m. transmitter module described earli-
er, except that a fifth pin is included so 
that the r.f. ground and the OV supply to 
the rest of the module can be separated. 
This reduces the problem of interference. 
The transmitter p.c.b. layout has been 

designed to accept either the a.m. or the 
f.m. module. 
The f.m. module costs about twice that 

of the a.m. module, but it has a higher 
specification and greater range. If it is 
chosen in preference to the a.m. module. 
then the receiver must be an f.m. type as 
well. 

F.M. RECEIVER 
The f.m. receiver module is much 

more expensive than the a.m. version. It 
is available in 3V and 5V versions, both 
of which are available as two Data Rate 
versions, standard and fast. The specifi-
cations are as follows: 

Supply Voltage 3V to 4V (3V version) 
4V to 6V (5V version) 

Supply Current 13mA 
Data Rate 40k bits/s (fast version) 

14k bits/s (standard 
version) 

The 5V version of the module is the 
most convenient in this application, and 
the standard version is denoted FM-
RX2-418-A5V while the fast version is 
coded FM-RX2-418-F5V. 
The pin layout of the module is shown 

in Fig.11. It features a similar arrange-
ment to the a.m. module, but note that pin 
6 provides an analogue output, while pin 7 
provides a digital output. In this applica-
tion we use the digital output which is a 
squared version of the signal at pin 6. 
The application circuit for the f.m. 

receiver is virtually identical to the a.m. 
circuit shown in Fig.8. As with the trans-

COMPONENTS 
TRANSMITTER 

Resistors See 
R1 1M 
R2 see text 
R3 see text immix 

All 0.25W 5% carbon film 
or better. 

Capacitors 
cl 
C2 
C3 

100n ceramic disc 
100p radial elect., 25V 
100n ceramic disc 

(see text) 

Semiconductors 
D1 red I.e.d. (see text) 
IC1 HT6014 encoder 
IC2 AM-RT4-418 or 

AM-TX1-418 or 
FM-TX2-418 (see text) 

Miscellaneous 
S1 to S4 min push-to-make switch, 

p.c.b. mounting (4 off) 
S5 8-way d.i.l. s.p.s.t. switch 

(see text) 

Printed circuit board, available from 
the EPE PCB Service, code 228; anten-
na, 17cm wire (see text); MA-size 1.5V 
cell (2 off); plastic case, 105mm x 60mm 
X 25mm with four integral push buttons; 
connecting wire; solder, etc. 

RECEIVER 
Resistors 

R1 100k 
R2 to R9 4k7 (8 off) 
R10 10k 
R11 to R15 680S-2 (5 off) 

All 0.5W 5% carbon film or better. 

Capacitors 
Cl C2 100n ceramic disc (2 off) 
C3 470p radial elect., 16V 

Semiconductors 
Dl. D3. D5 1N4001 rectifier diode 
D7, D9 (5 off) 
D2. D4. D6. red I.e.d. (5 off) 
D8. 010 
TR1. TR6 TIP122 or TIP121 npn 

to TR9 Darlington (see text) 
(5 off) 

TR2 to TR5 BC184L npn transistor 
(4 off) 

IC1 AM-HRR1-418 or 
FM-RX2-418 transmitter 
module (see text) 

IC2 HT6034 decoder 
IC3 78L05 +5V 100mA 

voltage regulator 

Miscellaneous 
Si 8-way d.i.l. s.p.s.t. switch 

(see text) 
RLA1 to 12V relay, contacts to suit 
RLA5 application (5 off) 

(see text) 
Printed circuit board, available from 

the EPE PCB Service, code 229; anten-
na, 17cm wire (see text); 12V mains 
adaptor plus socket to suit; plastic case, 
148mm x 90mm x 54mm; connecting 
wire; solder, etc. 

Approx. Cost 
Guidance Only £54 

excl. batt & p.s.u. 
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Fig. 12. Component layout and master track foil pattern 

mitter, the receiver p.c.b. has provision 
for either the a.m. or f.m. modules. 

PRACTICAL SYSTEM 
Emphasis has been placed on a trans-

mitter circuit designed around the AM-
RT4-418 a.m. module, and in tests it per-
formed extremely well, and the antenna 
arrangement is straightforward, with no 
adjustable components. 

It is this circuit for which the transmit-
ter p.c.b. has been designed. However, 
provision has been made on the p.c.b. for 
the AM-TM-418 module plus its extra 
resistor (R3) and capacitor (C3). The 
same board will also accept the f.m. 
transmitter module as an alternative. 
The radio modules can be used in all 

sorts of ways, and so as much flexibility 
as possible has been allowed for. The 
remote control system can be a single 
momentary signal, i.e. when any switch 
is pressed on the transmitter, a single 
action occurs at the receiver; when the 
switch is released the action stops. 

In this context the word action means 
that (a) an I.e.d. can light, (b) a buzzer can 
sound, (c) a relay can be activated etc. 

\ 

CI 

for the Transmitter p.c.b. 

There is provision for any or all of these 
options on the p.c.b.. If a single way 
momentary system is required. it is neces-
sary to fit only one switch - ideally one 
near the centre of the p.c.b.. say S2 or S3. 

There is provision for up to four latch-
ing ways. Pressing another switch 
unlatches the previous one. For example. 
if two switches arc fitted on the transmit-
ter p.c.b., say SI and S4. then SI can be 
used to latch the appropriate output. 
When S4 is pressed. the output unlatch-
es. Note that it is possible to latch two or 
more outputs at the same time if the 
appropriate buttons are pressed at the 
same moment. 

It is possible to include all options. i.e. 
one momentary and four latching ways if 
required. The momentary way can be 
used to indicate "message received-. 
Power Darlington transistors have 

been chosen at the receiver in case 
motors or solenoids are required. If you 
only wish to drive small buzzers or 

then the Darlingtons may be 
replaced by BC I 84L transistors. 
The I.e.d. Dl on the transmitter 

is optional: it indicates that a switch is 
being pressed. and that the circuit 
is active (e.g. battery is OK). If the I.e.d. 
is omitted, then you can also omit R2 on 
the transmitter. 

CONSTRUCTION 
begin construction with the 

coded transmitter. Ensure that you are 

clear about the options available (see 
above), particularly whether you are 
using the a.m. or f.m. modules. 
The p.c.b. component and track layout 

details are shown in Fig. I 2. This board is 
available from the EPE PCB Service. 
code 228. 

Begin assembly by fitting sockets for 
ICI and IC2. (Do not fit the i.c.s (espe-
cially the delicate/expensive radio mod-
ule) at this stage.) Whereas ICI requires 
a normal d.i.l. socket, IC2 (as an a.m. 
module, position marked as IC2(A)) 
requires four single pin sockets. The best 
way to accommodate this is to buy a strip 
of s.i.l, sockets and cut two strips of 3-
ways each. Next cut off the pin of the 
middle socket of each strip. The strips 
can now be soldered into the p.c.b. - one 
strip at each end of IC2. 

This is much easier and stronger than 
soldering in single sockets. The f.m. ver-
sion of IC2 (position marked as IC2(B)) 
requires one 2-way and one 3-way s.i.l. 
strip. 
The alternative 2-pin a.m. transmitter 

has its position marked as IC2(C). It 
requires the addition of capacitor C3 and 
resistor R3 (which are only required for 
this transmitter version). The value for 
R3 should be chosen from Table 1 
(earlier) to suit the power supply. 

Solder in the resistors and capacitors 
taking care to fit C2 the correct way 
round and with its leads long enough to 
allow it to be bent over flat against the 
p.c.b.. This enables the p.c.b. to be 
housed in the rather thin case specified. 
The optional I.e.d. occupies a central 

position on the p.c.b. so that it can be 
aligned with a hole drilled in the case. 
Note that the I.e.d. should be fitted on the 
copper side of the p.c.b.. with its leads 
long enough to allow the I.e.d. to rest 
against the hole. Similarly. switches SI 
to S4 must be mounted on the copper 
side of the p.c.b.. assuming that the 
recommended case is employed. 

CODING SWITCHES 
As discussed earlier, the set of eight 

switches within the di]. switch mod-
ules allow the system to be encoded to 
prevent a signal from another transmit-
ter from activating the receiver. The 
switches enable the code to be changed 
easily if necessary. It is essential to set 
the same code at both the transmitter 
and receiver. 
Many people will have little cause to 

change the code, and so one or two wire 
links can be fitted in place of the d.i.l. 
switches to set a permanent code. It is 
essential to insert the same wire links in 
both the transmitter and receiver. If secu-
rity is not an issue, it is not necessary to 
fit any wire links or d.i.l. switches) - the 
associated pins on the coder/decoder 
chips can remain unconnected. 

Solder in the d.i.l. switch if required, 
or any wire links to set the code as 
necessary. 
Connect power leads as shown. Note 

that the f.m. version requires a 3V sup-
ply: the a.m. version can cope with a 
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Fig.13. Component layout and full size master foil track pattern for the Receiver p.c.b. 

wider voltage range, but 3V is also 
convenient. A battery holder housing 
two AAA cells fits neatly into the 
recommended case. 
The antenna in the a.m. version must 

be connected to the pad as shown in 
Fig.12. If using the f.m. module, the 
antenna must be connected to the pad 
intended for pin 4 of IC2 (the top left 
hand corner of 1C2 as in Fig.I2). This 
arrangement allows either module to be 
employed without compromising the 
requirements of the antenna, i.e. a single 
conductor. The antenna can be an ordi-
nary wire of total length I7cm. 

Finally, insert ICI and the radio module. 
The a.m. version fits parallel with the p.c.b.: 
note that the "overhang side" is towards the 
edge of the p.c.b. Treat both ICI and IC2 as 
static sensitive devices, i.e. briefly earth 
yourself before handling them. 
The alternative f.m. radio module fits 

upright, but it may be necessary to bend 

it parallel with the p.c.b. in order to fit the 
case. If so, use pointed-nose pliers to 
carefully bend the pins of the device. 

TRANSMITTER CASE 
The transmitter is housed in a case 

which has one, two or four pushswitch 
buttons built in. These align with the 
switches mounted on the copper side of 
the transmitter p.c.b. Drill a hole on the 
front of the case (buttons side) as shown 
to allow the I.e.d. to show through. 
The p.c.b. may be fixed with self-adhe-

sive p.c.b. supports. It may be necessary 
to cut the base of two of the supports to 
allow them to fit inside the case. Three 
points have been marked on the p.c.b. to 
indicate positions for the supports. 

It is important that the buttons make 
contact with the switches on the p.c.b. 
and spacers cut from small pieces of 
plastic or rubber feet may be needed to 
lift the p.c.b. slightly. Double-sided self-

adhesive pads are also very helpful at this 
stage. 

Ensure that the switches are aligned 
properly when fitting the p.c.b., so that 
they click when each button is pressed. If 
the p.c.b. flexes too much, a pad of non-
conductive material can be fixed to the 
back of the case to push against the p.c.b. 
above the positions of the switches. 

RECEIVER 
CONSTRUCTION 

Details of the p.c.b. for the Receiver 
module arc shown in Fig.13. This board 
is available from the EPE PCB Service. 
code 229. 
The receiver p.c.b. is constructed in a 

similar way to the transmitter, again not-
ing carefully which options are required. 
The a.m. and f.m. receiver modules are 
both "in-line" types, and care must be 
taken to fit the chosen one in the correct 
place. 
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The a.m. module requires three s.i.l. 
sockets, one each of 3-way. 1-way and 6-
way. The f.m. module requires a 2-way 
and a 5-way s.i.l. socket. Alternatively. lit 
s.i.l. strips to occupy all the pads for both 
modules. Do not tit any i.c. or radio mod-
ule at this stage. 

Fit the d.i.l. socket for IC2. the optional 
d.i.l. NW itch or wire links. followed by 
resistors and capacitors. noting that C3 
must he connected the correct way round. 
Leave out the 1.e.d.s for the moment. 
The power Darlington transistors can 

be replaced with BC184L transistors if 
you only wish to control small buzzers or 
I.e.d.s. The insert in Fig.13 shows how 
the flat side of the BC I84L is equivalent 
to the metal tab of the TIP122. 
The I.e.d.s may be joined to the p.c.b. 

via wires or. more conveniently, soldered 
on the copper side of the p.c.b. so that they 
align with a set of holes drilled in the case. 

Fit leads for the power supply and sol-
der on a rigid u ire of length 17cm for the 
antenna. 

It is wise at this stage to.test the circuit 
without ICI or IC2 fitted. With a 9V or 
I2V power supply applied. use a volt-
meter to check that the positive (Vcc) 
and ground (0V) pads of both devices 
correctly receive 5V (see the circuit 

diagram in Fig.7 for the pin numbers). If 
this is not the case, check that the regula-
tor IC3 has been fitted correctly. • 

Note that I.e.d.s D4. Do. D8 and DIO 
should light up when power is applied. 
assuming that IC2 is not fitted. If they do 
not, then check resistors 126 to R9 and 
transistors TRO to TR9 to locate the fault 
before proceeding. 

Finally. insert IC2 and the appropriate 
radio module. The a.m. module is fitted 
with its top end (pin 1) at the top of the 
row of pads. with the component side of 
the module facing the edge of the p.c.b. 
The f.m. module is fitted with its bot-

tom end (pin 7) at the bottom end of the 
row of pads. Note that the antenna pin of 
either module is correctly aligned by the 
pad labelled "ANTENNA". It should not 
be necessary to bend the module parallel 
with the p.c.b. since the case suggested is 
reasonably large. If bending is neLessary 
take great care and use pointed-nose 
pliers to avoid straining the delicate 
material housing the module. 

TESTING 
As with infra-red remote control, test-

ing is a classic chicken and egg situation. 
Failure of the system to work could be 
due to the transmitter or receiver. 

Connect. suitable, power supplies and 
check that the I.e.d. (if fitted) on the 
transmitter lights when any switch is 
pressed. See if the receiver responds — 
1.e.d. D2 is very useful for detecting a 
signal. 

If the system fails, an oscilloscope will 
show whether data is present at the data 
pin of the transmitter and, if so. a similar 
test will show if the same data is present 
at the receiver. Use a voltmeter to check 
the power pins on the radio modules and 
encoder/decoder i.c.s. Check the value of 
resistor RI on both the transmitter 
( Iron) and the receiver ( loom). 
More detailed tests can be made hy 

attaching the negative lead of a voltmeter 
or oscilloscope to the OV rail on either 
circuit, and measuring voltages or sig-
nals around the circuit as detailed earlier. 

RECEIVER CASE 
The recei‘er ma be mains powered 

via a suitable mains adaptor. in %%inch 
case begin by drilling the necessary hole 
for its connection socket. 
The I.e.d.s require holes drilled in the 

front of the case. If the I.e.d.s have been 
fitted to the copper side of the p.c.b. it is 
only necessary to drill appropriate holes 
which allow the 1.e.d.s to show through 
when the p.c.b. is located into the case. 

If the receiver is to be used to control 
mains devices via relays, the relays 
should be in an area away from the p.c.b. 
(see photo). or in another case. (Only 
constructors who are competent at 
mains wiring should connect up this 
circuit for mains control switching.) 

USING THE SYSTEM 
The range offered by the system ¡even 

with the a.m. version) is likely to be 
much greater than required. and a poor 
antenna (e.g. where the wire is bent to tit 
the czise) is of little consequence. 

However, if range is important then the 
antenna should be as straight as possible. 
and away from metal objects. Note that 
the use of a super high gain antenna is 
prohibited under MPT1340 regulations. 

LICENCE EXEMPTION 
The transmitter modules referred to in 

this article have been approved by the 
Department of Trade and Industry for use 
in the UK under specification MPTI340 
and require no radio operating licence. 
However, to comply with MPT 1340. the 
following requirements must be observed: 

I. All transmitters shall use integral 
antennas only. Receivers may use an 
external or integral antenna. An integral 
antenna is defined as one which is 
designed to be connected permanently to 
the transmitter or receiver without the 
use of an external feeder. 

2. The equipment in which the module 
is used must carry an inspection mark 
located on the outside of the equipment 
which is clearly visible. It shall state 
"MPT1340 W.T. Exempt". The mini-
mum dimensions of the mark shall be 
10mm xl5mm and the figure height shall 
be not less than 2mm. 
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Free Additional Transmitter 
with every order ! 

Transmitters & Transceivers 

• ..,,44-ee‹ 
418, 433, 863 & 868MHz wee 

• 
UK Manufactured 

s.e1;re 

Order the FM TXM-418-AF and SILRX-418-AF 
pair (as shown above) for only £25.00 + VAT and 
get an additional transmitter free! P & P 1.50 

Please call for a free catalogue. wall chart or a 

competitive volume quotation on an any 
Radiometrix Ltd module. Simply just e-mail 

sales@radtec.demon.co.uk. alternatively Fax or 
Telephone quoting ref: EPE-RM1 

Telephone +44(0)1992 576107 
Fax +44(0)1992 561994 

http://www.radio-tech.co.uk 

Radio - Tech Radio-Tech Limited 
Your official Radiometrix Distributor 

PLASTIC BOXES 
8c 

ENCLOSURES 

Contact us for your free catalogue 

S.L.M. (Model) Engineers Ltd 
Chiltern Road 
Prestbury 

Cheltenham telephone 01242 525488 
61.52 5.1Q Fax 01242 226288 

OUR 

LATEST 

IRONS I 

WILL SAVE 

YOU SOME 

BRASS 
Our quality range of thermally balanced irons is 

now even better than ever. Easier to handle, cooler 

to use, each iron is manufactured in the UK and 

meets CE conformity. There's an 'In Handle' 

adjustable temperature model and burn proof 

lead option and a wide selection of soldering bits. 

That's the good news. The even better news is 

that all our irons are still very competitively priced 

Tel: 01822 613565 Fax: 01822 617598 

www.antex.co.uk 

ANTIX 

NOT JUST ANY OLD IRON 
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PRACTICALLY SPEAKING 
Robert Pen fold looks at the Techniques of Actually Doing It! 

ELECTRONIC project construction is 
not just soldering irons, electronic 

components, and test meters. there is 
also a "nuts and bolts" side to things. 
Having successfully completed a circuit 
board you usually have a fair amount of 
work left to do before you are ready to 
show off your new masterpiece. 

If you have a good selection of tools 
and are familiar with DIY jobs around 
the house you should not find things 
too difficult, but project construction 
and general DIY tasks are certainly dif-
ferent. It is certainly worth making the 
point to anyone experienced in putting 
up shelves or dealing with car servicing 
that electronic project construction 
requires a tender-handed approach. 
You will often be dealing with plastic 

or aluminium cases that will not take 
kindly to the "bull in a china shop" 
approach. Some of the plastic cases 
are actually quite tough, but others are 
prone to cracking, and it is easy to 
buckle aluminium cases. Also, most 
cases have finishes that are easily 
damaged. When dealing with the "nuts 
and bolts" side of construction it is nor-
mally necessary to proceed carefully 
and use the minimum amount of force. 

Planning 
Project articles normally give precise 

instructions for building the circuit 
boards and undertaking the wiring but 
tend to be a bit "sketchy" when it comes 
to the mechanical side of construction. 
This is simply because most construc-
tors prefer to "do their own thing" with 
this aspect of construction, rather than 
producing a clone of the original pro-
ject. You normally have great freedom 
to do things the way you want to. but 
this also creates a golden opportunity 
to make a complete mess of things! 
When building anything it is important 

to carefully plan things rather than just 
pressing on hoping that you can muddle 
through successfully. With the muddling 
through approach you are likely to pro-
duce the perfect project, apart from the 
fact there is nowhere to put the battery, 
you cannot adjust the volume control 
when the headphones are plugged in, 
or something of this nature. 

Box Clever 
There are numerous types of case 

available at present, but they break down 
into two general categories. These are 
simple boxes and instrument cases. 
The cases of all-plastic construction 

are mostly simple plastic boxes consist-
ing of a five-sided main moulding plus a 
removable lid or front panel. You can 
also obtain diecast aluminium and fold-
ed aluminium construction boxes, both 
of which take the same general form as 
the plastic variety. 
Boxes are fine for projects that 

require a small to medium size enclo-
sure, but they are often a bit awkward 

when applied to larger projects. For the 
bigger projects. and some smaller 
types, an instrument case is usually the 
more practical option. These vary con-
siderably in design. but consist of 
something like a base section com-
bined with front and rear panels, plus 
the lid and sides in another section. 
Some cases of this type have remov-

able front and rear panels which makes 
working on the panels very much easi-
er. Instrument cases are mostly of all-
metal construction. but there are a few 
plastic types, and plenty that have plas-
tic outer casings plus metal front and 
rear panels. 

Take Note 
It pays to read the notes on con-

struction very carefully before selecting 
a case. While it is normally possible to 
use any type of case you like provided 
it is big enough, there are sometimes 
other considerations. This is mainly 
where it is necessary to use a metal 
case for some particular reason. 

Metal cases are sometimes required 
because the project uses power 
devices and a metal case helps to con-
duct heat away from them. More usual-
ly a metal case is needed to provide 
screening. This can be needed to pre-
vent a sensitive project from picking up 
electrical interference such as mains 
"hum", or to prevent a circuit from radi-
ating interference. 

If the article specifies a certain type 
of case. such as a diecast aluminium 
type for its good screening properties, 
you should definitely follow the advice. 
Otherwise it is a matter of choosing one 
that is within your budget and is large 
enough to accommodate the project. 

Simple boxes are much cheaper than 
instrument cases. and are perfectly 
adequate for most small projects. They 
tend to be awkward to use with larger 
projects that have numerous controls, 
sockets, etc.. and for these it is proba-
bly worthwhile pay-
ing the extra for an 
instrument case. 

Size Is Important 
In theory it should 

be quite easy to work 
out whether or not a 
likely looking case 
will fit your latest pro-
ject. Some measure-
ments taken from the 
bits and. pieces that 
will go into the case 
will give you a good 
idea of the minimum 
requirements, but 
even at this early 
stage you will have to 
give some thought to 
the general layout of 
the unit. 

If you are lucky. 

the catalogue entry for the case will 
give internal dimensions and not just 
the external size. If not, deducting 
about eight millimetres from the exter-
nal dimensions usually provides figures 
that are quite close to the internal ones. 
The real problem is that modern 

cases often have various internal 
obstructions, which effectively reduce 
the internal dimensions. These include 
mounting pillars and guide-rails for 
printed circuit boards (p.c.b.$). thread-
ed pillars for the lid's mounting screws. 
and various mouldings that have no 
obvious purpose at all. 

Plastic cases are the worst offend-
ers. and I have encountered one or two 
that have so many internal lumps that it 
is difficult to fit anything into them. Even 
with simple two-part metal cases you 
have to allow for the fact that the fixing 
screws for the cover will each penetrate 
several millimetres into the case. It is 
easy to come up with a plausible look-
ing layout that results in one of the fix-
ing screws going straight into the bat-
tery or a circuit board. 

Unless a project really does need to 
be as small as possible it is best to err 
on the side of caution and choose a 
case that seems to be slightly too large. 
Making projects small just for the sake 
of it makes construction difficult and 
may make the finished project awkward 
to use. Anyway. a case that initially 
seems to be slightly too large will prob-
ably turn out to be just about right when 
you start installing the components. 

Before starting any drilling it is cer-
tainly, a good idea to place the circuit 
board, battery. and any other large 
components inside the case to make 
sure that everything fits, and that noth-
ing prevents the lid from fitting into 
place properly. Make careful measure-
ments to ensure that you do not have 
controls and the circuit board vying for 
the same space. 

A hand-drill is adequate for electronic project work. but a 
cordless power drill is probably the best option. Remember 
to keep it well charged! 

Everyday Practical ElectronicsIETI. May 1999 353 



Measured Approach 
Before starting work on a case you 

have to finalise the overall layout for the 
unit and make any adjustments if nec-
essary. With most projects there are 
few restrictions on the placement of the 
controls. etc. and it is just a matter of 
coming up with something that looks 
reasonably good and is ergonomic. 

However, read the article carefully to 
see if there are any pitfalls to avoid. For 
example, with some projects it is impor-
tant to keep input and output sockets 
well separated. Ignore this sort of 
advice and you can reasonably expect 
the finished unit to be erratic in opera-
tion, if it works at all. 

Otherwise, it is just a matter of trying 
to keep things reasonably neat and 
avoiding the classic mistake of crowd-
ing the controls so close together that 
they are difficult to adjust. If necessary, 
relegate sockets to the rear of the unit 
to give more space for the controls or 
use smaller control knobs. 
Things will be neater if the spacing 

between control knobs of the same size 
is kept constant, but it does not usually 
pay to be too mathematical when 
designing front panel layouts. The neat-
est layout is the one that looks the neat-
est in real life, and not the one that 
looks the best "on paper". 
My favoured method is to place the 

control knobs onto the front panel, 
together with fixing nuts to represent 
things like toggle switches or panel 
I.e.d.s, so that you can see almost 
exactly what the finished project will 
look like. When everything looks right it 
is a matter of making some careful 
measurements so that a plan of the lay-
out can be sketched out. 

Making Your Mark 
Having finalised and checked the lay-

out it is then a matter of transferring it to 
the case. You will mainly be dealing with 
plastic and aluminium cases, both of 
which are relatively soft materials. 
There are actually some steel cases 
available, but these are best avoided 
unless you have proper facilities and 
the know-how to deal with them. 
The softness of plastic and alumini-

um means that you have to be careful 

not to scar the case for life when mark-
ing the centres of holes and cutouts. 
Indelible marks inside the case will not 
matter too much. but you have to be 
careful with the exposed sides of front 
and rear panels. 
The softest of pencils (about 5B or 

6B) will do the job quite well, as will 
some fibre-tipped pens. It is best not to 
use fibre-tipped pens having spirit-
based inks on plastic cases as they can 
etch into them slightly. 
The safest method is to cover the 

panel with paper held in place using 
double-sided tape or a water-based 
adhesive such as Pritt-Stick. It is then 
easy to make the marks with great pre-
cision, and they should be very clear. 
You can even use a computer drawing 
program to produce the design. and 
then fix the printout onto the panel. 

Either way, the paper will give a 
degree of protection to the panel while 
you are working on it. The paper can be 
peeled away once the work has been 
completed. and any adhesive or bits of 
paper that remain are simply washed 
off. This method clearly involves a lot 
more work than marking straight onto 
the panels. but it is the one recom-
mended for soft plastic cases which 
can otherwise be difficult to deal with. 

With aluminium cases use a centre 
punch to mark the centres of all holes 
prior to drilling them. The indentation 
acts as a guide for the drill and makes 
accurate drilling much easier. An auto-
matic punch is the best type to use. but 
a conventional punch and small ham-
mer will do. provided you do not get car-
ried away. Remember that aluminium 
panels buckle and distort quite easily. 

Neither type of centre punch is a safe 
option when dealing with plastic cases. 
which could be shattered by the punch. 
It is still necessary to make an indenta-
tion to stop the drill bit from wandering. 
and this is best done using a hand 
bradawl or similar tool, using a mini-
mum amount of pressure. 
You are now ready to start the drilling 

and cutting. Several ways of dealing 
with large cutouts were covered in the 
previous "Techniques- (March '99 
issue) article and this subject is some-
thing we will not consider here. 

An automatic centre punch (top) is ideal for use with 
aluminium but should not be used with plastic. Instead use a 
sharp bradawl or stiletto (bottom) with no more than moder-
ate pressure. 
(Right) It is dangerous to work on a case or panel that is not 
firmly fixed in place. Clamp the workpiece and a backing 
board to the workbench. 

Most panel mounting components 
require round mounting holes of up to 
about 10mm in diameter, and do not 
require the use of any unusual tools. 
Plastics and aluminium are quite soft. 
which means that you do not need a 
powerful electric drill. In fact, a powerful 
electric drill is a bit "over the top" for 
project construction and can be rather 
unmanageable at times. 

Plastic cases can actually start to 
melt if the drill bit rotates too fast. pro-
ducing some very rough results. A 
hand-drill is perfectly adequate and 
much more controllable. Recently I 
have changed over to a cordless power 
drill, and these seem to be ideal for pro-
ject construction. 
Due to the softness of the materials 

you will be working on it is not essential 
to use top quality drill bits. As an emer-
gency fill-in measure I bought a set of 
inexpensive drills from the local 
"Woollies" store a while back. and sev-
eral dozen projects later they are still 
perfectly usable. 

A Firm Hand 
It is important to have the case or 

panel firmly fixed in place before you 
start drilling, and to have a piece of 
scrap timber, MDF. etc. under the work 
piece. You may be able to clamp every-
thing into some form of vice, but it is 
usually a matter of using G-clamps to 
fix everything to the worktop. 
Some clamps are kinder to panels and 

cases than are others, but if necessary 
use pads of kitchen towel to prevent the 
clamps from scratching the work piece. 
The backing piece will stop the drill from 
crashing through the completed holes 
and will also help to give "clean" holes. 

However, drilling hardly ever gives 
perfect results and a certain amount of 
de-burring will usually be required. 
There are tools specifically for this 
purpose. but a miniature round file 
("needle" file) will do the job quite well. 

With soft materials such as plastic 
and aluminium the small blade of a 
penknife is also very effective, but 
always proceed carefully when using a 
sharp tool. With the holes and cutouts 
completed it is time to fit everything into 
the case and complete the wiring. 
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Milford 

ROBOTICS Instruments 
BASIC Stamps-

• Re-Programmable 

• BASIC language 
• RS232 Serial ports 

• 8 or 16 VO lines 
• SPVDTMF 
• Fast development 

Serial LCDs 

• RS232 Serial interface 
• 2x16 to 4x40 
• Simple 3-pin connection 
• Integral Keypad option 

• Large Numerics option 
• Driver chips available for OEM use 

3-Axis Machine 

• Stamp 2 based 
• Drills PCBs 
• 3-Axis movement 
• Stepper drive 
• 4 thou resolution 
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software 
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• 50MIPS 

• Flash Eprom 

• 18/28 pins 
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pin replacement 

Robotics 
• Humanoid 
• 5-Axis Arm 

• Walking Insect 

Servo Controller 
• Control up 
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• RS232 
Commands 

IR Decoder 
• Uses any remote 
• 7 digital outputs 
• Toggle/momentary 
• Re-Programmable 

Milford Instruments 01977 683665 www.milinst.demon.co.uk 

Transformers 
100 VA to 100 kVA and beyond 

Single Phase & 3 Phase 

Mains Transformers 

Auto-transformers 

Inverter Transfotmers 
Single to 3 Phase Converters 

Standard or Custom Wound 

Next day delivery normally 

available - even on custom wound! 

Call us with yom custom transformer 

requirements or fill out the Custom 

Transformer Design Porto mi ma Web Site for 

Single Phase Transformers 

Standard Pnmanes 

0-1)5 V, 0-115 V 
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Secondaries 

0-6 V, 0-6 V 

0-9 V, 0-9 V 

0-12 V, 0-12 V 

0-15 V. 0-15 V 

0-18 V. 0-18 V 

0-24 V, 0-24 V 

0-55 V. 0-55 V 

0-115 V, 0-115 V 

a quotation. 

5 - 15 V Regulated 
30 A D.C. Power Supply 
230 V mains input 

Digital Volt and Ammeters 

Full Overload Protection 

Variable Output 
Current limiting 

Only £299.99 

inc VAT and delivery 
(UK mainland only) 

The CCD Camera Cookbook 

Build this amazing cooled CCD camera 
for deep-space imaging A complete 
design wth full construcbonal details is 
provided in this Arnencan book Full 
support is offered by a group of British 
companies for UK constructors. 
including a completely re-vamped PSU 
design for European mains Supplies 
Visit our Web Site for circuit ideas, data, 
components, high energy xenon flash 
tubes and lots more 

%wen, third-millennium demon co uk 

JEM Electronics 
0870 787 1708 
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Bell College of Technology 
Almada Street 
Hamilton ML3 OJB 
Tel: 01698 283100 
Fax: 01698 459790 

BET J. College 

Make your 
expertise pay! 

In today's world you need qualifications to obtain and keep 
employment Our open learning courses make obtaining those 
qualifications as convenient as possible. 

Choose from our dozens of SQA accredited units, either 
singly to update your skills or as a group to obtain a Higher 

National Certificate. 

• Learn at your own pace in your own home 

• Support from professional engineers via phone, 

FAX and the Internet 

• Courses from introductory Bridging Modules 

to HNC Electronics 

• Units from Programmable Logic Controllers 

to Engineering Computing 

DON 'T DELAY - we are waiting to hear from you. 

Contact: Laura Murdoch, Open Learning Co-ordinator 

Tel: 01698 283100 Extension 214. 

E-mail: I.murdoch@bell.ac.uk 

Web: http://floti.bell.ac.uk/openlearning 

Member of the British Association for Open Learning 
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Understanding Computers 

PhizzyB COMPUTERS 
Part 7: Equipping the PhizzyBot with 
Optical Sensors 

HI THERE! Last month, as you no doubt recall, we created a rather 
cunning program to detect when the PhizzyBot collided with 

something and to respond in an appropriate manner. This program 
was designed to be user-friendly, such that it was relatively easy to 

Clive "Max" Maxfield and Alvin Brown 

specify, read, and modify the sequences of actions performed by the 
PhizzyBot, thereby facilitating our ability to experiment with differ-
ent sequences. This month we get PhizzyBot involved in measured 
space travel, and add to its senses by giving it eyes — six of them. 

or HE ACTIONS and movements discussed last 
month were specified using constant dec-

larations like STOP. FORWARD, TURN_L 
(turn left), and SP1N_CW (spin clockwise). 
However, the "units" associated with these 
actions were always those of time (measured 
in tenths of seconds). 

WAITS AND 
MEASURES 

Associating actions with units of time made 
sense in the context of the way we developed 
our program. But when you come to think 
about it, a command like "Go forward for 
three seconds" isn't perhaps quite as useful as 
being able to present an instruction in the 
form: "Go forward for fifteen centimetres". 

Similarly, the command "Spin clockwise 
for two seconds" doesn't convey the same 
intent as "Spin clockwise for ninety degrees". 
Well, perhaps it does convey the same intent 
(if you want to be pedantic), but it is certainly 
less people-friendly when it comes to working 
out exactly what's going to happen. 

So what we need is a technique that will 
allow us to replace delay values with units like 
centimeters and degrees. In order to do this, 
we first need to ascertain the relationship 
between time and distance travelled. One way 
to do this would be to mark out a specific dis-
tance (say three metres) and time how long the 
PhizzyBot takes to travel this distance. 

Alternatively, you could easily modify last 
month's program such that clicking Switch I 
will cause the PhizzyBot to travel forwards for 
some specified time (say ten seconds) and 
measure the distance travelled. 

Whichever technique you choose to use, 
you should repeat the process a number of 
times and average the results to compensate 
for experimental errors. In the case of our 
PhizzyBot, it took approximately fifteen sec-
onds to travel three metres. This equates to 
five seconds per metre, or 0.5 seconds to 
travel ten centimetres, or 01 seconds to travel 
two centimetres. 
As 0.1 seconds is the smallest interval we 

can measure with our current program, this 
means that the smallest distance we can 
instruct the PhizzyBot to travel ,is two cen-
timetres. (In order to achieve finer control, we 
could modify the program, or change the gear-
ing on the motors to make them slower, or 
reduce the diameter of the PhizzyBot's 
wheels, or ...) 

But let's stick with what we've got. One 

thing we could do would be to create a whole 
host of constant declarations as follows: 

_2cm: 
_4cm: 
_hcm: 
_hcm: 

.EQU 1 

.EQU 2 

.EQU 3 

.EQU 4 

etc. 

Remember that label names cannot com-
mence with a number, so we can't use 2cm, 
4cm, 6cm, and so forth, but labels can start 
with an underscore as shown above. So this 
would allow us to specify action sequences in 
the form: 

FORWARD, 
BACKWARD, 

_4cm 
_8cm 

etc. 

(We've omitted the labels and .BYTE state-
ments associated with these action sequences 
for clarity and space considerations.) Orle 
problem with this technique is that it requires 
us to create one heck of a lot of constant dec-
larations to cover every time value from 1 to 
255. One alternative would be to just create 
one constant declaration (say _2cm .EQU 1) 
and to then use expressions to modify this in 
the action sequences, for example: 

FORWARD. 10 * _2cm 

That's right. we can use expressions in 
these statements, as you doubtless recall from 
reading Appendix D from The Official Bebop-
uter Microprocessor Databook. 

In reality we might create a small number 
of constant declarations to cover any "stan-
dard" values like _10cm, _20cm, and so forth, 
and to then modify these with expressions as 
required. 

IN A SPIN 
Now set the PhizzyBot to spinning clock-

wise, and time how long it takes to make ten 
complete revolutions. As before, repeat the 
process a number of times and average the 
results to compensate for experimental errors. 

In our case, it took our PhizzyBot approxi-
mately 25 seconds to complete ten revolu-
tions, which equates to 2.5 seconds per 
revolution (360 degrees). Remembering that 
the smallest interval we can measure with our 

current program is 1/10 of a second, this 
means that the smallest rotation we can 
instruct the PhizzyBot to perform is 14.4 
degrees (which we can "round up" to 15 
degrees for the sake of this discussion). 

So once again we could create some con-
stant declarations along the lines of: 

_15deg: 
_30deg: 
_45deg: 
_60deg: 

.EQU 1 

.EQU 2 

.EQU 3 

.EQU 4 

etc. 

In fact, in this case we really only have 
twelve labels to declare to cover 15, 30, 45, 
60, 75, 90, 105, 120, 135, 150, 165, and 180 
degree increments, because we can use these 
declarations as assignments to both clockwise 
and anticlockwise spin commands. (And we 
can always use expressions to modify these 
constants if we wish; for example, 4 * 
_180deg will instruct the PhizzyBot to per-
form two full revolutions.) 

NO HISTORY 
I liere is an old saying that those who fail to 

learn the lessons of history are doomed to 
repeat them (this is particularly true in the • 
case of history courses at high school)). One of 
the limitations of last month's program is that 
it had no sense of history, which means that 
the PhizzyBot has no knowledge of anything 
that's happened before the current time. 

The end result is that the PhizzyBot could 
easily get itself stuck in a repetitive "loop", 
such as endlessly bouncing back and forth 
between two closely spaced objects. If the 
program were modified to maintain some 
record of what had gone before, then we 
might be able to circumvent this sort of 
thing. 

As a simple example, if the program had 
some method of checking its last few moves, 
it could essentially say, "Hmmm, I seem to be 
cycling between the same two action 
sequences, perhaps I should try something 
else and see if that gets me out of this jolly 
awkward predicament". 

Not that we're going to tell you how to do 
this, you understand — we've got too much 
new stuff to be getting on with. The only rea-
son we're mentioning this here is that we 
thought that you might be desperately looking 
for something to do this coming weekend... 

356 Everyday Practical Electronics/El'!, May 1999 



Listing 1 

MSS Start of Constant Declaration; 
LSENSORS: .EQU $F011 Si Light Sensors 
MGRAPH: .EQU $F030 S Motor bargraph display 

TGRAPH: .EQU $F031 S Timer bargraph display 

MCONTROL: .EQU $F032 0 Motor controller board 
DELCONST: .EQU $0C !I Delay constant value 
STOP: .EQU %00000000 fe Stop motors 

FORWARD: .EQU %00001010 Go forward 

SPIN CW: .EQU %00000110 * Spin clockwise 
SPIN=ACW: .EQU %00001001 S Spin anticlockwise 
lsec: .EQU 10 S Delay = 1 second 
10cm: .EQU 5 * Delay - 10 centimeters 
30deg: .EQU 2 S Delay - 30 degrees 
60deg: .EQU 4 14 Delay - 60 degrees 

90deg: .EQU 6 S Delay = 90 degrees 
120deg: .EQU 8 * Delay = 120 degrees 

150deg: .EQU 10 S Delay = 150 degrees 
180deg: .EQU 12 * Delay = 180 degrees 

¡SS End of Constant Declarations 

$SS Start of main program initialization 
.ORG $4000 4! Start of program 

BLDSP $4FFF S Load stack pointer 
*** End of main program initialization 

SS* Start of Main Program Body 
SS* End of Main Program Body 

SS* Start of Subroutines 

SS* End of Subroutines 

SS* Start of Temp Locations and Data Values 
GOFLAG: .BYTE $01 Flag (0=stop, 1=go) 
TVALUE: .BYTE S Main timer temp value 
TEMPX: .2BYTE $0000 JO Temp index register 
SS* End of Temp Locations and Data Values 

.END 

COMING INTO THE 
LIGHT 

But we digress . . . In Alan Winstanley's 
construction article in this issue, he describes 
how to use a set of six light-dependent resis-
tors (I.d.r.$) as the basis for a rudimentary 
optical sensor for the PhizzyBot. 

For our part, we are going to create a sim-
ple program that utilizes this optical sensor to 
make the PhizzyBot act the role of a "Moth-
Bot". That is, a Bot that's attracted to the light 
from a torch (or a flashlight as they would 
have it in the vernacular of the good old US-
of-A, which is where we Phizzy authors hap-
pen to find ourselves at this moment in time). 

SKELETON PROGRAM 
As for last month, the first thing we're 

going to do is to create a skeleton (framework) 
program, which we'll develop as we go along. 
Invoke your PhizzyB Simulator, activate the 
assembler, and enter the program shown in 
Listing I. 

Note that the values you assign to the 
_10cm, _30deg, _60deg, and so forth labels to 
control your PhizzyBot may be different to the 
ones shown here, because the gearing of your 
motors and the size of your wheels may differ 
from ours (bounce back to the In a Spin sec-
tion earlier for more details). 

Before you do anything else, save this 
skeleton program as ffxpl.asm. Now consid-
er the Constant Declarations section at the 
beginning of the program. The LSENSORS 
label will be used to associate our new light 
sensor device with the input port at address 
$F011 (so make sure you connect the little 
rascal to this port). 

Next we're going to use the PhizzyB's on-

board 8-bit I.e.d. bargraph display to indicate 
the value we're driving to the motors. Thus, 
we equate the MGRAPH label to the address 
of this output port. which is $F030. 

As for last month, we're also going to con-
nect the 8-bit I.e.d. bargraph display we creat-
ed in Part 2 (Dec '98) to the output port at 
address $F031, and then use this to reflect the 
current value in the timer. Thus, we equate the 
TGRAPH label to the address of this butput 
port. 

Also, we're going to connect our motor 
controller board from Part 5 (Mar '99) to the 
output pon at address $F032. Hence the 
MCONTROL declaration. 

The DELCONST label, which is used to 
persuade our timing subroutine to loop around 

for 1/10 of a second, is assigned a value of 
$0C (12 in decimal). (We determined the 
value of DELCONST by trial and error as 
discussed in Part 5). 

The STOP, FORWARD, SPIN_CW, and 
SPIN_ACW labels are assigned values that 
can be used to control the PhizzyBot's motors 
so as to stop the Bot, drive it forward, spin it 
clockwise, or spin it anticlockwise. respec-
tively. Ideally we would use the multi-label 
approach we introduced last month; assigning 
these values directly is a "quick and dirty" 
solution, but it serves our purposes here. 

The remaining constant declarations (_lsec. 
_10cm. _30deg. _60deg. and so forth) have 
been discussed in excruciating detail above. 
The rest of the skeleton program consists of 
two initialization statements, the reserving of 
some temporary locations, and some com-
ments, all of which have been discussed into 
the ground earlier in this series. So, without 
further ado, let's leap into the fray! 

TIMER SUBROUTINES 
In a moment we're going to leap into the 

really interesting stuff, but before we do we 
need to add the timer routines shown in List-
ing 2 (add these between the "Stan and End of 
subroutines" comments in the skeleton 
program). 

These routines are exactly the same as last 
month, so we won't spend any time discussing 
them here. The only point to note is the test of 
the GOFLAG label at the beginhing of the 
TIMER routine. We really aren't going to 
have any use for the GOFLAG label this 
month, but we will leave it (and the test) 
where it is. because we don't want to do any-
thing to affect the delays in the TIMER rou-
tine. Note that we pre-assigned a value of $01 
(the "go" value) to the GOFLAG location 
when we declared it at the bottom of Listing I, 
so we won't have to concern ourselves with 
this flag anymore. 

SIMPLE TEST PROGRAM 
Before you do anything else, make sure that 

the new light sensor device is plugged into the 
PhizzyB's input port at address $F011. Also 
ensure that this device is oriented on top of the 
PhizzyBot such that the I.d.r. driving bit IPO of 
the input pon is pointing towards the front of 
the Bot (Fig.1). 

Now, add the following statements between 
the two comments saying Start and End of 
main program body in your skeleton program: 

S== Start 
TIMER: 
TLOOPA: 

JE 
LDA 

DECA 
STA 
STA 

JNZ 
TRETURN: RTS 

4— End of "Main 

Listing 2 

of "Main Timer" Routine 
STA [TVALUE] * Store original count 

JSR [ONETENTH] * Call 1/10 Sec loop 
LDA (GOFLAG) S Load flag 

[TRETURNI Jump if flag=0 
[TVALUE] It Load count value 

* Decrement it 

[TVALUE] if Store it 
[TGRAPH] * Store it to LEDs 
[TLOOPA] Loop again if !=0 

S Exit subroutine 

Timer" Routine 

0— Start of "1/10 Second" Routine 
ONETENTH: LDA DELCONST Load count value 

OTLOCPA: DECA 0 Decrement it 

JNZ [OTLOOPA] M Loop again if !=0 
CTRETURN: RTS 0 Exit subroutine 

0== End of "1/10 Second" Routine 
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Fig.1. Ensure that the Ld.r. driving port bit IPO is pointing towards the front 

LOOP: LDA ILSENSORS] 
AND 9000111111 
STA IMGRAPHI 
JMP (LOOP] 

All this program does is to loop around 
reading from the port connected to the light 
sensors and writing to the 8-bit I.e.d. bargraph 
display connected to output port $F030 (label 
MGRAPH) on the PhizzyB. However, it is 
worth taking special note of the AND instruc-
tion, which is used to "mask out" the top two 
(unused) input port bits and force them to zero 
values. 
The way the sensor circuits work is that if 

an I.d.r. is not illuminated it will have a high 
resistance, so the tap (connection) point 
between the 22kil resistor and I OW poten-
tiometer will be pulled up towards a logic I 
(+5V) value. This will be inverted by ICI to 
present a logic 0 to the input port. 

Similarly, if an I.d.r. is illuminated, its resis-
tance will fall and the tap point will be pulled 
down towards a logic O. This, in turn, will be 
inverted by ICI to present a logic 1 to the 
input port. The end result is that any of the 
I.d.r.s that are illuminated will be "seen" as 
logic I values by the PhizzyB. 

In order to test this, assemble your pro-
gram, download the resulting ffexpl.ram file 
to the PhizzyB, and set the program running. 
Assuming that you've calibrated the sensors 
as described in Alan's constructional article, 
then all of the I.e.d.s on the bargraph display 
should initially be off. Now shine a light at 
each of the I.d.r.s in turn, and ensure that the 
corresponding I.e.d. lights up. 

(Note that even if you don't have a real 
PhizzyB and PhizzyBot, you can still perform 
all of the experiments described in this article 
on the PhizzyB Simulator by presenting the 
appropriate values to input port $F01 I and 
observing the results.) 
When you've satisfied yourself that 

everything is working as it should, reset the 
PhizzyB (and/or the PhizzyB Simulator) 
and proceed to the next section. 

BLINDED BY THE LIGHT 
Although you may not have fully appreciat-

ed this, the way in which we implemented last 
month's "Collision Detection" program was 
based on the assumption that only one 
microswitch would be triggered at a time. 
However, in the case of our new light sensor 
device, it is more than possible for multiple 
I.d.r.s to be activated simultaneously (Fig.2). 

This article is based on the assumption that 
either one sensor will be activated as shown in 
Fig.2a, or two adjacent sensors as shown in 
Fig.2b. However, depending on how you con-
struct your sensor housing (including the posi-
tioning of the sensors and the lengths of the 
internal dividing "spokes"). it might be possi-
ble for your torch (flashlight) beam to activate 
one, two, or even three adjacent sensors. 

In fact, we also have to consider the fact 
that stray light beams from external sources 
may activate one or more sensors (e.g. the sun 
shining through a window). And it's not 
beyond the bounds of possibility that a 
prankster may be sabotaging your experi-
ments by surreptitiously shining their own 
light source at the PhizzyBot from behind the 
sofa... 

So although we're only going to foci', on 

Fig.3. All 12 of the one and two (adjacent) active sensor cases. 

the cases involving one or two (adjacent) sen-
sors, our program has to accommodate the 
fact that any combination of I.d.r.s may be 
illuminated. As we have six sensors, and each 
may be in one of two states (On or Off), we 
actually have 26 = 64 different patterns of Os 
and Is to deal with. (This is one reason why 
we didn't use eight sensors, because we didn't 
want to have to contend with 28 = 256 differ-
ent patterns). But fear not, because this isn't 
going to be as tricky as you might suspect ... 

26 = 64 EEEKKK! 
The first thing we need to do is to create 64 

labels just before the "End of Temp Locations 
and Data Values" comment in Listing I. Each 
of these labels will commence with the char-
acters "LS" (standing for "light sensors") fol-
lowed by a 6-bit binary 
code. Each label will 
also be followed by a 

(a) One sensor activated (b) Two sensors activated 

Fig.2. Multiple I.d.r.s may be activated simultaneously. 

.BYTE statement and associated values as 
shown in Listing 3 (we'll discover the purpose 
of these values in the not-so-distant future). 

As we see from this listing, the binary 
codes associated with these labels follow a 
standard binary count sequence. This should 
be easy enough. but just in case you're a little 
unsure, here's a simple trick you can use to 
create these entries. 

Start off by entering the first line for label 
LS000000 (including the .BYTE STOP, 
_I sec portion), then copy this line 64 times. 
In order to edit these 64 lines such that they 
reflect a binary count, commence by mak-
ing the least-significant (bit 0) column alter-
nate between 0 and I. for example: 

LSxxxxx0: etc 
LSxxxxxl: etc 
LSxxxxx0: etc 
LSxxxxxl: etc 
LSxxxxx0: etc 
LSxxxxxl: etc 
etc 
Now make the bit-1 column alternate 

between two Os and two Is, for example: 
LSxxxx00: etc 
LSxxxx01: etc 
LSxxxx10: etc 
LSxxxx11: etc 
LSxxxx00: etc 
LSxxxx01: etc 
etc 

Continue with the bit-2 column alternating 
between four Os and four Is: the bit-3 column 
alternating between eight Os and eight Is: the 
bit-4 column alternating between sixteen Os 
and sixteen Is: and finally the bit-5 column 
starting with thirty-two Os and ending with 
thirty-two Is (phew!). 

In reality our program only needs the first 
of these labels as we'll see. The other labels 
are intended for us so that we can see what 
we're doing. 

WHICH WAY TO TURN? 
As we previously noted, were only going 

to focus on the cases where one or two (adja-
cent) sensors are activated (Fig.3.) 

As there are 360 degrees in a circle, each of 
our six sensors is responsible for a 60-degree 

Listing 3 

SS543210 S Bit numbers 
LS000000: .BYTE STOP, _lsec 
LS000001: .BYTE STOP, lsec 
LS000010: .BYTE STOP, Ilsec 
LS000011: .BYTE STOP, _lsec 

LS111101: .BYTE 

LS1I1110: .BYTE 
LS111111: .BYTE 
*SS End of Temp 

STOP, _lsec f 

STOP, lsec 
STOP, :lsec I 
Locations and 

Stop & wait 
Stop & wait 
Stop & wait 
Stop & wait 

Stop & wait 
Stop 6. wait 

Stop & wait 
Data Values 
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Listing 4 Listing 5 

LS000001: .BYTE FORWARD, 10cm _ 
LS000010: .BYTE _ SPIN CW, 60deg 
LS000011: .BYTE SPIN— _CW, 30deg 

LS000100: .BYTE SPIN—CW, I2Odeg 
LS000110: .BYTE SPIN—CW, 90deg 

LS001000: .BYTE SPIN—CW, 1.60deg 
LS001100: .BYTE SPIN— _CW, 150deg 
LS010000: .BYTE SPIN— _ACW, 120deg 
LS011000: .BYTE SPIN— _ACW, 150deg 
LS100000: .BYTE SPIN— _ACW, 60deg _ 
LS1J0001: .BYTE SPIN—ACW, 30deg 
LS110000: .BYTE SPIN= ACW, __90deg 

arc. If only the forward (bit 0) sensor is active, 
we want the PhizzyBot to trundle forwards 
(Fig.3a). If only the bit 1 sensor is active 
(Fig.3b), we want the PhizzyBot to spin 
clockwise for 60 degrees, which should suf-
fice to align the bit 0 sensor with the light 
source again. And so forth for the remaining 
one-sensor cases. 

Similarly, if both the bit 0 and bit 1 sen-
sors are active (Fig.3g), and if we assume 
that the light source is located exactly 
between them, then we want the PhizzyBot 
to spin clockwise for 30 degrees, which 
should serve to bring the bit 0 sensor in line 
with the light source once more. And so 
forth for the remaining two-sensor cases. 

Fortunately, we've already got everything 
in place to easily accommodate these require-
ments. All we have to do is to modify the 
assignments to the twelve labels associated 
with these cases as shown in Listing 4. 

MAIN PROGRAM BODY 
Delete our earlier test program statements 

from between the two comments saying "Start 
and End of main program body", and replace 
them with the code shown in Listing 5. Unlike 
last month, this program is going to be "easy-
peasy!" 

As we see, the main loop for this program 
is really small. First of all we read the value on 
the sensors and store it in the accumulator. 
Next we use an AND instruction to mask out 
the two MS bits, which aren't connected to 
any sensors (this masking operation ensures 
that these two bits don't confuse us with unex-
pected values). 
We know that each of our LSxxxxxx labels 

has two bytes associated with it, so we shift 
the value in the accumulator left one bit, 
which is the same as multiplying it by two 
(this technique was discussed in the bonus 
article accompanying Part 3). 
Now this is the cunning part, because we 

save this "Sensor x 2" product in the LS byte 
of our 2-byte TEMPX value, then we use a 
BLDX instruction to load this value into our 
index register. Next we use an indexed 
addressing mode instruction LDA 
[LS000000,X]. This loads the accumulator 
with the data byte it finds at the address cal-
culated by adding the address of label 
LS000000 with the contents of the index 
register. 
As an example, let's assume that the pattern 

read from the sensors was 000110 (6 in deci-
mal). Shifting this left resultsin 001100 (12 in 
decimal). Remember that each of our 
LSxxxxxx labels has two bytes associated 
with it, so adding a value of 001100 to the 
address of label LS000000 will give us the 
address of label LS000110, which is what we 
wanted in the first place. (We know that this 

LOOP: LDA [LSENSORSJ it 

AND 600111111 

SHL 

STA [TEMPX+1] 

BLDX [TEMPX) 

LOA [LS000000,X] 

STA [MGRAPH] 
STA [MCONTROL] 

INCX 

LDA [LS000000,X] 

JSR [TIMER] 

JMP [LOOP] 

Load ACC from sensors 

AND to mask unused bits 

Shift ACC left 1 bit 

Store to LS byte of X 

Get action 
it Store to LEDs 
ti Store to motor control 

# Increment index reg 

# Get delay 

It Call timer subroutine 

Oi Do it all again 

seems a bit convoluted at first, but once 
you've wrapped your brain around it, you will 
come to realize that this is actually rather ele-
gant . .. or not as the case might be.) 
We know that this first data byte is a "motor 

control action", so we store it to the I.e.d.s 
displaying the state of the motors and also to 
the output port driving the motor controller 
device. 
We now increment the index register, load 

the next data byte (which is the "delay"), and 
jump to the TIMER subroutine to wait for 
this delay to time out. Finally we jump back to 
the beginning of the loop and do it all again. 

If you return to the LSxxxxxx labels, you 
can now see that whenever no sensors are 
active (or if an unexpected combination is 
active), the program will simply stop the 
motors and wait for a second. After this short 
delay, it will recheck the sensors to see if any-
thing has changed. 

Thus, when left to "roam wild and free". 
the PhizzyBot should hunker down and wait 
for you to shine a light at it. As soon as it 
"sees" the light, it should spin around to orient 
itself towards the light and race towards it. If 
the light should be extinguished, the Phizzy-
Bot will stop where it is and wait for the light 
to reappear. 

Save this new program as ffexp2.asm, 
assemble it, download the resulting 
ffexp2.ram file to your PhizzyBot (or load it 
into your PhizzyB Simulator) and experiment 
away with gusto and abandon! 

MORE PRECISION 
One thing that may have struck you is that-

the "visual resolution" of the PhizzyBot 
leaves something to be desired. This is 
because we only have six sensors, each of 
which handles a 60-degree field of view 
(Fig.4). 

This means that our program as described 
above can't guarantee that the PhizzyBot will 
trundle directly towards a light source. 
Instead, the PhizzyBot may initially head off 
at a slight tangent until the light hits a second 
sensor, at which point the PhizzyBot will 
detect its error and attempt to correct it 
(Fig.5). 

Suppose we wanted to make the PhizzyBot 
more accurate using just these six sensors — • 

how could we do this? Well first of all we'd 
have to modify our TIMER subroutine to 
measure smaller units of time. For example, 
we know that 1/10 of a second equates to the 
PhizzyBot spinning approximately 15 
degrees. Thus, if we could time delays in 
1/100 of a second increments, then the 
PhizzyBot could be instructed to spin in incre-
ments of 1.5 degrees. 
Of course our current subroutine has a 

maximum delay of 255 x 1/10 of a second, 
which equals 25.5 seconds. If we started 
counting in 1/100 of a second, our maximum 
delay would only be 155 seconds, which 
would be somewhat limiting. One way around 
this would be to use two bytes to specify the 
delay. Two bytes can represent 0 through 
65,535 in decimal, which gives us a maximum 
delay of 65,535 x 0.01 seconds = approxi-
mately 655 seconds (almost 11 minutes), 
which should be more than enough for our 
purposes. 

Assuming that we had the ability to time 
in 1/100 second intervals, then we could use 
this to improve the "visual resolution" of the 
PhizzyBot. When a light was first detected, 
we could spin the PhizzyBot until its bit 0 
sensor was activated. Next we could spin the 
PhizzyBot clockwise in 1.5 degree incre-
ments until the bit 0 sensor went inactive 
and/or the 'bit 5 sensor became active. This 
gives us one "end" of the bit 0 sensor's field 
of view. 

Next we could spin the PhizzyBot anti-
clockwise in 1.5 degree increments using the 
bit 0 and bit 1 sensors to detect the other end 
of the bit 0 sensor's field of view. Our pro-
gram could count how many 1.5 degree 

Fig.4. Each sensor covers a 60-degree 
arc. 

(a) Not quite right 

mal> mal> maw n 491 

(b) Detect 8. correct Hand-held 

light source 

Fig.5. The program may -hunt and seek" a little. 
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increments it took to go from one end to the 
other. Now all we would have to do would be 
to spin the PhizzyBot clockwise for half of 
this number, which should leave it pointing 
almost directly at the light source. 

MOTHEIOT VERSUS 
ROACHBOT 
Our program has so far focused on making 

the PhizzyBot act the role of a MothBot that's 
attracted to the light. Another simple experi-
ment you could perform would be to modify 
this program such that it now acts like a 
RoachBot that scurries away from the light and 

furtively tries to hide itself away in dark places. 
Now what we'd like you to do is to com-

bine the program we've just discussed here 
with the program from last month (Part 6). 
Your mission (should you decide to accept it) 
is to create a program that allows the Phizzy-
Bot to meander around the room bumping into 
things and responding appropriately. But as 
soon as it "sees" a light source, it should stop 
whatever it was doing and hurl itself towards 
the light at full pelt. 

NEXT MONTH 
Sad to relate, next month is the final issue 

Understanding Computers 

in this PhizzyB series (little tears are rolling 
down our cheeks as we pen these words and 
our lower lips are all aquiver). But turn that 
frown upside down into a smile, because in 
the final issue we'll be discussing all sorts 
of exciting experiments you can perform 
with your PhizzyB Simulator. PhizzyB, and 
PhizzyBot, plus we'll be inviting you to 
contribute your own input/output device 
suggestions to the Ingenuity Unlimited 
column. 

So "keep on trucking" with your Phizzy-
Bot, and we'll be with you again next 
month. 

PhizzyB COMPUTERS 
Construction - PhizzyBot Eyes 
 Alan Winstanley 

Six eyes give PhizzyBot a whole new view of the 
world and open up a range of possibilities. 

Imp AST month we described a simple 
method of adding "feelers" to the 
hizzyBot computer-controlled 

motorised platform. By using a series of 
microswitches around the periphery of the 
PhizzyBot, it can detect the presence of an 
obstacle and, under the control of a com-
puter program, the PhizzyBot can avoid it 
by spinning, turning or reversing. 
As usual, the control program was fully 

detailed in the Tutorial, and it could be 
developed and refined on a Windows-com-
patible PC using the PhizzyB Simulator 
software on CD-ROM: the PhizzyB is pro-
grammable via the PC's serial port and 
programs can be uploaded to the PhizzyB 
in a trice. Many of the demonstrations 
could also be followed on-screen without 
the use of the hardware PhizzyB, although 
you'll be missing a heck of a lot of good 
fun in the process! 

PRACTICALLY FINAL 
This month sees the final practical pro-

ject related to the unique PhizzyB Com-
puters series. In the accompanying tutorial 
article, Max and Alvin describe further 
techniques related to controlling the direc-
tion and travel of the PhizzyBot buggy. We 
show how the computer program used by 
the PhizzyBot can be refined to offer a 
greater degree of control of the Phizzy-
Bot's motorised movements. 
One further tutorial will be presented 

next month to "wrap" the series and then it 
is hoped that readers will develop further 
applications, circuitry and programs for 
the powerful PhizzyB computer. 

Apart from "doing your own thing", 
readers may rest assured that help will con-
tinue to be available to those picking up 
this series for the first time, even when the 
published series has drawn to a close. You 

can write to the authors c/o the Editorial 
address or by E-mail — see the details at the 
end of this article. 

MULTIPLE EYES 
The constructional details which follow 

describe the addition of an array of light-
dependent resistors (I.d.r.$) which are used 
to provide the PhizzyBot with "eyes". This 
addition can be used to demonstrate how 
the PhizzyBot, with the aid of a suitable 
computer program, can be made to react 
when it detects a source of light. 

It also demonstrates the principles of 
how the PhizzyBot can in general be made 
to respond to externally-generated control 
signals — whether by being attracted to a 

stimulus or, indeed, by recoiling away 
from it! This opens up new possibilities for 
applying a PhizzyBot in a number of com-
puterised control systems — perhaps as a 
white line follower, or a buggy armed with 
magnetic detectors (or Hall Effect switch-
es) which follows an "invisible" metal 
stripe buried in the carpet underneath. 

All it requires is a simple input device, 
such as the light-sensitive type described 
next, and an appropriate computer pro-
gram to help the PhizzyB make sense of it 
all. 

ALL-ROUND VIEW 
The light-dependent resistor array 

described in the main feature consists of' 
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six photo-conductive cells coupled to a 
series of electronic switches. A common 
NORP12-type I.d.r. is used which has a 
resistance of several megohms in darkness, 
this falls to a few hundred ohms under 
bright conditions. 
The tutorial article describes the very 

cunning way in which the six devices are 
arranged around a hexagon, and by separat-
ing each I.d.r. from its neighbour using a 
divider, a 360 degree field of view can be 
created. The hexagon arrangement is sand-
wiched between two discs to make the unit 
"directional". 

It is designed such that either one or two 
1.d.r.s can be illuminated at any one time by 
a source of light, and this can be decoded 
by the computer program to enable the 
PhizzyB to "know" the direction from 
which the light is being emitted. 
The assembly of the I.d.r. sensor falls 

into two parts: an interface board which 
connects to a PhizzyB input port, plus the 
construction of the hexagonal array itself. 
Now here's an opportunity to have some 
fun and practise one's model engineering 
skills once again! 
The building of the optical sensor and 

circuit is straightforward and somewhat 
easier than some of the more ambitious I/O 
circuits presented in earlier parts of the 
series. 

SENSOR CIRCUIT 
Circuit diagram details for of the I.d.r. 

sensor are shown in Fig. 1 . All six sensors 
use an identical circuit based on a Schmitt 
inverter. A Schmitt-triggered device is one 
which converts a slowly-moving signal to a 
rapid "snap action" on-off voltage, whilst 
an inverter merely outputs a logic state 
opposite to that of the input signal so a 
"low" voltage is inverted to a logic "high". 

In the circuit diagram, an I.d.r. and a 
variable trimmer resistor (potentiometer) 
are used with a fixed "pull up" resistor to 
produce a potential divider. In the case of 
the first digital bit, based around LDRO and 
IC I a, when light falls upon the I.d.r.. its 
resistance will fall, which may take a short 
time because an I.d.r. has a relatively slow 
response. 

In order to generate a clean on-off signal 
(i.e. a fast pulse edge) this is converted by 
the Schmitt inverter IC I a. The voltage at 
pin 1 of ICI is sent by the I.d.r. towards OV. 
A point will be reached where the inverter 
will suddenly detect a low input signal. 
Consequently, a logic 1 is sent from pin 2 
to IPO of the PhizzyB input port at pin 19. 

P 9 0/NI I  

a:»13 It7.1 ,DR4 It I DRO 

0-0 -& e-e;:-Te •  
o-o4 00N1 9.411.-4 I e 
• Oh IC1 + •  

F covs 17,4.-4/›-

00-0 4424.-• 
0-0-0 0-0i30.11 
0-0-0 0-0-Li 
0-0-0 0-0-0 0-0-0 

Fig.2. The presets and hex inverter are mounted on the board, but the sensors are 
wired off-board. 

This arrangement is repeated for the five 
remaining I.d.r.s, each having its own trim-
mer resistor and outputting via a Schmitt 
inverter gate to the PhizzyB input port. The 
trimmer resistor (preset) is used to enable 
some adjustment of the triggering point for 
each I.d.r., also allowing the user to com-
pensate for ambient light conditions. 

EYES OFF THE HOARD! 
In Fig.2 is shown the layout ut all the 

"eyesight" components, mounted on one 
half of a PhizzyB I/O board, with the 
exception of the six 1.d.r.s which are mount-
ed externally. Commence construction by 
soldering the trimmer resistors and i.e. 
socket into place to act as a reference, then 
complete all interwiring as shown. On the 
prototype. extension spindles were used for 
the trimmer resistors to make adjustment 
and setting up more convenient. 
The component layout should be' fol-

lowed closely, noting that three resistors 
(R3 to R5) should be insulated with PVC 
sleeving or similar to prevent shorting to 
nearby flying leads. A single link wire is 
soldered on the underside of the board as 
indicated, and both tinned copper wire and 
general-purpose hook-up wire can be used 
for the jumper wires. 
The wiring doesn't need to be very neat 

but it should be effective. It will prove very 
useful to use six different colours for the 

RC, 
22% 

VRO 
10k 

DRU 
NORP 12 

BIT 0 
ADJUST 

.5V (1) 

IPO (19) 

'COMMON" 
FOR SIX 
L D.R S 

REPEAT FOR 

LORI TO LDR4 

OV (18) 

R5 
221, 

VRO 
10k 

DRF, 
NORP'2 -›• 

BIT 5 
ADJUST 

IC1f 
741S14 

13 1 
IPS 191 

Fig.l.Circuit diagram for the optical sensors. 
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jumper leads which connect to ICI and 
CON I, in order to identify the six connec-
tions 'PO-1PS. The same colours should be 
used in relation to the I.d.r. assembly. 
described next. Hence, use six colours to 
identify the wiring of each "channel" 

COMPONENTS 
Resistors 

RO to R5 22k (6 off) 
All 0.25W 5% carbon film 

Potentiometers 
VRO to VR5 10k min. horiz. 

preset (6 off) 
with extension 
spindles (see 
text) 

Semiconductors 
LDRO to LDR5 NORP12 (or 

ORP12) light-
dependent 
resistor (6 off) 

IC1 74LS14 hex 
Schmitt trigger 
inverter 

Miscellaneous 
CON1 20-way (DC box 

header 
One half PhizzyB I/O board; 14-pin 

socket; hook-up wire (assorted 
colours): materials for I.d.r. assembly, 
including two CDs (see text); 20-way 
IDC connector cable. 

Approx.cost 
guidance only £15 
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OPTICAL DISCS 
Two discs are used to sandwich the 

hexagonal arrangement of six light-depen-
dent resistors. Rather than attempting to 
produce the discs from, say, plastic card, it 
was found that a pair of unwanted compact 
discs (e.g. outdated catalogue CDs — at last, 
a practical use for them!) proved admirable 
for this purpose. 
The hexagonal centre and the six divid-

ing pieces can be cut from plastic available 
from model shops, and the approximate 
dimensions are shown in Fig.3. Note that 
two holes (10mm apart and approximately 
1mm diameter) are required in each hexa-
gon face to carry an I.d.r., so drill these next. 
File all edges so that they are reasonably 
square and level. 

Use a felt tip pen to mark out the layout 
on the lower CD. The six centre pieces can 
then be glued to the shiny side (glue may 
not adhere to the printed side) of the CD to 
form the hexagon. Hot-melt glue is perfect 
for this, but any general-purpose plastic 
cement or super glue could be used (CDs 
being made of polycarbonate which glues 
readily). 
When the glue has set, the surface of the 

resulting assembly should be spray-painted 
black (preferably matt) using cycle or car 
aerosol touch-up paint. The paint will help 
prevent unwanted reflections and stray light 
from "confusing" the PhizzyBot light sen-
sor array, which might otherwise generate 
erroneous signals. The other CD which will 
fit on top should also be spray painted on 
both sides. 
The six light-dependent resistors should 

then be glued to the faces of the hexagon by 
feeding their leads through the plastic, 
scraping off any paint prior to gluing. 

FLYING LEADS 
Manipulate one wire of each 1.d.r. to join 

them all together within the hexagon, and 
solder these together as one large joint, to 
create a common rail for all the I.d.r.s. A 
single flying lead (approximately 230mm) 
should then be soldered to this common rail 
and fed out through the centre hole in the 

Above: The Ld.r.s on their hexagonal disc. 

Left: Fig.3. Showing how the Ld.r.s are arranged, plus the 
extra bits that are needed 

disc. This will 
ultimately be 
wired to OV on 
the circuit board. 

Solder six 
more flying leads, one to each remaining 
I.d.r. leadout. It is very important that you 
are able to identify the I.d.r. used for Bit 0 
because this must face forwards when fitted 
to the PhizzyBot. Perhaps mark the under-
side of the disc with a felt-tip pen or label, 
to indicate which I.d.r. is Bit 0. 

Six 230mm flying leads should then be 
soldered to the remaining leads of each 
I.d.r., using a coloured wire to correspond 
with the wiring scheme used on the circuit 
board: this is necessary to identify each dig-
ital bit once the I.d.r. assembly is complete 
(refer also to the diagrams in the main tuto-
rial article at this point). 

Feed each wire out through the centre 
hole in the disc. The second disc can then be 
glued on top, using hot melt glue which 
hides a multitude of sins as far as accuracy 
and alignment is concerned! Obviously. 
once the I.d.r.s are sealed into position like 
this, the only way of identifying which I.d.r. 
signal is which, will be to refer to the 
colour-coded wires. 

HOT WIRED 
The final aspect is to mount the complet-

ed I.d.r. array on a form of "pillar" which 
will raise it above the PhizzyBot platform. 
Some resourcefulness may be needed! The 
prototype used a plastic plunger from a 

INTERCONNECTING 
WIRES SOLDER TO 
CIRCUIT BOARD 

Fig.4. Sideways view of the Ld.r. sand-
wich assembly. 

small empty silicone sealant "syringe" 
which proved ideal at about 130mm high 
and 25mm diameter. On the prototype, the 
seven wires were fed through the middle 
and the tube was then glued to the underside 
of the discs using more hot-melt glue. 

The seven flying leads can then be sol-
dered directly to the circuit board, and the 
sequence of coloured wires should then be 
seen to follow all the way through from the 
I.d.r. directly to the PhizzyB input port con-
nector. At this point, the final positioning of 
the circuit board and 1.d.r. array should be 
determined, noting that a 20-way IDC lead 
is needed to connect CON I to $F011, so 
locate the circuit board on the chassis so 
that the lead will reach: you can use one of 
the cables made in the earlier parts of the 
series. 

Lastly, the round pillar can be glued 
down onto the PhizzyBot chassis with hot-
melt adhesive: remember that Bit 0 must 
point towards the front of the PhizzyBot. As 
a finishing touch, a decorative CD-ROM 
label was created and applied to the top 
disc. (Enterprising readers can fetch the 
Flying Bee logo from the Maxmon web 
site!) With the I.d.r.s now installed, the cir-
cuit board can be connected to $F011 and 
assembly is then complete. 

SIGHT TEST 
In order to test the photo-sensors, the on-

board I.e.d. bargraph $F030 can be used 
along with the following test program to 
adjust the six trimmer resistors (VRO to 
VR5) for ambient light and sensitivity. This 
is best carried out away from windows or 
any sources of direct light. Load the Phizzy-
Bot with the following program: 

LSENSORS: .EQU $F011 
LEDS: .EQU $F030 

.ORG $4000 
LOOP: LDA ILSENSORS] 

AND %00111111 
STA [LEDS] 
JMP [LOOP] 
.END 

This just loops around reading from the 
sensors plugged into input port $F011 and 
writes that value to the on-board bargraph. 
Shine a torch (flashlight) at the sensor array 
from across the room and "tweak" each 

362 Everyday Practical Electronics/El'!, May 1999 



trimmer resistor until the sensor responds to 
it. The idea is to trim each variable resistor 
associated with each sensor to get an appro-
priate triggering point, such that the associ-
ated I.e.d. isn't always on or off, nor is it 
always on with -standard" ambient light, 
but it is only on when a torch is shone at the 
corresponding opto-resistor. Move the torch 
around the I.d.r. array and watch each light-
emitting diode respond in sequence. 

GREAT PhizzyBILITY! 
With construction and set-up finally 

complete, the control program can now be 
uploaded from the PhizzyB Simulator link 
software, the motors can be switched on 
and the PhizzyBot can be set loose. 

It will be recalled that the motors use a 
6V rechargeable power pack and the 
PhizzyBot itself can run in a completely 
independent mode by powering it from a 
9V Ni-Cad rechargeable battery instead of a 
mains power supply: this permits the plat-
form to roam around the floor and gradual-
ly move towards the source of light. 

It may well prove necessary to adjust the 
computer program to compensate for differ-
ent motor speeds and wheel diameters, so 
you must be prepared to experiment in order 
to improve the response of the PhizzyBot. 

FAR-SIGHTED 
This concludes the practical construc-

tional articles which have accompanied our 

exclusive PhizzyB Computer Tutorial. One 
objective of the series is to stimulate further 
thought, and we hope you will be moved 
sufficiently to develop other forms of sim-
ple input sensors so that the PhizzyBot plat-
form can be adapted to respond to other 
sources of stimuli. 

For example, two I.d.r.s or infra-red 
opto-switches could be fixed to the front of 
the PhizzyBot to produce a simple white-
line following buggy. Thermistors (ther-
mally-sensitive resistors) could be used in 
place of NORP12s so that a PhizzyBot 
could respond to sources of heat. Hall-
effect devices generate an electrical signal 
in response to magnetic fields and this 
could form the basis of a metallic stripe 
follower. 
The PhizzyB single-board computer can 

also be embedded into other systems, and 
the CD-ROM software will be of great 
assistance in developing routines in a vir-
tual environment prior to uploading them 
onto a real hardware PhizzyB. 

NEXT MONTH 
Next month. Max and Alvin conclude the 

series by suggesting other applications fer 
the PhizzyB. Readers who wish to develop 
their programming skills further will find 
The Official Beboputer Microprocessor 
Data Book a "must" remembering that 
PhizzyB actually stands for Physical Bebo-
puter and it provides a unique way of 

developing programs on-screen using the 
PhizzyB Computer Simulator software 
before uploading programs onto the real 
PhizzyB hardware. 
The Data Book can be purchased on-line 

for a very modest cost. The Maxfield & 
Montrose web site (wu w.maxmon.com) 
contains ongoing information, updates and 
links. 

Lastly, remember that Max loves to hear 
from you by E-mail and you can contact 
him via the Maxmon web site. Readers with 
queries concerning the constructional 
aspects can write to Alan Winstanley. c/o 
the Editorial address, or via E-mail to 
alan@epemag.demon.co.uk. We hope you 
have enjoyed constructing and using your 
Physical Beboputer. 
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Everyday Practical Electronics are pleased to be able to offer all readers these 

ELECTRONICS CD-ROMS 
ANALOGUE ELECTRONICS DIGITAL ELECTRONICS 
by Mike Tooley by Mike Tooley 

Analogue Electronics is a complete learning resource for 
this most difficult branch of electronics. The CD-ROM 
includes a host of virtual laboratories, animations. 
diagrams, photographs and text as well as a SPICE 
electronic circuit simulator with over 50 pre-designed 
circuits. 
FUNCTIONS 
The component values on all 
circuits can be edited and the user 
can use the simulation engine to 
see how the value of each 
component affects circuit 
performance. You can, for instance. 
alter frequency and phase angle 
and plot outputs on a virtual 
oscilloscope or show load line 
graphs etc. 

COVERAGE 
Sections on the CD-ROM include: 
Fundamentals - Analogue 
Signals (5 sections). Transistors (4 
sections), Waveshaping Circuits (6 
sections): Op.Amps - 17 sections 
covering everything from Symbols 
and Signal Connections to 
Differentiators; Amplifiers - Single 
Stage Amplifiers (8 sections). 
Multi-stage Amplifiers (3 sections): 
Filters - Passive Filters (10 
sections). Phase Shifting Networks 
(4 sections), Active Filters (6 
sections): Oscillators - 6 sections 
from Positive Feedback to Crystal 
Oscillators; Systems - 12 sections 
from Audio Pre-Amplifiers to 8-Bit 
ADC plus a gallery showing 
representative p.c.b. photos. 

• Includes SPICE circuit 
simulator with over 50 
circuits 

• Unique virtual laboratories 

• Editable assignments 

• Design parameters for circuits 
included 

• Complete hi-fi amplifier case 
study 

Complimentary output stage. 
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Prices for each of the two CD-ROMs above are: 

TWO 
APPLICATIONS 

ON ONE 
CD-ROM 

Virtual laboratory - sinusoids 

Virtual laboratory - Flip-Flops 

Virtual laboratory - Traffic Lights 

Microprocessor 

Digital Electronics builds on the knowledge of logic gates 
covered in Electronic Circuits & Components (below), and 
takes users through the subject of digital electronics up to 
the operation and architecture of microprocessors. The 
virtual laboratories allow users to operate many circuits on 

screen. 

FUNDAMENTALS 
Fundamentals introduces the basics 
of digital electronics including binary 
and hexadecimal numbering 
systems. ASCII. basic logic gates 
and their operation. monostable 
action and circuits, and bistables - 
including JK and D-type flip-flops. 

COMBINATIONAL 
LOGIC 
Multiple gate circuits. equivalent logic 
functions and specialised logic 
functions such as majority 
vote, parity checker. scrambler. 
half and full adders. Includes 
fully interactive virtual 
laboratories for all 
circuits. 

SEQUENTIAL LOGIC 
Introduces sequential logic 
including clocks and clock circuitry. 
counters. binary coded decimal 
and shift registers 

DIGITAL SYSTEMS 
A D and D A converters and 
their parameters. traffic light 
controllers, memories and 
microprocessors - architecture. 
bus systems and their arithmetic 
logic units. 

GALLERY 
A catalogue of commonly used 
IC schematics taken from the 
74xx and 40xx series. Also 
includes photographs of 
common digital integrated 
circuits and circuit technology. 

Hobbyist/Student £45 inc VAT 
 £99 plus VAT 

£199 plus VAT 
Institutional (Schools/HE/FE/Industry) 
Institutional 10 user (Network Licence) 

ELECTRONIC CIRCUITS & COMPONENTS 
+ THE PARTS GALLERY by Mike Tooley 

Electronic Circuits & Components provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The virtual laboratories, worked examples and 
pre-designed circuits allow students to learn, experiment and check their understanding as they proceed through the sections on 
the CD ROM. Sections on the disk include: Fundamentals: units & multiples. electricity electric circuits. alternating 

circuits. Passive Components: resistors, capacitors. inductors. transformers. 
Semiconductors: diodes, transistors. op.amps. logic gates. Passive Circuits . Active 
Circuits 
The Parts Gallery - many students have a good understanding of electronic theory but 
still have difficulty in recognising the vast number of different types of electronic 
components and symbols. 
The Parts Gallery helps overcome this problem: it will help students to recognise 
common electronic components and their corresponding symbols in circuit diagrams 
Selections on the disk include: Components ,Componehts Quiz. Symbols. Symbols 
Quiz, Circuit Technology 
Hobbyist/Student  £34 inc VAT 
Institutional (Schools/HE/FElndustry)  £89 plus VAT 
Institutional 10 user (Network Licence)  £169 plus VAT Circuit technology screen 



Interested in programming PIC microcontrollers? Learn with PICtutor by John Becker 

The Virtual PIC 

Deluxe PICtutor Hardware 

Developed from John's EPE series, this highly acclaimed CD-ROM. together with the PICtutor experimental 
and development board, will teach you how to use PIC microcontrollers with special emphasis on the 
PIC16x84 devices. The board will also act as a development test bed and programmer for future projects as 
your programming skills develop. This interactive presentation uses the specially developed Virtual PIC 
Simulator to show exactly what is happening as you run. or step through. a program. In this way the CD 
provides the easiest and best ever introduction to the subject. 
Nearly 40 Tutorials cover virtually every aspect of PIC programming in an easy to follow logical sequence. 

HARDWARE 
Whilst the CD-ROM can be used on its own, the physical demonstration provided by the PICtutor 
Development Kit, plus the ability to program and test your own PIC16x84s. really reinforces the lessons 
learned. The hardware will also be an invaluable development and programming tool for future work once you 
have mastered PIC software writing. 
Two levels of PICtutor hardware are available - Standard and Deluxe. The Standard unit comes with a battery 
holder, a reduced number of switches and no displays. This version will allow users to complete 25 of the 39 
Tutorials. 
The Deluxe Development Kit is supplied with a plug-top power supply (the Export Version has a battery 
holder), all switches for both PIC ports plus I.c.d. and 4-digit 7-segment led. displays. It allows users to 
program and control all functions and both ports of the PIC and to follow the 39 Tutorials on the CD-ROM. 
All hardware is supplied fully built and tested and includes a PIC16F84 electrically erasable programmable 

microcontroller. 

PICtutor CD-ROM 
Hobbyist/Student £45 inc. VAT 
Institutional (Schools HE/FE Industry) £99 plus VAT 

Institutional 10 user (Network Licence) £199 plus VAT 

HARDWARE 
Standard PICtutor Development Kit £47 inc. VAT 
Deluxe PICtutor Development Kit £99 plus VAT 
Deluxe Export Version £96 plus VAT 
(UK and EU customers add VAT at 17.5% to -plus VAT" prices) 

MODULAR CIRCUIT DESIGN by Max Horsey and Philip Clayton 
Developed from Max Horsey's Teach-ln series A Guide to Modular Circuit Design (EPE Nov 
95 to Aug '96). This highly acclaimed series presented a range of tried and tested analogue 
and digital circuit modules, together with the knowledge to use and interface them. Thus 
allowing anyone with a basic understanding of circuit symbols to design and build their own 
projects. 
Essential information for anyone undertaking GCSE or "A" level electronics or technology and 
for hobbyists who want to get to grips with project design. Over seventy different Input. 
Processor and Output modules are illustrated and fully described, together with detailed 
information on construction. fault finding and components. including circuit symbols, pinouts. 
power supplies, decoupling etc. 

Single User Version £19.95 inc. VAT 
Multiple User Version £34 plus VAT 

designing your circuit 
simply select your modules from the wide choice available. 
read how they work and join them up to make your circuit 

LOP 

processor outpu 

'I found that I could design a circuit without my teacher's help 

And it worked, Everything was to hand - which chips to use - 
and which pins did what Andrew Preston (GCSE student) 

A Web Browser is required for Modular Circuit Design - one is provided on the EPE CD-ROM No. 1 (see below) but most modern computers are supplied with one. 

Minimum system requirements for these CD-ROMs: PC with 486/33MHz. VGA+256 colours, CD-ROM drive, 8MB RAM, 
8MB hard disk space. Windows 3.1/95/98/NT. mouse, sound card (not required for PICtutor or Modular Circuit Design). 

CD-ROM ORDER FORM 
Please send me: 
El Electronic Circuits & Components +The Parts Gallery 
D Analogue Electronics 
D Digital Electronics 

PICtutor 

D Hobbyist/Student 
D Institutional 
D Institutional 10 user 

PICtutor Development Kit - Standard 
D PICtutor Development Kit - Deluxe D Deluxe Export 

D Modular Circuit Design - Single User 
D Modular Circuit Design - Multiple User 

Full name   

Address  

 Post code:  Tel. No:   

Signature:   

D I enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £   

D Please charge my Visa/Mastercard: £  Card expiry date:   

Card No:   

Please supply name and address of cardholder if different to the delivery address. 

ORDERING 
ALL PRICES INCLUDE UK 

POSTAGE 

Student/Single User/Standard Version 
price includes postage to most 

countries in the world 
EU residents outside the UK add £5 for 

airmail postage per order 

OVERSEAS ORDERS: Institutional, Multiple 
User and Deluxe Versions - overseas readers 
add £5 to the basic price of each order for airmail 
postage (do not add VAT unless you live in an 
EU country, then add 17'2% VAT or provide your 
offical VAT registration number) 

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. To order by phone ring 

01202 881749. Fax: 01202 841692 
We cannot reply to overseas orders by Fax 
Goods are normally sent within seven days 

Demos (not Modular Circuit Design) available on the EPE CD-ROM No. 1 (Flee with the November '98 issue) - send £2 for this CD-ROM if you require the demos. 
For Modular Circuit Design demo send £6.95 for cut down version (£5 refunded if you buy full version). Minimum order for credit card payment is £5. 
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Advertisement 

DT830B 
Multimeter f..1216- £8.00 

rs 
• AC 8 DC volts 
• DC current to 10A 
• Transistor test 
• Diode test 
• Basic accuracy 0.5% 

•
 •
 •
 •
 •
 •
 •
 

M030 Grundig 
30MHz scope f48683 £329.00 

30MHz bandwidth 
2 channels 
8 x 10cm screen 
X andY modes 
5mV to 20V .div 
0.50s to 200ms 
Tilt carrying handle 

Vann Draper Electronics ltd 
Unit 5, Premier Works. Canal St. South Wigston. Leicester LE18 2PL 

Tel 0116 27711400 Fax 0116 2773945 
E-mail sales@vanndraper.co.uk Home page www.vanndraper.co.uk 

SPECIAL OFFERS 
New equipment 

AG2601 MX800 
1MHz Audio genilet-.38 £99.00 Multimeter$68-:33- £39.00 

• 10Hz-1MHz in 5 ranges 

• Sine and square outputs 
• 600ohm output impedance 
• 240Vac mains operation 
• Sync input 

• AC ano DC ,oitage 
• AC and DC current to 20A 
• Resistance to 2000Mohm 
• Capacitance to 20.000oF 
• Complete with bolster 

Kenwood power supplies 
from £95.00 

PA18-1.2 0-18V 1-2A digital display ;346-63 £95 00 
PR18-3 0-18V 3A analogue display Z209-61 £99 00 
PAC20-3 0-20V 3A digital display £21-7-38 £119 00 
P D18- 10A 0-18V 10A analogue display £.4->e-b-S £325 00 

• Twin analogue or digital displays 
• Constant voltage 8 constant current modes 

Ex-demonstration equipment 

FG100 Grundig RLC100 Grundig 
20MHz Function gen g.58-1-:63 £399.00 RLC meter £386-.58 £275.00 

• 0.5Hz to 20MHz range 
• 2 x 16 digit alphanumeric display 
• Microprocessor self test 
• RS232 interface 
• Frequency 8 output level display 
• Back lit I.c.d. 
• Sine. square. triangle & sawtooth 

• 0.5% accuracy 
• 2 x 16 digit alpha display 
• Microprocessor self test 
• RS232 interface 
• Resistance 1m ohm to 2M 
• Inductance 0.11.tH to 200H 
• Capacitance 0.1pF to 2mF 

RF1000 Grundig 
RF millivoltmeter ZA7Er88 £339.00 

• 10kHz to 1GHz range 
• I mV to 10V ranges 
• Analogue recorder output 
• -47dBm to ...33dBm 
• Average accuracy 3% 
• Includes RF probe 8 insertion head 

complete with N-plug socket 

Others including: UZ2400 2.4GHz Freq counter C.386-.58 £275.00 DM100 4.5 digit 0.05% bench multimeter £4-4-0-:08 £295.00 

Data sheets available as hard copies or on our web site and all equipment (new or ex-demo) is supplied with manuals, all accessories in original 
manufacturers' packaging and include a 1year guarantee. Ex-demo units are unmarked, in virtually new condition and and have generally only been 
used once for exhibitions/demonstrations. Other new and ex-demo models for Grundig & Kenwood available. 

Use this coupon for your order 
or phone, fax or E-mail quoting EPE 

Name  Address   

 Tel No 

Model Description Quantity Price each Total 

Cheques payable to Vann Draper Electronics Ltd, or debit my Visa, Mastercard or Switch: 

Card No   Exp date   Switch lss No   Signature   



READOUT 
John Becker addresses some 
of the general points readers 
have raised. Have you anything 

interesting to say? 
Drop us a line! 

WIN A DIGITAL 
MULTIMETER 

The DMT-1010 is a 3' 2 digit pocket-
sized I.c.d. multimeter which measures 
a.c. and dc. voltage, d.c. current and 
resistance. It can also test diodes and 

bipolar transistors. 

Every month we will give a DMT-1010 
Digital Multimeter to the author of the 

best Readout letter. 

* LETTER OF THE MONTH * 
RE-FUELING FOR THOUGHT 
Dear LPL. 
I write with regard to the Fuel for Thought 

letter in Readout April '99. Two years ago I 
retired from the Motor Industry Research 
Association (MIRA - http://www.mira.co.uk) 
where I was employed as a Technician 
Engineer. The letter(s) brought back some 
memories of technicians* "panic" solutions 
when a fuel gauge was found to be faulty at the 
last minute before testing: 
• Use a dip stick - normally a long 
screwdriver 
• Drop an old golf ball in the tank - it will 
rumble around when the fuel is low 
• Tie a fishing line to a golf ball and hang 3/4 
way down into tank - it will hit the tank when 
the level goes down by 3/4 
• Fill the tank to the brim, zero trip meter and 
drive 10 to 12 miles. Fill tank to brim again and 
note the amount of fuel used. Zero trip meter 
again. Calculate mileage for 3/4 of a tank, from 
then on watch the mileage! (This is quite ac-
curate as long as the driver is not changed!) 
• "T" a polythene tube into the fuel line 
(before any fuel pump!) and use it as a sight 
glass. The tube needs a restriction, like a 
smaller diameter tube, near the "T" piece to 
dampen fuel movement (the end of the tube 
needs blanking when driving as carburation 
will take place with vehicle movement and can 
be very dangerous). 
My proposed solution: 

Principle: measure the "head pressure" of the 
fuel in the tank 
Method: Use a low pressure piezo transducer 
(Maplin, RS, old engine management system). 
"T'd" into the tank or fuel line. Low-pass-
filter the transducer output and use three 
comparators/l.e.d.s (3/4, 1/2, 1/4 full). 1 assume 

that when the tank is full and when it is empty 
will be known to the driver! 
I believe that I am correct in saying that 

petrol is only 80 per cent the weight of water, 
so the pressures we are talking of are not high. 
At a depth of 300mm the pressure in water is 
approximately 0.3psi. This will not work if the 
fuel tank is pressurised. but is likely to be OK 
on a motor cycle. 
On another subject - I hope you do not mind 

me criticising the "Next Month" paragraph on 
page 279 of the April '99 issue and written by 
the American authors, but do they realise that 
Europe. and most of the world, works in metric 
and a lot of youngsters have great problems 
in understanding the difference between old-
fashioned / niche and 25.umm?? Maybe they 
could use a metric protractor too (ha. ha)? 
I must say there is a lot of reading in EPE, 

normally I get through mags in less than 30 
minutes ... Thanks and best regards. 

Ivor Mantell, 
via the Net 

Are there no limits to readers levels of in-
genuity? A remarkable set of suggestions Ivor! 
Thanks. 
As to Metrics - in fact Max and Alvin are 

both English. but like a lot us who are a 
bit long in the tooth(!). they still work in 
inches. In fact it's me "wot tyakes 'a blyame 
(ayin' tit an a blyading shyame?)" - we nor-
mally change Imperial measurements to metric, 
or quote both. On this occasion I didn' t. 'and 
no-one else spotted my misdemeanour! 
And ves. folks. Ivor does say "1 niche and 

25.umm."! But rather than "protract- the 
issue, I'll just comment that metric angles 
would probably send us all off at a tangent (or 
would they make us "rad iant'' 91' 

POWERING PhizzyB AND 
SENDING 98 
Dear EPE, 

With respect to the hardware PhizzyB, is there 
any reason for using a regulated 9V power 
supply? Will an unregulated I2V supply which I 
have to hand be OK given the use of the 
LM340-T5 voltage regulator? 

Also. I thought you would like to know that 1 
have upgraded a I -year old Dell computer from 
Win 95 to 98 and now somewhat regret it. In 
particular, the &H378 TASM Send program I 
use for programming PICs now does not work 
from a DOS window. I have to re-boot the com-
puter into DOS mode to get it to work. 

Thomas Walton (age I I), 
via the Net 

No. 12V would he too )tigh (says Alan 
Winstanley. who is our PhizzyB expert on the 
UK side of the planet). The on-board regulator 
is 5V and it would tend to dissipate too much 
heat because there is no room for a heatsink. 
This won't damage the device because it will 
thermally shut itself down, but it won't run very 
well when, for example, all the 7-segment 

displays are in use, when current consumption is 
highest. 
Of the seven computers I use from time-to-

time, three are Dells and I speak highly of them 
and their manufacturer to anyone who cares to 
listen. As I understand the comments about Win 
98 that we receive here, it's having upgraded to 
98 that is causing problems for many people. It 
seems to be a problem caused by other software 
already being on the system and which may 
have changed an unknown variety of system 
parameters, rather than due to any specific 
computer. 

Those who are purchasing new machines with 
98 already installed are, we understand, not 
likely to experience the same difficulties. (I'm 
not an expert on computer systems per se. so I 
would welcome Readout input on this from those 
who are.) 
Knowing from several sources (including 

Alan Winstanley) that Dell are very helpful, we 
suggest that you contact them for advice. We 
suspect that trying to contact Microsoft directly 
might result in lengthy waits before you can get 
into their telephone queuing system (though an 
E-mail might do the trick). 

O 

PEEEEPEHEEMETI 
Dear EPE, 
I think that you should not be concerned 

(Readout April '99) that a change of name 
would lose you existing readers. It is the content 
which matters and, with notification in preceding 
issues, regular readers would readily recognise 
the change. 

Lee Elvin was right in his concurrent letter 
that it is new readers whom you need to at-
tract. especially potential readers who are com-
ing of age. You acknowledged that electronics 
hobbyist activity has declined since the 1980s 
and presumably your takeover of E77 implies 
that it is continuing to do so. And of recreational 
activities it is not only hobby electronics which 
is suffering from the draw of the goggle box 
and the computer game. and the consequences of 
depreciating educational standards. 

Electronic engineering at its academic and 
professional level is an esoteric discipline and 
one requiring competence in advanced mathe-
matics. both well beyond the ken of all but a tiny 
proportion of the populace. The great virtue of 
"PEEEEPEHEEMETI" is that it can inspire 
those who have an incipient interest in the 
applications of electronics to convert their inter-
est to practical purpose. 

Lee Elvin was also right in saying that a 
simple name for your magazine is needed. 
Whilst his Electronics might be too all-encom-
passing, a more specific name would be ap-
propriate. Practical Electronics would be fine; 
but your integration of numerous past titles 
declares a need for a new and easily-recog-
nisable name to accord with the magazine's 
role. 

Wireless World was a respected journal of 
many decade's vintage long before the 
1970s/80s splurge of amateur electronics 
magazines. It has had no trouble in changing to 
Electronics World - which title I suggested to its 
then publishers in a letter of 2 August '82. • 

Jack Easthaugh, 
Chesham, Bucks 

U 

g‘'à 

Your further comments on the subject are 
appreciated. Nonetheless, we feel very strongly 
that people become loyal to a "brand image" 
and could well respond negatively if that image 
changes. In this context. I heavily regard our 
Title as being a brand image, one which people 
expect to see and have learned to trust. If images 
have to be changed, my personal opinion is that 
the change should be made subtly over time - 
and this would rule out any significant name 
change. 

You quote one example of such a change and 
I cannot comment on what it has actually done 
for the magazine, only its publishers can answer 
that. but I could not support any change that 
might put us at risk of losing an existing market. 
Certainly we need to attract new readers land 
we do so). but we need to have full regard to the 
expectations of readers who have been with us 
for far longer - some have been with us since we 
first began (as EE) in 1971. 

Having said that. I would also stress that we 
do listen and respond to what people say about 
us. We welcome letters such as yours which of-
fer considered opinions. We like hearing from 
you all! 
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NO NEW THING 
Dear EFT. 

Bart Trepak's Mechanical Radio of April '99 
prompts me to quote the Bible. "There is no 
new thing under the sun". During the 1939/45 
War, aircraft whose duties carried them over the 
sea carried inflatable dinghies whose kit in-
cluded a "Gibson Girl". This was a buoyant 
yellow container with a handle on the top and a 
waist so that it fitted neatly between the legs of a 
seated person; the shape inspired it's name. 

Turning the handle operated a generator 
through a gear chain giving 12 volts for the 
heaters and 400 volts for the anodes of a valved 
radio transmitter. As the handle was turned it 
moved a set of cams which switched the 
transmitter to provide a Morse distress signal. 
After the War the generators were available on 
the surplus market: I still have one. 

In the 1950s, electronic flash was available 
for amateurs at low cost but using expensive 
90V or 180V dry batteries to charge electrolytic 
capacitors which stored energy. about 25 joules, 
for the flash tube. I found that the high voltage 
output from the Gibson Girl generator charged 
the capacitor with a few turns of the handle. A 
diode was necessary to prevent discharge caus-
ing the generator to motor, and a neon to indi-
cate operating voltage had been reached. 
The high cost of the Bayliss radio is to a 

large extent due to the use of an excellent Ten-
sator spring motor. These give constant power 
as they unwind and were widely used in 8mm 
cine cameras in the 1960s. However, the price of 
electric motors dropped and hand power was re-
placed with battery power in these cameras. 

Hand-powered torches can be obtained from 
Bull Electrical. Regular squeezing of the handle 
keeps a flywheel and coupled generator spin-
ning. so lighting a bulb; the output should power 
a small radio. 

Selby-Lowndes. 
Plaistow. Ifillingshurst 

Fascinating! And could it be that the Gib-
son whose Girl it was. was Guy Gibson who (if 
memory serves me right) was in charge on the 
Dam Rasters raids? 

You have also reminded me of the mechani-
cal shaver my father used in the late '40s/early 
'50s. It had a handle that caused the generation 
of rotational power when squeezed, and used a 

flywheel for energy storage between squeezes. 

MORE ON BASIC 
Dear EPE, 
I have noticed in the past few months that 

people have been going on about what format 
the software for some EPE programs should be 
written in. I think that a switch to Visual Basic 
would be quite easy for yourself and the readers! 

Visual Basic allows Windows programs to be 
written easily and is very easy to pick up and 
would allow readers to modify the programs to 
suit their own needs. Books can be found online 
and there are plenty of source codes and tutorials 
available on the Web. 
I am currently a sandwich student on Place-

ment and have been teaching myself Visual 
Basic and Visual C + + in preparation for get-
ting a job when I graduate. My degree might be 
in Electrical & Electronic Engineering but I find 
the computing side really enjoyable, including 
the learning curve that comes with learning new 
programming languages. I hope you think about 
switching to Visual Basic. 

Robin Smith, 
via the Net 

Yes indeed, and once you know one language 
it becomes that much easier to learn others (this 
is one of the many great things about Phiz-
zyB - teaches you programming techniques that 
can be used almost anywhere. even when the 
languages/dialects differ. the concepts remain 
the same. 

POWERED START 
Dear EPE. 
Those who are well established in the field 

of electronics find your constructional projects 
quite interesting and worth building. This is 
not the kind of feedback received from new-
comers to this wonderful world. Why not in-
clude projects that aid students in understanding 
the basics of electronics? 
A mains operated power supply unit would be 

an excellent project for the student still trying to 
grasp the functions and implications of rectifier 
diodes, filter capacitors. etc. 

Karl V. Grant, via the Net 

Slightly tricky one this. Karl. Whilst many of 
us started off having an interest in electronics by 
learning that fuses can he blown, as a magazine 
we have to be very aware that we do not en-
courage readers to blow themselves through the 
misuse of mains electrical power. 

You will have noticed that when publishing 
mains-powered projects we always give warnings 
about not attempting their construction unless the 
constructors are suitably qualified/experienced. 
We go on to recommend that readers should 
consult a qualified electrician if they are in any 
doubt about their capabilities. It would be dif-
ficult. therefore. to publish a mains power supply 
specifically for beginners. 
We do publish power supplies from time to 

time but they are not intended for construction 
by beginners, even though we have no doubt that 
some readers do not head our warning - that is 
entirely at their own risk. 
On subjects where mains safety is not an 

issue, we frequently publish designs which are 
ideal for beginners. Notable in this respect are 
the Teach In series that we run every couple of 
years - each series taking a different viewpoint 
of elementary material. We are also about to 
publish a series of -Starter" projects aimed at 
beginners. 

Forest Electronic Developments 
Microchip PIC, ATMEL AVR & Scenix Development Support 

PIC BASIC products - Modules and Compiler 
Straightforward, capable, powerful, rapid development. 
Operating within a Windows Development Environment our modules need no 
assembler or UV eraser to program your PICs, and operate from a serial link 
to your PC. 
16C74 module features - 8k EEPROM, up to 2000 lines of BASIC. 27 lines 
of programmable I/O, 8 A/O inputs. User defined interrupt support, Interrupt 
driven serial RS232 interface. Peripheral I2C bus interface. LCD display 
driver routines, up to 178 bytes for variables and stack, extendible with 
optional external RAM and all the standard 16C74 features. BASIC features 
block structure 1-16 bit variables packed in RAM, functions, local variables, 
arrays in RAM & EEPROM. 
Download the development environment from our web site! 16C57 
version still available - ask for details. 

NEW!! - PIC BASIC MICRO MODULE 
Run 16C74 FED PIC BASIC on a module which is only 65x27mm and is 
plug compatible with the 16C74 device 
Uses Surface Mount techniques and includes power supply, serial interface 
and oscillator. Operate as a standalone module, or plug the module as a 
daughter card directly in place of a 16C74 into your application circuit. 

BASIC COMPILER! - The FED PIC BASIC compiler for the 16C74. It 
produces hex code to program your 16C74 directly with no need for external 
EEPROM Compatible with the EEPROM versions of PIC 16C74 BASIC 
modules - develop on an EEPROM based module then compile and 
program your PIC chips directly 

PIC BASIC Micro-Module 4MHz - £35.00, 20MHz - £40.00 
16C74 Module Kit (8k EEPROM, 4MHz) £35.00, Pre-built £42.00 
16C74 Module Kit (8k EEPROM, 20MHz) £40.00, Pre-built £46.00 
Compiler - £30.00 

Scenix, PIC, & AVR Programmers 
PIC Serial - Handles serially programmed PIC devices in a 40 pin 
multi-width ZIF socket 16C55X. 16C6K 16C7X. 16C8x, 16F8X, 12C508, 
12C509, PIC 14000 etc. Also In-Circuit programming Price: £45/kit, 
£50/built & tested. 
PIC Introductory - Programs 8 & 18 pin devices: 16C505, 16C55X, 16C61, 
16C62X, 16C71, 16C71X, 16C8X, 16F8X, 12C508/9, 12C671/2 etc. £25/kit. 
AVR - 1200,2313,4144,8515 in ZIF. Price : £40/kit £45 built & tested. 
Scenix - SX18/SX28 in a 40 pin ZIF. Price: £40/kit £45 built & tested. 

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

AVR, PIC, Scenix - Windows Development 
Assembler/Simulator allows development of your AVR. PIC or Scenix 
projects in one Windows program. Incorporate multiple files, view help file 
information directly from code, edit within project, build/track errors directly in 
source, then simulate. Simulator has many breakpoint types, follow code in 
source window, set breakpoints in source. Run, single step, or step over. 
Logic Analyser Display! Track variable values and trace for display on the 
Trace Analyser. Input stimuli includes clocks, direct values and serial 
data. Profiler - examine and time frequently called routines use the 
information to optimise out bottle necks. PIC Version Simulates up to 50 
times faster than MPS1M! 

Cost £20.00. Specify PIC/Scenix or AVR version 

AVR á PIC devices 
PIC16C74/JW Erasable 20MHz £18.00 PIC16C558 £5.00 
PIC16C74A-04P 4MHz £8.00 PIC16C74A-20P 20MHz £10.00 
PIC16F84-04P 4MHz £6.00 PIC12C508-04P 4MHz £1.80 
AVR - 8515 £8.00 

Forest Electronic Developments 
60 Walktord Road, Christchurch. Dorset. BH23 5QG. 
Email - "mbm.ubbottedial.pipett.com" 
Web Site -"http:Mbfats.tlial.pipeet.,0m/nMin.alMoufEED" 
01425-274068 (Voice/Fax) 

Prices are full, inclusive. Add £.00 for 
P&P and handling to each order. 
Cheques/POs payable to Forest Electronic 
Developments, or phone with credit card 
details. 

IELIAOCAAO 
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Constructional Project 

PIC TOOLKIT Mk2 
JOHN HECKER  Part One 

How to improve your P/C programming options 
in a Flash, and it's a real pleasure to use! 

M
ICROCHIP'S new PIC16F87x 
series of Flash EEPROM micro-
controllers offer greater program 

capacity and more facilities than the 
familiar PIC16x84 series. The latter, 
though, will still find a plethora of uses 
in less-demanding circuits where the 
greater sophistication of the '87s is not 
required. There are roles for both 
families. 

Consequently, the PIC I6x84 Toolkit of 
July '98 has been upgraded to make it 
compatible with both the '84 and the '87. 
The printed circuit board has been 
redesigned to accept the 18-pin '84s and 
the 28/40-pin '87s. The power supply 
control has been redesigned to remove 
the need for a regulated 12V/14V PSU — 
the Mk2 will run from any d.c. supply of 
between 5V and 20V (at around 10mA). 
The PC interface I/O lines have been 
buffered for greater stability. 

Additionally, the controlling software 
has been considerably enhanced in a 
number of ways, offering more functions 
than the Mkl version. 

Whilst Toolkit can be used entirely as 
a stand-alone design, it can also be inter-
faced with the PIC Tutorial (Mar-May 
'98) and the PICtutor (CD-ROM) devel-
opment boards, as discussed later. 
The Mk2 Toolkit has the same basic 

options as the Mk I: 

• Configure PIC 
• Program PIC with TASM .OBJ 
• Program PIC with MPASM .HEX 
• Translate MPASM .HEX to TASM 

.OBJ 
• Translate TASM .OBJ to MPASM 

.HEX 
• Disassemble PIC to TASM .OBJ 
• Disassemble PIC to MPASM .HEX 
• Translate TASM .ASM to MPASM 

.ASM 
• Translate MPASM .ASM to TASM 

.ASM 

It also has the following additional 
options: 

• Assemble TASM .ASM to .OBJ — 
totally replacing the need for a TASM 
shareware Assembler and its associat-
ed Send programs 

• Directory paths display/change — 
eliminating any need to make changes 
to the Basic program (as required by 
Mk1) 

• Directory display/select — displays 
file directories of choice, and allows 
automatic loading of selected file for 
use in any main program option 

• Setup function allows PC ports tee be 
tested and selected, and the PC's abil-
ity/inability to read (for PIC 
verify/disassemble) from its selected 
port established 

ITEPIC16xIDGEAlINING TOOLKIT  

:!LES DIRECTORIES ACCESS & DEFAULT FILES ,GE VIA OPTIONS Z-9, A, S 
DEFAULT FILES 

1 CONFIGURE PIC FACTORS 
2 PROGRAM PIC UITH TASM BINARY C'APIC\TXTESTLOBJ 
3 PROGRAM PIC 111TH MPASM HEX C:\ASMCNV\BIXE410.HEX 
4 CONVERT MPASM HEX TO TASM BIM C:\ASMCMV\BIKE448.HEX 
5 CONVERT TASM BIM TO MPASM HEX C:\PIC\BIXE440.0BJ 
6 DISASSEMBLE PIC TO TASM TEXT C:\PIC\DECODE.ASM 
7 DISASSEMBLE PIC TO MPASM TEXT MORE YET 
8 TEXT CONVERT TASM TO MPASM C:\PIC\DECODE ASM 
9 TEXT CONVERT MPASM TO TASM NONE YET 
S SEND EEPROM MESSAGE TO PIC C:\PIC\DECODE.MSG 
R READ EEPROM MESSAGE FROM PIC C:\PIC\DECODE.MSG 
A ASSEMBLE TASM TEXT TO BINARY C:\P1C\TXTEST1.ASM 
E EDIT TEXT FILE C:\P1C\TXTEST1 ASM 
D DIRECTORY PATHS DISPLAY/CHANGE 
N SPECIAL UERIFY/DISASSEMBLY MOTES 
Z RUM SETUP/TEST PROGRAM (ALSO RESETS ALL DEFAULTS) 

WIT FROM PROGRAM 
UHICH SELECTI1 

The main menu for the Toolkit Mk2. 

• Load/read data to/from the PIC's 
internal EEPROM data memory 

• Direct access to and return from DOS 
EDIT for editing any text files (.ASM 
source code files, for example). 

This software is far more sophisticated 
than the Mk1 and is supplied as a suite of 
four chained programs which call each 
other as required without the user's inter-
vention. It can be run in QBasic, 
QuickBASIC, or as a stand-alone (.EXE) 
program without any need for a Basic 
controller. 
By design, the software can also con-

trol Toolkit Mk1 without modification. 
The full suite of programs may be run 

under DOS mode or Windows 3.1 or 
Windows 95. It is likely to run under 
Windows 98 though this has not been 
tested. The author has run it on several 
desk-top computers with a range of 
processor types, including '386, '486 and 
Pentium. Additionally, the software has 
been accessed and run via the PICtutor 
CD-ROM package. All-in-all it is very 
comprehensive in its facilities. 

Abqut 350K bytes of hard disk space 
are required. 

It seems likely that other PICS which 
use 14-bit instructions (as do the '84s and 
'87s) could also be programmed using 
Toolkit, although this has not been tested 
and readers should check the PIC dgta 
sheets for themselves. Such devices 
might include: 16C54, 16C56, 16C58, 
16C62, 16C71, 16C72, 16C74. (Note 
that some PICs use 12-bit and 16-bit 
instructions and are not suitable for 
Toolkit's programming software.) 

WHY A TOOLKIT? 
In answer to the occasional question 

from readers, "Why do I need PIC 
Toolkit if I've already got PIC 
Tutorial/Tutor?" — because it makes life 
even easier! 
The assembly and PIC loading pro-

grams (TASM and Send) used with 
PICtutor and PIC Tutorial (from hereon 
jointly referred to as PIC Tutor unless 
stated otherwise) were those which we 
originally published with Derren 
Crome's Simple PIC I6C84 Programmer 
of Feb '96. 
As such, the hardware had to be 

switched to apply +12V to the PIC's 
MCLR pin in programming mode, and to 
apply OV to the same pin in order to reset 
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the PIC. In normal running mode +5V is 
applied to that pin. Additionally, it had 
been found disadvantageous to have the 
computer's DAO/DA1 lines connected to 
the PIC at the same time that the PIC's 
RB6/RB7 pins were also connected to 
any development circuit. 

Consequently, in PIC Tutor, two addi-
tional changeover switches were includ-
ed to prevent this joint interconnection. 
This meant that four switches had to be 
manually operated before and after pro-
gramming a PIC. No great problem in 
itself, but becoming a bit tedious when 
frequent programming was called for. 
One main purpose of Toolkit is to 

have the computer perform all the 
switching needed via control lines and a 

multiplexing chip, 
completely remov-
ing the need for 
manual switching. 
The original Send 
program did not 
include facilities to 
do this, and the pro-
gramming software 
for Toolkit was 
written to perform 
this operation and 
to replace Send. 

Secondly, there 
are several PIC 
assembly programs 
available on the gen-
eral market, two of 
which are TASM and 
MPASM. TASM is a 
shareware general-
purpose assembler to 

which PIC16x84 assembly facilities had 
been added on behalf of EPE, but which 
requires a registration fee to be paid to its 
designers if used beyond an evaluation 
period. MPASM is the assembly software 
available from Microchip (the PIC's man-
ufacturers) and intended for use with their 
MPLAB hardware. Both TASM and 
MPASM are variously used by contribu-
tors to EPE and they are not mutually 
compatible. 

For a start, although the two assem-
blers have much in common, the "gram-
mar" used by each is not quite the same, 
different literal-value representations in 
particular being used, plus other subtle 
differences in command statements. 

Secondly. TASM assembles the source 

code into a simple sequential binary code 
format, whilst MPASM assembles it into a 
complex hexadecimal format complete 
with checksum validation codes inter-
spersed between the required program 
codes. Although TASM can be told to gen-
erate a similar hex code output, the order 
of the individual MSBs and LSBs (Most 
and Least Significant Bytes) is reversed. 
The upshot is that neither TASM (and 

Send) nor MPASM can make use of the 
other's files. This eventually became a 
problem to readers who already had one 
of the assemblers and wanted to make 
use of the other's program files. As a 
result, Toolkit's software was written to 
provide automatic translation between 
the two formats to suit readers' needs. 

Additionally, Toolkit was given the 
facility to read back program data 
already in a PIC16x84, allowing verifica-
tion that the NC had correctly received 
the data, and allowing program code 
within a PIC16x84 to be disassembled to 
a source code text file. 

In other words, Toolkit Mk1 was intro-
duced to add more (and easier) facilities 
which would be of benefit to PIC-users 
who were using TASM or MPASM, with 
or without P/C Tutor. 
As you will have seen from the func-

tions listed in the introduction, Toolkit 
Mk2 offers even more facilities than 
Mk1 already offers. TASM and MPASM 
inter-translation is retained and source 
code can be written in either format. The 
emphasis of this article, though, is placed 
on TASM grammar, even though TASM 
itself is no longer used as the assembler 
program. The author finds the TASM 
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Fig. 1. Main circuit diagram for the PIC Toolkit Mk2 programmer. 
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format somewhat easier to use and 
prefers to write his code in that format. 
The use of the various functions 

offered by Toolkit Mk2 will be discussed 
as we progress, but first let's describe its 
basic hardware. 

BASIC BOARD 
FUNCTIONS 

In keeping with the original Mk I, and 
for use with the PIC16x84 when in situ, 
the printed circuit board includes a 
crystal oscillator and terminal pin 
connections so that it can be used as an 
elementary test bed. The pins are 
arranged so that an alphanumeric liquid 
crystal display (1.c.d.) can be plugged 
straight in. A contrast control preset is 
included on the p.c.b. (not shown in the 
circuit diagram). 
The 1.c.d. pins on the Toolkit Mk2 

board are in the same order as those used 
on the PIC Tutor boards (original and 
CD-ROM versions). Consequently, the 
1.c.d. modules (and I.c.d. software) 
already used with those boards can be 
used with Toolkit Mk2. 

It was felt, though, that the complexity 
of the '87s precluded the use of the Mk2 
board as a test bed for them. Con-
sequently, no terminal pin connections 
for the '87s are included on the board. 
There are, though, two programming 
techniques available. 
One is that the '87s can be pro-

grammed on the Mk2 board and then 
transferred to the board that is being 
assembled for a specific project and for 
which the software is already provided. 

Alternatively, to facilitate prototype 
development, the three principal lines 
required for programming the PICs 
(RB6, RB7 and MCLR) have output pins 
from which connecting wires can be 
taken to any prototype board, so that any 
of the '84 or '87 PICs can be programmed 
in situ where they are being used. The 
devices don't actually have to be plugged 
into the Mk2 board. 

CIRCUIT DESCRIPTION 
The main circuit diagram details for 

the PIC Toolkit Mk2 programmer are 
shown in Fig.!. IC2 and IC3 represent 
the power and programming connections 
for the PIC I6x84 and PICI6F87x fami-
lies respectively. Apart from the power 
supply connections, only three wires are 
needed between a PIC and the computer 
used to program it. 
The data to be loaded into the PIC is 

supplied to its RB7 pin. A clocking sig-
na] goes to pin RB6 and the program-
ming/running/reset voltage is applied to 
pin MCLR (master clear). Note that there 
are two sets of pin numbers shown for 
IC3. Those within brackets are for the 
PIC16F873 and '876 (28-pin devices): 
those outside brackets are for the 
PIC 16F874 and '877 (40-pin devices). 
Their pinouts are shown in Fig.2. 

There are two devices that separate the 
PICs from the computer connections, 
IC5 and IC6. The computer is coupled to 
the circuit via socket SKI, using an 
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Fig.2. Pinouts for the PIC16x84 and 
PIC16F87x families. The widths are not 
to scale. 

ordinary (Centronics) printer cable 
connected to the computer's parallel 
printer port. The computer lines being 
input to Toolkit are buffered by resistors 
R I to R4 and non-inverting buffer gates 
IC5a to IC5d, whilst IC5e buffers 
Toolkit's single output back to the 
computer (IC5f is not used). 
The resistors provide protection to the 

computer's output lines when Toolkit is 
unpowered. It was not felt desirable to 
resistively protect Toolkit's output 

connection to the computer since the lat-
ter might have pull-up/down biasing 
which could be affected by any interme-
diate resistor. 

Resistors 125 to R8 bias IC5's inputs to 
OV when Toolkit is not connected to a 
computer. 

Tri-state bidirectional multiplexer IC6 
routes the PIC's RB6/RB7 and MCLR 
control according to whether the PIC is 
being written to/from or is actively con-
trolling a prototype development circuit 
(replacing switches SI. S3 and S4 in PIC 
Tutor). 

Programming/read mode is set by tak-
ing computer line DA4 high (logic 1). 
This sets IC6 to its secondary routing 
configuration in which inputs XI, Y1 and 
Z1 are routed to outputs X, Y and Z 
respectively. This allows data lines DAO 
and DA 1 (data and clock signals) to 
reach PIC pins RB7 and RB6. 

With DA4 high, IC6 disconnects RB7 
and RB6 from any development circuit 
that is connected to its YO/ZO pins via 
paths RB7 OUT and RB6 OUT. When 
DA4 is low, these paths are re-instated 
and the DAO and DA 1 lines are isolated 
from the PIC. 

VOLTAGE CONVERTER 
We now come to a significant differ-

ence between Toolkit Mk2 and its prede-
cessors (Toolkit Mkl. PIC Tutor. Simple 
PICI6C84 Programmer). The latter all 
require an external +12V (to +14V) d.c. 
supply to be used during programming 
mode. In itself this is no great problem, 
but there is a more versatile option: 
The PIC only requires +12V on its 

MCLR pin while it is being programmed 
or data read back from it. During normal 
running, +5V is applied to this pin. This 
dual requirement necessitates switching 
between the two voltages. In Toolkit 
Mk I this was achieved by using line 
DA4 to switch a configuration of two 
transistors on or off (the other mentioned 
circuits used switches). 

For Mk2, a more elegant solution is 
used — a device specifically designed to 
provide either +5V or +I2V depending 
on the status of a controlling pin. The 
device is shown in Fig.! as IC 1 and is a 
readily-available Maxim product, 
MAX662A. It is described as a +12V 
30mA Flash Memory Programming 
Supply device. 

Its SHDN pin is internally biased to be 
normally held high, in which situation 
output pin VOUT is held at +5V. When 
SHDN is taken low. IC1 uses an internal 
oscillator to generate +12V from the 
+5V supply line. Charge-pump capaci-
tors C I and C2 set the oscillator's fre-
quency and output current availability. 

Although the maximum rated output 
current is stated as 30mA, in practice the 
author has noted that a saw-tooth ripple 
occurs on the output, rising in peak-to-
peak value with increasing current being 
drawn. 

With this mind, in some instances it 
might be preferable to omit the I.e.d. 
from the PIC Tutor board if Toolkit is 
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connected to it (to reduce the current 
required from the MAX662A in its 12V 
mode), although the author has not expe-
rienced any problems through leaving 
that I.e.d. in place. 
The great advantage of using a step-up 

voltage converter is that Toolkit can be 
supplied from a d.c. power source other 
than a regulated +12V d.c. supply, as 
discussed later. 

CONTROLLING MCLR 
With computer line DA4 normally 

low, ICI outputs +5V to the PIC's 
MCLR pin. The route to ICI 's SHDN pin 
is via IC6 path XO/X, which couples the 
pin to the +5V power line (even though 
the pin has internal positive biasing, it 
was no problem to provide the +5V 
connection). 
When line DA4 is taken high, the 

SHDN pin is taken low via IC6 path 
X I/X and ICI outputs the required +I2V. 
The status of DA4 is shown on I.e.d. D1, 
which is controlled by IC5d. When DA4 
is high, DI is turned on via ballast 
resistor R13. 
A third control voltage level is needed 

for the MCLR pin. It needs to be taken 
low (OV) when the PIC has to be reset. 
Regrettably, the MAX662A is not capa-
ble of having its output set to OV via a 
control pin. Consequently, the reset level 
is taken low by the same technique used 
in Toolkit Mkl. 

Resistor R12 is placed in series with 
ICI's output and MCLR. To MCLR is 
connected transistor TRI, which is con-
trolled by line DA3 via buffer IC5c, plus 
resistors R3 and RI I. With DA3 low, TR 1 
is turned off and MCLR will be at either 
+12V or +5V, depending on DA4's status. 
When DA3 is taken high, TR 1 is turned 

on and MCLR is taken low, R12 prevent-
ing conflict with the output from ICI. 
You will see that switch SI has also 

been included across TRI. This has noth-
ing at all to do with programming PICs. 
It is merely there to allow the PIC to be 
reset when it is in running mode as part 
of an attached prototype development 
board — a convenience the author finds 
useful from time to time. 

POWER SUPPLY 
A wide range of power supply voltages 

can be used with Toolkit Mk2. With reg-
ulator IC4 in circuit, the supply can be 
between about 7V and the maximum 
limits that this device can handle — typ-
ically up to about 20V. 
The maximum voltage, though, also 

depends on the current being drawn 
though IC4. The maximum current IC4 
(a 78L05) can supply is 100mA, but the 
wattage dissipated must also be taken 
into account — if it gets too hot it will 
shut down. 
With Toolkit used independently (not 

attached to PIC Tutor or other circuits) 
and with a PIC I6F84 inserted, the proto-
type currents drawn were: 

4.5mA in run mode 
8mA in program mode with Reset off 
47mA in program mode with Reset on 

The high current 
demand is believed to 
be due to ICI trying 
to keep up its obliga-
tion to supply I2V. 
Normally, having 
Reset on in program 
mode is under com-
puter control and 
only lasts for a frac-
tion of a second. 
An ideal conve-

niently available sup-
ply would be 9V 
with, for example, 
just an I.c.d. connect-
ed to the board. 
The other power 

source option is to 
use a directly-input 
regulated supply of 
5V, omitting IC4 entirely. This is partic-
ular viable if Toolkit is used with a PIC 
Tutor board, since the 5V supply can be 
tapped directly from it, and take advan-
tage of the IA capability of its 5V 
regulator. 
Do not feed any other voltage into the 

direct +5V input — the use of a 6V bat-
tery supply, for example, is strictly not 
allowed (unless fed in via a 1N4001 
rectifier to reduce it by 0.7V). Regard 
all i.c.s as having an absolute mini-
mum/maximum positive voltage range of 
4.5V to 5.5V. 

Fig.3. Oscillator option for the PIC16x84. 

CRYSTAL OPTION 
As said earlier, Toolkit Mk2 can be 

used as a simple "test bed" when used 
with a PIC 16x84. The circuit diagram for 
these options is given in Fig.3. 

Here a crystal oscillator is shown, 
comprised of crystal XI and two capaci-
tors, C7 and C8. The crystal frequency is 
stated as 3.2768MHz, as this is a conve-
nient frequency from which to derive 
real-time clock timings in seconds, min-
utes and hours. Other crystal frequencies 
may be used, though, up to 10MHz (pro-
vided the 10MHz version of the '84 is 
used and correctly configured). 
The connections in the outline box to 

the right of the PIC are terminal pins on 
the p.c.b. for use as connections to other 
circuits, including the I.c.d. module previ-
ously referred to. (In fact, on the p.c.b., 
two terminal pins for each of RBO to RB7 
are provided, allowing the direct plug-in 
of the I.c.d. while still leaving access to 
terminal pins for other use. Details of typ-
ical I.c.d. pin connections are shown in 
various earlier EPE projects, including 
PIC Tutorial Part 3 (May '98). 

PIC PINOLITS 
It is not the intention of this article to 

discuss the detailed operation of the '84 
and '87 PICs. PIC Tutor covers the for-
mer in extensive detail. Microchip's data 
sheet should be obtained for the intimate 
details of the '87 family. 

Nonetheless, it is appropriate to show 
the pinouts of both families, as we do in 
Fig.2. 
Be aware that only the simple pin 

COMPONENTS 
Resistors 

See 111 to R4, 
R9, R10, eHro-)15-) 
R12 1k (7 off)  R5 to R8 100k (4 off) I....ALK 

R11 10k Page 
R13 470Q 

All 0.25W 5% carbon film or better. 

Potentiometer 
VR1 10k preset, min. round 

(see text) 

Capacitors 
Cl, C2 

C3, C5 

C4, C6 

C7, C8 

220n min. ceramic disc 
(2 off) 

4p7 axial elect. 16V 
(2 off) 

100n min. ceramic disc 
(2 off) 

10p polystyrene or 
ceramic (2 off) 
(see text) 

Semiconductors 
D1 red I.e.d. 
TR1 . BC549 npn transistor 
IC 1 MAX662A +12V 30mA 

Flash memory 
programming supply 

IC2 PIC16x84 microcontroller 
(see text) 

IC3 PIC16F87x 
microcontroller 
(see text) 

104 78L05 +5V 100mA 
regulator (see text) 

105 4050 non-inverting hex 
buffer 

IC6 4053 triple 2-channel 
analogue multiplexer 

Miscellaneous 
Si sp. pushswitch, p.c.b. 

mounting 
SKi 36-way Centronics female 

parallel printer 
connector, p.c.b. 
mounting 

X1 3.2768MHz crystal 
(see text) 

Printed circuit board, available from 
the EPE PCB Service, code 227; 8-pin 
d.i.l. socket (2 off); 16-pin d.i.l. socket (2 
off); d.i.l. or s.i.l. sockets for IC2 and IC3 
(see text); p.c.b. supports (4 off); con-
necting wire; solder, etc. 

Approx. Cost 
Guidance Only £19 

(excl. microcontrollers) 
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names have been given — many of the 
pins have multiple functions that they 
can be programmed to perform. It is 
essential to read the appropriate sheet to 
understand them (see the Resources sec-
tion later) 

CONSTRUCTION 
Right then, so that's the basic outline 

finished with. We can now get into build-
ing the little rascal — as PhizzyB friend 
"Max" Maxfield might say! 

Full details of the printed circuit board 
component and track layouts are shown 
in Fig.4. This board is available from the 
EPE PCB Service, code 227. 

Note that IC4 must be omitted if 
Toolkit is to be powered from a regulated 
SV source, such as from PIC Tutor. (In 
which case capacitor C6 can be omitted 
too.) 

Additionally, resistors R9 and RIO 
must be replaced by link wires if Toolkit 
is to be connected to PIC Tutor. Failure 
to do so will result in incorrect voltage 
levels being applied to the DA6 and DA7 
pins of the PIC on the PIC Tutor board. 
Assemble the Toolkit Mk2 board in 

order of link wires first (note that one is 
under the IC6 socket position), and then 
the rest of the components in ascending 
order of size. Especially note the correct 
orientation of the semiconductors, elec-
trolytic capacitors and switch SI. Do not 
insert any of the dual-in-line i.c.s into 
their sockets until after preliminary test-
ing has been carried out (you'll be told 
when). 
A special note on the use of sockets for 

IC2 and IC3 (the PIC sockets): ideally a 
ZIF (zero insertion force) socket should 
be used for IC2, although it can be an 
ordinary socket if funds don't run to 
ZIFs. 
Now, on ZIFs, an 18-pin version is 

available and can be used for IC2. 
However, it is more expensive (for some 
odd reason) than a universal 24-pin ZIF. 
Consequently, provision has been made 
on the board for either version to be used 
(hence the two outlines shown for IC2). 

It's up to you whether you solder the 
ZIF in place, or use an ordinary socket 
and then plug the ZIF into it when need-
ed (the 18-pin ZIF is a bit difficult in this 
respect since its pins have been found to 
be thicker than those on the 24-pin). 

It's worth noting, however, that if 
Toolkit is to be connected permanently to 
a PIC Tutor board, the socket for 
Toolkit's IC2 is likely to be seldom used 
and an ordinary d.i.l. socket will proba-
bly prove satisfactory (or even unneces-
sary), have a think about it. 
ZIF sockets for IC3 are much more 

expensive still and it seemed inappropri-
ate to even think about using them. Thus 
the board has been designed for ordinary 
d.i.l. 28-pin and 40-pin sockets to be 
nested in the same location*. 
The 28-pin socket is made up from a 

20-pin and an 8-pin (narrow, 0.3-inch) 
d.i.l. socket. The 40-pin (broad, 0.6-
inch) is made from two 20-pin 
(single-in-line) strips. A 40-pin d.i.l. 
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Fig.4. Component and full size track master pattern layouts for PIC Toolkit Mk2. 
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.5V 

RB7 OUT 

•• ABA OUT 

• .I2V 

 —• {Dv 

 —• 5); 

TOOLKIT MK 2 PCB 

OMIT ICa C6 

CONNECTIONS TO 
SWITCHES MADE ON 
REAR (TRACK) SIDE 
OF PC B 

OMIT SI TO S4 

SI TO S4 SOCKET 

• • I • /11 • 

MCLR RB6 

R87 

PIC TUTORIAL PC B. 

•-•••-• RB7 OUT 

ABA OUT 

• •12V 

—• OV 

—• 9V 

CONNECTIONS TO 
SWITCHES MADE ON 
REAR (TRACK) SIDE 
OF PC B 

SET SWITCHES 
SI OFF (UP) 
S3 AND Sa ON (DOWN) 

TOOLKIT MK .2 PC B. 

REPLACE R9 
AND RIO 
WITH LINK 
WIRES 

S. 

$1 S4 S3 

MCLR 

PIC TUTOR (CD) PC B, 

Fig.5. Optional connections between Toolkit Mk2 and the PIC Tutorial and PICtutor boards. 

socket could be used if its cross struts 
are removed. 

Since only a few of the IC3 position 
pads are actually used, you might consider 
using s.i.l. strip sections soldered only into 
those p.c.b. holes. It seems that this would 
actually make insertion and removal of an 
IC3 PIC a bit easier (this was only thought 
of after the prototype had been built. It has 
not been put to the test!). 
At the bottom right of the p.c.b. is 

shown an additional 8-pin socket. It is 
from this socket that power and program-
ming connections could be made to a 
prototype development board. Solder its 
connecting wires into another 8-pin d.i.l. 
socket and plug it into Toolkit's 8-pinner. 
Alternatively, you could just solder the 
connecting wires to the correct terminal 
pins on the board. 

PIC TUTOR 
CONNECTIONS 
This brings us to using Toolkit with 

either of the two versions of the PICtutor 
board. 

Details of the connections to the PIC 
Tutorial board published in March '98 
are shown in Fig.5. This board uses a 4-
switch module for SI to S4 and this 
should be removed. Then solder the 
Toolkit connections to the trackside of 
the PIC Tutorial board (noting that Fig.5 
shows them from the component side). 

Connections to the board for the CD-
ROM based PICtutor are also shown in 
Fig.5. With this board, different switch 
types and positioning were used. The 
switches for this board should be left in 
position. Note that switch SI must 
remain permanently Off (up), while S3 
and S4 must be set permanently On 
(down). The connections are again made 
to the trackside of the board.. 
Beware that you make these connec-

tions to the commercially manufac-
tured and assembled Tutorial boards 
entirely at your own risk — their guar-
antees are invalidated by such action. 
The OV connection to this board (CD-

Toolkit Mk2 connected to the PICtutor board 

ROM PICtutor) may be connected to the 
OV terminal of the on-board power input 
connector. The +5V connection should 
be soldered to the +5V (Out) pin of 
PICtutor's regulator IC2, preferably on 
the track side. 
As an alternative, you could retain 

Toolkit's IC4 and C6 and take the +12V 
connection from (CD-ROM) PICtutor's 
power input connector to the +12V pin 
on Toolkit. Do not connect this +12V 
supply to any other Toolkit pin! 

For workbench convenience, it is 
preferable to keep the interconnecting 
wires short-ish (see photograph), 
although the author has often had pro-
gramming connection leads of as long as 
a metre without experiencing problems. 

Note that the program sending aspect of 
the Toolkit Mk2 software can be used 
directly with either of the Tutor p.c.b.s., 
without them being connected to the 
Toolkit p.c.b., just plugging the computer 
connector into the Tutor board as normal. 

Trackside detail of the Plctutor board 
connections to Tookit. 
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However, there is no screen advice 
given about when the Tutor board 
switches Si to S4 should be used. You 
must remember to use them in the order 
discussed in the Tutor text when you are 
asked if you want to Process this 
Program. 

Carry out the switching procedure and 
then press <Enter>. When advised that 
the sending is complete, again use the 
switches to terminate programming. 

Verification and disassembly are never 
available when the PIC Tutor boards are 
used on their own without the Toolkit 
p.c.b. connected, irrespective of your 
computer's ability to actually read from 
its printer port. 

COMPUTER LEAD 
It is strongly recommended that a 

proper ready-made printer connecting 
cable (normal — Centronics) with integral 
connectors is used to couple Toolkit to 
the computer. 

It is, though, permissible to make your 
own simpler connecting lead, referring to 
Fig.6 for the pins involved. 

Here now, we must reiterate the cor-
rection we previously published to Fig.7 
of Toolkit MkI which showed the use of 
printer port pin II instead of the correct 
pin 10 (as now shown in Toolkit Mk2's 
Fig.6). The error was compounded by 
both the text and the drawing referring to 
the computer's Busy line being used to 
read data from the PIC. In fact, the term 
Acknowledge should have been used 
instead of Busy and, as some readers 
pointed out, Busy is on pin I I, and Ack 
is on pin 10. 
We now categorically re-state that both 

versions of PIC Toolkit use Acknowledge 
on pin 10 and the software for both is 
written to read pin 10 via its respective 
port register. Contrary to the assertion of 
a few readers, there are no errors on 
the MkI p.c.b. 

PRINTER PORT PLUG 
, VIEWED FROM REAR1 

10 6 5 3 2 

o °°° 0 0 0 • • 0 • • 0 
• 0 0 0 0 0 0 0 0 0 0 0 

25 ACK 

DAO 

DA1 

A3 T E RNATIVE 
PRINTER PORT 
CONNECTIONS 

.1/.11  1 

Fig.6. Alternative connections between 
Toolkit Mk2 and the computer. 

SOFTWARE LOADING 
Software for Toolkit Mk2 is available 

on 3.5-inch disk and from the EPE web 
site (see later). Although originally writ-
ten in QuickBASIC, it has been compiled 
as an independent suite of programs 
(.EXE) that run without the need to have 

QuickBASIC on your 
computer. 

(The author's origi-
nal .BAS source code 
files — in text fashion 
— are also on the same 
disk for the benefit of 
those who wish to 
examine them 
through a text editor 
(e.g. EDIT) or 
QuickBASIC/ 
QBasic. Unless you 
really know about 
writing such .BAS 
programs, do not try 
to amend or run them. 
If you do run them, 
you will need to do so 
from the same directo- The setup screen 
ry in which your Basic check the connec 
resides and amend the and ascertain if th 
TK.BAT file creation 
in TKSET06.BAS accordingly. 
The stand-alone (.EXE) files are 

installed into directory C:\PIC which, if 
it does not exist already. is created auto-
matically by the installation routine. All 
operations within Toolkit depend on this 
directory as being the "home" directory 
and no other can be used. 
The recommended installation is 

intended to be done with the disk in 
Drive A, and the operating system in 
DOS mode. If you are already in 
Windows, exit from it back to the MS-
DOS prompt (via Program Manager for 
Win 3.1 or the Shutdown facility for Win 
95). The DOS prompt is likely to look 
like C:\> or C:\WINDOWS>. From this 
prompt type A: to enter Drive A. 
Now type TKINSTAL. This auto-

installation routine creates the C:\PIC 
directory (if necessary) and copies the 
relevant files into it. Once that has been 
done, the installation routine calls • the 
main program (TKMAIN02). 

At this point (and for reasons 
unknown) the instruction "Hit any key to 
return to SYSTEM" might appear. Do as 
it says and hit any key. 
On entry, TKMAINO2 checks 

whether file C:\PIC\TKFACTS. TXT 
exists. If the answer is false, the software 
assumes that it has not been run on this 
computer before, and calls up (Chains to) 
the Setup program TKSET06. 
Many functions are performed by this 

program. For starters, an opening screen 
welcomes you and describes what takes 
place next. The first of these actions 
occurs via the next screen and asks you 
to press various keyboard keys and check 
what voltage readings (using a multime-
ter) are obtained on various parts of the 
Toolkit board (and PIC Tutor board if 
connected). Toolkit must, of course, be 
connected to the computer and to a suit-
able power supply. Any PIC in Toolkit or 
PIC Tutor should be removed before the 
power is switched on. 

•••••• SETUP EFE FICItutet/PIC1bF87x PROttRA/1111MG TOOLXIT 02.0 •••••••. 
TEST AND SET OUTPUT PORT REGISTER 

PIC (ro, socket. Switch on Toolkit pour. Sari 
1-5, note expected output response and check with 

1188-181) shows the same result. If port pins do . 
register address - tirer are three addresses available 

been obtained (usually with register 0378 hex) don't press P 
Pressing hews 1-5 obscene screen response for 'Aar pin 10, it shià1d 

bow the action id TM when DM is at 5U. If it doesn't follow DnO. your 
ter cannot read data from a PIC (cannot nerifq or disassemble) Some 
tiers are like this, bot can still protirdnaPIC if other actions OX 

KEY 
BIT MOM 

15.)roTq SET PUGP 1M 

1 
188 

ITA 

11 
W 

2 
181 
3 

CLX 
OV 

3 )1 5 
1012 DIO 1011 
456 

MIL RSI 125 
ITU Ou SU 

ACM (SET PIA 10) 
EXPECTED CPU RESPIIMSE 1 
ACTUAL CPU RESPOMSE I 

1- 1 1 PORT REGISTER 378 
• UERIFTIMI, nit OM PORT ").v . 

PORT TESTING 
Now, it's possible that your computer 

may not have its printer port register set 

. It is interactive and allows you to fully 
fions between the computer and Toolkit, 
e port allows data to be read back. 

to 0378 hex (as many consider to be the 
norm), it may be set to 0278 or 03BC 
hex. Initially, the Toolkit software is set 
to output via the 0378 register. You will 
only get the correct responses from the 
DAO to DA4 pins if this is the register 
address set into the computer. 

If you get no 'response. press P (for 
port) to change the register being exam-
ined by the software to 0278, and try 
again. If still no response, again press P 
to change to 03BC. A third press of P 
will return you to 0378. 

If none of the register values produce 
the correct voltage reading on your 
meter, thoroughly recheck the connec-
tions between the computer and Toolkit. 
Once you have found the register that 

produces a response. do not press P again. 
During this process, the software 

assesses whether, with DA4 high, the 
logic on DAO is readable via the ACK 
line. If at least five matches occur in 
sequence. it is assumed that the ACK pin 
can be read. The computer now beeps at 
you and an asterisked statement informs 
that Verifying is OK on that port. 

If this statement refuses to appear, 
even though your voltage readings show 
that you are on the correct register, then 
your computer cannot read the data on 
pin 10. Regretfully, this means that it can 
neither verify nor disassemble from a 
PIC. It will be able to program the PIC, 
though, if you've found the correct 
responses through the meter readings. 
When the beep occurs, or when you 

find that it's not going to, press <Enter> 
to continue the setting up. 

Incidentally, it is permissible to run 
Setup with a PIC in the socket. You must 
ensure, though, that one of the earliest 
keys you press is that which resets the 
PIC. Failure to do so could result in 
incorrect responses from the output line 
back to the computer. and its ability to 
read back not recognised by Toolkit's 
software. 

FILES SETUP 
Stage two of setting up involves the 

creation of many files which are called 
periodically by the various routines. 
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Amongst them are some test files (.ASM 
and .MSG). 

All these files are created within the 
C:\PIC directory and are prefixed by the 
letters "TK", e.g. TKTEST1.ASM. 

This stage of setting up is very quick, 
the author's various computers taking 
between about two and four seconds. 
When the screen tells you it's complete, 
pressing any key returns you to program 
TKMAIN02, which now displays the 
main menu of options available. 

Each option is prefixed by a number or 
letter, and pressing that key selects that 
option. Alongside many of the options is a 
list of default file names. You will see, for 
example, alongside "A Assemble TASM 
Text To Binary", the default is 
C: \PIC \TKTESTLASM, others have the 
statement NONE YET. The latter will be 
updated in due course, depending on what 
other actions are subsequently taken. 

If the port test has revealed that the 
computer cannot read data from Toolkit, 
three options will be "greyed" and the 
word Unavailable will be shown in the 
default column. It means what it says — 
you cannot access these functions, nor 
will the software try to verify code that 
has been sent to the PIC. 

In writing this software, much empha-
sis has been placed on its ease of use, and 
where possible default choices are 
offered which merely require the press-
ing of a single key (frequently just the 
<Enter> key). Also, default file names 
are kept updated to suit circumstances, 
but remain unchanged where appropri-
ate. This means, for example, that you 
can repeatedly return to a particular rou-
tine and still have immediate use of the 
same file name that you used last time 
you entered that routine. 

PROGRAM ASSEMBLY 
Let's show you an example of using 

defaults. You have seen that 
C:\PIC\TKTESTI.ASM is the 
Assembly default name. This means that 
this file is ready to be assembled from a 

.ASM file to a .OBJ file suitable for 
sending to the PIC. (Note that it is only 
.ASM files using TASM grammar that 
can be assembled by this routine. 
MPASM files need translating through 
another menu option to make them 
suitable.) 

First, switch off Toolkit, insert a 
PIC16C84 or PICI 6F84 into the correct 
socket on Toolkit (or that on PIC Tutor if 
it's being used — but never have more than 
one PIC anywhere in the Toolkit/Tutor 
system), and switch on. We shall now 
assume that this PIC has never been used 
before and that you will not find any 
response from any of the PIC's data pins 
on a meter (or on the Tutor 1.e.d.$). 
From the main menu, press A to enter 

the Assembly program (a separate 
chained program named TKPROG02). 
The screen will confirm that you are in 
the Assembly routine and that you have 
several choices: pressing M <Enter> will 
return you to the main menu and D 
<Enter> will call up the directory. Any 
file selected from the directory will then 
become the default file (more on this 
later, and on the other statements now 
shown on screen). 
You will also see that C:\PIC\ 

TKTEST1.ASM is shown as the default 
file now available and that pressing 
<Enter> on its own will cause it to be 
assembled. You also have the choice of 
entering your own file name, pressing 
<Enter> to complete it (should you enter 
a name that does not exist, you will be 
told so and offered the chance to enter 
another name). 

For now, just press <Enter> on its own. 
The routine then opens the file you have 
called, loads and assembles it. While it's 
doing so, progress statements appear on 
the screen plus the current time at which 
they occur (this is only for interest). You 
will see that it has taken about 'two 
seconds for this file. 

Also shown is the byte count (actually 
the number of 14-bit commands) of the 
assembled code (14) and the number of 

  ASSEMBLE AIBJ FILE FROM TASM SOURCE CODE 
SOURCE FILE SEARCHED IS C:\PIC\xxcASM 

OUTPUTS ARE TO C:\PIC\xxx with .08J, .ERR, .LS! extensions 
PROCESS WHICH FILE ? 
DEFAULT C:\PICNIKTESTLAS11 
15:20:21 1 SPLITTING C:\PIC\TISTEST1.ASTI 
15:20:21 2 SORTING EQUATES 
15:20:21 3 PROCESSING SOURCE CODE 
15:20:21 1 ALLOCATING JUMPS 
15:20:21 5 CREATING OUTPUT FILES 
15:20:21 6 FINISHED ASSEMBLY 
ERRORS . 0 

BYTE COUNT OF C:NPIC\TKTEST1.08j CODE , 11 
ORIGINAL SOURCE CODE LIMES = 28 

FINISHED - PRESS AMY KEY TO RETURN TO MAIM MUNN 

A typical screen display following assembly of a source code file to an object file. 

lines in the original source code (28). An 
error count is shown too — the program 
has been checking your code while 
assembling it, seeing if there's anything 
that it doesn't recognise and if so incre-
menting the error count on each occa-
sion. An error file (.ERR) is also written 
to with the details. On this occasion the 
count is O. 

If errors are found, you can exit to 
DOS EDIT to correct them. More on the 
use of the EDIT facility in Part 2. 
Now, though, since the code has been 

assembled successfully, it is ready to be 
sent to the PIC. Following the screen 
instruction, press any key to return to the 
main menu. 
Back in the main menu you will see 

that option 2, Program PIC with TASM 
Binary, now has a default file name 
beside it whereas before it just said 
NONE YET. The file name is basically 
the same as that just used, but now with 
a .OBJ ending instead of the .ASM, i.e. 
C:\PIC\TKTEST1.OBJ. The original 
Assemble default name is still shown as 
previously. 
The .OBJ file is now ready to be sent 

to the PIC. But on this occasion, because 
we are assuming the PIC itself has never 
been used before, we must configure it to 
suit the application in which it is to be 
used. 

During assembly, three other files are 
created as well, with extensions of .ERR 
(containing assembly error information 
if applicable), .REF (used only during 
assembly and of no user value), and 
.LST (showing the original .ASM text, 
hex values of the assembled codes, the 
PIC addresses at which they will be 
placed plus a text line count). At the end 
of the file, any error information is 
repeated, plus the values/names for all 
"equates" and labels. 

NEXT MONTH 
In Part 2 we reveal the rest of the 

sophisticated PIC programming options 
provide by Toolkit Mk2. The author's 
finding it to be a Dream Machine to wórk 
with! 

(In the meantime — to exit the soft-
ware, press Q from main menu. To restart 
from DOS type TK from the PIC 
directory.) 

RESOURCES 
Software for PIC Toolkit Mk2 is avail-

able on 3.5-inch disk from the Editorial 
office and as a free download from the 
EPE web site — see Shop Talk column in 
this issue. 

Data sheets for PIC devices are avail-
able from Microchip's web site at 
http://www.microchip.com. 
Back Issues of Toolkit Mk' (July '98), 

the PICI6F87x Review (Apr '99) and 
reprints (back issues now all sold) of the 
PIC Tutorial articles of Mar-May '98 are 
available from the EPE Editorial office 
(see Back Issues page 385). 

For details of the PICtutor CD-ROM 
see our CD-ROMs for Electronics page 
364. 
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Crownhil Associates Limited 

PIC BASIC 
Write your PlCmicro programs in BASIC! 

Quicker and easier than "C" or assembler Expanded 
BASIC Stamp I compatible instruction set. True com-
piler provides faster program execution and longer 
programs than BASIC interpreters. 12CIN and 121COUT 
instructions to access external serial EEPROMs. More 
user variables Peek and Poke instructions to access 
any PlCmicro register from BASIC. Serial speeds 
to 9600 baud. In-line assembler and Call support 
(call your assembly routines). Supports PIC12C67x, 
PIC14Cxxx, PIC16C55x, 6xx, 7xx, 84, 92x and PIC16F8x 
microcontrollers. Use in DOS or Windows Compatible 
with most PlCmicro programmers. 
The low-cost PicBasic Compiler (PBC) makes it easy to 
write programs for the fast Microchip PlCmicros. PBC con-
verts these programs into hex or binary files that can be 
programmed directly into a PICrnicro microcontroller. The 
easy-to-use BASIC language makes PlCmicro programming 
available to everyone with its English-like instruction set. No 
more scary assembly language! 

The PicBasic Pro Compiler runs on PC compatibles. 
It can create programs for the PIC12C67x. PIC12CE67x. 
PIC14Cxxx, PIC16C55x. 6xx, 7xx, 84, 9xx, PIC16CE62x 
and PIC16F8x microcontrollers. The PicBasic Pro Compiler 
instruction set is upward compatible with the BASIC Stamp 
II and Pro uses BS2 syntax. Programs can be compiled 
and programmed directly into a PlCmicro, elliminating the 
need for a BASIC Stamp module. These programs execute 
much faster than their Stamp equivalents. They may also be 
protected so no one can copy your code! 

Pic Basic — £49.95 
Pic Basic Pro — £149.95 

Supplied with full documentation 
Free PIC MACRO compiler 

and 
sample basic programs 

EPIC TM 
• Low cost programmer for PIC12Cxxx, 
PIC12CExxx. PIC14Cxxx, PIC16C505. 55x, 
6xx. 7xx, 84. 9xx, PIC16CE62x and PIC16F8xx 
microcontrollers 
• ZIF adapters available for 8/18- and 40/28-pin 

DIP. 8-, 18- and 28-pin SOIC, 44-pin MOFP 
and 44- and 68-pin pLç.c PlCmicros 

• Runs off two 9-volt batteries or optional AC 
adapter 

• Connects to PC parallel printer port 
• Software upgradeable for future PlCmicros 
• Includes "8051" style PlCmicro macro 
assembler 

• Available assembled and tested or 
as bare board with diskette 

 4.-,,,,,,--- • 

EPic Programmer £49.95 

or £35 if purchased with 
PIC BASIC or Pro 
25-pin cable £5.95 
PIC16F84 £1.90 

r1 
-0 
o 
(73-> 

¿-o 

All! plus £5 P&P and 17.5% VAT 
Join the world wide PIC Basic mail list and access the PIC Basic Knowledge Base via FTP 

E-mail: majordomoegunos.net with "subscribe cbasic-1" in the message 

PIC16F8e04.12 £1.90 each 
PIC12C508 509 £0.65 each 
24LC16 £0.75 each 
24LC65 £1.50 each 

PIC16C620 £1.95 each 
PIC16C621 £2.25 each 
PIC16C622 £2.50 each 

LCD DISPLAYS 
Various types available from 

£7.50 (2x16 line) 
Ideal for use with PIC Basic. 
Example code supplied 

with every unit 

Serial LCB Display 
Drivers (PIC16F84) 
£2.00 

PIC PROGRAMMER KIT 
Programs the Popular PIC 16C84, 16F84, 24xx series serial memory devices. Connects to the 
serial port oto PC and requires NO EXTERNAL power supply. The kit includes instructions for 
assembly, circuit diagram and component layout 

ids hardy 
Mae 30 t 
PCB is 
screen pi,nt,r) 3 >id effielerd. a'sgAMb yT t! 5;itxttiM wit» 4rtvet 

software to ron in DOS oi-i a 286 PC iin.ivithth-, o' iode 
Windows 95 Or 436 or Pentium and a lids 
projects. tips and data sheets for PIC dev•ceir ihiai.minu FREE 
Assembler and Simuiator 

Only £15.00 including Deliver and VAT 
¡requires 9-01i  ' Yf.)e to 9-0") 
pod of PC, 
CABLE £5 INC, VAT AND DELI 

The Old Bakery, New Barns Road, Ely, Cambridge, CB7 4PW 
Tel: 01353 666709 Fax:01353 666710 
www.crownhill.co.uk E-mail: sales@crownhill.co.uk 
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10.4V 
310kHz 

Transform your PC.... Into an 
oscilloscope, spectrum analyser 
and multimeter... 
The ADC-200 range of PC based oscilloscopes offer   
performance only previously available on the most expensive 

'benchtop' scopes. By intergrating several instruments into 
one unit, the ADC-200 is both flexible and cost effective. 

Connection to a PC gives the ADC-200 the edge over traditional 
oscilloscopes: the ability to print and save waveforms is just one example. 

I •16 /.• 

Units are supplied with PicoScope for Windows which is powerful, yet g 
1.2•• 

simple to use, with comprehensive on line help. 

Applications 
• Video 
V Automotive 
✓ Electronics design 
✓ Production line tests 
✓ Fault finding 
✓ Education 

All units are supplied with 
software, cables and power 
supply. Prices exclude VAT. 

Asco 

Features 
V A fraction of the cost of comparable benchtop 

oscilloscopes 
✓ Up to 100 MS/s sampling 
✓ Advanced tigger modes- capture 

one off events. 
✓ Up to 50 MHz spectrum analyser 
✓ Large buffer memory 

"ne-200//00 £499 
'17:e-200150 £399 
,1'e-200/20 £299 

our fin • ert 
. _ 

Once oscilloscopes were heavy and clumsy to handle, but over the years they have become smaller 
and smaller. The latest development in this field has just arrived: a digital storage oscilloscope in a 
handy slim housing, scarcely longer than a pencil and about as thick as your thumb. Despite its small 
size, its performance can match that of a service oscilloscope. 

cf 

-- "-ations 
✓ On-the-spot measurements 
✓ Hobby electronics 
✓ Measurements in amplifiers 
V Production line tests 

V Can use PC display 
V Sample rates from 

5Ons to lms 
- V Up to 20 MS/s 

Prices exclude exclude VAT 

Fax: +44 (0)1954 211880 Tel: +44 (0)1954 211716 
E-mail: post@picotech.co.uk Web: www.picotech.com 
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INGEN t.) 
UNLIMITET 
Our regular round-up of readers' own circuits. We pay 
between £10 and £50 for all material published, depending 
on length and technical merit. We're looking for novel 
applications and circuit tips, not simply mechanical or 
electrical ideas. Ideas must be the reader's own work and 
not have been submitted for publication elsewhere. The 
circuits shown have NOT been proven by us. Ingenuity 
Unlimited is open to ALL abilities, but items for 
consideration in this column should preferably be typed or 
word-processed, with a brief circuit description (between 
100 and 500 words maximum) and full circuit diagram 
showing all relevant component values. Please draw all 
circuit schematics as clearly as possible. 

Send your circuit ideas to: Alan Winstanley, Ingenuity 
Unlimited, Wimborne Publishing Ltd., Allen House, East 
Borough, Wimborne, Dorset BH21 1 PF. 
They could earn you some real cash and a prize! 

Photo Slave Flash Unit 

T HE USE of a second "slave" flash as 
the main light enables the use of crea-

tive lighting effects in flash photography. By 
placing a second flash at, say, 45 degrees to 
the subject, shadows are formed to show its 
texture and form, and dramatic effects such as 
backlighting, strong side light etc. are also 
possible. 
The flash on the camera fills in or sof-

tens the shadows made by the secondary 
flash. Using the circuit described in Fig. I, the 
camera flash also triggers the slave flash. 

Firing of the camera flash is detected by a 
photo diode or phototransistor TRI. Capacitor 
Cl blocks the effect of A.C.-generated ambient 
light and allows only the pulse caused by firing 
the camera flash to reach the amplifier formed 
by transistor TR2 and resistors R3 and R4. 
The amplified pulse is fed to the monos-

table formed by ICI, R5, C2 and C3. The 
fixed-length pulse produced by this is passed 
through resistor R6 and triggers thyristor 
CSR1. This shorts the two switch terminals 
of the secondary flash which fires. 
The circuit works reliably in ambient light 

conditions ranging from full sunlight to a 
darkened room, and also responds to bounced 
flash. In practice that it is not necessary to 

• 
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WIN A PICO PC BASED 
OSCILLOSCOPE 

.50MSPS Dual Channel Storage 
Oscilloscope 025MHz Spectrum Analyser 
• Multimeter • Frequency Meter 
• Signal Generator 
If you have a novel circuit idea which would be 
of use to other readers then a Pico Technology 
PC based oscilloscope could be yours. 

Every six months, Pico Technology will be 
awarding an ADC200-50 digital storage 
oscilloscope for the best Ill submission. In 
addition. two single channel ADC-40s will be 
presented to the runners up. 

Fig. 1. Photo Slave Flash Unit circuit diagram. 

point the sensor at the primary flash, giving 
greater scope for positioning the slave to give 
the best lighting effect. 
Component choice is not critical. TRI has 

been tested using a variety of surplus photo 
diodes and phototransistors with consistent 
results. TR2 could be any general purpose 
npn silicon transistor. The circuit could either 
be powered from a 6V to 9V battery or from 
the flash gun's battery. 

+5V TO +10V 

FLASH LEAD 
CENTRE PIN 

FLASH LEAD 
GND 

For further ideas, if TRI were replaced 
by a microphone and amplifier the secon-
dary flash could be triggered by sound. This 
would allow dramatic photographs of such 
things as breaking glass. A security camera 
could be developed to photograph burglars if 
the output from an intruder alarm replaced 
the photo sensor. 

Siren Sounder - 

ASIMPLE alarm circuit which is fun to 
build and will find many uses, perhaps 

as a warning device or as a novelty, is shown 
in Fig.2. The alarm is built around two 555 
timers, which act as oscillators to produce 
a distinct two-tone effect. Note that only 
one resistor and capacitor is used on each 
oscillator. 

Oscillator ICI runs at a lower frequency 
than IC2. The low frequency signal generated 
by ICI modulates the frequency of IC2 which 
changes the audio tone. 
The output from IC2 at pin 3 is fed to the 

base of pnp transistor TRI, which amplifies 
the sound and drives the speaker, LS I. Resis-
tor R4 limits the collector currènt. 
The frequency and timing of each oscil-

lator is dependent on RI and Cl for ICI, and 
R3 and C2 for IC2 and these components 
could be changed to alter the note. 

P. Graham, 
Yate, Bristol. 

Fig.2. Circuit diagram for a simple Siren Sounder. 

Peter Taylor, 
Mickleover, Derby. 
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Space Case Alarm - PICO PRIZE WINNERS 

SCHOOL pupils often use a strong plastic 
"space case" to house their ruler, pen-

cils, etc. My young son wanted me to rig his 
space case with an alarm, so that it would go 
off when any other pupil opened the case 
without his permission. In the circuit diagram 
of Fig.3, ICI is an inexpensive CMOS LSI 
melody generator, which comes in different 
versions (Christmas Jingles, Happy Birthday, 
etc.). 
When a battery is connected, ICI plays a 

melody once, then stops. While the sound is 
not very loud, it is certainly enough to at-
tract the attention of a teacher! Switch S2 is 
a miniature slide switch which enables the 

Fig.3. Space Case Alarm. 

It's time to decide the winners of superb PICO Technology PC-based oscilloscopes, once again 
generously donated by PICO (www.picotech.com) for three lucky entrants whom in our 
judgment submitted the best ideas published in the past six months. As always, every entry was 
judged on a number of criteria including the extent of "lateral thinking" or novelty, technical 
merit, resourcefulness, appropriateness, and overall completeness. 

After careful consideration, EPE Editor Mike Kenward and Ingenuity Unlimited host Alan 
Winstanley finally selected the following winners: 

WINNER — receives an impressive PICO ADC200-50 PC Digital Storage Oscilloscope, 
worth over £450! 
Naseer Ahmad — Using Solenoid Valves in Place of Motorised Valves (January 1999). An 
ingenious design based around a switched mode chip adapted for use in this control 
application. 

RUNNERS-UP — both are lucky recipients of PICO ADC-40 Single-Channel PC-Based 
Oscilloscopes. 
Duncan Boyd — Audio Limiter (April 1999). We felt this was a novel application for a 
limiting circuit which used a transconductance amplifier for the front end. 

J. D. Gray — AF Sweep Signal Generator (February 1999). This design was thoroughly 
worked and presented. 

pupil to set the alarm and is mounted incon-
spicuously in the side of the case, or even 
inside. Microswitch SI triggers the alarm 
when the case is opened. 
The battery is a small 3V lithium manganese 

cell which would probably give a year of use or 
more. Leads may be soldered directly to the bat-
tery but this must be done very rapidly, taking 
care to avoid excess heating. Use anti-static pre-
cautions when handling ICI with care. 
As simple as the design is. "dad" is 

delighted to report that other pupils were 
offering to pay my son's dad to construct a 
similar alarm for them, too! 

Rev. Thos. Scarborough, 
Fresnaye, Cape Town, RSA. 

INGENUITY 
UNLIMITED 
BE INTERACTIVE 

IU is your forum where 
you can offer other 

readers the benefit of your 
Ingenuity. Share those 

ideas, earn some cash and 
possibly a prize! 

Electronic Rotary 
Switch - 

I N THE circuit of Fig.4, a novel approach 
has been adopted for replacing mechanical 

rotary switches used in many types of circuit. 
A momentary push-to-make switch together 
with some electronics offers an option of 
making an electronic rotary switch to replace 
a mechanical one. 

At power-on, a reset signal is applied by 
IC3a/b to reset ICI and IC2. The output will 
be selected sequentially from QO to Q9 of IC2 
and the selection will be advanced every time 
SI is closed. 

The R-S latch ICI is used for switch 
debouncing and is set high every time SI is 
pressed and reset after a delay generated by 
resistor RI and capacitor CI. Hence it provides 
a debounced pulse, as a clock input to IC2. 
The circuit acts similarly to a multi-way 

switch action for which a 4017 counter/divider 
has been used. The selection will be valid until 
the next switching action occurs. 
When any Q output of IC2 is selected, it will 

be at a high state (logic 1). This can be used to 
activate a control pin of IC4 and turn a cor-
responding bilateral switch on. A 4016 Quad 
Bilateral Switch is used for this purpose. 

At the bilateral switch output, the user's 
circuit can be interfaced as required, so that 

this circuit will offer a multi-way selection to 
the circuit. This could be useful in case of the 
selection of analogue signals which the 4016 
can also handle. Digital circuits may be con-
nected directly to the output of IC2. 
A maximum of nine steps' selection is of-

fered by the 4017. On every tenth switching, 
it will reset itself through IC3b and the cycle 
will repeat from QO onwards. 
To provide fewer selections you can select 

Q outputs of your choice to reset the circuit. 
For instance, if you need only four selections, 
then connect Q4 (pin 10) to the OR gate IC3b 
pin 6 and now on every fifth selection' the 
circuit will reset and start from QO. 

B. D. Mehta, Ahmedabad, India. 
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Fig.4. Circuit diagram for an electronic rotary switch. 
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SURVEILLANCE 
PROFESSIONAL OUALITY KITS 

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

Genuine SUMA kits available olly direct from Suma Designs. Beware inferior imitations! 
UTX Ultra-miniature Room Transmitter 
Smallest room transmitter kit in the world! Incredible 10mm x 20mm including mic. 
3V-12V operation. 500m range  £16.45 

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

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

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

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

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

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

SCLX Subcarrier Telephone Transmitter 
Connects to telephone line anywhere. requires no batteries. Output scrambled so 
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range  £23.95 

SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70mm. 9V-12V operation  £22.95 

ATR2 Micro-Size Telephone Recording Interface 
Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
Powered from line    £13.45 

*** Specials *** 
DLTX/DLRX Radio Control Switch 
Remote control anything around your home or garden. outside lights, 
alarms, paging system etc. System consists of a small VHF transmitter with 
digital encoder and receiver unit with decoder and relay output. momentary 
or alternate. 8-way d.i.l, switches on both boards set your own unique 
security code. TX size 45mm x 4Dmm. RX size 35mmx 90mm. Both 9V 
operation. Range up to 200m. 
Complete System (2 kits)  £50.95 
Individual Transmitter DLTX  £19.95 
Individual Receiver DLRX  £37.95 

MBX-i HI-Fi Micro Broadcaster 
Not technically a surveillance device but a great idea! Connects to the 
headphone output of your Hi-Fi, tape or CD and transmits Hi-Fi quality to a 
nearby radio. Listen to your farvourite music anywhere around the house, 
garden, in the bath or in the garage and you don't have to put up with the 
DJ's choice and boring waffle. 
Size 27mm x 60mm. 9V operation. 250m range £20.95 

SUMA 
DESIGNS 

UTLX Ultra-miniature Telephone Transmitter 
Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 
All conversation transmitted Powered from line, 500m range  £15.95 

TLX 700 Micro-miniature Telephone Transmitter 
Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble 
than UTLX. Connects to line (anywhere) and switches on and off with phone use. 
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 Transmitter 
Transmits a continuous stream of audio pulses with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. 
Size 25mm x 63mm. 9V operation  £22.95 

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

CD600 Professional Bug Detector/Locator 
Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locale hidden transMitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers. cellular. taxis etc. Size 70mm x 100mm. 9V operation  £50.95 

QTX 1 80 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 

QLX180 Crystal Controlled Telephone Transmitter 
As per OTX180 but connects to telephone line to monitor both sides of cOnversations. 
20mm x 67mm. 9V operation. 1000m range  £40.95 

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

ORX 180 Crystal Controlled FM Receiver 
For monitoring any of the 'O range transmitters. High sensitivity unit. All RF section 
supplied as pre-built and aligned module ready to connect on board so no difficulty 
setting up, Output to headphones. 60mm x 75mm. 9V operation  £60.95 

A build•up service is available on all our kits if required. 

UK customers please send cheques. POs or registered cash. Please add 
£2.00 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send Sterling Bank Draft and add £5.00 
per order for shipment. Credit card orders welcomed on 01827 714476. 

OUR LATEST CATALOGUE CONTAINING MANY MORE 
NEW SURVEILLANCE KITS NOW AVAILABLE. SEND TWO 
FIRST CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 

DEPT. EE 

THE W ORKSHOPS, 95 M AIN ROAD, 

BAXTERLEY, NEAR ATHERSTONE, 

W ARWICKSHIRE CV9 21E 

VISITORS STRICTLY BY APPOINTMENT ONLY 

Tel/Fax: 
01827 714476 
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DIREC 
EPE BOOKS 

ELECTRONICS TEACH-IN 8819 
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 Order code TI-88,89 £2.45 

TEACH-IN No. 7 plus FREE SOFTWARE 
ANALOGUE AND DIGITAL ELECTRONICS COURSE 
(published by Everyday Practical Electronics) 
Alan Winstonley and Keith Dye B.Eng(TechjAMIEE 
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 DISK 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 
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 Order code TI7 £.95 

1 

BOOK S 

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 e 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 Amplifier, EE 
Buccaneer Induction Balance Metal Detector, BBC Midi 
Interface, Variable Bench Power Supply, Pet Scorer, 
Audio Signal Generator. 
128 pages Order code EP1 £2.45 

PROJECT CONSTRUCTIO 
PRACTICAL REMOTE CONTROL PROJECTS 
Owen Bishop 
Provides a wealth of circuits and circuit modules for use in 
remote control systems of all kinds; ultrasonic, infra-
red, optical fibre, cable and radio. There are instructions 
for building fourteen novel and practical remote control 
projects. But this is not all, es each of these projects 
provides a model for building dozens of other related 
circuits by simply modifying parts of the design slightly to 
suit your own requirements. This book tells you how. 

Also included are techniques for connecting a PC to 
a remote control system, the use of a microcontroller 
in remote control, as exemplified by the BASIC Stamp, 
and the application of ready-made type-approved 418MHz 
radio transmitter and receiver modules to remote control 
systems. 
160 pages Order code BP413 £5.99 

PRACTICAL ELECTRONIC MODEL RAILWAY 
PROJECTS 
R. A. Penfold 
The aim of this book is to provide the model railway 
enthusiast with a number of useful but reasonably simple 
projects that are easily constructed from readily available 
components. Stripboard layouts and wiring diagrams are 
provided for each project. The projects covered include: 
constant voltage controller; pulsed controller; pushbutton 
pulsed controller; pulsed controller with simulated inertia, 
momentum and braking; automatic signals; steam whistle 
sound effect; two-tone horn sound effect; automatic two-
tone horn effect automatic chuffer. 
The final chapter covers the increasingly popular sub-

ject of using a computer to control a model railway layout, 
including circuits for computer-based controllers and sig-
nalling systems. 
151 pages Order code BP384 £4.99 

A PRACTICAL INTRODUCTION TO SURFACE 
MOUNT DEVICES 
Bill Mooney 
This book takes you from the simplest possible starting 
point to a high level of competence in handworking with 
surface mount devices (SMD's). The wider subject of SM 
technology is also introduced, so giving a feeling for its 
depth and fascination. 

Subjects such as p.c.b. design, chip control, soldering 
techniques and specialist tools for SM are fully explained 
and developed as the book progresses. Some useful con-
structional projects are also included. 

Whilst the book is mainly intended as an introduction, it 
is also an invaluable reference book, and the browser 
should find it engrossing. 
120 pages =WM £4.99 

FAULT-FINDING ELECTRONIC PROJECTS 
R. A. Penfold 
Starting with mechanical faults such as dry joints, 
short-circuits etc, coverage includes linear circuits, using a 
meter to make voltage checks, signal tracing techniques 
and fault finding on logic circuits. The final chapter covers 
ways of testing a wide range of electronic components, 
such as resistors, capacitors, operational amplifiers, 
diodes, transistors, SCRs and triacs, with the aid of only a 
limited amount of test equipment. 
The construction and use of a Tristate Continuity Tester, 

a Signal Tracer, a Logic Probe and a CMOS Tester are also 
included. 
136 pages £4.99 

TEST EQUIPMENT CONSTRUCTION 
R. A. Penfold 
This book describes in detail how to construct some 
simple and inexpensive but extremely useful, pieces of 
test equipment. Stripboard layouts are provided 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 and more 

experienced hobbyists. 
104 pages Order code BP248 £3.99 

HOW TO DESIGN AND MAKE YOUR OWN PC Bs 
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 designing your own p.c.b.s. 
66 pages Order code BP121 £3.99 

ELECTRONIC PROJECT BUILDING FOR BEGINNERS 
R. A. Penfold 
This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practical 
side of this fascinating hobby, including the following topics 
Component identification, and buying the right parts; 

Resistor colour codes, capacitor value markings, etc; Advice 
on buying the right tools for the job; Soldering, with advice 
on how to produce good joints and avoid "dry" joints; 
Making easy work of the hard wiring; Construction methods, 
including stripboard, custom printed circuit boards, plain 
matrix board, surface mount boards and wire-wrapping: 
Finishing off, and adding panel labels; Getting "problem" 
projects to work, including simple methods of fault-finding; 
In fact everything you need to know in order to get started in 
this absorbing and creative hobby. 
135 pages Order code BP192 £4.95 

FAVIC 
The books listed have been 
selected by Everyday Practi-
cal Electronics editorial staff 
as being of special interest 
to everyone involved in elec-
tronics and computing. They 
are supplied by mail order 
to your door. Full ordering 
details are given on the last 

book page. 

FOR A FURTHER SELECTION 
OF BOOKS SEE THE NEXT 
TWO ISSUES OF EPE. 

Note our UK postage costs 
just £1.50 no matter how 
many books you order! 

RAbIO/TV 
VIDEO 

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 (On), Automatic audio fader, Video faders, Video 
wipers, Video crispener. Mains power supply unit. 
108 Pages Order 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 bee; 
Methods of construction; Preparing for tbe licence. 
An essential addition to the library of all those taking 

their first steps in amateur radio. 
86 pages Order code BP300 £3.95 

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 Ortlet e ode BP278 £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 mance peorfurther 

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 Order code BP136 £1.75 
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TWO EXCITING NEW BOOKS 
Specially imported by EPE 

Bebop To The 
Boolean Boogie 
By Clive (call me Max) Maxfield 
ORDER CODE BEB1 £24.95 

An Unconventional Guide to Electronics 
Fundamentals, Components and Processes 

The Foreword by Pete Waddell, Editor, Printed Circuit Design. reads: 

"Personally, I think that the title of this tome alone (hmmm, a movie?) 
should provide some input as to what you can expect. But, for those 
who require a bit more: be forewarned, dear reader, you will probably 
learn far more than you could hope to expect from Bebop 
to the Boolean Boogie, just because of the unique approach 
Max has to technical material. The author will guide you from 

the basics through a minefield 
of potentially boring theoretical 
mish-mash, to a Nirvana of 
understanding. You will not suf-
fer that fate familiar to every 
reader: re-reading paragraphs 
over and over wondering what 
in the world the author was 
trying to say. For a limey. Max 
shoots amazingly well and from 
the hip, but in a way that 
will keep you interested and 
amused. If you are not vigilant. 
you may not only learn some-
! thing, but you may even enjoy 
" the process. The only further 

advice I can give is to 'expect 
the unexpected'." 

A This book gives the "big pic-
ture" of digital electronics. This 

indepth, highly readable, up-to-the-minute guide shows you how 
electronic devices work and how they're made. You'll discover how 
transistors operate, how printed circuit boards are fabricated, and 
what the innards of memory ICs look like. You'll also gain a working 
knowledge of Boolean Algebra and Kamaugh Maps, and understand 
what Reed-Muller logic is and how it's used. And there's much, 
MUCH more (including a recipe for a truly great seafood gumbo!). 

Hundreds of carefully drawn illustrations clearly show the impor-
tant points of each topic. The author's tongue-in-cheek British humor 
makes it a delight to read, but this is a REAL technical book, ex-
tremely detailed and accurate. A great reference for your own shelf, 
and also an ideal gift for a friend or family member who wants to 
understand what it is you do all day.... 

An Utv.umeentemet Goa< to E, 
Funelaments', Corpone,t...Indl 

By importing these books ourselves we have managed to 
make them available In the UK at an exceptional price. 

Bebop Bytes Back 
By Clive "Max" Maxfield and 

Alvin Brown 
ORDER CODE BEB2 £29.95 

An Unconventional Guide To Computers 
Plus FREE CD-ROM which includes: Fully Functional 
Internet-Ready Virtual Computer with Interactive Labs 

The Foreword by Lee Felsenstein reads: 

"1. The more time you spend with this book and its accompany-
ing CD-ROM, the more you'll get out of it. Skimming through it 
won't take you where you want to go. Paying serious attention, on 
the other hand, will teach you more about computers than you can 
imagine. (You might also see a few beautiful sunrises.) 

2. The labs work on two levels: on and under the surface. When 
you're performing the labs 
you'll need to look for pat-
terns that build up from in-
dividual events. 

3. When you're done, 
you won't look any different. 
You won't get a trophy or a 
certificate to hang on your 
wall. You'll have some 
knowledge, and some skill. 
and you'll be ready to 
find more knowledge and 
develop more skill. Much of 
this will be recognisable 
only to someone who has 
the same knowledge and 
skill." 

This follow-on to Bebop 
to the Boolean Boogie is a 
multimedia extravaganza 
of information about how 
computers work. It picks 
up where "Bebop l" left off, guiding you through the 
fascinating world of computer design ... and you'll have a few 
chuckles, if not belly laughs, along the way. In addition to over 
200 megabytes of mega-cool multimedia, the accompanying 
CD-ROM (for. Windows 95 machines only) contains a virtual 
microcomputer, simulating the motherboard and standard 
computer peripherals in an extremely realistic manner. In 
addition to a wealth of technical information, myriad nuggets of 
trivia, and hundreds of carefully drawn illustrations, the book 
contains a set of lab experiments for the virtual microcomputer 
that let you recreate the experiences of early computer 
pioneers. 

If you're the slightest bit interested in the inner workings of 
computers, then don't dare to miss this one! 

ki.r„ mnd j\vjL unofic 
VALVE Ei TRANSISTOR AUDIO 
AMPLIFIERS 
John Linsley Hood 
This is John Linsley Hood's greatest work yet, describing 
the milestones that have marked the development of 
audio amplifiers since the earliest days to the latest 
systems. Including classic amps with valves at their heart 
and exciting new designs using the latest components, 
this book is the complete world guide to audio amp 
design. 

Contents: Active components; Valves or vacuum tubes; 
Solid-state devices; Passive components; inductors and 
transformers: Capacitors, Resistors, Switches and electri• 
cal contacts; Voltage amplifier stages using valves; 
Valve audio amplifier layouts; Negative feedback; Valve 
operated power amplifiers; Solid state voltage amplifiers; 
Early solid-state audio amplifiers; Contemporary power 
amplifier designs; Preamplifiers; Power supplies (PSUs); 
Index. 

250 pages Order code NE24 £19.99 

AUDIO AMPLIFIER PROJECTS 
R. A. Penfold 
A wide range of useful audio amplifier projects, each project 
features a circuit diagram, an explanation of the circuit 
operation and a stripboard layout diagram. All construc-
tional details are provided along with a shopping list of 
components, and none of the designs requires the use 
of any test equipment in order to set up properly. All 
the projects are designed for straightforward assembly on 
simple circuit boards. 

Circuits include: High impedance mic preamp, Low 
impedance mic preamp, Crystal mic preamp, Guitar and GP 
preamplifier, Scratch and rumble filter, RIAA preamplifier. 
Tape preamplifier, Audio limiter, Bass and treble tone 
controls, Loudness filter, Loudness control. Simple graphic 
equaliser. Basic audio mixer, Small (300mW) audio power 
amp. 6 watt audio power amp, 20/32 watt power amp and 
power supply, Dynamic noise limiter 
A must for audio enthusiasts with more sense than 

money, 
116 pages Order code PC113 £9.95 

MAKING MUSIC WITH DIGITAL AUDIO 
Ian Waugh 
In this practical and clearly-written book, Ian Waugh explains 
all aspects of the subject from digital audio basics to putting 
together a system to suit your own music requirements. 
Using the minimum of technical language, the book explains 
exactly what you need to know about: Sound and digital 
audio. Basic digital recording principles. Sample rates and 
resolutions, Consumer sound cards and dedicated digital 
audio cards. 
On a practical level you will learn about: sample edit-

ing, digital multi-tracking, digital FX processing, integrat• 
ing MIDI and digital audio, using sample CDs. mastering 
to DAT and direct to CD, digital audio and Multimedia. 

This book is for every musician who wants to be a part 
of the most important development in music since the 
invention of the gramophone. It's affordable, it's flexible, 
it's powerful and it's here now' It's digital and it's the 
future of music making. 
256 pages Order code PC114 £14.95 

POSTAGE 
You only pay 

£1 •50 
per order 

(UK postage) 

NO MATTER HOW 
MANY BOOKS 
YOU ORDER 
Overseas Readers see 

ORDERING DETAILS on the 
next page for overseas 

postage prices 
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CIRCUITS AND DESIGN 
AN INTRODUCTION TO PIC MICROCONTROLLERS 
Robert Pent old 
Designing your own PIC based projects may seem a 
daunting task, but it is really not too difficult providing you 
have some previous experience of electronics. The PIC 
processors have plenty of useful features, but they are still 
reasonably simple and straightforward to use. This book 
should contain everything you need to know. 

Topics covered include: the PIC register set; numbering 
systems; bitwise operations and rotation; the PIC instruction 
set; using interrupts; using the analogue to digital converter; 
clock circuits; using the real time clock counter (RTCCI; 
using subroutines; driving seven segment displays. 
166 pages Order code BP394 £5.99 

PRACTICAL OSCILLATOR CIRCUITS 
A. Fhnd 
Extensive coverage is given to circuits using capacitors and 
resistors to control frequency. Designs using CMOS, timer 
i.c.s and op.amps are all described in detail, with a special 
chapter on "waveform generator" i.c.s. Reliable "white" and 
"pink" noise generator circuits are also included. 

Various circuits using inductors and capacitors are 
covered, with emphasis on stable low frequency gener-
ation. Some of these are amazingly simple, but are still 
very useful signal sources. 

Crystal oscillators have their own chapter. Many of the 
circuits shown are readily available special i.c.s for 
simplicity and reliability, and offer several output fre-
quencies. Finally, complete constructional details are 
given for an audio sinewave generator. 
133 pages Order code BP393 £4.99 

PRACTICAL ELECTRONIC CONTROL PROJECTS 
Owen Bishop 
Explains electronic control theory in simple, non-
mathematical terms and is illustrated by 30 practical 
designs suitable for the student or hobbyist to build. 
Shows how to use sensors as input to the control system, 
and how to provide output to lamps, heaters, solenoids, 
relays and motors. 
Computer based control is explained by practical 

examples that can be run on a PC. For stand-alone 
systems, the projects use microcontrollers, such 
as the inexpensive and easy-to-use Stamp BASIC 
microcontroller. These projects are chosen to introduce 
and demonstrate as many aspects as possible of the 
programming language and techniques 
198 pages Order code BP377 £5.99 

PRACTICAL ELECTRONICS HANDBOOK - 
Fourth Edition. len 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 
components. Discrete component circuits, Sensing 
components, 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 arder code N 21 £14.99 

COIL DESIGN AND CONSTRUCTIONAL MANUAL 
B. B. Babani 
A complete book for the home constructor on "how to 
make" RF, IF, audio and power coils, chokes and trans-
formers. Practically every possible type is discussed and 
calculations necessary are given and explained in detail. 
Although this book is now twenty years old, with the 
exception of broils and pulse transformers little has 
changed in coil design since it was written. 
96 pages Order code 160 £3.99 

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 
n 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.c.s and other devices 
used are inexpensive and readily available types, with 
universally recognised type numbers. 
182 pages Order code NE14 £14.99 

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 RIM 
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 

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 Order code BP333 £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 

BOOK ORDERING DETAILS 
Our postage price is the same no matter how many books you order, just add £1.60 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 (E sterling only) made payable to Direct Book Service 
or credit card details, Visa or Mastercard - minimum credit card order is £5 - to: 
DIRECT BOOK SERVICE, 33 GRAVEL HILL, MERLEY, WIMBORNE, DORSET BH21 1RW 
(mail order only). 
Books are normally sent within seven days of receipt of your order but please allow 28 

days for delivery (more for overseas orders). Please check price and availability (see latest 
issue of Everyday Practical Electronics) before ordering from old lists. 

For a further selection of books see the next two issues of EPE. 

DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Tel 01202 881749 
Fax 01202 841692. Due to the cost we cannot reply to overseas orders or queries by Fax. 

E-mail:editorial@epemag.vvimborne.co.uk 

BOOK ORDER FORM 
Full name: 

Address:   

  Post code:   Telephone No:   

Signature:   

   I enclose cheque/PO payable to WIMBORNE PUBLISHING LTD for   

Li Please charge my Visa/Mastercard   Card expiry date  

Card Number  

Please send book order codes:  

Please continue on separate sheet of paper if necessary  

methods are explained, but the mathematical background 
and theory is avoided, other than to state the end product. 
128 pages Order code PC102 £1.95 

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. 
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 

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 multitracks. 
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 MIDI 
theory. 
104 pages Temporarily out of print 

PRACTICAL ELECTRONIC MUSICAL 
EFFECTS UNITS 
R. A. Penfold 
This book provides practical circuits for a number 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 and several are suitable for near 
beginners. 
102 pages Order code BP368 £4.95 

LOUDSPEAKERS FOR MUSICIANS 
Vivan Capel 
This book contains all that a working musician needs to 
know about loudspeakers; the different types, how they 
work, the most suitable for different instruments, for 
cabaret work, and for vocals. It gives tips on 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 com-
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 Order code BP297 £4.99 
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ELPRACTICAL  ECTRONICS BACK ISSUES 
EVERYDAY  

ETI 
yiECIRpN 1.cs 

We can supply back issues of EPE and ET! (see panel) by post, most EPE issues from the past five years are available. An EPE index 
for the last five years is also available - see order form. Alternatively, indexes are published in the December issue fo'r that year. 
Where we are unable to provide a back issue a photostat of any one article (or one part of a series) can be purchased for the same 
price. 

DID YOU MISS THESE? 
DEC '97 
PROJECTS • Safe and Sound - Security 
Bleeper • Active Microphone • Car Immobi-
liser • Mini Organ. 
FEATURES • TEACH-IN '98 - An Introduc-
tion to Digital Electronics-2 • Circuit Surgery 
• Interface • B2 Spice Review • Ingenuity 
Unlimited • Alternative and Future Tech-
nologies-1 • Net Work - The Internet • Free 
Giant Data Chart - Formulae. 

JAN '98 Photostats Onl 
PROJECTS • Disco Lights Flasher • Simple 
M.W. Radio • EPE Virtual Scope-1 • Surface 
Thermometer. 
FEATURES • TEACH-IN '98 - An Introduction 
to Digital Electronics-3 • Circuit Surgery • 
Ingenuity Unlimited • Alternative and Future 
Technologies-2 • Net Work - The Internet • 
Free - Giant PIC Data Chart. 

FEB '98 
PROJECTS • Water Wizard • Kissometer • 
Waa-Waa Effects Pedal • EPE Virtual Scope - 2. 
FEATURES • TEACH-IN '98 - 4 • Ingenuity Un-
limited • Techniques-Actually Doing It • Cir-
cuit Surgery • Net Work - The Internet • Chip 
Special - HT7630 PIR Controller. 

ELECTRONICS 

I 17,1 ,, PIC  

MAR '98 Photostats Onl 
PROJECTS • Lighting-Up Reminder • The 
Handy Thing • Switch-Activated Burglar Alarm 
• Audio System Remote Controller. 
FEATURES • TEACH-IN '98 - 5 • Ingenuity 
Unlimited • Interface • Stripboard Magic 
Review • Circuit Surgery • Net Work • EPE PIC 
Tutorial Supplement 1 

APRIL '98 Photostats Onl 
PROJECTS • Simple Metal Detector • Single 
or Dual Tracking Power Supply • Experimental 
Piezo-Cable Projects - Distributed Microphone 
- Vibration Alarm • RC-Meter. 
FEATURES • Ingenuity Unlimited • Patent 
Your Invention • TEACH-IN '98 - 6 • Circuit 
Surgery • Net Work • Techniques - Actually 
Doing It • EPE PIC Tutorial Supplement 2 
MAY '98 Photostats Onl 
PROJECTS • Dice Lott • Security Auto-Light 
• Stereo Tone Control plus 20W Stereo 
Amplifier • Improved Infra-Red Remote 
Repeater. 
FEATURES • TEACH-IN '98 - 7 • Net Work • 
EPE PIC Tutorial Supplement 3 
JUNE '98 
PROJECTS • EPE Mood Changer • Simple 
SW Receiver • Atmel AT89C2051/1051 
Programmer • Reaction Timer. 
FEATURES • 8051-based EEPROM 
Microcontrollers • TEACH-IN '98 - An 
Introduction to Digital Electronics - 8 • Circuit 
Surgery • Techniques - Actually Doing It • 
Ingenuity Unlimited 

AUG '98 

JULY '98 
PROJECTS • PIC16x84 Toolkit • Noise Cancell-
ing Unit • Low Battery Indicator • Greenhouse 
Computer - 1. 
FEATURES • Using the L200CV Voltage 
Regulator • TEACH-IN '98 - 9 • Ingenuity 
Unlimited • Circuit Surgery • Net Work. 

M TRONICS 
É Plt 

PROJECTS • Lightbulb Saver • Float Charger 
• PC Transistor Tester • Greenhouse Com-
puter - 2 • Time Machine Update. 
FEATURES • TEACH-IN '98 - 10 • Circuit Sur-
gery • Techniques - Actually Doing It • In-
genuity Unlimited • New Technology Update • 
Net Work • IVEX PCB Cad Review. 

SEPT '98 
PROJECTS • Mains Socket Tester • Personal 
Stereo Amplifier • Greenhouse Radio Link • 
PIC Altimeter. 
FEATURES • TEACH-IN '98 - 11 • Ingenuity 
Unlimited • Circuit Surgery • Interface • Net 
Work • Crocodile Clips Review. 

OCT '98 
PROJECTS • Voice Processor • Digtsery RiC 
Channel Expander • Reliable Infra-Red Remote 
Control • PC Capacitance Meter. 
FEATURES • Easy PCB Making • Using LM335 
and LM35 Temperature Sensors • Circuit 
Surgery • Ingenuity Unlimited • Net Work • 
Electronics Principles 5.0 Review. 

NOV '98 
PROJECTS • PIC Tape Measure • T-Stat 
Electronic Thermostat - 1 • PhizzyB Computers 
- 1 • 15-way Infra-Red Remote Control. 
FEATURES • Circuit Surgery • Ingenuity 
Unlimited • New Technology Update • Net 
Work -- The Internet • Easy PC for Windows 95 
Review • FREE EPE CD-ROM No.1. 

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

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

tent! 

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

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

APRIL '99 
PROJECTS • Mechanical Radio • Voice Record; 
Playback Module • Versatile Event Counter • 
PhizzyB Computers-6 • Ironing Board Saver. 
FEATURES • Ingenuity Unlimited • PIC16F87x 
Microcontrollers • PhizzyB Computers-6 • 
MAX761 D.C. to D.C. Converter • Interface • 
Circuit Surgery • Net Work • FREE 48-page Basic 
Soldering Guide booklet. 

BACK ISSUES ONLY £2.75 each inc. UK p&p. 
Overseas prices £3.35 each surface mail, £4.35 each airmail. 
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Where we do not have an issue a photostat of any one article or one part of a series can be provided at the same price. 
r IM1 .M 'MIMI» WI •Ill• MI IM MI MI MIMI MI ••• IM MI MI 1M1 "MI IM 1 

ORDER FORM - BACK ISSUES - PHOTOSTATS - INDEXES 

I ni Send back issues dated   

Send photostats of (article title and issue date)   

Ej Send copies of last five years indexes (£2.75 for five inc. pEtp - Overseas £3.35 surface, £4.35 airmail) 
Name  

Address 

L_J I enclose cheque/P0./bank draft to the value of £  

T Please charge my Visa/Mastercard £  

Card No.   Card Expiry Date 
Note: Minimum order for credit cards M. Please supply name and address of cardholder rf different from that shown above 

SEND TO: Everyday Practical Electronics, Allen House, East Borough, Wimbome, Dorset 8H21 1PF. 
I Tel: 01202 881749. Fax: 01202 841692. (Due to the cost we cannot reply to overseas queries or orders by Fan.) 

E-mail:orders@epemag.wimborne.co.uk 
Payments must be in E sterling - cheque or bank draft drawn on a UK bank. Normally supplied within seven days of receipt of order. 

Send a copy of this form, or order by letter if you do not wish to cut your issue. 
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VIDEOS ON 
ELECTRONICS  

A range of videos selected by EPE and designed to provide 
instruction on electronics theory Each video gives a sound 
introduction and grounding in a specialised area of the 
subject. The tapes make learning both easier and more 
enjoyable than pure textbook or magazine study They have 
proved particularly useful in schools, colleges, training 
departments and electronics clubs as well as to general 
hobbyists and those following distance learning courses etc. 

BASICS 
VT201 to VT206 is a basic electronics 
course and is designed to be used as a 
complete series, if required. 

VT201 54 minutes. Part One; D.C. Circuits. This 
video is an absolute must for the beginner. 
Series circuits, parallel circuits, Ohms law, 
how to use the digital multimeter and much 
more. Order Code VT201 
V202 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 
V203 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 6, 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 

(t 3 4 • 9 5 
each 

Order 8 or more get one extra FREE 
Order 16 get two extra FREE 

Inc. VAT & postage 

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 
VT302 55 minutes. Digital Two; Flip Flops will 
further enhance your knowledge of digi-
tal basics. You will learn about Octal 
and Hexadecimal notation groups. flip-flops. 
counters, etc. Order Code VT302 
VT303 54 minutes. Digital Three; Registers and 
Displays is your next step in obtaining a solid 
understanding of the basic circuits found in 
today's digital designs. Gets into multiplexers, 
registers, display devices. etc. 

Order Code VT303 
VT304 59 minutes. Digital Four; Di C 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.. Publishers of EPE 

Tel: 01202 881749. Fax: 01202 841692 

Due to the cost we cannot reply to overseas orders or queries by Fax. 
E-mail: editorial@ epemag.wimborne.co.uk 

RADIO 
VT401 61 minutes. A.M. Radio Theory. The most 
complete video ever produced on a.m. radio. 
Begins with the basics of a.m. 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 Vf401 
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. FM. 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, 
sterep demultiplexer and audio amplifier stages. 
Also covers RDS digital data encoding and 
decoding. Order Code VT403 

MISCELLANEOUS 
VT501 58 minutes. Fibre Optics. From the fun-
damentals of fibre optic technology through 
cable manufacture to connectors, transmitters 
and receivers. Order Code VT501 
VT502 57 minutes. Laser Technology A basic in-
troduction covering some of the common uses of 
laser devices, plus the operation of the Ruby 
Rod laser. HeNe laser, CO2 gas laser and semi-
conductor laser devices. Also covers the basics 
of CD and bar code scanning. 

Order Code 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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SURFING THE INTERNET 

NET WORK 
ALAN WINSTANLEY 
NET WORK is our monthly column written for readers having 

access to the Internet. Don't forget that we maintain our own 
web site at http://www.epemag.wimborne.co.uk, and by using our 
Secure Server at https://secure.tcp.co.uk/epemag, readers can 
subscribe or renew their subscription on-line using Visa or 
Mastercard. The EPE Back Issues secure order form is a popular 
and convenient way of ordering reprints, issues and printed circuit 
boards. 
New on the EPE web site is a web version of the history of both 

Everyday Electronics and its former sister magazine Practical 
Electronics, founded back in 1964. In his on-line article, Editor Mike 
Kenward describes how the magazines progressed from their early 
roots to merge into the leading UK hobby and educational magazine. 
A separate illustrated section includes some fascinating screen 

shots of old issues and advertisements, also it shows some original 
cover shots of Everyday Electronics, and describes how the advent 
of affordable home computers in the mid 1980s was to have a pro-
found impact in the future direction of the magazine. We hope you 
enjoy the feature. 

THE WORMS HAVE TURNED 
Regular Internet users may have heard of the "Happy99" 

Windows "worm" which has been circulating the Internet. This 
month's Net Work looks at some of the risks faced by its users when 
fetching files from remote sites using E-mail, FTP or the web. 
A worm first appeared on American networks on 2 November, 

1988, when a student in Cornell University created what he thought 
was a harmless code which would replicate and grow on any sus-
ceptible Unix host computer. The worm would then seek to spread 
to other computers by exploiting the inherent weaknesses that exist-
ed at that time in government and research communications 
networks. 
When the worm was unleashed the result was that American net-

work systems — both military and academic — were eventually 
brought crashing to a halt, devastated by the way.the worm propa-
gated itself through the entire system, growing and choking up 
every computer in its path until the entire system locked up. Initial 
attempts to restore systems following this new form of attack were 
not entirely successful, because a "disinfected" system could soon 
be attacked again by other networks which were still under siege 
from what was later to be known as The Internet Worm. 

UNDER ATTACK 
Many users are very casual about the risks involved in transmit-

ting or receiving files by Internet. There are three forms of mali-
cious code attack which computer users ought to be aware of, since 
the risks of becoming "infected" are now greater than ever given 
that file transmission via the Internet is commonplace. 
A worm propagates itself from one host computer to another. The 

idea is simply that it copies itself at every opportunity. A worm is 
simply there but normally doesn't try to attack your system per se. 

Trying to eliminate a worm may be difficult but usually a cure is 
found. Happy99.exe is a good example, discussed shortly. It can 
be propagated by being encoded into an E-mail, or can be transmit-
ted via a Usenet post. 
As reflected in its name, a Trojan Horse is a program which 

looks inviting and alluring: its perpetrators are trying to fool you 
into opening it and running it. Note that a Trojan Horse is not the 
same as a computer virus attack. The device may pretend to be a 
game or innocent-looking program, but behind the scenes it is busy-
ing itself by damaging the host computer setup. 
How do you really know for definite that the file you just fetched 

from the Internet is really what it purports to be? Recently a Trojan 
Horse entitled Picture.exe was released which, amazingly, could 
sniff out and send AOL usernames and passwords from the host 
system to a particular remote E-mail address. 

A computer virus can be intended to inflict deliberate damage on 
its host system. Virii can latch themselves on to genuine-looking pro-
gram files, like bacteria infecting healthy tissue: the main program 
might continue to work but the virus can grow invisibly within the 
system and be transmitted to others — e.g. by residing on the hard disk 
or by infecting floppy disks — without the users' knowledge. 
As to what happens after a virus attack, well it depends. There are 

thousands of viruses in circulation and when a host system contracts 
one of them, any number of effects can be observed, from the com-
puter gradually slowing down because its memory is being filled, to 
files becoming corrupted, a system behaving bizarrely on a particu-
lar day (e.g. Friday the 13th) or — worst case scenario — a complete 
trashing of a hard disk. (You do back up important data every day, 
don't you?) 

DON'T PANIC 
Probably the most common virus I come across is Form, which 

tends to be introduced on dubious-looking floppy disks. Some vari-
ants wake up on the eighteenth of every month and display a "Don't 
Panic" message. Other attempted virus attacks include an innocent 
one (I assume) contained in a reader's floppy disk that arrived in the 
post. Fortunately my anti-virus software detected the presence of Tan 
Pro 524 immediately. 

Occasionally, a figment called the Good Times virus springs up, 
appearing in the form of a "damaging" E-mail message. This can 
cause novices great concern. The subject line of the E-mail threat-
ens that the virus will harm the host system if it is opened and read. 
Good Times is a hoax. If anything, it's the actual propagation of the 

E-mail message by worried users which is the "virus". Let me empha-
sise one thing: you can't damage your system or introduce a virus 
merely by reading an E-mail message. You can, however, introduce a 
worm or a damaging virus by "running" an attached executable code. 
The worm Happy99 (Happy New Year, right?) may appear as an 

attachment called happy99.exe in E-mail messages and it is very 
tempting to run the Windows executable file just to see what hap-
pens. This has actually struck uncomfortably close to home, since 
an E-mail message from an "official" software support technician 
to my brother did indeed have the Happy99 worm attachment. The 
software vendor had been attacked by the worm and an employee 
must have run it, thereby propagating the worm onto its customers' 
systems. Worried Windows users can check for its .presence by 
looking for a file called ska.exe or wsock32.ska. (The Symantec 
web site offers a cure.) 

UPDATE 
The best defence in this warfare is to keep updated with an anti-

virus package such as Symantec's Norton Anti Virus, which was one 
of the first to carry details of Happy99. Subscribe to updates if you 
value your data: Norton permits a series of monthly updates which 
can be obtained by a "Smart Update" direct modem transfer (no 
Internet connection being used necessarily, you notice). You can 
also submit suspicious program files to Norton for examination. 

There are several good anti-viral (AV) resources on the web. The 
first is www.symantec.com/avcenter, the leading Symantec site 
with lots of data, including information on Happy99. Other 
respected vendors of AV protection include www.mcafee.com, 
www.drsolomon.com, www.ay.ibm.com (an IBM-Symantec joint 
venture) and www.datafellows.com. Macintosh users could try 
www.macvirus.com. If your work depends on the Internet or deal-
ing with files from external sources, you should sign up to an anti-
virus update system today. 
As usual the URLs mentioned above (and more besides) are 

already enabled on the EPE web site — go straight to my Net Work 
page and click. Suggestions for good electronics-related web 
resources are always welcome — please E-mail yours to 
alan@epemag.demon.co.uk. 
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NOW AVAILABLE 
RANGER 2 for Windows 95TM 
The Complete, Integrated 
Schematic & PCB Layout Package 
Windows Ranger 2 
For Windows 95 & NT 

• New Hierarchical Circuit 

• Split l?qevices • Gate & Pin Swap 

• New Edit Devices in Circuit 

• Copper Fill • Power Planes 

• Autorouter • Back Annotation 

Windows Ranger 2 with Specctra SP2 
Ranger & Specctra Autorouter provide the most cost 

effective PCB Design system available.A powerful, intuitive system at 

an outstanding price! 

Windows Ranger 2 Upgrade 
Upgrade your existing PCB Package to Windows Ranger 2. 

Ranger 1 Outputs: 
Full Windows Outputs 

Plus - HP-GL 

Gerber 

NC Drill 

AutoCad DXF 

SPECIAL OFFER Ranger 2 Lite OS (Prices excVAT/P8P) 

Demo Software -download from http://biz.ukonline.comiciseetrax 

Call 01730 260062 
Fax 01730 267273 Old Buriton Limeworks, Kiln Lane, 

Bunton. Petersfield. Hants. GU3I 5S.1 

Demo Software - available from our Web Address 

The Complete, 
..ed schematic 

Integra`____. package 
& Pc g 

tie - tee 

AEI-TRIM 
Advanced Systems & Technology for PCB Manufacture 

PCBs FROM PAST ISSUES OF ETI 
(prior to the merger of EPE and ETI in March 99). See opposite page for ordering details. 

Name and issue of project 

ETI PCB Service Issue 1 1999 
Stress and Skin Temperature Meter 
'Short Cut Continuity Tester 
R.F Probe 
Switch Volt PSU 

ETI PCB Service Issue 13 1998 
Programmable Logic Microcontroller Board 
Programmable Logic Simulator Board 
Regulated Battery PSU 
Audio Power Meter 
Car Vigilante 
Millivolt Meter 
Wobbulator 

Ell PCB Service Issue 12 1998 
Beerstat 
Fishbiter 
Smooth Fuzz 

ETI PCB Service Issue 11 1998 
Loop Alarm 
Ricky Sound (Music Lovers) 

ET! PCB Service Issue 10 1998 
Ionisation Chamber 
Ionisation Chamber (SMD) 
PIC Development Board: see also issue 6 below 

ETI PCB Service Issue 9 1998 
0 Meter 
Bath Duck 

ETI PCB Service Issue 8 1998 
PIC Electronics Security Switch 
PIC Multiplexed LED Display 
PIC Non-multiplexed LED Dispay 
Easy Parker 
Tiny Traffic Lights 
0 Meter 
Bath Duck 

ETI PCB Service Issue 7 1998 
PIC 16C74 Development Board 

Unit code Price 

E/0199/1 £14.55 
E/0199/2 £5.09 
E/0199/3 £5.09 
E10199/4 £5.09 

E/1398/1 £7.32 
E/1398/2 £5 09 
E/1398/3 £5.09 
E/1398/4 £7.32 
E/1398/5 £5.64 
E/1398/6 £6.77 
E/1398/7 £6.22 

E/1298/1 £5.09 
E/1298/2 £5 09 
E/1298/3 £5 09 

E/1198/1 £5.09 
E/1198/2 £5.09 

E/1098/1 £5.09 
E/1098/2 £5.09 
E/69111 £5.50 

E/998/2 £5.09 
E/998/3 • £5.09 

E/898/1 £5.09 
E/898/2 £5 09 
E/898/3 £5.09 
E/898/4 £6.77 
E/898/5 £5.09 
E/898/6 £5.09 
E/898/7 £5.50 

E/798/1 £5.09 

Surface Mount Diagnostic Interface 
Surface Mount Logic probe 
Mains Monitor 
Aquaprobe 

ETI PCB Service Issue 6 1998 
PIC Development Board 
Signal Generator 
Headlight Delay Unit 
6-Interval Games Timer 

ETI PCB Service Issue 5 1998 
UHF Transmitter (DS) 
UHF Transmitter Encoder 
UHF Receiver Front End (DS) 
UHF Receiver I F stage (DS) 
Fridge Thermometer 
AVR Controller 
27C16 Eprom Programmer 
Guardian Light 

ETI PCB Service Issue 4 1998 
LED Voltmeter 
BB Ranger Control Board 
BB Ranger Score Board 
Line-Up Oscillator with Glitch 
Tic -Tac-Toe 

ETI PCB Service Issue 3 1998 
Medium Wave Loop 
AA Cell Eliminator 
PIC Based Double Bass Tuner 
5-range Capacitor Meter 
MIDI Drum Pads 

ETI PCB Service Issue 2 1998 
Smartcam main board 
Smartcam opto-sensor board 
Both smartcam boards 
Switched Mode Internal Power Supply 
Auto Cupboard light 

ETI PCB Service Issue 1 1998 
Control Centre Desk-Top unit 
Control Centre Main Section 

E798/2 £5.09 
E/798 3 £5.09 
E/798 £12.33 
E/798/5 £5.50 

E/698/1 £5.50 
E/698/2 £8.99 
E/698/3 £5.50 
E/698/4 £5.09 

• 
E/598/1 £5.07 
E/598/2 £5.09 
E/598/3 £5.07 
E/598/4 £5.07 
E/598/5 £5.50 
E/598/6 £5.50 
E/598/7 £7.87 
E/598/9 £6.22 

E/498/1 £5.64 
E/498/2 £6.22 
E/498/3 £22.89 
E/498/4 £8.99 
E/498/5 £8.44 

E,398 1 £5.64 
E 398 2 £7.32 
E 398 3 £5.64 
E 398 4 £6.77 
E 398 5 £5.64 

E 298 1 £5.09 
E 298/2 £5.09 
E 298/182 £7.00 
E 298/5 £7.87 
E 298/3 £5.64 

E/198/1 £8.99 
E/198/2 £7.87 
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PCB SERVICE 
Printed circuit boards for certain EPE constructional projects are available from the 
PCB Service, see list. These are fabricated in glass fibre, and are fully dnlled 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, Wimbome, Dorset 
BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot reply to 
orders or queries by Fax); E-mail: orders@epemag.wimbome.co.uk . Cheques 
should be crossed and made payable to Everyday Practical Electronics (Payment 
In £ sterling only). 
NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for 
delivery - overseas readers allow extra if ordered by surface mail. 
Back numbers or photostats of articles are available if required - see the 
Back Issues page for details. 
Please check price and availability in the latest issue. 
Boards can only be supplied on a payment with order basis. 

PROJECT TITLE Order Code Cost 

*PIC Digital/Analogue Tachometer DEC'96 127 £7.23 
Stereo Cassette Recorder 
Playback/PSU 128 £7.94 
Record/Erase 129 £9.04 

*Earth Resistivity Meter ZEIMEtal 
Current Gen. - Amp/Rect. 131/132 (pr) £12.70 

Theremin MIDI/CV Interlace (double-sided p.t.h.) 130 (set) £40.00 
Mains Failure Warning 126 £6.77 
Pacific Waves Mean 136 £9.00 
PsiCom Experimental Controller 137 £6.78 
Oil Check Reminder MAR'97 125 £7.16 
Video Negative Viewer 135 £6.75 
Tri-Colour NiCad Checker 138 £6.45 
Dual-Output TENS Unit (plus Free TENS info.) 139 £7.20 
*PIC-Agoras - Wheelie Meter APRIL -97 141 £6.90 
418MHz Remote Control - Transmitter 142 £5.36 

- Receiver 143 £6.04 
Puppy Puddle Probe 145 £6.10 
MIDI Matrix - PSU 147 £5.42 

- Interface 148 £5.91 

Quasi-Bell Door Alert MAY 97 133 £6.59 
2M F.M. Receiver 144 £7.69 
*PIC-A-Tuner 149 £7.83 
Window Closer - Trigger 150 £4.91 

- Closer 151 £4.47 
Child Minder Protection Zone MEIMI 
- Transmitter 153 £6.58 
- Receiver 154 £6.42 

Pyrotechnic Controller 155 £6.93 
*PIC Digilogue Clock 156 £7.39 
Narrow Range Thermometer 158 £6.37 
Micropower PIR Detector - 1 JULY 97 1 2 6.69 
Infra-Red Remote Control Repeater 

(Multi-project P.C.B.) 932 £3.00 
Karaoke Echo Unit - Echo Board 159 £6.40 

- Mixer Board 160 £6.75 
Computer Dual User Interface 161 £6.70 
*PEsT Scarer 162 £6.60 
Variable Bench Power Supply MEZIMI 932 £3.00 
Universal Input Amplifier 146 £6.55 
Micropower PIR Detector - 2 Controller 163 £6.72 
*PIC-OLO 164 £7.02 
Active Receiving Antenna Ellidffl 140 £6.59 
Soldering Iron Controller 157 £6.63 
*PIC Noughts & Crosses Game 165 £7.82 
Micropower PIR Detector - 3 
Alarm Disarm/Reset Switch 166 £5.72 

Ironing Safety Device 167 £5.12 

Remote Control Finder OCT'97 168 £6.32 
Rechargeable Handlamp 169 £6.23 
*PIC Water Descaler 170 £6.90 
*EPE Time Machine KUM. 171 £8.34 
Auto-Dim Bedlight 172 £6.63 
Portable 12V PSU/Charger 173 £6.61 
Car Immobiliser 11015/11 175 £7.00 
Safe and Sound (Security Bleeper) 179 £7.32 
Surface Thermometer JAN'98 174 £7.64 
Disco Lights Flasher 178 £8.30 
Waa-Waa Pedal (Multi-project PCB) F B'98 932 £3.00 
*Virtual Scope - Digital Board 176 £14.49 
Analogue Board (per board) 177 £7.34 

*Water Wizard 180 £7.69 
Kissometer 181 . £7.67 
*EPE PIC Tutorial Y A - 98 182 £7.99 
The Handy Thing (Double-Sided) 183 £6.58 
Lighting-Up Reminder 184 £5.90 
*Audio System Remote Controller - PSU 185 £7.05 

Main Board 186 £8.29 
Simple Metal Detector • • P R.98 

(Multi-project PCB) 932 £3.00 
Single or Dual-Tracking Power Supply 187 £7.90 
*RC-Meter 188 £7.66 
Security Auto-Light MAY 98 189 £8.10 
Stereo Tone Control plus 20W Stereo Amp i ier 
Tone Control 190 £7.78 
20W Amplifier 191 £8.58 

*Dice Lott 192 £8.05 

PROJECT TITLE Order Code Cost 
EPE Mood Changer JUNE 98 193 £7.75 
*AT89C2051/1051 Programmer 
Main Board 194 £8.50 
Test Board 195 £8.69 

*Reaction Timer Software only - - 
*PIC16x84 Toolkit I '98 196 £6.96 
*Greenhouse Computer 
Control Board 197 £9.08 
PSU Board 198 £8.10 

Float Charger MM. 199 £6.59 
L!ghtbulb Saver 202 £3.00 
Personal Stereo Amplifier M.ILi 932 £3.00 

(Multi-project PCB) 
*Greenhouse Radio Link 200 £8.32 
*PIC Altimeter 201 £8.15 
Voice Processor OC -98 203 £7.18 
*Digisery Ft/C Expander 204 £7.69 
IR Remote Control 
Transmitter 205 £3.00 
Receiver 206 £3.50 

*PIC Tape Measure NOV 98 207 £6.82 
Electronic Thermostat 
T-Slat 208 £4.00 

PhizzyB £14.95 
A-PCB B-CD-ROM C-Prog. Microcontroller Bee (A)(B)(C) each 

15-Way IR Remote Control 
Switch Matrix 211 £3.00 
15-Way Rec./Decoder 212 £4.00 

Damp Stat D C.98 209 £4.50 
Handheld Function Generator 213 £4.00 
*Fading Christmas Lights 215 £5.16 
PhizzyB I/O Board (4-section) 216 £3.95 
Twinkle Twinkle Reaction Game MUM 210 £7.55 
*EPE Mind PICkler 214 £6.30 
PhizzyB I/O Board (4-section) 216 £3.95 
Alternative Courtesy Light Controller 217 £6.72 
Light Alarm 1113M39. 218 £6.78 
*Wireless Monitoring System - Transmi er.ft 219+a £9.92 

Receiver 220+a £8.56 
*PIC MIDI Sustain Pedal Software only -  
*Wireless Monitoring System-2 See 
F.M. Trans/Rec Adaptors 219a/220a Feb'99 

*Time and Date Generator 221 £7.37 
Auto Cupboard Light 222 £6.36 
Smoke Absorber 223 £5.94 
Ironing Board Saver APR -99 224 £5.15 
Voice Record/Playback Module 225 £5.12 
Mechanical Radio (pair) 226A&B £7.40 pr. 
*Versatile Event Counter 207 £6.82 
PIC Toolkit Mk 2 MAT99 227 £8.95 
A.M./F.M. Radio Remote Control 

Transmitter 228 £3.00 
Receiver 229 £3.20 

EPE • FTWARE 
Software programs for EPE projects marked with an asterisk * are avail-
able on 3.5 inch PC-compatible disks or free from our Internet site. Three 
disks are available: PIC Tutorial (Mar-May '98 issues); PIC Disk 1 (all other 
software Apr '95-Dec '98 issues); EPE Disk 2 (Jan '99 issue to current 
cover date). The disks are obtainable from the EPE PCB Service at £2.75 
each (UK) to cover our admin costs (the software itself is free). Overseas 
(each): £3.35 surface mail, £4.35 each airmail. All files can be downloaded 
free from our Internet FTP site: ftp://ftp.epemag.wimborne.co.uk. 

EPE PRINTED CIRCUIT 
BOARD SERVICE 

Order Code Project Quantity 

I Name  

I Address  

1 
I enclose payment of £ (cheque/PO in £ sterling only) to: 

1 1 

I Everyday 1 
1 Practical Electronics 
I Access (MasterCard) or Visa No. CZ I I 
1 VISA 

Minimum order for credit cards £5 I I 
I   I 
1 1 
1   1 
I Signature Card Exp. Date  I 

I  Please supply name and address of cardholder if different from the address shown I I i 
I NOTE: You can order p.c.b.s via our Internet site on a secure server: I 
L  http://www.epemag.wimborne.co.uk l 

Price 

tiJca I 
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CLASSIFIED 

PRACTICAL 

ELECTRONICS 
rPà1 
ELECTRONICS 
TODAY IuIElIATIONAL  

Everyday Practical Electronics/ETI reaches twice 
as many UK readers as any other independent 
monthly hobby electronics magazine, our audited 
sales figures prove it. We have been the leading 
independent monthly magazine in this market for 
the last fourteen 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/ETI Advertisements, Mill Lodge, Mill Lane, Thorpe-le-Soken, Essex 
C016 OED. Phone/Fax (01255) 861161. 

For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above. 

RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY 
Up to 20 volts d c. at 1 amp conttnous 1.5 amps peak, 
fulty variable from 1 to 20 volts Twin 

£45 
Voltage and 
Current meters VAT 
for easy read- . Post £4 
out 240 volt a c . _.. 
,nput. Fully smoothed. size 23cmx14cmx8cm 

RADIO COMPONENT SPECIALISTS 

= 337 WHITEHORSE ROAD, CROYDON 311: 
SURREY, CRO 2HS Tel 0181-684 1665 

Lou ol trInstot toe, hoph von ups valves output transfcetnets speakors, 'once 
%oat or eend you, «ems lot lot quote 

ELECTRONIC KITS 
# 88-108MHz FM transmitters from under £5 

• Many educational and hobby electronic 
kits covering all technical abilities, from 
beginners' circuits to MCU/MPU designs 

• low cost PCB services and equipment 
# Send 4x 1st class stamps for catalogue 

DIE MICROSYSTEMS, 112 SHOBNALL ROAD 
BURTON -ON-TRENT, STAFFS DE14 2BB 

PHONE or FAX 01283 542229 
http. www.btinternet.com dtemicrosystems 

BRAND NEW SINCLAIR SPECTRUM 
OL PARTS 

ZX MICRODRIVES £15, INTERFACE ONE £20, 
CARTRIDGES 10 FOR £15, 50 FOR MO. 

OL BOARDS 5, 6 67, POPULATED WITH 
JS ROMS, £30; UNPOPULATED, E12; MICRODRIVES 

£10 EACH. TOP Ei BOTTOM CASES £15, 
MEMBRANES £15. 

HE PC., MAC and Cll's "Little Friend" 
MAC LINK f10 - PC LINK £25 - OL LINK £12 

CAMBRIDGE 288 A4 NOTEBOOK 
COMPUTER AVAILABLE AGAIN £99, 

RECONDITIONED £60 
ONLY 1' THICK, 4xAA BAITS. 20 HOURS WORK. 
LCD SCREEN, 72 Cr,. 6 LINES, 32K RAM, EXTRA 

RAMS b EPROMS, 9 pin D SERIAL PORT, ROM HAS 
BBC BASIC, W/PROCESSOR, SPREADSHEET, DATA 
BASE, IMP/EXPORT TO PC etc, V52 TERMINAL. 

IN.N. RICHARDSON Et CO. 
PHONE,FAX 01494 871319 

6 RAVENSMEAD, CUAL FONT ST PETER, 
BUCKS, SL9 ONB. 

BTEC ELECTRONICS 
, TECHNICIAN TRAINING 

GNVG) ADVANCED ENGINEERING 
(ELECTRONIC) — PART-TIME 

HND ELECTRONICS — FULL-TIME 

B.Eng FOUNDATION — FULL-TIME 

Next course commences 
Monday 13th September 1999 

FULL PROSPECTUS FROM 

LONDON ELECTRONICS COLLEGE 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT. LONDON SW5 9SU 

TEL: 0171-373 8721 

THE BRITISH AMATEUR 
ELECTRONICS CLUB 

exists to help electrones enthusiasts by personal 
contact and through a quarterly Newsletter. 

For membership details, write to the Secretary: 

Mr. M. P. Moses, 5 Park %flew, Cwmaman, 
Aberdare CF44 6PP 

Space donated by Everyday Practical Electronics 

1:0 

Miscellaneous 

X-10® Home Automation 
We put you in control' 
WHY TOLERATE WHEN 
YOU CAN AUTOMATE? 

An extensive range of 230V X-I0 products 
and starter kits available. 
Uses proven Power Line Carrier technology, 
no wires required. 
Products Catalogue available online. 
Worldwide delivery. 

Laser Business Systems Ltd. • 
E-Mail: info@laser.com 
http://www.laser.com eir 
Tel: (0181) 441 9788 
Fax: (0181) 449 0430 

er ASTRA Desk Top Accounting"' ASTRA 
Are .iwir worried that your e customers will insist on using the 
Euro and so lease you off their list we. - 
of suppliers? 

see www AatraAretwirdc en uk for a Pan-European 
solution to help you with this looming problem 

S&S Systems Ltd., Bretton Court, 526 5PS. UK 

G.C.S.E. ELECTRONIC KITS, at pocket 
money prices. S.A.E. for FREE catalogue. 
SIR-KIT Electronics, 52 Severn Road, Clacton, 
C015 3RB. 

EX-EQUIPMENT BARGAINS!! 1.0 watt 
amplifier module + V/C. selector. £3.00; 10 
watt stereo, includes p.s.u. & controls, £5.00. 
K.I.A.. I Regent Road, Ilkley LS29 9EA. 

PROTOTYPE PRINTED CIRCUIT 
BOARDS one offs and quantities, for details 
send s.a.e. to B. M. Ansbro, 38 Poynings Drive, 
Hove, Sussex BN3 8GR, or phone Brighton 
883871, fax 01273 706670. 

VALVE ENTHUSIASTS: Capacitors and 
other parts in stock. For free advice/lists please 
ring, Geoff Davies (Radio), Tel. 01788 574774. 

PRINTED CIRCUIT BOARDS — QUICK 
SERVICE. Prototype and Production. Artwork 
raised from magazines or draft designs at low 
cost. PCBs also designed from schematics. 
Production assembly also undertaken. For 
details send to P. Agar, Unit 5, East Belfast 
Enterprise Park, 308 Alberlbridge Road, Belfast, 
BT5 4GX, or phone/fax 01232 738897. 

NEW AND USED COMPUTERS, spares, 
etc. at keenest prices. e.g.: 386 min 2MB 
RAM, 20MB HDD, desktop case, keyboard 
and cables. I 2in. VGA mono monitor, £55. 
486 DX33 min. 8MB RAM, 120MB HDD, 
desk top case, keyboard and cables, I4in. VGA 
colour monitor. £165. Many other systems 
available. Whatever you need. Phone/Fax 0181 
853 3374 for prices. 

FREE CATALOGUE: Moreton Alarm 
Supplies/CCTV 2000, unbeatable prices! Board 
cameras from £29.(X). Telephone 0151 630 0000. 

PIC PROTOTYPING KIT. Eurocard size. 
On-board RS232. voltage regulation and protec-
tion,. in-circuit programming. Large prototyping 
area. Kit includes serial and programming cables. 
For details send an A5 s.a.e. to: Frank Cembrola, 
93/B St. Johns Road. Biddulph, Staffs, ST8 
6LL, UK. http://www.a-fu-net.com/main.htm. 
Tel. 01782 518356. 

EPE NET ADDRESSES 
EPE FTP site: ftp://ftp.epemag.wimborne.co.uk 
Access the FTP site by typing the above into your web browser, or by setting up an FTP 

session using appropriate FTP software, then go into quoted sub-directories: 

PIC-project source code files: /pub/PICS 

PIC projects each have their own folder; navigate to the correct folder and open it, then 
fetch all the files contained within. Do not try to download the folder itself! 

EPE text files: /pub/docs 

Basic Soldering Guide: solder.txt 

EPE TENS Unit user advice: tens.doc and tens.txt 

Ingenuity Unlimited submission guidance: Ing_unlItxt 

New readers and subscribers info: epe_info.txt 

Newsgroups or Usenet users advice: usenet.txt 

Ni-Cad discussion: nIcadfaq.zip and nicad2.zip 

UK Sources FAQ: uksource.zip 

Writing for EPE advice: write4us.txt 

On-line readers! Try the new EPE Chat Zone - a virtually 
real-time Internet discussion board in a simple to use 

web-based forum! 

http: www.epemag.wimborne.co.uk wwwboard 

Or buy EPE Online: www.epemag.com 

Ensure you set your FTP 
software to ASCII transfer 
when fetching text files, or 
they may be unreadable. 

Note that any file which ends 
in .zip needs unzipping before 
use. Unzip utilities can be 
downloaded from: 
http://www.winzip.com or 
http:i www.pkware.com 
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Now you can get the sinOs 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 woes 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 

Electrical Contracting 8 
Electrical Engineering 
C&G Basic Electronic Engineering 
C&G Basic Mechanical Engineering 
TV and Video Servicing 
Radio and Hi -Fi Servicing 
Refrigeration Heating & Air Conditioning 
Motorcycle Maintenance 

FREEPF1ONE 0500 581 557 
Or write to: International Correspondence Schools, FREEPOST 882. 8 Elliot Place. 

Celvâgekmaark. Glasgow. G3 8BR. Tel 0500 581 557 or TeliFax. Ireland 01 285 2533. 
ewe wiew um 

Please send me my Free Information on your Electronics Courses. 

Mr Mrs Ms Miss 
iBLOCK CAPITALS PLEASE  Date Of Birth 

Address 

Postcode 

Occupation Tel No 

1/4:ran brniklbrne we gene otne, usefully Mined 04gEn5/110re iwee lo you earl 
proles end semis Ilya, build prelv110110 hat horn sure cegantsitaxe >ease to cot Dept. ZEEEM499 

Professional 88-108MHz FM Broadcasting Kits 
- 

Detailed Instructions vide Schematics 
High Duality Screen Printed PCBs 
High Duality Components 

Our Product Range Includes 
Transmitters from e.' to 35W 
FM Stereo Coders 
Audio Compressor Limiters 
Antennas 
RF Power Amps 

our hits Are Also Available 
Fully Assembled And Tested 

- 
ORIVF11310411.0 ANO 

ACCEPT MAWR CREW CAMS 

...ikon...one Ps IFS merrener I.. Locenc.iMe on the LM 

Visit our Website at http://www.veronica.co.uk 

C on tact US Now Foi A Free Brochure 

Tel 01274 883434 Fax 01274 428665 
email info@veronica.cctuk 
Unit See 1A Sendeees, Albers Rd Otte...bury BRADFORD 13013 IAA 

- 

CONTACT 
Cooke International 
Uni four, I oreneland94 3144 Benhen, 

sewn. key, West States, P022 0140, u r 
41 1.44)01243 5.151 1 10 Far (.44101743 m2451 

web knee/vent eneke.int corn 
rmi nnloRronee..nt torn 

Veronica 
KITS 

Cooke Interrsational 
Unn Four Fordengendge 3.ote Arbrnnorn 

Bognog Reed, Wee Unsex. P022 UND U It 
TN (.44101243 545111/2 4. (.44101243 542457 

Web retTp ',weer tooke cor, 
E•nuni .n1cd(huoke inl r.-dn 

** BACK TO BASICS ** 71111 efp 
RESISTORS 

0-25Y4 5% CARBON E24 values 1ROtis 1014 each 2D 
A*xEI23R9lo t004 10 tor 10p, 100 lor 4561 
0.25W 1% METAL FILM E 2 values toR tm each 3p 
PIK* per value 10 lor 2Ip. 100 now only CI 79 
05845%CA/180N E12 vase's 10Rlo 101.4 each 2,4) 
(Also E12 4R7 RP 10 Ice 19p, 1C0 lor 99p) 
O4WI%METALFlLMEI2xatoaatORioTM each 5p 
Prxe per value tO Ice 39p. 100 now ant/ CI 99 
Dreekpnwe Packs "Mende. send SAE Ice Ms& 

CAPACITORS 
Reel Aturnorwen EletWolyets tu5Notts1 
tett. 2e2f2S. 407.255. 10.16. 22,16 
42183. 4u7,113. 33125.22,25 
2243. 3343. 4716, 47,25, 10025 
47/03, 220,10. 221116, 330/10. 47010 
10035. 22025, 470/16. 470/25 
loan 12p. 22043 19p. 47093, 29p 
wools 17p. 100025. 22p. boons. 40p 
And nine mites -01145.50,995.45 'Or ksts 

TRANSISTORS 
ec10769. 17p. BC182,1821/1133,1531. 9p 
BC184/184U212/2121J327,337547169, 9p 
SC5575E6559, 9p, BC/70/71,72, 19p 
BC135/6/79/9i140. 24p, SIFY50/1 2. 29p 
BF 1 8018=148112, 825i59p 

11271, 56p, 11P122, 49p,ITIP29t. LI 09 
ZTX1071/92120,4,3001r2/3/4/10/13 10p 
WANT MORE, PLEASE sovo SAE FOR LISTS 

50 
60 
7p 

sp 
9P 

944148, 2p each 1100 Ice It 1. 114914 62 150 tot It j 
1I14001 ,2sreen 4p. 1N54012/4,61, 9p 
ZENERS 2V7 to 33V 400IAV. 7p, 1R3W, 12D 

INTEGRATED Maffei 
CMOS 40001 2/1112UE123,25,306972/73/75, 19p 
741500, 27p. 74LS02. 17p 74LS04. 24p. 741.S05, 17p 
741500. 19p, 741..614. 25p, 741S74. 37p, 74/S244. 300 
TTL 74001/2/4/9/10/122010. 19p 
TIERS 555, 2461.556, 42p 1CM7555. 34p. 007556. 109p 
OP MAPS LI/32428p, LF35I 490 LI/358. 29p. 741 23p 
CA.3080E, 790, CA3130E. 92 CA-314CE. 49p. CA3240E 12ep 
LINEAR Llt348, 31p, L64380. 93p. Lkoel 164p. LIA382. 149p 
1./.086, se. Lkt387. 109p, 155)59 119E tlit391-80, 189; 
LIA567. se, LA1747, 39p. LM748. 3. U43909, 84p 
MC709. 69p MC1307. 99. MC1310, 89p. MC13100, Pkt 

LEDS 
3nest 5rree Red Vibe Green. Ants each 100 
1 Omni L E D 4, Red. Green. Yellow Areal each 29p 
Lpx,rv6LEDiIAE00m,,9EwrR G or `I 9p 
Bicolour L E De. 33m or 5rtes. FVG. EVY 36p 
TnsoKur LE DS, 3wen Um, RGN urn 39p 
RED Sae E D 9 12V. ?Ten aim each 690 
DISCOUNTS 5. 5%. 10. ION, 25, 15%, 103. 20% 

WOW Ice he .Y199761599 EPE KfTS 
PIP II NO VAT S.99SAEI,,CO.4PC99ENT115 

ALL IAA/OR CREDIT CARDS CHEOUES 6 Pos ACCEPTED 

FMt ELECT1KNICS, THE MOW COME 
BRIDGE STREET, 8EDALE, NORTH YORKSHIRE DUI 2A0 

TEL: 01677 425E140 

C.C.T.V. BOARD CAMERAS FROM ¿'19x95 

ONLY 29mm x 29mm 

LOTS OF 10 ft.g n nr 
(Each) 

LOTS OF 5 £21.50 

LOTS OF 2 £23.95 

SAMPLE £15.95 
Add P&P £3 ANY ORDER 

VAT INCLUDED 

MINIATURE CCTV CAMERAS FROM TOP USA 
MAKER. IDEAL FOR COVERT SURVEILLANCE OR 
SECURITY USE IN SHOPS, OFFICES AND PRIVATE 
HOMES CONNECTS TO ANY TV OR VIDEO IN 
SECONDS - OPTIONAL CABLE ETC. AVAILABLE. 
OUR 1993 PRICE FOR THIS CAMERA WAS £85 1' 
HUGE RECESSION IN ELECTRONIC INDUSTRY HAS 
SLASHED THESE PRICES TO RIDICULOUS LEVELS' 
THESE ARE USA MADE - NOT CHEAP CHINESE 
MODELS. READY BUILT WITH LENS ETC. BRAND 
NEW 1999 STOCK - FULL 12 MONTH GUARANTEE 
WORKS FROM 9V-PP3 BATTERY OR OUR CAMERA 
PSU AND CABLE KIT SHOWN BELOW 

Audio Model add £5.00 
1/3in. image sensor 

with 288 x 352 pixels. 
Auto ins. 270 hnes. 6V 

to 12V D.0 30MA. 
Includes 3-6mm wide 

angle lens. 
Pinhole Lens add £2. 

APPLICATIONS 
SECURITY 

SURVEILLANCE, 
MACHINE MONITORING, 
NANNY WATCHING. 

STAFF THEFT, 
BIRD OBSERVATION, 

ETC 
BRITISH PAL SYSTEM 

3-131114 

SECRET SPY CAMERAS 
MICRO SIZE 16mm x 16mm 

JAPANESE CCTV TECHNOLOGY REDUCES THE 
SIZE FOR EASY CONCEALMENT 

PLEASE ADD £2 TO ABOVE 29 x 29mm PRICES 

NIGHT 

VISION 

CCTV 

CAMERA 
37men • 38men 

HIGH SPECIFICATION 
SHARP JAPANESE CAMERA 
MODULES FITTED WITH SIX 
INFRA-RED LEDs TO SEE IN 
TOTAL DARKNESS UP TO 

12FT 400 LINE 
RESOLUTION WITH 

FANTASTIC 0.2 LUX LEVEL 
SENT INSIDE CLEAR 
PERSPEX CUBE 

SAMPLE £36 + £3 P&P 
LESS FOR QUANTITY 

Camera PSU and Cable Kit 
A total solution for 
powering and connec1-

4i.e% ing board ca toont4ra ies ramnge of 

and coven cameras 
The kit contains a 
quality plug-in mans 

n adaptor arc) a 20r ,r 
cable One 

end 01 cable has a 
SCART plug an audio 

phono plug. a orden phone plug and a DC power socket The wad 
Dom the miens adaptor is plugged into itie DC socket and none, 
the SCART plug or audio and ondeo phono plugs are plugged into 
your TV. TOMMY or VCR 

MAPLINS PRICE £24.99. OUR PRICE £12.50 
NO EXTF1A P&P IF ORDERED WITH CAMERA BOARD 

SMART CAMERA CASINGS 
TO ACCEPT ANY OF OUR 
BOARD CAMERAS £3.00 

LASER POINTERS 
Professional model fires a small red 
laser dot over 250 metres. Built 
into luxury executive presentation 
ballpoint pen with case and balls. 

LIST £39.95 NOW £15.00 
Gold-plated Keyfob model 

LIST £29.95 £13.00 

Add £3 p&p any quantity. 
(Only sold to schools or tradesmen - no 

minors under 21) 

1/4 in. COLOUR CCD 
CAMERAS 

Japanese Twinboard 1/sin. CCD and 
OSP (digital signal processor) colour 
CCTV boards with popular 3.6mm 
wide angle lens. High specification 
290,000 pixels, electronic iris, 330 
TV lines and LUX level 2. 12 volt DC. 
Use with our camera PSU and cable 
kit (see above). 

LOWEST PRICE £59.00 model +ad£c13£p5.sApudio 
IN EEC 

VISONIC RADIO TRANSMITTER/ 
RECEIVER SETS 

Comprises smart remote control normally used as a panic button or 
medical alert for the elderly. Causes receiver to open or close a circuit 
thereby triggering a siren, automatic garage door or other device until 
button is released. Range 35m indoors, 100m outdoors. 9V PP3 ball. 
included. DTI approved 1340 licence exempt. MRP £47.85 set. 

SAMPLE SET £15.90 
Lors 10 £12.90 set. LOTS 5 £13.90. LOTS 2 £14.90. 

P&P £3 any quantity 

ALL GOODS ARE BRAND NEW A.S.A. (Est 1979) 
AND PERFECT BULK BUYERS E...V- - 51 Cambridge Road 
PLEASE ASK FOR JOHN Méddlesbrough 
PRICES INCLUDE VAT =Came TS5 5t4L 

Order Hotline 
01642 850912 

Fax: 
01642 823173 
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COVERT VIDEO CAMERAS 
Black and White Pin Hole Board Cameras 
with Audio. Cameras in P.I.R., Radios, 
Clocks, Briefcases etc. Transmitting 
Cameras with Receivers (Wireless). 
Cameras as above with colour. 

Audio Surveillance Kits and Ready Built 
Units, Bug Detector etc. 

A.L. ELECTRONICS 
Please phone 0181 203 0161 for free catalogue. 

Fax 0181 201 5359 
New DTI approved Video Transmitters and Receivers (Wireless) 

N. R. BARDWELL LTD (EPE) 
100 Spnal doodeS 1N4148 
75 
50 
10 
10 
4 
50 
12 
25 
25 
50 
25 
20 
25 
ao 
20 
30 
30 

01 00 
Rectifier Diodes 1N4001 f 1 00 
Rectifier Diodes 1N4007 (1 00 
WO? Bridge Rectifiers £1 00 
555 Timer I C s f I 00 
741 Op Amps f 1 CO 
Assorted ¿env Diodes 400mW fl 00 
Assorted 7-segment Displays f 1 00 
5rivr 1 eds red green or yellow f 1 00 
3rinir I e d.s red green or yellow 00 
Axial I e d s 2mcd red Dode Package£1 00 
Asstd High Brightness I e s var cols (1 00 
BC182L Transistors £1 CIO 
BC212L Transistors Cl 00 
8C237 Transistors (1 00 
BC327 Transistors fl 00 
BC328 Transistors f 1 00 
BC547 Transistors f 1 00 

30 BC548 Transistors f 1 00 
30 80549 Transistors (1 00 
25 BC557 Transistors f 1 00 
30 BC558 Transistors£1 00 
30 BC559 Transistors f 1 00 
20 2143904 Transistors (1 00 
100 50v «kg Axial Capacitors inl fl 00 
100 50v rekg total Capacitors 41.7 (1 00 
12 lut 250v encapsulated radial plastic cased 

capacitors f 1 00 
80 Assicl capacitors electrolytic- (1 00 
80 Assld capacitors 1nF to 10F f 1 00 

200 Asstd disc ceramic capacity's 01 OC 
50 Asstd Site Presets Ism sta,X1 [erne!, 0, 00 
50 Asstd RF chokes (inductors, CI 00 
50 Asstd grommets Cl 00 
80 Assld solder tags p conns terminals f 1 00 
10 Asstcl crymals - plug in El 00 
24 Asst0 coil corners f 1 00 
8 Asstd dil switches f 1 00 
20 Miniature slide switches sp co f 1 00 
to Stanclard side switches dto dt f 1 00 
30 Asstd if transformers (1 00 
100 Assis? beam (ceramic tellon Irsh spine) f 1 00 
80 Ass141 sonad stand Ons l through4 etc (1 00 
30 Assto oil sockets up to 40 way £1 00 

10 TV coa. plugs Plastic  £1 00 
20 Smali spring loaded terminals f 1 00 
40 metres very thin connecting wire red (1 00 
20 lin glass reed switches f 1 00 
20 Magnetic ear tros mln lead and plug (1 00 
100 Any cos value ' .W Y. cl resistors range 

1R to 10M (0 45 
10 7812 Voltage Regulators f I 00 

Áttk 'Oa e Rcacl S' tEL 

Phone (0114) 2552886 Faz (0114) 2500689 
E-mail sales@bardwells.co.uk 

Web site: http:r/www.bardwells.co.uk 

SHERWOOD ELECTRONICS 
FREE COMPONENTS 

Buy 10 x £1 Special Packs and choose another one FREE 
SP1 
SP2 
SP3 
SP6 
SP7 
SP10 
Spit 
SP12 
SP18 
SP20 
SP2i 
SP23 
SP24 
SP25 
SP26 
SP28 
SP29 
SP3i 
S°36 
SP37 
SP39 
SP40 
SP41 
SP42 
SP47 
SP102 
SP103 
SP104 
SP105 
SP109 
Spill 
SP112 
SP115 
SP116 
SP118 
SP120 
SP124 
SP130 
SP131 

15 x 5mm Red Ledo 
12 x 5mm Green Ledo 
12 x 5mm Yellow Lods 
15 x 3mm Red Leds 
12 o 3mm Green Ledo 

100 x 1N4148 diodes 
30 x 1N4001 diodes 
30 x 1N4002 diodes 
20 x BC182 transistors 
20 x BC184 transistors 
20 x BC212 transistors 
20 x BC549 transistors 
4 y Cmos 4001 
4 x 555 timers 
4 x 741 Op amps 
4 y Cmos 4011 
3 x Cmos 4013 
4 y Cmos 4071 

25 x 10 25V radial elect caps 
15 x 100 35V radial elect caps 
10 o 47016V radial elect caps 
15 x BC237 transistors 
20 x Mixed transistors 
200 o Mixed 0.25W C F resistors 
5 x Min PB switches 

20 x 8-pin OIL sockets 
15 x 14-pm OIL sockets 
15 x 16-pm OIL sockets 
4 x 741.500 
15 x BC557 transistors 
15 o Assorted polyester caps 
4 y Cmos 4093 
3 u 10mm Red Lods 
3 x 10mm Green Lods 
2 x Cmos 4047 
3 n 74LS93 
20 o Assorted ceramic disc caps 
100 x Mixed 0.5W CF resistors 
2 x TL071 Op amps 

RESISTOR PACKS - C.FIlm 
RP3 5 each value - Iota: 365 0-25W £2.80 
RP7 10 each value - total 730 0-25W £4 00 
RP10 1000 popular values 025W £5 80 
RP4 5 each value-total 365 0.5W £3 75 
RP8 10 each value-total 730 05W £6 35 
RP11 1000 popular values 05W £8.10 

SP133 20 x 1N4004 diodes 
SP134 15 x 1N4007 diodes 
SP135 6 x Min slide switches 
SP136 3 x BFY50 transistors 
SP137 4 x W005 1-5A bridge rectifiers 
SP138 20 x 2-2 63V radial elect. caps 
SP140 3 x WO4 1-5A bridge rectifiers 
SP142 2 x Cmos 4017 
SP143 5 Pairs min crocodile clips 

(Red 8 Black) 
SP145 6 x ZTX300 transistors 
SP146 10 x 2N3704 transistors 
SP147 5 x Stnpboard 9 strips x 

25 holes 
SP151 4 x 8mm Red Lods . 
SP152 4 x 8mm Green Lods 
SP153 4 x 8mm Yellow Lods 
SP154 15 x 13C548 transistors 
SP156 3 x Stripboard. 14 strips n 

27 holes 
SP160 10 x 2N3904 transistors 
SP161 10 x 2N3906 transistors 
SP165 2 x LF351 Op amps 
SP167 6 x BC107 transistors 
SP168 6 o BC108 transistors 
SP175 20 x 1 63V radial elect caps 
5P177 10 s tluAse2sOmm quick blow 

SP182 20 x 4-7 63V radial elect caps 
SP183 20 o 13C547 transistors 
SP187 15 x BC239 transistors 
SP191 3 o Cmos 4023 
SP192 3 x Cmos 4066 
SP193 20 x BC213 transistprs 
SP194 8 x 0A90 diodes 
SP195 3 x lOmm Yellow Lods 
SP197 6 x 20 pin OIL sockets 
SP198 5 x 24 pin OIL sockets 

1999 Catalogue now available £1 
inc P&P or FREE with first order. 

P&P £1.25 per order. NO VAT 
Orders to: 

Sherwood Electronics, 
7 Williamson St., Mansfield, 

Notts. NG19 6TD. 

Millions of quality components 
at lowest ever prices! 

Plus anything from bankruptcy - theft recovery 
- frustrated orders - over production etc. 
Send 45p stamped self addressed label or 

envelope for clearance lists. 
Brian J Reed 

6 Queensmead Avenue, East Ewell 
Epsom, Surrey KT17 3EQ 

Tel: 07775 945386 
Mail order UK only. 

Lists are updated and only 40 are sent out every 2 weeks This 
normally ensures that orders can be fulfilled where only a few 
thousand of an item is available (Payment is returned if sold out I do 
not deal in credit notes) This will sometimes entail a delay of up to 
eight weeks - but the prices will be worth the wait! 
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POWER AMPLIFIER MODULES-LOUDSPEAKERS-MIXERS 
19 INCH STEREO AMPLIFIERS-ACTIVE CROSS/OVERS. 

OMP MOS-FET POWER AMPLIFIERS 
HIGH POWER, TWO CHANNEL 19 INCH RACK 

BK ELECTRONICS 

1000's 
SOLD 
TO PRO 
USERS 

THE RENOWED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS MXF200 ( 10cm + mow ) kixF400 (mow .) now) 

MXF600 (300W 300W) MXF900 (450W . 450W) 

ALL POWER RATINGS ARE R.M.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN 
FEATURES • Independent power supplies with two torodal translormers • Twin L t D Vu Meters 
• Level controls • Illuminated oniolf switch • Jack XL R inputs • Speakon outputs • Standard 775mV 
Inputs • Open and short circuit proof • Latest Mos Fets for stress free power delivery into virtually any 
load if, Efigh slew rate • Very low distortion • Alummlum cases • MXF600 8 MXF900 fan cooled with DC 
loudspeaker and thermal protection 

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC 

MXF200 W19" D11. H3; " (2U) 
MXF400 W19" D12" H5:" (3U) 
MXF600 W19" 013" H5:" (3U) 

MXF900 W19" D141 " H5 1" (3U) 

PRICES:- MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 

SPECIALIST CARRIER DEL £12.50 EACH 

SIZES:-

/ BASS/MID )ÇI /i-P7à)( MID/TOP \ 

CONFIGURED 3 WAY 2 WAY BASS/MID COMBINED 2 WAY MID/TOP COMBINED 

FEATURES: 
Advanced 3 Way Stereo Active Cross Over (SwItChable two way) housed in a 19 ILI case Each channel 
has three level controls Bass. Mid 8 Top The removable front f ascia allows access to the programmable DIL 
switches to adjust the cross over frecuency Bass Md 125/250/500Hz, Mid-Top 18 3/5Hz. all at 24dB per 
octave The 2/3 way selector switches are also accessed by removing the front f ascia Each stereo channel 
can be configured separately Bass Invert Switches are incorporated on each channel Nomma/ 775mV 
input, output Fully compatible with ONIP Rack Amplifier and Modules 

PRICE:- £117.44 + £5.00 P&P 

The new CDJ1700 now offers a tough build quality boasting an all new shockproof 
transport mechanism, frame accurate cueing and wide range pitch control The 
CDJ1700 looks after the CD's while the operator looks after the sound. 
FEATURES: 
•19-X2U RACK MOUNTING *FULLY VARIABLE PITCH CONTROL PLUS/MINUS 16% .PITCH Ell END •3 
BEAM LASER PICKUP •1 BIT 8 X OVERSAMPLING DAC •CUE AND LOOP FACILITY *TRACK SKIP 
WITH FE/REV *DIGITAL AND ANALOGUE OUTPUTS *CONTINUOUS/SINGLE TRACK PLAY •Ct E AR 
BACKLIT MULTIFUNCTION DISPLAY •10 TRACK PROGRAM PLAY *TRACK ELAPSED TRACK 
REMAINING AND DISC REMAINING TIME DISPL AYS 

SPECIFICATION:- Freci response 20Hz 20KHz S'N ratio >80dB THD <0 09%f 1KHz) Channel 
separation >80dB(1Kflz) Ma> output voltage 2Vrms Power 220 240Vac 50 60Hz Size W 4821188 
D 250mm Weight 4 18Kg PRICE:-£225.00 + £5.00 P&P 

STEREO DISCO MIXER MPX-7700 ECHO & SOUND EFFECTS 
*4 STEREO INPUT 
CHANNELS 

* 2 DJ MIC INPUT 
CHANNELS 

• 2X7 BAND GRAPHIC 
EQUALISERS 

* HEADPHONE 
MONITOR WITH PFL 

* ASSIGNABLE 
CROSSFADE 

* DIGITAL ECHO 
STEREO DISCO MIXER WITH:- •2X7 GRAPHIC EQUALISERS *2 MONO MIC INPUTS *DJ MIC 
WITH FADER. TALKOVER AND VOICE CHANGER *4 STEREO CHANNELS WITH INDIVIDUAL 
FADERS AND ASSIGNABLE CROSSFADE .CHANNELS SWITCHABLE. TURNTABLE (MAG 
CARTRIDGE), CD, LINE, TAPE, ETC *ECHO WITH BALANCE, REPEAT AND DELAY 
.HEADPHONE MONITOR WITH PREFADE LISTEN *CHOICE OF 6 SOUND EFFECTS • STEREO 
MONO SWITCH •2 X LED VU METERS *MASTER FADER *OUTPUT 775mV 
•SIZE. 482X240X115mm *POWER 230V AC 50/60Fir PRICE:- £189.00 + £5.00 P&P 

SOUNDLAB MINI STROBE * IDEAL FOR USE IN DISCO'S / RAVES. * EDUCATIONAL EXPERIMENTS ETC. 

A top quality mini strobe with high light intensity for its size and variable 
flash rate adjustment Housed in a silver/black steel case with adjustable 
mounting bracket • Flash Rate Adjustable from zero to ten flashes per 
second * Mains Powered complete with plugged lead • 230V AC 50/60Hz 

*Size- 125 X 84 X 52mm PRICE:- £19.99 + £2.20 PIP 

Access 

Agik 

DELIVERY CHARGES. PLEASE INCLUDE AS ABOVE,10 A MAXIMUM 
AMOUNT £30.00. OFFICIAL ORDERS FROM SCHOOL ,COL LEGES, 
GOVT. BODIES,PLCs ETC. PRICES INCLUSIVE OF VA T SALES 
COUNTER CREDIT CARD ODERS ACCEPTED BY POST PHONE OR FAX 

BARCLAYCARD 

VISA 

*PRICES INCLUDE V.A.T *PROMPT DELIVERIES 
*LARGE [A4] S.A.E. 60p STAMPED FOR CATALOGUE , 

FLIGHTCASED 

LOUDSPEAKERS 
A new range of quality loudspeakers, designed to take 
advantage of the latest loudspeaker technology and 
enclosure designs. All models utilize high quality studio 

cast aluminium loudspeakers with factory fitted grilles, wide dispersion constant 
directivity horns, extruded aluminium corner protection and steel ball corners, 
complimented with heavy duty black covering. The enclosures are fitted as standard 
with top hats for optional loudspeaker stands. The FC15-300 incorporates a large 

16 X 6 inch horn. All cabinets are fitted with the latest Speakoneconnectors 

for your convenience and safety. Five models to choose from. 
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PLEASE NOTE: POWER RATINGS 

QUOTED ARE IN WATTS H.M.S. FOR 
EACH INDIVIDUAL CABINET. 
ALL ENCLOSURES ARE 8 OHM. 

 = 15.15 inch speaker 
4 1- 12-12 inch speaker 

ibI FC15 300 WATTS Freq Range 35Hz-20KHz, Sens 101dB, Size H695 W502 D415mm 
PRICE:- £299.00 per pair 

ibl FC12- 300 WAT TS Freq Range 45Hz-20KHz, Sens 96dB, Size H600 Waos D300mm 
PRICE:- £249.00 per pair 

ibl FC12 -200 WATTS Freq Range 40Hz-20KHz. Sens 97dB, Size H600 W405 D300mm 
PRICE:- £199.00 per pair 

ibl FC12-100 WATTS Freq Range 45Hz-20KHz, Sens 100dB, Size H546 W380 D300mm 
PRICE:- £179.00 per pair 

ibl WM12 200 WATTS Freq Range 40Hz 20KHz. Sens 97d13, Size H418 W600 D385mm 
PRICE:- £125.00 EACH 

SPECIALIST CARRIER DEL:- £12.50 per pair, Wedge Monitor £7.00 each 
Optional Metal Stands PRICE:- £49.00 per pair Delivery:- £6.00  

ibl IN-CAR AUDIO BASS BOX 10/100 INCREDIBLE VALUE 
The new ibl In-Car Audio Bass Box has been 
designed with a sloping front to reduce internal 
standing waves. The bass box incorporates a 
10 inch 4 ohm loudspeaker with a genuine 
100 watts R.M.S. output resulting in powerful and 
accurate bass reproduction. 
FEATURES:- • Cabinet manufactured from MDF and 
sprayed in a durable black shiny HAMMERITE finish * 
Fitted with a 10 inch loudspeaker with rolled rubber 
edge and coated cone assembly * The top of the 
cabinet incorporates gold plated connection 
terminals SPECIFICATION:- 100Watts R M S. 200 
Watts Peak (Music ).Ported ref lex,critically tuned. 

Size H405 W455 D305mm 
PRICE:- £79.00 + £6.00P&P 

SUPPLIED READY 
BUILT AND TESTED 

lhese modules now enjoy a world wide reputation for quality rebabilfty and perf ormance at a realistic price four 
models are available to suit the needs of the professional and hobby market i e Industry E elsure Instrumental and 
III I etc When companng pnces NOTE that al models Include toroeclal power supply Integral heat smk glass fibre 
PC 13 and drive circuits to power a compatible Vu meter All models are open and short circuit proof 

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 
OMP/MF 100 Moi-Fol Output power 110 watts 
R M S into 4 ohms, frequency response 1Hz 100KHz 
3d13. Damping Factor >300. Slew Rate 45V/uS. T H.D 
typical 0 002%. Input Sensitivity 500mV. S.N.R. - 
110dB Size 300 x 123 x 60mm 

PRICE:- £42.85 + £4.00 PIP 

OMP/MF 200 Moi-Fol Output power 200 watts 
R M S into 4 ohms, frequency response 11-1z 100KHz 
3dB, Damping Factor >300, Slew Rate 50V/uS, T H D 
typical° 001%. Input Sensitivity 500mV, S N R -110dB 
Size 300 x 155 x 100mm 

PRICE:- £66.35 + £4.00 PIP 

011AP/MF 300 Moo-Fit Output power 300 watts 
R M S into 4 ohms, frequency response 1Hz 100KHz 
3dB. Damping Factor >300. Slew Rate 60V/uS, T H.D. 
typical 0 001%. Input Sensitivity 500mV, S.N.R -110dB. 
Size 330 x 175 x 100mm 

PRICE:- £83.75 + £5.00 PIP 

OMP/MF 450 Moi-Fol Output power 450 watts 
R M S into 4 ohms, frequency response 1Hz 100KHz 
3dB Damping Factor >300. Slew Rate 75V/uS. 

T H D typical 0 001%, Input Sensitivity 500mV. S N R 
110dB, Fan Cooled DC Loudspeaker Protection. 2 
Second Anti Thump Delay Size 385 x 210 x 105mm 

PRICE:- £135.85 +£6.00 PIP 

OMP/MF 1000 Moi-Fol Output power 1000 watts 
R MS into 2 ohms. 725 watts R MS into 4 ohms, 
frequency response 1Hz 100KHz 3dB, Damping 
Factor >300. Slew Rate 75ViuS. THD typical 
0 002%. Input Sensitivity 500mV. S N R 110dB, Fan 
Cooled. DC Loudspeaker Protection. 2 Second 
Anti Thump Delay Size 422 x 300 x 125mm 

PRICE:- £261.00 + £12.00 PIP 

NOTE NOS FE T MODULES ARE AVAILABLE IN TWO VERSIONS 
STANDARD INPUT SENS SOOrnii, BAND WIDTH 10010.1z OR 
PFC (PROFESSIONAL EOUIPMENT COMPATiBLE j INPUT SENS 
77SniV, BAND wiDTH 50101: ORDER STANDARD OR PEC 

B.K. ELECTRONICS 
UNIT 1 COMET WAY, SOUTHEND-ON-SEA, 

ESSEX, SS2 6TR. 
TEL.: 01702 527572 FAX.: 01702-420243 

Web:- http://www.bkelec.com E-mail:- Salesebkelec.com 

iü 
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QUICK ROUTE 

THE QU.T.CKROUTE 

Simulation Circuit Capture 
PCB Autorouting CADCAM 

Imagine an electronics design system that lets you draw 
schematics onto the screen and then simulate them at the 
touch of a button. Now imagine pressing another button 
and seeing the schematic replaced with a PCB rats-nest. 
Pressing another button starts the autorouter, and finally 
you can click on File then Save As to create a complete 
set of CADCAM files. 

Too easy? We hope so. Quickroute has always been 
designed first and foremost to be easy to use. That's why 
simulation, circuit capture, PCB autorouting and 
CADCAM support are all integrated into one package, 
So that you only have. to learn one package. 

But it doesn't end there. We have included a wide range 
of features in Quickroute to help you work effectively. 
For example our Gerber import facility lets you check 
your CADCAM files before sending them to your 
manufacturer. 

We have also introduced a major new PLUGIN module 
called the SymbolWizard that actually creates custom 
symbol designs for you. Simply select a template, specify 
pad and spacing properties and SymbolWizard creates 
the schematic and PCB symbols for you! 

If you would like to find out more about Quickroute, 
why not call us on FREEphone 0800 731 28 24, or visit 
our web site on www.qu1cIcroute.co.uk. Prices start at 
under £100 including UK P&P and VAT for a complete 
system. 

"modern, powerful 
and easy to use" 
flektor Her-trees 97 

FREEphone 

0800 731 28 24 
Int +44 161 476 0202 Fax 0161 476 0505 
Web vvww.quickroute.co.uk 

30 DAY MONEY BACK GUARANTEE 
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