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- MID I MArrux 
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this switching unit 

.-__ MPEG 2 DIGITAL 
TELEVISION 
We unravel the technicalities 
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RUSSIAN BORDER GUARD BINOCULARS £1799 
Probably the best binoculars in the wondl ring for brochure. 

VEGA RUSSIAN MUL Tl BAND World communications receiver , 
9wave bands, (5short, 1 LW, 1FM, 1 MW) inlemal ferriteand external 
telescopic aerials, mains or battery. Large, typjcally Russian radial 
£45 ref VEGA 

NEW LASER POINTERS <5mw, 75 metre range, hand held unit 
runs on two AA batteries (supplied) 670nm. £29 ref DEC49 

MUL TIBAND RADIO Compact general purpose radio receiver 

covering air, pb, Iv, cb etc. Squelch \IOI and tuning £24 ref MB1 

DIVINING RODS £3.99 a pair! ref EF111 

MOONSHINE BIBLE 270 page bock co,ering the production of 

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

NEW HIGH POWER MINI BUG With a range of 800 metres or 
more and up to 100 hours\Jse from a PP3 this will be pcpularl Bug 
measures less than 1" square\ £28 Ref LOT102. 

BUILD YOU OWN WINDFARM FROM SCRAP New 
publication gives step ty step guide to bwlding wind generators. 
Armed with this publication and a good local scrap yard could make 
you se~ sufficient in electricltyl £12 ref LOT81 

PC KEYBOARDS PS2 connector. top qualrty sultable for all 286/ 

386/486 etc £ 1 o ref PCKB. 1 o for £65. 

TRACKING TRANSMITTER range 1.5-5 miles, 5,000 hours on 
AA batteries. also transmits info on car direction and motion!Wor1<s 
with any FM radio. 1.5" square. £65 ref LOT101 

ELECTRIC DOOR LOCKS Complete lock with both Yale lock 

and 12v operated deadlock (keys included) £10 ref LOT99 

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

WIRELESS VIDEO BUG KIT Transmits video and audio 
signals from a minature CCTV camera (included) to any standard 
television! All the components including a PP3 battery will frt into a 
cigarette packet with the lens reouiring a hole about 3mm diameter 
Supplied with telescopic aeria l but a piece of wire about 4" long will 
still give a range of up to 100 metres. A single PP3 will probably grve 

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

GPS SATELLITE NAVIGATION SYSTEM Made by Garmin. 
theGPS38 is hand held. pocket sized. 255g, position, altltude. graphic 
compass. map builder etc £179 ref GPS1 

CCtV CAMERA MODULES 46X70X29mm. 30 grams. 12v 
100mA. auto electronic shutter, 3.6mm F2 lens. CCIR, 512x492 
pixels. video output is 1v p-p (75 ohm). Works directly into a scart or 
video input on a Iv or video. IR sensitive. £79 95 ref EF1 37. 

IR LAMP KIT SUltable for the above camera, enables the camera 
to be used in total darkness! £6 ref EF;38 

INFRA RED POWERBEAM Handheld battery powered lamp. 4 
inch renector. krypton bulb, gives out powerful infrared light! 4 D cells 
required. £29 ref PB1 . 

MONO VGA MONITORS, Perfect condrtion, Compaq, 14". 3 
months warranty £29 ref MVGA 1 

SUPER WIDEBAND RADAR DETECTOR Detects both radar and 
laser , X K and KA bands. 360 degree coverage, front and rear wave 
guides, may be illegal lo usel 1.1"x2.7"x4 6" £149 ref RD2 

9 WATT CHIEFTAN TANK LASERS 
Double beam umts destgned to fit in the gun barret of a tank. each unit 
has two semi conductor lasers and motor dnve units for ahgnement 
7 mile range, no circuit diagrams due to MOD, new pnce £50, CXX)? us? 
£199 Each unit has two gallium Arsenide 1n1ection lasers, 1 x9watt, 
1 x 3watt, 900,m wavelength, 2Bvo::, 600hz pulse frequency The unrts 
also contain an electromc receiver to detect renected signals from 
targets £199 for one Ref LOT4 
TWO WAY MIRROR KIT Includes special adhesive film to make 
two way m1rror(s) up to 60"x20" (glass not included) includes full 
instructions. £12 ref TW1 . 

NEW LOW PRICED COMPUTER/WORKSHOP/HI-Fl RCB 
UNITS Complete protection from faulty equipment for everybody! 
lnline unit frts in standard \EC lead (extends it by750mm), frtted in less 
than 10 seconds, reset/lest button, 10A rating. £6.99 each ref LOT5 
Or a pack of 10at £49.90 ref LOT6. If you want a boxof 100 you can 
have one for £2501 

WIND UP FL YING PARROT I Genuine parrot that flaps tts w,ngs 
and nies for up to 50 meters £6 ref EF2 

RADIO CONTROLLED CARS FROM £6 EACHIII I All 

returns from famous manufacturer , single channel 
(left.right.forwards.backwards) £6 ref LOT1 . Two channel with more 
features £12 ref LOT2. 

THOUSANDS AVAILABLE RING/FAX FOR DETAILS! 
MAGNETIC CARD READERS (Swipes) £9.95 cased wrth 
flyleads, designed to read standard credit cards l they have 3 wires 
coming out of the head so they may write as well? complete with 
control elctronics PCB. just £9.95 ref BAR31 

WANT TO MAKE SOME MONEY? STUCK FOR AN 
IDEA? We have collaled 140 business manuals that give you 
information on setting up different businesses. you peruse these at 
your leisure using the text editor on your PC. Also included is the 
certificate enabling you to reproduce (and sell) the manuals as much 
as you likel £14 ref EP74 

COIN OPERATED TIMER KIT Complete with coinslot 
mechanism, adJustable time delay, reiay output, put a coinslot on 
anything you likel TV.s. videos, fridges. drinks cupboards. HIFI. 
takes 50p's and £1 coins. DC operated, price just £7.99 ref BAR27. 
ZENITH 900 X MAGNIFICATION MICROSCOPE Zoom, 
metal construction, built in light, shrimp farm. group v.ewing screen, 
lots of accessories. £29 ref ANA YL T. 

AA NICAD PACK Pack of 4 tagged AA nicads £2.99 ref BAR34 

NIGHTSIGHTS Model TZS4 with infra red 1lluminator, views up to 
75 metres in full darkness in infrared mode, 150m range, 45mm lens, 
13 deg angle of view. focussing range 1.5m to infinrty. 2 AA batteries 
required. 950g weight. £199 ref BAR61 . 1 years warranty 

LIQUID CRYSTAL DISPLAYS Bargain prices, 
16 character 2 line, 99x24mm £2.99 ref SM1623A 

20 character 2 line, 83x19mm £3.99 ref SM2020A 

16 character 4 line, 62x25mm £5.99 ref SMC1640A 

TAL-1 , 110MM NEWTONIAN REFLECTOR TELESCOPE 
Russian. Superb astronomical 'scope, everything you need for some 
serious star gazing! up to 169x magnificat10n. Send or fax for further 
informatlOO ref TAL-1 , £249 

SOLAR ENERGY/GENERATOR PLANS For your home. 
k>ads of info on designing systems etc £7 ref PV1 . 
SOLAR COOKERS Comi,-ehensille glide to building solar po,,ered 
cookers, includes plans, recipes, cooking times etc £7 ref SBC1 

WOLVERHAMPTON 
ELECTRONICS STORE 

NOW OPEN IN WORCESTER ST 
TEL 01902 22039 

CENTRAL POINT PC TOOLS Award winning sonware. 1.300 
virus checker, memory optimiser, disc optimiser, file compression, 
low ~I 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 

COLOUR CCTV 
VIDEO CAMERAS, 
BRAND NEW AND, 
CASED, £119. 
PERFECT FOR SURVEILLANCE, 
INTERNET, VIDEOCONFERENCING, 
SECURITY, DOMESTIC VIDEO 
Works with most modern video's, TV's, 
Composite monitors, videograbbercards etc 
Pal, 1v P.f', compos i te, 75ohm, 1/3" CCD, 4mm F2.8 , 

500x582 , 12vdc, mounti ng bracket, auto shutter , 

100x 50x180mm, 3 months warranty, 10 or more £99 ea 
MICRO RADIO It's t iny, Just 3/8" thick. auto tunning. complete with 

headphones. FM £9 99 ref EP35 

HANDHELD SCANNERS 10 channel. built 1n charger. LCD 
display £119 ref B110B, 100 channel model £229 ref B110E. 

SMOKE MACHINE 42 3 cubic metres a min from this mains 
operated machine £299 ref G002B, smoke nuid £25 (5 lltres) gives 

about 2 5 hours use ref G002AA 

Check out our 

WEBSITE 
full colour interactive 

1997 cataloaue 
httpe/ / www.pavlllon.eo.uk/~ll-electrical 

IBM PS2 MODEL 1502 CASE AND POWER SUPPLY 
Complete with fan etc and 200 watt power supply. £9.95 ref EP67 

1.44 DISC DRIVES Standard PC 3.5" drives but returns so they will 
need attention SALE PRICE £4.99 ref EP68 
1.2 DISC DRIVES Standard 5.25" drives but returns so they will 
need attention SALE PRICE NOW ONLY £3.50 ref EP69 

PP3 NICADS Unused but some storage marks. £4.99 ref EP52 

GAS HOBS AND OVENS Brand new gas appliances. perfect for 
small nats etc. Basic 3 burner hob £19 ref BAR316. Basic small built 
in oven SALE PRICE £59 ref EP73 

ENERGY BANK KIT 100 6"x6'' 6V 100mA panels, 100 diodes, 
connection details etc. £99 ref EF112. 

PASTEL ACCOUNTS SOFTWARE, does everything for all 
siZesofbus1nesses, includeswordprocessor, report writer , windOMng, 
networkable up to 10 stations. multiple cash bocks etc. 200 page 
comprehensive manual. 90days free technical support (01342-326009 
try before you buy l) SALE PRICE £9.95 ref SA1 2. SAVE £120111 

PC PAL VGA TO TV CONVERTER Converts a colour TV into 
a basic VGA screen. Complete with built in psu, lead and s/Ware .. Ideal 
for laptops or a cheap upgrade.Supplied in kit form for home assemb(y. 
SALE PRICE £25 REF SA34 

YUASHA SEALED LEAD ACID BATTERIES Two sizes 
currently available th is month. 12v 15AH at £18 ref LOTS and 6V 10AH 
at just £6 ref LOTT. 

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

AUTO SUNCHARGER 155x300mm solar oanel with diode and 3 

BULL ELECTRICAL 
250.PORTLAND ROAD, HOVE, SUSSEX . 

BN3 5QT. (ESTABLISHED 50 YEARS). 
MAIL ORDER TERMS: CASH, PO OR CHEQUE 

WITHORDERPLUS£3.50P&P PLUS VAT. 
14 HOUR SERVICE £4.50 PLUS VAT. 
OVERSEAS ORDERS AT COST PLUS £3.50 

PLEASE AILOW 7-10 DAYS FOR DEi.NERY PHONE ORDERS 
WELCOME (ACCESS, VIS/\, SWITCH. AMERICAN EXPRESS) 

TEL: 01273 203500 
FAX 01273 323077 

E-mail buU@paviJion.co.uk 

metre lead frtled with a cigar plug. 12v2watt. £12.99 REF AUG10P3. 
PROJECT STRIPPERS Small cased UNITS ideal for stripp,ng, 
lots of useful goodies including a smart case 120X150X50mm with feel 
etc . and lots of components. SALE PRICE JUST £10 FOR FIVE REF 
MD1 or a pack of 20 for £19.95 ref MD2. 

SOLAR POWER LAB SPECIAL You get TWO 6"x6" 6V 130mA 
solar cells. 4 LED's, wire. buzzer. switch plus 1 relay or motor.Superb 
va lue krt SALE PRICE JUST £4.119 REF SA27 

13.SV 1.9A PSU cased with leads. Just £9.99 REF MAG10P3 

UNIVERSAL SPEED CONTROLLER KIT Designed by us for 
the C5 motor but ok for any 12v motor up to 30A. Complete with PCB 
etc. A heat sink may be required. £17.00 REF: MAG17 
SOLAR NICAD CHARGERS 4 x AA size £9.99 ref 6P476. 2 x 
C size £9.99 ref 6P477 

VIEWDA TA SYSTEMS made by Phillips, complete with internal 
1200/75 modem. keyboard. psu etc RGB and composite outputs, 
menu dnven. autodialler etc. SALE PRICE £12.99 REF SA18 

MEGA POWER BINOCULARS Made by Helios . 20 x 
magnification, precis10n ground fully coated optics, 60mm objectives. 
shock resistant caged pnsms, case and neck strap. £89 ref HPH 1 

GIANT HOT AIR BALLOON KIT Build a 4.5m circumfrence. 
1.8m high fully functioning balloon, can be launched with home made 

burner etc. Reusable (until you loose ill) £12.50 ref HA 1 

AIR RIFLES .22 As used by the Chinese army for training puposes, 
so there 1s a lot about l £39.95 Ref EF78. 500 pellets £4.50 ref EFBO. 

VIDEO SENDER UNIT. Transmits both audio and video signals 
from either a video camera, video recorder, TV or Computer etc to any 
standard TV set in a 100 range l (lune TV to a spare channel) 12v DC 
op. Price is £25 REF: MAG15 12v psu IS £5 extra REF: MAG5P2 
•MINA TU RE RADIO TRANSCEIVERS A pair of walkie talkies 
with a range upto 2 km in open country. Units measure 22x52x155mm. 
Including cases and earp'ces. 2xPP3 req'd. £37 .00 pr.REF: MAG30 
•FM TRANSMITTER KIT housed in a standard working 13A 
adapterll the bug runs directly off the mains so lasts forever! why pay 
£700? or price is £18 REF: EF62 (kit) Transmits to any FM radio. 
Built and tested version now available of the above um! al £45 ref 
EXM34 

• FM BUG BUILT AND TESTED superior design to kit. SUpplied 
lo detective agencies. 9v battery req'd. £14 REF: MAG14 

GAT AIR PISTOL PACK Complete wrth pistol. darts and pellets 
£14.95 Ref EF82B extra pellets (500) £4.50 ref EFBO. 
6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm 
130mA. SALE PRICE £4.99 REF SA24. 

FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99 
ref MAG5P13 ideal for expenmentersl 30 m for £12.99 ref MAG1 3P1 

MIX ED GOODIES BOX OF 

MIXED COMPONENTS WEIGHING 2 KILOS 

YOURS FOR J UST £5.99 

4X28 TELESCOPIC SIGHTS Suttable for all air rifles. ground · 
lenses, good light gathenng properties. £24.95 ref Rn. 
GYROSCOPES Remember 1hese? well we have found a company 
that still manufactures these popular scientific toys. perfect gifl or for 
educational use etc. £6 rer EP70 
HYPOTHERMIA SPACE BLANKET 215x150cm aluminised 
fo,I blanket, reflects more than 90% of body heat. Also suitable for the 
construction or two way mirrors! £3.99 each ref O/L041 . 

NICAD CHARGERS AND BATTERIES Standard universal 
mains operated charger. takes 4 batts • 1 PP3. £10 ref P011D. 
Nicads- AA size (4 pack) £4 ref 4P44, C size (2 pack) £4 ref 4P73, D 
size (4 pack) £9 ref 9P12. 

LENSTATIC RANGER COMPASS Oil filled capsule, strong 
metal case, large luminous points. Sight line with magnifying \lle,,yer_ 
50mm dia. 86gm. £10.99 ref O/K604. 

RECHARGE ORDINARY BATTERIES UP TO 10 TIMES! 
With the Battery Wizard l Uses the latest pulse wave charge system 
to charge all popular brands of ordinary battenes AAA. AA, C, D, four 
at a time! Led system showvs when batteries are charged, automatically 
rejects unsuitable cells. complete with mains adaptor. BS approved. 
Price is £21 .95 ref EP31 

TALKING WATCH Yes. It actually tells you the time at the press of 
a button. Also features a voice alarm that wakes you up and tells you 
what the time is! Lrthium cell included. £7.99 ref EP26. 

RUBBER COATED HELIOS Binoculars. 10 x 25, fully coated 
optics. £45 ref RP1 . same spec but nltogen filled and waterproof £75 

ref RP2 

PHOTOGRAPHIC RADAR TRAPS CAN COST YOU 
YOUR LICENCE! The new multiband 2000 radar detector can 
prevent even the most responsible of drivers from Josing their Ucencel 
Adjustable audible alarm with 8 nashing leds gives instant warning of 
radar zones Detect& X, K, and Ka bands, 3 mi\e range, 'over the hilr 
'around bends' and 'rear trap facilities. micro stze just 4.25"X2.5"x. 75" , 
can pay fo, ltse~ 1n just one day! £89 ref EP3. 

3 " DISCS As used on older Amslrad machines, Spectrum plus3's etc 
£3 each ref BAR400. 
STEREO MICROSOPES BACK IN STOCK Russian. 200x 
complete with lenses. lights, filters etc etc very comprehensive 
microscope that would normally be around the £700 mark. our price 
is just £299 (full money back guarantee) full details in catalogue. 

SECOND GENERATION NIGHT SIGHTS FROM £748 
RETRON Russian night sight. 1.8x. infra red lamp, 10m-inf, standard 
M42 lens. 1.1kg. £349 ref RET1 

LOW COST CORDLESS MIC 500' range, 90 - 105mhz, 115g, 
193 x 26 x 39mm. 9v PP3 battery required. £17 ref MAG15P1 

SAE FOR FREE 
COLOUR CATALOGUE 

"SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK 

WE BUY SURPLUS STOCK 
FOR CASH 

SURPLUS STOCK LINE 0801 660377 
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Surplus always 
wanted for cash! 

THE ORIGINAL SURPLUS WONDERLAND! Surplus always 
wanted for cash! THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 

LOW COST PC's -
l 

40Mb HD + 3Mb Ram _ .,J 
LIMITED QUANTITY only of these 12Mhz HI GRADE 286 systems 
Made in the USA to an industria l specification , the system was 
designed f0< total reliability. The compact case houses lhe mother· 
board, PSU and EGA video card with single 5¼" 1.2 Mb floppy disk 
drive & Integral 40Mb hard d isk drive lo lhe front Real lime clock 
w1Ih ballery backup is provided as standard. Supplied in QOOd used 
condition complete wilh enhanced keyboard, 640k + 2Mb RAM, 
DOS 4.01 and 90 DAY Full Guarantee. Ready to Run I 
OrderasHIGRADE286 0Nl Y £129. 00 E 

Optional Fitted extras: VGA graphics card 

~~~~;~:c/~~fu~t~sd'.i~~~s~~";dF~ci ~p~~ ordered 
NE2000 Ethernet (thick, thin or twisted) network card 

£29.00 
£19.95 
£22.50 
£29.00 

LOW COST 486DX-33 SYSTEM 
Limited quantity of this 2nd user, supurb small size desktop unil. 
Fully featured with standard simm connectors 30 & 72 pin. Supplied 
with keyboard, 4 Mb of RAM, SVGA monitor oulpul , 256k cache and 
integraf 120 Mb /DE drive with single 1.44 Mb 3.5" floppy disk drive. 
Fully lesled and guaranteed. Fully expandable Only 
Many other options avalable • call for data/ls. £399.00 (El 

FLOPPY DISK DRIVES 3½" - 8" 
5 ¼ 11 or 3½ 11 from only £18.95 ! 

Massive purchases of standard 51,4• and 3½. drives enables us to 

~~=t~)t ~:;";J~~~c~::~~5r~i~:!t?r:;,W J';!;,0 tr:~du~~~ (~~i~ 
ment and are fully tested, aligned and shipped to you with a 90 day 
guarantee and operate from standard voltages and are of standard 
size. All are IBM-PC compatible (if 3W supported on your PC). 
3½" Panasonic JU363/4 720K or equivalent RFE £24.95(6 ! 
3½" Mitsubishi MF355C·L 1.4 Meg. Laptops only £25.95(8 

~~: ~~~i~~-~15~~~5~~-~ 1(f~';RMN¢~l~~~ ~:mi: 
5¼" Teac FD-55F·03·U 720, 40/80 (f0< BBC's etc) RFE £29.95 B) 
5¼" BRAND NEW Mitsubishi MF501 B 360K £22.95(6) 
Table top case wrth integral PSU for HH 5¼" Flopp or HD £29.95 Bl 
8" Shugart 800/801 8" SS refurbished & tested £195.00 E 
8" Shugart 81 O 8" SS HH Brand New £195.00 El 

~ ;t:~~P."t,7 ~~1:.;1~u~!8 :~i'le'~~~~1J tested gmg ~ 
Mitsubishi M2896-63-02U 8" DS slimline NEW £285.00 E 
Dual 8" cased drives with integral power suppl 2 Mb £499.00 E 

End of line purchase scoop! Brand new NEC D2246 8" 85 Mbyte 
dr ive wilh Industry standard SMD Interlace, replaces Fujitsu 
equivalent model. Full manual. Only £299.00 or 2 for £525.00 (E) 

31'>" FUJI FK-309·26 20mb MFM I/F RFE £59.95(C 
31'>" CONNER CP3024 20 mb /DE I/F (or equiv )RFE £59.95(C 
31'>" CONNER CP3044 40mb /DE 1/F (or equiv.)RFE £69.00(C 
31'>" RODIME R03057S 45mb SCSI I/F (Mac & Acorn) £69.00lC 
31'>" WESTERN DIGITAL 850mb /DE 1/F Brand New £185.00 C 
5¼" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95 C 
5¼" SEAGATE ST·238R 30 mb ALL I/F Refurb £69.95(C 
5¼" CDC 94205·51 40mb HH MFM I/F RFE lesled £69.95(C 
5¼" HP 9754B 850 Mb SCSI RFE tested £89.00lC 
5¼" HP C3010 2 Gbyte SCSI d/fferentlat RFE tested £195.00 C) 
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00 E) 
Hard disc controllers for MFM , /DE, SCSI, ALL elc. from £16.95 

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

TV SOUND& 
VIDEO TUNER 
CABLE COMPATIBLE 

0 

The TELEBOX is an attractive fully cased mains powered unit, con
taining all electronics read' to pluJI into a host of video monitors 

~~'l:M~Di'::'~:~~GhP: ~ Ti~~G,'1.~cihi-r,.ADR~tcs~:~.;.;i~r.; 
video output will also plug directly into most vtdeo recorders, allowing 
reception of TV channels not normally receivable on most telev~ 
slon 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 

l: ~:;a~~~-e~t~~go~~:t %C:~~~r~~i:~~~8!~7rt:: ~~~~~~:: 
video systems. For complete compatibility - even for monitors with
out sound - an integral 4 watt audio amplif ier and low level Hi Fi 
audio output are provkied as standard. 
TELEBOX ST for composite video input type monitors £36.95 

~m:g~ ~iL J~1tf:a~~ si~r/U-;:W,c'!~~ s~::,~e,:d tuner m:;g 
For overseas PAL versions state 5.5 or 6 m~ sound specification. 
·For cable / hyperband reception Telebox MB should be connected 
10 a cable type service. Shipping code on all Teleboxe's is (B) 

/C's -TRANSISTORS - DIODES 
OBSOLETE • SHORT SUPPLY· BULK 

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

VIDEO MONITOR SPECIALS 

19" RACK CABINETS 
Superb quality 6 foot 40U 

Virtually New, Ultra Smart 
Less than Half Price! 

6':u~!litl~~;;:~kr!:btt0d~ ~~1is i7e~~u~~ 
0 f h h

. h • • designer, smoked acrylic lockable front door, 
ne O t e IQ est SpeciflCatlOn full height lockable half louvered back door 

J.. monitors YOU Will ever see • J.. and louvered removable side panels . Fully 

At th .IS pr"1ce _ Don't m"1ss "1t•. '· adjustable internal fixing struts, ready punched 
for any configuration of equipment mounting 

Mitsubishi plus ready mounted integral 12 way 13 amp 
FA3415ETKL 14" SVGA Mullisync colour mon!or with me socket switched mains distribution strip make 

028 oot pitch tube and resoll.1"'1 of 1024 x 768 A these racks some of the most versatile we 
vanety of~ alows comectiOn 10 a hoot of COOl)UI- have ever sold. Racks may be stacked side by side and therefore 
~~ ~~~V~ & ~ require only two side panels \O stand si.ngly or ~n multiple bays. 
ARCHiMEDES and APPLE. Man featurer Etched Overall d1mens1ons are: 771'> H x 32½ 0 x_ 22 W. Order as: 
faceplate, texl swicN1g and LOW ~TION MPR OPT Rack 1 C0<nplele with removable side panels. £335.00 (G) 

···· specificat1011. Fully guaranteed, supplied in EXCEL· OPT Rack 2 Rack, Less side panels £225.00 (G) 

~:lv..llS8d~75 Only £119 <El M~:~ I 32U - High Quality - All steel RakCab I 
VGA cabte for IBM PC Included. · · 
External -for-~ ol COl1"4)tJtars CALL ~~~e1~tt ~::i~,T~i';.~r'~~~':i~u~1,~~ t~~l~l~:~~~~~slble spec, 

As New - Used on film set for 1 week only!! 
15" 0.28 SVGA 1024 x 768 res. colour monitors. 

Swivel & tilt etc. Fu/190 day guarantee. £145.00 (E) 

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

PHILIPS HCS35 (same style as CM8833) allractively styled 14" 
colour monitor with lli!II! RGB and standard composite 15.625 
Khz video Inputs via SCART socket and separate phono jacks. 

~\ri~~~i~ir~~ :~~=~~~s::~ee~c ~~~~:s~I~~~1 ~o'r8:1i 
video monitoring I security applications with direct connection 
to most colour cameras. Htg'l quality with many features such as 
front concealed flap contro ls. VCR correction button etc. Good 
used condition· fully tested· guaranteed Only £95 
Dimensions: W14" x H12¾" x 15W D. (E) 

PHILIPS HCS31 Ultra compact 9• colour video monitor with stan• 
dard composite 15.625 Khz video input via SCART socket. Ideal 
for all monitoring / security applicahons. High quality, ex-equipment 
fully tested & guaranteed (possible minor screen bums). In attrac
tive square black plastic case measuring W1C)" x H10· x 13Y:i:" D. 
240 V AC mains powered. Only £79.00 (D) 

KME 10• 15M10009 high definition colour monitors with 0.20• dot 
p itch . Superb clarit y and modern styli ng .. ••· 
Operates from any 15.625 khz sync RGB video 
source, with RGB ana log and composite sync 
such as Atar i , C ommodore Am iga , Acorn 
Archimedes & BBC. Measures only 13W x 12· x 
11". Good used condition. Only £125 (E) 

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

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

MITS. FA3445ETKL 14" Industrial spec $VGA monitors 
'1Jti!Nto400kW • 400Hz3~powerlOU'C89 - exatock 
IBM 8230 Type 1, Token ring base unit driver 
IBM 53F5501 Token Ring /CS 20 port lobe modules 

~~ ~o~ULJ~~~l~~?o~i~~~i~l~1~r i~n::o~~~J;;~:~~ £550 
Trend DSA 274 Data Analyser with G703(2M) 64 Vo £POA 
Marconi 6310 Programmable 2 lo 22 GHz sweep generator £6500 
HP1650B Logic Analyser £3750 

~~3x:i-u~1~igg~~s~~°,;, ~ni~P3782A Error Detector £r~~ 
HP6621A Dual Programmable GPIB PSU 0·7 V 160 walls £1800 
HP3081 A lndustrila wor1<station c\w Barcode swipe reader £175 
HP6264 Rack mounl variable 0·20V @ 20A metered PSU £675 
HP54121A DC lo 22 GHz lour channel lesl set £POA 
HP7580A A 1 8 pen HPGL high speed drum plotter £1 850 
EG+G Brookdeal 95035C Precision lock in amp £650 
View Eng. Mod 1200 c0<npuIerised inspection system £POA 
Ling Dynamics 2kW programmable vibration lest system £POA 
Computer controlled 1056 x 560 mm X Y table & controller £1425 
Keithley 590 CV capacitor / voltage analyser £POA 
Raca/ ICR40 dual "40 channel voice recorder system £3750 
Flskera 45KVA 3 ph On Line UPS • New batts Dec.1995 £9500 
ICI R5030UV34 Cleanline ultrasonic cleaning system £POA 

~~:ins1"d'~:'J16:is~t~u~ii li~ f;~:~ 8Mb Ram mgg 
Zeta 3220-05 AO 4 pen HPGL fast drum plollers £1150 
Nikon HFX-11 (Ephiphot) exposure control unit £1450 
Motorola VME Bus Boards & Components Lisi. SAE / CALL £POA 
Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550 

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 constru cted of double walled steel with a 
'designer style' smoked acrylic Iron! panel 10 
enable status indicators to be seen through the . 
panel, yet remain unobtrusive. Internally the rack : 

~=~~~srI~l~y t!l~~,~~~e:~~~,:~t~?if;!. f~~~e j 
equipment. The two movable vertical fixing struts : 

~~r:~u~:~i~t;:,ei1:~e dr~il~~l~~e~~~;I ~~~~~:~~ 
ly mounted to the bottom rear, provides 8 x IEC 3 
pin Euro sockets and 1 x 13 amp 3 pin switched 
utility socket. Overall ventilat ion is provided by 
fully louvered back door and double skinned top section 
with top and side louvres. The top panel may be removed for fitt ing 
of Integral fans to the sub plate etc. Other features include: fitted 
castors and floor levelers, prepunched utility panel at lower rear for 
cable I connector access etc. Supplied in excellent. slightly used 
condi t ion with keys. Colour Royal blue. External d imensions 
mm=1625H x 635D x 603 W. ( 64" H x 25" D x 23¾" W ) 

Sold at LESS than a third of makers price!! 

A superb buy at only £195.00 (G) 

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

Call with your requirements. 

TOUCH SCREEN SYSTEM 
The ultimate in 'Touch Screen Technology' made by the experts• 
MlcroTouch • but sold at a price below cost II System consists of 
a flat translucent glass laminated panel measuring 29.5 x 23.5 cm 
connected to an electronic controller PCB. The controller produces 
a standard serial RS232 or TTL output which continuously gives 
simple seria l data containing positional X & Y co-ordinates as to 
where a finger is touching the panel • as the finger moves, the data 
instantly changes. The X & Y information is given at an Incredible 
matrtx resolution of 1024 x 1024 positions over the entire screen 
size !! A host of available translation software enables direct con
nection to a PC for a myriad of applications including: control pan
els. pointing devices, POS systems, controllers for the disabled or 

~~g~!~~. /n~t~raa~no~~ ~6u:~\ ~~~~!~~ i~f~~~e~
0
a~~il~~?:b 1~: 

appl/cal/ons for this amazing product ere only 1/mlted by your 
lmaignaf/onl/ Complete system including Controller, Power Supply 

~~i Mt~~C:tcft~~ .::i:~~n.c.::::.~'!!tce 
01 

only £145. 00 (B) 
and manual• tor IBM com,,.tlble PC'• t:n.95 RFE. r .. t«i 

LOW COST RAM & CPU'S 
INTEL 'ABOVE' Memory Expansion Board. Full length PC· XT 
and PC-AT compatible card with 2 Mbytea of memory o• board. 
Card is fully selectable for Expanded or Extended (286 processor 
and above) memory. Full data and driver disks SUl)l)lled. RFE. 
Full'/ tested and guaranteed. Windows compatible. E59.95(A 1) 
Hal length 8 bit memory upgrade cards for PC AT XT expands 
memory erther 256k or 512k in 64k steps. May also be used to fill 
in RAM above 6401< DOS limit. Complete with data. 
Order as: XT RAM UG. 256k. £34.95 or 512k £39.95 (A 1) 

SIMM SPECIALS 
1 MB x 9 SIMM 9 chip 120ns Only £16.50 !A 1) 
1 MB x 9 SIMM 3 chip 80 ns £19.50 or 70ns £22.95 A 1 
1 MBx9 SIMM 9chip80ns £21 .50 or 70ns £23.75 A1! 
4 MB 70 ns 72 pin SIMM -with parity- Only £95.00 A1 ) 
ltffl:L 486-0XJJ CPU £55.00 INTEL 486-0X66 CPU £69.00 (A 1) 
FUU. RANGE OF CO.PROCESSOR'S EX STOCK· CALL FOR ltt 

FANS & BLOWERS 
Fujitsu M3041R 600 LPM band printer £1950 
Fu ltsu M3041D 600 LPM printer with networ1< interface £1250 EPSON D0412 40x40x20 mm 12v DC £7.9510 / £65 
Perkin Elmer 2998 Infrared spectrophot0<neter £POA PA PST TYPE 612 60x60x25 mm 12v DC £8.95 1 O / £75 

DC POWER SUPPLIES 

VG Electron/ca 1035 TELETEXT Decoding Margin Meter £3750 MITSUBISHI MMF-D6012DL 60x60x25 mm 12v DC £4.9510 I £42 
Andrews LARGE 3.1 m Satellite Dish+ mount (Fo,Voyage,•t £950 MITSUBISHI MMF-08C12DM 80x80x25 mm 12v DC £5.25101 £49 
Sekonlc SD 150H 18 channel digital Ht,:rid chart recorder £1995 MITSUBISHI MMF-09B12DH 92x92x25 mm 12v DC £5.95 10 / £53 

Vi, tu a I I y e Very type Of p Owe r r~:i~~Rvrd~:~1~/t!t'~~v!rt.~i~o~ro~
rd

er m~ ~:~it~: 1~-~a~~~Nt~~~2;2~ 120 X 38 m,;~~~ m9 

supp I y you can Im a gin e . Over Test Lab · 2 mtr square quietised acoustic test cabinets £300 or 240 v £6.95. 80 x 80 x 38 mm · specify 110 or 240 v £5.95 
1 O, 000 Power Supp lies Ex stock Kenwood 9601 l"AL Vectorscope. NEW £650 IMHOF B261900 rack mnl 3U x 19" Blower 110/240v NEW £79.95 

Ca I I f 
O

r in f O / I Is t. Please call for further details on the above Items Sh1pp1ng on all !ans (A). Blowers (B). 50,000 Fans Ex Stock CALL 

lssoe 13 of 'Dispfay 'J\[f,ws now available - send large SAE - PACKED with· bargains! .... . . 
: : . . . . .... 

: :··· . . . .. : .... : 
.... . . : .... 
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. . 
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: ..... 
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ALL MAIL & OFFICES 
Open Mon-Fri 9.00-5:30 
Dept PE. 32 Blggin Way 

Upper Norwood 
LONDON SE19 3XF 

LONDON SHOP 
OP!ln Mon • Sat 9:00 • 5:30 

215 Whitehorse Lane 
South Norwood 
On 68A Bu• Rout• 

~ -Thom ton HHth & 
S•lhur9l Park SR Rail St•Uons 

DISTEL© 
The Original 

REE On line Database 
Info on 20,000 + stock Items! 
RETURNING SOON ! 

ALL ff ENQUIRIES · 

0181679 4414 
FAX 0181 679 1927 

Al prices for UK Manlard. UK customers adc 17.5% VAT to TOTAL order arTlOllll Mri'm.m order £10. l3ooa Foe acxxx.nt orde<S aa::eped from Goverrvnent. Schools, 
Unive<sitss and Local Autrorlies • mninum accou,t order £50. Cheques owr £100 are subject to 10 v.,:,r1<i,g days clearanoe. Carriage charges (A)=£3.00, (A1)=£4.00, 
(B)=£5.50, (C)=£8.50, (D)=£12.00, (E)=£15.00, (F)=£18.00, (G)=CAU. MoN approx 6 days for shw,g · faster CALL Scotland surcha,ge CAil. Al goods s,wied to our 
Standard Conditiorls of Sale and l'1less stated guaranteed for 90 days. Al guarantees on a return to bese basis. Al riglls reserved to change prices I specifications ...ihout prior 
noti::e. Orde<s subject to stock. Discrults for vok.me. Top CASH prices paid for sul]llus goods. Al lracfemail<s etc acf<nowteo;jec1 10 Display l:iedronics 1996. E & 0 E. 06'6 



Electronics 
Ainciples 3.0 

For Wndo\i\6 3.1, '95 & NT. 
If you are looking for an easy and enjoyable 

VvO{ of studying or improving your knowedge of 
electronics 1hen this is the softv..are for you. 

Electronics Rinciples 3.0 now contains fifty-eight 
Wndov..s and an extended range of nearty 300 
fully interactive analogue and digital electronics 
topics and is currently used in hundreds of UK 
and overseas schools & colleges to supPQrt 
GCSE, A-level, BTEC, City & Guilds and university 
foundation courses. AJso N\,Q's and GN\Q's 
v.tlere students are required to have an 
understanding of electronics principles. 

R,C and L Series Ci,aits. 
R.C and L Paralel Cicub 

- -~ X 

lllli!IE3 
~mpld1e1 Power ffhc,ency . Pili! Ei 

R epresenlation of 

k.Powe,.--

- . )( iency. 

Meaau1ing. -- C Saries. 

~ Vollmete,. L Series. 

C Ammetei. Reactive. 

Reoctive. 

ComuicalionSyst,,m. 

s;,;,.. I Vol age range. 10[ 

C' Ot.Mietet. 

(' lo.mg. 

C Protection. 

TindCiculs. 
CQl4lfng ~ Selec!Mty. 

Vin = 2 

Gain (Av) 

Meter 

Voltage 

Range. 
<~it 0, ----0 

Common 

l kV RA lOIJµA Fsd. 

New Values.-

Ra I 
Ilk I 

Fsd I 
11oopA I 

~ lkOhms coi resistance. I Votage range. I 

I~~~- ~ Calcwlions~ ======· . ~~~~~~ ~u 
:as,.f • E~ Pmciples 10 I [ll<frc~ ms 1 

Other titles available. Inputs & outputs use.electronics symbols. 
Electronics Toolbox 3.0 £19.95* Scientific notation avoided Wlere possible to make 
Presents commonly used electronics formulae and numbers & calculations meaningful. 
routines in a way that makes calculations easy. Just select Experiment wth standard textbook examples, even 
the topic, 'pop' in your values and find the result. check your home\.\Ork! 
Mathematics Principles 3.0 £49.95* Hundreds of electronics formulae available for circuit 
Study or revise mathematics in what we believe is an 
interesting and enjoyable way. Nearly two hundred topics, investigation. 
including the GCSE syllabus with interactive, full colour Multi-user site licence for schools & colleges. 
graphics to enable 'learning through doing'. A'oduce OHP slides & student handouts. 
Electronics Principles 4.0 £99.95* 
Contains all of the extended version 3 and many more 
digital and analogue topics. Plus: Microprocessor & 
microcomputer operation, registers, arithmetic and logic 

Complete Fackage just £49.95* 
unit, ROM, RAM etc. Addressing modes and full 

instruction set can be executed on the screen. 

for more information, upgrades or softv..are by return. 

Telephone (01376) 514008. -
EPf Educational Soflv,are. F\.Jmp House, Lockram Lane, Wtham, Essex. UK. Ov18 2BJ. Telfax: 01376 514008. 

E-tv1ail sales@eptsoft.demon.co.uk v\eb pages htfp:/A,w.w.octacon.co.uk/ext/eptf-;ofN.are.htm 
• UK Rease Md £2 per order for post & packing + VN. tv1ake cheques payable to EPf Educational SofN.are. 

Swtch, Delta, \Asa and Mastercard orders accepted - please give card number and expiry date. 
Ov£RSEAS ORDERS: Md £2.50 postage for countries in the EEC. OJtside EEC add £3.50 for airmail postage. 
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!! '~if 1' or 2 layer~. desi~n ~le & •~onn~ctivity checking and a st~rter pack of ·· 
:1'.°'.jf/ over 260 symbois . .J--{: !a:f·:_.,_ ~ . --~~,.. 
it·,· ·. #.,~ 3.6 PRO+ £399* 
,.~:: •.• .-:~~ . .:'•·.. ,_c,_ • 

• : ', · For those needing more power & more features there is Quickroute 3.6 · 
• PRO+. For just £399 you gefinum:sheet schematic capture, 1 to 8 layer 

autorouting, net-list import/export, links to simulators, CAD/CAM file~export, 
Gerber import/viewing, DXF WMF & SPICE file export, copper fill, adv~!!ce(j 
connectivity checking with automatic updating of a PCB from a schematic, 
the basic set of over 260 symbols and library pack 1 which includes a 

• further 184 symbols. More symbols are available in additional library,p~'ci<s 

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

SMARTRoute l .0 uses on iterative goal seeking algorithm 
which works hard to find the best route even on single 
sided PCB' s. SMARTRoute allows you to assign different 
algorithms, design rules, track & via sizes, layers used. etc 
to groups of nets for total flexibility . SMARTRoute 1.0 costs 
Just £149" . avgilable separately · _·.·.·•~ i: __ . 

7:~,. . ·-~~·· 
Prices are Quickroute 3.6 Designer £149, Quickroute 3.6 PRO+ £399~i1.-:-:7;;:~ · · 

_ ...... 

SMARTRoute 1.0 £149.00, Library Packs £39 each. *Post & Packing p·er :;c!,i;:~• 
item is £6 (UK), £8 (Europe) and£ 12 (World). V.A.T must be added to the ·total. 

QUICKROUTE 
SYSTEMS 

Tel 0161 476 0202 Fax 0161 476 0505 
Quickroute Systems Ltd. Regent House Heaton Lane Stockport SK4 1 BS U.K. 

WWW: www.quickroute.co.uk EMail : info@quicksys.demon.co.uk 

Prices and specifications subject to change without notice All trade marks are acknowledged & respected . All products sold subject to our standard terms & conditions (available on request) . 

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

Genuine SUMA kits available onlY, direct from Suma Designs. Beware inferior imitations! 
UTX Ultra-miniature Room Transmitter UTLX Ultra-miniature Telephone Transmitter 
Smallest room transmitter kit in the world! Incredible 10mm x 20mm including mic. Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
3V-12Voperation. 500m range ......... .. ... .... .................................. .. ..... . ........... £16.45 Connects to line (anywhere) and switches on and off with phone use. 
MTX Micro-miniature Room Transmitter All conversation transmitted. Powered from line. 500m range... . ..................... £15.95 
Best-selling micro-miniature Room Transmitter. Just 17mm x 17mm including mic. TLX 700 Micro-miniature Telephone Transmitter 
3V-12Voperation. 1000m range ................. ......................................................... £13.45 Best-selling telephone transmitter. Being 20mm .x 20mm ii is easie.r to assemble 
STX High-performance Room Transmitter than UTLX. Connects to hne (anywhere) and switches on and off with phone use. 
'High performance transmitter with a buffered output stage for greater stability and All conversations transmitted. Powered from hne. 1000m range ... . ................ £13.45 
range. Measures 22mm x 22m, including mic. 6V-12V operation, 1500m range . £15.45 STLX High-performance Telephone Transmitter 
VTS00 High-power Room Transmitter High performance transmitter with buffered output stag.e providing excellent stability 
Powerful 250mW output providing excellent range and performance. and performance .. Connects to line (anywhere) and switches on and off with phone 
Size 20mm x 40mm. 9V-12Voperation. 3000m range ...................................... £16.45 use. All conversations transmitted. Powered from line. 
VXT Voice-Activated Transmitter Size 22mm x 22mm. 1500m range........ . .. ................................ £16.45 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity TKX900 Signalling/Tracking Transmitter 
and delay with LED indicator. Size 20mm x 67mm. 9Voperation. 1000m range . £19.45 Transmits a continuous stream of audio pulses with variable tone and rate. Ideal for 
HVX400 Mains Powered Room Transmitter signalling or tracking purposes .. High power output giving range up to 3000m. 
Connects directly to 240V A.G. supply for long-term monitoring. Size 25mm x 63mm. 9v operation ... ········ ·· ···· ····· ················ ···· ·· ········· £22.95 
Size 30mm x 35mm. 500m range......... ..... .. .............. .. ...................... . ... £19.45 CD400 Pocket Bug Detector/Locator 
SCRX Subcarrier Scrambled Room Transmitter LED and piezo bleeper pulse slowly, .rate of pulse and pitch of tone increase as you 
Scrambled output from this transmitter cannot be monitored without the SCDM decoder approach signal. Gain control allows pinpointing of source. 
connected to the receiver. Size 20mm x 67mm. 9V operation. 1 000m range .... .. £22.95 Size 45mm x 54mm. 9V operation .......... £30.95 
SCLX Subcarrier Telephone Transmitter CD600 Professional Bug Detector/Locator . . .. 
Connects to telephone line anywhere, requires no batteries. Output scrambled so Multicolour readout of signal. strength with. variable .rate bleeper and vanable sensItIvIty 
requires SCDM connected to receiver. Size 32mm x 37mm. 1 000m range ......... £23.95 used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
SCDM Subcarrier Decoder Unit for SCRX distinguish between localised bug transmission and normal legitimate signals such as 

C 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation ... ... ...... .. ... .... ..... .. £50.95 

onnects to receiver earphone socket and provides decoded audio output to • 
headphones. Size 32mm x 70mm. 9V-12V operation .. .. . ....... £22.95 QTX180 Crystal Co.ntrolled Room Transmitter 
ATR2 Micro-Size Telephone Recording Interface Narrow band FM transmitter for the ultimate 1n privacy. Operates on 180MHz and 

. . requires the use of a scanner receiver or our QRX180 kit (see catalogue). 
Co
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Switche
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2
tape Size 2omm x G?mm. SVoperation. t000m range ..... . ........................... £40.95 

au oma ica y as p one is us . conversa ions recor . Ize mm x mm. 
Powered from line .................................................. .... ..... .. ....... ................. .. ....... £13.45 QLX180 Crystal Controlled Telephone Transmitter 

*** Specials *** 
DLTX/DLRX Radio Control Switch . 
Remote control anything around your home or garden, outside lights, 
alarms, paging system etc. System consists of a small VHF transmitter with 
digital encoder and receiver unit with decoder and relay output, momentary 
or alternate, 8-way d.i.l. switches on both boards set your own unique 
security code. TX size 45mm x 45mm. RX size 35mmx 90mm. Both 9V 
operation. Range up to 200m. 
Complete System (2 kits) ............................................................................ £50.95 
Individual Transmitter DlTX. .................................. ____ ............... £19.95 
Individual Receiver DLRX ................................................... ___ ..... £37.95 
MRX-1 HI-Fl Micro Broadcaster 
Not technically a surveillance device but a great Idea! Connects to the 
headphone output of your Hl•FI, tape or CO and transmits HI-Fl 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 

DEPT. EE 

As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. 9V operation. 1 000m range. . ............. £40.95 

QSX180 Line Powered Crystal Controlled Phone Transmitter 
As per QLX180 but draws power requirements from line. No batteries required. 
Size 32mm x 37mm. Range 500m ........ ... .. .. ........................................................ £35.95 

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

A build-up service is available on all our kits if required. 
UK customers please send cheques, POs or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send Sterling Bank Draft and add £5.00 
per order for shipment. Credit card orders welcomed on 01827 714476. 

OUR LATEST CATALOGUE CONTAINING MANY MORE 
NEW SURVEILLANCE KITS NOW AVAILABLE. SEND TWO 
FIRST CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 

THE WORKSHOPS, 95 MAIN ROAD, 

BAXTERLEY, NEAR ATHERSTONE, 

WARWICl<SHIRE CV9 2LE 
VISITORS STRICTLY BY APPOINTMENT ONLY 
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PCB Designer 
For Windows 3.1, '95 or NT 

Looking for the price? 

It's just £49.00 all inclusive . 
... no VAT...no postage ... 
... no additional charges for 
overseas orders. 

~ z 
Amex/ Access/DeltaNisa 

Runs on any PC running Windows 3.1, Windows 95 or 
Windows NT with a minimum 2MB RAM 
WiH work with any Windows supported printer and monijor 

✓ Produce Single or Double sided PCBs . 
. ✓ Print out to any Windows supported printer. 
. ✓ Too/bar for rapid access to commonly 

used components. 
✓ Helpful prompts on screen as you work. 
✓Pad, track & IC sizes fully customisable. 
✓No charges for technical support. 
✓Snap-to grid sizes 0.1 ", 0.05" 0.025" 

and unrestricted. 
✓SMT pads and other pad shapes. 
✓ Prints at the resolution of your printer, much 

hi her than the screen shot shown here. 

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

~ Greenweld has been established 
GREENWELD far 23 years specialising in buying ,la. surplus job lots of Electronic 

• • Components and Finished Goods 

BECOME A BARGAIN UST SUBSCRIBER TO SEE WHAT'S 
ON OFFER BEFORE IT'S ADVERTISED GENERALLY 

Standard Bargain List Subscription 
For just £6.00 a year UK/BFPO (£10.00 0\/81'seas), we'll send you The 
Greenweld Guardian fY>1efY month. Wrth ths newsletter comes our 
latest Bargain List giving details of new surplus products available and 
details of reN lines being stocked. Each issue is supplied 'M1h a 
personalised Order Form and details of exclusive offers available to 
Subscribers only. 

Gold Bargain List Subscription 
For just £12.00 a year (£20.00 0\/81'seas) the GOLD Subscriber category 
offers the following advantages: 
0 The Greenweld Guadian and latest Bargain List ell'ElfY 

month. together 'Mth anv brochures or fliers from our suppliers 
0 A REDUCED POSTAGE RATE of £ 1.50 (normally £3.00) for all 

orders (UK only) and a reply paid envelope 
D , 5% DISCOUNT on all regular Catalogue and Bargain List items 

So Don't Miss Out - Subscribe Today! 
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1997 CATALOGUE OUT NOW! 
Greenweld · 27D Park Road 
Southampton · SO 15 3UQ 

TELEPHONE: 01703 236363 
FAX: 01703 236307 

INTERNET: http://www.herald.eo.uk/clients/G/ 
Greenweld/greenweld.html 

Our stores (over 10.CXX) sq. ft.) have 11---
enormous stocks. We are open 8.00 ~ 
am - 5.30 pm Monday to Saturday. -=" 
Come and see us! -
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Learning and Skills Updating 
PIC Microcontrollers : Specifically designed for distance learning this system comes 
complete with hardware, software, training and reference manuals , psu. leads etc. As used 
in Colleges and Universities. now available to the public Only £.99 :00 (Olher versions 
commg soon ~ ca ll for details). 

Switch Mode Pow er Supplies : You've heard about them, now learn how they w ork . 
Complete with training and parts/pcbs lo allow you lo construct 3 different types, plus a 
multt -compartment s torage case. Only £.49:00 

Analogue to Digital Convertors: This practical system allows you to understand how A/Os 
work. Also covers 0/A conversion. It has a c omputer interface so it can be used to make a 
PC based oscilloscope/data logger etc (software examples included). Only £29:00 

Computer Control : learn how to control and monitor e1eternal devices using your computer. 
Complete system includes hardware and simple, but powerful, programming language. Ideal 
for modellers and e1eperlmenters. Only £.49:00 

Logic Trainer: Ideal for learning about how logic works, covers all gates, b istables etc. 
Complete with experimenters manual and steady hand game assembly instrucUons. Really 
get ahead with your College or School woric. , ideal for National CurriculumlBTECIGNVQs. 
Onty£19:00 

Experimentation and Design tools 
logic Analyser: low cost but fast (40Mhz capture) . Ideal fo r e1eperienters and hobbyists. 
This is a full spec 8 bit unit and comes complete with hardware, software. manual etc. 
Amazingly low cost of £99 :00. Faster, meaner and moodier versions available - P'ease call. 

Programmers and emulators: Universal Eprom, PIC, 51 Series - all full spec, tough, 
professional units with Zlfs. Complete with hardware, software, manuals etc. from £99:00. 

PIC d~elopment system. Get your project going qutcidy without the usual design ~s· 
Incompatibility problems. Works with all 16C6x, 16C7x and 16C8x processors. Includes 
Programmer, prototyping board, development software, manuals etc. £99:00 

51 Series Development: Very sophlsUcated and easy lo use. Complete with In Circuit 
~. Programmer, Development Software, Manuals etc. £149:00 

Power Supply: Suitable for all of our systems. This is a 15 V @ 500mA, professional unit, 
stringently safety tested and CE mar1<ed . Only £12:00. 

Also Available : Test Systems, 'Scopes. Meters, Tools, Books, Kits, Chips etc. AJI at lower 
prices than you'll find elsewhere. Free catalogue available on request. 

Prices do not Include VAT or carriage (£3 normally, free on orders over £30) 

All Majo r Credit Car.ds Accepted 
Kanda Systems Limited, Unit 11 G lanyravon Enterprise Par1<, Aberystwyth, SY23 9ZZ. 

Tel: 01974 262570 (Sales). ~ K d 
01974 262670 (Technl9al). - an a 
Fax: 01974 262356. VJS4 
Email: Sales@Kanda-Systems.com. BESA Member - Made In the UK 

BTEC approved 
TUTOR supported 

•• NA TIONAL 
CO LLEGE OF 
T ECHNOLOGY 

DISTANCE 
LEARNING COURSES in: 

Analogue and Digital Electronic 
Circuits, Fibres & Opto-Electronics 
Programmable Logic Controllers 
Mechanics and Mechanisms 

• Courses to suit beginners 
and those wishing to update 
their knowledge and practical skills 

• Courses are delivered to the student 
as self-contained kits 

• No travelling or college attendance 
is required 

• Learning is at your own pace 

For information contact: 
NCT Enterprises 
Barnfield Technology Centre 
Enterprise Way, Luton LU3 4BU 
Telephone 01582 569757 • Fax 01582 492928 
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31 page full colour 
Computer Equipment Catalogue 

with the Winter 96/97 Cirkit Catalogue 

The Winter 96/97 Edition brings you: 

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

• WIN! a 28,800 Fax Modem in our easy to enter 
competition. 

• 1 00's of new products including; Books, Connectors, 
Entertainment, Test Equipment and Tools. 

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

• £25 worth discount vouchers. 

£1.95 
+ 30p p&p 

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

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

• Get your copy today! 

Cirkit Distribution Ltd 
Park Lane. Broxbourne • Hertfordshire • EN10 7NQ 

Tel: 01992 448899 • Fax: 01992 471314 
Email:m·ailorder@cirkit.co.uk 
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GENt~
EE178 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST ... ~ 

Tel01283565435 Fax546932 W -
E-mail: 106363,2245@compuserve.com ~ 
Homepage: http://ourworld.compuserve.com/homepages/Magenta 

E L E C T R O N I C S L T D All Prices include V.A.T. Add £3.00 per order p&p 

MAIL ORDER ONL V e CALLERS BY APPOINTMENT 

r - - EPE MICR-oco-NrRoLLER, WINDICATOR 
P.I. TREASURE HUNTER I A novel win~ speed indicator with LED readout. Kit comes 

The latest MAGENTA DESIGN _ highly complete. with sens'!r cups, and weatherproof sensing 
stable & sensitive - with MC control head. Ma1nspower unit £5.99 extra . 
of all timing functions and advanced KIT 856 ............... ........................... . £28.00 
pulse separation techniques. 
• New circuit design 1994 
e High stability 

drift cancelling 
• Easy to build 

& use 
• No ground 

effect. works 
in seawater 

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

• Effic ient quartz controlled 
microcontroller pulse generation. 

e Full kit with headphones & all 
hardware 

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

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

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

KIT 493 ...... .................. £39.95 

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

KIT 865 ........... ........ ..... £29.95 

* TENS UNIT* 
DUAL OUTPUT TENS UNIT 
As featured in this issue. 4'~~ 

I 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 & 500V INSULATION 

TESTER 
\ . 
-~, .. -·./,/~ '.. ."'"·-.I' . ' 

Superb new design. Regu lated 
output, efficient circuit. Dual 
scale meter, compact case . 
Reads up to 200 Megohms. 

\· 
1 
\ . 

Kit includes wound coil , cut-out 
case, meter scale, PCB & ALL 
components. 

KIT 848 ................... £32.95 

MOSFET Mkll VARIABLE BENCH 
POWER SUPPLY 0-25V 2·5A. 
Based on our Mk1 design and 
preserving all the features, 
but now with switching 
pre-regulator for much higher 
efficiency. Panel meters indi
cate Volts and Amps. Fully 
variable down to zero . 
Toroidal mains transformer. 
Kit includes punched and 
printed case and all parts. As 
featured in April 1994 EPE. An 
essential piece of equipment. 

KIT 845 ..... ........ .. £64.95 

ULTRASONIC PEsT SCARER 
Keep pets/pests away from newly 
sown areas, fruit, vegetable and 
flower beds, children's play areas, 
patios etc. This project produces 
intense pulses of ultrasound 
which deter visiting animals. 

e KIT INCLUDES ALL 
COMPONENTS, PCB & CASE 

e EFFICIENT 100V 
TRANSDUCER OUTPUT e UP TO 4 METRES 

e COMPLETELY INAUDIBLE RANGE 
TO HUMANS e LOW CURRENT DRAIN 

KIT 812 ......... ... ................ ....... ... ..... ........ ... £14.81 

rSPACEWRITER - - 1-~ 
I An innovative and exciting ~~ 
I project. Wave the wand through ':i,.;:~' 
I the air and your message appears. d'-~ 

Programmable to hold any message ~~ 
I up to 16 digits long. Comes pre-loaded ·-.,,:~ 

with " MERAY XMAS". Kit includes T,_. 
I PCB, all components & tube plus '%, 
I instructions for message loading. .,,.. .~ 

LK,!.T _§~9~·:.;.; ·.;,; ·;,;;:.;.;·.;,; ·~.f.1~.2_91 
12V EPROM ERASER 
A safe low cost eraser for up to 4 EPAOMS at a time 
in less than 20 minutes. Operates from a 12V supply 
(400mA). Used extensively for mobi le work - up
dating equipment in the fi~d etc . Also in educa
tional situations where mains supplies are not al 
lowed. Safety interlock prevents con tact with UV. 

KIT 790 ............................ £28.51 

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

KIT 444 ........................ £22.37 

SUPER BAT DETECTOR 

l~;;~i;p~:K~E· · r 
OMPACT CASE · 
20kHz-140kHz - 1 

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

KIT 861 ........... ...... .. .. ... ..... £24.99 

E.E. TREASURE HUNTER 
P.I. METAL DETECTOR 
MKI 
Magenta's highly 

• developed & 
acclaimed design. 
Quartz crystal 
controlled ci rcui t 
MOSFET coil drive. 
D.C. coupled 
amplification . 
Full ki t includes 
PCB, handle, 
case & 
search c oil. 

e KIT INC.' 
HEADPHONES 

e EFFICIENT 
CMOS DESIGN 

e POWERFUL COIL 
DRIVE 

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

e 190mm SEARCH COIL 
e NO 'GROUND EFFECT' 

KIT 815 .......................... £45.95 

DOLBY PRO-LOGIC DECODER DC Motor/Gearboxes 

Experience the_ delight of SURROUND SOUND in your awn 11 rt /1❖:@ ,U1•/;/;l• ! • l,• I• ~• 
home. This proJect brings full Genuine PRO-LOGIC surround • • •· --- •···· • .. , :.. 
sound to you at a fantastic price. The circuit meets all *Dolby il;l •HH3•1•11 
specifications, with "Stereo", "3-Stereo" and "Surround Sound" selections. 

,,.,,,,,,,,,,,,,,, "'"""""•"" For minimum cost the "Short Form Kit" is ideal. This is complete 
except for the case and power transformer. It includes the switches, 
sockets, and pots, and is ideal for building into a custom set-up with 

- pre-amp and power-amp modules, where power is available. 
------- The alternative "Full Kit" gives the best value option. With a printed 

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

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

Our Popular and Versatile DC motor/Gearbox 
sets. Ideal for Models, Robots, Buggies 
etc. 1·5 to 4·5V Multi ratio gearb~ x 
gives wide range of speeds. · 

LARGE TYPE - MGL £6.95 • ; , 
SMALL - MGS - £4. 77 ,· 

Stepping Motors • 

MD38 ... Mini 48 step ... £8.65 • 
MD35 ... Std 48 step ... £12.98 ...,! 

MD200 ... 200 step ... £16.80 • 
MD24 ... Large 200 step ... £22.95 
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INCREDIBLE LOW 
PRICE! 

SIMPLE PIC PROG ~AMME~.1 SUPER PIC PROGRAMMER 

~ • READS, PROGRAMS, AND VERIFIES 
• WINDOWS® SOFTWARE 

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

Power Supply £3.99 
EXTRA CHIPS : 

PIC 16C84 £7 .36 

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

PIC16C84 LCD DISPLAY DRIVER 
INCLUDES 1-PIC16C84 
WITH DEMO PROGRAM 

Kit 860 £17.99 
SOFTWARE DISK, PCB, Power Supply £3.99 
INSTRUCTIONS AND FULL PROGRAM SOURCE 
16-CHARACTER 2-LINE CODE SUPPLIED - DEVELOP 

1--_L_C_D_D_IS_P_LA_Y __ _, 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 
wa it ing for your application! 

* Chip is pre-programmed w ith demo display * 

• PIC16C6X, 7X, AND BX I 
• 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 

INCLUDES: PCB, 
PIC 16C84 WITH 
DEMO PROGRAM, 
SOFTWARE DISK, 
INSTRUCTIONS 
AND MOTOR. 

Kit 863 £18.99 
FULL SOURCE CODE SUPPLIED. 
ALSO USE FOR DRIVIN G 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 1.8....sle.R 
motor. Chip is pre-programmed with demo software, then write your 
own, and re-program the same chip! Circuit accepts inputs from 
switches etc and drives motor in response. Also runs standard demo 
sequence from memory. 

PIC16C84 MAINS POWER 4-CHANNEL PIC16C5X X WITH OPERATING 
PROGRAMMING, AND 
CROSS ASSEMBLER CONTROLLER & LIGHT CHASER 

• WITH PROGRAMMED 16C84 Mill DISK WITH 
SOURCE CODE IN MPASM Now features full 

• ZERO VOLT SWITCHING - 4-channel chaser software 

SOFTWARE. 

The easiest way to get 
started . A llows single 

10 CHASE PATTERNS on DISK and stepping through programs -

• OPTO ISOLATED pre-programmed displaying the internal registers 

• 4 X 3 KEYPAD CONTROL PIC16C84 chip. Easily iill.d. driving the 1/0 pins . Software 

• SPEED CONTROL POT. re-programmed for your 
own applications. 

and hardware can be developed 
and tested together. Programs 

• HARD FIRED TRIACS Software source code is 
• 4 CHANNELS @5 AMPS fully 'commented' so that 

it can be followed easily. 

16C54, 5, 6, & 7 chips. Full featured. 
software runs under DOS at high speed. 

Kit 855 £39.95 LOTS OF OTHER APPLICATIONS Kit 853 £99.00 ;~;;I~ £8.99 

68000 DEVELOPMENT AND 
TRAINING KIT 

• USED WORLDWIDE IN SCHOOLS 
COLLEGES & UNIVERSITIES 

• DOUBLE EUROCARD, 2 SERIAL PORTS 
• NOW WITH EXPANDED RAM & ROM 
• FULL FEATURED MONITOR & LINE ASSEMBLER 

IN ROM 
• CROSS-ASSEMBLER AND COMMS SOFTWARE DISK t 

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 - £1.55.95 Built Micro Lab - £189.95 "~ ~ rr'A All prices ~'11~ include VAT 

_ _ Add £3.00 p&p. 

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

• FULL MANUAL PLUS DATA 
• SUPER LOW PRICE : 

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

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

PSU + 5V, + 12V, - 12V £12.99 

Tel: 01283 565435 Fax: 01283 546932 E-mail : 106363,2245@compuserve.com 
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.,_r,:i ADM2J2AA £3.55 TDA26 1 IA £1.88 OA200 £0.56 ADl49 £ 1.67 BCJ9J £0.73 8Fl 85 £0.58 

.:?~ ADM485JN £2.97 TDA2822A £1.68 OA202 £0.29 AD l61 £0.92 8C414C £0. IJ 8 Fl94 £0.J I 
ADM690AN £5. IJ TEDJ718DP £5 .0J Z.:ners 2. 7 to J3V ADl62 £0.92 8C44 1 £0.40 BF l94B £0.19 

·01: ADM691AN £6.48 TEAS l 15 £3.11 400mW £0.08 BCl07 £0.16 BC461 £0.46 8Fl 95 £0.19 ~o ADM695AN £6.48 TL06 1CP £0.35 I.JW £0. 14 BCl07B £0.17 BC463 £0.29 BF244 £0.35 <r,:i ADM699AN £3 .58 TL062CP £0.60 Bridge Rttlifien BC I0R £0.14 BC478 £0.32 BF244B £0.40 
"'OO CA741CE £0.26 TL064CN £0.72 I.SA 50V £0.19 BCl08B £0.16 BC479 £0.32 BF244C £0.35 
-fi;., CA747CE £0.39 TL07 1CP £0.48 I.SA 200V £0.20 BCI08C £0. 15 8C490 £0.24 8F257 £0.J J 
cu CA3046 £0.37 TL072CP £0.40 I.SA 400V £0.22 8CI09 £0.17 BC5 16 £0.22 8F259 £0.33 
cu CAJ059 £1.16 TL074CN £0.50 I.SA 600V £0.22 8CI09C £0.19 8C5 17 £0.17 BFJJ7 £0.40 

~< CA3080E £0.73 TL081 £0.33 I.SA 800V £0.27 BCI 14 £0.19 8C527 £0.20 BF355 £0.38 
CA) 130E £0.98 TL082CP £0.54 I.SA lk V £0.24 8C I 15 £0.4 1 BC528 £0.20 8F42J £0.13 

~!-- CAJ 140E £0.51 TL084CN £0.50 3A 200V £0.36 BC I 16 £0.4 1 BC537 £0.20 BF451 £0.19 
~z CA3 189E £1.22 TL494CN {1.46 3A 400V £0.40 BCI 18 £0.4 1 8C546B £0.08 BF459 £0.JJ 
..li;.i CA3240E £1. 12 TL7705ACP £1.62 3A 600V £0.JJ 8Cl32 £0.36 8C546C £0.08 8F469 £0.36 

DG21 ICJ £1.55 TLC27 1 £0.54 6A 200V £0.70 BCl34 £0.36 BC547B £0.09 BFX29 £0.29 -- z DG212CJ £1.55 TLC272 £0.88 6A 800V £0.59 8C IJ5 £0.36 8C547C £0.09 BFX84 £0.J I <;:;o DG411DJ £3. 11 TMP0 I FP £5.60 I0A 400V £1.39 8Cl 40 £0.25 8C548C £0.08 8FX85 £0.32 
Q; 1:1. EL2030C £5.67 ULN200J £0.52 25A 200V £1.68 BC l41 £0.27 BC549C £0. 10 BFY50 £0.30 
z~ ICL7106 £2.95 ULN2004A £0.48 25A 600V £1.80 8Cl 42 £0.J I BC550C £0.10 BFY51 £0.25 

ICL761 IDCP £1.06 UL 2803 £0.90 BCl 43 £0.34 BC556A £0.08 BFY52 £0.28 to ICL7621 £1.70 ULN2804A £1.64 Thyrislors 8Cl49 £0.2 1 BC557B £0.08 BSI 07 £0.21 
r,;U ICL8038 £4 .89 UL 2806 £1.20 C l06D £0.36 BCl54 £0.36 BC557C £0.08 BS l70 £0.23 ..., 

ICM7555 £0.36 XR2206 £5.37 PO102AA £0.30 BCl57 £0.12 BC558C £0.08 BSW66 £I.JS 
4000 Series 74 HC S,ries 74LS47 £0.58 ICM7556 £0.98 ZN414Z £1.16 TICll6D £0.66 BCl59 £0. 17 BC559C £0.08 BUl26 £ 1.32 
4000 £0.17 74HCOO £0.20 74LS5 I £0.24 Ll65V £3.98 ZN4 16E £1.99 TICl26D £0.77 BCl60 £0.28 BC560A £0.09 BU205 £1.41 
400 1 £0.1 8 74HC02 £0.21 74LS73 £0.40 L272M £1.86 ZNl034E £3.11 Tri1cs BC170 £0.16 BC560B £0.09 BU208A £1.24 
4002 £0. 17 74 HC0J £0.21 74LS74 £0.32 L293E £4.35 EPROM 's ZO 105DA £0.42 BC l70B £0.16 BC6J7 £0.2 1 BU326A { 1.40 
4006 £0.40 74 HC04 £0,17 74LS75 £0.J0 L297 £6.37 27 16 £4.74 TIC206D £0.65 BCl71 £0. 11 BC638 £0.21 BU500 £1.54 
4007 £0.18 74 HC08 £0.21 74LS76 £0.25 L298 £6.99 2732 £4.84 TIC226D £0.94 BC l7 1B £0. 16 BC6J9 £0.21 BU508A £0.98 
4008 £0.23 74 HCI0 £0.16 74LS83 £0.J I L6219 £4.48 2764-25 £4.20 BTA08-600B £0.99 BC l72 £0.13 BC640 £0.21 BU508D £1.44 
4009 £0. 19 74 HC I I £0.20 74LS85 £0.35 LF347N £0.46 27C64-25 £3.44 TIC2J6D £0.96 BC l72 B £0. 13 BCY70 £0.22 BU526 £1. 74 
4010 £0.23 74 HC l4 £0.22 74 LS86 £0.20 LF35 1N £0.43 27C0I0 £5 .74 Diac, SI. Swilch BCl77 £0. 18 BCY71 £0.20 BU806 £1.06 
401 1 £0.20 74 HC20 £0.28 74LS90 £0.48 LF353N £0.42 27128-20 £4.08 DB). 32V £0.20 BCl78 £0.18 BCY72 £0.20 BUTI IA £I.JO 
401 2 £0.16 74 HC27 £0.16 74 LS92 £0.35 LF356 £0.84 27C 128-20 £4.08 BRY39 £I.JO BC l79 £0.1 8 BDl 24P £6.86 BUTI IAF £I.JO 
4013 £0.19 74HCJ0 £0.22 74 LS93 £0.42 LMJ0IA £0.25 27256-20 £4.85 Transistors BC l79A £0.17 BDIJ5 £0.21 BUX84 £0.78 
40 14 £0.30 74HC32 £0.2 1 74 LS107 £0.23 LM308N £0.58 27C256-20 £3.68 2N16l3 £0.JI BC l82 £0. 11 8Dl 36 £0.2 1 IRF540 £1.26 
4015 £0.24 74HC42 £0.25 74LS109 £0.21 LM31 IN-8 £0.32 27C5 I 2 £3.42 2N l71 I £0.26 BCl82A £0. 11 8Dl37 £0.23 IRF740 £1.80 
401 6 £0.30 74HC73 £0.40 74 LS I 12 £0.24 LM318 £0.98 RA M 2 1893 £0.29 BC l82 B £0.12 8Dl38 £0.22 MJ2501 £1.60 
40 17 £0.29 74HC74 £0.23 74LSI 13 £0.21 LM 319N-14 £0.90 4 164-15 £1.90 2N2218A £0.28 BC l82L £0.08 BDl39 £0.25 MJ 300 1 £1.80 
40 18 £0.27 74HC75 £0.40 74LSll4 £0.21 LM324 £0.24 6 11 6- 10 £I.SJ 2N22 19A £0.25 BC l82 L8 £0.08 BDl40 £0.25 MJ I 10 15 £2.45 
4019 £0.48 74HC76 £0.20 74LS 122 £0.31 LM 335Z £1.52 6264- 10 £3.16 2N2222A £0.18 BC l83 £0.08 BDI SOC £0.82 MJI 1016 £2.56 
4020 £0.36 74HC85 £0.24 74LS 123 £0.3 1 LM 339N £0.24 4 1256- 10 £2.80 2N2646 £1. 12 BC l83 L £0.08 BDl 65 £0.42 MJEJ40 £0.40 
402 1 £0.J I 74HC86 £0.22 74LSl 25 £0.27 LMJ48N £0.3 1 62256- 10 £4.22 2N2904A £0.25 BCl83 Lll £0.08 BDl 66 £0.35 MJE350 £0.48 
4022 £0.32 74 HCI07 £0.40 74LSl26 £0.25 LM 358N £0.27 5 11 000-8 £8.54 2N2905A £0.25 BC l84 £0.08 BDl 87 £0.39 MPSA05 £0. 14 
4023 £0. 16 74HC l 23 £0.33 74LS IJ2 £0.21 LM 377 £2 .57 514256-8 £6.80 2 2907 £0.20 BCl84L £0.08 BD20 1 £0.40 MPSA06 £0.12 
4024 £0.32 74HCl25 £0.24 74LS 133 £0.36 LM 380 £0.88 AID Conn rters 2 2907A £0.20 BCl86 £0.33 8D202 £0.40 MPSA l3 £0.12 
4025 £0. 15 74 HCl26 £0.46 74LS 136 £0.23 LM381 £2.64 2 2926 £0.16 BC204C £0.72 BD20J £0.40 MPSA42 £0.17 
4026 £0.78 74 HC132 £0.37 74LS IJ8 £0.40 LM 386 £0.79 ~C::2~~\uisi~25.38 2 '3053 £0.27 BC206B £0.72 BD204 £0.40 MRF475 £7.28 
4027 £0.25 74 HCl33 £0.29 74LS IJ9 £0.24 LM392N £0.79 2 '3054 £0.85 BC207B £0.74 BD222 £0.58 TIP29C £0.J I 
4028 £0.34 74 HC138 £0.25 74LS l45 £0.56 LM393N £0.21 AD557JN £8.75 

2 3055 £0.58 BC208 £0.72 BD225 £0.42 TIP30C £0.37 
4029 £0.40 74 HC139 £0.JI 74LSl47 £1.26 LM 709T £0.79 AD574AJN £18.4 

2 3439 £0.62 BC209A £0.72 BD232 £0.50 TIP)IC £0.41 
4030 £0.17 74 HC l51 £0.33 74LSl48 £0.64 LM733 £1.04 AD775JN £18.48 

2 3440 £0.50 8C2 12 £0.08 BD237 £0.32 TIP32C £0.4 1 
4031 £0.70 74 HC153 £0.27 74LS 151 £0.25 LM748CN-8 £0.37 AD7226K £25.69 

2NJ702 £0.09 BC2 12L £0.08 BD238 £0.44 TIP33C £0.72 
4033 £0.56 74HC154 £0.85 74 LS 153 £0.25 LM 759C P £J.J8 AD7528J £8.63 

2 '3 703 £0.10 BC2 12LB £0.08 BD240C £0.37 TIP41A £0.44 
4034 £1.24 74 HC l57 £0.40 74 LS 154 £0.70 LM1458 £0.J) AD7545A KN£ 14.04 

2 3704 £0.10 BC2 13 £0.08 BD243B £0.50 TIP42C £0.52 
~035 £0.31 74 HC l58 £0.23 74LS 155 £0.25 LM1881 £3.92 AD7828KN £20.33 

2N3705 £0.10 BC21JB £0.08 BD244A £0.53 TIP4 7 £0.48 
4040 £0.38 74HC l60 £0.64 74LS l56 £0.36 LM2917N8 £3. 10 ICL7 109C PL £7.75 

2N3706 £0.10 BC213 LC £0.08 BD244C £0.53 TIP48 £0.62 
4041 £0.J I 74 HC l6 1 £0.28 74 LS 157 £0.22 LM3900N £0.72 TLC5491P £3.51 

2 377 1 £ 1.44 8C2 14 £0.08 BD245C £1.18 TIP50 £0.53 
4042 £0.22 74 HC l62 £0.45 74 LS 158 £0.21 LM 3909N £1.76 ZN425E £5 .94 

2 3772 £ 1.51 BC2 14L £0.08 BD246 £1. 18 TIPl 21 £0.48 
4043 £0.28 74HC l63 £0.27 74 LS l60 £0.48 LM 391 4 £2 .J0 ZN426E £3.13 

2 3773 £ 1.70 BC225 £0. 15 BD246C £ 1. 18 TIP1 22 £0.48 
4044 £0.35 74HC l64 £0.35 74 LSl 6 1 £0.32 LM 3915 £2 .70 ZN427E £9.25 

2 38 19 £0.42 BC237B £0.09 BD283 £0.6 1 TIPl 25 £0.46 
4046 £0.52 74HC l65 £0.35 74LS1 62 £0.44 LM13600 £ 1.66 ZN428E £5.94 

2 3820 £0.66 BC-2388 £0.09 BD284 £0.61 TIPl27 £0.40 
4047 £0.47 74HC l 73 £0.38 74 LSl63 £0.32 LMC660CN £2.16 ZN448E £7.50 

2 3904 £0.10 BC238C £0.09 80400 £0.79 TIPl 32 £0.46 
4048 £0.28 74HC I 74 £0.27 74LSl64 £0.24 LMC60321N £1.55 Voltafae 2N3905 £0.10 8C239C £0.10 B0441 £0.4 1 TIPl37 £0.56 
4049 £0.22 74HC I 75 £0.35 74LSl65 £0.48 LP31 IN £0.74 RfN:u ators 2N3906 £0.10 BC250A £0. 15 80442 £0.37 TIP142 £I.JO 
4050 £0.26 74HC l92 £0.72 74 LSl 70 £0.30 LP324N £0.67 78 5 £0.35 2N4036 £0.34 BC25 1 £0. 13 8D534 £0.47 TIPl47 £1.12 
405 1 £0.38 74HC l95 £0.32 74 LS 173 £0.24 LP339N £0.73 7808 £0.50 2 5245 £0.80 BC252 £0. 13 BD535 £0.50 TI P2955 £0.97 
4052 £0.32 74HC240 £0.37 74 LSl74 £0.24 LTl013CN8 £2.99 78 12 £0.38 2 5296 £0.57 BC26 18 £0.30 BD536 £0.65. TIP3055 £0.70 
4053 £0.40 74HC241 £0.37 74LS 175 £0.24 LTI0l 4C ' £10.20 78 15 £0.38 2 5321 £0.57 BC262B £0.24 BD58 1 £0.62 V I0KM £0.48 
4054 £0.56 74HC243 £0.48 74 L 190 £0.60 MAX202CPE £2.97 78L05 £0.23 2N5322 £0.57 8C267B £0.30 BD597 £0.92 ZTX300 £0.16 
4055 £0.34 74HC244 £0.42 74 LSl91 £0.24 MAX208CN £6.99 78L08 £0.23 2 540 1 £0.11 BC307 £0.10 80646 £0.52 ZTX500 £0.16 
4060 £0.44 74HC245 £0.46 74 LS192 £0.60 MAX220CPE £5.06 78Ll 2 £0.23 2 555 1 £0.11 BCJ08 £0. 10 BD648 £0.52 
4063 £0.29 74HC25 1 £0.25 74LS 193 £0.24 MAX222CPE £5.06 78L 15 £0.24 2 6107 £0.60 BCJ l9C £0.13 80650 £0.53 o Minimum 
4066 £0.24 74HC253 £0.25 74 LSl95 £0.24 MAX232CPE £ 1.80 78L24 £0.39 2 649 1 £1.58 BC327 £0.10 BD707 £0.42 Order Value 
4067 £2.20 74HC257 £0.25 74LSl96 £0.24 MAX483CP £3.13 78S05 £0.98 2SB548 £0.J0 BC327-25 £0.10 BD708 £1.04 
4068 £0. 16 74HC259 £0.57 74LS l97 £0.24 MAX485CP £2 .58 78Sl2 £0.98 2SDl 730 £ 1.44 BCJ28 £0.10 BD807 £0.80 
4069 £0.20 74HC273 £0.35 74LS22 I £0.40 MAX63 IACP £4.99 78S l5 £0.98 AC l26 £0.44 BCJ28- 16 £0.10 BDXJ2 £1.78 SAMEDA Y 
4070 £0.26 74HC299 £0.64 74LS240 £0.32 MAX635ACP £4.99 7905 £0.40 AC l27 £0.50 BC337 £0.10 BDX33C £0.56 DES PATCH 
4071 £0.23 74HC356 £0.45 74 LS24 I £0.32 MC l488 £0.39 79 12 £0.J0 ACl28 £0.40 BC337-25 £0.12 BDX34C £0.50 
4072 £0. 17 74HC365 £0.34 74 LS242 £0.32 MCl 489 £0.39 79 15 £0.38 ACl87 £0.48 BCJ38 £0. 10 BDX53C £0.47 
4073 £0. 17 74HC367 £0.25 74 LS243 £0.30 MC3302 £0.56 7924 £0.38 ACl88 £0.48 BC338-25 £0.10 BDX54C £0.50 Quality 
4075 £0.17 74HC368 £0.25 74 LS244 £0.32 MC3340P £1.60 79L05 £0.23 ACYl7 £384 BCJ488 . £0.14 BFl80 £0.3 1 Components 
4076 £0.30 74HC373 £0.35 74LS245 £0.60 MC4558 P £0.36 79Ll 2 £0.23 7 ' 4077 £0.28 74 HC374 £0.40 74 LS247 £0.32 MV60 1DP £2 .97 79Ll5 £0.28 E lectroly tic Radial E le ctro ly tic A xial 
4078 £0.20 74 HC390 £0.52 74LS25 I £0.24 NE52 1N £6.39 79L24 £0.30 

K~1 16v 25v 40v 6 V I 16v 40v 63v I 50v 450v 4081 £0.23 74 HC393 £0.38 74 LS257 £0.24 NE531 £1.47 ADM666AN £3.44 V V 

4082 £0.21 74 HC423 £0.37 74LS258 £0.24 E555N £0.25 L200CV £I.JO £0.05---

4085 £0.28 74HC553 £0.42 74LS266 £0.14 NE556N £0.36 L296 £6.87 1.0 £0.05 £0.05 £0. 13 ••• £0.22 
4086 £0.26 74 HC563 £0.48 74 LS273 £0.32 NE565 £1.84 LJ87A £3.24 2.2 £0.05 ••• £0. 13 ••• £0.30 
4089 £0.55 74HC564 £0.48 74 LS279 £0.25 E566N £0.90 LM2940CT £2.J0 4.7 £0.05 £0.05 £0.05 £0. 13 ••. £0.41 

10 £0.05 £0.05 £0.05 £0.05 £0.09 £0.12 ••• £0.12 £0. IJ £0. 17 £0.40 £0.51 4093 £0.22 74HC57J £0.43 74LS365 £0.21 E567N £0.39 LM317T £0.50 22 £0.05 £0.05 £0.05 £0.07 £0.11 £0. 12 £0.13 £0. 14 £0.15 £0.21 £0.52 ~-1--06 4094 £0.3 1 74 HC574 £0.45 74 LS367 £0.21 NE571N £2.47 LMJ23 K £2 .84 
4095 £0.56 74HC640 £0.73 74 LS368 £0.21 NE592 £0.62 LM334Z £I.JS 33 £0.05 ••• £0.05 ••• 

4097 £ 1.20 74HC688 £0.64 74LS373 £0.33 NE5532N £0.60 LM337T £0.68 47 £0.05 £0.05 £0.07 £0. 10 £0.19 £0.13 £0. 13 £0. 15 £0.19 £0.32 £0.57 -· 
100 £0.06 £0.06 £0.10 £0. 13 £0.26 £0.14 £0.16 £0.19 £0.26 £0.44 ••. 

4098 £0.48 74HC4002 £0.3 1 74LS374 £0.34 E5534N £0.64 LM338K £5 .52 
220 £0.08 £0.09 £0.13 £0.25 ••• £0. I 9 £0.20 £0.27 £0.39 £0.48 ••• 

4099 £0.38 74HC4017 £0.64 74LS375 £0.34 E5539N £4.35 LM 723 £0.29 
330 £0.09 .•. £0. 19 ••• 

4502 £0.38 74HC4020 £0.36 74LS377 £0.32 NE5560N £2.31 LP2950CZ £2.70 470 £0.12 £0.17 £0.24 £0.33 ••• £0.24 £0.28 £0.43 £0.53 ••• 
4503 £0.40 74HC4040 £0.45 74LS378 £0.62 OP07CN £1.42 REF0 ICP £3.44 

1000 £0.15 £0.33 £0.34 ••• £0.33 £0.43 £0.59 £ 1.08 .•• 4508 £ 1.40 74HC4049 £0.25 74LS390 £0.25 OP27CN £2.90 REF02CP £4.66 2200 £0.27 £0.55 £0.70 ••• £0.53 £0.66 £I.I I £1.55 ·•• 4510 £0.36 74HC4050 £0.25 74 LS393 £0.24 OP77GP £2.36 REF12Z £ 1.28 3300 -· £0.94 ••• 
45 11 £0.38 74HC4060 £0.44 74 LS395 £0.26 OP90GP £3.1 1 REF 195GP £4.72 4700 £0.67 £1.05 ••• 
4512 £0.32 74HC4075 £0.27 74 LS399 £0.62 OP97FP £2.43 REF25Z £ 1.24 
45 14 £0.77 74HC4078 £0.32 74 LS670 £0.69 OPI 13G P £3.44 REF50Z £ 1.22 eram1c I m1 ISC ,pp era m1c t u ti aye r 
45 15 £0.99 74HC451 I £0.64 Linear ICs OP I 76G P £2.09 TL431CP £0.45 1.0.1 .2. 1.5, I .8.2.2,2 . 7 .3.3.3 .9.4. 7,5 . 7 ,6.8,8.2 I0,22.33 .47 and multiples. 
45 16 £0.44 74HC451 4 £0.84 AD524AD £23.04 g~~~~ £1.89 ZN423 £1.55 1.0pF 10 22nF IOOV £0.06 ~gg~~olrig~nF IOO V £0.10 
45 18 £0.44 74HC4538 £0.4 1 AD548JN £5 .60 ZN458B £ 1.89 47nF & IOOnF 50V £0.07 £0.14 
4520 £0.4 1 74HC4543 £0.90 AD590JH £ 1.62 OP213 FP £5 .20 DiodH 330nF IOOV £0.16 
452 1 £0.62 74 LS Series AD592AN £S.40 OP275G P £2.57 I 9 14 £0.06 Also in stock - Mylar Film. MKT. Boxed 470nF IOOV £0.22 
4526 £0.40 74LSOO £0.26 ~~m2 £4.52 OP'8'GP £2.27 IN9 16 £0.06 & Dipped Polyester. Tanta lum. Sub-

l .0~~1 i' ~~hnical Spccifica1ion avaf1~·J1~ 4527 £0.40 £ 12 ·65 OP283G P £5.20 IN4001 miniature. low Leakage & I 05°C Radials 
74 LS0I £0. 14 £9·88 OP290GP £0.06 

4528 £0.40 74LS02 £0.29 AD625JN £16·20 OP297GP 
£5.40 IN4002 £0.07 es1ston - ease ta te a ue equir 

4529 £0.44 74LS03 £0.29 AD633JN £8·25 OP400GP 
£5 .74 IN4003 £0.07 1/4W Carbon Film 5% E12 Series lil-l0M £0.02 Each. £0.60 per I 00 f 

4532 £0.32 74LS04 £0.21 AD648J £2.~7 OP495GP 
£11.81 IN4004 £0.07 ¼W Metal Film 1% E24 Series I0il- lM £0.04 Each. £1.72 per 100 ~;" 

4534 £2.48 74LS05 £0.14 AD654JN £LS RC-4136 
£8.69 IN4005 £0.07 ½W Carbon Fi lm 5% E 12 Series lil-l0M £0.02 Each. £0.95 per 100 u 

4536 £1.00 74LS08 £0.23 AD698A P £23·28 SAAl027 
£1.00 IN4006 £0.08 I W Carbon Film 5% El 2 Series l il0-I0M £0.07 Each. £3.90 per 100 :: 

4538 £0.37 74LS09 £0.14 AD708JN £5·69 SG3524N 
£4.46 IN4007 £0.08 2W Carbon Film 5% E 12 Series l il0-I0M £0.12 Each.£5.99per 100 t 

454 1 £0.33 74LS I0 £0. 14 AD71 IJN £ I.SI SG3543 
£0.96 IN4148 £0.05 2.5W Wircwound 5% E12 Series on1-22on £0.23 Each 

4543 £0.49 74LS I I £0. 17 AD712JN £2·38 SL486 
£6.88 IN4149 £0.06 Preset Resistors - Please Sta te Value Required 

4555 £0.32 74LS l2 £0.14 AD736JN £8. 75 SSM20 I SP 
£2.88 IN5400 £0.09 Enclosed. 10mm Square Hor, / Ven. 100n . IMO 0.15W £0.15 Each 

4556 £0.40 74LSl3 £0.29 AD795JN £S.94 SSM20 17P 
£12.32 I 540 1 £0.09 Skcle1on. 10mm Dia. Horz / Ven. IOOQ • IM00. IW £0.1 1 Each 

4560 £ 1.1 8 74 LSl4 £0.21 AD797AN £8·69 SSM213 IP 
£3.38 IN5402 £0.10 Sub-min. 6mm Dia. Hor.tontal EJ I oo n .1 MO 0.2W £0.19 Each 

4566 £1.96 74LS l5 £0.14 AD81 IN £6·73 SSM2 141 P 
£4.19 I 5404 £0.11 Multitum. 10mm Square. Top Adjust. EJ IOOil- lM0 0.5W £1.00 Each 

4572 £0.25 74 LS20 £0.16 AD812A £6·32 SSM2142P 
£4.21 I 5406 £0.12 ~o~~~ti~.i.!i~~n~ ~:fse Es~~d~~j~e R E!1~~-2MO 0.5\V £0.64 Each 

4584 £0.24 74LS2 1 £0.14 AD813A £8·81 SSM2143P 
£6.40 IN5407 £0.14 

4585 £0.47 74 LS22 £0.14 AD817A £3.85 TBA 120S 
£3.78 IN5408 £0. 15 Single Gang - 1/ ... Shaft. 25mm Dia. e:;OQ-2M2 Linear £0.49 Each 

4724 £0.94 74LS26 £0.14 AD820AN £3.24 TBA800 
£0.90 BAl 57 £0. 10 5i~~IG~:;~ ¼~-~ ~~fl~iJ,~~llbPai_a. iro!20t·1't(~~k.lM.2M2 Log £0.49 Each 

40 106 £0.37 74 LS27 £0.1 4 AD822A £S.20 TBA8 I OS 
£0.70 BAl 58 £0. 10 £ 1.62 Each 

40 109 £0.58 74LS30 £0.20 AD826AN £S.3J TBA820M 
£0.64 BAl 59 £0.10 Dual Gang - ¼ •• Shaft . 20mm Dia. I K0-2M2 Logarithmic £1.7 1 Each 

40 163 £0.46 74LS32 £0.21 AD829JN 
£6·41 TDAI 170S 

£0.40 8 Yl26 £0.13 Swilched • ¼" Shafi . 20mm Dia. I K0-2M2 Linear £ 1.56 Each 
40174 £0.46 74LS37 £0. 14 AD830AN £6· 14 TDA2002 

£2.48 8Yl 27 £0. 18 Switched - ¼ .. Shafi , 20mm Dia. I K0-2M2 Lowirithmic £ 1.69 Each 
401 75 £0.36 74LS38 £0.19 AD847J £S. 71 TDA2004 

£1.04 BYl33 £0.10 PCB Mount, Splined Shafi , 16mm Dia. 470il- lM0 Linear £0.42 Each 
40193 £0.60 74LS40 £0.14 AD9696KN £7. 73 TDA2030 

£3.1 1 OA47 £0.28 PCB Mount, Splined Shafi. 16mm Dia. 470il.4k7. 100k.l M0 Log £0.42 Each 
74 Sl'r ies 74LS42 £0.42 ADEL2020A m! TDA2050V 

£ 1. 18 OA90 £0.07 Dual PCB, Splined Shafi, 16mm Dia. 10k.50k 100k.500k Linear £0.85 Each 
7407 ADM222A H £3.40 OA91 £0. 10 Dual PCB, Splined Shafi, 16mm Dia. 10k.50k.100k.500k Logari1hmic £0.85 Each 

- amagc + at, ces XC e at ½ 0 ' amage atto 0 ayinentwi eques 
nents. ALL Credit Card Orders A, led. NO Credit Card Sure es. Trade discount for Schools & Colle es. 
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COMPLEXITY 
Everyday news on new high tech. instruments lands on my desk; as equipment gets 

more and more complex and relies more on large-scale dedicated chips, it seems that 
there is less that the hobbyist can build . You only need to read the MPEG2 Digital 
Television feature in th is issue to realise how complex such a system wi ll be. There is 
no way that most modem equipment can be built by the hobbyist for less than the 
cost of buying the ready-made unit, whether it is hi-fi , TV, video, computers or 
communications equipment like mobile phones or amateur band transceivers. So how 
do we continue to pursue our hobby? 

There are still plenty of unusual projects that can be built by the hobbyist for less 
than commercial items - mainly because there is only a small market for them, or 
because they are new ideas and prices have not yet fa llen . Thi s issue is an example of 
such projects. On the very simple side is the Puppy Puddle Probe - it's easy to build , 
useful and demonstrates some very simple electronics well. Rather more refined is the 
Midi Matrix which solves a very real problem, for those with MIDI set-ups, in an 
elegant way, relatively inexpensively. 

TAKE YOUR PIC 
The other side of the coin is demonstrated by our PIC-Agoras project. You can buy 

a bike computer for much less, but PIC-Agoras is very versati le, can be tailored to 
use with a wide range of wheel sizes and could even be adapted to measure say 
skateboard speed. While you could compare it with a commercial bike computer it 
can be used for a variety of tasks which are well outside the capabilities of any 
commercial product. 

If you want a job within the electronics industry - maybe designing some of those 
highl y complex systems I mentioned earlier - then you must start somewhere. Our 
simple projects, Teach- In series and other educational items have led many a reader 
into a rewarding career in electronics. 

I believe there will always be room for the electronics hobbyist and a need for our 
type of magazine, even in today's computer dominated world. What could be more 
satisfying than building your own equipment, just for the sake of it? Maybe it will 
never compete on price wi th commercial products but the pleasure, knowledge and 
sati sfaction gained are well worth the effort. Perhaps the word that best describes our 
hobby is Ingenuity. 

SUBSCRIPTIONS 
Annual subscriptions fo r delivery di rect 
to any add ress in the UK : £24. Over
seas: £30 standard air service (£47.50 
express airmail). Cheques or bank drafts 
(in £ sterling only) payable to Every
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Binders to hold one volu me (12 issues) 
are available from the above add ress. 
These are finished in bl ue p.v.c ., 
printed with the magazine logo in gold 
on the spine. Price £5.95 pl us £3.50 
post and packing (for overseas readers 
the postage is £6.00 to everywhere 
except Austral ia a nd Pa pua New 
Guinea which cost £10.50). Normally 
sen't within seven days but please 
allow 28 days for delivery - more for 
overseas orders. 
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Visa and MasterCard accepted, 
minimum credit card order £5. Send 
or phone your card number and 
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address etc. 
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READERS' ENQUIRIES 
We are unable to offer any advice on the use, 
purchase, repair or modification of com
mercial equipment or the incorporation or 
modification of designs published in the 
magazine. We regret that we cannot provide 
data or answer queries on articles or projects 
that are more than five years old. Letters 
requiring a personal reply must be accom
panied by a stamped self-addressed en
velope or a self-addressed envelope and 
international reply coupons. Due to the cost 
we cannot reply to queries by Fax. 

All reasonable precautions are taken to 
ensure that the advice and data given to 
readers is reliable . We cannot, however, 
guarantee it and we cannot accept legal 
responsibility for it. 

COMPONENT SUPPLIES 
We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers. 

We advise readers to check that all parts are 
still available before commencing any project 
in a back-dated issue. 

We regret that we cannot provide data, or 
answer queries, on projects that are more 
than five years old. 

ADVERTISEMENTS 
Although the proprietors and staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the inter
ests of readers by ensuring as far as 
practicable that advertisements are bona fide, 
the magazine and its Publishers cannot give 
any undertakings in respect of statements or 
claims made by advertisers, whether these 
advertisements are printed as part of the 
magazine, or in inserts. 

The Publishers regret that under no cir
cumstances will the magazine accept liability 
for non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. Legal 
remedies are available in respect of some of 
these circumstances, and readers who have 
complaints should first address them to the 
advertiser. 

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

418MHz 
REMOTE 

' 

CONTROL 
ROBERT PENFOLD ========================================== 
You do nae need a licence co 
use chis coded cransrnission 
and recepcion concrol syscern, 
and ic's easy co build using 
pre-aligned rnodules. 

THE frequency of the 418MHz Band 
ha been allocated to licence-exempt 
radio links, and its main use is 

probably for remotely switching intruder 
alarms on and off. It is open for use in 
other applications though, and there must 
be many potential uses for this type of 
radio link . 

Transmission powers are very low, 
however, and only simple aerials are 
permitted at the transmitter. This limits the 
maximum operating range to about 100 to 
200 metres in open terrain , or about 30 
metres if the signal has to pass through 
buildings. While this precludes the use of 
418MHz links in some applications, there 
are many situations where this sort of 
range is perfectly adequate. 

For example, a camera remote control 
system is normally used over a range of 
about five to 100 metres. " Wireless" 
serial data links for computers also operate 
over a similar range. 

The use of ready-built modu les means 
that the completed system requires no set
ting up or alignment of any kind, and it 
can be used legally without having to 
obtain an operating license. 

SYSTEM OPERATION 
The block diagram of Fig. I helps to 

explain the way in which the system func
tions. The transmitter is the more simple of 
the two units. and the transmitter module 
itself is bas ically just an osci ll ator and a 
lowpass filter to give a ''c lean· ' output sig
nal. The very low power levels involved 
here do not warrant the use of a power 
amplifier stage. 

Some simple audio processing at the 
audio input prevents any form of 

12 - BIT SERIAL 
CODE ENCODER 

over-modulation. The type of modulation 
used is wide band frequency modulation 
(w.b.f.m.), which is the same type that is 
used for Band II broadcast transmi ssions. 

On the face of it. the transmitter can 
consist of nothing more than the transmit
ter module, a battery, and a pushbutton to 
provide on/off switching. In reality such a 
basic system would be vulnerable to fre
quent spurious operations. 

The problem is simply that there is onl y 
one channe l avai lable . A system that relies 
on basic swi tching of the carrier will be 
activated by the carrier wave from any 
nearby 418M Hz transmitter. Your remote 
cont ro lled curtains (or whatever) could 
operate every time a neighbour switches 
their car alarm on or off! 

The solution to the problem is to trans
mit a digitally encoded carrier signal , and 
to haye a receiver that wi ll on ly respond to 
a correctly coded signal. Special chips to 
provide the encoding and decoding are 
readily avai lable. The transmitter chip is 
fed with a 12-bit binary code, which gives 
a choice of 4096 different code combi na
tions. The 12-bit code is converted to a 
form of serial signal which is at a ·1ow 
enough baud rate to be handled by the 
4 18M Hz transmitter and receiver modules. 

AERIAL 

TRANSMITTER 
MODULE 

It is not practical for the home construc
tor to produce 418MHz radio equip
ment , as it would not be possible to get 
the equipment approved by the radio 
authorities. On the other hand, it is 
possible to produce systems based on 
ready-made transmitter and receiver mod
ules which have DTI approval, and meet 
the relevant standards. 

TRANSMITTER 

Ready-made 418MHz modules are not 
exactly " dirt cheap" , but prices have 
fallen to the ·point where they are now a 
practical propos~tion for the average elec
tronics experimenter. The bas ic remote 
control system featured here uses commer
cially produced 418MHz transmitter and 
receiver modules that provide an operating 
range of up to about I 00 metres in open· 
terrain . 
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AERIAL 

SUPPLY 

SERIAL RELAY 
DECODER DRIVER 

CARRIER 
DETECT 

L.F. ELECTRONIC 12 - BIT TO CONTROLLED 

OSCILLATOR SWITCH CODE EQUIPMENT 

RECEIVER 

Fig. 1. The 418MHz Remote Control System block diagram. 
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At the receiver, the decoder converts the 
serial signal back into 12 bits of paral 
lel data, and compares the decoded sig
nal with the 12-bit binary pattern on its 
inputs. Provided the same 12-bit code is 
used at the transmitter and the receiver, 
the two codes will match, and the decoder 
chip will set its output terminal high. 

This technique does not absolutely 
guarantee that the system will be free from 
spurious operations, but unwanted activa
tion of the receiver can only be caused by 
a nearby transmitter using the right one of 
the 4096 codes, and the same method of 
serial encoding. This is unlikely to occur 
in practice, but if necessary the code 
number can be changed to one that is free 
from interference. 

The receiver module is relatively 
complex, and it is actually a form of 
double conversion superhet receiver. Its 
sensi tivity is good, with an input of 0·5µ V 
giving a 20dB signal-to-noise ratio. The 
receiver has three outputs, one of which is 
an audio output. This is useful for 
monitoring the transmitter, but is other
wise unused. 

The main output is a processed audio 
signal which provides a "squarec;I " ver
sion of the audio signal that can directly 
drive the serial input of the decoder chip. 
When a suitable signal is received, the out
put ·of the decoder goes high, switching on 
a relay via a simple driver circuit. A pair 
of relay contacts then closes and activates 
the controlled equipment. 

When the signal from the transmit
ter ceases, the serial decoder no longer 
receives a valid signal, and its output 
goes low again. Therefore, the relay is 
only switched on while the transmitter is 
switched on. 

CONSERVING 
BATTERIES 

Since the receiver module only con
sumes about 13 milliamps from a 6V 
supply, battery operation is possible. As 
the receiver may be required to operate 
for very long periods, a lower current 
consumption would be preferable though . 
This can be achieved by pulsing the 
receiver module under standby condi
tions, rather than having it run con
tinuously. This mode of operation is 
made possible by the third output of the 
receiver module, which can operate an 
external switching transistor when a car
rier signal is detected. 

The basic idea is to have a low fre
quency oscillator which controls the power 
to the receiver module via an electronic 
switch. The module is switched on and off 
several times a second, and in this case it 
is switched at a rate of about 25 times per 
second. A crucial factor here is that the 
"on" time is made something under one 
tenth of the " off" time. 

With the receiver module turned off for 
the majority of the time its current con
sumption is greatly reduced, and is typi
cally a little over one milliamp. The over
all current consumption of the circuit is a 
little higher at around two milliamps, but 
this is low enough to give over 1000 hours 
of continuous operation from each set of 
four HP7 size batteries. 

Of course, this pulsed method of opera
tion only operates properly if the receiver 
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RELAY 

PH O E 

Completed Receiver and Transmitter 

latches in the "on" state once a sig
nal is received. This latching is provided 
by the "carrier detect" output and the 
switching transistor it controls. It would be 
preferable if the latching was provided 
via the output of the decoder. Then the 
receiver would only latch on when a valid 
code number was received, rather than 
when any carrier signal was picked up. 

Using the decoded output tends to slow 
things down though, possibly giving a 
perceptible delay between the transmitter 
being activated and the relay contacts clos
ing. Using the carrier detection method 
there is still a delay through the system, 
but it is too short to be apparent to the 
user, and will not be significant in most 
applications. 

TRANSMITTER 
CIRCUIT 

In Fig. 2 is shown the circuit diagram 
for the 418MHz Remote Control Transmit
ter, which is based on a Radio-Tech TXM-
418-A transmitter module. This module re
quires a supply potential of between six 
and 12 volts, and here a 9V battery supply 
is used. 

I 

Switch SI is the on/off control , and CI 
is the supply decoupling capacitor. The 
aerial is a simple home constructed heli
cal type, which gives good performance 
despite its very small size. 

The serial encoder chip is an HT- l 2E 
(IC I). Thi s has a built-in clock generator 

that requires only one discrete component, 
which is timing resistor RI. The serial out
put at pin 17 of IC I can directly drive the 
modulation input of the transmitter mod
ule. The audio input of the transmitter has 
built-in lowpass filtering, etc. that prevents 
any out-of-band signals being radiated. 

Pin 14 of IC! is taken high to inhibit 
transmission on the serial output, or low 
to enable it. In this application, IC I must 
produce a serial signal whenever the trans
mitter is switched on, and pin 14 of IC! 
is therefore permanently connected to the 
0V rail. The required 12-bit binary code is 
hard-wired via link wires on the printed 
circuit board. Each address input must be 
connected to a high ("H") or low (" L" ) 
terminal on the p.c.b. 

Typical current consumption of the 
transmitter is about 11 milliamps, but it 
can be as high as 16 to 17 milliamps. A 
PP3 size battery is adequate to power the 
circuit despite this re latively high con
sumption, because the transmitter wi ll 
normally be used only in very short and 
intermittent bursts. 

REMOTE CONTROL TRANSMITTER 

..I.. ------------------------"" 
18 

Vdd 16 osc 1 

AO IC1 
2 Al HT - 12E 

A2 OSC2 

A3 Oout + 
A4 A11 

AS A10 

81 -.-

sv_l_ 
AS A9 

A7 A6 
L H TE Vss 

COOED 
LINKS 14 9 

(SEE TEXT) 

Fig. 2. Circuit diagram for the 418MHz Transmitter. 
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TRANSMITTER 
CONSTRUCTION 

Details of the transmitter printed circuit 
board are provided in Fig. 3. This board is 
available from the £PE PCB Service, code 
142. 

Although this board is very simple, 
there are several points that are worthy of 
amplification. !Cl is a CMOS device, and 
accordingly it requires the usual anti-static 
handling precautions. Use a holder for 
IC 1, and do not fit it into place until the 
unit is otherwise complete. Try to touch 
the pins as little as pos ible when fitting 
IC 1 into place, an9 keep it well away from 
any likely ources of tatic electricity 
(computer monitors, static-prone carpets, 
etc.). 

The binary code used on the prototype 
is 000000001111, and this is the code 
shown in Fig. 4. Obviously you can use 
any one of the 4096 available codes, but 
make sure that every common ("C") pad 
is connected to either a high (" H") or a 
low ("L") pad. If there are problems 
with interference from other 418MHz 
transmitters once the system is "up and 
running" , there should be no difficulty in 
rewiring one of the links to try a new 
code. Remember to temporarily remove 
IC I from the board while the change is 
made. 

Capacitor Cl must be a high quality 
component that will work well at high 
frequencies . It can be either a tantalum 
capacitor or a high quality radial 
electrolytic type. A "bog standard" 
electrolytic might not give good perfor
mance in this application. 

The transmitter module is mounted on 
the board vertically, and due to its asym
metric base it will only fit the right way 
round. Fit four single-sided solder pins to 
the board at the positions where connec
tions will be made to switch S 1 and the 
battery clip. 

0 

.. .. .. .. .. 
_. ao .. .. 

COMPONENTS 
TRANSMITTER 

ReRs
1 
istor ~eri1l '('.)\lol 

470k 0·25W ~IJlJ\81lr 
5% carbon film TALK 

Capacitor Page 
C1 10µ. high quality radial 

elect. , or tantalum, 25V 

Semiconductor 
IC1 HT-12E 12-bit serial 

encoder 

Miscellaneous 
TX TXM-418-A 418MHz 

transmitter module 
(Radio-Tech). 

S1 push-to-make switch 
81 9V battery (PP3 s ize) 
Printed circuit board, available from 

the EPE PCB Service, code 142; plastic 
case about 105mm x 61mm x 28mm ; 
PP3 type battery connector; 18-pin d.i.l. 
socket; 24 s .w.g. (0·56mm) enamelled 
copper wire for aerial ; wire ; solder, etc. 

Approx Cost £1"~ 
Guidance Only ~ .I 

excluding Batt. 

AERIAL 
To remain within the regulations, the 

transmitter must only be used with a 
simple aerial that does not provide gain. 
This gives a choice of three basic types 
which are helical, whip, and loop. These 
each have their advantages and drawbacks, 
but for most purposes a helical aerial 
is probably the best choice. It offers 
reasonable efficiency together with small 
size. In fact a helical aerial is small enough 
to be mounted on the p.c.b., just like any 
other component. 

The aerial is home constructed, and it 
merely consists of 26 turns of 24 s.w.g. 

MPT 1340 
W.T. LICENCE 

EXEMPT 

Fig. 4 

Fig. 3. Transmitter printed circuit board component 
layout, interwiring and full size copper foil master. 

(0·56mm diameter) enamelled copper wire 
wound on a temporary 3-5mm diameter 
former (e.g. the shank of a 3·5mm twist 
drill ). The coil should be about 25mm long 
initially, but once the system is working it 
can be expanded and contracted in an 
attempt to find the optimum length. 

Leave a few millimetres of excess wire 
at one end of the coil to form a leadout 
wire, and scrape the insulation from this 
lead using a modelling knife or miniature 
file. "Tin" the leadout wire with a small 
amount of solder, and it should then con
nect easily and reliably to the printed cir
cuit board. 

Ideally, the aerial should be mounted 
where it is well clear of any metal ob
jects, but this is not really possible if the 
transmitter is to be kept reasonably small. 
More than adequate performance seems 
to be obtained even with the aerial in 
close proximity to printed circuit tracks 
and other pieces of metal. However, the 
transmitter will not work with the aerial 
within a metal case. 

CASE 
The prototype transmitter is housed in a 

small plastic box having a built-in com
partment for the PP3 size battery. At about 
105mm x 61mm x 28mm this case is 
somewhat larger than is really necessary, 
but it is still quite "pocketable". The 
printed circuit board is mounted on the top 
half of the case, at the opposite end to the 
battery compartment, using 6BA or metric 
M3 nuts and bolts. Use short spacers or 
extra nuts between the case and the board, 
or the board might distort and crack as the· 
mounting nuts are tightened. 

Switch S 1 is mounted on the top panel 
of the case so that it fits into the vacant 
area between the battery and the circuit 
board. 

To complete the transmitter, wire the 
battery clip and S 1 to the four solder pins, 
and fit IC I into its holder. To be within the 
regulations, the transmitter must have a 
label affixed to the case which has the 
wording "MPT 1340 W.T. Licence Ex
empt" (see Fig. 4). The lettering should be 
no less than two millimetres high. 

Layout of components on completed Transmitter board. 
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REMOTE CONTROL RECEIVER 

The completed Receiver board mounted in the base of 
the case. 

RECEIVER CIRCUIT 
The circuit diagram for the 418MHz Remote Control 

Receiver appears in Fig. 5. This circuit is based on 
a Radio-Tech applications circuit for the SILRX-418-A 
receiver module. 

As with the transmitter, the aerial is a simple helical type. 
On the output side of the receiver module, the demodulated 
audio signal is fed direct to socket SK2. The audio signal can 
be monitored using a crystal earphone, but no other type of 
earphone or headphone should be connected to SK2. 

The "squared" audio signal at pin 7 of the module is fed 
direct to the serial input at pin 14 of IC I, which is the 
decoder chip, type HT- I 2F. This has a built-in clock oscil
lator which requires only one discrete component, which is 
timing resistor R2. 

Like the encoder, the decoder has the 12-bit binary code 
set via link wires on the p.c.b. Pin 17 of IC I goes high when 
the correct code is received, and this turns on the relay via 
transistor TR I, used as a common emitter switch. Diode 
DI is the usual protection diode which suppresses the high 
reverse voltage spikes which would otherwise be generated 
across the relay coil each time it switched off. 

IC2 pulses the supply to the receiver module via switching 
transistor TR3, and the decoupling network comprised of 
resi stor R3 and capacitor C2. The output of IC2 is high while 
capacitor C3 charges via resistors R4 and RS, and low while 
C3 discharges through RS and an internal transistor of IC2. 
The charge time is therefore about eleven times longer than 
the discharge time. 

Transistor TR3 and the receiver module are switched on 
during the discharge periods, which gives the required power 
saving. When a carrier is detected, IC2 latches with its oulput 
low, so that TR3 and the receiver module are held switched 
on. IC2 must be a low power version of the 555 timer, since 
a standard 555 would consume nearly as much current as it 
would save! 

Transistor TR2 is switched off when a carrier is detected, 
which results in IC2 latching with its output low due to the 
coupling through R6 which takes the reset input low. Power 
is then supplied to the receiver module continuously. Normal 
standby operation is resumed when the carrier ceases, and 
TR2 switches off again . 
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RECEIVER 
CONSTRUCTION 

Details of the Receiver printed circuit 
board are shown in Fig. 6. This board is 
avai lable from the £PE PCB Service, code 
142. 

Both JC I and JC2 are CMOS devices, 
so use sockets with them and observe the 
standard handling precautions. Note that 
IC2 has the opposite orientation to JC I. 

The aerial is identical to the one used in 
the transmitter. Capacitor C2 should be 
a tantalum type or a high quality radial 
electrolytic. When adding the twelve links 
to set the code number for IC I, make sure 
that the code used exactly matches the 
one used on the transmitter. Fig. 6 shows 
the link-wires for the 000000001111 code 
used on the prototype system. Do not 
overlook the ordinary link-wire just above 
IC2. The receiver module is mounted ver
tically on the board, making sure its pins 
are fully pushed down into the board. 

The relay can be mounted on the cir
cuit board in the normal way provided 
the specified component is used. From 
the electrical point of view, the receiver 
should work using any 6 volt relay that has 
a coil resistance of about I 00 ohms or 
more, plus suitable contacts for its in
tended application. 

However, alternative relays are almost 
certain to have a different pin configura
tion, and are mostly much larger than the 
specified relay. This would make it neces
sary to mount the relay on the case and 
hard wire it to the printed circuit board. 
Unless there is a good reason for using an 
alternative relay it is definitely advisable 
to use the specified component. This has 
changeover contacts rated at 2A at 24 V 
d.c. or 240V a.c. (IA with an inductive 
load). 

Be careful to fit diode DI the right way 
round. Getting this wrong could result in 
damage to both DI and TR I. Once all the 
components and links have been added, 
complete the board by fitting single-sided 
solder pins to take the hard wiring. " Tin" 
the tops of the pins with plenty of solder. 

"" i,t 'S Approx Cost £3' ~ .,JMPJNENn Guidance Only . 1111.. 
excludmg Batts. 

RECEIVER 

Resistors See 
R1 2k7 
R2, R6 56k (2 off) 
R3 10ll 

~[HJ©~ 
TALK 

R4 1M 
R5 100k 

Page 

R7 10k 
All 0·25W 5% carbon film 

Capacitors 
C1 1 Oµ radial elect. , 25V 
C2 1 Oµ high quality radial 

elect. , or tantalum, 25V 
C3 47n polyester (7·5mm lead 

spacing) 

Semiconductors 
D1 1 N4148 signal diode 
IC1 HT-12F 12-bit serial 

decoder 

CASE 
Any medium size plastic case should 

comfortably accommodate the receiver. 
Do not use a metal case as this would 
screen the aerial and prevent the unit from 

SK1 

! OUTPUT ! 

0 

• c 

0 .. .. .. .. .. -.. .. 

,1 

IC2 

TR1 
TR2, TR3 

TS555CN low power 
CMOS 555 timer 

BC549 npn transistor 
BC559 pnp transistor (2 off) 

Miscellaneous 
RX SILRX-418-A 418MHz 

receiver module 
(Radio-Tech) 

SK1 , 
SK2 

81 

S1 
RLA1 

3·5mm jack socket (2 off) 
6V battery (4 x HP? size 

cells) 
s.p.s.t. min. toggle switch 
6V 1 oon coil , single 

changeover contact relay 
Printed circuit board, available from 

the EPE PCB Service, code 143; plas-
tic case about 143mm x 82mm x 
44mm, 8-pin d.i.l. socket, 18-pin d.i.l. 
socket; plastic holder for 4 x HP? size 
cells ; battery connector (PP3 type); 24 
s.w.g. (0·56mm) enamelled copper wire 
for aerial ; wire ; solder, etc. 

working at all. The printed circuit board is 
mounted on the rear panel using 6BA or 
M3 fixings. Fit it well to one side so that 
there is sufficient space left fo r the battery 
pack on the other side. Switch SI and the 

143 

0 

SK2 

Fig. 6. Receiver printed circuit board component layout, interwiring and full size copper foil master pattern (top). 
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two sockets. SK 1 and SK2. are mounted at 
any desired places on the front panel, but 
make sure that they are positioned well 
clear of the battery pack. 

To complete the receiver, add the small 
amount of hard wiring. This is also shown 
in Fig. 6. The method of connecting socket 
SK I to the relay contacts shown in Fig. 6 
is correct if normally open operation is re
quired (i.e. the relay contacts are normally 
open. and they close while swi tch SI at the 
receiver is closed). 

If normally closed operation is needed, 
connect SK 1 to pin • 'C' · on the circuit 
board in stead of pin "B". To complete the 
unit add the battery connector, which is a 
standard PP3 type. 

otc that in this fom1 the receiver 
should only be used with battery powered 
equipment, such as a camera. It should 
only be used with mains powered equip
ment if it is constructed and installed by 
someone with the requisite knowledge and 
experience, and it must conform to the 
normal safety standards. 

/NUSE 

Layout of components on the completed Receiver board. Note that the aerial 
"lead" on the far right is soldered to the p.c.b. at one end only. 

As the transmitter and receiver mod
ules are pre-aligned, the completed sys
tem should work immediately over a 
reasonable range. For operation over dis
tances of up to about 10 or 20 metres there 
will probably be no need to "tweak" the 
aerials for optimum results. 

For operation over longer ranges. it 
might be necessary to expand/compress 
the aerials in order to optimise perfor
mance. This is really just a matter of using 
trial and error. but monitoring the audio 
output signal of the receiver can be 

helpful. A strong signal gives a "clean,. 
sounding "buzz .. having a low back
ground " hiss.. level. Weak reception 
produces a rougher sounding "buzz .. with 
a generally higher background noise level. 

For operation at short ranges. the rela
tive orientations of the two aerials seems 
to be unimportant. At longer operating dis
tances the aerials should both be more-or
less vertical. 

Remember that the range of the 
system will be reduced if it is used 
within buildings, but the signal from the 

transmitter seems to be able to penetrate 
several average internal walls. In this 
respect a radio control system is far superior 
to an infra-red type, which cannot operate 
through anything opaque. 
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From Super Schematics • Runs on:- PC/ 386/ 486 with 
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• Links to PULSAR (logic), 
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New Technolouv 
Update 
(

N THE field of electronic it is often the 
case that an idea cannot be fully ex

p oited because there is not a complete 
understanding of the way in which it 
works. This may appear surprising in view 
of the enormous advances which have 
been made in our knowledge of scieoce in 
recent years. However, as new develop
ments are made, often new principles are 
involved and time is required before they 
are fully understood. 

It has been the case many times in the 
past, that an electronic device has been 
made to work and fulfil a valuable function 
without a full understanding of its opera
tion. Thermionic valves represent a very 
good example. 

In the early days of thei r existence it 
was thought that valves needed a small 
amount of gas inside their glass envelope 
for them to be able to operate correc tly. 
Only when an American named Langmuir 
proved that these gasses were not needed, 
were fu lly evacuated or " hard " valves 
produced and their performance improved 
by a considerable degree. 

The "cat 's whisker" was another fine 
example of an effect which had been 
noticed and put to good use. However, it 
took many years before the physics behind 
it was understood, and progress could be 
made on making semiconductor diodes in 
a much more reliable way. 

Phosphor Performance 
The same is true today about the under

standing we have about the way in which 
materials like phosphors emit light. Al
though much is known, there is still a lot 
we do not understand. 

Even though these phosphors are the 
cornerstone upon which the cathode ray 
tube (c. r.t. ) depends, there is still much to 
be learnt about the mechanics behind 
this useful phenomenon. Unfortunately, 
research into material phys ics is not easy, 
and can be very costly. evertheless it can 
bring large rewards, especially if new 
devices can be made in large quantities. 

Obviously the limitations in our 
knowledge of these phosphors has not 
limited the ir use in c.r.t.s. Currently, they 
are still the most widely used type of 
display, with hundreds of millions of them 
being manufactured each year. 

However, it has brought about a number 
of problems when they have been used 
in other applications. In order to make 
them emit light , large voltages and rela
ti ve ly high powers are needed. Domestic 
televisions require several kilovolts. The 
higher the voltage, the brighter the picture 
can be made. 
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As the search for better VDU materials becomes more 
concentrated, the FE.D.s seem to have an answer 
- Ian Poole reports. 

As most televisions are powered from 
the mains, thi s does not present a real 
problem. However, when small battery 
powered units are required, this brings far 
more stringent requirements in terms of 
power consumption. It is clearly not viable 
to have a small battery powered unit which 
consumes the levels of power required by 
a c.r.t. 

L.C.D. Performance 
Even though c.r. t. s are not being used in 

small battery powered pieces of equip
ment , the new phosphor field emission 
displays (f.e.d .s) are growing in popularity 
and are being used increasingly. Although 
l.c .d.s (liquid crystal displays) can be used 
in many applications, they have a number 
of limitations. 

They do not perform well in conditions 
of high ambient light , and sometimes they 
require the use of a back-light, a fac tor 
which itself uses significant amounts of 
power. They also do not operate at low 
temperatures, and even at ambient tem
peratures they have a very slow response 
time. They are also far too slow for 
television applications. 

Another problem is the small viewing 
ang le. Combined, all of these limita
tions mean that the l.c.d. is not going 
to achieve widespread acceptance fo r 
applications like te levision, even though 
they are used in vas t quantities fo r 
many other applications, including laptop 
computers. 

However, anyone using a laptop will 
soon see the shortcomings of the l.c.d. , 
although its low power consumption 
means that it is the only viable option. If 
a display with a better performance and 
lower cost could be devised, the returns 
on any investment would be vast. Not 
only would it be used in many computer 
applications, but if it could be used for 
televi sions this wou ld bring another vast 
market wi thin its reach. 

Investigating F .E.D.s 
As a result of the power constraints, it 

has become more important to investigate 
methods of improvi ng the efficiency of 
phosphor f.e.d. displays. As the efficiency 
of the displays is primaril y governed by 
that of the light conversion, this has 
recently come under close scrutiny now 
that a new development initiative has 
been launched. Funded by the American 
Government, Sandia Laboratories in Albu
qurque, New Mexico are undertaking 
the research, and they have started to 

make progress and make some interesting 
discoveries . 

When commencing their study, the 
researchers decided to concentrate on just 
one material , a zinc oxide based phosphor. 
This reduced the number of variables, and 
allowed the basic theories and methods to 
be tried on just one substance. Any results 
could be extended to other materials at a 
later date, as the same basic principles 
apply. 

The studies showed that light is emitted 
from areas where there are surface defects, 
such as mi ssing oxygen atoms. This indi
cated that the light emission is purely a 
fu nction of the surface. 

Previously it had been thought that the 
thickness or density of the material had 
an effect, but this is not the case. Work
ing along these lines, the researchers have 
changed the chemistry of the test material 
to alter the surface and they have success
fully increased the luminescence. 

Laser information 
Much of the crucial information about 

the light emission has been gained from an 
instrument called a photo-thermal deflec
tion spectroscope. Using this, samples of 
the phosphor have a liquid introduced into 
them. 

As the mixture is heated, the reflec
tion of a laser beam is noted. The de
gree of deflection for a given amount of 
heat passed into the mixture enables a 
measurement of the optical absorption of 
the material to be made. 

This research wi ll pay large dividends 
with phosphor based f.e.d.s .. Optimising 
the phosphors wi ll enable them to operate 
with much lower voltages, possibly down 
to less than 0-Sk Y. Thi s is a considerable 
reduction when compared to the voltages 
which were previously required. 

It will mean that f.e.d.s will be used in 
a variety of applications where they may 
have been too power hungry before. They 
will be ideal for use in commercial lap
top computers. If the f.e.d. can gain a 
sign ificant foothold in thi s market it may 
also start to catch on in other areas as 
well. 

Although there is still more work to be 
undertaken, the project has-already made a 
va luable contribution to display technol
ogy. It is also likely that as different 
aspects of the phosphors are monitored 
and invest igated, improvements in other 
areas may be made. Any improvement in 
our understanding of the way in which 
these phosphors emit light will enable 
them to be used more effectively, and give 
better products for the fu tu re. 
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Transform your PC 
into a digital oscilloscope, spectrum 
analyser, frequency meter, voltmeter, 
data logger .. for as little as £49.00 
Pico's Virtual Instrumentation enable you to use your 
computer as a variety ot useful test and measurement 
instruments or as an advanced data logger. 

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

Pico Technology specialises only in the development of PC based data 
acquisition instrumentation. We have the product range and experience The ADC-1 0 supplied with 
to help solve your test and measurement problem. PicoScope gives your computer 

• • • a single channel of analog input. 
Call for your guide on 'Virtual Instrumentation'. A'D(3-IO £49 
We are here to help you. with Picolog £59 

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

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

temperature processing, min/max detection and alarm. 
• 8 Thermocouple inputs 
• No power supply required. 

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

Virtual Instrumentation 
Pico's PC based oscilloscopes simply plug into the parallel port 
turning your PC into a fully featured oscilloscope, spectrum 
analyser and meter. Windows and DOS software supplied. 

-,,-tz:>(3,- / 00 Dual Channel 12 bit resolution 

The ADC-100 offers both a high sampling rate 1 00kHz and a 
high resolution. Flexible input ranges (±50mV to ±20V) make the 
unit ideal for audio, automotive and education use. 

rl'D(!- 100 £199 rl'D(!- 100 with Picolog £219 

,,-tz:>(3,-200 Digital Storage Oscilloscope 

• 50 MSPS Dual Channel Digital Storage Scope 
• 25 MHz Spectrum Analyser 
• Windows or 

DOS environment 

• ±50mV to ±20V 
• Multimeter 
• 20 MSPS also available 

rl'D(! 200-20 £359.00 
rl'D(! 200-50 £499.00 
Both units are supplied with cables, Post & Packing UK £3.50, Export customers 
power supply and manuals. add £9 for carriage & insurance. 

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

electronics 

THE BUTLER DID IT! 
Alexander, the electronic butler in the lntelliHome automated 

home control system, can be held responsible for almost 
everything - by Hazel Cavendish 

THE internationaly-famous French arch
itect Le Corbusier was the fir st man to 
suggest that a house should be "a 

machine for living", yet no-one so far has 
put this concept into totally practical ef
fect. Now an Aberdeen Scot called Charles 
Davidson and his partner Jack McLaughlin 
have introduced their electronica ll y-inspired 
lntelliHome to England in a £1,000,000 
show house in Surrey, due to open to the 
public soon. This house claims to have 
the most extensive full y-automated voice
activated system in the British Isles. 

In August last yea r EPE included David 
son's original " Thinking H ouse" in the 
Innovations round-up of Marvels for the 
Millennium. Its success has been taken 
up by one o f England's leading house 
builders in the South and a simila r system 
is being develo ped for pubs and sho ps. 
Considerable interest is being shown by 
European builders. 

Davidson believes his new system 
will become standard in new ho mes 
througho ut Britain in fi ve yea rs, as he has 
devised a way of manufacturing it so 
eco nomica lly that a househo lde r is likely 
to recover the cost o f the system in the 
first couple of years, through impress ive 
economies in heating and lighting. 

BUTLERIAN REVOLUTION 
The 1997 lntelliHome is based around an 

electronic " burler" which Davidson calls 
Alexander. The basic voice-activated sys
tem, with around 60 functions, costs about 
£1 ,500, although the rea ll y sophisticated 
versions fo r luxury homes with swimming 
pools and music rooms can cost up to 
£70,000. 

Security is possibly the most important 
part o f the system. Alexander will ca ll the 
emergency services and a nominated neigh
bour if there is a break-in, and if someone 
comes to the door when the owner is away, 
Alexander transfers the ca ll to the owner's 
mobile phone, so that he can speak to the 
visitor over the intercom, giving the impres
sion that he is at home. It is even poss ible to 
send a video image of the ca ller to him if he 
is abroad, so he can tell Alexander whether 
o r not it is safe to admit the ca ller. 

Alexander's video surveillance system has 
many unique and highly secure design fea
tures. It consists o f a video panel to which 
four cameras are connected. A slave video 
panel can also be connected to allow up to 
eight cameras to be controlled. A remark
able economy is achieved through the wiring, 
which requires no special tools and has been 
developed to utilise standard burglar alarm 
wire, making installation costs nominal. It 
should be possible to fit cameras to wherever 
wires have been run to detectors. 

Alexander keeps a careful eye on the 

Heating & 
Cooing Zones 

Motorized 
Devices 

lntelliHome integrated control system. 

weather and the thermometer, and can make 
sure the dimmer swi tches are used when the 
house is unoccupied and the heating kept low, 
with resultant economy saving. One of 
Alexander's features is that the owner can 
phone him fo r confirmation that the heating 
is turned up to eliminate danger of burst 
pipes, and that the electric blanket will be on 
when he returns! 

EVEN THE MENIALS 
Even plants and pets are catered fo r. 

Plants can be wa tered in an owner's absence, 
and dogs and cats be fed automatica lly from 
special compartmenta lised d ishes. There is 
also an electronic rake which cleans out the 
ca t's litter tray and leaves the detritus sealed 
in a plasti c bag! 

In homes having a swimming pool, spa
cious lawns and elaborate gardens, outside 
cho res can also be ass isted. Alexander can be 
told to maintain the swimming pool, filter
ing and vacuuming it twice dail y, and other 
such operations. He can also ensure that 
lawns are watered dail y in summer, except 
when it has rai ned, and hanging baskets are 
watered twice in 24 hours. 

"As fa r as I know," says Mr Davidson, 
" obody has ever put so many devices 
under one roof before. We have crea ted a 
sophisti cated wir ing infrastructure as the 
base o f the system. Every room in the 
house can be wired so that from any
where the occupants will have access to 

video, audio, telephone, computer links, 
automation control, temperature contro l, 
security system and access control. 

BUTLERING GRANNY 
T hree new developments - described. as 

" stand-alone" products - comprise a unique 
security lamp ca lled ShadowGuard, which 
uses a va riety of effects to create the illusion 
of occupancy, a revolutionary digita l CCTV 
system, recording onto a computer hard 
disk, which includes a neighbourhood watch 
function, allowing househo lders to monitor 
each o thers' homes, and an " intelligent" 
wa ll socket. The la tter can be switched on 
and o ff from anywhere in the world by 
touch-tone telephone. 

Whilst the full-scale lntell iHome is 
des igned to answer the needs of the ve ry 
ri ch, the ve ry busy and the very powerful , in 
its simpler ve rsion it could revolutionise 
many o rd inary lives. Last yea r, Scottish 
Homes asked Charles Davidson' s company 
to create a " Granny- friendl y home" in a 
sheltered complex, and a majo r Sheltered 
Housing charity has asked fo r a pilot 
scheme fo r disabled people, which, if 
adopted, should allow many to live on in 
their own homes with the aid of the most 
helpful items of the new techno logy. Such 
schemes can be programmed according to 
indiv idual requirements, and by the use o f 
the foo l-proof voice-activated system which 
any user can quickl y understand. 
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What a Picture! Internet 
Satellites A FAMILIAR scenario for many electronic 

enthusiasts and small business: you ' re fed
up with try ing to do CAD, DTP or graphics 
work on that 15-inch monitor, but cannot 
afford the dosh to get a larger one! 

W ell , there seems to be light at the end 
of the tunnel for you - Barry Eudall of 
BBA Ltd has developed a way of running 
Spare Station monitors on a standard 486 
or above PC, using any I Mb or greater 
graphics card. Available in 17-inch and 
20-inch vers ions, and costing just £225 and 
£325 respectively (plus VAT), these superb 

' ·SATELLITES have the potential to take the 
information superhighway to every comer of 
the globe," enthuses Science and Technol
ogy minister, Ian Tay lor. " In the long run, 
they cou ld make using the Internet faster and 
cheaper and enable it to be accessed from any 
point on the planet. no matter how remote.·· 

second-user monitors come with a three month return -to-base warranty. 

Mr Taylor was commenting on the an
nouncement of a programme to encourage 
industry to come up wi th new ways to deliver 
multimedia services via satellite. nder the 
Satellite Multimedia Applications Demonstra
tion Programme (SMADP), which is being 
sponsored by the Briti sh National Space Cen
tre (BNSC). consortia will be invited to put 
forward proposals on how to provide inforn1a
tion technology serv ices more efficientl y. 

Performance-wise, they will reach XVGA leve l , 0-26 dot pitch, 1024 x 768 
resolution at 70 or 75 cycles in Windows 3.1, 95 or NT (all DOS applications must be 
run within Windows). It 's a serious electronic designer's dream ! 

Furthermore, there is even a technical hot-line available to help you, should you 
experience any problems with installation. .. A frequent complaint from Internet users 

is how long it takes to locate the information 
they are looking for. .. We whole-heartedly 
agree! 

So, give BBA a ring on 0 1664 482600 and give your eyesight a rest, with no more 
tunnel vision. Alternatively, write to BBA at 22 Granville Road, Melton M owbray, 
Leicestershire LE 13 0SN. 

BIDDING-UP 
DIGITAL TV 

JAN TAYLOR , Minister for Science and 
Technology has welcomed the substantial 
bids the Independent Television Commis
sion has received for multiplex licences for 
digital terrestrial TV. 

"The receipt of bids", he says, "marks a 
major step in our development of a new 
digital environment in the UK. The real 
commercial interest now evident gives the 
lie to all Jeremiahs and the prophets of 
doom who said that OTT would be of no 
commercial interest. " 

" It is now up to the ITC to select 
the winning bids and for the competition 
authorities to consider any issues arising 
out of those bids. Whatever the outcome, 
the future for Digital in the UK is one we 
can look forward to with confidence." 

A new free telephone hot-line to up-date 
callers with details of information technol 
ogy opportunities across the UK went live 
on 1st February. The hot-line - 0800 456 
567 - is part of the government's IT For 
All campaign which is intended to take 
the mystery out of information technology 
and help banish technophobia in Britain by 
giving hands-on opportunities to see what 
IT can do. This commitment to technol 
ogy is welcomed; all to often the opposite 
seems to have prevailed. 
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. MINI PIC-CHIP 
MICROCHIP'S revolutionary 8-pin microcontroller fami ly - the world 's smallest -
now includes devices wi th advanced analogue-Lo-digital features. The PIC I 2C67 I ·and 
PIC I 2C672 8-bi t one- time-programmable (OTP) microcontrollers enable intelligent fea 
tures Lo be integrated into mechanical designs. They wi ll compete directly with 4-bi t 
microcomrollers (yes, 4-bi t technology st ill has its place), but offer significantl y enhanced 
performan.ce . 

The advanced features include an on-chip ADC and two ana logue channels. Respec
ti vely, the two chips have 1024 and 2048 words of program memory, plus 128 bytes of 
user RAM . They also provide six multiplexed 1/0 pins, 4M Hz on-chip osc illator. 35 
single-word instructions. and other usual features that you would expect to find on a PIC. 

For more in forn1ation , comact Arizona Microchip Technology Ltd ., Unit 6, The Court
yard, Meadowbank, Furlong Road. Bourne End. Bucks, SIS 5AJ. Tel : 0 1628 85 I 077. Fax 
0 1628 850259. 

KANDA MINI-PICS IT 
KANDA System's Professional Univer
sal PIG programmer will now program 
the new 8-pin 12C5xx series of 
microcontrollers. This is in addition to 
the 16C5x. 16C6x, 16C7x, 16C8x and 
17C4x series (1 8-pin, 28-pin and 40-pin 
variants). 

The intuitive windowed menu system 
allows access to all the processor fea
tures (unlike many low-cost units) and 
will work with code produced by any 
standard assembler or compiler, includ-

ing C and Basic, and, Kanda tell us, 
MPASM and TASM as well . 

This programmer normally retails for 
£ 169 but, for EPE readers, it is being 
offered at only £99 (excl. VAT), and you 
will be given a free 8-pin processor. 

For further information on their range 
of products, contact Kanda Systems 
Ltd., Unit 11 , Glanyravon Enterprise 
Park, Aberystwyth , SY23 9ZZ. Tel : 
01974 282570. Fax 01974 282356. 
E-mail Sales@Kanda-systems.com. 
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Easy to Use Graphical Interface under 
both DOS and Windows. 
Netlist, Parts List & ERC reports. 
Hierarchical Design. 
Extensive component/model libraries. 
Advanced Property Management. 
Seamless integration with simulation and 
PCB design. 

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

o 32 bit high resolution database. 
Multi-Layer and SMT support. 
Full DRC and Connectivity Checking. 

o RIP-UP & RETRY Autorouter. 
Shape based gridless power planes. 
Output to printers, plotters, Postscript, 
Gerber, DXF and clipboard. 

@ Gerber and DXF Import capability; 

Call now for your free demo disk 
or ask about the full evaluation kit. 
Tel: 01756 753440. Fax: 01756 752857. 
53-55 Main St, Grassington. 8D23 5AA. 

Fully interactive demo versions available for download from our WWW site. EM' A/L 1'n6o@labcen•er.co k 
Calf for educational, multi-user and dealer pricing - new dealers always wanted. "' : 11 11 

• • U 
Prices exclude VAT and delivery. All manufacturer's trademarks acknowladged. WWW: http://www.labcenter.co.uk 



Regular Clinic 

CIRCUIT 
SURGERY 
Al.AN WINSTANLEY; -,·\ 

This month, the Readers' Help Desk manned by our regular 'Surgeon' 
helps with bizarre CMOS behaviour and takes resistors apart- literally! 

Resistor Puzzle 

QUR regular round-up of comments, 
queries and readers' questions starts 

w a puzzler concerning resistor types. 
We also get to grips with 4 and 5 
band resistor codes. Jonathan Stott of 
Tamworth, Staffs. asks: 

Dear Alan, I am 16 years old and enjoy 
making some of the projects in EPE. A 
queslion recenlly arose which I hope you 
can help answer: whal is !he difference 
be/ween carbon film and metal film resis
lors? One seems lo be able to buy a wider 
range of resislances in me/a/ film ranges. ls 
ii all righl lo use metal fi lm resis/Ors even if 
carbon film types are specified in !he Com
ponents List? Thanks/or your help! 

Well Jonathan, carbon film resistors are 
the most popular choice because they offer 
a good balance between cost and perfor
mance. They are made by depositing a 
"carbon film " onto a ceramic body, which 
is then trimmed to the required ohmic 
value by cutting a spi ral groove. They are 
a good, cheap and cheerful choice for most 
projects. Snip one in half and you will 
see the ceramic centre, coloured white; 
scrape off the surface paint and with luck 
you ' II reveal the spiral resistance band 
underneath! Carbon film resistors are typi 
cally painted beige or brown and show 
four colour bands. The four-band code 
is straightforward and for the benefit of 
beginners it is shown in Fig. I . 

Black 0 0 1 
Brown 1 1 10 
Red 2 2 100 
Orange 3 3 1k 
Yellow 4 4 10k 
Green 5 5 100k 
Blue 6 6 1M 
Violet 7 7 10M 
Grey 8 8 
White 9 9 
Gold 5% 
Silver 10% 

Fig. 1. Four-band resistor code 
example: yellow-violet-orange-gold= 
47,000 ohms (47k) 5%. 
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Black 0 0 0 1 
Brown 1 1 1 10 1% 
Red 2 2 2 100 2% 
Orange 3 3 3 1k 
Yellow 4 4 4 10k 
Green 5 5 5 100k 
Blue 6 6 6 1M 
Violet 7 7 7 10M -
Grey 8 8 8 
White 9 9 9 
Gold 5% 
Silver 10% 

Fig. 2. Five-band resistor code 
example: yellow-violet-black-red-
brown = 47, 000 (47k) 1%. 

Metal film are superior to carbon types 
because an alloy film is deposited as the 
resistive material. This produces a high 
stability resistor with low " noise" and 
close tolerance, but this is only important 
in sensitive circuits and the improvement 
will not be at all noticeable in most 
projects. Metal film resistors are typically 
coloured blue or grey and will have fi ve 
colour bands to represent the resistor 
value. The fi ve band code is given in 
Fig. 2. 

See hoy., four bands are used to deter
mine the code whil st a fifth band is 
the tolerance. Note that Maplin 's "Min 
Res" metal film 0-6 watt resistors are 
I% tolerance, but the ordinary four-band 
code usually applies, they say, and if a 
fifth (red) band is shown, this may be an 
indicator of the resistor 's tempera/Ure co
efficient (see later), not the to lerance. 
Confusing! 

Being Tolerant 
The tolerance of a resistor is an indica

tion. o f its accuracy. A 100 ohm 5% resis
tor could in practice be anything between 
95 to 105 ohms. As fa r as the resistor 
va lues themselves are concerned, these are 
grouped into preferred values and most 
£PE constructional projects use the El2 
range, the most bas ic and widely avail able 
set of values used. These are based on I, 
1-2, 1-5, 1-8, 2-2, 2-7, 3-3, 3-9, 4-7, 5-6, 6-8 
and 8-2 and their multipliers (100 ohms, 

1-0 kilohms, IO kilohms, etc.). Sometimes, 
" unusual" resistor values crop in circuits 
which are not of the E 12 preferred range, 
and this worries nov ices who are unaccus
tomed to such peculiar values. For in
stance, you may see a 200 ohm resistor 
rather than a more customary 220 ohm 
(E 12) value. 

Fear not. The reason is o ften that the 
circuit designer may well be a profes
sional or advanced constructor who simply 
works with the E24 preferred range! At his 
disposal he will have the fo llowing E24 
values: I, l · l , 1-2, 1-3, 1-5, 1·6, 1-8, 2·0, 
2·2, 2-4 , 2·7, 3-0, 3-3 , 3-6, 3-9, 4-3, 4-7 , 
5·1 , 5-6, 6-2, 6-8, 7-5, 8-2, and 9-1. Note 
the extra values ava ilable! So he may well 
have picked a 200 ohm resistor simply 
because that ' s what was around at the 
time. 

In some cases (perhaps it' s part of a 
voltage re ference or biasing network), the 
resistpr value is critical and will have been 
chosen for a speci fi e reason. Such resistor 
values may be highlighted by the fact that 
the designer may specify a close tolerance 
(metal film ) I% type, so it is then best to 
stick with that value and not stray from the 
published design. 

As often than not, though, you ·can 
substitute a near-value resistor (220 
ohms, say) and in many examples this 
will not make any difference to your 
circuit. Don ' t be put off by those 
" funny" values which you may see from 
time to time, but check to see if there is a 
particular reason why such a part was 
spec ified in the design. 

There are also even wider ranges of 
resistors available in the E48 (48 values) 
and E96 (96 values) ranges, which are 
only of interest to professionals and c ir
cuit developers. The far greater number 
of values available implies that closer 
tolerances are required, and metal film 
technology is therefore mo_re appropriate, 
that 's why there are seemingly more meta l 
film than carbon film resistors on sale. For 
the technically orientated, British Standard 
BS 2488: I 966 (equivalent to IEC 63) 
is the Schedule of preferred numbers 
for the resistance of resislors and the 
capacitance of capaci1ors fo r telecom
munications equipment. Yes, the same 
scheme of preferred values applies to 
capacitors, too. 
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Other factors which a designer would 
sometimes take into account include the 
"tempco" - temperature co-efficient -
an indication of how much the va lue is 
likely to drift up or down when the 
temperature changes. This is expressed in 
terms of parts per million (ppm) per °C, 
and metal film resistors offer superior 
performance in this respect (50ppm com
pared with 200-500ppm for carbon film 
types). There is an excellent reference to 
this and those "E" values in the book 
Newnes ' · Electronics Toolkit" · by Geoff 
Phillips (ISB 0-7506-0929-X), which is a 
handy source of data. 

To answer your final question, there is 
technically nothing to be gained by using 
metal film resistors if carbon film are spec
ified in Components Lists. When funds are 
restricted, I recommend gradually building 
up a " resi stor kit " - 5% 0·25W carbon 
film resistors are perfectly adequate for 
hobbyists' needs - perhaps purchas ing ten 
or twenty of some of the most popular 
values each time you place an order. I 
simply store them in re-sealable poly bags, 
with a large bag holding each E 12 value 
(as li sted earlier), and smaller bags within 
containing the resistors themselves. 

Internet users may be interested in 
two freeware resistor colour code pro
grams available from our FfP si te at 
ftp ://ftp.epemag.wimborne.co.uk/pub/ 
software. Resistor.zip is a simple. neat 
3-colour code di splay - type in the value 
to see the colours, or click to select a 
colour and see the resistance value com
puted. Rescale.zip deal s with 5-colour 
band types. Both programs run under 
Windows 3.x or Windows 95 . 

For readers who do not have Internet 
access, we can provide both these freeware 
files on an IBM-PC floppy disk for the 
sum of £2-50 (U K) which covers copying, 
mailing, postage and handling. 

Redundant Pins 
Become Static-prone 

An avid " Ingenuity Unlimited" con
tributor, the Rev. Thos. Scarborough of 
Cape Town, South Africa asks several 
questions in a recent letter: " Why should 
unused pins of i.c.s be tied high or low. 
and what are the consequences of Jailing 
to do so?'· And another similar ques
tion cropped up in an Internet newsgroup 
recently: 

" I'm just gelling into electronics. and 
was working on a project when I noticed 
that my NAND gate (2- input quad 401 I 
CMOS chip) was not working properly. To 
test it out, I wired a basic circuit where 
one input always had power. and the other 
is connected to power via a pushswitch. 
The output was connected to an l.e.d. 
Theore1ically, the l.e.d. should stay on 
unless the buuon is pressed. It sort of 
did this, but when I released the bullon, 
it remained off. I also noticed it would 
come back on again if I gently tapped the 
circuit.·· 

CMOS technology Wl!S originally 
known as COS/MOS (Complementary
Symmetry Metal -Oxide Semiconductor) 
and was pioneered at the RCA 
Laboratories in Princeton, New Jersey in 
the early 1960s. RCA Solid State 
announced the first commercial COS/MOS 
series in 1968. nearly thirty years ago. 
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•9V 0---.---,,-.----0 +Vdd 

S1 ~ 

PULL-DOWN 
RESISTOR 

100k 

1 
4 CO401 t 

14 

OUTPUT 

ALL UNUSED GATES 
SHOULD HAVE INPUTS 

GROUNDED TO Vss 

5.6,8,9, 12, 13 

OV 0---------1--0 Vss 

Fig. 3. A pull-down resistor is essen
tial to prevent the input (pin 2) from 
"floating ''. 

RCA utilised new on-chip complemen
tary p-channel and n-channel MOS 
·'transistors" in the ir new COS/MOS 
gates. These transistors are perhaps belier 
thought of as "capaci tors" since they are 
formed from an extremely thin sandwich 
of metal oxide and i.e. substrate acting 
as capacitor " plates", separated by a 
dielectric of silicon dioxide. The device 
works by transferring charge between the 
gate's internal CMOS "capacitors". Un
like a bipolar device, no noticeable input 
current fl ows, and instead the gate is 
purely voltage controlled. 

Consequently, the MOS transistors are 
formed using extremely thin layers of 
oxide which are highly prone to damage 
by static electric ity discharges. CMOS 
gates have a very high input impedance 
( I 012 ohms or more) and contain an 
input-protection circuit consisting of a 
diode network which (one hopes) will 
shunt away any excess voltages created 
through the accumulation of static , or the 
application of excessive signal voltages or 
noi se. 

However, it 's easy for a human body to 
acquire a charge of 10-20,000eY (electron 
volts) purely by walking on a nylon carpet, 
and this is sufficient to destroy a CMOS 
device if you discharge yourself into the 
chip. Hence we pin our, hopes on anti 
static precautions (wrist straps, etc.) and 
we hope that those built-in diodes will 
catch anything else; in fact the diodes 
provide protection up to about 4k V, less 
on o lder devices. 

When building circuit s which contain 
CMOS logic, it is best to ground any 
unused pins to 0Y (Ys5). Thi s equall y 
applies to the input pins of unused 
gates. Failure to 

unconnected to anything. A pull -up or 
pull-down resi stor should always be used 
on CMOS inputs to prevent the CMOS 
transistors from partly conducting. In thi s 
example. he should hook a pull -down 
resistor. say I 00k or so, between the pin 
and V " ' remembering that the switch 
itself is connected to the input pin and 
positive rail ( + V dd)- The resistor biases 
the pin to one supply rail or the other, see 
Fig. 3. 

The very act of " tapping " the chip 
with a fin ger may have contributed to the 
CMOS gate 's bizarre behaviour because 
he may have introduced further static or 
he lped to shunt some of it away. I have 
witnessed odd behaviour with a counter 
chip which wou ld displ ay a seven-seg
ment fi gure randomly when a finger was 
placed nearby. The cause was static ac
cumulation on some unused pins of the 
counter! 

With bipolar devices, it perhaps isn ' t 
compulsory to use biasing resistors but in 
many situat ions it is a wise precaution as it 
helps the stability of the circuit. The 555 
timer shown in Fig. 4 has pull-up resistors 
on the trigger and reset pins. to prevent 
erratic operation. 

+Vs 

PULL-UP 
RESISTORS 

A 

V+ 
AST DIS 

IC1 

2 
NE555 

TRIG 1Ci7~55 

THR 

S1 S2 
ov 

TRIGGER RESET 

+ 
C 

t = 1.1RC 

0v 

Fig. 4. Pull-up resistors are used to 
bias the trigger and reset pins to the 
positive ra,z 

If you have any questions or 
comments. please write to Alan 
Winstanley. Circuit Surgery . Wim
borne Publi shing Ltd ., Allen House, 
East Borough, Wimborne, Dorset. 
BH2 1 I PF. United Kingdom . E-mail 
alan@epemag.demon.co.uk. We cannot 
guarantee a personal repl y but wi ll 
endeavour to offer help where possible. 

do so can force 
the CMOS transis
tors to move into 
their linear region. 
rather than ac
ting as simple on
off switches. This 
causes la,ger cur
rents to flow and 
results in fau lty or 
erratic operation of 
the gate, or possibly 
the entire chip. 

Printed Circuits in Minutes 
Direct from laserPrint! 

Our anonymous 
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made the subtle 
mistake of keep
ing an input 
pin "floating" or 
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Constructional Project 

MIDI 
MATRIX 
NEIi. JOHNSON 
Elirninace Che hassle of 
consCanCly replugging your MIDI 
gear wich Chis six-channel 
swicching unic. 

MODER electronic music systems 
rely on the Musical Instrument 
Digital Interface (MIDI) to con

nect together synthesizers, drum machines 
and computers. Unfortunately, even the 
most basic amateur electronic music sys
tem requires a reasonable amount of MIDI 
cabling. Before long, the swapping of 
MIDI cables between uni ts results in a 
spaghetti jumble of cables and plugs. 

The MIDI Matrix was designed to solve 
the cable swapping problem. using the 
"telephone exchange" principle - lo ts of 
signals coming in, lots of signals going 
out. and j ust a few switches providing 
interconnections between the two in any 
configuration required. 

This project is a imed at any e lectronic 
musician, amateur or profess ional, who 
has even the remotest need to frequentl y 
change MIDI cabling arrangements. Once 
all your MIDI signals are connected to 
this unit you can forget about rummaging 
around the back of your synthesizers and 
modules to change your leads - with a 
twist of a swi tch, this unit can alter your 
MIDI layout instantly. 

between the transm itter and the receiver, a 
current of 5mA bei ng sufficient to drive 
most common opto-isolators. 

The purpose of the opto- isolator is 
to provide galvanic isolation: no direct 
electrical connection between the sender 
and rece ive r. This feature has two impor
tant properties. namely, e lectrical safety 
and improved noise immunity. 

Of most interest to the musician is the 
second property - noise. Noise will get 
into an electrical system any way it can, 
and one subtle entry route is th rough an 
earth loop. As its name suggests. this is a 
loop of wire which is supposedly at earth 
potential. However, upon closer inspection 
you wi ll find that the cable is joined to 
earth at only two points - its ends (see 
Fig. 2). 

That earth wire loop forms a rather nice 
inductive loop antenna , li ab le to pick up 
a ll sorts of noise - mains hum , audio sig
nals, radio signals. noisy e lectric motors -
which will find its way into the audio sig
nal path and ultimately into the recording 
equipment. 

By placing an electrical barrier at the 
MID I Input . we break this earth loop and 
prevent any induced noise finding its way, 
via the MIDI Matrix. into a synthesizer or 
mixer. It would be particularly disastrous, 
for example, if noise found its way into 
your mixer. where it would ruin your care
fully crafted audio masterpiece. 

Another reason for tryi ng to keep out 
noise is that it could, if sufficiently strong, 
disrupt the MID I data. This would cause 
data errors. interfering with the informa
tion between MIDI units. The effect of 
this would depend on what was happen
ing at the time of the disruption. For 
instance. you have just wa ited five minutes 
for a long sample to download into your 
sampler: when the transfer process sud
denly stops. the sampler says the data is 
corrupt and would you like to " Try Again 
(Yes o/Abort) ?"' 

Alternatively, you could be centre-stage 
playing your lead solo when. just as you 
reach the crescendo. a bl ip in the MIDI 
data signals your synthesizer to stop what 
it is doing and retune itself. leav ing you 
looking like a lemon under the stage lights. 

The subject of safe ty cannot be over
stressed. especia lly when dea ling with 
some musicians who seem to have a very 
cavalier attitude towards e lectricity. There 
are many tales of musicians who have 
been killed through very dodgy mains 
earthing circuits - one poor chap did not 

SYSTEM 
CONFIGURATION 

The MIDI Matrix is built from two basic 
modules: a MIDI Interface module and a 
Power Supply Unit (PSU ). The block dia
gram of the basic layout of the MIDI 
Matrix is shown in Fig. I . 

TO ALL 
MODULES 
~ 
~ 

The MIDI Interface modules provide the 
interface between the MIDI signals and the 
internal electronics, transferring the MIDI 
signal onto one of the internal data chan
nels. The actual signalling system used by 
MIDI is a type known as a current loop. 
Data is sent in a serial stream, simi lar to 
the common RS-232 system used by com
puters and terminals, using a current of 
5mA to represent O and no current to rep
resent I . 

The reason fo r thi s rather ancient system 
(current loops originated back in the days 
of mechanical teletypewri ters) is that the 
standard MIDI Input circuitry must use an 
opto-isolator to provide electrical isolat ion 
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Fig. 1. Block diagram for the MIDI Matrix. 
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INSTRUMENT OR 
SIGNAL SOURCE 

--

STUDIO 

--MAINS 
EARTH 

--

Fig. 2. Un-isolated connectir:ms between two units can create an undesirable earth loop. 

realise his electric guitar was actually at 
mains voltage until he completed the 
circuit to earth through an earthed metal 
microphone body ... RIP 

The opto-isola tor specified for the MID I 
Matrix has an isolation voltage rating of 
2500V r.m .s., more than suffic ient to block 
mains voltage. In the worst case, where 
one of the MIDI wires found itself at 
mains potential , the only damage to occur 
would be to the l.e.d . (light emitting diode) 
in the opto-isolator - much easier to re
place a small lump of plastic than rewire a 
previously living, breathing musician. 

Rotary Selector switches select the data 
channel routings. Each switch is connected 
to its own MIDI Out interface and can 
select any one of the available MIDI Input 
channe ls. 

Finally, the PSU provides power at + 5 
volts for the complete system. For design 
simplicity and safety , a ready-made mains 
PSU module is used, together with an 
l.e.d. to provide power indication . o 
provi sion has been made for a power 
switch fo r two reasons, simplicity and 
safety (fewer components and no internal 
wiring at mains potential) since the MIDI 
Matrix will be requ ired whenever the 
MIDI system is going to be used . The 
mains plug, of course, must be fitted with a 
suitably ra ted fu se . 

R1 (R101) 
220n 

_ _,\,r\/'..._ ___ IN + 
+ ve 

HDWITWDRKS 
The circuit diagram for the MIDI 

Interface module is shown in Fig. 3. 
Current flows into socket SK I, through 
resistor RI and the l.e.d. in opto-isolator 
IC I, and back out through SK I aga in. 
Diode DI protects IC I against accidental 
reverse connect ion. 

When current passes through the in
ternal l.e.d. of IC I, it shi nes on the light
sensitive base of a high gain transistor, and 
turns it on. The output of IC I is the open 
collector of a second booster transistor, 
which is pulled high by res istor R2 when 
in the off state. The resulting digital signal 
is sent off-board to the Se lector 
modules. 

R2 (R102) 
210n 

+ sv 

IC1 (IC101 ) 
6 

SK1 (SK101 ) 

~ 

R5(R105) 
220n 

k 
01 (0101) 
1N4148 

a 

6N138 

GNO 

OUT 1-----+-----+--I---O 

BASE ------

IC2E (IC2F) 
74HCT14 

R3 (R103) 
10k 

C1 (C101) 
100n 

a 
02 (0 102) 
GREEN 

R4 (R104) 
4k7 

ov 

GROUND 

Fig. 3. MIDI Interface circuit diagram. 
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Resistor R3 provides a drain for the 
leakage current of the light-sensitive tran
sistor. reducing the swi tching time of the 
device. 

Return ing signa ls are fed into a simple 
booster amplifier based on two of the 
inverters, IC2c and IC2d, within the hex 
Schmitt inverter package of IC2. Resistor 
R4 pulls the input high when no input 
signal is present , while res istors R5 and R6 
complete the 5mA current loop. 

Assuming a 1 ·7 volt drop across the 
rece iver 1.e.d. within IC I , the current flow 
will be: 

I = (5 - 1-7) / (3 X 220) = 5mA 

The third inverter, IC2e, together wi th 
resistor R7 and l.e.d. D2, indicate to the 
user whenever MIDI data passes through 
the output. This seemingly simple addition 
can save many a headache while run
ning a MIDI system (thus speaks painful 
experience!). 

As shown in Fig. 4 , the Selector 
sw itches, SI to S6, are of the break
before-make rotary type. Although this 
article describes a unit with only six 
inputs, it is possible to add more MIDI 
interface modules. The only 
practical limitation 
being the 

number of 
positions that a 

rotary switch has; most 
commonl y available single-pole 

rotary switches have 12 ways, thus 
setting the upper limit to 12 channels. The 
switches selec t one of several channel s of 
data from the MIDI inputs, and pass it to 
one MIDI output. 

Finally, the circui t for the power supply 
unit is shown in Fig. 5. Connector PLI is 
an IEC mains plug, similar to those fou nd 
on the back of computers and most profes
sional electronic eq uipment. This feeds 
mains power direc tly into the PSU module . 
Indication of power is provided by l.e.d . 
D3. which is in series wi th current limiting 
resistor RS. 

CDNSTRUCTIDN 
Ease of construction has been a main 

aim when designing this project. Virtuall y 
all of the components are mounted on 
printed circuit boards (p.c.b.s). with very 
minimal inter-board wi ring. To reduce the 
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PORT 1 POAT 2 

+ - + -

- .. -

OUT IN OUT IN 

7 

l. l 
o- ,_ 

(( -(( PORT 1 PORT 2 
SELECT SELECT 

number of p.c.b.s and wmng, two com
plete channels are incorporated on each 
MIDI interface board. The boards are 
available from the £PE PCB Service, 
codes 147 (PSU) and 148 (Interface) . 

We will start by describing assembly of 
the PSU board, followed by the MIDI In
terface board. 

The PSU board is probably the simplest 
design you will ever come across for 
a mains PSU, there being only three 

COMPONENTS 
Resistors 

R1 , RS to 
R7, R101 , 

NOTE: Quantiles shown 
for control module p.c.b. 
mounted components 
are for one module only. 

R 105 to R 107 220.fl (8 off) 
R2, R102 270.fl (2 off) 
R3, R103 10k (2 off) 
R4, R104 4k7 (2 off) 
R8 270.fl 

All 0·25W 5% carbon or better. 

Capacitor §_ee 
C1 , C101 100n polyester ~[)={](Q)f 

(2 off) TALK 
Semiconductors Page 

01 , 0101 1N4148signal 
diode (2 off) 

02, 0102 green l.e.d. (2 off) 
03 red l.e.d. 
IC1 , IC101 6N138or6N139 

opto-isolator (2 off) 
IC2 74HCT14 hex Schmitt 

inverter 

Miscellaneous 
PL 1 IEC mains plug, right-angle , 

p.c.b. mounting 
S1 to S6 1-pole 6-way rotary switch , 

break-before-make (6 off) 
SK1 , SK2, 

SK101 , 
SK102 5-pin DIN socket, p.c.b. 

mounting (2 off) 
Printed circuit boards, available from 

the EPE PCB Service, codes 147 (PSU 
- 1 off), 148 (Interface - 3 off); power 
supply module, mains powered, 5V d.c. 
1W regulated output (see Shop Talk); 
case, 19-inch rack-mounting, 1 /2U 
height; metal bracket; wire ; solder, etc. 

Approx Cost £'A9 
Guidance Only .. 

excl. case 
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Fig. 4. Details of how the six ports are switched. 

components mounted on the board itself, 
as shown in Fig. 6. You only need one 
copy of thi s board. Start assembly with 
resistor RS, plug PLI and then the PSU 
module itself. If you are going to use p.c.b. 
pins for the off-board terminations. they 
should be inserted after RS. 

CAUTIO : Hazardous mains volt
ages are present on the PSU board. 
Construction and assembly of this part 
of the project should only be done by 
experienced constructors. If you are in 
any doubt about the safety of your 
circuit, get it checked by a qualified 
electrician. 

r 
$ 

l • 
I / 
" 

• 
PL1 • PSU 

• 

$ j • 

0 

.I .. 147 
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230V A C 

0V -::-
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Fig. 5. Power Supply Details. 
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Fig. 6. Printed circuit board details for the power supply. 
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Two mounting holes are included on the 
board to secure it to the plug PL I - do not 
rely on the three solder joints to hold the 
board to this connector. 

Check the solder joints before gluing the 
cover to the board as shown in Fig. 7. This 
cover must be made of non-conducting 
material , such as acrylic (Perspex), SRBP, 
or fibre-glass sheet, and ensures that there 
is plenty of isolation di stance between 
parts at mains voltage and the case. 

Assembly detail s for the MIDI Interface 
board are shown in Fig. 8. You need one 
of these boards for each pair of Interface 
circuits, i.e. three for a 6-channel unit. 
Start with the d.i.l. (dual-in-line) sockets, 
then follow with the diodes, resistors and 
capacitor. ote that component numbers 
for the second channel , except for Cl and 
IC2, are prefixed by " 10"; for example 
RI becomes RIO! , DI becomes DIOI , etc. 

The group of four DI sockets (SK 1, 
SK2, SKlOI and SK102) are designed to 
slot together to form one block of connec
tors. Insert them carefull y into the board 

PL\ 

' INSULATING 
SAFETY COVER 

PSU 

RB 

Fig. 7. Showing where the insulating cover is used on the power supply module. 

• • • • 
SK101 SK102 + • • • • • • • 

• • • • 
k a 

~~o R10 D10~105 

• 1C101 

~ 

~~ ~ ~ ~~ 

+ + 
DATA DATA DATA DATA 
OUT IN D1 D101 IN OUT L---+ ,SV 

Fig. 8. Printed circuit board details for one dual-port control module. 
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SEE TEXT 
FOR HOLE 
SIZE 

Fig. 9. Details of one of the mounting 
brackets. 

and solder in place, taking care to get the 
mating grooves properly overlapping. 

The last parts to fix to the board are 
the two mounting brackets at each end . 
These are small metal brackets with holes 
su ital;>le for 48A bolts (or M3·5 if you 
prefer metric). Dimensions are shown in 
Fig. 9 . 

CASE DETAILS 
The last stage of construction is to drill 

and assemble the case, and connect the 
boards together. 

Simplicity has again been a major in
fluence in the choice of the case. By using 
a flat -pack 19-inch rack case, only two 
panels require holes to be drilled in them 
- the front and rear panels. The layout 
details and control legends can be seen in 
the photographs. 

The front panel requi res thirteen holes: 
six for the Selector sw itches, six for cor
respondi ng MIDI indicator l.e.d.s, and one 
for the power indicator l.e.d. The rear 
panel is slightly more complicated with 2 1 
holes being required. Drill the holes to 
allow enough clearance for the l.e.d. clips 
and switch-mounting nuts. 

The fou r modu les - J>SU and three 
MIDI Interface modules - can be mounted 
on the rear panel using 48A screws. As 
stated, the MIDI Interface modules require 
small metal brackets to attach them per
pendicular to the rear panel using 48A or 
M3 nuts and bolts as appropriate. 

The PS U requires particular attention 
since there are dangerous mai ns voltages 
present. The following assembly detai ls 
should be followed to ensure your safety. 
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The practical up hot of mo I of it i 
" Earth any metal which you can touch". 

Begin by fixing the PSU to the back 
panel with two M3 screws. Then connect 
a piece of stout , insulated wire between 
the earth terminal on the mains connector 
(PL I) and an earth tag fixed to one of the 
mounting bolts. Use wire o f grade 19/0-2 
( 19 strands of 0-2mm diameter) or greater, 
since in the case of a short -c ircuit, this 
wire must carry the full rupture current of 
the mains fuse. 

The mains cable should be terminated 
at one end in an approved mains plug 
and an !EC socket at the other end . IL 
is recommended that a ready-made cable 
wi th moulded plugs is useil , since thi s 
obviate the need for any mains wiring at 
all. The ma ins plug should be filled with a 
3-amp rated fuse , sufficient to protect the 
cable. 

Proceed with mounting the fron t panel 
and the rear panel. On one o f the mounting 
screws place an earth tag between the front 
panel and the rear pane l. Again using insu
lated stout wire, connect th is to the earth 
terminal on PL I . Make up two more earth 
straps. one each for the top and bollom 
pane ls, long enough 10 reach the mounting 
screw holes. 

Wiring up of the unit is fairly 
straight forward, and consists mostly of 
wire going between the M IDI Interface 
modules and the front panel. Begin with 
the wmng from the PS module, 
including the fron t panel indicator. and 
dai sy-chain the power leads from one 
MIDI Interface module to another. 

The wiring of the Selector witches con
sists of connect ing together all the com
mon terminals of the sw itches. This is be 1 

done with short lengths of PVC-covered 
solid-core wire. This is a slightly tedious 
job, there being thirty interconnections to 
be made. However, in practice, the repeti
ti ve pallern of interconnections helps iden
tify any wi ring errors that may occur. 

The fin al wiring required is that between 
the MIDI Interface modules and the front 
panel l.e.d.s and Se lector sw itches. This 
should be done with lengths of stranded 
wire, typically 7/0-2mm (seven strands. 
0-2mm in diameter) or similar. Be care
ful to connect the l.e .d.s the correct way 
round. Should you accidentally get your 
wires crossed no harm will come to the 
l.e.d., but you could spend ages wondering 
why no MIDI data seems to be gelling 
through! 

The last task i to fit the top and bo11om 
panels of the case. These slide on and are 
re tained by the small screws supplied with 
the case. 

TESTING 
The first step in te ting is to check the 

mains PS U. As has been clearly stated 
above: take care! 
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PS U is up 
and running, check with a voltmeter 
that there are no vo ltages present on any of 
the inputs. 

Likewise, check the output s for any 
signs of untoward voltages. Operation can 
be quickly checked by pushing a low cur
rent l.e.d. directly into the holes of the 
DI socket - cathode (k) into pin 5 and 
the anode (a) into pin 4. If a ll is okay. the 
l.e.d . should not light. 

ow for the fun bit. Connect up a 
keyboard to one of the MIDI inputs and a 
synthesizer to one of the MIDI outputs. 
Turn everything on. select the appropriate 
input on the MIDI Matrix . and play a 
few notes. The data l.e.d. on the M IDI 
Matrix should flash and your synth should 
squawk, zzimm. boom. or whatever. 

you needed, but when you have built it 
and used it you find you can ' t live with
out it. 

The main use of the MIDI Matri x is to 
fo rm the heart of a small MIDI studio. 
where every MIDI channel passes th rough 
the unit. This greatly si mplifies the wiring 
in the small studio. and makes a lterations 
or additions much easier to affect (ex
perience speaks aga in). 

The prototype unit has certainl y earned 
its keep since it was built, allow ing rapid 
changes in the MIDI data path to try out 
new things. For example. while one com
puter is downloading data into a sampler. 
the keyboard can be comrolling another 
synthesizer. while a second computer can 
be analyzing the MIDI data stream from 
the keyboard. Then. at the flick of a couple 
of swi tches. the whole arrangement can be 
changed at will. 

Ease. conven ience and fl ex ibility all 
ro ll ed into one unit. Marve llous' 

OUT -6- IN OUT -5- IN 

Q '•· · \ ( ·. . ) 
'· j 

.. 1..·-~- ... . •----
After repeating this test for the other 

inputs and outputs. you should now have 
a fully working MIDI Matrix. All that 
remains is to fi t the unit into your studio. 
connect a ll your MIDI devices to it. and 
away you go, sw itching to your heart 's 
desires. 

As for selling up, there is none. It 's just 
an excuse to go and have a nice cup of tea; 
if anyone asks you what you're doing, 
you can say something along the lines of 
"waiting for the unit to reach thennal 
eq uilibrium " (let the tea brew) before you 
make adjustments (add milk and sugar) to 
the main data sw itching module (get bis
cuit from tin ), oh , and the tea ·s nice. 

/NUSE 
This is one of those projects that, before 

you built it , you probably didn ' 1 rea li se 

PLUGGING MIDI 
Are you aware of some of our 

previous MIDI projects? Since 
Feb '95 we have published 
three other MIDI designs. 

Theremin MIDI/CV Interface 
(Jan/Feb '97) 

MIDI Analyser (May '96) 

MIDI Pedal-board (Feb '95) 

See our Back Issues page 
for info on getting hold of the 
published articles. 

Let us know what others you 
would like to see published. 
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PIC16C84 and BIM Transceiver 
Development Platform in one ! 
A hardware development platform for exploring high speed, 
PC-PC, half duplex, two way Radio Data Communications I 

/I . .··, . 

·1· ... l· . r-
-~. f '•·•~ ·l{l . 

-.;J,. • • . ? .. 
Radio-Tech Limited CYPHERNET -1 M 

Meas .... es only 39 x 59mm x 17mm 

INCLUDES:-

10MHz PIC16C84 

BIM-418-F Transceiver 

9-Pin D-Type Connector 

2-Wire RS232 Interface 

Transmitter On LED 

Receiver On LED 

1/4 Wave Wire Antenna 

Supplied with a free firmware driver the Cyphernet transceiver 
will permit you to link PC's and transfer data using Windows 
terminal mode. Only £79.95 each. Combined power and data 
cable only £ 6.95 each. 

Dedicated PIC16C84 program
ming tool for re-programming 
the internal control firmware, 
permitting the user to explore 
and develop applications of ther 
own. Only 94.95 each. 

Radio T•<:I\ L...,l led 

- ----·---·---

Unrt featured above 1s Licence Exempt to MPT1340 
within the UK Export Vers10ns on 433.92MHz to 
ETS300-220 available wrth 1 and 10mW output 
power Pnces exclude VAT and Carriage Free Catalogue ! 

Radio - Tech Limited, Overbridge House, Weald Hall Lane 
Thornwood Common, Epping, Essex CM16 6NB. 

Sales +44 (0) 1992 57 6107 (4-lines) Fax +44 (0) 1992 56 1994 
http://www.radio-tech.co.uk E-mail radtec@radtec.demon.co.uk 

PIC DEVELOPMENT 
PROC;R ,\\I\IER PIC ' EEZE-\1 

Program/read/verify l 6C54/55/56/57 /58/6 l/62/620/621/622/63/ 
64nln3n4/84/Serial EEPROMs. Expansion port. 

Built and Tested Only £52.95 
PROC;R .\\I\IEIVICE PIC EEZE-\ J 

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

Both systems have ZIF sockets already fitted and expansion 
rts for current and future develo ments! 

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

TRICE@ 
PIC Real Time In-Circuit Emulation. 

• Emulation to 20MHz. 
• Step/Skip/Animate/Run etc. 
• Variable speed selection. 

True PIC • 8k x 16 Emulation RAM. 

Real Time 

In 

Circuit 

Emulator 

THE 
WORLDS 

FIRST 
Real Time PIC-ICE 
that won t break 

the bank ! 

Lennafd 

• Target Probes included. 
• Supports 18/28 pin PIC's. 

Only £149.95 

Test your code in a 
'TRICE' 

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

29 Lavender Gardens, Jesmond, Newcastle upon Tyne, NE2 30D. 
Tel/Fax: (0191) 2818050. 

Product pictures/info on our web site: 
http://www.vexOl.demon.co.uk/lennard.html 
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U'!!!!!! 
Product~~~ 

fAXr,Nl91•1 ., 
01279 832289 

PROJECT KITS 
COMBINATlON LOCK Versatile etectronic lock 
comprising main circuit & separate keypad for 
remote opening of kx:k. Retay supplied. 3029-KT 
4"5 
LIGHT AL.ARM Protect your valuables. Alarm Ill 
sounds if circuit detects smallest amount of light 
Place in cnh box etc. 3006-KT USO 

~!=~~~~;~=~~~i: 
~f~~j~~=~~-,~a.;, alarm II 
U:D COUNTER 3 digit basic event counter cir
cuit on main board. Count & Reset switches & 
debounce circuit on 2nd. Cascade 2 or 3 krts for c 
~ -~~~Q~l~~pl!SOKillator 
& wave shaper circuit generates audio range 
square waves (6Hz.«Hz), triangle & pseudo sine 

~ -~E ~!:is"\'~ & TTL circuits & 
detects fast pulses. Visual & audio indication of ~Js. state. Full instructions supplied . 302._KT 

ROULETTE LED 'Bair spins round the wheel, 
slows down & drops into a slot. 10 LED's, CMOS 
decade counter & Op-Amp. Educational & fun ! 
3006-KT 0.75 
PELTIER JUNCTION HEAT PUMP Boil & freeze 
water instantly! Use for regulated coofing of 
temperature sensitive components & much more. 
Heatsink required. 3066-KT £11.50 
tv XENON TUBE RASHER Transformer circuit 

~=:r:ut.ba~::bl~~hf~~~ ~2~Sec~ 
3022-KT £10."5 
LM313 AUDIO AMPUAER Popular module for 
any general (Class Bl audio applteltion. Typ. out
put 1<1N @ 16V & 'NI speaker; 1W @ 9V & f!W. 
3047-KT 0.25 
LED RASHER 5 ultra bright red LED's ftash in 
sequence or randomty. Ideal for mod9' railways. 
3052.l(T £4.50 
MULTI SfOUEHCE L£D RASHER same IS 3052· 
KT above but you have 7 patterns to choose from. 
3037-KT£UO 
LED OtCE Classic intro to e+ectronics & circuit 
analysi1 . 7 LED's s imulate dice rotl, slow down & 
land on • number It random. 555 IC circuit. 
J003.KT £7.75 
DUAL LED OtCE PIC 16CS4 circuit performs simi
lar function to 3003-KT above but two dice . Good 
intro to micro-controllers. Software code supplied 
on disk. 3071-KT £15.25 
11C14 PfC PROGRAMMER Reads, programs & 
verifies. Uses any PC parallel port. AJI hardware, 
software & documentation needed to learn & test 
this uC provided. 3081-KT £25.50 
STAIRWAY TO HEAVEN Tests hand~• co-or• 
dination. Press switch when green segment of 
LED lights to climb the stairway - miss & start W~.;;ood intro to several basic circuits. JOOS. 

SURVEILLANCE 
High performance surveillance kits. Room 
transmirrers supplied with sensitive electret 
m icrophones fl battery holders/clips. All 
tr•n•mitttHS un be received on an ordinary 
VHFFMroc#o. ~ 
MTX - Miniature 
3V TraNmitter 
Easy to build & guaranteed to 
transmit 500 metres (over 1000m possible with 
higher voltage & better aerial). 3-9V operation. 
Only 45x18mm. 30//7-KT. £U5 
MRTX - Miniature IV Room TreMfflitter 
Our bes! selling 'bug'. Super sensiliYe, high -

~~ aeriaiR~ ~P ~2~~~\~~~- s~:J. 
£5.15 

TllYS-T--VoxSwlld, 
Very sensitive, voioe activated switch - lutomati
cetty tunw on cassette recorder when sounds are 
dolec:ted. Adjustable sensitivity & - delay. 
115x19mm inc. mic. 3013-KT. a.• 

MTTX - Mlnloture Telophono T.....,,,,.,_ 
Al1llches anywt,,n 10 phone i ne. Transmits only 

.--phone is uoedl Uses phone 
lineeswiet &power<OUrce, 

500m~i~~ 
Two Station lnter<om/llonl Wired lkig 

Each unit has its own spealcllf, microphone & 
amplifier {LMJ86). Tum inlO • hard wwed bug by 
,.;ng 4 stand ribbon cable supplied 10 send power 
from the receiving unit to the remote 'bug' unit. W 
3021.l(T. £11 .75 

SPEED CONTROU£R for any common DC motor E... • .11111111111111 F' 111.CTQR I 
~~~ 1~: ~1:~~~~~~voliv~w .... , ~c:;.n.:r:,~s 
£11.5'1 ~;Y~ir:~~=~,~~i THE EXPERTS IN RARE & 
teries. M: based circun steps up 1 or 2 M bat· ~H'!~~!'!}F~~~i!~s~~! 
~es ~em~~~~ ~:uency front- found in our cata/ogu9. N.8. Minimum order CNrg• 
end, single chip AM radto IC & 2 stagM of for reports and plans is £5.00 Pl.US normal P.ftP. 
audio ampljflClbon. AJI components inc. speaker StJPER.€AR lJS1ENING DEVICE Complete plans to 

TRAIN SOUNDS 4 selectabte sounds - ~ distant voices and sounds through ~ windows •nd 
p,CMded. PCB 32x102mm. 3063-KT a.Ji buid your own perabofic dill, microphone. Limn ., 

=.::i.'&!.1cki:;:;i..;::.•iJ bell, " WO wolsl Made from rNdily - pens. RC02 
components inc. speaker s uppl.ad. TREPHONE BUG Pl.ANS Buid you own micro-beede 
SG 1 U5'1 o,lephone bug. Suil>ble for 1nV phone. Transmits °'"' 
AUDIO TO LIGHT MODULATOR Controts intensity 250 metrN - more with good rec::ei'-.w. Ma from usy 
of one or more lights in response to 1n audto ID obtain, cheap componenta. R006 l2.50 
input. Safe, modem opto-c:oupler design. Mains LOCKS - How ttMY wort and how to pkt tt.n. This = =~~ !:2

kit~ f PC1s & aH :i::. ~~ ~ = '!:"1:..:.,-.t:: 
components to make timers fOf a few seconds Of up times the price. Packed with information and lustr.-

r ~ ~ ~8 ~ .!l~IR ~~D~PlANSWesoowroui-mbuid 
remote control unit JOn-KT £54."5 _.--:-'-----,,-_ lhfoe-cin:uillfordiln,pling lV ~ 
1UEPHONE ACTIVATED SWIT~H and sound plus FM radiol Mayup,atyou, 
Control 4 relays from anywhere neighbours & the ~I I 
in wor1d by phone. tNo1 BT DISCRE110N REQUIRED. 

w;s~lie~~e: ,_,~'::JJ: ~=-~~d=ned ;--;.;;..=::: ~\"".:..=~= 
~~ .. :-.~r.:..~~wi~~e~~@ :.u:e:=:=:sthe~:r:.~~ 
~J~:SW speakers. kieal car booster amp. ~m::-BO~'w'~=.50Grabl 
STEREO W METER shows peak music power tetepllone cab out d thin air t No need 10 wire-in • 
::,..:~~isp~v'~~~~a/iis.eeKT'£~~";;• red) ~'t:;;,.~.:;::i~ 
IR REMOTE TOGGLE SWITCH Use any remote 
control untt 10 swi1ch onboard relay on/off. 3058- MINI CCTV CAMERA 
~ ?;,.5#A ACQUISITION UNIT Enables your PC latest high quality FEATURES 
to monitor & control external events & devices IR-sensitive •Coq)• ct & light eamer1 

~~• Joo~et~t:'JTORmiiZvm lnde- monochrome PCB module. 6'Wx38l 
pendentty control 4 servo motors (not suppl.ad). camera module for .f-»rnmH. 3:Jg,M'II, fT1'DOII 
3102-KT £1&75 Video Intercom ,';~~ 
~8~ ~".';"~~°!.~~':i~%5

• 
6 

CCTV. Surveillance •~?i'~~• 
LASER POINTER KIT 5mW Hi111c:t,; 670nm red etc. Simply plug •>tg1, QUliity, high 
Iner diode. Attractive plastic case supplied. 3070- into scart or video. resolution CCR image. 
KT £#."5 Six on-board IR 512"562 pixels 
ULTRASONM: MOVEMENT OETB:TOR Xtal LED's. Less than -Vodeoau1pUI 1VJ>i1(7511 
controlled oscillator, detector circuh: & edge haft the size of a •Llftl 3.6mm, FU 

mounted trensducers on a ~ cigarette packet! :~n:=•56¥' 
~j=~e ';~,~~.range. ' Buitt-in ~ 
Outputs 10 drive e><1emal ASSEMBLED UNIT: • conlrolled- . 
relay/circuits. 9VOC. 3049-KT £12."5 30A7-AS £89.95 ~-...-

plu1 AUDIO• EDUCATIONAL• LASER• SECURITY• TEST GEAR• BOOKS & more 

Our hiljh quality project kits are supplied with all components, fibre glass PCB's & comprehensive 
instructJons. FREE CAlALOGUE with order or send 2 x 1st Gass stamps (refundable) for details of OYl'f 

100 kits & publiGltions. Mail order only. Please ADD £2.00 P. & P. (Europe £3. Rest of Word £4) & 
make cheque,/PO's payable to Quasar Electronics. Goods normally despatch within 5 working days. 
Please allow 28 days for delivery. Prices include VAT at 17·5%. For safety send cash by recorded delivery. 

Ou•ur Electronics Unit 14 Sunnnlngdale BISHOP'S STORTFORD Herta CM23 ZPA 
E-mail : 101364.351 0@compuurve.com 

Web lite: http:/ / ourworld.compu11rv1.com/homepagH/OuaurElectronics 
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INTER~&©~ 
Robert Penfold 

FREQUENCY SYNTHESISER USING A P.L.L. AND DIVIDE·BY-N COUNTER 

Last month's Interface article dealt with 
precise frequency generation using a 

crystal oscillator and a programmable 
divider chain. This method is very 
simple, but gives non-linear scaling. At 
the high end of the frequency range the 
output frequencies are well spread out. 
At the low freq uency end of the range 
the resolution is much finer. 

For some applications it is more than a 
little helpful to have a constant incre
ment from one frequ ency to the next. 
This can be achieved using a standard 
frequency synthesis technique which 
utilizes a p.1.1. (phase locked loop). 

With this method a crystal oscillator 
and divider chain produce a low 
frequency clock signal. The divide-by
and p.1.1. ci rcuits then multiply this 
frequency by the required factor. For 
example, using a clock frequency of 
1 kHz (kilohertz), divisions of two, three, 
and four through the divide-by-N 
counter would give output frequencies 
of 2kHz, 3kHz, and 4kHz. 

output voltage from the phase com
parator is very low, and the v.c.o.'s 
output frequency i reduced . If the input 
frequency is higher than the v.c.o.'s 
frequency, the average output potential 
from the compara tor is high, and the 
v.c.o.'s operating frequency is increased. 
This gives a form of nega tive feedback 
loop. Provided the input freq uency is 
within the operating range of the v.c.o., 
the v.c.o. will be maintained at the same 
frequency as the input signal, and in 
phase with it. 

SkHz S00Hz 

Divide Divide 
By 10 By 10 

S0kHz S00kHz 

Divide Divide 
By 10 By 8 

are not exceeded, the output frequency 
is equal to the input frequency multi
plied by the division rate through the 
di vide-by- circuit . 

Stepping Up 
A block diagram for an experimental 

frequency synthesiser, based on the div
ide-by-N circuit described in last month's 
Interface, is shown in Fig. 2. A 4MHz 
crystal osci llator genera tes an accura te 
clock signal which is processed by a div
ide-by-eight counter, and a chain of four 

S0Hz 

Divide 
By 10 

4MHz 
Clock 

P.L.L. 

Divide 
By 'N' 

Out 

Locking Phasers 
A p .1.1. is essentially quite simple, and 

uses the arrangement shown in the up
per block diagram of Fig.1. The input 
signal is fed to one input of a phase 
comparator, and the output of a v.c.o. 
(voltage controlled oscillator) is fed to 
the comparator's other input. The output 
of the comparator drives the control in
put of the v.c.o. via a lowpass fi lter. 

Fig. 2. Block diagram for the basic Frequency Synthesiser. 

The output from the comparator is a 
pulse signal , but the lowpass filter 
smooths the pulses to produce a d .c. 
control voltage fo r the v.c.o. The 
d .c. control voltage is equal to the 
average output voltage from the phase 
comparator. 

If the input frequency is at a lower 
frequency than the v.c.o., the average 

F. In 

a) 

F. In 

b) 

Pha se 
Co mp . 

Phase 
Co mp . 

Low poss 
Fil ter 

Low p oss 
Fil ter 

Divide 
By 'N ' 

A basic frequency synthesiser consists 
of a p.1.1. wi th a divide-by-N circuit 
added between the v.c.o. and the phase 
comparator (see the lower block diagram 
of Fig.1). This operates in much the same 
way as an ordinary p.1.1., wi th the two 
input signals to the phase comparator 
being maintained at the same frequency 
and in-phase. 

However, the v.c.o. has to opera te at 
a higher frequency in order to achieve 
this. If there is a division by ten through 
the divider circuit, the v.c.o. has to 
opera te at ten times the input fre
quency. Provided the limits of the v.c.o. 

v.c.o. I---+--<> F. In X 1 

v.c.o. 1---+--o F. In X 'N' 

Fig. 1. (a) Block diagram for a p ./.1. (phase locked loop) and (b) the arrange
ment used in a basic frequency synthesiser. 
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divide-by-10 counters. This gives a final 
clock frequency of S0Hz, which is fed to 
the input of the p. 1.1. 

The divide-by- counter is connected 
between the p.1.1.'s v.c.o. ou tput and 
phase comparator input. The output fre
quency from the v.c.o. is therefore equa l 
to S0Hz multiplied by the division rate 
through the divide-by-N ci rcuit . 

The programmable divider must in
clude the divide-by-two stage at its O'-;' t
put, because the p.1.1. cannot lock onto 
the short pu lse signal produced by the 
74HC161 when large division rates are 
used. The flip / flop prod uces an accurate 
squarewave signal that is ideal for the 
p. 1.1., but it does of course increase the 
minimum division rate from two to four. 

The divid er therefore covers a range 
of fou r to 482, rather than two to 241. 
This gives a theoretica l output frequency 
range of 200Hz (SO Hz x 4) to 24· 1 kHz 
with a resolution of lO0Hz. 

On the face of it, the resolution 
should be S0Hz (i.e. equal to the final 
clock frequency) . The reason fo r the 
inferior resolution is the di vide-by- two 
flip/flop at the output of the divide-by-

counter. 
Setting division rates of two, three, 

and four th rough the main divide-by
N circu it gives overall division ra tes 
of fou r, six, and eight. Divisions by 
odd numbers are not possible, giving a 
resolution of lO0Hz instead of S0Hz. On 
the plus side, the maximum output 
frequency is doubled , and the inclusion 
of the flip / fl op does not reduce the 
number of output frequencies available. 
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Frequency Synthesiser 
The circuit diagram for the Divide-by

N Counter appears in Fig.3, and this is 
basically the same programmable div
ider circuit described previously, but 
with the oscillator stage omitted. Refer to 
last month's EPE for a full description of 
this circuit. 

The circuit diagram for the clock and 
p.1.1. stages of the Frequency Synthesiser 
is shown in Fig. 4. Transistor TRI is used 
in a conventional crystal oscillator which 
generates a 4MHz output signal. This is 
fed to the clock input of a seven stage 
binary "ripple" counter (ICl). In this cir
cuit only the first three stages of ICl are 
used, giving a divide-by-eight action and 
an output frequency of SOOkflz. 

Note that an ordinary 4024B~ is not 
likely to work properly wit} a five 
volt supply and :m input fre< ency of 
4MHz. Its guaranteed maximum clock 
frequency with a five volt supply is 
just 2·5MHz. ICl must therefore be a 
74HC4024, which will operate at up to 
70MHz. 

The output of ICl drives a series of 
four identical divide-by-10 stages. These 
are based on 4017BE one-of-ten decoders 
and decade counters. 

IC6 pin 4 IC7 
74HC161 

15 7 IC8 
74HC161 

IC9 pin 14 

10 9 

IC9 = 4001 8E 

+5V 

14 

IC10 12 
IC6 pin 3 

40248[ 

2 7 

DO 01 D2 D3 04 D5 06 07 IC9 pin 7 

ov 

Fig. 3. Circuit diagram for the Divide-by -N Counter. 

wider range once it has actually locked 
onto the input signal. Accordingly, the 
division rate through the divide-by-N 
counter should be set to a middle value 
initially so that the p .1.1. can easily lock 
onto the SOHz input signal. It should 
then be able to track a substantial range 
of output frequencies. 

Home Improvements 
As already pointed out, in order to 

cover a really wide frequency span the 
circuit must have several operating 

steps, and 2Hz to SOHz with lHz resolu
tion. In this way the basic 25:1 frequency 
span of the synthesiser can be boosted to 
an output frequency range of 25000:1. 

Modifying the circuit to cover a fre
quency span of 2kHz to SOkHz is not dif
ficult . IC6 must have a SOOHz clock sig
nal in order to give lkHz resolution, and 
this can be achieved by omitting the last 
of the divide-by-IO stages. 

Pin 12 of IC4 then connects to pin 14 
of IC6. Also capacitor C4 must be made 
much lower in value at around 470p, be-

,-----------------~-----..----------------------- +sv 
Cl R2 

100n XI 2k2 
41.1Hz 

16 16 16 16 

C4 
4n7 

IC 1 9 IC2 12 IC3 12 IC4 12 ICS 12 IC6 

40468[ 

To Divider 
Output 

74HC4024 14 4017B[ 14 40178[ 14 40178[ 14 40 17B[ 14 To Divider 
Input 

CZ 
33p 

TRI 
BC547 C3 

27p 

7 2 8 5 11 2 9 

R3 
10k 

R4 
68k 

• cs 
1u 

'---------------------------------+-----+------- ov 
Fig. 4. Circuit diagram for the clock, divider and p .U stages. 

In this application only the "carry out" 
output at pin 12 is required, and the 
other ten outputs of each device are left 
unused. The inhibit and reset inputs at 
pins 13 and 15 serve no useful purpose in 
this application, and are connected to the 
zero volt (OV) rail. 

A CMOS 4046BE "micro-power" p.1.1. 
chip is used for IC6. The only discrete 
components this requires are timing 
components capacitor C4 and resistor R3, 
and filter components R4 and CS. The 
4046BE actually has two phase com
parators with a common input terminal 
(pin 3), but their outputs are available 
separately at pins 2 and 13. The circuit 
will work with R4 connected to either of 
these outputs, but pin 2 seems to provide 
a slightly wider lock range in this 
application. 

In theory, the divide-by-N counter 
provides a maximum output frequency 
that is well over one hundred times 
higher than the minimum output fre
quency. In reality the p.1.1. might not lock 
properly over such a wide frequency 
span. Some "tweaking" of R3's or C4's 
value should optimise the lock-in range 
for a given specimen of the 4046BE, but if 
a very wide frequency span is required it 
will almost certainly be necessary to 
cover it in two or more ranges. 

It is normal for a p.1.1. to have a rela
tively small initial lock range, but a much 
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ranges. There is more than one way of 
tackling this. One approach is to have a 
relatively high frequency range from the 
synthesiser, and to then use dividers to 
provide lower output frequencies. 

For example, suppose that the syn
thesiser operates over a frequency range 
of 2kHz to SOkHz in lkHz steps. Feed
ing the output to a divide-by-10 circuit 
would give an additional range of 200Hz 
to SkHz with lOOHz resolution. Two fur
ther divisions by ten would give addi
tional ranges of 20Hz to SOOHz in lOHz 

DREMEL: X-ACTO 
BADGER A!mrullN ~ 

cause the v.c.o. will operate over a higher 
frequency range. 

The alternative method of obtaining 
more ranges is to use different clock 
frequencies, and replace C4 with several 
switched capacitors, one for each clock 
frequency. This is likely to prove more 
difficult in practice, and is not the 
approach that would be recommended. 
There is certainly plenty of scope 
for experimentation though, and this 
method should .. work well enough with 
the right values for capacitor C4. 
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Special Review 

DIGITAi. TV 
ANDMPEG2 
Whac is Digical TV, why all che fuss, and what; on 
earch is MPEG2? Read on and find ouc! 

WITHIN the space of twenty years. it has been said, all 
analogue forms of Radio and Telev ision transmission 
could have been phased out in favour of a digital sys

tem of communication. The changes are just beginning to take 
place now. "Digital'" is a word that is being bandied about more 
frequently by broadcasters, and has completel y conquered the 
gramophone record industry in less than ten years. 

This article attempts to explain the problems encountered in 
broadcasting television programmes in digital form, how they 
are overcome and what advantages accrue from going along the 
digital TV path. 

Digital transmission of cable, satellite and terrestrial TV signals 
is based on MPEG2 coding, the digital compression standard 
set by the Motion Picture Experts Group of the International 
Electrotechnical Commission ([EC), and International Standards 
Organisation (ISO). Digita l transmission of cable, satellite and 
terrestrial TV signals is based on this standard. Its relevance will 
become apparent as you read on. 

ANALOGUE TD DIGITAL 
The analogue system in use at present 

synchronisation between camera and receiver 
transmitted picture at the point of presenta-
tion - the CRT (cathode ray tube) screen -
25 times a second. The complete picture is 
repeated every time, even if it contains no 
movement. In a digital television system 
the picture is created in memory and "read 
out " from there as a computer display 
reads out a graphics card. 

To create a digital representation of an 
analogue signal requires the signal to be 
sampled at a high frequency , often two or 
three times the highest frequency present 
on the analogue signal. On every sampling 
cycle the voltage of the analogue signal is 
measured and turned into binary form. The 
principle is illustrated in Fig. I. 

For a TV picture, the result is a st ream 
of binary data coming from the sampling 
process that represents the original picture 
dot-by-dot from top left to bottom right. A 
television picture is genera lly divided into 
columns and rows called pixels and lines. 
A pixel is a picture element. 

relies on exact 
to rewrite the 

PART OF AN 

ANALOGUE TV -
VIDEO SIGNAL 

52 microseconds. so that each pixel occupies a time of 72-2 
nanoseconds. Assuming that each pixel alternately is black, then 
whi te. the highest frequency reached would be 6-9M Hz. There
fore the lowest sampling frequency one could use for such a 
picture would be 14MHz. and. in fact, the luminance signal is 
sampled at 13·5MHz for MPEG2. 

A colour television picture that was si mply converted from its 
present 625-line. 25 frames per second, format into a stream of 
binary digits would require a bandwidth of I 08MHz to transmit 
its 2 I 6Mbits/s (megabits per second) serial data stream. I 08M Hz 
could accommodate thirteen analogue channels - so what's the 
point in going digital? 

THE PD/NT DF DIGITAL 
There was very little point in goi ng digital until broadcasting 

engineers began to study more closely the nature of television 
pictures, realising that much of the information transmitted in 
the analogue sys tem was repetitive . The big advantage of the 
digital way was that memory could be used to store the pic
ture. then only changes in the picture from frame to frame 
need be tran smitted. In the receiver. the information could be 
used to up-date the origi nal image in memory to make the next 

a) 

DECIMAL 

10V = 

av 

SV 

BINARY 

00001010 

00001000 

00000101 In a 625-line picture, 576 lines are used 
for the picture, the remainder are blank or 
carry teletext data. If the aspect ratio of 
the picture is five units wide· by four units 
high, you can calculate that, for eq ual ver
tical and horizontal definition, there shou ld 
be 576 x 5 / 4 pixels in one line. The 
result is 720. 

av ------------------------ ------ ---------

These 720 pixels have to be di splayed in 
the time of one act ive line period, namely 
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SAMPLING PULSE 

I Ill llllllllllllllllllll 111111111111111111 

b ) 

Fig. 1. (a) Typical analogue TV line, (b) analogue to digital conversion by sampling. 
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DAT 

MU 
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Fig. 2. MPEG2 processing stages. 

frame! Thi s is one of the bases of MPEG2, the data compression 
process used to transmit high-quality pictures (and sound ) in a 
small bandwidth . 

Since MPEG2 is going to feature largely in our lives in the 
future , it might be as well to examine its processes as a path to 
understanding the nature of digital TY. Between the studio con
sole and the transmitter are seven steps of data processing that 
throw out repetitive data , split up the remainder into packets 
with identification and timing tags, and multiplex it with other 
televis ion services all with sound and other data. Fig. 2 shows 
the seven stages of processing used by MPEG2 to achieve com
pression ratios of up to 160: I . 

Very often the amount of redundant information in a 
television picture can be as high as 95%. Stage one, the 
analogue to digital conversion stage, samples the luminance and 
chrominance signal s and turns them into streams of binary 
digits. The luminance signal is sampled at 13-SMHz and the 
R-Y and B-Y colour difference signal s, known as Cr and Cb in 
their digital form , at 6-75MHz each. Eight-bit sampling will 
give 256 shades of grey, but ten-bit samples are more frequent 
in modern digital studios. 

By comparing adjacent frames of a video sequence, the dif
ferences from frame to frame can be detected and these sent to 
the receiver to modify the picture in memory. If a still picture 
or, more rare ly, a test card was transmitted it should be possible 
to send one frame and then turn the transmitter off! Unfor
tunately, anyone who turned his receiver on slightly late would 

ge t nothing at all. and for thi s reason a full frame is sent on a 
regul ar basis to allow for people channel-hopping and turning 
on the TY in the middle of something. 

TEMPORAL REDUNDANCY 
The process of discarding repetitive picture information from 

frame to frame is tern,ed Temporal Redundancy and is the second 
stage shown in Fig. 2. Motion-picture cartoon animators use a 
similar process on the rostrum camera using overlays on a static 
background for some scenes as it avoids having to draw the same 
background repeatedly frame after frame. 

Each frame is assembled into blocks of pi xels. initially eight 
pi xels by eight lines of luminance, then formed further into 
groups of four luminance blocks ( 16 pixels by 16 lines) wi th two 
chrominance blocks, one for Cr and the other for Cb. This larger 
grouping is called a macro-block, and is detailed more fully in 
Fig. 3. 

Inter-frame comparisons are done at macro-block level. A 
process akin to subtraction is used to determine differences which 
are forwarded for more processing. The macro-blocks are as
sembled in sequence in exact ly the same way as the original 
picture was scanned - left to right , top to bottom. 

The assemblage of several adjacent macro-blocks into a se
quence constructs what is called a "slice " (see Fig. 4). A slice 
forms a convenient collection of data for error-detect ion and 
correction purposes. The "slices" are assembled in sequence to 
compose one TY frame and a string of frames, usually twelve in 

ONLY THE PENDULUM 
HAS MOVED SO ONLY 
THE CHANGES ARE 
TRANSMITTED 

FRAME 1 

I 8 PIXELS I 
y 

8 LINES 
y 
y 

y 
y 

y 
y 

y 

PIXELS FOAMING IMAGE 

VY ..,.v y VY y 

v v' /y y VY y 
y y VY y v, y 

v v' / y y VY y 

VY VY y y y 

VY y y y y y 
VY VY VY y 

VY VY v v' / y 

BLOCK 

8 PIXELS X 8 LINES 
64 LUMINANCE 

16 CHAOMINANCE 

I BXB 

I BXB 

BLOCK BLOCK 

BLOCK BLOCK 

FRAME 2 

Cr 

-

Cb 

- -- 8 PIXELS X 8 LINES Cb 

....__ 8 PIXELS X 8 LINES Cr 

16 X 16 MACAOBLOCK .......... 16 PIXELS X 16 LINES LUMINANCE 

THIS MACAOBLOCK IS CHECKED 
AGAINST MACAOBLOCK IN 

IDENTICAL POSITION IN NEXT FRAME 

Fig. 3. Temporal redundancy- blocks and macro-blocks. 
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MACROBLOCK 1 I 2 I 3 I• I 5 I 6 I 7 I 8 I 9 l 10 I 11112113 114 115 116117 } ETC. 

SEVERAL SUCCESSIVE FRAMES ARE ARRANGED 
MACROBLOCKS FORMED 

A SLICE FORMS A PART OF A - IN SEQUENCE TO MAKE 
INTO A "SLICE" A "VIDEO SEQUENCE" TELEVISION FRAME 

FRAME I 
VIDEO SEQUENCE 

@ •~ ~ ~ ~ ~ ~ ~ ~ ~ §] ~ ~ 0@) 
f GROUP OF PICTURES (12) f 

SEQUENCE SEQUENCE 
START END 
CODE CODE 

Fig. 4. A group of pictures. 

number, are grouped together with appropriate identification 
codes and timing marks to form a video sequence. The group is a 
useful unit around which service identities can be determined and 
this makes for greater ease of editing and switching. 

Next, the similarity of adjacent pixels wi thin a frame is ex
amined and a code sent to denote how many pixels have the same 
or very similar luminance and chrominance values. If, say, a 
whole line of picture has a luminance value of 0-6. Cr of 2-2 and 
Cb of 8-3, the process wi ll say " Line 78, Pixel I, Y = 0-6. Cr 
= 2-2, Cb = 8-3, repeat 719 times" . 

SPATIAL REDUNDANCY 
The third stage in Fig. 2 is termed Spatial Redundancy and onl y 

occurs within the boundaries of an individual frame. It is shown in 
expanded detail in Fig. 5. The process contributes further to the 
elimination of repetitive information. Further savings are made by 
using short codes for frequently-used code sequences and for 
timing and synchronising signals. 

This is like the system used in Morse Code where the most 
frequently used letters of the alphabet have the shortest codes, fo r 
example "E" is simply a dot and " T " is just one dash, whereas 
" Z " is dah dah dit dit. In addition, large numbers of zeroes or 
ones can be re-coded, for instance x zeroes followed by y ones can 
be re-coded as (x, 0) (y, I). 

Large runs of zeroes are found at the end of data runs, and these 
are given short codes to signify the end of a data run instead. 
It all saves precious space, and the process is ca lled Statistical 
Redundancy. 

PIXEL 1 ONE LINE • 720 PIXELS 

The preci se timings involved in television are an advantage 
when it comes to assess ing the motion of a group of pixels which 
comprise part of a moving picture, for the accurate timing and 
prec ise positional information allows predictions to be made 
about blocks of pixels in motion. Macro-blocks are used for 
motion prediction, and the speed and direction can be calculated 
simply and a vec tor produced that describes the motion . The 
values of Y. Cr and Cb in macro-blocks in identical positions in 
successive frame s can be compared and the differences used to 
generate a shorter code. 

CDS/NE TRANSFORMS 
Up to thi s point, the redundancy process is reversible, nothing 

of value has been lost. The next step in the sequence is a compli 
cated mathematical process known as Di screte Cos ine Transform . 
This is represented by stage four in Fig. 2. and expanded in Fig. 6. 

The transformation is performed upon the numbers representing 
the luminance and chrominance values in the pixels of an 8 x 8 
block. It is a conversion of the values from a time domain to a 
frequency domain. 

It is somewhat akin to say ing that a side of a square wave ri ses 
in 25 nanoseconds and that, in frequency terms, is IO megahertz. 
This delivers a new set of whole numbers which are then quan
ti sed . That is to say, the numbers are ' ' rounded up " or "rounded 
down ' ' to the nearest step in a range of equal steps. 

Supposing you have a se t of steps that increment by 20 and you 
have to fit 47 into it, the nearest step is 40, so 47 is quantised· to 
40. If the next number in the range is 77, that is quantised to 80. 

The larger the steps (and the fewer) , the 
larger the errors are. With the same num
bers and steps of 5, 47 would be quantised 

LINE 78 -+ li==========================t 
to 45 and 77 to 75, so the closer the steps, 
the smaller the quantisation errors. 

LUMINANCE • 0.6 
Cr - 2.2 
Cb • 8.3 

INFORMATION DESCRIBES 
ONE PIXEL 

THE WHOLE OF LINE 78 IS 
OF UNIFORM BRIGHTNESS 
AND COLOUR. 

TO DESCRIBE LINE 78 THE 
ENCODER SAYS "LINE 78, 
PIXEL 1, Y • 0.6. CR • 2.2. 
CB • 8.3, REPEAT 719 TIMES". 
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Fig. 5. Spatial redundancy. 

The quantisation process further reduces 
the amount of data that needs to be sent 
and in the MPEG encoder the quanti sation 
process is a variable one, as will be seen 
later. 

TRIPLE FRAMING 
The MPEG process uses three types of 

frame (see Fig. 7), / for Jntraframe, P for 
predicted frame, and B for bi-directional 
frame. The I frames are refe'rence frames , 
they are not predicted or interpolated. An I 
frame is in serted into a group of pictures 
every twelfth spot, and serves to provide 
a reference for decoding to commence 
quick ly - just under half a second. They 
are not subjected to the high degree of 
compression that B and P frames undergo. 

The I frames allow channel surfe rs and 
the casual viewers who dip into and out of 
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